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The earliest system of classification categorized
living organisms in just two groups— Animalia
and the Plantae Microbes were placed in either
kingdom on the basis of their ability of active
movement and photosynthesis. Ernst Haeckel in
1866 proposed a third group Protista to include
some relatively simple biological forms. Some of
the protists lacked nucleus (e.g., bacteria) and
some were nucleated organisms (e.g., protozoa,
algae and fungi).

With the advent of electron microscopy, the
differences in the ultrastructure of cells became
apparent. It led the scientists to establish two
different cell organization— prokaryotic and

12

eukaryotic In prokaryotic cells the nue
material is not surrounded by a nuclear hetl lear
it includes bacteria and cyanobacteria (blue. ]
algae). The eukaryotic cell organization
however, much more complex with each ccls‘n
organelle having its own limiting mep
(Table 1). All animals and plants (including algae
and fungi) have eukaryotic cell organization,
However, a need of natural system of
classification, based on ancestral relationships of
organisms was always felt. Such a classificatiop
was proposed by Robert H. Whittaker in 1969, ¢
is one of the most widely accepted systems. This
system is based on the following three criteria:
(1) Complexity of cell structure; i.c., whether
the cell is prokaryotic or eukaryotic.
(2) Complexity of body organization;
i.e., whether the organism is unicellular and
simple or multicellular and complex.

Table I. Similarities and differences between prokaryotic and eukaryotic cells.

‘with 9 + 2’ microwbule amangement
to flagella in some eukaryotic cells
S I ok : ¥

55 ‘ eEE



piversity of Microbes : Introduction

5

p—
3) Mode of nutrition; ie., the methods used
by organisms to obtain nourishment, It may

be  autotrophic (photosynthetic) or
heterotrophic (take food by ingestion or
absorption).

Whittaker divided organisms into following
five kingdoms. He placed all prokaryotes in the
Kingdom Monera and most unicellular simple
eukaryotes in the Kingdom Protista. He considered
fungi, which acquire nutrition solely by absorption
sufficiently different from plants. :

Kingdom-Monera
(Kingdom of Prokaryotes)

Kingdom Monera includes all prokaryotic
organisms—eubacteria (true bacteria),
cyanobacteria and archaebacteria. All monerans
are unicellular, they lack true nuclei and other
membrane bound organelles, such as mitochondria,
plastids, lysosomes, etc. Their DNA is without
histoqes (proteins) and is found in the form of
single chromosome. Monerans reproduce chiefly
by binary fission or may undergo genetic
recombination.

Monerans are important decomposers and
mineralisers in the biosphere.

Kingdom-Protista
(Kingdom of Unicellular Eukaryotes)

All protists are unicellular eukaryotic organisms.
They possess true nucleus and other membrane
bound organelles, such as mitochondria,
chloroplasts, endoplasmic reticulum, etc. Most of
the protists possess flagella or cilia at some stage
during their life cycle. Protists are extremely
complex; their cells show even more diversity than
is found among the cells in multicellular kingdoms.
They do not develop from an embryo as plants
and animals do. The Kingdom includes a variety
: of life forms. For example, among the protists
~ are algae which resemble plants (e.g., diatoms),
the protozoa  which resemble  animals
(e. eba, Paramecium) and euglenoids
which have both plant and animal

13

Protist§ are either autotrophic (photosynthetic)
or hqlozmc which feed on other protists by
mgestion. A few protists live on animals as
parasites.

Kingdom-Fungi
(Kingdom of Multicellular Decomposers)

This Kingdom includes unicellular (e.g., yeasts),
multicellular (e.g., moids) and macroscopic (e.g.,
mushrooms) fungi. In multicellular fungi the cells
join together to form thin tubes called hyphae.
The cell wall of fungi is mostly made of chitin.

All fungi lack chlorophyll. They are either
saprophytes (obtaining food from dead and
decaying plant or animal matter) or parasites
(obtaining food from living organisms).

Although fungi have some characteristics in
common with plants but their mode of nutrition
and certain reproductive processes are not shared
with any other organisms.

Kingdom-Plantae
(Kingdom of Multicellular Producers)

Kingdom Plantae includes multicellular autotrophic
plants, viz., thallophytes and tracheophytes. These
organisms are characterized by the presence of a
cell wall made of cellulose. The main groups
included in this kingdom are sea weeds like green,
red and brown algae, all mosses, ferns, conifers
and flowering plants.

Plants are characterized by the presence of
photosynthetic pigment—chlorophyll and are the
only organisms which have the capacity to
synthesize complex organic molecules from carbon
dioxide and water utilizing the light energy trapped
by the chlorophyll molecules as the source of
energy. Thus they are the primary producers on
land and along sea shores.

Kingdom-Animalia
(Kingdom of Multicellular Consumers)

This Kingdom includes multicellular animals
(invertebrates and  vertebrates). They are
heterotrophic and obtain energy by ingesting
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organic matter. Animal cells do not possess cell
wall, plastids and central vacuole. All animals are
derived from zygote. They show organ-system
organization. Very few animals show cellular
organization (e.g., sponges) or tissue organization
(e.g., Hydra). Animals show locomotion which is
made possible by well developed muscular cells.

Although Whittaker's system is the most
widely accepted system of classification, it has
certain anomalies. For example, the kingdoms
Monera and Protista are still heterogeneous. Both
these kingdoms include walled and wall less
organisms, photosynthetic and non-photosynthetic
organisms, and unicellular and filamentous or
mycelial forms. Besides this, in Whittaker’s system
algae have been divided in three Kingdoms—blue-
green algae in kingdom Monera, unicellular algae
in kingdom Protista and multicellular algae in
kingdom Plantae.

A detailed study of the nucleotide sequence
of (RNA in the ribosomes of different types of
cells revealed that there are distinctly two different
types of cells in prokaryotes. Thus now we know
three kinds of cell organization in the organisms—
two prokaryotic and one eukaryotic. Accordingly,
Carl Woese (1978) proposed a three Domain
system for the classification of organisms. The
rank of the Domain is above kingdom. The three
Domains Woese recognized are—FEubacteria,
Archaea (Archaebacteria) and Eucarya. The
Eubacteria includes prokaryotes which contain
peptidoglycan in their cell wall (e.g., gram
positive and gram negative bacteria, mycoplasmas).

The Archaea (archaebacteria) on the other
hand have cell wall without peptidoglycan; they
often live in extreme environments and show
unusual metabolic processes.

The domain Archaea includes three
kingdoms—the methanogens, extreme halophiles
and thermoacidophiles. The methanogens are
strict anaerobes and have been isolated from

divergent anaerobic environments such as
- waterlogged soil-like sediments, marshes, marine
sediments and gastrointestinal tracts of animals
including humans. They produce methane from
carbon dioxide and hydrogen. The extreme
‘halophiles occur in highly saline enviropments
uch as salt lakes, salt evaporation ponds and

surfaces of salt preserved food. These are obligage
anaerobes. Thermoacidophiles grow in hot acidic
environments such as hot water Springs
geothermally heated .marine sediments anci
submarine hydrothermal vents. They are obligate
aerobes, facultative aerobes or obligate anaerobeg,
A comparison of the three cell types g
proposed by Carl Woese is given in Table %

MAIN GROUPS OF
MICROORGANISMS

Microorganisms show a great diversity in their
cell structure and function. Some broad groups of
microorganisms are discussed below.

PRIONS

Prions are small proteinaceous infectious
particles that do not contain nucleic acids. They
were first identified by American neurobiologist
Stanley Prusiner in 1982 in sheep affected by
neurological disease. These are the only disease
causing organisms which does not have nucleic
acids. The major portion of this infectious agent
is a protein, called PrP (prion protein). The prion
protein exists in two configurations. One is a
normal cellular form (prp®) that is found in the
brains of all adult mammals and does not cause
disease. The second form is a structural variation
of the normal form that causes disease and is
found only in infected cells. The infected form is
given a symbol consisting of PrP with a
superscript that indicates the source of prion. For
example, prions from sheep infected with prion
disease scrapie are P,PSC. Prions are known to
cause several diseases in humans and animals.

VIROIDS

Viroids are subviral pathogenic particles
consisting of short strand of naked RNA. As
there is no protective protein coat (capsid)
around the nucleic acid, the viroids lack
a definite shape. The RNA strand has only
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Table 2. A comparison of the characteristics of Eubacteria Archaea and E
e YR ol a ‘ucarya.
E: “‘ ac g E m - Il ;
;. g twyr; Contains 'pe;mc idogl Frokagyotic Eukaryoti
3. Membrane lipids Composed of sugiycan No peptidoglycan Mainly co:xm carbohydrate cellulose
: ght Composed of branched carbon Composed of straight carbon

carbon chains attached to
glycerol by ester linkage

chains attached to glycerol by

chains attached to glycerol by ester

ether linkagc ]|nkage
4. Start signal for  Formyl methionine e
pmcin : i Methionine Methionine
5. Antibiotic Present
sensitivity ey oo
300-400 nucleotides which are often internally RICKETTSIAS

paired. It gives the RNA strand a circular
configuration. Absence of protein coat is
probably due to intercon type of base sequences
in viroids which do not code for polypeptides.
Many plant diseases (e.g., Chrysanthemum stunt,
Chrysanthemum chlorotic mottle, Cucumber pale
fruit) and a few animal diseases are of viroid

origin.

VIRUSES

Viruses are sub-microscopic obligate
intracellular parasites, ie., they essentially
require living host cells in order to multiply. A
simple virus particle, called virion, has a nucleic
acid core of genetic material enclosed within a
protein coat. They are smaller than bacteria,
measuring 20-14,000 nm in length. Viruses
contain only a single type of nucleic acid, ie.,
either RNA (ribovirus) or DNA (deoxyvirus).
They use the machinery of the host cell for
their multiplication. Viruses are host specific and
infect vertebrates, invertebrates, algae, fungi,
protists and bacteria. Many diseases of human
‘beings like hepatitis B, AIDS, cancer, herpes,
. ‘mumps, polio, rabies, European encephalitis and

common cold (influenza) are caused by viruses.
_In plants viruses cause mosaic diseases,

leaf
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Rickettsias are the smallest prokaryotes, 0.3-0.7
pum wide and 1-2 pm long. They are usually rod-
shaped (commonly called coccobacilli) but can
exist in many alternate forms. Unlike most
bacteria, it is difficult to stain rickettsias with
ordinary aniline dyes. They can be stained with
Giemsa’s stain. They have a typical prokaryotic
structure. Mucopolysaccharide is the main
constituent of their cell wall. Like viruses,
rickettsias are also obligate intracellular parasites
and grow only within the living host cells. Most
of the rickettsias are transmitted to human beings
by insects and ticks. In humans rickettsias cause
diseases of spotted fever group (e.g., rocky spotted
fever, endemic typhus, epidemic typhus, scrub
typhus, Q fever, etc.).

MYCOPLASMAS

Mycoplasmas can be defined as prokaryotes
without a cell wall, hence highly pleomorphic.
Most of them are aerobes or facultative anaerobes.
Mycoplasmas have been cultured in the laboratory
in organic media containing sterols. They contain
both RNA and DNA but it is usually less than
half that normally occurs in other prokaryotes.
Mycoplasmas are known to cause diseases in
animals and plants.
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BACTERIA

Bacteria form the largest group of prokaryotes.
They vary greatly in their cell shape, cell
arrangements,  motility, oxygen requirements,
nutritional and metabolic properties and reactions
to Qram’s stain. Their varied physiological
activities enable them to develop on a very wide
range of organic and inorganic substrates,

. MoC}em techniques in molecular biology and
biochemistry have provided sufficient evidences
tq support the division of bacteria into two groups,
VIZ., Archaebacteria and Eubacteria. Archae-
bacteria are characterized by (i) the absence of
muramic acid and D-amino acid in their cell wall,
(1) absence of fatty acid in their membranes, and
(i) presence of several subunits in the RNA
polymerase. Besides these in many archaebacteria
the membrane is monolayered. They are resistant
to antibiotic— chloramphenicol. They often live
in extreme environments such as high salt
concentration or hot acidic streams.

Eubacteria are characterized by the presence
of N-acetylmuramic acid and N-acetylglucosamine
in their cell wall. Lipids present in their cell
membrane are straight chain molecules connected
with ester linkages forming bilayered structure. In
eubacteria the DNA polymerase is made of four
subunits. They are sensitive to chloramphenicol.

CYANOBACTERIA

Cyanobacteria are prokaryotes. They resemble
algae in the presence of chlorophyll ¢ and
oxygenic photosynthesis (photosynthesis in
eubacteria is anoxygenic). Many bacteria have
specialized cells called heterocysts which contain

nitrogen fixing enzymes.

 METABOLIC DIVERSITY
 AMONG MICROORGANISMS

s basically differ from one another
tilize as food and
ning energy. There
re that can utilize any

Microorganism
in the substrate that thf:y can u
in their mechanisms for gal
are microorganisms in natu

carbon containing constituent as a nutrient SOUrce
that is a component of living cells. Besides thig
many other compounds unrelated to living CEHS‘
can also be utilized as substrate for growth,
Among compounds that microorganismg can
actually utilize as carbon/energy source are
carbon monoxide, cyanide and methane, Thyg it
is evident that microorganisms can sust,
themselves on inorganic substances by using
pathways that are unavailable to either plants g
animals, These marked nutritional differences gre
referred to collectively as representing (the
microbes ‘metabolic diversity’.

On the basis of sources of energy, organismg
are either phototrophs (use light as primary
source of energy) or chemotrophs (derive energy
by the oxidation-reduction of inorganic or organic
compounds). On the basis of their principal carbon
classified into

source, organisms can be
autotrophs (use CO, as carbon source) and
heterotrophs (take carbon from an organic

source). Combining energy and carbon sources,
organisms have been grouped into
photoautotrophs, photoheterotrophs,
chemoautotrophs and chemoheterotrophs.

PHOTOAUTOTROPHS

Photoautotrophs use light as source of energy
and CO, as their chief source of carbon.
Photosynthetic bacteria (e.g., cyanobacteria) are
good examples of photoautotrophs. Like higher
plants cyanobacteria use hydrogen atoms of water
to reduce carbon dioxide and produce oxygen.
Several other photosynthetic bacteria, such as
green sulphur bacteria (e.g., Chlorobium) use
sulphur compounds (such as H»S) to reduce
carbon dioxide, instead of water. As such
photosynthetic process in these bacteria does not
produce oxygen (anoxygenic photosynthesis).

PHOTOHETEROTROPHS

Photoheterotrophs use light as source of energy
but use organic compounds (such as alcohol, fatty
acids or carbohydrates) as carbon source instead
of carbon dioxide. Green nonsulphur hm'lcr.in
(e.g., Chloroflexus) and purple sulphur bacteria
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(e.g., Rhodopseudomonas) are common
of photoheterotrophs. €xamples

CHEMOAUTOTROPHS

Chemoautotrophs use electrons from reduced
inorganic compounds, such as hydrogen sulphide
elemental sulphur, ammonia, hydrogen gas etc,
as a source of energy. Like photoautotrophs‘ mes}f
organisms also use carbon dioxide as their
principal source of carbon. Bacteria such as
Beggiatoa, Thiobacillus sp., Nitrosomonas and
Nitrobacter are some common chemoautotrophs.

CHEMOHETEROTROPHS

Chemoheterotrophs usually use the same organic
compounds as the energy source and carbon
source. For example, if a chemoheterotrophic
microorganism uses glucose, then carbon’ in
glucose molecule serves as source of carbon and
hydrogen atom, and glucose molecule is also used
as source of energy. Most of the microbes belong

to this category.

Important

ENVIRONMENTAL DIVERSITY
AMONG MICROORGANISMS

A.high rate of growth and adaptability makes the
microbes ubiquitous. They occur wherever life is
possible and form a significant percentage of total
biomass on the earth.

Microorganisms have the ability to live in
the extreme conditions of temperature, acidity and
alkalinity. This may be attributed either to their
less sensitive cellular mechanisms or to their
capacity of controlling the cell wall composition
in the presence of extreme environments.

As microorganisms have high metabolic rate,
they metabolize common nutrients more rapidly or
use nutrients that competing organisms can not
metabolize. This makes the microorganisms
successful even in a very competitive environment.
On the other hand, microorganisms adapted to
extreme environments face no competition. For
example, a hot spring will exclusively have
thermophiles and salt lakes will have only halophiles.

uestions

= RO

Long answer questions

Give an outline of the five kingdom system
 What are micro-organisms? Write important
3. “Micro-organisms show a great diversity in

examples.

4. “Like other organisms,
5. Write short notes on :
(i) Prions, (ii) Viroids, (iii) Chemoheterotrophs,

>»>

B =

»» Short answer questions
1. What logic is used to divide
2. “Despite the great heterogeneity
3. How will you differentiate a pho
4, Differentiate viruses with that of viroids.

living organisms
in protistans,

micro-organisms also vary in their nutritional patterns

toautotroph with that

of classification.
features of the main groups of micro-organisms.
their cell structure and function”. Justify the statement by giving

suitable

* Comment upon the statement.

(iv) Photoautotrophs.

into five kingdoms?
there are features that all members share.” Comment.

of chemoautotroph?

Archaebacteria and Eubacteria.

5, Write the distinguishing features of
differs from that of eukaryotic cell.

6. In what respects a prokaryotic cell
7. Write a brief note on prions.

8. Name a few diseases of

17

aused by rickettsias.

high rate of growth and adaptability make the mic
sify microbe basis of energy and carbon sources.

robes ubiquitous.” Comment upon the statement.
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»» Very short answer questions

1. Name the technical term applied to the organism which does not have nuclear wall.
2. Who postulated the germ theory of disease?

3. Give an example of chemosynthetic bacterium.

4. Name a chemoautotrophic bacterium.

5. Name a photoautotrophic bacterium.

6. What are prions?

7. Name the scientist who first discovered prions.

8. What are viroids?

9. Who proposed a three Domain system for the classification of organisms?
10. Name the three Domains recognized by Woese (1978).

11. Prokaryotic organisms were included in which kingdom by Whittaker?

12, Who proposed five kingdom system of classification of organisms?

13, Tell one distinguishing feature between eukaryotes and prokaryotes.

14. Name the five kingdoms recognized by Robert H. Whittaker in 1969.

15. Write a distinguishing character of eubacteria.

»» Fill in the blanks

1. Bacteria have been put in the kingdom Monera because they are ................... !
.................... bacteria are characterized by the presence of N-acetyl muramic acid and N-acetyl glucosamine in their

3. Viroids are subviral pathogenic particles consisting of short strand of naked ....................

.................... are small proteinaceous infectious particles that do not contain nucleic acids.

5. Archaebacteria are characterized by the ......... X 1L of muramic acid and D-amino acid in their cell walls,
e S v s proposed a three Domain system for the classification of organisms.

T N S are prokaryotes without a cell wall, hence highly pleomorphic.

8. In cyanobacteria, the photosynthesis is oxygenic, whereas in eubacteria, it is ....................

.................... use light as a source of energy but use organic compounds as carbon source instead of carbon dioxide.
10.  Green non-sulphur bacteria and purple-sulphur bacteria are common examples of

» > True and false statements

Bacteria and cyanobacteria exhibit prokaryotic cell organization.

Carl Woese (1978) recognized three kinds of cell organization in the organisms—two prokaryotic and one eukaryotic.
The Archaebacteria have cell walls without peptidoglycan.

Viroids are small proteinaceous infectious particles that do not contain nucleic acids.

Stanley Prusiner was the first biologist who identified the prions.

i ias are sub-viral pathogenic particles consisting of a short strand of naked RNA.
Viruses are sub-microscopic obligate intracellular parasites.

In eubacteria the DNA polymerase is made of four sub-units,

. Photoautotrophs uselightassou:ceofenergyandCOQasﬂwirchiefsoumofcubon_
Nitrobacter is a common example of chemoheterotrophs.

& e p o

choice questions

(b) neither DNA nor histones
(c) DNA but no histones

18
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R ANSWERS

»»Very short answer questions : T
1. Prokaryotes, 2. Robert Koch, 3. Sulphur bacterium, 4. Nitrifying bacterium, 5. Green sulphur bactel_‘lum, 6. s

proteinaceous infectious particles that do not contain nucleic acids, 7. Stanley Prusiner in 1982, 8. Subviral pathogenic
particles consisting of short strand of naked RNA, 9. Carl Woese (1978), 10. Eubacteria, Archaea and Eucarya,
11. Monera, 12. Robert H. Whittaker (1969), 13. Eukaryotes possess a true nucleus, whereas prokaryotes lack‘a trl.le
membrane-bound nucleus, 14. Monera, Protista, Fungi, Plantae and Animalia, 15. Presence of N-acetyl muramic acid
and N-acetyl glucosamine in their cell walls.

» > Fill in the blanks

1. prokaryotic, 2. eu, 3. RNA, 4. prions, 5. absence, 6. Carl Woese (1978), 7. mycoplasmas, 8. anoxygenic,
9. photoheterotrophs, 10, photo.

»» True and false statements
1. True, 2. True, 3. True, 4. False, 5. True, 6. False, 7. True, 8. True, 9. True, 10. False.

»> Multiple choice questions
L), 2. (@), 3. (©), 4 (), 5. (b).
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Distribution of
Microorganisms in Nature

A large variety of micro-organisms occur in the environmens
E...-.E_.&__u &..g are found in the soil, air, water, j

adapt themselves according 1o the environment q.:nma. i
affect our daily life considerably. i
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biomass. One gram fertile soil may contain a
many as 10° bacteria. Bacteria occur in all types
of soil, but their number decreases with the a‘a?:
of the soil.

Those bacteria which occur in soil are cocci
(0.5 pm), bacilli (0.5-30 um ) and spiral forms,
The bacilli are in the highest number and thev
swim actively in the soil solution. Some common
soil bacteria are the species of Pseudomonas,
Arthrobacter, Achromobacter,
Clostridium, Micrococcus, Flavobacterium,
Chromobacterium and Mycobacterium. Both,
autotrophic and heterotrophic bacteria occur in the
soil. Chemosynthetic autotrophic bacteria present
in the soil are the species of Thiobacillus,
Ferrobacillus, Nitrosomonas and Nitrobacter.

Bacillus,

Escherichia bacteria seldom occur in the soil,
but for sewage contamination. In cellulose-rich
environment, several cellulolytic bacteria, such as
species of Cytophaga and Sporocytophaga are
found in plenty.

ACTINOMYCETES

A large number of actinomycetes are present in
dry and warm soil. They are particularly abundant
in the soil rich in decomposed organic materials.
Species of Streptomyces, Micromonospora and
Nocardia are some common actinomycetes which
occur in soils. They are responsible for the
characteristic musty or earthy smell of a freshly
ploughed field. They are capable of degrading
many complex chemical substances and thus play
an important role.

FUNGI

Several fungi are present in the soil and they
play an important role for the improvement of
soil nutrients in neutral and alkaline soils.
Hundreds of species of molds inhabit the soil.
The quality and quantity of organic materials
present in the soil have a direct effect on the
fungal population of the soil. The development
of fungi is especially favoured by soils having
an acidic reaction and where the aerobic

condition is likely to be present near the surface.
Fungi also occur in plenty in arable soils and
their number depends on the soil moisture.
Besides, agricultural practices (crop rotation, use
of fertilizers and insecticides, etc.) and the depth
of the scil also influence the fungal composition.
Some important soil fungi are the species of

Aspergillus, Botrytis, Cephalosporium,
Penicillium, Alternaria, Monilia, Fusarium,
Verticillium, Mucor, Rhizopus, Pythium,

Cunninghamella, Chaetomium and Rhizoctonia.
Yeasts are, however, not very common in the
soil except in vineyard and orchard soils. Some
fungi, such as species of Alternaria, Aspergillus,
Cladosporium and Dematium, are helpful in the
preservation of organic materials in the soil.

ALGAE

Many algae occur on the surface of moist soils,
where sufficient light is available. The growth of
algae is beneficial for soil conservation and in
improving soil structure. In paddy fields, blue-
green algae play a significant role in nitrogen
fixation. Species of Chlorella, Chlorococcum,
Protosiphon, Aphanocapsa, Anabaena,
Chroococcus, Nostoc and Scytonema are some
common algal taxa present in the soil.

PROTOZOA

Protozoans are present in great abundance in the
upper layer of the soil and their number has a
direct effect on bacterial population, since they
ingest bacteria. The use of organic manures in the
field is responsible for the increase in protozoan
population. Several types of protozoa are found in
the soil, but flagellates and amoebae usually out
number the ciliates. Depending upon the conditions
of the soil, protozoans may exist in vegetative or
cyst form. They are helpful in maintaining the
equilibrium of the microbial flora in the soil.
Protozoans present in the soil belong to the class
Mastigophora (e.g., species of Allantion, Bodo,
Cercobodo, Cercomonas, Entosiphon, Heteromita,
Monas, Spiromonas, and Spongomonas); the class




Distribution of
Microorganisms in Nature

A large variety of micro-organisms occur in the environmen
surrounding us. They are found in the soil, air, water, in plants,
animals and various food products. They have remarkable ability o
adapt themselves according to the environment. These micro-organisms
affect our daily life considerably.

SOIL MICROFLORA

Several types of micro-organisms, such as algae, bacteria, fungi,
protozoa, actinomycetes, etc. occur in the soil. The physical and
chemical properties of the soil determine the nature of the soil
environment in which these microbes occur. Soil fertility also depends
upon the number and nature of microbes occur in the top layer of
the soil at a depth of 5-10 cm. But in deeper layers (1.5-5 meters),
the number of microbes is considerably reduced. In cultivable lands,
microbes occur in larger numbers. Their number also depends on the
. nature of fertilizers used in the soil and faecal contamination. Besides.
E composition of the soil, climatic factors such as available moisture,
degree of aeration, temperature and pH, and agricultural practices
equally effect the distribution of micro-organisms in the soil.

BACTERIA

Bacteria are an important group of micro-organisms present in ‘lh‘
so1l, and they constitute approximately half of the total micro?
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piomass. One gram fertile soil may contain ag
many as 10? bacteria. Bacteria occur in all types
of soil, but their number decreases with the del;l:n
‘of the soil.

Those bacteria which occur in soil are cocci
(0.5 um), bacilli (0.5-30 pum ) and spiral forms.
The bacilli are in the highest number and they
swim actively in the soil solution. Some common
soil bacteria are the species of Pseudomonas,

Arthrobacter, Achromobacter, Bacillus
Clostridium, Micrococcus, Flavobacterium
Chromobacterium and Mycobacterium. Both

autotrophic and heterotrophic bacteria occur in the
soil. Chemosynthetic autotrophic bacteria present
in the soil are the species of Thiobacillus,
Ferrobacillus, Nitrosomonas and Nitrobacter.

Escherichia bacteria seldom occur in the soil,
but for sewage contamination. In cellulose-rich
environment, several cellulolytic bacteria, such as
species of Cyrophaga and Sporocytophaga are
found in plenty.

ACTINOMYCETES

A large number of actinomycetes are present in
dry and warm soil. They are particularly abundant
in the soil rich in decomposed organic materials.
Species of Streptomyces, Micromonospora and
Nocardia are some common actinomycetes which
occur in soils. They are responsible for the
characteristic musty or earthy smell of a freshly
ploughed field. They are capable of degrading
many complex chemical substances and thus play

an important role.

FUNGI

Several fungi are present in the soil and they
play an important role for the improvement of
soil nutrients in neutral and alkaline soils.
Hundreds of species of molds inhabit the soil.
The quality and quantity of organic materials
present in the soil have a direct effect on the
fungal population of the soil. The development
of fungi is especially favoured by soils having
o e et e the: aeEobis
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condition is likely to be present near the surface.
Fungi also occur in plenty in arable soils and
their number depends on the soil moisture.
Besides, agricultural practices (crop rotation, use
of fertilizers and insecticides, etc.) and the depth
of the soil also influence the fungal composition.
Some important soil fungi are the species of

Aspergillus, Botrytis, Cephalosporium,
Penicillium, Alternaria, Monilia, Fusarium,
Verticillium, Mucor, Rhizopus, Pythium,

Cunninghamella, Chaetomium and Rhizoctonia.
Yeasts are, however, not very common in the
soil except in vineyard and orchard soils. Some
fungi, such as species of Alternaria, Aspergillus,
Cladosporium and Dematium, are helpful in the
preservation of organic materials in the soil.

ALGAE

Many algae occur on the surface of moist soils,
where sufficient light is available. The growth of
algae is beneficial for soil conservation and in
improving soil structure. In paddy fields, blue-
green algae play a significant role in nitrogen
fixation. Species of Chlorella, Chlorococcum,
Protosiphon, Aphanocapsa, Anabaena,
Chroococcus, Nostoc and Scytonema are some
common algal taxa present in the soil.

PROTOZOA

Protozoans are present in great abundance in the
upper layer of the soil and their number has a
direct effect on bacterial population, since they
ingest bacteria. The use of organic manures in the
field is responsible for the increase in protozoan
population. Several types of protozoa are found in
the soil, but flagellates and amoebae usually out
number the ciliates. Depending upon the conditions
of the soil, protozoans may exist in vegetative or
cyst form. They are helpful in maintaining the
equilibrium of the microbial flora in the soil
Protozoans present in the soil belong to the class
Mastigophora (e.g., species of Allantion, Bodo,
Cercobodo, Cercomonas, Entosiphon, Heteromita,
Monas, Spiromonas, and Spongomonas); the class
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Sarcodina (Amoeba, Biomyxa, Nudearia. and
Trinema) and the class Ciliata (e.g., speme_s of
Balantiophorus, Colpoda, Gastrostyla, Oxytricha,
Pleurotricha and Vorticella).

VIRUSES

Viruses are present in very small number in the
soil.  Bacteriophages ingest bacteria and
actinomycetes and some viruses infect the fungi
present in the soil.

WATER MICROFLORA

Approximately three fourth of the earth's surface
is covered with water., Water is one of the
naturally occurring essential requirements of all
forms of life and it serves as the second natural
medium for the growth of micro-organisms next
to the soil. Micro-organisms widely occur both in
fresh water and sea water. The nature and intensity
of microbes present in water depend on the
available nutrients, environment, physical factors
and the presence of other organisms. The vital
activities of the micro-organisms present in the
aquatic environment directly affect our lives in
various ways, influencing the health of human
beings and other aquatic life. Besides, micro-
organisms play a very significant role in aquatic
food chain and in recycling of elements.

In aquatic environment, micro-organisms occur
from water surface to greater depths. The various
water sources, such as ponds, pools, lakes, streams,
rivers and oceans, show a great diversity in their
microflora,

MICROORGANISMS
IN FRESH WATER

Normally, the water of ponds, pools, lakes and
rivers is known as fresh water. In this type of
Water organic nutrients occur in low amounts. Thus
in _fresh water the number of bacteria is very
limited. Only a few species  of  Bacillus,
Monococcus, Micrococcus, Pseudomonas and

——
Flavobacterium are present in fresh waterg It
there is abundance of decayed organic materig at
the bottom of the water body some anaerohje
bacteria like Clostridium may also occur,

MICROORGANISMS IN
POLLUTED WATER

Due to the presence of sewage, and domestc
and industrial wastes, the polluted water containg
large amount of organic materials. The microbes
present in such waters are usually heterotmphjc
in nature. Due to incomplete digestion of
organic materials by these micro-organismg
various types of acids, bases, alcohols and gases
are produced. Coliform bacteria and Gram'-ve'
non-spore forming bacilli are chief inhabitants of
sewage. Besides, several non-coliform bacteria,
such as species of Streptococcus, Proteus and
Pseudomonas, may also be present. Some soil-
inhabiting saprophytic bacteria like Spirochaetes
also occur in sewage. Several anaerobic
bacteria (e.g., Clostridium, Desulphovibrio) are
also present in the mud and ooze of water
bottom.

MICROORGANISMS
IN SEA WATER

A high concentration of salts is found in sea
water. The microbes which occur in sea water
are usually halophilic and psychrophilic in
nature. Diatoms and dinoflagellates play a
significant role in food chain. Majority of the
microbes occur in littoral and coastal zones
where there is abundance of nutrients. A few
occur in benthic and abyssal zones. Normally,
the number of microbes increases with the depth
of the sea, and their nature is influenced mainly
by water temperature, salinity and pressure. A
variety of bacteria and some fungi, algae,

actinomycetes and protozoans constitutes the
microflora of sea water. The bacteria are usually
motile Gram ‘-ve’ bacilli, but several photogenic
bacteria also occur in sea water. The fungi
which occur in sea water include the species of
Chytridium, Patersonia and Ophiobolus.
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- AIR MICROFLORA

Air is not a natural environment for the growth
and multiplication of micro-organisms, but it acts
as a Very good medium for their dispersal from
one place to another. Several factors, such as
humidity, temperature, sunlight and suspension of
organic and inorganic materials affect distribution
of microbes in the air. Greater the amount of
dust and smoke in the air higher is the number
of microbes. Each particle of dust or smoke is
able to absorb numerous microbes on its surface.
Micro-organisms enter the air from several
sources, such as soil, organic wastes of human
and animals, oral, nasal and rectal passages of
animals and human beings, and lungs through
coughs and sneezes.

Diverse species of micro-organisms are
present in the air. Spores of Bacillus and
Clostridium, ascospores of yeast, cysts of
protozoans, Gram '-ve' rods and non-spore forming
bacteria like Sarcina lutea and Micrococcus lutea
are commonly found in the air of over populated
regions. Spores of several fungi, such as species
of Alternaria, Cladosporium, Penicillium and
Aspergillus are present in abundance in the
atmosphere over the oceans.

Milk and dairy products are very important

components of our food, and are excellent culture
, media for the growth of many microbial specic:&
' Milk secreted into the udders of a healthy cOW 1
! sterile, but it is frequently contaminated when 1t
: is drawn from the cow. It may be further
contaminated in subsequent handling 'an.d
g. Milking performed under hygienic
s, following sanitary practices, .reduces
of entry of micro-organisms into the

und in milk vary

ganisms {0 :
“are dependent on the specific

3 with milking. Bacterid. yeasts

24

m -
enzzti;tere?dBac?::ifﬁp?;eg s C0mmf>ﬁl}’
e A% ! most common micro-
g | associated with dairy processing
: “f“’)’- They include Gram ‘+ve’ cocci, Gram
(;r:n étnd C’iram ‘~ve’ non-spore forming rods and
~ve’ spore forming rods. Yeasts are fairly
Common in raw cream during hot weather, but they
are potential contaminants throughout the year.
Moulds often grow on milk and dairy products and
appear as a fluffy or fuzzy growth. Bacteriophages
are particularly obnoxious in starter cultures used
for making cultured milk, butter and cheese.
Various types of microbes present in milk
and dairy products bring about many chemical
changes; some important ones are as follows.

[A] Lactic Acid Production

Several microbes like lactobacilli, micrococci and
Streptococcus lactis are associated with lactic acid
production. Dairy products, such as curd, cheese,
butter milk and butter are obtained by the activity
of these lactic acid bacteria.

[B] Gas Production

Species of Clostridium, Torula, Torulopsis, etc.,
ferment carbohydrates by producing gases and
acids. Clostridium produces butyl alcohol by
fermenting molasses. Similarly, species of
Mycoderma form vinegar by fermenting sugary

solution.
[C] Proteolysis and Lipolysis

Several bacilli and streptococci are responsible for
proteolysis of milk, which results in an
accumulation of soluble nitrogenous products that
impart a bad taste to the milk. Similarly, some
bacteria like Pseudomonas and Achromobacter,
yeasts and moulds like Penicillium cause lipolysis

of milk.
Several species of Enterobacter, Klebsiella

and Streptococcus make the milk viscous and it
becomes ropy in nature.

[D] Pathogenic Micro-Organisms

Many pathogenic micro-organisms, such as

pathogens of tuberculosis, typhoid, dysentery, and

diphtheria are transmitted through milk.
(MICROBIOLOGY)
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Table 1. Microbes present in the milk and effects produced by them. \
Biochemical Representative Sources of ¥
types micro-organisms micro-organisms nd products
1. Acid products Lactobacilli Silage, manure, feed stocks Lactic acid
Streptococci Dairy utensils, silage Fermentation of |
sugar into lactic acid
or acetic acid
Microbacteria Manure, dairy utensils, Lactic acid
dairy products
Micrococci Udder, dairy utensils Lactic acid, fatty aeig
Coliforms Manure, polluted water, Acid, gases and
soil and plants other neutral products
2. Gas producers Coliforms, Soil, manure, water CO,, Hjy, etc,
Clostridium Feed stocks
butyricum,
Torula cremoris
3. Ropy Enterobacter Soil water, plants, feed Viscous polysaccharide
fermentation aerogenes, Streptococcus stock synthesis
cremoris
4. Proteolysis Bacillus, Proteus, Water, soil, utensils Hydrolysis of casein
Pseudomonas protein into peptides and
amino acids
5. Lipolysis Achromobacter Water, soil, utensils Hydrolysis of milk,
lipolyticum, fats into glycerol and
Candida lipolytica, fatty acids, produces
Flavobacterium, rancidity
Penicillium,
Pseudomonas

Several other microbes also occur in milk;
for instance, Serratia marcescens is responsible
for red rot of milk.

Some important microbes present in milk and
biochemical changes brought about by them are
given in Table 1.

Most of our foods are excellent media for rapid
microbial growth. Food materials contain organic
substances in plenty and sufficient amount of
water, and they are neutral or slightly acidic in
nature. They are subjected to natural
contamination by many different kinds of micro-
organisms, including pathogens. Metabolic
activities of microbes alter the condition of food,
- resulting in its spoilage. The air borne microbes
~ fall on fruits and vegetables and enter through

BIOLOGY)

the ruptured skin. The MICro-organisms present
in the soil reach the processing plants through
the crops. Several insects are also responsible
for the transference of microbes to the food. In
general, the keeping quality of food depends on
the success of preventing the entry of micro-
organisms and of restricting their growth.

The spoilage of food materials by micro-
organisms depends on the physical and chemical
qualities of food material. Some common micro-
organisms responsible for spoilage of food are
listed in Table 2.

Thousands of ~ microbes are present around us
and many inhabit human body in natural course.
Most of the indigenous microbes of the human
body are commensals, ic., they do not harm the

LRI WP NS
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Mouldy

Ropy

Soft rot

Black mold rot
Grey mold rot
3. Pickles, fresh meat Putrefaction
4. Processed meat Mouldy
Souring
Greening
Slimy
Putrefaction
Green rot
Black rot
Red rot
Off-flavour
Ropy syrup
yeasty

Pink syrup
Green syrup
Mouldy

s‘.
6.

Fish
Eggs

7. Conc. orange juice
Sugar products,
syrups

host. They obtain their nourishment from
secretions and excretory wastes of the human
body. Some microbes show  mutualistic
symbiosis. They act as scavengers by ingesting
excretory wastes or are beneficial to the host;
for instance, certain intestinal bacteria synthesize
vitamin B, E and K, whereas others protect the
host from the pathogenic microbes.

.MICROBES OF THE SKIN

The human skin always remains in contact with
bacteria present in the air, but most of them are
unable to grow since the skin secretes some
bactericidal substances. But many bacteria occur
on superficial squamous epithelium of the skin.
&@hylococcus, Streptococcus, diptherioids

> corynebacteria), Propsombactermm,
i, yeasts and some pathogenic bacteria live
surface of the skin. They receive their
from the secretions of sebaceous and

26

Associated micro-organisms

Rhizopus stolonifer, Aspergillus niger,
Penicillium, Mucor

Bacillus

Rhizopus, Erwinia

Aspergillus niger

Botrytis

Rhodotorula, Clostridium, Pseudomonas
Proteus vulgaris, Alcaligenes, Chromobacterium
Aspergillus, Rhizopus, Penicillium
Micrococcus, Pseudomonas, Bacillus
Leuconostoc, Lactobacillus, Pediococci.
Leuconostoc

Flavobacterium, Micrococcus, Halobacterium
Pseudomonas fluorescens

Proteus

Serratia marcescens

Acetobacter, Leuconostoc, Lactobacillus
Aerobacter aerogenes

Saccharomyces, Torula, Zygosaccharomyces
Micrococcus roseus

Pseudomonas fluorescens

Aspergillus, Penicillium

MICROBES OF THE MOUTH
CAVITY

Continuous presence of soluble nutrients and
abundance of moisture in the mouth cavity provide
a suitable environment for the growth of bacteria.
Several microbes inhabit in the mouth cavity; some
common ones are Staphylococcus aureus,
S. epidermidis, S. mitis, peptostreptococci,
lactobacilli, Actinomyces, Haemophilus influenzae,
Bacteroides oralis, Fusobacterium nucleatum,
Candida albicans and Treponema denticola.
Certain pathogenic microbes, such as pneumococci,
Entamoeba and trichomonads also occur on the
mucous membrane of the mouth.

MICROBES OF
GASTRO-INTESTINAL TRACT

‘ Several micro-organisms, such as Staphylococcus
~ aureus, S. epidermidis, Streptococcus pneumoniae,

(MICROBIOLOGY)
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reptococci; Haemophilus influenzae

the pharynx.
h functions normally,
due to the presence of

c-hemolytic St :
and Neisseria inhabit
When the stomac

i icrobes
almost devoid of micro e °
gastric juices. Many Gram ‘+ve’ facultative

bacteria (enterococci, lactoba‘cilli) and fungl
(Candida albicans) are found in the c'iuodenunll,
whereas some anaerobic Gram -Ve bacteria
inhabit the ileum. :

A large number of micro-organisms are
found in the large intestine (colon). They include
Gram ‘-ve’ bacilli (Fusobacterium nucleatum,
F. necrophorum, Bacteroides oralis), Gram '+ve'
bacilli  (lactobacilli,  Eubacterium limosum,
Clostridium), ~ peptostreptococci,  enterococci,
Enterobacter, Escherichia coli, Klebsiella, Proteus
and Candida albicans.

it is

MICROBES IN
RESPIRATORY TRACT

W.e inha]e. a large number of adsorbed
micro-organisms alongwith dust particles. Most of

Important

A,
them are trapped in the nasal ®

staphylococci, aerobic corynebacteria (g; t}.l
Gram - ve' cocci (Branhamella) and Gfam . i‘is}
(Haemophilus influenzae) inhabit the “asai e r%;
Ca“’ity
MICROBES OF THE VAgyy,
AND OTHER ORGANg

For the first two days after birth, the child
is sterile but after 2-5 days cocci bacterj,
fixed in it. These bacteria are replac
lactobacilli after puberty.

Mycobacterium smegmatis and MYCoplag
are usually found on the external parg offﬂaz
genitals.  Peptostreptococci, Enterobacterig, thg
Clostridium, Staphylococcus, Candidg alb:':aE
and Trichomonas vaginalis are some e n:?n.‘
micro-organisms associated with y
organs.

ede
by

urinogent;

Staphylococcus albus, Cornybacterium Xerog
and mycoplasmas are usually associated with fh
mucous membrane of the eye.

—1Questions

» > Long answer questions

1. Write an essay on distribution of microbes in nature

2. Describe the normal mj
icrof]
3 WH ot ik o ora of the human body.

(i) Soil microflora; (i) Milk microfiora

»> Short answer questions
1. Soil fertility also depen

2
3;
;. Nﬂme the micm—or

BaNISMS. responsible f,
Or ropy fermentat; products?
Name the micro-q ganism responsible for l:ly ; tation of milk.
TBANISM responsible for P mtmt of eggs,
of milk.

»» Fill in the blanks
15 Bacteria oceur

rin all .
: 2 In paddy fields tYPes of soil, but their numbey

3‘ m micms { o- ..................... gac l ________
. PYET s e o e .
. Greter the amouny op " " 560 Vater e e Shicant roje i e o e depth of the soil.
5. Clowridim pmdmo dust and smoke jp (e ol . ‘“’::; fixation,
fMIGROBIOLGG}’) """""""""" s by f"'mﬂming,m Y i S in nature.
3 i) ki X ) -

27
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»» Trie and false statements

i, In cultivable lands, microbes occur in larger numbers.

% Escherichia bacteria seldom occur in the soil, but for sewage contamination.

; Fungi play an important role for the improvement of soil nutrients in neutral and alkaline soils.

4. Protozoans present in soil has a direct effect on bacterial population.

g' The fungi which occur in sea water include the species of Chytridium, Patersonia and Ophiobolus.

(1 Air is a rich environment for the growth and multiplication of micro-organisms.

7. Milk secreted into the udders of a healthy cow is sterile.

8. Moulds usually appear as a fluffy or fuzzy growth on milk and dairy products.

9, Species of Mycoderma form butyl alcohol by fermenting sugary solution.

10. Mouth cavity does not provide a suitable environment for the growth of bacteria.

»» Muliiple choice guestions
1. Which bacteria is predominant in curd? 6. Which of the following bacteria are in maximum
i (a) Lactobacillus lactis (b) Escherichia coli concentration in curd ? _
(¢) Vibrio cholerae (d) none of the above (a) Clostridium (b) Streptococcus lactis
2. Process of making the milk germ free by heating (¢) Pseudomonas (d) Serratia marcescens
it at 62-8°C for 30 minutes is called: 7. Haemophilus influenzae, a microorganism associated

(a) dehydration (b) immunization with the respiratory tract of human beings, is a:
(c) pasteurization (d) sterilization (a) Gram ‘-ve’ cocci

3. Name a microbe associated with the gastro-intestinal (b) Gram ‘+ve’ bacilli
tract: (c) Gram ‘+ve’ cocci
(a) Staphylococcus aureus (d) Gram'-ve’ bacilli
(b) Mycobacterium smegmatis 8. Which of the following microorganisms causes
(c) Trichomonas vaginalis putrefaction of fresh meat 7
(d) all the above (a) Botrytis (b) Clostridium

4. Name the micro-organism responsible for the ropy (c) Serratia (d) Aerobacter
fermentation of milk: 9. Proteolytic bacteria —Bacillus and Pseudomonas,
(a) Enterobacter aerogenes present in the milk, cause:
(b) Clostridium butyricum (a) hydrolysis of casein (b) hydrolysis of milk fats
(¢c) Candida lipolytica (c) viscous polysaccharide synthesis
(d) Pseudomonas fluorescens (d) lactic acid fermentation of lactose sugar

5. The following fungi occur in sea water: 10. A fresh water pond with very low concentration of
(a) Chytridium (b) Patersonia organic substances, most commonly has:
(c) Ophiobolus (a) Clostridium (b) Spirochaetes
(d) all the above (c) Micrococcus (d) Achromobacter

ANSWERS
»»Very short answer questions

L. Actinomycetes, 2. Lactic acid bacteria, 3. Enterobacter aerogenes,

5. Pseudomonas fluorescens.
»» Fill in the blanks

1. decreases, 2. blue-green, 3. halophilic, psychrophilic, 4. higher, 5. butyl alcohol.

> True and false statements

. True, 2. True, 3. True, 4. True, 5. True, 6. False, 7. True, 8. True, 9. False, 10, False.

»> Multiple choice questions

L@ 2 (o), 3 @), 4 @), 5 @ 6 0),7. @ 8 ®)9. @, 10. @

Streptococcus cremoris, 4. Serratia marcescens,
»




Isolation and Cultivation
of Micro-organisms

When we examine micro-organisms as they occur in natural
environments, they are contaminated and mixed with several other
forms of life. In order to understand more about them we have to
separate and study them individually. For this purpose we have to
isolate micro-organisms and culture them under artificial conditions,

The growing of micro-organisms in an artificial medium is
known as cultivation. Cultivation of microbes in the laboratory is a
tedious job and involves a number of steps. When we culture we
usually get a mixed culture, ie. a large number of microbes grow
together. But by various isolating techniques, we can obtain a culture
which contains just one species of micro-organism. This culture is
known as pure culture and the process of obtaining a pure culture
from a mixed culture is known as isolation of the MICro-organisms,

STERILIZATION

conmnanm. The sterilization means making free from organisms. A
maximum care is taken in sterilizing the media, glasswares and other
Instruments used in the culture technique to obtain a pure culture of

any organism free from contamination, Some important methods of
Sterilization are as follows :

(1) Sterilization by heat
g) Dry heat sterilization
(i1) Wet heat sterilization
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o B : C

Fig. 1. Some i :
ig mportant glasswares used in cultivation of micro-organisms.

(2) Sterilization by filtration
(3) Sterilization by chemical action
(4) Sterilization by ultra-violet rays (radiation)

1. Sterilization by Heat

Heat is most commonly applied in the

microbiological laboratories for sterilization.
[A] Dry Heat Sterilization

Direct heating of the instruments in a flame is an
easy way of sterilization. Inoculating needles,
scissors, forceps, scalpels, etc. are commonly
sterilized by direct heat. The neck and mouth of
specimen tubes, flasks and culture tubes are also
passed through flame till they become sterilised.
The process of sterilising the articles with flame is
called flaming. Another method of dry heat
sterilization is to keep thoroughly washed and dried
glasswares, such as petri dishes, beakers, flasks,
specimen tubes, etc. (Fig. 1) packed within a box
provided with a lid, inside thermostatically controlled
electric oven (Fig. 2 A). The specimen tubes, flasks
and bottles are plugged before keeping them in an
oven for sterilization. Complete sterilization of the
equipment is accomplished by maintaining 2
emperature of 160°C for not less than 4 hr. inside
the oven. The articles used for inoculation should
be sterilized with oven only a few hours before
se are used to avoid contamination.

eam) is more efficient in penetrating
is preferred in sterilizing the media
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used for culturing micro-organisms. The common
ways by which wet heat is employed in the
laboratory are boiling, pasteurization, and
autoclaving. Boiling is a common method of
sterilization. The instruments such as inoculation
needles, scalpels, culture tubes, slides, petri dishes,
syringes, etc., are kept in a container filled with
distilled water. These are allowed to boil for at
least 15 minutes, and by then all the articles
become free from the organisms, but not the
spores which are resistant to the heat of boiling
water. However, prolonged boiling will kill most
of the spore forming micro-organisms. If the
articles are not to be used immediately these
should be stored in a sterile container. In
pasteurization, the medium is heated with steam
for one hour. Sometimes, the material for
sterilization is heated with circulating steam at
100°C for 20 minutes on three consecutive days.
The intermittent heating helps in completely
eliminating even the resistant microbes without
much affecting the medium which is sterilized.
This method was first used by Tyndall and it is
now commonly known as tyndallization.

Steam under pressure is more efficient in
sterilizing many materials especially the liquid
media for microbial cultures. This technique of
sterilization is known as autoclaving. This is
carried out in the laboratory in an autoclave. An
autoclave is a cylindrical metallic vessel with
double walls. There are various types of autoclaves
in use (Fig. 2). In simple autoclave, the body js
made up of gun metal and it is cylindrical *1
appearance and closed at one end by hinged door.
A gasket seal is provided between the door and
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pressure guage
insulated wall

door

! - G
’sleam outlet

Fig. 2. Autoclave.

cylinder. It can withstand high temperature. A
perforated metal tray is provided within the baJ.*reI
which is used for keeping those articles which

are to be sterilised. The water present below the
perforated tray is boiled by an electric heater t0
produce the steam. The steam jacketed autoclave
is a modified form of simple autoclave. In simple
autoclave much of heat is wasted from the surface
of barrel. To check this, a steam-jacket is provided
around the barrel in large autoclaves. Inside the
autoclave steam pressure is increased and the
temperature increases proportionately. Usually
autoclaving is done at 15 Ib. pressure

for 15 minutes. The autoclave is used

to sterilise most of the solid and liquid

micro-org i
for the purpose are special types made of g,

plaster of paris, sintered glass, collodion, &
These filters do not allow the bacteria to

out and the filtrate becomes s_terile. Filtratiop 1;
accomplished by 2 pressure differential which "
be obtained by positive pressure on the liqujg
be filtered or negative pressure on the filtrate -
usually a differential of 20 to 30 cm Hg Suffge
for reasonably rapid filtration without foﬂming

The filtrate should always be stored in a contaipe,
erile before hand.

which was made St

3. Sterilization by Chemical Action

—

It is a quick method of sterilizing instruments
glass apparatus or any other article used in cultun.:
technique. Several chemicals are known to be
bactericidal in their properties, but only those
which are most effective in low concentrations
and cheap are commonly used. In most
laboratories 0.1 per cent mercuric chloride solution
is used for sterilizing the surface of work benches,
glassware, rubber tubings, etc. The surface of
inoculation table is wiped with cotton soaked in
cresol solution to make it sterile before use. 3%

ultra violet

lamp

media required for microbial cultures.
They are added to Erlenmeyer flasks ventilator Joy,> ’ /E
or test tubes and the mouth plugged i
with cotton wool. While sterilization e @& e
takes place, the steam enters through ot e -t
the cotton wool and acts on th g
e
_contents and after the process the
plugs act as filters and help in
maintaining sterility inside, »
i
2. Sterilization by Filtration bumer —1 | kg

‘There are some materials whj
which will
be destroyed even with little heating
Such thermolabile materials should be
::n:]lled very carefully and they are
ﬁu:n y ;tenhzed by filtration through
of such fine porosity that most

—_—

hole for-hands

side door

Fig. 3. Inoculation hood box.

1

anisms are held back. The filterg Useg _—

- S S
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Micro-0r84Z
mﬁon is also used for sterilizing Petr

and instruments. Similarly 90% alcohol is
s

diShcfor dipping scalpels and inoculation needles
llsfidlatnar the alcohol is flamed.
an

4. Sterilization by
U-V Rays (Radiations)

Sterilization by U-V rays is usual]y done with
U-V lamp. The U-V rays are especially utilised
for sterilizing culture rooms and tables (Fig. 3).
The material to be sterilized is taken into special
glass tubes which do not absorb U-V rays and
are exposed for an hour.

The organisms are grown on suitable culture
media. A culture medium is the solution of
different chemicals which support the growth of
micro-organisms. The culture media are usually
of two types, viz. (i) matural culture medium,
and (ii) synthetic culture medium.

[A] Natural Culture Medium

Natural media are those used on the basis
of experience and not on the basis of
exact knowledge; their exact composition
is unknown and variable, They include
peptones, milk, meat extracts and
infusions, gelatin, agar, vegetable juices,
ete. For growing fungi on natural media,
damp bread, rotten apples, etc. are
€xposed to atmosphere and growth of
Mucor, Rhizopus,  Aspergillus  and
Penicillium are mark :

[B] Synthetic Culture Medium

mmﬂ‘ehc media are prepared in the

by adding requisite quantity of
48 prescribed according to the need
organism. They are of
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media. In the liquid media, the ingredients needed
are dissolved in total volume of deionised water.
While in the solid medium, the ingredients are
dissolved in a vessel containing deionised water
and then agar is added as prescribed for a
particular medium. The agar solidifies the medium.
Besides basal nutrient medium, specified
compounds are added in the medium for a
particular purpose. In both liquid and solid media,
the pH is adjusted by adding acid (hydrochloric
acid) and base (sodium hydroxide) and is
measured either by pH paper, BDH indicator or
by pH meter.

Dispensing the Medium

Either unsterilized or sterilized medium is poured
into the sterilized flasks, culture tubes and Petri
dishes (Fig. 4). The unsterilized medium is poured
into the flasks and culture tubes by semiautomatic
syringe, funnel and automatic filler. The liquid
medium (broth) is dispensed into test tubes or
flasks which are plugged with non-absorbent cotton
wool plugs. The pouring of sterilized medium is

—

—
—

cotton plug
culture tube culture of the
with medium medium culture tube

[{ ——

N
*

partially opened
petriplate
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usually carried out in Petri dishes already sterilized
in a special sterilized inoculation chamber.

Some Important Culture Media

Some important media which are generally used for
culturing the various micro-organisms are given

below.
[A] Bacteria

Nutrient agar

Beef extract 30 g
Peptonc 50 g
Agar 150 g
Distilled water 1000 ml
Heat until agar and peptone dissolve. Adjust
pH to 6.6 to 7.0.
Asparagine mannitol agar (Thornton, 1922)
. KyHPO4 10 g
KNO3 05 g
MgS0y4. 7TH0 02 g
CaCl,.6H,0 01 g
NaCl 0.1¢g
FeCl,. 6H,0 in traces
Asparagine 05 g
Mannitol 10 g
Agar 150 g
Distilled water 1000 ml

After the agar and salts have been dissolved,
add the mannitol and adjust the pH to 74.

[B] Fungi
Czapek-Dox agar (Thom and Raper, 1945)
Na NO; 3.00 g
K,HPO4 1.00 g
MgS0y4. 7H;O 050 g
KCl 050 g
Fe S04 7H0 001 g
: Sucrose 3000 g
. 15.00 g
rd WW mm i 1000 ml
~ Rose-h agar 1950)
- Glucose 10.00 g
2pLo 500 g
1.00 g
0.50 g
30.00 mg
o r
o - ml
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/

is sterilized separately gp
to the sterilized mediyg,
2,000 pg) may be substituteq
The medium is  especially
the isolation of fungi in the
bers of bacteria.

The antibiotic
added aseptically
Aureomycin (35 t0
for streptomycin.
recommended for
presence of large num

Potato-dextrose agar (PDA)

Potatoes, peeled and meshed 200g

D-glucose 20 g

Agar 15 g
1000 ml

Distilled water
Potato slices are first steam cooked in 500

ml water and agar is melted in other 500 m]

water. Now melted agar and potato meshes are
mixed together, filtered and dextrose is added.

[C] Actinomycetes

Kenknight and Munaier’s medium

Dextrose 1.00 g
KH;PO4 010 ¢
NaNO4 010 g
KCl 010 g
MgSO4.7HQO 0.10 g
Agar 15.00 g
Distilled water 1000 ml
Yeast malt extract agar

Malt extract 300 g
Peptone 50" 'g
Agar 200 g

1000 ml

Distilled water
pH is adjusted to 54. In order to inhibit

bacterial growth, 10% sterile lactic acid solution
is added to the molten medium just before pouring
the plates so as to bring down the pH to 3.3.

When fluid culture media are inoculated with

substances such as soil, water, or excreta, many

kinds of organisms develop simultaneously side

by side, and a heterogeneous mixture or miX

culture of microbes results, Any technical

procedure for obtaining pure culture is dependent
fetdos irs
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inoculum

culture tube

Fig. 5. Technigue of inoculation.

upon the isolation of a single viable microbe
which is allowed to multiply in a suitable
culture medium. The first reliable method of
isolation of ‘pure culture was devised by Robert
Koch in 1881. Since then, various isolating
techniques have been evolved with only minor
modifications. If nutrient gelatin or agar is
inoculated with fluid and is then solidified and
kept under favourable temperature conditions,
many of the microbes that have been introduced
are able to multiply and form distinct colonies.
If the colonies are not closely crowded, a pure
culture may be obtained by touching a colony
with the tip of a sterile needle and inoculating
tubes of fresh culture media.

ISOLATION OF
MICRO-ORGANISMS

The Petri dishes or flasks with sterilised media
are inoculated with an organism (Fig. 5) and are
culture chamber for its growth. Before
, both the hand, inoculation instruments,
re sterilized by wiping them with
 in alcohol. Some important
ptaining pure cultures are as
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cotton plug
tube with inoculation
needle

petridish

Fig. 6. Way of holding the loop for streaking in an
agar medium.

1. Streaking Technique

Streaking is the most widely used method of
isolation. This method is most suitable for bacterial
and fungal cultures. Bacterial patches are picked
up with the help of sterilized loop and is streaked
back and forth across the surface of agar medium
(Fig. 6). The needle is flaméd and allowed to
cool after each streaking. Several such streaks are
made on the medium. The streaking is done in
some definite plan (Fig. 7). The care is to be

B

Fig. 7 A-B. Streaking technique:
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gradual dilutions

iml

_,

1mi iml

iml

original
sample

s -0
9ml 9mi

Fig. 8. Dilution plate technique of isolation.

taken not to break the surface of the medium
during streaking.

2. Dilution Technique

This technique is most suitable for the bacteria
which can not be easily isolated by streaking

ant organism n it
cond
n the cultyre IS increase( Ultimate] ;an
amount of e

€ Suspension js Pipetted

spread over the medium of Petrj dish. A luxuriant
growth of most of the bacteria is obtained after 3
period of 24 hours at 25°-30°C.

3. Single Cell Technique

In this method. 3 suspension of microbes is placed
on the cavity slide. Thereafter, a single cell is
rémoved with the help of sterile micropipette with
the aid of 4 microscope. The cell is then
transferred to sterile culture medium (Fig. 9). The
Progeny obtained, originates from single cell.

4. Selective Enrichment Technique

The .technique involves the use of media and
conditions of Cultivation which favour the growth

of desired species, Generally, some SPeC?ﬁ_C
Substances are added iy the media which inhibl

cavity slide

|--F1.I.- 9. Single cell technique.
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5. Spore Plating Technique

—

This technique is particularly suitable for obtaining

ure cultures of the fungus. In this method, the
sterile loop of a needle is allowed to touch the
spore producing organ of the growing fungus.
geveral spores get adhered with the loop. These
spores are then thoroughly washed, and plated on
a solid medium. The entire procedure is performed
under a binocular microscope. After streaking, the
individual spore will germinate at a little distance
from each other. After obtaining the pure culture
of a desired microbe, it may be grown and
maintained as a pure culture for a long period,
by various ways. After satisfactory growth, the
pure culture may be stored in a refrigeration for
sometime. But usually, the culture medium is
exhausted. Thus, it becomes essential to transfer
the organism to another culture tube. Such transfer
of organism from one to another medium is known
as subculturing. Subculturing should be done by
skilled hands to avoid contamination.

LTIVATION OF VIRUSES

Viruses are obligate intracellular parasites. They
have no biosynthetic capacity of their own but
¢an manipulate a viable cell genetically to
Synthesize viral particles. Thus viruses require
living cells to support their replication.

The primary purpose of virus cultivation is :
() to isolate and identify viruses in clinical

‘ - Study virus structure, its replication,
genetics and effects on host cell, and
-0 Prepare viruses for vaccine production.
tivate viruses they must be provided
cells, instead of a fairly simple
medium. Previously viruses were
transfer from plant to plant, animal
terial culture to bacterial culture.
ultivated by inoculating them
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i growth of undesirable n?icrobes. while  and in tissues or in cell cultures. The above
promOﬁ“g the growth of the desirable ones. cultivation methods are briefly discussed below.

Cultivation of viruses in Bacterial cells

Bacteriophages can be grown in suspension of
bacteria in liquid media or in bacterial cultures
on solid media. A sample of bacteriophage is
mixed with host bacteria and melted agar. This
mixture is now poured into a petriplate containing
a layer of hardened agar growth medium. Each
bacteriophage infects a bacterial cell, multiplies
and releases several hunderd new phage particles.
These newly produced viruses infect other bacterial
cells in the vicinity and more new phages are
produced. Within a short span of time several
multiplication cycles occur and all the bacteria in
the area surrounding the original virus are
destroyed. At this stage plaques (clear areas)
appear in the petriplate. Each plaque in the
petriplate corresponds to a single virus in the
initial suspension.

Cultivation of Viruses
in Living Animals

Certain viruses which are difficult to cultivate in
embryonated egg and tissue culture are cultivated
in laboratory animals such as mice, guinea pig,
rabbits and primates. The animals selected for this
purpose should be healthy and free from
communicable diseases.

Suckling mice (less than 48 hours old) are
usually preferred for identifying and isolating a
virus from a clinical specimen. The animal is
inoculated through intracerebral, intranasal,
intraperitonial or subcutanecus route. The animal
shows disease symptoms after an incubation period
which varies for different viruses and in animal
inoculated. The virus is now isolated from the
disease tissue and purified.

Though cultivation of viruses in animals is
useful for the study of immune responses,
epidemiology and oncogenesis. It is however, not
suitable for the study of human viruses, Besides
this, cultivation of viruses in animals is expensive
and there are issues related to animal welfare
systems.
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Viruses that infect eukaryotic cells

nerally cultivated in monolayers of cellg ..
from plant or animal tissues. Cells are
aseptically from a plant or animal tissye and
placod in a sterile g]a.ss or plastic vessc| comzm::
suitable culture medium. The cells fom
monolayer on the surface of the mediyn, Thi
monolayer is also called cell culture,

A virus inoculum is now spread over a ol
monolayer. If the cells in the monolayer g
susceptible, the virus enterse the cells ad
multiplies. Sometimes repeated” multiplication
viruses may result in the deterioration of the cells
of d:le monolayer. Plant viruses can be easily
$hvaed in nuﬁ:ol_ayers of plant tissue, in cultm

separated cells in suspension i
pension and in protopist :
. Bactenal viruses can be cultivated by |
Inoculating a suitable susceptible bacterial cultie
with a virus,

b of isolation and culivarion of micro-organisms?
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py» Very she mmunderstand
. do you : ' ‘bydleterm'isolaﬁonofthemj isms’
l g o cro-organisms’?
D °ﬁn_ - medium which is used i
3. Name a culture ; for the cultivation of :
g some Wt methods of isolation of nucr:-organf:lsl:lglls
5. Which technique is usually used for the cultivation of viruses? :

> Fill in the ban™ :

1. the cEzlturc medium is heated with ... for one ho

5. Nutrient agar medium is generally used for culturing the : B

3. The first reliable method of isolation of pure culture was dc\nsed by i

: SUAL M| TR A e

A, i are usually propagated in embryonated eggs, plasma clots, tissue cultu;c, etc.
»» True and false Mof g

1. The growing micro-organisms in an artificial medium is known as ivati

_ it ) cultivation.

2. Heat is most comm‘qnl.y applied in the microbiological laboratories for :tcn?]r:za(t)ir:m. '

3. The process of stenh'z.mg the articles with flame is called autoclaving.

4, Synthetic culture media are those used on the basis of experience and not on the basis of exact knowledge; their exact

composition is unknown.
5. Potato-dextrose-agar (PDA) medium is generally used for the cultivation of fungi

»» Multiple choice questions

1, Alpm mannitol agar medium is generallly used 3. The following technique is used for the isolation of
for culturing: micro-organisms:
(a) bacteria (b) viruses (a) streaking technique (b) dilution technique
() fungi (d) all the above (c) selective enrichment technique
2. The growing of micro-organisms in an artificial (d) all the above
medium is known as: 4. Viruses can be cultured effectively on the following
| ~ (a) cultivation (b) isolation medium: 3 z
k % (n) sterilization (D tyndallization i (a) nutrient agar (b) Czapek-Dox agar
| e e ’ (c) yeast malt extract agar (d) plasma clot

| mixed colture, 2. the process of sterlizing the aricles with flame,
< Tl selective enrichment, spore plating techniques, 5. plasma

e =

_‘ \ "“ﬁ' -__-.'-;‘— 3
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VIRUSES

The name virus (Latin virus = venom of poisonous f.]uidj was give
by Pasteur to the causative agents of infectious diseases. Adoy
Mayer (1886), a Dutch scientist, and D. J. Ivanrm'sk‘y 1!8931;‘
Russian scientist, recognized certain microbes as causative agent of
mosaic disease of tobacco, The basic criterion used to differentia
these agents from other familiar microbial agents of diseases wis
their ability to pass through bacteria-proof filters. These agent
were thus designated as filterable viruses (now it has been established
that many microbes of bacterial nature are also capable of passing
through such filters, therefore, the word ‘filterable’ was subsequenty

M. W. Beijerinck, 5 Du
that viruseg differ from oth

the viryg of tobacco mos

tch microbiologist. demonstrated in ]89%
er cellular organisms. He discovered ml
Suspension of - disegse Wi, precipitatcd frgmm;

%58 cap : h(_)ut losing its infectious power an
“Pable of diffusing through Chamberland filter- cand®

(infe(:[i{)l?s li 0_1'W Fhe Principle of “Contagium vivum ﬂ“‘dym
demoustra vtlll:g ) In the Same year, [oeffer and Ffosc?
filtrate ntlz;ft tfrOOt-and‘mouth disease of,cattle is Caﬂsed.b"' :
aﬁe“t of this gig £ Of.any bacterig. They concluded that if

0

s 2 - melel
€ Smalleg knosamculate’_lt Mmust be smaller than the dlaﬂ[;lesc
bacteria, Nearly 40 years after




Viroids and  Prions

31

Wmses,

— the structure of virus was studied
Obse\:fvcndcll M. Stanley, an organic chemist, in
y s He showed that the infectious principle of
193 .wnl d be crystallized and that the crystals
vil;]l;?st od largely of proteins. For many years it
€0 hought  that virus is simply a protein
was later it was discovered that virus

molCCUlev but
ns a small but constant amount of RNA or

contai % : o it
DNA in addition to protein. The nucleic acid
carries  genetic information to code for the

roduction of new infectious particles. A virus is,

therefore, not simply 2 protein but a nucleoprotein
and its infectious principle is the nucleic acid
rather than protein. Stanley was awarded Nobel
prize in 1946 for this discovery.

Subsequently, many already known diseases
like mumps, chicken pox and hog cholera, as well
as several newly identified diseases, were found
to be caused by filterable agents, i.e., viruses. An
English scientist, FW. Twort (1915), and a
Canadian, Felix d’Herelle (1917), independently
discovered that a virus was capable of dissolving
or lysing bacterial cells. This virus was designated
as bacteriophage, i.e., eater of bacteria.

Luria * (1953) described  viruses - as
submicroscopic  entities capable of  being
introduced into specific living cells and

reproducing inside such cells only. According to
Andre Lwoff (1966), a Nobel Laureate French
virologist, the most appropriate definition of
viruses is ‘“viruses are viruses”. Some biologists
think that viruses are descendants of cellular
organisms that have become highly specialized as
parasites, others - consider that viruses were
originally fragments of DNA or RNA broken off
fom the nucleic acids of cellular organisms.
However, it is now well established that viruses
are obligately parasitic, self-replicating non-cellular
Organism and essentially composed of a protein
WB surrounding a central nucleic acid
ule (either DNA or RNA). Most of the
ologists prefer not to define viruses by
definition but describe them by their
hysical, chemical, bioloﬁical. and clinical
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Origin of Viruses

The origin of viruses has been a subject of
considerable  speculation in the scientific
community. However, there is general agreement
that viruses (phage) probably infected bacteria
during the period when Archaca and Eubacteria
were the sole life forms on the earth. Later, when
eukaryotes evolved, they were also attacked by
viruses.

Following three major theories have been
proposed for the origin of viruses.

[A] Theory of Coevolution

According to this theory viruses originated in the
‘primordial soup’ and coevolved with the more
complex life forms (e.g., Archaea and Eubacteria).
The earliest self replicating genetic system was
probably composed of RNA. RNA can promote
RNA polymerization and this process was probably
accelerated by the proteins present in the
‘primordial soup’. The DNA template is much
more effective and originated early in evolution.
RNA then became the messenger between the
DNA template and protein synthesis. Thus the
genetic code came into being and permitted
orderly replication. Gradually the early replicative
forms became complex and became encased in a
lipid sac; thus its metabolic machinery became
separated from the surrounding environment. Such
individual units may have been the ancestor of
the Archaea and Eubacteria. At the same time
some replicative forms, composed mainly of self-
replicating nucleic acid surrounded by protein coat,
may have retained simplicity. This entity was the
forerunner of the virus. It gradually evolved and
acquired the ability to invade and take over the
genetic machinery of a host. Thus there was
coevolution of the bacterium and virus.

[B] Retrograde Evolution

This theory is based on the assumption that viruses
originated from such free-living or parasitic
prokaryotes which gradually lost biosynthetic
capacity and genetic information. Eventually the

(MICROBIOLOGY)
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; s evolved to simply a group of genes
pmkary::e;'irus It seems possible that intracellular
zz;)a\z}i?ic microorganisms coulc:hha\’e; ;ﬁe:o:;eumr;:

dependent on the :
?::dy:nn;dr: mctr:bolites anq in [ht"! pmcessh lost
much of its own biosynthelu? 'capa(:lty.‘Thfi t sor)f
proposes intracellular parasitic bacteria, suc asl
' rickettsiae or the chlamydiae as the potentia
ex.amp]cs that could regress to viral state.

[C] Escaped Gene Theory

The theory proposes that pieces of host-cell RNA
or DNA gained independence from cellular control
and escaped from the cell. Living orgﬂnim_'ﬂ? F‘n{lkﬁ
duplicates of their genetic information by initiating
replication at a specific site, called the initiation
site. The replication cycle ends when a full
complement of the genome is synthesized. If
initiation of replication begins elsewhere on the
genome, this duplication occurs independent of
host control. A virus that could recognize
nucleotide sequences at sites other than the start
site and that carried the proper polymerase could
have the capacity to produce RNA or DNA
without interference from normal control
mechanisms.

The origin of viruses may have been with
episomes (plasmids) or transposons. These are
circular  DNA  molecules that replicate  in
cytoplasm and can be integrated into or excised
from various sites in the host chromosome.
Plasmids can also move from cell to cell
carrying information such as fertility or antibiotic
resistance. Transposons are bits of DNA present
in both prokaryotic and eukaryotic cells that can
move from one site in a chromosome to another
site carrying genetic information. The DNA of
transposon carries a gene for synthesis of the
Teverse transcriptase and transposon elements
with such properties have
retroviruses. Analysis of nucl
viruses indicates that they are
specific sequences in the h
accumulated so far strongly s
that viruges
nucleic acid,

some similarity to
eotide sequences in
quite equivalent of
Ost cell. Evidence

ar upports the proposal
originated from ‘escaped’ host
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General Characteristics of Vim
e

Viruses are sub-microscopic particles wh
been studied in detail by electron mi
using selective techniques. A sim
often designated as virion, consists of a nuclgj,
acid core of genetic material (genome) encloseq
within protein coat (Fig. 1). The amount of proteip
in different viruses varies from 60-95 per cent
and the rest is nucleic acid.

[A] Size

ich ha\re
CTOSQQ
ple virug particle

Earlier the size of viruses was measured b
the technique of filtration through  collodiop
membranes of known porosity. But now techniques
like ultracentrifugation and electron microscopy are
employed. Viruses are very small in sjge,
varying over a wide range from 20-350 nm. The
largest are the orthopoxviruses, measuring aboyt
240 nmx300 nm, i.e., approximately 1/10 the size
of a red blood cell. The complex bacteriophages
are about 65 nm x 200 nm. Among the smallest
viruses known are the enteroviruses, which are less
than 30 nm in diameter. The dimensions of some
common viruses are shown in Table | and Fig. 2.

[B] Nucleic Acid

Y using

Viruses  differ fundamentally from cellular

organisms in that they contain only one type of
nucleic acid which may be either DNA or RNA.
The viruses containing DNA are called
Deoxyviruses, whereas those having RNA are
known as Riboviruses. Viruses vary considerably n
in the structure of nucleic acids. In general (i) all

Loired ooy S it

outer envelope : I

inner shell of
capsomeres

nucleic acid
containing core

]
Fig. 1. Virus : General structure. 5.2
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Pl
&

Bacterial virus (200 A)

Polio virus (300 A)

%ﬁ'

Tobacco mosaic virus (TMV)

-
0

800 A
Influenza virus

Herpes virus (1500 A)

|
:

l Smallpox virus

Fig. 2. Virus : Variations in the shape and size.

Table 1. Size of some well known viruses.

s I

28
: 27-30
35-80
60-90
80-120
180-200

17:5 X 300
10 X 1250

Fable 2. Characteristics of nucleic acids of some viruses.

Nucleic Strands Nucleotide Molecular

Virus  acid type pairs weight in
Dalton
Polyoma DNA  Double 4500  3x 10°

Adenovirus DNA Double 35000 23x 10°
Coliphage T4, DNA Double 200,000 130 x 10°
Coliphage T, DNA Double 60,000 40 x 108

Tobacco RNA Single 7500 2:5x 10°
mosaic virus
Tobacco RNA Single 1,500 0-5x 10°

necrosis virus

Bean mosaic RNA Single 3,000 1x 10°
virus

Polio virus RNA Single 6,000 2% 108

plant viruses have single stranded RNA, (ii) animal
viruses have either single or (rarely) double-
stranded RNA or double-stranded DNA,
(iii) bacterial viruses contain mostly double-
stranded DNA but can also have single stranded
DNA or RNA, and (iv) most of the insect viruses
contain RNA and only a few have DNA. The
DNA of some bacterial and animal viruses is
circular, but in others it is like RNA.

Careful extraction of nucleic acids from
viruses has shown that a virion contains only a
single molecule of nucleic acid. The number of
nucleotide pairs in a molecule varies from
1,000-250,000 pairs. But the number of pairs in
a specific virion is always constant. The amount
of nucleic acid depends on the size of virion;
usually larger the size of virion, greater is the
amount of nucleic acid.

- Characteristics of nucleic acids of some better
known plant and animal viruses are given in
Table 2.

[C] The Protein Coat

The nucleic acid core of the virus is protected by
a protein coat called the capsid. Each capsid
consists of several identical protein subunits,
known as capsomeres. In some viruses the
proteins composing the capsomeres are of a single
type, while in others several types of proteins may
be present. These subunits are usually arranged

(MICROBIOLOGY)
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In some complex forms (e.g., inﬂuenz;i
capsomeres nucleic acid herpes virus) the capsid is covered t,
envelope. It usually consists of some Combinatiqn
of lipids, proteins and carbohydrates. Some i
viruses, which are released from the hogt cell p
an extrusion process, get coated by the hogy cell’y
plasma membrane. This rnerpbrane eventug]j,
becomes the viral envelope (Fig. 3B). _

Envelope of many viruses have Projectiop ’
called spikes. These are made of carbohydrys,
protein complexes. Viruses attach themselyeg o [
the host cells by means of spikes. Besides, the |
spike characteristic is an important too] for the }
identification of viruses.

Viruses whose capsids are not covereqd by an
envelope, are known as paked or nonenvelo
viruses (e.g2., TMV). In such forms the capsid
facilitates the attachment of the virus to the host
surface and also protects the virus nucleic acid
from the nuclease enzymes present in the
biological fluids.

ang

capsid
A

General Morphology of Viruses

Viruses may be classified into  various
morphological types on the basis of their capsid
architecture. The structure of capsid and individual
capsomere can be studied by electron microscopy
and X-ray crystallography (Figs. 4, 5). Following
are some of the common morphological forms of
viruses.

S e e

Fg 3 A-B. Virus morphology ; A. Polyhedral vi
(without envelope), B. Helical virus (with envelnpe;m _ [A] Helical Viruses

in helical or polyhedral geometric forms, The ~ PeSe Viruses are cylindrical or rod-like .m o
number of proteins and  ghe arrangement of 2" the.central nucleic acid strand is coiled like
capsomeres are characteristic of specific viruses @ helical spring. The protein subunits (capsomeres)
and thus can be usefu] in their identification ang e helically arranged around the helical spring
classification. The common examples of helical viruses are New
Castle virus, Mumps virus, Rabies virus
Tobacoo mosaic virus (Fig. 4A).

[B] Polyhedral Viruses

In these viruses the nucleic acid is packed in ¥
unknown manner within a hollow polyhedral B
They have been classified further into letﬂh“h‘l’
octahedral and jcosahedral form depending %"
the number of faces. Of these, icosahedral
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nucleic acid

helical virus polyhedral virus

A B

envelope

enveloped virus

C D

complex virus

l Fig. 4 A-D. Virus morphology : A. Helical virus, B. Polyhedral virus, C. Enveloped virus, D. Complex virus.

is considered to be the most efficient shape
pecause of packing and bending of capsomeres in
a near spherical form. An icosahedron has 12
corners, 20 triangular faces and 30 edges
(e.g., Adenovirus, Poliovirus; Fig. 4B).

[C] Enveloped Viruses

As mentioned earlier, the capsid of these viruses
is covered by an envelope. Such viruses may be
spherical, helical or polyhedral in shape (Fig. 4C).

ribonucleoprotein

"%—— membrane like

layer

G/
i ' haemagglutinins

lipids

neuraminidase
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[D] Complex Viruses

Bacterial viruses or bacteriophages have a complex
structure, hence called complex viruses. For
example, T-even bacteriophages have a capsid
(head) to which other structures like a helical tail
sheath, base plate, tail fibers and pins are attached
(Fig. 4 D). Another example of complex viruses
are pox viruses in which the nucleic acid is
surrounded by several coats.

Classification and
Nomenclature of Viruses

[A] Classification

Viruses do not fit into the established biological
classification of cellular organisms. This is mainly
due to the pseudo-living nature of viruses; They
are non-living particles with some chemical
characteristics similar to those of life. Initially,
viruses were classified into the following four
groups on the basis of their host range, and
clinical,  epidemiological and  pathological
symptoms.

1. Plant viruses. These viruses infect only
plants and depending upon the host they have
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imal viruses.
Table 3. Differences between plant and anima
Animal viros

An envelop is present
outside the capsid.

1. The genetic material is 1.
surrounded  only by
capsid, it forms the

ternal boundary. 4 ;
2 :dxo::n plant  viruses 2. Most animal viruses have

contain RNA as genetic DNA as genetic material.

material. . .
3. Nucleic acid single 3. Nucleic acid  double
stranded. stranded. _ :
4. Nucleic acid linear. 4. Nucleic acid linear or

circular.
5. Enter the host body 5. Enter the host cell through
through wound or pore. phagocytosis,

been sub-divided into bacterial viruses, algal
viruses, fungal viruses, etc. (see Table 3). :

2. Invertebrate viruses. Viruses infecting
invertebrates have been included in this group.

3. Vertebrate viruses. This group includes
viruses infecting vertebrate animals.

4. Dual-host viruses. This group includes
those viruses which infect two different hosts
mentioned above.

Holmes (1948) included all viruses in a single
order Virales which was divided into three
sub-orders.

1. Phagineae. This sub-order includes viruses
infecting bacteria, i.e., bacteriophage.

2. Phytophagineae. It includes
infecting plants.

3. Zoophagineae. It includes viruses infecting
animals.

Since viruses are very different from cellular
org’am'sms, it is difficult to classify them into
typical taxonomic categories, viz., kingdom,
phylum, etc. International Committee on
Taxonomy of Viruses (ICTV) has suggested

viruses

- ‘family’ as the highest taxonomic category for

viruses:
Ma:gor groups of viruses are distinguished first
by their nucleic acid content as either RNA or

: DNA viruses. Subsequent sub-divisions are based
largely on several other properties of nucleic acids

which are briefly mentioned below.,

The RNA viruses can be single-stranded
(ssRNA) or double-stranded (dsRNA). Most of
the RNA viruses are, however, single-stranded. Ag

45

. System of classification is given in Table 6.

most of the euka:yotic cells do not have

enzymes to copy viral RNA moleculeg, the ‘ht
viruses must either carry the enzymes o have o
genes for those enzymes as pat of thejr genolh‘
Accordingly, two types of single Strandeq py®
viruses have been identified—i) Positive (+)

RNA is that which during an infectiop acts
mRNA and can be translated by " ho[e
ribosomes, and (ii) negative (-) sepse R -
the RNA that acts as a templag dury
transcription to make a complcmentary (+) sep :
mRNA after entering the host cell. Thjg Strang 'j
translated by host ribosome. :

The different families of RNA Viruses 4,
distinguished from one another by thejr nucleje
acid content, their capsid shape and the Presence
and absence of an envelope. Some imponam
human, animal and plant virus families are given
in Table 4.

Like RNA viruses, the DNA viruses ar
grouped into families according to thejr DNA
organization. The double stranded DNA (ds DNA)
viruses are further separated on the basis of the
shape of their DNA (linear or circular), thei
capsid shape, and the presence or absence of an
envelope. Some important families of DNA viruses
are given in Table 5.

Based on information obtained from
ultracentrifuge and electron microscopic studies,
Lwoff, Horne and Tournier (1962) proposed a
comprehensive scheme for the classification of
viruses which consisted of phylum— class—
order—family—sub-famjly—-genus—species—-
strain/type. The International Committee on the
Nomenclature of Viruses accepted many principles
of this system. Lwoff et al. system emphasized
that the viruses should be grouped according ©
their shared properties rather that the properties
of the cells or organisms they infect. The four
criteria on which this hierarchial system is based
are :

(1) Nature of the nuclejc acid (RNA or DNA:
(2) Symmetry or the capsid.

(3) Presence or absence of an envelope.

(4) Dimensions of the virion and capsid

An outline of Lwoff, Horne and Toumie’®
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rabe 4 Classification of_major groups of RNA viruses that cause human, animal and plant diseases.
4 . Example Infection/diseases
-...M.ﬁmﬂﬂmfmﬂi&s
By picornaviridae 8-30 Entrovirus Polio
Rhinovirus Commeon cold
: i & Hepatovirus Hepatitis A
2. ‘i‘égaﬁtlﬂdﬂ‘ 40-20 Rubella virus Rubella (German measles)
SN s Equine encephalitis virus Equine encephalites
3. Retroviridae rou HTLV-I Adult leukemia, tumors
HIV AIDS
() sense RNA viruses
4. Paramyxoviridac 150-200 Morbillivirus Measles
5. Rhabdoviridae 70-180 Lyssavirus Rabies
6. Orthomyxoviridae 100-200 Influenza virus Influenza A and B
Double stranded RNA virus
7. Reoviridae 70 Rotavirus Respiratory and
gastrointestinal infections
25 Avian bronchitis
15 x 300 Tobacco mosaic virus Tobacco mosaic
30 Cucumber mosaic
15 x 650 Carnation latent
50 Tospovirus Tomato spotted wilt
70 x 170 Rhabdovirus Lettuce necrotic yellows

80

Orthopoxvirus
Human adenovirus
Simplexvirus

Phytoreovirus

Wound tumor

Small pox, cow pox
Conjunctivitis
Oral and genital herpes

Human papilloma viruses Warts, cervical and penile cancer

Baculoviruses Polyhedrosis

Hepatitis B virus Hepatitis B

Caulimovirus Cauliflower mosaic
Maize streak

Geminivirus
|

46
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Tournier’s

2 : Table.
David Baltimore (1971) divided vnr:xses mitg
= i cleic ac
gro is of their nucieic i
ups on the basis 0 ‘
(sl?)‘:: or RI;TSA), strandedness (smgle-stranded or

f
double-stranded),  sense and method o

Lwoff. Horne and

classification.

e HELICAL—{

O Sy Stem

of -

plant-rigiq

Baltimore
replication. The central theme of B Plant-flexyoyg
system of virus classification is that a 3 — ICOSAHEDRAL Plant
itive sense RNA from their .

must generate positiv . ; VIRUS bacterjg

in order to produce proteins. The precise — TOGA .
genomes in order to p : y (sindbis) Picornay:

i is is achieved differs in each OMayiny,.
mechanism whereby this is ac : : BDOVIRUS animg|
virus family. These various type of virus genomes e i
can be categorised into seven fundamentally | animay
different genomes which obviously require different gya £ —— PARAMYXOVIRUS i
basic strategiec for their replication. Thus :
classifying viruses according to their genome mented| (— MYXOVIRUS
means that those in a given category will all DS
behave in a similar fashion. The groups, L e Jr— animal
designated by Roman numerals are given in sugmeniey DIPLORNAVIRUS
genome
Table 7. — plant
—

ICTV (2012) recognized seven orders, 96  fungj
families, 22 subfamilies, 420 genera and 2,618 enveioned” PACTERIOPHAGE 4 6
Species of viruses. The seven orders and the i3
characteristics of their genome are summarised parvovirus
below. : ICOSAHEDRAL

L. Order Caudovirajes include tailed ds phage
DNA (bacteriophages),

2. (_)"d‘?r Herpesvirales  contain large extrudedHEuCAL {(Phage)
eukaryotic viruses,

3. Order Ligamenyiruses include linear, ds " ——1COoSs b P, T, T, etc.
DNA archaean viryses. ' DNA < (13'32'5{’““ blue-green aigae
4. Order Mononegavirales ; ' "

mclude |
DNA archacan viruses. Hear, s omvo——BACTERIOPHAGE PM,

S. Order Nidovirales gre composed of (+) bS BAPOVAREN
strand ss RNA Vviruses infecting vertebrate _—{: (animal)

3 8. nuclear S

6. Order Picornavirajes conta ADENOVIRU

N small (+) assembly (animal)
strand ssRNA viruses that infect a vari PESVIRUS

: & anety of envel HERPE
Plants, insects and animaj hogt oped " (animal)
7. Order Tymovirales :
o ¢ contain monopartite
(+) 8 RNA viruses that infect plangs. i
[B] Nomenclature
As the binomijal ) 5 XVIRUS
St ey bino i stf;m _of .nomenclatum is not cvtqzlasmic assembly Pgnimai)
i enveloped)
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ﬁquCS!

of viruses recognise ’ -
groups g d by David Baltimore and their chavasteristics

Envelope Genome size (kb)
i *ds DNA Herpes virus i 120-200
Pox virus 130-375
Adenovirus - 3042
Papillomavirus 5.3-8.0
L **ss DNA Parvovirus - 5.0
il ds RNA Reovirus = 18-31
v, *#*+ ssRNA Tagovirus P 9.7-11.8
Poliovirus - 7.4
Foot-and-mouth > 73S
disease virus
Hepatitis A virus 7D
Hepatitis C virus + 105
V. **+_g¢ RNA Influenza virus + 12-15
VL (reverse RNA) HIV + 9.7
VIL (reverse DNA) Hepatitis B virus + 3.1

*heg = s'mgle stranded
**ds = double stranded

#4%(+) or positive sense RNA is the one which can function as mRNA for the synthesis of proteins.
#4%%() or negative sense RNA must first be converted into complementary positive sense strand before it is

able to synthesize proteins.

for naming viruses. According to this system, the

1. Cryptogram of tobacco mosaic virus

name of a virus consists of two parts, the first (TMV). The cryptogram of TMV is R/1 : 2/5 :

part represents the common name of the virus E/E : S/A.

and the second part contains the coded information  Explanation

about the virus. The second part is known as First pair — Nucleic acid RNA = (R)/

cryptogram. The common name of the virus is Nucleic acid single stranded

usually not changed, but cryptogram can change =]

as and. when new information becomes available Second pair — Molecular weight of nucleic

about the virus. acid = 2 (in hundred

A cryptogram has the following four pairs thousands)/Amount of

of coded information. nucleic acid 5%

\(1) First pair — represents type of nucleic Third pair — Virus elongated = E/
acid/number of strands in Nucleoprotein elongated = E
nucleic acid. Fourth pair — Most seeded plants (Sper-

@) Second pair — represents molecular weight
of nucleic acid/percentage
amount of nucleic acid in

matophytes) = S/Trans-
mission of virus by air = A
2. Influenza virus. The cryptogram of this

the virus. virus is R/1 : (2-3)/10 : S/E : V/A.
@) Thirq pair — denotes the size of virus/size ~ Explanation

of nucleoprotein. First pair ~ — Nucleic acid RNA = (RY
@ Fourth pair — denotes the type of host/ Nucleic acid single stranded

carrier used in transmission =1

of virus. Second pair — Molecular weight of nucleic
belol'he Cryptograms .of two viruses are explained acid = 2 or 3 (hundred

. thousands)/Amount of

nucleic acid = 109
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s LR scular weight o
herical = S/ diameter and has a mUlT i i

. ] . J e & b . i 2 cC :
Third pair — Virus  sph . elongated approximately 400,000. [‘hc elec .
Nucleoproteins and X-ray crystallographic investigations ve
=R y g articles have two
: brate = V/Trans-  revealed that these particles ite adt
Fourth pair — Host verte constituents — protein coat and nucleic acid

mission of virus by air = A

TOBACCO MOSAIC VIRUS (TMV)

More than 100 types of plant viruses are known
which cause various diseases in plants. Of these,
tobacco mosaic virus has been studied most
extensively, both in the field as well as in the
laboratory. This virus was discovered by
D. Iwanowski is 1892, but its isolation from
infected plants and crystallization was done by
W.M. Stanley in 1935.

[A] Structure

TMV  particles appear as bundle of rods or
needles under electron microscope. Each rod is
approximately 3000 A in length and 170 A in

central RNA helix

lume
protein
subunits
(capsomere)

49

(Fig. 6). The protein coat Fcapsid_) i.s made up
of approximately 2130 identical protein sup—unnx
called capsomeres. Each capsomere consists of
a long chain of 158 amino acids and its
molecular weight is 18,000. The capsomeres are
helically arranged around a central single
strandked RNA molecule (Fig. 7). The latter
consists of some 6,000 nucleotide pairs. The
protein and nucleic acid ratio in these particles
is 944 : 5.6.

The total length of each rod has about 13(
helicals and in each helix there are approximately
16.5 protein sub-units. In each helix of RNA there
are 49 nucleotides and the helix has a pitch of

protein
subunits

(o7

RNA

total length |
= 130 tumns |

W)
({ > N
Q L
(Total = 2130)
‘%\g/_ e subunits
= »
radius of,,
hole 20 A

Fig. 7. Tobacco mosaic virus ¢ Structure and its
synthesis from RNA and protein subunits,
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23).. The genetic information ne_cess?ry for the
formation of a coq]plgtc TMV'partzcle IS contained
o its RNA. This information determines the
rgplicaﬁon of RNA a.nd sequence qf amino acids
in the protein sub-units of the capsid. As all sub-
units are identical, only one coded gene is required
for the formation of all capsomeres. It is possible
1o remove the protein coat from RNA. The naked
RNA is capable of infecting tobacco plant; once
inside the host cell, the virus RNA directs the
protein synthesizing apparatus of the host cell to
synthesize its own proteins. Thus RNA has two
functions : (i) self replication, and (ii) synthesis
of virus specific proteins for which it takes the
raw material from the host cell.

Although the naked RNA is capable of
infecting the host cell, the efficiency of infection
is usually one thousandth to one millionth that of
the intact virion. At the time of infection, usually
the entire virion (i.e., protein coat and nucleic
acid) enters into the host cell. Immediately after
entering the host cell, the protein coat of virion
degenerates, whereas RNA starts the synthesis of
messenger RNA which eventually synthesizes
protein sub-units.

[B] Sources of TMV Infection

Debris of infected plants lying in the soil is the
chief source of infection of tobacco mosaic virus.
The infection also passes from one host to another
by mechanical means, such as agriculture
implements and rubbing of infected leaves over
the surface of healthy leaves. The virus is highly
contagious and stable and can retain infectivity
cven after the leaves have been processed into
smoking tobacco. According to Johanson (1937),
?7%__ cigar, 11% cigarettes and 62% pipe tobacco
 Virus infected. A person who has handled a
“lgaretie containing infected tobacco leaves may
mmme“ms to healthy plants. Besides, many
ghds (eg, Myzus persicae, M. pseudosolani and

Ierosiphon Solanifolii) are vectors of the virus.

C1Symptoms o TMV on the Host

50

Fig. 8. Tobacco mosaic virus : Symptoms on leaf.

Large spots of dark green colour appear on the
upper surface of the leaf which eventually develop
into irregular blistered areas (Fig. 8). Other areas
of the leaf show typical yellow and green mottling
or mosaic symptoms. The plant becomes stunted.

BACTERIOPHAGE

Viruses which infect bacterial cells, are known
as bacteriophage or viruses of bacteria. There
is hardly any species of bacteria which does not
serve as host to one or more viruses.
Bacteriophage was discovered by Frederick W.
Twort (1915) and Felix d'Herelle (1917)
independently while investigating certain types of
soil bacteria. They observed that if few drops of
highly concentrated bacterial viruses are introduced
into a dish with nutrient medium seeded with a
culture, then there was no growth of bacteria at
the point of the introduction of the virus. This
interaction was not restricted only to the solid
medium. They observed that when bacteriophage
is added in a suspension of Staphylococcus albus
the bacterial cell wall breaks open (lysis). This
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racteristics of some bacteriophages.

v

cetained the capability of
The phenomenon 1S g

non, They called the
bacteria as bacteriophage,
of bacteria’ (Greek
also known as phages.
e parasites and

suspension  als0
destroying bacteria.
be Twort-d’Herelle
viruses which destroy
literally means ‘eaters
phagein = to eat). They ar¢

Bacteriophages are obligat :
are found in all such habitats where bacteria can
survive. They are abundant in soil. sewage
water, fruits, vegetables, milk and nodules of
legumes. Specific phages have also been found
in the intestine of birds and animals. In human
beings phages can be found in intestinal
contents, urine, blood, sputum, saliva, pus and
nasal exudate. It is easy to isolate the phage
during the period of convalescence. Besides,
some viruses occur as parasites in actinomycetes
(Actinophages), yeast cells (Zymophages) and
blue-green algae (Cyanophages), The discovery
of bacterial viruses led to great excitement, for
it was hoped that they would serve as an
effective and simple way to combat bacterial
diseases. But due to introduction of antibiotics,
phage therapy has only limited use in
prophylaxis of infectious diseases.

Although phages are known to occur in all
bacteria, most of the work has been done on the
phages that attack Escherichia coli.

Types of Phages

Bacteriophages have been classified into many
arbitrary groups. Some of the broad groups are
as under.

[A] T-Phages (T;-T7; T standing for ‘type’)

These phages are characterized by the presence
of a tail. They form the largest group of phages
(T;-T7) and have been studied more extensively
than any other group. They contain a double
stranded DNA. T-phages have been divided into
the following three sub-groups:

T-even phages (T2, Ts, Te)

phages are genetically as well as

closely related. They have an angular
contractile tail. Their multiplication

rial cell is independent of the bacterial

is rapidly destroyed following

Table 8. Important cha

Phage Head Tail Nucleic dﬁ‘ type
T-even Polygonal Contractile g;u:lc stranded
Ty T Hexagonal foh:ﬂwn:l:‘ [D):Iu:lc stranded
Ty, Ts Hexagonal f::ﬂ Us;ti)lr: g:::)lc stranded
fdm, M3 Filamentous :cl) a:::e:‘:;o f;;f\lc stranded
head & tail :
o x 174 Hexagonal Tail absent g:;ile stranded
fs, Ryp. fr Hexagonal Tail absent ::ﬁ:c stranded

infection. The DNA of T-even phages contains a

unique base, 5-hydroxymethyl cytosine, in place

of cytosine.

(11] T-odd phages (Ty. T3 T7)

These phages have different genetic  and
serological features. They have an angular head
and a short non-contractile tail. The DNA of
these phages is characterized by the presence of
cytosine.

[T} Ts phages

These phages contain an angular head and a
long non-contractile tail. Like T-odd phages,
these phages also have cytosine in their DNA.

[B] Virulent and Temperate Phages

Depending on the interaction of phages with the
bacterial cell, they have been distinguished into
virulent or lytic and avirulent or temperate
phages.  According to  Lwoff (1953),
bacteriophages exist in three clear-cut stales,
namely extracellular virion, vegetative phage
and prophage. Extracellular virions are complet
phage particles with both nucleic acid core and
protein coat. They infect bacterial  cell
Vegetative phage and prophage, on the other
hand, are intracellular, represented by nucleic
acid only. As a vegetative phage, the nucleic
acid is capable of independent replication. while
as a prophage it never replicates independeﬂdf
and is first inserted in the bacterial (hos) DN
and then replicates along with bacterial DNud‘
Bacteria containing prophages 4% cal
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jysogenic bacteria, and those viruses whos
nucleic acid can become prophage (i.e. gé{i
incorporated in bacterial DNA) are knm'yn as
Jysogenic, temperate or avirulent phages
(e.g- F,, Mj2) On the other hand, those Vil’uSc.;-
which always multiply when they enter the hoslt

cell are called virulent or lytic phages
(e, T2, T4 phages)
Important characteristics of soifie

pacteriophages are listed in Table 8.

Structure of Bacteriophage

[A] Morphology

Bacteriophages are very small particles and they
cannot be separated even by bacterial filters. The
structural details of bacteriophages are known
through electron microscopic studies of some
larger particles of T-even group which infect the
bacterium Escherichia coli. In their appearance
the phage resembles a tadpole or spermatozoid; it
; is differentiated into a head and a tail (Fig. 9A).
T In most phages (T, T2, Te) the head is prismoid
5 but in T3 and T; phages it is hexagonal. There
are some phages (e.g., fl, fd, M;3) which are
filamentous and do not show differentiation into
head and tail. The size of the head of T» phages
is approximately 950 A x 650 A. The extended
part between the head and the tail is called collar,
The tail is almost equal to the length of the head
950 A) and has a diameter of 80 A. At the
proximal end of the tail a hexagonal tail plate or
end plate is present. The end plate is
approximately 200 A thick. It has six tail pins or
fibres on its under surface, each about 15004
long (Fig. 9B). The tail pins have two main
functions: (i) they help in the adsorption of phage
% particle on the surface of the pacterium, and
- (i) the enzymes secreted by these pins are helpful
in the lysis of bacterial cell wall.

partcles are made up ' P
‘sinall proportion of lipids in the 10T
i ot units of proteins- The
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protein coat——
DNA

collar ———@

tail fibres 7ﬂ N

Fig. 9 A-B. T, bacteriophage : A. Electron micrograph
(schematic representation), B. Components of bacteriophage.

DNA, single stranded DNA or single stranded
RNA (DNA and RNA are never present together).
Except for coliphage, ¢ X 174 phage and few
others, most phages have double stranded DNA.
The phage DNA differs from bacterial DNA
chemically. The molecular weight of phage DNA
is 2,500,000, and in each phage particle the
amount of nucleic acid is approximately 6x107
mg. DNA is the genetic material of the phage
particle; it carries infection and induces the host
cell to synthesize more and more phage particles.

Economic Importance
of Phage Particles

Phages have been used in prophylaxis and
treatment against dysentery, enteric fever, cholera,
plague, and many other pathogenic bacterial
diseases. However currently, due to introduction
of antibiotics, phage therapy and prophylaxis of
infectious diseases are used only to a limited
extent. Phages are also used in the diagnosis of
certain infections. The causative agents of plague,

 cholera, etc., can be determined with the help of

Phages are also helpful in the lysis

special phages. !
sent in the polluted water. Hence,

of bacteria pre

_ they can also be used as scavangers,

In space microbiology lysogenic cultures are
used as radiation detectors. They were used by
Russians in the space ship— Vostok-2.
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Temperate phages help in transduction
of genetic material from one bacterial cell

to another. They are also used widely as oS @E 5) KIS

models in genetic research. /' A0 A \

Phages are often very harmful as they
kill beneficial micro-organisms by the
lysogenic activity during the process of

manufacture of antibiotics and milk
products. O "E—’J @ Ei
~
{J D i

Replication of Bacteriophages

Nucleic acid in a virion does not contain T ¢
all the genes needed for the synthesis of

new vir.uses: AI@O}Jgh genes governing the 7 —~— / —

synthesis of virion’s structural components \

are present in its nucleic acid, the enzymes | ~J i P ' —~—
needed for protein synthesis, ribosomes,

tRNA and for energy production are
supplied by the host cell. These are used LYTIC CYCLE
for synthesizing viral proteins including
viral enzymes. Thus for a virus to

multiply, it must invade a host cell and
take over the host’s metabolic
machinery. Once inside the host cell,
even a single virus can give rise to
thousands of viruses.

Although the basic mechanism of
peneiration and multiplication is similar

in all the viruses, the process is best \
studied in bacteriophages. Phages can (
multiply by two alternate methods—

(i) lytic cycle, and (i) lysogenic cycle.
The lytic cycle ends with the death or
lysis of the host cell, whereas the host \LYSOGENIC CYCLE

cell remains alive in the lysogenic cycle.

Both the cycles are described in the
following pages. O
[A] Lytic Cycle I

Multiplication of T-even bacteriophages in their
host cell (E. coli) is an example of the lytic cycle.
The process of multiplication  involves the i
following four steps (Fig. 10). [

l“t- 10. Virus multiplication : Lytic and lysogenic C)’CIE!

(1) Infection, (3) Assembly of new phage particle, F |

(2) Synthesis of phage components in the host (4) Liberation of phage particles from the host B |
cells, ' cells, = |
Ry
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head
outer envelope
collar inner shell
host cell

end plate

containing core

nucleic acid wall

transfer of phage
nucleic acid into
host cell

Fig. 11 A-C. Bacteriophage : Mechanism of infection; A. Adsorption of phage on the host surface with the help of tail fibres,
B. Contact of end plate with the host surface, C. Transfer of phage nucleic acid into the cell.

(1] Infection
The two important events of this step are
adsorption of the phage on the host bacterium by
means of its tail fibres, and transfer of phage
nucleic acid into the host cell. Adsorption of phage
on the host bacterium depends on the mutual
affinity of the phage and bacterium. Only a
specific phage can infect a particular bacterium.
Some of the coliphages have so much specificity
that they are adsorbed only at a specific site on
the host surface. These sites are known as
receptor sites. In addition, factors such as
composition and viscosity of the medium and
temperature also affect adsorption.
~ Adsorption of phage on the surface of host
is facilitated by interaction of amino groups of
proteins present at the margins of the phage tail,
and negatively charged carboxyl groups on the
surface of the host. Thus the host specificity of
the phage particle is due to its protein and not
the nucleic acid. As such the host range of free
¥ital nucleic acid is much wider than that of the
i‘r‘: virion. After adsorption, the phage particle
ig dmth a special enzyme of lysozyme type which
yses muramic acid-peptide complex of the
5 cell wall. Consequently, a minute pore
l:h:::;m"d thrgugh which the nucleic acid of the
Ao el?ters into the host cell. The infection is
(1 g she'd through the following steps:
e ately after landing on the host surface
¢ 4ail fibres bent, bringing the end plate of

the phage in contact with the bacterial cell

wall (Fig. 11 A-B).

(2) The tail sheath then contracts, pushing the
central tubular part of the tail into the
host cell wall just like an injection needle
(Fig. 11 C).

(3) The nucleic acid of the phage flows into the
host cell through the hollow centre of the
tubular needle.

The protein shell of phage remains attached
to the host cell even after the transfer of nucleic
acid. Such empty protein shells are called ghosts.
A host cell, once infected by a phage particle,
becomes immune against the infection of the phage
of the same type. A phage particle loses its ability
of infection after its nucleic acid has been released
into the host cell.

[II] Synthesis of phage

components in the host cells
The phage nucleic acid, once inside the
bacterial cell, takes over the protein synthesis
machinery of the cell. It suppresses the synthesis
of bacterial protein and directs the metabolism of
the cell to synthesize the proteins of the phage
particle. This is accomplished by the synthesis of
~viral specific m-RNA (using the host RNA
polymerase).

.The rEpligation of phage DNA follows the
semi-conservative mechanism. Most of the phage
DNA serves as a template in its own synthesis




46

Viruses, Viroids and Priong

T ——

and the rest is used as a template for the synthesis
of viral specific m-RNA. The latter directs the
host cell to synthesize proteins which are used as
sub-units (capsomeres) of the protein coat of the
phage particle. These proteins are called ]ate
proteins. Towards the end of replication of phage
nucleic acid, a late protein, called phage lysozyme
is synthesized.

[T} Assembly of new phage particle

Assembly of nucleic acids and proteins (late
proteins) into new phage particles is called
maturation. This process is controlled by the viral
genome. The first step in maturation is the
condensation of nucleic acid molecule in
crystalline form. The protein sub-units then
aggregate around DNA to form the head of the
phage. Meanwhile assembly of the tail starts, It is
initiated with the attachment of core tube with
the tail plate. The sheath around the core tube is
formed afterwards. At this stage the tail gets
attached to the base of the head. The tail fibres
are attached to the end plate in the last.

[IV] Liberation of phage particles

from the host cells
The entire cycle of phage development is
completed in 30-90 minutes. In an infected
bacterium 7-8 phage particles are formed per
minute and a total of about 200 phages are formed
in a bacterium. Lysis of the host cell wall is

essential for the liberation of phage particles. It .

is facilitated by the lysozyme secreted by the
phage DNA in the host cell. The host cell ruptures
as a result of lysis and the phage particles are
liberated.

[B] Lysogenic Cycle

Some phages do not cause death (lysis) of the
host cell when they multiply. In the lysogenic
cycle the phage DNA gets incorporated into the
host cell’s DNA and the host cell multiplies
indefinitely along with phage nuclejc acid
(Fig. 10). Phages multiplying by this method are
known as Jysogenic phages or temperate phages
and the participating host cells are called lysogenic
cells.

~ The life cycle of bacteriophage X (lambda) s
ng described here as an example of the

lysogenic cycle. The phage injects its DNA intg
l;w host cell. The linear phage DNA becomes
circular and integrates within the bacteria)
chromosome by recombination. The inserted .phage
DNA is now called pruphugc. The HC[iVI[y of
the prophage genes is repressed by two repressor
proteins which are synthesized by phage ggne.s_
This checks the synthesis of new phages within
the host cell. However, each time the bacterial
cell divides, the prophage multiplies along with
bacterial chromosome. The prophage remains latent
within the progeny cells. However, exposure of
host cells to mutagenic agents (like UV radiations,
certain chemicals, etc.) may lead to the excision
of phage DNA and initiation of the lytic cycle.

Phage Growth and
Estimation of Phage Number

Phage growth can be detected by observing a
phage infected bacterial cell in the laboratory. This
growth can be described by a replication curve
(Fig. 12). The replication curve, besides viral
yield, also represents an eclipse period and a latent
period. The eclipse period spans from penetration
of bacterial cell till the biosynthesis of new phage
particles begins. During eclipse period no mature
virions can be detected in host cells. The period
from penetration up to the point of release of
new phage particles from the host cells is referred
to as latent period. Thus latent period is longer
and also includes the eclipse period.

Phage particles can not be observed under
light microscope and it is also not possible to
count their number with an electron microscope.
Hence virologists use g special viral assay
technique called Plaque assay to determine phage
Dumber in a suspension. I this technique serial
dilutions of vira] suspension are prepared. A
sample of each dilution is inoculated onto a plate
Fontaining a layer of susceptible bacteria; this layer
15 called bacteria] lawn. An ideal dilution is one
In which a single phage infects one bacterial cell.
After latent period is over (during which new
Phage particles are synthesized), the inoculated
bacterial cel| undergoes lysis and new phage
particles are released. These phages then infect
Surrounding susceptible cells and lyse them. After

L Sl
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Fig. 12. Growth curve for a phage. '
|

incubation and several rounds of lysis, the bacterial
lawn shows clear areas called plaques. The
plaques represent the areas where viruses have
lysed host cells. The uninfected bacterial cells of
the (bacterial) lawn also multiply simultaneously
{and produce a turbid growth layer.

| Since each plaque on the petriplate represents
{ the progeny from one infectious phage, therefore,
by counting the number of plaques and multiplying
 that number by the dilution factor, virologists can
‘estimate the number of phages in a milliliter of
on.

b infections result in the destruction of the
cells. Polio virus, pox virus and the common
- Virus cause lytic infections.

Persistent infection
h infection the virus replicates actively but
St cell retains viability, and viral production
Ues for an extended period of time. In
0t infection the mature viruses leave the
¢l by budding without disrupting the
Of the plasma membrane. AIDS virus
Tubella virus (Rubivirus) and measles virus
iTus) cause persistent infection. Besides
Plant viruses cause persistent infections.

[IIT] Latent infection

In such an infection the virus does not actively
replicate within the host cell and remains in
equilibrium with the host cell without producing
any disease often for several years. All of the
human herpes viruses can remain in the host cells
throughout the life of an individual. Herpes
simplex virus, which inhabits the human nerve
cells, generally cause no damage until it is
activated by a stimulus such as fever or sunburn.

[TV]Transformation

Some viral infections can cause transformation of
the host cells. The transformed cells acquire
properties that are distinct from the properties of
uninfected cells. A transformed cell may change
into a cancer cell with fewer growth factor
requirements than for the normal cell. As a result
the transformed cell reproduces more rapidly,
resulting in a mass of cells called a tumor. Some
tumors are self-limiting; they do not spread and
are called benign. Other type of tumors, called
malignant, spread and grow in other tissues and
organs causing dysfunction or death of that tissue.
All oncoviruses (viruses capable of inducing
tumors in animals) induce transformation in host
cells.

MECHANISM OF REPLICATION
OF ANIMAL VIRUSES

As in bacteriophages, replication of animal viruses
also involve the processes of adsorption,
penetration, synthesis, maturation and release.
However, animal viruses perform these processes
in ways that differ from those employed by
bacteriophages. The steps of the replication of
animal are summarized below.

[A] Adsorption

Unlike bacteriophages, animal viruses do not have
specialized attachment organs, ie., tail fibres.
However, naked animal viruses possess certain
attachment sites on the surface of their capsids,
which are made of special type of proteins. These
sites are specific and bind with corresponding sites
on the host surface. Some other animal viruses

(MICROBIOLOGY)
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penetrates the membrane
to enter the cell
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Fig, 13. Plan showing the replication of an enveloped ds DNA animal virus.

(e.g., HIV) have spikes that recognize a membrane
protein receptor on the surface of certain specific
immune defense cells.

[B] Penetration

Pfenetration follows soon after the attachment of
virion on the host cell membrane, Unlike
bacteriophages, animal viruses do not have a
mechanism for injecting their nucleic acid into
tht_a host cell. In these viruses both, the nucleic
acid and the capsid penetrate the host cells usually
by endocytosis. Once inside the animal cell, the
viral genome is separated from its protein cc;at a
process called uncoating. This is facilitated ,by
proteolytic enzymes secreted by viruses themselves
or by the enzymes present in the host cell.

(MICROBIOLOGY)

[C] Synthesis

Synthesis of new genetic material and protein
depends on the nature of the infecting viruses
The biosynthesis of DNA animal viruses differs
from that of RNA animal virsues.

[1] Synthesis of DNA animal viruses

Most DNA viruses replicate their DNA in t¢
nucleus of the host cell using viral enzymes. TheY
Synthesize their capsid and other proteins in
cytoplasm by using the host cell enzymes. T
new viral proteins move to the nucleus, Whe®
they combine with the new viral DNA to o
virions  (Fig. 13). Herpesviruses, adenovirs®
Papovaviruses and hepadnaviruses show the abo'®
pattern of synthesis.
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Fig. 14. Replication mechanism of RNA animal virus. }
[].I] Synthesis of RNA viruses In retroviruses, such as HIV, the two copies
erent groups of RNA viruses show much  of (+) sense RNA do not act as mRNA: instead
Yariation in the mechanism of mRNA synthesis. they are transcribed into single-stranded (ss) DNA
In RNA viruses such as picornaviruses, the (+) with the help of reverse transcriptase (Fig. 14).
€ RNA acts as mRNA. Immediately after  Subsequently, the ssDNA is replicated through
mz“'ation and uncoating, viral proteins are made  complementary base pairing to make double
thzl also have important roles in the synthesis  stranded (ds) DNA molecule. Once in the cell
sm[lS(;t vuuﬁe-s,. For example, one protein inhibits pucleus. this molecule inserts itself as a provirus
s Clic activities of the host cell. The nucleus  into a host cell chromosome and it can remain
host cell is not involved. there for an indefinite period of time. It s passed

(MICROBIOLOGY)
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the progeny as and when the huS.I ,—Cei}
p 'c[i(;s Underhnor-mal circumstances the pro:fru:;
g::\:eslr.emain unexpressed, but ;1n}'hlin1fs::i]g: e:"]n
;na)= activate the provirgs genes. T L;;LN_T\ “.'Hmh
turn, direct the synthesis of viral mRN.

forms the viral proteins.
[D] Maturation and Release

Once viral nucleic acid, enzymes andwntlht‘r
proteins have been synthesized in sufhc‘wn[
amount, assembly of components  into
complete virion starts. The cellular site of
maturation varies depending on the virus type.
For example, human adenovirus nucleocapsids are
assembled in the nucleus, whereas viruses such as
HIV are assembled at the inner surface of the
host cell’s plasma membrane. The poxviruses,
polioviruses and picornaviruses are assembled in
the cytoplasm.

The new viruses are released either through
budding or lyses of the host cell. Budding of virions
through the membrane may or may not kill the host
cell. Human adenoviruses, for example, bud through
the host cell in a controlled manner and the host
cell does not lyse, Other types of animal viruses kil
the host cell. In such cases, towards the end of
replication process, the infected host cell is filled
with newly synthesized progeny viruses. At this stage
the plasma membrane bursts releasing the progeny
of viruses,

these

COMMON SYMPTOMS
OF VIRAL INFECTION
OF VIRAL INFECTION

can be determined by
. €Xaminations,

: Symptoms of viral infection can be grouped
mto the following three categories:

(1) External symptoms

(2) Internal symptoms

3) Physiological symptoms

(MICROBIOLOGY)

External Symptoms

These symptoms appear externally on various partg
ese S) :

of the plant, such as leaf, stem, fruit, etc.
[A] General External Symptoms

Some general symptoms cnmmfm lln most virg]
mfccriohns are: (i) general reduction in (he growth
of the host, (ii) reduction in th_c __vicld‘ and
(iii) reduction in the life-span of the infected plant.

[I] External symptoms on leaves .
The external symptoms on leaves may be of the
following types:

1. Mosaic. Spots of white or yellow colour
appear on the leaf surface as a result of viraf
infection. These spots are known as mosaic,
Sometimes bands of green colour occur only on
the leaf veins and rest of the area becomes
chloretic (i.e., yellow or white). This is known as
vein banding. Sometimes the parenchymatous cells
surrounding veins become chloretic and due to
this veins become clearly visible. This symptom
is called vein clearing,

2. Yellowing. It js uniform yellowing of the
leaf and is different from mosaic.

3. Morphological changes. Ap important
Symptom of viral infection is distortion of leaves.
Rolling and curling of leaves is very common in
tomato and Papaya. In ‘little leaf of brinjal’, leaves
become unusually small ang closely placed,
forming a Tosette-like structyre. In some other
plants the diseased leayes become leathery.

[II] External Symptoms op stems
The stem of

(3) In mfeC[ed

(4) Galls are fOrrne

F ’f‘inn g
—
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F\-ternal symptoms on flowers

: The chlorophyll contents of diseased leaves
ers of infected plants develop the  ape

? The floV low hence the photosynthetic rate of such
E following SY"‘P“‘“’S- _ leaves is decreased. It ultimately results in lower
) They become distorted or variegated and their  yield. Viruses accelerate the activity of oxidising
: size 18 reduced. el _ , enzymes like cytochrome oxidase. peroxidase, etc.,
(2) The infection of ‘big bud virus of tomato’ and as such the rate of respiration is usually high
jeads to the enlargement of buds. in diseased leaves.
a) Sometimes, as in ‘peach yellows’ diseased
" flowers bloom early. There is also formation DIAGNOSTIC
of pseudo-inflorescences w‘h‘erc- flowers are SYMPTOMS OF SOME
IR &y before g, . COMMON VIRAL DISEASES*
(4) Virescence is a very common symptom in

which flowers become green. : , ; ¢ :
The diagnostic symptoms of some common virus

(Iv] External symptoms on fruits diseases are given below.
oms of viral infection which commonly = "t

:py:;z: on fruits are as follow: [A] Tobacco Mosaic Disease

(1) Fruits usually become small and pitteq. . (1) Apical leaves show downward curling.

(2) The colour, shape and flavour of fruits is  (2) There s distortion, dwarfing and blistering
changed. of leaves.

() In “bushy stunt disease of tomato’, ﬂowa_rs (3) Unusually large mottled light-green yellow
become enlarged and mottled, whereas in patches develop on the upper surface of
‘peach yellows™ fruits ripe quite early. leaves.

(4) Cytoplasm of epidermal cells and hairs show
lamellar or amoeboid bodies.

(5) Plants show stunted growth.

= Vuus mfected plants also show many (6) There is distortion and discoloration of
abnormalities in tissues and cells. For example,

ilﬂ'lﬂb&coo mosaic disease’, ‘dahlia mosaic’,
Sigarcane  mosaic’, ‘tomato bushy stunt’, and [B] Sugarcane Mosaic
many other viral infections intracellular inclusion -
are formed. These bodies are Lt o (1) Mottlmg of young leaves.
Moeboid. Besides, hyperplasia and necrosis of ~(?) Light green and yellow areas (mosaic)
cells ang tissues is common in diseased plants develop in alternate sequence.
k (3) Stunting of young plants.

Internal Symptoms

flowers.

Physiological Symptoms

[C] Bunchy Top of Banana

The yayi ; .
Varioug physiological processes of plants (1) In infected plants leaves usually donot come
m[emm aﬁ;ected directly or indirectly due to virus out of the pseudo-stem.
S 10 the accumulation of many (2) Leaves form dense rosette and remain stunted.
: Otidigeq P;:;iuc;is in cells. The concentration of  (3) Flowering is inhibited.
: Molic compounds in cells is :
L m1e for the development of necrotic areas.  [P] Yellow Vein Mosaic of Bhindi
i P o SIS Possibly synthesize certain new (1) Stunted growth of leaves.

M2yme Woten affect their permeability and (2) Yellowing and vein clearing of leayes. In case
A of severe infection, chlorosis may involve
iy ;."'“ﬂdiﬂ

h‘"t n.fu:e fice between plant and animal virus infections is that an overwhelming majority of plant virus diseases

2 ‘V_hercas animal virus diseases are not persistent. This striking difference is presumably due to the
cal system in plants.

60
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interveinal areas, resulting in yellowing of the

entire leaf. .
(3) Flowering 1s reduced and fruits .
malformed, distorted and yellow green in colour.

become

[E] Clump Disease of Groundnut

Infected plants become bushy and slcrilc..
Leaves become smaller and show mosaic

character.
Petunia and Catharanthus are alternate hosts

of this virus.

(1
(2)

3)

[F] Leaf Curl of Papaya

(1
(2)
3)
4)

|G] Leaf Mosaic of Cucurbits
(1)

2
3)

Curling of young leaves.

Vein clearing and mottling of leaves.
Flowers become sterile.

Reduced growth of the plant.

Mottling, distortion and wrinkling of young
leaves.

Downward curling of leaf margins.

Leaves form a rosette-like clump near the
ground, which gives bushy appearance to the
plant. '

Fruits develop mosaic symptoms.

TRANSMISSION OF VIRUS

@

Viruses may spread vertically (from mother to
cl_lild_) or horizontally (from person to person). A
virus’s ability to spread depends on the make up
of the virus.

Some viruses can spread by simple contact,
-exch'ange of saliva, coughing or sneezing.- Some
require sexual contact while others go through the
or'.al-fecal route via contaminated food or water,
Still other viruses require an insect like mosquito

to carry the viruses from Person to person.
fatii Some common modes of transmission of plant
yiruses are given below.

_ [Al Transmission by Vegetative
"~ Propagation

propa'ga_te vegetatifely, once infected

disease, transmit the pathogen from

one generation to the next. Eveqtuall}'. the entire
pnpu;lration of a given clonal \'anety‘ may become
infected with the same pathogen. Vll’uses‘ may be
transmitted by tubers, corms, bulbs, grz_lttmg and
cutting. In grafting operations.. .the_re iS contact
between stock and scion and if either of these
carries a virus, it may be transmitted to the other
host. Transmission of ‘potato spindle tuber viroid
(PSTV) takes place through tubers and that of

‘Katte disease’ through bulbs.
[B] Transmission by Friction and Rubbing

In nature, when leaves of closely growing infected
and healthy plants rub together, the healthy plants
get infected. Even a gentle rubbing with no
obvious damage is enough for transmission of the
virus. Viruses are also transmitted by contact of
infected leaves with clothes of men and bodies of
animals. Potato virus X (PVX), tobacco mosaic
virus (TMV) and many others are transmitted by
this method.

[C] Transmission Through Alternate Hosts

Viruses causing ‘yellow vein mosaic of bhindi’
and ‘cucurbit mosaic’ are transmitted through
alternate or collateral hosts.

[D] Transmission Through Soil and Seeds

Viruses which spread through underground natural
metht_)ds are called soil-borne viruses. The tobacco
mosaic virus remains in the field after harvest on
debris and it infects the Crop in the next season.
The vif'us enters the host through roots by
mechanical or biological methods. Although more
than 100 seed borne viruses are known, all virus
mfectefi’ seeds are pot equally efficient in
:;:.:lsmjtung.the.disease. Bean mosaic virus, barley
andpe rh!:‘;Oialctvnjus, curly top virus of beet sugar
e sef;s : Virus of soyabean are transmitted
Besides, soil-borne nematodes are also
known to transmit viruses. The viruses get
attached to the stylet or to the gut of the
hematodes when they feed on an infected plant
:ﬂ get transferred to the healthy plant when the
andmmdesfwd on them. Tobacco ring-spot Vvirus
_ 20¢ tobacco rattle virus are known to P
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by nematodes. However, there is no

itted : . :
mmsnnlte uggest that viruses replicate in the

evidence i
ncmmodes.
) Transmission Through Pollen Grains

ers Of healthy plants are pollinated with

If ﬂO“’“ ‘ns from infected plants, they produce

the P"wﬁich have virus infection. Such seeds, on

ination, give rise to infected plants. ‘Stone

ger-[:lring gpot virus’ and ‘bean mosaic virus’ are
:T,nmmonly transmitted through pollens.

[F] Transmission Through Fungi

Tobacco mecrosis virus is transmitted by a root
infecting fungus, Olpidium brassicae. Besides,
Synchytrium brassicae and Polymyxa graminis also
act as agents for transmission of potato virus.

[G] Transmission Through Insects

Insects are the most common and potential agents
of virus transmission. The insects transmitting virus
diseases are called vectors. Insects like white fly,
leaf hopper, plant hopper, aphids, mealy bugs,
scale insects and flee-beetles are the potent
vectors. “Yellow vein mosaic of bhindi’, ‘leaf curl
of chilli’, ‘yellow mosaic of mung’, and many
other viral diseases are transmitted by white flies,
sich as Bemisia and Aleyrodes. Aphids such as
Siphum, Myzus and Brachycaudus are
‘WOT‘S ff)r ‘chirke virus’, ‘maize mosaic virus’
M ‘maize dwarf mosaic virus', respectively.
i lnsects suck the juice from the infected
sal'rvm‘ Viruses enter into their proboscis and
) glands, Such insects transmit the virus to

¥ plants when they visit the latter.

[H] Tl‘a‘nsmissinn by Infested
gricultural Tools

It i

4 a::l:lr?on method of virus transmission.

mﬁ'lg, Prunj: £et stuck tg implellnents used for
s in%‘ fl"d weeding of infected crops.

p!"‘ﬁ.th”- ested tools are used for healthy

Viryg S i transmitted to the latter. Potato

X (pyx
i Atobﬂccg air 1 52 o Hanf
M :ef Cucurbrs e mosaic virus® and ‘leaf
fsmitte 1y

Some common viruses
this method.

NATURE OF VIRUSES

The evolution and nature of viruses have been
the subjects of numerous investigations and
theoretical discussions. Some virologists consider
viruses to be acellular forms of a live parasitic
system that are functionally closely related with
the host cell but dcvelop independently and are
genetically free from it. Others consider them
cellular genetical factors capable of synthesizing
the protein cell wall which protects them from
the ill-effects of environment and allows them to
penetrate into host cells. Still others consider
viruses as non-living transmissive nucleoproteins
which have pathogenic properties that constantly
arise from cellular substances.

Stanley  (1935) successfully crystallized
tobacco mosaic virus (TMV) and the crystals
retained the property to induce mosaic disease in
tobacco. Frankel Conart and Takahasi (1956) and
Cochrane et al. (1963) were able to reconstitute
a typical tobacco mosaic virus from biologically
inactive components. It produced a characteristics
disease in plants. Later, it was confirmed that
infective properties of viruses are due to nucleic
acid and the cell wall does not take part in this
process.

Thus, despite the simplicity in physical and
chemical composition, all attributes of life, such
as self-reproduction, variation and transmission of
genetic information are inherent in viruses as in
other living systems. The main characteristics of
viruses are listed below.

[A] Characters Specific to Viruses

(1) They are granular and can be resolved with
electron microscope only.

(2) Most viruses can not be
bacterial filters.

(3) They can not be grown in artificial medium.

(4) They produce characteristic symptoms
specific hosts.

(5) They can be inactivated by chemoth
thermotherapy.

(6) They show response to ch
and humidity,

separated by

of
erapy and

ange in temperature
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(7) They are obligate intracellular parasite.s._m

| host tissue they show characters of living
organisms.

(8) They lack functional autonomy, but develop

indepenclently and are genetically free from
the host cell,

[B] Differences Between Viruses
and other Organisms

Viruses differ from other organisms in the

following characters,

(1) Viruses Possess only one kind of nucleic acid
(either DNA or RNA), whereas
Organisms have both the nucleic acids.

(2) Viruses are devoid of polysaccharides.

(3) In viruses there is no cell division. They
show replication of genetic materia] only (for
which they are dependent upon the machinery
of host cell).

(4) Viruses lack cellular organelles  |Jike
ribosomes, mitochondria, etc, They make
of the ribosomes of host cells.

Viruses possess both living ang non-living
Properties,

other

use

[C] Living Properties of Viruses

(1) The genetic materig]
(2) Mutant forms of

3) They show sensitivi

(5) They multiply ip
(6) They show host specificity.

[D] Inanimate Properties of Viruges

(1) They can be crystallized.

(2) They are inert outside their specific host celjs,
(3) They are autocatalytic g do not have
functiona] autonomy, :

*Recently 4 disease causing agent
Protein and has been tentatively g

even smaller than g Viroid hag : ’ ]
amed as prion been discovereq, The “organism

Viruses, Viroids and Pn})m

(4) They are devoid of cel] membrane and cel]
wall,
(5) They do not respire.

VIROIDS

Viruses are no longer considered the simplest form
of life, In 971, TO. Diener discovereq new
infectious agents which were €ven smaller thap
viruses*. He introduced the term viroid fo, these
subviral pathogens. The first viroid came tq light
in attempts to isolate and characterize the agent
of the potato spindle tuber disease (PSTVd) which
Was assumed to pe Caused by g3 Virus. The
infectious agent of this diseage was found to pe
a RNA strand devoid of nucleoprotein coat. This
infectious RNA has a very Jow molecular weight
unlike conventional viryses. Since then

many plant
diseases (e.g., citrug exocortis, chrysan[hemum
stunt, cucumber pale fruit apg

» SCrapie disease of
sheep and Alzheimer’g disease of human) of virpid

origin, Presumably, certain infectious diseases of
obscure etiology are Caused by agents resembling
viroids (e.g., hepatitis D).

US viroids cap pe defined as infectious
agents compogeq exclusively of , single piece

of circular single Stranded RNA which has
Some double Stranded regions,

Structure of Viroids
S T Olas

- ¢
appears to consist onl)
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350 nucleotides. The zideniqe uracil
G217 20.9) and guanine: cytosine
( ‘-C - 289 : 28.3) ratios are close to unity.,
“? I'd do not possess capsid (protein coat)
v"mdsthc RNA molecule.
arou;eqidgs linear RNA, some circular molecules
fPSW have also been reported. The RNA
?lngcrpriming. however, has shown that the circular
ind linear molecules of PSTV structures  are
probably not two disinct RNA species. The two
structures, more likely, represent two stages of
maturity of PSTV. The molecular weight of viroids
is in the range of 11,500 — 130,000 daltons.
Viroids do not code for any protein. Their
replication mechanism uses a host-cell enzyme-
RNA polymerase II. Some viroids are ribozymes,
having catalytic properties which allow self-
cleavage and ligation of unit-size genomes from
larger replication intermediates. Although the
precise mechanism of viroid replication is not
known as yet, the following two hypothesis have
been put forward.

250-

(] RNA-directed replication

According to this view, in uninfected plants there
eXIStS a replicase enzyme which accepts a wide
variety of RNA species as templates. The presence
of RNA-directed RNA polymerase has been
shown in healthy plants of chinese cabbage and
tobacco,

(1] DNA-directeq replication
S hypothesis suggests that viroids might be
on DNA templates which are either
tady present in repressed form in uninfected
b or

.~ & synthesized as a result of viroid
Infection

‘_’_l_r_fil_{l_S_gnd Plant Diseases

Ve
i'l;dl'::iiascs are. persistent infections, i.e., there
be i ery of lnfe?ted plants and viroids can
i diye, Themm the di.'v.eased plants so long as it
tig g0 90 not differ significantly from the
Sy.%:aseobses_ In t!'leir Symptomatology. The
S ved in viral diseases also occur
%agty’ "éin d'Sﬁ_aseS. These include stunting,

al dlscoloration, leaf distortion, vein

clearing, localized chloretic or necrotic spots,
mottling of leaves and death of the whole plant.
Precise mode of viroid interference with their host
metabolism to produce characteristic symptoms is
not known. In some viroid infected plants certain
host proteins occur in larger amounts than in
healthy plants. It is presumably due to viroid-
Induced metabolic aberrations in the host protein
synthesis,

All known viroids are transmitted from one
plant to another (ie., horizontally) by mechanical
means. Besides, vertical transmission through the
seed and pollen of the infected plants has been
shown at least in PSTV. Some viroids are
transmitted by aphids.

PRIONS

Several diseases of humans and other animals are
caused by proteinaceous infectious particles.
These small infective agents have been named as
prions by Stanley Prusiner (1982). He received
Nobel Prize in 1987 for his work on prions.
Prions are made of only proteins: they have
no nucleic acids. The proteins constituting the
prions are designated as Prp (prion proteins).
They have a mass of 27,000-30,000 daltons. These
proteins consist of about 250 amino acids and
are about 1/100 the size of a small virus. The
genes that code for these proteins are found in
the normal host DNA. In human beings the Prp
genes are located on chromosome 20 It is
believed that prions are normal proteins that
become folded incorrectly, possibly as a result of
mutation (Fig. 15 A, B). How these defective
infectious prion particles are transmitted to anp
uninfected individual and initiate the disease
process is not definitely known. Prions can survive
on instruments sterilized by formaldehyde or
inadequately autoclaved. They also survive for
several years on burried animals.
Prions show following characteristics,
(1) Prions are not inactivated by temperature up
to 90°C (viruses are normally inactivated g
this temperature).
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(2) Prion infection is not sensitive to radiation
treatment that damages virys genomes.

(3) Enzymes dcsu-oying/digesting DNA or RNA
do not affect the activity of prions,

(4) Protein denaturating agents
etc.) affect prion activity,
Prions have 2 long incubation period, hence

these infective agents were once assigned the name

(e.g., phenol, urea,

Table 9, Comparison of viruses, viroids and prions,

———

slow viruses. Some of the diseases now believeq
to be caused by prions were once th.oughi‘ to be
slow viruses. However, not all slow virus diseaseg
are caused by prions. : :

Prions cause a progressive dege_neranon of
the central nervous system and _the diseases thyg
caused by prions are collectively known as
transmissable  spongiform encephalopathije
because they destroy neurons and the brain
tissue gives a sponge-like appearance. Am@ﬂ.g
animals prions are known to caus? Scrapie
(in sheep and goat) and ‘mad cow’ disease apg
encephalopathy (in mink, elk and cats). In
1996, United Kingdom had to kill hundreds of
thousands of cattle because of an outbreak of
‘mad cow’ disease,

In human beings prions cause kuru and
Creutzfeldt-Jakob disease (CID). Symptoms of
kuru may appear 1 to 15 years after infection
as severe headache, followed by loss of
coordination and inability to walk and swallow,
Creutzfeldt-Jakob disease is Characterized by
mental degeneration, loss of motor function and
eventual death,

The pathological and clinical signs of these

diseases suggest that they are closely related. In
fact

Character Virus Viroid e

1. Nucleic acid Single or doub] ;

Bt DNA or R;\?: " Snded  Single strande RNA Absent

i envelope or capsid Present

. : Absent

3, : ;

4 ;Ir:m:nd e Present | Absent AbsP.:sent

MY and identification Electron microscope Nucleotide sequence H 5 Il damage

S g e ost ce

2 Sensitivity (0 high temperature Present ldemﬂtcm" of nucleic acig

o ':Eff_""’;l °f pmtcm d?_'"““ﬂﬁﬂz agent Proteins denatyreq Ab:::: Absent

i Eﬂ’ect of ﬂwle_lc--amd Nucleic acid denatured Nucleic i _ Proteins denatured
. igesting enzymes €I¢ acid denatureq Abbsiit
i Bacteria, animals ang pjanys Plants




Important
—|Questions

| ) 1omg answer questons . . oo

| y ;be the charactenstics of viruses. Differentiate between plant and animal viruses.

_ 1 D_mﬂm illustrated account of the morphology and chemical structure of viruses.

2 wa be the structure of tobacco mosaic virus,

3, %‘;:im essay on the transmission of viruses,

| 4 What are bacteriophages? Describe their structure with the help of suitable diagrams.

: Write short notes on: ey ;

: (i) Yellow vein mosaic of bhindi, (i) l\.iature of viruses, (iii) Symptoms of virus infection in plants, (iv) Nt.}r'nenclature
of viruses, (v) Replication of.ph_agc' pal‘ﬂcles. (vi) Economic importance of phage particles, (vii) Viroids, (viii) T.M.V..
(i) Bacteriophages, (x) Multiplication in Plam viruses, (xi) Viruses are living agents.

7. Give a brief account of modes of transmission in plant viruses.

8. What are the main characteristics of viruses? Give an account of transmission of tobacco mosaic virus.

9, Describe the different replicative cycles seen during the replication of bacteriophages.

| 10. Draw the labelled diagram of T.M.V. and write an account of its multiplication.

i 11, Draw labelled diagram of bacteriophage. Describe the method of its reproduction.

12. Give general account of viruses.
13, How the plant viruses are transmitted? Give the control measures for typical plant viral disease.

E | 14, Describe the structure and multiplication of bacteriophages.

: “15. Describe the structure and means of reproduction in tobacco mosaic virus.
16. Give a general account of morphology of different types of viruses.

»» Short answer questions
- 1. What are the functions of protein coat and nucleic acid of a virus?
- 2. Can a virus be classified as a cell? Explain,
. Differentiate between a plant and an animal virus.
Why are viruses not affected by antibiotics?
fite any three systemic symptoms in plants infected with viruses.
if viruses can be cultured artificially, and if yes, what culture medium will you use for their culture?
@ note on the structure and cryptogram of TMV.
¢ structure of virus.
between the virulent and temperate phages.
between the lysogenic and lytic phases in the life cycle of a virus.
answer questions
le organism in which RNA serves as a genetic material.
"¢ type of nucleic acid present in TMV.
given to a virus which infects bacteria?
s i found in all plant viruses?
Cryptogram of tobacco mosaic virus (TMV).
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t in potato spindle tuber viroid (PSTV)?

20. What type of nucleic acid is presen
21, What are prions?

»» Fill in the blanks : ‘
) 1. A virus reproduces by using the metabolic machinery of @ .......ccocoeinenn

2. A virus recognizes its host by the reaction of specific binding sites on the .ssicaiivinsdons with those o e
R e O rmist samw s ensesy of the host. o edtnetiei T A0
i i i e DNA molecule of a bacterium is called ........ocooooreeee :
3 :do:t“al Rl\f;n:::uese‘: C:al'g';ﬂ:f::c;:t?o:h an enzyme that uses viral RNA as a template in the synthesis of more vira] RNA
This eNZyMe 18 .....cocovvreuneenn
5. The protein coat that encloses the viral genes is called @ .icooviermieiasinen '
6. A viroid consists of a very short strand of ................... without any protective coat.
7. The viruses that attack blue-green algae are known as ...................
8. The viruses that attack the fungi are called ....................
9. Bacteriophage T4 has ... tail fibres.
L T T N do not have functional autonomy.

»» True and false statements

Viruses have protein coat made up of capsomeres.

Viruses can pass through bacterial filters.

Yellow vein disease of bhindi is caused by a virus.

Viruses can multiply in dead cells.

d'Herelle (1917) coined the term ‘bacteriophage’ for the first time.
Shafferman and Morris (1951) are associated with the discovery of cyanophages.
Viruses are chemicals in a test tube but living beings inside the host.
. Viruses are non cellular, obligate intercellular parasites.

. Viruses have an efficient protein synthesizing system of their own.

10. Double stranded DNA is found in tobacco mosaic viruses.

L1. Primitive microbes are known as prions.

12. Prions are made of only proteins.

»» Multiple choice questions
1. The fact which supports the idea that viruses are living

R T e

K

e (a) on the viral ribosomes

B "J‘z“”’ - (b) by the host cell

At ) uplicate themse : s (c) on the interior surface of the viral coat

B © cani o .;_._I.ns_._l_na.__ membranes . (d) on the interior surface of the viral membrane

| @ are made of prowein and DNA e g e

|2 Double st VA i e calle S50 B |
R el S 2 v (S goghe sianson DN i

oze A : ) none of the abo 4 '

| A above (c) made of double stranded DNA

el DNA{b) S g (d) within a circular nucleic acid molecule
stmﬁer et tranded R

. 8. When a virus attacks the bacterium, the material 4
: el(;tam the host is: o (
(a) protein coat (b) nucleic acid k
= (©) both protein coat and nucleic acid
o {9 none of the above

technique (b) culture technique
' technique (d) none of the above
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@ fungi (b) virus

© mycoplasma (d) none of the above
3, Outer layer of virus is composed of:
= (a) fats (b) proteins

(c) c.rbohydrntﬁ (d) nucleic acid

(a) Bawden (b) Iwanowski

(c) Stanley (d) Twort and d'Herelle

5. Bacteriophages were discovered by:
~ (a) Griffith (b) Subramanian

(c) Twort (d) none of the above
16. Genetic material in a bacteriophage is:

(a) W. M. Stanley (b) E. C. Stakman
(¢) D. Iwanowski (d) K. M. Smith
21. Bacteriophage is made up of following:
(a) protein (b) DNA
(c) nucleoprotein
(d) lipid and protein
22,
material:
(a) Gram (+ve/-ve) bacteria
(b) TMV
(¢c) Saprolegnia
(d) Agaricus

Name the organism in which RNA serves as genetic

" (@RNA 23. Viruses synthesize their protein coats:
(b) DNA (a) inside the host cell
(¢) both DNA and RNA (b) outside the host cell
(d) neither DNA nor RNA (c) both outside as well as inside the host cell
17. Leaf curl of papaya is caused by: (d) none of these
(a) fungus (b) mycoplasma 24. Which is correct?
(c) virus (d) bacteria (a) a virion is a fully developed virus particle
18, Bacteriophages are: (b) a virion is a capsid
~ (a) an organelle of the bacterium (c) a virion is a capsomere
SRy (b) bacterium which infects a higher plant cell (d) none of the above
(o) bacterium which infects an animal cell 25. Double stranded DNA (dsDNA) is found in:
d) virus which infects a bacterium (a) herpes virus
which show lysogenic cycle are called: (b) TMV
( tempetate phages (b) lytic phages (c) reovirus
‘virulent phages (d) none of the above (d) coliphage virus
solated the plant virus first?
ANSWERS

sn.z, VA, 17. Single stranded RNA, 1. Zymophages,
circuinr RNA molecule, 21. Prions are proteinaceous infectious




Acquired Immunodeficiency
Syndrome (AIDS)

, Vi
. RO 6
i

Acquired immunodeficiency syndrome or AIDS is a fatal disegse
comprising serious clinical condition of various manifestations
characterized by underlying cellular immunodeficiency. The disease
probably originated in southern parts of Africa, but it was firs
detected in June, 198] at ‘Centre for Disease Control,’ Georgia in
America. At first when it surfaced in USA, it appeared to be a

(HIV). In India, first report of AIDS case came in Jan. 1986 from
, 1t is spreading alarmingly.

CAUSES OF AIDS

lymphocyte Virus
ancer Institute, USA or LAV
by Lue. Montagnier of Pasteur

leaving vics part of the body’s immune system,
£ Victims unable ¢ defend themselyeg against infections and
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AIDS
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reverse
) transcriptase
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RANA

Fig. 1. Structure of AIDS virus.

STRUCTURE OF AIDS VIRUS

The structural model of HIV shows that virus is
a sphere containing RNA as genetic material and
an enzyme reverse transcriptase. The lentivirus
nature is reflected by the capsid which is in the
form of an elongated protein core. The major inner
protein, called P4 has a molecular weight of
24,000 whereas another protein, called Pg covers
the inner surface of the envelope. The envelope
is a two-layered lipid or fatty coat. The surface
of the virus particle is studded with knob-like
structures (Fig. 1). The full genome of HIV codes
for its various components. The gene ‘Gag’ codes
for the RNA containing core; gene ‘pol’ is
responsible for the production of enzymes reverse
transcriptase and endonuclease, whereas gene ‘env’
P}'Oduccs the envelope proteins. The newly
discovered genes, tat, art, sor and 3’orf encode
small protein that help to regulate gene expression.

MECHANISM OF ACTION

The primary target of HIV is T4 lymphocytes
which play a major role in maintaining the body’s
response to infection (Fig. 2). Once the virus
enters the blood stream, it attacks T4 lymphocytes
and the viral genes are integrated into these cells.
There, they can apparently remain dormant for

REVERSE
TRANSCRIPTAg,

human body.

Fig. 2. Invasion and multiplication of HIV in the
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production of
specific antibody
Vi)
exposed to . Y
nurrlel't.z~p:1::3 infections PfOCBSSIf:ig arg: ‘? \?
LAV / HTLV I We::;; :n /4
/ invasion

uondey g @) W
\ ‘/ \ /:va stimulation
T n @
| .

lack of stimulation
@\

of B-cells

g

\ * )
depletion of K ﬁ
oo °°“‘s._/\ i i \
release of core antibodies against ¥ \({(
enve core envelope vy Y
trans-membrane and transmembrane
protain. efc. \ protsin ¥
non protective
for LAV / HTLV I

-F‘I-S-M&hanismofacﬁonoflﬂv.

pmod Wlﬂl@lft causigg any 'ill effects.  Not all sufferers of early symptoms will g0 on to
meincubauon period which ranges  develop the fullblown illness. A number of
SElL to ﬁi:: yealls or more. The virus  individuals develop a mild condition, known as
: L a'lr {ewlr;sph:eytc o HIV ARC (AIDS-related complex). In severe condition,
: e unable to  the Patients may develop pneumonia, kaposi’s
T indah L E::“& could not  sarcoma (a skin cancer) ang lymphoma (cancer
g immunodeficiency i so rars  O1 U IYMmPh system). Although AIDS fas o e
ble to cape wrth even thoe:: L“_c_“bguon period (possibly five years), once it
L pose 10 problem to i dt‘.Ve-l(;p' (here is a rapid decline in health
A iMb e St i i;: A0 individual who develops AIDS, the
une m - lihood of death within a year, s very high.

the following means.

1 fuids, tos
b
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AIDS

fusion of H]V-contaminatcd blood can infect

d Blood Products
B

(he ecipient
il ghared Needles

of intravenous drugs are a major risk group
User? many of them share needles and syringes
chausf proper cleaning. However, any unsterilised,
wl-tmu'grcing instrument-including ear- piercing or
::::ji;g needles can spread the disease from one

person. 10 another.
[1V] Mother-to-Child

A woman infected with HIV may spread the
disease to her child during pregnancy, during birth
o shortly after birth. It is also possible that an
infected mother could transmit the virus through
breast-feeding.

HIV is not spread through casual contact in
school, on the job, in the swimming pool, or at
the market. It is also not spread by toilet seats,
hand shakes, hugs, casual kissing, eating from the
same dish, drinking from the same glass, or by
food handlers in restaurants. It also does not
spread by mosquitoes or other insects.

AIDS DIAGNOSIS

The individuals suffering from HIV are usually
diagnosed by the following two methods.

[A] Clinicians Make Diagnosis of AIDS by

History and Medical Examination for
Symptoms

D(m‘“ usually diagnose AIDS - infected persons

M typical history and symptoms shown by the

‘ imﬁ‘_"'rhﬂsymptomsoffullblownAmS disease
AIDS-related complex (ARC) are clearly

iy from the symptoms of other known
Emllp IWM?IBOYer if the patient is of young age
Wer, o n high risk group (intravenous drug
Polyoare SO0 recipient, hemophilic, or
iy |AMic), one can say with certainty that person
: from full blown AIDS or ARC.
the blood sample analysis shows the sign

72

of anaemia, leukopenia, lymphopenia (low T-helper
cell count), reversal of T4:Tg ratio (0.9), elevated
immunoglobulin level and B-cell abnormalities.

[B] Screening Tests

Two types of screening tests - ELISA test and
Western blot test are done to confirm whether
the patient is suffering from AIDS (Fig. 4). In
these tests the individual’s serum is used to detect
HIV antibodies. The enzyme-linked
immunosorbent assay (ELISA) for antibody to
human immune deficiency virus (HIV) has proved
to be a valuable tool in examining the association
between exposure to HIV and AIDS and its
related complex. ELISA test is simple and
convenient to perform. It is a colour reaction test
in which antigen (HIV particles) binds antibodies
to HIV (in infected human serum). This complex
fixes the added goat antihuman antibody labelled
with a chemical enzyme. It gives a colour reaction

ELISA TEST WESTERN
BLOT TEST
whole HIV whole HIV
virus particles particles
electrophoresis
strips of -~
Y HIV specific ]
antigens *
Y *
goat serum goat serum
anti human antibody
y  antibody labelled
labelled with  \up (125
enzyme
HIV
e 2 vand specific
chemical  x-ray = i
positive test Ptzlttve
(orange colour) -
 Fig. 4. Screening tests for AIDS—‘

(MICROBIOLOGY)
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i

with a particular chemical, e.g., orange colou-r with
peroxidase labelled goat antihuman antibody.
However, ELISA test is not 100% reliable
because it is not completely specific for HIV
antibodies but also reacts with other related viral
antibodies.

The western blot test is more specific and
confirmatory assay for HIV antibodies. In this test,
the prepared HIV particles are transferred to
nitrocellulose membrane strips. These strips are
then exposed to the infected human serum and to
the goat antihuman antibody. Positive test is
indicated when these strips display the
characteristic band on exposure to X-ray films.

PREVENTION FROM AIDS

Avoidance of drug abuse and promiscuous
homosexual intercourse are best preventive
methods. Avoid having multiple sexual partners.
Non-infected couples who have maintained a
mutually faithful relationship for at least five years
are not at risk for AIDS through sexual

Important

transmission. Furthermore, one should not shap,
items that could become contaminated with blogq
for example, razor, tooth brushes or any

skin-piercing instrument.

TREATMENT OF AIDS

The most distressing thing is that at present there
is no cure for AIDS patients. So, fatality rate is
100%. There is no effective drug or vaccine
available to restore the collapsed immune system
of the patient and to control infections permanently
and effectively. A recently introduced drug,
N-butyl deoxynojorimycin, however, holds some
promise. Currently, AZT (azidothymidine), which
prevents reverse transcription, is used for the
treatment of AIDS. Patients receiving AZT showed
increased numbers of circulating helper T-cells,
increased immunological capacity, a virostatic
effect, weight gain and improved general well
being. Ribavirin is an another drug which is tried
intensively in AIDS patients. The drug stops the
progression of infection associated with AIDS.

1 Questions

L. What does AIDS stand for? How is this disease transmitted?
S & 4 i ? Suggest two methods for its prevention.
| 2. Write short notes on: (i) ELISA test, (ii) Transmission of AIDS, (iii) HIV, (iv) Prevention of AIDS.
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mif thl”‘l'(‘ th".\HIUH
!,]ufﬂpf!
y?>

‘Gag’ in the genome of HIV codes
ne ‘Gag’ present in the g
j, The £°
fOFZ) RNA containing core
:;) pmduction of enzyme reverse transcriptase &
() production of envelope proteins
(d.) all the above b
The primary target of HIV is:
: (a) RBC (b) thrombocytes
(c) T4 lymphocytes (d) none of the above

The following is one of the main symptoms of AIDS:
(a) weight loss (b) diarrhoea

(c) oral thrush (d) all the above

HIV can be transmitted from an infected person to a
healthy one by the following means:

(a) sexual intercourse

(b) blood and blood products

(c) shared needles

(d) all the above

r,/ ANSWERS

»»Very short answer questions

»»True and false statements
1. True, 2. False, 3. False, 4. True.

»»Fill in the blanks

»»Multiple choice questions
1. (@), 2. (c), 3. (d), 4. (d).

|, reverse transcriptase, 2. ELISA test, western blot test, 3. AZT (azidothymidine), 4. RNA.

1. western blot, 2. RNA, reverse transcriptase, 3. knob-like, 4. can,

(MICROBIOLOGY)




Bacteria:

Structure and Reproduction

The environment around us has a fascinating world of micro-organisms
which affect our life directly or indirectly. The existence of microbial
world was unknown until the invention of microscope at the beginning
of the seventeenth century, which opened the realm of micro-organisms
to systematic scientific exploration.

Antony van Leeuwenhoek (1632-1723), a Dutch cloth merchant,
was the first to give an illustrated description of micro-organisms.

ters of both plants and animals. Therefore,
in either of these kingdoms.
&roup, and Ernst Haeckel, 2

Characterizeq

Y
bacteria angd pjy. anization, and they include
the other hang, | f:e::kalgac_ (cyanobacten'a). The higher pf}(;n'sts, on
algae ang fung;, anyotic cell Organization and include protozod.
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Ba Cfé’ ri(l g

MurTay (1968) included all lower prokaryotes
hich are characterized by the absence of nuclear
(wmbl‘a“e and basic proteins in nucleoplasm) in
me
ocaryotae. . ; g 42
r inative Bacteriology’, placed bacteria in the

ferm
fifn gdom Prokaryotae.

GENERAL CHARACTERS OF
BACTERIA

Bacteria are microscopic and least differentiated
living organisms, believed to be amongst the first
primitive organisms on the earth. They show
typical prokaryotic  characters and have
resemblance with both plants and animals. They
have been placed in a separate class
Schizomycetes under Thallophyta.

Bacteria show considerable variations, but the
characters listed below are common to most of
the bacteria.

(1) They are omnipresent, found in all possible
habitats one can think of.

(2) Most of the bacteria have heterotrophic
mode of nutrition, i.e., they obtain their
readymade food directly from external
agency, and may be parasitic, saprophytic

or symbiotic. Some bacteria are
autotrophic; they possess
bacteriochlorophyll—a photosynthetic
pigment.

(3) They are unicellular and morphologically
least complex of all the living organisms.
(4) The cell wall of bacteria is rigid and made
up of two types of polymers, amino acid
subunits and saccharide subunits,
Cellulose, characteristic of the cell wall of
higher plants, is absent in bacteria.
A well organised nucleus, characteristic of
eukaryotes, is lacking and discrete
chromosomes are also absent. The nuclear
Material is not surrounded by nuclear

©)

© membrane.

) f!hlorophyll pigments, if present, are
Ocated  within  involuted cytoplasmic
membranes: wel] organised plastids are
dbsent,

Bergey (1974), in the Manual of

(7) Mitochondria are absent and their function
is carried out by complex localized
infoldings in the cell membrane, known as
mesosomes.

(8) The organelles like endoplasmic reticulum
and Golgi apparatus are absent.

(9) Ribosomes are abundant in bacterial cell

but they sediment somewhat more slowly

in a centrifuge than do ribosomes of other
organisms.

Binary fission is the most common method

of multiplication.

True sexual reproduction is

However, recombination of genetic material

occurs by conjugation, transformation and

transduction.

The motile bacteria may possess one Of

more flagella, composed of eight parallel

chains of flagellin (a protein) molecules.

The gram negative bacteria possess minute

hair-like cytoplasmic appendages, known as

pili, extruding through the cell wall. These
appendages are composed of a protein,
called fimbrillin,

(10)

(11) absent.

(12)

(13)

CLASSIFICATION OF BACTERIA

‘Bergey’s Manual of Determinative Bacteriology’
is the standard reference book which deals with
the classification and identification of bacteria. The
classification of bacteria given in the first edition
of the Manual, published in 1923, was mainly
based on phenotypic characterization. But as new
information poured in as the result of researches
at biochemical and molecular levels, the
composition and arrangement of higher taxonomic
groups—orders, families and tribes have changed
substantially in successive editions. In the S8th
edition of the Manual, published in 1974, there is
a radical departure in the scheme of classification
from earlier editions. Bacteria have been
distinguished from other micro-organisms on the
Easis ofb their typical prokaryotic structure and they
ave been plac 1 i
Procaryotae E;?urt‘;lc::r i:lcatr“:lensteparam- kl'ngdom
J of this ](_lngd()m

was based on cellular characteristics rather than
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organismal properties. Procaryotae were dn‘rd.ed
in two divisions—Cyanobacteria and Bacteria.
Bacteria were further subdivided into 19 groups,
distinguishable by some readily determined criteria.
There were certain genera of uncertain affiliation
which could not fit perfectly within the set limits
of a particular group.

An outline of bacterial classification, as
adopted in the latest edition of the Bergey's
Manual (1974), is given below.

KINGDOM PROCAR YOTAE

Division 1. Cyanobacteria

They are photosynthetic prokaryotes and theijr
photosynthetic Process is similar to that of higher
plants (unlike other photosynthetic bacteria where

as simple or branched chaing of cells, They
reproduce by binary fission,
fragmentation

Division I1. Bacteria
e — A

Group 1, Phototrophic Bacterig

s . in aquatic envirg

"~ "They are motile op Mon-motile, Ty, o
~Includes , single ¢ i o

| e gle order wj 3 familjeg and 1§

~il

These bacteria produce slime and show glidip
movements. Some forms produce brightly col,
macroscopic  fruiting  bodies. They occyr
abundantly in soil, decomposing plant magter ang
aquatic environment. This group includes 2 ordeyg
and 8 families, representing 21 genera. In additiop,
the group also includes 6 genera of uncertaj,
affliliation.

Group 2. Gliding Bacteria

Ureq

Group 3. Sheathed Bacteria

They are rod-shaped or filamentous bacterj,
surrounded by a sheath of insoluble Compounds
of iron and manganese. They are motije Or nop.
motile, and Gram-negative and occur
environments, sludge, etc. This
fepresented by 7 genera.

in aquatic
group g

Group 4, Budding and/or
Appendage Bacteria

They oceur in soil or jp aquatic environment, Thjs
8roup includes 17 genera,

Group 5, Spirochaetes

these bacteriy are  algq helically coiled like
s‘;‘i" alh‘;“’e rigid cell wall, In som;
: _ ‘r IS not Complete and as suc
'lt:fiilg bescaome- oM shaped. They are free
T T i e

o w“_h the help of flagella and are Gram-
| " BT inclydeg 5 genera, placed it

.....
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ingle family. The group also has 4 genera of
n e
’ S;ﬂain affiliation.
un
-Negative Aerobic Rods
7. Gram Negative .
Group

and Cocci

s £roup includes a llargc number Qf .(iram—
pegative aerobic bactena. AIlh(ﬂlgh :*-nmlnr in
morphologys ey vay i h_mchcmlcul
chmcleristics. such as metabolism of -nllrngcn and
catbon C ompounds. They are pathogenic to humans
and animals. These bacteria occur in terrestrial as
well as aquatic environment. This group includes
5 families represented by 14 genera. There are
also 6 genera of uncertain affiliation.

Group 8. Gram-Negative Facultative
Anaerobic Rods

Most of the common facultative anaerobes belong
1o this group. They are morphologically similar
but differ in biochemical, physiological and
serological ~characteristics. They are motile
(peritrichous) or non-motile. These bacteria are
pathogenic to human beings, plants and animals.
They occur in all types of environments. This
A group includes 2 families represented by 17

genera. There are also 9 genera of uncertain
affiliation.

Group 9. Gram-Negative Anaerobic
Bacteria

ﬁ T’_EY are pleomorphic obligate anaerobes which
occur in the oral cavity, intestine and faeces of
hﬁmap beings. The motile forms are peritrichous
Or monotrichous. Some species are pathogenic to
Muman beings and animals. This group includes 3
s€era, placed in a single family. There are also
&enera of uncertain affiliation.

Group 19, Gram-Negative Cocci and

| Coccobacilli
Eﬁm-r}egative, non-motile aerobic cocci
_eCobacilli which occur in the mucous
bacteriy . of humans and other animals. These
%ghydm‘;: only limited ability to break down
%f&mly and proteins. This group has only
% bfmpr_esented by 4 genera. There are also

~  Uncertain affiliation.

Group 11. Gram-Negative Anaerobic
Cocci

These are Gram-negative, non-motile, anaerobic
bacteria. They are spherical in shape and occur
in pairs, masses or in chains. The delimitation of
the species within this group is largely on the
basis of biochemical characteristics. They occur
in the respiratory and intestinal tracts of humans
and animals, but are not regarded as pathogenic.
This group has one family, represented by
3 genera.

Group 12. Gram-Negative
Chemolithotrophic Bacteria

These are autotrophic bacteria which derive energy
from the oxidation of inorganic compounds. Their
shape is rod-like, spherical or spiral. The motile
forms of the group possess flagella. These bacteria
are non-pathogenic and occur in soil and aquatic
environment. This group includes 2 families,
represented by 17 genera.

Group 13. Methane-Producing
Methanogenic) Bacteria

The bacteria of this group are characterised by their
ability to produce methane under anaerobic
conditions. They occur in terrestrial as well as in
aquatic environment. Most of these bacteria are
Gram-positive, but some are Gram-negative. This
group has 8 genera, placed in a single family.

Group 14. Gram-Positive Cocci

These are Gram-positive, pathogenic or saprophytic
cocci, which occur singly, in pairs, in clusters or
in chains. They commonly inhabit soil, fresh water
and the mucous membranes of warm blooded
animals. This group includes 3 families represented
by 12 genera.

Group 15. Endospore-Forming Rods and
Cocci

These bacteria are characterized by their ability
to produce endospores. Most of these bacteria are
rod-shaped, and are either aerobic or anaerobic
They are pathogenic and cause infections it;
humans as well as animals. The group has one
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family with 5 genera. One genus of uncertain
affiliation is also included in this group.

Group 16. Gram-Positive Asporogenous
Rod-shaped Bacteria

These are non-motile, Gram-positive, rod-shaped
(bacilli) bacteria. They are anaerobic and mostly
occur in milk and milk products (lactobacilli).
They ferment milk sugar (lactose) into lactic acid
and other acids. They are non-pathogenic and
occur in oral cavity, intestine and vagina of
humans and animals. This group is represented
by a single genus, Lactobacillus. There are also
3 genera of uncertain affiliation.

Group 17, Actinomycetes and Related
Organisms

These bacteria show pleom
tendency to form branched
non-motile, Gram-positive
anaerobic. Many species are p. i
and animals. This group ingc)
B R families, Tepresented by 31 genera. There are
~ als0 4 generg of uncertain affiliatj

orphism and have g
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Distribution

Bacteria are cosmopolitan in distribution, ocy,..
in all natural habitats. Their wide distriby;
primarily due to the fact that they can wj
great extremes of temperature, moisture,

and salinity and are adapted to wide v
energy sources. They occur in the atmg
an height of about six kilometers and o
floor five kilometers below the mean

Some are adapted to a normal aerobic en
and others thrive well in the absence
(i.e., anaerobic). They exist in hot Springs ang
can also survive below freezing point i the
Atlantic ice. Similarly, their tolerance to hydrogep
1on  concentration ranges from pH near 0 to
pH 11, Although bacteria can survive high
temperature or high acidity, they can not survive
both simultaneously; in neutral or alkaline hgt
springs they can oceur up to the boiling point of
Water, but at a lower PH the upper temperature
limit i relatively lo Normally bacteria live at a

W,
pressure of one atmosphere byt they can tolerate
;000-6,000 atmospheres, The

ion
thstapg
acid;

ariety o
Sphere
N the ge,
Sea leyg)
Vironmep
of oxygen

4 pressure of 3
highest pressure in the

; biological success of bacteria
i’; undoubtedly gye i, their small size, rapid
s r:id}ncuve fate, ability to suryiye under adverse
¢onditions anq metabolic adaptations.

Size

H

B
fage bacterig) cx Microscopic organisms.

-OMtain a5 many 45 5 x 1

< 10

cell ranges from 5 (1 pm
© MW in diameter, A single

9P soil their number may
0°. Their siz¢

—

1
|
i
!
|
|
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e 25 um and rod-shaped or bacillus bacteria

? Jarger than cocci and are 0.3 to I5um in
are , bThiOPh."'m volutans, a sulphur bacterium,
Mdlsl;ring about 18um in diameter, is perhaps the
:Ti:fgaesl amongst all bacteria.

%

bacillus diplobacillus

A B

Shape

| The pacterial cells show considerable variation in
i iheir shape, put all individuals of a species have
approximalely the same shape. Thus from the point
of view of their identification, shape of bacteria

is an important characteristic.  Although streptobacillus
conventional light microscope provides little
structural details, it is possible to establish the C

—ee—

' hological groups on this basis. Three [~ . :
e : g 1 i g : | Fig. 1 A-C. Bacteria : Different types of bacillus buctenzt.J
cell forms. characteristic of true bacteria, are 1

described below.
[A] Bacillus or Rod-Shaped Bacteria

This is probably the most common form of
bacteria. These are rod-shaped, cylindrical or
clongate and are motile or non-motile cells
(Fig. 1A). The rods may have rounded or blunt
ends; some are very short and almost
indistinguishable from spherical bacteria, while
others are long and narrow. An average bacillus
is about 1.5 pm in length and 0.5 um in diameter.

Examples—Bacillus anthracis, B. fastidious,
B. polymyxa, Lactobacillus.

The bacillus bacteria are classified into two
groups on the basis of their arrangement.

(Il Diplobacillus
When bacillus bacteria occur in pairs, they are

called diplobacillus (Fig. 1B); e.g., Coryne-
bacterium diphtheriae.

(1] Streptobacillus

The bacilli bacteria of this group occur in long

chaing (Fig. 1C); e.g., Bacillus tuberculosis,
. Cereus.

[B] Coceus or Spherical Bacteria
:':dspf}cﬂcal or ellipsoidal bacteria are called
oy é’*’ﬂgular coccus) (Fig. 2 A). They measure

2425 : g :
aic Mm in diameter. They are non-motile,
S and often occur in chains or in clusters

tetracoccus

of variable size and shapes. On the basis of the
arrangement and the number of cells in a
cluster, the cocci are classified into the following
SIX groups.

1. Micrococci. When cocci occur singly, they
are known as micrococci; e.g., Micrococcus
cerolyticus, M. cyrophilus, M. luteus.

2. Diplococci. When cocci occur in pairs,
they are called diplococci (Fig. 2 B);
e.g., Diplococcus pneumoniae.

3. Streptococci. Spherical bacteria when
occur in long chains, they are called streptococci
(Fig. 2 C); e.g., Streptococcus lactis, S. pyogenes.

diplococcus

COoCccus

D
staphylococcus sarcina streptococcus

D E F

Fig. 2 A-F. Bacteria : Different types of coccus bacteria W
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s vibrio
spirillum

A B

' Fig. 3 A-B. Bacteria : A, Spirillum, B. Vibrio,

4. Tetracocci. When they form groups of
four cells, they are said to be tetracocci
(Fig. 2 D); eg., Pedicoccus cerevisiae,

Neisseria.
5. Staphylococci. An irregular group of many
spherical bacteria is known as staphylococcus
(Fig. 2 E); €.8., Staphylococcus albus, S. aure

6. Sarcinae. Whep spherical bacteria divide
in three planes in a regular pattern producing a
cuboidal arrangement of cells, they are said to be

sarcinae (Fig. 2 By es. Sarcinae lutea,
S. verticuli.

us.

[C] Spiral or Helical Bacteria

These are slightly larger and
(Fig. 3 A). A spirillum

- These are slightly Curved rods of
. They fesemble with the sign of COmmg

COmmon]y OWwn gy ‘commg
3B). A vibrig ars g
P and is aboyt 1

: Hm in length
I width; €8, Vibrip coli,

(s)n and are
bacteria’ (Fig.
flagellum 4 iy 3
and 15.17

3. Pleomorphje

81

response to changes j'j‘ the s
environment. As such a single baclen'um a&
occur in more than one shape in its life C,\’Clg
For example, Acetobacter T Ot h“(‘illu;
(single rods) or streptobacillus (chain of gm,dﬁ
rods), depending on the environment.

o

SU[T()Und]'

STRUCTURE OF
BACTERIAL CEL

The conventional light micruscupc provide
4 vague notion of the internal Structure

bacterial cell. Therefore, the cytolog
these organisms could pe possible only after the
discovery of electron microscope and deve
of staining techniques. The bacterial ce
typical prokaryotic structure. [t

three layers, the outermost coy
middle cell wal) and

membrane (Fig. 4).

§ only
of the
ical devailg of

lopmen
Il shows 4
1S enclosed by
ering of slime, (e
the innermost cytoplasmic

pili

slime |3
o yer
i cell wall

Cytoplasmic
membrane
poly B hydroxy
butyric acid
granule

polyribosome

metaphosphate

chromatophore

ribosome

nucleoid

Cytoplasm

basal granule
of pilus

—— periplasmic
space

e
basal granyle mesosom

of flagelium

(schematic representation).
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Bacterid

(A} Stime Layer

5
¢ a gelatinous layer present on the outer surface

the cell wall, usually composed of
lysaccharides (s.g_.. dexﬁtmn,v dextrl.lL lavan) and/
& polypeptide chains of ammolac:ds. When its
constituents are only poiysaccharldg. which form
s layer, it is said to be slime layer, bu

Iti
of

a viscou ‘
when nitrogenous substances (i.e., amino acids)
are also present along with polysaccharides, then
it is called capsule. Various strains of the same
species may have capsules of several different
strain-specific polysaccharides.

The slime layer/capsule protects the cell from
desiccation and antibodies. The capsulated bacteria
also remain unaffected by phagocytosis. They are
usually atrichous.

(B] Cell Wall

The cell wall is characteristic of plant kingdom.
In higher plants and algae, it is composed of
cellulose and shows a fibrillar structure. In
contrast, the bacterial cell wall has a granular
structure but is tough and rigid. It varies in
thickness from 50 to 100 A. The three main
constituents of cell wall are (i) N-acetyl-
glucosamine (NAG), (ii) N-acetyl muramic acid
(NAM), and (iii) a peptide chain of four or five
amino acids. These together form a polymer called
peptidoglycan or mucopeptide, The NAG and
NAM molecules which are arranged alternately,
run in one direction and the peptide chains run
crosswise. The latter are also cross-linked to one
another (Fig. 5). The rigidity of bacterial c=ll wall
Is due to the presence of this polymer. Besides
above mentioned three constituents, some other
chemicals such as  teichoic acid, protein
Polysaccharides and lipoproteins and
tz;mlygaccharides are also deposited on the cell
The function of bacterial cell wall appears to
andWh'OI-]x mechanical, giving the cell its shape
labor;gld“y' If the cell wall is removed by
Ofy procedures, the naked protoplast

o omes spherical. The rigidity of cell wall can
Mdged by the fact that it can withstand an

OSmotj ;
lic pressure of about eight atmospheres per
bare centimeter.
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(M) w M (V)

e {Foe Jnench

@ o @ O rG @) D

pentaglycine

/ bridge

G

000..
G

Fig. 5. Structure of peptidoglycan of bacteria : Chains of
NAG and NAM are cross linked by short peptide chains.

[C] Staining of Bacteria (Gram’s Stain)

The staining techniques have proved very useful
in taxonomic grouping of bacteria. One of the
important cytological features of bacteria is their
reaction to a simple staining procedure discovered
by a Danish physician, Christian Gram, in 1884.
The procedure involves staining the cells first with
crystal violet and then with iodine solution. The
group of bacteria which retains the stain even after
decolourization with alcohol is called Gram-
positive, whereas those which lose stain after the
treatment with alcohol are called Gram-negative.
This differential reaction of two types of bacteria
to crystal violet-iodine stain is due to different
amount of lipids in their cell wall.

[I] Gram stain procedure

The Gram stain procedure includes following steps:

(1) Prepare a smear of the bacterium on the slide
and stain it with the primary stain, crystal
violet. All bacteria take purple stain of crystal
violet. d

(2) After 30 seconds rinse the slide with water
and then put solution of potassium iodide
and iodine (Gram’s iodine solution) on the
slide. This solution serves as a mordant by
co'mplexing with the crystal violet as well as
with the cellular material. All bacteria take ;1

deep violet or purple stain.
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cell wall

A cell membrane

B

| Fig. 6 A-B. Bacterial cell wall : A. Gram + ve,
B Gram-ve,

’ (3) After 20 seconds rinse the slide with water.
Now add drops of 90% ethyl alcohol on the
stained smear. This step is called
decolorization. If the organism s
Gram-negative, the dye complex used to stain
the preparation is readily removed. However,
if the organism is Gram-positive, the dye is
Dot entirely removed; as such the organism
retains its purple colour

(4) In the lagt step the slide is counter stained

with  safranin. Gram-negative organisms,

which become colourless when washed with

alcohol, readily take the stain of safranin and

appear red. Since the Gram-positive bacteria

are already stained with the intense crystal

- Violet dye, they remain purple in colour.
~ The cell wal] of Gram-pos

relatively thick layer (20-80nm '

brane, Chemically,

Gram-positive
Hence, if
ir cell w
membrane
ee]l walls of Gram-positiye
Stain (crysta) Violet-iodine
‘and the retention of (
0 wall gh

e
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o ium. It contains only 10~2()o,;J
i o bacc:er:;? remainder are protejp,
peptndogiycan_ ) harides. There is 3 wid
lipids and various polysacchari : e e
periplasmic space between the inner g
the cell wall and cell membrane. Thls_ Space
remains filled with sufficient concentration of
toxins and enzymes which help in destroylng
substances that are harmful for the bacterium
These substances, however, do not harm _the
organisms that produce them. .Grar_n-n.egatlve
bacteria lose the stain of crystal VIOIet-lodn.]e dye
when rinsed with alcohol because of their thip
walls and relatively large quantities of lipoproteins
and lipopolysaccharides in the walls  (alcoho]
dissolves the lipids which allows the leakage of
stain).

The  fundamental differences between
Gram-positive and Gram-negative bacteria are
given in Table 1.

The differential staining property of the cell
correlates surprisingly well with many other

forming bacteria are Gram-positive and all polarly
flagellated  forms are Gram—negative; most of
cocci (spherical bacteria) are Gram-positive and
bacilli (rod-shaped bacteria) are Gram—negative.
The Gram-negative bacteria are, as a rule more
resistant o many antibiotics than Gram-positive.
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Gram-negative bacteria

Cell wall wiple layered and 75-120 A thick

Peptidoglycans account for only about 3-12% .Of
the cell wall. It is mainly composed of lipoproteins
and lipid polysaccharides

Teichoic acid absent

High in lipids (11-22%)

Show little response to triphenyl methane

Show sensitivity to alkalies and soluble in 1% KOH
solution

Cell wall is elastic due to plastic nature of
lipoprotein-polysaccharide mixture

Low susceptibility

Relatively simple

il Bacten.a

I uic 1. Comparison between Gram-positive and Gram-negative bacteria.
% Mﬁﬂm Gram-positive bacter1a

' @

' - |, Cell wall structure C?U wall single layered and 150-200A
b | thick

"ﬁ 5. Chemical composition Peptidoglycans account for about 80%
;{ of the cell wall and the rest are
o polysaccharides

i Teichoic acid present

¢ Low in lipids (1-4%)

9 Highly responsive to triphenylmethane
£ Resistant to alkalies and insoluble in
i';::l 1% KOH solution

E 3, Rigidity of cell wall Cell wall is very rigid due to high
i proportions of peptidoglycans

i 4. Susceptibility to penicillin  High susceptibility

& 5. Nutritional requirements Relatively complex in many species
P

Jarge quantities of energy to synthesize energy.
Mycobacterium tuberculosis (tuberculosis causing
bacteria) and M. leprae (causes leprosy) are
examples of acid-fast group.

[D] Cytoplasmic Membrane

Inner to cell wall. a semipermeable cytoplasmic
membrane is present, which is about 75 A thick.
Chemically, it is composed of a double layer of
phospholipid  molecules (Fig. 7A, B).
Phospholipids are of two types—hydrophobic and
hydrophilic. The hydrophilic  phospholipid
molecules are present towards the outerside and
the hydrophobic molecules towards the inner side.
Proteins are found embedded in the lipid bilayer.
Prokaryotic membrane is characterized by the
absence of sterols which perhaps account for the
rmous resistance of these organisms to

otics. The chemical nature of cytoplasmic

unit

intrinsic protein

‘§
sphc)liﬁ‘iut'ﬂﬁsK K%K n K “ “ I ph::;:::z.c
WL W&m‘“

Fig. 7 A-B. Bacteria : Cytoplasmic membrane; A. Fluid
mosaic model of cytoplasmic membrane, B. Lipid bilayer.

[E] Cytoplasm and
Cytoplasmic Inclusions

The bacterial cytoplasm is a complex mixture of
carbohydrates, proteins, lipids, minerals, nucleic
acids and water. It stores organic material in the
form of glycogen, volutin and poly-B-
hydroxybutyrate. Some photosynthetic and non-
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sulph
te sulp
; ccumuld
photosynthetic pacteria alsO a }
ron in thei asm- es.
and iron in theil SYOPLST 4 (i orpge Pamcatic

Besides fluid pomon‘ 2 [lzu'ns ° chr
the bacterial cytoplas ;
or nuclear area and some
bacterial ~ cell is devol
endoplasmic reticulum, Ccent™ gy
bodies. Although 2 well organizee D tave
absent in bacteria, the pholosynthetlc

chromatophores in their cytoplasm.

(1] Nuclear material ' . o
Basic dyes, which selectively stain chromatin

eukaryotic nucleus, stain most bactel_'ial cells due
o the abundance of ribosomes in their Cy[c'p.lasm'
It confers an unusually high nucleic acid stgm on
the cytoplasmic region. Therefore, t0 stain  the
bacterial nucleus selectively, fixed cells are first
wreated with ribonuclease or HCIL, which hydrolyses
the ribosomal RNA. Subsequent staining with 2
basic dye reveals the bacterial nucleus as a
centrally located body of irregular outline. More
than one such chromatin bodies may be present
in actively growing cells.

The characteristic feature of the bacterial
nucleus is the absence of nuclear membrane,
nucleolus, chromonemata and nuclear sap. Such a
nucleus is called nucleoid or genophore. Under
electron microscope the nucleoid appears to be
fibrillar and composed of a double or single
stranded DNA (Fig. 8 A-B). It has approximatel
5 x 10” base pairs and a molecul e
about 3 x 10° . The DNe: Efncc‘l,::::lllgl]: ?sf,
approximately 1, S
e o stmn;ﬁ;sm:emm‘?g ring

diffused

d
e sigle Standed
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}Plasmids is the F — factor which determif®

- Structure and R“-’Prod

cterid
Ba Ny
plasmid
. istance transfer
genomic factor  sex factor .
DNA \\ X f% It
ﬁ -

Fig. 9. Bacteria : Genome and plasmid (extrachromong
factors) of a bacterial cell.

throughout the cytoplasm of the cell. The nucl
of Escherichia coli has a central core of RN
surrounded by 12-82 supercoilings of DNA 4
few protein molecules are also associated i
DNA.

The bacterial DNA is devoid of histon
hence can not be compared with the chromosom
of eukaryotic cells. However, its double strand
DNA is usually referred to as bacteri
chromosome.

[II] Plasmids
Bacterial cells also contain some extrachromosom
hereditary ~ determinants = which are il
independent of bacterial chromosomes or &
integrated with them (Fig. 9). Lederberg (1950
coined the term plasmids for
extrachromosomal hereditary determinants. T
are rings of DNA of various sizes, in the @
of 20-100 kbp (the whole bacterial cell ¥
4,000 kbp).
i Each Plﬂ«f:mid carries non-essential geﬂff*a!"d
= no role in viability and growth of ba
ence they are also said to be disl?ensaf
autonomous elements. One good example !

ma1°ﬂess in bacteria. Tt is an autonomous glcm:ﬁ;

m?tf fl'Om the bacterial chrorhosome»or i

ﬁXtenEm from cell to cell by Comac,topexﬁ“

€ iow agencies. A number of bacterial P

i known which are determined bY _Pled o

; Ed genes. Plasmids have been clasSIﬁ i
1S of the host properties which led 1©
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) F:factor _(f01' fertility) p?f{smids.
.+ R-factor (for resistance) pl.asmlds, (iii) col-

(i1 or (for colicinogeny) plasmlds. of the Gram-

fact ive bacteria, (V) plasmids conferring

pegs enecity to mammals, (v) degradative
i z?::;?ds of Pseudomonas, -(vi) Mercury-rc§ismncc

Jasmids, (vii) tumor mdumqgi plasr.m-ds:. of
Agrabacrfﬁum tumifaciens, (viii) penicillinase
plasmids of Staphylococcus aureus, and (ix)
cryptic plasmids.

Plasmids are circular double stranded DNA
molecules. Their molecular weight ranges between
5% 107 and 7 X 107 (some cryptic plasmids are
even smaller). Each plasmid may contain as many
as 100 genes. The general features of plasmid
replication are similar to that of chromosome
replication, but plasmid seems to operate under
ittt own genetically determined system of
replication control. Thus the rate of plasmid
replication may not necessarily be equal to that
of chromosome replication.

[III] Ribosomes .

Ribosomes are the sites of protein synthesis in
the bacterial cell as in the eukaryotic cell. In
eukaryotes ribosomes are frequently attached to
- the surface of the endoplasmic reticulum, but in
~ bacteria, which do not have endoplasmic reticulum,
ribosomes are free in the cytoplasm. Their number
- varies from 10,000 to 15,000 in a cell.

: iBaetcrial ribosomes are of 75 S type
~ (eukaryotic ribosomes are of 80 S type) and
- Consist of two subunits. The sedimentation constant
- Of the larger subunit is 50 S and that of the
ller subunit is 30 S. The former has two
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Fig. 10. Bacteria : Mesosome. J

2-4 mesosomes in a cell and the number is usually
higher in bacteria which show high respiratory
activity, such as nitrifying bacteria. It has been
suggested that the highly infolded membrane
system of mesosomes perhaps serves (O
accommodate more centers of respiration. But the
absence of enzymes like ATPase, dehydrogenase
and cytochrome in mesosomes indicates that they
are not the sites of respiration. They probably
participate in the formation of transverse septum
during cell division.

Flagella

The locomotion in bacteria is accomplished by
thin hair-like appendages, called flagella. Each
flagellum is a whip-like structure of almost
uniform thickness, originating from the cytoplasm
just beneath the cytoplasmic membrane.

Flagella are characteristic of all spiral bacteria
and they also usually occur in bacillus bacteria.
Coccus bacteria are, however, devoid of flagella
and are non-motile. The following categories of
bacteria are recognized on the basis of the
presence or absence of flagella.

[I1 Atrichous

These bacteria are devoid of fla

416 : gella, hence they
nonmotile (Fig. 11A); eg. I, :
Pasteurella. ) eg., ctobacillus,

(] Trichous

. possess flagella, hence - ar
motile. The flagella are distributed over thethemi-f:cr:
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A B

Fig. 12 A-B. Bacterial flagellum : Models showing
probable helical amrangement of protein molecules;
A. Flagellum, B. Pilus.

[III] Structure of the bacterial flagellum

The bacterial flagella are quite unlike those of
other organisms. The flagella and cilia of higher
protists and other organisms have an identical 9
+ 2 fibrillar structure. The molecular architecture
of bacterial flagellum, derived on the basis of
chemical analysis, reveals that it is composed of
several chains of flagellin (a protein) molecules
forming a more or less cylindrical filament
(Fig. 12A). The diameter of a flagellin molecule
is about 40 A and that of a flagellum is about
120-150 A. The orientation of flagellin molecules
may vary in different species. The length of
flagella (4-5 pm long) is usually more than that
of bacterial cell.

The swimming ability of bacteria is due to
the presence of flagella. If the cell 1s mechanically
ficﬂagellatcd, it becomes immotile. The locomotion
1_5' ,bm"ght about by clockwise or anticlockwise
l?'“_s of flageflum around its own ‘axis’. In a
Il?al::d medium the speed of movement is more

20 um per second.

flagellum

— :

‘ Fig. 13. Bacteria : Polar flagella and pili. ‘

Pili or Fimbriae

Many Gram-negative bacteria possess minute rigid
cylindrical appendages extending outwards from
the cell wall. These are called pili or fimbriae.
They are smaller than flagella and their length is
approximately 2 um and diameter 30-50 A.Ina
bacterial cell there are usually several hundred
pili (Fig. 13). Piliation is a variable structural
characteristic, readily lost by mutation.

Pili are made up of a special type of protein,
called pilin. Like flagellin molecules of flagella,
pilin molecules are also assembled in helical
chains around a central hollow core (Fig. 12B).

Pili are not the organelles of locomotion and
their only known general function is to confer the
property of adhesiveness. The piliated bacteria tend
to stick to one another and produce coherent
pellicles on the surface of unagitated liquid
cultures. In addition to normal pili, there are some
special type of pili, known as sex pili. There are
usually 1-5 sex pili per cell. They are helpful in
the transfer of genetic material, probably by acting
as genetic tubes.

NUTRITION OF BACTERIA

On the basis of their mode of nutrition two groups
of bacteria recognized are — autotrophic

bacteria,
and heterotrophic bacteria.

[A] Autotrophic Bacteria

Those bacteria which are capable of

ose | synthesizing
their food by themselves from

organic and
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inorganic substances are called autotrophic. The
autotrophs can be divided further into two
subgroups: (i) phototrophs, and (ii) chemotrophs,
on the basis of energy source they use. Thc_
division may also be based on the nature of
substances oxidised: lithotrophs utilizing inorgam.'c
substances and organotrophs oxidizing organic
matter for their energy.

[Tl Photosynthetic bacteria

These are also known as photoautotrophic or
photolithotrophic bacteria. Like higher plants,
they are capable of convertin
chemical energy.
photosynthesis is -

g radiant energy into
The generalized reaction of

CO,; + ZHgA —_— (CH:O) + H,O +2A

Where H,A is an oxidizable compound and
A is the corresponding  oxidation product. In
higher plants OXygen substitutes A, thus the
hydrogen donor s water and the process produces
free oxygen,

CO; + H,0

green sulphyr bacteria,

6CO, + IZst'\-bCGHQOg + 6H,0 4 128

2. Purple sulphur hycgent

autotrophs and theli)r pho(osc;[?[;:.tj:}; ?Z‘:n:::s also

bacteriochlorophy) , ad / or b The ro ducia;e

POWer is provided by HS which is oxidizeg

anaerobically, via elementa Sulphur, (o gy hate
Sulphur jg deposited i them intracellrt)llarlg;

89

rody,e tion

(extracellularly in Ectothiorhodospirq), Th

. '€ Overyy
reaction can be represented schematica]

Y as ¢
light

2C0O; + HQS g 2H20 ———ly. 2(CH20} + H')SO

5 bacteriochlorophyl] Sl

Some purple sulphur bacteria cap USe othe,

reduced sulphur compounds (thiosulphate, Sulphjte

etc.) in place of H,S as €xogenous reducxam&'

light

6C02 5 9H20 - o 2N328203 e

bac!ertuchlnmphy”
CeH206 + 6NaHs0,
Thiospirillum, Chromatium,
Thiocapsa, Lamprocystis and Amoebo
some common
bacteria.

Thioc Vstis,

bacter are
examples of purple sulphyr

3. Non-sulphur purple bacteria, These are
motile bacteria which do not produce gas vacuoles

and never accumulate sulphur within the cell. Theijr

gen to oxygen is
greater than two to one, the excess hydrogen is

used to reduce CO,. On the other hand, if there

is greater oxidation of the substrate, CO, is given
off just as in respiration,

For example, if Propionic acid is the substrate,
CO, is reduced:

2C3He0, + H,0+C0, ——3 7 (CH,0)
(propionic acid) i

. However, if malic acid is the substrate, CO;
1S released:
C4HgO5 — 3 3

(malic acid) (CH20) * Coz

Non-sulphur Purple bacteria can grow in the
Presence of oxygen unlike purple sulphur bacteria
(11 Chemnsynthetic bacterig
Photpsynthesizing bacteria
fraction of Schizophyta,

icll:]emot!'ophic bacterig are most abundant and
bortant geachemicay

. agents, These are non
P:;?;yn:henc Ut autotrophic  bacteria. They
Cnergy ammonia, nitrate, nitrit®

represent only a small
but chemosynthetic of

(MICROBIOLOGY)
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s iron, hydrogen sulphide and other inorganic
fra® ands for the synthesis of their food. Thus
chemﬂauwu(’phs grow in a strictly Amineral
medium in dark. Thcy are charactenxed by
(i) high specificity with rcs_pect.t_o inorganic energy
Source, and (i) frequent inability to use organic
compounds as energy and carbon sources. Their
growth is sometimes adversely affected by organic
compounds.

On the basis of substrate specificity,
chemoautotrophs can be classified into the
following four groups.

{. Sulphur bacteria. These bacteria occur in
sulphur containing terrestrial and  aquatic
environments. They derive energy by the oxidation
of reduced sulphur compounds.

The sulphur bacterium, Beggiatoa, oxidizes
hydrogen sulphide to elemental sulphur:

HoS + 12 0 —— S + H0

The elemental sulphur is deposited in the
filaments as minute granules.

Another sulphur bacterium, Thiobacillus
thiooxidans, utilizes free sulphur and produces
sulphuric acid:

S + H0 + 1.5 O ———» H)S804 + energy

2. Iron bacteria. These bacteria (e.g.,
Sphaerotilus, Gallionella, Ferrobacillus and
Leptothrix) form natural colonies in fresh water
ponds and springs with high contents of reduced
sulphur salts. They oxidize ferrous compounds into
ferric forms and the energy released in this process
is utilized in the synthesis of organic compounds.

e I, L A

The ferric iron is deposited as insoluble ferric
hydroxide. The overall reaction is as follows:
Fe(HCO3), + O + Hy0 iy

2Fe(OH);+ 4CO; + energy

3. Hydrogen bacteria. Many species of
wh:‘oa“tﬁuﬂphicbacmria have the ability to grow
] molecular hydrogen. They oxidize molecular

a:; 0b$n$ in this process water and energy

Hy +120, — 5 H,0+ energy

P“The common H,-oxidising bacteria are
a8 saccharophila, P. facilis, Alcaligenes
MQRQ@!OLOGY)

eutrophs, A. paradoxus, Nocardia opaca and

Paracoccus denitrificans (previously all these
bacteria were placed in a separate genus
Hydrogenomonas, but now they are included in a
series of genera).

4. Nitrifying bacteria. These are soil-borne
obligate autotrophs incapable of growing in the
absence of specific inorganic energy source. They
oxidize ammonia to nitrate and help greatly in
the economy of nitrogen in nature. The nitrification
process is carried out in two steps, each step by
a very specialized groups of bacteria. The first
step involves oxidation of ammonia or ammonium
ions to nitrate with the help of Nitrosomonas.

NHj} +110,—+NO; +H,0+2H" +energy

This oxidation is the sole source of energy
for Nitrosomonas.
The second step of nitrification involves

oxidation of nitrite to nitrate.
NO; +10, —» NO3 +energy

Here the oxidation is carried out by
Nitrobacter and oxidation of nitrite is the only
source of energy for the bacterium.

[B] Heterotrophic Bacteria

These bacteria obtain their readymade food from
any organic source. They can be distinguished into
three major nutritional categories.

[I] Parasitic bacteria

Those bacteria which feed on living organisms
are known as parasitic bacteria. The organism
from which parasitic bacteria obtain their food is
known as host. Some parasitic bacteria are known
to cause diseases in plants (e.g., citrus canker)
and animals (e.g., pneumonia, typhoid), and such
bacteria are called pathogenic bacteria.

[I1] Saprophytic bacteria

These bacteria grow on dead and decaying organic
matter. They obtain their food by decomposing
the complex organic molecules into simple
inorganic constituents. The decomposition of
carbohydrates and proteins by saprophytic bacteria
is technically known as fermentation and
putrifaction respectively.
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Breakdown of sugars by yeast is a common

@ i i sess COy 18
example of fermentation. In this process CO2

released. Similarly, lactic acid fermentation of mr!ﬁ
bacteria

is carried out by lactic - .
(Lactobacillus). In putrifaction reduction n.t protein
to peptone, polypeptide, peptides and amino ac:clis
takes place by enzymes secreted by anaerobic
bacteria. This process does not require OXygen,
but many saprophytic bacteria which breakdown
amino acids into methane, CO,, NH3, Hy and N
do require oxygen.

acid

[III] Symbiotic bacteria

Those bacteria, which ¢ ow in close (beneficial)
association with other living organisms, are known
as s_\'mbiotic bacteria. In lenps of their
association with the host, symbiotic bacteria may
be ect()s_\'mbinnts (when bacteria live on the
surface of the host) or epdosymbionts (when
bacteria live inside the host tjssﬁe). The bacteria
inhabiting intestine of man and animals are good
examples of symbiotic bacteria. The enzymes
secreted by these bacteria are helpful in the
digestion of cellulose and in return they obtain
their food from the host. Similarly, root nodule
bacteria (Rhizobium), present in the roots of
leguminous plants, fix atmospheric nitrogen to
augment their nitrogen supply and in return the
plants provide them shelter and carbohydrates.

~ REPRODUCTION

Bacteria reproduce mainly by asexual method and
thefcfc_)re they have a dominant haploid phase in
their life-cycle. They do not have sex olr)gansse or
gamete§_ l_)ut they definitely show genetic
recombination, i.e., exchange of genetic material

ASEXUAL REPRODUCTION |

Asexual reproduction in bacteri
the following methods.

[A] Binary Fission

ﬂ?é’ _:’;'i'mPIe_st and most common method of
lication in bacteria. Under favourable

a takes place by

91

DNA (nuclea/r material)

daughter celis

Fig. 14. Bacteria : Binary fission. J

conditions the cell divides into two daughter cells
by a transverse wall. During fission the cell
elongates and there is division of the nuclear
material. In Gram-negative bacteria it is followed
by ﬂfle' development of a simple median
constm;tnon that finally results in complete
separation of_ two daughter cells (without cross
;vall ‘formatmn; Fig. 14). In Gram-negative
dacteria, however, first a transverse cell membrane
:is laid down between the two nucleoids of 2
ividing cell and then the centripetal growth of

the cell wall forms 2 complete cross wall. The

trans
verse wall between the daughter cells is very

often. incomplete and then the daughter cells

the successive divisions are
paralle], long chains may be formed and if

Perpendicular to ope
at f
the cells are formed other sheets of packets 0
In bi S
mirror ormation. The two resulting cells
wall comages of one another. Analyses of cell
mponents of dividing cells indicate tha'

(MICROBIOLOGY)
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Fig. 15. Bacteria : Rapid multiplication of bacterial
cell by binary fission.

the chemical constituents of the original ‘mother’
cell wall are equally shared in the cell walls of
two resulting ‘daughter’ cells.

Process of binary fission is very rapid

'} (Fig 15). Bacterial cells many undergo fission

every 20 to 30 minutes, and under favourable
conditions, within 6 hours, approximately 2,50,000
cells may be formed from a single bacterium. But
In nature the essential nutrients are generally a
limiting factor and moreover the accumulated
Waste products of bacteria also restrict their rapid
growth. Normally, growth and multiplication is
. fast in the early stages, reaching at the
~ 3 “l"lmum and then declining rapidly.
| Fission is different from normal mitotic
210N a5 it does not involve spindle formation
"8 the division of nuclear material. It is not
& | w known whether in fission the genetic
el e caually distributed between the daughter
Bacterig g Is characteristic of all types of
the da:’dlhal is why they have been placed in
| Mycerp, _ o 2omycetes (Schizo = split or cut,
- = fongis split, cut or fission fungi)
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chain of /'LH,_,.;;\*’-“, l

' conidia éj_\gcr-\"(}/ i{) \
i 4 A
~ budding \

! bacterium
1 /

:
.
A =

Fig. 16 A-B. Bacteria : Asexual reproduction; A. Budding in
Rhodomicrobium, B. Conidia formation in Streptomyces.

[B] Budding

In this type of multiplication the bacterial cell
gives out many outgrowths. These outgrowths are
filled with cytoplasm and other cell organelles also
move into them. These outgrowths, called buds,
eventually get detached from the parent cell by a
constriction and each grows into a new bacterial
cell (Fig. 16A).

Budding differs from binary fission in many
respects. During binary fission, symmetry of the
cell with respect to the longitudinal and transverse
axes is maintained throughout the entire process
of division. In contrast to binary fission, in
budding bacteria most of the new cell wall
components are used in the synthesis of the bud
instead of being divided equally between the two
progeny cells (as in binary fission). In budding
the mother cell retains its identity even after the
formation of a new progeny. On the contrary in
binary fission the mother cell loses its identity
after the formation of daughter cells. Consequently,
a primitive ‘ageing’ process occurs in the budding
bacteria which is absent in those dividing by
binary fission.

Species of Hyphomicrobium, Hyphomonas,
Pedomicrobium, Ancalomicrobium, Prosthecomi-

crobium, Labrys and Stella are common examples
of budding bacteria.



84

o = g3 211 i
Bacteria @ SITUCIUTE and Rej mdutnmr

[C] Conidia

i >0 ‘treptomyces)
Many filamentous bactera (e.g., Stref _

form chains of small, spherical s;\(?i‘g-llkcit:?l‘lll(:ll‘:
at the tips of the filaments. A \:urmllll’lll ;L 1Li ; E.t‘
by the formation of a transverse \y:lll ‘I‘[ “-L|U I‘m‘
the filament. The filaments bearing COMIC 1.1‘ "
known as conidiophores (Fig. 16B). After
liberation each conidium gives rise l.n’ a I‘It.t\\‘
filamentous bacterium, provided conditions for
germination are favourable.

[D] Cysts and Endospores

Genus Azotobacter produces distinctive resting
cells, known as cysts. The cysts are formed by
the deposition of additional layers around the
existing cell wall. Thus the entire contents of the
cell are involved in the formation of a cyst. The
cysts are resistant to desiccation but not to heat.
Endospores are intracellular resting cells, and
they differ from cysts in the sense that in their
formation only a part of the original cell is
utilized. With a few exceptions, endospore
formation is restricted to some large Gram-positive
bacilli. Among cocci and spirilla, endospores are
formed only in few species, e.g.. Sarcina lutea,
S. ureae and Desulfovibrio desulfuricans. Typically
one endospore is formed in a vegetative cell. The
cell producing endospore is termed as sporangium.
The shape, size and position of the endospore
within the cell may vary in different species.
E.ndosporcs are oval or spherical and their
diameter may be larger or smaller than that of
the vegetative cell. Their position within the
sporz.mgium may be central, subterminal or
terminal (Fig. 17 A-D).

' Most of the endospore forming bacteria are
ficis) 8ENIC spore forming bacteria

cause disease by toxin production.
) -[acroblac:'[lus, Lisrer_ia, Erysipelothrix, Kurthia,
Renibacterium, Arcanobacterium, Microbacteriym
and  Cellulomonas

are  common  non-spor;
bacteria. poring

1] Format_ion of endospores
The ability to produce endos
never expressed during the acti
It is expressed only when th

pores is normally
ve phase of growth,
€ vegetative growth

| D. Terminal position

enclosed by a thi

core membrape,
membrane. T

,-\.\endqspore’,«- )
£ bacterial £\ /
faye  cell  fLEr /

| (sporan-
gium)

rﬁg 1-7- A-D. Bacteria Asexual reproduction:

Various positions of endospores in bacterial cells
| A-B. Central position, C. Sub-terminal position,
| Fa St L0 -

— J

reaches the stationary phase due to nutrien
limitations. It is believed that sporulation s
controlled by protein metabolism of the cell and
a spore is formed only when the vegetative
proteins of the cell are converted into spore
proteins or when such new proteins are formed.

At the onset of the sporulation, the two

nucleoids present in a cell coalesce to form an
axial chromatin thread (Fig. 18 A-B). Then a
transverse septum is formed near one pole of the
cell, which separates the cytoplasm and DNA of
the smaller daughter cell from that of the larger
cell (Fig. 18 C-E). The smaller cell, which is
destined to form spore, is known as spore
primordium. The septum formation is not
followed by the development of transverse wall
(as in normal cell division), instead the membrane
of the larger cell rapidly grows around the spore
Pﬁrr}ordium. The primordium gradually increases
In s1ize and within few hours of sporulation there
1S enormous growth in its size and it becomes
oPaque and highly refractive. The entire process

of sporulation is completed in 18-20 hours. After
the maturation of e

(i.e., the bacterial cel
formed) remains alive o
The endospore i liberate
Sporangium (Fig. 18 F-G).

ndospore, the sporangium
in which endospore i
nly for a short period
d due to autolysis of the

(] Structure of endospore

ll:: eﬂdospor§ consists of a central protoplast
I-iboscore. Mainly composed of DNA, tRNAS.

omes, enzymes ap,

N membrane, variously called $
germ cell membrane or inner b
€ multilayered region around th ¥




a Structure and Reproduction
Bacter™s _

85
AR —
; initiation of
bodies transverse wall a o
: complete
A vegetative transverse D l
cell wall
formation of
new wall around i
the endospore E
endospore /
@{-——- -~
H @G =
Fig. 18 A-H. Bacteria : Asexunal reproduction; Diagrammatic representation
of endospore formation.
endospore
endospore wall
nuclear material __~exosporium
outer coat
bacterial cell inner coat

(sporangium)

cell wall

cell membrane

cytoplasm
granules

vacuole

A

cortex

Fig. 19 A-B. Bacteria : Asexual reproduction; A. A bacterial cell with endospore, B. Transverse section \

of an endospore of Bacillus (diagrammatic representation).

e is known as cortex, and it is largely
Omposed  of  calcium—dipicolinic  acid—
!::i’tldi)giy(;an complex. Outer to the cortex there

an electron dense layer, called spore coat,

which is differentiated into an inner coat and an
outer coat (Fig. 19 A, B). The spore coat is
mainly composed of proteins and accounts for
30-60 per cent of the dry weight of the spore. It
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also contains about 80% of the total spore

proteins. Endospores of certain bacteria (€.g.,
Bacillus cereus) have an additional outer covering,
the exosporium, made up of polysaccharides,
proteins and some lipids. ‘ .
Endospores are tough enough to last for }-'earf»:
enduring many stresses. Some of the Spl?lt.
producing bacteria are serious pathogens. Pf)r
example, anthrax is caused by Bacillus anthracis,
and its tough spores remain viable for years on
the wool from an infected animal. The disease
gets passed to weavers and other people through
cuts on their hands.

(III] Germination of endospore
Free endospores do not show any detectable
metabolism, but they retain the potential capacity
t0 germinate and develop into vegetative cells,
They are highly resistant to heat, ultraviolet and
lonizing radiations and many toxic chemicals.
Endospores of some species of Bacillus can
tolerate lemperatures as high as
150-170°C. The extreme resistance of spores to
physical and chemical agents jg attributed to
dipicolinic acid-calcium complex associated with
the spore wall.
Endospores

germinate  upder favourable
conditions.  Sufficient nutrition, humidity ang
Suitable lemperature  are essential for

germination, These conditions trigger a serjes of

metabolic reactions. Spores imbibe water and
swell, losing thejr refractivity.

Process of multiplicatiop It is,
of perennation.

GENETIC RECOMBIN ATION

(SEXUAL REPRODUCTION)
\

tic material (DNA) as in other organismg
its genetic :

he most important characteristic of sexug]
O “ ' .
i duction in bacteria is interchange of geneti,
[eproduc .- )
lel rial. This is accomplished either by
malteriai. .

conjugation or by exotic mgthods. [rn L‘Ol‘l‘]_l.lgu(‘i()n‘
L‘.\(C-h;l;IgC of genetic mute.naf between rg() Lel.is
takes place by a conjugation tube, but iﬁn EXO[FC
method the two bacterial Cclls. never come ip
contact and exchange of genetic materl‘u! takes
place by transformation and transduction.

[A] Conjugation

It is known to occur in several bacteria but has
been studied in detail in Escherichia coli by
Lederberg (in Wisconsin), Hayes (in London) ang
Woolman (in Paris).

Conjugation is a mechanism of DNA
exchange mediated by plasmids. As mentioned
earlier, a plasmid is a circular piece of DNA tht
replicates independently  from  the cell’s
chromosome. Bacterial cells often contain severa
different plasmids that carry genetic information
for various nonessential cell functions. Some
plasmids are self-transmissible: it means they can
Promote their own transfer as wel] as mediate the
transfer of other pPlasmids and eyep portions of
bacterial chromosomes. Bacteria that contain
transmissible plasmids are called donor cells and
those that recejye Plasmids are known as recipient
cells. .Transfer of a self-transmissibe plasmid into
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done on the transfer of F-factor (fertility factor)
jasmid in Escherichia coli. Cells in which F-factor
4 resent. 18 represented by F” (it functions as

s P Harp-o
or male cell) and cell without F-factor are

donor R i
genoted by F~ (it functions as recipient or female

cel). F factor has genes that code for the
components as \xcﬂ as proteins involved in the
piogenesis of six plh._

The process of
characwrislicsu—-(il it requires direct cell to cell
contact, and (ii) the conjugating cells must be

conjugation has two

of opposite strains, ie. male and female
(F* and F in this case).

The first step in the conjugation is the
establishment of contact between cells of opposite
gtrains. It may be either by direct cell to cell
contact or mediated by sex pili. It results in the
formation of a channel between the two mating

bacterial sex pilus
chromosome
S o T
3' O O replication
and transfer
7 of F factor
————
F factor
Ffeell  Fcell
recombination

between F factor
and chromosome
occurs at a specific
site on each

replication
and transfer
of part of the
chromosome
——i

cells. In the second step the plasmid DNA breaks
at a specific site, called the Origin of transfer,
often abbreviated as ori T (Fig. 20A). From this
site 5'-region of the double stranded DNA 1S
transferred to the recipient cell via the channel.
The transfer process is accompanied by immediate
copying of the template strand in the donor cell
in the 5 to 3’ direction restoring the double
stranded molecule (Fig. 20B). In the recipient cell,
the transfer strand is also converted to a double
stranded DNA (Fig. 20C) At the end of the
process the plasmid DNA strand in the donor and
recipient cells assume closed circular form.

The recipient cell (F~ cell) after receiving the
plasmid DNA or F-factor from donor cell becomes
F* cell (Fig. 20C). In some cells the F-factor
| chromosome

high-

bacterial

integrates  into  the
(Fig. 20

called

D-E); such cells are

66

F*cell

1

F*cell

insertion of
F factor into
chromosome results

S

integrated F factor

in the recipient,
recombination
occurs between the
Hfr chromosome
fragment and the

F ~chromosome

Hfr cell recombinant
l Fcell

| transfers part of its chromosome into F~ cell.

Fig. 20 A-I. Conjugation in bacteria : A-C. Transfer of F-factor from donor (F*) to recipient (F )
changes F - into F*, D-F, Formation of Hfr cell, G-L Formation of recombinant F~ cell when Hfr cell

e
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frequency recombinant (Hfr) mtbils.. In“ llj;
bacterial chromosome there are a few preferre
sites where most of the integration can take pIaCt‘-
The integration is not absolutely stable: zn“a
population of cells, an equilibrium exists hcm.t-tn
bacteria with integrated F-plasmid (Hir} and Lt‘”-"
where the F-plasmid is not part of bacterial
chromosome (F~ cells). i
When conjugation occurs between an HIr
cell and an F~ cell, the Hfr cell's chromosome
replicates and a parental strand .of the
chromosome is transferred to the recipient cell.
The replication of the Hfr chromosome begins
in the middle of the integrated F-factor and a
small piece of F-factor makes its way into the
recipient cell (Fig. 20 G-H). Usually the
chromosome breaks up before it is completely
transferred to the recipient cell. Once within the
recipient cell, this piece of donor’s chromosome
integrates with the recipient DNA. This cell is
called recombinant F-cell (Fig. 20 I).
Significance of conjugation. Since relatively
large amount of DNA is transferred in conjugation
than in transformation and transduction, therefore
c9njugati0n is important in increasing  genetic
diversity. In fact, conjugation may represent an
evolutionary stage between the process like
trax'lsformation and transduction, and the actual
fum‘on of whole cells (i, gametes) that occur
during sexual reproduction in eukaryotes,

[B] Transformation

in 1944,
M. McCarty demonstrateq it in .w'

1t has been showy, in severa] ot /70- Since then

er bacteria, such

L A abllltj:r o
€ envirg .
s nment are ¢a:
petent Transformauon competences ailsd b
a state

of bacterial cell during which .[h‘t; .u;uall‘y rigiq
..”" wall can transport 2 [.'r:lllll'ut, v '.il’g‘_ DNA
LLv - slecule. This is a highly unusual proceg
I-ndtrm‘]:in'a because they normally lack the ability
:l:‘rfll::;::h‘;ﬂn large macromofccule_sﬂ u'cr::s; l‘he cell
wall and through the cymplas.nm membrane, [y
some bacteria (e.g., Hacmn{#ulu.\'. S(”’f”"t'f')_cc“_,-l
Neisseria, etc.) competence IS exprgsscd d_llnng 5
certain stage of cell division during Wh‘lch the
reforming cell wall can allow passage of DNA
The above bacterial genera PpOSS€Ss naturg]
competence because their cells d(j not’ require any
special treatment to increase their ability to take
up DNA. Not all bacteria, however, are naturally
competent to take up DNA; treatment of such
cells with calcium or rubidium chloride brings
about changes in their cell wall and they become

competent. This form of competence is known as
a widely used

artificial competence and is
technique for introducing recombinant DNA

molecules into bacteria.

A competent cell can take a maximum of
about 10 fragments of foreign DNA which is less
than 5 per cent of the amount of DNA normally
present in the organism. The first step in
transformation is the entry of exogenous DNA in
a living bacterial cell (Fig. 21 A-C). Once DNA
reaches the entry sites, endonucleases cut down
dou_ble-stranded DNA into small fragments, each
having 7,000 to 10,000 nucleotides. The strands
separate apd only one strand enters the cell
through minute pores or certain absorption sites
Present on the bacterial cej wall. Since si;igle

i DNA must

23 ring with 1 .

re rtion of the

Clpient chromosome imrme:diatt:l)l:)0 or nel(s)c be

donor single.g. ed Process of transformation, the
“aced DNA is positioned alongside

© Tecipient pNA
: in . Mg
4r€ next to ope s Way that identical

anazilsother. Subsequently splicing
t&';tj: Place. This process
removin ni,
new ge A i
o &ment ang attaching the ends.

gme
Nt (donor DNA) now beicimoh
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Bac‘fer ia

recipient cell

chromosomal DNA

DNAW“‘S B

recipient celltakes up
donor DNA

C recombination occurs
between donor DNA and
degraded recipient DNA
unrecombined DNA

genetically transformed cell
| |Fig 21 A-D. Bacteria : Genetic recombination;
K Diagrammatic representation of transformation.
i
' part of the recipient chromosome (Fig. 21D). The

leftover portion of the recipient chromosome is
subsequently broken down by intracellular
enzymes. As such the number of nucleotides in
the cell’s DNA remains constant.

Transformation takes place only under certain
special condition of the bacterial cell and this
~ condition is known as state of competence. The
b ""l'mformmg ability of the cell is, however, lost
: ﬁﬂ presence of high temperature, ultraviolet
ons, chemical mutagens, etc. On the
ary, increase in the concentration of inorganic
lates in the culture medium increases the
of transformation. The optimum
ige for transformation is 29-32°C.

of the process is determined by

'mpemnn'e composition of
ar g.ialogleal state of

g

transformation in different bacteria varies from

0.047 to 0.0004%.

The basic differences between transformation
and conjugation are as follows.

(1) In transformation exchange of genetic
material takes place between the members of
the same species, whereas conjugation occurs
between the members of two different genera;
e.g., Escherichia and Shigella, Salmonella
and Serratia, Salmonella and Escherichia.

(2) Genetic recombinants obtained through
conjugation are temporary, whereas genetic
characters incorporated in a transformed cell
are permanent.

Significance of transformation. Transfor-
mation has been studied only in the laboratory.
In nature it may occur in certain environments
where bacteria live in large numbers. In such
environments some bacteria die and lyse and live
ones of the same or closely related species absorb
the fragments of donor DNA which escape the
action of extracellular nucleases. As such, it is
difficult to estimate the degree to which
transformation contributes to the genetic diversity
of organisms in nature. In the laboratory scientists
use this technique to produce recombinant DNA,
which in several cases have important commercial
applications.

[C] Transduction

Transduction is a special method of genetic
recombination in which genetic material 1is
transferred from the donor to the recipient cell by
means of a temperate bacteriophage. It was
discovered by Zinder and Lederberg (1952) in
Salmonella typhimurium. In transduction, a small
piece of bacterial chromosome (carrying specific
character x) is incorporated into an attacking phage
particle, and when this particle infects a new host
cell, it injects the genetic material (with new piece
of chromosome) into it.

Transduction may be of two types-specialized
transduction and generalized transduction.

[I] Specialized transduction
Specialized transduction requires incorporation of

the viral DNA into the bacterial chromosome, and
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it is therefore carried out only by lysogenic phage -
viruses. It occurs following formation of pmpha.gﬁc. phage g

whereby the viral DNA integrates at a specah’c i

site in the bacterial chromosome. For cxampl;: infectio

lambda (A) phage inserts into Lh.e E. m!j' O—-——"'f -

chromosome between the gal gene (which con!mlf

galactose use) and the bio gene (which co,ﬂmif

biotin synthesis). Although the prophage repllcu[.c:, |

for many generations with the bz}clle_rre:l hba ﬁ: ggg:n g Boncn:
chromosome, however, it can excise and initiate chro 2

a virulent cycle. In most cases, the new phage =-,

particles released contain only phage genes. - gem;,‘ |

Occasionally, excision of the prophage is Bl i) ek
imprecise, resulting in removal of some DNA on o I e ] t

either left, right or both sides of the site of T T T T
integration. This excised DNA with some host m::[:.-f.-i:-:f--'-'f--{'-'-}»'- G555 N

. \
genes (called transduced genes) is now part of gal gene phage genome ¢ bio gene
the viral genome (Fig. 22). It replicates and is imperfect

incision

packaged into every viral particle and when such

a phage infects a new host cell, the transduced

genes become a part of the genome of the host

cell. Thus specialized transduction is phage
mediated transfer of genes that are near the

chromosomal  attachment site of the lysogenic .

phage. The main steps of specialized transduction

are given below.

(1) The bacteriophage gets attached to the
bacterial cell on the receptor site and the
nucleic acid of phage particle is transferred
to the cytoplasm of the bacteria] cell.

(2) The nuclejc acid of the Phage particle s

coded for the synthesis of certain specific ‘ ransducing chromosome

Q

al gene

e . note the integration of
Proteins in the bacterig] cell. These proteins éacterial genag with the
are known as repressor Proteins, and thejr

phage genome
function is to check the synthesis of phage

particles in the bacterial ceJ). The phage
DNA occurs ip the bacteria] cell in the form
of small fragments, known g Prophage
These fragments are either free in the:
Cytoplasm o are  attached ¢, the
f:hromosome. A bacteria] cell with Prophage
1s lysogenic (Fig. 23 A), :

> and it mga i
lysogemc for severgl gen, 2 i

; Crations. During 1h:
Period the phage pNp | i

. this phage can now
infect a new host

* Diagram showing imperfect
Ome in specialized transduction.

: ditions the phage DNA, Whif"h gl
€ bacterial g and S attached to the bacterial
mponents starys, chromosome SeParates and starts synthesizing

)

Phage progeing (Fig. 23 B, ),

Proteins stops i g b
Synthesis of phage ¢o




Fig. 23 A-H. Bacteria : Genetic recombination;
Diagrammatic representation of specialized transduction.

(4) When phage DNA breaks off the bacterial
chromosome, few genes of the bacterium
remain attached to it. These genes keep on
replicating along with the phage DNA and
become a part and parcel of the phage
particle (Fig. 23 D-E). Such phage particles
when infect any other bacterial cell, then
the bacterial genes present in phage
particles are  incorporated in  the
chromosome of the new bacterial cell (i.e.,
Tecombinant cell, Fig. 23 F-H). Thus the
fecombinant  cell, besides its own

“Iromosome, also contains few genes of the
parent bacterial cell.

E?s Generalized transduction
m‘;“gge common process than the specialized
tic “-' In involves only those prophage

Which are present in the cytoplasm of
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pac
new phage particles
with bacterial QNA bacterial
{ e viral DNA chromosome
@ bacterial DNA lysogenic
@ E bacterium
& ) tysisof viral DNA | A
@\ host cell infection of
new host cell
D "L segments of
T chromosome 5 \ ;‘J chromosome
synthesis of phage ety 7
; NA ts of
R e te GalONA | B s
acteriu
230 transfer of phage oA
‘ C nucleic acid into @OOOD¢O/:,’> virus with
w N6 normal virus G - bg%%grs‘al
O] l viral DNA
B G o E‘\@) @ ot
; acteri
vl & pacterial A @ A | F
DNA | chromosome genes 1 j© l
__J i incapable may transduce
viral A H viral DNA of transduction D a new host cell

Fig. 24 A-F. Bacteria : Genetic recombination;
Diagrammatic representation of generalized transduction. J

the infected cell (and not in its chromosome). The
main steps of the generalized transduction are as
follows:

(1) The phage DNA, present in the lysogenic
bacterial cell, starts synthesizing new phage
components. In this process the chromosomes
of some bacterial cells get fragmented.
Eventually these segments are incorporated
in some new phage particles (Fig. 24 A-C).
Thus some of the phage particles present in
the lysogenic cell have segments of bacterial
chromosome incorporated in them, while
others have only phage DNA (Fig. 24 D-E).

(2) If a phage particle with segment of
bacterial chromosome in its DNA attacks a
bacterium of any other strain the genes of
the parent bacterium are transferred to the
new cell. Such phage particles (with genes

100
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of bacterial
transduction (Fig. 24

t

incapable of transd

(1)

b 2 o

2w

L %N oA

»

10,

>
¥

;X
4.
5.
6,

=

>
|
2.
3.
4
5
6

are thus capable of
F). On the contrary,

are

cell)

he particles with only p}.mgc D{NA
uction (F1g. 24 E).

from transformation

Transduction differs
in the following two features:
In transduction transfer of ge
from donor to recipient (‘?f'.'”
temperate phage, whereas 1n
material is transferred

netic material
is through a
transformation
through a

genetic

solution. e
Deoxyribonuclease (an enzyme) compietely
J but there

checks the process of transformation _
is no effect of this enzyme on transduction.

Important

significance of transduction. Tra"-“ductmn
. rim ransfer of genetic material from
involves ther, thus it alters the gene,

7 to ano
bacterial cell o

e -ipient  cell. ;
characteristics  Of e FECAD L In

< the recipient cell attains many imPOl'lam

Elzztjzteristics. Besides lhis., incorporation -
phage DNA into a bacterial chf()nlosome i
possible only when they have regions of qui,
sjmilar base sequences. It shows a (g
evolutionary relationship between the prophage
and the host bacterial cell. Transduction j

ing transgenic Organisms since

helpful in produc
iruses transfer genes from ope

by this process V
host to another.

uestions

R o

Long answer questions
Describe briefly the structure of a bacterial cell.
Describe the methods of asexual reproduction in bacteria.

Discuss

Write short notes on:

its prokaryotic characters.

What is genetic recombination? Discuss it in the light of bacterial cell.

(i) Auxotrophic bacteria, (i) Nutrition of bacteria, (iii) Pili or fimbriae, (iv) Gram stain, (v) Endospore in bacteria,

(vi) Acid-fast bacteria, (vii) Plasmid, (viii) Conjugation, (ix) Transformation, (x) Transduction, (xi) Morphological forms
of bacteria, (xii) Gram ‘+ve' and Gram '—ve' bacteria, (xiii) Bacterial chromosome, (xiv) Nitrogen fixing bacteria, (xv)

Flagella in bacteria.

What is genetic recombination? Explain transformation in
Describe structure and mode of nutrition in bacteria,

Short answer questions

How \.Ivill you differentiate a Gram ‘+ve' bacterium from
Wh.m is Gram stain technique? Explain.

Write a note on genetic recombination in bacteria

What functions are associated with the foll ;
membrane, mesosome, endospore, flagellum and pili

Identify all structures of a bacterium extermnal to the cell
- I ., e

In terms of cell wall structure and composition, explaj

How the process of fission is different from né)mp .

Very short answer questions
Name the three modes of genetic
Who discovered the phenomeno
Name the first bacteriologist,
Name the two microbiolo.
gists who discovered
Name a rod shaped bacterium which has

Name the scientist the capacity 1

101

owing cell structures in g bacterial

Describe in detail the modes of sexual reproduction in bacteria.
Describe the structure and modes of reproduction in bacteria.
Describe various forms of bacteria and explain their mode of nutrition.

bacteria.

Describe in detail about modemn system of bacterial classification,

; sow ducsra bacterial flagellum differ from eukaryotic flagellum?
Ou are given a group of bacteria. How would you proceed to determine Gram ‘+ve' and Gram

‘_ve' bacteria?

the Gram ‘-ve’ bacterium on the basis of staining?

Distinguish between photoautotrophs  and chemoaulotrophs

wall,
he difference between Gram

al mitotic division?
) o;ansfelr be!ween bacterial cells,
conjugation in bacterial cells?

transduction,
who dm\'ﬂ‘ﬂd sexual rep lucum in muﬂe cnd‘nms'

cell? Capsule, cell wall, cytoplasmi¢

‘~ve’ and Gram ‘+ve’ bactend

/

—
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the protein present in the flagella of bacteria.

Name o8 asexual methods of reproduction found in bacteria.
Nﬁzerwﬁ names of Bacillus bacteria.
ahal < the main component of cc‘ll wall .Df bacteria?

which bacterium ‘transformation’ was discovered by Griffith?
In the organclle meant for photosynthesis in bacteria.
12 Namch'ch bacterium conjugation was studied by Lederberg and Tatum?
3. In w ’ n example of chemosynthetic bacterium.
];‘ I‘:‘::;Z Gram ‘-ve’ and a Gram ‘+ve' bacterium.
15

Name a symbiotic bacterium.

1? Name the largest bacterium §p§ctes,
18’ Who coined the term ‘plasmid’ for extra-chromosomal hereditary determinants?
]9. Who discovered the phenomenon of transformation in bacteria and in which year?
20: Name @ photoautotrophic bacterium.
»» Fill in the blanks
|. A bacterial cell reproduces by ................... rather than by mitosis.
2. Bacteria have three ways of transferring genes from one individual t0 ANORET ..........eeevvvvvney consassazssinrsrenns and

3. Plasmids that can integrate into the bacterial DNA are called ....................

4. The process by which a bacterium acquires new genes by taking up parts of a ‘naked’ DNA molecule from its
surroundings is called .................

5. When treated with crystal violet and subsequently with iodine some bacteria remain colourless and these are called Gram

.................... bacteria.
6. The cell wall of Gram ‘-ve' bacteria is comparatively less .................... dian Gram Ave’ bacteria.
R N bacteria are those which use chemical energy for reduction of CO,.

8. During conjugation, F-factor is commonly called as ....................

Gesaiiin .. are short, curved comma-shaped flagellated bacteria.

10. In bacterial nucleoid, spindles are .................... during cell division.

e TnUbRCtenR oo il are extensions of plasma membrane which initiate RNA replication and septum formation
during cell division.

12:: Certain Gram ........coooivioinn rods have developed a powerful, specialized mechanism for survival through hard times

by the-formation of ....................
13. A nitrite oxidizing bacterium is ....................
14. Photosynthetic sulphur bacteria differ from higher plants in that they do not have the pigment .................... and they
T as electron donor in photosynthesis.
I5. Unlike plant cell walls which are made of .................... , most bacterial cell wall contains
16. Bacteria with helically coiled shapes are called

17. Transfer of genetic material from one bacterium to another by a virus is known as .................._
I8. The change in DNA of a bacterium by incorporation of DNA fragment released by another bacterium is called
19. Cocci which divide only in one plane to form long chain like colonies are known as ..............____
i?- gﬂﬂerial ﬂage.ila are made up of protein called ....................
22- n;l:tenal cmf arranged in cubes of eight cocci are called ....................
- C _Pmlfﬂl‘yo'nc .................... are 70s.
h 24' Onjugation in bacteria was discovered L ol e firsEoin oo e vl o
25: The I:zﬂ _Comm.on method of reproduction in bacteria is ....................
% m:ﬁl‘{a which hav:lz a group of flagella at one end only, are called ................ ..
” erial cell wall is made 115 (o ST R R R
ﬂage?lagl:n bacterial cell possesses many flagella distributed throughout its surface, it is known as ... ...
3, :

2 coplasmas. are Gramm

Thi ‘-ve’, non-motile and facultative ...................
% lophysa volutans, a

st ar B e bacterium, is perhaps the ... amongst all bacteria. |
= e i RO oo o R stranded DNA molecules. |
Tl:ure and falge Statements S

" nsduegion 2
2 Bacter ction s Phage-mediated genetic transfer. 3

ia whi s . .
bacterg hich are capable of synthesizing food from inorganic materials using chemical energy are called photosynth 3
osynthetic
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are similar to eukaryot

acterial flagella :
The bactena g oo

In bacteria, nucleoid represents t
When van Leeuwenhoek examine

germs in them. ) : .
Gram stain which is extracted from gram pods
an in distribution becaus
Transduction in bacteria wa

6.

7. Bacteria are cosmopolit
8. :
9. Fimbriae are the locomotory Organs 0

f bacterial cell.

10. Bacterial cell wall is made up of peptidoglycan polyme

»» Multiple choice questions
1. Bacteria were first discovered by:
(a) Robert Koch (b) A. V. Leeuwenhoek
(c) N. D. Zinder (d) Robert Hooke
Bacteria having a tuft of flagella at one end are called:
(a) monotrichous (b) lophntriclmus
(c) amphitrichous (d) peritrichous
3. A bacterial cell divides once every minute. It takes
one hour to fill a cup. How much time will it take to
fill half the cup?
(a) 29 minutes (b) 30 minutes
(c) 59 minutes (d) 60 minutes
4. When DNA is exchanged, via cytoplasmic bridges,
between two bacteria, the process is called:
(a) general transduction
(b) restricted transduction
(c) transformation
(d) conjugation
5. One of the following bacterial characters is a plant
character:
(a) heterotrophic nutrition
(b) prokaryotic organization
(c) presence of flagella
(d) rigid cell wall
6. During bacterial conjugation, there is:
(a) a partial but mutual exchange of genetic material
between the conjugants
(b) only a partial transfer of genetic material from
one conjugant to the other
(c) a complete transfer of genetic material from one

conjugant to the other
(d) a mutual

[3¥]

! and complete exchange of genetic
material between two conjugants

. Surface appendages used b
another and to host

{2; g::s (b) spirilla
0somes (d) thylakoi
8. Compared to Gram “-ve’ bacleria.y Gra::xd5i+v " bacteri
(a) have less peptidoglycan i
(b) retain the crystal violet dye
() have more complex cell walls
(d) are more resistant to antibiotics
§o]utions of erystal violet, jod
I a staining procedure kno
(2) Gram  stain
(c) Giemsa's stain

Yy bacteria to attack ope
Organism are called:

ine and alcohol
wn as: are used
(b) Acid-fast stai
n
(d) Wright's stain

d scrapings of his teet

is used to di
e of having excellent powe

¢ flagella in having 9

1 etic T
‘hich all the gene i
h under a mICroscope afte

s studied by Zinder and Lederberg.

10.

16.

17.

19.
20.
21,

22,

fi 14 am ‘-ve’
fferentiate Grar . ) .
r of tolerating the environmental EXtremeg

. Structure and Repmduczi{,n
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+ 2 structure.

terial (DNA) of the cell is concentrated.
1ateris /

and Gram ‘+ve’ bacteria.

rs or mucopeptides.

Plasmids are:
(a) viruses (b) a type of cyanobacter,

(c) essential bacterial genetic elements
(d) extra-chromosomal genetic elements
Genetic element in bacteria that can replicate in the
cytoplasm or can integrate into the bacterig]
chromosome and replicate with the host chromosome
is:
(a) retrovirus (b) plasmid
(c) episome (d) plastome
Which of the following waters is free from bacteria?
(a) deep well water (b) sea water
(c) water of hot springs
(d) rain water as it falls down
The bacterial cell wall is composed of:
(a) peptidoglycan (b) lignin
(c) suberin (d) cellulose
Bacteria lack:
(a) cytoplasm (b) cell membrane
(c) endoplasmic reticulum(d)DNA
Bacterium that must have organic molecules both for
energy and as a source of carbon is called:
(a) chemoheterotrophs (b) chemoautotrophs
(c) photoheterotrophs  (d) photoautotrophs
Bacteria those get their energy by fermentation and
oxygen is lethal for them are called:
(a) obligate aerobes (b) facultative aerobes
\é?esb:gat{anaembes (d) facultative anaerobes
o Cm:::licterla. are rod-shaped, they are called:
¥ (b) bacilli
“‘,%;Il";'“a (d) vibrio
i ?E of the following are archaebacteria?
e Sioen (b) green sulphur
¢) rickettsias (d) meth
9 + 2 fibrillar arra : anogejns
(a) eukaryot ngement is present in:
otc flagella (b) bacterial flagella

(c) bacterial fimby;
riae  (d) T :
Gram ‘+ve’ bacteria a.re( = ONimiothuge

stained by:
(@) crystal violer (b) safra:in
“(;:h)o malachite (d) fast green
IS regarded 3 fi i i
i s 1rst(:;ct;nologlst? i
(c) Jenner i

(d) Leeuwenhoek

0 Studi j i
died Conjugation in bacteria?

r drinking hot coffee, he saw IiVing

-
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27. Curd bacteria is:
and lﬁd“b“g (a) Gram ‘“4ve’
ch Griffith (b) Gram “-ve’
() Pseudomonas
W,formﬂ“m‘ was discovered by: (d) none of these
® and T;mm 28. Recent studies reveal that:
® Wm and Cric (:} mesosomes are artifacts and not true structures
. (b) mesosomes are true structures
Ed; Zinder und Lederberg (¢) mesosomes are in glycocalyx
Exh‘"d“" coli is: (d) none of the above
(s) Gram ‘+ve’ (b) Gram * 29. Who discovered little animalcules?
(c) virus (a) Anton Van Leeuwenhoek
(d) both Gram ‘+ve’ and Gram ‘-ve' (b) Louis Pasteur
i Plasmids are present in: (c) Robert Koch
@ E. coli (b) TMV (d) Robert Hooke
(c) bacteriophage (d) lichens 30. There is 3 to 4 times more peptidoglycan in:
26, Gram stain is: : o _ (a) Gram “+ve’ bacteria in comparison to Gram ‘-ve’
(a) a chemical for differentiation of bacteria bacteria
(b) a stain produced out of gram seed (b) Gram ‘-ve' bacteria
(c) a staining technique developed by Christian Gram (c) cyanobacteria
(d) a trade mark (d) plant cells
ANSWERS

rt answer questions
(1952), 5. Bacillus cereus, 6. Tatum and Lederberg,

richia coli and Lactobacillus Tespectively,
g (1952). 19 Frederick Griffith in 1928,

ation, transduction, conjuganon, 3.
ibrios 10 not fomwd, ll 4

, transduction, conjugation, 2, Tatum and Lederberg

7. Flagellin,
peptidoglycan, 11. Diplococcus pneumoniae,

(1947), 3. A. V. Leeuwenhoek, 4. Zinder and
8. Binary fission, budding, 9. Lactobacillus,
12. thylakoids, 13. Escherichia coli, 14. sulphur
16. Rhizobium, 17. Thiophysa velutans (a sulphur
20. Green sulphur bacterium.

episomes, 4. transformation,

5. negative, 6. rigid,
mesosomes, 12. +ve, i

), 29. ﬁ}. 30. t’a)
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Cyanobacteria, Actinomycetes,
Mycoplasmas and Rickettsias

(MICROBIOLOG ¥)

. traditiong)] field.

CYANOBACTERIA

Cyanobacteria, also known as blue-
species of photosynthetic prokaryo
habitats. They occur in soil, in fre
extreme conditions like glacier ice
their wide distribution is their great i

pigments are chlorophyll ¢ and phycobiliproteins. They differ from
two other major groups of photosynthetic bacteria — purple and
green bacteria — in the nature of their photosynthetic pigments and
in  their Capacity to perform OXygenic photosynthesis. Thus
Cyanobacteria  show physiological resemblances to  aerobic

green algae, comprise abouyt 1,500
tes that live in a great variety of
sh and sea water and evep in the
and hot springs. One reason for
ndependence. Their photosynthetic

€S and eukaryotes were fully elucidated. I
cells of blue-green algae, long known to be
°r algal group, are typically prokaryotic.

(Fritsch, 1945; Prescott, 1969; Morris, 1973
Wever, consider thyat re

Cleria iy ap intrusio

unlike those of any oth

Many phycologists
Round, 1973), ho
Organisms a5 by,

= n of bacteriologists into thett
chlorophyll a and
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The blue-green algae have a mucilagenous

sheath outside the cell wall as in bacteria.

Structures like hormogonia (a characteristic
of blue-green algae) are present in some
pacteria like Thiothrix.

sulphur

bacterium and

(5) Beggioroa, 2 -
Oscillatoria show resemblance in shape and
movement.
The blue-green algae are sensitive to

antibiotics like bacteria.

The blue-green algae resemble with bacteria
in many biochemical processes, such as
sulphur and nitrogen metabolism.

As in bacteria, genetic recombination is also
known to occur in many blue-green algae.

CELL STRUCTURE

Cells of cyanobacteria may occur singly, enclosed
within a mucilagenous envelope (e.g., Gleocapsa,
Microcystis) or form chains called trichomes
(g, Oscillatoria, Gloeotrichia) or as a sheet
(e.g., Dermocarpa). The filament consists of one
of more trichomes enveloped in a gelatinous
sheath,
The cells show a typical prokaryotic structure.
are no membrane-limited organelles within
: the Cells although a variety of vesicles and
lsf'clumms may be present. The cytoplasm is
a““‘Ounded by a plasma membrane, followed by
¢ell wall and a mucilage sheath (Fig. 1).

] Mucilage Sheath

E: Cei(lewan of cyanobacteria is surrounded by a
eg, ‘- A"acys_l’is montana) or thick
‘ elaye::"“) mucilage sheath, also known as
Indiy; ud ca_PSule, In unicellular forms, each
in ﬁ‘mmg:ssi distinct sheath of its own, whereas

omms, there is a common gelatinous

(anobacte e -
ems and leaves is an alga. However, the
00ts: $ aloae share the following characters mucilagenous
. n alg sheath
.1 pacterid. : i
with bath the blue-green algae and bacteria have A J.oellulose fibrils
) Bopr(;k‘“ymic cell structure. '
a
Nuclear membrane, nucleolus and membrane cell wall
@ Siaid plastids are absent in both the groups. =

plasma membrane

LFig. 1. Cyanobacteria : Cell wall structure. ’

cell wall

T

Zm chromoplasm
ALY

centroplasm

thylakoid

\ ) :\‘ \\:‘ )
ANBIIR

Fig. 2. Cyanobacteria : Cell structure.

sheath. The sheath is composed of a complex
mixture of mucopolysaccharides and glucoronic
acid, It is made up of fibres, held together in the
mucilage. The fibres arise from the cell wall, but
are not firmly attached to it and as such the
trichome may tum within the sheath. The
orientation of fibres varies in different species.
The mucilage sheath probably helps in protecting
the cells from desiccation, particularly in those
species which do not produce resistant spores. It
also helps in gliding movements.

[B] Cell Wall

The cell wall of cyanobacteria is thin and firm
and is basically similar to that of Gram-negative
bacteria. It is differentiated into four layers which
are designated as Ly, Ly, Ly and Lyy; L; being
the inner most lying next to plasma membrane
and Ly the outer most. The cell wall is made up

of peptidoglycan together with carbohydrates,
amino acid and fatty acids.

(MICROBIOLOGY)
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Fig. 3. Cyanobacteria : Schematic representation of electron micrograph.

[C] Cytoplasmic Membrane cell. Thus the pigments are not contained in te

s membrane-limit i
It fom the limiting meg:br_zm_e of the cytoplasm The ;hlgtlz)lsedd;:zsuclis. 1 i . 4
;na;i lilsan ma;i; 111(5 of prl(:lte}in—hpld-protein layers. It s i considy?:red casamt;a1 ae $ cyair:loba;teu]r: ’
! y nfoldings which penetrate the cytoplasm. ! € sites of ce
ft has been suggested that these infoldings give |y or, N0 @S such they are preferably called
fise to new pigment containing thylakoids. pfl.l otosynthetlc.resp iratory membranes. The cels
ol cyanobacteria are devoid of Golgi apparatus,

I[D] Chromatoplasm mitocl:)hondria, endoplasmic reticulum and other F
tis the peripheral pigmented porti menorane bound organelles |
o portion of the 5 -

protoplast and has a reticulate, alveolar o I“ addition to thylakoids, chromatoplasm !

geNeous  structure, The chromatoplasm s CON s protein granules and gas and oil vesicles
' ! mcyanophycin granules, also known #
ctured granules, are irregular or polyhedial

in shape and the s ;
y store m of
polypeptides, prt?teln in the form

the ceu They are considered to be ¢ -
WSOmes which store the carbon dioxi® |

: l_'ihu‘!ese-l,jnbisphow_ 7-
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e centre of the cell.'They store phosphate
p 3 ¢ound abundantly in mature cells grown
and &  edium with high phosphate contents.
théas vesicles are Ismall. tu_hular structures,
sed of protein ribs or spirals exclusively.
hich contain gas have quite rigid
s they are collapsed when pressure is
:plied- The gas vacuoles shield light and also

pmvidc buoyancy.

in

(E] (Centroplasm

The central colourless region of the cell is known
as centroplasm or nucleoplasm. It consists of
several naked DNA which are not associated with
histones. However, in some cyanobacteria a
nistone-like ~ protein binds nonspecifically with
DNA. The nuclear material is not surrounded by
a puclear membrane and nucleoli are also absent.
The nucleoplasm is not sharply differentiated and
usually intrudes into the peripheral chromatoplasm.
Although this region stains like that of the nucleus
of eukaryotes, it cannot be regarded as true
mucleus and is called incipient nucleus.

REPRODUCTION

Gametes or flagellated zoospores are not found
in cyanobacteria. The most common method of
multiplication is binary fission. The rate of cell
division is very high and in certain coccoid forms
(e.g., Anacystis nidulans) there are as many as 12
c'inublings in a day. Such a rapid growth results
in the formation of dense water blooms. Many
bloom-forming species are buoyant and may rise
10 the surface, forming a scum or mat.
Multiplication also takes place by some
Specialized structures, such as hormogonia,
akinetes, endospores and heterocysts.

ECOLOGICAL IMPORTANCE
OF CYANOBACTERIA

C ;

e:\;l'nlrz:ﬁma_ occur in almost every moist

the {ang ;:‘ in the sea, in fresh water, and on

they liv;, = all cyanobacteria are photosynthetic,

lighy, _nmear the surface, where they can obtain
Y form a considerable part of the
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phytoplankton on the sea and fresh water. They
produce oxygen as a by-product of photosynthesis,
and some species provide food for heterotrophs.

The unpleasant aspect of cyanobacteria is that
they cause water pollution as many forms are toxic
and slimy. They thrive well in water that gets
industrial and sewage waste and form smelly
blooms. These blooms cause a decline in the fish
population. Cyanobacteria, as they die, provide
food for an enormous array of aerobic bacteria,
which use all oxygen in the water and suffocate
the fish. Fish cannot control populations of
cyanobacteria by consuming them because toxins
and gelatinous sheaths of cyanobacteria make them
inedible. Pretreatment and controlled discharge of
industrial and sewage waste in lakes, ponds and
rivers can help in reducing water pollution by
cyanobacteria.

ACTINOMYCETES

Actinomycetes are unicellular organisms placed in
the order Actinomycetales or the class
Schizomycetes. They occur abundantly in soil
water, mud, manure, milk and other food products.
Most of the actinomycetes are saprophytes but
some are parasites. The latter cause some serious
diseases in plants as well as animals.

STRUCTURE

Actinomycetes (actis = ray, mykes = fungus) are
fungus like bacteria with cylindrical cells which
are usually united to form filaments resembling
the mycelium of a true fungus (Fig. 4 A). The
mycelium is branched, non-septate and thin
(0.2-1.2 pm in width). In some species the
mycelium breaks up into small bacteria-like cells.
In young mycelium the cytoplasm is
homogeneous, but at maturity many vacuoles, fat
droplets, granules and few rod-shaped bodies
develop in the cytoplasm. In actinomycetes, as
in true bacteria, there are no well differentiated
nuclei but many chromatin granules are present.
At maturity, the cell wall of the mycelium
becomes fragile and breaks up easily.
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sporophores

rminatin ‘
ge:ipores ¢

B C

[ Me 4 ac Actinomyeetes : A, Mycelium,

B. Sporophores, C. Spore.

Most of the actinomycetes are Gram-positive,

They are non-motile but in Actinop[anes small
flagella are present.

REPRODUCTION

They generally multiply by means of
fragmentation The mycelium breaks up into
small hyphae and each hypha grows into a new

CLASSIFICATION OF
. ACTINOMYCETES

@p_ﬁgrder Actinomycetales consist of the
wing ‘four families.

f this family have tendency o
filaments which gre very slender
IR T G f “”?h#ji—;]‘

tin?

diameter. They form spores and conidia j, long
chains.

Example : Actinomyces (commonly knowp .
'ray fungus’).

[B] Mycobacteriaceae

These actinomycetes form a rudimentary myceliyp,
which is unstable and is fragmented into immoj,
rods. These bacteria are acid-fast.

Examples : Mycobacterium, C'orynebaaeﬁum
Nocardia, Mycoplan.

[C] Micromonosporaceae

The vegetative mycelium of these fungi does not
fragment in rod-shaped or cocci forms,
produces a compact colony with 3 moist
and smooth surface. The terminal hyphae
of loose aerial mycelia, which arise over
the surface of the colony, bear spores
either in chains (e.g., Streptomyces) or singly
(e.g., Micromonospora).

Examples : Micromonospora, Streptomyces,
[D] Proactinomycetaceae

In these forms the mycelial development is
transitory and often limited. They do not produce
specialized spores and reproduce by fragment of
mycelium into short rod-shaped cells.

Examples : Proacﬁnomyces, Connistreptothrix.

ECONOMIC IMPORTANCE
OF ACTINOMYCETES

[A] Useful Activities

Bconomica]ly, the
Micromonosporaceae
very useful ag
antibiotic syhgt
Synthesised by

members of the family |
of the Actinomycetes are :
they are capable of synthesizing
ances. Some important antibiotics
them are listed in Table 1.

[B] Harmfy] Activities

h;Iany *_ictinén;ycetes cause serious diseases i
P antsas ‘V"’il,. as in animals and human beings:
o on diseases Caused by actinomycetes

: gty {
TS ne 2

R AR Dl
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i rtant antibioti i
Table I Some 1MpoO fotics and their source, range and mode of action
3 \ntibiotic Source
: Range of action Mode of action
; Streptomyces griseus '
Gereptomycin Gram ‘4 Wi
o iy m::a?ﬂd Gram — ve Induce abnormal protein synthesis
A Streptomyces e TCulosis bacteria by inhibiting 30s ribosome function
Neomy , am °-" ve bacteria inhibits Ind ei i
fradiae Bt of e i nduces abnormal prolein synthesis
Viomycin Streptomyces Gram ‘- ¢ Intestinal bacteria) by inhibiting 30s ribosome function
DN kg Vtueb:aa:m?, . Interferes with protein synthesis
TCulosis bacteria  Int S Wi i is
Chlorotetra- Streptomyces Gram ‘+' ve and Gram .’ & nterferes with protein synthesis
cycline or aureofaciens bacteria, rickettsia
Aureomycin
Oxytetracycline S{repromyces Gram ‘+' ve and Gram ' ve Interferes with protein synthesis
o rimosus bacteria, rickettsia
Terramycin
Novobiocm_ Streptomyces niveus Proteus and Diplococcus Interferes with protein synthesis
Chloramphenicol Strepromyces Gram “+ ve, Inhibits protein synthesis by interfering
or & venezuelae Gram ‘-’ ve bacteria, with 505 ribosome function
Chloromycetin rickettsia
Wcm Streptomyces erythreus Gram ‘+' ve bacteria Inhibits protein synthesis
Linomycm Streptomyces lincolnesis Gram ‘4’ ve bacteria Interferes with protein synthesis
Rifamycin Streptomyces mediterranei  Active against tuberculosis Interferes with protein synthesis
bacteria
- Nystatin Streptomyces Fungal infections Damages cell membrane
e noursei due to Candida

Wt

~ 1. Human diseases

Actinomyces scabies

Table 2. Some common diseases caused by actinomycetes.

Pathogen

Mycobacterium tuberculosis
Mycobacterium leprae
Corynebacterium diptheriae
Actinomyces israeli
Nocardia madurae

Actinomyces bovis
Mpycobacterium bovis

Mycobacterium avium

Corynebacterium tritici
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(1843) while studying the causative agent of
pleuropneumonia in cattle (bovine
pleuropneumonia). They were designated as PPLO
(pleuropneumonia-like ~ organisms).  However,
Pasteur could not isolate them in pure cultures on
standard nutrient media or observe them under
the light microscope. In 1898, two French
microbiologists, Nocard and Roux, were successful
in obtaining pure cultures of these microorganisms
in media containing serum. They observed that
these organisms could produce disease when
inoculated in healthy cattle.

Mycoplasmas are frequent contaminants in
tissue cultures rich in organic matter. They have
also been found in hot-water springs and other
thermal environments. They occur in soil, sewage
water, different substrates and in humans, animals
and plants. These pleuromorphic microorganisms
were named as Asterococcus mycoides by Borrel
et al. (1910). Nowak (1929) placed these
organisms in the genus Mycoplasma, which
belongs to the class Mollicutes of the order

Mycoplasmatales.
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M VC‘Opz'asmas

CLASSIFICATION
OF MYCOPLASMAS

The following three genera of mycoplasmas:. ‘havc
been recognised on the basis of their nutritional
requirements.

[A] Mycoplasma

These mycoplasmas require cholesterol for their
growth which is incorporated in their cell
membrane. They are parasitic and infect mucous
membranes and joints of humans and animals.

[B] Acholeplasma

These mycoplasmas donot require cholesterol for
their growth, but will incorporate it into the
membrane if it is furnished in the medium. They
are found in vertebrates and sometimes in plants,
and also occur in soil and sewage water,

[C] Thermoplasma

These mycoplasmas also do not require cholesterol
for.their growth. They are strictly aerobic, acid
loving microorganisms, growing well at pH

0.96-3.0. The optimum temperature for their
growth is 59°C.

STRUCTURE OF MYCOPLASMAS

The absence of a true cell
organisms highly plastic and

wall makes these
readily deformable,
henc irregular and variable in
shape_. The cells may be coccoid, granular,
pear-shaped, cluster-like, ring-like or filamentoys
may be branched or

ty in shape

(Fig. 5 A-E). The filaments
1 is $0 much Variabili

Mycoplasmas ¢y

C..

D_.

Eg.SA-E.Mymplmm:Morphohgyufcolonymdul
shape; A. colony, B-E. Cells of different shapes.

half that usually occurs in other prokaryotes, and is
perhaps the lowest limit required for a cellular |
organism. The amount of DNA is up to 4 per cent |
and RNA about 8 per cent. The G + C content in
DNA ranges between 23 and 40 per cent;
Mycoplasmas may be the simplest form of life
capable of independent growth and metabolism.
Mycoplasmas are Gram-negative and stain !

slowly on long exposure to dyes. They are usually
non-motile; some forms, h

mo owever, show gliding |
ﬁss‘ifg::lents. They reproduce by budding or binary |

to oxytetracycunt'
rythromycin and chloramphenico:

They do . with g

that of bacteria) and 3¢ |

such penicillin and some other antibiofi® -
speéiﬁcﬁl 4mpicillin - ang methicillin, Whic"
: Y affect Peptidoglycan synthesis.

 NATURE OF MycoprASMAS

80w in o medium VI |

AT e U
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Electron micrograph of a cell. j!

i Fig. 6. Mycoplasma :
through many filters which cannot pass bacteria.
Because of these two characteristics, mycoplasmas
are considered to be intermediate between bacteria
and viruses. Chemically, they are more close to
bacteria than viruses.

CULTIVATION OF
PATHOGENIC MYCOPLASMAS

Pathogenic mycoplasmas can be cultivated on
medium containing proteins, sterols (cholesterol),
phospholipids, mucins and nucleic acids (DNA and
RNA). The growth of some obligate anaerobic
mycoplasmas is stimulated by adding yeast extract
and cholesterol to the medium. The optimal
temperature for their growth is 36-37°C. On a
solid medium, the colonies of mycoplasmas have
a characteristic round form with a thickened centre
and a delicate periphery, like a 'fried egg'. Aerobic
Mycoplasmas grow on a medium supplemented
With 20 per cent horse serum.

SOME IMPORTANT
MYCOPLASMAL DISEASES

M : p : ;
Yeoplasmas cause serious diseases in human

"85, animals and plants. Some of these are
Scribed below,

[A] Pathogenesis and Diseases
in Human Beings

Pathogenic mycoplasmas affect the respiratory
Organs, central nervous system, cardiovascular
system and urogenital system in human beings.
Mycoplasma hominis, a species studied most
extensively, causes pleuropneumonia, inflammation
of genitals, non-specific urethritis,
endocarditis and other diseases. Mycoplasmas
generally produce diseases in man when his body
resistance is significantly low.

prostatitis,

Mycoplasma  pneumoniae causes primary
atypical pneumonia (PAP), haemorrhagic laryngitis
and vesicular inflammation of tympanic membrane.
Mycoplasma hominis and M. fermentants are
known to cause infertility in man. M. orale and
M. salivarium also affect human beings.

[B] Pathogenicity for Animals

Mycoplasma mycoides causes pleuropneumonia in
cattle. Some strains of this mycoplasma produce
pleuropneumonia in goat.
bovigenitalium causes inflammation of genitals in
animals. Another species, Mycoplasma agalactia,
produces agalactia of sheep and goat.

Mycoplasma

[C] Mycoplasmal Diseases of Plants

[n plants, mycoplasmas produce diseases usually
by upsetting the hormonal balance. This imbalance
is expressed in the form of symptoms such as
dwarfness, loss of apical dominance, enlargement
of floral buds and bunchy growth of newly formed
sprouts. In plants the mycoplasmal diseases are
transmitted by insect vectors, belonging to the
class Cicadellidae and Psyllidae. Multiplication of
mycoplasma within insect body has been
demonstrated in many experiments. Insects fed on
mycoplasma infected plants become infectious only
after a specific latent period. Some common
mycoplasmal diseases of plants are : (i) Little
leaf disease of brinjal, (ii) Clover dwarf.
(iii) Clover phyllody, (iv) Clover virescence.
(v) Cotton virescence, (vi) Bunchy top of papaya,
(vi)) Witches broom of legumes, (viii) Stripe
disease of sugar cane, (ix) Big bud of tomato.
and (x) Yellow dwarf of tobacco.

112
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Rickettsi, §

RICKETTSIAS
Rickettsias are the smallest prokaryotes,
0.3-0.7 um wide and 1-2 pm long. They are
larger than

any of the viruses and can be seen
with any ordinary microscope at
around 1000 X. Their shape sh
variation; they may

spherical or ovoid an
multiply by transverse
They form pairs or ch
non-motile and donot Produce spores,

Unlike most bacteria, it is difficult to stain
rickettsias with ordinary basic aniline dyes. They
can, however, be stained with Giemsa's stain, and
if they take Gram's stain, they are gram ‘+'ve.

Rickettsias are intracellular obligate parasites

the magnification
OWS considerable
be cigarette-or rod-shaped,
d often pleomorphic. They
binary fission, like bacteria.
ains after fission. They are

In nature, they exhibit

close relationship with blood-sucking arthropods

like fleas, lice and ticks.

[A] Structure

Like true bacteria, th
contains

e cell wall

of rickettsiag
Mmucopolysaccharide

as  the main

Insect vector
Rickersiq rickettsii

Amblyomma,

Orl'nirhodoms,
Red miteg

(Trombicula)

R. rutsugamushi

R, akari Mouse mite
(Allodennonyssus
sanguineys)

R. prowazekii Body joyge

R. quintana Body Jouse

R. typhi
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Ticks (Dermacemar,

ete.)

(Pediculuy hum:mus)

(Pediculyg humanus)
Fleay (Xenomyﬂa cheopis,
ete,)

supporting component, along with the ar
and muramic acid. The cell structure is
prokaryotic type. Ribosomes and nUCIt’::OidS oceyr
in the cytoplasm. Invaginations of the cell
membrane suggest the presence of mesosomeg or
a primitive endoplasmic reticulum.

Rickettsias show autonomous,
metabolic activity. Though they don
own independent systems
synthetic enzymes, they are m

to antibiotics that interfere wit
enzymes.

nino Sugar
Of typicy)

but incomplete
Ol possess thejr
of digestive and
arkedly susceptible
h energy—mcdiating

[B] Transmission

Rickettsias are primarily parasites of Insects, and

appear only secondarily in man and  other
animals. They inhabi the cells lining the
intestines and other tissues of arthropods, such
as ticks,

fleas, lice, bed bugs,

mosquitoes. Some species of pathog
are found in the salivary glands
from where they may be trap
Other species oceur in the intestinal contents of

sanguisugent (blood sucking) arthropods
appear in the faeces. '

spiders and
en rickettsiag
of biting insects,
smitted to man,

Pathogen Multiplies jp But of mite; congenitally
transmitted iy, mite; humang infected through bite
of larval mite

O8en  multiplies BUt of mite; humans
infected by bite of mite,
Pathogen multiplies iy epithelium of louse's
midgut;  humgps infected by bite, faeces, or
Crushing of Joyge on skin,
Pathogen, multiplies gy midgut of louse; humans
infected by faeces OF crushing of louse on skin.
Pathogen multiplies in epitheli
flea;



}*"“‘“’ 105

ic Rickettsias .
(] Pathogen! mountain spotted fever, scrub typhus and Q fever.

Rickettsias are the causative agents of several Some important pathogenic rickettsias, their vectors

t diseases like typhus fever, rocky ;l:iial digeascs caused by them are presented in
e 2,

1

Important
—1Questions

»» Long answer questions

Give an illustrated account of the structure of cyanobacteria.

What are actinomycetes? Mention their economic importance,

What are mycoplasmas? Describe their structure and also comment briefly on their economic importance.

Describe briefly the structure and pathogenicity of rickettsias.

Describe the structure of mycoplasma infecting plants, and explain its mode of reproduction.

Write short notes on:

(i) Symptoms of mycoplasma; (ii) Heterocyst.

7. With the help of the suitable and well-labelled diagrams only describe the ultrastructure of virus, bacteria, bacteriophage
and mycoplasma.

8. Compare the cell structure of a blue-green alga with a bacterial cell and justify the name cyanobacteria for blue-green

algae.
9. Describe structure and reproduction of mycoplasma.

; 10. Why bacteria are considered to the related to the cyanobacteria?

k-

=T

»» Short answer questions
What are cyanobacteria? Write your opinion about their systematic position.
Write a note on mycoplasma.
Differentiate between virus and mycoplasma.
~ Give the importance of bacteria and cyanobacteria for the fertility of soil.
Give labelled diagram of mycoplasma. Give example of a plant disease caused by it.
Write a note on nitrogen fixation by cyanobacteria.
Differentiate between virus and mycoplasma.
Describe the possibilities of genetic recombination in cyanobacteria.
Write the role of heterocysts in nitrogen fixation.
Draw well labelled diagram of a cyanophycean cell under electron microscope.
'The nyambactma show physiological resemblances to aerobic photoautotrophs.” Comment upon the statement.
‘Cyanobacteria cause a decline in the fish population.’ Justify the statement.

W

et Tl b

-

short answer questions

ame the cell wall material which is present only in cyanobacteria and bacteria.
e the pathogen responsible for pleuropneumonia in cattle.

en is responsible for little leaf of brinjal?

any two features in which blue-green algae resemble bacteria.

'@ m:m cumpunent of outer covering of mycoplasma?

.. a cell M J
iy it glebiig ol
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_ in humans.

pprae s responsible for

ained with ........-- g

7. Mycobacterium le
ynia in cartles.

8. Ricketisias can be st
causes pleuropneuimc .
Sen i o vveeesss disease

10-. Bunchy top of papaya is a

»» True and false statements :
Mycoplasmas are larger than c_\'.'muhulctlcrm_
Mycoplasmas are insensitive to penicillins
Cyanobacteria is the term used for the me
Bia bud of tomato is a mycoplasmal disease. Sty
. ilaginous sheath outside the cell wall as in bacteria.
erium bovis.

but killed by tetracyclines.

mbers of a particular order of bacteria.

The cyanobacteria have a muc
Tuberculosis of domestic fowls is caused by Mycobact .
Actinomycetes are the smallest known aerobic prokaryotes wnhn_ut a cell w.;:ll.
The absence of a true cell wall makes mycoplasma highly plastic and readily

Mycoplasmas are gram-positive.
Species of Rickertsia are responsible for typhus fever.

deformable.

SOX®AD e WD -

»» Multiple choice questions

1. Cyanobacteria are: 6. Which of the following is called ‘joker of plag

(a) photoautotrophs (b) photoheterotrophs kingdom'?
(c) chemoautotrophs (d) chemoheterotrophs (a) virus (b) bacteria
2. Cells in some filamentous cyanobacteria that are (c) rickettsia (d) mycoplasma FE
specialized for nitrogen fixation are called: 7. The mycoplasmas are:
(a) heler?cysts (b) mesosomes (a) thick-walled bacteria(b) thin-walled bacteria
(c) volgun (d) phycobilisomes (c) thick-walled cyanobacteria
< tI'he main symptom caused by a mycoplasma disease (d) cell wall-less bacteria !
l(l;JP:::)l:zi I: o) 8. The heterocyst is present in: f
c i af i ;
i (b) little IE‘_if (a) Oscillatoria (b) Vaucheria
oot knot (d) none of the above (¢) Nostoc (d f
4. Mycoplasma cells possess: 9 The b Moo o
(a) DNA (b) RNA 2. - e c};ll‘i\gments chlorophyll a and phycobiliproteins are
ou : '
(c) DNA and RNA (d) none of the above (a)nfu o : !
5. Mycoplasma was discovered by: ."gl (b) bacteria
() Nocard and Roux (b) Louis Pasteur " () viruses _ (d) cyanobacteria F
&) Yeewentioek . Who is responsible for pleuropneumonia in cattles? |
(d) Lederberg and Zinder (2) mycoplasma (b) viroids |
(c) rickettsias (d) actinomycetes
L8 !
»»Very short answer questions
!

ANSWERS ( ‘.
|
|

»»Fill in the blanks
1. without, 2 myco
: plasmal, 3. acg
e i) mnomycetes, 4. mycoplasma, 5,
2 Mycoplasing mycoides, 1( m o st
T’T)m and false statemenss s T ok
. False, 2, True, 3. False, 4, True, 5. True, 6

»>Multiple choice questions
L @), 2 (), 3 (b), 4. (c), 5. (b)

‘+ve',

[alse‘ ;. [aISe, 3. llue 9. iaﬁ ” [lue.
» lc l
] 2

6. (d), 7. (d), 8. (c), 9.

), 10. (a).
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Applied Microbiology

" The man lives in an environment that contains innumerable micro-
organisms, which are so small to be seen only under high power of
a microscope. These organisms have a profound influence, directly

or indirectly, on our daily life. Some of these micro-organisms

~ contaminate various food and other useful products, while several
others provide many beneficial products by their vital activities.

- Beneficial activities of microbes are described in the following pages.

ECONOMIC IMPORTANCE OF VIRUSES

MICROBES AND VACCINES

Mare several diseases like diphtheria, whooping cough, measles,
umps, yellow fever, small pox, etc., that are unfamiliar to many
days. However, in the 19" and early 20" centuries, these
€S struck hundreds of thousands of people worldwide and among
Most were children. These illneses killed tens of thousands of
0P Today these diseases are not heard of. This change has
PPened largely because of vaccines.
1€ Word vaccine has been derived from the Latin word vacca
Itis an immunizing agent which provides specific protection
B given disease, Vaccine is biological preparation that improves
M 0 a particular disease.

i'%r--;».{'ﬁ‘,h. i ‘if"_3 i gt )
'ylnfmi!«*-:! T TN
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Vaccines work by mimicking disease agents
and stimulate the immune system to build up
defenses against them. Before the invention of
vaccines, the only way to become immune to a
disease was to actually get it and with luck,
survive it. This type of immunity against an illness
is called naturally acquired immunity, wherein
the person has to suffer the symptoms of the
disease and also risk the complications, which can
be quite serious or even deadly. Moreover, if the
disease is contagious, it can also be passed on to
the family members, friends or even others who
come in contact. Vaccines, on the other hand,
provide artifically acquired immunity. It is much
safer way to become immune to a particular
disease. Vaccines can prevent a disease from
occurring in the first place and also decrease the
risk of complications and its transmission.

When a vaccine is injected into our body, it
will trigger an immune response in the same way
as our body would respond after an exposure (o
the virus, but without the person suffering
symptoms of the disease. Our body’s immune
system will detect and recognise the pieces of
virus or the killed/weakened virus (also called
antigen) in the vaccine as a foreign invader and
will start an immune response by producing
proteins called antibodies. The antibody proteins
produced in our body during an immune response
will then identify and neutralize these foreign

Vm’m or viral proteins. If our body comes in
L tact with the same virus in future, our immune
' would respond fast enough to prevent the
nt. The immune system recognises the
d makes enough antibodies to fight against
faster, leading to a much more rapid
onse. This faster immune response
‘our body from the potential viral
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[A] Non-Adjuvanted Vaccine

This vaccine has only antigen as it
component. An antigen, as mentioned above, i
chemical substance that will trigger an iy a
response in the human body and this wil] ¢
the body to produce antibodies. Usually Viryg
proteins or weakened viruses are used as vacjy,

antigens.
[B] Adjuvant Vaccine

This vaccine has two main components — b
antigen (piece of virus or weakened/killed virys)
and an adjuvant. An adjuvant is a substance thy
is added to a vaccine to help in enhancing the
immune response of vaccine.

The key advantage of adding an adjuvant i
that it reduces the amount of antigen required in
the vaccine to create an immune response.

Vaccine Production

Vaccines are produced on commercial scale as
they need to be administered to large populations
of children and adults to be effective as public
health tool.

[A] Generation of Antigen
from the Microbe

Vaccine production has several stages, viz. this
involves making of an antigen preparation from
the microbe. For this, the virus or microbe i
grown either in primary cells such as chicken €&
cell lines or cultured human cells. For producit
vaccine for a bacterial disease, the concemme®
bacteria may be grown in bioreactors. The antige"
may be a part of the microorganism or it M¥
also be a toxin from the organism. ins Of
parts from the organisms can be generated
yeast, bacteria or cell culture. B
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Addition of Adjuvants of
[ stabilizers and Preservatives

o antigen IS developed, the vaccine is
formulated by adding adjuvants, stabilizers and
reservatives: The role of adjuvants, as mentioned
is to enhance the immune response of the
The stabilizer increases the storage life,
rvatives allow the use of multidose

Once th

antigen-
and the prese

yials.
viral vaccines are¢ now available for several

viral diseases like polio, measles, hepatitis A,
hepatitis C. influenza, German measles, mumps,
rabies, etc.

VIRUSES AS RESEARCH TOOLS

We know viruses as pathogens, but they can also
pe used for the benefit of human. The basic
technology of genetic manipulation was developed
from studies on bacteria and viruses. Given below
are some areas Of biological/medical sciences
where viruses are being routinely used as model

organisms.

Viruses and Gene Therapy

Viruses are widely used in the gene transfer during
the production of transgenic plants and animals.
In human beings the method has not been
attempted to induce modifications in germinal cells
due to technical and ethical reasons. However,
genetic manipulation of somatic cells of individuals
is being attempted for last several years using
viris as vectors. In technical terms, this
manipulation is known as gene therapy.

The objective of gene therapy is to introduce
a functional gene into a cell of a human patient
to express desired functions or (0 correct the
~ defective or non-operational genes within these
 cells. The original idea behind gene therapy was
the treament of individuals with an inherited
 genetic disorder, but applications in this have been
3 l“"“‘“‘vl&‘lostof the clinical trials have been made
10 treat cancer, The common prerequisites for gene

_be one or very few genes
orrection for disease control.
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(2) It is essential to identify a suitable therapeutic
gene, and

(3) There must be some method to deliver the
gene to the target cell.

'Vlruses are very good vectors for getting the
fOfC}gn gene into the desired cells. They have the
ability to protect the foreign gene while
transporting it to the required area of the body.
Several viruses have been used as vectors in
clinical trials of gene therapy. Of these adenovirus,
retrovirus, vaccinia virus, poxvirus and adeno-
associated virus have been most commonly used
vectors. A good virus vector is nonpathogenic.
integrates into the host genome efficiently and has
wide choice of insertion sites.

Viruses in Cancer Control

Though viruses are associated with cancer in human
beings, but they also have beneficial applications in
the control of cancer. Some viruses are innately able
to target and destroy cancer cells. For example,
several RNA viruses have innate anti-cancer activity;
they produce higher levels of cytotoxicity in
cancerous cells. It is therefore, possible that in future
some RNA viruses may be found suitable for
enhancing cytotoxic activity in targeted cells.

Besides this, prophylactic and therapeutic
vaccines are now available for human papilloma
virus (associated with cervical cancer) and for
hepatitis B virus (associated with hepatocellular
carcinoma).

In addition to vaccines, studies have been
made to use the cell killing effects of viruses
directly. A range of viruses have been used for
targeted killing of cancerous cells. This approach
of cancer therapy is known as virotherapy. It
has been observed that virus infection of cancerous
cells may enhance both innate and adaptive
immune responses. Therefore, such viral infections
are beneficial for cancer patients.

Virus may also be used in virus directed
enzyme producing therapy. In this therapy the
virus is used to insert an enzyme into the traget
cells that can activate an inactive precursor of a
cytotoxic drug administered to a patient. Thus the
active cytotoxic form of the drug is only produced

where the relevant enzyme is present.
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Bacteriophage Therapy

As you know bacteriophages are highly SPeClﬁlC
viruses that invade bacterial cells, disrupt .the:r
metabolism and destroy them. They are be[_leved
to be the most numerous type of viruses
accounting for majority of the 10°! viruses present
on earth. They occur abundantly in water, with
over 10% per milliliter recorded from some
sources. Majority of bacteriophages are specific
to a single host species.

Early experiments on bacteriophages suggested
their significant role in disease control. But the
early enthusiasm vanished after the discovery of
antibiotics. Pharmaceutical companies diverted
their research in the area of antibiotics and by
1990s several broad spectrum antibiotics were
discovered which were effective against several
bacterial fungal infections. But during last decade
it has been observed that pathogenic bacteria have
developed resistance to several antimicrobial
agents, including antibiotics. Moreover,
pharmaceutical companies find business of
medicines related to cardiac, renal, gastrointestinal
and -]?epaﬁc diseases more Iucrative than producing
antibiotics. This was the time when phage therapy
got revitalized,

' In humm_l beings phages can be administered
(1) orally in tablet or liquid formulations,
(i) rectally, (i)

Virus 1 (HSV1) is a common virus that cay
cold sores and fever blisters. Mos_t peop[? harby,
this virus and the strain (HSVI) 1S acquired fy,
mothers. Recently scientists identified two disﬁncz
strain of this virus inside one person,-who Passeg
to strains of HSV-1. One strain of this mdiVidual
was European/North American apd the other Wag
Asian which was likely acquired during the
volunteer’s military services. Thus in this stugd
HSV-1 strains revealed the person’s life-higt,
at molecular level. Using a finger pringp
technique on HSV-1 could further provide 5 lot
of information that genomes do not provide,
Further research could open an altogether new
branch — the ‘forensic virology’ where Viruses
could be studied to locate criminals/suspects gt a

crime scene or trace relatives of unidentifieq
bodies.

Viruses in Pest Control

Use of biological organisms to control
pests is known as
biocontrol. A large v

damaging
biological pest control or
ariety of organisms are being
used to control some important diseases of plants.
Biological agents are preferred over chemical
agents as their effects are longer lasting and are
inherently less toxic than conventional pesticides.
However, they account for only a small fragment
(approximately 2%) of the total agricultural
pesticide usage. It jg because of the high
specificity and slow effects of biological agents.
These agents show less stability in adverse

agents account for

Baculoviruses are a large group of viruses

. iilil::sccts and other arthropogs, They are quite
Bttt ' the species  that they infect

have thjck Protein shells around the
that CONtains viral genome, Therefore:
show higp level of environmentdl

nucleocapsid
these viryseg
Stability,
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mody of the insect. Eventually, it
dﬁough"’“ he death of the insect and a large
lts ’m of new Viruses is released from the

Se"frat:jm;emains of the killed larva.
: gi-uses have been found to control effectively
i

jarvae of putterflies, moths, rhinoceros beetle,
the

glC.

ECONOMIC IMPORTANCE
OF BACTERIA

———

Bacteria are both our foes as well as our friends.
On the one hand, they cause a number of serious
jiseases of plants and animals, including man.
They may threaten the very existence of human
race, if there is a bacterial warfare. On the other
hand, they run the carbon cycle and the nitrogen
cycle thus maintaining the balance of carbon and
itrogen and a number of industries such as dairy,
vinegar, tea, tobacco and leather are bound on
them. Thus they play an important role in our
daily life. Some important useful and harmful
activities of bacteria are described below.

USEFUL ACTIVITIES
OF BACTERIA

Mik is one of the best complete foods for man
i{nd it has high nutritive value. Because of its
fichness in various nutritional elements, microbes
find it a suitable medium for their growth. There
4Ie various sources which contaminate milk. The
t;a:hOPf’-nings of cattle are usually contaminated
microbes and the first stream of milk drawn

M the udder contains more micro-organisms
the later streams of milk. Subsequent
on of milk is through air-borne
Viter 1 g in the utensils and milk, through
: age, etc.

hﬂﬂeranr-,li?:fbdairy products, such as curd, cheese,
f lactic acidu:cr’ etc. are obtained by the activity
Ly actena: These l:.aacteria convert the

Y resylg. Present in the milk into lactic acid.
in i Milk becomes sour and the casein

se d
Parated, Some microbes which ferment

con

milk are Lactobacillus acidophilus, L. helviticus,
L. plantarum, Streptococcus lactis,
S. thermophilus and Leuconostoc citrovorum.

Butter is also an important milk product,
prepared by churning sour milk. In the process.
fat globules are separated and butter milk (skim)
is obtained as a by-product. In order to get desired
flavour and aroma, a starter culture of
Streptococcus cremoris, Leuconostoc citrovorum
or L. dextranicum is added to the milk. Mostly
pasteurized milk is used for manufacturing butter
to ensure that there are no pathogenic micro-
organisms.

Cheese making is also an important
microbiological process in dairy industry. The first
step known as curdling, involves separation of
milk protein (casein) from whey. The second step
involves ripening of solid curd by the action of
bacteria and fungi. Some important microbes
associated with cheese manufacturing are
Streptococcus lactis, S. cremoris, Leuconostoc
citrovorum and L. dextranicum. Certain bacteria
and yeasts grow on the surface of cheese where
they produce enzymes which are responsible for
the flavour and aroma of the cheese. For instance,
rocquefort and cambert cheese are ripened by the
blue-moulds, Penicillium roqueforti and
P. camemberti respectively.

Alcoholic Fermentation

Large number of micro-organisms, both
prokaryotes (bacteria) and eukaryotes (fungi) are
used in alcoholic fermentation. Of these
Saccharomyces cerevisiae (brewer's yeast) is the
most important. Beer, rum, whisky, wine and
several other alcoholic beverages are all products
of yeast fermentations. The nature of the beverage
depends on the material fermented and the strains
of yeast used in fermentation. For example, beer
is made by yeast fermentation of grains to ethanol
and carbon dioxide. Rum is a product of
blackstrap molasses fermentation and whisky is a
product of corn and rye fermentation. For the
production of wine, grapes are fermented by yeast
and as such soluble sugars (glucose and fructose)
are converted into carbon dioxide and ethyl
alcohol. In order to get the desired quality of

(MICROBIOLOGY)
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wine, ethyl alcohol is further fermented by using
other microbes like Pediococcus, Leuconostoc and

Lactobacillus. . .
Wine is also prepared by fermenting rice

grains by Aspergillus oryzae. )
Butyl alcohol is obtained on fermenting
molasses by anaerobic bacteria like Clostridium

acetobutylicum and C. butyricum.

Production of Organic Acids

Several microbes are used in the commercial
production of a variety of organic acids.

Citric acid is manufactured by fermenting
sucrose and molasses by the species of Penicillium
and Aspergillus (A. niger, A. wentii).

Itaconic acid is obtained on fermenting
glucose or sucrose solution by Aspergillus
itaconicum and A. terreus.

Gluconic acid is prepared by fermenting
sugary solution by the species of Penicillium like
P. chrysogenum and P. perpurogenum.

Kojic acid is produced when Aspergillus
oryzae is grown in a medium with sugar plus
minerals. The fungus is allowed to grow
aerobically at 30-35°C for about 12 days.

Acetic acid is produced by fermenting
sugary solutions. It involves (i) alcoholic
fermentation of sugar, and (ii) oxidation of the
alcohol to acetic acid. Usually yeast fermentation
is used for the production of alcohol. Thereafter,
alcohol is exposed to the action of acetic acid
bacteria (Acetobacter spp).

For the production of lactic acid sugars
are fermented by Lactobacillus and Streptococcus
Fumaric acid is produced when sugar to
which other nutrient salts and calcium carbonate
are added is fermented by Rhizopus stolonifer.

Production of Enzymes

il microbes synthesize large quantities of

ase are some of these enzymes
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Amylase is obtained from Aspergilly, -
oryzae, A. niger, Rhizopus delamar and Bacijj,,
subtilis. The enzyme is used to hydrolyse star
to dextrin and sugars and in preparing sizes and
adhesives, desizing textiles, clarifying fruit juices,
manufacturing pharmaceuticals and several othe
purposes.

Zymase is obtained from Saccharomyce
cerevisiae and it is used in the production of ethy]
alcohol by fermenting carbohydrates.

Invertase is also obtained  from
Saccharomyces cerevisiae. It hydrolyzes sucrose
to a mixture of glucose and fructose and is widely
used in the production of candy and nop-
crystallizable syrups from sucrose.

Pectinase is obtained from the species of
Penicillium. Tt is used to clarify fruit juices and
also to hydrolyse pectins in the stems of flax hemp
and jute plants, thus releasing cellulose fibres
which are used in the manufacture of linen and -
burlap, respectively.

Proteases and peptidases are obtained from
Aspergillus oryzae and Bacillus subtilis. Proteases
are largely used for baiting and other leather-
processing steps, degumming of silks and cleaning
in laundries as an adjunct to soap.

Glucose oxidase is produced from Aspergillus
niger and it is used to remove glucose from egg
white and to oxidise glucose to obtain gluconic acid.

Production of Vitamins

Several vitamins are produced by microbes as
primary growth products or as bye-products in
certain microbial reactions. Vitamin By i
commercially produced by Strepromyces and
Bacillus when they are grown in nutritive medium
containing sugarcane molasses. Riboflavin i
produced as a growth product of the mold Achl
and Clostridium acetobutylicum. Yeast cells are 3
very good source of vitamin B and D. Vitamit
A is produced by Rhodotorula gracilis.

Production of Antibiotics
and Medicines

Several antibiotics obtained from microbes &
mentioned elsewhere in this book.
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Micro-organisms  are also used in the

ufacture of several important medicines. Ergot,
man 4 from a fungus, Claviceps purpurea, is
prepm:) induce uterine contraction for abortions,
usessm]al disorders and to check haemorrhages.
e.Ephedl'iﬂe is synthesized fr(?m ‘benzaldehyde by
the activity ©of yeast, and it is used for the
reatment of asthama and nasal troubles.
Cortisones  are prepared by fermentation of
des of plants by moulds like Rhizopus

glyCOSi G . ‘
nigricans, Aspergillus  niger and species of
Fusarium, € unninghamella and  Neurospora.

Cortisones are used in the treatment of rheumatoid
arthritis.

Besides, a variety of microbiological antigens
(vaccines) are prepared on commercial scale for
the control of infectious diseases through
immunization. Development of  effective
immunizing antigens constitutes major programs
in the pharmaceutical industry.

Baking Industry

Saccharomyces cerevisiae is commonly used to
leaven the bread, to produce desired flavour
and for conditioning the bread. Yeast produces
(0, and alcohol by fermentation of carbohydrates.
- The carbon dioxide produced during the
' fermentation is responsible for leavening of dough.
The quality of the product depends on the proper
selection of yeasts, incubation conditions and
choice of raw materials. Some bacteria like
Streptococcus lactis and Lactobacillus casei are

used to improve the flavour of dough and quality
of the bread.

i\ ' As Food

5
3

‘ &m of micro-organisms are consumed by
f bllmn bﬂ?ﬂss. Chlorella, a green alga rich in
' m” used as food. Several fungi like yeast,
opus stolonifer, Aspergillus oryzae, Penicillium
and Torulopsis utilis are also rich sources
Fats and lipids are synthesized in
ial manufacture of fat at the
Torulopsis  pulcherrima,

= Rl
i .ifgu'- ¢
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giutinis, Aspergillus fischeri, Penicillium javanicum
and Geotrichum candidum are some important
fungi which are rich sources of fats. Molasses,
waste cellulose material, grain wastes, lactose in
whey, etc., can be used as substrates for growing
these fungi. A food article, Indonesian tempeh,
is made by fermenting soaked soybeans with
Rhizopus spp. Similarly, shoyu is prepared by
fermenting soybean paste, rice, wheat, etc. by
Aspergillus oryzae, Saccharomyces rouxii and
Lactobacillus.

Increase Soil Fertility

Although there is 78% nitrogen in the atmosphere,
plants in general donot have the capability of
utilizing it directly. However, certain free-living
as well as symbiotic bacteria can fix molecular
nitrogen into nitrogenous compounds. The nitrogen
fixing bacteria can be grouped into the following
three categories.

[A] Ammonifying Bacteria

Many saprophytic bacteria hydrolyse the proteins
of dead plant and animal matter present in the soil
into amino acids and organic nitrogenous bases. The
ammonifying bacteria convert amino acids into
ammonia (the process is known as ammonification).
The free ammonia combines with water and carbon
dioxide (present in the soil) to form ammonium
carbonate. These ammonium compounds are used
by many crops as a source of nitrogen. Bacillus
mycoides, B. ramosus and B. vulgaris are some
important ammonifying bacteria.

Another important source of ammonia in the
soil is urea. Animal population of the world
excretes more than 2,00,000 tons of wurea
[CO (NHj),] per day which is decomposed by
Bacillus pasteuri and Sarcina ureae.

CO(NHj); + 2H,0 ——> (NH4),CO;
urea (carbamide) :

(NH4)2CO3 — 2NH; + CO; + HyO
[B] Nitrifying Bacteria

Oxidation of ammonia (or ammonium salts) to
nitrate is known as nitrification. In nature it is
brought about by two highly specialized groups

(MICROBIOLOGY)
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electric discharge

N2+ O2
oxides dead organic matter
decomposers
(bacteria, fungi, etc.)

ammonia and

on?® | nds
W its compou

precipitation with rain

death of plant and
animg) protein

n fixation by

ing blue g

Rhizobium £
% 4
Azotobacter B
[ '?a ‘ / o
absorption
soil nitrates by roots

animals

plants

Fig. 1. Nitrogen cycle.

of obligately aerobic chemoautotrophic bacteria.
It occurs in two steps.

In the first step, ammonia is oxidised to
nitrite; the oxidation is brought about by
Nitrosomonas, Nitrococcus or Nitrosospira.

Nitrosomonas
NH*; + 200 ——— NO, + 2H,0 +158 Cal

In the second step, nitrite is oxidised to

nitrate by Nitrobacter.
Nitrobacter

2NO, + O ——» 2NO3 + 432 Cal.
[C] Nitrogen Fixing Bacteria

These bactena fix the free nitrogen and are of

. the following two types.

-
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the root nodules of leguminous

plants. Carbon compounds (i.e., carbohydrate) are
supplied to these bacteria by the plant and the
bacteria fix nitrogen, producing ammonia and
various amino acids. In a field containing legume
plants 100-400 kg of nitrogen per hectare can b
fixed in a year. Thus leguminous plants increast
the utilizable nitrogen in the soil and are therefore,
used in crop rotation.

[II] Free-living forms
It is a large and heterogeneous group of nitroge?

fixing bacteria which occur free in the soil

Species of Azotobacter and Clostridium belong ©
this category. These forms are probably not 3
important as the symbiotic nitrogen fixers. The
are aerobic forms and can also use ammonid ¥
a nitrogen source. Hence they do not fix nitrog”
if ammonia is present in the soil. In each hectd®
of ordinary soil 25-50 kg nitrogen is fixed Y
these bacteria in a year.
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Retting Process

g a controlled microbial decomposition

Retting ! : bst: ;

¢ pectin (the cementing substance which keeps
5 5 ;

o (issues together) without simultaneous

decomposition of fibres. Thus it results in the
separation of fibres. The s‘tems of ﬂax.l hemp, etc,
are jmmersed in w_ater tf)r long periods where
dewmposition sets in. Thh process is facilitated
by anaerobic butyric acid bacteria, such
Clostridium botulinum, I tetani and
¢, perfringens. These bacteria  primarily
decompose the plant pectin, thus freeing fibres. If
the process of retting continues for a long period,
then cellulose fermenting bacteria develop and
destroy the fibres.

das

Degradation of
Petroleumm Hydrocarbons

Many bacteria, such as  Pseudomonas,
Achromobacter, Micrococcus and Candida are
capable of degrading petroleum hydrocarbons both
in marine and fresh water habitats. Amongst these,
Pseudomonas is the most important genus that
can utilize petroleum hydrocarbons. Thus these

§ bacteria can be used to check pollution after oil

spillage.

Sewage Disposal

Sewage is the domestic and/or industrial
Waterbome waste. The domestic sewage includes
excreta and wash water that goes into
KWage System. The industrial sewage includes
acids, oils, gases and animal and vegetable matter
harged by factories. Sewage -contains 99-99.5
for Cent water and 0.5-1.2 per cent solids in the
COmeOf microscopic particles, colloids, organic
Scwag:nds and m%croorganisms. Besides, raw
Nﬂlilj;e,ma? contain millions of bacteria per
ey cluding  coliforms, streptococci,
1€ spore forming bacilli and also types
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originating from the intestinal tract of human
beings.

The discharge of untreated sewage into rivers
and lakes causes : (i) greater dissemination of
pa‘thogenic microorganisms, (ii) pollution of
d_r.l_nking water, grasslands and agriculture fields,
(1)) increased danger to aquatic life, and
(iv) offensive smell. Therefore, it is essential to
treat sewage prior to its discharge as this results
in the mineralization of the organic components
in sewage. A variety of microorganisms (including
bacteria, fungi and protozoa), collectively known
as sewage fungi, help in the biological degradation
of organic matter.

Use of Bacteria in Medicines

Bacteria are also the source of many antibiotics,
serums and vaccines. Antibiotics are the chemical
substances secreted by certain microorganisms
which inhibit the growth and development of other
microbes.

The antibacterial property of cuiture filtrates
of Penicillium notatum was first observed by
Alexander Fleming in 1928 and the active
principle of the filtrate, penicillin, was isolated
by H.W. Florey in 1944. Since then a number of
antibiotics have been isolated from bacteria mainly
from the species of Streptomyces and Bacillus.
Antibiotics show the following characteristics.
They have inhibitory effects only on parasites
but donot affect the growth of the host.
They are effective only when a certain
minimum dose is provided.

They do not interfere with the natural defence
mechanism of the host.

They do not produce undesirable effects (such
as allergy, desiccation, etc.) on the host.
They do not affect the natural microflora of
the host.

Some important antibiotics and their source,
range of action and mode of action are given in
Table 3.

(1)
(2)
(3)
“4)

(5)
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: i ar tibiotics, their source, rang

Table 3. Some important an LS

Source Range of action

biotics -
= bacteria Inhibits synthesis of bacterial ce]] wallg
Bacitracin Bacillus subtilis Gram + v: iy T S A S
; d i ’ !

Polymyxin G Bacillus polymyxa gr-dm . :c i =ipipsnade:
S5 Rl i i Gy r~dm and cocci Inhibits formation of bacterial cefj wall
Tyrothrycin Bacillus brevis Gram — ve

Bacteria in Biotechnology

Bacteria are one of the best materials for work
on genetic engineering. A gene from a vertebrate
animal, including human beings, can be inserted
into the DNA of a bacterium, This artificial
manipulation of genes within a particular species
or between different species is known as
recombinant DNA technology. In many cases the
inserted genes code for commercially useful
products.

One of the earliest accomplishment of gene
manipulation, involving  bacteria, was the
production of human insulin. This hormone is a
small sized protein which consists of two
polypeptide chains. In our body this hormone is
produced by pancreas and controls the body's
uptake of glucose from blood. Shortage of insulin
causes diabetes mellitus and the sufferers are
forced to use insulin extracted from the pancreas
of slaughtered animals. Thus obtaining insulin from
animal sources is an expensive process. Moreover,

the insulin fro animals is not ag effective as
human insulin
Human  insylin IS NOW produced op

growth, is pow being
Each ce])

same amount of hormone from the anmal soyrce
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Transfer of interferon gene into bacteria has beep
accomplished. Thus it appears possible to use
bacteria to manufacture large number of eukaryotj
products such as hormones, an[ibiﬂtlcs- €nzymes,
etc., using plasmids as a convenient tool of gene
transfer.

Bacteria in Pollution Control

Bacteria are good pollution fighters. They clean
up the pollutants and toxic wastes produced by
various industrial processes. Bacteria either tum
these pollutants into energy sources which they
use themselves or produce enzymes that break
down toxins into less harmful substances. Use of
bacteria to degrade pollutants from soil,
underground water., chemical spills, etc., is
known as bioremediation. Two bacterial genera-
Pseudomonas and Bacillus are commonly used
bioremedial microbes, Although these bacteria are
naturally present in the so] but they degrade the
pollutants slowly due to their small number. For
e€xample Pseudomonas is aple to degrade oil for
their carbon ang €nergy requirements but the
Process is too slow to be helpful in cleaning up
an oil spill. Scientists have, however, been
successful in increasing the population of ol
degrading bacteria along the affected beaches by
i nitrogen and Phosphorus fertilizers which
act as bioenhancers.

S_cientists have alsq successfully developed
genetically engineered bacteria which secrete
enzymes effective in cleaning drains.

In Production of Bio-gas
_-_-'-—--—..-_._‘__

Due to oj) Crisis there is increased interest in U
of power alcoho] and bio-gas as a supplemcnt to
conventional fyejs. Gasohol (mixture of 90%
gasoline and 10q alcohol) is used
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ceveral countries 0 combat the energy shortages,
However: widespread usage Of_ this fuel mixture
epends O the lcost of producing alcohol, Large
jantities of suitable !0w-co§t ra\fsr materials are
available for fe@entatlon. Microbial fermentation
of sugarcane juice to ethyl‘ alcohol can partially
meet €nergy rcquir.ement. I*._th_\‘l alcohol can also
be produced by bioconversion of lignocellulose.
Livestock waste can be used for generation of
bio-gas (methane) through microbial fermentation.
The methane generation is dependent upon
microbial conversion of cellulose and other
materials to methane under anaerobic conditions.
The residue 18 used as organic fertilizer for crops.
Microbes synthesize hydrocarbons and oxygenated
compounds, which may serve as liquid fuel. Many
marine and fresh water red, brown and green
algae, diatoms and phytoplanktons produce
neneicosahexane (C7;) hydrocarbons. Pentadecane
(C;s) predominates in brown algae and
heptadecane (Cy7) in red algae.

Hydrogen is a valuable fuel. Several algae
such as Chlorella, Chlamydomonas, Scenedesmus,
Dunaliella and Oscillatoria have the capability of
producing hydrogen from water in sunlight. This
process is known as biophotolysis and is mediated
by the enzyme hydrogenase. However, in
cyanobacteria and phototrophic eubacteria, the
chief hydrogen-producing enzyme is nitrogenase.
This enzyme reduces dinitrogen to ammonia with
the use of electrons, protons and ATP. Some of
the reduced protons are evolved as hydrogen gas.
In cyanobacteria, hydrogen evolution depends upon
light which provides electron donors. The
pretreatment of Nostoc muscorum with sulphide
induces a 3- fold stimulation of nitrogenase-
catalyzed hydrogen production.

In Petroleum Industry

Micro-organisms are also involved in such diverse
4¢3 a5 petroleum formation, exploration for
I:fmlwm’ clean-up of oil - spills and deterioration
h Petroleum products. Many microbes can utilize
DS as sole sources of carbon and energy

fan degrade petroleum hydrocarbons both in
'lmmzmmc_l fresh water ecosystems. Some
Microbes capable of degrading petroleum
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h
ydrocarbons are the species of Pseudomonas,
Achromobacter.

Rhodot M!'Crococg:us_ Nocardia,

orula,  Cunninghamella,  Penicillium,
Thermomicrobium, Oscillatoria,  Anabaena,
Chlorella,  Dunaliella  and Porphyridium.

gzo‘grﬁd"“m perfringens, Vibrio desulphuricans and
eggiatoa alba are some important microbes
which are associated with petroleum formation.

In Waste Treatment and Recycling

Microbes play an important role in the treatment
and recycling of sewage, organic and municipal
.W'd.'\l(_‘h. and other wastes arising from various
industries. Recycled organic wastes can be used
as animal feed, fertilizer, fermentable substrates,
or soil conditioners. Sewage consists of domestic
and industrial water-borne wastes. The application
of algal-bacterial systems is of much significance
in sewage disposal. The algae release oxygen
during photosynthesis and synthesize the bacterial
degradation products into new protein-rich algal
biomass. Water treatment may be carried out in
facultative or integrated ponds. These ponds are
suitable for treating municipal sewage and other
domestic wastes. Certain algae, such as Spirulina,
Scenedesmus and Chlorella, are suitable for this
purpose. The mass cultures of these algae in the
system are used as animal feeds. Concentrated
organic wastes are best treated in anaerobic
lagoons which have a diverse variety of micro-
organisms that generate methane and carbon
dioxide. Besides, some protozoans (e.g.,
Opercularia microdiscum, Vorticella convallaria,
Chilodonella uncinata and  Trachelophyllum
pusillum play an important role in aerobic sewage
treatment. They occur in plenty in both percolating
filters and in activated sludge plants.

In Mining

The traditional method of processing ores is a
major cause of air pollution. In recent years,
micro-organisms have been used in the recovery
of minerals from ores without any pollution. Some
autotrophic aerobic bacteria like Thiobacillus
ferrooxidans and T. thiooxidans when grown in
the presence of copper ores produce acid and




118

Applied z‘-rﬁ(“mbim'ng\-

with subsequent
hnigue improves

the ore

affect oxidation of
precipitation of the metal. The tec
the recovery of the metal from the ore and there

is no pollution of the atmosphere.

Microbial Immobilization

Immobilized microbial cells of Escherichia coli,
Saccharomyces,

Pseudomonas,  Streptococcus,
Aspergillus, Micrococcus, Strepromyces,
Enterobacter, Nocardia, Rhodotorula, etc. have

various applications. They are used to produce
amino acids, malate, glutathione, fructose, glucose,
ATP, NADP, coenzyme A, vitamin B, and
menthol. Anabaena, when adsorbed on glass
beads, breaks up water in the presence of light,
producing hydrogen gas. Immobilized yeast cells
produce ethanol from molasses.

In Bioassay and Biological Warfare

Micro-organisms are found to be useful in
several biological studies. Many genetical and
biochemical studies are being conducted on
micro-organisms. The studies on fine structure of
genes and their synthesis were possible only on
microbes. Some micro-organisms can be used to
assay the potency of chemical substances, such
as drugs, vitamins, antibiotics and amino acids.
Thus they have practical applications  in
pharmaceutical industries. Microbiological assays
are highly specific and unusually sensitive. For
mstance, as little as 0.1 nanogram (0.1 g) per
ml of vitamin biotin can be detected by using
g.actobaciflus casei. Similarly, Neurospora crassa
1s proved useful for the detection of vitamin B
In a sample. Besides, several microbes like
Aspergillus niger are used in the detection of
traces of zinc, nickel, copper, efc. in a sample
Azotobacter is used as test organism to detcct.
;ﬂ::] ‘pr&ccnce of potassium and phosphorus in the
ndeston. For g iy, POl
g ‘ ce, ridium perfringens
acts as .a water quality indicator, especially fi
 Tecreational water quality and g T
g a monitoring

it for examining chlorinated drinki
nt ol inkin i
bunqn_system. Vi
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Now-a-days, many harmful and pathogenic
microbes (c.g'.. Coccidioidomyces) are used i,
biological warfare to causec disease and death j,
enemy camp.

[n recent times, microbes have found ,
prominent place in space research. They have beey
found to be the most useful and the cheapeg
forerunners of man to explore the space and bring
back the required information. Recent studies haye
demonstrated the capability of bacteria, fungi and
viruses to survive fairly long periods of residence
in space. Fungi have been sent into space aboard
balloons, earth satellites and rockets. Certain yeasts
(Saccharomyces cerevisiae and Rhodotorula rubrg)
and Neurospora crassa showed mutational and

physiological damage in space.

HARMFUL ACTIVITIES
OF BACTERIA

Pathogenic Activities

Pathogenic ability of bacteria was first recognised
by Burrill in as early as 1878. He discovered that
fire blight of apple is caused by a bacterium.
Today we know that more than 180 diseases of
plants are caused by bacteria.

The infection of bacteria to plants gives rise
specific symptoms, such as galls, imperfect flowers
andh fruits, blight, brooming, canker, leaf distortion.
leaf spot, dwarfing, rot and wilting. Some
lmpo_rtanl diseases of plants caused by bacteria
are listed in Table 1.

.There are also many pathogenic bacterid
which occur in animals and human beings. They
have a characteristic portal of entry and exit inf0
the organism and mode of transmission. They
Infect almost all systems of the human body ané
are easily transported 1o various parts through
;“C“la‘o")’. System. Some important diseases
T‘;’;}znz.bemgs Caused by bacteria are listed 1

Some pathogenic bacteria destroy the cells of

the
host, but most cause discases because the!

Produce poisonous substances that damage ™

i
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" . Some important bacterial diseases of plants.
Table © *

Diseases Pathogens

Leaf $pot of cherry Coccomyces hiemates

Ring spot of pOIﬂlO
B]lghl of walnuot

Blight of paddy
gacteria) spot of peach
Citrus canker

Angular Jeaf spot of cotton Xanthomonas malvacearum
Blight of bean Pseudomonas phaseolicola
Crown gall of sugar beet Agrobacterium tumefaciens
wilt of tobacco Phytobacterium solanacearum
Soft rot of mango
Tundu of wheat

X“ﬂfh(i"!ﬂnﬂ's SO!{H?HCE(]J'I!HI
Xanthomonas juglandes
Xanthomonas oryzae
Xanthomonas prunii
Xanthomonas citri

Bacterium cartovorus
Corynebacterium tritici

hosts metabolism. These substances are called
toxins. Bacterial toxins may be divided into two
classes : endotoxins and exotoxins. Endotoxins
(inside toxins) are lipopolysaccharides in the cell
walls of Gram ‘-ve’ bacteria; they produce fever
and damage to the circulatory system. Exotoxins
(outside toxins) are much less common than
endotoxins; they are proteins and are secreted from
the bacterium into the surrounding medium. They

Table 2. Some important bacterial diseases of human
beings.

Pathogens

Vibrio cholerae
Bacterial dysentery Shiegella dysenteriae
Plague Yersinia pestis
Rheumatic fever Streptomyces sp.

Tuberculosis Mycobacterium tuberculosis
Pneumonia Streptococcus pneumorniae
Typhoid Salmonella typhi

Jaundice Leptospiraictero

: haemorrhagiae

Diphtheria Corynebacterium diptheriae
Gastro-enteritis Escherichia coli

Syphilis Treponema pallidum

Smmhﬂea Neisseria gonorrhoéae
Ta‘:tensl conjunctivitis Haemophilus influenzae
':'!nus Clostridium tetani
Diarthoea

Bacillus coli

I::g be carried around the host's body in the blood
i ‘l”“ Bacteria causing diphtheria, tetanus,
®13, dysentery, etc. produce exotoxins.
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Food Spoilage

Mn;ﬂ of the food materials are excellent media
for the growth of bacteria. They grow luxuriantly
when temperature and humidity are favourable.
Bacteria change the flavour, smell and appearance
of food material thus affecting its quality.
Carbohydrate  fermenting  bacteria ~ convert
carbohydrate foods into acids, alcohols and gases:
lipolytic bacteria convert fatty foods into fatty
acids and glycerol and proteolytic bacteria convert
protein foods into amino acids, amines, ammonia,
ete.

Milk is sterile when it leaves a healthy cow,
but it contains several types of bacteria by the
time it reaches the table.

Species of Lactobacillus,  Streplococcus,
Micrococcus and Proteus are responsible for
spoilage of milk and milk products. The exotoxins
produced by these bacteria are the cause of food
poisoning. Besides, bacteria causing diseases like
tuberculosis (Mycobacterium bovis) and brucellosis
(Brucella abortus) are transmitted through cow’s
milk. The botulism disease is caused by the
exotoxins produced by Clostridium botulinum.
Swelling of tongue, double vision and respiratory
paralysis are main symptoms of this disease.

Many bacteria multiply in water and makes it
unpotable. Bacteria causing typhoid fever
(Salmonella typhi), bacterial dysentery (Shiegella
dysenteriae) and cholera (Vibrio cholerae) are
generally transmitted through water.

Denitrification

In this process, decomposition of nitrates and
nitrites into ammonia and free nitrogen takes place
under the influence of denitrifying bacteria, such
as Bacillus licheniformis, Pseudomonas aeruginosa
and Escherichia coli. These bacteria use nitrate
as oxidant in respiration. In this process the
combined nitrogen of the soil is removed in the
form of gas. Thus the soil is depleted off an
essential nutrient for plants and thereby decreasing
agriculture productivity.
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Important

————1Questions |

»»long answer questions .
Describe some important industrial processes in which microbes play an important role.

Write an essay on the usefulness of microbes from industrial point of view. ‘
Write an essay on the economic importance of bacteria.
All bacteria are not our enemies. Comment upon the statement. ‘
Bacteria are our greatest friends and enemies. Illustrate the statement with the help of suitable examples.

Write short notes on:

(i) Useful activities of bacteria; (ii) Harmful activities of bacteria; (iii) Citrus canker.

Microbiology is good friend of mankind. Prove this by giving examples. ;
The beautiful effects of bacteria outweigh the harmful effects they do. Justify. ‘
Give an account of application of microbiology.

10. Give the structure of the bacterial cell and describe its harmful activities.

11.  What would happen if all bacteria suddenly disappear from the earth? Discuss.
12, ‘Bacteria are good pollution fighters’. Comment upon the statement.

s

Y %N

»» Short answer questions
1. Write in brief the application of microbiology in dairy industry.
2. ‘Micro-organisms are found to be useful in several biological studies’. Comment upon the statement.
2. :I'Il;‘emcent times, microbes have found a prominent place in space research’. Comment upon the statement.
: o nt;emrem(t): Et:“heverage depends on the material fermented and the strains of yeast used in fermentation’. Comment
'h'!icrobes play an important role in agriculture in many ways’. Comment upon the statement.
Give the symptoms of citrus canker disease.
Write a brief note on the importance of bacteria in industries,
gzyfwﬂ! food keep longer in cold storage than under ordinary conditions?
Wﬁmmﬁsa e oﬂbeco:rathe ;beu:ﬁ();:‘:;n hl::a:gi oc::;m::'.mm quickly in summer than in winter. Why?
lﬂ’m five bacmal dlseascs of plants, Write their causal organisms also.
“‘l;;m help tu: mcreasapg. soil fertility.’ Co‘m_me-nt upon the statement.
Jvote important characteristics of a good antibiotic. Name a few antibiotics obtained i
mﬂ wonderful for work on genetic engineering.’ Justify the staleme;)t s
L apecwsofbnctmamspomihleforwoilagcofmﬂkandmﬂkpmdu;ts.
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Name the causal organism of citrus canker disease.
i

20. acteria responsible for the following gicencac. . . .

a1 :::: :'?r:e-living mgggen fiking bactenum}nk diseases: typhoid, tetanus and cholera.
& Write the causal organism of ring spot of potato,

3. Name the bacterium responsible for botulism disease.

= Name two species of bacteria which are usefy] in vinegar industry

;'g' From which fungus an antibiotic penicillin was firs( obtained.

77, Name a bacterium which is capable of degrading petroleum hydrocarbons

yy True and false statements
Beer, rum, whisky, wine and several other alcoholic

: beverages are al roducts of yeas ati
12‘ Kojic acid is produced when Aspergilius oryzae is grown in a me:diump with .wz;}ifs.: If:]:::i:lt:non
3. Cortisones arc used in the treatment of rheumatoid arthritis, ’ ”
4, Many genetical and biochemical studies are being conducted on micro-organisms,

5, Some microbes act as good pollution indicators,

6. Rhizobium is freely found living in the soil while Azotobacter in root nodules.

7. Azorobacter is a heterotrophic nitrogen fixing bacterium.

§. Crown gall formation is a viral symptom,

9, Citrus canker is a viral disease.

10. Pathogenic ability of bacteria was first recognized by Burrill in as early as 1878.

11. Blight of paddy is a bacterial disease.

12. Tetanus is caused by Treponema pallidum.

13. Species of Lactobacillus, Streptococcus, Micrococcus and Proteus

are responsible for spoilage of milk and milk
products.

14. The ammonifying bacteria convert ammonia into amino acids,

15. Many bacteria secrete crystalline proteins which are highly toxic to the larvae of caterpillars and insects belonging to
Lepidoptera.
»» Fill in the blanks
1. Wine is prepared by fermenting rice grains by...........
2. Gluconic acid is prepared by fermenting sugary solution by the species of.......
3. Various dairy products are obtained by the activity of.......bacteria.
4. Glucose oxidase is produced by the microbe, named .........
5. e-Ephedrine is synthesized from benzaldehyde by the activity of .........
6. The causative organism for tetanus is ........... . and for tuberculosis ...............
7. Death of cells, tissues or organs of the host due to parasitic infection is known as ...................
8. The resistance of the host towards a pathogenic microbe and its toxin is known as ....................
9. Diseases which occur all over the world and cause mass mortality are known as .................... diseases.
10. The causal organism of angular leaf spot of cotton is ....................
1L The causal organism of citrus canker disease iS ....................
2. Clostridiym PONCese. by fermenting molasses.
13 Creeeriini. 1S a free livinig whereas .....i..co0immmiin is a symbiotic nitrogen fixing bacteria.
4. Bacterium belonging to the genus ................... is associated with dextran production.
I5. Two bacterial P ] A AN R are commonly used bioremedial microbes.
i Multiple choice questions
L Tne following species of Penicillium is used for the 3. The following microbe is used in biological warfare:
Manufacture of cambert cheese: (a) Coccidioidomyces
::;i camemberti (b) P. roqueforti (b) Rhodotorula
2 aum' ﬂﬂo&zmp? ' (d) P chrysogenum (c) Neur aporg
eohol is obtained by fermenting molasses by (d) Aspergilius \
bw‘m like: 4. The following microbe is capable of degrading
(a) Leuconosto,: citrovorum petroleum hydrocarbons:
(:; Clostridiym acetobutylicum (a) Achmmlobac'fer
@ bacillus helviticns (b) Nocard:a. .
Cillys thiooxidans (c) Thermomicrobium (d) all the above
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s, fix 10. Biodegrada
i Jentu, the following bacte

5. Bacteria which, n association wi ur
atmosphere nitrogen are cailed: (a) proteins (b) lipids 1
i et alkaloids ‘

(d) Escherichia coli (c)
(d) poly, p-hydroxy alconates

(c) Pseudomonas
m which fixes atmospheric nj |

6. The large distributi

k all over

on of clean quality mil
{ work of:

d to be due to the gred 11. The micro-organis

the world can be sai . is:
b) Louis Pasteur ;
%:; i‘ai:m;f:ewenhoek Ed; Robert Koch (a) Lactobacillus (b) Pseudomonas
7. The bacterium that causes ‘otulism’ belongs to the (c) Rhizobium (d) none of the above
genus: [2. Citrus canker 1S caused by:
(a) Clostridium (b) Pseudomonas (a) Bacillus sp- (b) Pseudomonas sp,
(¢c) Bacillus (d) Staphylococcus (c) Xanthomonas Sp. 1
8. Some bacteria live symbiotically inside root nodules (d) none of the above i
of higher plants. The basic activity of these bacteria 13, Citrus canker is &
is associated with: (a) bacterial disease (b) algal disease
(a) oxygen cycle (b) carbon cycle (c) viral disease (d) fungal disease
(c) nitrogen cycle  (d) water cycle |4. Bacteria which directly converts atm i oe
s ; : ospheri -
9. A fr;: living bacterium capable of fixing nitrogen is: into nitrates are called: i
a izobi = =
(a) Rhizobium (b) Azotobacter (a) nitrifying bacteria  (b) nitrogen fixing bacter I

(c) Pseudomonas (d) Streprococcus (c) denitrifying bacteria (d) purifying bacteria

ANSWERS

i e e vitamin B, 6. Saccharomyc
Vibrio  desulphuricans, Beggi i dbammyces cerevisiae, 9. Bacillus thuringiensis, 10. C yces
myces, 13, Cirus canker caused by Xa 11.  domestic and industrial water-borne ¥
ium spp., 15. Rhizobium, 16. m?; anthomonascirri, blight of paddy caused by Xan wasies,
, mem’”’mﬂ mmv;fxla::; 17, Agrobacteriam tumeciens, 18. Crysl
i et Rk
. ‘eqarum, .

num, 25. Acetobacter aceti,
e acter aceti, Clostridium acetobutyli
statements ' idium acetobutylicum, 26, Penicillium

1N notatum, 27. Pseudomonas.

rue, 5. True, 6. False. 7 T ,
e » 6. False, 7. Tru .
= True, 8. False, 9. False, 10. True, 11. True, 12. False,

LomesrBRO D>

0. Xe 86!’.5”“?“':“ f’ CHSrm atiind Mescibaiiion
Wd —‘facmm' 11. Xanthomonas r;rm'- :

QL@ 12 @, 13 @ 14 O &
> 4__.-—'") 1_" / :-:-,.'-‘—
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Antibiotics

Antibiotics are metabolic products of one organism that is detrimental
or inhibitory to other micro-organisms in very small amounts. The
study of antibiotics began in 1928, when Alexander Fleming noticed
that a fungal colony (Penicillium notatum) inhibited the growth of
staphylococci. The compound excreted by this fungus could diffuse
in the agar and was named penicillin. Since then a great many
compounds with antibiotic actions have been isolated.

The ability to produce antibiotics has been found mainly in fungi
of the group Aspergillales, in actinomycetes, and in a few other
bacteria. Streptomycetes are remarkable for the chemical diversity of
antibiotics that they produce. More than 2,000 antibiotics have been
characterised so far, but only about 50 or so are used therapeutically.
But .the few effective substances have radically changed the entire
medical practice of treating infectious diseases.

QUALITIES OF AN IDEAL ANTIBIOTIC

?ll)“dea] antibiotic should possess the following qualities:
It ‘Sh.OUId have the ability to destroy or inhibit specific pathogenic
o) ;mcmo"ganisms without injuring host cells. :
t should not cause the development of resistant forms of the
Parasites,
It shouid ot produce any undesirable side effects in the host,
3 allergic reactions, nerve damage, or irritation of the
n Ista?&mtemmal tract.
6) 1 g4 not eliminate the normal microbial flora of the host.
Bastric .d, be able to be given orally without inactivation by
~ JUiCes, or by injection without binding to blood proteins.
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(6) It should have a high level of solubility in
body fluids. _ ‘
(7) It must contact with the p‘arasnte _by
penetrating the cells of the host in effective
concentrations.

(8) It should be a broad spectrum antibiotic.

MODE OF ACTION
OF ANTIBIOTICS

The action of antibiotics depends mainly on their
chemical nature, concentration of the preparation,
the particular species of the organism and
i conditions under which the microorganism
} functions. The biological mechanism of antibiotics
is studied to determine the disorders provoked in
the microbial cell by antibiotics, to determine the
sites of their main attack in the chain of metabolic
reactions, the molecular principles underlying the
action of antibiotics, and also the cause of
inefficiency of antibiotics against forms of
microbes and macroorganisms resistant to it. In
general, the mechanism of biological action of
the antibiotics are quite specific. They may exert
their  antimicrobial activity by inhibiting the
synthesis of the cell wall (penicillins, bacitracin,
cephalosporin), by upsetting the function of the
~membrane (gramicidins, nystatin), by inhibiting
- synthesis of nucleic acids selectively (actinomycin,
griseofulvin, neomycin, novobiocin), by inhibiting
synthesis of purines and Pyrimidines (sarcomycin).
ubiting synthesis of protein (bacitracin,

i chloramphenico],

by inhibiting respiration
inhibiti oxidative

—

[E THERAPEUTICALLY
RTANT ANTIBIOTICS
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give each penicillin its unique pmpemesm

penicillins (e.g., penicillin ?handdpe;::t;lll)lg[y) anp
produced during the growth an 1Sm of
certain fungi, namely Pemc:l.hum norar‘um

P. chrysogenum. Several different kings of
penicillin molecules are produced by the
culture. They can be prepared as salts of sodjyp,
potassium, and other bases and are freely Solubje
in water. .

In recent times, several Semisynthetjc
penicillins  (e.g., phenethicillin, methicillip
ampicillin, etc.) have been produced by developin,
culturing techniques to obtain core ‘compound ip
quantity and then, by chemical reactions, differen
side chains are added on. The phenethicillip is
more readily absorbed than penicillin V and just |
as effective as penicillin G. The methicillin js |
comparatively more resistant to penicillinase,
whereas ampicillin is strongly bactericidal and
lacks toxicity.

Penicillins mainly act upon actively growing
bacteria. They inhibit bacterial cell wall formation
by preventing the incorporation of N-acetyl
muramic acid, produced within the cell, into the
mucopeptide structure that normally constitutes the
rigid bacterial cell wall. Penicillin sensitive
bacterial cells 8rown in presence of this antibiotic
are abnormally large and have unusual shapes.

Penicillin is the most valuable and powerful
means to treat di Caused by cocci and some
anaerobic bacilli. It is most effective against gram
“+ve’ particularly i

gh curative properties of penicillin
OW toxicity account for its wide
Penicillin s widely used in
Very helpful in treatment of
carbuncles, infected wounds, aﬂd
- renicillin s very effective 1
Pheumonig,

US¢ in medicine,
Surgery; it jg
Osteomyelitis,
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e having therapeutic activity
ﬂcremﬂﬂ hoid. In chemical structure,
against in is close to penicillins. As for
cephdosz‘lphalospodn N resembles penicillin G,
insta osporin C resembles penicillin N,
while c€P semisynthetic cephalosporins
cephalothin, cephaloridin, cephalexin) are
(6.8 o4 by substitution of T aminocephalo-
prodr:;lic acid, obtained from cephalosporin, with
?;ious side chains. il

The cephalosporins, hkg tbe_ pemullms. exert
thei antibacterial effect by inhibiting the synthesis
of the pacterial cell wall. They are not destroyed

nicillinase, and some are stable at acidic pH.

CephalOSPOﬁns are active against many gram
e and gram ‘.ve’ bacteria and are most
offective in  urinary and respiratory tracts

infections.
[C] Griseofulvin

Griseofulvin is commercially produced from a
mutant strain of Penicillium patulum using stirred
acrated fermenters.

Griseofulvin has no antibacterial activity but
is highly active against fungi. It interferes with
cell wall chitin biosynthesis in growing hyphae.
Besides, it also interferes with synthesis of nucleic
acid, protein, maleic acid and causes destruction
of organelle membrane.

Griseofulvin is used in the treatment of many
superficial fungal infections of the skin and body
surfaces, such an ring worm. It is also effective
i the treatment of some systemic mycoses.

(D] Streptomycin

i:;g}m}lycm belongs to the chemical class of
isola::;lcs known as aminoglycosides. It was first
e theby Waksmap and his associates (1944)
e culture medium of Streptomyces griseus.
mou]i;l: iidmsﬂptol-{]ycin, spectinomycip,
e m'mhe nycin, gentamicin and tobramycin
thi group T Important antibiotics belonging to
mmf:hermYC?n exerts its antimicrobial action
ombination with and distortion of

ribosome subunits, thus interfering with protein
synthesis.

Streptomycin achieved its clinical success
because it was effective against a series of acid-
fast and gram ‘-ve’ bacteria that were not sensitive
to penicillin. It can give rise to quite marked
allergic side reactions in humans. Spectinomycin
is more suitable for the treatment of gonorrhoea
in persons who are allergic to penicillin.
Gentamicin is especially active against some
strains of Pseudomonas. Neomycin is usually used
in the form of lotions and ointments for local
application against skin and eye infections.
Kanamycin is used to treat tuberculosis; it is also
helpful against staphylococcal diseases and to
control anthrax, gonorrhoea, and other infections,
against which other antibiotics are ineffective.
Besides, streptomycin is also used in veterinary
medicine and against plant infections.

[E] Tetracyclines

The tetracyclines are excreted by a number of

streptomycetes, including Streptomyces
aureofaciens. The best known are
chlorotetracycline (aureomycin), oxytetracycline
(terramycin), and tetracycline. They are also

closely related chemically, being derived from a
naphthacene skeleton.

The tetracyclines act by blocking the binding
of RNA (aminoacyl t-RNA) to a specific site on
the ribosome during peptide chain elongation, thus
inhibiting the protein synthesis.

The tetracyclines are well tolerated by
humans. They are regarded as broad-spectrum
antibiotics and are effectively used for the
treatment of infections caused by many gram '-ve'
and some gram '+ve' bacteria. Chlorotetracycline
is successfully used to treat bacterial pneumonia,
pertussis, scarlet fever, anthrax, and other bacterial
diseases.

[F] Chloromycetin (Chloramphenicol)

Chloromycetin was first discovered in cultures of
Streptomyces venezuelae, but now, it is also
produced synthetically. It is very stable and a
broad-spectrum antibiotic effective against many
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, ia. spirochaetes,
gram ‘“-ve’ and gram ‘+ve’ bactend, spirocha

ri siae and actinomycetes. P "
Ck?;:zioilycetin exerts its antiml'crot_nal r:fict:(;ﬂ
by combining with ribosome subunits, interfering
with protein synthesis. .
The antibiotic is a specific preparation to trefit
typhoid and paratyphoid fevers, dysentery, LOXIC
dyspepsia, trachoma, and other diseases.

[G] Erythromycin

Erythromycin  was first derived by Selman
Waksman (1952) from Streptomyces erythreus,
isolated from a sample of Philippine soil. It
belongs to macrolide group of antibiotics. They
are characterised by the presence of a macrocyclic
lactone ring connected with one or several sugar
residues. Erythromycin is active against most gram
‘+ve’ bacteria, some gram ‘-ve’ bacteria (Neisseria
SPP., Bordetella pertussis, etc.), and pathogenic
spirochaetes,

Erythromycin shows its antimicrobial activity
by interacting with ribosome subunits to prevent

the normal seq

synthesis. et
Erythromycin 1S Sp _
infections caused by staphylococci, streptocog

and pneumococci. It is effec_twe  againg
pncumonia, tonsillitis, sepsis, wound infections and

diphtheria.

ecially used to treat Many

[G] Polymyxin
The antibiotic polymyxin is obtained by 4
bacterium Bacillus pol.’ymy‘)ccz.. Chemlc_ally, it is g
polypeptide antibiotic covnststmglof a ring of sevep
amino acids, with a side cham-attached by a
peptide bond. They are active against many gram
'.ve' bacteria including Pseudomonas aeruginosq
frequently involved in infections of the urinary
tract or persons with extensive skin burns.

The antibiotic exerts its antibiotic activity by
damaging the cell wall structure.

Polymyxins are used to treat meningitis,
infections of air passages and the urinary system,
Besides, polymyxin ointments are used to treat

Table 1. Some important antibiotics and their source, range of action and mode of action.

S

1. Streptomycin Streptomyces griseus

Streptomyces fradiae

Gram ‘-ve’ bacteria (inhibits most
of the intestinal bacteria)

Mode of action

Gram “+ve’ and Gram ‘-ve’ bacteria Induces abnormal protein
tuberculosis bacteria

synthesis by inbibiting 30s
ribosome function.
Induces abnormal protein
synthesis by inhibiting 30s
ribosome function.

Wﬁmymn Streptomyces puniceus Gram ‘-ve' bacteria, including Interferes with protein synthesis.
' tuberculosis bacteria
St_re_ptorf‘lycﬂ‘ Gram ‘+ve’ and Gram ‘-ve’ bacteria, Interferes with protein synthesis.
aurefaciens Treponema, rickettsia
Streptomyces Gram ‘+ve’ and Gram ‘-ve’ bacteria, Interferes with protein synthess
rimosus rickettsia
Sfmp!omycu niveus Proteus and Dfp’o_(,‘occus Interferes with pmlein qynﬂw&b
Streptomyces Gram ‘4ve’ and Gram ‘-ve' bacteria, Inhibits protein synthesis by
hetelae i interfering with the riboson
: = . function.
Strepromyces erythreus  Gram ‘+ve’ bacteria Inhibits protein synthesis by
p interfering with 50s ribosomé
W G b ; function.
S a;myt'&f App. g .’TW hutnm . Interferes with protein syn‘h‘ft
ancey Tuberculosis bacteria Interferes with protein synthes®

¥ "I
d ; T
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AntiP 127
: Streptomyces E : :
|, Nystatin ; ungal infections due to Cangig
: sztﬂtm] noRrses SHENG Damages cell membrane
: Streptomyces M '
Kanamycin b Most Gram ‘_ve' pacteri
12 kﬁ:yamycerrcus Pseudomonns fenia except Induces abnormal protein
s icromonospora ‘ ; synthesis.
i Gentamicin o Gram ‘+ ve’ and Gram ‘—ve’ l)d i :
purp bacteria nduces abnormal protein
i yancomycin Streptomyces orientalis Gram ‘+ ve' bacteria g

15 Amphotericin Streptomyces orientalis

ibiotics obtained from bacteria
B. A Bacillus subrilis

16, Bacitracin

17, Polymyxin B Bacillus subtilis

18. Colistin Bacillus colistinus
(Polymyxin E)

19, Tyrothrycin Bracillus brevis

¢. Anfibiotics obtained from fungi

20, Penicillin Penicillium notatum,
P. chrysogenum
21, Proliferin Aspergillus proliferans Tuberculosis
22, Isopenicillin N Penicillium Bacteria
chrysogenum

23. L-sarcin Aspergillus giganteus Tumour

24, Ramycin Mucor remannianis Bacteria

25. Campestrin Psalliota campestris Bacteria

26. Ustilagic acid Ustilago maydis Fungi

27. Chaetomin Chaetomium cochloides

28, Ergotine: Claviceps purpurea

29, Citrinin Penicillium citrinum

30. Jawaharene Aspergillus niger Bacteria, tumours

31. Baccitin A Gibberella baccata Bacteria, fungi
32. Cephalosporin Cephalosporium spp.

33, Fumagillin Aspergillus fumigatus

34, Griseofulvin Penicillium nigricans, ~ Fungi
ey P. urticae, P. griseofulvum

35. Trichothecin Trichothecium Fungi, virus
s roseum

36. Gliotoxin Trichoderma spp.

37. Puberulic acid Penicillium puberulum

S(.’m forms of eczema, furuncles, and other skin
diseases,

M Bacitracin

f,‘;‘;'min is produced by Bacillus subtilis. It is
acﬁy: Polypeptide antibiotic, which is highly
i against gram ‘+ve’ bacteria and is almpst

. It against gram ‘-ve’ ones. It is effective
many penicillin resistant microbes. In
on with other antibiotics, e.g., With

Deep-seated mycotic infections

Gram ‘+ ve' bacteria

Gram ‘- ve’ bacteria
Gram ‘- ve' bacteria

Gram ‘- ve' cocci

Gram ‘+ ve’ bacteria

Gram ‘4 ve’ and Gram ‘- ve' bacteria
Amoebal, staphylococcal bacteriophage Inhibits growth and

Interferes with protein synthesis.
Interferes with membrane function.

Inhibits synthesis of bacterial
cell walls.

Destroys cytoplasmic membrane.
Destroys cell membrane.

Inhibits synthesis of bacterial
cell walls.

Inhibits cell wall synthesis.

Inhibits growth.
Inhibits growth.

Inhibits growth.
Inhibits growth.
Inbibits growth.
Upsets normal growth.

Inhibits growth.
Upsets normal growth.
Inhibits cell wall synthesis.

multiplication.
Upsets normal growth.

Arrests growth.

penicillins, streptomycin, chlorotetracycline, the
bacitracins have a synergic effect. It is highly
toxic, and hence its use is restricted to external
application.

Like polymyxin, it inhibits the synthesis of
the bacterial cell wall structure and affects the
integrity of the cytoplasmic membrane.

The Dbacitracins are mostly used for
prophylaxis and treatment of surgical infections.
Sometimes they are used to treat skin diseases,
pneumonia, bacillary dysentery, etc.

(MICROBIOLOGY)
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Anﬁbiot

[J] Actinomycin

Actinomycin is one of the first actinomyces
antibiotic that is isolated from Streptomyces
antibioticus by Waksman and Woodruff ( 1940)
but now is obtained by several other species of
Streptomyces. It is actually a mixture of several
compounds, all of which contain a phcno.xazone
chromophore, but all are substituted with dxffercn‘t
polypeptide chains. It is active against gram ‘+ve
but less active against gram ‘-ve’ bacteria. Some
actinomycins have anticancer properties, but their
high toxicity is a limiting factor.

Non-Medical Uses of Antibiotics

Antibiotics are now widely used not only in
medicine but also in agriculture and in food
industry.

[A] Antibiotics in Agriculture

The use of antibiotics for plant disease control
has been studied intensely during the past two
decades. Diseases of plants are caused by various
phytopathogenic agents, such as viruses, bacteria,
fungi, protozoa, etc. Antibiotics are used to control
various agents and to prevent propagation of
infection. The method by which antibiotics are
applied depends on the disease, the stage of plant,
growth, the plant size, the area of cultivation and
lanting method. All techniques are based on
inhibition of growth or destruction of

genic organisms on the plant surface
plant tissues by the antibiotic applied to

: tbe.plantsoraddedtothesoﬂ,
: tetracyclines, i
are some important antibiotics
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[B] Antibiotics in Nutrition
and Veterinary

Antibiotics are now widely used as growth stimuj,
in poultry and livestock feeds. (-?orrunerqapy.
addition of aureomycin, terramycin or penicillip
poultry feed at the rate of 5 to 20 g/ton of f
increases the rate of young ones by at least 10

cent.
[C] Antibiotics in Food Preservation

Antibiotics were first reported to be used
canning industry in 1943. Subtilin, nisin, and sop
other antibiotics are generally used for
purpose. Besides, antibiotics are also used |
preserve fresh foods like meat, etc. For preventin
quick spoilage of meat, usually two itethods ar
in use:(i) antemortem feeding of anim.al with fo
containing an antibiotic, and (ii) postmorten
injection of the antibiotic into the blood systen
(immediately after slaughtering and releasing the
blood). This prolongs the time of safe storage of
meat to three days and improves its quality.
Similarly, antibiotics are very effective in
preservation of fish spoilage. Films and other
packaging materials containing antibiotics are
sometimes used for packing perishables. This
prolongs the time of their storage. Antibiotics are
also used for preserving milk and other dairy
products. As for example, nisin is used in the
manufacture and storage of cheeses.

_Despite the apparent advantages of usin
antibiotics for nutrition of animals and preservation
of foods, they should be used with gret
Pl‘ef:auuons. Getting  inside man with food,
a“t"_’i‘{ﬁcs in small concentrations may stimulate
formation of antibiotic-resistant micro-organisins




”W
the qualities of an ideal antibiotic.
g g: some therapeutically important_ antibiotics.

‘ nmmdglyuwdmtonlylnmed:cmbutallo agricul
}W in tnremdmfoodmdusuy Commentupon

i _m microbe streptomycin is obtained?
ym which bacterium bacitracin is obtained?

Griseofulvin is prodnoed from a mutant strain of Srrepmmyces griseus.
The antibiotic polymyxin is obtained by a bacterium Bacillus polymyxa.

- 2. Streptomycin is obtained from:
(a) Streptomyces aureofaciens
(b) Streptomyces griseus

(c) Streptomyces erythreus

138



Infection and Immunity

(MICROBIOLOGY)

" origin and development of infi

Micro-organisms are responsible for a wide range of diseases i
plants and animals. The disease is a disorder developed in an organism
by harmful physiological changes. The causative agent of a disease
is known as pathogen, and the biological process of the establishment
of a pathogen inside the organism is known as infection. The infection

results in the development of visible or latent disease in an organism. |
Broadly speaking, infection is a process of inter-struggle between |
organisms (pathogen and host) inhabiting two different environmental |
conditions. The potential capacity of infection of a pathogen is known

as its pathogenicity. The pathogenicity of a pathogen is its specific
character, and it depends on

life-struggle of the pathogen.

INFECTION

= to infect) signifies the sum of

-Organism, independent of ¢
Cause a disease or not, Thus, infectio?
ogenic micro-organism within the hos

fact whether the microbe wil]
1s the establishment of a path

following its éntrance. The following are the requirements for "
ection.

the parasitic adaptation and capacity to |

. mm. e A
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p-urfél"l characteristics of toxins.

. Im
Exotoxins
Featur®
: al source Mainly Gram ‘+ve' bacteria.
. Proteinaceous.
2 Cllﬂllic'l nature >
eat folerance Inactivated ecasily by treating at
3 B 60-100°C for 30 min,
. piffasibility Easily diffuse from the cell into the
i surrounding medium,
5. Toxicity Highly toxic, characterized by selective
: affection of certain organs and tissues,
6. Tmmunity Can be converted to toxoids and
; readily neutralized by antitoxin.
Produced highly active antibodies, the
antitoxins on parental infection.
7 Biological effect Specific for a particular type of cell
function.
g Lethal dose Minute amounts.

only if they enter the body of the host through a
specific path. For instance, when dysentery bacilli
enter the body through wound, they do not cause
any harm, but if swallowed they might prove to
be fatal. Similarly, typhoid bacteria are harmful if
they enter the body through mouth. Gonococci
and some other microbes like spirochetes enter
through abrasions in the skin and set up local
infections, such as boils caused by staphylococci.

[B] Growth and Multiplication of
Pathogen in the Host

After having gained access to the body of the
host successfully, the pathogen secretes several
chemical substances like enzymes and toxin. These
substances cause physiological, morphological and
anatomical abnormalities in the body of the host.
e pathogens also secrete such substances
Which protect them from the lytic enzymes
Produced by the host. The enzymes and toxins
creted by the pathogen kill and drive away
elicocytes of the host. Thereafter, the pathogen
A0 opportunity to grow in the host.

) Toxicity of Microbes

1 "{hich aregens secrete some poisonous substances
| divggy g
- loxing

harmful to the host, but helpful in the

Velopment. Such substances are called

mﬂCR € toxins do not break the structural
OBIOLOGYJ
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Endotoxins

Mainly the cell wall of lysed Gram ‘-ve’ bacteria.
Composed of glucoside lipoprotein
polysaccharide specific complexes.
Withstand autoclaving.

complexes and

Firmly bound within the bacterial cell.
Less toxic, selective action poorly expressed.

Cannot form toxoids and neutralization with antitoxin is
not easily possible. Produce precipitins, lysins, opsonins,

agglutinins and complements using antibodies on parental
infection.

Show various
hypersensitivity.
Comparatively more,

effects especially the symptoms of

entity of the host but cause a minor change in its
metabolism. The potency of the toxins is an
important factor in the establishment of the
disease. The toxins may be exotoxins or
endotoxins.

Exotoxins are proteinaceous, highly toxic and
diffusable substances which microbes secrete in
the host tissue, circulatory system, etc. They lose
their toxicity when heated or treated chemically
and form toxoids. Endotoxins are less toxic and
consist of glucoside lipo-protein. They are
relatively more heat stable and do not form
toxoids. They are usually located in the cell wall
and are liberated only after the cell disintegrates.
They generally play a contributory rather than a
primary role in causing disease and are mainly
responsible for many of the symptoms. Many
pathogens, particularly Gram ‘-ve’ bacteria produce
endotoxins.

Some important characteristics of exotoxins
and endotoxins are summarized in Table 1.

Besides toxins, virulence of microbes also
depends on extracellular enzymes produced by
them. Several types of cocci, clostridia and some
other bacteria produce the enzyme hyaluronidase
which helps the pathogen to penetrate the tissues
of the host by hydrolyzing hyaluronic acid,
Lecithinase, produced by Clostridium perfringens,
destroys various tissue cells and is especially
active in the lysis of red blood corpuscles.
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ollage also produced by Clostridiu.m
;Sf:rf‘ring::ir::‘5 destroys collagen tissue found in
muscles, bones and cartilage. Some staphylocolca
and streptococci secrete Jeucocidin €énzyme which
kills white blood cells. The enzyme coagulase:
produced by some _virulent staphylococci
(Staphylococcus aureus), clots plasma.

The virulence of pathogenic bacteria also
depends on the ‘presence of capsule and pili. The
increased virulence of capsulated strains is due to
the ability of capsular polysaccharide in preventing
Phagocytosis by host leucocytes. Presence of pili

" helps the pathogen to adhere to the surface of
host cells and tissues, thus enhancing the virulence

of the pathogen (e.g., Neisseria gonorrhoea,
Escherichia coli).

[D] Dosage

This factor in establishing infection is a
quantitative one. Under normal conditions, the

larger is the dose of the infective microbe the
greater the chances of infection.

[E] Defence Mechanisms of Host

All organisms show resistance towards pathogens
and as such the host resists the effects of pathogen
by active or passive activities. The resistance of
the organism towards a specific pathogen depends
upon the environmental conditions and genetic
constitution of the host. The defensive mechanism
of the host determines the extent of infection and
severity of the disease.
~ According to manifestations, infection may be
~ acute or chronic, obvious or latent, mixed or
Secondary. Acute infections are characterized by
- a sudden onset and a comparatively short course,
- Influenza and measles are the excellent examples
- of acute infections. On the other hand chronic
~ infections have a long  span,
are  chronic infection, Typical
~do not appear in latent infection. In

susceptible

‘.aftcrlmeaalésorinﬂucnza
- susceptible to pneumonia, -
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Malaria and -

secondary

The resistance of the host towards a pathg
microbe and its toxin is known as immuypj
the study of immunity to infectious diseage
called immunology. The dcgre.e of resig
depends on the defense mechanism of the host
and the virulence and dosage of the pathogep,
Immunity can be classified into the following two
groups.

[A] Natural, Heritable or
Non-Specific Immunity

8enic
ty ang

S is

This type of immunity is hereditary and is passed
from one generation to the next. For instance,
human beings are immune to cattle plague, and |
cattle are immune to diseases like cholera and !
measles. The natural immunity may occur at racial |
or individual level. Most racial immunities are
due to nonspecific factors related to people’s way
of life. Such immunity may reflect the evolution
of resistant humans. For instance, african black
people are immune to malaria, whereas majority
of the white people are susceptible to this disease.

At individual level, the resistance depends on
several factors, such as age, nutrient status, sex,
occupation, health, and personal hygiene. Young
ones and aged are more susceptible to diseases.
Infants are protected from many diseases from
birth to six months owing to the presence of
maternal antibodies in the blood. In the aged
person there is a natural decline in the immune
fesponse to infection and that is why they become

more susceptible to some diseases such s
Pneumonia.

(B] Acquired or Specific Immunity

The acquired Immunity may be of following tW0
types.

B8 ERFESEZESE

sul
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/Naul;‘ﬂ active immunity. This is the

.l. which is developed as a result of some
e " or through recovery from a disease; for
giseaS® ost develops immunity for the
o ace, e B ,

: like small pox and diphtheria after
sabjecting ther™ . . :

2 Natural passive immunity. This type of

ance 1S found in the newly bome child,
g sired from the mother through the placenta.
:; instance the child borne by mother immune
o tetanus also shows resistance towards the
disease.

acquired immunity
The host acquires this type of immunity during
the course of life time by artificial means. It is
dassified into the following two types.

1. Artificial active immunity. This type of
immunity is developed by vaccination, made by
dead organisms pathogens. The toxin thus entering
the body stimulates the production of immunity.

2. Artificial passive immunity. This type of
immunity is developed through injection of
immune serum present in already immunized

Antigen

Antigen is a substance that, when introduced into
a vm:brate host, provokes an immune response
leading to acquired immunity. The immune
’sponse results in the formation of specific
atibodies. The antibodies are circulated in the
M_m or they stimulate the increase in the
:':"h" of lymphocytes. The lymphocytes have
uf;P‘hﬂ“Y o de‘su'oy other cells. The ability
mﬂlﬂgm to stimulate antibody formation is
" 'S antigenicity. '

Alﬁmm organic compounds of high
s ":,-: weight. The antigens of proteinaceous
h‘OWn as complete antigens. They can
‘ntibodies. Some antigens which consist
> and carbohydrates, and can not produce
S On their own are known as partial
Partial antigen stimulates antibody
mbining with proteins. Bacteria,
' Other microbes, pollen grains, and
$ of other organisms may ~act as

142

antigens. Besides, some important antigens (ABO,
MN, 8. P, Rh) are also found in red blood cells
of human beings. The bacterial antigen is usually
secreFed in the form of exotoxins and enzymes.
Vaccines (suspensions of killed, living or
attenuated microbes) are also used as antigens to
produce immunity against infection of specific
pathogens. Toxoids are made by destroying the
poisonous portions of toxins. In the process, the
properties of antigen is altered. Toxoids are used

specifically for protecting individuals against
diphtheria, tetanus, etc.
Antibody

Antibodies are specific substances produced in
the body of the host on introduction of antigens.
All antibody molecules are globulin proteins which
have been altered under the influence of antigens.
These are also known as immunoglobulins. The
immunoglobulins are of five types : IgG, IgM,
IgA, IgD, IgE. All these types consist of
monomeric units, each comprising two light and
two heavy polypeptide chains. The chains are
joined by disulphide bonds. Each heavy chain has
a molecular weight of approximately 55,000 and
the light chain of about 25,000. The heavy chains
are specific for each type of immunoglobulin.
They contain amino acids in a specific sequence
which determines the types of immunoglobulin.
There are five types of heavy chains
(i) y (gamma), (i) o (alpha), (i) o (delta),
(iv) u (micron), and (v) € (epsilon). The
immunoglobulins formed by them are respectively
known as Ig G, Ig A, Ig D, Ig M and Ig E. The
light chains are mainly of two types

(i) x (kappa), and (ii) A (lambda). Both can occur
in an immunoglobulin. The terminal portions of
both heavy and light chains of each monomeric
unit show considerable variation, whereas the
remaining portions of the chains are relatively
constant in amino acid structure.

Each immunoglobulin is specific in its
function. Approximately 70% of normal human
serum is IgG. It is the most common type of
antibody and it passes from the mother to the
foetus through placenta. It provides immunity to
the newborn. On the basis of antigenic differences,
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Fig. 2. Monomers of the immunoglobulin molecule joined |
by two heavy and two light polypeptide chains, |
- e |
J - chain important in the treatment of infections caused by
D E specific micro-organisms.
Serological Reactions
Fig. 1 A-F. Structure of different types of

immunoglobulin molecules : A. IgG, B. Ig M, C. Ig A
(monomeric), D. Ig A (dimeric), E. Ig D. F. Ig E.

Ig G may be classified into IgGy. 1gG,, 1gGs,
and IgGy4. Each IgM molecule is composed of
five. monomeric units. There is an additional
peptide, called J-chain, attached to one or both
the heavy chains. About 6% of the human sera is
Ig M. It usually appears following induction by
an antigen and is very effective against viral and
bacterial antigens, Ig A constitutes about10% of
the total serum. Its basic structure is similar to
that of Ig G. Besides blood serum, it also occurs
in almost all body secretions like tear, saliva,
seminal fluid, urine and colostrum. Ig A is an
essential part of defensive mechanism of the host.
Only 1% of the serum is Ig D. Little is known
about this serum, but it is understood that it
regulates the synthesis of other immunoglobuling,
About 0.002% of total immunoglobulins present
in the serum constitutes Ig E. When combined
with antigens, it shows allergic reactions,
Antibodies react against a specific pathogen
or its toxic products. Hence, antibodies are
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An antibody is an immunoglobulin  molecule
secreted into the tissue fluids when an organism
1S exposed to a foreign substance- the antigen.
The antibody can combine only with an antigen
which is identical or nearly identical to the
inducing antigen. Tn an antigen - antibody reaction,
first, union of antigen and antibody occurs, which
is usually not visible. The second stage is the
visible result of antigen - antibody union, which
is exemplified by agglutination, precipitation,
Opsonization, lysis,  etc. Such  different
manifestations are pot necessarily due to various
types of antibodies. A particular antibody may be
involved in any type of reaction, depending upon
the kind and sjze of antigen, the physical
conditions of the suspending fluids, the presence
of electrolytes, ang Several other factors. Thest
reactions can be used to detect antigen using 3
known antibody, or tq detect antibody with &
lfnown antigen. Sych reactions are thus the basi
for several in vitro- serological tests. Serology if
the study of bloog Serum containing antibodics

ome  importang serological reactions are ®
follows.
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) ygglutination
Al

. tion is the visible stage as a result of

ﬂl“"nan articulate OF cellular antigen with a
iti"é us antiserum. Agglutinins are antibodies
pome 8 clumping of the bacterial cells tfor which
- L‘auS(_:pccit"lc. This test is performed by mixing
[hcyﬂff cells with the serum prepared  from
ba?tcn!al blot;d- When cells interact with the
im"““] 'satc antibody they clump together and form
appl'of»;:m masses.‘ This serological reaction is
Eﬁ: in the identiﬁcaiinn‘ of bacteria. It i..\; casy
o perform and simple to ll"llCl‘pI‘C.i. Agglutination
(ests are classified as macroscopic whe.n the test
is carried out in small test tubes and microscopic
when antigen and antiserum are mixed on a shide
and  examined under  microscope.  When
agglutinated cells are erythrocytes the phenomenon
is called haemoglutination.

AL

[B] Precipitation

Precipitation occurs when the antigen is soluble
instead of cellular. Precipitins are those antibodies
that cause precipitation or flocculation of extracts
of bacterial cells or other soluble antigens. In
precipitin test a reaction takes place between a
soluble antigen and its homologous antibody. The
reaction is manifested by the formation of a visible
precipitate at the interface of the reactants. This

reacti is used ;i . ;
action 18 used in medico-legal work in the

identification of blood stains on clothes and
weapons used in murder cases.

[C] Opsonization

Opsonins are antibodies that make MICroorganisms
more susceptible to ingestion by phagocytes. The
effect is known as opsonization (Gr. opsonin =
1o prepare food for). Antigens that have bound
antibody are far more easily phagocytized than
the antigen  alone.  Complement-dependent
opsonization is important in limiting bacterial
infections. particularly in capsulated bacteria.

[D] Lysins

Lysins cause lysis or breakdown of bacterial or
other cells which are specifically sensitive to their
action. This test is based on the presence of
complement-fixing antibodies in the serum. In the
presence of complement these antibodies cause
lysis of the specific cells. The test determines
whether specific antibodies are present in the
serum or not. The test is widely used in laboratory
diagnosis of many infectious diseases. It is
especially useful when the test antigen and
antibody combination does not give a visible
reaction such as that occurring in agglutination
and precipitation.

Important .
P>Long answer questions
;: W]{al do you understand by infection and immunity? Discuss bricfly.
Write short notes on - (i) Antigen, (ii) Antibody, (iii) Acquired immunity, (iv) Serological reactions.
>
> Short answer questions
l. Wha

2 i tdo. You understand by the term infection?
3 Wiite WWate between exotoxins and endotoxins.
4 note on opsonization.

3 short angype, questions

2, What pe of immunity is heritable-natural or acquired?

3 mh" Pathogenicity?
4. Wha
| .
¢ and fas
I, m € Statemeniy
e plae
“Oloxing

are. complete antigens?
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Bpe of toxins-exotoxins or endotoxins—are comparatively more toxic?

2 Bgaq% of entry of the pathogen in the body of the host is important for the occurrence and kind of disease.
: are Proteinaceous, highly toxic and diffusible substances which microbes secrete in the host tissue,
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i i m 1S kn as 1 uni y
OS! W 5 ﬂihn 11 mu I'Obc nd s to
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; the h i
The resistance of assed from one generation to the

3. i f
4 The natural immunity is hereditary and is pas s an immune response leading to :
5. Antigen is a substance that, when introduced into a vertebrate host provokes ACquirgg
immunity.
»» Fill in the blanks ) ; of
|. Antibodies are specific substances produced in the body of lh‘e host on mt_roduf:tlﬂﬂ
2. The biological process of the establishment of a pathogen inside the mganlsm is known as ............
-, o ..... infections are characterized by a sudden onset and a comparatively short course.
4. The study of immunity to infectious diseases is called ...cocorvmninns ‘ ’ '
5. Artificial .............. immunity is developed through injection of immune serum present in already immunized Organisp
»» Multiple choice questions
1. The specific substances produced in the body of the 3. The rcsistange of _thc_ host towards a Pathogenic
host on introduction of antigens: microbe and its toxin is known as:
(a) antibodies (b) toxins (a) infection
(c) pathogen (d) toxoids (b) pathogenicity
2. The following disease is an example of acute infection: (c) agglutination
(a) influenza (b) malaria (d) immunity
(c) tuberculosis (d) all the above
ANSWERS 1
»»Very short answer questions 7 :

I. natural, 2. the potential capacity of infection of a pathogen, 3. exotoxins, 4. antigens of proteinaceous nature

»» True and false statements

1. True, 2. False, 3. True, 4. True, 5. False.

>»Fill in the blanks

1. antigens, 2. infection, 3. acute, 4. immunology, 5. passi\..re.

»» Multiple choice questions
1. (a), 2. (a), 3. (d).

f'
|

|
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Cryptogams

- Introduction

—

The term cryptogams from the Greek kryptos (meaning ‘hidden’)
and gamos (meaning marriage), was coined by 19t century botanists
for plants in which sexual reproduction was not apparent. In contrast,
in seed plants the reproductive organs are easily seen. The seed
plants have been accordingly termed phanerogams, from the Greek
Phaneros, meaning visible. Some other names such as thallophytes,
lower plants and spore plants are also assigned to the cryptogams.
These plants make up around 84% of the world’s botanical
diversity. Algae, lichens, mosses and ferns are the best known
cryptogams. The group also includes non-photosynthetic organisms
raditionally classified as plants, such as fungi and bacteria.
Carolus Linnaeus (1701-1778) recognized cryptogams as a
group within the plant kingdom. He divided plants into 25 classes
and Cryptogamia is one of them. The Cryptogamia was further
divided into four orders — Algae which included algae, lichens
apd thallose bryophytes, Musci which included mosses and leafy
liverworts, Fungi, a group of non-photosynthetic thallophytes and
. Filices which included ferns and allies.
Blassli‘t]inn%eus' system of classification was wholly artificial. For
Ny cation purpose, he considered structure of flower more
" ;!enta] than vegetative characters. He grouped plqnts on the
o abseu:m.nber of stamens and carpels, their union and their presence
y “Ilknf) i the flower. This system was easy to follow as v_.'henever
Wn plant was discovered, it could easily be assigned to

Ong of
I ]‘he 25 classes proposed by Linnaeus.

accordinater systems, called natural systems, plants were grouped_

.y ,th"f‘f natural affinities. The first such system was that of

A““t}'led,;] *Steu (1789). He divided plants into three major groups—
» Monocotyledones and Dicotyledones.
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His Acotyledones are the approximate

equivalent of LinnlanS'_ Cryplogf*mlj' dg?{:;e‘lgz
most of the classifications proposed @ o
first half of the nineteenth century were lr‘ta eq 2
so far as the classification of crypt(?gc\lms_ “_W I
concerned. It was primarily dut? to m.st_lﬂxucnf
information regarding  the l[fe-hlstones' 0
cryptogams. The scene, however, c!mngcd. after
the publication of German botam.st WIIh?Iﬂ'I
Hofmeister's work in 1851. He studied the life-
cycles of a number of different groups of vascular
cryptogams and mosses.

Although Hofmeister did not fully und(?rstand
the processes of gametic union and meiosis, but
he knew that sperm stimulates the egg to develop
into the new sporophyte. Thus the concept of
alternation  of gametophytic and  sporophytic
generations was given by Hofmeister. About the
same time phycologists and mycologists brought
out the distinctive features of algae and fungi by
studying their life-cycles.

The approach to taxonomy  changed
significantly with the publication of Darwin's
theory of evolution in 1859. The systems of this
period are based on phylogeny in which plants
are arranged in an ascending series from the most
primitive to the most advanced. Based on the
doctrine of evolution, A. W. Eichler (1886)
proposed a classification in which he divided
entire. plant  kingdom into—Cryptogamae
(flowerless plants) and Phanerogamae:

e

e G ML
\

| Mlant K}n g J?
| [ =1 }

Cryplogamae Phanerogainme

Division | Thallophyta Division | Gymiospermpe
| Class 1. Algae Division [} Angiospermae

Class |, Monocotyleae

ﬁ Class 2. Fungi
Class 2, Dicotyleae ‘

Dhvision 1] Bryophyta
| Divisina 11} Pieridophyig
=L L Sy

— )

ThelThalluphﬁa have a plang body that
not clearly differentiated nto  roots, stem an]s
leaves. They lack water conducting tissye gng their
Sex organs are one-celled, or when multicellulay
(as in certain brown algge), they do not have the

(ALGAE)

gametes surrounded by a layer of sterjle cell
Besides above characters, zygote of thaHOPhyreg
never develops into multicellular embryo While Sl
within the female sex organ.

The thallophytes include the afgae and 5,
fungi. The alz«¢ have the chlorophyh Pigmey,
and make their own food by p!‘l(:tt-:)s;ymhenC
process. Although all algae essentially contgiy
chlorophyll @ pigment but in so.me forms the
colour of chlorophyll pigment is masked by othe,
pigments. For example, in Phaeophycgae (browy
algae), a brown pigment—fucoxanthin 4 i
Rhodophyceae (red algae) a red pigment_
r-phycoervthrin masks the green colour of the
chlorophyll.

Most algae are aquatic ; they are either fresh
water or marine (oceanic). Fresh water forms g,
unicellular, filamentous, colonial or heterotrichoy;
Some marine algae are large, conspicuous and
complex (e.g., Ulva, Laminaria, Sargassum, e

The Fungi are achlorophyllous heterotrophic
organisms. The group includes molds, mildews,
mushrooms and other similar organisms. The thallus
of fungi mostly consists of microscopic tubular
filaments called hyphae and the mass of filaments
constituting the thallus is called mveeliura. Except
for a few fungi (such as Myxomycetes), all have
a distinct cell wall of chitin and cellulose.

Fungi derive their nutrition from dead o
decaying organic matter (called saprophytes) or
living host cells (called parasites). A few fung
form mutually beneficial partnership with certan

algae (e.g., lichens) or with the roots of cert
trees (e.g., mycorrhiza).

llr_mphytes are  simpler and  smaller
embryophytes, They lack well develop

conducting tissye. The life-cycle of bryophy®
have morph"logically distinct gametophytic aﬂ‘%
Sporophytic phases. The gametophyte of
bFYOPhytes IS more conspicuous, long lived, &<
and independen. Whereas the sporophyte is s
lived apg completely dependent upon
gamefOphyte. The gametophyte is prostrat ad
thalloid o erect and differentiated into axis (ster!
g:? latera] aPpendages (leaves). They lack n‘ﬁ:
POssess rhizojds which perform the func
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The reproductive structures are
of ;wot;im. and much more complicated than
oul® thallophytes.
The pteridophytes, also called vascular
, are those cryptogams that
mmny have a specialized conducting
. As compared to the gametophyte, the
m ¢ of pteridophytes is always larger and
jominant. It is differentiated into root, stem and
eaves. The vascular tiss.ue consists of xylem and
' The xylem is without vessels and phloem
:thout sieve tubes.
wm H. Whittaker (1969) classified
on the basis of complexity of cell
sructure, body organization and mode of
putrition. He recognized five kingdoms in the
biological world, viz., Monera, Protista, Fungi,
Plantae and Animalia. He placed all
Prokaryotes (e.g., bacteria, blue-green algae) in

A hngdom Monera. Unicellular eukaryotes are
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included in the kingdom Protista. This kingdom
|r!cludes protistan algae (e.g., dinoflagellates,
diatoms, etc.) and euglenoids which show both
plant-like and animal-like characters. Fungi
(achlorophyllous, spore  bearing eukaryotic
thallophytes) have been placed in a separate
kingdom Fungi. All multicellular producers
(including green filamentous and parenchymatous
algae) are placed in kingdom Plantae. The fifth

kingdom Animalia includes all multicellular
consumers.

Though Whittaker’s system is more natural
and indicates gradual evolution of early plants and
animals, but one anomaly of the system is that
the algae (which form a single order of
Cryptogamae in earlier systems) have been
assigned to three kingdoms-blue-green algae in
kingdom Monera, eukaryotic unicellular algae in
kingdom Protista and multicellular algae in
kingdom Plantae.



