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1.1 OBJECTIVES

Microbiology is the study of organisms invisible to our naked eye. This branch of
science explains the structure, nature, distribution, classification, occurrence, physiology
pathogenicity and application of microbes. This unit deals with the introduction, general
accounts, distribution, and classification of microbes and also about the soil, water and food
microbiology.

After reading this unit one is able to:

1 Know about micreorganisms.

1 Learn the variety of microorganisms which occur in the environment surrounding us.

1 Understand the existence of minute organisms and realize that these microscopic
organisms are living and perpetuate themselves by reproduction.

1 Discuss the distitt group of microbes which differ in form and other characters but
resemble with each other in their small size and simple structure.

1 Study the systematic position, and distribution of micro organisms.

1.2 INTRODUCTION

Microbiology is the study of org@ams too small to be clearly seen by the unaided eye. Since
objects less than about one millimeter in diameter cannot be clearly seen and must be
examined with a microscopsuchliving objects are collectively referred as microorganisms

or microbesTherdore microbiology is defined as the study of microorganisms. A variety of
organisms like bacteria, protozoa, viruses, fungi and algae are included in this category.

Regarding the place of microorganisms in the living organisms, satisfactory criteria were
unavailable until late 1940, when more definite observation of internal cell structure was
made possible with the aid of the powerful magnification provided by electron microscope.
Two cell types were discovered among these microorganisms. In some mganés cells
contained nuclear substance which was not enclosed by a nuclear membrane, while in others,
a welkdefined nucleus with a nuclear membrane was present. These two patterns were called
prokaryotic and eukaryotic respectively. According to thegmecial features of
microorganisms, bacteria are prokaryotic and fungi, algae and protozoa are eukaryotic.
Viruses are left out of this criteria as they are acellular organisms. Thus microbiology
includes five major branches namely, virology, bacteriolggyycology, mycology, and
protozoology

Microbiology
(Microorganisms)
Virology Bacteriology Phycology = Mycology Protozoology
(Viruses) (Bacteria) (Algae) (Fungi) (Protozoa)
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1.3 GENERAL ACCOUNT OF MICROORGANISMS

Antonyi van Leeuwenhoekl6321723) was the first who studied in detail the microbial
content of a variety of natural substances under the microscopevartmis natural
substances studied by Leeuwenhoek were water from rain barrels, wedlss, sea, teeth
scrapings and naturally fermented material like vinegar. His observations were confirmed by
others, but only in nineteenth century, the extent and nature of miciaiored becames more
apparent.

1 Microbes are either unicellular or multicellular orrocellular forms. Protozoa,
bacteria and some algae and fungi are unicellular forms and are made up of single cells.
While most of the algae and fungi are multicellulamis. Viruses lack a cellular structure

and hence they are naellular particles and occupy a border line between living and non
living things.

1 Based upon the presence or absence of nuclear membrane, microbes are of two types
namelyProkaryotes and Eukaries. Prokaryoteshave incipient nucleus which is suspended

in the cytoplasm. This includes bacteria.

1 The microbes such as protozoa, algae and fungieakaryote which contain a
nucleus, with a nuclear membrane andél separated from the cytoplasm.

General characteristics of Bacteria

1) Bacteria are small microscopic and least differentiated microorganisms. These are
believed to be amongst the first primitive organisms on the earth possessing typical
prokaryotic cell organization.

2) They are omnipreserite. found in all possible habitats.

3) They are unicellular and may live in association with others in colonies.

4) The size, shape and arrangement of bacterial cells vary and their size is about .5 micron to
3 micron.

5) They exhibit .a variety of shapes e.gpheres (coccus), rods (bacillus), spirals
(spirillum),curved (vibrio) etc.

\

i

O (I ¢ o= AR N
Coccus Bacillus Vibrio Spirillum Spirochaete

(a) (b) (c) (d) (e)

Fig.1.1. Different shapes of bacteria

6) They possess very rigid cell wall, which is not made up of cellulose, characteristic of
plant cell walls. It generally contains @eptidoglycan (murein), lipid and
lipopolysaccharides. The rigid cell wall determines the shape of bacterial cells.

7) Nuclear material is not enclosed in a nuclear membrane. Nucleolus is absent.

8) An extra chromosomal DNA called plasmid is usually preserttarcytoplasm.

UTTARAKHAND OPEN UNIVERSITY Page 8
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A Bacterium with pili and flagellum
Fig.1.2. A bacterium showing appendages

9) Cell organelles includes 70s type ribosome and mesosome formed by invagination of
plasma membrane.Otherorganelles such as mitochondria, lysosomes, Golgi body,
endoplasmic reticulum,centriole etc. are absent.

Fig.1.3Structure of a typical bacterium (E. Coli)

10) Appendages like flagella and pili are present. Some pili are longer in some bacteria and
are called as sex pilFig.1.2, 1.3).

Motility is brought about by flagella. The Bacilli and spirilla are motile and the cocci
are noAmotile. Thus the bacteria may motile or rmtile.

11) When flagella are absent, the bacterium is called atrichous. In motile bacteria, the
number and positionfdlagella vary. The arrangement may be monotrichous (a single
polar flagellum), lophotrichousa(cluster of polar flagella), amphitrichous (Flagella at
both the ends either singly or in cluster), cephalotrichous (two or more flagella at one
end of the cé), peritrichous (cell surface evenly surrounded by several flagella)
(Fig.14).

12) The flagella aréhair like or helical, consists of a single minute filament which is made

up of fibrils of flagellin protein. Unlike hair a flagellum grows at its tip rattiem at
base.

13) Bacteria are either Gram positive or Gram Negative. Gram positive bacteria retain violet
colour on Gram staining while Gram negative bacteria appear in red colour. This is
because of the difference in their cell walls. The cell wall of grasitipe bacteria
contains several layers of peptidoglycan in addition to techoic acid and low quantity of
lipoprotein and lipid. In gram negative bacteria, cell visa$ thinlayer of peptidoglycan
and high amount of lipo protein and lipid. Techoic aciddsent in these bacteria.
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14) In some bacteria, shorter and thinner hair like appendages are present on the surface of
the cell wall. These structures are called pili or fimbrae. There function is to adhere the
cell to surfaces and sometimes help in transfezenome to other bacterial cells. These
are called seyili.

Atrichous Monotrichous

Cephalotrichous

Peritrichous

Fig.14. Showing flagellation in bacteria

15) A bacterial cell is protected by a cell envelope made up of a capsule, a cell wall and a
plasma membrane. The bacteria covered by a capsuleabed capsulated bacteria.
While the bacteria which do not contain a capsule are calleccapsulated bacteria.

16) Bacteria may be heterotrophic or autotrophic, Heterotrophic may be parasitic,
saprophytic or symbiotidzor nutrition, autotrophs use G@sthe source of carbon while
heterotrophs use organic substances as the source of carbon.

17) Based on temperature tolerance of bacteria they are of three types:

f Mesophilic bacteria grow well in temperature betweefi@#0°C.
§ Thermophilic bacteria grow well above 20.
Psychrophilic bacteria grow well in temperature less thaf25

18) On the basis of availability of fbacteria may be aerobic or anaerobic or facultative
anaerobic.

1 Aerobic bacteria use oxygen for respiration.

1 Anaerobic bactéa use CQ.

1 Facultative anaerobes use oxygen when it is available and useviD
oxygen is not available.

19) Bacteria reproduce by binary fission, budding, fragmentation, endospores, exospores and
conidiospores.

20) True sexual reproduction is lacking. Howevagenetic recombination occurs by
conjugation, transformation and transduction.

General Account of Agae
1) Algae are simple, chlorophyll bearingnd unicellular or multicellulamicroorganisms.
Being chlorophyllous these are autotrophs.
2) Algae areneterogeneous groups. They vary in size, habitat and reproductive processes.
3) Algae are ubiquitous and abundantly present in sea water, fresh water, in damp soil, on
rocks, stones, barks of trees, on plants and animals.

UTTARAKHAND OPEN UNIVERSITY Page 10
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4)
5)
6)

7)

8)
9)

10)

11)

12)
13)

Plant body of algae is called thallwhich does not show differentiation into root, stem,
leaf and true tissues.

Algae are aquatic or terrestrial. But most of them are aquatic. They are either free living
or attached forms.

A few algae are parasites. Some algae are of specialized habitatyyaeasites,
symbiotic cryophytes and thermophytes etc.

Algae are unicellular likeChlamydomonas multicellular like Spirogyra. Multicelluar

algae may be in the form of colonies likéolvox or in the form of filaments as
Spirogyra

The algae may berokaryotes or eukaryotes. All blue green algae are prokaryotes.

The cell consists of a cell wall, a plasma membrane, cytoplasm and nucleus. The
cytoplasm contains mitochondria, plastids, ribosomes, Golgi complex, endoplasmic
reticulum.

The plastids in alge, contain pigments which are of three tyjpes

(&) Chlorophylls: Five types chlorophyll (a, b, ¢, d and e) are found in different
algae. Chlorophyll a is present in all the algae.

(b) Carotenoids: These are the yellow and orange pigments (namely carotenes
and xathophyll§ and are found in varied quantities in different algae.

(c) Biliproteins or phycobilins: These pigments include phycocyanin (blue in
colour) and phycoerythrin (red in colour) and presence of these pigments is the
characteristic feature of certairpgs of algae.

The pigments are present in chloroplasts, which are of different shapes in different
genera. The chloroplast contains one or more spherical bodies called pyrenoids which
are the centres of starch formation.

Some algae are motile and possémgeila.

Reproduction in algae is of three types, namelggetative, asexual and sexual.
Vegetative reproduction takes place by fragmentation, fission, buddinog asexual
reproduction by production of asexual spores (motile or-motile). Asexual
repraduction is most common method of reproduction during favorable conditions.
Algae reproduce sexually during unfavorable conditions by producing gametes.

General Account of Fungi

1)
2)

3)
4)
5)
6)
7)

8)

Fungi are achlorophyllous, narascular eukaryotic thallophytes.

They arenongreen so heterotrophic microbes obtaining their food in a soluble form by
uptake through plasma membrane.

Being heterotrophic, they live as parasites, saprophytes or symbionts.

They are ubiquitous in distribution and occur in any habitat where lifessible.

There are about 100,000 species of fungi.

Plant body of fungi typically consists of branched filamentous hyphae which form a
network called mycelium. The hyphal structure is variously modified.

The hyphae are aseptate, multinucleate in lowemgowhile septateand uni, bi or
multinucleate in higher forms.

Protoplasm remains surrounded by a distinct cell wall made up of fungal cellulose
known as chitin. But in primitive slime moulds cell wall is absent.

UTTARAKHAND OPEN UNIVERSITY Page 11
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9)

Fungi are entirely devoid of chlorbpll but carotenoids are normally presedytoplasm
contains endoplasmic reticulum, mitochondria, Golgi bodies and manylivirom
substances like reserve food.

10) In lower fungi the reproductive cells (Asexual spores and gametes) are motile (uni or

biflagellate). But the higher fungi lack motile cells and show gradual reduction of
sexuality.

11) Flagella are two types (i) whiplash (acronematic) flagella are smooth and (2) Tinsel

(pentonematic) flagella with numerous minute hairs like structures orstiréace.

12) Fungi are heterotrophic due to absence of chlorophyll. So they have to depend for their

food on others. Therefore they may beof the following types:

(a) Parasitesobtain their nutrition from other living plants or animals. Some of them live only
on living protoplasm and are called obligate parasites. Whereas others can also grow on dead
organic matter in absence of living host and are known as facultative saprophytes.

(b) Saprophytesobtain their nutrition from the dead decaying organic matter. Among
these, some saprophytes suchMagcor can obtain their nutrition only from dead
organic matter and are known as obligate saprophytes. On the other hand some
saprophytic fungi agusariumhave the capacity to invade living organisms and are
known as facultate parasites.

(c) Symbionts grow on other living organisms and both are mutually benefited. Such
association is known as symbiosis, Lichens and mycorrhiza are common examples of
this, in which fungal partner shows mutualistic relationship with alga and obots
higher plants respectively.

13) In unicellular fungi whole vegetative cell is transformed into a reproductive unit such

14)

19)

16)

fungi are known as Holocarpic while in most of the fungi only a part of the vegetative
mycelium forms reproductive unit and rest rémeegetative. Such fungi are known as
Eucarpic.

Fungi reproduce by vegetative, asexual and sexual méagstative by fragmentation
(e.g.,Rhizopus, Alternariatc.) fission (e.g., yeast) and budding (e.g. yeastmtithgo)
Asexual reproduction occudsiring favourable condition by the formation of a variety of
conidia and spores. Spores may be unicellular @&sgergillug or multicellular (e.g.
Alternaria). They may be endogenous (developed inside in pycnia or sporangia) or
exogenous (developed ouwtsion sporophores or conidiophores). Some common asexual
spores in lower fungi are motile known as zoospores. (lytophthora), Non motile
known as aplanospores or conidia (éviyicor, Rhizopuy In Higher fungi these nen
motilespores are called cordgloidia or chlamydospores.

Except for the class Deuteromycetes, sexual reproduction occurs in all groups of fungi. It
is completed in three phases (a) Plasmogamy (fusion of protoplasm of two compatible
gametes of sex cells) (b) karyogamy (fusion of twal&ufrom two gametes to form
Dikaryon). (c) Meiosis (after karyogamy reduction division takes place in diploid
nucleus to form haploid stage). The sex organs if present are called gamentangia which
may form gametes.

The various methods of sexual reproduttby which the compatible nuclei are brought
together for plasmogamy) are as follows:

UTTARAKHAND OPEN UNIVERSITY Page 12
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(a) Planogametic copulation (fusi of two naked motile gameted)lay be either
Isogamy (fusing gametes morphologically similar) or Anisogamy (fusing gametes are
both morphologically and physiologically dissimilar) or Oogamy (fusion between
female gamete (egg) and male gamete (antherozoid).

(b) Gametangial contact (Male and fal® gametangia come in close contact with the
help of a fertilization tube).

(c) Gametangiakoupulation(Fusion of entire contents of two compatible gametangia)
and formation of zygote which develops into a resting sporeMugor, Rhizopus

(d) Spermatization(sex organs are completely absent and the sexual process is
accomplished by minute spore like spermatia (malegamete) and specialized receptive
hyphae (female gamete) e.Byccinia

(e) Somatogamy (sex organs are not at all formed but two vegetative ceNsoor t
vegetative hyphae take over the sexual function and fuse togetherMerghella
andAgaricus

17) The optimum temperature for the growth of fungi is betwe&a 26 30C.
18) Although light is not essential for growth, but for sporulation in many specese s

light is necessary.

19) There are five basic types of life cycles in fungi as asexual, haploid, halfaigotic,

haploiddiploid and diploid.

General Account of Viruses

1)
2)

3)

4)

5)

6)

7)

Viruses are exceptionally simple, filterable, obligate, intracellular particlebleapa
reproducing inside a living host.

These are extremely smaller in size (smaller than bacteria) and it ranges from 20 nm to
300 nm in diameter.

Inside a living, the viruses are active and they feed, reproduce, grow and move. But
when they live outsidehey remain inactive and behave as-riasing things. They are

also called living chemicals as they behave like chemicals and can be crystallized.
Viruses differ fundamentally from cellular organisms in that they contain only one type
of nucleic acid éher DNA or RNA. The nucleic acid may be single or double stranded
DNA or RNA and occur in either linear or circular form.

Viruses do not contain cellular structures such as plasma membrane, mitochondria, Golgi
complex, lysosomes, ribosomes etc.

Their bast structure consists of a protein coat, (capsid) and nucleic acid. The smallest
viruses known as virioids, consists of a single strand of naked nucleic acid without
protein coat. Capsid is made up of several identical protein subunits known as
capsomereslThese subunits are usually arranged in the helical or polyhedral geometric
forms which are specific for a particular virus.

The capsomeres, forming the capsid (protein coat) of a virus, are of two-§petamer

(made up of five identical monomers) andexdamer(having six monomers). Each
monomer is connected with the neighbouring monomers on either side with the help of
bonds. Similarly capsomeres are also connected with each other but the bonds between
capsomeres are weaker.
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8) In complex forms (e.g.influenza and herpes virus and many plant viruses) the virus
particles are surrounded by on outer envelope. The envelope is membranous and made
up of protein, lipids and carbohydrates. Viruses with envelope are called enveloped and
those without envelopa@said to be naked (e.g., TM{Hig.15).

; Ribonucleoprotein
\ @ Membrane like
Herpes virus Mumps virus -
A B C Leukemia virus B

U

Influenza virus: Structure

Vaccinia virus :
0 Myxovirus

E

Fig.15. Different structures in Viruses

9) Viruses multiply by assembly line method. They do not divide. The cycle of
multiplication include :

attachment of virus to host cell.

penetration by genetimaterial.

production of virus components by the cell.

assembly of new virus components by the cell.

release from the host cell.

10) They lack enzymes for most metabolic processes.

11) Viruses are also unique microorganisms as they lack machinery for the symthesis
proteins

12) They are obligate intracellular parasites of animals, (protozoainsects,fish, birds,
amphibians, mammals and humans) or plants (angiosperms, gymnosperms, ferns, and
fungi).

13) Many of the viruses have a close biological relationship with an @addror other type
of vector on which they are dependent for their transmission from one host to the other.

14) The viruses cause very serious diseases in crop plants, ornamental plants and forests
trees and many serious diseases in animals caused by viresgsllaknown since the
time immemorial.

= =4 4 A A
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General Account of Protozoa

1)
2)
3)

4)

5)

6)

7)

8)

9)

Protozoa are animal like organisms which are motile unicellular;photosynthetic

eukaryotic microorganisms.

They normally obtain their food by ingesting other organisms by a prazdkesd

phagocytosis.

These microorganisms are aquatic (fresh water or marine) or terrestrial (in soil) but

majority of them are parasites in other animals including humans.

On the basis of the type of movement, the microorganisms are divided into treeye typ

(& Amoeboid protozoa: flagella are absent but a temporary projection of part of
cytoplasm called pseudopodium is present.

(b) Flagellate protozoa: They have either simple flagellum or a very complex flagellar
arrangement.

(c) Ciliaryprotozoa: In some protozoa eRprameciumthe surface is covered with these
structures and cilia are shorter than flagella and haveoaduoate motion.

The cell is made up of a plasma membrane, cytoplasm and nucleus. The plasma

membrane may have outer protective coverings supklbsles, shell, test or torigdrig

1.6).

The cytoplasm is more or less homogenous substance consisting of protein molecules. It

is made up of an outer ectoplasm and an inner endoplasm. Ectoplasm is gel like and

endoplasm is more voluminous and fluid.

Same protozoa secrete a resistant covering and from a cyst at certain times of their life

cycle. This protects organisms against adverse environments. It also functions as a site

for nuclear organization and serves as a means of transmission in parasigis. spe

The nucleus is typical eukaryotic. It has nuclear membrane, nucleoplasm and

chromosomes. Normally only one nucleus is present Aengebd. But in some

protozoa two similar nuclei are found while in others e.g. ciliate species to dissimilar

nuclei ©ne micro and another macro nucleus) are found. The macro nucleus is large and

controls the metabolic activities and regeneration process and smaller or micro nucleus is

responsible for reproductive activity.

On the basis of Nutrition the protozoa are &wjghic, holozoic or parasiticAmoeba

uses pseudopodium for gathering foddarameciumuses cilia, and Suctorianus

estentacles. The autotrophic forms have chlorophyll for photosynthesisEegiena.

Someprotozoashow symbiotic relationship with otherganisms.
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I. Sarcodina

Arcelfa ()
- Tr‘.*pancrsmna in humnan
blood

Amoeba
/ Astasla

II. \Iasﬁgcrphora

a. formaniforum Tnchommphha

III. Ciliophora

IV Sporozoa

_ .‘arecfum § § 5‘}

Plasmodnum i red blood cells

Leishmania in a leucocyte

Fig.1.6Various forms of Protozoa

10) Asexual reproduction is some flagellate and ciliate species is associated with cyst
formation.

11) Reproduction takeglace byasexual and sexual methods. Methods of asexual
reproduction are binary fission (eAmoeba)multiple fission (e.gPlasmodiuny, and
budding. Sexual reproduction takes place by conjugationfargmecium And
isogamy (e.gMonocysti$.

12) Protozoaplay an important role in food chain and food webs and are of particular
importance in the ecological balance of many communities. Some protozoa caused
diseases in animals including humans which are chronic and acute. In addition, these
microorganisms have alsd®become important research tools for biologists and
biochemists.

1.4 DISTRIBUTION OF MICROORGANISM

Microorganisms are cosmopolitan in distribution. They occur in every type of habitat that
can support life. This exceptional wide natural distribution is ttuphysiological diversity
exhibited by them. Following physiological characters contribute to their survival in varied
habitats:

(i) They can grow in inorganic environments without illumination. (Known as
chemolithotrophs).

(i) They have the capacity for rapgdowth.

(i) They have higher metabolic rates.

(iv) They do not depend on the availability of specific micronutrients in the environment.
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(v) Some of them (bacteria and cyanobacteria) can use nitrogen a capability not known to
occur in any other group.

Under suitable mvironmental conditions, the microbes frequently grow multiply and produce
spores, cysts and resting cells. We shall discuss the distribution of microorganisms under
following heads:
1. Microbes in soll
Microbes in aquatic environment
Microbes associated witilants
Microbes in Air
Microbes in Food
Microbes in Milk.
Microbes of human body.

NOo ok wbd

1. Microbes in Soil

Man depends upon the soil for his food and the soil depends upon theongamsms for its
fertility. Agriculture would not be possible withonticroorganisms in the soil. There are five
major groups of microorganisms in the soil. They are Bacteria, Fungi, Algae, Protozoa and
viruses. One gram of soil has about B billions of microorganisms.

Microbial Population in a fertile soil

Type Number per gram
Bacteria:Direct count, 25 x 16
Dilution plate 15 x 16
Actinomycetes 7x 10
Fungi 4x10
Algae 5x 10
Protozoa 3x1d

A. Bacteria: Bacteria are the larger group of soil microorganisms. The bacteria which occur
in soil are cog; bacilli and spiral forms. Among these, the bacilli are in highest number and
they swim actively in the soil solution. Some common soil bacteria are the species of
Pseudomonas, Arthrobacter, Achromobacter, Bacillus, Clostridium, Micrococus,
Flavobacterium, Chromobacteriunand Mycobacterium Both autotrophic and heterotrophic
bacteria occur in the soil. Different speciesTbfobacillus,Ferrobacillue, Nitrosomonaand
Nitrobacterre also foungh the soil as chemosynthetic autotrophic bacteria.

Environmental factors like temperature, moisture, pH and depth of the soil affect the
distribution of bacteria in the soil. Certain bacteria kgcobacteriumandPseudomonaare
commonly found in the soil near the petroleum wells. These bacteria amnside for
oxidizing ethaneEscherichiabacteria seldom occur in the soil, many cellulolytic bacteria,
such as species GlytophagaandSporocytophagare found in cellulose rich soil.
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B. Actinomycetes:A large number of actinomycetase present in dry and warm soil. They

are particularly abundant in the soil rich in decomposed organic materials. Species of
Streptomyces, MicromonospoaadNocardiaare some common actinomycetes which occur

in soil. They are responsible for the charastee musty or earthy smell of a freshly ploughed

field and are capable of degrading many complex chemical substances and thus play an
important role, in soil environment.

C. Fungi: Several fungi are present in the soil and play an important role imgrevement

of soil nutrients in neutral and alkaline soils. Majority of soil fungi grow in acidic soils with
aerobic condition. Agricultural practices (crop rotation, use of fertilizers and insecticide etc.)
and the depth of the soil also influence thegalrcomposition. Some important soil fungi are
the species ofAspergillus, Botrytis, Cephalosporium, Penicillium, Alternaria, Monilia,
Fusarium, Verticillium, Mucor, Rhizopus, Pythium, ChaetomamaRhizoctonia,Yeasts are

not very common in the soil egpt in Vineyard and orchard soils. Some fungi such as
specief Alternaria, Aspergillus, CladosporiandDematiumare helpful in the preservation

of organic materials in the soil. Adding of organic matter to the soil stimulates soil fangal
flora. It is tobe noted that the mycelium of fungi play an important role in binding the soil
particles because of their interwoven hyphae.

Some phytopathogenic fungi also live in soil, often as saprophyteSpmoggospora
of myxomycetes that cause powdery scab ofafotuber;Phytophthoraand Alternaria
species cause late blight of potato and early blight of potato respectively.

D. Algae: The algae are widely distributed in the soil even in deserts. 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 solil structure. In paddy fieldg gheen algae play a
significant role in nitrogen fixation.

The most commonly occurring algae isolated from the soil are the members of
cyanophyceae and chlorophyceag. Nostoc, Cylindrospermum, Anabaeaad Chlorella,
Chlorococcusand Scytonemaln adlition to these, certain diatoms are also frequently occur
in the soil.

E. Protozoa: Protozoans are present in great abundance in the upper layer of the soil and
their number has a direct effect on bacterial population, because they ingest bacteria.
Deperding upon the condition of the solil, protozoans may exist in vegetative or cystform.
Protozoans present in the soil belong to the class Mastigophora(speBm$opiCercobodo,
Cercomonas Monas, Spiromoe&s class sarcodindoeba, Biomyxa, Nuclearia, ilema)

and class ciliata ar€€plpoda, Gastrostyla, oxytriclesc).

F. Viruses: Viruses are present in very small number in the soil. Bacteriophages ingest
bacteria and actinomycetes and some viruses itifedungi present in the soil.

2. Microorganisms n aquatic environment

Water is unique environment for mieomganisms. A large number of mieooganisms are
carried from air and soil through various sources before water reaches reservoirs like rivers,
lakes, ocean etc. Aquatic habitats are only mallgim&robic. Microorganisms occurs in all
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depths. Drifting microbial life of aquatic environment is called Plankton. There are various
types of microorganisms in the aquatic environment .Some major examples are as follows:

|. Bacteria: Bacteria are heterotrophic organisms of water, which may live in close
association with the algal flora of water. They develop well both in fresh and marine
water, near the submerged vegetation and just above the mud layer. Anaerobic bacteria
and few fungalso grow at the bottom sediments where are algae are absent. Pigmented
and nomrpigmented bacteria likd?>seudomonas, Chromobacterium, Achromobacter,
Flavobacteriumand Micrococusoccur frequently in unpolluted waté&scherichia coli
Streptococcus faec@, Proteus vulgari@nd Clostridium perfringensthe characteristic
intestinal tract inhabiting bacteria are also found in polluted water. Species of certain
bacteria likePseudomonas vibrio, Favobacteriland Achromobactemay be present in
surface layes of sea water. These marine bacteria have important roles in nitrogen,
sulphur, Phosphorus and carbon cycles within the sea.

Il. Fungi: Certain fungi like Saprolegnia, Manoblepharignd Chytrids occur in well
aerated waters. These are saprophytes that gnayead algae and small animals mainly
in fresh water habitats. They are important decomposers in aquatic environments. Some
water moulds are parasitic on the gills of fish. The fungi which occur in sea water
include the species @hytridium, Patersoniand Ophiobolus

lll. Algae: Many planktonic and benthic species of algae occur in different habitats of water
both fresh and marine. On the basis of their habitat in fresh and marine water, algae are
divided into following three categories:
(a) Epipelic Algae: Algae growing on deposit sediment in water. e.@scillatoria,

Navicula

(b) Epipsammic Algae: Algae attached among the coatings of bacteria on sand grains.

e.g.i Fragilaria, Chaetophoraetc. (Fresh water) arRlaphoneis, Amphora, Rivularia
etc. (Marine forms)

(c) Plankotonic Algae: Free floating algaee.g.,Anabaena, Pandorina, Chlamydomonas
etc. (Fresh water) anRhizosolenia, Coratium, Chaetoceros, Peridaten(Marine
forms).

IV. Protozoa: The Protozoans are generally found in water films surrounding the soil
particles. Protozoans likdroglenopsis along with algadudorinaandVolvoxproduce

an undesirable odour to water and pollute the fresh water ecosystem. Aquatic

protozoans, in plankhic forms are very commonly distributed in fresh and marine

water. These Protozoans are Ciliates, Flagellates and heliozoans etc.

3. Micro -organism in Association with plants

Plant parts leaves, stems, flowers, fruits, seeds and roots are litershed with micre
organisms of various kinds. Some of the common associations ehisod organisms
with plant aré

(A)  Rhizospherei Microbes influencing root and igirrounding. These are
@ Legume Root Nodule e.g., Rhizobium
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(b) Associative Nitrogen fixativee.g.,AzotobacteandAzospirillum.
(B)  Mycorrhizae- These are fungusoot association

The roots of about 80% of all kinds of vascular plants are normally involved in symbiotic
association with mycorrhizae. Generally three types of mycorrlgsbciation have been
found:

| Ectomycorhizal: In this fungi grow as external sheath around the tip of the root with
limited inter cellular penetration of the fungus into the cortical region of root. This type
of association is common in oak, birch, beanld coniferous trees.

Il Endomycorrhizal: In this, fungal hyphae penetrate the outer cortical cells of the plant
root where they grow intracellularly and form coils, swellings, or minute branches.
These are characterized by two intracellular structurdsdc®esiclesand arbuscules.
That's why these are called vesicularbusculamycorrhizae (VAM).

This is found in wheat, corn, beans, tomatoes, apples, oranges and many commercial
crops and grasses.

[l Ectendomycorrhizal Association: This type of assoation has more persistant
Intracellular infections of cortical cells found predominantly in the family Orchidaceae.

(C)Actinorrhizae: Actinomyceteassociation with plant roots is called actinorrhizae.
They are formed by the association of frankia strains. Frankia strains are capable of
nitrogen fixation and are important in the life of plants.

(D) Tripartile Association: When a plant develops relatiship with two different types
of micro-organisms it is calledripartile association. Following types of associations
are examples of tripartite association:

(1 Endomycorrhizae plus rhizobia includiizobiumandBradyrhizobium.
(i) Endomycorrhizaera actinorrhizae.

(i)  Ectomycorrhizae and actinorrhizae.

(iv)  Ectendomycorrhizae and actinorrhizae.

4. Microbes in Air

Air as a matter of fact, it not a suitable medium for the growth of the rorganisms
and studiesndicate that higher the altitudene might expect to find fewer micarganisms.

Air itself does not support growth of the microorganisms but they are either borne on dust
particles, in moisture droplets expelled by men during talking, coughing and sneezing. Micro
organisms are more nuna@is in the aiduringdry weather than in wet weather because rain
washes them out of the air.

A variety of microorganisms are found in air over populated land areas. These include
spores ofBacillus and Clostridium, ascospores of Yeasts, Conidia of nusyl cysts of
protozoans, unicellular algae, Non spore forming bactevlecrécoccus luteuys non
pathogenic bacteria, gram negative ro@hrbmobacterium etc. The spores of many
pathogenic fungi (e.g., rusts) causing crop diseases, plant pollens, seadte)(mare
transmitted from one place of another through air currents.
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A number of human diseases are air borne and are transmitted by infectious dust e.g.
DiphtheriaCorynebacteriumdiphtheriajuberculosigflycobacteriumtuberculosis)
whooping coughBordetellapertussis) children'snfluenza Haemophiliesnfluenzale)etc.

5. Microorganisms in Food

Microbes are in direct competition with the human for the nutrients present in food. So foods

are ideal culture media for microbes, and different food itbetmecontaminated with

microbes, which are present in soil, the bodies of plants and animals, water, air, equipments

during processing or preparation. Microorganisms that occur in foods may be divided into

following categories:

I- Beneficial organisms whh bring about desirable fermentations e.g., those which are
used in the preparation of cheese, vinegar etc.

II- Harmful organisms which are responsible for decay of substances rich in organic matter,
and undesirable fermentations.

lll- Pathogenic organisms caugirdreadful diseases and food poisoning by their toxic
secretions.

IV- Microorganisms themselves form food e.g., single cell proteins and Mushrooms.

The effect depends upon the type and numbers of microbes and also on the nature of food i.e.,
whether cookedpreserved or processed. Sometimes specific microbes are added to food to
get a desired effect. e.goipickled cabbagd_actobacillus plantarum

Food rich in proteins (meat, eggs, etc.), those with carbohydrates (vegetables and fruits) are
spoiled by diferent types of micr@rganisms by the process of putrefaction and
decomposition (e.d?seudomonas, MicrococcasdBacillus).

6. Microbes in Milk

A number of micreorganisms thrive in milk (which is one of the nature's most
preferred food), and its prodis. Milk inside the udders is free from bacterial contamination,
but as it comes through the teat of the udder, it is contaminated as bacteria are always present
at the teat canals of the uddelicrococciandstreptococcronstitute the teat microflora.

Milk can be easily contaminated by pathogenic organisms to the milk in various ways.
Since bacteria are present everywhere including hay, feeds and ground. The important direct
possible ways of contamination dre

(1) Milking utensils (i) Hay and otherekds, (iii) Hands of milkers, (iv) The udder of cow and
buffalo and (v) the skin of animal. Various types of miorganisms are found in milk. The
presence and absence of these organisms depend on sanitary quality and conditions of
production. The importa microorganisms in milk are:

|. Bacteria: Bacteriaform the major section of microbes that grow well in milk. They may
produce beneficial or desirable effects and detrimental or undesirable effects. The study
of these bacteria in relation to milk and millogucts is known as dairy bacteriology.
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(a) Beneficial Effects
Microorganisms are deliberately added to milk to produce fermented milk products, to
create new pleasing food flavours and odours. Yogurt is produced by adding two
bacteria: Streptococcushermophilusand Lactobacillus bulgaricusn the ratio of 1:1.
Streptococcugroduces acid andlactobacillus produce aroma components. Cheese,
which has been thought to be developed 5000 B.C. is one of the oldest human foods.
About 2000 varieties of cheeaee produced all over the world. Cheeses are classified on
the basis of texture or hardness as:

Cheese Bacteria Used

|. Softcheese - Streptococcus lactiand
(ripened) S.cremoris
Il. Soft cheese - Streptococcus lactis
(unripened) S. cremoris
S. thermophilus
Lactobacillus bulgaricus
[l Semi soft - Streptococcus lactiandBrevibacteriumlineus
S. cremoris
IV. Hard - S. lactis, S.cremoriandLactobacilluscasei
S.durans, S. thermophilus
V. Very Hard - S.lactis, S. cremoris, S. tshermophgnsi

Lactobacillus bulgaricus

(b) Detrimental or undesirable Effect
Spoilage occurs when microorganisms degrade the carbohydrates, proteins and fats of
milk. Examples of common types of spoilage in dairy products ssucéted bacteria are
following:-

Spoilage type Bacteria involved

Souring - Lactobacillussp. andStreptococcusp.

Sweet curdling Bacillussp.,Proteussp.,Micrococcussp.

Gas production Clostridiumsp. and coliform bacteira

Red rot - Serratiasp.

Grey rot - Clostridiunsp.

Il Yeasts:They are found in milk and milk products. They act on lactose and produce acid
and carbon dioxide. Some produce gassy fermentation and some are lipolytic in action.
These contaminate milk through feed @od. e.g.Torulacremoris, Torulalactis.

[ll. Moulds: They contaminate and grow in large number on the surface of butter, cream,
khoa and cheese. The colour may be black, grey, blue or white. They produce
undesirableodour also. Some are lipolytic and s®rre proteolytic e.dg?enicillium sp,
CladosporiumandGleotrichum

UTTARAKHAND OPEN UNIVERSITY Page 22



MICROBIOLOGY, MYCOLOGY AND PLANT PATHOLOGY BSCBO-101

IV Bacteriophages: Bacteriophages present in milk kill the bacteria in the starters and
interfere in the process of fermentation which is essential to produce certain milk
products suchsabutter and cheese.

V  Viruses and Protozoa:These are not common organisms present in milk products but
they occur in some rare conditions.

7. Microbes of Human body

The human foetus in uterus is free from bacteria and other microorganisms. Within
hoursafter birth, it begins to acquire a normal microbiota within the first week or two. After
that a variety of microorganisms become associated with the human body. Thousands of
microbes are present around us and many inhabit human body in natural Bmsssf. the
microbes of the human body are commensals, as they do not harm the host. They obtain their
nourishment from secretion and excretory wastes of the human body. Some microbes act as
scavengers by ingesting excretory wastes or are beneficial togheshyp] certain intestinal
bacteria synthesize vitamin E and Whereas others protect the host from the pathogenic
microbes.

I. Microbes of skin

The human skin always remains in contact with bacteria present in the air, but most of
them are unable tgrow since the skin secretes some bactericidal substSteggsylococcus,
Streptococcus, Propiotiacterium,moulds, yeasts and some pathogenic bacteria live on the
surface of the skin. Some dermatophytic fungi \Epidermophyton, Microsporumrand
Trichophytonmay colonizéan the skin and produce athlete's foot and ringworm diseases.

Il. Microbes of the mouth cavity

Continuous presence of soluble nutrients and abundance of moisture in the mouth
cavity provides a suitable environment for the growth ofro@ganisms. Some common
microbes areStaphylococcus aureu$§. epidermidis, S. mitis, Lactobacilli, Actinomycetes,
Bacteroidesoralis, Candida albicans, Treponemadenticala, Mycobacteria, Entanspeba
andTrichomonastc.

lll. Microbes of Gastroi Intestinal tract

Several micreorganisms suchsstaphylococcuaureus S. epidermidisHaemophilus
influenzaeand Neisseriainhabit the pharynx. Stomach contains very few microorganisms
because of its acidic pH. When the stomach functions normallygdévisid of microbes due
to the presence of gastric juicddany gram + ve facultative bacteria and fungiendida
albicangsre found in the duodenum. Similarly a large number of recganisms are found
in the large intestine (colon). They include gramveé bacilli gram (+)vdacilli,
Enterobacter Escherichia coli, Proteusand Candidaalbicans In addition to these certain
Protozoangrichomonashominis, Entamoebartmsannjare also present.
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IV. Microbes of the mucous membrane of the eye
Staphylococcus albus, Comybacteriurerosis and myoplasmas are usually
associated with the mucous membrane of the eye.

V. Microbes in Respiratory tract

We inhale a large number of adsorbed migrganisms along with dusparticles.
Most of them are tggped in the nasal cavity. Some Staphylococci, aerobic Corynebacteria,
besides other cocciand bacilli inhabit the nasal cavity.

VI. Microbes of Genito-urinarytract

The upper genitourinary tract consisting of kidneys, ureters and urinary bladder is
usuallyfree of microorganisms. In both male and female, a few bactei&agfylococcus
epidermidis Streptococcus faecalendCorynebacteriunsp. are usually present in the distal
portion of urethra. In the adult female genital tract, the major microorganisms are the acid
tolerantLactobacillussp.,Bacteroidesp., aerobicorynebacteria, Peptostreptococss. and
Enterococci, Mycobacterium sgmatisand mycoplasmas.

1.5CLASSIFICATION

In the early 18 century the traditional classification of living organisms was given by
Aristotle. He classified the living organisms into two kingdoms Plantae and Animalia.
Plantae includes algae, fungi and Bacteria & other plants. Other kingdom Animalia includes
all animals including protozoa.

A three kingdom classification was given by E. Haeckel in 1866. Heincludeda the
third kingdom Protista and classified living organisms as follows:

1- Protista (Algae, fungi, bacteria and Protozoa)
2- Plantae (excluding unicellular algand fungi)
3- Animalia (excluding protozoa.)

Later, Copeland (1956) suggested a four kingdom system of classification of living
organisms. He placed bacteria and kdueen algaén the fourth Kingdom Monerand fungi
in the third kingdom Protista.

Whittaker in 1969 proposed a five kingdom system of classification of living
organisms. His classification is as follows:

1- Monera (Bacteria and Cyanobacteria)

2- Protista (unicellular algae, slime molds and protozoa)
3- Fungi

4- Plantae (Eukaryotic multicellular plants)

5- Animalia (excluding protozoa)

Hawker and Linton in 1971 classified microorganisms into 3 heads:
I.  Viruses: Specific group of sugellular obligate parasites.
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II. Prokaryote: organisms with prokaryotic organization. This included
(a) Bacteria (unicellular formwithout a definite nucleus).
(b) Higher Bacteria (filamentous actinomycetes to filterable mycoplasmas).
(c) Rickettsiae (Parasitic bacteria having the appearance of tiny rod shaped or spherical
resembling bacteria and viruses).
(d) Cyanobacteria (photosynthetic formisprokaryotic organization)
[ll. Eukaryote : organisms with eukaryotic organization which includes
(&) Algae (unicellular eukaryotic algae belonging to Chlorophyceae, Chrysophyceae and
Euglenophyceae).
(b) Fungi (moulds) (fungi with unicellular to multicellular hype with cottony growth
belongs tdPhycomycetesAscomycetesBasidiomycetesanddeuteromycetes).
(c) Slime moulds (organisms with slimy mass of naked motile protoplasm called
plasmodium).
(d) Protozoa (unicellular animals without chlorophyll. and are divided s#rcodina,
sporozoa, ciliophora and mastigophora.
(e) Nematodes (multicellular thread like cylindrical worms).

Recently microorganisms are classified into two major groups:

(A) Acellular Infectious agents
(B) Cellular Infectious agents

(A) Acellular Microorganisms: These are called acellular organisms as they do not possess
three minimum characteristics of a edfresence of a membrane, genetic material and
metabolic machinery.

These are of following types:

I.  Viruses: Ultramicroscopic obligate parasites made up ofeia@cid, lack cytoplasm

and cell organelles and multiply only within the living host cell.
A Provisional committee or Nomenclature of viruses (P.C.N.V.), headed by system proposed
by Lwoff, Horne and Tournier (1962). According this system all virusegrargoed into a
single phyluni Vira which is divided into subphyla, classes, orders, suborders and families.
On the basis of following characters:

(&) Type of nucleic acid DNA or RNA.

(b) Symmetric helical Cuboidal or biral.

(c) Presence or absence of envelope araapsid.

(d) Diameter of helical nuclecapsids and no. of capsomeres present in cuboidal viruses.
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Phylum Vira
Sub phylum |

DeoxyviraRibovira

| |

Classes Classes

| |
| | |
Deoxyhelca Deoxycubica Deoxybinella Ribohelica Ribocerbica

2 order order order 2 order

Single order Haplovirales Paplovirales Urovirales  Rhabdovirales Sagovirales
Chitovirales (without (Mantle (1 family) (Rod-like)  (mentle present)
(Enneloped  Envelope) Viruses) Sub order (3 families)

(1 family) (5 families) (1 family) |

(B)

[ A N

v v

Rigidovirals Flexiviridales
(3 families) (3 families)

Gymnovirales Togavirales
(2 families) (1 family)

Viroids:

These are small naked RNA molecules. These were first discovered by Diener (1971).
They replicate autonomously. Viroid RNA is usually single strdndecular and is of

very low molecular weight viroids cause various plant disease such as potato spindle
tuber (by PSTV), citrus exocortis, chrysanthenmstomt, cucumber pale fruit etc.

Prions: These are roc8haped proteinaceous infectious particdéthout nucleic acid,;

Prions were named by S.B. Prusiner (1984) who was awarded Nobel Prize in Medicine
in 1997. Prions cause a variety of mammalian neurodegenerative diseases. These are
generally fatal and are referred to as transmissible spongiform heloppthies
(TSES).These include diseases like scraple, disease of DreepzfeldtJakob disease
(CJD) and Kurui Human diseases. Prions also cause madcow disease of bovino
spongiform encephalopathy (BSE).

Virusoides: They are also called satelliteNR. They are encapsulated by plant viruses
packaged together with a viral genome. They cannot replicate independently and do so
with the help of an associated virus.

Cellular Micro -organisms These microorganisms are cellular as their cells possess a
membrane, genetic material and metabolic machinery. These are two types on the basis
of presence or absence of nuclear membrane.
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1. Prokaryotic microbes & 2. Eukaryotic microbes.

1. Prokaryotic microbes

These are unicellular microorganisms. These shmwekaryotic cell organization.
Prokaryotic micreorganisms are again subdivided into two

(A) Archebacteria & (B) Eubacteria

(A)  Archebacteria: These are the primitive type of bacteria which lack muramic acid in
their cell walls; the membraneplds have ether linked aliphatic branched chains. These
possess distinctive RNA polymerase enzymes. Their ribosome is also of different
composition in shape. These bacteria are categorized into (a) methanogenic bacteria (b)
extreme halophiles and (c) thevacidophiles.

(B) Eubacteria (True bacteria):This comprises a vast majority of bacteria. The
Peptidoglycan cell wall contains muramic acid. The membrane lipids have ester linked
straight chained fatty acids.

These are divided into following groups

(i) Spirochetes:These are gramegative, chemohetrotrophic bacteria, and are distinguished
by their structure and motility. They lack external rotating flagella but still can move through
very viscous solutions, exhibiting creeping or crawling movement wheomtact with a
solid surface. Their unique style of motility is due to the presence of an axial filament. Two
or more than a hundred prokaryotic flagella called periplasiagella, extend from both
ends of the cyinder and often overlap one anothero8petes are anaerobic, facultatively
anaerobic or aerobic. Some pathogenic formsTaeponemapallidupBorrelia burgdorferi,
Leptospiraand causing syphilis, lyme disease and Leptospirosis respectively.

(i) Rickettsias: These belong to order Rickettsiales. These are a group of-Grgative
intracellular parasitic bacteria. These resemble viruses in their very small size and
intracellular existence. They differ from viruses in having both DNA and RNA, a plasma
membrane ribosome, enzymes etc. They are intermediate between bacteria and viruses.
Some of the important pathogenic forms are:

Rickettsia prowazekiauses typhus fever;

Rickettsia rickettsicauses rockey mountain spotted fever;
Rickettsia orientali€auses sab typhus; and

Rickettsia burnetttauses Q fever

(iif) Mycoplasma(Mollecutes)

Mycoplasmas are prokaryotes without cell wall and are placed in the class molecules
(Mollis = Soft; cutis = skin). They are pleomorphic and occur in any shape such @saphe
pear shaped, branched and helical filaments. They arenntle but can glide along liquid
covered surfaces. They are usually facultative anaerobes but a few are obligate anaerobes.
Their genome is one of the smallest (abo@05 1(daltons) foud in prokaryotes. They live
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as saprophytes or parasites or pathogens of plants, animals, man or insects. The common
examples of mycoplasmaare:

Mycoplasma pneumoniggausingmycoplasmalpneumonia);Mycoplasmamycoides
and gallisepticumcausingcontagious bovine pleuropneumonid in cattles, and in chicken
respectivelyMycoplasma urealyticurbauses genital infection.

(iv)Cyanobacteria (Blue green algae)

Cyanobacteria are blue green algae or blue green bacteria. They form a connecting
link betweenbacteria and green plants. They are prokaryotic. They are photoautotrophs as
they contain chlorophyll which is located in thyllakoids. Their photosynthetic system closely
resembles that of eukaryotes, because they possess phygootgins as accessorjgments
like red algae. Cyanobacteria vary greatly in shape and appearance. They may be unicellular
and exists in colonies of various shapes or multicellular and form filaments twellennes.

Cyanobacteria are not toxic to man. The cytoplasm contamgopillins and
carboxysomes. They haveeterocystsvhich are specialized cells for nitrogen fixation and
akinetes for spore formation. Common examples Arabaena, Nostoc, Chlorococcus,
Oscillatoria, Stigonemetc.

(V) Actinomycetes:
Actinomycetesnclude fungus like bacteria. (Actis = raysykes = fungus)

These are aerobic, gram positive bacteria that form branching usuaHfragomenting
hyphae and bear asexual spores. Most actinomycetes araatibe Motility is confined to
flagellated sporeenly. They are mainly soil inhabitants and can degrade a variety of organic
compounds.

Actinomycetes are chemoorganotrophs, as they rely on organic compound for their
energy. These organisms are of great economic importance as they produce about 85% of
know antibiotics.

The important actinomycetes are the followingStreptomycegproduces
streptomycin):Erythromycine& Chloramphenical, tetracyclindjicromonospora(produces
gentamycin) .Some actinomycetes fix atmospheric nitrogen and live symbiotically (e.g.
Frankiasp). A few actinomycets are pathogens of human, animals and plants e.g.
Thermoactinomycesulgaris whi chcauses a respiratorig di sesz:
humans.

2. Eukaryotic Microbes

These are they microorganism with eukaryotic organization. Such organisms are
divided into three partst Unicellular Eukaryotic Microbes]l Multicellular Eukaryotic
Microbes (Fungi) & 11l Helminthes.

[. Unicellular Eukaryotic Microbes

These are solitary or colonial unicellular microbes with eukaryotic organization.
They are usually aerobic forms, and can be motile or manile. Motility is due to cilia,
flagella or pseudopodia. They are subdivided into followimpgsy
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(a) Photosynthetic Protists(Unicellular algae) :

It includes unicellular photo synthetic organisms belonging to different groups
Chlorophyceae, Euglenophyceae, XanthophyceaByrrophyceae, Bacillariophyceae
and Chrysophyceae. Some major group o #ne

1- Dianoflagellates: These belong to Chrysophyceae. They are unicellular with cellulose
cell wall. They possess two flagella. They reproduce only asexually. Sexual reproduction
is unknown. Some of them e.@onyaulasecretes a toxin which Kills marirsimals
like fish known as 'red tide'. Some Dianoflagellates are phosphorescent and make the sea
Scarface glow in the dark.

2- Diatoms: These belong to bacillariophyceae. They lack flagella. Diaemesliploid and
reproduce asexilg as well as sexually. Diams are nearly indestructible because of
deposition of silica in their cell walls. They leave behind large amounts of cell wall
deposits called diatomaceous earth.

3- Euglenoids: These are Euglena like protists. They lead plant like and animal like lives.
These are free living forms found in fresh water ponds and ditches on damp soil. They
do not possess a cell wall. The flagellum is duplicated before the cell divides. e.g.
Euglena.

(b)Consumeri Decomposer protists:

These resemble fungi in appearance afed dtyle but are more closely related to
protists in cellular organization, reproduction and life cycle. These include:

I. Acellular Slime moulds (Myxomycota)

They are wall less mass of multinucleate protoplasmPiaigsarumit slowly streams
or glides over decaying leaves or logs. This strand of protoplasm is called plasmodium.
Feeding is by phagocytosis.

[I. Cellular Slime moulds(Acrasiomycota)

These are numerous individual amoeboid cells which aggregate together andikmave
mass of protoplasm. The individual cells are not fused. This is called pseudo plasmodium.
e.gDictyostelium.

[l . Water mould (Oomycota):

They consist of finely branched filaments called hyphae. Their cell walls are made up
of glucanc and cellulos&/ery small amount of chitin is found in rare cases They reproduce
sexually by a large egg cell and a small antheridium, asexual reproduction by biflagellate
zoospores. They are saprophytes (e.g. Saprolegnia) or parasit€®h{gogphthorainfestans)
Another significant feature of this group is presence of hydroxyproline amino acid in the wall
protein.

(c) Protozoan Protists:

Protozoa are animal like protists that can be defined as motile eukaryotic unicellular
microorganisms. They resemble multicadlubanimals in their morphology and physiology.
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Some of them secrete a resistant Covering and form cyst which protects organisms against
adverse environments. These organisms move by pseudopodium, flagella or cilia, and
reproduce asexually and sexually. yiptay an important role in food chains and food webs.
Many of them are parasitic in humans and animals.

I. Multicellular E ukaryotic Fungi:

This group includes the organisms which are placed in the kingdom fungi by
Whittaker. They exist primarily in theofm of filamentous hyphae. They lack chlorophyill,
and reproduce asexually, sexually or by both methods. They are important decomposers and
play an important role in recycling of minerals, thus are of great importance to humans in
both beneficial and harmfuways. They are further divided into four groups (1)
Phycomycetes (2) Ascomycetes (3) Basidiomycetes and (4) Deuteromycetes.

(3). Helminthes: The kingdom Animalia has only one group of microscopic organisms
the helminthes. Tape worm, flukes and round wsrane collectively called helminthes.
There are two types of parasitic helminthes based upon morphological form. They are the
flatworms, belonging to phylum Platyhelminthes with a very thin segmented body and round
worms belonging to phylum Aschelminthegttwan elongate, cylindrical, unsegmented body
plan.

All helminthes are multicellular animals. They absorb nutrients through their body
wall while living in the host intestine; most worms complete their life cycle on two hosts, and
have the capacity to generate. Some pathogenic helminttars: Ascarislumbricoides
(Round worm);NecatoramericanugHook worm); Fasciola hepatica(Sheep liver fluke);
Taeniasoliun(Pork tape worm) an@laeniasaginatgBeef tap worm) etc.

1.6 MAJOR MICROBES
1.6.1 Major Microbes of food

Food is an indispensable item for all living organisms. All food items are associated
with microbes in one form or other. Even naturally occurring food such as fruits and
vegetables contain microorganisms. Major microbial flora of comimad are listed below:

Types of food Microbial flora
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1. Milk

2. Dairy Products
3. Raw milk

4. Fruits and vegetables

5. Egg & Egg Products

6. Meat

7. Fish

8. Bread

9. Poultry

10. Shellfish
11. Fermented Food

12. Beef
13. Seafood
14. Pickles

I. Biochemical Types Streptococcus lactis, S. cremoris

II. Acid producers iLactobacilli, Microbacteria, Coliform,
Micrococcus

lll. Gas producesColiforms, ClostridiumTorulacremoris

IV. Proteolytici Bacillus, Pseudomonas, Proteus, Streptococc
V. Lipolytic 1Pseudomonas, Achromobacter, Candi
PenicssSSillium

VI. Mesophilic Bacillus coagulans

VII. Thermophilici Bacillus stearothermophilus
Lactobacillus, Leuconostoc, Micrococcus, Streptococ
Geotrichum

Alcaligene, Bacillus, E.coil, Lactobacillus, Leuconostand
Streptococcus

Bacillus, Pseudomonas, Salmonella, Corynebacterium, Erw
E.coli, Aspergillus. Botrytis, fusarium, Trichotheciu
saccharomyces, monibadRhizopus

Pseudomonas fluorescens, P.ovalis, Salmonella, Prc
thamnidiummoulds and yeasts.

Clostridium, Enterobacteria, Micrococcus, Streptococ
faecalis, Proteus, Pseudomonas, Staphylococcus, Asper
Candida.

Pseudomonas, Chromobacterium, Micrococcus, Flavobacter
Corynebacterium, Sarcina, Serratia, Bacillus, E.c
Clostridium.

Saccharomyces cerevisiae, Enterobactesctbbacillus brevis.
Clostridium, Bacillus polymyxa, Serratiamarceseefmed or
bloody bread), Rhizopusnigricans, Penicillium, Aspergillurr
Mucor (Bread mould).

Pseudomonas, Proteus, Chromobacter. E.coli, Salmor
Bacillus.

Bacillus, Alcaligenes, Proteus, Coliforms.

Streptococcus actis, lactobacillus, Clostidium, Leuconos
Acetobacter, Saccharomyces,Pediococcus

Cladosporium, Sporotrichum

PseudomonaandVibrio

Brettanomyces, Debaryomyces, Leuconostocmesenteroides.

Besides these, some microorganisms are foods intoxicating. The food intoxication
results due to ingestion of exotoxins secreted by microbes in food. The intoxication
symptoms appear immediately afteonsuming contaminated food because it does not
require growth of disease causing microorganisms. Some of the major food intoxicating
diseases, their causal organisms and foods involved are listed below:

(A) Major Food intoxications
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Disease

Food poisoning
Botulism
Perfringens food poisoning

Staphylococcdiood Poisoning

(B) Major Food inflations

Campylobacteriosis
Listeriosis
Salmonellosis
Shigellosis

Yersiniosis

E.coli enteritis

Microbe

Bacillus cereus
Clostridium botulinum

Clostridium perfringens
Staphylococuuaureus

Campylobacter jejuni
Listeriamonocytogenes
Salmonella typhimurium
Shigellasonnei, S. flexneri

Yersinia enterocalitica

Cheese and raw vegetable

1.6.2 Major Microbes of Water

Water is unique physical environment, andfavours the existence of many types of
micro organisms that are not common in soil. Micro organisms occur in all depths. The
surface film and bottom sediments have a high concentration of microorganisms. Drifting

BSCBO-101

Food involved

Meats, potatoes, Cereal
Rice products, pudding.
Fish, meats and low aci
canned food.

Animal and Poultry Products
Meat, dairy Products
Poultry, custard and starc
containing food.

Raw milk, raw chicken an
poultry products.
Poorly  processed
products.

Poultry, eggs, dairy product
meat.

Insanitary cooked food, fist
potatoes and salads.

Milk and meat product.

dair

microbial life of aquatic environment is callgdankton, composed of phytoplankton and

Zooplankton. The bottom region of the body of water harbours largest number and kinds of

microorganisms calleenthic microorganisms. The movement of water by wind, tae
currents affect the distribution of microorganisms.

(a) Major microbes of Ponds and Lakes

Lakes and ponds of temperate region show thermal stratification which influences the
microbial population in different seasons. Common fresh water micro organisms ar

Pseudomonasflavobacterium Aeromonas and Acaligenes, Clostridium, Thiothrix

and Thiobacillus. Besides this both, Cyanobacteria and many algae contribute to

massive water blooms.
(b) Major Microbes of sea
Diatoms, Cyanobacteria, Silicoflaellatefinoflagellates,etc.Chlamydomonaare

major phytoplanktons. Many microorganisms, particularly algae and cyanobacteria
cause a condition called Red sea and Red tides.Brown, amber or greenish yellow

colourationis also due to abundance of micro organisms.
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(©)

Common marine forms are vibrio, Actinobacter, Pseudomonas,
Flavobacterium, Staphylococcusgveral sps of Phycomycetes, Deuteromycetes and
Myxomycetes and a number of protozoa and species of fungi also occur in sea water.

Microbes of Domestic water

The domstic water is obtained from rivers, streams, ponds, dams, lakes, wells and
bore wells. The micro organisms of domestic water include viruses, bacteria, algae,
protozoa and fungi. Some of the microbes are listed below:

Bacteria : Streptococcus faecalis, Bovis, S. equine®seudomonas,
Alginomonas, Xanthomonas, Escheriachia coli, Enterobacter,
Aerobacter, Salmonella, Bacillus, Micrococcus, Shigella, Prot
KlebsiellaSerratia

Viruses : Poliovirus

Protozoa : EntamaebabhistolyticandGiardia

Fungi : Achlyaamericana, Dictyuchuspis€&lythiumundulatum,
Saprolegnia

Algae : Anabaena, Microcyrtis, Nostoc, OscillatorigDedogonium,
Spirulina

(d) Microbes of Sewage or Waste Water

(€)

Major microbes include coliform bacteria and micro organisms other thanroolifo
bacteria. Major Microbes other than Coliform bacteria-are:
BacteriaStreptococcusfaecalis, S. faecium, S. bansl S. equines some slime
forming bacteriaSphaerotilusand Gallionella (Iron bacteria);Thiobacillus(Sulphur
bacteria).

Algae: Microcystis, Spirulinaetc. produce nuisance characteristics and produce toxic
substance also.

Viruses:Polio virus (enter through the human and animal intestinal tracts).

Pathogenic water borne microbes
Some of the bacterial viruses and protozoan pathogensble to survive in water
and infect humans. Some of the water borne diseases is listed below:

Microorganism Disease

Vibrio cholera- Cholera

Camphylobacter - Gastroenteritis and Diarrohea

Salmonella typhi - Typhoid

Leptospira - Jaundice, Haeorrhagic effects.

Giardia lamblia - Diarrohea

Cryptosporidium - Acute enteroicolitis

Naegleriafowleri - Primary amoebic meningo encephalitis (PAM)
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1.6.3 Major Microbes of Soll

There are five major groups of micro organisms in the soil. They are ibactei,
Algae, Protozoa and Viruses.

|. Bacteria: These are the largest group of soil microbes. Practically all kind of bacteria

may be found in Soil. Major bacteria of soil are categorized as :

1. True bacteria: Of al | t he micr o o rtigeanost abomglant it r u e
soils. Most commonly isolated bacteria from soilsiare

(8 Gram negative bacillPseudomonas, Agrobacterium,Achrobacter, Rhizobium,
Flavobacterium.

(b) Gram positive non Sporing bacilltorynebacterium, Arthrobacter, cellulomonas

(c) Gram positive cocciMicrococcus, Sarcina

(d) Gram Positive Spore formingbacillBacillus (aerobic)Clostridium(anaerobic)

2. Nitrogen fixing bacteria:

(&) Symbiotic bacteria: ive in the roots of legumes eRhizobiumsps., Rhizobium
leguminosarunon peas, lentils et®. japonicunon soyabean®}. phaseolon beans,
R. trifoli on Red, White and other clovers etc).

(b) Non- symbiotic bacteria live freely in so#&zobacter (Aerobic), Clostridium
(Anaerobic)

(c) SulphuroxidizerThiobacillusthiooxidans, Desfovibriodesulfuricans

(d) ProteolyticBacteri&Clostridiumhystolyticum,  Proteus  vulgais, @ Pseudomonas
fluorescens, Bacillus cereus.

(e) Bacteria involved in nitrification:Nitrosomonas, Nitrosococcus, Nitrosospira, and
Nitrosocystis.

Besides above mentioned badersome soil inhabiting bacteria are pathogenic and cause
plant diseases. e.g. Agrobacterium causes galls, Erwinoa sp. causes soft rot as well as dry
necrosis in carrots, potato and cucumber.

II. Actinomycetes Many actinimycetes are present in the soil, &geptomyces, Nocardia,
Micromonospora. The filamentous actinomycedreptomyces produces an odour
causing compound called geosmin. Streptomyces species are responsible fagadtato
disease.

lll. Cyanobacteria and other Algae

A number of cyanobacteriare abundantyoccurin moist soils,e.g. Anabaena, Nostoc,
Cylindrospermunmicrocystis, Oscillatoria etc. They fix molecular nitrogen present in
the air and improve the fertility of soil. These are used as biofertilizers. Besides
cyanophyceae, other algajenera are also present in soil. These @tdorella,
Chlorococcum, Cladophora, Botrydiopsis, Bumilleria. Navicula, Pinnularia, Fragilaria
etc.

IV. Fungi: Mucor, Rhizopus, Pythium,Penicillum, Aspergillus, Alternaria, Hormodendron,
cladosporiumand yeasts areommmon in vineyard and orchard soils. Some soil fungi are
good soil binders. e.gAspergillus,Cladosporium, Rhizopaad Penicillium. Some are
pathogenic and cause diseases. Alternariasolanicausing early blight of potato.
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V. Protozoa Many types of Primzoa are found in the soil. Some major soil protozoans are

Mastigophora Bodo, Cercomonas, Monas, Euglena, Spiromonas,
Spongomonas, oikomonas

Sarcodina Amoeba, Biomyxa, Harmanella, Lecythium, Nucbaria,
Trinema, Naegleria
Cilliata- Colpidium, Calpoda, Gastrostyla, Halteria, Oxytricha,

Pleutotricha, Vorticella, Uroleptus

Protozoa do not serve any major function in the soil. They engulf bacteria and
maintain some equilibrium of the bacterial flora of soil.

VI. Viruses. Bacterial Viruses (Bacteriophages), wsll as plant and animal viruses, are
present in soil. Viruses transmit genetic material from one bacterium to another through
transduction. The bacteriophages have some effects on the ecology of the bacteria also.

The Rhizospheremicrobes:

Rhizospheres the area of soil around the root system. Based on the intimacy of
microbial association with root system, the rhizosphere is divided into two regions, namely
endorhizosphere and exorhizosphere. Microorganisms colonize the rhizosphere to utilize
them adood. Certain fungi form symbiotic association with root to form mycorrhiza. Some
examples of rhizospheremicroorganisms are as follows:

Fungi TAspergillus flavus, A. niger, A. fumigates, A. terreus; Cladosporiberbarum;
Fusariumoxysporum, F. solani.

Bacteria 7 Pseudomonas, Rhizobium, Bacillus, Agrobacterium, Micrococcus, Azobacter,
Mycobacterium

Microorganisms as Bio fertilizers

The nutrients of biological origin added to the soil to enrich the soil fertility are called
biofertilizers or microbial fertizers. The organisms used as biofertlizers include:

Rhizobium, Azospirillum, Azotobacter, Azotococéusmbaena, Nostoc, Plectoneraad
Tolypothrix.

Phosphate Solubilizingnicrobes: Bacillusmegaterium, Xantnomonas, Pseudomonas,
Aspergillus,andPencilliumdgitatum.

The spores of VAM fungi likeGlomus, Gigaspora, A.caulospora, Sclerocysinsl
Endogonare used as VAM biofertders.

1.7 SUMMARY

In this unit you have learnt that

1 Microbiology is the study of microorganisms.
1 Microorganisms are invisiblereatures, too small to beseenwiththe naked eye.
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1 Microbes are widely distributed and are omnipresent. Theycan be isolated from air, water,
soil, in living plants and animals and dead organic substanses.

1 Microbes areeitherUnicellularormulticellularornon lo&r forms, and are prokaryotes or
eukaryotes.

1 Microorganisms include viruses, Bacteria, Algae, Fungi and Protozoa. Non cellular
microbes are viruses. Unicellular microbes have single cells e.g., Protozoa, Bacteria,
someAlgae and some fungi. Multicellulaicrobes have many cells e.g., FungiandAlgae.

1 Microbes have the capacity for rapid growth. They do not depend on the availability of
specific micronutrients in theenvironment.

1 Some of the microbes (bacteria and cyanobacteria) can fixatmosphericnitrogen.

1 Soil is an excellent natural medium formicroorganisms. Man depends upon the soil for his
food. The soil depends uponthemicro organisms for its fertility.

1 Food is an indispensable item for alllivingmicro organisms. All food items are
associatedwithmicroorgaamsinoneform or other.

1 In aquatic environment micro organisms occur from water surface to greater depths. The
various water sources as ponds, pools, Lakes, rivers and oceans show a great diversity in
theirmicroflora.

1.8 GLOSSARY

Actinomycetes: Gram Positive Bacteria that are characterized by the formation of branching
filaments.

Adenoviruses:A group of DNA viruses, causing infection of the upper respiratory tract.
Antibiotic: A substance of microbial origin that has antimicrobial activity drkllls the
other micrograms.

Archaebacteria: A group of bacteria that includes primitive type of bacteria in which cell
wall lack muramic acid.

Bacillus: A rod shaped bacterium.

Bacteriophage:A virus whose host is a bacterium and replicates within battell.
Biofertilizers: The nutrients of biological origin added to the soil to enrich the soil fertility
are called biofertilizers.

Botulism: A neuroparalytic disease due to an exotoxin produced by the bacterium
clostridium botulinunin improperly canned or preserved food.

Chemoorganotraphs organisms relying on organic compounds for their energy source.
Ectomycorrhiza: Amycorrhiza in which the fungal hyphae grow only intercellularly, never
entering the cell wall of the host cell.

Endomycorrhiza: Amycorrhiza in which the fungal hyphae penetrate the cell wall of the
host cell.

Epipelic Algae: Algae growing on deposit sediment in water.

Epipsammic Algae: Algae attached among the coatings of bacteria on sand.

Eubacteria: True bacteria invhich cell wall contain muramic acid.

Mycorrhiza: A symbiotic association between fungus and plant roots.

Prions: Proteinaceous rod shaped infectious particles without nucleic acid.
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Symbionts: Two organisms living together with mutual benefits.

VAM: Vesicuar ArbusculatMycorrhizal fungi. These are also called endomycorrhiza.
Virioids: Small naked RNA molecule.

Yoghurt: Fermented liquor made from milk.

1.9 SELF ASSESSMENT QUESIONS

1.9.1 Choose the correct answer from the given below:

(a) Which one of thdollowing isarchaebacteria?
(i) Bluei green (i) Rickettsias
(iif) green sulphar (iv) Methanogens

(b)Which of the following water is free from bacteria?
(i) deep well water (i) sea water
(iii) Water of hot spring (iv) rain water as it falls dow

(c) Bacteria which in association with legume roots fix atmospheric nitrogen are called:
(i)Azobacter (i) Paseudomonas
(iii)Rhizobium (iv) E.coli
1.9.2 Fill in the blanks:
a) The Characteristic earthy smell of freshly ploughed field is due to a compound
called ................ produced bireptomyces.
b) Actinomycete association with plant root is called.................
C) Botulism is caused by.........................
1.9.3Answer the following in one word or in one sentence.
a) Name the microorganism which causes red rot of milk.
b) Name a symbiotic bacterium.
¢) What name is given to a virus which infects bacteria?
1.9.4 Write true or false (T/F).
a) Prions are singlstranded RNA containing cellular infections agents.
b) Flagellated cells are absent in cyanobacteria.
c) Viruses contain both RNA and DNA.
1.9.5 Explain the followingi
i) Associative nitrogen fixation.
i) How do microorganisms contribute to boatyour?

iii) Compare prokaryotic and eukaryotic microorganisms.
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AnswersKeys:
1.9.% (a)x(iv), (b)-(iv), (c)-(iii)

1.9.2 (a)}Geosmin, (bActinorrhizae, (¢) Clostridium botulinum

1.9.3(a)Serratiamarcescengb)Rhizobium, (c) Bacteriophage
1.9.4(a)False, (b) True, (c} False
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1.12 TERMINAL QUESTIONS

1. Give a brief account of Salient features of main groups of microorganisms.

2. Write short notes on the following:
(i) Archebacteria (i) Viroids and Priongii) Mycoplasma

(iv) Cyanobacteria (v) Actinomycetes (vi) Spirochete.

3. Discuss the different approaches to classification of microorganisms.

4, What are the applications of the following microorganisms?
(a) Rhizobium (b) Bacillusthuringiensis

5. List various types of miabial food spoilage and name the organisms
responsible in each instance.

6. Discuss the distribution of microorganisms in soil.

7. Differentiate the following:
) Prokaryotes and Eukaryotes

(i) Ectomycorrhiza and Endomycorrhiza
(i) Autotrophs and Hterotrophs

(iv)  Archaebacteria and Eubacteria
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UNIT 2- ISOLATION AND CULTIV ATION OF
MICROORGANISMS, INST RUMENTS USED IN
MICROBIOLOGICAL STUDIES

2.1-  Objectives

2.2- Introduction

2.3 Sterilization

2.4 Preparation of culture Media

2.5 Dispensingthe medium

2.6 Some important culturemedia

2. - Methods of obtaining pure cultures.
2.8 Methods of isolation

2.9 Cultivation of viruses

2.10 Culture techniques

2.11- Instruments used in microbiological studies.
2.12 Summary.

2.13 Glossary

2.14 Self assessment questions.

2.15 References

2.16 Suggested Readings

2.17 Terminal Questions.

|
UTTARAKHAND OPEN UNIVERSITY Page 40



MICROBIOLOGY, MYCOLOGY AND PLANT PATHOLOGY BSCBO-101

2.1 OBJECTIVES

It is well known that microorganisms occur in natural environmergeg are
contaminated and mixed with several other forms of lifekiow more about them and to
study them individuallythey have tobe separatd from mixed forms andeed to beultured
under artificial conditions.This unit deals with Isolation of microorganismstlagidgrowth
in the laboratorgonditions and also various culture techniques and instruments used
formicrobiological studies. After reading this yoitewill be ableto:

1 Get an idea athe cultivation of microorganisms.

Know about different culture media and their preparation.
Understandhe methods of isolationof microorganisms.
Obtain pure cultures.

Know about thecultivation and culture techniques ofviruses.
Study the different microbiological instruments.

= =4 4 -4 A

2.2 INTRODUCTION

You know that microorganisms occur innatural environmérgy arecontaminated
and mixed with several other forms of life. In order to understandmore about them we have to
separate and study them individually for this purpose we have to isolate microorganisms and
culture them under artificial conditions. Thecmique of growingmicroorganisms in an
artificial medium is known ascultivation

Cultivation of microorganisms is done in the laboratory and requires favorable
environmental conditions such as nutrient sources of energy, appropriate temperature, oxygen
andpH etc. Since various types of microorganisms grow together in a suitable environment, a
number of isolation techniques are used to obtain pure culture of just one species of a
microorganism.

2.3 STERILIZATION

In microbiology Sterilization is an importaterm which needs making anything free
of any form of life. For detail study of a microorganism, one needs a pure culture of an
organism. It ia obtained by taking utmost care to avoid contamination through the
atmosphere, glassware, media or other ingtnimused in the culture technique. The growth
of unwanted microbes in the culture is called contamination and these unwanted microbes are
called contaminants.

A number of precautionary measures are taken to prevent contamination during
sterilization andcreating a germ free condition is called aseptic condition. There are
following three methods of sterilization:

(A) Physical
(B) Chemical
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(C) Gaseous

(A)  Physical Methods :
Thefrequently used physical methods are
l. Sterilizationby heat

(a) Dry heasterilization
(b) Wet heat sterilization

. Sterilization by filtration
[l . Sterilization by ultra violet radiations
IV.  Sterilization byionizing radiations.

|. Sterilization by heatHeat is most commonlyapplied in the microbiological
laboratories fosterilization.

(a) Dry heat sterilization: Direct heating of the instruments in a flame is an easy way of
sterilization. Inoculating needles, scissors, forceps, scalpels etccoanenonly
sterilized by direct heat while the neck and mouth of specimen tubes, flasks and
culture tubes are also passed through flame till they become sterilized. The process of
sterilizing the articles with flame is callédming.

Another method of dry heat sterilization is to keep thoroughly washed and dried glass
wares such aPetri dishespeakers, flasks, culture tubes etc. inside thermostatically
controlled electric oven. Complete sterilization is accomplished by maintaining a
temperature of 16C for not less than 4 hrs. inside the oven.

(b) Wet heat sterilization: Wet heat(steam) is moréfieient method and is preferred in
sterilizing the media used for culturing mievoganisms. The common ways by which
Wet heat is employed in the laboratase: Boiling, Pasteurization, Tyndallization
andautoclaving.

i. Boiling: It is a common method of sterilization. All the instruments used for
cultivation are kept in a container filled with distilled water and allowed to boil for at
least 15 minutes. If the articles are not to be used immediately, these should be stored
in asterile container.

ii.  Pasteurization: Many substances such aslk are treated with uncontrolled heating
at temperatures well below boiling. This process is called pasteurization. Milk, beer
and many other beverages arsually pasteurizedThis processloesnot sterilize a
beverage, but it does kill any pathogen present. Milk capalsteurized in two ways
() in the older method; the milk is heated at®®3for 30 minute. (ii) Flash
pasteurization consists of quick heating to abodC7fr 15 seconds followety
rapid cooling.

ili. Tyndallization: Sometimes a heat sensitim@aterial is sterilized by fractional steam
sterilization, calledyndallization. The container with the material to sterilized is
heated at 9000°C for 30minutes on each of threensecutie days and incubated at
37°C in between. The first heating will destroy all microbes except bacterial
endospores. Most of these germinate when incubated®@t & are killed by the
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1)

2)

second heating. Any remaining spores are destroyed by the seoodtion and
third heat treatmentspany materials specially the liquid media for microbial cultures.
Autoclaving: Steam under pressure is more efficiemtthod of sterilizatiorthis
techniqueand isknown as autoclaving. Autoclave is a cylindrioatalic vessel with
double walls. There are various types of autoclaves in use.

Simple autoclave In which the body is made up of gun metal and gyléndrical in
appearance and closed at one end by hinged dogasket seal is provided between
the doorand cylinder. It camwithstand high temperature. A perforated metal tsay
provided within the barrel which is used for keeping those articles which are to be
sterilized. Thewater present below thgerforated tray is boiled bgn electric heater

to prodice thesteam.

Steam jacketed autoclave:lt is a modified form of simple autoclave. In simple
autoclave much of heat wasted from the surface of barrel. To check this, a steam
jacket is provided around the barrel in large autoclave. Inside the autctéara
pressure is increased and the temperature increases proportionately. Usually
autoclaving is done at 15 Ib. pressure for 15 minutes. The autoclave is stexlize

most of the solid and liquid media required for microbial cultures.

Sterilization by filtration :

It is a best way to sterilize the solutions of heat sensitive materials. This method simply
removes the microbes instead of directly destroying them. There are two types of filters.
(a) Depth filters: These consist of fibrous or granular metksr that have been bonded

into a thick layer filled with twisting channels of small diameter. The solution
containing microorganisms is sucked through this layer uvaemum andmicrobial
cells are removed by physical screening, Depth filters are madiatimaceous
earth, unglazed porcelain (chamberlain filters), asbestos filters etc.

(b) Membrane filters: Theséefilters have replaced depth filterSuchfilters arecircular

porous membranes, made of celluloseetate, cellulose nitrate, polycarbonate,
polyvinylidene fluoride or othesynthetic materials. Membranes with pores about 0.2,
‘m in diameter are used to remove vegetative cells from solutions. The solution is
forced through the filler with a vacuum or with pressure from a syringe or nitrogen
gasbottle and collected in previously sterilized containers. Membrane filters remove
microorganismdike a sieve with minute pores

(c) Air sterilization by filtration : Air can alsacsterilize by filtration. Surgical masks and

cotton plugs on culture vessels awo common examples that let air in but keep
microorganisms out. Laminar flaw biological safety cabinets fitted with high
efficiency particulate air (HEPA) filters remove 99.97% particles from the air.

Radiation:

Sunlight is the major source of radiation the earth. It includes visible light, ultraviolet
radiation (UV), Infrared rays and radio waves. At the surface of the earth, very little UV
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radiationis found. The ozondayer presenth et ween 25 and 30 mil es
surface absorbsomewhatlarger UV rays. This elimination of UV is crucial because it is

quite damaging to living system. UYays Kkill all kinds of microorganisms due to its
shortwave length and highnergy does not penetrate glass, dirt films, water and other
substances vemffectively.

Many forms of electromagnetic radiation are very harmfulntroorganisms. As the
wavelength ofelectromagneticgadiation decreases, the energy of radiations increages

gamma rays and-says are much more energetic than the visible lightnbhred rays.
Electromagnetic radiation acts like a stream of energy packets called photons. Each photon
possesses a quantum of energy whose value depends upon the wavelengtditibe.

IV. Theionizing radiations, because of very short wavelengthigit energycause atoms
to loseelectrongonize. Two majofonizing radiations are:
() X-rays produced artificially
(i) Gamma rays Which areemitted during ionizing radioisotope decay. Low levels
of ionizing radiations cause mutations amdy indirectly results in death while
higher levels are directly lethal. lonizing radiation is an excellent sterilizing agent
and penetrates deep into objects. Gamma radiation has also been used to
pasteurize meat and other food.

(B) Chemical Methods:

It is a quickmethodof sterilizing instruments, glass apparatus or any other article
used in culture technique. The chemicasally act as disinfectants because they cannot
readily destroy bacterial endopores. There are a number of chemicals known for their
propertyas:

(a) Disinfectant or germicidal (germ killing)

e.g. Lysol, Cresol, etc.

(b) Antiseptic (microbial growth stopping)

e.g. Ethyl andisopropyl alcohols.

(c) Sanitizer (reducing microbial population to sap limit)

e.g. Silver nitrate, mercuric chloride asdme other fans of mercury.

(C) GaseoudMethods:

Many heat sensitive materials such as disposable plastic syringes, petricashetersheart

lung machine components etc. are now a days sterilized with ethylene oxide gas. It is both

microbicidal and sporicidallt kills by combining with cell proteins. It is very effective

sterilizing agent as it rapidly penetrates packing materials, even plastic wraps.
Betapropiolactone (BPL) is occasionally used to sterilize vaccines and sera. It also

destroys microorganismsare rapidly than ethylene oxide but does not penetrate materials

well and may be carcinogenic. Because of this, BPL has not been used extensively
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2.4 PREPARATION OF CULTWRE MEDIA

The organisms are grown on suitable culture media. A culture mediumusient
preparation whiclprovides a balanced mixture of the required nutrients at concentrations that
will permit good growth of microorganisms.

The culture media amgenerally of following types:

I. Living culture media.

Il . Natural culture medium

[l .Syntheticculture medium.
IV.Complex media or ne®ynthetic.

Culture media are variously classified as:

(A)  On the basis of composition

1- Living culture media :

Such media require living cells, tissues or callus tpdm@sitized by the microorganisms
to be cultured. Chickmbryo is commonly used for cultivation of certain viruses.

2- Natural or Empirical culture Media :

The empirical or natural media mostipntain eitherone or manyin gradient. In such
medium, the exact composition is not defined. Natural media are convemd
inexpensive. However, these are not ideal media for many organisms. Milk, Skim
milk, wine diluted blood, vegetable juices are some ohttaral media.

3- Synthetic medium

Synthetic medium is prepared by mixing many components in a particularinatios
the exact chemical composition of the medium is known. Such media contain highly
pure organic and inorganic compounds. Nutrient Agar is synthetic medium.

4. Complex Media:

Complex media ar¢hose, in whichchemical composition is not well defined. These
media are non synthetic. These media are useful for culturing a variety of
microorganisms. Peptone, yeast extract, meat extract, Beef ertracused in
complex media.

(B)  On the basis of Physical state :

1- Liquid media: These aredefined as water based solutions that do not solidity at
temperature above freezing and flow freely when the Container is tilted. These media
are made by dissolving various solutes in distilled water. The liquid media are termed
broths,milks or infusions.

2- Semisolid Media: The media which exhibit a cldike consistency at room
temperature are called semi soiled media. They do not flow freely. They contain a
solidifying agent agar or gelatin that thickens them but does not produce a firm
substrate. These amgsed to determine the motility of bacteria and to localize a
reaction at a specific site.

3- Solid Media: The media which provides firm surface on which cells can form
discrete colonies are called solid media. These are useful in ngplatid sub
culturing bacteria and fungi. They are of two types.
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(i) Liquefiable solid media: These are also called reversible saotiddia, They contain a
solidifying thermoplastic agent. The most widely used agent is-ag@atr Agar is
solid at roomtemperature and is flexible and mouldable. It has the property to hold
moisture and nutrients. It is a ndigestible nutrient for the vasmajority of
microorganisms.

(i) Non-liguefiable solid media These are not thermoplastic. They includes materials
suchas rice grains (used to grow fungi), cooked meat and potato slices. These media
start out solid and remain solid after heat sterilization.

Potato dextrose agar (PDA)
This is used for growing fungi and is prepared in the laboratory. The ingredients are :

Potatoes peeled and slice00gm.
Dextrose T 20 gm.
Agar T 15 gm.
Distilled watef 1000 ml.

Potatoes sliced are first steam cooked in 500 ml water and agar is mixed in other 500
ml. water. Now both are mixed together; filtered and dextrose is added.

(C) On the basis of function (Functional Types)

1. General Purpose media: Those mediawhich support the growth of many
microorganisms, are called general purpose media.

These are nersynthetic and contain a number of nutrients that could support the growth
of both pathogens and n@athogens.

2. Enriched Media: The specially fortified media are called enriched media. These
contain complex organic substances such as blood, serum, hemoglobin or special
growth factors like vitamins, amino acidshich are the requirments of some
microorganismgo grow. Bacteria that require growth factors and complex nutrients
are called as fastidios.g.: Streptococcupneumonia

3. Selective and Differential Media: These media are meant fepecial microbial
groups. These help in the preliminary identification of a genus or even a species, in a
single step.

(a) Selective Media: These contain one or more substances ittfabits the growth of
certain microbe/ microbes but nothers g. Use of dyes like basituchsin and
crystal violetfavours the growth of gram negative bacteame selective media
contain strong inhibitory substances

e.g.: Tellurie is usedo isolate oral streptococci from saliva.

Some nutrients are used in the media specifically, e.tylasd for cellulose digesting
bacteria.

(b) Differential Media: These mediaare used for the growth afeveral types of
microorganisms buare used to differentiate different groups of microlfd¢wese are
also usedfor in tentative identification of microorgéisms on thebasis of their
biological variations. Variations maybe in colony size dhd colour, the colour
changesof mediaand the formatiorof bubblesand precipitation propertieghese
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variations are due to the type of agents added and the waglteereact to them.
Blood agar is a differential as well as enriched medium. It distinguishes between
hemolytic and non hemolytic bacteria. Hemolytic bacteria produce clear zones
around their colonies as a result of red blood cell destruction.

Some Mscellaneous Media:

Reducing Medium A reducing medium contains a substance cystine that
absorbs oxygen reducing its availability. These media are useful in growing anaerobic
bacteria and also in determining oxygen requirement.

Carbohydrate fermentation Medium: These contain sugars that can be
fermented.

Transport Media: These are used to maintain and preserve specimens for a
period of time prior to clinical examination. These are also used to sustain delicate
species that die rapidly if not keptder stable condition.

AssayMedia: These are used to test the effectiveness of antimicrobigé émndalso
to assess theffect of antiseptics, cosmetics and preservatives on the growth of
microorganisms.

Enumeration Media: These are used byindustrial and environmental
microbiologists to count the numbers of organisms in milk, water, food, soil and other
samples.

2.5

DISPENSING THE MEDIUM

Dispensing is the process in which timedium is poured into the sterilized flasks,

culture tubes an@etri dishes. The unsterilized mediurmugiallypoured into the flasks and
culture tube by semiautomatic syringe, funnel and automatic filter. The liquid medium
(Broth) is dispensed into culture tube or flasks which are plugged with nonabsorbent cotton

wool plugs. The pouring of sterilized medium is usually carried out in Petri drgfieb are
already sterilized in a special sterilized inoculation chambers.

2.6 SOME IMPORTANT CULTURE MEDIUM

Some important media which are generally used for culturingvéit®usmicre
organisms are given below.

(A)  For Bacteria

I. Nutrientagar: Beef extract -3.0gm.
Peptone -5.0 gm.
Agar -15.0 gm.

Distilled Water - 1,000 ml.
Heat unit/ agar and peptone dissolve. Adjust PH to 6.6 to 7.0.

Il . Asparagin Mannitol agar
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MgSaq 7H,O----------=----- 0.2 gm.
Fe ck 6H,O------------------ in traces.
Nack------------=-=---memeeem- 0.1 gm
Asparagine----------------- 0.5 gm.
Mannitd--------------------- 1.0 gm.
Agar------------m-mee - 15.0 gm.
distilled watef-------------- 1,000ml.

Mac Conkeyds agar

following compamentsi

Peptone - 20 gm.
Lactose - 5gm.
Neutralredsolution - 10 ml.
(1%)

Nacl - 5gm.

Bile salt - 1.5gm.
Agar - 13.5 gm.
Crystal violet - 0.001gm.
Distilled water - 1.000 ml.

me d i

um

S

a

BSCBO-101

After the agar and salts have been dissolved add the mannital and adjust the PH to 7.4.

typical

It is used for the culture and isolation of gram negal@ctose fermenting bacteria.

1 Blood Agar is the most commonly used differential medium. The blood agar medium

consists of the following components ;

Infusion from beef heart - 500gm.
Tryptose - 10gm.
Nacl - 5gm.
Agar - 15gm.
Distilled water - 1000ml.

If mixtures of bacteria are inoculated into this medium, the hemolytic and non

hemoltic bacteria can be identified.

(B) For fungi:

|. Potato dextrose agar (PDA)

Potato and sliced potate---------- 200gm.
DexXtrose-------===-=--=e=-rmrmememeeeme 20 gm.
Agar----==-ssmmeem oo eeeee 15 gm.
Distilled water----------------=-------- 1,000ml.

II. Czapek Dox agar :
SUCr0Se-----==-==-==msememoonaan 30.0 gm.
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Sodium nitrate----------------- 2.0 gm.
Potassium chloride----------- 0.5gm
Magnesiumsulpha--------- 0.5 gm.
Ferrous sulphate-------------- 0.01 gm.
Dipotassium phosphate-----1.0 gm.
Agar--------emmemmemmemeee e 15gm
Distilled water--------------=----- 1,000ml.
Il .RoseBengal agar (Cookeds medi um)
Glucose---------=--=mmmmmmmeeeeeee 10.00 gm
Peptong-------=--mmmemommmmmmeeeee 5.00 gm.
Dipotassium phosphate--------- 1.00 gm.
Magneciumsulphate ------------- 0.50gm.
Streptomycin---------------------- 30.00gm.
Agar -----s=emeemmmeeeeee e e 1500 gm
Rose Bengal---------------=------ 0.035 gm
Distilled water--------------------- 1,000ml.

The antibiotic is sterilized separately and added aseptically to the sterilized medium. The
medium is specially recommended for isolation of fungi in phesence of large
numbers of bacteria,

IV.Smi th and Dawsonds medi um

Glucose--------------------- 10.0gm
NaNg---------------------- 1.0gm
KH, Pay-------------------- 1.0gm
Agar-----=--smeememeeneaeneas 15.0gm
Rose Bengal--------------- 0.067 gm
Soil extract----------------- 1,000 ml

The soil extract is prepared by autoclaving500 gmof loam soil in 1200 ml. water for one
hour. The extract is then filtered through paper.

(C)  For Actinomycetes:
Ken knight and Munaier s medi um
Dextrose----------==-=--=---- 1.00 gm.

KHj PQg---=----=-=-=-mmm--- 0.10 gm
NaNQ; ----------==-==-=----- 0.10 gm
o — 0.10gm
MgSo04 7HO-------------- 0.10 gm
Agar ----------mmmeememee - 15.0gm
Distilled watef-------------- 1,000 ml.

(D) For specialized fungus
(i) For Yeasts
Malt extract agar

UTTARAKHAND OPEN UNIVERSITY Page 49



MICROBIOLOGY, MYCOLOGY AND PLANT PATHOLOGY BSCBO-101

Malt extract--------------------- 30.0 gm.
Peptone------------=--=-veceee--- 5.0 gm.

Agar-------=--=-rmeemeeeemeeeeee- 20.0 gm.
Distilled watef----------------- 1,000 ml.

(i) For Aspergillusniger :

Raulins Medium
Sugar---------==--==---- 70.0 gm
Tartaric Acid---------- 4.0 gm.
Ammonium nitrate-----4.0 gm.
Potassium carbonate---- 0.6 gm.
Ammonium phosphate--0.6 gm.
Magnesiuncarbonate-----0.4 gm.
Ammoniumsulphate-------- 0.25 gm.
Zinc sulphatgcrystal)------- 0.07 gm.
Ferroussulphate(crystad)----0.07 gm.
Potassium silicate----------- 0.07 gm.
Distilled water---------------- uptol1,000ml.

2.7 METHODS OF OBTAINING PURE CULTURE

Pure Culture: A culture containing only one type of microorganism is called a pure culture.
The microbes are found distributed everywhere in nature and hence they occur only as a
mixed form. When culture media are inoculated with substances such as soil, water or
excreta, many kind obrganisms developimultaneously, anid results the growth o mixed

culture of micrdwves Forthe study of a single microorganisampure culture of that organism

is required.

Any technical procedure for obtaining pure culturdependent 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 d@8his
theory is known as 6Kochodés Postul atedd

Kochbs Postul at es

1- The pathogen or organism must be constantly associated with the symptoms of the
disease in all diseased plants examined.

2- The pathogen must be isolated and grown in pure culture on nutrient media.

3- The pathogen from pure culture must be ismadnd inoculated on healthy plants of
some species on which the disease appears. andit must produce the same symptom of
disease on inoculated plants.

4- The pathogenmust be again isolated in pure culture and its culture and characteristics
must beresemblewith previous culture. So that the isolated pathogen is identified and
confirmed for the disease.
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If nutrient agar isinoculated with fluid and is then solidified and kept underfavorable
temperature, many of the microbes that have been introduced are ailgltigly and
formdistinct 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 inoculatimg a fresh culture
medium

2.8 METHODS OF ISOLATION

The isolation of oa kind of microorganisms from a mixture is called pure culture
technique. The petridishes or flasks wstierilized needles are inoculatedth an organism
and are placed in culture chamber for its growth. Before inoculation both the hand and
inoculation nstruments etc. are sterilized Wiping themwith cotton wool soaked in alcohol.

Some important methods used for obtaining pure culture are as follows:

l. Pour Plate Method :

In this method the mixed culture is diluted in sterile medium and the dititedre is added

to culture tubes containing melted agar medium. The contents of the tubes are then poured
into a sterile petridish and allowed solidify. The plates are theincubated The ells of
different of microorganisms develop into colonies amdiscfrom individual colony are

picked up for further culture.

Il. Streak Plate method :

Streaking is the most widely used method of isolation. This method is most suitable for
bacterial and fungal cultures. In streak plate methtioel mixed culture is takeon a sterile

wire loop (inoculum) and is drawn back and forth on a solid agar mediurpetridish. The
successive streaks thin out the culture sufficiently. In this method, isolated individual cells
are deposited on some region of the plate. The neetllaned and allowed to cool after each
streaking. Several such streaks are made on the mediunstiBa&ing is done in some

definite pattern Fig.2.1).

2\

=~

Fig.2.1 Different ways of streaking on agar plate

@

/

Streaking method needs a lot of cac to break the surface of the medium during
streaking incubation each cell grows into a colony.
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[l . Serial Dilution Method :

The dilution of sample in successive stages is called serial dilution. This method is most
suitable for the bacteriand fungiwhich cannot be easily isolated by streaking method. The
mixture of microorganisms is diluted serially in culture tubes of sterile medium until the last
tube contains only a single organism. In this method, the dilution factor increases in a regular
fashion eg.: 1/10, 1/100, 1/1000 etc.

In this method 1ml. of sample is mixéal 9ml. of sterile water in culture tube. Tlyves a
tenfold dilution and this dilution factor is represented as 1/10 oy 6w from this 10 fold
dilution, 1 ml. of sample is takeand is added to 9 ml. of sterile water taken in a second
culture tubes Nowhe second tube contains a 100 fold dilution and the dilution factor is
represented as 1/100 or40

\”"/’\ /\/\ o

| - <> - - - <
9 ml Iml Oml | 19ml 9ml 10mi
sterile sterile|  [sterile sterile sterilg sterile
water water| |watel |water water water

\/‘L/L/U\Ju

Iml Iml

Fig.2.2 Serial dilution technique

lml lml ’ lml lml

@@ @ O

Agarplates  Pureculture Control

Similarly from tube two, 1ml. of sample taken and is added to 9 ml. of sterile
water takerin a third culture tubeNow the third tube contain a 1000 fold dilution factor
is represented as 1/1000 o1 same way, culture tubes 4 and 5 @mepared. Tube 5
provides 10 dilution and tube 5vides 1@ dilution. A 6"Tube is prepared as a control
containing 10 ml. of sterile water only.

Then from each tube, 1 ml. of diluted sample is taken and is added to an agar plate
(a petridish containing 10 to 15 ml. of melted agar medium). The 6 dgtspare
incubated at 280°C for 24 hours. A luxuriant growth of most of the bacteria is obtained.
By the serial dilution, thehance of dominant organism in pure condition in the culture is
increasedUltimately, a little amount of theuspension ipipette out and spread over the
medium ofpetridisi{Fig.2.2).

IV-  Spread Plate Method:
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It is a modification pour plate methobh this method, the mixed culture is serially
diluted in sterile distilled water. A small amount of diluted mixture is theared on the
surfaceof the agar plate and it is spread evenly using a sterile bent glass rod. The isolated
cells grow into colonies.

V- Single cell method:

In this method, a suspension of microbes is placed on the cavity slide. Thereafter, a
single cell § removed witlthe help of sterile micropipette with the aid of a microscope. The
cell is then transferred to steritalture. The colony obtained, originated from single cell.

VI-  Enrichment Culture Method:

In this method, a particular nutrient, whidavours the growth of the desired
bacterium, is added to the medium. When the mixed culture is placed in this enriched
medium, the desired bacterium will gr@eminantly.

VIl - Selective culturemethod:

In this method a selective medium is takemich contains a chemical, which
suppresses undesirable specieg.: €rysisal violet inhibits gram positive bacteriayhen
crystal violet is added to the medium, the medium will select the gram nelgatitezia.

VIl - Differential Culture Method:

In this methd the specific chemicals are used in the mediumand different
microorganisms are isolated on the basis of their cobgi,in eosin methylene blue agar
medium,E. coli will produce colonies with a brilliant greenetallic colour andAcrobactor
acrogenswill produce pink colonies with dartentres.

After obtaining the pure culture of a desired microbe, it may bermgems maintained
as a pure culturd his pure culture can be maintained by transferring the organisms from one
to another culture tube. Thprocess is called subculturing.

2.9 CULTIVATION OF VIRUSES

Viruses are unable to reprodundependently, So, thegannot be cultured like other
microorganisms. Theeare cultured indifferent ways depending upon the typléviofy host
which theyrequire for multiplication.

I. Cultivation of plant viruses:

Plant virusean be cultivated in various ways. Plant tissue cultures, cultures of separated
cells or cultures of protoplast may beed forcultivating plant viruses, Viruses can also

be grown inwhole plants. Leavesf a healthy plant are mechanically inoculated when
rubbed with a mixture of viruses and an abrasive such as carborudum orcelite. When the
cell walls are broken by the abrasive, the viruses come in direct contact with plasma
membraneand infect theexposed hostells. Alocalized necrotic lesion often develops
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due to the rapid death of cells in the infected area. Even when lesions do not appear, the
infected plant may show other symptoms such as change in colour or leaf shape. Some
plantViruses ardransmitted only if a diseased pargigfted into a healthglant.

II. Cultivation of Animal Viruses :
In the past animal viruses were cultivated by inoculating suitable host animals or
embryonated eggs, usually six to eight days after layBejore inoculation the shell
surface of egg islisinfected with iodine and penetrated with a srstkile drill. After
inoculation, the hole is sealed with gelatin and the eggbated. Because viruses
reproduce only in aertain parts of the embryos, g®y must be injected into the proper
region. The virus infection produces a local tissue lesion called pock appearance which
varies and is characteristic of the virus.

Now a days, animal viruses are grown in tissue cultummamolayer of animal cells.
This technique evolved with tleevelopment of growth media for animal cells and by the
discovery of antibiotics for the preventions of bacterial and fungal contamination.

[l .Cultivation of Bacteriophages :

Bacteriophages are cultivated in either broth @ramltures of young, actively growing
bacterial cells. The number of host celestroyed is so large that turbid bacterial cultures
may ckar rapidly as a result of cgdis. For preparing agar culture the bacteriophage
sample is mixed with cool, liquidgar and auitable bacterial culture. This mixture is
then quickly poured into petridish containing a bottom layer of sterile layer. Wherever a
virion comes to rest in the top agar, the virus infects an adjacent cell and reproduces
eventually Bacteriallysis result in a plaque in the opaque layer. The appearance of plague
is characteristic of the phage being cultivated.

2.10 CULTURE TECHNIQUES

Mi crobi ol ogists wuse five )dccslture, mangulaieni gqu e s
examine andltaracterize microorganismBheseare:

() Inoculation

(i) Isolation

(i) Incubation

(iv)  Inspection

(V) Identification

These techniques are used by all microbiologists, whether a beginner laboratory
student or researcher is attempting to isolate a useful bactéoomthe soil or a clinical
mi crobiologist trying to find out the cause
in handling and maintaining microorganisms as discrete entities.

(i) Inoculation: The process of transfer ofnoculum (a sample containing
microorganisms) into a container of nutrient medium, which provides an environment
in which they grow isalled inoculation. Inoculummay be obtained from solil, water
sewage, foods, air and inanimate objeEtw. determining the caus# an infectious
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disease, inoculum is obtained from body fluid (blood, cerebrospinal fluid), discharges
(Sputum, urine, faeces) or diseased tissue.

The culture vessels (culture tubes, conical flaskgedridishes)containing appropriate
culture media a inoculated usingools such as loops, needles, pipettes, efar a
properly controlled experiment, sterilization of the glassware, equipment and culture
media is necessary. This means that the inoculation must start with a sterile medium. All
inoculatirg tools and culture vessels should be sterile.ddessare also taken to prevent

the entry of undesirable microbes while inoculatiipis procedure is carried ot
special rooms fitted with UV lamps. Now a days for inoculation, special laminar flow
(biological safety cabinelsfitted with HEPA fitters are used.

For inoculation in culturéubes agar slants are prepared.
Preparation of Agarslants:

Liquified agar medium is poured into culture tubes. The culture tubes are plugged
with cotton wool and stéized in autoclave. The sterilized tubes are taken out and placed in a
slanting position and then allowed to cool. The sloppy surface provides maximum area of the
agar medium in the culture tube for the growth of microorgan(gings2.3).

Fig.2.3 Culture tube with agar slant

Transfer of the Inoculum: The inoculation is done in inoculation chamber, completely
sterilized with ultraviolet light. The hand should alsodaned and sterilized with rectified
spirit. For culture tube inoculatipthe tube containing inoculum with sterilized agar medium
slantis held in one hand arnttieinoculating needle in the other. The cotton plugs of the tubes
are taken out with the help of fingers in front of the #amh spirit lamp. Thenoculumis
picked ot with the help of needland then inserted within the agar surface of the tube.
Plugging of the tube is immediately done to avoid contaminationp&mwidish inoculation,

the lid is removed to a minimum and inoculation is done incéwtre of the dishThe
inoculated tubesr petridishes are finally incubated at desired temperature.

(i) Isolation: Isolationis separation of the pathogen from host tissue or from mixed
culture or its inoculation in culture media. To achieve proper isolation, a small
number ofcellsis inoculated into a relatively large volume or an expansive area of
medium. It generally requires (i) a medium with firm surface (ii) a petri plate (a clear
flat dish with a cover) and (iii) an inoculating loop. There are several ways of
isolation b obtain pure culture: dsPour plate method II. Streak plate method lll.
Serial Dilution method. IV. Spread plate method V. Single cell method. VI.
Enrichment culture method VII. Selective Cultumethod. VIII. Differential culture
method.

All these metods of isolation are already discussed in detail in earlier chapter.
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(ii)Incubation: Once a culture vessel containing medium is inoculated, it is placed in a
temperature controlled chamber or incubator to facilitate multiplication. This is called
incubation.Usually they are incubated at 20 t0°@0in Laboratory. Incubators can
also control the content of atmospheric gases like oxygen and carbon dioxide that may
be required for the growth of microbes. During the incubation period, the microbe
multiplies and poduces some visible manifestation of growth.

(iv)Inspection: It is essential to inspect a culture macroscopically during various stages
of inoculations. Colonies of microorganisms are readily visible especially the colonies
of bacteria and fungi appearGoloniesare actually large masses of clinging cells.
The colonies exhibit distinctions in size, shape, colour and texture. Colony
development on agar surface helps the microbiologists in identifying microorganisms.
Once a microorganism is isolated, itasstandard practice to make a second level.
Cultural called a subculture. This is done by removing a small sample from one well
isolated colony and transferring it into a separate container of media. Because a
colony consists of only one type of microorgam, it yields a pure colour or auxenic
culture for further testing and identification.

Cultural inspection is also done by using a microscope. This gives information of
many characteristics of cell microbiology including size, shape and details of interna
and external structures.

(v) Identification: The microorganisms isolated are identified by a combination of
microscopic and macroscopic appearance. These are useful in differentiating simple
prokaryotic cells from larger complex eucaryotic cells. Althowgipearance is of no
use in the identification of bacteria because of similar morphologies. For their
identification other techniques that characterize their cellular metabolism are used.
These involve biochemical tests that can determine fundamental ethemic
characteristics such as nutrient requirements, products releasing during growth,
temperature and gas requirements and methods of deriving energy.

By compiling macroscopic and microscopic characters and results of biochemical
tests, a profile iprepared which is then used in the final identification of a microbe.
Thus, microorganisms are identified in termghdir macroscopic morphology, their
microscopic characters, and their biochemical reactions and genetic characteristics.

Maintenance of cuture:

Culture of microorganism is maintained for further studies. Many research
laboratories require a line of stock cultures. The stock cultures are continuously maintained
species that represent fAliving Craericarl Tympues 0 .
culture collectioriocatedin Rockville, Maryland, U.S.A. It maintains frozen and fre€zied
fungal, bacterial, viral and algal cultures.

Disposal of cultures:

Some cultures are potential health hazard. Therefore, they require immediate and
proper disposal. Microbial cultures are disposed off in two ways: (1) Steam sterilization by
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autoclave, and (ii) incineration (burning). Both are effective methods for destroying
microorganisms.

2.11 INSTRUMENTS USED INMICROBIOLOGICAL STUDIES

Following are some of the basic requirements and equipments for culturing

microorganism undaeartificial conditions

Culture vesselsCulture media are contained in culture vessels usually culture tubes,
conical flasks and petridishes. These are made of high quality corning glass. The petri
dishes are special culture dishes named after their inventor Julies Richard Petri. Petri
developd these dishes in 1887. They consists of two round halves, top half
overlapping the bottom.

—— Cotton Plug

\

o

):(\)LJ

B A C D

Fig.24 Culture vessels; A. Culture tube B. Conical flask. C. Petri disc. D. Culture Bottles

Culture tubes are of tweize, the smaller an@ithout rim and Largevith rim. Almost alll

sizes of flasks ranging from 50 ml to 1000 ml are used for microbial culture. These
are used to contain culture media before and after the sterilization and also for culture
the pathogen in liquid or semisolid medigkig.2.4).

. Plugs Tubes and flasks containing media or culture are always plugged with cotton

wool so that, any air which enters inside is filtered from all contaminating
microorganisms. A plug should project inside the tube about an inch and should have
tuft outside theube, by which it can be taken out. The plug should fit accurately and
tightly, but not so tightlythat it cannot be extracted when gripped between any two
fingersof one hand. The plug should also retain its shape, so that after withdrawl, it
can readily ba reinstered.

Inoculating tools. For inoculation, tools like inoculating needles, inoculating loops,
syringes, etc. are used. Inoculating needles/ loops are made up of plantinum wire/
nichrome wire fixed into a metal or glass rod at one end. In inocglatedles the

wire is straight whereas in inoculating loops, the free end of the wire is bent in the
form of a loop(Fig.25).
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Fig.2. 5 Inoculating tools: A. Inoculation needle, B. Inoculation loop, C. Syringe

IV Sterilization Equipments:

Following equipments are used in sterilization of glass ware and culture media:
(1) Oven for dry sterilization

(i)  Autoclave for steam sterilization

(i) Filter sterilization Equipment

(iv)  Sterile rooms or inoculation chambers

(v) Laminarflow biological softy cabinets

(i) Oven for dry sterilization:
Dry heat is mainly used to sterilize glass ware or other heat stable materials. The
objects are wrapped in aluminiuioil and exposed to a temperature of 4F@or 90
minutes in an oven. It is an electrically operated device. It consistdigf chamber
with insulated walls and is fitted with electrical hearers to raise the temperature level
and a thermostat to maintain temperature at a desired leged .6).

Fig.2.6. Hot air oven

(i) Autoclave: Autoclave is the instrument used to sterilize culture media, glass ware and
other tools by high pressure steam, which developed inside the sterilizing chamber by
heating water. Steam pressure increases inside the chamber with increasing heating
time. Thebody of autoclave is made up of a thick double walled cylinder. Inside the
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