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1.1.4. Scope of Microbiology | M
The study of microbiology involves the following: - ] are
1) Production of Antibiotics: Microorganisms are dlrectly. used in phz_mnaceuu_ca] A%
n of antibiotics by isolating antibiotic-producing 1

industry for the productio
- microorganisms from nature (e.g.,
2) Production of Enzymes, Vaccines, Bio-Surfactants, Alcoholic and Other
Pharmaceutical Products: Pharmaceutical microbiology includes detection and
assay of pharmaceutical and chemical products of microbial activity.

3) Diagnosis of Diseases and Treatment: Various infectious microorganisms are

d by using different tests (e.g., Widal test, Elisa, etc.). For the

detected and recognise
selection of appropriate treatment for microbial infections, antimicrobial

susceptibility testing is performed.

4) Treatment of Industrial Waste Material: Waste organic matter, salts, spent media,
untreated-water, etc., are produced after most of the industrial processes. For the
treatment and decomposition of such industrial and organic wastes many microbial
species (e.g., protozoans, fungi, actinomycetes, etc.) are used.

5) Plant Growth Promotion: Certain species of microbes (e izobi
G .g., Rhizobium,
Rhodospml{um, jimlobac:re.r. Agroba_crerium rhizogenes, Pseudomonas,, Acetobacter)
are present in soil to participate in soil fertility, herbicidal resistance, insect resistance,
enhancement of quality of plant products, and protein/oil content alteration.
6) Sterile Product Preparation: Microbiology is involved in the preparation of sterile

room, aseptic techniques, and detection of microbes b : o e
of different sterile preparations. y sampling and sterility testing

7) Sterilisation: This process involves killin i -
; g of microbes b
the pharmaceutical product free from microorganisms. Yidifforeet oancn.to m°

water or soil).

8) g;emralrddl Bimoccumn nsfermation: With the help of microbiological transformations of
| B T s e
- : compounds  with :
p : complex molecul
testosterone, ergosterol, progesterone, cholesterol, etc. scular RIS, S
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9) Identification of Microorganisms: Microbial species that can be -used for the
production of enzymes, antibiotics, and other active pharmaceutical compounds are
identified and isolated on the basis of their morphological, biochemical, cultural,
microscopic characteristics, and genetic features. 3

10) Testing of Pharmaceuticals
i) In pharmaceutical raw materials and finished products, the Salmonella species,

Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli are
detected by performing several tests described in the British Pharmacopoeia
(BP), European Pharmacopoeia (EP), United States Pharmacopoeia (USP), and
Indian Pharmacopoeia (IP),

i1) Endotoxin testing,

iii) Microbiological assays of antibiotics,

iv) Tests for support of the sterility assurance system,

v) Evaluation of disinfectants, and

vi) Antimicrobial preservation efficacy testing.

1.1.5. Importance of Microbiology
Microorganisms are used in almost every aspect of life due to their ubiquitous nature, i.e., they
are found in soil, mud, water, air, animals, plants, food products, dead wood, clothes, etc.

Applications of microbiology in pharmaceuticals are as follows:

1) Microbes in Food and Dairy Industries: Food microbiology is the study of those
microbes which supply food due to their higher protein value (e.g., yeast). It is also
the study of those microbes which grow using our food supply as a source of
nutrient. When microbes attack the food products, they increase in number, utilise
nutrients, produce enzymatic changes, and destroy the flavours by breakdown of
products that ultimately results in the deterioration of food. Microbes used in food
industries are discussed below:

i) Moulds: Many microorganisms, especially moulds (e.g., Mucor, Rhizopus,
Botrytis, Aspergillus, Penicillium, etc.) deteriorate the food. Thus, in the
manufacturing of certain food and other related substances some specific species
of moulds are used. For example, mould ripened cheese (blue, Roquefort,
camembert, etc.), production of oriental foods (soy sauce, miso, sonti, etc.).
Other than these, some microorganisms are involved in the preparation of
enzymes, €.g., amylase in bread-making and citric acid used in soft drinks. Some
moulds are harmful, e.g., Aspergillus flavus, and some moulds produce

mycotoxins (toxic metabolites), e.g., Aspergillus parasiticus.

Yeasts: These are unicellular eukaryotes, classified under fungi, and generally or ovoid
or spherical in shape. They are mostly non-filamentous, and reproduce by fission or
budding. They may be both harmful, as well useful for food, and in food industry.

During the food manufacturing where fermentation is required (e.g., bread, bees! f
wines, vinegar and surface ripened cheese), yeast is used. Yeasts are grown to
produce enzyme involved in the fermentation process. The growth and enzyme
of yeast is also undesirable as they spoil fruits, juices, molasses, syrups, beer,
wine, and other foods. Examples of yeast used in food industry are
Saccharomyces, Schizosaccharomyces, Candida, Kluyveromyces,

ii)

Zygosaccharomyces, Pichia, Hansenqla, Debarom_yces, Hanseniaspora, etc.

Bacteria: Like fungi, bacteria can also be harmful and beneficial for food and
food industry. Some pigmented bacteria produce colour changes on the food
surface, form a film over liquid food, etc. This results in sedimentation and

produce undesirable cloudiness.

iii)
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Many antibiotics such as B-lactam (penicillin and cephalosporin) are produced by
microorganisms to be used in the treatment of various diseased conditions: for
example, Gonoccocal, Treponemal, and Streptococcal infection are treated with
penicillin which is also effective against Gram-positive bacteria; nosocomial Gram-
negative sepsis is treated with cephalosporin.

4) Microbes in Environmental Microbiology: Microbes are omnipresent, i.e., they are
found in water, soil, deep inside the earth (deep sea vents), and air. Recycling of
biological elements (e.g., oxygen, carbon, nitrogen, sulphur, and phosphorus) is also
performed by microbes.

i) Microbes in Biogeochemical Cycles: A cell contains 70% of its weight as oxygen,
and in atmosphere above 23% oxygen is present that remains available to all
microbes. Oxygen is also found in mineral deposits as salts of carbonate, silicate,
aluminate, and oxide. About 80% of oxygen cannot be used by microorganisms;
however, cyanobacteria, heterotrophs, and chemolithotrophs use it. Water remains
available for photosynthesis as it is the product of aerobic processes. The affect of
microbes on some important biogeochemical cycles is discussed below:

a) Carbon Cycle: In atmosphere, carbon remains in the form of CO, gas
produced abundantly by the burning of biological preparations and fossil
fuel (petroleum, coal, etc.) and microbial decomposition. From the total
carbon present on the earth, about 20% is found as an organic compound,
and 1% is found in fossil fuel.

CO, gets converted into organic carbon by photosynthesis and
chemosynthesis performed by the microorganisms. Methanogenic
archaebacteria produces methane (CH,) anaerobically from CO, and H,.
Fungi and bacteria present in soil uses organic matter present in soil. By
using their enzymatic machinery, microbes release soluble products that are
used by plants and microbes itself. Microbes decompose the dead material
of animals and plants.

b) Nitrogen Cycle: There are four main parts of nitrogen cycle and microbes
(especially bacteria) play a role in all of them. Bacteria (e.g., Cyanobacteria)
help in nitrogen fixation, either as free-living bodies or through symbiotic
relationships with animals and plants (such as legumes). Bacteria break down
the plant and animal proteins into ammonia through the process of decay; this
process is termed ammonification. The next step in nitrogen cycle is
nitrification, which is carried out by two nitrifying bacteria (nitrosomonas
and nitrobacter); the former converts ammonia to nitrite, while the latter
converts nitrite to nitrates. The final step is denitrification, which is carried
out by denitrifying bacteria (anammox or ammonia oxidizing bacteria); in this

‘step, nitrates are broken down into nitrogen to replenish the atmosphere.

ii) Microbes in Pollution Microbiology: Bacteriophages (bacterial viruses)
control the bacterial population by performing lysis of susceptible group.
Bacteria also perform decomposition of waste. In aquatic environment, many
microorganisms are found performing eutrophication [e.g., protozoa, algae and
other smaller, non-motile forms of microorganisms (including fungi, and the
bacteria, and certain viruses)]. On adapting special procedures, these
microorganisms can be detected in the aquatic environment. -

problems. Unrestricted host development can be prevented by plants and algal
viruses. By seeding with specific viruses (LPP and AS viruses), excessive
growth of blue-green algae can be controlled.

‘[ Viruses that infect all the biological grouping have a bearing on water pollution
i
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effects also and inhibits parasitic
and chlamydia.
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Soil microbes (bacteria and fungi) are essential for
decomposing organic matter and recycling old plant maleriall. Some soil ba_cteria and
fungi form relationships with plant roots that provide 1m_portant nutrients like
nitrogen or phosphorus. Some of their vital functions are described belqw
i) Soil Microbes Break Down Organic Matter: Microbes play an important role

in the decomposition of organic matter. =

ii) Soil Microbes Help to Recycle Nutrients: Soil microbes play 4 crucial role in
returning nutrients to their mineral forms, which plants can take up again. This

| process is known as mineralisation.

iii) Soil Microbes Create Humus: When the soil microbes have broken down all
they can, the residue is called humus (a dark brown jelly-like substance that can
remain unchanged in the soil for ages). Humus helps the soil retain moisture,
and encourages the formation of soil structure.

iv) Soil Microbes Create Soil Structure: Some soil microbes secrete
polysaccharides, gums and glycoproteins, which glue soil minerals together,
forming the basis for soil structure. Fungal hyphae and plant roots further bind
soil aggregates together. Soil structure is essential to good plant growth.

v) Seil Micrebes Fix Nitrogen: Agriculture depends heavily on the ability of
certain microbes (mainly bacteria) to convert atmospheric nitrogen (N,)
to ammonia (NH;). Some live freely in the soil, while others live in association
with plant roots (e.g., Rhizobium bacteria in the roots of legumes). The process
of conversion is known as nitrogen fixation.

vi) Soil Microbes Promote Plant Growth: Some soil microbes produce a variety
of substances that promote plant growth, including auxins, gibberellins, and
antibiotics.

6) Microbes and Agriculture:

vii) Seil Microbes Control Pests and Diseases: The best known example of the
use of soil microbes in pest control is the commercial production of the
soil, Bacillus thuringiensis to control caterpillar pests of crops. Some strains of
B. thuringiensis are used to control beetles and flies as well. Several strains of
the fungal genus Trichoderma have been developed as bio-control agents against
fungal diseases of plants (mainly root diseases). Various other genera of fungi
are used for the control of insect pests.
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1.2. SUMMARY SIS

The details given in the chapter can be summarised as follows:
1) The branch of life-sciences, involving the study of unicellular or cell-cluster
microorganisms is termed as microbiology, and the specialist is known as

microbiologist.

2) The development of microbiology can be divided into the following eras:
1) Discovery Era,
ii) Transition Era,
1i1) Golden Era,
iv) Era of Chemotherapy and Microbial Genetics, and

v) Modem Era.

3) In 1665, an English scientist Robert Hooke developed first microscopes made up
of the simple lens with a magnification power of approximately 30 times.

4) Hooke published his work in a book Micrographie which included various studies
performed by him like his thoughts on chemistry as well as a description of

microscope and its uses.
5) Antony van Leeuwenhoek (1632-1723) was a Dutch tradesman and scientist who

developed microscope and first time studied the microbes. Due to his work and
development in the field of microbiology, he was recognised as the Father of

Microbiology.

6) Antony van Leeuwenhoek firstly described single celled organisms and named
them as animalcules, known as microorganisms nowadays.

7) Louis Pasteur proposed the germ theory of disease and discovered the anaerobic
bacteria (existence of bacteria in the absence of free oxygen).

8) Louis Pasteur discovered pasteurisation technique which involves mild heating to
kill microorganisms in broth. He developed anti-rabies and anthrax (Bacillus

anthracis) vaccines.

9) Applications of Microbiology
i) Production of antibiotics,

ii) Production of enzymes, vaccines,
pharmaceutical products,

iii) Diagnosis of diseases and treatment,

iv) Treatment of industrial waste material,

v) Plant growth promotion,

vi) Sterile product preparation,

vii) Sterilisation,

viii) Steroid biotransformation,

ix) Identification of microorganisms, and

x) Testing of pharmaceuticals.

10) Viral infection in a living cell produces viral proteins (glycoproteins) that have a
broad spectrum antiviral action and are known as interferons.

bio-surfactants, alcoholic and other
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1.3, EXERCISE S el

1.3.1. True or False
1) Compost is the store house of major (N

micro animal nutrients.
2) Antony van Leeuwenhoek firstly described multicellular organisms and named them as

3 animalcules, known as microorganisms nowadays.
3) Robert Hooke proposed the germ theory of disease and discovered the anaerobic bacteria

(existence of bacteria in the absence of free oxygen).
4) The term microbiology was introduced by Louis Pasteur.
5) Louis Pasteur developed anti-rabies and anthrax (Bacillus anthracis) vaccines.

PK, i.e., nitrogen, phosphorus, and potassium) and

1.3.2. Fill in the Blanks
6) Viral infection in a living cell produces viral proteins (glycoproteins) that have a broad
spectrum antiviral action and are known as :

7) Theory of was proposed in transition era.
8) Hooke published his work in a book which included various studies performed
' by him. {
' 9) Lister introduced the principle of sterile surgery in the medical field and was designated
as the father of

10) Louis Pasteur proposed the and discovered the anaerobic bacteria.

Answers: :

1) False 2) False 3) False 4) True S)inTrue
6) Interferons 7) Spontaneous generation 8) Micrographie

9) Antiseptic surgery 10) Germ theory of disease

1.3.3. Very Short Answer Type Questions

1) Enlist various ranches of microbiology.

2) What is Pasteur Effect?

3) What are interferons?

4) Give any four exarppl‘és of beneficial bacteria.

5) Write a note on contribution of Louis Pasteur in the development of microbiology.
6) What is theory of spontaneous generation?

1.3.4.  Short Answer Type Questions
1) Write a short note on scope of microbiology.

2) Write a note on Koch’s postulates.

3)  Give a short note on golden era of microbiology.

4) Write a note on contribution of Robert Koch.
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CHAPTER

2
%

2.1.1. Introduction

All organisms are built of cells. thus cell is the fundamental unit of life. All animal tissues
including human tissues are made up of cells.

All organisms can be broadly categorised into prokaryotes and eukaryotes (pro means
primitive; eu means true: and karyote means nut indicating the cellular nucleus). First
time in 1937, Edward Chatton inroduced these termis. The major difference between
prokaryotes and eukaryotes is that the former does not have a nucleus while the latter
possess a distinct one. Examples of prokaryotes are bacteria and cyanobacteria; and that
of eukaryotes are fungi, protozoa, plants, animals, and humans.

2.1.2.  Prokaryotes
Examination of a prokaryotic cell reveals various component structures. Some of the
.stmcturfes are naturally common to almost all prokaryotes, but some structures are present
In certain species. Structures found external to the bacterial cell wall aid in protection,
attachment, motility, or con jugation. Figure 2.1 shows a typical prokaryotic cell.

Plasmid

Nucleoid naked
DNA

05 ribosomes

Cytoplasm
f3

Cell wall
Plasma
membrane

Figure 2.1: Typical Prokaryotic Cell

The prime features of a prokaryotic cell are:
1) The cell is enclosed within a cell wall, made up of peptidoglycan (a mixture of
carbohydrates, and amino acids). The cell wall prevents the celi from bursting.

2) Inner to the cell wall, plasma membrane is present which controls the movement of
materials in and out of the cell. Some substances are pumped in and out of the cell

via active transport.

3) The inner area of cell is occupied by cytoplasm, containing enzymes (required for
cellular chemical reactions) and the genetic material.

4) The region in the cytoplasm having chromosome is known as nucleoid. The DNA is
not bound by a nuclear envelope and is naked, i.e., not associated with any protein,
Some bacteria contain plasmids (small circular DNA) which replicate independently
and passes from one cell to another.
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L. g i he size of a typical prokaryotic cell, and can be as
i i es the si1ze 2 al p é

Eukaryotic cells are about 10 times . il : ; - 2
muc?lrjg.s 1000 times greater in volume. The major difference hetwu:_n pr(;lsd;yot Cifl}d )
eukaryote is that the latter contains membrane-bound compartments in w IC . spt:I ic S
metabolic a;:tivitiek; take place. Most important difference is the presence of a L-E l‘:m(: eus E
(a membrane-delineated compartment that houses the eu karyotic cell’s DNA). Eukaryotic

: 6)
cells are often found in multicellular organisms. 7
l‘\ \ nl ".'v!-———-f Microvilli
“" H .1‘, {———— Microfilament
e i 2.
AR i e e
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Pinosome
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: _ !
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Figure 2.2: Typical Eukaryotic Cell b
A eukaryotic cell comprises of the following basic ¢
omponents (fi : |
1) Cell wall, Mgy s
2) Cell membrane (or plasma membrane), p
3) Cytoplasm, and

4) Nucleus. 1]
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2) Unit membrane model,
3) Robertson’s model,
4) Lipid or phospholipids bilayer model, and
5) Fluid mosaic model. : i ST, 5
Sugar molecules
Fu

Phospholipid
bilayer

1)

Membrane pore

Figure 2.3: Structure of the Cell Membrane

However out of the above given models, the Fluid Mosaic Mo@el is the most ':lCC&pte,d 3
one (figure 2.3), given by S.J. Singer (University of California) and G.L. Nicholson
rding to this model, proteins do not form a

(Salk Institute) in the early 1970s. Accol
continuous layer extending from one side of the membrane to the other; rather they ar¢

present in the form of globules, dotted randomly in a mosaic pattern.
netrate into the membrane to deeper extents; some of

brane surface; while some extend through it and adhere

Some globules of the protein pe
less rigid nature as compared to the

them remain attached to the mem
to the other side. Due to this, membrane shows
original one.

Experiments on the viscosity of membrane show that it has a
fluidity allows movement of lipid and protein molecules within it. Due to the fluidity and
mosaic arrangement of the protein molecules, this model is known as the Fluid Mosaic

Model.

Chemical Composition

1) Phospholipids: These are the major components of the cell membrane. These are fat
(lipid) molecules with a charged phosphate group at one end (figure 2.3). Phosphate
group attached to the lipid bilayers are hydrophilic in nature, whereas lipid molecules
are hydrophobic in nature. The lipid ‘tails’ of the molecules face each other creating

fluid consistency. This

a lipid bilayer.
| 2) Proteins: The lipid bilayer is embedded with i i i
. i proteins of various sha d sizes.
.' Three groups of membrane proteins can be identified as: o <%
| i) Integral Proteins: These proteins extend into or through the lipid bilayer.
. ii) Transmembrane Proteins: These proteins span th ire lipid bi
protrude into both the cytosol and the ECF. ; S and:

iii) Peripheral Proteins: These proteins associate
5 more | i
heads of membrane lipids or with integral proteins at theo?nssg o‘:lg:net? Zugfo:;

of the membrane.

i e Aceordingtotlwirdisu-ibution membrane proteins are
: . , men of two types:
i) Extrindc Proteins: These peripheral proteins occur on ;:ter and inner surface
of the membrane outside the lipid bilayer. a
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Intrinsic Proteins: These proteins are intra-membranous, and are embedded in

the lipid bilayer.

3) Carbohydrates: These molecules are found attached to the proteins and lipids
glycoproteins and glycolipids, respectively. These glycoproteins

forming
animals) form a part of the protective coat of carbohydrate

(glycocalyx in most of
that surrounds most animal cells, and are responsible for cellular differentiation and

identification (e.g., difference in blood type). Examples of two major glycolipids are
glycerol-based and sphingolipid-based glycolipids.

ii)

Functions
1) Protection of Cells: The receptors present on the cell membrane allow chemical

messages to pass between the cells and systems, which provides protection to cells.

2) Providing Cytoskeleton and Mechanical Support: It provides a specific shape to
the cell. It provides mechanical support and maintains the membrane potential.
Attachment proteins present on cell membrane bind the extracellular and

intracellular components.

3) Separation from Surroundings: In an animal cell, it separates the internal
environment from the external. Other organisms, including fungi, plants, and
bacteria, consist of an additional layer known as cell wall, which forms the outermost
protective layer.

4) Permeability: It is a semi-permeable membrane. The membrane in this state is
called selectively permeable, as it allows the passage of solvent and several selected
solutes, while holding back the others.

5) Tissue Formation: Groups of similar cells attach to the extracellular matrix and
form tissues.

6) Particle Transportation: Various mechanisms, like ion channel, carrier proteins,
and ion pumps are involved in particle transportation. Chemical exchange of solute
between extracellular medium and cytosol is mediated by transport of channel and
carrier proteins.

7) Contribution to Enzyme Activity: It controls the activity of enzymes which further
participate in metabolism and immune system.

8) Control of Neurohormonal Flow: Receptor proteins on cell membrane mediate the
flow of neurohormonal and other chemical information from extracellular medium to

the cytosol.

2.1.3.3. Cytoplasm

Cell consists of a cytoplasm enclosed within the cell membrane. The cytoplasm includes
various cellular organelles and therefore these organelles are also referred to as
cytoplasmic organelles. The cell performs most of the metabolic activities (e.g.,

glycolysis, and processes like cell division) in cytoplasm. B}asi‘cally. cytoplasm is the

fluid in which cell organelles (mitochondria, Golgi body, nucleus, etc.) remain
- suspended. ié :

Functions
1) Various vital biochemical reactions, important for the maintenance of life, occur in

lhecytoplasm. i i
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nt number of macromolecules

PI|'.||':Tl;|t'L‘|l11L"d| Nli(.'l’-‘?hiﬂl(sg).

Functions
Golgi body 18 1V
('iljl:_'i iwdi-c\ perform the 1
2 Modifying, Serting, ar
modifying. and packagll
secretion. 3
b) Modification of Proteins: Proteins delivered tl)y [:jieiouﬂ T::d]l;l:i?.;:lz
;'cliculum are modified by thck(.m.lgt bndy.‘ l{ also 2 ":“p:)f o Ce“.
formation and in the transport of lipids to the adjoining area: : |
f Substances: Enzymes present in the cisternae .hlnd to
the carbohydrate and phosphate groups by the process of g‘lyl;:f»s:viangn a?ld
phosphorylation, respectively, In qrder to n19d1iy the 7:,11. strate by Fe
f substances, €.8: nucleotide sugars from the cquwl into the cell
Proteins are also marked with the molecules’ signal sequences
Golgi bodies add a mannose-6-

e synthesis of differe
Ullov.-’ill'__’ functions:

and Packaging: It p_luys an
1o of substances for use

olved in fh
important role in sorting,
within the cell or for celj

Transportation 0

transport 0
organelle.

that determine their final destination, €.8.,
phosphate label to proteins meant for lysosomes.

d) Sulphation of Molecules: It performs sulphation of certain nplecules (eg.
GAGs of proteoglycans as well as on the core protein). Sulphation occurs with
the help of sulphotranferases when the molecule passes through lumen. PAPs
|‘3‘-lesplmadenosine-ﬁ‘—phnsphosutphate) functions as a donor of sulphur
atom. The level of sulphation i§ very important to give signalling abilities and 1)
overall negative charge to the proteoglycans.

¢) Phosphorylation of Molecules: Phosphorylation of various biochemical
molecules occur during transportation of ATP molecules into the lumen, in
the presence of kinases enzyme (like casein kinases). For example,
apolipoprotein gets phosphorylated to form VLDL (Very Low Density
Lipoprotein), one of the blood serum constituents. It is assumed that these
molecules get phosphorylated so as to help in sorting of secretion of these
molecules in the blood serum.

f) Formation of Spindle: It is involved in the formation of meiotic and
mitotic spindles.

2) Excretion of Water: Golgi bodies help in excreting excess amount of water.

iii) Lysosomes: In 1949, Christian de Duve discovered the cell organelle
“Lysosome”. The word lysosome (lysis + soma) has been derived from the
Greek word lysis means to separate; and soma means body. They are
membranous sacs that bud off from Golgi bodies. ;

Structure
Some non-green plant cells possess lysosomes (fi
m gure 2.6). The
sg::;e dbags as they cause intracellular digestion ()ie ge:éfxciﬂi;(i
c rates, protei ithi the
eac y protein, DNA, and RNA within the cell) and thus, destroy the

Characteristic features of lysosomes include:

a) They are present in high number (may be hundreds) in a single cell
b) They possess nearly 40 different enzymes. :
c) Lysosomal enzymes act upon the substances that enter into lysosome

d) They are referred to as suicidal bags since the en: i
digest the whole cell, in case of damage or death :m:s cep]r:sent ey
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d to ER surface

Functions
a) Itactsé
b) Itexchanges mate
Proteins synthesise
stored by RER.

d) Different metabolic enzymes present in the SER hel

phosphnlipids. cholesterol, and triglycerides.

e) SER found in the liver helps in the synthesis of glycogen and lipoproteins,

It is also involved in the lysis of

ansport, osmosis, and diffusion,

1S a structural framew
are collected and

rial with the cytosol by
d by ribosomes boun

c)
p in the synthesis of
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vacuoles: Vacuoles ai sac-like structurcs filled with fluid and are bounded by
a single membrane, known as tonoplast (only in a plant cell). Mineral salts,
sugar, amino acids, wastes, and sometimes pigments are present in vacuoles angd

are together referred to as cell sap. In plant cells. vacuoles are larger in size and
are placed centrally.

Functions

a) They support the cell an

b) They act as storehouse
fruit, buds, and leaves.

c) They also possess hydrolytic enzymes.

d) They act as sites for temporary storage 0

reproducing double membranous organelles of plants
red or can be colourless and are mainly of

d help in its growth.

for pigments, which impart colours to the flower

f food and waste.

Plastids: Plastids are self-

and algae. Plastids can either be colou

the following three types:

;)) ttlzlucoplast: White or colourless,
romoplast: Blue, red, yellow, etc. :

¢) Chloroplast: Green. 5 g

C ;
m?{l:;:{[_)l?;;s :Zc fcommonly found in the cytoplasm of all green plant cells. Thei
e (moft Co;lommo l-]OOé%. The shape of chloroplasts may vary fro;r-] disc-
i n) to ribbon-shaped (alga Spirogyra ' _
s gyra) or cup-shaped (alg

Structure
Chloroplast is a double mem
a branous cell
membrane and an inner membrane (figure g"g;lﬂe]le, composed of an outer

Stroma, a fluid homo 3

, genous matrix fills the insi

- ; e insid

d:i);meshrequmd for the process of carbon diox'fi of the chloroplast. It ha
g photosynthesis. ide fixation (dark reaction

Grana (singular

; granum) are found

includes a PRI scattered within strom:

o membrane bound disc-like vesicles hin stroma. Each granu?
e a pile of coins. known as thylakoids, arranget

Intergranal lamella connec
ts one
form the thylakoid m granum to the other. T i
o e s LT T i
4 sport chain, and ATP -generating syster”
; synthetase.
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A Chloroplast [ Quter membrane

envelope |Inner membrane %x
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h 2
ILEIERE (one thylakoid)
Figure 2.8: Structure of Chloroplast
Functions

a) It provides the site for photosynthesis.
b) It helps in synthesis of fatty acids. Carbohydrates are converted into fatty

acids with the help of ATP and NADPH in the stroma.
¢) It reduces nitrite to ammonia.

vii) Peroxisomes: Peroxisomes occur in cells of green leaves in the higher plants.
Nucleoid, a central core of crystalline material is made up of urate oxidase
crystals. The nucleoid is usually spherical or ovoid and is nearly of the same size
as that of the mitochondria and lysosomes. Peroxisomes closely resemble ER.

Functions
a) They perform substrate level oxidation and form hydrogen peroxide.

: b) In plant cells, they take part in photorespiration.
¥ ¢) They bring about metabolism of fat in plants.

'3) Cell Inclusions: Certain bodies are present within a cell but are unable to perform
~ their own metabolic processes. These structures also lack membranes binding them.
 They are referred to as cell inclusions since they are present within the cell, and
" include nutrients like glycogens (in liver and muscle cells), lipids (fat cells),
carbohydrates, secretory products, pigment granules, water-containing vacuoles, and

different types of crystals.

i
2.1.3.4. Nucleus . =
leus is a spherical organelle that consists of a double layered membrane of
ospholipids and proteins. Nucleus is also known as the control centre of the cell. In
otic cells, it is enclosed within the membrane and consists mostly of genetic

manenal includes the long linear DNA molecules, which interwine around the
of proteins known as histones for forming the chromosomes. These
es contain genes that are referred to as the nuclear genome of the cell. The
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[“'he outer membrane generally contains ribosomes over it. The nuclear envelope in the s
early stages of cell division disappears and re-appears in the later stages:

. ppears in the later stag
2) Nucleoplasm: The nuclear cavity of the nucleus is filled up by 0n¢ of the specialiseq 4) :l
forms of protoplasm, known as nucleoplasm. It is a cc,miﬂc.\ crystallo-colloidy| =
system comprising of different molecules and enzymatic proteins (structural ang ol
fu'nct:onal). Nucleoplasm differs from cytoplasm as it contains an adequate amount
of some specific basic proteins (histones or protamines) coupled \.x»-nhruudeng acids
in order to form the nucleoproteins. Nucleoproteins are present in the form of a thin
dense layer of intermediate fibres known as nuclear lamina oOf cortex. It remaing
attached to the inner membrane of the nucleus to provide structural support to the
nuclear envelope.

ol

3) Chromatin Material: The chromatin material, saturated with D?my"bm::mlm
Acid (DNA) transmits the coded structural and functional information ‘t,m-‘:l:.‘.n ,the
cell and organism, respectively. Notably, all the body cells B ;)%-;ln;\ ié dtlrlld W
individuals that belong to the same species contain an_eqpal an'l‘m‘u.n t“:‘_ﬁdl , L.e., the
amount of DNA present in an individual or organism indicates its speciiicity.

C
1
L
s
1
(
{

Endoplasmic reticulum _~ Plasma membrane
e = Fur
pres * ',‘,__\.,‘:::‘\. 1
// Ri‘b}o/.?omes N pe
2| ‘*‘é Chromocentre
Quter membrane \ ; 2
7 \\ Perinucleolar Ta

Inner membrane — \ <(rhv:.u:rm:hmumtin

Perinuclear Space lntranucleolar
; heterochromatin
Nucleat cnyclop Nucleoplasm with
Nuclear pore Euchromatin filaments

Nuclear cortex ”'ﬁﬂ:’% Nucleolus

Pore complex  Peripheral heterochromatin

Figure 2.9: Structure of Nucleus

All the chromatin fibres condense together by the process of coiling and
supercoiling to form visible thick and separate threads known as chromosomes. In
an eukaryotic nucleus, the chromatin material consists of a complex of protein and
DNA that packages the chromosome. Depending on the DNA requirement, the
chromatin structure in different stages of cell cycle varies significantly.

lnterphaseChromaﬂn During the interphase (the period of cell cycle where the
f:ell is not dividing), tvyo types of chromatin can be distinguished:
i) Euchromatin: It includes the active DNA, e.g., expressed as protein.

ii) Heterochromatin: It includes the inactive DNA. During the
| chrom _ ._ hromosoma
: stages, it particularly helps in . R i

_ into two types: . structural development. It can further be divided
= ~a) Constitutive |

'b) Facultative
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4) Nucleolus: The nucleus of the cell has a nucleolus. also k .
non-membranous structure containing proteins uﬁg‘ln]‘&]e?f‘v_”_\.“"“ 'f‘}‘fler;li, Itis a
RNA gets transcribed inside the nucleoli. Nucleolus is a dc;xjuﬁ. -”‘e ol
located eccentrically in the nucleus. It is the largest and most 'u‘::( ?‘_ﬁhcmum s
of the nucleus. : portant component

GencruIAl__\. a nucleus contains only a single nucleolus, but there may be two or more.

They are not membrane-bound structures but are usually surrounded by an irregular

layer of heterochromatin, known as perinucleolar chromatin. The hc{crochl'(\'l:uu‘in
strands can even penetrate into the nucleolus mass and is referred to as intra-
nucleolar chromatin. Similar to nuclear envelope, the nucleolus also disappears
during the early stages of cell division. However, in the later stages of the cell
division, it re-appears.

5) Chromosome: The word chromosome has been derived from the Greek word
chroma means colour and soma means body, as it has the strong ability to be stained
with vital and supravital dyes. Chromosome can be defined as DNA-bound proteins
(histone proteins) that carry genetic information from one generation to other.

Functions
1) Most of the physiological activities of cell are controlled by the nucleus via specified

enzymatic proteins formed in the cell.
2) Along with its direct involvement in reproduction, it also functions to encode all the
genetic information that carries the hereditary characteristics in living organisms.

2.1.4. Difference between Prokaryotes and Eukaryotes

Table 2.1 enlists the distinguishing features between prokaryotes and eukaryotes:

Table 2.1: Difference between Prokaryotic and Eukaryotic Cells

Basis Prokaryotes Eukaryotes
Typical ; ; : :
Or: S olsshe Bacteria and archaea Protists, fungi, plants and animals.
: : = ~10-100pm (sperm cells, apart from the tail, are
Typical Size 1-10pm Saha,
2 Ypsn of [l Huckedid copony 0 Real nucleus with double membrane.
Nucleus real nucleus
o Linear molecules (chromosomes) with histone
DNA Circular (usually) proteins.
RNA-/Protein- . RNA-synthesis inside the nucleus; protein
Synthesis Coupled in cytoplasm synthesis in cytoplasm.
Ribosomes 508 + 308 60S + 408
Cytoplasmatic Highly structured by endomembranes and a
Structure Ve Ton cytoskeleton.
Cell Flagella ~ made of | Flagella and cilia containing microtubules;
Movement flagellin Jamellipodia and filopodia containing actin.
N One to several thousand (though some lack
| Mitochondria one mitochondria).
L Chloroplasts None In algae and plants.
: Single cells, colonies, higher multicellular
Organisation Ususlly S”‘S"" gella organisms with specialised cells.
Al Binary fission (simple | y e 0o : . ol
i : tosis (fission or budding) and meiosis.
Cell Division divikom) itosis (fission or budding) and meiosis
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a5 follows:

f life.

\Ud

; . summari _ontal unit © : r

The details given In chapter can be st < cell is the fundamen ... bacteria ang 2315

: 3 are built of cells thus € rokaryotes (e 1) Tissuesa

I All orgmmtH o he broadly \_.ll:.'}k'(lrlxl.‘kf into P 1-1:11‘“"‘"‘.””;”\' and humans), 2) Va;:uolei

2) All orgamisms o u;an'(-lﬂ"'i—(e'f-'--‘ fungl. Pt 93 . is that the latter containg known;;
s e i tween prokaryote e cum]}lml' . activities take place. 3) Cell inc|

3) The major difference h;;’;:-ms A u.hi'\.‘h \pL‘L"lﬁL' metabolic 4 il animal cells) processe

- - : : : abse h z
mepsteamo fouac COE tic feature of plant cells tlll 1; ~:“”\l of the plants, cej 4) Plastids
- = characterns , ells. 1IN -

4) Cell wall is thL. e L- most covering of len&,LL] % , also be made up of othe 3) Nu.dem
forming a non-living it f cellulose: though it may & 6) Cristae
wall is primarily composed (:. c - li;;r,nin . Or OXys

- e pectin @ 2 : ane. allow 0 -
chemical compounds like PE* : o aahle piological membrane, allow § nly 7) Plasmo
Cell membrane is 2 selectively pEmmean = © rier between the inner and oute
= - < through. It acts as @ ar Jasmalemma.
centain substances 10 pass g (he plasma membrane or P iy 2
e o 'S das ' 1 s
surface of the cell. geis aleo A | membrane is chemically composed of: 8) Lysos
6) According 10 Fluid Mosaic Model cell me e iii) Carbohydrates. 9) Middl
g 5 -ins, &
i) Phospholipids, = Prt)l:f"] :oludes various cellular organelles ang 10) 0“:"
: -< cvtoplasm which 10¢ S Ve e and al

7) Cell membrane encioslosltjy . -::m referred to as cytoplasmic organelles. 11) Mitoc

floxctons these o8B EEE SO lles (e.g., Golgi bodies, mitochondria, endoplasmic 12) The (
S el anelles (e.g. ' =

8) In Fympla.sm 5pCle|thd or:i: ot Lhat‘hclp in the maintenance of life. 13) Each

reticulum, lysosomes, elc.) mbranous cell organelle called like 2

the eukaryotic cells contain a dnuhl_e memb il : ¢
i :;::c;indri:u (’:i—ﬂgular mitochondrion) with a diametet rmglr‘l‘gu:;ﬂ::} &fh A
| Omicrometers (ium). Mitochondria are also known aslthc PoweT ‘: s e ANSWE
because they generate most of the cell’s supply of Adenosine Triphosphate . 1) False

10) The Golgi body comprises of folded and compressed membranous sacs piled upor §) Trnc

ach other s
€ . B v
ot a5 .ause intracellular digestion (i,
11) Lysosomes are called as suicide bags as they causc In
destruct the carbohydrates, protein, DNA, and RNA within the cell). %‘3‘3'
12) Endoplasmic reticulum is complex channel system enclosed vyilhm the membrant 2)) %‘:‘
in the form of three dimensional networks that consists of vesicles, flattened sacs, 3 Ly.
and branched tubules. There are three types of endoplasmic reticulum: 4) Gi

i) Rough endoplasmic reticulum (RER) ii) Smooth endoplasmic reticulum (SER) 5y W
iii) Sarcoplasmic reticulum (SR)

13) Vacuoles are sac-like structures filled with fluid and are bounded by a singk 2.3.4
membrane, known as tonoplast (only in a plant cell). H G

14) Plastids are self-reproducing double membranous organelles of plants and algae. Plastids 2) Vv

can either be coloured or can be colourless and are mainly of the following three types: i)
i) Leucoplast (white or colourless), i) Chloroplast, and i
iii) Chromoplast (blue, red, yellow, etc.). i) :

15) Cell inclusions are present within a cell but are unable to perform their OW 5)) {
metabolic processes,

16) Nucleus is a spherical organelle that consists of a double la o
is _ yered membrane
MInplds and proteins, Nucleus is also known as the “control centre” of (¥ 28
cell. Nucleus consists of following structures: 2

i) Nuclear envelope, ii) Nucleoplasm : il 2)
i iv) Nucleolus (or nucleoli), and  v) Chraltot’ i) Chromatin mate
) Chromosomes are defined as DNA-bound proteins (hi ; :
genetic information from one generation to other. ns (histone proteins) that cﬂfﬂL
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3.1.1. Introduction s |
Thea 08 i+ _ : < resen
The word bacteria (plural) evolved from the Latin word bacterium (singular), whig 2()[\]111

means rod or staff. On the earth, these are most abundant prokaryotes. They ar;
omnipresent and majority of them perform positive and vital role in nature: but few ay 3.1.2

o - . . - . . - - 5 .

harmful and causes diseases and infections In animals and plants. Bacteria are mgy Extra
adaptive microorganisms that modulate according to their living conditions very rapidly ~ comg
as compared to any other group of organisms. ) struc
Bacteria are a g of karyotic ic ' ic anisms 1 i i
acteria are a group of prokaryotic, unicellular microorganisms having wide range ¢f et
B acte

shapes (from spheres to rods and spirals) and are of few micrometres in length. They ar
ubiguitous microorganisms, which can grow in almost every habitat on earth such as soi| Gels
acidic hot springs, radioactive waste, water, and deep in the sea. Bacteria are activel, a0
engaged in the recycling process on the earth. Recycling involves several steps dependin, U™
on these organisms, €.g., fixation of nitrogen from the atmosphere and putrefaction. Stil, o
many of bacteria are not identified and only about half of the phyla of bacteria hay  Slir
species that cannot be grown in the laboratory. Bacteriology is the branch ¢  the
microbiology that deals with the study of bacteria.

Fu
1
3.1.2. Ultrastructure of Bacteria z;
Despite of being the most primitive and simplest microorganism, bacteria have well  3)
developed cell structures which possess many unique biological properties. Bacteru
differ from archae bacteria and other eukaryotic MiCroorganisms in many ways. Duety ¥
their simplicity, bacteria had been studied thoroughly on the genetic level, revealin
many biochemical and genetic principles that have been further used in various studies. o
Cell-envelope or the outer layer of bacteria consists of two components (figure 3.1):
1) A rigid cell wall, and
2) Underlying cytoplasmic or plasma membrane. ¥
Pilus or |

Ribc-{mc fimbriae \/

Inclusion body

Cytoplasm,

Plasma
membrane
Cell wall

Periplasmic L
space \ ' Flagellum

Chromosome

‘\f" -Gﬁﬁrincmbrme / / : Fol
by B - Plasmid

Figure 3.1: Bacterial Cell
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otoplasm of the cell inc S L 49
P.T ‘p . T cell includes Cytoplasm, Cytoplasmic inclye;
ribosomes, inclusion granules, and vacuoles) and single circul RCSIONS  (mesoyomes
- = : = cular . o
(figure 3.1). The protoplasm is enclosed by a cell-envelop Al“:h"o_mm.omu of DNA
components, some bacteria have additional structures, e.g fi:-‘l“' l|Llh these essential
£ £l L] SN o _Q & ~ e .
fimbriae. 8554, capsule,
On examining the bacterial cell, many cell components are observed: few of th n
: *Im ‘are
naturally common to almost all prokaryotes and some are present in only certain :‘,cum
: d Species.
In these structures, few lie externally to the cell wall, and few lie internally. Structures
present on the external surface of the bacterial cell wall perform attachment. motility,

conjugation, or protection.

and

3.1.2.1. Capsules and Slime Layers

Extracellular polymers are secreted outside the bacterial cell walls; these polymers are
composed of polysaccharides and proteins. Capsules are relatively impermeable
structures, as compared to cell wall. Capsule cannot be stained with dyes (such as
India ink), and protect bacteria from phagocytosis and desiccation. Attachment of
bacteria to other cells or inanimate surfaces forms bio films through slime layers.

Gelatinous covering present around the cell wall is known as slime layer. In bacteria it
can be removed easily. It is a diffuse, unorganised layer of extracellular material
surrounding the bacteria cells. The major constituents of slime layer are

exopolysaccharides, glycoproteins, and glycolipids.
Slime layer (different to slime layer) is a highly organised glycoprotein layer surrounding
the bacterial cells.

Functions of Capsule
1) It protects the cells against temporary drying by preserving water molecules.

2) IT blocks attachment of bacteriophages.
3) It prevents engulfment of bacterial cells by WBCs. This inhibition of engulfment

promotes invasive or infective ability of bacteria known as virulence. y

4) It helps in attachment of bacterial cells to the surfaces, e.g., Streptococcus mutans
causing dental caries, by adhering to the smooth surfaces of teeth through its water-
insoluble capsular glucan.

5) It provides stability to bacterial suspensions. It has an electrical charge due to the
presence sugar-uronic acids, which prevent cells from aggregating and settling out

since cell surfaces with same charges tend to repel each other.

Functions of Slime Layer
1) It protects the bacterial cells from external environment like antibiotics and

desiccation. : : :
2) It allows bacteria to adhere to smooth surfaces just like prosthetic medical devices

and catheters. : fgHi) ]
3) It allows bacterial colonies to sustain under chemical sterilisation (e.g., chlorine,
iodine, and other chemicals), except autoclaving or flushing with‘ boiling water used

for decontamination.

3.1.2.2. Flagella

Flagella (singular flagellum) form the organ of locomotion in a number of bacilli and
spirilla in addition to a few species of cocci. In prokaryotes, flagella represent long whip-
like, filamentous, helical appendages that protrude through the plasma membran.e and the
cell wall. They measure 0.1-0.2pum in thickness and may range up to 15-20um in length

They are significantly thin as compared to the flagella or cilia of eukaryotes.
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y: It is the most complex :
e i ' part of flagellum. 1 i
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axis.

Ina EIM-negétive bacteriu

z m, basal body are arran
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2)

3)

il |

The P- and L-rings form a*channel for the rod to pass through the outer cell wall
membrane. In case of gram-positive bacteria, the outer set of rings (P- and L-rings) is
absent. M-ring is embedded in the inner membrane, and S-ring is attached to the
inside of the thick peptidoglycan layer. The chemical composition of basal body is
unknown.

Hook: The basal body is connected to the main filament or the shaft by the hook. The
hook in a gram-negative flagellum is shorter than that in a gram-positive flagellum. In
hook, the protein sub-units are (monomers) arranged in a helical fashion.

Main Filament or Shaft: Protein sub-units (monomers) arranged in a helical fashion
forms the main filament or shaft just as the hook. The filament protein is recognised
as flagellin. Instead of the base, the flagellum of the bacteria shows growth at its tip.
The hollow centre of the flagellum forms the path for the passage of the flagellin
monomers synthesised inside the bacterial cell. From within the cell, the flagellin
monomers are carried and added to the end (situated away from the point of
attachment of the filament). : 2R

Hook Filament
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There are differences in cell walls of gram-positive and gram-negative ba
3.1). Gram-positive bacteria cell wall has a simpler chemical nature than
negative bacteria. o

Table 3.1: Comparison of Cell Walls of Gram-Positive and Gram-Neg

™ Characteristics Gram-Positive
1) Thickness Thicker
2) Peptidoglycan Thick layer (16-80nm)
3) Teichoic Acid Present
4) Variety of Amino Acids Few
5) Aromatic and Sulphur Containing | Absent or scant
Amino Acids i
6) Lipids Absentor scant
7)  Porin Proteins Absent -
8) Periplasmic Region \ Absent

Cell wall integrity is essential for bacterial survival, If cell w
osmotic inflow of water will cause i rota
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Gram-Negative Bacterial Cell Wall
s_w;uy, the gram-negative cell wall (figure 3.6) is different
wall, It is made up of:
1) Peptidoglycan Layer: It constitutes approximately 5-10% of the dry weight of the
~ wall of gram-negative bacteria and consists of a single unit. In the outer membrane
and plasma membrane, it is linked with lipoproteins. It is present in periplasmic
space (a gel like fluid between the outer membrane and plasma membrane)
containing high concentration of degradative enzymes and transport proteins. The
periplasmic space is around 20-40% of the cell volume.

from gram-positive cel|

2) Lipoprotein: Lipoprotein/murein lipoproteins are linked (both covalently and non-
covalently) to the peptidoglycan through protein portion and to the outer membrane

through lipid. It functions to stabilise the outer membrane and hold it to the
peptidoglycan layer. . = 2

Polysaccharide
(O antigen)
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ii) Core Polysaccharide: It is linkeq to

. . hpld A and a . “ oo .
units having unusual sugars that maintajins stability terminal series of

iii) O-Polysaccharide: It is composed of sy e
with respect to the core polysaccharide. %?nggitf:ng extc::llts ¥
are differentiating factor for species of gram-negative baiie‘:’if- 2
cells, its role is similar to that of teichojc acid. A major it
polysaccharide of the bacterial cell is O antigen. Bactcri: lacs
form rough colonies, while bacteria with LPS having O-anﬁi
colonies in bacteriological media. &

3.1.2.5. Plasma (Cytoplasmic/Cell) Membrane
Immediately below the cell wall, plasma membrane is pi

cytoplasmic membrane, inner membrane, or cell me
membrane thickness is about 7.5nm (0.0075um).

Composition .

110

1) Phospholipids: These constitute 40% of the
two parallel layers, thus known as
components: it e
i) Polar Head: It comprises of phospt

(water-loving), therefore is soluble
Non-Polar Tails: Fa

ii)
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annels for substances &

as ch
by hydrophobic amino acid residues. Few Pfowms;:;lany bound to the hydro hil

enter and exit the cell. These penpheﬁﬂ proteins 0
layer of membrane by charge interaction.

Functions of Plasma Membrane il
1) Itis actively involved in the regulation of the flow of matemtll: lﬂSId: i
cell. It acts as a differentially permeable barrier, that pcmul_,armaueger s
water, oxygen, carbon dioxide, and simple sugal‘S) to Pa-'ﬁ' b
move freely across the membrane. The bacterml ce m bﬂm‘?

molecular waste products outside the cell.
2) It acts as an osmotic barrier that maintains mtracellula: osmonc ;
matic reactions.

3). plb vides site for man; important enzyl »
metl::l‘;ohsm and during :)'nthems of capsule and cell W&n
impermeability to prolons (hydrogen ions) resuls 10 the s
proton-motive force, that drives ATP producnon. somﬁ nutrie
and flagellar motility. : o]
4) Any damage to membrane through physlcal or ehemienl
5) It also participates in replication ‘of DNA attached to th
DNA molecules are physmally separated thrml@

membrane.

3.1:2.6:
Structure enclosed by the ce],l m
transParent. elastic, and thlck. -
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aranice of the cytoplasm. The process of translation (protein synthesis) is carried out
ribosomes. In this process, the message in nucleotides is carried by the messenger
RNA (mRNA) from the genome to the ribosome, where proteins are formed by the
Jinking of amino acids through peptide bonds.

Approximately, 40% of the dry.welght of a bacterial cell is accounted for the ribosomes.
Ribosomes are comprised of ribosomal Ribonucleic Acid (rRNA) and proteins. Some
bacterial ribosomes are suspended freely within the cytoplasm, and the remaining
ribosomes are linked to the inner surface of the cytoplasmic membrane, and are eng:
in protein synthesis (to be ulumately transported out of the cell).

Inclusion Bodles
In the cytoplasm of pmkalyotlc cells, some reserve deposns known as inclu
present. Cells store certain nutrients present in large amounts to utilise them in d
conditions. It has been proved that macromolecules in inclusions to prevent the
in osmotic pressure that would result if the molecules were dlspersed mthe cyl

limited to a small numbﬂ' of specm, thus aldmg in thc;r 1den i
the different inclusion bodies:

1) Metachromatic Gmnles. 'ihe name oithr.sc largg
fromthefactthatathmesmeystmnmd i n
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a suitable attachment site

with the help of these inclusions move dOWBNIC & in the bacterial cells in the

i mmmmhywmmwmmmmm provi
?t-' ~ presence of oxygen. peroxlde Van

2 protection to the cells by avoiding accumnlm ts to obtain la
- culture methods are underdevelopment Mn::mbi‘,los;:ed - prod
 quantities of magnetite from bacteria, so that oy 4

&L" ;| wmcneﬁctapcsforsoundanddntamu-

7. Bacterial Spores (Endospom)

are some bacteria (e.g., Bacillus anthracis, Bac

[ dium botulinum, Coxiella burnetii,
ptomyces, Actinopolyspora specles, etc.) which

the cell) and exospores (spores outside cel%)e

Enq__ bpmduoesamnglethick-waikdapd“ ¥
highty’ re endospore. Each bacterial -




1) Spheri

acteria (Chapter 3)

Study of B
3.1.3. Morphological Classification of Bacteria
On the basis of morphology, bacteria are classified into the following three

cal: These are coccus bacteria which are spherical in shape. The
originated from the Greek word kokkos meaning berry. They are the sm:
d are almost spherical in shape and appear in many diffi

of bacteria an
depending on the planes in which they can be divided:
Micrococcus (Greek micros - small; kokkos - berry): These

i)
single cell, e.g., Mierococcus. These bacteria are mostly non-
positive, and facultative saprophytes or parasites.

ii) Diplococci: These are present in the pair of two, e.g., ! i
A single coccus can be divided into two cocci by 0
attached in pair. . O%

iii) Streptococci (Greek streptos - twisted): These
Streptococcus lactis. Although, cocci divides
arranged in the form of chains. e

iv) Staphylococci (Greek staphyle - bunch :

i=

groups, e.g., Staphylococcus aureus.

v) Tetrads (Tetracoccus): These are
into two planes. g

1 Sarinae: Thss ar pres
three planes, e. a
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Single bacillus

Coceobacillus

1
Diplobacilli . Streptobacilli
Figure 3.10: Forms of Bacilli
3) Spiral: Shape of these bacteria is never straight and one or more twists are

them. These are sub-divided into: . R
i)  Vibrio or Comma: These bacteria are comma [.] shaped. €.8.: .V‘bm’

ii) Spirilla: The word spir]lla originated from the Greek word spira
Shape of these bacteria is coiled or curved rod-like. These bacteri:
body having a helical shape (like a corkscrew). €L Spirillum rupren..

iii) Spirochetes: These bacteria use an axial filament found on (he extern
sheath for their movement, e.g., Treponema pauadim
In ﬂgure 3.11, dlffetent forms of spiral bactma’ii'e shown.

* ¢ '?'.: y
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~ nitrogen source (Ns) in
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zinc are also essentially required. These metallic elements are supplied
their corresponding soluble salts (chlorides or sulphates, especially
cobalt, copper, nickel, molybdenum, and zinc are the micronut
elements required for bacterial growth. Most of these trace eleme

impurities in tap water: therefore, the culture media should be pr
water (and not with distilled water). Some biological groups have

requirements, €.g., diatoms and certain algae require silicate; photo
cyanobacteria, and certain marine bacteria require sodium. wef -

Carbon: Bacteria obtaining energy from oxidised inorg:
photosynthetic organisms utilise CO, (oxidised form of carbon
cellular carbon. All other organisms derive carbon from o
bacteria of Pseudomonas group utilise as a source of carbon
90 different organic compounds; methane-oxidising b:
substrates (i.c.. methane and methanol); while some cell
atilise only cellulose. Microorganisms depending on
require trace amounts of CO, as a nutrient to be uti

The organisms which depend on an inorganic di
source of carbon for their survival, are auto
means nourishing). : B <

amino acids or sulphur in sulphy
non-photosynthetic bacteria and f
and sulphates (oxidised inorganic
sulphur in reduced organic ¢
used for fulfilling their requi

fixation. In this process,
Oxygen: Microorganist 'l
utilise molecular oxy
molecular o
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Jine graph is obtained betweet the number of cells per v 1“mm A a:: f((’;::flr {’mpeny
per volume) against time- The gro urVe plified by e giv e

N, = = Ny2"
Where,
N, = Cell number at zero time
N, = Cell number at any given ime tand
¢ = Doubling timé of the culture :
(Every T minute, the ¢ cell doubles in number) :
plotted for other cell properties, parallel lines appear ar because the
as the cell number (i.e., d

If a graph is
ow same growth pattern as

properties © ftheoellalsosh
asthenmcmcreaseslnsquate(ngure 3.13).
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On entering stationary phase, the growth of the culture stops, foll
death phase. However, this pattern of growth does not d : e
Balanced growth occurs only in middle phase of the classic grow
cells in culture grow exponentially with constant pro Sataad
property of balanced growth. F

Pras

In balanced exponential growth, the properties of the cells a
of the culture. Any results acquired do not depend on the
withdrawn from a culture. s

3.1.6. Growth Curve i

Bacterial growth is defined as orderly growth of all
cell. During the growth, cell divides and results in an
common method of bacterial division is binary fission
two daughter cells of equal size. e e

A definite growth pattern is observed, d
culture medium. On counting i
plotting a graph in relation
curve of bacteria (figure 3.14).
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4)

 the cells that are newly formed,
Death Phase or Phase of Decline: After a period of stationary p

exhaustion of nutrients, and accumulation of toxic products
i

Pharmacemical Microbiology

becomes the limiting factor for aerobic organisms. Concentra ia
tely 1x107/mL (in case of bacteria), demzfnds_;
to the culture medium either by means of agitation

gen is not in high concentration into the medit
On reaching a concentrat

decrease is seen in the rate of bacterial growth.
oxygen is diffused is not enough to sul

4x109/mL to 5x109/mL, the rate at which

the demand even in a medium that is aerated, and growth shows progressiv
Stationary Phase: The nutrients get exhausted and toxic products are
after log phase, leading to a more or less complete termination in the .
bacterial colony. The number of progeny cells formed is just enough
number of cells died. Since a balance exists between the number
the number of viable cells remains

Generally, oxygen
exceeding approxima
concentration of oxygen in
bubbling in the air. If oXy

population decreases due to the death of cells. The dec

m" ade Imeil'”’lﬁble count aﬁ‘d not in total count. With at
| : ws a phase of decline. A small number of ¢ 3l
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Sexual reproduction in bacteria is not characterised by meiosis, ga
gote. formation; rather portion of the genetic material (DNAAis_
recipient cell from a donor cell. This process is termed parasexu

recombination.

3.1.7.1.  Binary Fission
Binary fission is the most common type of reproduction o
conditions (figure 3.15). Binary fission involves division of ba
daughter cells, during which the bacterial chromosomes g
membrane and replicates. With the enlargement of cell, the
separate. A cross-wall builds up between the separating dz 5
dividing the cell into two daughter cells. The daugh
and under favourable conditions some of them divide w T

1) Cell replicates its DNA
Nucleoid
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3.1.7.3. Fragmentation

Fragmentation is a vegetative means
gives rise to a new organism (figure 3.
and grown organism. Many organis

of reproduction in which a fragment of the parent
17). All the fragments develop into a fully maturg
ms like animals (€.8- some annelid wi
), fungi, and plants reproduce by means of fragmentation.

turbellarians and sea stars
In case of unfavourable conditions,
‘compartments  are formed within the
bacterial  protoplasm followed by Buddingina
fragmentation, resulting in minute bodies Planctomyces
known as gonidia. When conditions  Species
favour, each gonidium develops into a new

bacterium. The bacterial genome should

undergo recurrent replications prior (o

qomenta -Dn SO [hat each fragmcnt

g!uTres.mnepmdueﬁonuy
FIE R

mon . Sk
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remaining bacterial cell undergoes degeneration. Endospores are
: micals as well as extreme physir::al conditions. When conditions fav \
the SPOTeS rupture and new bacteria arise from the protoplasmic mass
ropresents the entire process of endospore formation. o

(1928) was the first who recorded the phenomenon of tra
rransforming principle was recognised as DNA in the sequential events
of bacteria by Avery, MacLeod, and McCarty (1944). Figure 3.19 re

3.1.7.5.  Transformation
G
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Phage protein coat 2
Bacterial chromosome ;

Donorcell  2) Phage DNA and proteins

Phage DNA are made, and the N
1A phage infects the bacterial chrqmosdmc o
£ broken down into pieces.

donor bacterial cell. : :
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pacterial strain acts as the donor (male) while the oth ; ' |
O B e S DA e
fertility gucsor (= fig o), posgesecd by _tl?e d(_’nor cells. The recipient cell is deno
strain, since 1t i e the fertility factor. Conjugation occurs between {
of F+ and F strains, fosulting in the formation of F+ bacterial cells in |
3.21 represents the entire process of conjugation.

Figure .
32, CULTIVATION AND ISOLATIC
BACTERIA

32.1. Introduction 2

For the study of microbes, it is necessary to isolate

and facilitate their growth on artificial media in labe
employing various ‘techniques for the same. ‘Conse
development of many artificial culture media, along i

 played a vital role in the advancement of bacterial culti
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3.2.2.1. Raw Materials Used a
The raw materials used in culture media are discussed bﬁlotv;:-e calture media. Water to b
1) ‘Wltel"Itmusn:dasaso[ve:ntfol'pl'ee;pllﬂa-ﬂghmlldl:'e ot
used for the preparation of culture m s : _—
bacterial growth, De-ionised or distilled water are mainly used inithe Prepeis ey
culture media. '
2) Electrolytes: Mmmmcdemuwﬂxwum:lfmmnﬂ
fundamental metabolic process, €.g., ransport of food moleculo, =
3) Peptones: These are the water-soluble product O SRy
P:bbemsmumat,mﬂk.andsoyabeanundergohydmlﬂi’in ey
enzymes (pepsin, trypsin, and papain). Peptones are heat stable. Pe
fmmammalprotemarethesourceofm&ogen.whﬁﬁm
(wynbean)pmtmnmthcsourceofcarbohydrawsmtthW g ~‘ e

An ideal peptone should have the followmg
i) A neutral pH,

“ii) Light in colour,
iii) Hygroscopic, and st
Civ) Wmmtoiuym@mfwmlc“ oduction.
lefmantfmmsofp@tonemusedfuj', )
' imﬂ%wdwmmﬁtm oduc
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motility testing, and as enrichment media. Liquid media can be stored in
pottles, or flasks. The major disadvantage of liquid media is that purity o
not guaranteed. Table 3.2 enlists the commonly used liquid media:

Table 3.2: Composition and Uses of Liquid Media

iii) Tetrathionate Broth

iv) Robertson’s  Cooked Nu

Mcatnmmmcm

Medium Composition
1) Peptone Water Peptone — 1% Routine
NaCl - 0.5% Sugar >
Water — 100ml (pH 7.4)
—2_)fNutrlent Broth Peptone water + Meat|Routine ¢
extract — 1%
3) Glucose Broth Nutrient broth + Glucose —
0.5%
4) Enrichment Media S,
i)  Alkaline Peptone Water |Peptone water (pH9.0)
ii) Selenite F Broth Peptone  water,  Sodium |¢
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Table 3.3 enlists the commonly used solid media:
Table 3.3: ComposiﬂonnndUaes of Solid Media

Medium ‘Composition Uses
1) Simple Medium % TR
Nutrient agar Nim*iem bmlh. Agar (2-3%) Routine culture
2) Enriched Media
i) Blood agar Numem agar, Sheep blood (5-10%) Routine culture
ii) Chocolate agar  |Heated bloodagat (55°C x 2hr)  |Culture of Neisseri
H. influenzae
iii) Loeffler’s Serum|Nutrient broth, Glucose, Horse Culture of C. ¢
Slope (LSS) SO T A A
3) Indicator Medium A FEE
MacConkey's medium Peptonc, Lactose, Sodium [Culture of
: taurocholate, AL,quﬂmd negative bacilli
4) Selective Media :
i) Deoxycholate  |Nutrient agar, Sodium |Culture
~ citrate agar (DCA) deoxycholate, Sodium citrate, |and :
' Vi Lactose, Nemralmé
i) Bile Salt Agar{Nutri dium
(BSA) s

ruquinng low oxygen eommh. redueed ;
Anaerobic medla is ennched wn uutnents
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After autoclaving the blood agar base, blood is
temperature above the solidifying point of agar. The
the plates and solidified. Blood agar demonstrates the
certain bacteria.

Chocolate Agar: It is also known as heated
prepared in the same manner as the blood agar

releasing their contents in the medium and
Chocolate agar is used for cultivating
blood is used for obtaining serum
membrane or seitz filter prior touse.
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12) Indicator Media: These media have an
wth. For exam : :

ig)ro Mac(g:nkey’; Iea’gm' contains bile salts (selective agent), l!:czoss:oﬁﬁ)‘
peptone, neutral red (pH indicator), agar, and water. I_ his bacilli (especiaﬂ
used for culturing and identifying gram-negative form pink colonies &
Enterobacteriaceae members). Lactose fermenting bacteria o Ehis medivi
while non-lactose fermenting bacteria form colourless colonies _ .

ii) TCBS medium containing sucrose develops yellow colonies of Vibrio cho

iiiy KT agar develops black colonies when potassium tellurite is reduced to ;
tellurium by Corynebacterium diphtheria.

iv) Wilson and Blair’s medium develops black
Salmonella typhi. :

v) Bile esculin agar develops black colonies when
by Enterococcus fecalis.

13) Transport Media: These media are used for immediately tré
clinical samples to the laboratory to prevent overgrowth

indicator which changes co}our on bacterial -

colonies when HzS is pro

(1

media prevent drying (desiccation) of sample,
ratio, and inhibit ov: wth of un i ted bac
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manufacturers’ recommendation. The culture media are
autoclaving; however, media containing thermolabile comps
antibiotics, urca, scrum, and blood) are not autoclaved, but
are added after the media has been autoclaved. Some highly
Blair’s medium and TCBS agar) are not sterilised. A
should be tested for performance and contamination be
media are refrigerated for 1-2 weeks at 4-5°C. Some
temperature for weeks in screw-capped bottles or tub:
it
3.2.3. Physical Parameters for
The physical conditions maintained for bacterial gro
1) Heat Treatment: Spore-forming bac
etc., require heat application. A mixed cultu
used to choose the  for - endos;

Incubation Tempe
- favourable temper:

lo
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2H,0, ____—+C“" © 2H,0+0:

H, 0, + reduced substrate M——b  2H,0 + oxidised substrate

6) Energy: Microorganisms are divided into the follomng categories based on th

energy source: ]

i) Photoautotrophs: These ‘microorganisms unlme light as their encrgy
CO, as carbon source, e.g., higher plants, algae, aﬁd photosynthetic ba

ii) Photoheterotrophs: These microorganisms uuhse light as their ¢
andanorgamccompoundasthecarbonsmirbe b.g.,uertamp
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3.2.4. Cultivation of Bacteria (Aerobes and

To cultivate a specific microbe, following methods are used:

1) Methods of Culturing Aerobic Bacteria: An atmosphe
amount facilitates the growth of aerobic or facultative
surface area of medium is used to increase .
the exposure. Numerous devices, e.g.,

Fernbach flask, Kolle flask, and Roux
bottle are used to provide increased
aeration (figure 3.22). Oxygen is required
for the growth of aerobic bacteria and
hence they can easily be grown by
incubation in surroundings com‘mmng air
(i.e., 21% oxygen). S g

Generally, incubation of ‘medium und&r
satisfactory, when the gmwth of _
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after which the taps

78
er 30 minutes:
h the taps for furth wre. An indicator

Hydrogen is passed throug

ati clgsed and the jar is incubated at suitable temperd e :

anacrobiosis consisting of a mixture of met ; nd & ucos:c,l : o

alkaline with sodium hydroxide is \dded in the jar. This 15 heated when

alkaline glucose solution turns methylene blue colourless. This colo.uﬂ
s during incubation

j d should remain colourles
s ed to have le

solution is placed in the jar olov ]
during incubation, the jar 15 believ

the blue colour reappears i
caused by the atmospheric OXygen- Nowadays, catalysts not requiring.
heating ace widely in use. :

the

iv) Growth in Solid and Semi-Solid
media are poured in a test tube and the microo
bottom using a long wire; this is known as a stab
by boiling it off when the media are sterilised in the tube. Diffusion
oxygen to the bottom of the tube is prevented, owing (0 the height and =
the layer medium above. The solid culture media were modified usin
broth in which agar was added in a quantity sufficient to make it
is called sloppy agar. These media are heated and co¢ ed be
Anaerobic conc itions should be maintained at the container bo

 viscosity of the media should be such that diffusion of oxygen is p

v) Metallic Iron: It is used in the form of wire or small

anacrobiosis. The media are heated for 10 mi
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Gaspak method is used for preparing anaerobic
commercially available as a disposable envelope. It -
hydrogen and carbon dioxide on addition of water
catalyst which allows hydrogen to combine with o:
environment. Reduced methylene blue used for v
within the jars remains colourless under anaemblc on

presence of oxygen.

3.2.5. Isolation Methods for' Pure

culture.

Usually, isolation and growth of puré'
aseptic conditions needs sterilised in
growth of mlcrobes on the surface of a
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Advantages um surfﬂ“ %) :
1) Numerous bacterial cells spread Over the medit  from m each O_th ‘

2) Individual bacterial cells deposit at SO ‘:’s ich ¢ each othet
3) Distinct colonies are formed. W hich do ot (O possib Bl 8
4) Cloning of single bacteria of pure culture i

32.5.2.  Pour-Plate Technique um are
In this method, diluted samp]es mixed with melted aga* med!
This method relies on the that the m‘ﬁﬂ 'i%
containing liquefied agar medtum for ﬂmu
medmm.
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2) The isolated bacteria should resist temporary exposure to 42-4
liquid agar medium, thus this method is not prefemd

m;croorgamsms. 3

3.2.5.3. S-pread'-Plate Method

Inttusmethod (figure 3.26), unlike the pou

microorganism is not diluted in the melted agar
tubes containing sterile llquld (wate or phy
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10ml medium having e
1,000 microorganisms
(mixed culture) Removed 1ml
(100 microorganisms)
9ml medium Added t© ]
1 mixing
10ml medium having v .
100 microorganisms Removed 1ml ' iy
(10 microorganisms) 5
9ml medium Added to ‘
m.ix:'ng ug 3
10ml medium having 1 g
| 10 microorganisms Removed 1ml
; : (1 microorganism) .
_ . 9ml medium Added to | 3
l mixing
10ml medium having
1 microorganism
v Incubation
Tbamedmmnowconumsmtlhonsofmicmommm
since they all originated from a single microorganism, it is 2
pure culture s

) Figure 3.27: Serial Dilution Method ;
If 1ml (100 mlcroorgamsms) of this mednummremovedandaddedtoMof re:
liquid medium, 10ml medium with 100 microorganisms ., 10 microor
obmnnd. If again lml (10 microorganisms) of this .
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. ulator Method: A single bacterial cell can be pi
2) culture by using the device ‘micromanipulator’ under the

micmmanipulator offers the : advantage of controlling the I

. or a microprobe (a fine needle) to its operator, for is

cell (figure 3.29). The use of a microscope shows the point w

hes the agar gel close to a bacterial cell, thus the microbe

1 unt of water exude from the gel. Next, the microscope stage

- wamhﬂﬂs the microprobe remains fixed; this allows the bacterium

and become separated from the other cells. The agar block is

and the small piece containing the isolated bacterium is tra

sudy of B

o]
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;rescrved on agar slam,

3.2.6.1.
Almost in all microbiology laboratories, mi
The agar slant is incubated for one or more S
temperature in refrigerators. This agar slant mcdla is con
medla on a definite time interval.

The time penod at which the transfers are ma

microorganisms and the conditions of growth. T'h‘s
I week to 6 months. The procedure of transfer ©
preservation of culture is required.

Periodic transfer method is a simple method of p
needed to carry it. But in this method, pro '1_11ty

changes the biochemical and genetic features of the
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Use of liquid nitrogen is another method for 1o I

nitrogen method of preservation can be used I:ﬁ‘_t::-;;gﬂfemahgg

method cells remain viable for 10-30 years without cha.ngg: for sevi
'ging t

Procedure
A dense suspension of microbes is prepared in

(e.8 glycerol or dimethyl sulphoxzde), whlch is hizzlmf‘::]dl ot
to the formation of ice crystals. ' p =

freezmg at —=150°C. After this the ampmﬂ ¢
reﬁ'lgeratﬂr (=1 96°C) =
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spension is evaporated (sublimes) under the 1

The ice present in the frozen st
results in dehydration of bacteria withoy

pressure due to the vacuum. This procedure
damaging the delicate cell structures adversely. .
1) The bacterial cells are allowed to grow in a petri dish with a suitable media. A
2) 4mlof 10% skimmed milk is overlaid on the bacterial growth to cover it.
3) This skimmed milk is a suspending flui “be sterilised at 121°C for 15
minutes. The skimmed milk can be repl itol b
~ for 15 minutes) or inositol serum (sterilised by filtration). Suspending agents
used for protection of bacteria from mechanical or chemical damages as well as f

prevention of over-drying.
and autoclaved glass ampoules (110mm x 5.5mm)

4) Previously, cotton-plugged
filled with 0.2ml of suspension (suspending fluid with bacteria). :
i of dry ice (solid CO,) and alcohg

] Tbeie_ampoulesareplach'inamtaﬁngmmm ,
and the wmpemnmeofthis mixture is maintained up to -78°C.

is performed in two steps:
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2) Genetic stability is maintained in the lyophilised strai
minimised in this process; and there is no need of very
3) preservation of ampoules utilises very less space
Also, it is safe to carry the ampoules from one place to the.
4) The process of lyophilisation can also be used to p /e
for a long time period (like bacteria, fungi, and its
Disadvantage o
The only drawback of this method is that it is expensive
can run it. h

3.2.6.6. Cryopreservation
pure cultures are able to survive when st
cryopreservation (i.e., freezing in liquid n
liquid nitrogen at —150°C). In this meth
frozen in liquid nitrogen at —196°C [
sulfoxide (DMSO) are also used fa
prevention of cell damage due to fi at
Advantages :
1) This method is
lyophilisation.
2) Maintenance of
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3.2.7. Quantitative Measurement of B 3
m_.g!:_itllde of total pop on

acterial Growth

The term growth in ‘microbiology indicates the
Microbial growth measurement is essential for:
1) Determining the ;rowth and reproduction rate, :
2) Determining the suitability of water, milk, and food for human consumption,
3) Counting microflora of soil. iy :
- 4) Monitoring the fermentation process, A
5) Checking the suitability of raw material for preparing pharmaceutical cts
6) Checking the microbial titre in commercial products (€-8- bio-fertiliser
probiotic tablets. etc.). '

Quantitative measurement of

i

bacterial growth can be carried out using the f
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2) Counting Chamber Method: In this method, special microscope slides

3)

or lines etched on its surface are used for easy and accurate counting.
Hauser chamber or haemocytometer (named so, as P nallyﬁ»
counting blood cells), a film of known depth is introduced between
cover slip. When counting, the number of cells per ml of ori
determined by multiplying the sample’s dilution factor, i

Haemocytometer creates a volumetric grid divided into cubes of diff
accurate counting of the number of particles in a cube and calcul
concentration. s e iR

Advantages

i)  This method is fast.

ii) This method needs minimum equipment and
jii) This method can study bacterial morphology.

Disadvantages : :
i) This method cannot calculate the number of
ii) This method may involve statistical errors.

Electronic Cell Counter\Coulter M

used to count the number of cells. Th

capillary tube with microscopic diamet
time. A light beam is directed to a phot
The disturbances in light beam due to
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y a limited number of colonies should form_
mbers of colonies are formed, some cells are ovep.
| developing; thus resulting in inaccurate counts
) is to count plates having 25- 250 colonies, many
havmg 30-300 colonies. To ensure that some colony {

the original inoculum is diluted several times in 5

in this range,
dilution (figure 3.31).

e 331: Plate Counts and Serial Dilutions. In secial dnuumu,
mhmm.mumm, unsngm,
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g filtration for bacterial detection, the filters are placed on a plate of
est agar medium. Further for fungal detection. antibiotic is added o
and placed on a plate of either Sabouraud glucose agai, GP agar media, op
agar. The plates are incubated, for at least 5 days, at 30-35°C

olonies is counted. In case, if cou
i.e., less than or equal

" bacterial detection. After this the number of ¢
~ obtained are considered to be reliable for short incubation time (
10 5 days), the calculation of the viable count are made by adopting these counts,
3) Most Probable Number Method: Total 12 test tubes are used, in which 9 test tube
each containing 9ml of soybean-casein digest medium and 3 test tubes eag
wgilainins 10ml of the same medium for control are used.
ions are prepared with the 9 test tubes. In the first step, Iml of the test fluid is addy
0 Swst'mhesuﬂnﬂxdmmakelomnﬁdﬂuﬁms.ln;hcseoonqstep,lnuof
A 0 times d ations is added to another 3 test tubes and mixed o make 100
ol 1 the third and last tep, mi of each of the 100 times diluton is added
‘ test tubes and mixed to make 1,000 times dilutions :

EETA L O

'

A AT
4

'l
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3.3. SUMMARY

The details given in chapter can be summarised as follows:
{) Bacteria are a group of prokaryotic, unicellular microorganisms ha

2)

3)

of shapes (from spheres to rods and spirals) and are of few micrometr
They are ubiquitous microorganisms. ¥
Cell-envelope or the outer layer of bacteria consists of two compone" i
i) A rigid cell wall, and

i) Underlying cytoplasmic or plasma membrane.

Protoplasm of the cell mcludes cytoplasm cytoplasmlc inc!

Deoxyribonucleic Acid (DNA) The protoplasm is enel
Capsules and slime layers are secretcd outslde
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% ;sproﬁ‘ided to bacteria via dit’fere]u
20) Given below are the different growth requireme® |

types of culture media:

i)  Water,

ii) Carbon,

iti) Nitrogen and sulphur,

iv) Oxygen, and

v) Organic growth factors.
21) Bacteria growing in different ecolo

described below:

i) Exponential growth, and

ii) Balanced growth. . e interval and plottin
22) On counting the bacteria of these cultures at 'deﬁmk:xeo ::;n:s pormal grmsth cuig-v : _

graph in relation to time, a growth curve is obtained '

of bacteria.
23) The bacterial growth curve consists of the fOBOWlﬂS

i) Lag phase,

ii) Log (logarithmic) or exponential phase,

iii) Stationary phase, and

iv) Death phase or phase of decline. ; :
24) In binary fission, newly formed bacterium has same COpY Oil‘DNA 83 its parcnl, Higy

the newly formed bacterium is the cloned form of its original. -
25) Sometimes, bacteria may also undergo sexual reproduction called conjugation.
26) Budding is a form of asexual reproduction in which some reproductxve anatomical

point in the parent organism gives rise to a new organism. '
27) Fragmentation is an asexual means of rep[oductlon m wlnch a fragment of the ;:
parent gives rise to a new orgamsm

ical niches have varied patterns of growth g
g1

four phases:
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% e ted agar o 7 i

serial dilution method is ygeq ini CIJW- :
'I‘l_:e oorganisms that grow only in liquid m::;:a ::m sgullptl:e be cul .
medin isolati thod '
cell on me . an indivi i is pi
40) E::gcuelm and allowed to grow. it Sl i
maintain the culture, one of the followi
41) ;[)‘o Periodic transfer of fresh media, e g
i) 0il overlay method,
jii) Storage at low temperature,
iv) Storage in sterile soil,
y) Lyophilisation or freeze drying,
vi) Cryopreservation, and H
vii) Storage in silica gel. ' '
42) Quantitative measurement of bacterial growth can |

39)

i) Total count/direct methods 3 >
a) Duedmmrowomcommtl&eed

" ¢) Electronic cell counter/coulter m

~ d) Proportional count method.




14) A condihon in wh:ch ﬂagelll

15) Gelatinous covering present OIO““d

16) The nucleoid can be visualised by
specrﬁcnlly usq'l to visualise DNA.

T)Fdse ' S)False ' p : ,mﬁholw 15)Shme1m‘
11) Peptidoglycan 12) Sexual 13) Abmw g :
16)Feulgenstmmng =
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4.1. MICROSCOPY

4.1.1. Introduction
Microorganisms are so small that they cannot be seen with the unaic
microbiology led to the developments in microscopy. Slmplc nag
magnify an image up to 10 times were used in ancient times
microscopy was developed in 1590 when Zaccharias Ja
concluded that on combining two hand lenses an image :
combination of lenses used by him had magmﬂcam;n of the o 23
was the starting era of the compound anroscapy PR

observed the structure of cork cells and
images of cork structure he obtained h:
observation of different specimens, ert
light from the sample smface o

Anton van Leeuwenhoek _(i Du -
his own simple mzcroscc;ie apd'
sanlphby

) -l
; ulH.e bi
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Light microscopy works on the principle of passing light through a sample ang
examining it under magnification (figure 4.1). The objective lens, eyepiece, conden
and light source are the major optical parts of a light microscope- The objective
magnifies the object; higher the magnification degree of the objective lens, smaller is the
focal length. The magnified image appears directly behind the objective lens
eyepiece delivers the image to the eye or camerd. It also causes empty magnificati
the image, i.e., it enlarges the image but does not increase the resolution.

The condenser focuses the light source on the sample and also eliminates stray light

provide a uniform illumination. The condenser lens is associated with an iris diaph
which controls resolution versus the contrast and depth of field. Since resolutio

contrast are antagonistic, on improving one feature the other is lost.. '

The light source from a lamp or other source illuminatcs the sample. The light
whose intensity can be controlled by adj ting the voltage is considered the best. C

sy dd

W“‘W’M solution is obtained by adjusting the voltage (ie., inte
ess) of the lamp as well as the iris diaphra t* szl g s

Best resolution is achieved w thseas cofiealt ne
o on is a hlevﬁmpnallofm optical comp

d
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X ss of fixation. Examples of common fixatives inclu ids, ol
;gmpaf;);:hy de, and glutaraldehyde. This treatment affixes the &xﬁi .
For example, glutaraldehyde chgmlcally cross-links the primary amines
proteins; organic solvents precipitate the proteins and other macre
fixation has been done, the sample is embedded in a supporting n
embedding medium for light microscopy is paraffin; some plastic

used.

Thick samples like tissues are cut into thin slices, using a mi
successive sections of a specified thickness. The ima'gg,q.’_.,‘,ew
sample components differentially interacting with and obstructing
biological samples are homogeneous (i.e., carbon-based p
light, staining the cells with dyes is needed. The affinit

for different subcellular components; e.g., dyes in
differentially stain the cytoplasm and nucleus;
differentially absorb the light waves and provide
samples. # =14 Ly

Types of Light Microscopy
1) Bright field
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Eye

Pharmaceutical Mi"'mbi()logy !

o Ocular lens

...Objective lens
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park field microscope is a special type of compound light micros

is the dark field condenser with a central circular stop; this
object with a light cone. Dark field microscope makes use of ref]
transmitted light used in ordinary light microscope) (figure 4
prevents the light from directly falling on the objective lens. Light
the object are reflected or scattered towards the objective I
microorganisms appear brightly stained against a dark background.

Only light reﬂgetect
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In electron microscope, an eiectroﬂ peam is used (and not a light beam as i, i
microscope). The electron beam is focused by electromagnets, which are similar m
lenses used in light microscope. The sample under observation is kept on the path of
beam. which scatters the electrons to form an image, which is focused on a screen (fig i. .

4.6).

Electron gun

Condenser

ray tube for
photography
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7) Selected Aperture: The user
ordered arrangements of atoms in the s

examines the periodic diffraction of electron by
ample using this aperture.

5 8)  Projector Lens: This lens is used to expand the beam on the phosphor screen. :
9) Screen: TEM uses a phosphor screen made up of fine (10-100um) particulate zine

sulphide for direct observation by the user.
0) Image Pattern: The image on striking the phosphor screen generates a light which
i ' & § ke areas of image represent those samp]e

? allows the user to view the image. The darker ar : le
~ areas which transmit fewer electrons; while the lighter areas of image represent ose

sample areas which transmit more electrons.

Working . :
In TEM, an electron beam from an electron gun is passed through a series o
electromagnetic lenses, which scatter and transmit the beam through the sample
then through the objective lens which magnifies the sample image. The image is
further magnified by the projection lens and projected on the fluorescent screen
photographic film. This converts the electron image into a visible form.

i o L

F

Very thin sections of sample are examined, since the penetration power of electron b
through the solid matter is low. The scattering degree of electrons by the sample is re
to the number and mass of atoms lying in the electron path. The contrast of bi
materials can be enhanced by staining with salts of heavy metals (like
tungsten) because their constituents are mostly of low mass and the contrast o
also weak. The heavy metals used for contrasting are either f
tive staining) or they increase the opacity of the surrounding area (

= 5

. Sy
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It is used for semiconductor analysis and manufacturing of computer and silicon
chips.
5) Itis used in technology companies for identifying flaws, fractures and damages in

micro-sized objects, so that with the data obtained the problems can be overcome
and/or a more durable and efficient product can be formed.

4)

Advantages
1y It has the most powerful magnification (potentially over 1 million times or more).

2) Ithasa wide range of applications and can be utilised in various different scientific,
educatio_na.l, and industrial fields.

3) Itprovides information on element and compound structure.

4 It produces high quality and detailed images.

5) It provides information on surface features, shape, size, and structure.
6) Its operation is easy with proper training.

. Disadvantages
- 1) Itis large and expensive.
2) Sample preparation is a tedious task.
' 3) Potential artefacts from sample preparation.
 4) Its operation and analysis requires special training.
5 5) Only those samples which are electron transparent can mlhstand mslde the vacuum
~ chamber, and are small enough to fit in the chamber can be used.
- 6) Itrequires special housing and maintenance.
7) It produces black and white images.

J4.2.  SUMMARY i

P Thedetaﬂs given in the chapter can be summarised as follows: iy
Mkroscopes used ea,ther ere ‘hght’ nncrosoopes as they utihse hght (elther

examining it under magmﬁcauon

At the present time, the following two types of m1cmsoopes are available:
i) Light Microscopes: These microscopes unhsehght’wseetheobject.
ii) Electron Mk:mseopes These mlcroscopes utillse am_'
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"
10) The eye ece (named sO AN
WW‘C))‘” pi is widely used in clinical and microbiological laboratories

is also known as ocular lens,

as it is placed near the eyes)
ainst a bright field of

l"!;}"ltis ntmned <o as the object under observation 18 viewed ag

-

o view. : : ,
12) Dnrk field microscope 1s & special type of compound light microscope which ma kes

use of dark ground microscope: : s
ystem, 1.€.. phase contra st

13) Phase contrast utilises a special optical s
objective and phase contrast condenser. 3
is based on the principle that 1i

) The worki contrast microscope
o :gsi:m;: Emateﬂal to another of slightly different refractive index (o

thickness) will undergo a change in phase. ;
15) Fluorescent microscope works on the principle.that a longer wavelength of ligh
(i.e., visible light) is emitted, when the samples stained with fluorescent dye an

exposed to UV light.

16) Differential Interference Contrast (DIC) microscope
beam-shearing interference system in which the reference
minute amount (less than the diameter of an airy disk). :

17) In electron microscope, an electron beam is use instead of light beam utili
light microscope. The electron beam is focused by electromagnets, which are

" . to the lenses used in light microscope. The sample under observation is kept

18) The electron microscopy is of WO types:
Scanning electron microscopy. and e -

&
-

is based on the princip
beam is sheared
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1dentification of
Bacteria

5.1. IDENTIFICATION OF BACTERIA
5.1.1. Introduction "
It is really a tedious task to study microorganism in living

and most of them are transparent and practically colourless when su
aqueous medium. Therefore, different staining techniques along with
are used to identify, study, and classify the microorganisms into s

state as theu sl
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vely charged or acidic stains (e.g., eosin Y and nigrosine) do n&t ?ﬁ,
.rial cell and get dep031ted around the bacterial cells; this is also known as ne;

, because the cell remains unstained but background becomes colouresd
< ing is useful in estimating the shape and size of bacterial cells, e.g.,
diated negative staining is often used to visualise the capsules

b, stains (e.g., Sudan III and Toluidine Blue) are spemﬁcally used to -s
1usions and polyphosphate granules respectively. : ¥l

.1 ,3, Staining Techniques
ng is a basic step of microscopy which is used to enhance ‘the contrage o
scopic image. It is not limited to the study of biological materials, but is also \ﬁaf g
r the study of morphology of other materials, e.g., the domain stmcmres of bl@'ﬁﬁ* '
g ‘:Aa , or the lamellar structures of selmcrystalhne polymers ' 7 e i

Due to the semi-transparent cells, the refractive index of mlcrobes and surro

: env:ronment is almost equal. In such conditions, staining proves very use
~ increase the visibility and to develop the better contrast with surrounding.
becomcs easy to analyse and study the shape, size, and o%




o
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S :me gmar:s covered with Gram’s iodine, left for 15 seconds, and then washed,
A to the smear area to prevent furg,

iy e op of Gram’s decolouriser is applied . ‘

B " discharge of colour. The decolourising process is stopped by washing W}th water, |

& ‘Safranir is applied to the smear, left for 15 seconds, and then ?vashed with water,

~7) The smear is either air-dried or placed on the drying and fixation tray. .
Techniques of staining may be categorised into three classes:

1) ' Simple staining:

i) Negative staining, and ii) Monochrome staining.

2) Differential staining:
i) Gram’s staining, and i) Acid-fast staining.
3) Special staining. ,

5.1.4. Simple Staining

In simple staining, either alcoholic or aq
is washed off with water a

in revealing

solution of a single basic dye is
)-60 seconds, before drying and e
e, size, and arrangement of the -
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4) The slide is blot dried with a bibulous paper, but not wiped off. -

5) All the steps are repeated for the remaining two organisms, but with a dlfferent stain

b facicad:

g 6) All the stained slides are placed on the microscope stage and focused using the lﬂx

~ objective.

7) Anarea of the smear in which the cells are well spread in a monolayer is selected

~ 8) The area is centred, applied with immersion oil directly, and focused undm: the oil
with 100x objective. :

~ Result
" The bacterial cells stain uniformly and the colour of the cell depends on the type of dye

 used. If methylene blue is used, some granules in the interior of the cells of some bacteria
mayappearmoredeeply stained than the rest ofthe cell which is due to the pres?nee o i
- different chemical substances. Loy

' 5.1.4.1.  Negative Staining or Indirect Staining Technique_ e i
~ This technique is also used when the sample is to be viewed under a light microscope. =t
undmamdmdyewtmmm)a%gomd(amddye)mmmw




"
ial cell attracts the basic |

m staining, the negatively charged bacterl
nic stains (e, methytene BT v, sioker, o). These NETS &0 SO
of chromophore (the colour-bearing cation)- '

charged due to the.

W and grease movedﬁommcgl i

" water. The slide mmeholdbymedgudmingmecompmpmms. !

2) Ahnlfinch(appmxlmately 1.5cm) targ i the centre of the slig
-andttnn:t:smverted.

3) A loopful of bacterial suspension 18 placed on

:;paudthrou i

The slide is air-dried by evaporating : .

Aﬂerdrymg.thenucmorgamsmsmheatﬁxedbypassmgd\asﬁéew

burner flame. '
' i‘m!ﬂedadﬁ‘onlmmsmkmladnkor n a koplin j
-6mondlforq-ysml

ﬂushdo:sleﬂfmafewsecond!
lmeblue.and 15-30 sacondifdclrbdfucbm
- keepinsd:eslidaunderupwm

undudlimmonobpodu.

4
D)

6)
7)

: a;r*'
mmﬂ stain are used
iisms, structures, cells, and
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) Thereafter, the smear is decolourised with 95% alcohol, retained for few secon;:ls,
andwashedagmn with water. R

B sgﬁmmlsa&dedforéﬂseoonds,nnsedmthwam and blotted dry with tissue cautiously.
) At the end of staining, the gram-positive bacteria retain purple colour and :
negative bacteria retain pink colour. e

) Basic dyes penetrate the bactenal cell and react with the acn:hc compounds r ent
0 *the protoplasm ' =
Bactena —""‘ Crystal violet (Purple dye) + —» All Bacteria dark

lndme ~violet or purple
S Comtlorsiain: = oot - C
Bacwnh appear Dmk‘__th;_s___afnmm Bactena oolourless

(Gram~negatwe) B
Flgnre 5.1- Pmcednre of Gram’s Stahlin:

R y DN v 2 .‘, . S
.ble 5.1 lists the changes*the gram positive and gram—neg‘am”re b“wtena'? lergo when

veandGrm-N"'HveBacteﬁa '_-
Grm-me- 2 'G
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s found in abundant that prevents the
< '_',s’m' ,cd: using ordinary techniques. After staip g
2 expmmofhmmebacmatakeupmg ;
monofthe acid and retain their red colq .l
. Those bacteria which are decolourised
fast bacwna_ wm these non-acid ;
mcﬂlylene blue), ﬁ!ﬁ)’ Stk up the coup
technique is used to distinguish species

containing mycolic acids

.d for 10 minutes, and more carbolfuchsm stgmis :
andwashedmthdlstluedww : ?
acid
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Bl s.2. SUMMARY e

The details given in chapter can be summarised as follows:

1) Various stains and dyes have been used to stain bacterial cells or any sub-cell
g structure/component. :

2) Stains are broadly classified into three classes, 1.€-, acidic, basic, and neutral,

3) On the bacterial cells, slightly negative charge is present: therefore basic
carrying a positive charge (e.g., crystal violet, methylene blue, carbol fuchsi
safranin), give best results with them. kg

4) i ' or acidic stains (€.« eosin Y and nigrosine) do not react

nd the bacterial cells; this is also kno

bacterial cell and get deposited arou

negative staining, because the cell remains unstained but background be i

coloured. : '
[II and Toluidine Blue) are specific

55 Neutral stams (e.g., Sudan
fat inclusions and polyphosphate granules respectively.

= Staining is a basic step of microscopy which is used to enhance the co
solution of a single basic dye

ally used to st

};_* 7 :;dﬂ?;;kdm either alcoholic or agueous
ot ; ye is was off wi ; : | ing
© craminaion, i i Ste 8 seoonde, e



. - rganis
| 19) Mu,nln of enzY‘l‘ﬂGs to observe a bloehemlm CE:nTe‘hm-etcSts are based on the -
| s v 8¢ With a substrate and the
} is a series of four tests used for R : £k
| ¥ "“”f,.ftm letters in IMViC stands for: \entitying E coll and Enserobincier
: Wiﬁ Jole production test %
.l Methyl red reduction test, . _
| . yoges-Proskauer test, : a2
| V" Giirate utilisation test, and - e
.E -H.ﬂs no signiﬁcance with the test systems. o Rﬁ
AU tiaw e A - o |
1 . a nitrogen-containing, degradation end-p, Ty : i '3;
| WY Indol® l:e-,t is important as only a few‘bact'eri:mq-m % ¥¥ptophay SN0 ALK
| ' Indole g ; dat la can form indole, which can be
;! Wwdeaf-ﬂy using Kovac’s reagent. s kA
| VP test detects the production of acid by bacteria during glu
2 ﬁalso maintains the culture medium at pH 4.5 or below. 5 S
';; ) saimonella typhi and Escherichia aerogen bacteria utilise citrate as the only

This ability of utilising citrate as the carbon and energy source is
mgmshmsﬂ test for some Grods and the test is known as Citric Acid
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Sterilisation

6.1.1. Introduction

! sterilisation is the process of effective killing or removal of transmissible agents or

microorganisms (e.g., bacteria, fungi, virus, and prions), from any surface, food,
; equipment, medications, or biological culture medium. '

' ' Practically sterility is achieved by exposing the object to be sterilised to chemicals or
 physical agents for a specified time period. For sterilisation process various agents are used,
 egy jonising radiation, temperature, chemical liquids or gases, etc. The efficiency and the
L success of sterilisation process, directly depend on the method of stenhsauon used.

? Importance of sterilisation can be summarised in the following points:

1) Moist heat sterilisation is the most efficient bactericidal technique or method. In
 pharmaceutical operations, this method is used to sterilise containers, closures,
aqueous injections, ophthalmic preparations, surgical dressings, sheets surgical and
diagnostic equipment, etc. =

E2 Dry heat sterilisation is used for the sterilisation of medicinal and pharmaceutical
) Cts wlth some specific properties (such as moisture lmpermeablg, mmstme
ive, and therxnostable) Many other pmducts like dry powdered .

s ts ophﬂmlmlc omtments omtment bases etg,,are alsg
mn_ng'dry heat method






“_ ! “mn is pu-formed by the following methods:
.i_—.mtmspmeess,theobjectsarebumtmdnectﬂm W '
and frequently used for sterilising and disposing the ¢ 'ms LA ‘18'1

. chmcﬂ.wasw pathological waste material M e 4

W e s, Surgicaldmssings,md*ﬂhﬁ
M Inthlspmcedme thearﬁclesareexposedtoﬂammthg

%) Itmusedf?rsmhsmgthenpsandpom ofspauna,fmeps. y

E ka‘ve"’ Points of forceps, inoculating wuesandloopsatesteuhsed"'

B vae:ﬂcallymaBunsenﬂameuntheybecomredhoL .

_‘Intluspmoedurethcamclelspassedmmughmeﬂm 1y
mmm@mmmmnmgmmwmmm
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3 L) “
: time (Which mgy

i hea ting-U adi
es, ‘ loading it. F
articles with poor heat—c;.(:‘;dﬂzgﬂg ll’“epem ng the be:;l’;e lawe g i d:;uo
uc ls
s o e e Ganer 5 s, o
: 4(;’(53 br;fore removal of sterili lised articles: s

with filtered air is also used.

Merits cablnet is ];ess 4
1) The installation and operating cots'»et:1 :]t;dry heat s - 4
2) Heat can easily penetrate the ma ' o theen
3) Dry heat sterilisation is non-toxic and does ! n0thatm .

4) Itis non-corrosive to metals and sharp inst

5

Demerits = netration and micrgly
1) Itisa ume-consummg method due to slow zaw of hﬂ“ P° . bid
killing.

2) Most of the materials cannot w1thstand hlsh

Applications
1) Practically, mcuseofdryheatmrﬂxsamn
J_te_ms used in hospxtals i
2) It is. mamly used for mctal surg:cal trumen
non-corrosive nature are of beneﬁt), glassware,
aqueous thermostable liquds: =~ 3

3) The most common use of dry heat st
Whl(:h are to be filled asepﬂcal]y, a,gd

, -;m'(whm_m good penetrability a
_ ,.M.-. ble powders, and ;.‘ﬁ
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“resste rlisation is used at different tempe

perature below 100°C raires as given below:
urisation of Milk: This process i rfo

> ' rmed b i
High Temperature §h0rt Time (HTST) or flash mo:ln e’f—‘,‘é’% frs ; 2‘3
sconds); and second is holder method (63°C for 3 i
poth the methods, the quick cooling up to 13°C of jower ;
jlnot o m'l(;rlgb:s’ €-8 Mycobacteria, Bruceyj l;ﬁzmzﬁl?x;
5 tii whi i . ;
;ﬂ;ﬁﬁ?:g:hogfw urnetii which being relatively heat resistant may survive

Inspissation: For this process, a special instrument inspissator is used. In this
method, some serum or egg media (such as Lowenstein-Jensen’s and Loeffler’s

serum) are renderec! sterile by heating at 80-85°C temperature for half an hour
daily for 3 consec':uuVe_ days. !

vaccine baths at 60°C for an hour. Body fluids and serum are sterilised by
heating for an hour at 56°C in a water bath continuously for many days.

i) Low Temperature Steam Formaldehyde (LTSF) Sterilisation: This method

is used for those items that cannot withstand 100°C temperature. In this method
of sterilisation, steam at sub-atmospheric pressure and at 75°C temperature with
formaldehyde vapour is used. For testing the biological control efficacy of LTSF
sterilisers, Bacillus stearothermophilus has been used. o

) AtaTemperature of 100°C
i)

may kill most of the vegetative fmmhuma::d spores withstand boili ; for a
considerable time. Boiling of glass syringes and rubber stoppers is periorme:
when better methods of sterilisation are not availab feﬂﬁ*f“#’ :
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ynchromsed travelling microwave. Two types f

o geid W.Ma=MWrbyas
' electron accelerator apparatus are available:
5 - <tatic Accelerator: It produces electrons with maximum energies of

3 1 produoes electmns with maximyp,

penetration poWer, but there is a risk of |

A tion. A las-'toljestenhsedam arranged onahonzomal conveyor -

Steriliser: Cobait-ﬁommpemusedasasoumofsammamys
he!daspelletspackadmmmlrods ‘and each rod is carefully
the source of 20KCi of activity. Articles to be sterilised are

_ theuradmuonchamberonw

tnch a aneyor belt moves around
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S : 139
. ion sterilisation is usually perf,,
i e i to i
(ures: surgical Instruments, prostheg O articles ip 3 : ;
. yéwrsry pharmaceutical products. ©S. unit doge dry conditions, including
o

intments, plastic syringes, and
Pite of poor Peﬂetrablhty’ with much IOWe['
Dest. tion of air, for the treatmeny ¢ e

nergy , the UV | :
: f : light finds uses in the
1 ation of aseptic work areas, Manufacturi

<ing radiation is su'itabl.e for sterilisin %
4) :(::ilbodies- swabs, plastic, disposable items,g_ ?3::::?:;&@ pf[armaceuﬁcals, e.g.,
Cobalt-60 i the most commonly used source of gam’ma V;. (o g
§) _erilise animal feeds, antibiotics, hormopes, on, which is used to
ol astic disposables (syringes, etc.). :

utures, catheters, metal foils, and
: has also been used to sterilj s
This method has also be eriiise and pasteurise meat and other food i
Non-ionising radiation 1s used for the sterilisation of closed ate: dinoéulaf:i'z?l m
Jaminar flow, operation theatres, and in microbiology laboratory » s
(135, Ultrasonic and Sonic Vibration
These 110 hjgh-frequ‘?ﬂcy sound waves and are beyond the sensitivity of human ear. They
y disrupt microbial cells. Sonication transmits vibrations through a water-filled
(sonicator) used to induce pressure changes and create intense points of
urbulence. This point of turbulence creates the stress and bursting of cells in the vicinity.

6)
7

process of sonication can also forcefully dislodge foreign matter from objects. He I‘!'

generated by the sonic waves (up to 80°C) also appears to contribute to antimicrobial

Eg-ton

m-negative rods are more sensitive microorganisms to ultra-sonic vibrations, whereas

lirasonic devices are used for clearing debris and saliva from instruments used
reliable for regular use in disinfection or sterilisation.
e I ' & : Ty G :
S ikt i g

Ng grade water, and for surface

ve cocci, fungal spores, and bacterial spores are resistant to them. These

\
Ly
wy

\‘\ §

L R R
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l Pl‘v"‘dg& for sterilisation may produce acyte foriatd t : g

P gss® ™ ; Ity including irritat; :

| wnj‘ma?"“' and na§al mm';os; Both of.tt'xese- gases being alkylaﬁng l;ntauon of the skin,

, .nic and carcinogenic. In gas sterilisation techniques, fo], & gents are potentially

i S Fthylene pxide Steriliser: Ethylene oxide gas has,bee ::ng sterilisers are used:
peat-sensitive devices. Ethylene oxide steriliser ; used widely to sterilise

: a special exhaust system. The
time for aeration is needed at the end of the cyc] liminat :
this method slower. Lo thesa!iam:l to make

) Low Temperature Steam Formaldehyde (LTSF) Steriliser: It is operated with the
atmospheric pressure steam. Firstly the previous air present in the chamber is
removed by evacuation and then steam is introduced into the chamber.

Following gases are used commonly for sterilisation: %

1) Ethylene Oxide: This gas readily penetrates plastics, paperboa
dissipates from the materials when exposed to air. However, ethyle
penetrates and diffuses in liquids. - B

Ethylene oxide possesses antimicrobial activity due to the alkylating
sulphydryl, imino, carboxyl, and hydroxyl groups of proteins and other es
constituents of microbes. Its sterilising efficiency is affec its ¢

R oA M1
o Tl gl
v B

load temperature, moisture, exposure time, and the co
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lain (€.8- Chambey.,:

S ii) glmdle Filters: These f:-m made UP ese ]gum““gh” Be,-kefeld ﬁltedrs) These filtey
ters) or diatomaceo or ki peen used exte

are av)a::rab]e A dlfferl\:lt grades of “::dhf: trial purpoze n'::: it

the purification of water for for both d“nhns o in the shape of Cyhns i

depth filters with thick cellular walls and ms po]'e sxze drica

candles(ngureG.S) They are av allnblcﬂ‘"m

rane-filters are wide
of cellulose mml:
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-—”_.-_—_——-. 3 D
Table 6.6: Radiation Sterilisatet — l'm’::: ~Parameters | |
Indicators|[Sterilisation|  Principle De | Monitored
Methods /! ts | Radiation dose i
Physical |Radiation |Recording charts _|Recording “device|Only indicate|
. Chemical |Radiation |1) Radio chromic|Plastic with | exposure to|
= : chemicals ~ |impre radiation i
3 radlo-scnSlﬂVe n
E chemicals  Whic 2
: undergo ; colOllf '
changes a[ relatlve B
2) Dosimeter Ax:ldlﬁﬂd fem" A“?“‘.mlg e
device ammonium sulphate PR i
solutions responds to i
irradiation by dose ]
related changes in <
their optical density. | =
Biological [Radiation | Radiation-sensitive Bacil!usp“m“”’ | vmlue =
v microbes ' .

5) Filtration Sterms-tlon 3
1) Physical Indicators: Filters used for sterilisation are exposed to a bubble poi
pressure test. To determine the pore size of a filter, and to check the mtegn

certain type of filters, this technique is emplayed Principle of the test in
subjecting the dampened filter to an mcreasmg pressure dlfference o

; mtrogen gas, m its assembled unit.

’Ihe pressum dlffmnce recorded when
thefilter;srelatedtomaxxmumporesxze OMlo.
‘the gas, the bubble generally erupts ov .
“between the pressure difference and the
m filter signifies the pressure duﬂaw

%) g


















Pharmaceutical Micrubiolggy
156

idification during steam
Glass wool filters had a disadvantage of shrinkag® mggi:h i
sterilisation; thus, were replaced with glass fibre filter caree

Exhaust
air filter

Incoming

UM MARY

The details glveﬁ in chapter can be summarised as follows:
1) Sterilisation is the process of effective killing or removal of transmlssibie'
_ or microorganisms (e.g., bacteria, fungi, virus, and prions), ﬁ'om any surfa
equipment, medications, or biological culture medlum el -
2) Heat sterilisation is the most reliable and w:dcly used meﬁ:od'of
: wlnch enzymes and other essentml cell constmten :

1 aty T Tt S
Ll\\lll

(e


















~ The only difference between psueudohyphae and germ
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7.1.4.1. Yeasts

Yeasts are unicellular organisms and the shape of yeast
ellipsoidal (figure 7.2). Reproduction in yeast occurs by the
in the formation of blastoconidia (blastospore). Sometimes: & o Ty Ko tion of

cell ranges from sphericq] ¢
process of budding, resultjp
after budding, the buds

B ul
to detach from the parent cell, and undergoes elongation. ¢ hae. e. :
i o T B pe o8 o
albicans. The fungal cell is also capable in forming true hyph o
tube is that at the point ¢

ich i i tube.
budding, a constriction is seen in psueudohyphae, which is absent in germ

o

Figure 2.2: True Yeast Figure 7.3: Yeast-Like Fungi

A characteristic polysaccharide capsule is produced by some yeast, e.g., Crypioc
and Blastomyces dermatitidis. Under the microscope, the India ink stain or Ni
(negative staining methods) stain helps to visualise the capsule. Few yeasts
characteristic pigmentation, e.g., pink colour of carotenoid in colonies of

Fungi that are dark in colour (when colonies are formed) are referred to as

fungi, e.g., Phaeoannellomyces werneckii and P

colonies produced by them ranges from brown to olive colour.
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5) Racquet Hyphae: Each segment of these hyphae shows consistent enlargement of
one end while the other end remains thin, €8« Trichophyton mentagr: ophytes and
Epidermophyton floccosum.. oo |

" 6) Rhizoides: These arc root-like s

hyphae, e.g., few members of zygomyc
odifications of single cell in the hyphae

b 'I’hick-WalledResﬁngCells:Ttmearem
) ting cell, €8 in Trichophyton schoenleinii

sctures developed on some portion of vege ative
ctes show the appearance of rhizoides. 2

k transform tsel into thick-walled 15
{ Trichophyton verrucosum species chlamydospores (or chlamydoconidia) are formed,
Dimorphic Fungi me _
(ﬂgnre 7.6) are those that exist as two different morphological forn
' haracteristically grow as moulds in th

tal settings. They ¢
at room :temperat_m'e;.and;as yeasts in culture, usually at
Blastomyces dermatitidis, P i

g el
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: and Virus
P

Divided ceyy
D“ldmg cell
Fission
(&
oidial_ 0

Oidia Chlﬂmy‘dospdres : Ftagmentation e
Figure 7.

| U &
the

f buds is produoed whlch fmally separaie_s
a cham 0







from two individuals of pposi
: female). Nuclei fusion known
‘plasmogamy (fusion of two protoplasts). i o

dia
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- Swdy of Fungi and

ial growth. The commonly used medium for fungal growth is SDA-Sabouraud’s

Dextrose Agar medium (formed by Sabouraud) containing dextrose and peptone as its

;tpn_nmple ingredients.

art of fungi (ke spores, myceha, etc.) can be used for regenerating fungal Sslopios.
It is carried out by inoculating a small part of the parent colony using a pre-sterilised
inoculation needle on a fresh and sterile medium. The needle should be stiff and should
e a sharp tip for picking-up the mycelium. Since fungi grow slowly, well-grown
colonies on petri plates are observed after 3-5days. In some cases, bacterial ngﬁi
vcnted by adding broad spectrum antibiotics to the medium. ,

‘aényp

71.6.1. Culture Media 4
imilar to bacteria, fungi also do not ingest nutrient but only absorb them. y

s under the influence of enzymes secreted into the environment; these
down the large organic molecules into smaller ones which easily pass into
Mostofﬂwfunglcanbegmwnmlabe
a sugar, an inorganic or a simple organic nitrogen s
tamins hlso for their gmhvth wlﬂﬁ mkbrs*
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i oist pads used for keeping 4 4

.lc': m 1 q . 4
s the slide above @ stert. wth medium, Supporting .

e : ; 10 -
petri dish. This glass rod rais¢ < cut from 2 solid & of the slide under ager

2 ki
culture hydrated. About lem bloc % ered with
: transferre ; fungus. cov a stej)
fungal growth. The block 1s thefll( is inoculate wi ‘?S obserVed in the culture, lh:

conditions. Each edge of the bloc nt grow _
i i to remove apy ..

bated. After sufficien the coverslip y
coverslip, and then incuba ool lsipl nith Al e Conzn“

coverslip is removed and a drop 0 ; d 3

5 : : aine S s
from the fungal material. This preparatiof ik Jide, and then the culture 1s examiney
blue, coverslip is placed inverted over a cleamss e

microscopically.
from & single culture tWO preparatiop

ture method is that S avne the agar block from th

An advantage of the slide cul mets de b
& nace T oo MRS S ls;t[:i?thealzohol, staining as done previously, apg

supporting microscope slide, and treating
covering with a clean coverslip. ;
: 11 pieces of ster
— pout 1.5cm” small P Sterile
works similarly. A o and inoculated with th

Cellophane culture technique *dium surf
: u
lid growth meci upport is generally good g

cellophane are placed on the soth S cellophane §
fungus to be examined. The growth of fungi on : :

they obtain their nutrients bgy diffusing through it. When sufﬁcwer:; fung“ll.g":’wﬂ'l -
observed, the cellophane piece is removed from? the medium, placed on a i‘_l €, addad'
with alcohol and lactophenol cotton blue, and mounted Wl}h_a clean coversiip. A small
inoculum should be used for cellophane preparations, as it 1s very dlﬁj‘c“h to prepare
large colonies in this way. A mixture of mycelia and spores 18 considered ideal for

initiating the culture.

Agar cultures can be produced conventionally using some aquatic fungi. However spores.
are formed only in natural waters; thus for initiating spore formation in these fungi,
natural water should be added in the culture. This is done using bait (a mixture of smal
seeds). Cress, onion, or hemp seeds are sterilised by autoclaving, and their seed coat is
removed using sterile forceps. ;

These sterilised seeds along with the fungus to be examined areadded to a sterile mixt \
of coarsely filtered pond water and distilled water. The fungus grows on the bait, and is
easily recovered from the culture for further examination
time for their formation. BT g whcn i afore strugees 1 !

Fungi from natural environments can be cultured W“hthe T e ;
example, by burying hair or tennis balls in soil, fmg,wm;lgg;‘bmu;g techmqu:: ;f.
can be cultivated; leather, foodstuffs, and other natural i t:::Cn ll)iettl'at::(ll su .;.

o : bstmtzs tes ca used as bait®

LLLAN

g g g e g B R By |
R R

attract specific fungi. Using leather and ste

;’ laboratories has become a common moemm‘ | §9§ cultivating fung!
:‘,‘E; Fungi inhabit almost every ecosyst
== ganisms by the following different

1) Decomposition: They are
from other living as well as
are also involved in ¢:

7
@

i

T
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%; I 3) Used in Pharmaceutical Industry: They are the source of many antibiotics, €.g-
3) "

" penicillin and alkaloid ergot is produced by Claviceps pipicrea” Gihich 1858
medically important alkaloid that helps in mducmg uterine contractions, control

bleeding, and treating migraine).

In Biological Researches: They are used as research organisms in various
biochemical and genetic studies, e.g., Neurospora crassa.

Genetic Engineering: Fungi of some genus are used in genetic engineering for the
development of different disease preventing methods and to increase their usefulness
in daily life, e.g., Saccharomyces cerviciae is extensively used in ombmant DNA
technology.

Edible Fungi: Many of them are used as food supplement, e.g., mushrooms, and
yeasts provide nutritional supplements such as vitamins and co-factors, Pemctﬂ:um
is used to flavour Roquefort and Camembert cheese.

In Control of Insects and Larvae: They are used to control bactena, insects, and
other harmful organisms, e.g., fungi (Leptolegnia caudate and Aphanomyces laevis)
are used to trap mosquito larvae in paddy fields, and thus help in malaria control.

7.2. VIRUSES

.2.1. Introduction
e Latin word, ‘virus’ means a slimy, toxic fluid-like
y diseases in humans, plants, and animals. Viruses a
n-living and living, as they possess both non-li
that it is not visible directly even under the light mr d
> any cellular structure, ‘they replicate inside the cells of other
ey are non-living outside the host cell and can survive only
""ore, they oome ‘under the category of microbes hav b
| -sarefmmdmvunses leadmgthzm'
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(as they cause disease in plants, animals, and bacterig)

highly pathosemc

and undergo muIUplicauon

infect the host by nucleic acids.
en has four genes, one for the protein present in coat, two for replic

'1astfme for a protmn whxch allows the virus to spread fmm o

and mutation within living host cells.

ga 1tes ie., they reproduce and develop on

: mtrwellular paras
' *bactena. tslde the host cells, vn'uses exist as md1



Vi basedonthe_‘genome.md:cnm auhose
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7.24.3. Symmetry

Based on morphology of pro
(figure 7.17): :
1) Icosahedral (or Cubical): Most of the ani

orm . . 1
spherical in shape, having icosahedral symine: Minimum 12 identical capsomereg
formed by the closed shell of identical sub-units.

the formation of icosahedy
each composed of 5 identical sub-units, arel'cqu“edsfgle'dc al having more than |3
shape. But few viruses (e.g., rotavirus) appear SP :

ini edral symmetry. : e 1
capsomere but they retain icosahedral sy psomere that is piled in

2) Helical: Helical viruses are made up of a single _type :licture e.g., tobacco mosajg
spiral pattern around the central axis forming a helical strd or a hollow tube. Suc}
virus. This helical structure may have either central cavﬂg St ,
helical arrangements lead to the formation of rod-sha[_)ehl S s,
which may be either short and highly rigid, or long and highly 5

Commonly, the single-stranded RNA (ssRNA) is the genetic Eatenal,ﬁbut ne
viruses, the single-stranded DNA (ssDNA) may be present as t 5 geneb: s
These strands are bound to the protein helix by the formation of bond e
positively charged proteins and negatively charged nucleic acid. The length
helical capsid is related to the length of the nucleic acid contained within it, ar
the diameter is dependent on the size and axrax;gemen;t of&:‘agsomems- '

3) Polyhedral (or Spherical or Complex): Viruses with polyhedral or sph
appearance have a capsid whose basic framework is that of an icosahedron, ie.,
surface is made up of 20 triangular facets or 12 vertices. These triangular facets
come together to form 12 vertices and each facet is an equilateral triangle.

i oF, A s g
The polyhedral heads of few bacteriophages are greater in length than in width, givin
~ adistorted icosahedral shape, and have a tail attached to it. The ‘complex viruses’

- capsid which is a mixture of both helical and icosahedral, with some additic
res, such as prortrc;n tails or complex outer wall. There are bacteriophages
acteria phage T4) having complex structure with icosahedral head, w
 iolical aail, Phivhélicaiilioanretat b B o

of the following tyne
teinaceous coat, viruses may be e
es are icosahedral or almgg

mal e ally, the icosahedron shape j
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Transcription,
~ Translation,
~ Assembly of the progeny virus particles, and
‘Release of virus particles from the cell and maturation.
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sic material present

2) Reverse Transcription Process: RNA is the main S0 The formati

virus; andD'm HIV-1 virus, double stranded' RNA is P'es?m' eni;m:u&z oseqf ;
. NA s - criptasé R -
tranded molecule is initiated by reverse strand already present 10 the

for this DNA strand is copied from the RNA :
(figure 7.20). A
New Viral DNA

AunT sy Ty



Study of Fungi and Virus (Chapter 7) P

- . Host cell translation machinery ; 3
& o Figure 7.23: Translation ‘
Maﬁon' The viral protein and enzymes are synthesised as per the cndﬁ.m@d
by the viral RNA. The translation of these codes result in the formation of long d:ain
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7.2.6.1. Animal Inoculation . method of choice as it 1s a 'ia_
Cultivation of viruses in living animals 18 HOI’ o the risk of bacterial contaminatigs
intensive, and expensive method; and also due 9‘ irus, can be cultured only in Jj ing
during the study. Few animal viruses., €.£- hepatitts VIFE=s ]
animals. i .
: system of host tg ,
3 of immune Sy
Living animal virus culture is used to study the 1eSP‘::LS;an primates are the commopl
viral infection. Mice, rabbits, guinea pigs. and non- 4
used animals in laboratory. ;
d to determing

L e : : . : that may be used to ning
Animal inoculation method is a good dzagqostlc tooalnimal hat exhibits typical diseql
whether a virus will cause infection or not. It is due (0 : ed microscopically for o
symptoms, and sections of infected tissue can be examl

—.
evidence of infection.

7.2.6.2. Embryonated Hen’s Egg Inoculation : 4 7
Use of fertilised, embryonated chicken eggs is one of the cost-.cffetftlve and convenien
methods of cultivation for many animal viruses. A needle or syrnnge is put thr(.)ugh a hoy
drilled in the shell to introduce the virus aseptically into the embryonated chlcke? cges.
The whole is sealed with paraffin and the eggs are incubated for 2-3 days at 36°C any
viruses are allowed to multiply. 4

i

s -
.

Shell
Shell :
membrane S e
Chorioallantoic
: membrane
Amniotic Allantoic cavity
CRVItY "4t LE

- e &Yolksac
Embryo . membrane
: —— Yolk sac

Amniotic
membrane
. . -Extra-embryonic ‘
' : il et 1, POy cavity HECE
Albumen 4 = R

- Figure 7.26: Embryonated Hen’s Egg (10 to | ;
show the routes of inoculation of the yo“‘.s.“,z D‘Y’ Old);“'r‘h;
‘"‘“"‘Meten Y,

h l I - n :'—
allantoic cavity, amniotic sac, and yolk sac are l-lsied. l;mmme«l\hmbrm (!
embryonated hen’s eggs, followed by incubation for 5.o 1. \"OCUlating the 7-12 d
1) Chorioallantoic Membrane (CAM): A0t Bex nuiigy

- produces visible lesions (pocks), each g

|5

Vhi
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Variola virus Vaccinia virus

Figure 7.27: Pocks Produced by Variola
Virus and Vaccinia Virus

2) Allantoic Cavity: It is inoculated for growing influenza virus for vac;:me o

~ production. Yellow fever (17D strain) and rabies (flury strain) vaccines are some

other examples of vaccines obtained from chick embryo. Since duck’s eggs are

% '. bigger, they provide a better yleld of rabies virus and are used for ptepanng
inactivated non-neural rabies vaccine. : : _ s

RSO CRR N &

Amniotic Sac: It is mocu]atcd for 1solal:10n of mﬂuenza virus.,
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"djl
SRR L. .. .. i Cell Cultures in CommonUse f |
Type E Name of the Cell Culture
Primary Cell Culture | Rhesus monkey kidney cell culture, A\

Human amnion cell culture, and
Chick embryo fibroblast cell culture.
e by ain), and

Dipli)}d Cell STr;iun—* w38 (Human embryonic lung cell str
HL-8 (Rhiesus embryo cell strain).
e A S Mttt

Continuous Cell Line _| HeLa (Human carcinoma of cervix cell line),

HEP-2 (Human epit

helioma of larynx cell line),

Vero (Vervet monkey kidney cell line), { | i
McCoy (Human synovial carcinoma cell line), f

| BHK-21 (Baby Hamster kidney cell line), and
| KB (Human carcinoma of nasopharynx cell line). ] aﬂ
= O SRRRE T "
ii) Diploid Cell Strain: A diploid cell of a single type contains thle same gumber of 4 ¢
chromosomes as the parent cells. It can be sub-cultured f?r a limite .numbgr; v
after about 50 serial sub-cultures it undergoes ‘senescence and loses its strain, ‘
Diploid cell is susceptible to various human viruses if develnpgd from human | !
fibroblasts. It is used for isolating some fastidious pathogfens. It is alsq used fo_r ﬁ(
producing viral vaccines. For example, rabies vaccine is produced in WI-38 %
human embryonic lung cell strain. . ‘
i|

ell Line: This cell of a single type is derived from cancerous
tissue, and thus can grow faster in vitro. It contains haploid chromosomes. Since
continuous cells can be serially cultivated indefinitely, it is termed continuous
cell line, which can be maintained by serial sub-culturing or storing at =70°C ‘
temperature to be used further. For example, HelLa, HEp-2, and KB cell lines 1
have been used in the virus laboratories since many years. Some cell lines are
now used for vaccine production, e.g., Vero cell line is used for producing rabies

vaccine.

7.3. SUMMARY

iii) Continuous C

The details given in chapter can be summarised as follows: : |

1) Mycology is a branch dealing with the study of fungi. & |

2) Fl.mgi (singular fungus) are achlorophyllous, thalloid, heterotrophic, eukaryotic
microorganisms that take organic compounds as nutrition.

" i flamenious. bty beingl ol o, e vemrs,
e i
5) :mig'unicellular organisms and the shhbe @f yeast cg]] ranges from spherical
e rheleedely e T

7) Yeast-like fungi are similar to y ut Have pee
: yeast but have pseudoh yphae g 2
ge daughter cells by the process of budding from e pseu("o.l;hey produce e
8) led mycelium, e.g., Candida albicans. ' s yphae, collecti
Thethaﬂusofmould is known as h PN s _
: yphae, which are tube-like Tinde} I
9) Hyphae in a mass are collectively called mycelium. < b

ctures.
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) sgpnaxecﬁoss walls which divide hyphae into a multiple cells.
mmorphlc fungi exist as two different morphological forms at -t diffe
e tal settings. They characteristically grow as moulds in their |
hammandfuwrm at room temperature; and as yeasts in culture, usualtysﬁam
1) The form of fungus undergoing sexual reproduction is known as
"~ perfect stage), and when the same fungus undergoes asexual form
s known as anamorph (or lmfiel‘fect Stage’)' ’Both asexual and
B mgemuknawnas homrph 5 : o
3 : feii-od yn involve "sbmatacpoﬁ o‘ftﬂe”fﬁngﬁl 1
<t .. g m Bth hods: PETacC ITEat
atio) imyxfe’sulteitherﬁom”"‘
: mechan‘ical injuries or ot
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f a virus can be understood by the following Stages -

22) The peglizauon > f the virus into the host cell,

i) Adsorption and entry O
ii) Reverse transcription process,

iii) Integration,

iv) Transcription,

v) Translation, _ .

vi) Assembly of the progeny VIrus pamc‘;le& and
vii) Release and maturation of virus parucles.

»3) Cultivation of viruses is carried mainly by the following three means:

viii) Animal inoculation, :
ix) Embryonated hen’s egg inoculation, and
x) Tissue culture.

7.4.1. True or False

1) Fungi are natural saprophytes; hence they work as natural decomposers in the ecological
chain by decomposing the complex organic materials.

2) Dimorphic fungi are those that exist as four different genetic forms at two different
environmental settings.

3) Conidia are either directly formed on the mycelium or on morphologically differentiated
hyphae called conidiophores.

4) Fusion of nuclei is known as plasmogamy.

5) Viruses are a connecting link between the plants and animals, as they possess characters
of both.

6) The largest known virus is the mimivirus.

7) The virion copsist§ of a nucleic acid enclosed within a protein coat called capsid which
protects nucleic acids from harmful environmental agents.

8) The intracellular infectious virus particle is termed a virion.

7.4.2. Fill in the Blanks

53]) Eert:dan“; of 1.110111(:1 is known as , which are tube-like cylindrical structures.
production in yeast occurs by the process of budding, resulting in the formation of

.

11) Zoospores are produced within s i
porangium known
12) The body of fungi is known as ks

Riincsions b sy be slkpic-colod which is generally multicellular, branched, and

13) are produced within sac-li
= sac-like structu :
14) This integrated viral DNA is called as ctures called sporangium.

15) Earliel' [he Size Uf Vim p i y
$ S aIElcleS was dete“lli i

16) Th : ;
17) The motphological unis of capsid are termed -
apsid within the enclosed nucleic acid ism B R e
e

Answers:

1) True

e )T 4) Fal

11) Zoosporangium 8) False Nan 5) False
14) Provirus 12) Thallus Yphae 10) Blastoconi

1 : 1 :
5) Collodion membrane filters 3) Sporanglospores

16) Capsomers  17) Nucleocapsid
|

4
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CHAPTER

8.1.1. Introduction <robes, and decreasing their

Disinfection is a process of destruction or elimination of mi :
numbers in such a low level, that they become unable to impart any harmf ul eff{clc?t. The
process of disinfection is more effective in Killing Of OV vege(tiatl've C(? s g
endospores, because vegetative cells are less resistant as compared to en osp(}reb (as they
are heat-resistant). The antimicrobial agents that are applied on the surface 0 .non—lmng
or inanimate objects (e.g., working area, dishes, bench, etc.) are termed as dlSll‘Ifeﬂ:.al:Its'
whereas the term antiseptics is used for those chemical agents that are u§efi on animate
or living bodies (e.g., human body tissue, plant tissue, €tc.). Generally, disinfectants are
bactericidal, though they may sometimes be bacteriostatic.

Antiseptics are specific type of disinfectants that are used in the reduction of number of
viable organisms on the skin or other exposed parts of the living body.

An ideal antiseptic or disinfectant should have the following properties:

1) It should have a broad spectrum of activity. :

2) It should be capable of eradicating microbes in a specified time period.
3) It should be active in the presence of organic matter also.

4) It should be effective enough to make contact and show proper wettablility.
5) It should be active at all pH.

6) It should be stable.

7) It should have long shelf-life.

8) It should have a high penetration power and rapid action.

9) It should be non-toxic, non-allergenic, non-irritative, and non-corrosive.
10) It should not leave non-volatile residue or stain.

11) Its efficacy should not drop on dilution.

12) It should be inexpensive and easily available.

13) It should have a pleasant odour.

8.1.2. (Classification
Disinfectants are classified on the basis of the following factors:
1) Based on Consistency: On the basis of consistency or state
~ are of two types: ' of matter,
i) Liquid (e.g., alcohols, phenols), and
ii) Gaseous (e.g., formaldehyde vapour).

2) Based on Spectrum of Activity:

disinfectants

i

On the basis of gp
. e_ba3}s °f SPQCtrum of activity, disinfectan

gt
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~g) Triclosan is organic phenyl ether and is very effective against gram-positive bacteria
~ and to some extent against gram-negative bacteria. It i is also effective against ﬁmgi

and viruses.

Hexylresorcinol is a complex chlorinated phenolic Compound_ It is incorporated into
mouthwashes, topical antiseptics, and throat lozenges. It is also uMﬁng
- powders and creams. I

; gnnaldehyde works as a bactencldal sponc1dal and virucidal agent. It is used
aqueous as well as gaseous form. For general purposes P 10% aque f
tion is used. ;

aldehyde is highly effecuve against. bactena (e.g., M. tubgrculom). fi l
(like HIV). Its tox:clty and irritancy to skin and eyes is oomparauvely
naldehyde. Generally, it is used as a 2% buffered solutnon

_n eofACﬁﬂl : srleg
hydes cause alkylation of
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¢1.3.5. Heavy Metals _
o term ‘heavy metal’ is used for denoting i
ent times, water-storage containers of silve;emgp;:‘:- ‘:::. silver, and copper. In
these metal vessels kept water safe (q drink. In the ey 2‘33'!1. as it was noticed
de (HgCl) had been widely Y 207 century, mercuric

used as a genery) g : :
laced with other less toxic and corrosiye agent: disinfectant; but fate, it was

: : Hlular proteins and inactivate them. For enmple, mercuric
e combines with sulphydryl (—SH) groups that inactivate enzymes, f s

A PR e

E"—.‘-’Y“‘< + HgCly — E'"zym<!ils +2HCL
, = 3SH & Rir5ei i

Active enzyme  Mercuric chloride  Inactive enzyme
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.4. Factors lnﬂuencing Disinfection
(ent of antimicrobial action, rate of dxsmfectlon a,nd potency of &
following factors: :
Concentration of Disinfectant: Concenu'anon of me d:lsmfectant
of hlhng mmmdrgamsms. -The Curve ¢

gnperthlre. Normally on mereasmg the tempemm-e the rate
. Temperature coefficient (Q,q) is used for quantitative
effect-onbwmal apumy Thus,
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. Tension: The surface properties influence the contact between the a
rties help in adsorption of §

lutions of disinfectants. These surface prope
smfwtants on the surfaces of cell, and also in spreading and v

&3" li"i} glthe Bﬂnfectant Formulation of a disinfectant is an i
fwtor as it influences the effective use of disinfectant. For example, g
ammemlml cmmpounds and chlorhexidine are at’ﬁcien’t in 70% alcohol t

7 Chemlell Sh-udnre of Disinfectant: Auy change in the mole
che:mca! eompmmd_ may alter the activity and efficiency of the disinfectant.

ution of an alkyl chain up to 6-carbons in length in
'butgteamrthanﬁ-carbonswlength decreases water solu

ctly inﬂuence the efficiency of disinfecti
re: 'd:rectly affects the efﬁclencym%f di
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100 colonies 500 colonies

~ (b) Agar plate dilution method

mgms.z.nmuﬁmwmmwwmmm R
~ (b) Agar Plate Methods

.2. Cup-Plate, Filtér !’aper, and Cylinder Plate Method,
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AR iheaich
Test m;chOmem
1
3 =
5
Figure 8.4: Evaluation of Disinfectants by W
or Giant colomil\lem‘l i

The width of the zone of inhibition (figure Mﬁ;“d‘ gwst
antimicrobial substances against vanon&ml us dunn

8. 1.5.4. Kelse -Sykes (KS) Test
This test is the measurement of the capamty of adis
is lused repeamedlyv in different mlcrohmlogical

ji  to retam lts activity, “’hﬂntt
Thls test is also known 4

lis test, b 0., Esch 10sd, and Staphylococcys
‘_mﬂg) are added to the_d:slnfecmt in three it time difference of 0, 1
' : These,th:eelots,arekeptm
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iinfectant is performed on the basis of ability ofsesscd by turbidity. Evaluation of the

it; results obtained after this are regarded as a faj| oi",f;‘;ﬁ“‘“‘ to kill microbes or lack of

Results will be negative, if two or more negative ¢ S il
case of negative rcsplts, the ﬁsinf;cwnt pasgses the lci:m?snﬁs:’bat?tmue?h mfa single set. Ig
" conditions. The thlrd condition is not considered in faillpa’s ; Crite? 1rs§3 and secon
| cultures serve as inbuilt controls. A lower concentration of the disinfec tl;i::n. ‘but positive
if negative results are obtained after the third condition t may be tested,

This test is used for examining the quantity of viable organisms, and also for testing the
thuld diSiflfeCtﬂntS .used in I.IOSpitalS. The efficiency of a disinfectant is determined ofl the
basis of its capacity to Kkill the known number of a standard strain of pathogenic
Staphylococcus, within the given time and surface. Results obtained by this test are
actically more useful than the results obtained from Rideal-Walker Test and its
.j;'j.!il caﬁOllS._ oty e i34} ; e
In this test, disinfectants are used in diluted form and the dilution at which the efficiency
d potency of the disinfecting agent is determined. The current standards for in-use test
provided by the American Official Analytical Chemists (AOAC) that mentioned the

P o 3
=
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for 48-72 hours, and eXamineq

The broth tubes are incubated at the temperature of 37 ‘(r:nisms- A typical example of teg
for the absence or presence of the growth of ;ﬂ\l;;(i’;:;-':sioefﬁ cient of the test disinfectap, 1,1'
-Walk |

result is shown below in table 8.1. The Ridea ble 8.1)-
is calculated, according to the data obtained (shown in ta ; ) |
fficient
Table 8.1: Deterlﬂ,jm*_tm Ride”]'walk; rci(;:ure (Minute) I
Disinfectant | Dilution | Time Interval for Sub- = )
S i R L |
- l -
Test disinfectant | 1 : 1000 + Bl 5 - ] ’
1 : 2000 + & Z g !
1:3000 + % ;- # ]
1 : 4000 R S e G I
Phenol 1:80 + ¥ i i
1:100 + % 7 =
1:120 + & % 5
1140 st e 0 BT
. Dilution of disinfectant killing in 10 minutes but not in 5 minutes
R.W.coeffieient= e . in 5 minutes
Dilution of phenol killing in 10 minutes but not in
2000
=——=20
100
Conclusion

1) If the Rideal-Walker or phenol coefficient for a given test disinfectant is 1, the
disinfectant has the same effectiveness as phenol.

2) If phenol coefficient of test disinfectant is 20, the disinfectant is 20 times more active
than phenol.

3) If phenol coefficient of test disinfectant is less than 1, it is less effective; and if more
than 1, it is more effective as compared to phenol. |

8.1.5.7. Chick-Martin Test
The phenol coefficient test is performed on laboratory level to study the bactericidal
action of compound with respect to phenol. In 1908, Chick and Martin suggested that
the disinfectants are essential to act in the presence of organic matter, so they
recommended the use of dried human faeces in the test system. As a substitute to hum: 2
faeces, Garrod suggested to use dried yeast. T
In this test, Salmonella typhi (test organism) is inoculated ini : 3yl “_!
concentrations of test substance (or phenol in case of Sm‘lﬂ‘:)s:ll::ﬁiglagz‘g’d y. :
The components are left for 30 minutes at 20°C to int e h: T
cultures are made into nutrient broth. ' s Y, AUPUCHS.IS

These sub-culture tubes are incubated for 48 at 37°C. fons are mad
regarding the presence or absence of m::hurs 6? 3_‘{°_(:-.‘__§)bs¢_=rvanons : ph
concentration that prevents growth in both systems is d Speroorganisms.  The
calculated. The same value would be obtained for the unknown
coefficient, the value obtained for phenol is divided by the value §
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5.2. SUMMARY

The details given in chapter can be s
1) Disinfection is a process of de

Ummarised ag follows:
struction or eliminat;

Ay ‘ ani n.! te ' . ’ + 3
- dishes, bench, etc.) are termed as disinfectants, Ao oblccts (el wogmpasd

. 3) The antiseptics are chemical agent, used on animate or livj i 3 -

~ body tissue, plant tissue, etc.). 1Ving bodies (e.g., human %

i Disinfectants are classified on the basis of the following factors %

i) On the basis of consistency or state of matter disinfectants are of two types: =
- @ Liquid (e.g., alcohols, phenols), and L :

0 { 425 e
~ii)  On the basis of spectrum of activity, disinfectants are of three :
a) High level disinfectants, ‘ : :
b) Intermediate level disinfectants, and
¢) Low level disinfectants. BRI Ds
) On the basis of mechanism of action, disinfectants are of following
a) Disinfectants acting on plasma membrane (e.g., al deter
'b) Disinfectants denaturing cellular proteins '
- Disinfectants oxidising essential sulphys I
- H,0;, halogens), ' R, 8
~d) Disinfectants alkylating amino-, carboxyl-,
 formaldehyde),and . oo
~e) Disinfectants damaging nucleic acid (e.

types; < sk

s

3 Ve L, Y T 31
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i sed as an antjp:

therefore is Use antimje, .
nt oxyget . atures proteins Obiy

ide releases nasce Jica which den S and |
13) Hydrogen PErO%”. © "0+ droxyl-free ract N
ves hy

agent. It also gl
molecules.
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surface active agents.

amples of
ts are the ex p :
d long chain hydl'OCﬂlbOn are aniuﬂic

14) Soaps or detergen
: gatively charge

tergents carrying negatiy
G E:tergents (e.g., s0aps and bile salts).

whi

16) Detergents having the fat—soluple pea‘:'tawm

combining with a quaternary nitrogen i
and benzalkonium chloride). Cationic

ammonium compounds (or quat).

i iolet

17) Aniline dyes include cr)(stal violet,
: acridine dyes are acriflavin and ax_mnac
and euflavine, in which only euflavine has

ch is made to have a positive charg
s are cationic detergents (e.g, cetri,mdy
are also known as quaternary

malachite green and bri}liant green, wp,
rine. Acriflavine 15 a mixture of Proflayp,
effective antimicrobial properties.

T T

18) Extent of antimicrobial action and rate of disinfection as well as potency of ,

disinfectant depends on the following factors:

i) Concentration of disinfectant,

ii) Temperature,

iii) Time of exposure,

iv) The pH of environment,

v) Surface tension,

vi) Formulation of the disinfectant,

vii) Chemical structure of disinfectant,

viii) Type and number of microorganisms present,

ix) Interfering substances in the environment, and

x) Synergism, antagonism, and potentiation of disinfectants.

ki

19) On increasing the temperature the rate of disinfection increases. Temperature
coefficient (Q,o) is used for quantitative representation of effect of temperature o

bacterial activity.
;. fcy:\flwﬁﬂmm shown by two antimicrobial agents which gives an increas
21) Allfagﬂnism or O] ‘—" | -eﬂm res“lt in deCl'eaSed antimicrobial aCtiVity andls

used in the elimina
e.g., sodium thiosu

22) Potentiation of a d
pplysorbate 80.

: etc. :

ed antimicrobial activity, ¥

uation of efficiency
chniques are used: e
1 Tube dilution and agar plate method
ll) Cup-plate, filter paper, and cylin
_"l) Ditch-plate or giant colony method,
1v) Kelsey-Sykes test, |

V) In-use dilution test, B
Vi) Phenol coefficient test — Rideal-Walker te
vii) Chick-Martin test. v ARG

of disinfectants follo¥*
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g3l True or False
cavy metals bind to thfT c_ellular Protein and aetiv.,.
Halogens are strong oxidising agents, thmf:mvate them,
2 cellular components. ¢ are destructiye
pisinfection is a process of destruction or lintinat:
3 aumbers in s_uch alow level, that they beco:;e = aﬁoﬂ of microbes, and decreasing their
y The antiseptics are chemjc_al agents, used op non-livie to imp
5 Alcohols act by dehydratmg the cells, by diszﬁnng bodleg.
coagulating the protein content of MiCroorganisms 8 bac“’_"al cell ‘membranes, and by

paee

FES

ynergistic effects are often shown by two antimicrn

N 6) S 2 AT Y tWo an agents, givi s

) onism or antagonistic effect : S=S, BIVing a decreased activity.
iy f 7) Antag s result in decreaseq antimicrobial activity.

| g3.2. Fillin the Blanks
o, g) Soaps or detergents are the examples of 2 :
) Hydrogen peroxide (H;0,) is an , effective against alrm. g
9) et . ve agam. s} mst all organisms at 3-6%
10) works as a bactericidal, sporicidal, and virucidal égent. | I
~ 11) The chemical agents used in case of lifeless or inanimate objects are termedas__ .
12) Alcohols are antimicrobial agents. ' el A
13) ____is used for quantitative representation of effect of temperature on bacterial activity.
14) of a disinfectant leads to enhanced antimicrobial activity. e/

N 1 Answers:

S

f 1) Fase 2 Tre  3) 'Frue 4 False 5 Tme
| 6 Fase 7)) True  8) Surfaceactiveagents ~ 9) Oxidising agent
| 10) Formaldehyde 11) Disinfectants 12) Broad spectrum

| 13) Temperature coefficient Qi) snisiy s k0. PRI coiivon 0P

el ISRl L A s ik T e ihiron e vl
Vs ok e V’eI?ySHOﬂ AﬂSﬂFW ' oty : ,'H‘ .g;:.gfj~‘="$:=:’-".-
ot cient i sl
zi-t £ ey =
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CHAPTER sterility Testing of
products

9.1.1. Introduction : ‘
B oo 3 Aceltics juct is free fi :
Sterility test evaluates whether or not a sterilised pharmac,eutlc‘t_l]_?ljtlﬁ'e 1:; ;.re inteurg:;-r.
contaminating microorganisms. According to LP. 199§, 1h§ stertil ’“ : ‘Pharmacopoeia_l ]
for detecting the presence of viable forms of microorganisms in or Of the |

preparations.

It is essential to strictly follow the important guidelines and vital pr ec‘auu?qary ey

to achieve maximum accuracy and precision of the entire concept Of sterility tesung for

life-saving secondary pharmaceutical products (drugs). Some of these basic factorss

guidelines, and necessary details are given below:

1) Sterility testing is closely related to a statistical pro
randomly sampled; thus, the chance of the particu
consumption depends on the ‘sample’ which has passe

2) Sterility testing should be performed under such conditions which are strictly
designed to avoid accidental contamination of the product under analysis. These
precautionary measures should not adversely affect the microbes that are required to
be revealed in the final test results. "9

3) The working environment where the sterility tests are performed should be
monitored at regular intervals by sampling the air and working area surface by ;
performing necessary control tests. .

cess in which a batch portion is
lar batch (lot) duly passed for -
d the sterility test. 4

4) Sterility testing is based on the principle that when bacteria are deliberately placed in 2
specific medium which provides the required nutrition and water, and is 2 :3,3?'
maintained at a favourable temperature (37+2°C), the microbes tend to grow, and th i
growth is visible in the form of turbidity in the medium (which was originally clear). .

5) The extent of probability in detection of viable microorganisms for the sterility ests
increases with the actual number present in a given quantity of the preparation ur 1o
analysis; it varies as per the species of microorganisms present. However, very w
contamination levels cannot be detected by random sampling of a batch. : 4

A batch is defined as a homogeneous collection of sealed containers prepared s h
that the contamination risk is same for each of the units present in it i

6) Random sampling cannot accurately detect contamination | :
contamination is not uniform throughout the batch. In such alz::selfco::eﬁ- o
the sterility tests alone cannot assure freedom from microbial C(‘mtamli)naﬁonv
thus a However, greater assurance of sterility should be Siepeaiypeng: rd"
manufacturing processes (such as strict compliance il et i
Mm). i d Good Manu acturing

Sterility tests are designed for detecting the presence of micranronn:

s under analysis. However, the results d,mggft;mmrsmm

ts of each and every container in the batch (tested) sh aﬁ:;!;mpno;: =.

e
M

3 il
‘1

e
3
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9.1.3. Membrane Filtration ., , overcoming the activiy
The membrane filtration method is used for avoiding ‘a ents €xist: Following conditjgp,
antibiotics for which practically little iru.ac:tivatltl'll]g0 d'? '
should be fulfilled for the membrane filtration M€ tors Ak d
1) An exceptional skilled and knowledgeable op

T Ve controls.
2) Rigorous routine usage of positive and negative

The salient features of membrane filtration method are:. hydrophobic-edged membry,
1) Solution of the product under analysis is‘ﬁlt‘?redn:’i]caroges- ¢
filter which effectively retains the conta.mmatmg e e
2) The resulting membrane is washed in sifu t© remo
the membrane surface.

3) The segregated microorganisms are asep

of antibiotic’ adhereq o

tically transferred to the culture media,

9.1.3.1. Culture Media

ili i i i referred: :
11:;’1' ﬁgﬁ%ﬁ:&%ﬁﬂ?ﬁﬁ?ﬁ aTl;;E medium is used for clear fluid products (table
9.2):
Table 9.2: Fluid TM&@_‘E"—_——
Ingredients Quantity (g) |
1) L-Cystine 0.5
2) Sodium chloride 25
3) Dextrose [CeH;,06H:0] 5.5
4) Granular agar [moisture < 15% wiw] 0.75
5) Yeast-extract (water-soluble) 5.0
6) Pancreatic digest of casein 15.0
7) Sodium thioglycollate or 0.5
8) Thioglycollic acid 0.3ml
9) Resazurin [0.1% fresh solution] 1.0ml
10) Distilled water to 1000m1

2) Alternative Thioglycolate Medium: This medium is used for turbid and viscid
products as well as for devices with tubes of small lumina (table 9.3):

Table 9.3: Alternative Thioglycollate Medium

Ingredients a
1) L-Cystine Qua'(')t'sty (®)
2) Sodium chloride o
3) Dextrose [CeH1,04H,0) o
4) Yeast-extract (Water-soluble) [ 50
5) Pancreatic digest of casein ‘1_50
'6) Sodium thioglycollate or :
7) Distilled waterto | 1_0_.5 ;

3) Fluid Soyabean-Casein Digest Medium: This moq.
- dissolving solids in distilled water i’ollm;ve'f!'hl s media (table

2L 94) is prepaf?d b)’
‘mw mnm temperature and if necessary : :

by slight warming, The solutior



¢
|
[

|

i
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addcd to giVC a ﬁnal pH of ] 1 2
: 3 3 5 3 after sterili
su1table containers and slerilised in an auto l‘ e ah[‘ 2l QC‘ I i i di
clay 1 | on 1s IS[rihU[Ed into

Table 9.4: Fluid s, abean-Cagej Di for 20 minutes.
Ingredients 1 Digest Medium

207

s S
1) Pancreatic digest of casein Q"?"J‘“y
REh el
2) Papaic digest of Soyabean meg| 17.0
3) Sodium chloride 3.0
4) Diabasic potassium phosphate [K;HPO,) 39
5) Dextrose monohydrate [CsH,,06-H,0) : £
6) Distilled water to o
1000m1
L e

9.1.3.2. Test Organisms

The test microbes for various media

and their j 3 .
bortui heir incubation conditions are mentioned in
Table 9.5: i : ;
oo Test Mlcmozg@l.Sms Used for Different Medium
um Test Microorganisms Incubation
(Strains Specified in LP.) Tem = ==
Fluid Thioglycolate i pretire (O | Condition
gly 1) Bacillus subtilis 30 to 35 Aerobic
2) Candida albicans 30to 35 Aerobic
3) _ Bacteroides vulgatus | 30 to 35 Aerobic
Alternative m@ymlam Bacteroides vulgatus 30 to 35 Anaerobic
Soybean-Casein Digest 1) Bacillus subtilis 20 to 25 Aerobic
2) Candida albicans 20 to 25 Aerobic

9.1.3.3. Precautions to be Taken

The sterility tests should be performed under highly specific experimental parameters to
avoid even least possibility of accidental contamination of the product under analysis.
The precautionary measures to be taken are:

1) A sophisticated laminar sterile airflow cabinet provided with effective HEPA filters

should be used.

2) Necessary steps should be taken to avoid contamination that they do not affect any
microbes need to be revealed in the test. i

3) The environmental or working conditions in the laboratory where the sterility tests
are being performed should be monitored timely by:
i) Sampling the air of working area,
ii) Sampling the surface of working area, and
iii) Performing the specified control tests.

9.1.34. Apparatus :
The most sujtall;le apparatus Consists of a clqsed msm{mri:ﬂd r:se )
a properly supported membrane of appropriate porosity 1 P ‘
e sl fo sty sing bas o pore S22 S D .
diameter of around 47mm. The efficiency of membrane

isfactorily established. S : brane prior to use. ;
2) mnv:ahg::umt isyassenibled and sterilised mﬂ?;":em. sedgel::ara\tely. thoroughly
3) If the sample to be used is oil, the me mt,k,-,,g the required aseptic precautionary

' dried, and then the unit is assembled '

receptacle between which
Some other features
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9.1.3.5. Dilution of Fluids ot A
In sterility test, the following two types of fluids are usec: iological peptone) g
1) Fluid A: lgm of peptic digest of animal tissue (such ﬁdi?tlm Th::glgg:i
| its equivalent is dissolved in water and volume is adjus d pH is adjusted to 7 14
i filtered or centrifuged to remove any particles present, an d autoclaved at 121°C for
0.2. The resultant solution is dispensed in 100ml flasks an
20 minutes.

N

| . il icillin or cephalosporin Clasg.
For iple, in a sterility test of a sample of peni the Fluid A (which is to be

antibiotics, the sterile penicillinase is aseptically added to the FAHC o
used for rinsing the membrane) in amount sufficient 10 ;ﬁc;l;iwﬁlizzedmﬁ
antibiotic activity on the membrane after the sample solution i :

2) Fluid B: If the test sample contains either oil or lecithin (a phosphoglyceride 'f*«.'s

- in blood and egg yolk, and constitute a part of cell membrane)_. _ﬂmd _B - uso_q._
~ cachlitre of fluid B, Iml of polysorbate 80 (non-ionic surface-active agent composed
of polyoxyethylene esters of sorbitol) has been added. Fluid B contains associate

¥

fatty acids, and is used in preparing pharmaceuticals. Af adjustmg;ts PH to 7.15
0.2, it is dispensed into flasks and autoclaved at 121°C for 20 minutes. ]
~ Note: A sterile fluid which can be used for dissolving, diluting, or rinsi
~ preparation under analysis for sterility should be free from any antimicrobi
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* In this case; an amount
9.7 is used, using the
ghly. For each medium, the

(A) of table
Xmg thomu

taken from the mixed sample.
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SpedalFeatures an be ad “_'._
i) Sterile enzyme preparations, €.g. penicillinase and cellulase € d :
fluid A for dissolving the insoluble substances:
. is always used fi
i) If the substance under analysis contains leclﬂ““ fid B sz bl o
d]lutlon _ : :

3) Oils and Oily Solutions: The steps followed for steﬂmy foat of oils and
_‘mluﬁms' e
) Oils or _,‘y' solutions of low vxscosny (i.e. Wltho"“ any dilution) are s ‘.'_
drymcmbrane ; :
-) The viscous oils should be dlluted using @

- myristate not exhibiting any antimicrobial activity un
) The oil is allowed to penetrate the membrane, and_thqg ﬁltefed by ,aPP

‘gmdua] suction using a vacuum pump.

me_gnbranc is washed by filtering
'ofm:ound 100m! of sterile fluid B or any other sterile

Thé néf stéps are as dcscnbed above for aqueous solutaons-[ﬁ'dm m

sterile dlluent, e.g., isop
der the test condmons

r.hroﬁgh it atleast 3/4 sue’ce‘ss'tve q 1ant
diluent.




re di "ngmshable from thenms Obsér\*ﬁdtm the
pefrformed usmg thce the number of samples




























he critical g,
surface, thuyg.

ss above the sterile
the pattern of air
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| 10) The operators should avoid or reduce the unnecessary movement within or around
the LAFH to minimise the airflow turbulence.

11) Smoking, eating, gum chewing, and drinking are strictly prohibited in the aseptic
environment. _ :

12) The objects should be arranged to get full benefit of the laminar air flow. Critical
items should be placed close to the air source. The objects in horizontal hood should
not be placed closer than 3 inches from the back of the hood (ensuring that nothing
should be in direct contact with the filter). The pharmacist in some cases, may stack

a few objects (such as IVPBs), but from lower to higher starting from the back of the
hood. Also, the stack should contain only 3-4 objects.

e

13) The aseptic procedures should be carried out 6 inches away from the sides and front
edge of the hood to prevent contamination.

_ 14) Testing of primary engineering controls (e.g., LAFHs, BSCs, and CAls) should be
' carried every 6 months by qualified personnel. Testing is also required whenever the
device is moved, or the filter is damaged. Specific tests are used for the certification
of integrity of airflow velocity and HEPA filter. s o bt

o

i
>

~ 10.1.3.3. Uses Jani
' Given below are the uses of a laminar air flow hood:
1) It has various applications, especially where an individual clean air environment is
E required for smaller items, e.g., particle sensitive electronic devices. e |
~ 2) Itis used for special operations in laboratories. : it '
~3) It can be tailor made to the specific requirem ts of laboratories and are also used for
general lab work, especially in medical, pharmaceutical, electronic, and industrial

© 10.1.3.4. Advantages #TT oo Pl i
. Given below are the advantages of a Jaminar ai fowBood: o ot nimid R
gn The sterile area is spacious. . = 2 ‘ :

¢ 2) Since the sterile arca does not become
3) Bigger flasks having wide lids

T
mﬁﬁm@'@m“
o elaRgn o
ol paaWE du

AR
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6) HVAC (Heating, Ventilation, and Air Conditioning)
HVAC system is a possible source of microbi
contaminants throughout the manufacturing unit.

223

System: An inappropriate
al growth and also disperses the
This occurs due to the following

‘ reasons:

i)
I‘ ii)
iii)
iv)

v)

vi)

Organic materials accumulate in or near HVAC air intakes,

Inadequate air filtration system,

Inadequate magnitude of pressure differentials, which causes flow of reversal
Incorrect ratio of fresh air to re-circulated air,

Incapability of accessing ventilation dampers and filtering fmm outsldc the
manufacturing areas, and

Non-directional airflow within production or pnmary packing areas.

10.1.5. Methods of Prevention of Contamination

The steps by which microbial contamination of products can be pn:vented m ase;-mc areas
| are discussed below: .
1) Personnel: They can Lake the following measures:

1)
A ii)

iii)

Access to production areas by the unauthorised personnel should be resmcted.
and only trained ones should be allowed to enter.

Adequate personnel hygiene should be maintained.

The personnel should be given proper and regular training wnth respect to
hygiene as well to ensure that their activities do not hamper the product quality.

‘Personnel entering the manufacturing area should wear protective cloihmg

(over-garments, hair cover, beard or moustache cover, and ovmhoes)
Personnel should avoid touching with naked hands*ﬂ:c exposed produc
partofeqmpmentincontacfwuhthepmdnct s :













7 2. SUMMARY

The details given in chapter can be summarised as follows:

]) Aseptic techniques are employed to protect the ophthalmic and
from the entry of microbial and particulate contamﬁ;ation. et o

2) Aseptic techniques are uscd.to design such an aseptic or sterile environment which
prOV%dCS a contrqlleq environment so that viable (microbial) and non-viable
(particles) contamination can be minimised. A controlled environment prevents
cross-contamination of Compounded Sterile Preparations (CSPs).

3) The layout of aseptic area should be such that cleaning can be don il
accumulation can also be reduced. . e easily and dust

4) The filling area should be .adjacent to the compounding area where the personnel
assemble and prepare materials utilised by the staff in the filling arca.

5) The floor, wall, and ceiling surface of clean rooms should be smooth, impervious,
and unbroken to reduce the release and accumulation of contaminating particles and
organisms. The surface material should be such that they can withstand the effects
of cleaning agents and disinfectants.

6) During aseptic compounding, a Laminar Airflow Hood (LAFH)/ Laminar Aseptic
Hoods, or a workbench, is a primary engineering control device which provides the
following services:

i) Clean air to the critical sites (immediate aseptic compounding area),

ii) Constant flow of air out of the work area to prevent the entry of room air, and

iii) Outward flow of air from the hood that suspends and removes contaminants
which have been introduced in the work area by personnel.

7) A High Efficiency Particulate Air (HEPA) Filter is the most important part of a

: g ". " ‘ - . < 1 —: s ; .

8) The filter medium used in HEPA filters is made up of pleated fiberglass paper. ;

9) HEPA filters provide: s LW

- ii) A high parti ulate holding capacity,and S 1
-u-u‘f‘) A]°W'Pm§§9ledf‘?l?m?th°ﬁ1‘;er- Vo SeuS et

11) A laminar air flow hood is 0 b
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11.1. MICROBIOLOGICAL ASSAY

11.1.1. Introduction

are obtained when a few animals have gone through statistical analysis to calculate mean

activity, standard error, etc. In microbial assays, each evaluation is performed using a

microbial culture, and the results obtained indicate the average response produced by

large numb'er of test organisms. Often in bioassays, the log dose and the fesponse have a

linear relationship; while in microbial assays; the dose and the response (within certain
limits) have a linear relationship.

The microbiological assay is a biological assay performed using microorganisms, e.g.,
bacteria, yeast, and moulds. These assays are much easier than those performed using
mammals for isolating essential vitamin; for example, a growth factor for Lactobacillus
proved to be similar to a haematopoietic factor in pernicious anaemic patients.

Many therapeutic agents, such as antibiotics inhibiting microbial
growth factors (vitamins and amino acids), are standardised by obiological
The activity of antibiotics (extent of inhibiting the microbial growth), vitamins, o

ds (extent of supporting the microbial growth) is determined. by mi
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| 3
Table ll;églmgwicr biologi 23

Antiblotic_ | Test Microorganisms ﬁf‘?&lﬁglﬁcg_l Assay of Antibiotics
_é_.".‘.’:lffgm, ‘ Staphylococcus aum‘_“hﬁ—ﬁglﬁ'gﬁw

) ;A’mLmEr.]cm B Saccharomyces cerevisiae 5——6‘__ S2eds

\ Mcm Mycobacterium smegmatis N—i“_“‘“‘_——g?i——*

\ Carbenicillin Pseudomonas aeruginosq hT“ il
poxycycline Staphylococeus aureys e jenE

| Erythrom)’Cin Micrococcus luteus h+ L=t
Gentamicin ______ |Staphylococcus epidermigi; | AR I s
Kanamycin sulphate | Bacillus pumilus Eah‘lj'"*_"““‘_' .32_35
Neomycin Staphylococcus epidermidis PRy s
Mb_iocin Staphylococcus epidermidis A 23_‘:5
Nystatin Saccharomyces CW G 35_3?
Oxytetracycline Bacillus cereus var, mycoides F ;2:35
Rifampicin Bacillus subtilis B 32;1,5
Streptomycin Bacillus subtilis E p_u
Tetracycline Staphylococcus aureus E 3’;3;

11.1.5.5. Preparation of Inoculum
' Suspensions of test microorganism can be pr epared by utilising the methods given below:
I) First Method: The test microorganism is maintained on slants of medium A and
weekly transferred to a fresh slant. The slants are incubated for 1 day at the
temperature specified. The microorganisms are washed (with 3ml of saline solution)
from the agar slant onto a large agar surface of medium A (such as a Roux bottle
containing 250ml of agar). It is then incubated for 1 day at appropriate temperature.
The bacterial growth is washed from the nutrient surface using 50ml of saline
solution. The test microorganisms are stored under refrigeration. The dilution factor
is determined which will give 25% light transmission at 530nm. The amount of
suspensions to be added to each 100ml of agar of nutrient broth using test plates or
test broth is also determined. The suspensions are then stored in refrigerator.

2) Second Method: This method is started as described in the first method but the
Roux bottle (used for growing mass cultures and single or monolayer cultures) is
incubated for 5 days (and not for 1 day). The supernatant liquid is centrifuged and
decanted. The sediment is re-suspended with 50-70ml of saline solution and the
suspension is heated at 70°C for 30 minutes. The spore suspension is washed thrice
using 50-70ml of saline solution and again heated for 30 minutes. Test plates are
used to determine the amount of suspension required for 100ml agar. The
suspensions are then stored in refrigerator.

3) Third Method: The test microorganism is maintained on lOlpl agar slant qf medium
G. It is then incubated at 32-35°C for 1 day. 100ml of nutrient broth is moc.:ulatgd
and incubated at 37°C for 18-24 hours. Then the method is continued as desgnbed-lln

the first method.

4) Fourth Method: This method is
growth is washed from the nutrient

s started as described in the first method but the
surface using 50ml of medium A (prepared

without agar) instead of saline solution. ik S
AR ‘ T D WA

11.10506. omcial Methws . $ . hder 'lr‘nt:ﬁla" iz‘

rmacopoeias suggest the following two antibiouc:ssaiwmm‘ g e

1) Turbidimetric or tube assay method. and

, v ot onoisanhiet
2) Cup-plate or cylinder-plate method. !
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W Cavity

S Sicfile Sakr
medium

Figure 11.3: Cavities Prepared in Sterile
Agar Medium for Assay of Antibiotics

4) Uniform volume of solution should be added to each cavity to fill them sufficiently.
If paper (.ilscs are used, they should be sterilised first, then dipped in the standard or
test solutions, and finally placed on the medium surface.

5) The pli{tes are allo'wed to stand at room temperature or at 4°C for 1-2 hours. This is
the period of pre-incubation diffusion which minimises the effects of variation in
time between the applications of different solutions.

6) All plates are then incubated at the temperature listed in table 11.3 for 18-24 hours.
' The diameters or areas of the circular inhibition zones (figure 11.4) produced by

Zone of
inhibition

Cavity

Test
microorganism L

i

. Figure 11.4: Zone of Inhibition Observed in
i mbnssh Plate (Assay of Streptomycin) i @

the assay designs should be selected based on

al monographs. Some of the common assay

) J%?
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\ The methods given below are used for determining the MIC of different antimicrobials:
ghl;, b 1) Liquid Dilution or Test Tube Method: A series of test tubes containing double

strength medium and labelled as shown in (table 11.4) are used. The first un-
momlated tl.ch_ (V) ?s not added with the inoculum used for checking the medium
sterility; while in the remaining 11 test tubes (0'-10), 3 or 4 drops of the inoculum
are added to reach the final concentration of microorganisms (105-106 cells/ml).

Except the un-inoculated and the control tubes, the remaining ones are added with
0.5-5ml of test chemical.

The seconq control tube (0) is used to check the medium suitability for test
microorganism growth and the inoculum viability. In all the tubes, the final volume
is adjusted up to 10ml using sterile water. The tube contents are mixed and incubated
at 37°C for 2-3 days. Then all the tubes are examined for microbial growth in the
form of turbidity, results are recorded, and MIC is calculated. A preliminary
experiment should also be carried out for determining the approximate range (test
solution) suitable for the test.

Table 11.4: Series of Test Tubes Containing Double Strength Medium

Tube Number | Volume of Double Volume of Test | Volume of Sterile
: Strength Medium (ml) | Chemical (ml) Water (ml)

0.0 5
0.0 5
0.5 % 4.5
1.0 4.0
155 35
2.0 : 3.0
2.3 L il i S8 e
30 Grobsey 2O
35 . L1 LS
40 LOS
45 0.5 Lyl Ey |

0 (uninoculated)
| 0 (control)

=1 T S =Y VY ) [ Y
hithla|h|La|a| La| La|Lh| LA La | Lh

L ARy

poured on petri plates. After solidification, the agar surface is inc
incubated at 37°C for 2-3 days. Mermll mm ser
growth and the MIC of test chemical is calculated. - S

R
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Microbial Contan_’lma* ;on
and Preservatlon o
Pharmaceutical Products
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12.1. SPOILAGE

12.1.1. Introduction Htaminant microbedil
The process of deterioration of pharmaceutical products by the co s ot
known as microbial spoilage. A stable and effective medicine !Tt;fg groduct Sither dil

. 4 £ bes can enter ]
damaged due to microbial growth. These micro Such spoilage either results in

manufacturing or use by the patient or medical staff. Jage will R
immediate product loss or increased litigation cost that whether the spoilag Arm

the user, thus leading to financial problems to the manufacturer.

Based on its proposed use, a pharmaceutical product is considered to b
microbiologically spoiled due to: 4
1) Presence of low levels of acutely pathogenic microbes or higher levels of opportunist

pathogens, ' ‘
2) Presence of toxic microbial metabolites even after death or removal of initia

present microorganisms, and
3) Occurrence of detectable physical or chemical changes in the product.

Formulating an economic product of desirable efficiency, stability, and patien
acceptability requires incorporation of various ingredients in a complex physical balance.
This potentially increases the risk of microbial attack and even microbial growth in th
product. Since the demand of sterile or self-sterilising products is increasing, th
formulators should establish a system having low levels of microbial contamination, ol
even if it occurs the microbes either fail to multiply or multiply minimally during he

product life.

12.1.2. Types of Spoilage
Spoilage may be of the following types: RS
1) Infection Induced by Contaminated Pharmaceutical Products: Processing faul
and contamination of injections during use produce localised infections ¢
septicaemia. Presence of a few microbial survivors in an injection may also ind ;
infection. Microbial growth occurring dmm:g storage of the sraducs pxid il )
administration, results in a highly infective or toxic product. For example, seve
eye infections have occurred in patients llsi‘ﬁg eye drops contaminatc;d 3
?s?.udomanas aeruginosa. Ointments and cream *(mqutred b e
stetile) if gets contaminated, causes dermatoses, burms, respiratory infections, &
other diseases transmitted via Shal'edpgo t Inefi ectively sterilised

contaminated wash-out solutions cause uring ons ;

3

Oral medications have a v,ariety,of.h o‘f hich are’ infoll
B 3 AT SRR g (o) ectl’

. and carmine
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£ i Gram“egauve bacterig

asoccm'ﬂn LR of other ingredients, e.g

‘use’ concentrations and dlluted. ,
at’ the

grow extensively in these solutions
using ammonium acetate buffer as a V!

:::::

e of fatty acids are readily
ii) Anionic Surfactants: lekah met:loand " stabl lin thﬂ;’ hsl;gaitxélsy lzﬂllfiam
wage but are by e sulpho el

fogla“(::zo':: SeAlkfl alkylbenzene  sulphatcs :;:cked l:mth sequenual
Mol vdhen e derTg ety gmnpu‘lshatc from the molecule after
oxidation of the alkyl chain and cleavage oftst’p s with increase in length
B s fision, Thefgs degmdmo Alle sulphates and alkyl ether
and complexity of alkyl chain branching the recalcitrant POlypropyien
sulphates undergo oxidation readily compared to uces to hydrogen sulphide
alkylbenzene sulphonates. The released sulphate e thus indicating

by the sulphate-reducing anaerobic bacteria in shampoos: .

ulations.
generation of very low oxygen tensions in viscous form
ylene alcohol emulsifiers readily

jii) Non-Ionic Surfactants: Alkylpolwxye‘h
undergo metabolism by yarious microorganisms. The :-as;koﬁ ielf:::ldat::ggcﬁn
decreases with increase in length and complexity © th ¢ ame way, but 2 8
Alkylphenol polyoxyethylene alcohols are attacked in ff-os orbuz;n est
more resistant. After lipolytic release of fatty acids from s e
polysorbates, and sucrose esters, the CYChc nuclei degrade to produce nume |

for microbial growth.

iv) Ampholytic Surfactants: Phosphatndes and some betaine derivatives readily
undergo degradation. Accumulation of the early, recalcitrant, anionic detergen
in the biosphere result in the designing of such anionic and non-ionic surfactants
a:h:ch readily metabolise, and thus cause nutritional hazards to pharmaceuticals

ﬁiéw!ﬂrgnnlc Polymers: Various tluckenmg and suspendmg pharmaceutical agents

~ result in nutritive fragments and monom:s when subjected to microbial

,-5?' - depolymerisation by extracellular enzymes, e.g., amylases (starches), pectinases
i (pectins), celluloses (carboxymethylcellulose), uronidases (tragacanth and
- acacia), dextranases (dextrans), and proteases (proteins); the enzyme names
mentioned along with their substrates m\pﬁenthesls

'Agarlsusedasanmertsuppou
degradmg mlcroorgamsms are pre

o S8 R

ﬂl,l.dergoes depolymensatlr
by sequential oxidation 0
l 2










816 used mon:rg:;l * this Solution o products which are
| t cause df@:.Pfec;i°“ risk. Low levels of
ugh ingregio oration at low rates, while high

°nts during processing or by the

; actlve ‘component(s). However, good-quality g
utritive to allow gram-negative bacteria
ly to levels in excess of 1x10° organisms per m

Denunerahsed water produced by on

xé&ix_qt_’s: expected hfeshould 0

ree of microbial spoilage which may

on containing a very I :
improper heat sterilisation)






organisms to phenolic and uher :
of mimgamsms on suspended particles (e.g., kaolin,
M. lum hydromde - gel) increases their life. Formulation

’imd Types of Mlcroblal Contammants

ons are contaminated by the materials used in their form
water, and

equipment) and by the environment in which they
m atmosphere and human sources). Various sources and ty]
ination are described here:

I atmosphere, number of microorganisms depends on the mty
nd the amount of dust. Air does not provide natural environment
multiplication of microbes as it does not contain the favourable

and nutrients). Microbes are carried into the atmospheric air
on dus: particles, skin, clothing, droplets of moisture, or

o cou.ighmg Prescnce of microbes in the atmo
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jected for sterility testing shy - i
e W o, the en\{ironment during thes testing
in an adequate] sy Sterility test by competent ‘and
ﬂﬂf;ﬁ (like nﬁeilt:ﬁ Toom with laminar flow cabinet
tesﬁhg;-' i €s and ophthalmic preparations)

b o l\r:lemomnjam in  Non-Sterile Produen  Viable
. »‘_«m' ; m A;ﬂ.. ; ptIOducts are tested for detection of pathogens and total
:,_Anagentcausingﬁseinte e g
R . mperature when injected into a
pme“ The lipopolysaccharides and lipoproteins which are
o e cell wall Of gram-negative bacteria are called endotoxins.
o bbommo::l e YknOWn as pyrogens. Pyrogens are detected by two

n test, pyrogens are injected in Iaboratory rabbits and their body
‘mbmhbted'fo(gmiﬁcpeﬁodofﬁme. : : Ay”‘
ocyte Lysate test (LAL), the pyrogen-containing sampl
0 in the lysis product of amoebocyte cells of the giar
us polyphemus). ' T

n of Pharmaceutical Products Usin

A

d to non-sterile dosage forms to

LS

dose containers, thus they  inhib
St ot o inciy et
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: se of food colour
The food colouring chemicals have harmful effects, thﬂefmclile ncy of antimicrol

made from synthetic chemicals should be avoided. The efficiency of %
preservatives depends on their ability to kill live cells; thus t?;uom?‘;:;yvést;:a;g

igi i sen =
Many plants and compounds of natural origin (like css & rabetinces producell

destroy bacteria, yeast, and fungi; however in many S asivextracts have il

effects to humans. For example, citrus or grapefrul T ife i
antimicrobial properties and some of their constituents are responsi thre 3
hormonal imbalances. ")

An antimicrobial agent should possess the following ideal d.mmmmhcs:

1) It should be efficient against many species of microorgamsm_s' :

2) It should possess high water solubility or easy dissolution in commonly yg
cosmetic ingredients. ;

3) It should be safe and should cause no irritation. ;

4) It should be neutral with no effect on product pH.

5) It should not have any effect on product efficiency.

6) It should not have any adverse effect on product appearance.

7) It should be stable over wide range of temperature and pH.

8) It should be available readily and its supply shouldl?é stable.

9) It should be economical. j i

Table 12.1 enlists some antimicrobial agents used in Eharmaéeutiéal products:
Table 12.1: Antimicrobial Agents Currently Used in Pharmaceutical Products

1) Single-dose multiple-dose injections AR
Chlorocresol (0.1%) Benzylalcohol (1.0%)

Cresol (0.3%) Phenylmercuric nitrate, acetate, or |
Phenol (0.5%) borate (0.002%)
Chlorbutol (0.5%) ‘ B

2) Eye drops and contact lens solutions | AR !
Chlorhexidine acetate or gluconate | Thiomersal (0.1%) |
(0.1%) Benzalkonium chloride (0.3%) | Chlorbutol (0.5)

3)  Oral liquids ; NS SR T
Methyl, ethyl and propyl p- $ S '
hydroxybenzoate (parabenz) (0.3%) :
Benzoic and sorbic acid (0.3-0.5%) b
Chloroform (0.25%) :
Bronopol (0.5%)

4) Creams
Parabenz (0.3%)
Chlorocresel (0.1%)
Bronopol (0.5%)

12.1.2. Eval
Microbial stability te

1) Sampling
i) The number o
Pharmacopocia

i) Samples of asep
g during, and end 0

tified cool spots

<F les from te uH.k




| membrane filtration mehoq ; is ptefel‘ted, wlnl =
! nsed as an altemanve Method, . |







e 7 used for endotoxm test should be free from any cndotoxms;

and dependabmty of the test method for each product 1s:

lot is a quantitative method as it quantifies bacterial endotoxmsm ihe test
n by ulmmnto an end point.

Limit Test (Test for Specified Microorganism) i
is designed for determining whether ornotaprepamuonftﬂﬁlsﬂi;
gpeclﬁcahons of microbiological quality.

B it G (TAMC or TABC),I

Agar (TSA). A \},}
Mo\lnd Count (TYMC or Total Fun,gal Co\mt)w W 7

._‘n‘;“\

g 5.,4‘






na

% Lo ol
naceutical P

& ( ”‘ﬁ“t-].;

-

LS L |




eutical Microbiology.

Pharmac
266 _.._--—-—-—"'_"’"'_——-_——_—-{'
R cell
Animal
CHAll;TER Culture
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—

13.1. CELL CULTURE

13.1.1. Introduction | sbsequent growtiing
The process of removal of cells from an animal or plant, anl re. The cell to be cltull
favourable artificial environment is referred to as cell Cﬂd > 'e,nzymatic or mechan R
may be obtained from the tissue directly and disaggregate yl' i) rsin that has.'
means before cultivation, or they may be obtained from a cell lin ]
already been established.

d deliver nutritional, hormonal, and
f in vitro animal cell, the culture
oxygen and

The culture media used to culture animal cells shoul

stromal factors. For the growth and maintenance O e
conditions should be similar to in vive conditions with respect to temperature,

carbon dioxide concentration, pH, osmolality, and nutrition.

Vertebrate cells can be cultured using a media rich in essential amino acids, vitamins,
peptides, or protein growth factors, and frequently provided by serum. Then?fore, tissue
culture media used in the previous times were made up of biological fluids such as
plasma, lymph, serum, and tissue extracts of embryonic origin. Most of the cultured
vertebrate cells grow when attached to negatively charged substratum, identical to the:

extracellular matrix of animal tissues.

Following types of cells are involved in the animal cell culture:
1) Primary Cells: These cells are derived from animal tissues, grow limitedly in
culture, and give rise to a cell strain.

2) Transformed Cells: These cells are derived from animal tumours or arise from
primary rodent cells, and grow indefinitely in culture. They have an unstable,
aneuploid complement of chromosomes, including abnormal chromosomes.
Transformed cells derived from a single parental cell are known as cell lines.

3) Cultured Cells: These cells are treated with certain viruses or polyethylene glycol to

be fused into heterokaryons (hybrids between cells of dif speci h loft
the chromosores of onb Efees ka1 s of different species, which ...'f

Culture medium is the most essential factor for culturing i e
medium is comprised of the following two parts: f = e, A cell cully b
1) Basal Medium: It supports ar

control.

Set of Supplement: It supports other
W in the basal medium.

fions of fmﬁkﬂ pH, osmotic p
ents which cannot be synthesised b
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'13.1.2. Growth of Animal Cells in Culture

| cell culturing is more difficult than microbial culturing because animal cells
d more nutrients and should be attached to specially coated surfaces for their
‘gj__sﬂ]ljﬂ there are various undifferentiated and differentiated animal cell types which
e been cultured. :

267

‘The nine amino acids, known as the essential amino acids (histidine, isoleucine,
}elmne. lysine, methionine, phenylalanine, threonine, tryptophan, and valine), are not
synthesised by adult vertebrate animals and therefore must be obtained from external
sources. Apart from these, most of the cultured cells require cysteine, glutamine, and
tyrosine also, synthesised by the intact animal cell, e.g., liver cells synthesise tyrosine
from phenylalanine; liver and kidney cells synthesise glutamine. All animal cells both
within the organism and in culture can synthesise the remaining eight amino acids;
therefore these amino acids need not be present in the diet or culture medium, Other
essential components of media of the animal cell culture are vitamins (cannot make at
all or in adequate amounts), various salts, glucose, serum, and the non-cellular part of
the blood. :

Most of the cultured animal cells require special solid surfaces for growth. Within the
intact animal tissues, the cells are tightly packed and interact with other cells through the
cellular junctions. The cells are also in contact with the extracellular matrix (a complex
network made up of secreted proteins and carbohydrates to fill the intercellular spaces).
The constituents of matrix secreted by the cells participate in binding the cells in tissues
together; as well as it also provides a lattice through which cells can pecially at
the early phase of animal differentiation. ¢ Ay

b B :‘:Tj;w SrRotiarhisias i '91'
o o o ki : - Ty el
In various animal tissues, the extracellul?r ma?iou} -onsi '%ﬁﬂg
G J B9 10l shantrl WG
components: o X . 0 s

1) Fibrous collagen proteins,
oV Hv alorois aata Sl ba immicing Svain R il
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3y pH: Neutral pH value (i.e., 7) is considered to be optmum for the growth of ce
facilitates inspection and control of cultures. : &
s carbohydrates which initiate

4) Energy Sources: The major source of energy 1 D Placose; while off

in cultured cells. The most commonly used sug 5
maltose, sucrose, fructose, galactose, and mannose are also used.

5) Amino Acids: Arginine, cysteine, histidine, isoleucine, lysine, etc., are the s
amino acids required for the growth of most animal cells. E
nicotinic acid, panthoic acid, pyrida

. Biotin, line, folic acid,
6) Vitamins: Biotin, choline, 1o ins required for the gro

riboflavin, thiamine, and inositol are some of the vi
and multiplication of animal cells.

7) Hormones and Growth Factors: Hormones and growth factors are essentia.l fi

variety of different effects on the survival and proliferation qf cells. .Ins
hydrocortisone are the most commonly used ones. Also. interleukins,
stimulating factors, epidermal growth factor, and fibroblast growth factor

8) Proteins and Peptides: Fetuin, fibro
supplements commonly used for stimu

9) Fatty Acids and Lipids: These are important components of some serum-
media, but their effect has not been yet established.

) I
T
%)

nectin, albumin, and transferrin are the pro
Jating animal cell proliferation and gro th.

10) Accessory Factors: Some additives like iron, zinc, copper, and selenium |
elements also aid in effective cell growth.

13.1.3. General Procedure for Cell Culture
The cell culture methods are either applied to free-living organisms (bacteri
cukaryotic microorganisms), or to cells removed from multicellular tissues. Cells c
cultured for a prolonged time if they split regularly. After that the growth edi
replaced and the cells are diluted (after first detaching them by trypsin of NaOH fron

support).

ring cells efficiently, the environment in which they found themselves
fore they are transplanted to the artificial environment (an extrace
ym blood). This extracellular fluid is recreated using Ham's tissue ¢
for mammalian cells). -

e in bloodstream) survive without attaching to a surf:
d from solid tissues) require a special surface. There are
cteria types which survive under either condition and
g on wlwtheror not they are attached to a surface.

| lncnts growdedby a liquid broth that
™, m Y




derived from continuous cell lines or
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population reduces the degree of genetic and phenotypic variation.

Initiation of cell culture can be discussed under the following heads:

D
2)
3)
4)
5)
6)
7
8)

Preparation and sterilisation of the substrate and culture vessel,
Preparation and sterilisation of the medium,

Isolation of cells and tissues,

Disaggregation of tissues,

Primary cell culture,

Sub-culture, ) ,
Cloning of cell lines, and 5
Contamination in cell culture.

Cells isolation

by enzymatic

and mechanical

Sub-culture . -

population of cells derived from a single parental cell is called a clone, which may be
from primary culture. Cloning within a cell
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13.1.3.3. Isolation of Cells and Tissues free from contamination; while
aren Before jsolation of the tssue,

on.

In general, embryos and other contents of the uterus :
in adult tissues, bacterial contamination may be comm moved aseptically. The isolateq
the site is sterilised with 70% alcohol and tissues (BSS), €8 EBSS or HBS§

tissues are transferred to Balanced Salt Soll dium. Care should be taken not
. supplemented with antibiotics or to a suitable culturé me d explant.
to disrupt ethical or legal boundaries in obtaining the R h

' : e transferring them to 3

rcfngerauonh?;i;‘:  ssue several days afier

The isolated tissues should be stored under
red from €

culture medium, as viable cells may be recove
explanation.

13.1.3.4. Disaggregation of Tissues | cels, Epithelial tissues are impregnated

Some tissues are made up of tightly aggregate 3 cell culture can

with Ca?* and Mg®* ions, which provide integrity to ther- o p";a? suspension of C;ﬁe

obtained by allowing the cells to migrate out from t.he tissue, & ma[ic;a o Is

can be obtained by disaggregating the tissue mechamcauy or enzy B tran'; fortied llln

suspension further grow to yield a primary cell culture. The norm ' cﬁlture cells

when attached to a substrate can survive and proliferate t0 yield a primary i

Tissue disaggregation can be done by the following three 'meth(.de_: 3 B collecs

1) Physical Disaggregation: This involves slicing the tissue into pieces and collecting
the cells which spill out. ,

of 'enzymcs like trypsin, pronase,

2) Enzymatic Disaggregation: This involves use
damage cells.

etc.; but this method demands labour and can even

3) Treatment with Chelating Agents: This involves use of chelating agents like
citrate, and EDTA for producing suspension of cells from established cultures.

Physical (Mechanical) Disaggregation
The physical disaggregation method is a force based technique. In this method, the

ﬁ§sue is aseptically removed with much care from a given spot and kept in a sterile petri
dish containing buffered medium with balanced salt solution. The spilled cells are passed
through sieves of decreasing pore size (S0um to 20mm mesh). The process can be

repeated if more disaggregation of cells is required.

The debris left on sieves is discarded and the medium containing cells is collected

followed by counting the cells with a haemocytometer. The medium can also be diluted
with serum if one wants to increase the level of cells up to 10*cells/ml (figure 13.2). The
cells can also be collected using syringe needles. Sometimes cells are re Y a:tedly
pipetted, thus causing mechanical damage to the cells. %

The viable cells so obtained are called primary ¢ Whlchare i on the culture
ary viable cells of primary cell
‘cd adherent culture. In case some

ells, they are separated using 2
'OWn in suspension; and
in suspension bY

non-viable cells also grow along with the ad
second medium. In the same manner, primar
the non-viable cells are removed from

centrifugation using Ficoll and sodium.
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18olation of cel%:egatlon does not r

equire larpe s
u ~
cells, thus lowerin B¢ quantities of expensive enzymes for

Although it i
L 18 a quick an
2 the recovery rates, d cheap method, it causes more damage to

Enzymatic Disaggregation

In this
s method, enzymes
Emb i y es are used for isolatin '
ryonic tissues carry numerous und; 12 a large number of cells from tissues.
thus embryonic tissues can be dis' ndifferentiated cells with least extracellular matrixg
In fragile tissues (as in tumours aggregated more rapidly than adult or new Dorn Lissues,
normal tissues. Tissue dis: ,Uur’*). chances of cell death and recovery are more than in
trypsin enzymes (trypsi saggregation by enzymes commonly employs collagenase .
in proteolytic CnZYll)l(ll; - ‘;‘f‘mg more commonly used). Digestion of tissue by incubation:
. is effective. Taetiiy enzymes due to the
following reasons: Yo i
1) Itis tolerable by various cells
2) Itis effectively used for many tissues, and
3) Its residual activity is neutralised using serum of the medium tissue-

Use of Collagenase

Collagenase enzyme is used for disaggregation of embryonic, normal, and malignant

tissues. Collagen is found in the intracellular matrix, therefore. collagenase disaggregates

normal and malignant tissues. It can also damage the epithelial cells, but not the fibrous.

tissues. Some non-specific proteases are also present in crude collagenase. The method
] salt solution containing

~ involves cutting the tissue to be disaggregated into pieces in basa olu
are washed with sterile distilled water an

L untibiotics (figure 13.3). The tissue pieces s
. transferred in a medium containing collagenase. After 5 days the mixture 1s pipetted out so
[ that the medium get dispersed. When the medium is left for sometimes, the res1dL_tul culture
. of epithelial cells settles in the bottom of test tubes, which are washed by settling or the

lagenase. Now the suspension

dispersed cell suspension is centrifuged to remove col
contains enriched fibroblast fraction which is plated out on medium: and the cluster washed
by settling consists of enriched epithelial fraction which is also plated on medium.

 Useof Trypsin :
Tissue disa"gﬁﬁgation with trypsin enzyme 18 termed trypsinisation. The crude form of
= ¢ tissue because trypsin inhibitors can

in is used for disaggregation of embryoni
is _free medium only. Using trypsin for
ithelial cells or sometimes becomes

ise its residual enzyme activity in serum

saggregation sometimes cause damage (o

ective for fibrous tissues. Trypsin, however, is tolerated by various cells and is also

ffective for many tissues. Depending on the temperature of trypsin, trypsinisation may
of the following two types: -

Cold Trypsinisation: In this method, the tissue to be disaggregated is cut into 23
small pieces and kept in a small sterile glass vial (figure 13.4 A). These pieces are then
washed with sterile distilled water and then removed from vials, dissected keeping On
BSS. All the contents are again transferred in glass vial placed on ice and soaked for 4~

6 hours in cold trypsin  allow the ation of enzymes in tissue. Now typsif is




Irypsinisation (B)
Transfer 1o
250ml flask

Tissue pieces o ]m ml
trypsin at 35.6°C

Add trypsin- l

Stir for 3-4 hours
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: primary cultures are the |
experiment, and the procedure followed for isolation ¢
proteolytic enzymes. Thus, specific membrane receptors ¢
the membrane is damaged, and cellular products are lost.

13.1.3.6. Sub-Culture (Secondary or Continug
After the cells in primary culture vessel have grown and
substrate, they are sub-cultured for further T
removing the cells from the substrate with the help of en;
the primary culture). These enzymes are also used f_ﬁ!‘ “
which cells are attached to the substrate. ;

Some cell lines are harvested by scraping off the cells in the

Then the cell suspension can be sub-divided and placed in

After obtaining cells in desired amount, they are e
[Dimethylsulphoxide (DMSO) or glycerol]. frozen,
temperatures (below —130°C) until they are required.

13.1.3.7. Cloning of Cell Lines
A group of cells obtained from a primary culture at the
line (which does not indicate homogeneity or the characte
cell line is grown and incubated under optimum condit
incubator. The cell lines develop from cell cultures witl
cells being mutated undergo continuous muli
considerably. Sometimes, normal cell can be fus
monoclonal antibodies. The cell lines mostly grow

a limited time (8-10 sub-culture in 12 weeks); then
out or produce continuous cell lines to be grown infir

Bt

_ Table 13.
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13.

Industry and R ch
Animal cell culture has the followmg apphcanons

)

2)

3)

4)

5)

11:9‘ Applieatip

Model Systems: A good model system is pmv;ded by t
following studles '
i) Basic cell biology and blochemistry

ii) Interactions between disease-causing agents and cells,
iii) Drug effects on cells,

iv) Ageing process and the trigger factors, and
v) Nutritional studies.

Toxicity Testing: Cell cultures are used for smd}mg the
cosmetics, and chemicals on survival and growth i !
purpose they are either used alone or together with ar

Cancer Research: The «ﬂhﬂfamce between normal and, cam
by growing them in culture. Even the normal cultured cells can
cancer-causing cells with the help of chemicals, viruses, mda ¢
mechanisms involved can be studied. Cultured cancer
system fm: determination of drugs and methods suitable

Virology: Replication of viruses in cell cultures to be u
qneofﬂwearhestuses ofcellcultul:e Chmcaldctwuon,

Cdl“-m Mmhlﬂ‘ Gell cultums are used fml
wmmmhn_wpdfotﬂnpmdwﬁonofpoho mb;es.
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as follows: and their subsequent growth
ant

The details given in chapter can be summariscd_ o o
1) The process of removal of cells form an anim o el culture.

in a favourable artificial environment is refcrre_ 11 culture: ;
the animal c€ ow limitedly in culture, and

2) Following types of cells are involved in imal tissues, &

i) Primary cells are derived from an
give rise to a cell strain. - AT
Transformed cells are derived from anima
rodent cells, and grow indefinitely in culture. vethylene g!
Cultured cells are treated with certain viruses (:; fl*}:er species,
into heterokaryons (hybrids between cells of di

chromosomes of one species on dividing). S
3) A cell culture medium is comprised of the followmgntl:’mqp for mutrients, salts, and pH

i) Basal Medium: It supports the cellular require

mours or arise from primary

u

ii) .
ycol to be fused

iii) which lose the

control. : d allows the cell;
ii) Set of Supplement: It supports other cellular requirements an T
to grow in the basal medium. ¢ animal cells are:

4) The conditions need to be maintained for the growth 0
i) Balanced Salt Solution (BSS),
i1) Buffering systems,
iii) pH,
iv) Energy sources,
v) Amino acids,
vi) Vitamins,
vii) Hormones and growth factors,
viii) Proteins and peptides,
ix) Fatty acids and lipids, and

X) Accessory factors.
5) The process of cell culture can be discussed under the following heads:

i) Preparation and sterilisation of the substrate and culture vessel,
ii) Preparation and sterilisation of the medium,
iii) Isolation of cells and tissues,
iv) Disaggregation of tissues,
v) Primary cell culture,
vi) Sub-culture,
vii) Cloning of cell lines, and
viii) Contamination in cell culture.
6) Tissue disaggregation can be done by the following three methods:
1) Physical disaggregation, . . :
ii) Enzymatic disaggregation, and
iii) Treatment with chelating agents. TR
7) Physical disaggregation method is a force based iR o
of tissue and collection of spill out cells. _teg!m!que Which involves slicing
8) The primary viable cells of primary cell culture ame -1 .
culture is called adherent culI:ur:ry - culmm called adherent cells and the

9) Enzymatic disaggregation of tissues commo ll SRNERHG o 1
enzymes (trypsin being more commonly used), X W‘W’i@l}agenase and trypsin
1o b 3 A TR

10) Collagenase enzyme is used for di
malignant tissues. '

RS

) ':'., ﬂgkwomc, normal, and
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disaggregation with rypsin eny m
, emperature qf 1rypsin, try
Cold trypsinlls.auo_n, and
Warm trypsinisation.

sion is a type of enzymatic digestion in
pugh the tissue and the cells are collecte
ised for isolation of cells from liver.

e surgically removed celg
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S is terme T T
PSinisation mg, g YPsinisatiop,

D :
e of followmg tWo type epending o

S:

Which » bOTii
d'in T olution g Pumped

NZyme solutiop, This technigue

of an Organism attach, divide, anq
onment. The res

Brow whep placed
Sultant Culture g

known gg Primary

p of cells obtained from 5 ture at the firge sub-

| line.
ary culture can be dope by the follo
Explant cultures i) Enzymatic gis
single cell suspension, the cellg m;
ch is sub-cultured by transferring into Special grow
alture vessels at optimal growth conditions,

cell culture may get contaminated by:

- Chemical contaminatic_)n, and

1ological contamination.

. i . lture systems are
ing cells, two basic culture Systems are used. These cu
3'rol‘:;wasafd on the ability of the cells to either grow on attached g_lass or treated
y-substrate (Monolayer Culture Systems) or floating free in the culture
im (Suspension Culture Systems).

cultured cells are described on the basis of their morphology (shape and
ce) or their functional characteristics as follows:
pithelial-like cells,
ymphoblast-like cells, and
ibroblast-like cells. 3 : |
ed cells may also be of the following types:
} [}
. sor or stem cells, !
differentiated but committed cells, and
ure di iated cells. : i
dlfferentlfil s a phenotypic change V{h.lch de[l)ler;disn m::ht::gtgz
e t'i:ln'II‘I;:l:f:sformation of cells results in the following
aterial.
¢ instability,
yrtalisation,
' growth control, and
] Gy.

Primary ¢y} culture is termeg as

wing twe ways:
sociation

Primary or starter culture
th nutrient medium contained

: <l Iﬂf
grow limiedly n culur, and give s 0




f new genetjc
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