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Foreword
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I wish more undergraduate and postgraduate students will read this book for
updating their knowledge and skills.

I wish the book to be a landmark in subject of Microbiology.
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Principal
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Preface to the Tenth Edition

Over 27 years back first edition of The Short Textbook of Medical Microbiology was brought out in 1982.
Since then the volume is galloping while passing through silver jubilee year landing right into revised,
enlarged and updated tenth edition decorated elegantly and colorfully with entirely fresh and new get
up. Indonesian edition of this volume was published in 1990 with collaboration of Binarupa Aksara
under the title MICROBIOLOGI DASAR earning fame and name in that region.

It has been kept in mind to condense and include the latest major meaningful advances in medical
microbiology in this volume. Distinct feature of this volume is inclusion of updated Medical Parasitology
with Entomology. All the chapters are thoroughly revised and updated as highlighted by esteemed
readers from time to time. New chapters are included namely; microbiology in the service of human
being, molecular techniques in microbiology, emerging and re-emerging infections and laboratory and
hospital wastes. Also included in this volume: Biofilm, new methods of disinfection and sterilization,
super antigen, Ogawa medium, adenosine deaminase activity, immunological investigations of
Muycobacterium tuberculosis, Napah virus, pandemic of swine flu (H,N,) breakthrough 2009, laboratory
diagnosis of septicemia/bacteremia and infective endocarditis and Nobel prize in Medicine etc.

The challenge was to keep the volume comprehensive, profusely colored, beautifully illustrated and
still handy maintaining emphasis on the needs of MBBS and BDS students. Several colored figures and
photographs, tables and colored illustrations (adjusted appropriately between texts) are included to
enhance and intensify the utility of this volume. The chapters pertaining to clinical microbiology are
especially addressed to budding doctors (interns and house surgeons/physicians) who usually face
problems in collection and transportation of clinical samples for laboratory investigations.

Itis the privilege to offer my sincere gratitude to my respected teachers: Professor TD Chugh, Professor
Uma Sabharwal, Professor RK Arya and Professor DR Arora for their blessings, encouragement, inspiration
and good will. My special thanks to Professor Aruna Aggarwal, Professor BL Sherwal, Professor Jagdish
Chander, Professor Prem Narwan, Professor Raj Kumar, Professor Anjum, Professor Bella Mahajan and
many others for their best wishes and valuable suggestions in upbringing the current edition of this
volume.

I'am thankful to Dr GM Warke of Hi Media Laboratory, Mumbai, for kind permission to use some
photographs.

I acknowledge the help rendered by faculty of Department of Microbiology, Gian Sagar Medical
College and Hospital, (Banur), Patiala in the preparation of this edition. Thanks to Mr Gurpreet Singh for
taking responsibility of secretarial work of this volume.

Professor AS Sekhon, Dean and Principal, Gian Sagar Medical College, (Banur), Patiala has encouraged
me and enriched me with his good wishes to accomplish the commitment of bringing up this edition to
the contentment and expectations of readers. From the core of my heart, I am grateful to him indeed.

My sincere thanks to Shri Jitendar P Vij (Chairman and Managing Director), Jaypee Brothers Medical
Publishers (P) Ltd., New Delhi and his dedicated and dynamic team for publishing this book elegantly
and speedily.

In true sense I derived much inspiration and blessings from my mother, respected Late Smt. Kaushalya
Gupte and respected father Late Shri Charanjit Gupte. Also, I take opportunity to express my thanks to
all my family members especially to my wife Mrs Jyotsna Gupte and dear son Anubhav Gupte who
actually helped me sincerely while I was simply engrossed in preparing and also during finalizing this
manuscript.

Comments, suggestions and constructive criticisms towards improvements of future editions of this
volume are very much welcomed. In fact, they underline the shortcomings which are looked into and
rectified in the interest of our esteemed readers.

“Gupte House” Satish Gupte
60, Lower Gumat,

Jammu 180016

September, 2009



Preface to the First Edition

In India as also in other countries of the Third World, despite advances in the field of microbiology, there
has been an acute dearth of well-written textbooks on the subject for the undergraduate medical students.

The Short Textbook of Medical Microbiology attempts to fill that long-left gap. In spite of great deal of
expansion in all branches of microbiology, I have tried to make it concise yet comprehensive, handy and
up-to-date. The stress has been on contemporary medical microbiology’s relevance for today’s needs in
our set-up. A large number of line diagrams and tables are included to simplify the points. Also, the
language has been simple, easy and straightforward. In line with our requirements more emphasis has
been laid on practical aspects. A strong point of the digest is a special stress on the mechanism of production
of disease by the microbes and laboratory diagnosis.

In writing this volume, I have considerably counted on the superb teaching of my teachers, namely
Prof TD Chugh, Prof RK Arya and Prof (Mrs) Uma Sabharwal. The goodwill and wise counsels of Dr DR
Arora, Dr Ashok Malik, Dr (Mrs.) Santhosh Saini, Dr Satish Walia, Dr RL Kaul, Dr (Mrs) Sudershan
Kumari Gupta and Dr Satish Sharma proved a source of much stimulation.

Lastly, I express my appreciation for the various favors extended by the family folk at various stages
of publication.

With this, let me hope that this little book makes its modest contribution by presenting the subject of
medical microbiology in an easy, simple and straightforward form helping the undergraduates to imbibe
basic and applied things on the subject.

“Gupte House” Satish Gupte
60, Lower Gumat,

Jammu

July 1982
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Glossary of
Microbiology

Readers may find it useful to go through the
following definitions, or at least indications of their

meanings.

A

Abscess:
Acid fast:

Accessory:
Active
immunity:

Active:
Adenine:

Adenosine
triphosphate

(ATP):

Adjuvant:

Aerobe:

Agglutinate:
Allele:

Allergy:
Anaerobe:

A localized collection of pus.
Resistant to decolorization by
acid after staining with hot car-
bol fuchsin and hence retaining
a red color when stained by
Ziehl-Neelsen method.
Something added which helps.
Dependent upon stimulation
of person’s own immunological
mechanisms.

To make something work.

A purine constituent of nucleic
acid.

Compound in which energy is
stored in high energy phos-
phate.

bonds; its components are the
purine adenine, D-ribose and
three phosphoric acid groups.
Insoluble materials which act to
keep antigens in tissues for lon-
ger period, thus cause a longer
stimulation of antibody pro-
duction.

An organism which requires
oxygen to live and reproduce.
To join together to form clump.
One of a group of genes which
can occupy a given place on a
pair of identical chromosomes.
An abnormal sensitive reaction.
A microorganism not requiring
oxygen to live or reproduce.

Anamnestic A rise of an existing antibody

reaction: level in response to irrelevant
stimulus.

Anhydrous: Containing no water.

Anode: A positive electrode.

Antagonism: Impairment of the efficacy of
drug in the presence of the
other.

Antibiotic: A substance used to kill micro-
organisms. It is a product of
microorganism

Antibody: A globulin produced in the
body in response to the antigen
or foreign bodies.

Antigen: Any substance which can cause
the production of antibodies.

Antiserum: A serum containing antibodies
against particular organism.

Antitoxin:  An antibody against particular
toxin.

Asepsis: Without infection.

Atmospheric The pressure of air on earth.

pressure:

Attenuated: Reduced virulence but
retaining antigenecity for host.

Atypical: Unusual.

Auto- Infection of oneself.

infection:

Automatic:  Doing something by itself.

B

Bacilli: Stick-like or rod-like bacteria.

Bacteria: Single celled organisms
containing both RNA and DNA
which reproduce by binary
fission.

Bacteriology: The study of bacteria.

Bacteremia: Presence of bacteria in blood-

stream.
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Bacteriocide:
Balantidium
coli:

Beaded:

Binary
fission:

Biologic

oxidation:

Biologic
oxygen
demand
(BOD):

Biopsy:

Bio-type:

Bi-polar:

Blepharoplast: Basal

Blister:

Bovine:
Booster dose:

Brittle:
Brownian
movement:

Budding:

Buffer:

C

A chemical used to kill bacteria.
A protozoan ciliate causative
agent of balantidiasis, a type of
dysentry.

Staining at intervals along the
length of bacillus.

Simple cell division by which
the nucleus and cytoplasm
divides into two.

Any chemical reaction occurr-
ing within a cell that results in
the release of energy respir-
ation.

A measurement of the amount
of oxygen required for the mic-
robial decomposition of the
organic matter present in
water.

The removal of small piece of
tissue during life for exami-
nation.

A classification or a group of
genetically similar organisms.
The staining of bacillus at both
ends.

body structure in
hemoflagellates from which
axoneme arises.

A small swelling in the skin
filled with serum.

Associated with cattle.
Additional infection of antigen
to maintain antibody produc-
tion at its peak.

Easily broken.

Passive to and fro movement of
bacteria suspended in a fluid,
due to irregular bombardment
of molecules in fluid.

An asexual form of reproduc-
tion of unicellular organisms,
e.g. yeast cells.

A solution, the reaction of
which is not easily altered by
adding an acid or alkali.

Candling:

Inspection of an unbroken egg
by holding it in front of bright
light source to know whether
embryo is alive or dead.

Capsid:
Capsomere:
Capsule:
Carrier:
Cathode:
Cell:

Cell line:
Cellulitis:
Characte-
ristic:

Chemothera-
peutic agent:

Chitin:

Chromatin:

Chromo-
somes:

Chronic:
Clone:
Clinical
disease:
Clue cells:

Coccus:
Colony:

Commensal:

The protein coat surrounding
the genome of virus.

One of the units of which virus
capsid is composed.

A coating outside cell walls of
some bacteria and fungi.

One who is harboring but not
currently suffering any ill-effect
from pathogenic organism.

A negative electrode.

A microscopic mass of proto-
plasm containing nucleus.

An in vitro culture of cells of
known origin.

The result of a spreading infec-
tion of pyogenic bacteria in the
subcutaneous tissues.

A quality which distinguishes
something, i.e. typical.

A synthetic chemical suitable
for systemic administration and
effective in treatment of micro-
bial infections.

Polysaccharide containing glu-
cosamine, characteristic of cell
walls of some fungi and also
found in insects.

Darkly staining nuclear mate-
rial.

Thread-like structure in the cell
nucleus which contains genes
carrying inherited characteris-
tics.

Slowly developing.

Cell derived from single cell.
The ways by which a disease
shows itself in a patient.
These are epithelial cells
covered with large clumps of
coccobacilli. They are good
markers of infection.

A rounded or ovoid bacterium.
A number of organisms living
or multiplying together on
culture media and they result
from multiplication of a single
organism.

Deriving nourishment from a
host without causing any harm
or benefit to host.
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Complement:

Control:
Constitutive
enzyme:
Conjugation:
Culture:

Culture
media:

Cytopathic
effect:

Cytoplasmic
streaming;:

D

A group of substances present
in fresh serum and necessary
for completion of some
processes like lysis that result
from anti-antibody inter-
actions.

A check.

Produced under all circumstan-
ces, not dependent upon the
presence of appropriate sub-
strate.

Exchange of genetic material
between bacteria.

The growth and multiplication
of microorganism.

The material used in a culture

to nourish the growth of micro-
organism.

Degenerative changes occurr-

ing in tissue culture cells as a
result of microorganism infec-
tion.

Continuous movement of cyto-
plasm within the cell which
results in constant distribution
of intracellular contents. It pro-
vides amoebic motility to some
types of cells.

Darting:
Decolorize:
Deaminase:

Delicate:
Deposit:

Desiccation:
Detergent:

Diplococci:

Disinfectant:

Distorted:
E

A fast jerky movement.

To remove color.

An enzyme which catalyzes the
removal of an amino group
from a molecule with liberation
of ammonia, the process is
called deamination.

Fragile, which can be damaged
easily.

The sediment at the bottom of
tube.

Drying or removal of water.

A surface active agent used in
cleaning.

Cocci which occur in pairs.

A substance of chemical nature
used for destroying pathogenic
microorganisms.

Altered or changed.

Effective:

Producing a result.

Electrolyte:

Elementary
bodies:

Embed:
Emergency:

Encapsulate:
Endemic:

Endogenous:

Endotoxin:

Enriched
medium:

Enrichment
medium:

Enzyme:

Epidemic:

Eradicate:
Excision
repair:

Exogenous:

Exotoxin:

Exudate:

A chemical which helps to keep
correct water balance between
the fluid in the cell and that
which surrounds it.

Single chlamydiae particle visi-
ble by ordinary microscope
after staining.

To penetrate into tissue.

A serious situation requiring
immediate attention.

To surround with a capsule.

A disease constantly present in
an area.

Originated by organisms or
factors already present in the
patient’s body before onset of
disease.

A toxic component of micro-
organism (Gram negative), lar-
gely dependent on the death or
disruption of the organism for
its release.

A culture medium to which an
extra nourishing substance is
added.

A liquid medium used to
encourage preliminary growth
of an organism so as to enhance
the chances of growing it on
subsequent plate culture.

A chemical produced by living
organism to help some parti-
cular reaction.

A disease that temporarily has
a high frequency in a given
community.

To get rid of.

An enzyme system which can
repair DNA by the elimination
of ultraviolet light induced thy-
mine dimers.

Originated by organisms or fac-
tors from outside the patient’s
body.

A toxin released by living mic-
roorganisms into the surroun-
ding medium or tissues.

A fluid, often from formed
elements of blood, discharged
from tissue to a surface or
cavity.
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F

Factor:

Facultative:

Fermen-
tation:

Filament:
Fimbria:

Flagellum:
Flocculant:
Flocculation:

Fluctuation
test:

Fluorosis:

Fomites:
Fragment:

Fungus:

Fusiform:

G

A substance with a special pur-
pose, e.g. blood clotting factor.
Able to behave in a specified
way, with the implication that
is not, however, the usual beha-
vior.

The slow decomposition, for
example by microorganisms, of
organic material such as the
decomposition of a sugar solu-
tion by yeast to form alcohol.
A fine thread-like structure.
Hair-like protrusion from
bacterial cells.

Whip-like organ of motion.

A mass of cells floating or
settled to the bottom in a liquid
medium.

Precipitation in small cloudy
mass.

It is to determine the develop-
ment of mutants in culture. The
testis based on the concept that
mutation is a completely ran-
dom event, and spontaneous
mutation would result in the
number of mutants in a series
of identical cultures.

Mottling of tooth enamel due to
excessive amount of fluoride in
water.

Objects contaminated with pat-
hogenic microorganisms.

A piece broken off.

A simple unicellular or multi-
cellular structure which repro-
duces by forming spores.
Spindle shaped.

Gel:
Gene:

Genetic:
Genome:

Genotype:

Genus:

To become solid, to set.

A unit of inheritance found on
chromosomes.

The study of inheritance.

The total genetic material of an
organism.

The inherited characters of a
particular individual.

A group of closely related spe-
cies of plant, animal or micro-
organism.

Globulin: A plasma protein divided into
the alpha, beta and gamma
fraction.

Gram- Staining red by Gram'’s

negative: method.

Gram- Staining violet by Gram’s

positive: method.

Growth An ingredient of which at least

factor: small amount must be present
in a culture medium so that it
supports the growth of given
organism.

Granules: Small grains or particles, e.g.
metachromatic granules of
diphtheria bacilli.

H

Halophilic:  Salt loving.

Hapten: A substance which acts as an
antigenic stimulus only when
combined with protein but
capable of reacting with resul-
tant antibody in uncombined
state even.

Hemolysis: The destruction of red cells
with the release of hemo-
globulin.

Hereditary: Transmitted from one genera-
tion to the other.

Hetero: Different.

Heterolo- Related to different kind of

gous: organism.

Hfr strain: A high frequency mating strain.

Homologous: Related to same kind of orga-
nism.

Host: The organism from which a
parasite takes its nourishment.

Hypertonic: A condition in which the fluid
surrounding a cell is more
concentrated than that within
it.

Hypotonic: A condition in which the fluid
surrounding a cell is less con-
centrated than that within it.

I

Identical: Exactly same.

Immune: Protected from disease by the
presence of antibodies.

Immuno- Globulins which act as anti-

globulin: bodies.
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Inactive:

Inclusion:

Incubate:

Infection:

Inoculate:
Intra:

In vitro:
In vivo:

L

The heating of serum at 56°C to
destroy its complement and
inhibitory factors.

Something which is enclosed.
To keep at the same tempera-
ture for a given length of time.
The entry and multiplication of
pathogenic organisms within
the body.

To introduce a living organism
into a culture medium.

Inside.

In laboratory apparatus.

In a living animal or human
being.

L-form:
Ligases:

Locus:
Lyophili-
zation:
Lysis:
Lysogenic

conversion:

Lysogeny:

M

Cell wall deficient mutant.
Enzymes that catalyze the link-
ing together of two molecules.
The definite place of a gene on
a chromosome.

Combined freezing and des-
iccation (freeze drying).
Disruption.

Alteration of the property of
bacterium as a result of lyso-
geny.

A temporary stable relationship
between bacteriophage and its
bacterial host, in which the
phage is reproduced in step
with the bacterium and, thus,
handed on to succeeding
generation of bacteria.

Macrophage:

Medium:

Metabolism:

Microaero-
phile:
Misense
mutation:

A large mononuclear phago-
cytic cell.

A nutrient substance used to
grow microorganisms.

The process of building up che-
mical compounds in the body
and their breaking down
during activity.

An organism which grows best
in subconcentration of oxygen.
A change in cell’s DNA with the
effect that a wrong amino acid
has been put into essential
protein.

Molecule: ~ The smallest part of an element
or compound which can exist
in normal way.

Monolayer: A sheet of tissue culture cells
one cell thick.

Morphology: A study of the form of cells and
organisms.

Motile: Capable of movement.

Moult: The shedding of skin.

Mutation: ~ An alteration in genetic mate-
rial.

N

Neutral: Neither acidic nor alkaline with
pH of 7.0.

Nodule: A small rounded swelling.

Normal: Usual or ordinary.

Normal A solution in which the equiva-

solution: lent weight in grams of a che-
mical is dissolved in one liter of
solution.

Nucleoid: Genome.

Nucleocap: The genome and capsid.

Nucleus: An essential part of the living
cell, containing the chromoso-
mes and controlling cell
activity.

Nutrition: ~ Food.

O

Obligatory  An organism which cannot live

anaerobe:  in oxygen.

Occult: Hidden.

Opaque: Not allowing light to pass.

Optimum:  The most suitable.

Oxidation: =~ Combination with oxygen.

P

Pandemic: ~ World-wide epidemic.

Parasite: An organism which takes its
food from another organism
without giving anything in
return.

Passage: Administration of micro-orga-
nism to a host and its sub-
sequent recovery from the host.
This way pathogenicity of
organism is modified.

Passive Dependent upon injection of

immunity: readymade antibodies and not

upon the subject’s own immu-
nological mechanisms.
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Pathogen:

Petri dish:

Phage type:

Phagocyte:
Phenotype:
Pigment:
Pilus:
Plasmid:

Polymerase:

Prophage:

Prophylactic:
Prozone:

Protoplast:

Puerperal
fever:

Purulent:
Pus:

Pyogenic:
R

An organism which can cause
disease.

A shallow circular flat botto-
med glass or plastic dish used
as a container for solid media.

The identity of a bacterial strain
as indicated by its sensitivity or
resistance to the lytic action of
bacteriophages.

The symbol that indicates the
acidity or alkalinity of a
solution. pH less than 7 is acid
and more than 7 is alkali.

A cell which ingests micro-
organisms.

The expression of genotype.

A coloring substance.

Fimbria.

An extrachromosomal portion
of genetic material.

General name of enzymes con-
cerned with synthesis of nucleic
acid.

Bacteriophage in a lysogenic
relationship with its host.

A medicine to prevent disease.
The occurrence of an antigen-
antibody reaction only when
serum is adequately diluted but
not when it is used at higher
concentration.

A bacterium deprived of its cell
wall.

Acute infection following child
birth due to introduction of
infectious agent into the uterus.
Containing pus.

A thick yellowish green fluid
containing phagocytic cells col-
lecting in tissues infected with
pyogenic bacteria.

Pus forming.

Rack:
Rash:

Reaction:

Reagin:

A stand for holding tubes.

A skin reaction, usually seen as
small reddened or raised area.
An action which takes place in
response to something.
Antibodies associated with
certain types of hypersensiti-
vity reactions. It may be con-
tained in serum causing

Recom-
binant:
Reduction:

Replication:
Reticuloen-
dothelial
system:
Retraction:
Ribonucleo
protein:
Rodent:

Room
temperature:
Routine:

S

Wassermann reaction and
related reactions.

A cell or clone of cells resulting
from conjugation.

The removal of oxygen from a
chemical compound.

Virus reproduction.

The system of phagocytic cells
in the body.

Shrinking.

Material in the cytoplasm and
nucleus of cell.

A gnawing animal, e.g. rat,
mouse.

Usually 18 to 20°C.

Carried out regularly.

Sanitize:

Saprophytic:
Saturated
solution:
Satellitism:

Selective
medium:

Septicemia:

Serology:

Serotype:
Specific
antibody:
Spheroplast:

Spirochete:
Sterilization:

Symbiotic:

To reduce microbial number to
safe levels.

Living on dead organic matter.
A solution which has dissolved
as much as it can of a substance.
Enhancement of bacterial
growth on a solid medium
around a source of growth
factor.

A solid culture medium on
which all but the desired orga-
nisms are wholly or largely
inhibited.

Presence and multiplication of
bacteria in blood stream resul-
ting severe disease.

The study of serum especially
antibody contents.

Antigenic type.

An antibody which react with
one particular antigen only.
Similar to protoplast with the
difference that cell wall damage
is partial and reversible.
Genera of spiral bacteria.

The process of killing all living
microorganisms including
spores.

Living in mutually with the
host.
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T

Technique: The method by which some-
thing is done.

Temperate A phage capable of a lysogenic

phage: relationship with its bacterial
host.

Thermostat: An instrument to control the
temperature.

Tissue: A group of similar cells.

Titer: The highest dilution of
antibody in a serum which will
react with its specific antigen.

Tolerogen: An antigen that induces tole-
rance.

Toxoid: Toxin rendered harmless but
retaining antigenicity.

Transduc-  Transfer of genetic material

tion: from bacterial strain to another
by means of bacteriophage.

Transfor- Acquisition of genetic charac-

mation: ters of one bacterial strain by a
related strain grown in
presence of DNA from the first
strain.

Transport A medium which increases the

medium: chances of survival of micro-
organism during trans-
portation from patient to
laboratory.

Turbid: Cloudy.

Typical: Showing usual features.

U

Undulating: Up and down, i.e. wavy.

Unicellular: Single celled.

Unstable: Easily changed.

Urticaria: A skin rash caused by allergy.

\%

Vaccinate:  To introduce into the body
killed or mildly pathogenic
organisms to produce resist-
ance against disease.

Vaccine: Material used in vaccination.

Variation: A change from the usual.

Vector: An insect which carries micro-
organism or parasite and is
capable of transmitting this.

Viable: Able to live.

Vibrio: A comma shaped microorga-
nism.

Viremia: Presence of viruses in the
bloodstream.

Virion: A virus particle.

Virulent: Harmful.

W

Working A solution used in a test, made

solution: up from concentrated stock
solution.

Y

Yeast: A unicellular fungus.

V4

Zygote: The cell formed by the fertili-

zation of a female cell by a male
cell.



History and Scope

INTRODUCTION

The first simple forms of life appeared on earth
more than three billion years ago. Their
descendants have changed and developed into
the several million types of animals, plants and
microorganisms recognized today. Of course,
thousands more remain to be discovered and
officially described.

Microscopic forms of life are present in vast
numbers in nearly every environment known,
i.e. soil, water, food, air, etc. Since the
conditions that favor the survival and growth
of many are the same as those under which
people normally live. It is not unusual to find
out these microscopic forms on the surface of
our bodies and in mouth, nose, portions of the
digestion tract and other body regions.
Fortunately, the majority of these
microorganisms are not harmful to humans.

Many microscopic microorganisms or
microbes occur as single cell, others are multi-
cellular, and still others such as viruses, do not
have a true cellular appearance. Some orga-
nisms called anaerobes are capable of carrying
out their vital functions in the absence of free
oxygen; whereas other organisms can manu-
facture the essential compounds for their
physiological needs from atmospheric sources
of nitrogen and carbon dioxide. Other
microorganisms such as viruses and certain
bacteria are totally dependent for their
existence on the cells of higher forms of life.
The branch of science known as microbiology
embraces all of these properties of
microorganisms and many more.

As we progressed towards conquering
over many infectious diseases like smallpox,
anthrax, plague, etc. and campaign is in pro-
gress with varied vaccines and other efforts

on war footing hopes we dashed to the ground
with reemergence of diseases like malaria,
influenza, tuberculosis, plague, dengue and
many more. Not only this, but we were further
discouraged with the appearance of new
microbes causing disastrous diseases like
AIDS (1981), Lyme’s disease, Ebola fever,
Marburg disease, Hepatitis-C, Hepatitis E,
Hepatitis F, Hepatitis G, SARS bird flu, swine
flu etc.

On the positive side microbiology has its
share in contributing as a model in studies of
genetics, molecular biology in addition to
suggesting diagnostic methods, prevention
and control of various diseases of microbes
origin. Genetic engineering is another magnifi-
cient gift of microbes with other technique of
genetic manipulations.

One of the attractive features of micro-
biology is the amount of investigations and
work remaining to be done. Many decisions
affecting the future of the world may depend
upon and involve the activities of
microorganisms in areas like food production,
pollution control, energy production and the
control and treatment of diseases. In short,
microbiology has assumed a position of great
importance in modern society.

Medical microbiology (Gr. mikros-small,
bios-life, logos-science) is the study of
causative agents of infectious disease of
human beings and their reactions to such
infections. In other words it deals with
etiology, pathogenesis, laboratory diagnosis,
treatment, epidemiology and control of
infection.

Obviously, medical microbiology has close
link with other disciplines, i.e. pathology,
clinical medicine, surgery, pharmacology cum
therapeutics and preventive medicine.
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Microbiologists are enthusiastic to confirm
the diagnosis and cause of macroscopic chan-
ges by taking smears and preparing cultures
from the lesions to demonstrate microorga-
nisms, e.g. circumscribed boil of staphylo-
coccus, the spreading cellulitis of
streptococcus, the red-liver-like appearance of
lung in pneumococcal pneumonia, the
tubercles followed by syphilis and intestinal
ulceration of salmonella organism, etc. The
pathology of infection is quite fascinating as it
includes affinity of pathogens for certain tissue
and initiation of infection and characteristic tis-
sue reaction. Each investigation is regarded as
research project in miniature. The clinician by
requesting it is asking a question and the
laboratory will attempt to reply it as reliably,
rapidly and economically as possible.

Historical Events

Long before the discovery of microorganisms
certain processes caused by their life activities,
such as fermentation of wine juice, milk, yeast,
etc. were known to mankind. In ancient times
at the beginning of civilization, man by using
these processes learned to prepare koumurs,
sour milk and other products.

In the works of Hippocrates (460-377 BC),
Verona (2nd century BC), Lucretins (95-55 BC),
Pliny (23-79 AD), Galen (131-211 AD) and
other scientists of that time, the hypotheses of
living nature (contagium vivum) of contagious
diseases was described.

Varo and Columella (first century BC) sug-
gested that diseases were caused by invisible
organisms (animalia minuta) inhaled or
ingested.

Fracastorius of Verona (1546) felt that
contagium vivum may be the cause of
infectious disease.

Kircher (1659) could find minute worms in
the blood of a plague patient. It is more likely
that he observed perhaps only blood cells with
the apparatus which he had at his disposal at
that time.

Antoni van Leeuwenhoek (1683) could give
description of various types of bacteria. He
also invented the simple microscope.

As microbes are not visible to the unaided
eye, the observation had to wait till

microscopes were developed. Jensen (1590)
happened to be the first fortunate person who
successfully magnified object using hand lens.
The credit for observation and description of
bacteria is attached to Antony van
Leeuwenhoek of Holland (1683). An amateur
lens grinder and was first person to make glass
lenses powerful enough for observation and
description of bacteria. He suggested that
population of increase of animalcules were
progeny of few parenteral organisms and
described many different living and parasitic
protozoa, filamentous fungi and globular
bodies (yeast cells) from human and animal
stools. He introduced meat and vegetable
infusions in culture medium and 250 single
lensed microscopes. Robert Hook, a
contemporary of Leeuwenhoek developed
compound microscope in 1678 and confirmed
Leeuwenhoek’s observation.

Von Plenciz (1762) proposed that each
disease was caused by a separate agent.

Augustino Bassi (1835) proposed that
muscardine disease of silk worm was caused
by fungus.

Oliver Wendell Holmes (1843) and Ignaz
Semmelweis in Vienna (1846) independently
put forward the view that puerperal sepsis
was transmitted by the contaminated hands
of obstetricians and medical students.
Washing of hands in antiseptic solution was
suggested for its prevention.

Pasteur (1857) established that
fermentation was the result of microbial
activity. Different types of fermentation were
associated with different kinds of micro-
organisms. He introduced techniques of
sterilization and developed steam sterilizer,
hot air oven and autoclave. He started his work
on pebrine, anthrax, chicken-pox, cholera and
hydrophobia. He attenuated culture of anthrax
bacilli by incubation at high temperature (42°C
to 43°C) and proved that inocculation of such
culture in animal induced specific protection
against anthrax. Pasteur’s development of
vaccine for hydrophobia was the greatest
breakthrough in medicine. He is remembered
as a man who laid the foundation of micro-
biology. He is also known as father of
microbiology.
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Robert Koch (father of bacteriology) per-
fected bacteriological techniques during his
studies on the culture of anthrax bacillus
(1876). He introduced staining techniques and
also methods of obtaining bacteria in pure
culture using solid media. He discovered
bacillus tuberculosis (1882), Vibrio cholerae
(1883) and also demonstrated Koch's
phenomena which is the expression of
hypersensitivity phenomena of Mycobacterium
tuberculosis.

He also suggested criteria before blaming
the organism responsible for disease. It goes
by the name of Koch’s postulate, according to
which:

1. Organism should be present in the patho-
logical lesion and its demonstration from
this lesion.

2. We must be able to culture the organism
from the lesion.

3. These cultured organisms must be able to
produce same lesion when injected into
animals.

4. Again these organisms should be cultured
from animal lesion.

5. Antibodies against these organism should
be demonstrable (added subsequently).
Lord Lister (1854) used carbolic acid spray

on wound during operation. He is also called

father of antiseptic surgery.

Hansen (1874) described leprosy bacillus.

Neisser (1879) described gonococcus.

Ogston (1881) discovered staphylococcus.

Loeffler (1884) isolated diphtheria bacillus.

Nicolaier (1884) observed tetanus bacilli in
soil.

Fraenkel (1886) described pneumococcus.

Schaudin and Hoffman discovered the
spirochaete of syphilis.

Roux and Yersin (1888) described mecha-
nism of pathogenesis when they discovered
diphtheria toxin.

Loeffler and Frosch (1898) observed that
foot and mouth disease of cattle was caused
by a microbe, i.e. filter passing virus.

Walter Reed (1902) observed that yellow
fever was caused by filterable virus and that it
was transmitted through the bite of mos-
quitoes.

Landsteiner and Popper (1909) showed
poliomyelitis was caused by filterable virus.

Towert (1951) and Herelle (1917) discove-
red lytic phenomenon in bacterial culture. The
agent responsible was termed as bacterio-
phage (viruses that attack bacteria).

Fleming (1925) made the accidental dis-
covery that the fungus penicillium produces
a substance which destroys staphylococci.

Ruska (1934) introduced electron micro-
scope and hence detailed study of morphology
of virus was possible.

Jerne (1955) proposed natural selection
theory of antibody synthesis.

Burnet (1957) put forward clonal selection
theory.

Burnet (1967) introduced concept of immu-
nological surveillance.

New agent of infectious diseases continue
to emerge, e.g. HIV (identified in 1980). The
outbreaks of plague in 1994, cholera in 1995,
and dengue hemorrhage fever in 1996.

As such many workers in medicine have
been awarded Nobel Prizes for their outstan-
ding contributions in microbiology (Table 2.1)

The methods of many infectious diseases
and vaccine production have been revolu-
tionized, e.g. recombine DNA technology,
PCR, nuclear anaprobes, radioimmunoassay,
ELISA, etc.

MICROBIOLOGY

In short this is the science dealing with the
study of microorganisms.

APPLICATION TO HEALTH

Scientific names of microorganisms in labora-
tory investigation reports can be quite infor-
mative for the physician who may take
appropriate decision in treating the patients
accordingly. Certainly the knowledge of
various microorganism can be helpful in
understanding their activities in the laboratory
studies.

Of course genetics and the adoptability of
microorganisms to chemotherapeutic agents
is a must for correct administration of doses
of antibiotics at properly spaced intervals.

The student will very soon start to associate
names of various organisms with morphology
and then with specific disease they cause.
Needless to say that scientific names of



1901 Behring

1902 Ross

1905 Koch

1907 Laveran

1908 Ehrlich and Metchnikoff

1913 Richet

1919 Bordet

1928 Nicolle

1930 Landsteiner

1939 Domagk

1945 Fleming, Florey and Chain

1951 Theiler

1952 Waksman

1954 Ender

1958 Lederberg, Taitum and Beadle

1959 Ochoa Kornberg

1960 Burnet and Medawar

1961 Watson and Crick

1965 Jacob, Mond and Lwoff

1966 Rous

1968 Nirenberg, Holley and Khuranna
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1972 Porter and Edelman

1974 Christian

1975 Dulbeco, Baltimore and Teonin

1976 Gajdusck and Blumberg
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1978 Arber, Nathans and Smith

1980 Snell, Dausset and Benacerrof
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1993 Richard J Robert

1997 Stanley B Prusiner

2005 Barry J Marshal and Roben Warren

2006 Andrew Fire and Craig Mello

microorganisms are clues to the characteristic
properties of each organism. However, it
would be useless to learn the name of
microorganisms without knowing the
meaning and significance of these names.
Recovery of Bacillus subtilis from sterilized
packages in operating room is quite dangerous
because its survival indicates that sterility is
not attained. However recovery of the Bacillus
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Antitoxins

Malaria

Bacteriology

Malaria

Theories of immunology

Anaphylaxis

Immunology

Typhus fever

Blood groups

Sulfonamide

Penicillin

Yellow fever vaccine

Streptomycin

Cellular culture of polio virus

Genetics

Genetics RNA

Theories of immunity

Genetic code, structure of DNA

Genetic episome and prephage

Viral etiology of cancer

Synthesis of DNA

Genetics, mutations

Structure of immunoglobulin

Lysosomes

Genetics and mutations

Slow virus and Australia antigen
Radioimmunoassay

Restriction enzyme

Major histocompatibility complex (MHC) and
genetic control of immune response

Mobile genetic element

Monoclonal antibodies

Generation of immunoglobulin diversity
Discoveries of important principles that have resulted
in the development of a series of new drugs including
Acyclovir for herpes and AZT for treating AIDS
Discovery of cellular origin of viral oncogenes
Split genes

Prion

Helicobacter pylori as causative agent of gastritis and
peptic ulcer

RNA interference—gene silencing by DS RNA

subtilis from dust in the hospital wards would
not be a source of alarm, since this organism
is not pathogenic.

There is a widespread notion that staphylo-
coccal infections to be seriously viewed. As
such the beginning student may take with
great concern reports of skin cultures that
show the presence of Staphylococcus
epidermidis. The more experienced and
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knowledgeable investigator, however, is able

to discriminate and recognize only those strain

of staphylococcus that produce a golden
yellow (aureus) pigment, the enzyme
coagulase, that are the main causes of
dangerous cases of staphylococcal infections.

One of the best ways of learning microbial
nomenclature is to look up the characteristics
of each genus and species of organism that is
encountered in the classroom, in the labora-
tory, or in practice. With this practice, a lot of
information will quickly become a part of
working knowledge, on which one can build
the sound practice of the profession.

Branches of Microbiology

Medical microbiology

Industrial microbiology

Food microbiology

Soil microbiology

Plant microbiology.

Here we are concerned with medical micro-

biology. It is studied under following

headings:

a. Parasitology deals with the study of
parasites causing diseases in human being.

b. Mycology deals with the study of fungi
causing diseases in human beings.

c. Immunology is concerned with mechanism
involved in the development of resistance
by body to infectious diseases.

d. Bacteriology deals with the study of
bacteria.

e. Genetics is the study of heredity and
variations.

f. Virology is the study of viruses.

ANl

Scope of Microbiology

1. Diagnostic, e.g. isolation and identification
of causative organism from the
pathological lesions. We can also diagnose
typhoid fever by doing Widal’s test.

2. Prognosis of disease, e.g. in Widal’s test
rising titer signifies active disease and
ineffective treatment. Falling titer means
effective treatment and curing of disease.

3. Guidancein treatment, e.g. by culturing the
organism in pure form and then
performing drug sensitivity test we can
suggest the effective drug for the treatment
of that particular infection.

4. Source of infection, e.g. in sudden outbreak
of infectious disease we can find out the
source of infection.

5. Detection of new pathogens and then
development of vaccines.

Free Living Nature of Bacteria

They are:

1. Some bacteria improve the natural environ-
ment by giving away carbon, nitrogen,
oxygen and other elements in the air
produced during metabolism and thereby
a favorable atmosphere for other forms of
life is created.

2. Some bacteria are useful in souring milk
and ripening cheese.

3. Many free living bacteria produce acetic
acid, citric acid, butanol and antibiotics as
end product of their metabolism. The
metabolic property of bacteria is utilized
in certain cases for manufacturing of these
substances.

4. The resident flora of the body that are
constantly present on the body surface are
known as commensals. They play an
important role in maintaining health and
normal function of the body, e.g. Staphylo-
coccus epidermidis of skin and Escherichia coli
of intestinal tract.

5. Natural water organisms present in the air
find their way into the natural water
through rains. Soil organisms may also be
found in natural water. In addition, water
may be polluted by human and animal
stools. The principal water organisms are
coliform, Pseudomonas aeruginosa, Bacillus
subtilis, clostrudia, actinomyces, micro-
coccus, chromobacter and achromobacter.

BIOLOGICAL WEAPONS

Now it is quite clear and understandable that
biological warfare is not new at all. Biological
warfare was resorted by early Romans who
polluted water sources of their enemies by
dumping animal carcasses. Then British
distributed blankets to Indians in 1763. These
blankets had been used by smallpox patients.
Hence Indian users contracted smallpox.
British had detonated an experimental anthrax
bomb in Gruinard Island in second world war.
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In 1984, 750 people fell ill to food poisoning in
Oregaon because of spread of salmonella that
had been cultured in the laboratory.

Biological warfare may be defined as
intentional use of doses to harm or kill an
adversary military forces, population, food or
livestock and includes any living, or nonliving
organisms or its bioactive substance (toxin).
Hence, germ warfare can be spearheaded by
bacteria, viruses, fungi, toxins, etc.

Some of the characteristics of biological
warfare agents include low infective dose, high
virulence, short incubation period, little
immunity in target population, ease of
production, ease of delivery, rebustness,
stability and availability with aggressor, etc.

Organisms which can be used for biological
war are Bacillus anthracis (causing pneumonia
with a mortality rate 95%, if untreated),
smallpox (contagious with high mortality
rate), Yersinia pestis (plague causing bacteria),
Francisella tularensis (tularemia), Ebola and
Marburg viruses (hemorrhage fever),
Clostridium botulinum (botulinism), etc.

Since organisms are capable of infecting
widespread illness together with their low
cost, their use as biological war weapons seems
to be next possibility. The organisms likely to
be used for this purpose may be rendered
resistant to antibiotic agents, or even to vaccine
by genetic means, etc.

Molecular Epidemiology

Molecular epidemiology is defined as a science
that focuses on the contribution of potential
genetic and environmental risk factors, iden-
tified at molecular level, to the etiology,
distribution and prevention of diseases within
families, countries and continents. Genetic
variability within and between infectious
agents/disease pathogens forms the founda-
tion of molecular microbiology.

Epidemic Prone Diseases
Ancient

* Smallpox

e Plague
e Kala-azar
e Anthrax.

Middle Era (Killer diseases)

e Cholera

e Malaria

e Typhoid

e Tuberculosis.

Middle Era (emerging/reemerging)
e O, V.cholerae

139
* Dengue
e HDRTB

¢ Leptospira.

Current Era

* Viral hepatitis
e HIV.

Threat of Rare Diseases

e Ebola virus
e Yellow fever
e Rift vallgry
¢ Kango.

Application of Molecular Epidemiology

¢ Tracing the source and origin of infection

e Tracking the routes of pathogen trans-
mission

¢ Identifying reservoirs sustaining transmis-
sion

¢ Identifying new, emerging and reemerging
pathogens

* DNA finger printing in actual diagnosis of
pathogens

¢ Characterizing drug resistant strains

* Monitoring the progress of disease and
central activities

¢ Identifying links between cases and infec-
tions

¢ Linking pathogen variants to endemicity
and epidemicity

* Monitoring impact of immunization pro-
gram, e.g. polio eradication.



Morphology of Bacteria

Bacteria are unicellular free living organisms
without chlorophyll having both DNA and
RNA. They are capable of performing all
essential processes of life, e.g. growth,
metabolism and reproduction. They have rigid
cell wall containing muramic acid. They were
originally classified under plant and animal
kingdoms. This being unsatisfactory a third
kingdom PROTISTA was proposed by Hackel
in 1866 for them. Protista is again divided into
2 groups: (a) Prokaryotes, and (b) Eukaryotes.
Bacteria and green algae (photosynthetic and
possess chlorophyll which can exhibit gliding
movement like photosynthetic bacteria) are
prokaryotes while fungi, algae, slime moulds
and protozoa are eukaryotes. It is worth men-
tioning to enumerate the differences between
prokaryotic and eukaryotic cells (Table 3.1).

Size of bacteria: Most of bacteria are so small
that their size is measured in terms of micron.
1 micron (p) or micrometre (um) =

One-thousandth of millimetre.

1 millimicron (mu) or nanometre (nm) =

One-thousandth of micron.

1 Angstrom units A) =

One-tenth of nanometre.

Generally cocci are about 1 p in diameter
and bacilli are 2 to 10 pin length and 0.2 to 0.5
p in width. The limit of resolution with
unaided eye is about 200 p. Obviously bacte-
ria can be visualized only under magnification.
Shape of bacteria: On the basis of shape,
bacteria are classified as under:

(A) Cocci (from kakkos, meaning berry):

They are spherical. On the basis of arrange-
ment of individual organisms, they are des-
cribed as staphylococci (clusters like bunches
of grapes), streptococci (arranged in chains),

Character Prokaryotic Eukaryotic
cell cell
I Nucleus
Nuclear membrane Absent Present
Nucleolus Absent Present
Histones Absent Absent
Chromosome One More
Mitotic division Absent Present
DNA Circular Linear
Il Cytoplasm
Cytoplasmic streaming Absent Present
Cytoplasmic ribosome  70s 80s
Pinocytosis Absent Present
Mitochondria Absent Present
Lysosomes Absent Present
Golgi apparatus Absent Present
Endoplasmic reticulum Absent Present
Il Chemical composition
Sterol Absent Present
Muramic acid Present Absent
Diaminopimelic acid May be Absent
Present
IV Miscellaneous
Diameter 1pm 10 pm
Oxidative phosphory-  Cell Chloro-
lation site membrane plast
Cilia Absent Present
Pili Present Absent

diplococci (forming pairs), tetrads and sarcina

are cocci arranged in groups of four and cubi-

cal packet of eight cell respectively (Fig. 3.1).

(B) The cylindrical or rod shaped organisms
are called bacilli (from baculus, meaning
rods). They are of following types (Fig. 3.2):

1. In some of the organisms length may
approximate the width of the organisms.
These are called coccobacilli, e.g. brucella.

2. Chinese letter arrangement is seen in
corynebacteria.
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Fig. 3.1: Arrangement of bacilli

(@) Cocci in cluster—staphylococci
(b) Cocci in chain—streptococci
(c) Cocci in pair—diplococci
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Fig. 3.2: Types of bacilli

3. Vibrio: These are comma shaped, curved
rods and derive the name from their
characteristic vibratory motility.

4. Spirochaetes (from speria meaning coil,
chaete meaning hair). They are relatively
longer, thin, flexible organisms having
several coils.

5. Actinomycetes (actis meaning ray, mykes,
meaning fungus) are branching filamen-
tous bacteria, so called because of resem-
blance to radiating sunrays.

6. Mycoplasma are organisms which lack cell
wall and so do not possess a stable morpho-
logy. They are round or oval bodies with
interlacing filaments.

Many a time cell wall synthesis becomes
defective either spontaneously or as a result
of drug, e.g. in presence of penicillin bacteria
lose their distinctive shape. Such organisms are
called protoplast spheroplast or L forms.

Bacterial Anatomy

The outermost layer consists of two compo-
nents—(a) a rigid cell wall, and (b) cytoplasmic
membrane or plasma membrane. Inside this
there is protoplasm comprising of the cyto-
plasm, cytoplasmic inclusions such as ribo-
somes, mesosomes, granules, vacuoles and
nuclear body. The cell may be enclosed in a
viscid layer which may be loose slime layer or
organised as a capsule. Nowadays all substan-
ces containing polysaccharides lying external
to cell wall (both slime layer and capsule)

are called glycocalyx. Apart from this some
bacteria carry filamentous appendages pro-
truding from cell surface; the flagella, organ
of locomotion and the fimbriae which seem to
be organ of adhesion.

The important structural features of bacte-
rial cell as found under electron microscope
are described below (Figs 3.3 and 3.4).

SLIME LAYER

Capsule
Cell wall

L Cell mem-
. brane
" “Ribosomes

'/ / [ Fimbriae (Pil)
! ’u' II

i |
Fig. 3.3: Structure of bacterium

Nucleus

Capsule Nuclear material Cell wall

SN S SN

Mesosome Cell membrane

Fig. 3.4: Capsulated bacterium showing nuclear
material, a mesosome and relation of cytoplasmic
membrane to cell wall
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Some bacteria secrete viscid substance which
may diffuse out into surrounding media or
remain outside cell wall. This viscid carbohy-
drate material is called slime layer. Its presence
can be shown only on immunological ground.
Bacteria secreting large amount of slime
produce mucoid growth on agar with stringy
consistency when touched with loop, e.g.
klebsiella. Slime has little affinity for basic dye
and so not visible in Gram stained smear.

CAPSULE (FIG. 3.4)

It is the gelatinous secretion of bacteria which
gets organized as a thick coat around cell wall
and is known as capsule. Capsulated bacteria
are usually nonmotile as flagella remains un-
functional in the presence of capsule. Develop-
ment of capsule is dependent on the existence
of favorable environmental conditions such as
presence of high sugar concentration, blood
serum or growth in a living host. The capsules
which are thinner than true capsules are called
microcapsule, e.g. Meningococci, Streptococcus
pyogenes and Haemophilus influenzae. It may be
composed of complex polysaccharide (pneu-
mococci and klebsiella) or polypeptide (Bacil-
lus anthracis) or hyaluronic acid (Streptococcus
pyogenes). Capsules have no affinity for dyes
and so they are not seen in stained prepa-
rations.

Demonstration of Capsule

a. Negative staining with India ink: In this
procedure, bacterial bodies and spaces in
between are filled with India ink and
capsule is seen as halo around cell.

b. Special capsule staining technique using
copper salt as moderant.

c. Serological methods: If suspension of cap-
sulated bacterium is mixed with its specific
serum and examine under microscope,
capsule becomes prominent and appears
swollen due to increase in refractivity
(Quellung reaction).

Functions

1. Protection against deleterious agents, e.g.
lytic enzymes.

2. Contribute to the virulence of pathogenic
bacteria by inhibiting phagocytosis.

3. Capsular antigen is hapten in nature and
specific for bacteria.

CELL WALL

Cell wall is elastic and porous and is freely
permeable to solute molecules of less than
10,000 molecular weight. The mucopeptide
component of cell wall possesses target site for
antibiotics lysozymes and bacteriophages. The
cell wall is the outermost supporting layer
which protects the internal structure. It is
about 10 to 25 nm in thickness and shares 20
to 30 percent of dry weight of the cells.

Chemical Structure of Cell Wall

Cell wall is composed of mucopeptide
(muerin), scaffolding formed by N. acetyl
glucosamine and acetyl muramic acid mole-
cules alternating in chain cross-linked by
peptide chain (Fig. 3.6). Cell wall antigens of
Gram negative organisms act as endotoxin. A
comparison of cell walls of Gram positive and
Gram negative bacteria is enumerated in
Figure 3.7 and Table 3.2 (page 18).

Gram-negative cell wall: It is a complex
structure (Fig. 3.5) comprising of:

Peptidoglycan

Periplasmic space
Cytoplasmic membrane

Lipopolysaccharide

Fig. 3.5: Cell wall (Gram negative bacteria)

® N-acetyl
glucosamine

N-acetyl
muramic acid
peptide chain
Pentapeptide
bridge

Fig. 3.6: Chemical structure of bacterial cell wall
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TABLE 3.2: Difference between Gram-positive and

Gram-negative organisms

Gram positive Gram negative

1. Thickness 15to25nm  10to 15 nm
2. Variety of Few Several
amino acid
3. Aromatic and Absent Present
sulfur contain-
ing amino acids
4. Lipids Low 2to 4% High 15to 20%
5. Teichoic acids Present Absent
6. Periplasmic space Absent Present
7. Result of enzyme Protoplast Spheroplast

digestion

i. Lipoprotein layer which connects outer
membrane to peptidoglycan.

ii. Outer membrane is a phospholipid bi-
layer containing specific proteins. These
specific proteins form porins and hydro-
philic molecules are transported
through these porins. Other proteins are
target sites for phages, antibiotics and
bacteriocins.

iii. Lipopolysaccharide consists of a
complex lipid, called lipid A, to which
is attached a polysaccharide. Lipopoly-
saccharide is the endotoxin of Gram
negative bacteria—The toxicity is
associated with lipid portion (lipid A)
and the polysaccharide represents a
major surface antigen, the O antigen.
The polysaccharide consists of a core
and a terminal series of repeat units.
These terminal repeat units confer
antigenic specificity to the bacterium.

iv.  The periplasmic space is the space in
between the inner and outer membranes
and contain a number of important
proteins (such as enzymes and binding
proteins for specific substrates) and
oligosaccharides (which play an impor-
tant role in osmoregulation of the cells).

Gram-positive cell wall:
i. The peptidoglycan layer of Gram posi-
tive bacteria is much thicker (15 to
25 nm) than that in Gram negative (10
to 15 nm). The periplasmic space is
absent and the peptidoglycan is closely
associated with cytoplasmic membrane.

ii. Specific components of Gram positive
cell wall include significant amount of
teichoic and teichuronic acids which are
soluble polymer containing ribotol or

glycerol polymers and maintain a level
of divalent cations outside cell mem-
brane. The teichoic acids constitute
major surface antigens of Gram positive
bacteria.

iii.  Other components of Gram positive cell
wall contain antigens such as the poly-
saccharide and protein.

Cell wall synthesis may be inhibited or
interfered by many factors. Lysozyme enzyme
present in many tissue fluid causes lysis of
bacteria. It acts by splitting cell wall muco-
peptide linkages. When lysozyme acts on
Gram positive organism in hypertonic solu-
tion a PROTOPLAST is formed consisting of
cytoplasmic membrane and contents. Charac-
teristic features of PROTOPLAST are:

1. Unstable structures.

2. Very sensitive to the influence of osmotic
pressure, mechanical action and aber-
ration.

3. Unable to synthesize the component parts
of cell wall (diaminopimelic and muramic
acids).

4. Resistant to phage infection.

5. Not capable of active motility.

With Gram negative bacteria the result is
SPHEROPLAST which differs from protoplast
in that some cell wall material is retained.

Protoplast and spheroplast are spherical
regardless of original shape of the bacterium.
Such organisms might have a role in certain
persistent chronic infections such as pyelone-
phritis.

Demonstration

1. When intact bacteria are placed in a
solution of very high solute concentrations
and osmotic pressure, protoplast shrinks
thus retracting the cytoplasmic membrane
from cell wall. The process is called plas-
molysis and is useful in demonstrating cell
wall.

2. Cell wall may also be demonstrated by a
special technique called microdissection.

3. Reaction with specific antibody is also a
way to study cell wall.

4. Electron microscope gives detailed struc-
tural information of even very minute
particles like parts of cell wall.
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Fig. 3.7: Differences between Gram positive and Gram negative cell wall

Functions

1. Protection of internal structure (supporting
layer).

2. Gives shape to the cell.

3. Confers rigidity and ductility (mucopep-
tide).

4. Role in division of bacteria.

5. Offers resistance to harmful effect of

Functions

1. It controls inflow and outflow of meta-
bolites to and from protoplast.

2. Presence in the membrane of specific
enzyme (permease) which plays important
role in passage through membrane of
selective nutrients.

3. The cytoplasmic membrane contains some

environment. other enzymes, e.g. respiratory enzymes
6. Contains receptor sites for phages and and pigments (cytochrome system), certain
colicin. enzymes of tricarboxylic acid cycle and

7. Provides attachment to complement.

CYTOPLASMIC MEMBRANE

It is thin semipermeable membrane which lies
just beneath the cell wall. The whole bacterial
cytoplasm is bound peripherally by a very
thin, elastic and semipermeable cytoplasmic
membrane also known as cell membrane. It is
5 to 10 nm in width. Electron microscope
shows the presence of three layers constituting
a unit membrane structure. Chemically the
membrane consists of phospholipid with small
amount of protein. Sterol is absent except in
mycoplasma (Figs 3.8 and 3.9).

Demonstration

1. The separation of membrane from the cell
wall is achieved readily in Gram negative
bacteria when they are suspended in
medium of high osmotic tension. Such a
phenomenon is called plasmolysis.

2. Electron microscope.

perhaps, polymerizing enzymes that

M AR
ULV

Protein

Phospholipid

Fig. 3.8: Chemical structure of cytoplasmic
membrane

Protein

layer
Molecular =
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microscope

Fig. 3.9: A unit cell membrane with a lipid bilayer with
hydrophylic regions towards a protein layer at each
surface with characteristic appearance of stained
cross-section in electron microscope



Morphology of Bacteria 21

manufacture the substance of cell wall and
extracellular structure.

4. It provides little mechanical strength to
bacterial cell.

5. It helps DNA replication.

6. It concentrates sugar, amino acids and
phosphatase creating 300 to 400 fold gra-
dient across osmotic barrier.

CYTOPLASM

The bacterial cytoplasm is suspension of orga-
nic and inorganic solutes in viscous watery
solution.

It does not exhibit protoplasmic streaming
(internal mobility) and it lacks endoplasmic
reticulum or mitochondria. It contains ribo-
somes, mesosomes, inclusions and vacuoles.

Ribosomes: Ribosomes appear as small
granules and pack the whole cytoplasm. These
are strung together on strands of mRNA to
form polymers. The code of mRNA is
translated into peptide sequence at this place.
The ribosomal particles become linked up and
travel along the mRNA strand. It determines
the sequence of amino acids brought to the site
on tRNA molecule and build up the
polypeptide.

Ribonucleoprotein granules measure 10 to
20 nm units in diameter and their sedimenta-
tion coefficient is 70 svedberg units. The 70s
ribosome is composed of two smaller units of
50s and 30s.

Functions: They are the sites of protein
synthesis.

Polysomes: They are groups of ribosomes
linked together like beads of chain by
messenger RNA.

Mesosomes: They are vesicular, convoluted
or multilaminated structures formed as
invaginations of plasma membrane in the
cytoplasm. They are prominent in Gram
positive bacteria. There are two types of
mesosomes, i.e. septal mesosome and lateral
mesosome. The septal mesosome is attached
to bacterial chromosome and is involved in
DNA segregation and in the formation of cross
walls during cell division. They are also called
chondroids and are visualized only under
electron microscope. They are more prominent
in some Gram positive bacteria.

Functions

1. They are the sites of respiratory enzymes
in bacteria.

2. Coordinate nuclear and cytoplasmic divi-
sion during binary fission.

3. Responsible for compartmenting DNA at
sporulation.

Intracytoplasmic Inclusions

Three types of cytoplasmic granules are

encountered, i.e. glycogen (enteric bacillium)

poly-betis hydroxybutyrate (bacillus and pse-
udomonas) and Babes Ernst (corynebacterium,

Yersinia pestis).

a. Volutin granules (Metachromatic or
Babes-Ernst granules) are highly refractive,
basophilic bodies consisting of poly-
metaphosphate.

Demonstration: Special staining techni-
ques such as Albert, or Neisser, demon-
strate the granules more clearly. They are
characteristically present in diphtheria
bacilli and Yersinia pestis.

Function: They are considered to represent
a reserve of energy and phosphate for cell
metabolism.

b. Polysaccharide granules may be demon-
strated by staining with iodine. They
appear to be storage products. These
granules are used as carbon sources when
protein and nucleic acid synthesis is
resumed.

c. Certain sulfur oxidizing bacteria convert
excess H.S from environment into intra-
cellular granules of element sulfur.

d. Lipid inclusion are storage product and
demonstrated with fat soluble dyes such
as sudan black.

e. Vacuoles are fluid containing cavities
separated from cytoplasm by a membrane.
Their function and significance is uncertain
(Table 3.3).

NUCLEUS

It is a long filament of DNA tightly coiled
inside the cytoplasm. The bacterial nucleus is
not surrounded by nuclear membrane and is
Feulgen positive. It is an ill-defined homo-
genous pale area of cytoplasm. The nuclear
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TABLE 3.3: Cytoplasmic granules In bacteria

Granules Bacteria
Glycogen Enteric bacteria

Poly beta hydroxyl Bacillus pseudomonas
butyrate

Babes Ernst Corynebacterium Yersinia pertis

DNA does not appear to contain some basic
protein. It does not have nucleolus. Nucleus
cannot be demonstrated under direct light
microscope. It appears as oval or elongated
body, generally one per cell.

The genome consists of a single molecule
of double stranded DNA arranged in the form
of circle. It may open under certain conditions
to form long chain about 1000 p in length.
Bacterial chromosome is haploid and repli-
cates by simple fission. Genes are arranged
along the length of chromosome in fixed order
and bear hereditary characters.

Bacteria may sometimes have extranuclear
genetic material. These are called plasmid or
episomes. They may be transmitted to
daughter cells:

a. during binary fission.
b. by conjugation or
c. through agency of bacterial phages.

Plasmids are not essential for the life of cell.
They may confer certain properties like
toxigenecity virulence and drug resistance.

FLAGELLA

These are long, sinnous contractile filamentous
appendages known as flagella. These are
organs of locomotion, e.g. Escherichia coli,
salmonella, vibrio, pseudomonas, etc. The
number of flagella varies up to 10 to 20 per
cells according to species of bacteria.
Escherichia coli has a motility of about 30 pand
that of Vibrio cholerae about 60 1 per second.
These are extremely thin 12 to 30 nm, helical
shaped structure of uniform diameter
throughout their length. These are 3 to 20 n
long. Each flagellum (Fig. 3.10) consists of hook
and basal body. It originates in a spherical
body (basal granule) located just inside cell
wall. These are antigenic and are composed
of protein called flagellin which has properties
of fibrous protein, keratin and myosin. Around
40 gene products are involved in its assembly
and function.
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Fig. 3.10: Basal structure of bacterial flagella

\ |\ 1. __,»"/
i r\ ((/
\\ J (
\j,’ J
Monotrichate Lophotrichate

]
J

/

¥ [

/

.\\\ / J i A
— M
o o~ s
N — e S
— A
~ \ -
\
]

/-
o i |

* i - fl\ ‘-s._‘i
771N
AR )

Peritrichate Amphitrichate

Fig. 3.11: Arrangement of flagella in bacteria

The number and arrangement of flagella
are characteristic of each bacteria. Flagella may
be arranged on bacterial body in following
manner (Fig. 3.11).

Monotrichate: One flagellum at one end of the
organism, e.g. vibrio, pseudomonas, spirillum,
etc.

Amphitrichate: One flagellum at both poles,
e.g. Alcaligenes fecales.

Lophotrichate: A tuft of flagella at theend, e.g.
pseudomonas.
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Peritrichate: Several flagella present all over
the surface of bacteria, e.g. Escherichia coli,
salmonella.

Function: It is responsible for bacterial moti-
lity. Motility may be observed microscopically
(hanging drop preparation) or by detecting the
spreading growth in semi solid agar medium.
It has been suggested that heat formed as a
result of metabolism is given off to the
environment through the flagella, while ATP
serves as an energy source. The created
difference in temperature causes a stream of
water along the flagella, and the bacterium
moves in an opposite direction.

Demonstration

1. Dark ground microscopy

2. Special staining techniques in which their
thickness is increased by mordanting.

3. Electron microscope.

4. Hanging drop preparation

5. Craigie’s tube method

FIMBRIAE

Fimbriae (fringes) are filamentous, short, thin,
straight, hair-like appendage 0.1 to 1.5 p long
and less than 4 to 8 nm thick. They are also
called pili (hair). Fimbriae are seen only in
some Gram negative bacteria. Each bacterium
may have 100 to 500 fimbriae peritrichously
all over the body of bacteria. They project from
cell surface, as straight filaments. They are best
developed in freshly isolated strains and in
liquid culture. They tend to disappear follow-
ing subcultures on solid media. Fimbriae are
composed of protein known as pillin (mole-
cular weight 18000 daltons).
Pili or fimbriae are as under of following
forms:
i. Common pili.
ii.  F (fertility) pili.
iii.  Col I (colicin) pili.

Common Pili

They are numerous, short in size (1.5 1) and
peritrichous in distribution. They are conside-
red organs of adhering to the surfaces of other
cells, e.g. red cell of various animal species.
This forms the basis of hemagglutination.

Common pile are of 6 types based on their
morphology number per cell, adhesive pro-
perties and antigenic nature. The virulence of
certain pathogenic bacteria depends both on
toxins as well as “colonization antigens (pili)”
which provide adhesive properties.

Types of common fimbriae:

Type1 fimbriae relatively thick and invol-
ved in hemagglutinating activity.
They can be inhibited by mannose
(mannose sensitive).

Type 2 fimbriae are like type 1 fimbriae but

they are non-hemagglutinating.

fimbriae are thin and are mannose
resistant. They confer hemagglutin-
ating activity on parent cells.

Type 3

Type 4 fimbriae thinner than type 3 fimbriae
and are mannose resistant with
hemagglutinating activity on fresh

red blood cells.

fimbriae are monopolar which have
been found only in one species of
pseudomonas.

Type 5

Type 6 fimbriae are very long and few of

them are seen in one species of
klebsiella.

F Pili

They are associated with fertility (F*) and help
in bacterial conjugation processes. They are
longer (20 p length) than common and Col I
pili.

Col I Pili

They are about 2 p in length and associated
with colicin factor I.

Demonstration

1. Electron microscope.

2. Hemagglutination.

3. Fimbriated bacteria form pellicle in liquid
media.

Functions

1. Organ of adhesion.
2. Hemagglutination.
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3. Conjugation tube through which genetic
material is transferred from the donor to
recipient cell.

4. They are antigenic.

5. Agglutination and pellicle formation.

TABLE 3.4: Differences between flagellaand fimbriae

Flagella Fimbriae

1. Size larger and thicker Smaller and thinner
2. Arise from the cytoplasm Attached to the cell
or cytoplasmic membrane wall
but not attached to the
cell wall
3. Organ of movement Organ of adhesion
and conjugation

4. They are never straight  They are always

straight
5. Not required for Required for
conjugation conjugation

SPORES (FIG. 3.12)

They are highly resistant dormant state of
bacteria found in certain genera, e.g. bacillus,
clostridium, sporosarcina (Gram positive
coccus) and Coxiella burnetii. They are not
destroyed by ordinary methods of boiling for
several hours. They are killed when autoclaved
at 15 Ib pressure per square inch at 121°C for
20 minutes. The spores are characterized by
the presence of 5 to 20 percent dipicolinic acid
which is not found in vegetative cell and by
their high calcium content. The resistance to
destruction by physical or chemical method is
ascribed to factors like impermeability of
spores, cortex and coat, low contents of water,
low metabolic activity, low enzymatic activity
and high contents of calcium and dipicolinic
acid. Spores of different species of bacteria are
antigenically distinguishable. Spores are
highly refractile and require special staining
for demonstration, e.g. (1) Modified Ziehl-
Neelsen method, (2) Gram stain, (3) Moller
stain.

Function: They make survival of certain
organisms possible under unfavorable condi-

Exosporium

Spore coats

Inner membrane
Spore core

Spore cortex

Fig. 3.12: Structure of bacterial spore

tion like dry state. Spores are resistant to heat,
drying, freezing and toxic chemicals.

Laboratory application: Can be used as
sterilization control
i.  Bacillus stearothermophilus is killed at
121°C in 15 to 30 minutes.
ii. Bacillus subtilus may be destroyed at
105°C in 5 minutes.

Formation of Spores (Fig. 3.13)

Exact stimulus for sporulation is not known.
Perhaps it is related to depletions of exogenous
nutrient. Sporulation involves the production
of many new structures, enzymes and meta-
bolites along with the disappearance of many
vegetative cell components. Sporulation can
be induced by depleting PO,, S, C, N and Fe
from culture medium. A series of genes whose
products determine the formation and final
composition of spore are activated. Another
series of genes involved in vegetative function
are inactivated. These changes involve altera-
tions in the transcriptional specificity of RNA
polymerase, determined by the support of the
polymerase core protein with promoter
specific protein called sigma factor. Different
sigma factors are produced during vegetative
growth and sporulation. During the process
of sporulation, some bacteria may release
peptide antibiotics which may play a role in
regulating sporogenesis.

==~ 8- C@- 0

Vegetative
growth

Forespore

Formation
of cortex

Formation
of coats

Endospore Freepore

Fig. 3.13: Formation of spore
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Sporulation is initiated by appearance of
clear area near one end of cell which gradually
becomes more opaque to form forespore. The
fully developed spore (Fig. 3.12) has its core
nuclear body surrounded by spore wall, a
delicate membrane (future cell wall). Outside
this is spore cortex which in turn is enclosed
by multilayered spore coat. Spore cortex
contains an unusual type of peptidoglycon
sensitive to lysozyme. The spore coat is formed
by keratin like protein which is imprevious to
antibacterial chemical agents. Exosporium is
a lipoprotein membrane with some
carbohydrate residue. Young spores remain
attached to parent cell. Some spores have an
additional outer covering called exosporium
having ridges and grooves.

Spores may be (Fig. 3.14):

. Spherical central.

Oval central.

Oval subterminal not bulging.
Oval subterminal bulging.
Terminal spherical bulging.
Oval terminal bulging.

oUW N

Spore forming bacteria:

a. Gram positive bacilli

1. Obligatory aerobic
Bacillus anthracis
Bacillus subtilis

2. Obligatory anaerobic
Clostridium tetani
Clostridium perfringens
Clostridium botulinum

Spherical central

Oval central

Non-bulging

a b Y
L

Oval subterminal

g

QOval subterminal

Bulging

Oval terminal

M B A G G

Spherical terminal

. Free Spore

Fig. 3.14: Types of bacterial spores

3. Other bacteria
Gram positive coccus—Spore sarcina
Gram negative bacillus—Coxiella
burnetii
When transferred to favorable conditions
of growth, spores germinate. The spore loses
its refractility and swells. The spore wall is
shed and germ cell appears by rupturing the
spore coat. The germ cell elongates to form
vegetative bacterium.

Germination of Spore

It is the process of conversion of spore into a

vegetative cell under suitable condition. It

occurs in about 2 hours under ideal conditions.

It occurs in following phases:

a. Activation The activation process requires
agents like heat (60°C for 1 hour), low pH,
compound containing free sulfhydryl,
abrasion, etc. Above mentioned agents
damage the coat of the spore and help in
germination by growing in nutritionally
rich environment.

b. Initiation Species of bacteria after getting
activated recognize effectors as signalling
a rich medium like L-alanine for one
species and adenosine for other species and
so on. Binding of the effector substance to
spore coat, activates an autolysin which
destroys peptidoglycan of the cortex. After
this water is taken up and calcium dipi-
colonic acid is released. Thus, a number of
hydrolytic enzymes degrade the spore
constituent.

c. Outgrowth Spore coat breaks open and
single germ cell comes out and starts
growing to new vegetative cell (consisting
of spore protoplast with its surrounding
wall). Now active biosynthesis takes place
producing an outgrowth. Outgrowth is a
stage right from germination to the
formation of first vegetative cells just before
first cell division.

Pleomorphism: Some species of bacteria show
great variation in shape and size of undivided
cell. This is called pleomorphism. It may be
due to defective cell wall synthesis.

Involution: Certain species (e.g. plague
bacillus, gonococcus) show swollen aberrant
forms in aging cultures especially in presence
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of high salt concentration. It may be due to
defective cell wall synthesis or due to the
activity of autolytic enzymes.

L forms: The name L form is after the Lister
Institute, London where swollen and aberrant
morphological forms from the culture of
Streptobacillus moniliformis were studied. They
are seen in several species of bacteria
developing either spontaneously or in the
presence of penicillin or other agents that
interfere with cell wall synthesis.

L form resembles mycoplasma in several
ways including morphology, type of growth
on agar and filterability. Possibly mycoplasma
represent stable L forms of as yet unidentified
parent bacteria. L form of bacteria have been
isolated from patients of chronic urinary and
suppurative infections. Yet their role is not
clarified.

Study of Morphology of Bacteria

It is of considerable importance that identifi-
cation of bacteria be made. For this purpose
following methods are employed:

Optical Methods

a. Lightmicroscopy is useful for the motility,
size, shape and arrangement of bacteria.
Due to lack of contrast, details cannot be
appreciated.

b. Phase contrast microscopy makes evident
structure within cells that differs in
thickness and refractive index. In the phase
contrast microscope “phase” differences
are converted into differences in intensity
of light producing light and dark contrast
in the image.

c. Dark ground microscopy in which reflec-
ted light is used instead of direct transmit-

ted light used in ordinary microscope. With
its help extremely thin slender organism
like spirochaetes can clearly be seen.

. Oil immersion microscopy in which

magnification produced by oil immersion
objective of light microscope makes visible
majority of bacteria.

. Fluorescence microscope in which bacte-

ria are stained with auramine dye or
rhodamine dye. Dye changes the wave-
length of bacteria stained with above dye
and become visible as shining objects
against a dark background. Here ultra-
violet light is used as a source of light
Electron microscope where beams of
electron is used instead of beams of light
used in optical microscope. The electron
beam is focussed by circular electro-
magnets, analogous to the lenses in light
microscope. The object which is kept on
path of beam scatters the electrons and
produces an image which is focussed on
fluorescent viewing screen. Table 3.5
depicts some points of difference between
light microscope and electron microscope.
Resolving power of electron microscope is
0.1 nm. Scanning electron microscope is a
recent development and provides a 3
dimensional image of the surface of the
object.

. Interference microscope can reveal cell

organelles and also enable quantitative
measurement of chemical constituents of
cell, e.g. lipids, protein, nucleic acid, etc.

. Polarization microscope enables the study

of intracellular structure using differences
in birefrigence.

Autoradiography where cells that have
incorporated radioactive atoms are fixed
on a slide, covered with photographic

TABLE 3.5: Differences between light and electron microscope

Properties Light microscope

e Image formation Visible light
e Medium through which Air
radiation travels
e Specimen mounting Glass slides
e Nature of lenses Glass
e Focussing Mechanical
e Magnification
e Mean of providing specimen
contrast

Light absorption

Changing of objectives

Electron microscope

Electron
Vacuum

Thin film of collodion

Electrostatic lenses or magnetic fields
Electrical

Changing the current of the projector lens cool
Electron scattering
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emulsion, and stored in the dark for a
suitable period of time, and then tracks
appear in the developed film emanating
from the sites of radioactive disintegration.
If the cells are labelled with a weak emitter
such as tritium the tracks are sufficiently
labelled. This procedure, called auto-radio-
graphy, has been particularly useful in
following replication of DNA, using tri-
tium labelled thymidine as a specific tracer.
Other types of microscope available are
scanning electron microscope, X-ray, dissec-
ting microscope, laser microscope (vaporize
minute part of tissue in vivo or in vitro or biopsy
specimen which is then subjected to emission
spectrography) and operation microscope for
conducting delicate surgical operations.

UNSTAINED PREPARATIONS

The wet preparations of bacterial suspensions
are mainly used for (a) bacterial motility, and
(b) for demonstration of spirochaetes.

Four to eight hours growth in fluid media
is examined in hanging drop preparation or
cover slip preparation. For the study of spiro-
chaete, e.g. Treponema pallidum, dark ground
microscopic examination is done.

STAINING OF BACTERIA

The bacterial nucleic acid contains negatively
charged phosphate group which combines
with positively charged basic dye. Acidic dye
does not stain bacterial cells and are used to
stain background material. Most commonly
used stains to study bacterial morphology are
as under:

GRAM’S STAIN

First described by Gram in 1884. It is used to
study morphologic appearance of bacteria.
Gram’s stain differentiates all bacteria into two
distinct groups:

a. Gram positive organisms.

b. Gram negative organisms.

Principle: Some organisms are not decolorized
and retain color of basic stain, e.g. gentian
violet (Gram positive organisms) while the
others lose all gentian violet when treated with
decolorizing agent and take up the counter

stain, e.g. dilute carbol fuchsin or sufranin
(Gram negative organisms).

Procedure: Bacterial suspension is spread in
the form of thin films on the surface of clean
glass slide and allowed to dry in air. It is called
smear. Smear is fixed by passing the slide over
the flame two or three times. Now proceed as
follows:

1. Cover the slide with gentian violet for 1 to
2 minutes.

2. Wash the smear with Gram’s iodine and
keep Gram’s iodine on the slide for 1 to 2
minutes.

3. Decolorize the slide with acetone or alcohol
carefully and immediately wash the smear
with water.

4. Counter stain with 0.5 percent aqueous
sufranin solution or dilute carbol fuchsin
(1:20) for 1 to 2 minutes.

5. Finally wash the smear, allow it to dry in
air and put a drop of oil and see under oil
immersion lens.

Mechanism of Gram Staining: Different

theories are put forward regarding mechanism

of Gram reaction as exact mechanism is not
known. They are:

1. Acidic protoplasm theory: As per this
theory Gram positive bacteria have more
acidic protoplasm as compared to Gram
negative bacteria. So Gram positive
bacteria tend to retain, the primary stain
(basic in nature) more than Gram negative
bacteria. Additionally because of iodine,
the cytoplasm becomes more acidic and
acts as mordant. Hence it enhances the
attraction of the primary stain to the cell
cytoplasm. As a result it helps to fix the
stain in bacterial cell.

2. Cell wall permeability: Gram positive
bacterial cell wall contains more
mucopeptide. It makes the cell wall thicker
and stronger. As a result due to iodine
complex cannot come out of Gram positive
cell wall. On the contrary Gram negative
cell wall contains less mucopeptide and so
its cell wall is thin and less strong. It is the
reason that dye iodine complex diffuses out
of cell and color of the counter stain is taken

up.
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3. Magnesium ribonucleate theory: As per
the theory magnesium ribonucleate is
present in Gram positive bacteria. Hence
there is formation of magnesium
ribonucleate dye iodine complex which is
isoluble in alcohol. In Gram negative
bacteria magnesium ribonucleate is absent.
And so only dye iodine complex is formed
which is soluble in alcohol.

ACIDIC ACRIDINE ORANGE STAIN

Routine Gram stains require at least 10° bacilli/
ml (almost close to the limit of visible turbidity
in liquid media) to make its detection
microscopically possible. Acidic acridine
orange stain may detect bacteria much earlier
with bacilli count much less. Bacteria fluoresce
under ultraviolet light as red orange forms
against greenish leukocytes and unstained
erythrocytes. In short, this stain may be
substituted for early detection of bacilli.

ALBERT STAIN

Some bacteria may have metachromatic black
granules, e.g. Corynebacterium diphtheriae
which stain dark bluish or black with
methylene blue or a mixture of taludine blue
and malachite green.

Procedure: Heat fixed smear is covered with
Albert stain I. After 5 to 7 minutes it is replaced
by iodine solution (Albert stain II) and is kept
there for 5 minutes. Smear is washed with
water and studied under oil immersion lens.
The body of bacilli look green while granules
take bluish-black color.

ZIEHL-NEELSEN STAIN

This is also called acid-fast stain.

Principle: Some organisms retain carbol
fuchsin even when decolorized with acid. Such

organisms are called acid fast organism.
However, mycolic acid is thought to be
responsible for acid fastness.

Procedure: Take heat fixed smear and add
concentrated carbol fuchsin. Now gently heat
it till steam comes out. Do not allow the stain
to boil or dry. Keep it up for 8 to 10 minutes.
Now decolorize the smear with 3 percent
solution of hydrochloric acid in 95 percent
ethyl alcohol or 20 percent aqueous sulfuric
acid. Now wash the slide with water and coun-
ter stain it with methylene blue or melachite
green. Acid fast organisms take red stain.

Acid-fast organisms are:

1. Mycobacteria (tubercle bacilli, lepraba-
cilli).

Bacterial spores.

Nocardia.

Ascospore of certain yeast.

Actinomyces club.

Inclusions in lungs from cases of lipid
pneumonia.

Ceroids in liver of rat.

8. Exoskeleton of insects (Table 3.6).

oG BN
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SPORE STAIN

Spores are resistant to ordinary method of

staining. In Gram stain spores appear as clear

areas in deeply stained body of bacilli.

Methods of spore staining are:

1. Modified acid-fast stains: Treat the heat
fixed smear with steaming carbol fuchsin
for 3 to 6 minutes. Decolorize with 0.5
percent sulfuric acid or 2 percent nitric acid
in absolute alcohol. Wash and counter stain
with 1 percent aq. methylene blue. Wash
with water and study it under oil
immersion lens. Spores are stained bright
red and vegetative part of bacilli blue.

2. Moller methods: Here heat fixed smear is
kept over beaker with boiling water. As

TABLE 3.6 :Grading of slides in AFB microscopy

Examination Result
More than 10 AFB Positive
per oil immersion field

1-10 AFB per oil immersion field Positive
10-99 AFB per 100 oil immersion fields Positive
1-9 AFB per 100 oil immersion fields positive
No AFB per 100 oil immersion fields Negative

Grading No. of fields to
be examined

3+ 20

2+ 50

1+ 100

Scanty 1-9 (Record

exact number seen) 100

- 100
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soon as steam starts condensing over under
surface of slide, add malachite green. Keep
it up for 1 to 2 minutes. Wash it and counter
stain it with dilute carbol fuchsin.

CAPSULAR STAIN

They are not stained with ordinary aniline

dyes. In Gram stain they are shown as area of

halo around bacterium. Methods of capsule
staining are:

1. Indiaink method: Emulsify small amount
of culture in a loopful of India ink on a slide
and cover it with coverslip. Capsule is seen
as clear halo between refractile outline of
cell wall and greyish background of India
ink. It is the best and rapid method of
capsule demonstration.

2. Hiss’s method: Treat thin freshly prepared
smear with hot crystal violet for one
minute. Now wash with 20 percent
solution of copper sulfate and blot.

The capsule is stained blue and the body
of the bacteria stains deep purple.

BIOFILM

Definition :  Biofilm is obiquitous and medically
important complex structure consisting
of microbial associated cells embedded
in self produced extracellular matrix of
hydrated extra polymeric substances
which are irreversibly attached to
biological or non biological surface.
Microbes that reside as biofilms are
resistant to traditional antibiotics.

Formation  Basically biofilms formation comprises

of biofilms:  of :

(a) Initial attachment of microbes and
microcolony formation.

Clinical
importance
of biofilm

(b)
(©)

Maturation of attached microbes
into differentiated biofilm.
Detachment and dispersal of
planktonic cells, from biofilm.
Biofilm persisters are well pro-
tected from host defense because
of exopolysaccharide matrix.
Bioflim is relevant because the
mode of growth is associated with
chronicity and persistence of
diseases.

Biofilm associated diseases are
periodontitis, bacterial keratitis,
chronic lung infections in cystic
fibrosis.

Nosocomial infections connected
with use of central venous
catheters, urinary catheters,
prosthetic heart valves, intraocular
lenses and orthopedic devices are
in fact closely associated with
biofilms that adhere to biometrical
surfaces.

Microbes in biofilm evade host
defenses and withstand antimicro-
bial agents.

Important microorganisms cap-
able of forming biofilms are;
Staphylococcus epidermides;
Staphylococcus aureus, Pseudo-
monas aeruginosa, Vibrio
cholerae, Bacillus subtilis etc.
Biofilm can easily be, studied in a
better way using atomic force
microscope. Thus application of
new microscopic and molecular
techniques has revolutionized our
understanding of biofilm structure,
composition, organization and
activities resulting in significant
advances in prevention and
treatment of biofilm related
diseases.



utritional Requirements
of Bacteria

Bacteria may require adequate nutrition, opti-
mum pH, temperature and oxygen for multi-
plication and growth. Bacteria can be classified
into following types on the basis of nutritional
requirement:

I.  On the basis of energy sources:

a. Phototrophics which get energy from
photochemical reaction.

b. Chemotrophics which get energy from
chemical reaction.

II. On the basis of their ability to synthesize
essential metabolites.

a. Autotrophic: These are the organisms in
which all essential metabolites are
synthesized from inorganic sources.
They use carbon dioxide as the main
source of carbon and simple inorganic
salts,e.g. nitrates, nitrites, ammonium
sulfate, phosphates, etc. to form new
protoplasm of the cell.

b. Heterotrophic: Here some of the
essential metabolites are not
synthesized. Organic compounds, e.g.
protein, peptones, amino acids,
vitamins and growth factors are sup-
plied from outside. Most of the bacteria
producing disease in man are hetero-
trophic.

GROWTH REQUIREMENTS
Nutritional Requirements

1. Essential elements The essential elements
required for synthesis of bacterial
structural components (carbohydrate,
lipid, protein nucleic acid) are hydrogen,
carbon and nitrogen. Of course
phosphorous and sulfur are also required
for bacterial growth.

Hydrogen and oxygen are made
available from water added to culture
medium. Heterotrophic bacteria require
organic carbon for growth in a suitable
form and can be assimilated by the bacteria.
Carbohydrate is principal source of carbon
which is degraded by the bacteria either
by oxidation or by fermentation. Thus
providing energy in the form of adenosine
triphosphate.

Nitrogen is a major component of
protein and nucleic acids and its main
source is ammonia usually in the form of
ammonium salt. The ammonium salt is
made available either from environment or
it may be produced by deamination of
amino acids by bacteria.

Sulfur forms part of the structure of
several coenzymes cysteinyl and methionyl
side chains of proteins. Most bacteria use
sulfate (SO,) as a sulfur source and reduce
it to hydrogen sulfide.

Phosphorus is required as a component
of nucleic acid ATP coenzyme NAD, and
flavins. It is always assimulated as free
inorganic phosphate.

2. Mineral salts They are potassium, calcium,
magnesium, iron, copper, manganese,
molybdenum and zinc required in traces
for enzyme function and can be provided
in tap water or as contaminant of other
medium ingredients.

3. Growth factor These may be essential for
some who do not grow in their absence.
Following a gene mutation of bacterium,
there results in failure of one of the
enzymes to synthesize amino acids or
purines or pyrimidines from simpler
compounds. In such case exogenous
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supply of relevant factor is required called

accessory growth factors.

The other nutritional requirements are as
under:

Gas Requirements

a. Oxygen: The capacity of bacteria to grow
in the presence of oxygen and to utilize it
depends on possession of a cytochrome
oxidase system.

Aerobes: The aerobe organisms grow only
in the presence of oxygen, e.g. pseudom-
onadaceae, bacillus, nitrobacter, sarcina,
etc. They require oxygen as hydrogen
acceptor.

Facultative anaerobes: They are the orga-
nisms that can live with or without oxygen,
e.g. vibrio, Escherichia coli, Salmonella,
Shigella and Staphylococcus. The micro-
aerophilic organisms grow well with
relatively small quantities of oxygen, e.g.
Hemophilus.

Obligate anaerobes: The strict anaerobes
multiply only in the absence of oxygen, e.g.
Bacteroides, Clostridium. They require a
substance other than oxygen as hydrogen
acceptor.

The toxicity of oxygen results from its
reduction by enzymes in the cell (e.g.
flavoprotein) to hydrogen peroxide and
even more toxic free radical superoxide.
Aerobes and aerotolerant anaerobes are
protected from these products by the
presence of superoxide dismutase, an
enzyme and the presence of catalase. There
is one exception to this rule, i.e. lactic acid
bacteria; aerotolerant anaerobes that do not
contain catalase. This group however,
relies instead on peroxidases. All strict
anaerobes lack superoxide dismutase,
catalase and peroxidase. Superoxide
dismutase is indespensable for survival in
presence of oxygen.

Hydrogen peroxide owes much of its
toxicity to the damage it causes to DNA.
DNA repair deficient mutants are
exceptionally sensitive to hydrogen
peroxide. The rec A gene product has the
function of both genetic recombination and
repair. It is said to be more important than

either catalase or superoxide dismutase in
protecting Escherichia coli against hydrogen
peroxide toxicity.

b. Carbon dioxide: The metabolic activities of
some organisms like Neisseria gonorrhoeae,
Brucella abortus are greatly enhanced by the
presence of extra-amount of carbon dioxide
(capnophilic bacteria) in atmospheric air.

Moisture

Bacteria require water for their growth.
Desiccation may kill most of bacteria.

Accessory Nutritional Requirements

Most often the accessory growth factors are
vitamins. The requirement of growth factors
differ widely in various bacteria, e.g.

Organisms Growth factors
N. gonorrhoeae  Glutathione
C. diphtheriae B-alanine

S. aureus Nicotinic acid, thiamine

H. influenzae Hematin (Co-enzyme I)
They are not synthesized by bacteria and

so supplied in media.

Bacterial growth in vivo depends upon:

¢ Availability of nutrition with human body

* Generation time of bacteria

e Cellular and humoral defence of host, i.e.
human body

* Redox potential

° pH

GROWTH CURVE

When organisms are cultured in appropriate
fluid media, there would be increase in the size
of bacteria without any multiplication for some
time (lag phase). This is followed by multipli-
cation and increase in number of bacteria to
the extent that media look turbid to the naked
eye (log phase). After some time growth rate
becomes stationary and later on declines.
Counting of bacteria at different periods after
inoculation and then events of sequences are
represented on a graph which is called growth
curve (Fig. 4.1).

Lag Phase

It has short duration (1 to 40 hours) and during
this phase there occurs:
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Fig. 4.1: Growth curve of viable bacteria
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Increase in size of cell.

Increase in metabolic rate.

3. Adaptation to new environment and

necessary enzymes plus intermediate

metabolites are built up for multiplication

to proceed.

The length of lag phase depends upon:

a. Type of bacteria.

b. Better the medium, shorter the lag
phase.

c. Thephase of culture from which inocu-
lation is taken.
Size of inoculum.

e. Environmental factors like tempe-
rature.

N

Log Phase

Following lag phase (8 hours duration) the
cells start dividing and their number increase
by geometric progression with time. Logari-
thms of viable count plotting time gives
straight line. During this period:

i. Bacteria have high rate of metabolism.

ii. Bacteria develop best morphologically
with typical biochemical reactions.

iii. Bacteria are more sensitive to antibio-
tics. Control of log phase is brought
about by:

a. Nature of bacteria.

b. Temperature.

c. Rate of penetration of the medium
depends on the concentration of
material in the medium.

Stationary Phase

After some time (few hours to few days) a
stage comes when rate of multiplication and
death becomes almost equal. It may be due to:

a. Depletion of nutrient.
b. Accumulation of toxic products. Sporu-
lation may occur during this stage.

Decline Phase

During this phase (few hours to few days)
population decreases due to death of cells.
Factors responsible for this phase are:
i.  Nutritional exhaustion.
ii. Toxic accumulation.
iii.  Autolytic enzymes. Involution is com-
mon in phase of decline.

Survival Phase

When most organisms have died, a few
survive for several months or years.

TABLE 4.1: Bacterial changes during

growth curve
Phase of growth curve

Bacterial changes

1. Maximum size

2. Uniform staining and
bacteria are more
sensitive to antibiotics

3. lIrregular staining,
variable Gram reaction,
exotoxin production
and sporulation

4. Involution form

1. End of lag phase
2. Log phase

3. Stationary phase

4. Phase of decline

CONTINUOUS CULTURE

This method of culture is being used for both

research and industrial purposes. Continuous

culture may correspond with situation occur-
ring in some diseases of man and animals.

Continuous culture may be obtained by

following methods:

1. Chemostat: Here rate of growth is
controlled by rate of addition of fresh
nutrient which may be pumped from
medium vessel. This in turn controls the
rate of removal of cells via the overflows
device into the collector vessel. This rate
of production of new cells by
multiplication is equal to rate of removal
of grown bacteria into the collector vessel.
This process may be continued indefinitely
(Fig. 4.2). The disadvantage of chemostat
is that growing cells are always in a state
of semistarvations for one nutrient and
must be grown at less than maximum rate
to achieve good result.
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Fig. 4.2: Chemostat

2. Turbidostat: Here addition of a measured
volume of fresh medium is triggered when
the turbidity in the growth vessel reaches
a predetermined value that is monitored
by photoelectric cell. As a result of addition
of fresh medium, bacteria are diluted and
continued to grow until they reach critical
turbidity.

Factors Influencing Growth

1. Temperature: The temperature range at
which an organism grows best is called
optimum temperature. In human parasitic
organisms, optimum temperature ranges
between 30° and 37°C.

There are three groups of bacteria
related to regards the temperature of
growth.

a. Psychrophilic: These are the organisms
growing between 0° and 25°C. They are
mostly soil and water bacteria.

b. Mesophilic: They grow between 20° and
44°C. This group includes bacteria
producing disease.

c. Thermophilic: Some organisms grow
between 50° and 60°C, e.g. bacillus and
algae. The upper range of temperature
tolerated by them correlates well with
the thermal stability of the species
protein as measured in cell extract.

2. Hydrogen ion concentration: Most of
pathogenic bacteria grow best at pH 7.2 to

7.6. However, Lactobacillus and Thiobacillus
thiooxidans grow at acidic pH while Vibrio
cholerae, Alcaligenes fecalis grow at alkaline
pH.

3. Moisture: Water is quite essential for the
growth of bacteria. Organism like Neisseria
gonorrhoeae and Treponema pallidum die
almost at once on drying. However, Myco-
bacterium tuberculosis and Staphylococcus
aureus survive for quite a long time even
on drying.

4. Osmotic pressure: Bacteria are usually
resistant to changes of osmotic pressure.
However, 0.5 percent sodium chloride is
added to almost all culture media to make
environment isotonic.

5. Light: Darkness is usually favorable for the
growth and viability of all the organisms.
Direct light exposure shortens the survival
of bacteria. Photochromogenic mycoba-
cteria form pigment on exposure to light.
Organisms are sensitive to ultraviolet and
other radiations.

6. Mechanical and sonic stress: Bacteria have
tough cell walls. Vigorous shaking with
glass beads, grinding and exposure to
ultrasonic vibration may cause rupture or
disintegration of cell wall.

BACTERIAL REPRODUCTION

The bacteria reproduce by a sexual binary

fission. The DNA is a double helix with

complementary nucleotide sequences in the

two strands. At replication the strands

separate and new complementary strands are

formed on each of the originals so that two

identical double helices are produced. Each of

them has the same nucleotide sequence and

so the same genetic information as the original

one. The sequence of cell division includes:

a. Formation of initiator of chromosome
replicator.

b. Chromosome duplication.

c. Separation of chromosomes.

d. Formation of septa and cell division.

GENERATION TIME

Time required for bacterium, to give rise to
two daughter cells under optimum condition
is called generation time or generation gap.
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Generation time of:

a. Coliform bacteria is 20 minutes.

b. Mycobacterium tuberculosis is 20 hours.
c. Lepra bacilli is 20 days.

SYNCHRONOUS GROWTH

In ordinary cultures, the cells are growing non-
synchronously at any moment and cells are
present in every possible stage of the division
cycle. When all the bacterial cells divide at the
same time, growth thus obtained is called
synchronous growth. Synchronous growth is
a way to study biochemical events related to
cell division, i.e. study of DNA synthesis,
stability of genetic material, susceptibility of
lethal agents and transfer of genetic material.

Synchronous growth may be obtained
by: (i) delayed initiation of DNA replication
and then restore the condition required,
(ii) repeated alternation between short periods
of incubation at 37°C and at 25°C, (iii) depri-
ving an auxotrophs of thymine followed by
its restoration, (iv) some organisms go through
one or two synchronous growth when diluted
from stationary phase culture to fresh
medium.

The main drawback of these methods is
that cell composition and their state of balance
is drastically altered. Hence, there is no reliable
information regarding mechanism responsible
for balanced growth.

However, physiological synchronization is
achieved by mechanical separation of smaller
recent products of normal division in other
stages of cycle. For this purpose culture may
be filtered through layers of filter paper.
Larger cell on the ‘verge of division’ remains
on filter paper. Smaller cells come down
through filter paper. Both fraction on further
incubation gives synchronous growth.
Membrane filter may also be used for this
purposes. Reverse flow through filter provides
continuous supply of newborn cells. Centrifu-

gation may be applied to get synchronous
growth. Synchrony only persists for 1 to 4
cycles. After that time the cells become more
and more out of phase until their division
become completely random.

BACTERIAL COUNT

1. Total bacterial count includes living as well
as dead bacteria. It can be obtained by
following methods:

a. Direct counting under microscope
using counting chamber.

b. Counting may be in an electronic
device called Coulter counter.

c. Direct counting using stained smears
prepared by spreading known volume
of culture over measured area of a
slide.

d. Comparing relative number in smear
of the culture mixed with known
number of other cells (erythrocytes).

e. By opacity measuring with nephalo-
meter or absorption meter.

f. Measuring wet and dry weight of cells
after centrifugation or filtration.

g. Chemical assay of nitrogen.

2. The viable count measures number of
living organism. It can be obtained in the
manner described ahead.

a. Dilution method Several tubes are
inoculated with varying dilution and
viable count calculated statistically
from the number of tubes showing
growth. This method does not give
accurate values. This method is used
for presumptive coliform count in
drinking water.

b. Plating method Here appropriate dilu-
tions are inoculated on solid media
either on the surface of plate or as pour
plates. The number of colonies that
develop after incubation gives an
estimate of viable count.



Bacterial Metabolism

The processes of breakdown and utilization

of food material in bacteria are basically simi-

lar to higher organisms with following
differences:

1. Bacteria are metabolically more active due
to relatively large surface through which
nutrients are readily absorbed and meta-
bolic end products are released into the
environment.

2. The substrates utilized for the synthesis of
cell material and production of energy, are
different in different types of bacteria, e.g.
lactose is fermented by a few bacteria
among enterobacteriaceae.

3. The metabolic end products from a given
substrate are different in different orga-
nism.

BACTERIAL METABOLISM

The living organisms are similar in their
component chemical units as well as in the
mechanism by which these components are
formed—the process of metabolism. It
comprises of (a) catabolism and (b) anabolism.

Catabolism

All microorganisms seem to have certain
fundamental metabolic pathways concerned
in the interconversions necessary for the
production of the basic building blocks.
Enzymes concerned in glycolytic pathway, the
pentose phosphate cycle and the tricarboxylic
acid cycle are synthesized irrespective of
environmental conditions and form a group
of constitutive enzymes. On the other hand,
there is a group of enzymes produced only in
the presence of inducer and are called
inducible enzymes.

Microorganisms differ considerably in the
way in which the energy source is broken
down to provide energy. This difference
mainly concerns the involvement of oxygen
as a terminal electron acceptor in the system
and accordingly organisms may be facultative
anaerobes (grow aerobically and anaerobically),
obligate aerobes (grow only in the absence of
oxygen). Yet there is another group of
organisms that grow best in the presence a
trace only of free oxygen and often prefer an
increased concentration of carbon dioxide;
these are called microaerophilic.

Aerobes obtain energy by a series of coup-
led oxidoreductions in which the ultimate
electron acceptor is atmospheric oxygen. In
this aerobic respiration, the carbon and energy
source may be completely oxidized to carbon
dioxide and water. Here energy is obtained by
a process called oxidative phosphorylation, i.e.
production of energy rich phosphate bonds
and their transfer to adenosine diphosphate
to form adenosine triphosphate.

Anaerobes oxidize compound at the
expense of some electron acceptor other than
oxygen. Anaerobic growth perhaps occurs by
a process in which carbon and energy source
acts both as the electron donor and the electron
acceptor in series of oxidoreduction. This
process is called fermentation. Fermentation
leads to formation of ethanol, acid and
alcohols. Fermentation is accompanied with
production of acid and gas (carbon dioxide or
hydrogen). During process of fermentation
energy rich phosphate bonds are produced
which are transferred on to adenosine
diphosphate to form adenosine triphosphate
in the presence of appropriate phosphoryla-
tion enzyme. Facultative anaerobes may obtain



36 General Bacteriology

their energy exclusively by fermentation
(streptococci) or either by fermentation or
respiration (enterobacteria). The amount of
energy produced from given amount of car-
bon and other energy source under anaerobic
conditions is considerably less than under
aerobic conditions; hence growth of facultative
anaerobe is usually much more abundant
under aerobic conditions.

Redox Potential

Oxidizing agents may be considered as
substances capable of taking up electrons. On
the other hand, reducing agents are substances
which are able to part with electrons. The
capability of a substance to take-up or lose
electron is called oxidation reduction or redox
or Eh potential. It is measured in millivolts.
The higher is redox potential value in oxidized
substances whereas this value is lower in
reducing agents.

The Eh, i.e. redox potential of most of media
in contact with air is +0.2 to 0.4 volt at pH 7.
The strict anaerobes are unable to grow unless
Ehis 0.2.

Anabolism

There are wide differences in the ability of cells
to carry out the individual biosynthesis of
essential monomers and coenzymes. Some are
capable of synthesizing all their amino acids,
nucleotides, monosaccharides, coenzymes, etc.
from the building blocks produced by
catabolism. Others almost completely lack
such power of biosynthesis and depend
entirely on their nutrient environment for the
provision of such substances in readymade
form. Within these two extremities, there is a
wide spectrum of different biosynthetic
abilities. Microorganisms vary widely in their
possession of enzymes that catalyze the
biosynthesis of essential low molecular weight
compounds. However, all cellular forms of life
must have a certain range of enzymes to
catalyze the required polymerizations as it is
not possible to incorporate an extracellularly
provided polymer directly into cell structure.

Carbohydrate metabolism A large number of
molecules are known to be attacked by bac-
teria. Glucose obtained after the breakdown
of polysaccharides by exoenzymes is easily
penetrated into the bacterial cell where it is
acted upon by endoenzymes. Degradation of
glucose varies in different species of bacteria.
Glucose fermentation is the same up to the
point of pyruvic acid. Differences occur in the
manner in which pyruvic acid is utilized.

The end product of carbohydrate fermen-
tation are formed by various pathways from
pyruvic acid. Important end products of glu-
cose fermentation are: gases (CO,, H,), acids
(acetic, formic, lactic, pyruvic, etc.) and neutral
products (alcohol). Production of acid with or
without gas is used in the identification of
bacteria.

METABOLISM OF NITROGENOUS
COMPOUNDS

Metabolism of nitrogenous compounds makes
available enzymes, coenzymes and nucleic
acids, etc. With enzyme protease, protein is
converted into peptide which is further broken
down into amino acids. This occurs outside the
cell. The amino acids enter the cells where
they are degraded by the methods like

deamination, decarboxylation or splitting (e.g.

indole production from tryptophan). The

amino acids entering cells may be used for
protein synthesis. The main steps of protein
synthesis are as under:

1. Amino acids are activated and form a
complex with enzyme synthetase.

2. The activated amino acids are transferred
to soluble RNA or transfer RNA (low
molecular weight). These reactions are
catalyzed by amino acyl RNA synthetase.

3. mRNA (high molecular weight) is synthe-
tized on a template of chromosomal DNA
through the activity of RNA polymerase.

4. mRNA migrates to ribosomes to form
polysome and serves as a template for
assembly of amino acids into polypeptide
chain. The genetic code is incorporated in
the mRNA.



Media for Bacterial
Growth

Culture media gives artificial environment

simulating natural conditions necessary for

growth of bacteria. The basic requirement of
culture media are:

1. Energy source.

2. Carbon source.

3. Nitrogen source.

4. Salts like sulphates, phosphates, chlorides
and carbonates of sodium, potassium,
magnesium, ferric, calcium and trace ele-
ments like copper, etc.

5. Satisfactory pH 7.2 to 7.6.

Adequate oxidation-reduction potential.

7. Growth factor like tryptophan for Salmo-
nella typhi, glutathione for gonococci, X and
V factors for hemophilus.

The characteristics of an ideal culture
medium are:

1. Must give a satisfactory growth from single

inoculum.

Should give rapid growth.

Should be easy to grow.

Should be reasonably cheap.

Should be easily reproducible.

Should enable to demonstrate all charac-

teristics in which we are interested.

Media used for obtaining the growth of

bacteria are:

o
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FLUID MEDIA

Bacteria grow very well in fluid media in 3 to
4 hours. Hence, they are used as enriched
media before plating on solid media. They are
not suitable for the isolation of organism in
pure culture. We cannot study colony charac-
ters as well. Examples of fluid media are
nutrient broth, peptone water, etc.

Types of Liquid Media
Broth

It is a clear transparent straw colored fluid

prepared from meat extract or peptone.

Following types of broth are in common use:

a. Infusion broth: Fat free minced beef meat
is added to water and kept in refrigerator
overnight. Fluid obtained after removal of
meat is boiled for 18 minutes. To it peptone
and 0.5 percent sodium chloride is added.

b. Meat extract broth: This is commercially
available as Lab Lemco.

c. Digest broth: It is prepared from meat by
enzymatic action. Nutritionally, it is more
rich than infusion and extract broth.
Addition of peptone is not required in
digest broth. Hence, it is more economical.
Enzymes used are trypsin, pepsin, etc.

Peptone

It is a protein partially digested with
hydrolytic enzymes like pepsin, trypsin,
papain, etc. Peptones supply nitrogenous
material and also act as a buffer. Several
bacteria can grow in 1 percent peptone water.
Constituents of peptone are proteoses, poly-
peptides and amino acids.

Yeast extract: It is prepared by extracting
autolyzed yeast with water. It has high con-
tents of vitamin B.

The other examples of liquid media are
sugar media (1% sugar in peptone water),
glucose broth (1% glucose in nutrient broth),
bile broth (0.5% bile salts in nutrient broth),
Hiss serum (1 part serum and 3 parts glucose
broth), liquid MacConkey, glycerol saline and
enrichment media (tetrathionate and selenite).
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LIQUID MEDIA

Medium

Uses

1. Peptone water

2. Nutrient broth

3. Glucose broth

4. Enrichment media
a. Glycerole alkaline peptone water
b. Selenite F broth
c. Tetrathionate broth
d Robertson cooked meat broth

SOLID MEDIA

¢ Routine culture

* Demonstration of matility

¢ Sugar fermentation

Indole test

¢ Routine culture

¢ Methyl red test

¢ Voges Pauskaur test

e Blood culture

Culture of bacteria like streptococci, etc.

Transport media for stool samples

Culture of stool for Salmonella and Shigella
Culture of stool for Salmonella

Culture of anaerobic bacteria

Medium

Uses

1. Nutrient agar

¢ Routine culture
¢ Antibiotic sensitivity test

2. Blood agar ¢ Routine culture
3. Chocolate agar * Culture of fastidious bacteria like Neisseria,
H. influenzae, etc.
4. Loeffler serum slope Culture of C. diphtheriae
5. Deoxycholate citrate agar Culture of Salmonella and Shigella
6. MacConkey’s medium Culture of intestinal bacteria
7. Bile salt agar Culture of V. cholerae
8. TCBS Culture of V. cholerae
9. Lowenstein-Jensen medium Culture of Mycobacterium tuberculosis and atypical
mycobacterium
SOLID MEDIA Classification of Media

They are used to study colonies of individual
bacteria. They are essential for isolation of
organism in pure form.

a. Agar: It is important constituent of solid
media. It is complex polysaccharide
obtained from seaweeds (Algae geledium
species). It melts at 80 to 100°C and
solidifies at 35 to 42°C. It does not provide
any nutrition to the bacteria. It acts only as
solidifying agent. It is not metabolized by
any pathogenic bacteria.

b. Gelatin: It is protein prepared by
hydrolysis of collagen with boiling water.
It is in liquid form at 37°C. It forms
transparent gel below 25°C. The main use
of gelatin is to test the ability of bacteria to
liquefy it. This feature is important in the
identification and classifications of bacteria.
Blackening of media indicates hydrogen
sulfide production.

Media have been classified in many ways:

A. (i) Solid media
(i) Liquid media
(iii) Semisolid media.
B. (i) Simple media
(ii) Synthetic media or defined media
(iii) Complex media
(iv) Semidefined media
(v) Special media.

Special medias are further divided as under:
(i) Enriched media
(i) Enrichment media
(iii) Selective media
(iv) Indicator and differential media
(v) Sugar media
(vi) Transport media.
C. Aerobic media and anaerobic media.
1. Simple media: It is also called basal
media. It consists of meat extract,
peptone, sodium chloride and water.
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a. DPeptone water: It is prepared by
adding 1 gram peptone, 0.5 gram
sodium chloride to 100 ml of
distilled water.

b. Nutrient agar: Addition of 2
percent agar in nutrient broth
constitute nutrient agar.

Complex media: These are ingredients

for special purposes or for bringing out

certain characteristics or providing
special nutrient required for the
growth of certain organisms.

Synthetic or defined media: These

media are prepared solely from pure

chemical substances and the exact
composition of medium is known.

They are used for research purposes.

Special media

a. Enriched media: In these media
substance like blood, serum or egg
is added to basal medium, e.g.
blood agar, chocolate agar, egg
media and Loeffler serum slope.

b. Enrichment media: Some substances
are added to liquid media with the
result that wanted organism grow
more in number than unwanted
organism. Such media are called,
enrichment media, e.g. selenite F
broth, tetrathionate broth.

c. Selective media: This is like
enrichment media with the
difference that inhibiting substance
is added to solid medium, e.g. deo-
xycholate citrate medium which
contains nutrient agar, sodium
deoxycholate, sodium citrates
lactose and neutral red.

d. Indicator media: The media contain
an indicator which changes color
when bacterium grow in them, e.g.
Salmonella typhi reduces sulphite to
sulphide in Wilson and Blair
medium (colonies of Salmonella
typhi have black and metallic
sheen).

e. Differential media: A medium which
has substance enabling it to bring
out differing characteristic of
bacteria thus helping to distinguish
between them, e.g. MacConkey’s

-

Figs 6.1A and B: (A) Lactose fermenter colonies on
MacConkey media, (B) Nonlactose fermenter colonies
on MacConkey media

medium (peptone, lactose, agar,
neutral red and tauro-cholate). It
shows lactose fermenter as red
colonies while nonlactose fermen-
ter as pale colonies (Figs 6.1A
and B).

Blood agar is an enriched
medium but also differentiates
between hemolytic organisms and
non-hemolytic organisms. So it also
acts as a differential medium.
Sugar media: The usual sugar media
consist of 1 percent sugar
concerned, in peptone water along
with appropriate indicator. A small
tube (Durham’s tube) is kept
inverted in sugar tube to detect gas
production (Fig. 6.2).

Hiss’s serum (25% serum) is used
for organisms which are exacting
in their growth requirement, e.g.
pneumococci.

Transport media: Delicate organisms
like gonococci which may not
survive the time taken for
transporting the specimen to the
laboratory or may be overgrown by
nonpathogen (dysentery or cholera
organism) special medium is
required called transport medium,
e.g. Stuart medium for gonococci
and glycerol saline for stool.

Anaerobic media: These media are
used to grow anaerobic organisms, e.g. Robert-
son’s cooked meat medium.
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Fig. 6.2: Sugar media with inverted Durham’s tube

Anaerobic indicators used is reduced met-
hylene blue and it contains NaOH, methylenes
blue, glucose.

Storage media: Lyophilization (freeze
drying in vacuum) is the best method of
preservation and storage of bacteria Dorset
egg and semisolid agar may be used to
preserve and store bacteria for a few months.
For this loop charged with bacteria is
inoculated on these media. After giving
adequate incubation bacterial growth appears
on the media which can be stored in the
refrigerator. Robertson cooked meat media can
also be used for preservation.

Culture Techniques

In clinical laboratory indications for culture

are:

a. Isolation of bacteria in pure culture.

b. To demonstrate their properties.

c. To obtain sufficient pure growth for prepa-
ration of antigen and for other tests.

d. For typing of bacterial isolate by method
like bacteriophage and bacteriocin suscep-
tibility.

e. To determine sensitivity to antibiotics.

To estimate viable count.

g. To maintain stock culture.

=

METHODS OF ISOLATING PURE CULTURE
Surface plating.
Use of enriched and selective media.
3. Pretreatment of specimens with appropriate
bacteriocidal agents.
4. By heating liquid medium.

N =

Methods of Culture

1. Streak culture (surface plating) is the
method routinely employed for the
isolation of bacteria in pure culture. A
platinum loop with 24" long wire and loop
with diameter 2 mm (Fig. 6.3) is charged
with specimen to be cultured and is placed
on the surface of dried plate of solid media
towards peripheral area (Fig. 6.4). The
inoculum is spreaded thinly over the plate
in series of parallel lines in different
segment of the plate. On incubation we
may find confluent growth at the site of
primary inoculum. Well-separated colonies
are obtained over the final series of streaks.

2. Lawn or carpet culture: Lawn cultures are
prepared by flooding the surface or plate
with suspension of bacteria. It provides
uniform surface growth of bacteria. It is
useful for bacteriophage typing and
antibiotic sensitivity test.

3. Stroke culture: It is made in tubes
containing agar slopes. It is used for

Platinum  Spud Straight
loop needle

Fig. 6.3: Types of inoculation loops
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Fig. 6.4: Method of streaking culture plate

providing a pure growth of bacterium for
slide agglutination.

4. Stab culture: It is prepared by puncturing
with charged long, straight wire (4" long).
Stab culture are employed mainly for
demonstration of gelatin liquefactions and
for maintaining stock culture.

5. Pure plate culture: 15 ml of agar medium
is melted and left to cool in water bath at
45°C to 50°C. Appropriate dilution of
inoculum is added in 1 ml volume to
molten agar and mixed well. Content of
tube is poured in Petri dish. It is allowed
to set and after incubation colonies will be
seen distributed throughout the depth of
medium. This method gives viable
bacterial count in a suspension. It is the
recommended method for quantitative
urine culture.

6. Liquid culture in a tube, bottle or flask may
be inoculated by touching with a charged
loop. Liquid cultures are preferred when
large and quick yield is required. The major
disadvantage of liquid culture is that it does
not provide pure culture from mixed
inocula.

—. .. . .

Low convex Convex Effuse

Description of colonies of bacteria: Colonies
of bacteria are described as follows:

Shape: Circular, irregular, radiate or rhizoid.

Surfaces: Smooth, rough, fine or coarsely
granular, papillate, glistening, etc.

Size: Surface of colony is measured in
millimeter. It measures 2 to 3 mm and if very
small then 0.5 to 1 mm.

Elevation: Raised, low convex dome, umblicate
(Fig. 6.5).

Some bacteria produce spreading growth,
e.g. proteus, clostridia, etc.

Edges: Mostly edges are entire, e.g. Klebsiella,
Escherichia coli, Staphylococcus. Sometimes
edges may be crenated, fimbriated (B. subtilis)
or effuse (Fig. 6.6).

Color: Some organisms may produce pigme-
nted colonies, e.g. staphylococci, Pseudomonas
aeruginosa.

Opacity: Colonies on nutrient agar may be
transparent, translucent or opaque.

Consistency: Colonies may be hard or firm, e.g.
Mycobacterium tuberculosis, friable and
membranous, e.g. B. subtilis. Mostly they are
soft and butyrous, e.g. Escherichia coli.

Changes in the medium: Some organisms
produce beta type of hemolysis around the
colony, e.g. Staphylococcus aureus and Strepto-
coccus pyogenes. Few bacteria produce soluble
pigment that diffuses into the medium, e.g.
Pseudomonas aeruginosa.

Emulsifiability: Growth of bacteria like
Escherichia coli, Salmonella is easily emulsi-
fiable whereas growth of Neisseria catarrhalis
is not emulsifiable.

Growth in liquid media is described as:

1. Turbid

2. Deposit: Growth of Streptococcus pyogenes is
characterized by deposits at the bottom of
tube.

—. _aiie. _d.

Raised with
flat surface

Convex
papillate

Umbonate

Fig. 6.5: Elevation of colonies
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Entire Undulate Lobate Erose

Crenate

Cilliate

Fimbriate

Fig. 6.6: Edges of colonies

3. Surface growth: Surface growth is related to
aerobic, nature of organism.

4. Color changes: Some organisms produce
water soluble pigment which after
diffusion change the color of medium, e.g.
Pseudomonas aeruginosa.

METHODS OF ANAEROBIC CULTURE

Obligate anaerobes grow only in absence of

free oxygen. These bacteria lack mechanism

of oxidation through respiratory enzymes like

cytochrome oxidase, catalase and peroxidase

resulting in H,O, accumulation. This H O, is

toxic for the growth of anaerobic bacteria.
Clostridium tetani are strictly anaerobic. A

number of methods are described for achie-

ving anaerobiosis on the basis of following

principles:

Exclusion of oxygen.

Production of vacuum.

Displacement of oxygen with other gases.

Absorption of oxygen by chemical or

biological means.

Reduction of oxygen.

a0 o
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Cultivation in vacuum was tried by incu-
bating culture in vacuum desiccator. It has
disadvantages:
a. Some oxygen is always left behind.
b. Fluid culture may boil over and media
get detached.

2. Displacement of oxygen with gases like
hydrogen, nitrogen, helium or carbon
dioxide was also tried. Anaerobiosis is
never complete.

Candle jar is again ineffective. Here
inoculated plates are placed, inside airtight
container and lighted candle is kept before

lid is sealed. A burning candle should use

up all the oxygen before it gets

extinguished. Unfortunately some oxygen
is always left behind. It also provides
concentration of carbon dioxide which
stimulates growth of bacteria other than
anaerobes.

3. Absorption of oxygen by chemical or
biological mean:

a. Pyrogallicacid and sodium hydroxide.

b. Chromium and sulfuric acid.

c. GASPAK is now the method of choice
consisting of an envelope and jar.
Envelope is placed inside jar. GASPAK
envelope contains 3 tablets, one each
of citric acid, sodium carbonate and
sodium borohydrate. It generates hyd-
rogen and carbon dioxide on addition
of water. Hydrogen combines with
oxygen to produce water, and thus
creation of anaerobiosis.

d. Mclntosh and Fildes anaerobic jar

(Fig. 6.7):
It consists of glass or metal jar with
metal lid which can be clamped airtight
with screw. The lid has two tubes, one
acts as a gas inlet and the other one as
outlet. Additionally lid has two ter-
minals which can be connected to elec-
trical supply.

Inoculated culture plates are placed
inside jar. Outlet tube is connected to
vacuum pump and air inside is eva-
cuated. The outlet tap is closed and in-

Valve

Inlet

Outlet

Catalyst
Electric
terminal

Fig. 6.7: McIntosh and Fildes jar
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let tube is connected with hydrogen gas
cylinder. After filling of jar with hydro-
gen, electric terminals are connected so
that palladinised asbestos is heated.
This acts as catalyst for combination of
hydrogen and residual oxygen. It
ensures complete anaerobiosis. At the
same time it also carries risk of
explosion.

An indicator should also be kept for
verifying anaerobic condition in jar.
Reduced methylene blue is used for
this purpose. It is colorless anaerobi-
cally and regains blue color on
exposure to oxygen.

4. Anaerobic glove box: This is a self-contained
anaerobic system with provisions of
circulation of hydrogen, nitrogen and
carbon dioxide within it and catalytic
conversion of residual oxygen to water. It
is expensive. It is recommended for total
anaerobic gut flora studies.

5. Reduction of oxygen in medium is achieved
by using various reducing agents:

a. 1 percent glucose.
b. 0.1 percent thioglycolate.

c. 0.1 percent ascorbic acid.

0.05 percent cystine.

e. Broth containing iron pieces flamed red
hot.
f. Broth containing fresh animal tissue,

e.g. rabbit kidney, spleen, etc.

g. Robertson cooked meat medium pro-
duces anaerobiosis as under:

(i) Unsaturated fatty acids present in
meat utilize oxygen for autoxida-
tion.

(ii) Glutathione and cystein are redu-
cing agents of meat and use
oxygen.

(iii) Sulfahydryl compounds of cystein
also precipitate for reduced oxida-
tion reduction.

It consists of fat free minced meat in broth.
It permits growth of even strict anaerobes. The
meat itself contains reducing substances,
particularly glutathione, which helps in the
growth of anaerobes. Further fresh entry of
oxygen into the medium is prevented by
layering the top with sterile liquid paraffin. It
indicates sacchrolytic (meat being red) and
proteolytic (meat being black) activities.



Classification and
Identification of Bacteria

Bacterial classification presents special prob-

lem. A number of criteria have been employed

to group them, e.g.

a. Energy source Phototrophic, chemotrophic,
autotrophic and heterotrophic.

b. Nutrient requirement Simple or complex.

c. Abilitytogrowinliving tissue—saprophytes
and parasites.

d. Temperature of growth Psychrophilic,
mesophilic and thermophilic.

e. Oxygen requirement Aerobic and anaerobic.
None of these seem satisfactory. Following

systems are used to classify bacteria:

1. Biological classification: It is based on
observable characters like physiological,
immunological and ecological.

Division Protophyta

Class: Schizomycetes.

Orders: 1 Pseudomondales.
2 Eubacterales.
3 Actinomycetales.
4 Spirochaetales.
5 Mycoplasmaetales.

On the basis of main characters of each
order, further familiesand genera are classified.
2. Morphological classification: All the

organisms are classified into two groups.

A. Higher bacteria: They are filamentous

and grow by branching to form

mycelium, eg.  antinomycetes.

Organisms producing true mycelium

among actinomycetales are further

classified into:

a. Vegetative mycelium fragments
intobacillary or coccoid element. Of
course they are Gram-positive.
They may be of following types:

i. Anaerobic, acid fast, e.g. nocardia.

ii. Anaerobicnon-acid fast,e.g. Actino-
myces israelii, Actinomyces bovis.

b. Vegetative mycelium does not
fragment into bacillary or coccoid
form. Conida are formed in chain
from aerial hyphae, e.g. strepto-
myeces.

B. Lower or true bacteria: They are
unicellular and never form mycelium.
They are grouped on the basis of their
shape.

Cocci—spherical

Bacilli—rod shaped

Vibrio—Comma shaped

Spirilla—Spiral twisted non-flexous

rods

e. Spirochaetes—Thinspirally twisted,
flexous rods.

pae oo

Cocci: Following types of arrangement is seen:

Diplococcus: Binary fission occursin one plane,
e.g. pneumococci.

Streptococcus: Cocciarearranged inchain, e.g.
Streptococcus pyogenes, Streptococcus viridans.

Staphylococcus: Cocci are arranged in cluster,
e.g. Staphylococcus aureus, Staphylococcus albus.

Tetracoccus: Arrangement of cocci in group of
four, e.g. Micrococcus tetragena.

The cocci are further classified into Gram-
positive and Gram-negative. Gram positive are
again divided on the basis of arrangement of
cells.

Vibrio: They are curved, non-flexible, Gram-
negative, highly motile, e.g. Vibrio cholerae.

Spirilla: Consists of coiled, non-flexous motile
cells, e.g. Spirilum minus.
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Gram-negative:
Neisseria gonococcus
Neisseria meningococcus

Gram-negative
Staphylococcus
Streptococcus
Pneumococcus
Micrococcus
Sarcina

Bacilli: They may be Gram-positive or Gram-
negative. Gram positive, maybeacid fast on the
basis of staining reaction to Ziehl-Neelsen stain.
Gramnegative organism are further identified
on the basis of biochemical reaction and

antigenic analysis.

Spirochaetes: They are slender, refractile and
spiral filaments. The pathological species are

classified into 3 genera.

a. Treponema, e.g. Treponema pallidum.

b. Leptospira, e.g. L. icterohemorrhagica.

c. Borrelia, e.g. Borrelia recurrentis.

3. Adansonian or numerical classification:

This system determines the degrees of
relationship between strains by a statistical
coefficient. Itincludes similar and different
characters, all of which are given equal
importance. The different organisms are
compared by scoring for a large number of
phenotypic character (score+1 if the
character is present, -1 if it is absent). The
classification thus depends upon total
scores of as many similarities and
differences as can be observed. Thus in a
collection of strains in which the results of
largenumber of tests are compared with one
strain and another, the degree of similarity
of strain A to B is indicated by similarity
index (S).

Gram-positive |

| ]—

Spore not formed

(a) Ziehl-Neelsen
stain (positive)
Mycobacterium,

(b) Ziehl-Neelsen
stain (negative)
Lactobacillus
Corynebacterium
Listeria
Actinomyces

|

Gram-negative

Pseudomonadaceae
] Enterobacteriaceae

Brucellaceae

|MJ'E’J Achromobacteriaceae

I
[ Aerobic Anaerobic
e.g. e.qg.
Bacillus anthracoid Clostridium tetani

| Bacillus subtilis

Clostridium botulinum
Clostridium perfringens

| Gram-negative

|

| ] [ |
™ ' ™y

Motile [ Non-motile 1 | Motile | Non-motile
Vibrio Shigella B. anthracoid Corynebacterium
Salmonella Klebsiella Clostridium Mycobacterium
Escherichia coli Brucella Lactobacillus
Proteus Pasturella Listeria (motile
Providentia Hemophilus only at 22°C)
Pseudomonas Actinomyces
Citrobacter Clostridium perfringens
Alcaligen fecalis Clostridium tetani
Hafnia
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Ns (Number of shared,
i.e. positive characters)

g = Ns (Number of shared)—
Nd (Number of differences detected)

4. Biochemical classification: Chemical
composition of cell wall of prokaryotic cell
is different from eukaryotic cell. N-acetyl
muramic acid does not occur in eukaryotic
cell. Further prokaryotic cell wall
membrane lacks sterols which typically
occur in the membrane of eukaryotic cells.
Gram-positive bacteria contain glycerol
techoic acid and ribitol techoic acid and
some monosaccharides likerhamanose and
arabinose.

5. DNA composition as a basis for classi-
fication: By measuring G + C (guanine and
cytosine) content of bacterial preparation it
canbe shown that there is wide range of the
G + C components of DNA in bacteria,
varying from 25 to 80 moles percent in
different genera. For any one species, the G
+ C is relatively fixed or fall within a very
narrow range and this provides a basis for
classification.

Identification of Bacteria

For the identification of organism we proceed

as under:

1. Microscopic examination: It helps to find out
whether the bacteria is cocci, bacilli, vibrio,
spirillum or spirochaete. On Gram staining
wecanhavetwo groups of organism: Gram-
positive and Gram-negative organisms.

2. Motility: Pathogenic cocci are non-motile.
Among Gram-negative bacilli, salmonella,
Escherichia coli, proteus, pseudomonas,
Alcaligens fecalis, Vibrio cholerae are motile.
Among Gram-positivebacilli clostridiaand
bacillus are motile. Hanging drop prep-
aration, dark ground microscopy, phase
contrast, electron microscope help in their
study.

Common Staining Techniques

1. Simple stains where watery solution of
single basic dye such as, methylene blue or
basic fuchsin are used as simple stain.

2. Negative staining bacteria are mixed with
dyes (India ink nigrosin). The background
gets stained leaving the bacteria
contrastingly colorless. The technique is
usefulin demonstration of bacterial capsule.

3. Impregnation methods wherebacterial cells
and appendages that are too thin and
delicate cannot be seen under ordinary
microscope. These delicate structures are
thickened by impregnation of silver on the
surface to make them visible under light
microscope, e.g. demonstration of
spirochaetes and bacterial flagella.

4. Differential stainsimpartdifferentcolors to
different bacteria or their structures. In a
stained film, bacterial shape, arrangement
and presence of other cells (pus cells) are
noted. The two commonly used differential
stains are Gram’s stain and acid fast stain
(Fig 7.1A and B).

Gram Stain (Fig. 7.1A)

The Gram stain is named after the Danish
scientist, Hans Christian Gram who originally
devised the staining technique. Gram stain is
themostwidely used stainin microbiology that
differentiates bacterial species into two large
groups (Gram positive and Gram negative)
based on the physical and chemical properties
of their cell walls.

The basic steps of Gram stain include
applying a primary stain (crystal violet) to a
heat-fixed smear of abacterial culture, followed
by the addition of a mordant (Gram’s iodine),

3 *
bl
 a :
b @ .’ \ ! ‘)1
- T - Y |
o » * .
: il

Figs 7.1A and B: (A) Gram-stained smear showing
Gram-positive cocci (cluster) and Gram-negative bacilli,
(B) Ziehl-Neelsen stained smear showing acid-fast
bacilli
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rapid decolorization with alcohol or acetone,
and counterstaining with safranin or basic
fuchsin.
Depending on the results, the two broad
categories of bacteria include:
¢ Grampositivebacteria-resist decolorization
and retain the color of primary stain i.e.
violet
* Gramnegativebacteria-are decolorized by
acetone/alcohol, thereby take up the
counterstain and appear red.

Ziehl-Neelsen stain (Fig. 7.1B)

The Ziehl-Neelsen (ZN) stain or the acid fast
stain was first described by a bacteriologist,
Franz Ziehl and a pathologist Friedrich
Neelsen. Itis a differential bacteriological stain
used to identify acid fast bacteria, especially
Mycobacterium. The reagents used are Ziehl-
Neelsen carbolfuchsin (primary stain), acid
alcohol and methylene blue (counterstain).
5% sulphuricacidis used for staining Mycobac-
terium leprae and 20% for Mycobacterium
tuberculosis.

Apositivesmear typically contain pink colored,
rod shaped bacteria that are slightly curved,
sometimes branching, sometimes beaded in
appearance, present singly or in small clumps
against a blue background of other cells. Acid
fastness of a bacterium is attributed to the high
contentoflipids, fatty acids and higher alcohols
found in the cell wall. Mycolic acid, acid fast,
waxy materialis presentinall acid fastbacteria.
Apart from lipids, integrity of the cell wall also
contributes to the acid fastness of a bacterium.

Staining Reaction

Ziehl-Neelsen stain into acid fast and non-acid
fast bacilli, Albert stain for the demonstration
of metachromatic and fluorescent dye to bring
out special character.

Study of morphology and staining charac-
teristics helps in preliminary identification.

Culture character: Growth requirement and
colonial characteristics in culture are useful for
the identification of organism, e.g.
Staphylococcus  aureus shows beta type
hemolysis with pin-head colonies whereas
Staphylococcus albus is without any hemolysis.
Streptococcus pyogenes are pin-point colonies

with B hemolysis whereas Streptococcus viridans
show o type hemolysis.

Resistance: Resistance to heat, concentration of
disinfectant, antibiotic, chemotherapeutic
agentand bacitracin help in differentiating and
identification, e.g. resistance of Streptococcus
fecalis to heat at 60°C for 30 minutes and
clostridial spores to boiling for various period.

Metabolism: Requirements of oxygen, need of
carbon dioxide, capacity to form pigment and
power of hemolysis is helpful for classification
of bacteria and to differentiate species.

Biochemical Reactions

The more important and widely used tests are

as under:

1. Sugar fermentation: This is tested in sugar
media having Andrade’s indicator. Acid
production changes the color of medium
into pink. Gas produced collects in
Durham’s tube.

2. Indole production: This test demonstrates
production of indole from tryptophane.
This tryptophane is present in peptone
water. In48 hours peptone water culture 0.5
mlKovacreagentisadded. Red colored ring
indicates positive test.

3. Methylred test:Itisto detectthe production
of acid during fermentation of glucose and
maintenance of pH below 4.5. Glucose
phosphate cultureis taken and few drops of
0.04 percentmethylred areadded. Red color
is positive while yellow color means
negative test.

4. Voges-Proskauer test: It depends on
production of acetyl methyl carbinol from
pyruvic acid. 48 hours growth of glucose
phosphate culture is taken. To it we add 40
percent KOH (1 vol.) and 3 volumes of a
naphthal. Deep pink color in 2.5 minutes
which deepens into magenta or crimson
color means positive tests.

5. Citrate utilization: Some organisms use
carbonassolesourceof energy. Koser citrate
medium (liquid) is taken for this test.
Turbidity in this medium means citrate has
been used up. In Simmon’s medium (solid)
after overnightincubation color of medium
changes from green to blue if citrate is used
up by the organism.
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6. Nitrate reduction: Organism is grown in
broth containing 1 percentKNO, for 5days.
To it is added 1 to 2 drops of mixture of
sulfanilicacid and naphthalamine (mixed in
equal proportion). Red color appears within
few minutes if test is positive.

7. Urease test: It is done in Christensen’s
urease medium. Inoculate heavily the slope
and incubate at 37°C. Urease producing
organism produce pink color. Urease
producingbacteriareduce urea toammonia
and hence pink color.

8. Hydrogen sulphide production: Some of
the organisms decompose sulphur contai-
ning amino acid producing H,S among the
products. It turns lead acetate paper strip
into black. Instead of lead acetate we may
use ferrous acetate or ferric ammonium
citrate.

9. Catalase production: Pour a drop of 10 vol
H,O, onglassslide. Now touch straight wire
charged with bacterial colony. In positive
reaction gas bubbles are produced.

10. Oxidase reactions: The reaction is due to
cytochrome oxidase. One percent solution
of tetra methyl-p-phenylene diamine
hydrochloride is made. The colony to be
tested is smeared (5 mm line) overpaper
soaked in above-mentioned solution.
Smeared area turns dark purple in 5 to 10
seconds in positive cases.

11. Growth in KCN: 1/13000 dilution of KCN
is used to identify Gram-negative bacilli.

12. ONPG (O-nitrophenyl-beta-galactopy-
ranoside) test: In peptonebroth 0.15 percent
ONPG is added and pH is adjusted at 7.5.
This testis used to detectenzymebetagalac-
tosidase present in lactose fermenters like
Escherichia coli. This enzyme may break
down ONPG to release yellow-O
nitrophenol, a color change seen within 3
hours. Test is negative if no color change
occurs after 24 hours.

13. Hippurate hydrolysis: The principle of the
test is based on hydrolysis benzyl glycine
(hippurate) to benzene and glycine
detectable by addition of ferric chloride.
Ferric chloride reagent (12% FeCl,. 6H,O

and 2.5% HCI in water) may be mixed to

1mlof uninoculated medium until precipitated
hippurate just redissolves. At the same time,

same quantity of ferric chloride reagent is
added to 1 ml of clear supernatant of an
incubated culture. Now the development of
precipitate means testis positive for hippurate
hydrolysis. This test is positive in Klebsiella
aerogenes.

Antigenic analysis: By using specific sera we
can identify organism by agglutination
reaction, e.g. beta hemolytic streptococci is
differentiated into 18 serological groups (A to
Texceptland])on thebasis of polysaccharides
component. Likewise, pneumococcus is
divisible into 77 capsular types by capsular
swelling reactions with anticapsular sera.

Bacteriophage typing: Viruses that parasitize
bacteria are called bacteriophage or phage.
Phagebrings aboutlysis of susceptible bacterial
cells. Phage typing is useful in distinguishing
strain among salmonella and staphylococcus.
There is correlation between bacteriophage
type and epidemic source.

Pathogenecity: For pathogenecity test
commonly used laboratory animal models are
guinea pig, rabbit, rat and mouse. The route
used may be subcutaneous, intramuscular,
intraperitoneal, intracerebral, intravenous, oral
or nasal spray.

Resistance to antibiotic and other agents:
Information about sensitivity pattern of strain
is useful for selecting choice of drug. This may
be useful as an epidemiological marker in
tracing hospital infection, e.g. Staphylococcus
aureus sensitivity to mercury salt.

Inother cases sensitivity of bacteria toagents
help in identification of organism, e.g.
Streptococcus pyogenes are sensitive tobacitracin
and pneumococcus to optochin.

Plasmid profile and bacitracin typing also
further help in identification of bacteria.

DEVELOPMENT OF RAPID METHODS FOR
IDENTIFICATION OF ORGANISMS

The last few years have seen exciting advances
in finding out new ways of identifying micro-
organisms within a few minutes of arrival of a
specimen in the laboratory. Specific microbial
components may be detected by countercurrent
immunoelectrophoresisalso designated as CIE.
Another nice method for identification of



Classification and Identification of Bacteria 49

microorganism is gas-liquid chromatography
(GLC)inwhich specific metabolic products are
detected.

Microcalorimetry may be used to find out
rapidly the number of bacteria in liquid
specimen like urine, by detecting their heat
output.

Luminescent biometry is again a useful
method in which amount of bacterial adenine
triphosphate is detected and thus a number of
bacteria in a given amount of liquid can be
known by measuring the brightness of flash of
light when thatamountis mixed with standard
preparation of luciferase (lighting system of fire
flies). Radiorespirometry using C* glucose in
basal nutrient medium with different

antibiotics is used for antibiotic sensitivity and
thus recommending appropriate antibiotic for
an infection in only 3 hours time.

Genetic probes become another latest
upcoming technique which is added in the list
of rapid methods for the identification of
organisms. Some other methods are
calorimetry (detection of small amount of heat
produced when organisms grow) limulus
lysate (smallamount of endotoxin produced by
Gram-negative organisms can clot blood from
horse shoe crab) and impedance (large
molecules arebroken into smaller moleculesby
the growth of bacteria so that electrical
impedance is lowered which may be detected
by a sensitive meter).
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Sterilization and
Disinfection

The process of sterilization finds application
in microbiology for prevention of contamin-
ation by extraneous organisms, in surgery for
maintenance of asepsis, in food and drug
manufacture for ensuring safety from contami-
nating organism and many other situations.

Sterilization: It is a process by which articles
are freed of all microorganisms both in
vegetative as well spore state.

Disinfection: It is a process of destruction of
pathogenic organisms capable of giving rise
to infection.

APPLICATION OF DISINFECTANTS
In Bacteriology

* For disposal of culture (3% Lysol)
e For preservation of sera, agar or phenol
agar, vaccine, etc.

In Surgical Procedures

* Washing the hand

¢ To prepare and clean the area of operation

e To collect the blood under aseptic
precautions

* For safe disposable of excreta and surgical
dressing

¢ C(leaning of infected wounds

* For disinfection of used instrument.

In Hospitals

e To disinfect the operation theaters

e To disinfect costly equipments like
endoscopes and cystoscopes etc.

* To control the spread of cross infection

¢ To disinfect linen and surgical dressing.

In Public Health Services

e For providing safe drinking water (e.g.
chlorinated water)

e For disinfection of sewage before its
disposal into the fields.

Antiseptic: It means prevention of infection
by inhibiting growth of bacteria.

Bacteriocidal agents: These are those which
are able to kill bacteria.

Bacteriostatic agents: Only prevent multip-
lication of bacteria and they may remain alive.

Mainly there are two methods of
sterilization.

Physical

Sunlight

Drying

Dry heat

Moist heat

Filtration

Radiation

Ultrasonic vibrations.

N

Chemicals

Acids

Alkalies

Salts

Halogens
Oxidizing agents
Reducing agents
Formaldehyde
Phenol

Soap

Dyes

. Aerosol, etc.
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Physical Methods

1.

Sunlight: It possesses appreciable bacte-
riocidal activity. The action is due to
ultraviolet rays. This is one of the natural
methods of sterilization in case of water in
tanks, river and lakes.
Drying: Drying in air has deleterious effect
on many bacteria. Spores are unaffected by
drying. Hence it is a very unreliable
method.
Heat: The factors influencing sterilization
by heat are:
i. Nature of heat
(a) dry (b) moist
ii. Temperature and time.
iii. Number of organisms present.
iv. Whether organism has sporing
capacity.
v. Type of material from which organism
is to be eradicated.

Dry Heat

Killing by dry heat is due to:

1.
2.
3.

Protein denaturation.
Oxidative damage.
Toxic effect of elevated levels of electro-
lytes.
(a) Red heat: It is used to sterilize metallic
objects by holding them in flame till
they are red hot, e.g. inoculating wires,
needles, forceps, etc.
Flaming: The article is passed over
flame without allowing it to become
red hot, e.g. mouth of culture tubes,
cottonwool plugs and glass slides.
Incineration: This is an excellent method
for rapidly destroying material, e.g.
soiled dressing, animals carcasses,
bedding and pathological material, etc.
On the negative side incinerators
send toxic material like dioxin and
mercurial products into the
environment and cause pollution.
Dioxin is released from half burnt
chlorin based plastics, e.g. PVC. The
source of mercury and its products
may be broken thermometers, blood
pressure apparatus and other
diagnostic products. Mercury is known
to cause irreversible poisoning. Dioxin

(b)

(c)

o
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Fig. 8.1: Hot air oven

may cause cancer and hormone
mimicking, i.e. it replaces the natural
hormones and can cause serious
disturbances in reproductive process.

(d) Hot air oven (Fig. 8.1): Sterilization by
hot air oven requires temperature of
160°C for one hour. We can sterilize all
glass syringes, petridishes, test tubes,
flask, pipettes, cotton swabs, scalpel,
scissors, liquid paraffin, dusting
powder, etc.

Precautions in Use of Hot Air Oven

1.

It must be fitted with fans to ensure distri-
bution of hot air.

It should not be overloaded.

Oven must be allowed to cool for about
2 hours before opening the doors otherwise
glasswares are likely to get cracked.

Sterilization Control of Hot Air Oven

1.

The spores of non-toxigenous strain of
Clostridium tetani are used to test dry heat
efficiency.

2. Browne’s tube (green spot) is available for

3.

sterilization by dry heat. A green color is
produced after 60 minutes at 160°C.
Thermocouples may be used.

Moist Heat

The lethal effect of moist heat is by denatu-
ration and coagulation of protein.
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Temperature below 100°C

(i)  Pasteurization of milk: Temperature
employed is either 63°C for 30 minutes
(holder method) or 72°C for 15 to 20
seconds (flash method). Heating is
always followed by sudden and instant
cooling of milk. Organisms like myco-
bacterium, salmonellae and brucellae
are killed. Coxiella burnetii is relatively
heat resistant and hence, may survive
the holder method.

(ii)  Vaccine bath (Fig. 8.2): It is used for

killing non-sporing bacteria which may

be present in vaccine. In vaccine bath
the vaccine is treated with moist heat
for one hour at 60°C.

Inspissation: The slow solidification of

serum or egg is carried out at 80°C in

an inspissator, e.g. serum slopes,

Lowenstein-Jensen’s medium, etc.

(iii)

Temperature at 100°C

(i) Tyndallization: This is the process by
which medium is placed at 100°C in
flowing steam for 30 minutes each on 3
successive days. The mechanism
underlying this method is that vege-
tative cells get destroyed at 100°C and
remaining spore which germinate
during storage interval are killed on
subsequent heating. This method may
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Fig. 8.2: Vaccine bath

be used for sterilization of egg or serum

containing media.
(i)  Boiling: Most of vegetative form of
bacteria, fungi and viruses are killed at
50 to 70°C in short time. For needles and
instruments boiling in water for 10 to
30 minutes is sufficient to sterilize them.
Addition of little acid, alkali, or washing
soda, markedly increases the sterilizing
power of boiling water. Spores and
hepatitis viruses are not readily
destroyed by such procedure.
Steam at atmospheric pressure (100° C):
Here free steam is used to sterilize
culture media which may decompose if
subjected to higher temperature. A
Koch or Arnold steamer (Fig. 8.3) is
used. This is a cheap method of sterili-
zation.

(iii)

Temperature above 100°C

Steam under pressure: For bacteriological and
surgical work boiling is not sufficient because
spores survive boiling. Hence high pressure
sterilizer or autoclave is used.

AUTOCLAVE (FIG. 8.3)

In this apparatus, material for sterilization is
exposed to 121°C for 15 to 20 minutes at
15Ib pressure per square inch. Saturated steam
heats the article to be sterilized rapidly by
release of latent heat. On condensation 1600 ml
of steam at 100°C and at atmospheric pressure
condenses into 1 ml of water and liberates 518
calories of heat. The condensed water ensures
moist conditions for killing bacteria.

Steamer T

Asimple
autoclave

Fig. 8.3: Steamer and autoclave
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Air is poor conductor of heat and must be
removed from chamber. The contents must be
so packed that free circulation of steam occurs.

Autoclave is used for culture media, rubber
goods, syringes, gowns and dressing, etc.

Sterilization control:

1. Bacillus stearothermophilus
2. Browne’s tube

3. Autoclave tapes

4. Thermocouples.

Types of Autoclave

1. Simple iron jacketed.

2. Low pressure/low temperature.

3. High pressure high vacuum type having
facility to expell 98 percent of air rapidly
by an electric pump and hence sterilization
is done quickly.

Sterilization by Filtration

This is a method of sterilization useful for
antibiotic solutions, sera, carbohydrate
solution, etc. We may also get bacteria free
filtrates of toxin and bacteriophages. It is also
useful when we want to separate micro-
organisms which are scanty in fluid.

Other Uses of Filter

* Separation of soluble products of bacterial
growth, e.g. toxins.

 Sterilization of hydatid fluid

¢ Sterilization of serum

* Sterilization of antibiotic solution

* Sterilization of blood products

¢ Purification of water.

Membrane filter: They may be comprised of

cellulose esters. They can be used as under:

1. Water analysis

2. Sterility testing of solution

3. Preparation of parenteral solution.
Nitrocellulose membrane filter is com-

monly used. It is also called multipore.

Membrane filters are available in pore sizes of

0.015 um, 0.12 um and 0.22 um.

Drawback of filtration: Viruses and mycoplasma

may pass through filter. Hence in filtered

serum is not safe for clinical use as it may be

containing viruses or mycoplasma.

Various types of filters are:
i. Earthen-ware candles, e.g. Berkefeld,
Chamberland.
ii. Asbestos disk filter, e.g. Seitz.
iii. Sintered glass filters.
iv. Collodion or membranous filter.

Radiations

(i) Ultraviolet radiations: It is chief bacteri-
ocidal factor present in sunlight.
Commonly used UV lamp is of low
pressure mercury vapor type whose
length is 253.7 mm. It causes following
changes in cell:

1. Denaturation of protein.

2. Damage to DNA.

3. Inhibition of DNA replication.

4. Formation of H,O, and organic per-
oxide in culture media.

5. Induction of colicin production in
colicinogenic bacteria by destruc-
tion of cytoplasmic repressor.

Ultraviolet lamps are used in:

a. Killing of organisms

b. Making bacterial and viral vaccines

c. Prevention of airborne infection in
operation theater, public places
and bacteriological laboratories.

Gram-positive bacteria show a little more
resistance than Gram-negative bacteria to
ultraviolet radiations. Spores are highly
resistant to UV radiations.

(ii)  X-rays and other ionizing radiations:
Ionizing radiations have greater
capacity to induce lethal changes in
DNA of cell. They are useful for the
sterilization of disposable material like
catgut, disposable syringes, adhesive
dressing, etc.

(iii) Gamma radiations

X-ray are utilized using two types of
mechanics.

(i) Linear accelerator for X-ray

(ii) Cobalt-60 for gamma rays.

A dose of 2.5 M rad is sufficient to kill both
vegetative and spore form of bacteria. They
are used to sterilize rubber or plastic syringes,
surgical catgut, bone tissue graft, adhesive
dressings, etc.
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Ultrasonic and Sonic Vibrations

They are bacteriocidal causing mechanical
agitation and rupture of bacteria.

Chemical Methods

The chemical substances act as bacteriocidal

agent as under:

a. Coagulation of bacterial protoplasm, e.g.
heavy metals.

b. Disruption of cell membrane by chemical
substances. They may alter physical and
chemical property of cell membrane thus
results in killing or inhibiting the bacterial
cell growth.

c. Oxidation or burning out the bacterial
protoplasm, e.g. halogens.

d. By affecting bacterial enzymes or co-
enzyme system thus causing interference
of bacterial metabolism.

Following chemicals are of common use:

1. Acids and alkalies: They are inhibitory to the
growth of bacteria. Mycobacteria are more
resistant to acid than alkalies. Boric acid is
weak antiseptic.

2. Distilled water: It causes loss of viability.
This action may be due to traces of metal
in distilled water.

3. Metallicions: HgCl, and AgNO, prevent the
growth of many bacteria in concentration
less than 1 part per million. This action is
due to affinity of certain protein for metallic
ions.

4. Inorganic anion: They are much less toxic
to bacteria. Potassium tellurite is inhibitory
to gram-negative bacteria. Fluoride inhibits
many enzymes of bacteria.

5. Halogens: Halogen derive their name from
Greek word “halos” meaning salt. Hence,
halogen means salt former. Three of the
halogens, i.e. chlorine, iodine and bromine
are among the best bacteriocidal agents.
They act mainly by forming protein
halogen (salt like) compounds in living
cells and they get killed quickly. Because
of both toxicity and high cost bromine is
not used. Halogens kill vegetative bacteria,
fungi, viruses but not tubercle bacillus or
bacterial spores. Iodine is used chiefly for
skin. Chlorine combines with water to form
hydrochloric acid which is bacteriocidal.

6.

7.

Oxidizing agents: They are weak antiseptic,
e.g. H,O,, potassium permanganate.
Formaldehyde: 1t is useful in sterilizing
bacterial vaccine and in inactivating
bacterial toxin without affecting their
antigenicity. 5 to 10 percent solution in
water kills many bacteria. It is bacterio-
cidal, sporicidal and lethal to viruses also.
Uses:
1. Disinfection of woolen blankets, wool
hides to destroy bacterial spores.
2. Footwear of person with fungal infec-
tion (atheletic foot).
3. Wards and operation theater.
Fumigation: For sterilization of 100 cubic
feet of air space in a room, 50 ml of 40
percent formalin is required. This gives
vapor of 2 mg gas per liter of air. Formalin
with sufficient water is heated in the room
with its windows and doors closed and
sealed. Articles and rooms are exposed to
fumes for 4 hours. Alternatively, diluted
formalin (50%) can be sprayed which also
liberates formaldehyde gas. Ideally,
humidity of air of room should be attained
upto 60 percent to increase the sterilization
power.
Phenol: 1t is used for sterilizing surgical
instruments, and for killing culture
accidentally split over in the laboratory. It
is generally used in 3 percent solution.
Soap and detergents: They are bacteriocidal
and bacteriostatic for gram-positive and
some acid fast organisms. Detergent acts
by concentrating at cell membrane and
thus disrupting its normal function or it
may denaturate protein and enzyme.

10. Alcohol: Ethyl alcohol is most effective in

11.

70 percent solution than 100 percent
alcohol. It is so because 70 percent alcohol
has better penetration power than 100
percent alcohol. It does not kill spores.
Dyes: Gentian violet and malachite green,
etc. are active against Gram-positive bacte-
ria. They have poor penetration and hence
action is bacteriostatic. Acriflavin is
bacteriostatic for staphylococcus in
1:3000,000 concentration.

12. Aerosols and gaseous disinfectant: SO,,

chlorine and formalin vapors have been
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TABLE 8.1: Sterilization methods and their applications
Methods of sterilization

Article

1. Disposable syringes

2. Nondisposable syringes

8. Glasswares

4. Metal instruments

5.  Cystoscope, endoscope and
other anesthetic equipment

6.  Heart lung machine

7. Disposable instrument

8.  Thermometer
9. Disposable catheter, gloves
and transfusion sets
10. Nondisposable catheter,
gloves and transfusion sets
11. Powder, fat and oil
12.  Surgical dressing, bowl
and linen
13.  Antibiotic solutions and toxins
14.  Sealed bottles, ampoules of
aqueous solutions
15.  Culture media containing
sugars, gelatin, etc
16. Other culture media
without sugar or gelatin
17. Serum
18. Operation theater, inoculation hood
and cubical entrance
19. Hospital blankets, etc.

used as gaseous disinfectant. Propylene
glycol is powerful disinfectant.

13. Vapor phase disinfectants: Examples of vapor
phase disinfectant are ethylene oxide and
formaldehyde. Ethylene oxide can kill all
kinds of microbes (Spores and tubercle
bacilli). It is useful to sterilize material
likely to be damaged by heat, e.g. plastics
and rubber items, drugs powder, heart
lung machine, etc.

Hydrogen peroxide vapors: These vapors are

oxidizing by nature and so they are effective

sterilants. They may be used to sterilize
instruments. Hydrogen peroxide is vaporized
producing reactive free radicals either with
microwave frequency or radiofrequency

Gamma radiations
Ethylene oxide.
Autoclavation
Hot air oven
Infra-red radiation
Boiling at 100°C
Autoclavation
Hot air oven
Autoclavation
Hot air oven
Infrared radiation
Ethylene oxide
Glutaraldehyde
Ethylene oxide
Gamma rays
Ethylene oxide
Glutaraldehyde
a. Gamma rays

b. Ethylene oxide
Autoclavation

TPOTPTOL2OTLOTR
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Hot air oven
Autoclavation

Filtration
Autoclavation

Tyndallization

Autoclavation at low pressure
Autoclavation

Steam at 100°C, for 90 minutes
Filtration

Ultraviolet radiation

cpop

Exposure to formalin followed by
autoclavation.

energy. There are many variations of hydro-
gen peroxide vapor or gas sterilization
available, e.g. plasma gas sterilization, 100s
sterilizer, etc. It is felt that in near future
ethylene oxide may be replaced by above
mentioned methods.

Other sterilant gases are chlorine dioxide,
paracetic acid, glutaraldehyde, etc.

Sterilization and their appropriate uses are
shown in Table 8.1.

Uses of Disinfectant

In practice disinfectant is useful and necessary

for:

1. Contaminated disposable material before
incineration.
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5.

Surfaces like table and trolley top.
Cleaning material when contaminated
material has been split.

Disinfection of instruments, not amenable
to heat.

Disinfection of skin.

EVALUATION TESTS OF DISINFECTANT

Following tests may be used to assess the
efficiency of disinfectants:-

1.

2.

3.

Rideal walker test: In this case similar
quantities of microorganisms are subjected
to varying concentration of phenol and
disinfectant to be tested. The disinfectant
dilution which sterilizes the suspension in
a given time is divided by matching
dilution of phenol. This is phenol
coefficient. This test in fact has many
limitations. Actually it does not provide
information about the way tested
disinfectant will function in the presence
of organic substance. It is no more in use.
Chick Martin test: In this test disinfectants
function in the presence of organic matter
to simulate natural conditions. For this 1%
dried feces or yeast is added which as
organic matter to simulates natural
conditions. It is also not in practice now a
days.

Kelsey Sykes test: Here standard micro-
organisms (Pseudomonas aeruginosa,
Escherichia coli and Staphylococcus aureus) is
added to the disinfectant (3 portions) at 0,
10 and 20 minutes intervals. They are
allowed to be in contact for 8 minutes each.
Hence they are transferred to recovery
medium at 8, 18 and 28 minutes interval
respectively. The disinfectant is evaluated
by virtue of its ability to kill bacteria (no
growth in recovery medium). In fact this
test is done under clean and dirty
conditions. It means this test indicates

effectiveness of disinfectant in the
presence of organic matter.

. In use test: In this situation disinfectant

solutions used in the hospital are examined
quantitatively for viable microorganisms.
The efficiency of disinfectant is determined
by its ability to inactivate known number
of standard strains of pathogenic
streptococci on a given surface within
certain time. The results are more useful
than those of phenol coefficient.

New methods of disinfection and
sterilization

. Surfacine: e It has antimicrobial effect of more

than 13 days.

e It may be used on animate and
inanimate surfaces.

* |t is resistant to form biofilm.

e [tis not toxic.

¢ Unfortunately it is costly

. Super * Itis not expensive as basic

oxidant
water

ingredients are saline and
electricity.

¢ Its products are not damaging to
environment.

It is not toxic.

Endoclens < It cleans and sterilizes auto-
matically.
It has rapid cycle time less than
30 minutes.
It tests endoscope for channel
blockage and leakage.

* It is quite expensive.

. Attest « ltis rapid and reliable and has

ethylene 100% sensitivity.
oxide rapid < It prevents recall of released

readout sterilization loads.
e |tis costly.
. Plasma » Use of two hydrogen peroxide
sterilizer diffusion plasma stage cycles is

quite effective sterilization
process.

« It has reduced cycle time of about
45 minutes.

It leaves no toxic residue.

e ltis costly.



Infection

Infection: The lodgement and multiplication
of organism in the tissue of host constitutes
infection.

Classification of Infection

1. Primary infection: Initial infection with orga-
nism in host constitutes primary infection.

2. Reinfection: Subsequent infection by same
organism in a host is called reinfection.

3. Secondary infection: When in a host whose
resistance is lowered by preexisting
infectious disease, a new organism may set
up an infection.

4. Focal infection: It is a condition where due
to infection at localized sites like appendix
and tonsil, general effects are produced.

5. Cross infection: When a patient suffering
from a disease and new infection is set up
from another host or external source.

6. Nosocomial infection: Cross infection occur-
ring in hospital is called nosocomial
infection.

7. Subclinical infection: It is one where clinical
affects are not apparent.

Saprophytes: They are free living organisms
which live on decaying organic matter. They
fail to multiply on living tissue and so are not
important in infectious disease.

Parasites: They are organisms that can
establish themselves and multiply in hosts.
They may be pathogens or commensal.
Pathogens are those which are capable of
producing disease in a host. On the contrary,
commensal microbes can live in a host without
causing any disease.

Sources of Infection in Man

1. Man: Man is himself a common source of
infection from a patient or carrier. Healthy
carrier is a person harboring pathogenic
organism without causing any disease to
him. A convalescent carrier is one who has
recovered from disease but continues to
harbor the pathogen in his body.

2. Animals: Infectious diseases transmitted
from animals to man are called zoonosis.
Zoonosis may be bacterial (e.g. plague from
rat), rickettsial (e.g. murine typhus from
rodent), viral (e.g. rabies from dog),
protozoal (e.g. leishmaniasis from dogs),
helminthic (e.g. hydatid cyst from dogs)
and fungal (zoophilic dermatophytes from
cats and dogs).

3. Insects: The disease caused by insects are
called arthropod borne disease. Insects like
mosquitoes, fleas, lice that transmit
infection are called vector. Transmission
may be mechanical (transmission of
dysentery or typhoid bacilli by housefly)
and these are called mechanical vector.
They are called biological vector if
pathogen multiplies in the body of vector,
e.g. anopheles mosquito in malaria.

4. Some vectors may act as reservoir host (e.g.
ticks in relapsing fever and spotted fever).

5. Soil: Soil may serve as source of parasiting
infection like roundworm and hookworm.
Spores of tetanus bacilli remain viable in
soil for a long time, fungi like Histoplasma
capsulatum and higher bacteria like
Nocardia asteroides also survive in soil and
cause human infection.
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6. Water: Vibrio cholerae, infective hepatitis
virus (Hepatitis-A), guineaworm may be
found in water.

7. Food: Contaminated food may be source of
infection. Presence of pathogens in food
may be due to external contamination (e.g.
food poisoning by staphylococcus).

Methods of Transmission of Infection

—_

Contact: Syphilis, gonorrhea, trachoma.

2. Inhalation: Influenza, tuberculosis, small-
pox, measles, mumps, etc.

3. Infection: Cholera (water), food poisoning
(food) and dysentery (hand borne).

4. Inoculation: Tetanus (infection), rabies
(dog), arbovirus (insect) and serum
hepatitis, i.e. Hepatitis-B (infection).

5. Insects: They act as mechanical vector
(dysentery and typhoid by housefly) or
biological vector (malaria) of infectious
disease.

6. Congenital: Congenital syphilis, rubella,
Listeria monocytogenes, toxoplasma and
cytomegalic inclusion disease.

7. Laboratory infection: Infection may be trans-

mitted during procedures like, injection,

lumbar puncture, catheterization, etc. if
proper care is not taken.

Characters of Pathogens

1. Bacteria should be able to enter the body.

2. Organism should be able to multiply in the

tissue.

They should be able to damage the tissue.

4. They must be capable to resist the host
defence.

@

Factors Predisposing
to Microbial Pathogenicity

Before discussing factor it is worthwhile to
make fine distinction between the terms
pathogenecity and virulence.

Pathogenicity: It is referred to the ability of
microbial species to produce disease.

Virulence: It is referred to the ability of
microbial strains to produce disease, e.g. polio
virus contains strain of varying degree of
virulence.

Virulence is the sum of the following

factors:

A. Invasiveness: It is the ability of organism
to spread in a host tissue after establishing
infection. Less invasive organisms cause
localized lesion, e.g. staphylococcal
abscess. Highly invasive organisms cause
generalized infection, e.g. streptococcal
septicemia.

B. Toxigenecity: Bacteria produce two types
of toxins—

(a) Exotoxin: It has following characters.

1. Heat labile proteins.

2. Diffuse readily into the surrounding
medium.

3. Highly potent, e.g. 3 kg botulinum can
kill all the inhabitants of world whereas
1 mg of tetanus toxin is sufficient to kill
one million guinea pigs.

4. They are generally formed by Gram
positive organism and also by Gram
negative organisms like shigella, Vibrio
cholerae and Escherichia coli.

5. Exotoxin are specifically neutralized by

antitoxin.

Can be separated from culture by

filtration.

Action is enzymatic.

It has specific tissue affinity.

It is highly antigenic.

Specific pharmacological effects for

each exotoxin.

11.  Can be toxoided.

12.  Cannot cause pyrexia in a host.

(b) Endotoxin: Endotoxin (Lipid a portion
of lipopolysaccharide) has biological
activities causing fever, muscle pro-
teolysis, uncontrolled intravascular
coagulation and shock. These may be
mediated by production from mono-
nuclear cells of IL-I, TNFX o.2 probably
IL-6. It has following characters.

1. Proteins polysaccharide lipid complex
heat stable.

2. Forms part of cell wall and will not

diffuse into the medium.

Obtained only by cell lysis.

They have no enzymatic action.

Effect is nonspecific action.

No specific tissue affinity.

o

© 0 *»®N

ARSI



Infection 59

7. Active only in large doses 5 to 25 mg.

8. Weakly antigenic.

9. Neutralization by antibody ineffective.

10. Cannot be toxoided.

11.  Produce in Gram negative bacteria.

12.  Can cause pyrexia in a host.

C. Communicability: This is ability of parasite
to spread from one host to another. It
determines the survival and distribution of
organism in a community. Highly virulent
organism may not exhibit a high degree of
communicability due to rapid lethal effect
on hosts. Infections in which pathogen is
shed in secretions as in respiratory and
intestinal diseases are highly communi-
cable.

. Other bacterial products
1. Coagulase (Staphylococcus aureus)

which prevents phagocytosis by
forming fibrin barrier around bacteria.

2. Fibrinolysin promotes the spread of
infection by breaking down the fibrin
barrier in tissues.

3. Hyaluronidase split hyaluronic acid
(component of connective tissue) thus
facilitating spread of infection along
tissue spaces.

4. Leucocidins damage polymorphonuc-
lear leucocytes.

5. Hemolysin is produced by some

organisms capable of destroying
erythrocytes.

6. Ig Al proteases: Gonococci, meningo-
cocci, Hemophilus influenzae pneumo-
cocci, may produce IgAl protease
which splits IgA and inactivates its
antibody activity.

E. Bacterial appendages: Capsulated bacteria

like pneumococcus, Klebsiella pneumoniae
and Hemophilus influenzae will stand pha-
gocytosis. Surface antigen, e.g. Vi antigen
of Salmonella typhi and K antigen of
Escherichia coli resist phagocytosis and lytic
activity of complement.

F. Infecting dose: The minimum infection

dose (MID) or minimum lethal dose (MLD)
is the minimum number of organisms
required to produce clinical evidence of
infection or death of susceptible animal.

G. Route of infection: Vibrio cholerae is

effective orally. No effect when it is
introduced subcutaneously. Streptococci
can initiate infection whatever be the mode
of entry. They also differ in ability to
produce damage to different organs in
different species, e.g. tubercle bacilli
injected into rabbit cause lesion mainly in
kidney and infrequently in liver and
spleen. In guinea pig, main lesion is in liver
and spleen whereas kidney is spared.



Antimicrobial Therapy

Chemotherapeutic Agents

These are the agents which have lethal or

inhibitory effect on the microbes responsible,

but in therapeutic concentration have little or
no toxic action on the tissues.

However, these agents used in chemo-
therapy are of very diverse chemical structure.
They can be divided into two categories:

a. Relatively simple compounds obtained by
laboratory synthesis, e.g. sulfonamides,
isoniazid, PAS, trimethoprim, etc.

b. Antibiotics are the substances produced by
living organisms and which are active
against other living organisms. Most of
them are produced by soil actinomycetes.
Antibacterial agents are divided into two

classes on the basis of type of action they

exhibit against bacteria:

1. Bacteriostatic drugs are drugs which, in the
concentration attainable in the body, only
inhibit bacterial growth, e.g. chloram-
phenicol, sulfonamides, tetracyclines, etc.

2. Bacteriocidal drugs are the drugs which kill
the bacteria by virtue of their rapid lethal
action, e.g. penicillins, cephalosporins,
amino-glycosides, fucidin, nalidixic acid,
etc. Bacteriocidal drugs are more effective
therapeutic agents than bacteriostatic
drugs.

Mode of Action

The problem can be considered from two
aspects:

1. Identification of site of action of drug.

2. Its precise mechanism of action.

Site of Action

There are four major loci of action.

1. Inhibition of synthesis of cell wall
peptidoglycon, e.g. penicillins, cephalo-
sporin, cycloserine, vancomycin, ristocetin
and bacitracin.

2. Damage to the permeability of the
cytoplasmic membrane, e.g. tryocidin,
gramicidin, polymyxin and antifungal
polyene antibiotics.

3. Inhibition of protein synthesis, e.g.
aminoglycosides (amikacin, netilmicin,
tobramycin, gentamicin, kanamycin,
neomycin, streptomycin, etc.),
tetracyclines, chloramphenicol. They bind
to and inhibit the function of 30 S.

4. Inhibition of nucleic acid synthesis, e.g.
rifampicin inhibits the synthesis of
messenger RNA by its action on the RNA
polymerase whereas nalidixic acid inhibits
DNA replication. Other examples, are
novobiocin, pyrimethamine, sulfonamide,
etc.

Mechanism of Action

There are three general mechanisms of action.
1. Competition with a natural substrate for

the active site of enzyme, e.g.

a. Action of sulfonamides to interfere
competitively with the utilization of
para-amino benzoic acid (PABA).

b. Action of para-amino benzoic acid with
para-amino salicylic acid (PAS).

2. Combination with an enzyme at a site
sufficiently close to the active site as to
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interfere with its enzymatic function, e.g.
vancomycin, ristocetin and bacitracin.

3. Combination with non-enzymatic structural
components, e.g. drugs which inhibits
protein synthesis and drugs which act by
damaging cytoplasmic membrane.

Laboratory Uses of Antibiotics

1. They may be incorporated as selective
agents in culture media, e.g. penicillin may
be used for isolation of Hemophilus
influenzae from material taken from upper
respiratory tract (penicillin inhibits the
growth of Gram positive bacteria and
neisseriae). Neomycin is used in Willis and
Hobb’s medium for the isolation of
clostridia.

2. They are used for the control of bacterial
contamination in tissue cultures used for
virus isolation, e.g. penicillin, strepto-
mycin, nystatin, etc.

3. The pattern of sensitivity of an organism
to a battery of antibiotics constitute a
simple method of typing which is of consi-
derable epidemiological value.

Some Antibiotics in Current Use

1. Antibiotic mainly or exclusively active
against Gram positive bacteria, e.g.
penicillin (G and V), methicillin, cloxacillin,
erythromycin, novobiocin, vancomycin,
bacitracin and fucidin.

2. Antibiotics active against Gram negative
bacteria, e.g. polymyxin, aminoglycoside.

3. Antibiotics active against both Gram
positive and Gram negative bacteria, e.g.
tetracycline, chloramphenicol, ampicillin,
cephalosporins.

4. Antibiotics active against fungi, e.g. greseo-
fulvin, iodides, nystatin, amphotericin B.

New Advances in Antibacterial Drugs

Azithromycin: It is a new orally administered
macrolide like Roxithromycin and Clarithro-
mycin. It has a broad spectrum of activity;
improved tissue penetration and tolerability
profile plus convenient once daily dose (500
mg daily). In patients with uncomplicated ure-
thritis or cervicitis is used as first line therapy.

Cefprozile: It is a new second generation oral
cephalosporin approved for the treatment of
RTI and skin infection.

Ceftibuten: It is a new third generation oral
cephalosporin effective against Gram negative
and Gram positive organisms. It is indicated
in the treatment of RTI, UTI, gynecological and
skin plus soft tissue infection.

Cefetamet: It is a new third generation oral
cephalosporin with properties of ceftibuten.

Cefpirome: It is a fourth generation cephalo-
sporin indicated in severe RTI, UTI, noso-
comial infection and septicemia. It is available
in parenteral preparation.

Loracarbef: 1t is the first of a new class of beta
lactam antibiotic carba cephams. It is like
cephalosporin chemically and acts by inhibi-
tion of cell wall synthesis in susceptible micro-
organisms. It is active against both Gram
positive aerobes and anaerobes and Gram
negative aerobes. It is indicated in URTI, skin
and soft tissue infection.

Feroxacin: It is trifluorinated quinolone, has
extremely high bioavailability, low protein
binding and a long serum half life. Once daily
dose is adequate. It is indicated for the
treatment of UTI, RTI, GIT, skin infection, soft
tissue infection and STDs. Among the fluoro-
quinolones, it has excellent activity against
enterobacteriaceae, acinetobacter and H.
influenzae.

Antibiotic Sensitivity Tests

Drug sensitivity tests are also important in
studies of the epidemiology of resistance and
in studies of new antimicrobial agents.
Mueller-Hinton agar media (4 mm thickness
plate) is considered best because:
i. Acceptable batch to batch
reproducibility for susceptibility testing
ii. Itis low in sulfonamide, trimethoprim
and tetracycline inhibitors
iii. Itgives satisfactory growth of most non-
fastidious pathogens
iv.  Alargebody of data and experience has
been collected concerning susceptibility
tests performed with the medium.
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Fig. 10.1: Mueller Hinton agar. Clear zones of
inhibition for combination of Trimethoprim and sulpha.
1. Escherichia coli; 2. Staphylococcus aureus;
3. Streptococcus faecalis

This medium should contain as low as
possible thymidine or thymine (reverse the
inhibitory effect of sulfonamide and trimetho-
prim) (Fig. 10.1).

Zones of inhibition are measured to the
nearest whole millimeter using sliding cali-
pers, ruler or template prepared for this
purpose which is held on the back of inverted
petri plate.

These are applied to determine the suscep-
tibility of pathogenic bacteria to antibiotics to
be used in treatment. Antibiotic sensitivity
tests are very useful for clinician and hence
constitute important routine procedure in
diagnostic bacteriology.

Mainly sensitivity test are of three types:

1. Diffusion tests: The principle of it is to allow
the drug to diffuse through a solid
medium, concentration of drug being
highest near the site of application of drug
and decreasing with distance.

There are many methods for implemen-
tation of this diffusion test. The most common,
simple and easy method is to use filter paper
discs impregnated with antibiotics (disc
diffusion method). Here filter paper discs
6 mm in diameter are charged with required
concentration of drugs and are stored dry in
the cold. Inoculation of pure bacterial growth

in liquid medium, may be done by spreading
with swabs on solid medium. After drying the
plate at 37°C for % hour antibiotic discs are
applied with sterilized forceps. After overnight
incubation at 37°C, zone of inhibition of
growth around each antibiotic disc is noted.

Inhibition zone shows degree of sensitivity of

antibiotic for that particular bacteria. The

results are reported as sensitive or resistant.

Disc diffusion test is done only after the
pathogenic bacteria are isolated from clinical
specimen in pure form. Sensitivity tests should
be done only with pathogenic bacteria and not
with commensals. Further, nitrofurantin need
to be tested only against urinary pathogens.
Sensitivity tests on methanamine mandelate
are not relevant as the drug is active only in
viv0.

In case we require the drug sensitivity test
sooner, clinical material is directly inoculated
uniformly on the surface of solid media plate
and discs are applied. This is done only in
emergency and results are subsequently
verified by testing the pure isolates.

2. Dilution tests: These are quite laborious for
routine use. However, these are useful
where therapeutic dose is to be regulated
accurately, e.g. in treatment of bacterial
endocarditis and to find out small degree
of resistance in slow growing bacteria like
tubercle bacilli. In dilution test, serial
dilutions of drug are prepared and are
inoculated with test bacterium. It may be
done by tube dilution or agar dilution
methods.

3. E.Test:Itis known as epsilometer test. Here
antibiotic with known gradient of
concentration in length on absorbent strip
may be used. Now above mentioned strip
is kept on the petridish containing nutrient
agar seeded with test microorganism. The
antibiotic diffuses into nutrient agar
medium. The minimum inhibitory
concentration (MIC) is noted by recording
the lowest concentration of the gradient
which, in fact, inhibits growth of
microorganisms.

Antibiotic Assays in Body Fluids

It is done by making serial dilution of speci-
men of body fluid and inoculating standard
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suspensions of bacteria of known minimum
inhibitory concentration (MIC). Lowest con-
centration of drug that inhibits bacterial
growth is called minimum inhibitory concen-
tration.

It is useful in verifying adequate drug
concentration in blood and other body fluids.
It also guards us against excessive blood levels
of toxic drugs.

Drug Resistance

During treatment with drugs, bacteria may
acquire resistance to them. Following are the
various mechanisms of drugs resistance:

1. Mutation: All bacteria contain drug
resistant mutants arising spontaneously
once in 107 to 10" cell divisions. It is again
of two types.

(a) Stepwise mutation in which series of
small step mutations result in high
levels of resistance, e.g. penicillin,
chloramphenicol, tetracycline, sulfona-
mides, etc. However, this type of
resistance can be prevented by using
adequate dosage of drugs.

(b) One step mutation in which case
resistance develops suddenly even
with first exposure of drug. This type
of resistance is seen in tubercle bacilli
developing resistance to streptomycin
and isoniazid.

2. Resistance transfer by transformation may
be demonstrated experimentally but its
role in nature is not known.

3. Drug resistance by transduction is very
commonly found in staphylococci. Penicil-
linase plasmid carrying determinant for
resistance to mercuric chloride and
erythromycin may be transmitted by
transduction.

4. Drug resistance may be mediated by R
factor. This is a very important mode of
transferable drug resistance. There is
evidence that many time R factor may lead
to enhanced virulence. By this way there
is simultaneous transfer of resistance to
number of drugs, e.g. multiple resistance
to chloramphenicol, streptomycin,
tetracycline and sulfonamides, etc.
Multiple drug resistance was initially seen

in bacteria causing diarrhea, typhoid,

urinary tract infection and so on.

5. Biochemical methods of drug resistance
are:

a. Increased destruction of the drug by
bacterial products, e.g. penicillinase
produced by penicillin resistance
bacteria.

b. Decreased permeability of bacterial cell
to the drug.

c. Increased formation of metabolites
with which drug competes for an
enzyme, e.g. increased PABA
synthesis by sulfonamide resistance
strains.

d. Increased synthesis of inhibited enzy-
mes or formation of resistant enzyme.

e. Development of alternate metabolic
pathway.

Antimicrobial chemoprophylaxis: It may be
of immense help to prevent the infection. Soon
after the entry and establishment of
microorganism but before the development of
symptoms antimicrobial chemoprophylaxis is
useful, e.g. in compound fracture. Other situa-
tions where antimicrobial chemoprophylaxis
is required are:

Prophylaxis in persons with susceptibility to
infection:

It may be so in anatomic or functional
abnormalities thus predisposing to infections.
Examples are:

a. Heart diseases like valve abnormalities or
with prosthetic heart valves may invite the
implantation of microorganisms already in
blood circulation leading to possibly
bacterial endocarditis. It can be prevented
if proper drug is administered during the
period of bacteremia, e.g. penicillin,
erythromycin for streptococcal and
penicillin, gentamicin in case of
enterococcal organism.

b. Inrespiratory tract diseases the patient may
have functional or anatomic abnormalities
of respiratory tract, e.g. emphysema, bron-
chiectasis. The most common organisms
involved are pneumococci, Haemophilus
influenzae, pseudomonas (in hospital),
staphylococcus, proteus, etc. Chemopro-
phylaxis consists of administering
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ampicillin, tetracycline, trimethoprim- microorganisms appear. Certain women
sulfamethoxazole, etc. are susceptible to cystitis following sexual

¢. Recurrent urinary tract infections may intercourse. The ingestion of single dose of
occur .in certa.in femal?s. Chgmopro- cephalexin 250 mg, nitrofurantoin 200 mg
phylaxis comprises of daily oral intake of can prevent it.

nitrofurantoin (200 mg) or trimethoprim . L
(40 mg) sulfamethoxazole (200 mg). It Chemoprophylaxis is effective in opportu-

remains effective for many months or nistic infection in granulocytopenia and also
perhaps many years till resistant certain surgical procedures.
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Bacterial Genetics

Geneticsis the study of heredity and variation.
Thehereditary characters are maintained under
the influence of bacterial genes. Genes
correspond to specific segment of deoxyribo-
nucleic acid (DNA) molecules of bacterial
nucleus. Each bacterium contains about 1000
genes which are located in its circular chromo-
some. If the book of information contained is
genome, paragraph is a loci, the sentences are
genes, words are codons and letters nucleo-
tides. Each specificenzymeis determined by the
action of a different specific gene. Mutation of
abacterium, however, depends on the activity
of modified gene.

LANDMARKS IN GENETICS

1865 Gregor Mendel, an Australian monk
reported experiments in plant hybridi-
zation and inheritance in garden peas.
Hermann ] Miiller induced mutationsin
the fruit fly with X-rays.

DNA proved to be the substance of
heredity.

George W Beadle and Edward L Tatum
proved that the function of most genes
is to direct the synthesis of enzymes.
James D Watson and FHC Crick repor-
ted a double helix structure of DNA,
compatible for self duplication.

] Herbert Taylor showed how DNA
molecules are arranged in the chromo-
somes, and how they make replicas of
themselves.

Francois Jacob and Jacques Monod
discovered the mechanisms by which
hereditary information is transferred
from genes to the site of protein syn-
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thesis. Their work resulted in the
discovery of the genetic code by which
DNA is translated into proteins.

FHC Crickshowed how the order of base
in nucleic acid determines the order of
aminoacid ina protein, i.e. genetic code.
He proved that each amino acid is
specified by atripletbase, and thattriplet
should be read in simple sequence.
John Cairns discovered that bacterial
chromosomeis a single, very long DNA
molecule and also explained how it is
duplicated.

FHC Crick showed how protein
synthesis takes place in a cell.

Charles Yancesky demonstrated alinear
arrangement of genes.

MW Niremberg and JH Mathei studied
the mechanism of protein synthesis.
Hargobind Khurana produced the first
synthetic functional DNA.

Frank HRuddleand RajuSKucherlapati
studied the mapping of human genes
and showed how they are regulated.
They also worked on fusion of human
somatic cells with other mammals.
Charles Weissmann identified genes
responsible for synthesis of interferon —
an extremely potent antiviral agent.
Stanley N Cohen and James A Shapiro
showed transposable genetic elements.
These elements bypass the rule of
ordinary genetic recombination, join
together with segment of DNA that are
unrelated, transferring groups of genes
among plasmids, virus and chromo-
somes in living cells.
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1980 Eli Lilly and Co., began commercial
production of human insulin through
genetic engineering in bacterial cells.
Charles Weissmann produced human
interferon in bacteria.

Eli Lilly and Co., released the first man-
made insulin.

Dr Andrew Murray and Dr]Jack Szotask
constructed the first working artificial
chromosome.

Barbara McClintoch discovered mobile

genetic elements.

1980
1982

1983

1983

STRUCTURE OF DNA

Essential material of heredity is DNA which is
the storehouse of all information for protein
synthesis except some viruses where genetic
material is RNA instead of DNA. Unit of code
consists of sequences of three bases, i.e. code in
triplet. Each codon specifies for single amino
acid. More than one codon may exist for same
amino acid. Thus, triplet AGA codes for
argenine whereas AGG, CGU, CGC, CGA and
CGG also code for same amino acid. Three
codons (UAA,UAG, UGA) donotcode for any
amino acid and are called nonsense codons.
They actasamark, terminating the message for
the synthesis of polypeptides. The transfer of
geneticinformation from DNA toRNA is called
transcription and from RNA to DNA (Protein
synthesis) is called translation.

Fig. 11.1: DNA double helix

The genes are made of DNA. The structural
components of a DNA molecule (Fig. 11.1) are
arranged in two chains of nucleotides spiralled
round a common axis. The chains are inter-
connected with pairs of bases atregularinterval
like the crossbars of a ladder. The sequence of
theirbasesin DNA constitutes the genetic code.
DNA molecules are chains of nucleotide. The
four nucleotides present in DNA contain
nitrogenous bases, purines (adenine, guanine)
and pyrimidine (cytosine, thymine). Thereis a
backbone of alternating deoxyribose and
phosphate while purine and pyrimidine are
attached tosugar. Two DNA strands arebound
together to form double helix (Fig. 11.2).

Double stranded nature of the molecule is
stabilized by hydrogen bonding between the
bases on the opposite strands. They are held in
such a manner thatadenineis always linked to
thymine forming a complementary base pair as
doguanineand cytosine. Thereisequalamount
of adenine and thymine in DNA and so also of
guanine and cytosine. Ratio of each pair A+T/
G+C varies widely from one bacterial species
to another. However, this ratio is fixed for any
givenspecies. The DNA moleculereplicatesby
first unwinding at one end to form a fork. Each
strand of the fork acts as template for the
synthesis of complementary strand with which
it forms double helix.

RNA is structurally similar to DNA except
for two major differences:

1. Itcontains the sugar ribose (deoxyribose in
DNA).

2. One of pyrimidine base is uracil instead of
thymine in DNA. There are 3 distinct types
of RNA on the basis of structure and
function.

i. Messenger RNA (mRNA).

ii. Ribosomal RNA (rRNA).
iii. Transfer RNA (tRNA).

DNA acts as the template for the synthesis
of mRNA. Adenine, guanine, cytosine and
uracil in RNA will be respectively comple-
mentary to thymine, cytosine, guanine and
adenine in the DNA.

Chromosome Function

Chromosome is functionally subdivided into
segments, each of which determines theamino
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Fig. 11.2: Diagram of a double stranded DNA

acid sequence and hence structure of a discrete

protein. These proteins, asenzymes and as com-

ponents of membrane and other cell structure,

determine all the properties of the organism. A

segment of chromosomal DNA that determines

thestructure of discrete proteinis called a gene.

The mechanism by which the sequence of

nucleotides in a gene determines the sequence

of amino acids on a protein is as follows:

1. An RNA polymerase forms a single poly-
ribonucleotide strand called “messenger
RNA” (mRNA), using DNA as a template;
this process is called transcription. The
mRNA has a nucleotide sequence comple-
mentary to one of the strands in DNA
double helix.

2. Amino acids are enzymatically activated
and transferred to specificadapter molecule
of RNA, called “transfer RNA” (tRNA).
Each adapter molecule has at one end a
triplet of bases complementary to a triplet
of bases on mRNA, and at the other end its
specific amino acid. The triplet of bases on
mRNA is called codon for that amino acid.

3. mRNA and tRNA come together on the
surface of theribosome. Aseach tRNA finds
its complementary nucleotide triplet on
mRNA, the amino acid that it carries is put
into peptide linkage with the amino acid of
proceeding (neighboring) tRNA molecule.
The ribosome moves along the mRNA the
polypeptide growing sequentially until the
entire mRNA molecule has been translated

into a corresponding sequence of amino

acids. This process is called translation.

Thus, the nucleotide sequence of the DNA
generepresentsacode thatdetermines through
the mediation of mRNA, the structure of a
specific protein.

Extrachromosomal genetic elements: These
may be plasmid or episome.

PLASMID

It consists of DNA situated in the cytoplasmin
the free state and reproducing independently.
Plasmids may be conjugative, (e.g. R, Forbacte-
riocinogen plasmids) and nonconjugative
(determinants).

Features of Bacterial Plasmids

¢ They are double stranded, circular DNA
exist autonomously within a cell.

¢ Contain genes for self replication.

¢ Plasmids are lost spontaneously or by
curing agents.

¢ Two members of same group of plasmids
cannot coexist in the same cells.

* Some plasmids are self transferable.

* Some plasmids can integrate with host
chromosome (episome).

¢ Selftransferable plasmid canmobilize chro-
mosomal gene or other plasmid by
integration.

* They are not essential for cell survival.
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Molecular Classes of Plasmid
Small Plasmids

¢ Nonconjugative.

* 1 to 10 megadalton.

* Multiple copies.

* Less than 0.5 percent of the size host chro-
mosome.

* Nontransferable.

* Encodes 1 to 15 average size proteins.

Large Plasmids

* Usually conjugative.

¢ 25 to 300 megadalton.

* 1 or few copies.

* 1 to 10 percent of the size of host chromo-
some.

* Encode 50 to 500 average size proteins

* Self transferable.

EPISOMES

Genetic elements exist either autonomously in
the cytoplasm or in theintegrated state attached
to the bacterial chromosomes.

However, plasmids and episomes are not
essential for the life and function of the
bacterium. They confer properties like toxi-
genecity and drug resistance.

A number of properties of bacteria are
attributed to extrachromosomal DNA.

1. Fertility factor (F): The presence of F factoris
determined by the fact that cell becomes
genetic F* and synthesizes sex pilus.

2. Colicinogenic factor (C): It determines colicin
production of Escherichia coli.

3. Resistance transfer factor (RTF): It determines
drug resistance. A single factor may carry
gene controlling resistance to multiple
antibiotics, e.g.  Salmonella,  Shigella,
Escherichia coli, etc.

4. Plasmid factor determines penicillinase
production in Staphylococcus aureus. A
number of agents are encoded by plasmid
genes, including antibiotics of strepto-
myces, bacteriocins such as colicin and
microcin (oligopeptides) produced by
certain strains of Escherichia coli.

5. Virulence as is shown by enteropathogenic
strains of Escherichia coli causing diarrheal
illnessby the liberation of enterotoxin. There

are two types of enterotoxin: (i) heat labile

toxin (LT) and (ii) heat stable toxin (ST) both

are determined by plasmid genes.

6. Other properties: Plasmids are known to
encode enzymes of special catabolic path-
ways (Pseudomonas), enzymes of nitrogen
fixation (Klebsiella) and tumorigenecity for
host plants (Agrobacterium tumefaciens).

F, C and RTF are spontaneously transfer-
able. Plasmid factors of penicillinase are not
capable of spontaneous transfer from one cell
to another. Transduction, i.e. bacteriophage
may transfer it.

GENOTYPIC AND PHENOTYPIC
VARIATION

Phenotypic: The manner in which these
inherited traits express themselves under envi-
ronmental conditions is called phenotype.

Genotypic: The total sum of determinantwhich
are transmitted from generation is called
genotype, e.g. mutation.

Phenotypic changes have following charac-
ters:

1. Changes are temporary to changed
conditions of environment.

2. They are readily reversible on restoring
original conditions of environment.

Some of theimportant properties occurring
in bacteria are:

1. Modification in morphology: Cell from old
culture may exhibit intracellular granules
indicated byirregular staining and variation
in size and shape. If these cells are
transferred to a fresh medium, they return
to normal morphology. Capsule and spore
formation is again influenced by composi-
tion of medium; temperature of incubation,
etc.

2. Modification in physiological and biochemical
characters: Bacteria may exist in different
physiological conditions. Activity of cell can
undergo modification, e.g. young multi-
plying cells are more susceptible to destruc-
tion by disinfectant than old bacteria.

The other examples of environmental
influences is synthesis by Escherichia coli of the
enzymebeta galactosidase necessary forlactose
fermentation. Synthesis of enzyme takes place
only when it is grown in medium containing
lactose.
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Jacob and Monod on synthesis of beta
galactosidase by Escherichia coli led to operon
concept. It explains regulatory mechanism
involving structural genes and regulatory
genes. Lactose fermentation of Escherichia coli
requires three enzymes.

a. Beta galactosidase.

b. Galactoside permease.

c. Transacetylase.

These enzymes are coded for by structural
genes lac Z, lac Y, and lac A arranged linearly
in sequentional unit called LAC OPERON
(Fig. 11.3). The regulator gene in this case is lac
I which code for repressor.

3. Bacterial dissociation: A number of colony
variants have been described as per texture
of their surface:

1. Mucoid (M)

2. Smooth (S)

3. Rough (R).

Virulenceisassociated withsmooth (S) type
colony except tubercle bacilli.

Sometimes pigment producingbacteria fail
to produce pigment under conditions of
laboratory growth, e.g. Serratia marcescens pro-
ducered pigment (20° to 25°C) whereas at37°C
pigment production is nil.

Genotypicvariation: It occursby mutationand
transmission of genetic material from one
bacterium to another.
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MUTATION

Any change in the nucleotide sequence of gene
constitutes a mutation. The different forms of
gene produced by mutation are called alleles.

Types of Mutation

They are broadly of 2 types:

Point Mutation

Itisalso called, microlesion. Itis reversible and

of following classes.

Base pair substitution are those mutants in
whichasinglebase pairhasbeen substituted for
another pair and is of two types as follows:
a. Transition in which there is substitution of

one base pair but the purine/pyrimidine

orientation is retained. Transition is the
most frequent type of mutation.

b. Frame shift mutations where one or more
adjacent pairs have been inserted to or
deleted from DNA. This process shifts the
normal translational reading frame of the
coded message from point on forming an
entirely new set of triplet codon.

Muiltisite Mutation

It is also called macrolesion. There are altera-
tions of DNA involving large members of base
pairs. Itis of four types, i.e. deletion (loss), gain
(addition), duplication and inversion.

Other types of mutations are:
a. Spontaneous mutation
b. Induced mutation

Effects of Mutation

1. Nonsense mutation where one or morenon-
sense codons (UAG, UAA, UGA) normally
cause termination of polypeptide chain
elongation in protein synthesis. It causes
termination of synthesis of protein.

2. Missense mutation where the effect of both
substitution and frame shift mutation gives
rise toanaltered codon. Here there may not
be any apparent change in properties of
protein, while in other all the protein
functions may be lost.

3. Suppression mutation is a mutation that
restores the function of gene inactivated by
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first mutation. It may be intragenic when
second mutation occurs at a site different
from the first in the same gene. It is
intergenic when second mutation occurs in
different gene.
The change is a permanent one. Salient

features of genetic mutation are:

1. Itis sudden.

2. Ttoccurs at constant rate (one mutation per
107 to 10" divisions per cell).

3. Brings about permanent change.

Examples of common mutations are:

1. Drug resistance, e.g. sulfonamide, penicil-
lin and streptomycin.

2. Lossofcapacity to form capsule. Itisusually
associated with loss of virulence, antigenic
type specificity and absence of mucoid
colony, e.g. Pneumococcus.

3. Loss of capacity to form flagella with loss of
motility, e.g. Salmonella, Proteus.

4. Attenuation of virulence.

Loss of sensitivity to colicin and bacterio-

phages.

o

Mutation may be spontaneous induced by
mutagenic agents or silent mutation (do not
express phenotypically).

Spontaneous mutation: The most common
spontaneous mutation represents replication
error. It is not induced by chemical mutagens
or by radiations. It may arise enzymatically
during DNA replication. The template mecha-
nism of replication may function imperfectly.
Frame shift mutation (small insertions and
deletions) can also arise spontaneously. A
mutation gene (an allele of normal gene) by
virtue ofits altered functionmay causea general
increase in the spontaneous mutation rate over
the entire genome. Spontaneous mutation
occursatfairly constantrate usually in therange
of once per 10* to once per 10" cell divisions. In
everyinfected patient,a variety of mutantsarise
spontaneously in the population of, say, 10° to
10* progeny.

Selection of mutants: In a patient’s body or in
culture, a mutant will become sufficiently
numerous to be observable and to produce
significant effects only if its new character
makes it better fitted to grow under prevailing
conditions (in culture medium or host’s tissue)

than parental bacteria and so enable it to
outgrow and outnumber the later. Thus,
mutation is significant only when conditions
are selectively favorable to the mutant and
bring aboutitsnatural or artificial selection. An
antibiotic resistant mutant will outgrow the
sensitive parental bacteria in a culture media
containing antibiotics or in the body of patient
receiving antibiotic therapy.

Mutagenic agents: Mutations are induced by

avariety of physicaland chemical agents, which

are directly or indirectly the cause of general
increase in mutation rate.

1. Physical agents areradiations (visiblelight,
ultraviolet light and other ionizing radia-
tions), heat, etc.

2. Chemical agentsare of two types: (i) Acting
directly, e.g. nitroso compounds, alky-
lating agents, base analogs, and anticancer
drugs (methotrexate, dactinomycin, hydro-
xyurea, etc.), and (ii) The compounds
requiring activation by cellular enzymes,
e.g. polycyclic aromatic hydrocarbon such
as benzpyrine and aflatoxins.

AMES TEST

¢ Useful to detect whether a substance can
induce mutation or not.

* Ames test is based on hypothesis that if a
substance is mutagen, it will increase the
rate at which organism revert to histidine
synthetizers.

Mechanism of mutation: As a result of
mutation there may be alteration in colonial
morphology or pigmentation, variation in cell
surface antigens or insensitivity to bacterio-
phage or bacteriocin loss or the ability to
produce capsule, spores or flagella or to utilize
specific carbohydrate and changesin virulence
towards particular hosts. In some cases
mechanismis understood, e.g. in pneumococci
amutationleads to failure to produceacapsule.
Loss of the capsule in this organism is directly
related to failure to synthesize type-specific
capsular antigen, alteration of normal smooth
colony to a rough form and loss of virulence.
Thus, single mutation produces series of
biological phenomena. The mechanism of
biosynthesis of pneumococcal capsular



polysaccharide is known in some detail. It is
possible to ascribe this mutation to the loss of
specific enzyme involved in polysaccharide
synthesis. Some organisms have been
subcultured in thelaboratory for many genera-
tions until they have lost there virulence for
man, e.g. in the production of live attenuated
vaccines. Such strains have lost their virulence
by a series of mutations.

To prove that mutation is responsible for
variation, itisrequired that mutantbacteria are
present in the population before exposure to
selecting agent. Following tests prove the
mutation:

1. Fluctuation test: Small inocula of sensitive
bacteria are inoculated into 100 identical
tubes containing media. After proper
inoculation each tube is plated on medium
containing phage. After required incubation
number of colonies is determined. In case of
any mutation before exposure to phage
there is wide fluctuation in number of
resistant variant in these tubes. However,
control with multiple sample plated from
flask would have much smaller fluctua-
tions.

2. Replica plating method (Fig. 11.4): Strepto-
mycin sensitive bacteria are plated out on
streptomycin-free solid medium. After
getting growth flat end of cylindrical block
is pressed lightly on this plate. This charged
cylindrical block is then pressed on two
plates containing solid media with
streptomycin. A few colonies of

Master plate

0o O
¢}

00

o) 0®
®e

10 colonies on
nutrient ager

After replica
plating

7 colonies on a
simple synthetic
medium lacking
growth factors

10 colonies on
nutrient agar

Fig. 11.4: Replica plating method
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streptomycin resistant bacteria appear on
each plate usually in coincident position.
Bacteria collected from corresponding
positions of the master plate with no
streptomycin yield much larger portion of
resistant colonies as compared to bacteria
grown from other portions of the plate.

3. Spreadingexperiment:Sensitivebacteriafrom
broth cultureare plated outonnutrientagar
plates. After properincubation, half surface
of the plate is rubbed with a spreader thus
resulting in redistribution of bacteria. The
other half of the plate is left undisturbed.
Now this plate as whole is sprayed with
phage suspension. The number of phage
resistant colonies respread on half is more
than undisturbed half.

TRANSMISSION OF GENETIC
MATERIAL

Genetic material transmission occurs by the
following ways:

Transformation

Itis the transfer of geneticinformation through
theagency of free DNA. This process, originally
discovered in Pneumococcus has now been also
observed in Hemophilus, Neisseria and
Bacillus. Pieces of DNA involved in transform-
ation may carry 10 to 50 genes. The frequency
and significance of transformation in bacteria
is not known.

Pneumococci are capsulated bacteria and
can be divided into large number of types
according to the chemical composition of their
capsule. Descendents of type 1 Pneumococcus
would always have type 1 capsule unless they
lose ability to form capsule at all. The possibi-
lity of type transformation was demonstrated
by Griffith in 1928 and its mechanism
elucidated by Avery, McLeod and McCarty in
1944 that transforming principle was actually
DNA. Griffithinjected living type Il (R) bacteria
mixed with large number of killed type III (S)
intomice. Many of the mice died and from heart
blood he obtained purelive typeIlI (S) bacteria.
Something must have passed from dead type
III bacteria and change type II (R) strain into
virulent type III (S) which killed mice. This
process is called transformation.
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There are three mechanisms of trans-
formation:

(i) InGram positive bacteria like pneumo-

cocci the invading DNA fragment is cut
to 7 to 10 kb by endonuclease of mem-
brane and only one strand enters the cell.
In Gram negative bacteria like Hemo-
philus, a membrane protein binds a
sequence of about 10 nucleotides and
DNA enters as double strand inside the
cell.
In case of enteric group of bacteria, trans-
formation takes place after modification
of cellenvelopeby conversion tosphero-
plasts or otherwise. The modified cell
surface permits taking up double
stranded DNA fragments.

(ii)

(iii)

Transduction

It is the transfer of a portion of DNA from one
bacterium to other by bacteriophages (viruses
that parasitize in bacteria). Transduction is not
confined to transfer of chromosomal DNA.
Episomes and plasmids may also be trans-
duced. The plasmid determining penicillin
resistancein Staphylococcusis transferred from
cell-to-cell by transduction.

Transduction may be generalized when it
involves any segment of donor DNA. It may be
restricted when specific bacteriophage
transduces only a particular segment of DNA.

Several properties may be transduced.

a. Antigenic.

b. Nutritional requirements, drug resistances
between Salmonella, Shigella, Escherichia
coli and Staphylococcus pyogenes aureus.

Lysogenic Conversion

Some strain may get infected with temperate
bacteriophage. This phage confers new pro-
perties to bacterial host. These properties are
retained solongas the bacteria remain infected
with phages, e.g. nonvirulent strain of
C. diphtheriae may acquire toxigenecity
(capacity to produce exotoxin responsible for
virulence) by infection and lysogenization with
phage derived from virulentstrain. This process
by which prophage DNA confers genetic
information to bacterium is called lysogenic
conversion.

+ -
F cell F cell
F replicator
Sex pilus
Chromosomal
2Lt Integrated F Conjugation
factor (HFr) tube

_@_

Integration of donor
DNA in recipient DNA

Fig. 11.5: Conjugation

Conjugation (Fig. 11.5)

It is the process by which a male or donor
bacterium makes contacts with female or
recipient bacterium and transfers genetic
elements into it. The capacity of a strain to act
asadonorisdetermined by sex or fertility factor
Fin the cytoplasm. Such cells are called (F*) or
male. The strain lacking this factor acts as
recipient and this is known as female.

Before conjugation F factor migrates from
cytoplasm to chromosome and becomes inte-
grated with it. Such male cells are called (HFr).
When in contact with F* cell genetic material
passes to F~ cell through conjugate tube and F-
is converted to F* due to transfer of F* factor.
This phenomena is seen in Escherichia coli,
Shigella, Salmonella, Pseudomonas and Vibrio
cholerae. F factor however confers certain
properties such as:

1. Cell produces a specific surface antigen.

Such cells tend to adhere to F~ cells.

2. It controls production of sex pilus.
3. It mobilizes F* chromosomes for transfer.

Protoplast Fusion

Survival of protoplastmay occurin osmotically
buffered environment. This facilitates pro-
toplast fusion by uniting together cell mem-
brane and generation of cytoplasmic bridges
through which genetic material is exchanged.
Fusion may occuramongst members of various
kingdoms as well as unrelated cells. The gene
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Fig. 11.6: Insertion of human hemoglobin genes into restriction enzyme treated plasmid (Vector). The vectors
are usedtoinfectbacteria, and bacteria are growninlarge quantities. Vectors are purified and genes are removed.
Large amounts of plasmid genes for hemoglobin production can thus be produced

transfer by this method isalsonamed as genetic
transfusion.

APPLIED BACTERIAL GENETICS
Genetic Engineering (Fig. 11.6)

New genetic material, i.e. DNA can be synthe-
sized artifically in vitro: This man made gene
when introduced to certain bacteria, there was
alterationin genetic characters as effectively as
though genetic mutation, transformation or
transduction had occurred. This manipulation

may cause possible biohazards. Now it is
possible to insert small bits of DNA from say
human cancerous tissues or certain other
detrimental genes into other microorganisms,
such as Escherichia coli. These re-engineered
bacteria could perhaps enter into the intestine
of laboratory workers causing great harm and
also capable of spreading to other humans.
Genetic engineering may help us to over-
come in borne errors of metabolism structural
and metabolic defects, diabetes, arthretic disea-
ses, conditions whichmay arise with aging, etc.
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Techniques Established in
Genetic Engineering

To extracted DNA (bacterial or human) is
added restriction enzymes isolated from
various bacteria, just to isolate specific genes.
They cleave the polynucleotide chain of the
DNA afteraspecificsequence of bases. Enzyme
Hind IIT breaks the chain in front of adenine in
adenine-guanine-cytosine-thymine (AGCT)
sequence, otherwise ECO R, breaks it before
AATT and Hae III breaks GGCC between
guanine and cytosine. With the right enzyme,
small pieces (gene size) are produced.
Hydrogen bonds hold the broken pieces of
DNA togetheratlow temperatureasif they had
sticky end.

To prepare new gene combinations, DNA
from another source (bacterial plasmids), is
divided by the same restriction enzymes and
mixed with the other DNA pieces. The tempe-
ratureisraised. Thus, making it possible for the
sticky ends to open up and receive chains of the
other genetic material DNA. A ligase is used to
jointhe DNA ends covalently and permanently.

Genetransfer from one organism to another
is achieved by having bacteria taking plasmid
with foreign DNA inserted in their polynuc-
leotide structures. Cells that take up a plasmid
may later be recognized by the original
properties inherent in this plasmid, such as
resistance to a specific antibiotic. Inaddition to
it, the plasmid induced on the hostbacteria, the
properties of foreign genes that were inserted
inthe plasmid. These genes can be human or of
any other origin.

Vectors for geneticengineering are plasmid
and bacteriophages. At present bacteria are
more receptive hosts.

A number of proteins are now being made
by gene cloning in bacteria, e.g. somatostatin,
growth hormone, insulin and interferon.

The methylotrophic bacteria produce pro-
tein from methanol and ammonia. Genetic
engineering may also be useful in the pro-
duction of vaccines.

PROBE

It is a labelled single stranded DNA fragment
(20 to 25 nucleotide long) which will hybridize
with, and thereby detect and locate (by

autoradiography), complementary sequences
among DNA fragment on a Southern blot.
Southern blot is a technique of transferring
DNA fragments, whichhavebeenseparated by
electrophoresis on an agar gel, to a nitro-
cellulose filter where they can hybridize with
probe (fusion of 2 single stranded DNA by
complementary base pairing).

As a diagnostic tool, gene specific probe is
cloned and a labelled DNA sequence
complementary to at least part of the gene
responsible for particular disease.

Diagnostic DNA probes available com-
mercially.

(a) Bacterial

o Legionella pneumophila

*  Mycoplasma pneumoniae

o Campylobacter jejuni

®  Helicobacter pylori

*  Mycobacterium tuberculosis

*  Mycobacterium avium intracellulare

e Escherichia coli (ST and LT).

(b) Viral

¢ Herpes simplex virus (1, 2 types)

* Hepatitis-B

¢ Rotavirus-A

e HIV-1

e HIV-2.

(c) Protozoal
®  Plasmodium falciparum.

Application of Nucleic Acid Probes

* Detection of organism which are difficultor
not cultured.

* Detection of organisms which do not have
diagnostic antigen

¢ Detection of latent virus infection

¢ Identification of antibiotic resistance genes

¢ Development of epidemiological markers

¢ Rapid confirmation of cultured organisms

¢ Differentiation of nonpathogenic strains
from pathogenic strains.

Polymerase Chain Reactions (PCR)

It is an in vitro method for producing large

amounts of specific DNA fragment of defined

length and sequences from small amount of

complex template. It involves:

a. Melting of DNA to convertdoublestranded
DNA to single stranded DNA.
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b. Annealing of primers to target DNA.

c. Synthesisof DNA by addition of nucleotide
from primers by action of polymerase.
RNA polymerase chain reactions (RNA

PCR)isamodification of PCR technique which

allows amplication beginning from RNA

template. A complementary copy (cDNA) of
desired RNA target is made by reverse
transcriptase and this is followed by routine

PCR which amplifies the cDNA.

PCR technique has been found useful in
demonstrating number of microorganisms

from clinical specimens (Fig. 11.7).

Blotting Technique

DNA fragments obtained by restriction enzyme
digestion and separation on gel can be
transferred from the gel by blotting to
nitrocellulose ornylonmembranes thatbind the
DNA. The DNA bound to the membrane is
denatured (converted to single stranded form)
and treated with radioactive single stranded
DNA probes. These will hybridize with
homologus DNA to form radioactive double
stranded segments which can be detected on
X-ray film. This technique foridentifying DNA
fragments by DNA: DNA hybridization is
called Southern blotting. On other hand
analysis of RNA is called Northern blotting.

Bacterial Genetics 77

Immunoblotting

This techniqueis useful for theidentification of
proteins. For the protein antigen mixture is
separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE)
blotted into nitrocellular strips and identified
by radiolabelled or enzyme labelled antibodies
on probes.

Dot hybridization test: Itis recently proved to
be highly sensitive and specific. [t may be used
todetectviral DNA sequencesin tissue samples
not only from patients with acute infection but
also from the patients with chronic diseases
whereisolation of microbesis difficult (chronic
hepatitis B, hepatocellular carcinoma, Burkitt
lymphoma, AIDS).

DNA of microbe in the specimen is spotted
onnitrocellulose membrane, where itis bound
and denatured with alkali. Then dot is hybri-
dized withradioactivelabelled DNA fragment
from which DNA probes are prepared. The dot
is autoradiographed next day.

In case of say rotavirus, RNA in heated
denatured stool samples containing rotavirus
is immobilized as described above and in situ
hybridization is carried out with radiolabelled
single stranded probes obtained in vitro trans-
cription of rotavirus. However, complemen-
tary DNA probes to rotavirus and to
enteroviruses may be labelled and used in dot
hybridization test.

Gene Therapy

In gene therapy, the aim is to cure the disease
by inserting normal genes into the body
cells to restore normal function. Gene therapy
was first experimented in two young girls who
were suffering from severe combined immuno-
deficiency (SCID). Today, these young girlslead
anormallifeand theirlaboratory investigations
clearly indicate that their immune systems
improved considerably becasue of gene
therapy which was performed over 2 decades
ago. Hectic research projects are in progress to
find out the possibility of role of gene therapy
in other conditions like cancer, familial hyper-
cholesterolemia, cystic fibrosis, hypertension
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congenital heart diseases, NIDDM, muscular
dystrophy, rheumatoid arthritis, etc.

Techniques

To introduce new genetic material into mam-

malian cells, following strategies are followed:

a. Germlinegenetherapy:Inthe germlinemodel
foreign DNA is introduced into the zygote
orembryo. Thereare fair chance thatnewly
introduced material will be passed on to
nextgeneration. Germline gene therapy has
been developed while working on mice. In
mice only 15 to 20 percent of injected eggs
produce transgenic mice and of these only
20 to 32 percent actually express the
introduced gene. Further, thereis quitehigh
risks including damage to resident gene by
the random insertion of DNA.

b. Somatic gene therapy: Here normal gene is
spliced into disabled cold viruses which are
incapable of causing any infection, but are
ideal delivery vehicles. This gene is
aerosolized for delivery into the nasal
passages. In short somatic gene therapy is
method of introducing the genetic material
which vary depending on disease being
treated.

Some of the other techniques are as under:

1. Tumor infiltrating lymphocytes (TIL) plus
interleukin mediate substantial tumor
regression in half of the patients with
advanced malignant melanoma and can
survive for several months in the blood-
stream and tumor sites. This method is quite
safe and feasible.

2. Directmanipulation of oncogenes or tumor
suppressor genes.

3. Insertion of genes is not tumors which code
for proteins such asinterleukins. Thisboost
theimmunesystem and thus make cells that
normally attack the tumor that is more
potent.

4. Suicide gene therapy which involves inser-
ting a gene that makes plain tumors more
susceptible to ganciclover (antiviral agent).

Future Prospects

The future possibilities for geneticintervention
in cancer in the direct manipulation of onco-
genes or tumor suppressor genes carry hopes.

Today geneticinterventionisbeing considered
asan effective systematic treatmentalong with
medical and surgical measures.

Unfortunately gene therapy carries certain
risks and hazards, e.g. it may be potential
hazard for patients plus staff and environment
too.Many of the queries arestill tobe answered
like safety, long-term efficacy and effective
dosage required, etc.

Nobel Prize in Medicine—1993

Richard J Robert from UK, who works at New
England Biolabsin Beverly, Mass. and Philip A
Sharp from USA, who works at Massachusetts
Institute of Technology Center for Cancer
Research, Cambridge, Mass., won the Nobel
Prize of 1993 for their discovery of SPLIT
GENES. This has helped a lot in the study of
cancer and other diseases.

MrRobertand Mr Sharp independently dis-
covered in 1977 that genes could be dis-
continuous and thata gene could be presentin
well-separated DNA segment. Before this
discovery, scientists were of the view thata gene
wasa continuous segment within the very long
double stranded DNA molecule.

Thenew conceptof Mr Robertand Mr Sharp
has changed the view on how genes in higher
organisms develop during evolution. Their
discoveryled to the prediction of anew genetic
process, splicing, the assembly of information
from the gene segments, which carries much
importance for expressing geneticinformation.

Mr Robert and Mr Sharp were working at
the Cold-Spring Harbour Laboratory on Long
Island, New York. There they found that an
individual gene can comprise not only one but
several DNA segments, separated by irrelevant
DNA. Such discontinuous genes exist in
organisms more complex than those studied
earlier.

They studied adenovirus and tried to find
where in the genome of this virus different
genes werelocated. They found that the genetic
information in the gene was discontinuously
organized.

This discovery was followed by intensive
research to find out whether this gene structure
is present also in other viruses and in ordinary
cells. It was revealed that a discontinuous (or



split) gene structure was in fact the common
gene structure in higher organisms too.

The discovery of split genes has been of
fundamental importance for today’s basic
research work in biology as well as for more
medically oriented research concerning the
developmentof cancer and other diseases. This
ingeneous work carries the application also to
research on hereditary diseases in which there
are errors in splicing. Incidentally, the most
studied of such diseases is beta thalassemia.

Nobel Prize in Medicine—2006

Nobel Prize in Medicine—2006 winner,
Andrew Fire and Craig Mello discovered a
mechanism that turns off or silence, the effect
of certain genes thus introducing potential new
opportunities for fighting diseases as varied as
cancer, heart disease, HIV and hepatitis.

The process, called RNA interference
(RNAI), is actually an ancient old biological
mechanism developed millions of yearsagoby
plants and animals as a defence against viral
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infections. When genes discover virally
produced DS RNA mimicking their own
naturally occurring ones, they recognize them
as “outsider” and immediately shut both sets
down. The procedure prevents the gene from
producing protein, effectively silencing it.
Meanings, if there was pre-existing defective
gene overproducing blood vesselsin theeye as
oftenhappensinagerelated blindness, itcould
be stopped from doing so by artificially
introducingidentical DSRNAs. Researchersin
at least two pharmaceutical companies in the
US are already working in perfecting the
technique. Others elsewhere are working on
using RNAI to kill HIV that causes AIDS, to
block a gene involved in cholesterol meta-
bolism, against H5N1 (avian influenza) and to
fightvariousrespiratory diseases. RNAIcould
alsoturnouttobeincredible powerful research
tool of the future. It can be used to turn-off or
turn down a gene at will. It can ultimately lead
to a complete understanding of the human
genetic codes. This Nobel discovery can zap
faulty genes by switching them off.
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Immunology is the study of specific resistance
to further infection by a particular micro-
organism or its products. Inmunology is the
science which deals with the body’s response
to antigenic challenge. It is a very broad
scientific discipline whose relevance to most
fields of medicine has become apparent in
recent years. Immunological mechanisms are
involved in the protection of the body against
infectious agents but periodically they canalso
cause damage. Immunological tests are now
routinely used in clinical practice, and in some
cases they are indispensable for diagnosis of
disease and subsequent care of patients. The
introduction of a new technology, developed
only a few years ago and called hybridoma
technology, is revolutionizing immunology.
This technique permits the production of anti-
bodies against single antigenic determinants
(epitopes). By this technique it is now possible
to obtain unlimited amounts of very homo-
geneous and specific antibodies. Already we
can use such antibodies for diagnosis and
possibly in the future they will be used to treat
the patient. Currently immunology concerns
itself with all reactions, processes regardless
whether they are less or more vigorous than
original. These reactions may be harmful or
protective and in some cases they may be both
at the same time. In short immunology has
broad biological role involving concept of
recognition, specificity and memory. In this
section onimmunology discussionisrestricted
to the most relevant topics in the field of
medicine.

HISTORICAL EVENTS IN IMMUNOLOGY

Practice of variolation was in progress in
India and China from time immemorial. Here

Immunity

protection against smallpox was obtained by
inoculating live organisms from the disease
pustule. Jenner (1878) used nonvirulent cow-
pox vaccine against smallpox infection. Later,
Pasteur tried a vaccine successfully using
attenuated organisms against anthrax.

Metchnikoff (1883) suggested the role of
phagocytes in immunity. Von Behring (1890)
recognized antibodies in serum against dip-
htheria toxin. Denys and Leclef (1895) sugges-
ted that phagocytosis is enhanced by immuni-
zation. Ehrlich (1897) put forward side chain
receptor theory of antibody synthesis. Bordet
(1899) found that lysis of cells by antibody
requires cooperation of serum factor now
collectively known as complement.

Landsteiner (1900) declared human ABO
groups and natural isohemagglutinin. Richest
and Portier (1902) proposed the term anaph-
ylaxis whichis opposite of prophylaxis. Wright
(1903) put forward opsonic activity to
phagocytosis. Von Pirquet and Schick (1905)
described serum sickness after injection of
foreign serum. Von Pirquet (1906) correlated
immunity and hypersensitivity. Fleming (1922)
found lysozyme. Zinsser (1925) suggested the
contrastbetween immediate and delayed type
of hypersensitivity. Heidelberger and Kendall
(1930-35) put forward quantitative preci-
pitation studies on antigen-antibody reaction.

Coons (1942) introduced fluorescence anti-
body techniques. Medwar (1958) discovered
acquired immunologic tolerance. Portar and
Edelman (1972) determined structure of
immunoglobulin. Rosalyn Yalow introduced
radioimmunoassay in 1977 and Georges
Koehler et al reported monoclonal antibody
(1984).
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Immunology

1. It helps us to understand etiology and
pathogenesis of diseases, e.g. rheumatic
fever,asthma, acute glomerulonephritis, etc

2. Diagnosisof diseaseis possible using ELISA,

etc

Development of vaccines

Treatment using antibodies

Transplantation and blood transfusion

Surveillance, i.e. immune surveillance

It helps to find out possible future

susceptibility of a person to diseases with

the help of HLA typing system.

NSO Ww

IMMUNITY

The resistance offered by the host to the harm-
ful effect of pathogenic microbial infection is
called immunity. Immunity against infectious
diseases is of different types (Fig. 12.1).

| Immunity |
- m—
Innate | Acquired |
Norr- [hetive |

" | Specific | | Passive |
Specific | — T

= ——— ——
Natural | | Artificial | | Natural | | Artificial |

Fig. 12.1: Classification of immunity

INNATE IMMUNITY

This is basic immunity which may be gene-
tically passed on from one generation to other
generation. Itdoesnotdepend on prior contacts
with microorganisms. It may be nonspecific
when it indicates a degree of resistance to all
infection, e.g. plant pathogens, rinderpest,
distemper. Itisspecificwhenitshowsresistance
to particular pathogens.

Innate immunity can be divided into
following types:

Speciesimmunity: Individuals of same species
show uniform pattern of susceptibility to
differentbacterial infection. The mechanism of
species immunity may be due to physiological
and biochemical differences between tissue of
host species which determine whether or not
pathogen can multiply in them, e.g. polio-
myelitis, measles, syphilis, leprosy, gonorrhea

occur only in man. Many a time same species
of bacteria produce different types of infection
in different animals, e.g. Salmonella typhi
produces typhoid fever in man whereas mice
is resistant.

Racial immunity: Within a species different
races show differences in susceptibility to
infection, e.g. Negroes are resistant to yellow
fever and malaria and high resistance of
Algerian sheep to anthrax. Such racial
differences are known to be genetic in origin
principally induced by persistent environ-
mental stimulus.

Individual immunity: Individual in popu-
lation shows variation in their response to
microbial infection, e.g. homozygous twins
exhibit similar degree of resistance or suscep-
tibility to lepromatous leprosy and tuber-
culosis. Such correlation is not seen in hetero-
zygous twins.

Factorsinfluencinglevel of innate immunity
in an individual are:

1. Age: Two extremes of life carry high
susceptibility to infectious diseases. The
susceptibility of fetus to infection is related
toimmaturity of itsimmuneapparatus, e.g.
Coxsackie viruses cause fatal infection in
sucking mice but not in adults.

Old persons are highly susceptible to
infection due to gradual waning of their
immune responses.

Many age differences in specific infec-
tions can be related to physiologic factors.
Thus bacterial meningitis during first
month of life is often caused by coliform
bacteria because bacterial antibodies to
these bacteria are IgM and thus fail to cross
the placenta. Other such examples are gono-
coccal vaginitis in small girls, rickettsial
infection more severe in advancing age,
rubellainfection damages the fetus severely
but otherwise produces only mild disease.

Tinea capitis caused by Microsporum
audouini undergoes spontaneous cure with
the onset of puberty. Prepubertal girls are
susceptible to gonococcal infection. Some
infections like poliomyelitis and chickenpox
are more intense in adults than children
because of hypersensitivity which may be
responsible for more tissue damage.



2. Hormonalinfluence: Endocrine disorders, e.g.
diabetes mellitusisrelated to susceptibility
to infection because of increased carbo-
hydrate levels in tissue. Corticosteroids
depress host’s resistance by anti-inflam-
matory, antiphagocytic effect and by
suppression of antibody formation and
hypersensitivity. The elevated steroid levels
during pregnancy may have relation to
increased susceptibility of pregnantwomen
to many infections.

3. Nutrition: Defective nutrition depresses all
types of immune response and thus increa-
sing the risk of infection.

Mechanism of Innate Immunity

The defence mechanisms of body arerelated to

body coverings as under:

1. Epithelial surfaces: The intact skin and
mucous membrane covering the body
confersonitconsiderable protection against
bacteria. They provide mechanical barrier.
They also provide bactericidal secretions.
Their bactericidal activity is related to the
presence of lactic acid, saturated and
unsaturated fatty acid in sweat and seb-
aceous secretion. The mucous membrane of
gastrointestinal tract provides protectionby
bactericidal enzymessecreted inlumen. The
anaerobic colony bacteria produce fatty
acids with antibacterial activity. The term
“colonization resistance” refers toresistance
offered by the predominant normal flora to
infection, e.g. theintestinal anaerobic micro-
flora prevents superinfection by coliform
duringantibiotic therapy. Salivaisbacterio-
cidal. High acidity of stomach inhibits
bacterial multiplication. The normal body
flora play indirect role in defence of
body, e.g. intestinal flora by producing
bacteriocines which are destructive to other
bacteria.

2. Tissuedefenses:Ifbarrier of bodyis overcome
by the organisms, a number of factors in
normal tissueand body fluid, play theirrole.
Tissue factors may be divided into:

(a) Humoral factors.
(b) Cellular factors.
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Humoral Factors

(a) Lysozyme:Itis abacteriocidal enzyme found
in nasal and intestinal secretion, seminal
fluid and lacrimal secretion.

(b) Properdin:Itis euglobulin presentinnormal
serum. It causes lysis of gram negative
bacteria with the help of Mg**and comple-
ment. It constitutes 0.02 percent of serum
protein. It is not an antibody and its level
remains constant in newborn and elderly
individuals in both sexes. Its molecular
weight is over one million.

(c) Beta lysin: It is a relatively thermostable
substance active against anthraxbacillus. It
is liberated from platelets during clotting.

(d) Basic polypeptides: They are bacteriocidal
substances active at high pH (7 to 8). They
act upon cell wall causing cell disintegra-
tion, e.g. lukins fromleukocytes and plakin
from platelets.

(e) C-reactive proteins: The sera of patient with
pneumococcal and other diseases give a
precipitate when mixed with somatic poly-
saccharide C of pneumococcus in presence
of calcium ions. These nonspecific sub-
stances (C-reactive protein) appear inblood
of a person with tissue necrosis and inflam-
mation. C-reactive protein does play an
important role in the resolution of inflam-
matory process. It binds to many materials
like bacterial polysaccharides and may
then activate classical pathway, bringing
complement components into play to
potentiate bacterial killing. Recently, it is
suggested that the functions of CRP is
primarily toactasabinding mechanism, say
for pneumococcal “C” polysaccharide
which is most effectively precipitated on
agglutination. The binding of such legands
render them accessible to phagocytosisand
asaresulttoclearanceand metabolicbreak-
down. Characters of C-reactive protein are:
1. Calcium is essential for the reaction.
2. Reactivesubstance globulinisnotdetec-

table in normal serum. It is demon-
strated in sera, pleural, peritoneal and
joint fluids of patient.
The demonstration of C-reactive protein is
useful in the diseases like rheumatic fever, and
rheumatoid arthritis, etc.
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(f) Bactericidin: It is non-specific serum factor
active against neisseria, streptococcal
hemolyticus, etc.

(g) Complement: It is thermolabile substance
present in serum and tissue fluid. It
enhances phagocytosis and kills most of
gram negative bacteria sensitized by
specific antibodies.

(h) Non-specific hyaluronidase inhibitors: In tissue
damage non-specific inhibitor hyaluro-
nidaseappearsinblood. Itisheatlabileand
requires magnesium ion for its activity.
Production of antibodies againstantigens of

microorganisms may induceresistance because

they:

1. Neutralize toxin or cellular products.

2. Havedirect bacteriocidal or lytic effect
with complement.

3. Block the infective ability of micro-
organisms.

4. Agglutinate microorganisms thus sub-
jecting them to phagocytosis.

5. Opsonize microorganisms.

Acute Phase Proteins

Some proteinsin plasmaare collectivelynamed
acute phase proteins. There may be sudden
increase in plasma concentration of certain
proteins in response to early alarm mediator,
e.g. interleukin- 1, IL- 6 and tumor necrosis
factors (TNF) released as a result of infection or
tissue injury. While many acute phase reactant
like C. reactive proteins increase dramatically,
others show more moderate increase (usually
less than five folds), e.g. a proteinase inhibitors,
a chymotrypsin, fibrinogen, caeruloplasmin
angiotensin, mannose binding proteins, etc.

Theymaybeinvolvedinactivatingalternate
pathway of complement. They may prevent
tissue injury and may promote repair of
inflammatory lesion.

Cellular Factors

1. Phagocytosis: Natural defence against inva-
sion of blood and tissue by bacteria or
others foreign particles is mediated by
phagocytic cell which ingest and destroy
them. The process of phagocytosis consists
of:

i. Thefirst phase involves the approach of
the phagocyte to the microbe by means
of positive chemotaxis. Under the in-
fluence of the products of life activities of
microbes excitation of the phagocytes
occurs, which leads to a change in the
surface tension of the cytoplasm and
gives the phagocytes amoeboid motility.

ii. In the second phase absorption of the
microorganism on the surface of the pha-
gocyte takes place. This process is com-
pleted under the influence of an electro-
lyte which alters the electrical potential
of the phagocytized object (microbe).

iii.  The third phase is characterized by sub-
mergence of the microbe into the
cytoplasm of the phagocyte, which seizes
minute objects quite rapidly and large
ones (some protozoa, actinomycetes,
etc.) are engulfed in pieces.

iv.  In the fourth phase intracellular diges-
tion of the engulfed microbes by the
phagocytes takes place.

In the process of phagocytosis various
changes in the microbes can be observed, e.g.
the production of granules in Vibrio cholerae,
swelling of salmonella, fragmentation of
Corynebacterium diphtheriae, destruction of ant-
hrax bacilli and swelling of cocci. Ultimately
the phagocytosed microorganisms become
completely disintegrated.

Factors which speed up phagocytosis
include calcium and magnesium salts, anti-
bodies, etc. Phagocytosis proceeds more vigo-
rously inimmunes than innon-immunes. Toxin
of bacteria, leukocidin, capsular material of
bacteria, cholesterol, quinine, alkaloids, and
also a blockade of reticuloendothelial system
inhibit phagocytosis.

Phagocytic cells may be:

a. Microphages, e.g. polymorphonuclear leu-
kocytes.
b. Macrophages includes:

1. Histiocytes (wandering amoeboid cells

in tissue).

2. Fixed reticuloendothelial cells.

3. Monocytes.

2. Inflammation: Tissue injury or irritation
initiated by entry of bacteria or of
other irritant leads to inflammation. It is



important non-specific mechanism of
defense. Initially constriction and then
dilatation of blood vessels of affected site is
followed by escape of polymorphonuclear
cellsinto tissue. Microorganisms are phago-
cytosed and destroyed. Out pouring of
plasma helps to dilute the toxic products. A
fibrin barrier is laid, serving to wall off the
site of infection.

3. Fever: It is a natural defence mechanism. It
may actually destroy the infecting orga-
nism. Fever stimulates the production of
interferon and helpsinrecovery from virus
infections. The substances which may cause
fever are endotoxins and interleukin-1.
Acute phase proteins: Because of trauma or

infection there may be abrupt rise of plasma

concentration of some proteins (acute phase
proteins). Some of the examples of acute phase
proteins are ‘C’ reactive proteins, mannose
binding proteins, alpha-1 acid glycoproteins,
etc. They may increase host resistance, help in
the healing of inflammatory lesions, prevent
tissue damage, activate alternative pathways

('C’ reactive proteins).

Outcome of infection: Following are some
possible results of infection:

1. Elimination of pathogen without any clini-
cal lesion when immune status of host is
normal.

2. Localization of pathogen with production of
local lesion when there is no impairment of
the patient’s general health and as a rule
infection is soon eradicated, e.g. small
staphylococcal pustule of the skin.

3. Localization of the pathogen with produc-
tion of distant lesion as happens in diph-
theria and tetanus because of exotoxin.

4. Local extension of infection to surrounding
tissueasin case of hyaluronidase producing
Streptococcus pyogenes. Other examples are
tuberculosis and actinomycosis.

5. General dissemination as in case of sep-
ticemia and theninvolves various organs of
the body.

ACQUIRED IMMUNITY

The immunity acquired during the lifetime of
anindividual is known as acquired immunity.
Acquired immunity differs from innate immu-
nity in the following respects:
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1. Itisnotinherentin thebody butisacquired
during life.

2. It is specific for a single type of micro-
organism.

Acquired immunity may be:

1. Active.

2. Passive.

Activeimmunity:Itis theresistance developed
byanimmunity asaresultof antigenicstimulus.
Active immunity may be:

Natural active immunity: This is acquired
after one infection or recovery from disease or
subclinical infection after repeated exposure to
small doses of the infecting organism.

Artificial activeimmunity: Itmaybe acquired
artificially by inoculation of bacteria, viruses or
their products as under:

a. Livingorganisms: After properattenuation,
e.g. smallpox, BCG. Attenuation may be
obtained as under:

i. Subjecting the organism to drying, e.g.
rabies virus vaccine.

ii. Growing the organism at temperature
higher than optimum, e.g. Pasteur’s
anthrax vaccine is prepared by cultiva-
ting the organism at 42°C.

iii. By passage throughanimals of different
species, e.g. variola virus through rabbit
and calf.

iv. By continued cultivation in presence
of antagonistic substance, e.g. BCG
vaccine is prepared by prolonged culti-
vation of tubercle bacillus (bacillus,
calmette and guerin) in medium con-
taining bile.

v. By repeated subculture in artificial
media, e.g. streptococci.

b. Organisms are killed by heat or phenol
withoutchanging the antigenic structure of
bacteria, e.g. typhoid vaccine, cholera
vaccine.

c. Autovaccine.

d. Non-specific protein therapy: Local cellular
elements concerned with defensive mecha-
nism respond to injection of non-specific
protein substance like milk injection. They
cause increased proliferation resulting in
more antibody release.

e. Toxoid: Bacterial inactivated toxin (not
toxigenicbutretains antigenicity) isinjected
repeatedly in increasing doses, e.g.
diphtheria and tetanus toxoid.
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Passive Immunity: Here subjectisimmunized
by prepared antibodies and body cells do not
take any active part in the production of
immunity. It is of the following types:

Natural passive immunity: During intraute-
rine life transmission of antibodies from the
mother to fetus can occur through placenta. It
may beby way of colostrum of mother and milk
during first few months of life. Breast-fed
infants resist establishment of enteroviruses in
alimentary tract. These antibodies last for few
weeks and protect infants from diphtheria,
tetanus, measles, mumps, smallpox, etc.

Artificial passive immunity: Immunizationin
this case is passive and produced by injection
of serum of animals thathave been immunized
actively. Antibodies remain in effective
quantity for 10daysonly. Following serummay
be used:

a. Antitoxic serum: It is produced by injection
of toxoid into horse in increasing doses till
the blood is rich in circulating antibodies.
The animal is bled and serum is separated.
This serum contains prepared antibodies.
Examples of antitoxic sera are diphtheria,
tetanus, etc.

b. Antibacterial serum: Antibodies are produ-
ced by injection of bacteriainto animalsand
serum is collected, e.g. pneumococcal,
meningococcal, anthrax, dysentery, etc.

c. Convalescent serum: It is obtained from
convalescent patient. It is also called
convalescent serum. Such serum is used in
the treatment of measles, poliomyelitis,
infective hepatitis, etc.

Active immunity
1. Produced actively by host's immune system

2. Induced by infection or by contacts with
immunogen

3. Afford durable and effective protein

4. Immunity effective after lag phase

5. Immunological memory present, i.e.
subsequent challenge more effective

6. Negative phase may occur

7. Not applicable to immunodeficient hosts

8. Used as prophylaxis to increase resistance
of body

9. Both cell mediated and humoral immunity
take part

10. No inheritance of immunity

Differences between active immunity and
passive immunity are summed up as per
Table 12.1.

Genetic influences: Natural and acquired
immunity and predisposition towards specific
disease states have a genetic component.
Disease susceptibility isin some way related to
genes closely associated with the major histo-
compatibility complex particularly the HLA-D
region located on chromosome 6 in humans.
This region is suspected of carrying immune
response genes. An example of correlation is
association of HLA-B27 with ankylosing
spondylitis and juvenile arthritis in humans.
The basis for this association of specific genes
with specific disease susceptibility is not clear.
Possible explanations are as under:

i. HLA antigens may serve as cell surface
receptors for viruses or toxins.
HLA antigens may be incorporated into
viral coat protein.
HLA antigens may not themselves be
responsiblebutmaybelinked toimmune
response genes that do determine actual
susceptibility.
HLA antigens may crossreact with the
antigens of bacteria, viruses or other
agentstotriggerautoimmuneresponses.

ii.

iii.

iv.

Localimmunity:Ithasimportanceininfections
which are either localized or where it is
operative in combating infection at the site of
primary entry of pathogen, e.g. influenza
immunization with killed vaccine elicit
humoral antibody response but antibody titer
in respiratory secretion is not high enough to

Passive immunity

Received passively by the host. No participation by
host’'s immune system

Conferred by introduction of vaccines, e.g. readymade

antibody

Temporary and less effective protection
Immunity effective immediately

No immunological memory

No negative phase
Application to immunodeficient hosts
Used for treatment of acute infection

Exclusively humoral immunity is involved

May be acquired from mother



preventinfection. Naturalinfection orlive virus
vaccine administered intranasaly providelocal
immunity. A special class of immunoglobulin
(IgA) forms major component of local
immunity.

Herd immunity: There is overall level of
immunity in a community. It is relevant in the
control of epidemic diseases. When herd
immunity is low, epidemics are likely to occur
onintroduction of suitable pathogens. The term
herd immunity means large proportion of
individuals in a community are immune to
pathogen.

VACCINATION

Itis worthwhile to discuss it with the history of
development of vaccine. Along with it other
aspects are also taken up:

History of Development of Immunization
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1896
1904
1920
1930
1951
1955
1960
1970

Vaccine against typhoid fever
Production of tetanus antitoxin
Diphtheria antitoxin floccules
Diphtheria toxoid

Yellow fever live vaccine

Polio killed vaccine (SALK)

Polio live vaccine (SABIN)
Livevaccine of rubellaand mumps. Also
measles vaccine (killed as well as live).

Vaccines: Live attenuated or dead organisms
whenintroduced into thebody, artificial active
immunization is produced. Killed vaccines
produce relatively less immunity. The live
vaccines contain major immunizing antigen
and hence, more and longer antigenic stimula-
tion resulting in prolonged immunity as com-
pared to killed vaccine. Live vaccine is quite
cheapand dose givenisalsosmall. The vaccines
are classified as under (Table 12.2).

A. Live attenuated vaccines are smallpox,

1721 Variolation by Lady Montague yellow fever, polio, BCG, plague, brucello-
1793 Smallpox immunization sis, mumps, rubella and measles. Attenua-
1881 Development of Pasteur’s antirabies tionis achieved by aging of culture, culture
vaccine and also demonstration of effi- at high temperature, passage through
cacy of anthrax vaccine another host species, drying (rabies) and
1891 Development of diphtheria antitoxin selection of mutant (temperaturesensitive).
Vaccines Vaccines Vaccines
against bacteria against viruses against parasites
Live vaccine Mycobacterium tuberculosis Polio
Vibrio cholerae Mumps
Salmonella
E.coli Measles
Rubella
Vaccinia
Adeno
Rabies
Herpes zoster
Cytomegalo
Influenza
Yellow fever
Rotavirus
Inactivated vaccine e Corynebacterium diphtheriae * Rabies e Plasmodium falciparum
» Pertussis * Polio
 Clostridium tetani ¢ Influenza e Trypanosomes cruzi
 Vibrio cholerae » Hepatitis B
Meningococcus * Measles e Schistosoma mansoni

(ACYW)
¢ Pneumococcus
e Haemophilus influenzae
e E. coli
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B. Killed vaccines, e.g. whooping cough, TAB,
cholera, polio (SALK), antirabic and
measles. For this purpose organisms are
killed by heat, formalin, phenol, alcohol,
ultraviolet light and photodynamic inacti-
vation. Killed vaccines maybe preserved in
phenol, alcohol or merthiolate.

C. Toxoid are exotoxin which are treated with
formalin to destroy their toxicity but
retaining theirimmunogenecity, e.g. formal
toxoid of diphtheria and tetanus.

D. Subunit vaccines: They consist of only
relevantimmunogenic material such as the
capsid proteins of non-enveloped icosahe-
dralviruses or the peplomers (glycoprotein)
of enveloped proteins.

Standardization of vaccines: The purposeis to
evaluate the potency of vaccineand theefficacy.
In live vaccine, standardization is achieved by
estimating the number of organisms in unit
volume of preparation (in vitro viable count in
case of bacterial vaccine) and tissue culture
assay in viral vaccine whereas in vivo
assessment of infectivity is determined by
titration in experimental animals. Virus assay
estimateis expressed in term of plaque forming
unit (PFU) or tissue culture infectious dose
(TCID 50). Latter one is more common.

In case of killed vaccine, potency is deter-
mined by direct challenge test or by evaluation
of antibody response in laboratory animals.
Similarly toxoid are evaluated by direct chal-
lenge or by determining the levels of antitoxin
produced.

Hazards of vaccination: Local sepsis, serum
hepatitis, fever, malaise, soreness at injection
site, arthralgia after rubella vaccine, convul-
sions in pertussis vaccine and allergic reaction
may occur as untoward side effect after vacci-
nation.

The problem withlive vaccineisits stability
of attenuation. The other problem with live
vaccine is drastic consequences if given to
immunodeficientchild. Antibodiesinmother’s
milk may cause poor take if vaccinated infant
is breastfed. Potency of vaccine may be main-
tained by lyophilization. The other problem is
intestinal infections at subclinical levels and
hence poor take of live vaccine as enteroviruses
may prevent multiplication of the attenuated
vaccine.

Schedule of Immunization

0 to 1 month
3 months

4 to 5 months
5 to 6 months

BCG

DPT I, oral polio vaccine |
DPT Il, oral polio vaccine Il
DPT I, oral polio vaccine I

1% yrs. Booster DPT, oral polio vaccine IV
2 yrs. Typhoid vaccine

5 yrs. Tetanus toxoid

School entry Typhoid vaccine

12 to 14 yrs. Tetanus toxoid

Diphtheria toxoid
Rubella vaccine

NEWER VACCINES

Nowadays, antigen identification and prepa-
ration of vaccine is achieved by recombinant
DNA production of proteinsand polypeptides,
production of synthetic oligopeptides and
epitopes by hybridoma technology, and di-
rected mutation, selection and stabilization.
Now it is possible to develop vaccines against
agents that cannot even be grown.

Inrecombinant DNA genetic, the genes that
code for immunologically important poly-
peptide antigens of viruses or bacteria are
inserted into infectious nucleic acid vectors
permitting the production of these proteinsand
polypeptides in new and unnatural hosts like
bacterial, yeast or animal cells.

Hybridoma technology consists of the
fusion of antibody producing lymphocytes
with cancer cells to yield hybrid cells that can
be propagated indefinitely and secrete only a
singleimmunologic determinant a whole anti-
gen. Monoclonal antibodies are highly specific
tools for analysis of microbial antigens and
allow selection of those that are of relevance to
immunity. The other importance lies in their
ability to define very short lengths of polypep-
tides that relate to specific immunity. This has
opened the doors to chemical synthesis of vac-
cines.

Advantages of Newer Vaccines

1. Give specific immune response.
2. Rare reversion to virulence.
3. Fewer chances of contamination.



Disadvantages of Newer Vaccines

1. Limited immunogenicity of very simplified
antigen.
2. Weak and inadequate immune responses.

APPLICATION OF VACCINE

* Prophylacticuse for general population, e.g.
BCG, polio.
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Prophylactic use for selective group of
persons, e.g. Hepatitis B vaccine for doctors,
nurses, infant born to HBs antigen positive
mothers, etc.

New directionsin vaccine developmenthas
slowly evolved fromJenner torecombinant
genetics. Ithas provided a possible basis for
prophylactic control of essentially all the
infectious diseases.



Antigenisasubstance which, whenintroduced
parenterally into the body, stimulates the
production of an antibody with which it reacts
specificallyin an observable manner. Antigenic
determinantis that portion of antigen molecule
that determines the specificity of antigen-
antibody reaction. It is also called epitope. An
epitope corresponds to an area about 6 to 10
amino acids, or of 5 to 6 doses. Antibody
recognizes epitope present on the surface of
native antigen in solution, which may be
proteins or polysaccharides, whereas T cell
receptors bind to peptide fragment processed
by antigen presenting cells. In these cells, the
antigen undergoes proteolytic degradation,
generating peptides which are then presented
in association with class I or class II proteins of
the major histocompatibility complex (HLA).
Karl Landsteiner made an extensive work
on the determinants of antigen and it was
summarized from his various studies that
specificity depends on the following factors:
1. Acidandbasicgroupsareimportantinregu-
lating the specificity of an antigenic
determinant.
2. Spatial configuration of haptenisimportant.
3. Terminal groups in an antigen are often
important determinant of specificity.
4. Interchange of nonionic groups of similar
size had little effect on specificity of a
determinant.

ANTIGENIC DETERMINANT

¢ Also called epitope

e It is smallest unit of antigencity represented by
small area on antigen molecule, which determines
specific immune response and reacts specifically
with antibody.

Antigen

* An antigen possesses several epitopes and each
epitope induces specific antibody formation

» Size of epitope is 25 to 35 A

¢ Molecular weight varies between 400 to 1000

¢ The determinant groups are:
a. Protein antigen (Penta of hexasaccharide)
b. Polysaccharide antigen (Hexasaccharide)

¢ A determinant is around 5 amino acid in size

¢ The site on antibody molecule, whcih combines
with corresponding epitope is known as paratope

Biological Classes on Antigens

On thebasis of capability of antibody formation
antigens are classified as under:
1. T-Cell Independent Antigens
* Also abbreviated as T1 antigens.
¢ Candirectly stimulate antibody forma-
tion by B lymphocyte cells, without
involving T lymphocyte cells.
¢ Theyarestructurally simple composed
of alimited number of repeating deter-
minants, e.g. pneumococcal capsule
polysaccharide, bacterial lipopolysac-
charide and flagellar protein flagellin.
¢ Antibody response is IgM and IgG3.

¢ Do not produce immunological
memory.

* Do not require initial processing by
macrophages.

* Metabolized slowly and soremainin the
body for quite a long time.

* May cause dose dependent immune
response.

2. T-Cell Dependent Antigens

¢ Also abbreviated as TD antigens.

¢ Need T-cell involvement to evoke an
immune response.

e Structurally more complex like red
blood cells, serum proteins and wide
range of hapten complex.



* Do not cause tolerance readily.

* Immunogenic over a wide dose range.

¢ Induce immunoglobulin isotypes, i.e.
IgM, IgG, IgA and IgE.

* Produce immunological memory.

* Require initial processing by macro-
phages.

¢ Rapidly metabolized in the body.

PROPERTIES OF ANTIGEN

A number of properties have been identified

which make a substance antigenic.

1. Foreignness: Only antigens which are foreign
to the individual induce an immune
response. Anindividual does not normally
give rise to immune response against his
own constituent antigen.

Antigenecity of substance is related to
the degree of foreignness. Injection of sheep
RBC orratkidney tissue extractinrabbit will
cause production of antibodies. But
injection of rabbit RBC or kidney tissue
extract into the same rabbit will not
stimulate antibody production.

2. Size: Antigenecity bears a relation to
molecular size. Very large molecules such
as hemocyanin (molecular weight 6.75
millions) are highly antigenic. Usually
antigens have a molecular weight of 10,000
or more.

Substances of less than 10,000 dalton
molecular weight, e.g. insulin (5700) are
either non-antigenic or weakly antigenic.
However, substances with low molecular
weight may be rendered antigenic by
adsorbing the same on large inert particles
like kaolin or bentonite.

Depending on the size of antigen and
capacity to induce antibody production
antigens can be divided into:

a. Complete antigen

b. Partial antigen.

a. Complete antigen: It is able to induce
antibody formation and produce a
specific and observable reaction with
theantibody so produced, e.g. proteins,
polysaccharide, etc.

b. Partial antigen (also called hapten):
Haptens are substances which are
unable to induce antibody production
by themselves, but are able to react
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specifically with antibodies, e.g. lipids,
nucleic acid, sulfonamide, penicillin,
etc. Clinically they are important
because a number of hypersensitivity
reactions may develop as a complica-
tion of drug therapy. Haptens maybe of
two types:

i. Complex hapten

ii. Simple hapten

i. Complex hapten: They are relatively
higher molecular compounds
which can precipitate with specific
antibodies, e.g. Wassermann anti-
gen (cardiolipin), polysacch-arides
(C substance of streptococci) and
nucleic acid.

ii. Simplehapten: They arelow molecu-
lar weight compounds and are
non-precipitating with specific
antibodies, e.g. picric chloride, tar-
taric acid, para-aminobenzoic acid.
Such substances when applied to
skin, inhaled or injected can form
compounds with proteins of skin
and plasma proteins thereby pro-
ducing foreign hapten group and
sensitization.

3. Chemical nature: Most naturally occurring

antigens are proteins and polysaccharides.
Proteins are more effective in stimulating
antibody production than polysaccharides
exceptgelatin histone and protamines (non-
antigenic protein) due to their low tyrosine
contents (aromaticradicals). Notall proteins
are antigenic. Gelatin is a well-known
exception. Aromatic radical is a must for
antigenecity. Gelatin is non-antigenic be-
cause of absence of aromatic radical.

. Susceptibility to tissue enzymes: Only sub-

stances which are metabolized and are sus-
ceptible to the action of tissue enzymes
behave like antigen. Substances insuscep-
tible to tissueenzymes arenotantigenic, e.g.
polystyrene latex, D amino acids which are
not metabolized in the body are not anti-
genic. Polypeptides composed of L amino
acid are antigenic.

5. Antigenic specificity: Active sites are present

atcertain placesinantigen molecules. These
active sites are called antigenic deter-
minants. The remaining portion of antigen
molecule is antigenically inert. In antigen
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antibody reaction, antigen molecule reacts
specifically at determinant site with
complementary combining on antibody
molecule, e.g. theantigenicspecificity of the
Lancefield group A Streptococcus pyogenes
dependson N acetylglucosamine presentin
the side chain or rhamnose backbone.
Antigenic specificity is of following types:

a.

Species specificity: Tissues of allindividu-
als in species contain species specific
antigen. It has been useful in:

i. Tracing of evolutionary relation-
ship.

ii. Forensic application in identi-
fication of species of blood and
seminal stains.

Isospecificity: Isoantigens are antigens

found in some but not all member of a

species, e.g.:

i. Human erythrocytes antigen on
which individuals can be classified
into group (blood group).

ii. Histocompatibility antigen: HL-A
(human leukocyte associated anti-
gen system). It has its application
in organ transplantation from one
individual to other.

Auto-specificity: A number of tissue
antigenmay actasautoantigen, e.g.lens
protein, thyroglobulin, etc. These tis-
sues under certain circumstances such
asinjury, infection or drug therapy alter
the molecule so that they become
foreigntoone’sownbodyand provoke
autoantibody formation.

Organ specificity: They are restricted to

particular organ or tissue of species.

When they are restricted exclusively to

an organ they are called organ specific,

e.g. thyroglobulin, lens protein, brain,

spinal cord and adrenal of one species

share specificity with another species.

Heterogenetic (Heterophile) specificity

(Table 13.1): This is found in a number

of unrelated animals and micro-

organisms. The examples are:

i. Forssman antigen found (Table
13.2) in the tissue of guinea pigs,

cat, horse, sheep, bacteria, e.g.
rickettsiae. It was first described by
Forssman in 1911.

ii. Weil-Felixreactionin typhus fever.
iii. Paul-Bunnell reaction in infectious
mononucleosis.

Cold agglutinin test in primary
atypical pneumonia.

iv.

SUPERANTIGEN

Certain proteins that are capable of activating
a large number of T-lymphocytes irrespective
of their antigenic specificities are named as
super antigen. They actually bind directly to the
lateral aspect of V regions of TCR beta chain.
Superantigen may activate 20% of circulatory
T-lymphocytes where as conventional
antigenic stimuli can activate not more than
0.0001% of circulating T-lymphocytes. This
excessive T-lymphocyte activation may result
a huge outpouring of T-lymphocyte cytokines
leading to multisystem problems. The
examples are staphylococcal toxic shock
syndrome and staphylococcal enterotoxin.
TABLE 13.1: Cross-reacting antigens shown by

heterophile reactions

Antigen Sharing antigen

1. Blood group B Escherichia coli
substance

2. Blood group A Pneumococcus type 14
substance (cap polys)

3. Blood group P.I. Hydatid fluid
antigen

4. Blood group A Streptococcal extract
substance

5. Rickettsiae
causing typhus

6. Epstein-Barr virus

Proteus OX OXKZ, OXk

197

Sheep and Ox RBC.

TABLE 13.2: Distribution of Forssman antigen

RBC Kidney Bacteria

and other cells

tissues

Horse Guinea pig Streptococcus pneumoniae
Cat Shigella dysenteriae
Mouse Pasteurella

Chicken Clostridium perfringens
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Antibody is defined as humoral substance (-
globulin) produced in response to an antigenic
stimulus. It serves as protective agent against
organisms. Antibodies are found in serum,
lymph and other body fluids. Sera having high
antibodylevels following infection or immuni-
zation is called immune sera. Antibodies are:
1. Protein in nature.

2. Formedinresponsetoantigenicstimulation.
3. React with corresponding antigen in a

specific and observable manner.

The antibody molecule is chemically indis-
tinguishable from normal gamma-globulin.
Globulinisa very complex mixture of molecules
consisting of closely related proteins. Now the
termimmunoglobulinis used to describe these
closely related proteins.

IMMUNOGLOBULINS

They are defined as proteins of animals origin
endowed withknown antibody activity and for
some other proteinsrelated to them by chemical
structure.

Immunoglobulins are synthesized by
plasma cells and also by lymphocytes.
Immunoglobulins make 20 to 25 percent of the
total serum proteins. The term immuno-
globulinsis the structural and chemical concept
while antibody is biological and functional
concept. All antibodies are immunoglobulins
butallimmunoglobulins maynotbeantibodies.

Based on their size, carbohydrate contents
and amino acid analysis, five groups of
immunoglobulins have been distinguished:
IgG, IgA, 1gM, IgD and IgE.

Structure of Immunoglobulin

Porter, Edelman and Nisonoff (1959-64)
developed technique for fragmentation of
immunoglobulinmoleculeby papain digestion
whichhasled to the discovery of 5main classes
of immunoglobulin.

Papain Digestion (Fig.14.1)

Enzymatic digestion: Porter and colleagues
split rabbit IgG molecule to egg albumin by
papaindigestionin presence of cysteininto two
identical Fab (Fragment antigen binding)
fragments and one Fc (Fragment crystallizable)
fragment.

S-S

=0N-0N+

Fig. 14.1: Basic structure of an immunoglobulin
molecule and papain digestion Fab and Fc fragments
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Papain acts on the exposed hinge region of
molecule.

1. Fab fragments: Each fragment of 3.55
contains a single antigen binding site. The
portion of the heavy chain in the Fab
fragment is called Fd region. Each Fab
fragment contains a light chain.

2. Fc fragment: It lacks the ability to bind
antigen and appears to be identical in all
rabbit IgG molecules. Each Fc fragment
contains parts of both H chains. As this
fragment is easily crystallizable, it is so
named.

Pepsin Digestion (Fig. 14.2)

Pepsin strikes at a different point of the IgG
molecule and cleaves the Fc from the remain-
dersof themoleculeleavingalarge SSfragment,
composed essentially of 2 Fab fragments. It is
divalentandstill precipitates with antigen. This
fragment is formulated as (Fab),.
Immunoglobulins are glycoproteins. Each
molecule consisting of two pairs of polypeptide
chains of different sizes held together by
disulfide bonds (5—S) (Fig. 14.3). The smaller
chains are called light (L) chain and larger ones
heavy (H) chains. L chainhas molecular weight
25,000 and H chain 50,000. The L chain is
attached to the H chain by disulfide bond. The
two H chains are joined together by one to five

000

AV

\)

b

FHN-UN+

\ £

. F° 3

\

Fig. 14.2: Basic structure of an immunoglobulin
molecule and pepsin digestion (Fab),

S—S bonds depending upon class of
immunoglobulins. The H chains are structu-
rally and antigenetically distinct for each class
and designated by Greek letter as follows

(Fig. 14.4):
IgG ¥ (gamma)
IgA o (alpha)
IgM H (mu)
IgD O (delta)
IgE X (epsilon)

The L chains are similar in all classes of
immunoglobulins. They may be either kappaor
lambda in a molecule of immunoglobulins.

L chain: The antigen combiningsite of molecule
is at its aminoterminus (N). Carboxyterminal
portion is also called constant region. Of
214 aminoacid residues thatmake up L chains,
107 constitute carboxyterminal half occur only
in constant sequence and hence this part of
chain is called constant region. Amino acid
sequence inaminoterminal (N) half of chainsis
highly variable and so called variable region.

Variable region
s
L-Chain—
. Constant region
$4. = iFom = =p

[ I l— H-Chain

- L
Fab $ Constant reg:cn
| | ]
Ed $ COOH

? (Carboxyterminus)
NH,

(Aminoterminus)

Fig. 14.3: Structure of immunoglobulin

==

Secretol
IgA ry

J-Chain ,gﬂ
T— = 5 :
w=r= SR ‘
: L- Cham
H- Cham% \%

Fig. 14.4: Structure of IgG, IgA and IgM

Disulfide
bond



This variability determines immunological
specificity of antibody molecule. Like L chain,
H chain also has constant and variable region.

The infinite range of antibody specificity of
immunoglobulins depends on the variability of
amino acid sequences at variable region of H
chain and L chains which form antigen
combining site.

Fcfragment:Itis composed of carboxyterminal
portion of H chain. It determines biological
properties of immunoglobulins molecules like
complement fixation, placental transfer, skin
fixation, attachment to phagocytic cells,
degranulation of mast cells and catabolic rate.
It is crystallizable and contain carbohydrate.

Fd fragment: The portion of H chain presentin
Fab fragment is called Fd piece. Its function is
not known.

Fab:Itisaminoterminal half of heavy chainand
one light chain. It does not crystallize. It does
not contain carbohydrate and acts as antigen
binding fragment.

Immunoglobulin Domains (Fig. 14.5)

Immunoglobulins are folded into globular
variable and constant domains. There are 4
domains in each H chain of IgG, IgA and IgD,
one in variable region (VH) and 3 in constant
region (CH-1, CH-2, CH-3). In the same way L
chainshowsonedomaininvariableregion (VL)
and one in constant region (CL). The antigen
binding site is present in the domain of
hypervariable region which recognize the

CH, |Fc
CH, CHO
CH, a
VH CL
Vs

Fig. 14.5: Immunoglobulin domain
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antigen IgM and IgE possess a fourth domain
on H chain. The constant region domains
mediate secondary biological functions. The
area of H chain between CH-1 and CH-2 in the
hinge region (exposed to enzymes and
chemicals). Papainsplittheimmunoglobulinat
this site into 2 Fab and 1Fc fragment.

Immunoglobulin Antigen Determinants

Immunoglobulins may act as antigens when

inoculated into a foreign species and so can be

differentiated from each other. The type of

immunological determinant occupy specific

site or position on the molecules and given

specific name as discussed under:

1. Isotypic Markers (Same)
They are common to all members of the
same species. The isotypic markers on it
chainsare H(cr), H(8) H (), H (1), H(X). The
light chain, L(A) and L(A) are differentiated
through isotypic markers.

2. Allotypic Markers
They are individual specific determinant
whichmeans they existbetweenindividuals
within species. Allotypic markers are also
found on the constant regions of H and L
chains. They are genetically determined.
The allotype markers in man are Gm on
gamma heavy chains, Am on alpha heavy
chainsand Km (/nv) onkappalight chains.
Allotype markers are useful in testing
paternity and population genetics.

3. Idiotypic Markers (Individual)
Idiotypes are specific for each antibody
molecule and are useful in identifying
markers for specific antibody produced by
single clones (private idiotype), but are
sometimes shared between B cell clones
(public or cross-reacting idiotypes).

Idiotype determinants are serologically
defined antigenic determinants involving
the hypervariable regions of immuno-
globulin molecule and the antibodies
produced are called anti-idiotypic anti-
bodies.

Application of anti-idiotype antibodies
may be utilized for vaccination purposes.
An antigen may induce specific immuno-
globulin production in a host and this
immunoglobulin may again stimulate
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production of anti-idiotype antibodies.
Some of these anti-idiotype antibodies
contain a paratope that resemble (structure
and shape) to antigen that trigerred the
process.

Function of Immunoglobulins

The important functions of immunoglobulins
are:

Sadi

U

Complement activation causing lysis
Opsonization resulting in phagocytosis
Prevention of attachment of microbe to host
cells

Neutralize toxins

Motility of microorganisms is restricted
Ultimately may result in agglutination of
microbes.

Immunoglobulin Classes (Table 14.1)

1.

IgG:Itis the major serum immunoglobulin
(Fig. 14.6). It has molecular weight of
1,50,000 and sedimentation constant is 7S.
Itisdistributed equally between intravascu-
lar and extravascular compartments. It has
half-life of 23 days. It appears to be spindle
shaped 250 to 300 A long 40 A wide. The
normal serum concentration of IgG is 5 to
16 mg/ml. It passes through placenta and

provide natural passive immunity to new-
born. It produces passive cutaneous ana-
phylaxis and participates inimmunological
reactions like precipitation, complement
fixation, neutralization of toxin and viruses.

Four classes of IgG have been recog-
nized, ie.IgG, IgG, IgG, IgG,. Eachis hav-
ing distincttype of gamma chainidentifiable
with specific antisera. Their properties are
enumerated in Table 14.2.

2. IgA:Itis the fast moving alpha globulin. It

constitutes 10 percent of total serum globu-
lin. Normal serum level is 0.6 to 4.2 mg
per ml. It has half-life of 6 to 8 days and
molecular weight is 160,000 with sedimen-
tation constant of 7S. It is found in high
concentrationin colostrum, tear, bile, saliva,

Variable region
- .-

L-Chain —Bq

$
| |

H-Chain $

NS |
$

Constant region

Hypervariable regions

Fig. 14.6: IgG molecule

TABLE 14.1: Some properties of immunoglobulin classes

1gG
1. Sedimentation coefficient 7
2. Mol. wt. 1,50,000
3. Serum concentration (mg/ml) 12
4. Half-life (days) 23
5. Daily production (mg/kg) 34
6. Intravascular distribution (%) 45
7. Complement fixation
8. Placental transport
9. Present in milk
10. Secretion by seromucous glands —
11. Heat stability (56°C). +
12. Examples Many anti-
antibodies bodies to
toxin,
bacteria

and viruses brane

IgA IigM gD IgE
7 19 7 8
1,60,000 9,00,000 1,80,000 1,90,000
2 1.2 0.03 0.00004
6 5 2.8 2.3
24 8.3 0.4 0.0023
42 80 75 50
— + — —
+ _ _
+ _ _ —
+ _ _ —
+ + -
Secretory  Antipoly- Mainly Antiallergic
antibody in  saccharide IgD on antiparasi-
mucous antibody surface  tic antibodies
mem- and cold of beta
aggluti- lympho-
nation cytes in

newborn



intestinal and nasal secretions. Its amount
isgreatlyincreased in cases of multiple my-
eloma. It does not pass through placenta.
IgA does not fix complement but activates
alternate complement pathway. It promotes
phagocytosis and intracellular killing of
organisms.

IgA exists in serum as monomer H,L,.
Two subclasses of IgA are known, i.e. IgAl
and IgA2. IgA2 in dominant form (60%) in
the secretion and form only small
component of serum IgA. IgA2 lacks
interchain disulfide bonds between H and
L chains.

IgA found in secretions contain
additional structure unit called transport(T)
orsecretory (S) piece. T pieceis synthesized
in epithelial cells of gland, intestines and
respiratory tract. It is attached to IgA
molecule during transport across the cells.
T piece links together two IgA molecule at
Fc portion. ] chain is also found in IgA. ]
chain is synthesized by lymphoid cell.

3. IgM: It is also called macroglobulin

T ~ T S S Sy
g~ WN PO

© o N oo s ®DhRE

(Fig.14.7). It constitute 5to 10 percent serum
globulin (0.5 to 2 mg/ml). It has half-life of
5 days. It has molecular weight of 9,00,000
t010,00,000 with sedimentation constant of
19S. Mostly it is intravascular. Polymeric
form with J chains (one J chain per 10L ¢
hains of IgM molecule) are frequently
found and help in polymerization and

Properties

Fixation of complement

Binding of macrophages

Binding the heterogenous tissue
Blocking of IgE binding

Crossing of placenta

Percentage of total IgG in normal serum
Electrophoretic mobility

Spontaneous aggregation

Combination with Staphylococcal A protein
Sedimentation of coefficient

. Molecular weight
. Heavy chains
. K/A ratio

Half-life (days)

. Heavy chain allotype

4.

5.

1gG

65
Slow

+++

150
v1
2.4
23

6 gm
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stabilization of IgM molecule. It appears to
be of spherical shape. IgM appears in the
surface (membrane) of unstimulated [-
lymphocytes and acts as recognition
receptors for antigens. Two subclasses of
IgM areidentified, i.e.IgM-1and IgM-2.1gM
appearsearlierin primary response and IgG
is produced later. Its half-life is 5 days
and it fixes complement. It does not pass
through placenta. It is more efficient in
agglutination, cytolytic and cytotoxic
reaction. IgM deficiency is often associated
with septicemia.

It was first detected by Rose and Fahey
in 1965.
IgD:Itis presentin concentration of 0.03mg
perml. Itismostly intravascular. Ithas half-
life of 3 days. It is present on the surface of
unstimulated B. lymphocytes blood. It acts
as recognition receptors for antigens cell
membrane bound IgD combination with
matching antigen causes specific stimu-
lation of these B lymphocytes. It results in
either activation and cloning to form anti-
body or suppression. IgD has two subclass
IgD, and IgD,. Very littleis known aboutits
function. It seems likely that IgD may func-
tion as mutually interacting antigen recep-
tor for the control of lymphocyte activation
and suppression.
IgE: It is reaginic antibody responsible
for immediate hypersensitive reactions. It

19G, IgG, IgG,
+ +

+ +

- + +

— — +

+ — +

23 8 4
Slow Slow Fast
- +++ =
+++ = +++
7 7 7
150 150 150
Y2 v3 v4
1.1 1.4 8.0
23 8 23

6 gm 6 gm 6 gm
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Disulphide

bond
J-Chain erheihaln
H-Chain

Fig. 14.7: IgM molecule

has molecular weight of 1,90,000 with
sedimentation coefficient of 8S. Its half-life
is2days.Itisinactivated by heatat 56°C for
1 hour. It has affinity for surface of tissue
cells (particularly mast cells) of the same
species. It mediates Prausnitz-Kiistner
reaction. It does not pass through placenta
or fixcomplement. Itis mostly intravascular
indistribution. Normallyitis found in traces

in serum. Elevated levels are seen in atopic
condition like asthma, hay fever and
eczema. Children having parasiticinfection
in intestine show elevated levels of IgE.

Immunoglobulin Class
(Isotype Switching)

To start with all B cells matched to an antigen,
are transformed into plasma cells and produce
IgM in response to the antigen. Subsequently
class switching occurs by gene rearrangement.
The same VH assembled VH gene is seque-
ntially associated with different CH genes.
Consequently immunoglobulin produced (IgG
or IgA) maintains same specificity as original
IgM with different biological properties. In
primary immune response, a plasma cell
producing IgM earlier may later switch to IgG
synthesis.



Antigen and
Antibody Reaction

Antigen-antibody reactions are useful in labo-
ratory diagnosis of various diseases and in the
identification of infectious agents in epidemio-
logical survey. Antigen-antibody reactions in
vitro are called serological reactions, e.g. pre-
cipitation, agglutination, complement fixation
reactions (Table 15.1).

Features of Antigens-Antibody
Reactions

1. The reaction is highly specific.

2. Entire molecules react and not fragment.

3. There is no denaturation of antigen or
antibody during reactions.

4. Combination occurs at surface and hence
surface antigens are immunologically rele-
vant.

5. The combination is firm but reversible. It is
influenced by affinity or avidity. Affinity is
intensity of attraction between antigen and
antibody molecules. Avidity is strength of
the bond after the formation of antigen
antibody complex.

6. Bothantigenand antibody participateinthe
formation of the agglutinates or precipi-
tates.

7. Antigen and antibody may combine in
varying proportions.

TABLE 15.1: Comparative efficiency of immunoglo

bulins classes in different serological reactions

Reactions 1gG IgM IgA
Precipitation strong weak variable
Agglutination weak strong moderate
Complement fixation weak strong negative
Lysis weak strong negative

PRECIPITATION

When a soluble antigen combines with its
antibody in presence of electrolytes (NaCl) at
a suitable temperature and pH the antigen
antibody complex forms insoluble precipitate.

Uses of Precipitation Reaction

1. Identification of bacteria, e.g. detection of
group specific polysaccharides substancein
streptococci in Lancefield grouping, etc.

2. Identification of antigenic component of

bacteria in infected animal tissue, e.g.

Bacillus anthracis (Ascoli test).

Standardization of toxin and antitoxins.

4. Demonstration of antibody in serum, e.g.
Kahn's test for the diagnosis of syphilis.

5. Medicolegalserology for detection of blood,
semen, etc.

Mechanism of precipitation: Lattice hypo-
thesis explains it.

®

LATTICE HYPOTHESIS (FIG. 15.1)

Multivalent antigens combine with bivalent
antibody in varying proportions, depending on
antigen-antibody ratio in reacting mixture.
Precipitation results when large lattice is
formed consisting of alternating antigen and
antibody molecules. Thisis possible only in the
zone of equivalence. In zone of antigen and
antibody excess lattice does not enlarge as
valency of antigen and antibody is fully
satisfied.

Techniques of Precipitation Reaction

1. Ring test: The test is very simple for detec-
tion of antigen. The antigen is layered over
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Zone of antibody
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Zone of
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Fig. 15.1: Lattice formation

serum in a narrow tube. The reaction is

visibleasawhite zone at the junction of two

clear fluid. Examples are C-reactive protein
test, Ascoli test, grouping of streptococciby

Lancefield technique.

. Slide test: When a drop of antigen and

antiserumis placed on aslide and mixed by

shaking, flocculesappear,e.g. VDRL test for
syphilis.

. Tube test: The Kahn test for syphilis is an

example of tube flocculation test.

. Gel diffusion: The main advantages of this

method are:

a. The precipitate is relatively fixed by
agar medium and is easily visible.

b. If antigen or antiserum contains more
than one factor then each factor pro-
duces separate precipitin line.

c. Antigen and antibodies can be com-
pared for common antigenic determi-
nants.

Examples of Gel diffusion are (Fig. 15.2):
. Single diffusion in one dimension: The anti-
bodyisincorporated inagar gelinatesttube
and antigen solution is layered over it. The
antigen diffuses downwards through the
agar gel forming line of precipitation that
appears to move downwards. Number of
bandsindicatenumber of different antigens
present.
. Double diffusion in one dimension: The anti-
body is incorporated in gel. Above it is
placed a column of agar. Antigenislayered
over agar. The antigen and antibody move
towards each other through intervening
agar and form a band of precipitate where
they meet at optimum proportion.

. Single diffusion in two dimension (radial

immunodiffusion): Antiserum is incorpo-

S

Double diffusion
in one dimension

Single diffusion
in one dimension

@ Q-°-

Radial immunodiffusion

Antiserum Antiserum Antiserum
® ® , e,
o O O ] o o
AG AG AG AG AG AG
Reaction of Reaction of partial Reaction of
identity identity unrelatedness
AG = Antigen

Fig. 15.2: Types of gel diffusions precipitations

rated in agar gel poured on slide. The anti-
genisadded towell cut on the surface of gel.
Ring shaped bands of precipitate are formed
around wells. The diameter of ring givesan
estimate of concentration of antigen.

4. Double diffusion in two dimension: Agar gelis

poured on slide and wells are cut using
template. Antiserum is placed on central
well and different antigen in the surround-
ing wells. If two adjacent antigen are iden-
tical theline of precipitate will be formed by
them. This method is aroutine technique in
the diagnosis of smallpox, Elek’s test for the
diagnosis of diphtheria, etc.

5. Immunoelectrophoresis: Thisis donein2 steps.

Thefirststepis doneinagarelectrophoresis
of the antigen. Rectangular trough is cut in
agar on either side, parallel to the direction
of electrophoretic migration. This trough is
filled with antiserum. By diffusion lines of
precipitate develop with each of the
separated components of antigen. By this
method over 100 different antigens are
identified in human serum.

6. Radioimmunoelectrophoresis: Thisis very sen-

sitive method for estimation of antibodies to
antigens such as hormones. Pure antigen



is labelled with radioactive isotope. The
antigen precipitated by specificantibodyin
immunoelectrophoresis is estimated by
autoradiograph.

AGGLUTINATION REACTIONS

When a particulate antigen is mixed with its
antibody in presence of electrolytes ata suitable
temperature and pH, then the particles are
clumped or agglutinated. It is more sensitive
than precipitation for the detection of
antibodies.

Uses

1. Identification of bacteria, e.g. serotyping of
salmonella and shigella with known anti-
sera.

2. Serological diagnosis of infection, e.g. Widal
test for typhoid, etc.

3. Hemagglutination test, e.g. Rose-Waaler,
Paul-Bunnell.

TECHNIQUE OF AGGLUTINATION TEST
Direct Agglutination Test

1. Microagglutination (Fig.15.3): Itis carried on
a clean slide by mixing a drop each of anti-
serum and antigen suspension. Reaction
occurs immediately. Itis used for detecting
bacterial antigen, blood grouping and
typing, etc.

2. Macroagglutination: It is carried out as
quantitative test to estimate the titer of
antibody and to confirm theresult of micro-
agglutination. Following type of agglutin-
ation are observed with bacterial antigen:
a. Flagellar antigen or "H’ type of agglu-

tination is seen when a formalized sus-
pension of motile bacteria is treated
with antiserum. It forms floccular,

Fig. 15.3: Microagglutination test
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snowy flakes like deposit. Agglutina-
tion appears 2 to 4 hours after incuba-
tion at 52°C.

b. Somatic’O’ typeofagglutinationoccurs
when heat killed or alcohol treated
suspension of bacteria is treated with
homologous antiserum. The agglutina-
tion is compact with fine granulation.
Thereactionappears 18 to24 hours after
incubation at 37°C.

c. Viagglutinationis similar to O aggluti-
nation and occurs slowly at 37°C.

Co-agglutination: Here the Fc fragment of any
antibody gets attached to protein A of staphy-
lococci (Cowanstrain). Thusstaphylococci with
a known attached antibody are agglutinated
whenmixed with the specificantigen (Fig 15.4).

£

Cowan strain of
Staph. aureus

Immunoglobulin

Cowan strain
coated with immunoglobulin

Antigen

Agglutination

Fig. 15.4: Agglutination and co-agglutination
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Indirect or Passive Agglutination Test

Immunology

Recently inert particles, e.g. latex, bentonite or
red blood cells have been used as carrier of
antigen. Itis more sensitive test. Latex particles
are used for the demonstration of rheumatoid
factor, CRP, etc. A special type of passive
hemagglutination test is the Rose-Waaler test.
Inrheumatoid arthritis patient’s autoantibody
(RA factor) appears in serum which acts as
antibody to gammaglobulin. The RA factor is
able to agglutinate red cell coated with
globulins. The antigen used for test is a
suspension of sheep erythrocytes sensitized
withsubagglutinating dose of rabbit anti-sheep
erythrocytes (amboceptor).

Coombs’ test (Fig. 15.5): It is used for the
detection of incomplete antibodies (nonagglu-
tinating anti-Rh antibody), brucella, shigella
and salmonella antigen. Coombs’ test may be
direct or indirect (Table 15.2).

Sera containing incomplete anti-Rh anti-
bodies is mixed with Rh positive red cells.
Antibody globulin coats the surface of erythro-
cytes. Such erythrocytes coated with antibody
globulin are washed free of all unattached
proteins and treated with rabbit anti-serum
against human gammaglobulin (Coombs’
serum). The cells are agglutinated. This is the

principle of Coombs’ test.
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Complement fixation test (CFT): Thisisavery

sensitive testand is capable of detecting 0.04 mg

of antibody nitrogen and 0.1 mg of antigen. It

is used for serological diagnosis of diseases:

1. Bacterial diseases, e.g. gonorrhea, brucel-
losis.

2. Spirochetal disease, e.g. syphilis (Wasserm-
ann reaction), etc.

3. Rickettsial diseases, e.g. typhus fever.

4. Viraldiseaseslikelymphogranuloma vene-
reum.

5. Parasitic diseases, e.g. kala azar, hydatid
cyst, amoebiasis.

Principle: The ability of antigen antibody
complex to fix complement.

Technique: Heat the patient’s serumat56°C for
30 minutes to destroy its own complement.
Patientserum, complement (guinea pig serum)
and antigen are incubated at 37°C for 1 hour.
Now sensitized sheep RBC are added as
indicator system. The whole mixture is
incubated at 37°C for 1 hour.

Interpretation: If complement has been used
up, there would not be hemolysis. It means
antigen antibody reaction has taken place. Test
is reported as positive.

If sensitized RBC are lysed it means comp-
lement has not been fixed and test is reported
as negative.
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Rh positive Incomplete No agglutination Antiglobulin serum Agglutination
red cells antibody (incomplete antibody)
Fig. 15.5: Steps of Coombs’ test
TABLE 15.2: Differences between direct and indirect Coombs’ test
Direct Indirect

1. Detects the presence of incomplete antibodies
adsorbed onto erythrocyte

2. Indicated in autoimmune hemolytic anemia,
erythroblastosis fetalis

3. Testis done by washing RBC in saline (3 times).
Washed RBC are mixed with AHG in presence
of bovine albumin. In positive test clumping of
RBC occurs

Detects incomplete antibody present in serum

Indicated for detection of anti-Rh antibody in serum
of Rh negative women of Rh positive husband

Serum of patient is mixed with saline washed
Rh positive red cells (group O) and incubated
at 37°C for 30 minutes. Wash red cell in
saline and mix with Coombs’ serum.
Agglutination occurs in positive cases



Neutralization Test

Specific antibodies are able to neutralize the
biological effects of viruses, toxins and enzy-
mes.

a. Virus neutralization: Viruses when mixed
with immune serum lose their capacity to
infect fresh host, e.g. vaccinia, influenza
and poliomyelitis. Neutralization may be
quantified on:

i. Chorioallantoic membrane of chick
embryo (pocks formation).

ii. By enumeration of plaques on mono-
layer tissue culture.

b. Toxin neutralization: The toxicity of endo-
toxinisnotneutralized by antiserum. On the
other hand bacterial exotoxins are good
antigens. They induce the formation of anti-
bodies, i.e. antitoxin. These antibodies pro-
tect from diseases like diphtheria and
tetanus. Schick test is based on the ability
of circulating antitoxin to neutralize diph-
theria toxin. Anti-streptolysin “O” test
(ASO) in which antitoxin presentin patient
sera neutralize the hemolytic activity.
Nagler’s reaction is another example of
neutralization.

Opsonization

This is another serological reaction which
sensitizes bacteria for phagocytosis. The sub-
stances in serum which promote phagocytosis
are called opsonins.

The opsonic index is defined as ratio of
phagocytic activity of patient’s blood having
bacterium, to the phagocytic activity of blood
from normal individual. It is measured by
incubating fresh citrated blood with bacterial
suspensions at 37°C for 15 minutes. Now
estimate the average number of phagocytozed
bacteria per leukocyte from stained blood.

Immune Adherence Test
(Treponema pallidum)

When a suspension of living spirochete is
treated with specificantibody and complement,
the spirochetes becomessticky. The testis used
intheidentification of spirochaetes. Adherence
reactionisalsoshownby protozoa, microfilaria
and bacteria.
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Immunofluorescence

Fluorescence is the property of absorbing light
rays of one wavelength and emitting rays with
different wavelengths. Serological reactions
employing tagged antisera are used to detect
minute amounts of weakly active antigen or
antibodies. The method is suitable for only
qualitativereactions. The fluorescentantibody
technique is used for:

1. Rapid serological diagnosis of number of
bacteria.

2. Detection of antitoxoplasma antibody.

3. Demonstration of leptospira in human and
animal muscles.

4. Detection of viruses in cells.

The various modifications of fluorescent
antibody methods are as under:

a. Direct method (Fig.15.6): Itiscommonly used
for the detection of antigen by using of a
singlelayer of fluorescentlabelled antibody.

b. Indirect method (double layer technique): It
is used by treating a slide smear of the
antigen with specificunlabelled serum. The
preparation is thoroughly washed and is
treated with fluorescence labelled gamma-
globulin against the human serum.

c. Sandwichtechniqueisused for detection of
antibody in tissue. Tissue section is treated
with dilute solution of antigen. After
washing (remove excess of antigen) section
isexposed to fluoresceinlabelled antibodies.

Immunoelectron Microscopic Test

a. Immunoelectron microscopy: This is useful
in the study of some viruses, e.g. Hepatitis
B virus and viruses causing diarrhea. Viral
particlesare mixed with specificantiseraare
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Fig. 15.6: Direct immunofluorescent technique
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seen under electron microscope. Clumped
virus particles are seen and studied.

b. Immunoferritin test: Ferritin is conjugated

C.

with antibody and such labelled antibody
reacting with antigen can be visualized
under electron microscope. Ferritin is
electron dense substance obtained from
horse spleen.

Immunoenzyme system: Some stable enzyme
like peroxidase can be conjugated with

antibody. Tissue section carrying corres-
ponding antigen is treated with peroxidase
labelled antisera. The peroxidase bound to
the antigen can be visualized under the
electron microscope by microhistochemical
method. Some other enzymes such as
glucose oxidase, phosphatase and tyrosi-
nase may also be used in immunoenzyme
test.



The Complement System

The bacteriocidal property of serum as well as
of wholeblood, hasbeen recognized since 1888.
These antibacterial substances were found tobe
inactivated by heating to 56°C for 30 minutes
and functionasbactericides only in the presence
of specific antibody. Ehrlich discovered that
antibody was also required for other activities,
such as lysis of red blood cells (hemolysis) by
this thermolable (heat sensitive) component of
serum which henamed complement. Comple-
ment is well-known for its ability to react with
wide variety of antigen antibody combination
to produce important physiological results.
Included in this group of reaction are:
1. The destruction of erythrocytes as well as
other tissue cells.
2. The initiation of inflammatory changes.
The lysis of bacterial cells.
4. Enhancement of phagocytosis involving
some opsonized particles.

The complement refers to a series of factors
occurring in normal serum that are activated
characteristically by antigen-antibody inter-
action, and subsequently mediate a number of
biologically significant consequences. Some
genes controlling the production of comple-
ment components are located on human
chromosome 6in proximity to HLA locus. Some
components have enzymaticactivity; othersare
enhancers or inhibitors. Complement is heat
labile. The activity of complement is lost in 30
minutes at 37°C and in few days at 4°C. This
activity is also lost by bacterial contamination.
It can be preserved at —25°C, lyophilization or
after addition of high concentration of sodium
chloride.
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The concentration of complement in the
serum is fairly constant for each species of
animal. It constitutes 10 percent of human
serum globulin. Its concentration is not increa-
sed by active immunization but is increased in
abnormal conditionslike carcinomatosis, coro-
nary occlusionand rheumatic fever. Its concen-
tration is decreased in acute glomerulo-
nephritis, nephrosis, serum sickness, malaria,
etc. Guinea pigs possess higher levels of comp-
lements than any other laboratory animals.
Therefore guinea pigs serve main source of
complement in comp