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Preface to the Fourth Edition

Teaching of Medical Microbiology to the MBBS students is changing rapidly. This is primarily due to emergence
of newer pathogens, newer diagnostic tools, emerging and re-emerging infections and above all shrinking time
available to accommodate all this. Microbiology continues to be the backbone of understanding diagnosing and
controlling the communicable diseases. Our primary focus of this Fourth Edition is to update various chapters,
delete the contents that have become relatively unimportant and enhanced focus on the topics of current interest.
For easy assimilation and reproducibility of the subject by the students, a lot of tables, figures and flow charts
have been included. The book is for the first time being printed in colour which will definitely enhance its
acceptability by our valued readers.

We are deeply indebted to Shri Jitendar P Vij, Chairman and Managing Director, Jaypee Brothers Medical
Publishers and his dedicated team for their magnificent support in bringing this book to its current shape. We
continue to be thankful to our family members, friends, well-wishers and above all our dear students for their
continuous support.

We are optimistic that this revised edition will be liked by our readers. We look forward to their patronage.

Rajesh Bhatia
RL Ichhpujani






Preface to the First Edition

The development of the science of medical microbiology—from Leeuwenhoeck’s astonishing observations of
animalcules to Pasteur’s first use of rabies vaccine on a human being; to Fleming’s discovery of penicillin; to
today’s race to develop a vaccine against AIDS—has been indeed one of the most amazing stories of mankind
behind which is hidden the intricate and intimate relationship between the man and the microbe. For every
single cell in the human body, ten microbes are harboured by the man. At any time an adult human being
harbours 100 trillion microorganisms. These organisms are most of the times beneficial to man. Pathogenicity is a
trait exhibited by only a few of them. Yet, tremendous mortality and morbidity have been inflicted on the
mankind by these organisms since time immemorial. Rapid advances in medical sciences may have brought
down the incidence of microbial infections in some parts of the world but an overwhelming population is still
afflicted by a variety of infectious diseases. Medical microbiology is the science which deals with the study of
organisms that cause infectious diseases.

This book has been designed chiefly for the students pursuing an undergraduate course in medical microbiology
or any of the allied fields. This has deliberately been written in a simple, straightforward, functional, easily
reproducible and user-friendly style. Special attention has been given to provide the updated information. Clear,
attractive and easy-to-make illustrations have been used in abundance to ensure better understanding of the
subject. About three dozen coloured figures have been appended in the beginning of the book to create long-
lasting impressions of the appearances of the microorganisms. Numerous boxes coupled with tables have been
inserted to highlight salient features.

So much has been the information explosion in medical microbiology that no book, however, hefty it may be,
can stake a claim to be complete and up-to-date in all aspects of the subject. Apropos to this reality we decided to
present in this book a prudent mix of essentials of fundamentals, recent advances and applications to the practice
of medicine. The book has been accordingly titled as Essentials of Medical Microbiology. For those desirous of going
into details, a few relevant references have been appended at the end of the text of each chapter.

While we derived immense pleasure in conceiving the concept of this book and giving it the shape of the
manuscript, getting it through various stages of publication was also an scintillating experience. We are deeply
indebted to Shri Jitendar P Vij of Jaypee Brothers, and his dedicated team for the magnificent support extended
by them.

Finally, we thank our affectionate families for their constant encouragement without which we would have
never contemplated, let alone complete, this book.

Rajesh Bhatia
RL Ichhpujani
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HISTORY AND SCOPE OF

PART |

Microbiology is the study of living organisms of micro-
scopic size. The term was introduced by the French
chemist Louis Pasteur.

At a very early stage man developed concept that
contagious disease was caused by invisible living things.
Invention of the microscope proved it to be a reality.
Antony van Leeuwenhoek (1632-1723) designed a single
lens microscope and demonstrated the little agents of
disease, which he designated as animalcules. These
animalcules are now well established entities belonging
to bacteria, viruses and several other pathogens. The
organisms being invisible to naked eye are known as
microorganisms.

For many years it was believed that the micro-
organisms arose from dead, especially decomposed
organic matter. This was known as theory of spontaneous
generation.

CONTRIBUTIONS OF LOUIS PASTEUR (FIG. 1.1)

Louis Pasteur (1822-1895), a French chemist generated
strong evidence to show that the microorganisms did
not rise de novo or spontaneously in the media but
were introduced from without. Pasteur showed that
these organisms were maximum in the dusty air of
towns and minimum in air of hilly areas where human
habitation did not exist.

Pasteur also showed that microorganisms were
inactivated by:
* boiling
e at 120°C under pressure (autoclaved)
e at 170°C (hot air oven).

Pasteur’s demonstration of airborne microbes
prompted Joseph Lister’s (1827-1912) work on wound

Medical Microbiology

MEDICAL MICROBIOLOGY

History of

sepsis. He introduced the practice of protecting the
wounds from airborne microbes by applying antiseptic
dressing and making medical and paramedical workers
wash their hands with antiseptic solution before they
touched any exposed part of a patient. He achieved
strikingly successful results and brought down
tremendously the mortality due to sepsis.

Fig. 1-1. Louis Pasteur—father of microbiology

Pasteur’s achievements in the field of sterilization
were closely followed by many other workers.Tyndall
introduced the method of sterilization by repeated
heating with appropriate intervals for germination of
spores between them and their subsequent destruction.
The method is known as tyndallization and is practiced
even today.

Pasteur developed vaccines against chicken cholera
and anthrax by using attenuated suspension of bacteria.

| 1dvd
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In order to show that the process was akin to Jenner’s
use of cowpox, he referred to this as vaccination. These
attenuated organisms, on injection into animals,
protected them from the effects of virulent bacteria.
Soon anthrax immunization was widely practised with
an enormous reduction in mortality amongst sheep.

However, his epoch making discovery was the
development of rabies vaccine from the spinal cord of
rabbits. It has been responsible for saving innumerable
human lives consequent to bites by rabid animals.

The discoveries made by Pasteur can be summa-
rised as follows:

CONTRIBUTIONS OF LOUIS PASTEUR

¢ Microbial theory of fermentation and proving that all
forms of life including microorganisms arise from their
like and not spontaneously
e Principles and practice of sterilisation
« Development of initial bacteriological techniques
e Control of diseases of silkworms
« Development of vaccines against:
— Anthrax
— Chicken cholera
— Rabies

CONTRIBUTIONS OF ROBERT KOCH (FIG. 1.2)

Robert Koch's first contribution to science was demons-
tration of the character and mode of growth of causative
bacillus of anthrax.

In 1882, Koch discovered tubercle bacillus and in
1883 the cholera vibrio. For his manifold discoveries in
bacteriology, Koch is considered as father of
bacteriology.

Koch's Postulates

To confirm the claim that a microorganism isolated

from a disease was indeed the cause of this, Koch

postulated a set of criteria. According to these

postulates, a microorganism can be accepted as a

causative agent of an infectious disease only if the

followings are satisfied:

A. The isolate should be found in every case of the
disease and under conditions which explain the
pathological changes and clinical features

B. It should be possible to isolate the causative agent
in pure culture from the lesion

C. When such pure culture is inoculated into appro-
priate laboratory animal, the lesion of the disease
should be reproduced

Fig. 1-2. Robert Koch—father of bacteriology

D. It should be possible to reisolate the causative agent
in pure culture from the lesion produced in the
experimental animal (Fig. 1.3).

Subsequently another criterion has been introduced
which demands that specific antigens or antibodies to
the bacterium should be detectable in the serum of the
patient suffering from the disease.

Exceptions to Koch's Postulates

Some of the exceptions of these postulates are:

a. Inability to grow Treponema pallidum and Myco-
bacterium leprae-known causative agents of syphilis
and leprosy respectively on artificial media

b. Inability to grow many viruses and rickettsial patho-
gens on artificial media.

The lifelong achievements of Robert Koch are
summarised as under:

CONTRIBUTIONS OF ROBERT KOCH

¢ Verification of germ theory of diseases
¢ Introduction of staining techniques for visualisation
of microorganisms
e Discovery and use of solid medium in bacteriology
e Discovery of causative agents of:
— Tuberculosis
— Cholera
— Anthrax
e Koch’s postulates
e Use of laboratory animals for experimental infections

During the last quarter of the nineteenth century,
succession of discoveries were reported which had bear-
ing on the relation of bacteria to human and animal
diseases. Table 1.1 shows some important discoveries.
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Fig. 1-3. Koch’s postulates

Table 1-1. Discoveries of bacteria in 19th century

Year Organism Discovered by

1874 Mycobacterium leprae Hansen

1879 Neisseria gonorrhoeae Neisser

1880 Salmonella typhi Eberth

1881 Staphylococcus Ogston

1881 Pneumococcus Pasteur and
Sternberg

1882 M. tuberculosis Robert Koch

1882 Bacillus glanders Loeffler and Shutz

1883 Vibrio cholerae Robert Koch

1883 Streptococcus Fehleisen

1884 C. diphtheriae Loeffler

1885 Clostridium tetani Nicolaier

1887 Neisseria meningitidis Weichselbaum

1887 Brucella melitensis Bruce

1892 Haemophilus influenzae Pfeiffer

1892 Clostridium welchii Welch and Nuttall

1894 Yersinia pestis Yersin and Kitasato

1896 Clostridium botulinum Ermengem

1896 Shigella Shiga

ANTIMICROBIAL AGENTS

With the identification and confirmation of bacteria as
causative agents of human diseases, efforts were made
to develop effective agents which could kill bacteria in
the body of the man without damaging the host tissue.
Pioneer work was done by Paul Ehrlich (Fig. 1.4) who
is justly described as the father of chemotherapy. In

the 1900s he cured one form of trypanosomiasis in rats
with the dye trypan red and another form in mice with
an organic arsenic compound, atoxyl.

In 1910, Ehrlich successfully treated syphilis using
compound '606"” (dioxydiaminoarsenobenzol dihydro-
chloride) and called it Salvarsan. Fleming discovered
penicillin and Waksman streptomycin. Subsequently,
several fungi have been used as source of antimicrobial
substances.

Fig. 1-4. Paul Ehrlich—father of chemotherapy

| 1dvd
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CONTRIBUTIONS OF PAUL EHRLICH

« Discovery of salvarsan as a chemotherapeutic agent
against syphilis. This opened the new field of
antimicrobial agents which has saved the lives of

millions of people till date

* |dentified that mycobateria have acid fastness nature
e Proposed a theory for the production of antibody

called as "side chain theory"
* Refined the science of staining the organisms

* Advocated standardisation of biologicals including

toxins and antitoxins to ensure uniformity

DISCOVERY OF VIRUSES

By the end of nineteenth century many infectious
diseases had been proven to have a bacterial aetiology.
The trend continued in twentieth century. But yet there
remained many diseases of common occurrence for
which no bacterium could be demonstrated. These
included smallpox, chickenpox, measles and common
cold. Advent of electron microscopy in 1934 by Ruska
made morphological examination of viruses possible.
The first human disease proven to have a virus aetio-
logy was yellow fever.

Table 1-2. Nobel laureates in microbiology and immunology

Year Nobel Laureate Contribution in/discovery of

1901 Von Behring Diphtheria antitoxin

1902 Sir Ronald Ross Malaria

1905 Robert Koch Tuberculosis

1908 Paul Ehrlich Theories on immunity

1908 Metchnikoff Phagocytosis

1913 Richet Anaphylaxis

1919 Bordet Immunity

1928 Nicolle Typhus

1930 Landsteiner Blood group

1939 Domagk Prontosil as antibacterial

1945 Fleming, Chain and Florey Penicillin

1951 Marx Theiler Yellow fever

1952 Waksman Streptomycin

1954 Enders, Weller and Robbins Poliomyelitis

1958 Beadle, Tatum and Lederberg Bacterial genetics

1960 Burnet and Medawar Immunological tolerance

1962 Watson, Crick and Wilkins Structure of DNA

1965 Jacob, Monod and Lwoff Protein synthesis in bacteria

1968 Holley, Khorana and Nirenberg Genetic code

1969 Delbruck, Hershey and Luria Mechanism of viral infection of bacteria
1972 Edelman and Porter Nature and structure of antibody

1975 Dulbecco, Temin and Baltimore Reverse transcriptase and causation of cancer
1976 Blumberg and Gajdusek Chronic viral infections and cancers

1977 Yalow Radioimmunoassays

1978 Nathans, Smith and Arber Restriction enzymes

1980 Benacerraf, Snell and Dausset MHC genes and transplantation

1983 Barbara McClintok Transposons

1984 Milstein,Kohler and Jerne Monoclonal antibody

1987 Susumu Tonegawa Genetics of antibody production

1989 Bishop and Varmus Oncogenes

1990 Murray and Thomas Use of immunosuppressive drugs in transplantation
1993 Sharp and Roberts Gene splicing

1996 Doherty and Zinkernagel Recognition of viruses by immune system
1997 Prusiner Prions

1999 Gunter Blobel Intrinsic signals in proteins

2001 Hartwell, Hunt and Nurse Key regulators of cell cycle

2002 Brenner, Horvitz and Sulston Genetic regulation of organ development and cell death
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Table 1-3. Recently recognised pathogenic microbes and infectious diseases
Year Microbe Type Disease
1973 Rotavirus Virus Major cause of infantile diarrhoea worldwide
1975 Parvovirus B-19 Virus Aplastic crisis in chronic haemolytic anaemia
1976 Cryptosporidium parvum Parasite Acute and chronic diarrhoea
1977 Ebola virus Virus Ebola haemorrhagic fever
1977 Legionella pneumophila Bacteria Legionnaires disease
1977 Hantaan Virus Virus Haemorrhagic fever with renal syndrome (HRES)
1977 Campylobacter jejuni Bacteria Enteric pathogen distributed globally
1980 Human T- lymphotropic virus I (HTLV-1) Virus T-cell lymphoma -leukaemia
1981 Toxin producing strains of Staphylococcus aureus — Bacteria Toxic shock syndrome
1982 Escherichia coli O157:H7 Bacteria Haemorrhagic colitis; haemolytic uremic syndrome
1982 HTLV-II Virus Hairy cell leukaemia
1982 Borrelia burgdorferi Bacteria Lyme disease
1983 HIV Virus AIDS
1983 Helicobacter pylori Bacteria Peptic ulcer disease
1985 Enterocytozoon bieneusi Parasite Persistent diarrhoea
1986 Cyclospora cayatanensis Parasite Persistent diarrhoea
1988 Human herpes virus-6 (HHV-6) Virus Roseola subitum
1988 Hepatitis E Virus Virus Enterically transmitted hepatitis
1989 Ehrilichia chafeensis Bacteria Human ehrlichiosis
1989 Hepatitis C Virus Virus Parenterally transmitted liver infection
1991 Guanarito virus Virus Venezuelan haemorrhagic fever
1991 Encephalitozoon hellem Parasite Conjunctivitis; disseminated disease
1991 New sps. of Babesia Parasite Atypical babesiosis
1992 Vibrio cholerae O139 Bacteria New strain associated with epidemic cholera
1992 Bartonella henselae Bacteria Cat-scratch disease; bacillary angiomatosis
1993 Sin nombre virus Virus Adult respiratory distress syndrome
1993 Encephalitozoon cunculi Parasite Disseminated disease
1994 Sabia virus Virus Brazilian haemorrhagic fever
1995 HHV-8 Virus Associated with Kaposi’s sarcoma in AIDS patients
1999 Nipah Virus Encephalitis
2002 SARS CoVirus Virus SARS
2004 Influenza virus H5N1 Virus Avian influenza

In 1930s viruses could be grown in bacteria free,
living chick embryo—a technique perfected by
Goodpasteur. By 1940, growth in tissue culture of
susceptible mammalian cells was established. The
availability of well defined cell lines have now repla-
ced tedious methods of growing viruses in the living
animals.

NOBEL LAUREATES

A number of Nobel laureates in Medicine and Physio-
logy were awarded this prize for their work in Micro-
biology and Immunology (Table 1.2).

Discovery of New Organisms

The discovery of new microorganisms is a continuous
phenomenon. A large number of new organisms have
been discovered in recent past (Table 1.3). Some of
these have acquired considerable importance because
of the mortality and morbidity caused by them (HIV,
hepatitis B, hepatitis C) and others have the capability
to cause international scare (SARS CoVirus) or even
pandemic (influenza virus H5N1).
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Medical microbiology is the biological study of bacteria,
viruses, fungi, protozoa and algae which are collectively
called as microorganisms, and unlike macroscopic
organisms that are readily visible, these require
magnification to be seen with the help of a microscope.

MICROORGANISM

A microorganism is one of a very diverse group of
organisms that typically are microscopic and occur as
independent, rapidly producing units that are
comparatively less complex than plants and animals
and exists almost everywhere. The easy way to
remember these features is

M = Microscopic

I = Independent units

C = Complex (less)

R = Rapid growth rates

O = Omnipresent (present everywhere)

MICROBIOLOGY AND PATIENT

Medical microbiology is concerned with aetiology,
pathogenesis, laboratory diagnosis and treatment of
infections in an individual and with the epidemiology
and control of infection in the community. The ideal
bacteriological management of a patient with infection
consists of following steps:
a. Establishment of a clinical diagnosis
b. Isolation of causative agent
c. Determination of antibiotic susceptibility in labora-
tory and administration of effective drug
d. Monitoring of therapy
e. Measurement of antimicrobial agents in body fluid
f. Confirmation of bacteriological cure.
The treating physician often identifies the disease
causing organism on the basis of his clinical findings and
accordingly treats the patient. There are many clinical

Medical Microbiology

Scope of

conditions which are manifested only by fever and can
be caused by a large number of organisms. The labora-
tory comes to the aid of physician in all such cases. Many
a times even when clinical syndrome is diagnosed such
assore throat, urinary tractinfection and acute diarrhoea,
it becomes difficult to prescribe most appropriate
chemotherapeutic agent because of large number of
organisms which can cause these syndromes. Laboratory
investigation provides the information regarding
organisms as well as the drug to be used.

Predicting Antibiotic Sensitivity

For many organisms it is not essential to perform anti-
biotic sensitivity every time these are isolated from a
clinical sample because bacteriology laboratory, on the
basis of its experience in that area can always predict
with fairly high degree of accuracy, the useful drugs
for a particular type of infection.

Organisms with Predictable Sensitivity

Bacterium like Streptococcus pyogenes which commonly
causes sore throat is almost always sensitive to penicillin
and Yersinia pestis and many other gram-negative bacilli
are invariably resistant to penicillin. Similarly organism
like Haemophilus influenzae is almost always sensitive to
cotrimoxazole, chloramphenicol, ampicillin and
tetracycline. Regular patterns of sensitivity to many
chemotherapeutic agents can be shown for streptococci,
pneumococci, Yersinia, Salmonella and Clostridium. Thus,
every regional microbiological laboratory should have
and provide this information.

Many a times infection is of such a nature that anti-
microbial agent given alone fails to eradicate the infec-
tion. A combination therapy is usually the answer to
such problems and only a bacteriology laboratory can
provide the best combination. It can also be first detec-
ted only in a laboratory that a combination of drugs
shall result in a synergistic or an antagonistic effect.
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MICROBIOLOGY AND HEALTHY INDIVIDUAL

Immunoprophylaxis against a large number of infec-
tious diseases has now become an established practice.
The development and testing of these vaccines in
human beings fall within the domain of microbiology
laboratory.

MICROBIOLOGY AND COMMUNITY

Microbiology is closely concerned with the epidemio-
logy and control of infection in any community where
the transmission and disease producing capacity of the
microorganisms is facilitated by the environmental
factors such as overcrowding, contaminated food, drink
or air, malnutrition, tissue damage etc. The availability
of microbiological services has strengthened the
epidemiological services by providing new and better
tools. Among the early benefits were recognition of
carriers—convalescent or chronic and their role in
spread of infection in a community. The importance of
water, milk and food as vehicles of infection was also
established.

The laboratory helps in establishing correct diagno-
sis of outbreak and the availability of epidemiological
markers for various organisms assists in tracing the
source of infection.

Microbiology extensively influences the following
components of community infections (including infec-
tions in closed settings such as hospitals and institu-
tions):

Collection of precise data
Laboratory investigation
Source and spread of infection
Zoonoses

Experimental epidemiology.

oo T

BRANCHES OF MICROBIOLOGY

Bacteriology. Study of bacteria—the smallest, simplest
single celled organisms.

Mycology. The study of fungi which includes both
microscopic forms (molds and yeasts) and larger forms
(mushrooms).

Parasitology. Study of parasites which traditionally
includes pathogenic protozoa and helminths.

Virology. Study of viruses-minute, unicellular parti-
cles that parasitize living things.

Immunology. Study of systems of body defenses that
protect against infection. This science includes sero-
logy, a discipline that tests the products of immune
reactions in blood serum and helps in the diagnosis of
infectious diseases.

Microbial taxonomy. Study of classification, naming
and identification of microorganisms.

Biotechnology. This discipline includes any process in
which humans use systems or process of organisms to
arrive at a desired product.

Genetic engineering and recombinant DNA tech-
nology. This is the most powerful and rapidly growing
area in modern microbiology which involves techniques
that deliberately alter the genetic make-up of organisms
to introduce new compounds, different genetic
combinations and even unique organisms.

ROLE OF MEDICAL MICROBIOLOGY

Medical microbiology plays an important role in the
diagnosis, prevention, treatment and control of
infectious diseases. Some of its applications are listed
in Table 2.1.

Table 2-1. Applications of medical microbiology

e Confirmation of diagnosis which helps in starting specific
treatment

Detection of newer pathogens

Determination of antimicrobial susceptibility patterns
Development of vaccines and immunotherapeutic agents
Development of newer antimicrobials/biocides

To trace the source/reservoir of infection

To trace the route of spread of pathogens using epidemiological
markers such as gene sequencing

Development of newer regimens/treatment schedules
Monitoring of changing profile of pathogens

Detection of asymptomatic infections or chronic carriers
Distinction between recent and past infections

Help in monitoring the response to treatment

Monitoring the quality of air, water and food

| 1dvd
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CELLULAR AND
PARTI MOLECULAR MICROBIOLOGY

Bacterial
Morphology

Traditionally all living objects had been divided into Table 3-1. Classification of protista
plant and animal k'ingfioms. There are some o'rganisms Subcelhlar orgunization
that do not fulfil criteria for either of the two kingdom:s. o0  Viess
A new kingdom, Protista was created to include these Thallus unicellular, multicellular or plasmodial
organisms. Protista has been divided into viruses, *  Nuclear apparatus without membrane
prokaryota and eukaryota (Table 3.1). — Prokaryota ,
Th k tes have primitive nucleus (pro- *  Nuclear apparatus with membrane

o e prokaryo p pro-, — Eukaryota
primitive: karyote-, nucleus) whereas eukaryotes have
a true (eu-) and well defined nucleus. The essential
distinguishing features between prokaryotes and Protista includes algae, protozoa, fungi, bacteria and
eukaryotes have been summarised in Table 3.2. viruses. A few distinctive characteristics of bacteria,

Table 3-2. Differences between prokaryotes and eukaryotes

Function/structure Characteristic Prokaryotic cell Eukaryotic cell
Genetics DNA Circular Linear
Chromosome number One More than one
True nucleus - +
Nuclear membrane - +
Reproduction Mitosis - +
Biosynthesis Golgi apparatus = +
Endoplasmic reticulum - +
Respiration Mitochondria - +
Size um 1 2-100
Example Bacterial cell Human cell

Bacterial cell Human cell
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Table 3-3. Distinguishing features of bacteria, viruses, fungi and parasites

Feature Bacteria Viruses Fungi Parasites

Size (Um ) 1-5 0.02-0.2 3-10 15-28

Nucleic acid Both RNA and DNA Either RNA or DNA Both RNA and DNA Both RNA and DNA

Ribosomal type 70S Nil 80S 80S

Mitochondria Absent Absent Present Present

Outer surface Rigid containing Protein capsid Rigid wall Flexible
peptidoglycan and lipid envelope with chitin membrane

Replication Binary fission No binary fission Binary fission and budding  Binary fission

Motility Some None None Most

viruses and other closely related organisms have been
shown in Table 3.3.

THE BACTERIAL CELL

Bacteria are microorganisms and because of small size
these cannot be visualized by naked eye. To understand
their size, one needs to revisit various measurement
units. The unit of measurement used in bacteriology is
the micron () or also called micrometre (um)

1 um = One thousandth of a millimetre

1 millimicron (mp) or nanometre (nm) = one
thousandth of a micron or one millionth of millimetre.

1 angstrom unit (A) = one tenth of a nanometre.

1 millimetre = one thousandth of a metre.

A bacterium shall characteristically have a cell
envelope which includes a layered cell wall and exter-
nal surface adherents. The appendages of cell wall
include flagellae—the organs of locomotion and fim-
briae which help in adhesion of bacteria. Internally the
bacterium has loose arrangement of DNA, i.e. nuclear
apparatus surrounded by an amorphous cytoplasm
which contains ribosomes. Mesosomes and inclusion

Infolding of plasma membrane ~ Capsule

Cytoplasmic inclusion

Cell wall

granules are other structures present in bacterium. An
artist’s impression of a bacterium is shown in
Figure 3.1.

Shape and Size of Bacteria

Bacteria can have any of the following three shapes
(Fig. 3.2):
Spheroidal (cocci),

Cylinderical (bacilli or rods) and

Spirillar (spirochetes).

Cocci are true spheres with diameter ranging between
0.75 to 1.25 um (and average of 1 pm).

Bacilli vary in length from 2-10 times their width.
Coccobacilli are very short bacilli

Filaments are long threads of bacilli which have not
separated into single cells.

Curved bacterial rods vary from small, coma shaped or
mildly helical shaped organisms with only one curve
such as Vibrio cholerae.

DNA coiled into nucleoid

Flagellum

Ribosome

Cytoplasm

Plasma membrane

Fig. 3—1. Artist’s impression of a bacterium
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O

| Coccus |

| Coccobacillus |

o
=
74

| Bacillus
|

Vibrio

LR

| Spirillum |

[ Spirochete

Fig. 3—2. Common bacterial shapes

Spirochetes are long and sinously curved bacteria with
as many as 20 coils.

Apart from the length and width of the bacilli the
shape of the ends often shows features that are of
differential value. They may be:

* Rounded,

e Square cut or

e Sharply pointed.

® Gently round ends are seen in Salmonella typhi,
squared ends in Bacillus anthracis and fusiform
bacilli, which are present in oral cavity and
gastrointestinal tract, are tapered at both the ends.

Some bacteria vary widely in form even within a

single culture, a phenomenon known as pleomor-

phism.

Arrangement of Bacterial Cells

Cocci may occur in pairs as in diplococci. Some of the
bacilli also have the tendency to cluster together in
different patterns but in the absence of any consistency
in the patterns it is difficult to assign them any
characteristic arrangement. Some of the commonly seen
arrangements of bacteria are shown in Figure 3.3.

The layers that surround the prokaryotic cell are
referred to collectively as cell envelope. The structure
and organization of the cell envelope differs in gram-
positive and gram-negative bacteria. The cell envelope
of gram-positive cells is relatively simple consisting of
2-3 layers: the cytoplasmic membrane, a thick peptido-
glycan layer and some bacteria have an outer layer,
either a capsule or an S-layer (slime layer). The cell
envelope in gram-negative bacteria is highly complex
multilayered structure. The cytoplasmic membrane
(called the inner membrane in gram-negative bacteria)
is surrounded by a single sheet of peptide glycan to
which is anchored a complex layer called the outer
membrane. An outermost capsule or S-layer may also
be present. The space between the inner and outer
membrane is called the “periplasmic space”.

When examined from outside and as shown in
Figure 3.1 bacteria have:

Surface adherents and appendages
Cell wall

Cytoplasm

Nucleus

Surface Adherents and Appendages
Capsule and Slime

These two are now collectively called as glycocalyx.
All bacteria have at least a thin slime layer. For detection

F

@
o9 ©®
e® ,

Figs 3—3A to J. Bacterial forms: A, diplococci; B, streptococci; C, staphylococci; D, bacilli; E, coccobacilli; F, fusiform bacillr
G, filamentous bacillary forms; H, vibrios; |, spirilla; J, sarcinae
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of capsule, negative staining by India ink is commonly
employed in which capsule stands out as a halo.
Capsule can also be specifically stained. Sometimes no
capsule can be detected with staining but on reacting
the bacterium with the specific anti-capsule serum, an
antigen-antibody reaction takes place (Quellung
reaction). Such capsules are known as microcapsules.

The virulence of bacteria is often associated with
the capsule production (e.g. pneumococci). Capsule
protects the bacterium from being phagocytosed. Loss
of capability to produce capsule correlates with
increased destruction by phagocytosis and decreased
virulence. However, loss of capsule does not have any
effect on the viability of the bacterium. The develop-
ment of capsules is often dependent on the existence of
favourable environmental conditions. Thus the size may
vary with the amount of carbohydrate in the culture
medium.

Presence of capsule does not let the flagella act and
hence, capsulated organisms are invariably nonmotile.

Salient features of capsule are summarised in
Table 3.4.

Table 3-4. Features of bacterial capsule

Usually weakly antigenic

Not necessary for viability of the bacterium
Endows virulence

Protects from phagocytosis

Plays a role in the adherence of bacteria
Capsulated strains are invariably nonmotile
Visualised by:

— negative staining (India ink)

— special capsular staining

* Detected by quellung reaction

When the viscid material around the cell surface is
a loose, undemarcated secretion, it is called as “slime
layer”. Some bacteria such as Streptococcus salivarius
may have both—a capsule and a slime layer. Bacteria
secreting large amounts of slime produce mucoid
growth on agar media.

Flagella

These are the organs of locomotion. Their presence can
be detected by observing the motility of organism either
by a hanging drop preparation (Fig. 3.4) or by the
spread and movement of bacteria over the surface of
agar medium or through it. Organisms which are motile
are vibrios, spirilla and spirochetes. Pathogenic cocci
and capsulated organisms are nonmotile. A bacterial
flagellum is made up of several thousand molecules of
a protein subunit called flagellin. The flagellins of
different bacterial species presumably differ from one

Nonmotile

f
0’1

Motile

Fig. 3—-4. A hanging drop slide can be used to detect motility by
observing the microscopic behaviour of the cell. In true motility, the
cell swims and progresses from one point to another. It is assumed
that a motile cell has one or more flagella. Nonmotile cells oscillate
in the same relative space due to bombardment by molecules, a
physical process called Brownian movement

another in primary structure. These are highly antigenic
(H-antigens). If flagella are removed by mechanically
agitating a suspension of bacteria, new flagella are
rapidly formed by synthesis of flagella subunits.

Dimensions. Flagella vary in their length from 3 to
20 um and in diameter from 0.01 to 0.013 um. The
flagellar antigen is called as ‘H” (Hauch) antigen.

Arrangement. The flagella may have characteristic
arrangement in different bacteria (Fig. 3.5). These are:
Monotrichous

Bacteria which have one polar flagellum, e.g. Vibrio
cholerae.
Lophotrichous

Bacteria with a tuft of several polar flagella, e.g. in
Spirilla.

Monotrichous

Amphitrichous

&

Atrichous

Lophotrichous

Peritrichous

Fig. 3-5. Arrangement of flagella
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Amphitrichous

Bacteria with flagella at both the ends, e.g. in some
campylobacter sps.

Peritrichous

Bacteria with flagella distributed all over the surface of
the bacterium, it is called as peritrichous, e.g. in
Salmonella typhi.

Atrichous

Bacteria which do not possess any flagellum, e.g. in
Shigella sps.

Anatomy. A flagellum consists of three parts: The
filament, the hook and the basal body. The hook-basal
body structure is embedded in the cell envelope
whereas the filament is the only part which is external
(Fig. 3.6).

Mechanism of motility. This is shown in Figure 3.7.

Motility can be observed either microscopically or by

noting the occurrence of spreading growth in semi-

solid agar medium. Microscopic observation of a

hanging drop preparation shows motile bacteria

swimming in different directions across the field. True
motility can be differentiated from Brownian
movements because of oscillatory movements of latter.

Some important features of flagella are:

¢ Flagellar antibodies are not protective, may help in
serodiagnosis.

¢ Though different genera of bacteria have flagella of
same chemical composition, they are antigenically
different.

e DPolar flagellated bacteria move the fastest, e.g.
darting mobility in Vibrio cholerae, may be as fast as
200 um per second.

¢ The flagellated bacteria move faster than the fastest
animal. The speed could be equivalent to 50 body

Flagellum

Hook

Outer rings

Inner rings —_—
membrane

Fig. 3—6. Anatomy of a flagellum

Figs 3-7A and B. The operation of flagella and the mode of
locomotion in bacteria with polar and peritrichous flagella, (A) In
general, when the flagellum rotates in one direction, the cell rotates
in the opposite direction. (B) In peritrichous forms, all flagella sweep
towards one end of the cell and rotate as a single group

lengths/second as compared to a mere 25 body
lengths per second of Cheetah (the fastest moving
animal).

Pili (Fimbriae)

Pili (singular Pilus) or fimbriae are hair-like structures
located on the surface of certain gram-negative bacteria.
Pili in latin mean “hairs” while fimbriae in latin means
“fringes”. Fimbriae are the organs which help bacteria
in adhering to the surfaces. Whereas pili specifically
allow attachment to other bacteria. These are composed
of protein called pilin. The only gram-positive organism
which has these pili is Corynebacterium renale.

Eight morphologic types of pili are known which
may be classified as common or sex pili on the basis of
the function. Pili of different bacteria are antigenically
distinct-and elicit the formation of antibodies by the
host.

Differences between pili and flagella are shown in
Table 3.5.

Table 3-5. Differences between flagella and pili

Character Flagella Pili

Size Large Small

Thickness ++ +

Appearance Straight Never straight

Attached to cell wall - +

Origin Cytoplasmic Cell wall
membrane

Organ of movement + -

Organ of adhesion - +

Required for conjugation ~ — +

Functions of pili are:
i. Organs of adhesion, which helps them to anchor
in nutritionally favourable environment
ii. Genetic transfer of material between bacteria
iii. For colonization of bacteria.

Cell Wall

It refers to the portion of the cell envelope that is
external to the cytoplasmic membrane and internal to
the capsule of glycocalyx.
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The cell wall of bacteria is multilayered and consti-
tutes about 20% of the dry weight of the bacterium.
The cell wall has an average thickness of 0.15 to
0.50 um.

The functions of cell wall are given in Table 3.6

Table 3-6. Functions of cell wall

e Provides shape to bacterium

e Gives rigidity to organism

e Protects from environment

e Contains receptor sites for phages

e Site of action of antibody

e Provides attachment to complement

e Contains components toxic to host

e Determines the Gram staining character
e Site of action of colicin

Chemical Structure

Chemically cell wall is composed of mucopeptide
scaffolding formed by N-acetyl glucosamine and N
acetyl muramic acid molecules alternating in chains
which are cross-linked by peptide chains. Gram-positive
bacteria produce a variety of specific proteins and poly-
saccharides which are attached to peptidoglycan.
Example of this would include teichoic acids (Fig. 3.8)

«==——Peptidoglycan

Periplasmic space

Cytoplasmic membrane

Lipopolysaccharide and protein

Fig. 3-9. Cell wall of gram-negative bacteria

group polysaccharide of streptococci and capsular
substances of pneumococci.

The cell wall of gram-negative bacteria has three
distinct and loosely arranged layers. These are outer
membrane of 6 to 20 nm thickness; middle layer of 1.5-
3 nm thickness and inner plasma membrane of about 8
nm thickness (Fig. 3.9).

Certain properties of cell walls result in different
staining reactions which can be used to differentiate
between gram-positive, gram-negative and acid-fast
bacilli (Table 3.7).

Teichoic acid

Peptidoglycan

Lipopolysaccharide

Phospholipid
7/ Lipoprotein
7 Peptidoglycan

Cell membrane

Cell membrane

Figs 3-8A and B. Cell wall of gram-positive (A) and gram-negative (B) bacteria

Table 3-7. Characteristics of cell walls of gram-positive, gram-negative and acid-fast bacteria

Character Gram +ve bacteria Gram -ve bacteria Acid-fast bacteria
Peptidoglycan Thick layer Thin layer Small amount

Lipids Very little Lipopolysaccharide (major) Mycolic acid and other waxes
Outer membrane Absent Present Absent

Periplasmic space Absent Present Absent

Cell shape Always rigid Rigid or flexible Rigid or flexible

Result of enzyme digestion Protoplast Spheroplast Difficult to digest

Sensitivity to dyes and antibiotics +++ ++ +
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Periplasm is the space which can be easily visualised
in gram-negative bacteria but only with great difficulty
in gram-positive bacteria. It refers to the area between
the cell membrane and outer membrane.

Cytoplasmic Structures
Plasma or Cytoplasmic Membrane

This is a very delicate structure which is also called as
cytoplasmic or cell membrane. It separates the rigid
cell wall from the contents of the cytoplasm. Plasma
membranes are dynamic, constantly changing entities.
Materials constantly move through pores and through
the lipids themselves. Functions of plasma membrane
are summarised in Table 3.8. The outstanding difference
between the cytoplasmic membrane of bacteria and
the eukaryotes is the absence of sterols in bacterial
cytoplasmic membrane.

Table 3-8. Functions of plasma membrane

Regulates the transport of material into and out of cell
Synthesis of cell wal component

Assists in DNA replication

Secretes proteins

Carries on respiration

Captures energy in ATP

Is the site of action of certain antibiotics, e.g. polymyxin

Mesosomes

These are the principal sites of respiratory enzymes
which are analogous to mitochondria in higher forms
of life. These can easily be demonstrated in gram posi-
tive bacteria. These are essential in bringing about cell
division. These are convoluted invaginations of the
plasma membrane and are also called as chondroids.

Ribosomes

Ribosomes are the small cytoplasmic particles which
are the sites of protein synthesis in the organisms. These
are composed of RNA (70%) and proteins (30%) and
constitute upto 40 per cent of total protein and 90 per
cent of total RNA. Ribosomes are often grouped in
long chains as polyribosomes. Have a sedimentation
co-efficient of 70S and are compared of 30S and 50S
subunits (Fig. 3.10).

Polyamines

Three types of polyamines are produced by bacteria.
These are putrescine, spermidine and spermine. These are
found associated with bacterial DNA, ribosomes and

Twenty-one
Q<jifferent proteins
16S RNA
Thirty-one
70S different proteins
ribosome <
508 subunit + i
23S RNA 58 RNA

Fig. 3-10. Bacterial ribosomes

cytoplasmic membrane and are required for the growth
of certain species of Haemophilus.

Cytoplasmic Granules

Three types of granules have been seen in bacteria
(Table 3.9). These are granules of glycogen, poly-beta
hydroxybutyrate and Babes-Ernst (volutin) granules.
Usually the granules represent accumulated food
reserves.

Table 3-9. Cytoplasmic granules in bacteria

Nature of granules Examples of bacteria

Glycogen Enteric bacteria

Poly-beta hydroxy butyrate Bacillus
Pseudomonas

Babes-Ernst Corynebacterium

Yersinia pestis

Nuclear Apparatus

The bacterial genome consists of single molecule of
double stranded DNA arranged in a circular form
which may open under certain conditions to form a
long chain of around 1,000 um. The bacterial chromo-
some replicates by single fission. Bacterial DNA repre-
sents only 2-3 percent of the cell weight but it occupies
almost 10 percent of the volume. This is because of the
diffuse chromatin network which allows for ready
diffusion of soluble material to all parts of nuclear
apparatus. It is not surrounded by a nuclear membrane
nor does it contain a mitotic apparatus. Unlike the
eukaryotic cells, the nuclear region in the bacteria is
not organised and hence is called “nucleoid”.

Plasmids: Apart from nuclear apparatus bacterium may
have some extrachromosomal genetic material (Fig.
3.11) in the form of DNA which is known as plasmid.
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Nucleoid

Plasmid

Fig. 3-11. Plasmid in bacteria

The plasmids range in size from less than 1% to about
10% of the size of the bacterial chromosome. There
may be only one or many plasmids in a cell. The
plasmids do not play any role in the normal
physiological functioning of the bacterium, but may
confer certain additional properties, (e.g. virulence, drug
resistance) which may facilitate survival and
propagation of the organism.

Protoplasts and Spheroplasts

The form of bacteria which are devoid of peptidoglycan
component of cell envelope and which are thus sensitive
to the osmolarity of the medium belong to the groups
of spheroplasts or protoplasts (Fig. 3.12). When the
surface of bacterium is completely free of cell wall
components, it is called as profoplast (in gram-positive
bacteria) whereas in spheroplasts outer membrane is
present (in gram-negative bacteria). Protoplasts cannot
revert to normal morphology by re-forming their cell-
walls but spheroplasts can do so under suitable
conditions.

L Forms

These have also been called as L phase variants. These
were first detected in the Lister Institute, London. The
designation ‘L’ has been after the name of the

Institute.The L forms are the variants of bacteria which
can replicate as pleomorphic, filterable elements with
defective or absent cell walls. These can develop in
synthetic media in the presence of agents such as peni-
cillin or with hypertonic osmolarity.

BACTERIAL SPORES

Under conditions of limited supply of nutrition, certain
bacteria form highly resistant, dehydrated forms called
spores or endospores. These endospores are capable of
surviving under adverse conditions viz. heat, drying,
freezing, action of toxic chemicals and radiation. Spores
are formed when the cells are unable to grow, but
never by actively growing cells.

Formation and Structure

Spores are usually smooth walled and ovoid. In some
species these are spherical. In bacilli, spores usually fit
into the normal cell diameter except in clostridia where
these may cause a bulge, which may be either terminal
(drum stick) or more central. The spores usually do not
take up ordinary stains. In bacteria spores look like
areas of high refractility under light microscope. The
structure of spore has been depicted in Figure 3.13 and
their arrangement in Figure 3.14. The general life cycle
of a spore-forming bacterium is depicted in Figure 3.15.

Germination

The overall process of converting a spore into a
vegetative cell is often called as germination. It is much
faster than sporulation and under ideal conditions may
take less than two hours. It has three stages: Activation,
germination proper and outgrowth.

Cell wall peptidoglycan
Cell membrane

Mutation or chemical treatment

Cell membrane

Peptidoglycan lost

"

Protoplast

Quter membrane

Cell membrane

i P

pheroplast

Fig. 3-12. Conversion of bacteria into protoplast and spheroplast
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Fig. 3-13. Structure of bacterial spore
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Fig. 3-14. Arrangement of spores

Vegetative cycle

Nucleus

Binary fission

Sporée septum

Double membrane

Activation Some spores activate spontaneously but some
require the effect of an activator such as heat, low pH
or an SH compound.

Germination proper This requires water and a triggering
agent. Different bacterial species respond to different
agents which include metabolites such as alanine, and
inorganic ions like manganese which penetrate the
damaged coat.

Outgrowth This occurs following germination in a
nutrient medium. In a starvation medium or under
adverse conditions the cell may become rehydrated
but does not become a vegetative cell. After outgrowth,
gradual resumption of vegetative life commences.

Sporulation involves an extensive shift in the pattern
of gene transcription which is brought about by changes
in the specificity of RNA polymerase.

Examples of spore-forming bacteira
i. Bacillus species
ii. Clostridium species
iii. Gram-positive coccus sporosarcina
Some important features of bacterial spores are
given in Table 3.10.

Table 3-10. Features of bacterial spores

e Are formed in response to certain adverse nutritional
conditions

® Are inactive bacterial cells

e More resistant to desiccation, heat and various chemicals

e Contain calcium dipicolinate which aids in heat resistance
within the core

¢ Germinate under favourable nutritional conditions

¢ Helpful in identifying some species of bacteria

® Spore germinate to produce a single vegetable cell

Spore membrane

Sporulative cycle Spare
c

Fig. 3-15.The general life cycle of a spore forming bacterium
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CLASSIFICATION OF BACTERIA

Classification of bacteria is a mixture of easily deter-
mined practical characteristics (size, shape, colour,
staining properties, respiration, reproduction) and of
more sophisticated analysis of immunological and
biochemical criteria. Their genetic characters can be
used to divide the organisms into conventional
taxonomic groupings. Bacteria are then classified below
the species level in several different ways.

On the basis of these characters, bacteria have been
classified into various genera. Those which are of
medical importance have been listed in Table 3.11.

TECHNIQUES TO STUDY MORPHOLOGY
OF BACTERIA

Microscopic Examination

Currently available light microscopes have a double
magnifying lens system, a lamp in the base that gives
off visible light to illuminate the specimen, and a special
lens called the condenser that converges or focusses the
rays of light to a single point on the object. To be most
effective a microscope should provide adequate
magnification, resolution and clarity of image.
Magnification of the object or specimen by a compound
microscope occurs in two phases. The first lens in this
system (the one closer to the specimen) is the objective
lens and the second (the one closest-to the eye) is the
ocular lens or eye piece. The total power of magnification
of the final image formed by the combined lenses is a
product of the separate power of each lens.

Power of objective lens x Power of ocular lens
= Total magnification

10 x (low power) 20 x = 200 x
40 x (high dry-objective) 10 x = 400 x
100 x (oil immersion) 10 x = 1000 x

Microscopes are equipped with a nose piece hold-
ing 3 or more objectives that can be rotated into posi-
tion as needed (Fig. 3.16). The power of the ocular lens
usually remains constant for a given microscope.
Depending upon the power of the ocular lens, the total
magnification of standard light microscopes can vary
from 40 x with the lower power objective (called the
scanning objective) to 2000 x with the highest power
objective (the oil immersion objective).

Resolution or the resolving power is the capacity of an
optical system to distinguish or separate two adjacent
objects or points from one another. A simple equation
for determining the resolution power is given below.

Wavelength of light in nm

Resolving power (RP) =
2 x Numerical aperture
of objective lens

Table 3-11. Bacteria of major pathogenic significance

Diagnostic
characteristics

Genus

Common species

Gram-positive bacteria

Cocci Staphylococcus Staph.aureus

Streptococcus S. pyogenes
S.pneumoniae

Bacilli

Aerobic Bacillus B. anthracis
Mycobacterium M. tuberculosis
Nocardia N. asteroides

Anaerobic Clostridium CL tetani
Actinomyces A.israeli

Facultative anaerobic

Listeria
Erysepelothrix

Corynebacterium

Gram-negative bacteria

L. monocytogenes

E. rhusiopathiae
C. diphtheriae

Cocci Neisseria N. meningitidis

Bacilli

Aerobic Pseudomonas P. aeruginosa
Streptobacillus S. moniliformis
Brucella B. abortus
Bordetella B. pertussis

Anaerobic Bacteroides B. fragilis
Fusobacterium F. nucleatum

Facultative Escherichia Esch. coli

anaerobic Salmonella S. typhi
Shigella Sh. flexneri
Klebsiella K. pneumoniae
Yersinia Y. pestis
Campylobacter C. fetus
Haemophilus H. influenzae
Vibrio V. cholerae

Spiral Treponema T. pallidum
Borrelia B. recurrentis
Leptospira L. icterohaemor

rhagiae
Other bacteria
Wall deficient Mycoplasma M. pneumoniae

Obligate intracellular

parasites Rickettsia R. prowazekii
Coxiella C. burnetti
Chlamydia C. trachomatis

Thus, the factors influencing the resolution power
of the microscope are wavelength of light and numerical
aperture of the objective lens.

In practical terms, this means that the oil immer-
sion lens can resolve any cell or cell part as long as it is
at least 0.2 um in diameter and that it can resolve two
adjacent objects as long as they are no closer than
0.2 um. The factor that most limits the clarity of a
microscope image is its resolving power.

Variations in Optical Microscope

Optical microscopes that use visible light may be des-
cribed by the nature of their field, meaning the circular
area viewed through the ocular lens. With special
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Fig. 3-16. Compound microscope

adaptations in lenses, condenser, and light sources,
many special types of microscopes can be described:
i. Bright field
ii. Dark-field
iii. Phase contrast
iv. Fluorescence microscopy
v. Electron microscopy

i. Bright field microscope is the most widely used type
of light microscope. It forms its image when light is
transmitted through the specimen. The specimen being
denser and more opaque than its surroundings absorbs
some of this light, and rest of the light is transmitted
directly up through the ocular into the field. As a result
the specimen will produce an image that is darker than
the surrounding brightly illuminated field.

ii. Dark field microscopy A bright field microscope may
be adapted as a dark field microscope by adding a
special disc called a stop to the condenser. The stop
blocks all light from entering the objective lens except
peripheral light that is reflected off the sides of the
specimen itself. The resulting image is particularly
striking of brightly illuminated specimens surrounded
by a dark (block) field. The most effective use of dark-
field microscopy is to visualize unstained living cells
that would be distorted by drying or heat.

iii. Phase contrast microscopy Internal components of a
live unstained cell are difficult to distinguish because
they lack contrast, but cell structures do differ slightly

in density, enough that they may alter the light that
passes through them in subtle ways. The phase contrast
microscope has been constructed to take advantage of
this situation. The internal details of the organisms are
thus better visualised with phase contrast microscopy
than bright or dark field microscopy.

iv. Fluorescence microscopy Fluorescent microscope is a
specially modified compound microscope furnished
with an ultraviolet (UV) radiation source and a filter
that protects the viewer’s eye from injury by these
dangerous rays. The name of this type of microscopy
originates from certain dyes (acridine, fluorescein) and
minerals that possess the property of fluorescence. This
means that they emit visible light when bombarded by
shorter UV rays. This has been widely used in diagno-
stic microbiology to detect both the antigen and anti-
bodies, may they be in pure form or mixed form.

vi. Electron microscopy One of the most impressive
features of the electron microscope is the high reso-
lution it provides. Unlike the light microscope, which
is limited by wavelength and numerical aperture, the
electron microscope forms an image with a beam of
electrons that behave somewhat like a wave (Fig. 3.17).
Because resolving power is a function of the wave
length, electrons have tremendous power to resolve

Electron source
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I Magnetic objective
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Intermediate image

: I Magnetic objective
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»w Final image

: . 1+—Photographic plate

Fig. 3-17. Operational schematic of electron microscope
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minute structures. Accordingly magnification can also

be maximum. Thus, electron microscope helps in see-

ing the finest structures (called the ultrastructure). The
general forms of electron microscopy are:

a. Transmission electron microscopy (TEM): In which
microscope produces its image by transmitting
electrons through the specimen.

b. Scanning electron microscopy (SEM): Provides some
of the most dramatic and realistic images in
existence. It provides detailed three-demensional
picture.

The comparison of light and electron microscopy is

given in Table 3.12.

Comparative features of different types of micro-

scopy are presented in Table 3.13.

Fresh living preparations. Live samples of micro-
organisms are placed in wet or hanging drop mounts so
that they can be observed as much as possible in their

Table 3-12. Comparison of light microscopy and
electron microscopy

Depression (well) slide Covlerslip

i B
( y N/

|
Drop of liquid with specimen (hanging upside down

75— Vaseline jelly (seal)
)

from undersurface of coverslip)

Fig. 3-18. Hanging drop preparation

natural state. The cells are suspended in a suitable fluid
(water, broth, saline) that temporarily maintain viability
and provide space and medium for locomotion. A wet
mount consists of a drop or two of the culture placed
on a slide and overlaid with a cover glass. Although
this type of mount is quick and easy to prepare, but the
coverslip may damage large cells, slide is very
susceptible to drying and can contaminate the slide
handler. A more satisfactory alternative is the hanging
drop preparation made with a special concave
(depression) slide, a vaseline adhesive/sealant film
(Fig. 3.18). These types of preparations, though tempo-
rary, provide very useful information. Similarly saline

Characteristic Light microscopy ~ Electron o
microscopy mount, iodine mount and KOH mounts can be used.
1.  Useful magnification 2000 x over 100,0,000 x Fixed stained smears. A more permanent mount for
2. Maximum resolution 200 nm 0.5 nm long-term study can be obtained by preparing fixed
3. Image produced by Visible light rays Electron beams stained specimens.
4. Image focussed by Glass objective  Electromagnetic a. Smear It is the mainstay of the modern microbiology
lens objective lenses
5. Image viewed Glass ocular lens  Fluorescent laboratory, the smear was developed 'by RObert' Koch
through screen more than 100 years ago. The technique consists of
6. Specimen placed on Glass slide Copper mesh spreading a thin film made from a liquid suspension
7. Specimenmaybe  Yes N of cells on a slide and air drying it (Fig. 3.19).
alive b. Fixation During the step called fixation, the air dried
8. Special stains or Not always Yes . X
treatment of smear is usually heated gently by passing through
specimen flame (Fig. 3.20). It inactivates and secures the speci-
9. Coloured images Yes No men to the slide. It is also meant to arrest various
produced cellular components in a natural state without
Table 3-13. Comparison of types of microscopy
Microscope Maximum useful Resolution Important features
magnification
1. Bright field 2000 x 0.2 mm Commonly used, good for both live and stained specimens
2. Dark-field 2000 x 0.2 mm Best for observing unstained specimen which get destroyed by
drying or heat
3. Phase contrast 2000 x 0.2 mm Used for live specimen. Excellent for internal details
4. Differential interference 2000 x 0.2 mm Provides brightly coloured, highly contrasting three dimensional
images of live specimens
5. Fluorescent 2000 x 0.2 mm Specimen stained with flourescent dyes. Both antigen and
antibodies can be detected. Excellent diagnostic tool.
6. Transmission electron 1,000,000 x 0.5nm Very high magnification finest details seen.
microscopy (TEM)
7. Scanning electron 100,00 x 10 nm Produces striking three dimensional image

microscopy (SEM)
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Fig. 3-20. Fixation of smear

undue distortion. The fixation can also be achieved
by some chemicals such as alcohol and formalin.

c. Staining Staining is a procedure in which coloured
chemicals called dyes are added to smears. Dyes
impart a colour to cells or cell parts by becoming
affixed to them through a chemical reaction. In
general, dyes are classified as basic dyes, which have
a positive charge or acidic dyes which have a negative
charge. Because chemicals of opposite charge are
attracted to each other, those cell parts that are
negatively charged will attract basic dyes and those
that are positively charged will attract acidic dyes
(Table 3.14).

Table 3-14. Basic and acidic dyes

Basic dyes Acidic dyes
e Crystal violet * Nigrosin
* Methylene blue
e Safranin e India Ink

Malachite green

Negative versus positive staining. Two basic types of
staining techniques are used, depending upon how the
dye reacts with the specimen. Most procedures involve
a positive stain, in which the dye actually sticks on the
specimen and gives it a colour. A negative stain, on the
other hand, is just the reverse (like a photographic

negative) because the dye does not stick to the speciman
but settles around its outer boundary. In a sense
negative staining “stains” the glass slide to produce a
dark field that highlights the cells in the specimen. Dye
used for this purpose is usually India Ink. The value of
negative staining is its relative simplicity and the
reduced shrinkage or distortion of cells, as the smear is
not heat fixed. Negative staining is useful in
characterising the capsule that surrounds certain
bacteria and yeasts.

The features of positive and negative staining are
compared in Table 3.15.

Table 3-15. Comparison of positive and negative staining

Feature Positive staining Negative staining

Appearance of cell ~ Coloured by dye Colourless

Background Usually not stained Stained, usually
dark

Dyes used Basic dyes Acidic dyes

Types of stain Several Few types

Simple versus differential staining. Positive staining
methods are classified as simple, differential or special.
While the simple stains require only a single dye and an
uncomplicated procedure, differential stains use two
different coloured dyes, called the primary dye and the
counterstain, to separate or distinguish cell types or parts.
These stains tend to be more complex and may require
additional chemical reagents to reveal a particular
staining reaction.

Special stains are used to bring out or emphasize
certain cell parts such as flagella and spores that are
not revealed by conventional staining methods. Some
staining techniques fall into more than one category.

Examples of the three types of stains are shown in
Table 3.16.

Table 3-16. Simple, differential and special stains

Simple stain Differential stains Special stains

Gram'’s stain
Acid-fast stain
Spore stain

Methylene blue Capsule stain
Flagella stain
Spore stain
Granules stain

Nucleic acid stain

The Gram’s staining was introduced in 1880 by the
Danish bacteriologist, Christian Gram. Bacteria can be
divided into two groups on the basis of their reaction
to this staining technique-gram-positive bacteria colour
violet and gram-negative appear pink under the light
microscope. This reaction is dependent upon thickness
of the cell wall, pore size, and permeability properties
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Table 3-17. Differences between gram-positive and
gram-negative bacteria

Features

Gram-positive Gram-negative

Thickness of cell wall
Variety of amino acid in cell wall
Lipids in cell wall

Digestion by gastric juices
Lysis by lysozyme

Inhibition by penicillin
Inhibition by sulphonamides
Inhibition by streptomycin
Inhibition by crystal violet
Isoelectic range

Nutritional requirements

Toxin production

+++
A few
+/-

+ o+ o+ o+

+
pH2-3
Complex

Exotoxin

+
Many
+++

+

pH 4-5
Simple

Endotoxin

of the intact cell envelope. Some important differences
in gram-positive and negative bacteria are summed up
in Table 3.17.

Acid-fast Staining

The acid-fast staining is primarily used for mycobac-
teria because it is extremely difficult to stain these bac-
teria with Gram’s stain. Mycobacteria are lipophillic
and difficult to stain even with other techniques.
However, once a stain is taken up by the mycobacteria,
it is difficult to decolourize these. Carbol Fuchsin stain
is made to penetrate cell wall of mycobacteria by steam-
ing the stain covered slide over a flame for several
minutes. After washing, slide is destained with alcohol
and counterstained with methylene blue. Under the
light microscope, the acid-fast bacilli appear to be red
in colour against a blue background.
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Bacteria have well defined

requirements of proper
nutrients, oxygen, pH, and temperature. Nutrition is a
process by which chemical substances called nutrients
are acquired from the surrounding environment and
used in cellular activities such as metabolism and growth.

Bacterial growth refers to an increase in bacterial
cell numbers (multiplication) which results from a
programmed increase in the biomass of the bacteria.
Growth usually occurs asynchronously, i.e. all cells
don’t divide at precisely the same moment.

NUTRIENTS

Two categories of essential nutrients required are
macronutrients and micronutrients. Macronutrients are
required in relatively large quantities and play principal
role in cell structure and metabolism. Micronutrients
sometimes called as trace elements are needed in much
smaller amounts for enzyme and pigment structure
and function.

Most of the bacteria of medical importance will grow
only if a source of organic material as a nutrient is
available. For the growth of some bacteria a single
source will suffice where some others are more exact-
ing and require complex media where several organic
matters are available. Bacteria can be categorized into
various groups on nutritional requirements (Table 4.1).

Nutrition and
Growth of Bacteria

An autotroph is a microorganism that depends on
no more than CO, for its carbon needs.

A photoautotroph is an autotroph whose energy
needs are met by light.

A chemoautotroph is an autotroph whose energy
needs are met from inorganic substances.

A heterotroph refers to bacteria that require
preformed organic compounds, e.g. sugar, amino acids
for growth.

A saprobe satisfies its nutritional needs by feeding
upon the dead.

Bacteria also require a source of nitrogen and a
number of salts to have a supply of potassium, magne-
sium, iron, phosphate and sulphate. Minor concen-
trations of calcium and manganese are also required
whereas growth is facilitated when trace quantities of
cobalt, zinc, chlorine, copper, nickel, etc. are present in
the medium.

OXYGEN AND CARBON DIOXIDE

The need of oxygen for a particular bacterium reflects

its mechanism to meet the requirement of energy. On

this basis bacteria have been divided into following
groups (Fig. 4.1).

i. Aerobe (aerobic organism) grows well in the presence

of normal atmospheric oxygen. An organism that

Table 4-1. A nutritional classification of microorganisms

Nutritional type Energy source Carbon source Examples

Autotrophs
Photoautotroph Light Carbon dioxide (CO,) Photosynthetic bacteria (green sulfur and purple

sulfur bacteria), cyanobacteria, algae

Chemoautotroph Inorganic compounds Carbon dioxide (CO,) Nitrosomonas, Nitrobacter

Heterotrophs
Photoheterotroph Light Organic compounds Purple nonsulfur and green nonsulfur bacteria
Chemoheterotroph Organic compounds Organic compounds Most bacteria; all fungi; and protozoa
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Fig. 4-1. Oxygen requirement of bacteria

cannot grow without oxygen is obligate aerobe.
Most fungi, protozoa and many bacteria such as
genus bacillus are strictly aerobic in their
metabolism.

ii. Microaerophile does not grow at normal atmos-
pheric tensions, but requires a small amount of
oxygen in metabolism. Examples: Actinomyces
israelii and Treponema pallidum.

iii. Facultative anaerobe is an aerobic organism capa-
ble of growth in the absence of oxygen—that is
O, is not absolutely required for its metabolism.
The examples are enteric bacilli and staphylococci.

iv. Aerotolerant anaerobes do not utilize oxygen but
can survive in its presence. These organisms are
not killed by oxygen, mainly because they possess
alternative mechanisms for breaking down
peroxides and superoxide. They display “Pasteur
effect” in which the energy needs of the cell are
met by consuming less glucose under respiratory
metabolism than under a fermentative metabo-
lism. Examples are lactobacilli and anaerobic
streptococci.

v. Anaerobe (anaerobic organism) does not grow in
normal atmospheric oxygen and it lacks the meta-
bolic enzyme systems for using oxygen in
respiration. Microbes killed or inhibited by oxygen
are called strict or obligate anaerobes. Example are:
Clostridium tetani, Bacterioides sps Trichomonas .

Capnophiles. Although all microbes require some CO,
in their metabolism, the capnophiles grow best at a higher
CO, tension than is normally present in the atmos-
phere (e.g. in Candle Jar in Figure 4.2).

The oxidation-reduction (Redox) potential (Eh) of
the culture medium is a critical factor determining
growth. The Eh of most media in contact with air is

Fig. 4-2. Candle jar

about +0.2 to 0.4 volt at pH 7. The strict anaerobes are
unable to grow unless Eh is as low as -0.2 volt.

TEMPERATURE

Most of the bacteria have a narrow range of tempe-
rature requirement for their optimal growth. Beyond
the ideal range of temperature, the growth is either
reduced drastically or bizarre and irregular morpho-
logical forms are produced. On the basis of tempe-
rature requirements, three groups of bacteria are
recognised (Fig. 4.3).

i. Psychorophile is a microorganism that grows
optimally below 15°C and is capable of growing
at 0°C. It is obligate with respect to cold and gene-
rally cannot grow above 20°C. Room temperature
is lethal to the organism. Storage in refrigerators
incubates rather than inhibits. They are rarely, if
ever, pathogenic to man.

ii. Mesophile are organisms that grow at moderate
temperatures the optimal range being 20-40°C.
Most human pathogens fall in this group. Thermo-
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Thermophiles
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Fig. 4-3. Temperature requirement of bacteria

duric microbes can survive short exposure to high
temperature, but normally mesophiles are
common contaminants of heated or pasteurized
foods.

iii. Thermophile is a microbe that grows optimally at
temperatures greater than 45°C. Such heat loving
microbes live in soil and water associated with
volcanic activity and in habitats directly exposed
to sun. Most thermophiles are spore-forming sps.
of Bacillus and Clostridium and a small number
are pathogens.

pH

The pH of the medium of growth of bacteria has
profound effect upon the multiplication of organisms.
Most pathogenic bacteria require a pH of 7.2-7.6 for
their optimal growth.Some bacteria can flourish in the
presence of considerable degree of acidity and are
termed acidophilic, e.g. Lactobacillus species. Some others
are very sensitive to acid, but are tolerant of alkali, e.g.
Vibrio cholerae.

MOISTURE AND DESICCATION

Moisture is absolutely necessary for growth of bacteria.
The capability to survive under dry environment varies
from organism to organism. The Gonococcus and
Treponema pallidum die quickly in dry conditions but
Staphylococcus aureus and tubercle bacilli can survive
for weeks or months under similar conditions.
Bacterial growth and viability are favoured by dark-
ness. Ultraviolet rays quickly kill the bacteria and a
similar effect is produced by ionizing radiations.

Cell walll Plasma membrane

Parent cell

Cell elongation

Cells envelopes
grows inward

Formation of
transverse wall

Cells separate

Fig. 4-4.

Binary fission in bacteria

BACTERIAL METABOLISM

BACTERIAL GROWTH

Bacteria do not have an obligatory life cycle. Whenever
adequate nutrition and conducive environmental
factors are available a bacterium enlarges and even-
tually divides by binary fission to form two daughter
cells (Fig. 4.4). The conversion of a parental cell into
two daughter cells constitutes the bacterial life cycle
and the time taken to complete one cell cycle is known
as generation time or doubling time or replication
time.

How Fast Do Bacteria Grow?

Compared to the growth rates of most other living
things, bacteria are notoriously speedy. The average
generation (doubling) time is 30-60 minutes under
optimum conditions. Longest generation time occurs
in Mycobacterium leprae (10-30 days). Most pathogens
have relatively shorter doubling time. Salmonella
enteritidis and Staphylococcus aureus both causes of food
poisoning, double in 20-30 minutes.

Bacterial Growth Curve

In the presence of fresh growth medium bacteria show
following four phases during their growth (Fig. 4.5).
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Fig. 4-5. Bacterial growth curve

e The lag phase

e The log phase

® The stationary phase
e The decline phase
The Lag Phase

This phase is of a short duration in which bacteria
adapt themselves to new environment in such a way
that the bacterial machinery brings itself in conformity
with the nutrition available. It is ‘flat’ period on the
graph because newly inoculated cells require a period
of adjustment, enlargement and synthesis. Enzymes
and intermediates are formed and accumulate until
they are present in concentration that permit growth
to resume.

The Log Phase (Exponential Phase)

Regular growth of bacteria occurs in this phase which
is also of short duration since the nutrients present in
the medium are utilised by the bacteria and daughter
cells. Once exhaustion of nutrients occurs, slowing
down of growth also takes place and bacterium passes
onto stationary phase. The morphology of bacteria is
best developed in this phase and organisms manifest
typical biochemical characters.

This phase will continue as long as cells have
adequate nutrients and the environment is favourable.
Hence, this phase can be prolonged by continuous
supply of fresh nutrients at a constant and predefined
rate. Chemostat (Fig. 4.6) and turbidostat are examples
of techniques by which this phase can be prolonged,
since in both continuous availability of the nutrients is
assured.

Medium (controlled rate)

| f-—mr
T

Siphon

J

Growth chamber—

Fig. 4-6. Chemostat

Chemostats or turbidostats are

e Devices that maintain a bacterial culture in a specific
phase of growth or at a specific cell concentration

® Are used to keep bacterial culture in the exponential
phase

e Toxic products and cells are removed at the same
rate as fresh nutrients are added and new cells
synthesised.

The Stationary Phase

This phase ensues when the culture conditions are so
changed that further balanced growth and cell division
cannot be sustained.

The Decline Phase

The phase of decline is also called as death phase. Due
to depletion of nutrients and accumulation of toxic end
products the number of bacteria dying is much more
than those dividing and hence there is a gradual decline
in the total number of organisms. The growth curve
now dips downwards. For a microbial cell, death means
the irreversible loss of the ability to reproduce (growth
and divide). The empirical test of death is the culture
of cells on solid media; a cell is considered dead if it
fails to give rise to a colony on any medium, provided
a suitable culture medium is chosen.

Synchronous Growth

Refers to a situation in which all the bacteria in a culture
divide at the same moment. It can be achieved by
various methods such as selective filtration of older
and young cells, alternate cycles of low and optimal
incubation temperature, etc.
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Fig. 4-7. Spectrophotometer

Measurement of Bacterial Growth

It can either be defined in terms of mass of cellular
material or cell numbers depending upon the type of
study to be performed.

The cell mass can be measured in terms of dry
weight, packed cell volume, or nitrogen content. A
convenient method is to determine turbidity by photo-
electric colorimeter or spectrophotometer (Fig. 4.7).

-l =

Fig. 4-8. Total cell count

The cell number can be counted as total cell number
(Fig. 4.8) as well as wviable count. Viable number of
bacteria can be counted by inoculating the suspension
onto solid growth medium and counting the number
of colonies. Since each colony is the end product of one
viable bacterium, their count gives the number of viable
bacteria in the suspension.Total number of bacteria can
be ascertained in specially designed chambers such as
Coulter counter.



Genetics is the science of heredity. It includes the study
of what genes are, how they carry information, how
they replicate and pass information to future generation.

In 1944, three American microbiologists, Oswald
Avery, Colin MacLead and Maclyn McCarty discove-
red that a substance called deoxyribonucleic acid (DNA)
is the material of which genes are made. In 1953, James
Watson and Francis Crick determined the physical
structure of DNA. DNA and another substance called
ribonucleic acid (RNA) are together called as nucleic
acids because these were first discovered in the nuclei
of cells.

According to Watson and Crick model, a DNA mole-
cule consists of 2 long strands wrapped around each
other to form a double helix (Fig. 5.1) which looks like
a twisted ladder. Amino acids are the structural units
of proteins, nucleotides are the structural units of
nucleic acids. Each strand of DNA double helix consists
of many nucleotides. Each chain has a back bone of
deoxyribose and phosphate residues arranged
alternatively. Attached to each deoxyribose is one of
the 4 nitrogenous bases, the purines: adenine (A) and
guanine (G) and pyrimidines: thymine (T) and cytosine
(C). The purines (A and G) are double-ring structures
whereas pyrimidines (T and C) are single ring struc-
tures. The term nucleoside refers to the combination of
a purine or pyrimidine plus a pentose sugar, it does
not contain a phosphate group. Purine ‘A’ is always
paired with pyrimidine “T” and that purine ‘G” is always
paired with pyrimidine ‘C’". The bases are held together
by hydrogen bonds, A-T is held by two hydrogen bonds
and G-C is held by three. The order in which the
nitrogen-base pairs occur along with backbone is
extremely specific and contains the genetic instructions
for the organism. In DNA the proportion of A equals
that of T and the proportion of G equals that of C. The
base ratio of a given DNA is thus (A + T)/(G + C) and
remains constant for a species.

Bacterial
Genetics

Nucleus

Plasmid
Bacterial genome

S = Deoxyribose sugar
P = Phosphate group

A ) Adenine
K Thymine
- Guanine
E Cytosine

Hydrogen bond

Bases

Fig. 5-1. Bacterial genome and double helix structure of DNA
Structure of RNA

Ribonucleic acid (RNA), the second principal kind of

nucleic acid, differs from DNA in the following ways.

® Whereas DNA is double stranded, RNA is usually
single stranded.
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e The five carbon sugar in the RNA nucleotide is
ribose as compared to deoxyribose in DNA.

e One of the RNA’s bases is uracil (U) instead of
thymine. The other 3 bases (A, G and C) are the
same in as DNA.

e At least 3 kinds of RNA—ribosomal RNA, messen-
ger RNA and transfer RNA are involved in protein
synthesis.

Gene. A gene can be defined as a segment of DNA
(sequence of nucleotides in DNA) that codes for a
functional product. A DNA molecule consists of a large
number of genes each of which contains hundreds of
thousands of nucleotides. The length of DNA is usually
expressed in kilobases (1 kb = 1000 base pairs) and
bacterial DNA is about 4000 kb in length.

Genotype. The genotype of an organism is its genetic
make up, the information that codes for all particular
characteristics of the organism. The genotype repre-
sents the potential properties but not the properties
themselves.

Phenotype. Refers to the actual, expressed properties.
Phenotype is thus the manifestation of the genotype.

DNA Replication

A semiconservative model for the replication of DNA
ensures transmission of genetic information present in
the parent is faithfully transmitted to the progeny
(Fig. 5.2). It also means that after one generation DNA
is present in a hybrid form which contains half old and
half new DNA. It was also found that replication of
DNA occurs at a growing point (fork) that moves
linearly from an origin to a terminus usually in both
the directions.
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Fig. 5-2. Replication of DNA

Genetic Code

Genetic code is the information which resides in the
nucleic acids of the organisms. From DNA it is passed
onto mRNA through which it is translated into the
primary structure of proteins.

DNA

d Transcription

RNA
| Translation

Proteins

Extrachromosomal Genetic Material (Plasmids)

The extrachromosomal genetic elements, called as plas-
mids are autonomously replicating, cyclic, double stran-
ded DNA molecules which are distinct from the cellular
chromosome (Fig. 5.1). The plasmids carry genes that
are not essential for host cell growth while the
chromosome carries all the necessary genes.

The general properties of plasmids are shown in
Table 5.1. Most of the times plasmids express their
characters in the host. Some of the small plasmids
sometimes fail to do so and such plasmids are called as
cryptic plasmids. The commonly observed phenotypic
effects of plasmids on bacteria are shown in Figure 5.3.

Table 5-1. Properties of plasmids

Autonomously replicate in host cell

Plasmid specificity is shown by host

May express phenotypically

Some may have apparatus for transfer

Can reversibly integrate into host chromosome
Can transfer even chromosomal genes

Free DNA is transferred by transfection

Resistance to Production of

Antibiotics Enterotoxin
Metal ions Exotoxin
U V irradiation Surface antigenes
Bacteriophages Bacteriocins

Ethidium bromide Haemolysin

Plasmids

Metabolism of

Hydrocarbons
Various sugars

Fertility

Fig. 5-3. Phenotypic effects of plasmids on bacteria
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Bacterial Variations

Bacterial variations are of two types:

Phenotypic Variations

These are acquired during life of a bacterium and may
not be passed down to progeny.

Genetic Variations

These variations influence the genetic composition of
the bacterium and are transmitted to the next
generation. The genetic variations can be due to two
reasons:
Alterations in the genome structure due to mutations
Acquisition of genetic material through gene
transfer.

MUTATIONS

Mutation can be defined as any change in the sequence
of bases of DNA, irrespective of detectable change in
the cell phenotype.

Mutation may be spontaneous or induced by muta-
genic agents. Those mutations which do not express
phenotypically are known as silent mutations.

Point mutation consists of a change in a single nucleo-
tide. Frameshift mutation consist of the insertion or deletion
of a single nucleotide.

Among the replacements, missense mutation causes
one amino acid to replace another and the resultant
protein may retain its function without any major
change in tertiary structure or active sites.

An altered enzyme function due to mutation may
result into the whole organism becoming temperature
sensitive. Nonsense mutations create a codon that
prematurely terminates the growing peptide chain and
almost always destroys the function of the proteins.

Mutations may occur

® Spotaneously without any external influence or may
be

¢ Induced by several factors
Spontaneous mutations occur in the absence of any

known mutagen and appear to be due to errors in base

pairing during DNA replication. Induced mutations
are mutations produced by agents called mutagens.

These are:

1. Agents which alter the pyrimidines or purines so as to
cause error in base pairing. These include nitrous
acid and alkylating agents.

2. Agents which interact with DNA and its secondary struc-
ture producing local distortions in the helix thus

giving rise to errors of replication. Acridine dyes
such as proflavine and acridine orange belong to
this category.

3. Base analogs which are incorporated into the DNA and
cause replication errors. To this group belongs 5-
bromouracil which acts as analog of thymine and
pair with adenine.

Mutation Rate

The mutation rate is the probability of a gene mutating
each time a cell divides. The rate is usually stated as
power of 10, and because mutations are very rare, the
exponent is always a negative number. For example, if
there is one chance in 10,000 that a gene will mutate
when the cell divides, the mutation rate is 1:10,000
which is expressed as 104

Ames Test

It is used to test whether a particular substance can
induce mutations or not. Special strains of Salmonella
that have lost their ability to synthesize amino acid
histidine are used in this test. These strains easily
undergo another mutation that restores their ability to
synthesize histidine. Ames test is based on the hypo-
thesis that if a substance is a mutagen, it will increase
the rate at which these organisms revert to histidine
synthesizers (Fig. 5.4).

GENE TRANSFER

Unlike eukaryotes where the gene transfer takes place
through sexual reproduction—a mechanism which does
not exist in bacteria, following four methods result into
transfer of genetic material in bacteria:

1. Transformation: uptake of naked DNA

2. Transduction: infection by a nonlethal bacteriophage
3. Conjugation: mating between cells in contact

4. Protoplast fusion.

Transformation

Gene transfer by soluble DNA is transformation.
Transformation requires that DNA be adsorbed by the
cell, gain entrance to the cytoplasm and undergo
recombination with the host genome (Fig. 5.5). The size
of the DNA is related to the transforming ability. DNA
with less than 0.3 million dalton molecular weight
usually fails to transform.

Naturally competent transformable bacteria are
found in several genera and include Bacillus subtilis,
Haemophilus influenzae, Neisseria gonorrhoeae and
Streptococcus pnuemoniae.
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(A) A histidine-requiring strain (his~) of salmonella is inoculated
on the surface of a plate of medium-lacking histidine. Normally,
the bacteria will not grow in the medium

(B) A well is cut into the medium's surface, and
a suspected chemical mutagen is added to

l the well

Diffusing chemiml@

(C) The suspected mutagen diffuses out from the
well and comes in contact with the bacteria in

the medium

Incubate

(D) If the chemical is not a mutagen, the bacterial
cells remain unable to synthesize histidine and
do not grow. Colonies fail to appear on the
medium

z

Bacterial colonies
-/

|

(E) If the chemical is a mutagen, some bacterial
cells undergo a mutation so they can now
synthesize histidine, visible colonies soon
appear on the medium

Fig. 5-4. Ames test

=@

Recipient cell Transforming DNA

- Transformed cell
- -

Daughter cells

Fig. 5-5. Transformation of a bacterial cell by integration of DNA.
(A) Competent recipient cell and transforming DNA. (B) Transforming
DNA attacks competent cell and is degraded to single strand by cell
nuclease. (C) Single strand DNA pairs with complementary bases of
recipient cell chromosome. (D) Integrated transforming DNA is
replicated and transformed daughter cells are formed

Griffith in 1928 found that mice died when injected
with a mixture of live non-capsulated (R) pneumococci
and heat killed (S) pneumococci, neither of which
separately proved fatal. If in the experiment the live
(R) pneumococci were derived from capsular type II
and the killed (S) strain from type III, from blood

cultures of mice that had died, live type III capsulated
pneumococcus could be isolated, showing that some
factor in the heat-killed type III pneumococcus had
transferred the information for the capsule synthesis to
the live rough strain.

Artificial Transformation (Transfection)

Some of the bacteria (such as Escherichia coli) resist trans-
formation until they are subjected to some special treat-
ment such as CaCl, to make the bacterium permeable
to DNA.

Transduction

The type of gene transfer in which the DNA of one
bacterial cell is introduced into another bacterial cell
by viral infection is known as transduction. This
introduces only a small fragment of DNA. Because the
DNA is protected from damage by the surrounding
phage coat transduction is an easier to perform and
more reproducible process than transformation.

Two types of transductions are known. When a
phage picks up fragments of host DNA at random and
can transfer any genes, it is called as generalized
transduction (Fig. 5.6). In specialized transduction phage
DNA that has been integrated into the host chromo-
some is excised alongwith a few adjacent genes, which
the phage can then transfer.
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Phage DNA injected into host cell

Phage replicates and causes
host cell DNA to break into
fragments

Phage coats of phage form
around the phage DNA and
a few inadvertently form
around fragments of host
cell DNA. The cell lyses
which releases the phage

‘ A phage carrying a fragment of
host cell DNA infects a new cell

The phage-carried DNA fragment
recombines with the DNA of the
new host cell and new genetic
traits are added

Fig. 5-6. Generalized transduction

In transduction, adsorption of the bacteriophage to
receptor sites on the bacterial surface is followed by
injection into the cell of the DNA contained within the
phage particle. If the phage is of virulent type, new
phage particles will be synthesized and cell lysis shall
result. However, if it is a temperate phage, a lysogenic
response shall result and phage DNA shall be incorpo-
rated into the host chromosome in such a way that the
two genomes are linearly contiguous. The phage
genome in this stage is known as prophage. The host
cell acquires a significant new property as a conse-
quence of lysogeny because it becomes immune to infec-
tion by homologous phage.

Penicillinase gene in staphylococci is usually located
on a plasmid and it may be transferred into other
staphylococcal strains by transduction.

Abortive Transduction

If due to any reason the phage DNA fails to integrate
into the host chromosome, the process is called as
abortive transduction.

Co-transduction: transfer of more than one gene at a
time is limited to linked bacterial genes.

Significance of Transduction

e [t transfers genetic material from one bacterial cell
to another and alters the genetic characteristics of
the recipient cell

e The incorporation of the prophage into a bacterial
chromosome demonstrates a close evolutionary
relationship

e The existence of a prophage in a cell for a long
period of time suggests a mechanism for the viral
origin of cancer

® Specialized transduction provides a way to study
gene linkage which can help in mapping of
chromosome.

Lysogenic Conversion

In this the phage DNA becomes integrated with the
bacterial chromosome as the prophage which multiplies
synchronously with the host DNA and is transferred
to the daughter cells. This process is called lysogeny
and bacteria harbouring prophages are called lysogenic
bacteria. For more details please refer to chapter on
Bacteriophages.

Conjugation

Conjugation is defined as the transfer of DNA directly
from one bacterial cell to another by a mechanism that
requires cell-to-cell contact. DNA is transferred in a
nuclease resistant form which differentiates it from
transformation and without the aid of bacteriophage
which distinguishes it from transduction.

For conjugation to occur, the donor and recipient
cells must come in contact. The pili make the initial
contact between these two cells and then are retracted
into the donor to draw two cells together until direct
contact is made. Gradually, this combination is stabili-
zed and significant force is required to separate them.

Significance of Conjugation

e Very important and common mode of drug resis-
tance particularly in enteric bacteria

® Because of precise linear transfer of genes it is use-
ful for gene mapping
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e It is especially important in increasing genetic
diversity.
The various established techniques of transfer of
genetic material have been summarised in Table 5.2.

Transposable Genetic Material

Transposons (Tn) are DNA sequences which are
incapable of autonomous existence and which trans-
pose blocks of genetic material back and forth between
the cell chromosome and smaller replicons such as
plasmids. These can subsequently transfer the DNA
blocks to other cells.

Insertion sequences (IS) are another similar group
of nucleotides which can move from one chromosome
to another genetic material. Such elements (IS and Tn)
are called as transposable elements because of their
common ability to transpose on different DNA
molecules. These elements were also given the name of
jumping genes because of their ability to insert at large
number of sites on chromosomal as well as plasmid
DNAs.

These transposable elements are now recognised to
play an important role in bringing about various types
of mutations in the chromosomes.

NEWER APPROACHES TO
BACTERIAL GENETICS

Genetic variation is a continuous process in nature.
Mutation, transformation, transduction and conjuga-

tion are the processes by which genotype of organisms
undergoes change. The selection of new or altered geno-
type is a complex process and is also done by nature.
Intricacies of this section and time period in which
such changes take place cannot be defined. It has been
since long an endeavour of man to bring about genetic
variation or modification in the genotype in a directed
and predetermined way. The technique by which it is
done is known as genetic engineering, gene cloning
or recombinant DNA technology. With this it has been
possible to study the gene structure and regulation as
well as to manipulate the genetic material. The
technique has tremendous potential of developing
microorganisms that are able to produce many useful
products that are difficult or impossible to produce by
other methods.

GENETIC ENGINEERING

Genetic engineering are the techniques in which DNA
is manipulated artificially to identify and derive useful
genes and genetic products. The most prominent of
the technologies in this field involves recombinant DNA
and gene cloning.

Recombinant DNA Technique

Recombinant DNA (rDNA) techniques unite DNA
sequences from different organisms. The technique is
essentially based upon the observation that various
bacteria accept genetic material such as plasmids from

Table 5-2. Genetic transfer mechanisms

Genetic process Represntative State of DNA Direction Amount of
organism as transfer agent of transfer transfer
Transformation Streptococcus pneumoniae ‘Naked” DNA DNA donor — Few genes
Haemophilus influenzae DNA recipient (1/200 of
Bacillus species chromosomes)
Neisseria spp.,
Oral streptococci
(Streptococcus sanguis,
Streptococcus mitior)
Transduction Staph. aureus Bacteriophage Phage donor Small linkage
Escherichia coli carrier — phage groups genes
Shigella recipient
Lysogenic Corynebacterium Phage/prophage Lysogenic — 1 or 2 genes
conversion diphtheriae and nonlysogenic
other exotoxin
producing bacteria
Conjugation E. coli, Shigella, DNA via Hfr — F Large
Salmonella, Proteus, cytoplasmic (Fr—F) linkage
Bacillus, Streptococcus group

mutans, Bacteroides spp,
Streptococcus faecalis
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other organisms and allow this foreign genetic mate-
rial to express phenotypically either by the production
of proteins or by conferring additional qualities on the
host bacterium. The process of introduction of gene
and its multiplication in a host is called as cloning.

Clone and Cloning Host

A clone has been defined as genetically identical strain

or organism that originated from same parent. In

molecular biology, clone refers to the duplication of a

gene isolated from another organism by the cells of a

microbial host. For research purposes Escherichia coli

has been traditionally considered as an ideal cloning

host. However, because of its potential for virulence

such as endotoxin production and capability to establish

itself as normal flora, the common brewer's yeast

Saccharomyces cerevisiae is widely used in this industry

since it fulfils most of the following desirable features

of the cloning host:

Rapid overturn, fast growth rate

Grows readily in vitro

Nonpathogenic with simple genome

Well characterised genetic make-up

Capable of accepting plasmid vector

Maintains foreign genes through multiple

generation

® Secrete high yield of proteins from expressed foreign
gene.

Vector

Cloning technique requires some sort of vector to carry
the foreign DNA into the cloning host. Most vectors
are plasmids or bacteriophages. These are of three types:
e R-factor (plasmid that carries genetic markers for
resistance)
e Charon phage vector
® A hybrid vector (cosmid) combining both plasmid
and phage.
Plasmids are inserted into cloning hosts by trans-
formation and phage-based vectors are inserted by
transduction.

Technique of Gene Cloning

The gene cloning requires isolating the desired gene
from an animal, plant, virus, or bacterium and inserting
it into a vector, cloning the vector with its foreign gene
in a cloning host and isolating the end product
(Fig. 5.7).

=
Nucleus ‘@ Human, other mammal,
27/ plant cell

Isolated gene

Insertion into vector

Cloning host receives
vector, becomes

l, recombinant microbe
Multiplication of cloning

@ host to magnify gene

¢ End product
Cloned genes

o

Recombinant microbe

‘_O )

oe®
o0
oS

O

Fig. 5-7. Gene cloning and rDNA technique

Applications of rDNA Technology

Various fields have found unlimited usage for this
technology (Table 5.3). Synthesis of humulin (human
insulin) and protropin (hormone for children with
dwarfism) are being produced by rDNA technology.
Vaccine against hepatitis B produced by rDNA
methodology has been widely used.
The desired uses of these techniques are three-fold:
¢ To mass produce protein products such as enzymes
and hormones
e To increase the number of cloned genes to be used
for gene probes andresearch, and
e To create cultures of genetically recombined orga-
nisms for biotechnological applications.

DNA Probes

The advances in the field of immunology and mole-
cular biology have affected the field of diagnosis and
detection of microorganisms based upon unique sequ-
ences of DNA or RNA. With the development of gene
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Table 5-3. Applications of rDNA technology

Table 5-4. Applications of nucleic acid probes

Production of proteins

e Insulin

e Growth hormones
e Interferon

e Interleukin-2

e  Factor VIII

Production of vaccines

* Hepatitis B

e HIV capsid protein (under trial)
* Malaria (in experimental stage)

Antimicrobial agents
Enzymes

Cloned genes

* DNA probes

* RNA probes

* Gene mapping

*  Gene therapy

Recombinant microorganisms

* Oil-eating bacteria

e Virus resistant plants

e Fungicide producing bacteria
e Pollutants degrading bacteria

cloning technique and oligonucleotide synthesis almost
any nucleic acid sequence can be prepared in large
quantities for use as a probe. These nucleic acid probes
can be used for various purposes (Table 5.4).

The technique is based upon hybridization of test
DNA (to be detected in a test sample/culture) with
DNA probe. A DNA probe is a sequence of DNA which
is tagged with an easily detectable marker like
radioactive isotope or an enzyme. If the test DNA is
present in the sample it will conjugate with itself the
DNA probe. The sequence of DNA which is used to
prepare a probe is unique for that organism and is
usually responsible for particular pathogenic property
such as toxigenicity or invasion.

Detection of organisms which are difficult to culture.
Detection of organisms which do not have diagnostic antigens
Differentiation of avirulent strains from pathogenic ones
Identification of antibiotic resistance genes

Detection of latent virus infection

Development of epidemiological markers

Rapid confirmation of cultured organisms

In order for a nucleic acid probe to recognize a
complementary sequence in a complex mixture of DNA
or RNA, the probe must be single stranded and should
hybridise with the complementary strand under
controlled conditions. Double stranded nucleic acid can
be denatured to single strands by chemical or heat
treatment.

Probes. The choice of the probe is the most critical
step. As discussed earlier DNA sequence is selected
which is specific to the pathogen. Once it has been
identified, a probe can be prepared by various methods
(Fig. 5.8).

For labelling the probes, radioactive material has
been used since long. Certain enzymes can also be
coupled. These include alkaline phophatase and pero-
xidae. Fluorescein labelled oligonucleotides have also
been prepared. Biotin has also been employed.

Target nucleic acid. Nucleic acid of the test pathogen
needs to be extracted and usually denatured before
they can be hybridised with the probes. Target DNA
can be readily extracted with the help of NaOH.
Hybridization reaction can be carried out with the target
nucleic acid either in solution or fixed to a solid support
such as nitrocellulose or nylon filter. The latter
technique is often referred to as colony hybridization or
as spot blots, dot blots or slot blots. The probe once
mixed with sample seeps out and binds to its

Denatured (single-stranded)
target DNA (immobilized)

Enzyme-labelled binding protein (Avidin)

Biotin-labelled DNA

probe hybridized to

complementary
sequence of
target DNA

Fig. 5-8. DNA probes
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complementary nucleic sequence. The double stranded
nucleic acid is then separated from the rest of the
labelled probe DNA and sample. The amount of probe
bound to sample is recorded and the degree of binding
is compared to that found in positive and negative
controls to determine whether the sample contained
the target sequence in question, and the infectious agent
in question. Many DNA probes are currently
commercially available (Table 5.5).

DNA probes provide reliable results in a short time
(usually less than one day) on a large number of speci-
mens. Though the identification and production of a
nucleotide sequence is highly sophisticated and expen-
sive, once produced, they are very cost effective.

Polymerase Chain Reaction (PCR)

The development of the polymerase chain reaction
(PCR) in 1983 was major methodological breakthrough
in molecular biology. In a short span of fifteen years
the method has found its way into nearly every type of
laboratory from forensic to ecology and from diagnosis
to pure research.

PCR is an in vitro method for producing large
amounts of specific DNA fragment of defined length
and sequence from small amounts of complex template.
Perhaps the most obvious application of this technique
is to enhance gene probe detection of specific gene
sequences. By exponentially amplifying a target
sequence, PCR significantly enhances the probability
of detecting rare sequences in a heterologous mixture
of DNA.

PCR involves three stages which are as follows:

1. Melting of DNA (at 94°C) to convert double
stranded DNA to a single stranded DNA.

2. Annealing of primers to target DNA (at 50-70°C)
and

Table 5-5. Commercially available diagnostic DNA probes

3. Synthesis of DNA by addition of nucleotides from
primers by action of DNA polymerase.

The oligonucleotide primers are designed to
hybridize to region of DNA flanking a desired target
gene sequence. The primers are then extended across
the target sequence using DNA polymerase derived
from Thermus aquaticus (Taq) in the presence of free
deoxynucleotide triphosphate resulting in duplication
of starting material. Melting the product of DNA
duplexes and repeating the process many times results
in exponential increase in the amount of target DNA
(Fig. 5.9).

If PCR is performed at 100% theoretical maximum
efficiency, one could generate 100 mg of a 1kb unique
human DNA fragment from 100 ng of total DNA in
only 25 PCR cycles. Under controlled conditions,
however, only a few mg are generally produced.

PCR technique has found applications in a large
number of fields (Table 5.6).

PCR amplification permits the detection of as few
as 100 cells per 100 gm sample and is useful in tracking
genetically engineered microorganisms and monitoring
indicator population and pathogens in water, soil and
sediments. The PCR products can also be quantified,
permitting estimates of organisms and specific mRNAs
in the environmental samples. PCR is useful for
measuring gene expression by viable microorganisms
as well as detecting specific populations based upon
diagnostic gene sequence. PCR is also useful for cloning
genes, permitting sequence genes and thus demons-
trates an extremely wide applications.

RNA PCR

A modification of PCR technique has allowed the ampli-
fication starting from RNA template. Basically a
complementary copy (cDNA) of the desired RNA tar-
get is made by reverse transcriptase and this is follo-
wed by a routine PCR which amplifies the cDNA.

Legionella pneumophila
Mycoplasma pneumoniae
Campylobacter jejuni

Helicobacter pylori

Mycobacterium tuberculosis

M. avium

M. intracellulare

Escherichia coli (LT and ST toxins)
Herpes simplex type 1 and 2
Hepatitis B virus

Plasmodium falciparum

Rotavirus type A

Human immunodeficiency virus

DNA strands
separated —
by heating Biiticab Growin.g\b
_— strand
DNA
et -
New complementary
strands synthesized to —
produce two copies Synthesis to produce
of the original DNA four copies

Fig. 5-9: Polymerase chain reaction
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Table 5-6. Microbes for which PCR has been performed

Bacteria
Helicobacter pylori
Legionella pneumophila
Mycobacterium tuberculosis
Chlamydia trachomatis
Mycoplasma pneumoniae

Viruses
Coxsackieviruses
Cytomegalovirus
Herpes simplex virus
Hepatitis B virus
Hepatitis C virus
Human immunodeficiency virus
Measles virus
Human papillomavirus
Rotavirus
Rubella virus

Fungi
Candida albicans

Protozoa
Toxoplasma gondii
Pneumocystis carinii
Trypanosoma cruzi

Rickettsia
Rickettsia rickettsiae

Ligase Chain Reaction (LCR)

The LCR, or ligase amplification reaction, was first
described in 1989 and modified in 1991. This requires
two sets of oligonucleotide pairs which are allowed to
anneal to their target DNA at 65°C. Enzyme ligase is
allowed to join the pair at ligation junction when
complementary base pairing occurs. A mismatch at the
pair junction, however, prevents ligation between two
oligonucleotides. The reaction mixture is then heated
at 94°C to denature the ligated product from the target
and cooled to 65°C to allow the annealing and ligation,
and then the cycle is repeated (Fig. 5.10). Newly formed
ligation products are used as templates for ligation of
still more substrates. Once ligated products form,
subsequent cycles increase the amounts of products at
exponential rates. The principal advantage of LCR is
its ability to detect single base-pair mismatches between
target DNAs.

Uses of LCR

LCR based probe amplification has been used for the
detection of Mycobacterium tuberculosis, Borrelia burgdor-
feri and Neisseria gonorrhoeae.

on one end)

2. Heat mixture to separate
DNA into single strands

to bind target DNA

4. Gap filled

1.Target or specimen is added to LCR
unit dose which contains probes
(probes synthesized with a hapten A or B

3. Cool mixture to allow for probes

Polymerase and dNTPs e e
5. Ligase links the two adjoining probes
ligated probe has hapten A on one end [ I [ ]

and hapten B on the other end

Detection of amplified product

Target
'

[ I | |
[ | [ |
= |
== ||
4 Probes

|

[ I [
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I
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| | I ]

Al Ligament LCR produce ]B

Microparticle

Microparticle
coated with anti- A

Ligated or unligated
probes captured

Conjugated anti-B
binds only to ligated
probes

Fig. 5-10. Ligase chain reaction (LCR) amplification of DNA
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Fig. 5-12. Western blot technique

Blotting Techniques
Southern Blotting

The technique has been named after the scientist who
developed it—EM Southern. In this the DNA fragments
obtained by digestion with restriction enzymes and
separated by gel electrophoresis are transferred by
blotting on nitrocellulose or nylon membrane which
can bind the DNA. This membrane bound DNA is
converted into single stranded form and treated with
radioactive single stranded DNA probes. This will result
in radioactive double stranded segments which can be
detected on X-ray films. This DNA: DNA hybridiza-
tion is called as Southern blotting (Fig. 5.11).

Northern Blotting

Northern blotting is similar to southern blotting and it
is used for the analysis of RNA.

Western Blotting

Western blotting (also known as immunoblotting) is
the technique used for identification of proteins. Here
all steps are same as in southern blotting except that
probe is specific radiolabelled or enzyme labelled
antibodies. This test has been used for confirmation of
HIV-antibodies (Fig 5.12).
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Definition

The bacteriophages (phage: to eat) are the viruses that
infect bacteria. These are usually called as phages. These
have been used extensively in basic molecular research
and epidemiological tracings.

Morphology of Phages

The phages have a simple structure comprising of a
genome which is surrounded by a protein covering
known as phage capsid.

The genome usually comprises of single, linear,
double stranded DNA molecule. Large phages generally
consist of a head and a tail.

The Head

It is a hexagonal structure which encompasses the
genome. The head consists of tightly packed core of
nucleic acid surrounded by a protein coat or capsid
and measure in size from 28-100 nm.

The Tail

The tail is a cylinderical structure which is used as an
organ of attachment as well as the conduit through
which phage DNA passes into the host cell (Fig. 6.1). It
consists of a hollow core and is surrounded by a
contractile sheath and a terminal base plate to which
are attached pins or tail fibres or both.

The salient characteristics of phages have been
summarised in Table 6.1.

Chemical Structure

Bacteriophages comprise of protein and only one type
of nucleic acid which in majority of phages is DNA.
However, a group of phages which specifically attack
male strains of Esch. coli contain only RNA. The nucleic
acid makes about 50% of the dry weight of phages.

Bacteriophage

Fibres

Icosahedral %,
tailed

Fig. 6-1. Structure of a phage

Table 6-1. Features of bacteriophages

e Have high host specificity
e Pass through filters which hold back the bacteria

e Lytic phages lyse bacteria best during the active phase of
bacterial growth

e Boiling inactivates phages

* Lytic phages can be propagated indefinitely in association
with growing bacterial cultures

e Intestinal bacterial flora of man and animals is commonest
habitat

® Phage lysis also seen in actinomycetes, bacteria and some
yeasts

Life Cycle of Phages

Phages exhibit two different types of life cycles:

a. Lytic cycle in which intracellular multiplication of
the phage results in the lysis of the host bacterium
and release of progeny virions. This is also known
as virulent cycle.

b. Lysogenic cycle in which phage DNA becomes

integrated into the bacterial genome and replicates
with the bacteria without causing any harm to the
host cell. This is also called as temperate cycle.
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Lytic Cycle

The lytic cycle of bacteriophages can be described in
following steps:

Adsorption. Adsorption is the first step and depends
upon the susceptibility of the bacterium to the specific
phages and is dependent upon the presence of chemical
receptors on the surface of the bacterium. It is a very
rapid process and is completed within minutes.

Penetration. Penetration follows adsorption. Phages
inject the phage DNA into the periplasmic membrane-
space between the cell wall and the cell membrane. In
most phages the empty head and tail remains outside
the bacterium after the injection of phage DNA.

After entry, phage DNA converts into circular form
and the process is called as circulation of phage DNA.

Eclipse Phase. For several minutes following infection
active phage is not detectable. During this period a
number of new proteins are being synthesized which
include enzymes necessary for synthesis of phage DNA.
These are also known as early proteins.

Synthesis of Phage Components. After the eclipse
phase is over, the synthesis of bacterial proteins stops
and that of protein subunits of phage's head and tail
starts. These proteins are called as late proteins.

Assembly. The protein subunits of the phage head and
tail aggregate spontaneously (self-assembly) to form
the compact capsid.

Maturation. The assembly of the phage components
into the mature infective phage particle is known as
maturation.

Lysis and Liberation of New Phages. Phage synthesis
continues until the cell disintegrates liberating infectious
phages as in virulent phages. The cell bursts as a result
of osmotic pressure after the cell wall has been
weakened by the lysozyme. This is called lysis from
within.

The interval between the infection of a bacterial cell
and the first release of infectious phage particles is
known as latent period. The average yield of progeny
phages from the infected bacterial cells is known as
burst size. The period during which infectious phages
released rise is known as the rise period. The lytic cycle
is depicted in Figure 6.2.

Lysogenic Cycle

Infection with every phage does not result into lysis of
the host cell. Some phages on entering into the cell, do
not multiply in the manner described above for viru-
lent phages. Instead, these integrate into the genome of
the host chromosome. The integrated genome of the phage
is called as prophage. This phenomenon is known as
lysogeny. Bacteria which have prophage integrated into
their chromosome are designated as Iysogens and such
phages are called as lysogenic or temperate phages.
Lysogenic cycle is described in Figure 6.3.

Viral
DNA

Bacterial
DNA

'S

T

Lytic phase

9

vy o
Duplication of phage
components using

host cell's synthetic\% .

mechanisms

E.coli host bacillus

Adsorption

Lysis of weakened cell,
many virions released

Assembly of new virions

Fig. 6-2. Lytic cycle of a phage
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Fig. 6-3. Lysogenic cycle of bacteriophage

Lysogeny. After entering the host cell, the DNA gets
integrated into the host DNA. The host cell, now called
a lysogenic cell, replicates the phage DNA (prophage)
every time it divides. Infection by a temperate phage
can also lead directly to a lytic cycle, and on rare
occasions, a prophage excises from the bacterial
chromosome and initiates a lytic cycle.

Significance of Lysogeny

The prophage confers certain new properties on the
lysogenic bacterium. This is known as lysogenic conver-
sion or phage conversion. Some examples are:
a. Phage mediated conversion of somatic antigens of
Salmonella
b. Phage mediated toxigenicity of Corynebacterium
diphtheriae
c. Phage mediated toxicity in Clostridium botulinum
A lysogenic bacterium is resistant to reinfection by
the same or related phages. This is known as super-
infection immunity.

Bacteriophage Typing

Different strains of a serologically or otherwise identi-
cal species of bacteria are susceptible to one or more
different strains or types of species-specific bacterio-
phages. Suspensions of phages are deposited onto agar
plates on which a lawn culture has been made with
the suspected pathogen. Susceptible bacteria are lysed
by the phages, leaving clear areas known as plaques
(Fig. 6.4). On the basis of this reaction, a bacterial species
can be divided into various types. This method has
been used in epidemiological tracing of infections or

Bacterial
lawn

Fig. 6—4. Plaques produced by bacteriophages

outbreaks due to Staphylococcus aureus, Salmonella and
Vibrio cholerae, etc.

Importance of Bacteriophages

1. Bacteriophages may act as carriers of genes from
one bacterium to another—a process known as
transduction. An important example of this is drug
resistance seen in Staphylococcus aureus.

2. Phage typing is used as an important epidemio-
logical marker which helps in establishing the path
of transmission of infectious agent and identifying
the reservoir of infection.

3. Subtyping of a species or genus is also possible on
the basis of the reaction to phages (vibrios, staphylo-
cocci, salmonellae).

4. Bacteriophages may endow the property of toxi-
genicity to some organisms such as C. diphtheriae.

5. Bacteriophages have been extensively utilized in
studying host-parasite relationships.



Clinical materials per se do not exhibit organisms in a
form on the basis of which diagnosis can be confirmed.
A presumptive diagnosis on the basis of morphological
examination of organism from the clinical sample can
be made in exceptionally few instances (e.g. faucial
diphtheria, gonorrhoea). It is, therefore, essential to
grow bacteria in vitro in laboratory by providing essen-
tial nutrients and other growth requirements. This
process of growing bacteria (culture of bacteria) helps in
not only having bacteria in pure form but also plenty
of growth in pure form can be utilized to undertake
further tests to confirm the identity of the bacterium.

BACTERIOLOGICAL MEDIA

The substrate on which bacterial culture is done is
known as medium which provides nutrition and pH to
the organism.

Liquid and Solid Bacteriological Media

There are two broad groups of media: liguid and solid.
Both are extensively used in bacteriological laboratories.
To obtain a pure growth one has to use solid medium
because of the following disadvantages with the liquid
media:
1. Growth does not show character on the basis of
which a tentative diagnosis can be established.
2. If it is a mixed culture of more than one organisms,
their separation cannot be performed.
However, once a pure growth has been obtained on
solid media, liquid media are used to perform further
tests because of the homogenous growth in these media.

Agar Agar

To convert liquid media, which were in use till 1880s,
gelatin was used by some bacteriologists to make solid

In Vitro Cultivation

of Bacteria

media but the real advancement was made by Robert
Koch when he could make stable solid media by adding
agar agar to the liquid medium. Since then, agar agar
(commonly called as agar) has been used as the most
effective solidifying agent.

Properties of Agar

Important properties of agar are shown in Table 7.1.

Table 7-1. Properties of agar

e Derived from certain seaweeds
e Melts at 95°C and solidifies at 42°C
* Remains firm at temperatures of incubation

* Heat labile material can be added to it even at temperature
of 45°C thus retaining their potency

* Bacteriologically inert

® Resistant to action of all medically important bacteria
* Easily available

e Economical

Types of Culture Media

Some bacteria can grow with minimum and ordinary
available growth conditions whereas many others are
very specific in their demands. These can be in liquid
or solid state; with or without oxygen. Some media
have simple composition whereas others may be either
synthetic or complex in composition. Accordingly,
different types of media are available. Media can be
divided into two broad groups: defined synthetic media
and routine laboratory media.

Defined Synthetic Media

These are prepared from chemicals and their exact
composition is known. These are used for research pur-
poses and are of two types:
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Simple synthetic media: Simple synthetic media contain
a carbon and energy source, an organic source of
nitrogen and various inorganic salts in buffered
aqueous solution.

Complex synthetic media: The complex synthetic media
possess, in addition to components of simple media,
amino acids, purines, pyramidines and many other
growth factors depending upon the nature and growth
requirements of the organism.

Routine Laboratory Media

These media attempt to provide nutrition and pH to
the organisms which are akin to that of tissues and
body fluids. Many of these nutrients are supplied by
aqueous extracts of meat and peptone. There are various
types of these media.

Basal Media

These include nutrient broth and peptone water which
are the simplest liquid media and form basis of all
other laboratory media. Addition of agar to nutrient
broth results in nutrient agar medium which is a solid
basal medium.

Enriched Media

Addition of substances such as blood and serum to
basal media results in formation of enriched media
which can support the growth of those bacteria which
are comparatively exacting in their demands. Blood
agar is an example of such medium.

Selective Media

These media contain substances that inhibit the growth
of a large number of bacteria and permit the growth of
a few selected bacteria. This property is the result of
addition of some chemical to the basal media.
MacConkey agar and bismuth sulphite agar belong to
this category.

Enrichment Media

These are liquid media which selectively favour the
growth of certain organisms or inhibit the growth of
some bacteria from mixed inocula. The examples of
this category of media are tetrathionate broth and
selenite F medium. These cultures, however, do not
indicate the proportion of the selected organism in the
mixture.

Indicator Media

When some substance is added to a medium which
would produce a visible change in the medium by the

growth of certain bacteria, it is designated as indicator
medium. MacConkey agar has a dye which in the
presence of lactose fermenting organisms changes the
colour of the colonies to pink, thus helping in
identification of lactose fermenting bacteria. Blood
tellurite agar used for isolation of C. diphtheriae is
another example.

Transport Media

The basic purpose of such medium is to sustain the
viability of the organisms when a clinical sample is to
be transported from periphery to the laboratory. The
medium prevents the growth of contaminants during
transit. Stuart’s transport medium and Amies trans-
port medium are examples of this kind of media.

Storage Media

These media help in preservation and storage of bacteria
for a considerable long period. These include Dorset’s
egg medium, nutrient agar stabs, blood agar slopes in
screw capped bottles and Robertson’s cooked meat
media.

Sugar Media

The term ‘sugar’ denotes fermentable substance. The
usual sugar consists of 1% of the chosen type of sugar
(lactos