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Foreword

Few decades back, there were hardly any books on Medical Microbiclogy written by Indian |
authors. With expansion of medical education in the country over the years, the undergraduate
students' population has grown significantly and there is an intensely felt need for books to
suite the students' choices with regards to style, presentation, language and content. |t is in this
backdrop that we have to visualize the birth of a good number of Indian books in the recent past.

Most of these books are authored by teachers who have spent considerable time in teaching
microbiology in medical colleges. However, here we have a couple of young enthusiastic
passionate teachers of microbiology, who have taken pains to put their thoughts in the shape
of awonderful book. Though this book looks like another book in the field, but certain features,
like the updated matter, lucid presentation style, useful pictures and dinical case-based
discussions are unigue to this book.

| am sure that many students would relish to go through this book and get benefited. The information provided might
become handy for postgraduate students as well, even though they cannot fully depend on this.

| really appreciate the efforts made by my colleague Dr Apurba Sankar Sastry and his wife Dr Sandhya Bhat K for this
commendable work.

Dr BN Harish mD

Professor and Head

Department of Microbiology

Jawaharlal Institute of Postgraduate
Medical Education and Research (JIPMER)
Puducherry, India

E-mail: drbnharis h@yahoo.com






Foreword

Essentials of Medical Microbiology by Dr Apurba Sankar Sastry and Dr Sandhya Bhat K comes at
a time when several Microbiclogy books are being written and published in the country. We
have come a long way from the time the students had to depend on one or two textbooks in
microbiology which were published in India to the current time where the choice is varied, to
pursue the course,

This book has many advantages over other textbooks in microbiclogy in being a concise,
easy-to-read book, which can be used both as a textbook for an undergraduate MBBS course
as well as a handbook for easy reference for microbiology examinations. Chapters range from
General Microbiology, which addresses the basic concepts in microbiology, to schematically
re presented easily comprehensible immunology. Mew concepts inimmunology and details of
cells and cellular products have been lucidly explained with the help of diagrams. Bacteriology
has been written with a clinical approach to make it relevant to a student in the clinical years. Several infections have
been supported with clinical pictures and images. Virology also follows a similar trend with updated information on recent
outbreaks, epidemics and emerging infections.

The book will be useful for students preparing for examinations, both formative assessments and the final summative
examination. An additional attraction is the orientation for postgraduate entrance examination. The students will find the
book very handy. The authors must be congratulated on their continuous efforts to bring forth textbooks for students of
microbiclogy.

Reba Kanungo MD PhD

Dean-Research and Professor and Head

Department of Clinical Microbiology

Pondicherry Institute of Medical Sciences (PIMS)

Puducherry, India

Past President, Indian Association of Medical Microbiologists
Former Editor-in-Chief, Indian Journal of Medical Microbiology
E-mail: reba.kanungo@gmail.com






Preface

The association of man and microorganisms, and their fight to survive each other is never-ending. With the increasing
complexity of interaction between man and microbes, the relevance of studying medical microbiclogy has increased
manifold. Our book titled, Essentials of Medical Microbiology attempts to provide smart ways to master the world of
microbes relevant to the mankind.

The idea of yet another book on the subject, but with a quite different approach was born after several discouraging and
unsatisfying experiences with several existing books regarding many needs of the enthusiastic students of the subject and
a strong desire to make medical microbiology more interesting, up-to-date, clinically relevant and yet palatable to mainly
undergraduate students of medicine and also the postgraduate aspirants and students. This book was conceptualized
and brought to reality to meet the strongly felt diverse needs of the Indian students, such as gaining essential concepts,
acquiring contemporary knowledge, approaching university exams with ease and confidence, scoring high in postgraduate
entrance examinations, etc.

The book focuses on providing good foundation in clinically important concepts and principles of microbiclogy.
Enough (over 300) tables and flow charts have been included along with the text. Over 200 schematicdiagrams have been
drawn to simplify difficult concepts, and they are easy to reproduce where necessary as in examinations. Plenty of clinical
photographs (over 400) included in the book will create a real life-like picture in the minds of the reader and also are meant
to help solving image-based MCQs in postgraduate entrance examinations. It has more content in fewer pages, making
the book handy. The concise bulleted format and to-the-point text used in this book will be helpful in rapid revision before
the examinations. Best attempts have been made to keep the language simple yet lucid to help easy comprehension.
Summary of laboratory diagnosis and treatment in separate boxes makes quick review possible. Highlighted boxes are
incorporated to cover the important concepts. In a nutshell, this book is carefully written targeting to meet the varied
needs of undergraduate students with an approach that will orient them to build concepts and to clear undergraduate
examinations as well as to equip them for postgraduate entrance examinations in future.

General Microbiology section deals with principles of microscopy, morphology, physiology, culture identification of
bacteria, concepts of bacterial genetics, etc. Principles of sterilization, antimicrobial chemotherapy and susceptibility
testing are also explained in detail.

It is our humble hope that this book would change the general feeling of the students regarding immunology as being
a difficult section into immunology as an interesting and enjoyable topic. In this section, topics such as immunity, antigen,
antibody, complement and structure of immune system are explained in a simple and logical manner. Chapters like immune
response and antigen-antibody reaction have been fully updated according to the current need. Appropriate diagrams and
flow charts are incorporated to make critically tough content easy to grasp. Topics such as autoimmunity, immunodeficiency
and immunization provide complete and latest information compiled in tabular form at one place.

Systematic Bacteriology section deals with individual bacterial pathogens in detail. Flow of information follows a very
logical and clinically relevant course. More stressis given tothe knowledge that helps in clinical setting and a careful attempt
has been made to reduce the obsolete and not-so-useful core microbiology content. Sections like laboratory diagnosis,
treatment and prophylaxis are most updated and referenced from internationally accepted literature and guidelines.

Virology is another section where the readers will find a different approach from the existing books. The updated and
succinct information provided in this section with emphasis on pathogenesis and laboratory diagnosis will be useful to the
students.

This book also addresses to the long-time complaint of the undergraduate students about unavailability of a concise and
pictorialized Mycology section. Written in a clear and concise manner with appropriate and beautiful schematic pictures,
images and illustrations, this section will surely make the students enjoy reading.
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Applied Microbiology covers important aspects of various clinical infective syndromes with special reference to the
approach towards the diagnosis. Useful information regarding hospital-acquired infections and biomedical waste
management have been incorporated. The annexure incorporated at the end covers the recent topics, such as emerging
pathogens, bioterrorism and laboratory-acquired infections.

Clinical case-based essay guestions and MCQs are given at the end of each chapter to orient and prepare students for the
examinations. Advanced and newer postgraduate entrance-oriented topics like HIN1, ebola, polio eradication, bacterial

drug resistance mechanisms (such as ESBL, VRSA, VRE), automations and molecular methods in microbiology, etc. are
incorporated.

We hope that the undergraduates, postgraduate aspirants, and postgraduate students will relish reading this book and
find it useful. We also hope that we have made a good start in addressing the varied needs of students and faculty teaching
medical microbiology with a single comprehensive book. We will feel glad to receive your valuable feedback, which will
enable us to improve further.

Apurba Sankar Sastry
drapurbasastry@gmail.com

Sandhya Bhat K
sandhyabhatkagmail. com
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CHAPTER 1

Introduction and Bacterial Taxonomy

= History
« Bacterial taxonomy

Medical microbiology is a branch of medicine that deals

with the study of microorganisms and their role in human

health and diseases. It also concerns with the diagnosis,
treatment and prevention of various infectious diseases.

There are four kinds of microorganisms that cause

infectious disease: bacteria, fungi, parasites and viruses.

The branches of medical microbiology are as follows:

» General microbiology: Siudy of general properties
of microorganisms, such as bacterial morphology,
sterilization and disinfection, culture identification
methods, bacterial genetics, etc.

» Immunology: The study of the immune system

» Bacteriology: The study ofbacteria

s Virology: The study of viruses

s Mycology: The study of fungi

» Parasitology: The study of parasites; it has two arms
« Protozoology: The study of protozoa
+ Helminthology: The study of helminths.

HISTORY

The existence of microorganisms was hypothesized for
many centuries hefore their actual discovery. The teaching
of Mahavira ( Jainism, 6th century BC) and the postulation
ofVaro and Columella (who named theinvisible organisms
as 'Animalia minuta’) were some ofthose attempis.

CONTRIBUTORS IN MICROBIOLOGY

Antonie Philips van Leeuwenhoek (1676)

He was the first scientist who observed bacteria and
other microorganisms, using a single-lens microscope
constructed by him and he named those small organisms
as 'Little animalcules’ (Fig. 1.1A).

Edward Jenner

Edward Jenner 1796, developed the first vaccine of the
world, the smallpox vaccine. He used the cowpox virus
[ Variolae vaccinge) toimmunize children against smallpox
from which the term ‘vaccine’ has been derived. The same
principles are still used today for developing vaccines.

Louis Pasteur

Microbiology developed as a scientific discipline from

the era of Louis Pasteur (1822-1895). He is also known as

father of microbiology. He was a professor of chemistry in

France. Hisstudies on fermentation led him to takeinterest

to work in microbiology (Fig. 1.1B). His contributions to

microbiology are as follows:

» He had proposed the principles of fermentation for
preservation of food.

» He introduced the sterilization techniques and
developed steam sterilizer, hot air oven and autoclave.

» He described the method of pasteurization of milk.

» He had also contributed for the vaccine development
against several diseases, such as anthrax, fowl cholera
and rabies.

» He disproved the theory of spontaneous generation of
disease and postulated the 'germ theory of disease! He
stated that disease cannotbe caused bybad air or vapor,
but it is produced by the microorganisms present in air

» Liquid media concept: He used nutrient broth to grow
microorganisms.

s He was the founder of the Pasteur Institute, Paris.

Joseph Lister

Joseph Lister (1867) is considered to be the father of
antiseptic surgery. He had observed that postoperative
infections were greatly reduced by using disinfectants
such as diluted carbolic acid during surgery to sterilize the
instruments and to clean the wounds.
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Figs 1.1Ato D: Eminent microbiologists. A. Antonie van
Leeuwenhoelk; B. Louis Pasteur; C. Robert Koch; D. Paul Ehrlich

Saource: Wikipedia

e

Robert Koch

Robert Kochprovided remarkable contributions to the field
of microbiology. He was a German general practitioner
(1843-1910) (Fig. 1.1C). His contributions are as follows:

s He introduced solid media for culture of bacteria,
Eilshemius Hesse, the wife of, one of Koch's assistants
had supgested the use of agar as solidifying agents.

» He also introduced methods for isolation of bacteria in
pure culture.

» He described hanging drop method for testing motility.

» He discovered bacteria such as the anthrax bacilli,
tubercle bacilli and cholera bacilli.

# Heintroduced staining techniques by using aniline dye.

#« Koch's phenomenon: Robert Koch observed that
guinea pigs already infected with wbercle bacillus
developed a hypersensitivity reaction when injected
with tubercle bacilli or its protein. Since then, this
observation was called as Koch's phenomenon.

» Koch's postulates: Robert Koch had postulated that a
microorganism can be accepted as the causative agent
ofan infectious disease only if four criteria are fulfilled.
These criteria are as follows:

1. The microorganism should be constantly associated
with the lesions of the disease.

2. It should be possible to isolate the organism in pure
culture from the lesions of the disease.

3. The same disease must result when the isolated mi-
croorganism is inoculated into a suitable laboratory
animal.

4. It should be possible to re-isolate the organism
in pure culwre from the lesions produced in the
experimental animals.

An additional fifth criterion was introduced
subsequently which states that antibody to the causative
organism should be demonstrable in the patient’s serum.

Exceptions to Koch's postulates: It is observed that it
is not always possible to apply these postulates to study
all the human diseases. There are some bacteria that do
not satisfy all the four criteria of Koch's postulates. Those
organisms are:

s Mycobacterium leprae and Treponema pallidum:
They cannot be grown in vitro; however, they can be
maintained in experimental animals.

» Neisserin gonorrhoeae: There is no animal model;
however, it can be grown in vitro.

Molecular Koch's Postulates

It was a modification of Koch's postulates formulated by the

microbiologist Stanley Falkow (1988). He stated that gene

(coding for virulence) of a pathogenic microorganism that

contributes to the disease should satisfy all the criteria of

Koch's postulates rather than the microorganism itself,

= The virulence trait under study should be associated much
more with pathogenic strains of the species than with
nonpathogenic strains.

« Inactivation of the gene associated with the suspected
virulence trait should substantially decrease pathogenicity.

= Replacement of the mutated gene with the normal wild-
type gene should fully restore pathogenicity.

= The gene should be expressed at some point during the
infection and disease process.

= Antibodies or immune system cells directed against the
gene products should protectthe host.

Paul Ehrlich

Paul Ehrlich (1854-1915) was a German scientist and is

also known as father of chemotherapy (Fig. 1.10). His

contributions are as follows:

» He was the first to report the acid-fast nature of tubercle
bacillus.

» He developed techniques to stain tissues and blood
cells.

# He proposed a toxin-anttoxin interaction called
Ehrlich phenomenon and also introduced methods of
standardising toxin and antitoxin.
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# He proposed the 'side chain theory for antibody
production

» Chemotherapy: He discovered salvarsan, an arsenical
compound (also called as the 'magic bullet’) as
the first effective medicinal treamment for syphilis,
thereby initiating and also naming the concept of
chemotherapy.

» The bacteria"Ehrlichia’ was named after him.

# In 1908, he received the Nobel prize in Physiology or
Medicine for his contributions to immunology.

» He was the founder and first director of what is known
now as the Paul Ehrlich Institute, Germany.

Other Important Contributors

#» Hans Christian Gram (in 1884): He developed a
method of staining bacteria which was named as ‘Gram
stain’ to make them more visible and differentiable
under a microscope.

# Charles Chamberland: He is one of Pasteur’s
associates, constructed a porcelain bacterial filter in
1884 by which the discovery of viruses and their role in
disease was made possible. The first viral pathogen to
be studied was the tobacco mosaic virus.

» Ernst Ruska: Hewas the founder of electron microscope
(1931).

# Alexander Fleming (in 1929): He discovered the most
commonlyused antibiotic substance of the last century,
i.e. penicillin.

» Goodpasture: He described the viral culture technique
in chickembryo.

» Lady Mary Wortey Montagu: Iniroduced variolation
for immunizing against smallpox.

s Elie Metchnikoff: He described phagocyiosis and
termed phagocytes.

» Emmy Klieneberger (1941): She described the
existence of L forms of bacteria.

» Barbara McClintock: She described the mobile penetic
elements in bacteria called transposons.

» Walter Gilbert and Frederick Sanger were the first to
develop (1977) the method of DNA sequencing.

» Karry B Mullis: Discovered polymerase chain reaction
(PCR) and was awarded Noble prize in 1993,

Discovery of Bacterial Agents

Several bacteria were discovered by many scientists
(Table 1.1). The names of some of the bacteria are coined
in the honor of scientists who discovered them (Table 1.2).

Nobel Laureates

A number of scientists In medicine or physiology have
been awarded Nobel prizes for their contributions in
microbiology (Table 1.3).

TABLE 1.1: Discovery of important microorganisms

Ogston Staphylococous aureus
Meisser Nelsseriag gonorrhoeae
Weichselbaum Neisserig meningitidis
Loeffler Corynebacterium diphtheriae
Frenkel Streptococcus pReumonioe
Bruce Brucella melitensis
Kitasato Oostridium tetani

Hansen Mycobacterium leprae
Yersin and Kitasato Yersinia pestis

Schaudinn and Hoffman Treponema pallidum
Daniel Carrion Bartonella bacilliformis
d'Herelle Bacteriophages

W.H. Welch Oastridium perfringens

Anthomny Epstein and Yvonne Barr  Epstein-Barr virus

TABLE 1.2: Bacteria named after the discoverers

Common name Scientific name

Kleb-Loeffler bacillus Corynebacterium diphtherioe

Preisz Nocard bacillus Corynehacterium pseudo tuberculosis
Koch Week bacillus Haemophilus aegyptius

Pfeiffer's bacillus Haemophilus influenzae

Whitmore's bacillus Burkholderia pse udomaliei

Battey bacillus Mycobacterium intrace fulare
Johne's bacillus Mycobacterium paratuberculosis
Eaton's agent Mycoplasma pnelumonide
Gaffky-Eberth bacillus  Salmenela Typhi

BACTERIALTAXONOMY

Bacterial taxonomy comprises of three separate but
interrelated important areas.

1. Classification: It refers to hierarchy based arrange-
ment of bacteria into taxonomic groups or taxa (sin-
gular, taxon) on the basis of similarities or differences
in their biochemical, physiological, genetic, and
morphological properties.

2. Nomenclature: It refers to the naming of taxa ac-
cording to their characteristics, by following the in-
ternational rules.

3. lIdentification: It refers to the practical use of a clas-
sification scheme such as: (1) Identification of an
unknown taxon by comparing with a defined and
named taxon, (2) To isolate and identify the causative
agent of a disease.
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TABLE 1.3: Nobellaureatesin medicine or physiology for their contributions in microbiology

Emil Aveon Behring 1801
Sir Ronal Ross 1902
Robert Koch 1905
Charles LA Laveran 1907
Paul Ehrlich and Elie Metchnikoff 1908
Charles Richet 1913
Jules Bordet 1919
Karl Landsteiner 1930
Sir Alexander Fleming 1945
F Emders, FC Robbins, TH Weller 1954
I Lederberg and EL Tatum 1958
Sir M Burnet and Sir PBE Medawar 1960
Watson and Crick 1962
Peyton Rous 1966
Holley, Khurana and Nirenberg 1968
BS Blumberg 1976
Rosalyn Yallow 1977
B Benacemaf, F Dausset and G Snell 1980
Barbara McClintoch 1983
Georges Kohler

Nielsirne S
5 Tonegawa 1987
Kary B Mullis 1993
Stanley B Prusiner 1997
J Robin Warren and Barry J Marshal 2005
Luc Montagnier and FRarre-Sinoussi

Harald zur Hausen e
Bruce A Beutler and Jules A Hoffmann 201
Ralph M Steinman

Sir John B Gurdon and 5. Yamanaka 2012

Development of antitoxin against diphtheria

Life cycle of malarial parasite in mosguitoes
Discovery of the causative agent of tuberculosis

Discovery of malarial parasite in unstained preparation of blood
Discovened selective theory of antibody formation

Discoversd anaphylaxis

Discovered complement and developed complement fixation test
Described ABC blood group

Discovery of penicillin

Cultivation of polioviruses in tissue culture

Discovery of conjugation in bacteria

Postulated immunological tolerance

Discovered double helix structure of DNA

Discovened viral oncogenesis

Discovered genetic code

Discovened Australia antigen (HBsAg)

Developed mdisimmunoassay

Discovened HLA antigen

Discovered mobile genetic elements [transposon)

Developed hybridoma technology for monoclonal antibodies
Postulated idiotype network hypothesis (Jerne hypothesis)
Elucidated the nature of antibody diversity

Invented polymerase chain reaction

Described Pricns

Discovery of Helicobacter pylori and its role in peptic ulcer disease
Discovery of human immunodeficiency virus (HIV)

Human papilloma viruses causing cervical cancer

For their discoveries concerning the activation of innate immunity
For his discovery of dendritic cell and its role in adaptive immunity

For the discovery that'mature cellscan be reprogrammed to become pluripotent

BACTERIAL CLASSIFICATION

The most recent taxonomic classification of bacteria isbased
on Cavalier and Smith's six kingdoms classification (1998). It
is the most accepted classification at present, surpassed the
previous five kingdom classification (Whittaker, 1969) and
three domain classification (Woese, 1990) (Table 1.4).

Cavalier and Smith's Classification

It is a molecular classification, which divides all living
siructures of the earth into six kingpdoms—Bacteria,
Protozoa, Chromista, Plantae, Fungi and Animalia.

Kingdom Bacteria is divided successively in decreasing
order of hierarchy into phvlum/division, class, order,
suborder, family, tribe, genus and species. For example,
the full taxonomical position of Escherichia coli is given in
Table 1.5.

Principle Used to Classify Bacteria

There is no universally accepted principle to classify
bacteria. There are mainly three approaches, phylogenetic,
Adansonian and molecular.
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TABLE 1.4: Taxonomic classification of living beings

Linnaeus Haeckel Chatton Copeland
1735 1866 1925 1938
2 kingdoms 3 kingdoms 2 empines 4 kingdoms
Prokaryota  Monem
{not treated) Protista
Protista
Eukaryota
Vegetabilia Plantae Plantae
Animalia Animalia Animalia

TABLE 1.5: Taxonomical position of Escherichia coli

Whittaker Woese et al. Cavalier-Smith
1969 19290 1998
5 kingdoms 3 domains & kingdoms
Bacteria
Monera Bacteria
Archaea
Protozoa
Protista
Chromista
Flantag Eucarya Plantae
Fungi Furngi
Animalia Animalia

Phylogenetic Classification

Kingdom | Endswith suffix | Bacteria This is a hierarchical classification representing a
Phylum etk e Frata branching tree-like arrangement; one characteristic (or
e ia Gammapecteobactena Lrait) l:s ]Jifl;lg employed for division at each node of the
tree (Fig. 1.2).
Subclass -idae [ & ) ” ; s z
» This system is called phylogenetic because it implies an
Khees i isalacten sles evolutionary arrangement of species.
Subarder -ineag » Here, the characteristics are arbitrarily given special
Family -aceae Enterobacteriaceae weightage. Depending on the characteristic so chosen,
Subfamily _pideae the classification would give different patterns.
Tribe e Sichiatchisde s The {:haraj::teristics wh_ich are given ilﬂpﬂrtanﬂe depend
o s up on various pmperues_uf the organisms ?u-::h as:
pE— + Morphology of bacteria—cocci or bacilli.
GE""_S Faehericila « Staining property such as gram-positive and gram-
Species E colf negative.
7 ™y
Bacteria Archaea Eucaryota
Grean
filamentous y
Spirochetes bacteria Entamoebag ﬂgl';i Animals
\ Gf_?m . Methanosarcina | A
| POSIVES T Methanobacterium Halophiles \
Protechacteria | A ~~Plants
, \ . Methanocooous
Cyanobaclera | Ciliates
Planctomyces . | Thermoproteus Flageliates
Vo : | Pyrodicticum
Bacleroides : i Trichomonads
cytophaga e !
= Microsporidia
Thermotoga - =
- Diplomonads
Aquifex
g 4

Fig. 1.2: Phylogenetic tree of classifying living structures based on weighted characters
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» Cultural characteristics such as lactose fermenting
and non-lactose fermenting colonies.

» Biochemical reactions, e.g. coagulase positive Staph-
ylococcus and coagulase negative Staphylococcus.

» Antigenic structure, e.g. antigenic structure of
somatic antigen present in bacterial cell wall.

» Though, this classification is a convenient and user
friendly method, but it is not a perfect method. Be-
cause the weighted characters used may not be valid all
the time for a piven bacterium. For example, fermenta-
tion of lactose though is an important property to clas-
sify family Enterobacteriaceae; but is not a permanent
trait. In due course of the time, bacteria may lose or
gain the property to ferment lactose.

Adansonian Classification

To avoid the use of weighted characteristics, Michel

Adanson proposed another method (1774) that classifies

organisms based on giving equal weight to every character

ofthe organism.

» This is also called phenetic classificatdon. It has its
greatest application in numeric taxonomy.

s Numerical taxonomy: The concept was first developed
by Robert R Sokal and Peter HA Sneath in 1963.

s With the advent of computer facilities, the principle
of phenetic classification has been extended further
so that very large numbers of characters of several
organisms can be compared at the same time.

# They have created a taxonomic system by using
numeric algorithms like cluster analysis rather than
using subjective evaluation of their properties which
are arbitrarily given special weightage.

Molecular Classification

It is based on the degree of genetic relatedness of different
organisms. Guanine +cytosine (G + C) content ofbacteriais
estimated after extracting DNA from pure bacterial culture.
The nucleotide base composition and the base ratio vary
widely among different groups of microorganisms, but for
any one particular species, it is constant.

NOMENCLATURE

Nomenclatureis the branch of taxonomy, thatisconcerned
with designating scientific names to taxa, based on a
particular classification scheme and in accordance with
agreed international rules and conventions.

» Bacterial nomenclature also follows the same rules as
proposed by Swedish botanist Carolus Linnaeus who
inventedthe modern system ofbinomial nomenclature.

» Scientific names for taxonomic levels above genus
are always capitalized but not italicized; for example,
Phylum Proteobacteria.

# In binomial nomenclatre system, the scientific name
of bacteria comprises of a penus name (starts with
a capital letter) and species name. Both genus and
species should be written in italic or are underlined;
e.g. Staphylococcus awreus or Staphylococcus aureus.

 The genus (plural: genera) is wsually a Latin noun
whereas the species refers to a defined taxon of
organisms within a particular genus.

# The genus and species are coined based on some
property of the bacteria; for example,

o Staphylococcus  awrens is named  after  their
arrangement in cluster (Staphyle means as bunch
of grapes) and type of pigmentation they produce
[aureus meaning golden yvellow)

» Neisseria meningitidisisnamed after— the discoverer
(U. Neisser) and the disease it causes [meningitis).

» Brucella suis and Brucella melitensis (named afier
the discoverer (Brucella from David Bruce) and the
animal host (suis meaning pig) and the place of
discovery (melitensis from Malta, Europe).

» Typing: The species can also be classified further by
various typing methods as described in Chapter 5.

Type Cultures

There are many international reference laboratories which

are designated as type culture reference centers.

» They maintain the representative culiures of the
established species, which show all the standard
characteristics of the original strain.

» The sirains isolated in the laboratories are compared
using the standard strains supplied by these type
culture centers.

» The original cultures of any new species described are
deposited in type collection centers.

# The two most important type collection centers of the
world are:

+ ATCC (American Type Culture Collection ), USA
» NCTC (National Collection of Type Cultures], UK.

EXPECTED QUESTIONS

I. Write short notes on:

1. Bacterial taxonomy

2. Contributions of Louis Pasteur in the field of microbiology
3. Contributions of Robert Koch in the field of microbiclogy



CHAPTER 2

Morphology and Physiology of Bacteria

* (Classification of microorganisms
* Microscopy

= Staining technigues

* Maorphology of bacteria

CLASSIFICATION OF MICROORGANISMS

Microorganisms are grouped under both prokaryotes and

eukaryoles.

» Bacteria and blue green algae are placed under
prokaryotes. They have a primitive nucleus, and other
properties of a prokaryotic cell (Table 2.1).

» Whereas other algae, fungi and parasites (protozoa and
helminths) belong to eukaryotes; having a well- defined
nucleus and various eukaryotic cellular organelles.

» Viruses are considered neither prokaryotes nor
eukaryotes because they lack the characteristics of
living things, except the ability to replicate.

Size of the microorganisms

structures

Microorganisms are extremely small. The size of the bacteria
is expressed in micrometers (lpm = 10° mm) whereas
viruses are measured in nanometers (lnm = 10-*pm).

Most of the bacteria of medical importance generally
measure 0.2-1.5 pm in diameter and about 3-5 pm in
length, while the majority of the human pathogenic viruses
range 20-300 nm in diameter.

Because of the small size, microorganisms cannot
be seen distincily with the unaided eye but need a
microscope for their visualization. Most bacteria can be
observed by light micrmoscope whereas viruses need an
electron microscope. Hence, it is important to understand
how the microscope works and the method of specimen
preparation (staining techniques) for examination.

MICROSCOPY

The following types of microscopes are in use now.
» Bright-field or light microscope

» Dark field microscope

» Phase contrast microscope

+ Bacterial cell wall
+ Cell wall appendages and other

* Physiology of bacteria
+ Bacterial growth and nutrition
+ Bacterial metabolism

TABLE 2.1: Characteristics of prokaryotes and eukaryotes

Characteristics Prokaryotes Eukaryotes
Major groups Bacteria, blue Fungi, parasites, other
green algae algae, plants and
animals

Mucleus Diffuse Well defined
Muclear membrane  Absent Present
Mucleolus Absent Present
Ribonucleoprotein  Absent Present
Cell division Binary fission Mitosis, meiosis
Chromosome One, circular Many, liner

Extrachromosomal Found in plasmid  Found in

DMA mitochondria

Does notcontain Contain sterols

sterols exceptin

Cell membrane

mycoplasma
Cellular organelles Absent (except Present
like mitochondria, ete.  ribosome)
Ribosome 705 805
Site of respiration Mesosome Mitochondria
Pinocytosis Absent Present

Abbreviations: 5-Svedberg unit

» Fluorescence microscope
» Electron microscope

Properties of a microscope

A pood microscope should have at least three properties:
1. Good resolution: Resolution power refers to the
ability to produce separate images of closely placed
objects so that they can be distinguished as two
separate entities. The resolution power of—
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» Unaided human eye is about 0.2 mm (200 pm).

» Light microscope is about 0.2 pm.

» Electron microscope is about 0.5 nm.

Resolution depends on refractive index of the

medium. 0il has a higher refractive index than air;

hence, use of oil enhances the resolution power of a

microscope.

2. Good contrast: This can further be Improved by
staining the specimen. When the stains bind to the
cells, the contrast is increased.

3. Good magnification: This is achieved by use of
lenses. There are two type of concave lenses used:

» Ocular lens with a magnification power of 10x.

» Objective lens-scanning (4x), low power (10x]),
high power (40x) and oil immersion { 100x).

Total magnification of a field is the product of the

magnification of objective lens and ocular lens:

s Scanning field (40x)

Low power field [100x)

High power field (400x) and

» Oilimmersion field {1000x)

BRIGHT-FIELD OR LIGHT MICROSCOPE

The bright-field or light microscope forms a dark image
against a brighter background, hence the name.

Structure

The parts in a bright-field microscope are divided into
three groups (Fig. 2.1):

Mechanical Parts

» Base: It holds various parts of microscope, such as the
light source, the fine and coarse adjustment knohs.

» C-shaped arm: [tholds the microscope, and it connects
the ocular lens to the objective lens.

» Mechanical stage: The arm bears a stage with stage
clips to hold the slides and the stage control knobs to
move the slide during viewing, It has an aperture at the
center that permit light to reach the object from the
bottom.

Magnifying Parts

s Ocular lens: The arm contains an eyepiece that bears
an ocular lens of 10x magnification power. Microscopes
with twoeye pleces are called as binocular microscopes.

s Objective lens: The arm also contains a revolving nose
piece that bears three to five objectives with lenses of
differing magnifying power (4x,10x,40x and 100x).

Muminating Parts

» Condenser: It is mounted beneath the stage which
focuses a cone of light on the slide.

- ™

Ocular lens

Coarse
adjustment

Revolving
nosepiece

Ohjective
lens

Stange

Iris diaphragm
Condenser
Light source

A *
Fig.2.1: Bright-field microscope

Souwrce: Nikon Alphaphot

» Iris diaphragm: It controls the light that passes through
the condenser.

» Light source: It may be a mirror or an electric bulb.

» Fineand coarse adjustment knobs: They sharpenthe image.

Working Principle

The rays emitted from the light source pass through the iris
diaphrapm and fall on the specimen. The light rays passing
through the specimen is gathered by the objective and a
magnified image is formed. Thisimage isfurther magnified
by the ocular lens to produce the final magnified virtual
image (Fig. 2.2).

DARK FIELD MICROSCOPE

Principle

In dark field microscope, the object appears bright against
a dark backpground. This is made possible by use of a
special dark field condenser (Fig. 2.2).

» The dark field condenser has a central opaque area that
blocks light from entering the objective lens directly
and has a peripheral annular hollow area which allows
the light to pass through and focus on the specimen
obliquely.

s Only the light which is reflected by the specimen
enters the objective lens whereas the unreflected
light does not enter the objective. As a result, the
specimen is brightly illuminated; but the background
appears dark.



Chapter 2 Morphology and Physiology of Bacteria 11

Eye Eye
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— Qcular lens

Obgective lens
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Both reflactad by the specimen is
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Opagqua disk

Li‘élhi Dark field condenser

Fig. 2.2: Light pathways of bright-field and dark field
MiCroscopes

Light

Bright-field
A

%

Applications

Dark field microscope is uwsed to identify the living,
unstained cells and thin bacteria like spirochetes which
cannot be visualized by light microscopy.

PHASE CONTRAST MICROSCOPE

As per its name, in phase contrast microscope the contrast
is enhanced. This microscope visualizes the unstained
living cells by creating difference in contrast between the
cells and water. It converts slight differences in refractive
index and cell density into easily detectable variations in
light intensity. Contrast can also be enhanced by staining
the specimen, but as staining kills the microbes, the
properties of living cells cannot be studied.

Principle

The condenser is similar to that of dark field microscope,
consists of an opague central area with a thin transparent
ring, which produces a hollow cone of light.

» As this cone of light passes through a cell, some light
rays are bent due to variations in density and refractive
index within the specimen and are retarded by about
one-fourth of a wavelength (Fig. 2.3).

» The undeviated light rays sirike a phase ring in the
phase plate, (a special optical disk located in the
objective), while the deviated rays miss the ring and
pass through the rest of the plate.

7 &

Phﬂsf_.l_plale

[_

Bacterium

Ray deviated by Deviated ray is Deviated and

specimen is 1/4 1/2 wavelength undeviated rays

wavelength out out of phase cancel each
of phase cther out

Fig. 2.3: Principle of phase contrast microscope

» The phase ring is constructed in such a way that the
undeviated light passing through it is advanced by one-
fourth of a wavelength, the deviated and undeviated
waves will be about half wavelength out of the phase
and will cancel each other when they come together to
form an image (Fig.2.3).

» The background, formed by undeviated light, is bright,
while the unstained object appears dark and well-
defined.

The light rays go through — condenser — specimen (eg
bacteria) —+ phase ring — objective lens — ocular lens.

Applications

Phase contrast microscopy isespecially useful for studying:

s Microbial motility

# Determining the shape ofliving cells, and

» Detecting bacterial components, such as endospores
and inclusion bodies which become clearly visible
because they have refractive indices markedly different
from that of water.

FLUORESCENCE MICROSCOPE

The “fluorescence microscope” refers to any microscope
that uses fluorescence property to generate an image.

Principle

When fluorescent dyes are exposed to ultraviolet rays (UV)

rays, they become excited and are said to fluoresce, Le.

they convert this invisible, short wavelength rays into light

of longer wavelengths (i.e. visible light) (Fig. 2.4).

# The source of light may be a mercury lamp which emits
rays that pass through an excitation filter.
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Fig. 2.4: Principle of fluorescence microscope

» The excitation filter is s0 designed that it allows only
short wavelength UV light (about 400 nm, called as the
exciting wavelength of light) to pass through; blocking
all other long wavelength rays.

s The exciting rays then get reflected by a dichromatic
mirror in such a way that they fall on the specimen
which is priorly stained by fluorescent dye. Then the
specimen is focused under the microscope.

» The fluorescent dye absorbs the exciting rays of short
wavelength, pets activated and in turn emits fluorescent
rays of higher wavelength.

# A barrier filter positioned after the objective lenses
removes any remaining uliraviolet light, which could
damage the viewer's eyes, or blue and violet light,
which would reduce the image’s contrast.

Applications

Epifluorescence microscope: It is the simplest format

of fluorescence microscope, which has the following

applications.

# Auto fluorescence: Certain microbes directly fluoresce
when placed under UV lamp, e.g. Cyclospora (a proto-
Zoan parasite).

# Microbes coated with fluorescent dye: Certain
microbes fluoresce when they are stained non-
specifically by fluorochrome dyes.

» Acridine orange dye is used for the detection of
malaria parasites by a method called as quantitative
buffy coat ((JBC) examination.

A .

Fig. 2.5: Tubercle bacilli seen under fluorescence microscope

+ Auramine phenolis used for the detection of tubercle
bacilli (Fig. 2.5).

» Immunofluorescence: It uses florescent dye tagged
immunoglobulins to detect cell surface antigens or
antibodies bound to cell surface antigens. There are
two types- direct and indirect immunofluorescence test
(described in detail in Chapter 12).

Confocal microscope: It is an advanced design of

fluorescence microscope, which uses optical sectioning to

get better resolution of the fluorescent image.

ELECTRON MICROSCOPE

An electron micmscope (EM) uses accelerated electrons
as a source of illumination. Because the wavelength of
electrons can be up to 100,000 times shorter than that of
visible light photons, the EM has a much better resolving
power than a light microscope; hence, it can reveal the
details of flagella, fimbriae and intracellular structures of
a cell. It was invented by German physicist Ernst Ruska
in 1931. Differences between light microscope and EM are
listed in Table 2.2, Electron microscopes are of two types:

1. Transmission electron microscope (most common

type) (Fig. 2.6)
2. Scanning eleciron microscope

TABLE 2.2: Differences between light microscope and electron
microscope

Features Light Electron microscope
MICToSCope

Highest practical  About 1,000~ Onver 100,000
magnification 1,500

Best resolution 0.2pm 0.5 nm

Radiation source  Visible light Electron beam

Medium of travel  Air High vacuum

Specimen mount  Glass slide Metal grid (usually copper)
Typeof lens Glass Electromagnet
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Fig. 2.6: Transmission electron microscope (parts)

Source: David ) Morgan/Wikipedia

Transmission Electron Microscope

Specimen Preparation

The specimen to be viewed under EM should be able to
maintain its structure when itis bombarded with electrons.
Hence, only very thin specimens (20-100 nm thickness)
are suitable for EM. However, bacterial cells are thicker
than this; hence, they need to be sliced into thin layers. To
prepare the thin specimen, the following steps are needed:
» Fixation: Cells are fixed by using glutaraldehyde or
osmium tetroxide for stabilization.

» Dehydration: Specimen is then dehydrated with
organic solvents (e.g. acetone or ethanol).

s Embedding: Specimen is embedded in plastic polymer
and then, is hardened to form a solid block. Most
plastic polymers are water insoluble; hence, complete
dehydration of specimen is must before embedding.

» Slicing: Specimen is then cut into thin slices by an
ultramicrotome knife. Such thin slices of specimen are
mounted on a metal slide (copper).

Electron Pathway

Electrons are generated by electron gun, which travel

in high speed. The medium of wravel in EM should be a

fully vacuum path because in air path, electrons can get

deflected by collisions with air molecules.

» Electron pass through a magnetic condenser and then
bombard on the thin sliced specimen mounted on the
copper slide.

» The specimen scatters electrons passing through it,
and then the electron beam is focused by magnetic
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Fig. 2.7: Principle of transmission electron microscope

lenses [objective lens followed by projector lenses) to
form an enlarged, visible image of the specimen on a
fluorescent screen (Fig. 2.7).

» Adenser regioninthe specimen scatters more electrons
and therefore appears darker in the image since fewer
electrons strike that area of the screen. In contrast,
electron-transparent regions are brighter.

Measures to Increase the Contrast of EM

o Staining: Like light microscopy, in EM also, the
specimens can be stained. Here, the stains used are
solutions of heavy metal salis like lead citrate and
uranyl acetate which bind to the cell structures and
make them more electron opaque, thus increasing the
contrast in the material.

» Negative staining: The specimen is spread out ina thin
film with heavy metals like phosphotungstic acid or
uranyl acetate.

+ Heavy metals do not penetrate the specimen but
render the background dark, whereas the specimen
appears bright in photographs.

+ Negative staining is an excellent method to study
the structure of viruses, bacterial pas vacuoles, and
other similar material.

» Shadowing: Specimen is coated with a thin film of
platinum or other heavy metal at 45” angle so that the
metal strikes the microorganism on only one side.

« The area coated with metal scatters electrons and
appears light in photographs, whereas the uncoated
side and the shadow region created by the object
appears dark.

+ Thistechnique is particularly useful in studying virus
morphology, bacterial flagella, and plasmids.
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Freeze-etching Technique

It is an alternate method for specimen preparation to

disclosetheshapeoforganelles withinthe microorganisms.

# Cells are rapidly frozen in liquid nitrogen and then
warmed to -100°C in a vacuum chamber. This makes
the cells weaker so that the cells can be fractured by a
knife exposing the internal organelles. The knife should
be precooled with liquid nitrogen (-196°C).

» Sublimation: The specimen is left in high vacuum for
a minute or more so that some of the ice can sublimate
away and uncover more structural details.

» Finally, the exposed surfaces are shadowed and coated
with layers of platinum and carbon to form a replica of
the surface.

» After the specimen has been removed chemically, this
replica is studied in the TEM, which provides a detailed,
three-dimensional view of intracellular structure.

» In freeze-etching, the danger of artefacts is minimal
as the cells are frozen quickly rather than subjected to
chemical fixation as done in conventional specimen
preparation.

Scanning Electron Microscope (SEM])

Scanning electron microscope has been used to examine
the surfaces of microorganisms in great detail. It has a
resolution of 7 nm or less. The SEM differs from TEM, in
producing an image from electrons emitted by an object’s
surface rather than from transmitted electrons.

STAINING TECHNIQUES

Structural details of bacteria cannot be seen under light
microscope due to lack of contrast. Hence, it is necessary
to use staining methods to produce color contrast and
thereby increase the visibility. Before staining, the fixation
of the smear to the slide is done.

Fixation

Fixation is the process by which the internal and external

structures of cells are preserved and fixed in position. It also

inactivates the enzymes that might disrupt cell morphology.

It toughens cell structure so that they do not change during

staining. It kills and fixes the cells on to the slide.

There are two types of fixation as follows:

= Heat fixation: It is usually done for bacterial smears by
gently flame heating an air-dried film of bacteria. This
adequately preserves overall morphology but not structures
within the cells,

= Chemical fixation: It can be done using ethanol, acetic
acid, mercuric chloride, formaldehyde, methanol and
glutaraldehyde. They are used to protect the fine internal
structure of cells. This is useful for examination of blood
smears.

The fixed smear is stained by appropriate staining
technique.

COMMON STAINING TECHNIQUES USED IN
MICROBIOLOGY

Simple stain: Basic dyes, such as methylene blue or
basic fuchsin are used as simple stains. They provide
the color contrast, but impart the same color to all the
bacteriain a smear

s Negative staining: A drop of bacterial suspension is
mixed with dyes, such as India ink or nigrosin. The
background gets stained black where as unstained
bacterial/yeast capsule stand out in contrast. This is
very useful in the demonstration of bacterial/yeast
capsules which do not take up simple stains.

s Impregnation methods: Bacterial cells and structures
that are too thin to be seen under the light microscope,
are thickened by impregnation of silver salts on their
surface to make them visible, e.g. for demonstration of
bacterial flagella and spirochetes.

» Differential stain: Here, two stains are used which
impart different colors to different bacteria or bacterial
structures, which help in differentiating bacteria. The
most commonly employed differential stains are—

+ Gram stain: It differentdates bacteria into gram-
positive and gram-negative groups

+ Acid-fast stain: It differentiates bacteria into acid-
fast and non acid-fast groups

+ Albert stain: It differentiates bacteria having meta-
chromatic granules from other bacteria that do not
have.

GRAM STAIN

This staining technique was originally developed by Hans
Christian Gram (1884). Even after more than 130 years
of its discovery and even if the newer modern diagnostic
facilities are available, still Gram stain remains the most
widely used stain in diagnostic bacteriology.

Procedure

» Fixation: The smear made on a slide from bacterial
culture or specimen, is air dried and then heat fixed.

» Primarystain: The smear is stained with pararosaniline
dyes such as crystal violet (or gentian violet or methyl
violet] for one minute. Then the slide is rinsed with
water. Crystal violet stains all the bacteria violet in
color (irrespective of whether they are gram-positive or
negative).

# Mordant: Gram's iodine (dilute solution of iodine) is
poured over the slide for one minute. Then the slide is
rinsed with water. Gram's indine acts as a mordant.
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» Decolorization: Next step is pouring of few drops of = Gram-negative bacteria are decolorized and, therefore,
decolorizer to the smear: e.g. acetone (for 1-2 sec) or take counterstain and appear pink.
ethanol [(20-30 sec) or acetone alcohol (for 10 sec) or 4 T ol
indine acetone. Slide is immediately rinsed with water. Principle of Gram Staining
Decolorizer removes the primary stain from gram- Though the exact mechanism is not understood, the
negative bacteria while the gram-positive bacteria following theories have been put forward.

retain the primary stain. » pH theory: Cytoplasm of gram-positive bacteria is
S . more acidic, hence, can retain the basic dye (e.g. crysial
Note: Decolorization is the most crucial step of Gram violet) for longer time. Indine serves as mordant, i.e. it

stain. If the decolorizer is poured for more time, even gram-
positive bacteria loose color (over decolorization) and if
poured for less time, the gram-negative bacteria do not lose

combines with the primary stain to form a dye-iodine
complex which gets retained inside the cell.

the color of primary stain properly (under decolorization). = Cell wall theory: This is believed to be the most
important postulate to describe the mechanism of
»« Counter stain: Secondary stains such as safranin Gram stain.

or diluted carbol fuchsin is added for 30 seconds. It « Gram-positive cell wall has a thick peptidoglycan
imparts pink or red color to the gram-negative bacteria. laver (50-100 layers thick), which are tightly cross

Alternatively, neutral red may also be used as counter linked to each other.
stain, especially for gonococci. The slide is rinsed in tap « The peptidoglycan itself is not stained; instead, it
water, dried, and then examined under oil immersion seems to act as a permeability barrier preventing
objective. loss of crystal violet. More so, alcohol is thought to

The steps of Gram staining and the color of gram-
positive and negative bacteria after each step are
depicted in Figure. 2.8.

shrink the pores of the thick peptidoglycan.

« Gram-negative cell wall is more permeable thus
allowing the out flow of crystal violet easily. This is
attributed to—

+ The thin peptidoglycan layer in gram-negative
cell wall which is not tightly cross linked.

+ Presence of lipopolysaccharide layer in the
cell wall of gram-negative bacteria, which gets
disrupted easily by the action of acetone or
alcohol; thus allowing the primary stain to come

Interpretation of Gram Stain

Smear is examined under oil immersion objective.
» Gram-positive resist decolorization and retain the color
of primary stain i.e. violet.

a D o D b out of the cytoplasm.
& « After mordanting with Gram's iodine, bigger dye-
' Step-1: Primary stain iodine complexes are formed in the cytoplasm.
Crystal violet for 1 minute Following decolorization, as more lipid content
, o nwatEr rinse in gram-negative bacterial cell wall gets dissolved
leading to formation of larger pores through
\ Step-2: Mordant which the dye-iodine complexes escape. Due
l Gram’s iodine for 1 minute to less lipid in gram-positive bacterial cell wall
ﬁ o © Waterrinse smaller pores are formed which do not allow the
dye-iodine complexes to escape.
M Step-3: Decolorization
l gg?,:ﬂ:;ﬁ;,g;ﬁ;ﬁg?g%ﬁ;& o Modifications of Gram Staining
© @ Water rinse immadiataly There are few minor modifications of Gram stain which
Eo . vary slightly from the method described earlier.
- g‘!:l:::i;cf:rugafagt::;onds » Kopeloff and H-e_erman's mud]ﬂcatlmF Primary stain
\Water rinse and blot and counter stain used are methyl violet and basic
) o © fuchsin respectively,
v _ » Jensen's modification: This method involves use
\ T ) of absolute alcohol as decolorizer and neutral red

as counter stain. It is useful for meningococci and
Fig. 2.8: Principle and procedure of Gram staining gonococcl.



16 Section 1 General Microbiology

» Weigert's modification: This modification is useful for
staining tissue sections. Here, aniline-xylol is used as a
decolorizer.

# Preston and Morrell's modification: Here, iodine-
acetone is used as decolorizer.

Uses of Gram 5tain

« Differentiation of bacteria into gram-positive and
gram-negative: [t is the first step towards identification of
bacteria.

= For identification: Gram staining from bacterial culture
gives an idea to put the corresponding biochemical test for
further identification of bacteria

« To start empirical treatment: Gram stain from specimen
gives a preliminary clue about the bacteria present (based
on the shape and Gram staining property of the bacteria)
so that the empirical treatment with broad spectrum
antibiotics can be started early before the culture report is
available.

= For fastidious organisms, such as Heemophilus which
takes time to grow in culture; Gram stain helps in early
presumptive identification.

= Anaerobic organisms, such as Clostridium, which do
not grow in routing culture. Hence, Gram stain gives a
preliminary clue to put anaerobic culture.

» Yeasts: In addition to stain the bacteria, Gram stain is useful
for staining certain fungi such as Candida and Cryptococcus

l[appear gram-paositive).

ACID-FASTSTAIN

The acid-fast stain was discovered by Paul Ehrlich and
subsequently modified by Ziehl and Neelsen. This
staining is done to identify acid-fast organisms, such as
Mycobacterium tuberculosis and others (Table 2.3). Acid-
fastness is due 1o presence of mycolic acid in the cell wall.

TABLE 2.3: Acid-fast organisms/structures and percentage of
sulfuric acid suitable for staining

Sulfuric acid
(%) needed for
decolorization

Acid-fast organisms /structures

Mycobacterium tuberculosis 25%
Mycobacterium leprae 5%
Noaardia 1%
Acid-fast parasites such as Cryptosporidium,

Cyclospora, [sesopra, Microsporidia

Taenia saginata (segments and eggs), 1%
hooklets of hydatid cyst and eggs of

Schistosoma mansoni

Bacterial spore 0.25-0.5%
Sperm head 0.5=1%
Legionells micdadei 0.5-1%

Ziehl-Neelsen Technique (Hot Method)

» Fixation: The smear is heat fixed.

» Primary stain: Smear is poured with sirong carbol
fuchsin for 5 minutes with intermittent heating by
flaming the underneath of the slide unil the fumes
appear [refer Chapter 27 for detail).

» Decolorization: It is done by adding 25% sulfuric acid
for 3 minutes.

» Counter staining: It is done by adding methylene blue
for 1 minute. Slide is rinsed in tap water, dried, and t
hen examined under oil immersion objective.

Interpretation

Mycobacterium  tuberculosis appears as long slender,
beaded, red colored acid-fast bacillus. Other non-acid fast
organisms present in the smear and the background take
up the counter stain and appear blue (refer Fig. No. 27.2 of
Chapter 27).

Modifications of Acid-Fast Staining

Hot method (Ziehl-Neelsen technique) is the most
commonly done acid-fast staining technique. Other
modifications are as follows:

» Cold method (Kinyoun's method): It is modification,
where the intermittent heating is not required.
(Described in detail in Chapter 27).

» Acid-alcohol can be used as decolorizer alternatively.

» Malachite green can be used as counter stain.

» Concentration of sulphuric acid mayvary depending on
the acid-fastness of the structure to be demonstrated.
More the content of mycolic acid in the cell wall, more
is the acid-fasmness, hence more is the percentage of
sulphuric acid needed for decolorization ( Table 2.3).

ALBERT 5TAIN

Albert stain is used to demonstrate the metachromatic
granules of Corynebacterium diphtheriae.

Procedure

» Fixation: The smear is heat fixed.

» Smear is covered with Albert I (Albert’s stain) for 5
minutes, then is washed in water, and blotted dry.

s Albert II (lodine solution) is added for 1 minute.

s Slide s washed in water, blotted dry and examined
under oil immersion field.

Interpretation

(. diphtheriae appears as green colored bacilli arranged
in Chinese letter or cuneiform pattern, with bluish
black metachromatic granules at polar ends. (Refer
Fig. no. 24.2 of Chapter 24). These can be differentiated
from diphtheroids which do not show granules and are
arranged in palisade pattern. However, certain bacteria,



such as C. xerosis and Gardnerella vaginalis also possess
metachromatic granules.

MICROSCOPY OF BACTERIAIN LIVING STATE

Unstained (Wet) Preparations

Unstained preparations are examined mainly for checking
bacterial motility (e.g. hanging drop and wet mount
preparations) and for demonstration of spirochetes (e.g.
dark field or phase contrast microscopy).

Vital Stains

Vital stains are capable of differentiating the living cells
from dead cells. The live cells are capable of excluding
the dye and stain negatively whereas the dead cells stain
positively as they cannot exlude the dye. The viability can
he assessed by counting the percentage of total cells that
stain negatively. Vital stains have greater applications in
some diagnostic and surgical technigques.

# In supravital staining, living cells that have been
removed from an organism are stained (in vitro),
whereas the intravital staining is done by injecting
stain into the body (in vivo).

» Examples of vital stains are eosin, propidium iodide,
trypan blue, erythrosine and neutral red.

MORPHOLOGY OF BACTERIA

SHAPE OF BACTERIA

Depending on their shape, bacteria are classified into:

» Cocei (singular coccus, from; kokkos, meaning berry)-
are oval or spherical cells and

» Bacillior rods (singular bacillus, meaning rod shaped).

Cocci are arranged in groups (clusters), pair or chains.

Similarly, bacilli can be arranged in chain, pair, and some

bacilli are curved, comma shaped, or cuneiform shaped

(Table 2.4, Fig. 2.9).

Both cocci and bacilli are further classified based on Gram

staining property into (Table 2.4, Fig. 2.9):

= Gram-positive cocci

= Giram-negative coccl

Gram-positive bacilli

» Gram-negative bacilli

However, there are some bacteria that are weakly

Gram stained and hence need special stains for their

demonsiration, such as:

s Spirochetes [Treponema and Leptospira )—thin spirally
coiled bacilli.

» Mycoplasm as (cell wall deficient free living bacteria)

» Rickertsiae and chlamydiae are obligate intracellular
bacteria.
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TABLE 2.4 Classification of bacteria depending on their
morphology and Gram staining property

e .

Cluster Staphylococcus

Chain Streptococcu's

Pairs, lanceolate shaped Preumococcus

Pairorin short chain, spectacle eyed  Enterococcus

shape

Tetrads Micrococcus
Sarcing

Octate

Pairs, lens shaped Meningococcus

Pairs, kidney shaped GONOCOOCUS

Chain [bamboo stick appearance) Bacillus anthracis

Chain Streptobacilius

Chinese letter or cuneiform pattern  Corynebacterium diphtheriae

Palisade pattern Diphtheroids

Branched and filamentous form Actinomyces and Nocardia

Pleomorphic (various shapes) Haemophilus, Proteus

Thumb print appearance Bordetella pertussis

Comma shaped (fish in stream Vibrio cholerae

appearance)

Curved Campylobacter  (Gull-wing
shaped) and Helicobacter

Spirally coiled, flexible Spirachetes

Rigid spiral forms Spitifium

Bactera that lack cell wall Myaoplasma

Bacterial cell anatomy comprises of the following

structures (Fig 2.10):

» The outer layer or the envelope of a bacterial cell
consists of—(1) a rigid cell wall and (2) underlying
plasma membrane.

» The cytoplasm contains cytoplasmic inclusions (meso-
somes, ribosomes, inclusion granules, vacuoles) and a
diffuse nucleoid containingsingle circular chromosome.

= Some bacteria may possess additional cell wall
appendages such as capsule, flagella and fimbriae.

BACTERIAL CELL WALL

The cell wall is a tough and rigid structure, surrounding the

bhacterium. It is 10-25 nm in thickness and weighs about

20-25% ofthe dry weight of the cell.

The cell wall has following functions:

s It provides protection to the cell against osmaotic lysis.

s It confers rigidity upon bacteria due to presence of
peptidoglycan layer in the cell wall.
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Fig. 2.9: Different morphology of bacteria and Gram-staining
property

» It accounts for the shape ofthe cell.

» ltrakes part in cell division.

» The cell wall can protect a cell from toxic substances
and isthe site of action of several antibiotics.

» Virulence factors-Bacterial cell wall contains certain
virulence factors (e.g. endotoxin), which contribute to
their pathogenicity.

» Immunity: Antibody raised against specific cell wall
antigens (e.g. antibody to LPS) may provide immunirty
against some bacterial infection.

Gram-positive Cell Wall

Cell wall of gram-positive bacteria is simpler than that of
gram-negative bacteria (Table 2.5).

Peptidoglycan

In gram-positive bacteria, the peptidoglycan layer is much

thicker (50-100 layers thick, 16-80 nm) than gram-negative

cell wall (Fig. 2.11).

» Each layeris amucopeptide (murein) chain, composed
of alternate units of N-acetyl muramic acid [NAM)
and N-acetyl plucosamine [NAG) molecules; cross
linked to each other via tetrapeptide side chains and
pentaglycine bridges.

» Atetrapeptide side chain ascended from NAM molecule
is composed of L-alanine—D-plutamine—L-lysine—
D-alanine.

Inclusion ﬂ\'l
Capsule

Mucleoid Ribosome  hodies

Plasma
meambrane

i

4 Flagelium Fimbriae
. ks

Fig. 2.10: Structure of bacterial cell

TABLE 2.5: Differences between gram-positive and gram-
negative cell wall

Characters Gram-p ositive Gram-negative cell
cell wall wall
Peptidoglycan layer Thicker Thinner (2 nm)
{15=-80 nm)})
Atthird position of  L-Lysine present  Mesodiaminopimelic
tetrapeptide side acid present
chain
Pentaglycine bridge  Present Absent
Lipid content Nil or scanty Present (15-20%)
(2-5%)
Lipopolysaccharide Absent Present (endotoxin)
Teichoic acid Present Absent
Variety of amino acids  Few Several
Aromatic amino acids  Absent Present
a Lipoteichoic acid Taichoic acid h
- I
=
8
e,
_m_
2
=9
&
-1
Periplasmic
space
g
E g
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E
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Fig.2.11: Structure of gram-positive cell wall
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Fig. 2.12: Peptidoglycan layer of gram-positive cell wall

s The L-lysine of one tetrapeptide chain is covalently
linked to the terminal D-alanine of the adjacent chain
via a pentaglycine bridge. (Fig. 2.12).

Teichoic Acid

Gram-positive cell wall contains significant amount of
teichoic acid which is absent in gram-negative bacteria.
Theyare polymersof glycerol orribitol joined by phosphate
groups. The functions of these molecules are still unclear,
but they may be important in maintaining the structure of
the cell wall. Teichoic acids are of two types:
1. Cell wall teichoic acid: It is covalently linked to NAM
molecules of peptidoglycan.
2. Lipoteichoic acid: It is attached to lipid groups of cell
membrane.

Gram-negative Cell Wall

Gram-negative cell wall is thinner and more complex than
the Gram-positive cell wall, comprises of the following
components (Fig. 2.13) (Table 2.5).

Peptidoglycan Layer

It is very thin (1-2 layer, 2nm thick), composed of a

mucopeptide chain similar to that of gram-positive cell

wall, and consists of alternate NAM and NAG molecules.

However, it differs from the latter by (Fig. 2.14)—

» Meso-diaminopimelic acid is present at third position
of the tetrapeptide side chain ascended form NAM
molecule (side chain 5 composed of L-alanine— D-
glutamine-D—mesodiaminopimelic acid —D-alanine )

» The pentaglycine bridge is absent.

» The tetrapeptide side chains are directly linked to each
other by the covalent linkage between D-alanine of one
chainwith mesodiaminopimelic acid of the adjacent chain.

Outer Membrane

This is a phospholipid layer which lies outside to the thin

peptidoglycan layer; firmly attached to the latter by covalent

linkage of membrane protein called Braun's lipoprotein.

Ifaular membeane proteins (OMP) Braun's lipoprotein N

O-specific
side chains

Core
o polysaccharide
) 7 L r— Lipid- A

)
— Chutar
membrang

— Pariplasmic
space and
peplidoghycan

— Plasma
membrang

CL-alaning

@ D-glutamine

o Mesodiaminopimelic
acid

2 D-alaning

S

Fig. 2.14: Peptidoglycan layer of gram-negative cell wall

» It serves as a protective barrier to the cell.

s Outer membrane proteins (OMP) or porin proteins.
They are the specialized proteins present in outer
membrane. Three porin molecules cluster together and
span the outer membrane to form a narrow channel
through which molecules smaller than about 600-700
daltons can pass.

» Largermoleculessuch asvitamin B must be transported
across the outer membrane by specific carriers.

» The outer membrane also prevents the loss of constit-
ents such as periplasmic enzymes.

Lipopolysaccharide (LPS)

This layer is unique to gram-negative bacteria which is
absent ingram-positives. It consists of three parts:
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» Lipid A or the endotoxin: It has endotoxic activities,
such as pyrogenicity, lethal effect, tissue necrosis, anti-
complementary activity, B cell mitogenicity, adjuvant
property and antitumour activity.

« It consists of two glucosamine sugar derivatives,
each with three fatty acids and phosphate attached.

« [tis buried in the outer membrane and the remainder
of the LPS molecule projects from the surface.

» Core polysaccharide: It is projected from lipid A region.
It is composed of 10-12 sugar moieties.

» 0 side chain (or O antigen): It is a polysaccharide
chain extending ourwards from the core polysaccharide
region. It is made up of several sugar moieties and it
greatly varies in composition between bacterial strains.
0 antigen is a major surface antigen (called somatic
antigen), induces antibody formation. It is also used for
serotyping.

Periplasmic Space

It is the space between the inner cell membrane and outer
membrane. It encompasses the peptidoglycan layer.

Demonstration of the Cell Wall

The cell wall cannot be seen by light microscope and does
not stain with simple dyes. Demonstration of cell wall can
be done by methods such as:

» Plasmolysis: When bacteria are placed in a hypertonic
saline, shrinkape of the cytoplasm occurs, while cell
wall retains original shape and size.

» Microdissection

» Differential staining

s Reaction with specific antibody

s Electron microscopy

CELL MEMBRANE

The plasma membrane is essential for the survival of the

bacteria.

# Fluid mosaic model is the most widely accepted
current model to describe the membrane structure.

s Itis 5-10 nm thick, composed of bilayered phospholipid
in which several proteins are embedded, such as
integral proteins and peripheral proteins (Fig. 2.15).

s lidiffers from eukaryotic membranesinlacking sterols,
such as cholesterol (except in Mycoplasma). However,
many bacterial membranes do contain pentacyclic
sterol-like molecules called hopanoids.

» Carbohydrate: Some carbohydrates are often attached
to the outer surface of plasma membrane proteins.

Functions

» Itisasemipermeable membrane acting as an osmotic
barrier; allows selectively only particular ions and

"/r Carbolhfdrates R
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Fig. 2.15: Structure of bacterial cell membrane

molecules to pass, either into or out of the cell, while
preventing the movement of others.

» Transport system: Proteins and enzymes present in
cell membrane are involved in nutrient uptake, and
waste excretion.

» Site for metabolic processes: Bacterial cell membrane
is the site of a variety of crucial metabolic processes
such as: Respiration, the synthesis of lipids and cell
wall, and probably chromosome segregation.

» Special receptor molecules located in the membrane
help the bacteria to detect and respond to chemicals in
their surroundings.

CYTOPLASMIC MATRIX

Bacterial cytoplasm, unlike that of eukaryotes, lacks
membrane-bound organelles. The cytoplasmic matrix is
mainly composed of water (about 70% of bacterial mass
is water) and is packed with ribosomes, storage pranules
called inclusions and cell membrane invaginatons
called mesosomes. They lack true cytoskeleton, but do
have a cytoskeleton-like system of proteins. The plasma
membrane and everything within itis called the protoplast.

Ribosomes

Ribosomes are the sites for protein synthesis. These are

composed of rRNA and ribosomal proteins.

» Ribosomes are integrated with the mBRNA to form the
polysomes.

s At this site, the genetic codons of the mRNA are
translated into peptide sequences.
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» Theyare 10-20 nm size, with a sedimentation constant
of 70 5 (S for Svedberg units).
» Each 70 5 unit consists of a 30 5 and a 50 § subunits.

Intracytoplasmic Inclusions

They are the storage sites of nutrients/energy present in
some bacteria. They are formed by the bacteria under
nutritional deficiency conditions and disappear when the
deficient nuirients are supplied. There are two types of
inclusions:
s Organic inclusion bodies: Examples include glycogen
granules and polyhydroxyl butyrate granules.
# Inorganic inclusion bodies: Examples include
+ Polymetaphosphate or volutin or metachromatic
granules: They are found in certain bacteria, such as
Conynebacterium diphtheriae.
« Sulfur granules: They are found in Actinomyces.

Mesosomes

Mesosomes are invaginations of the plasma membrane
in the shape of vesicles, tubules, or lamellae. They are
generally more prominent in gram-positive bacteria.

» Location: Mesosomes often are found next to septa in
dividing bacteria or sometimes seen attached to the
bacterial chromosome.

# Function: They are believed to be involved in—

+ Site ofbacterial respiration: They possess respiratory
enzyme and are analogous to mitochondria of
eukaryotes.

+ They may be involved in cell wall formation during
division.

+ They also probably play a role in chromosome
replication and distribution to daughter cells.

Mucleoid

Bacteria do not have a true nucleus, but the penetic

material is located in an irregularly shaped region called

the nucleoid. There is no nuclear membrane or nucleclus.

» Bacteria possess a single haploid chromosome,
comprising of super coiled circular double stranded
DNA of 1 mm length. The bacterial DNA lacks basic
proteins.

= However, some bacteria have alinear chromosome and
some have two chromosomes (e.g. Vibrio cholerae).

» Bacterial DNA divides by simple binary fission
(described later in this Chapter).

» The nucleoid can he seen by electron microscopy or on
staining with special stain such as the Feulgen stain.

» Bacteria also possess extrachromosomal DNA called
plasmids [described in detail in Chapter 6).

CELLWALL APPENDAGES

Capsule and Slime Layer

Some bacteria possess a laver of amorphousviscid material

lying outside the cell wall called glycocalyx.

« When the glycocalyx layer is well organized and not
easily washed off, itis called capsule (Fig. 2.18).

s« When the glycocalyx layer is in the form of diffuse,
unorganized loose material that can be removed easily,
itis called slime layer (Fig. 2.16).

(Some bacteria may possess both capsule and slime
layer, as in Streptococcus salivarius)

Examples

Most of the bacterial capsules are polysaccharide in
nature (Table 2.6), except in Bacillus anthracis where it is
polypeptide in nature. Capsule is also seen in fungi, e.g.
Cryplococous neoformans.

Function/Uses

The capsule has various functions as follows:
» Contribute to bacterial virulence:
+ Capsule protects the bacterium from phagocytosis.
+ It can also prevent complement-mediated bacterial
cell bysis.

Capsule

Slirne layar

I Plastic surface

Fig. 2.16: Capsule, slime layer and biofilm

TABLE 2.6: Capsulated bacteria

Capsulated bacteria Composition
Preumeococcus Polysaccharide
Meningococcus Polysaccharide
Haemophilus influenzae Polysaccharide
Klzbsiella pneumoniae Polysaccharide
Pseudomonas aeruginosa Polysaccharide
Bacteriodes fragilis Polysaccharide

Bacillus anthracis Polypeptide [glutamate)

Streptococcus pyogenes [some stains) Hyaluronic acid

Capsulated fungus

Cryptococcus neoformans Polysaccharide
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+ Prevent cell from drying out (desiccation)

« It protects the bacterium from the action of lysozyme
and bacteriophages.

+ (apsule of cenain bacteria(e.g. Bacteroides fragilis) may
be toxic to the host cells and induces abscess formation.

« Biofilm formation and adhesion (see below):

Biofilm Formation

A biofilm is a living ecosystern made of millions of

adherent bacterial cells embedded within a self-

produced matrix of extracellular polymeric substance

li.e. the polysaccharide slime layer).

= Persistent biofilms containing pathogenic bacteria
are capable of adherence to damaged tissues
and plastic surfaces (eg. medical devices, such as
catheters and pacemakers).

« This is the first step in bacterial colonization and
sometimes it leads to disease, e.g. prosthetic valve
endocarditis and catheter related wrinary tract
infection (Fig. 2.18).

« Source of nuirients and energy: Capsules can
be a source of nutrients and energy to microbes.
Streptococcus mutans, which colonizes teeth, ferments
the sugar in the capsule and so formed acid by-products
contribute to the tooth decay.

» Capsules as vaccine: Capsules of few bacteria are
antigenic and anticapsular antibodies are protective in
nature. Hence, capsular antipens of many bacteria are
used as potential vaccine candidates. Capsular vaccines
are available for bacteria, such as pneumococcus,
meningococcus and Haemophilus influenzae serotype-h.

Demonstration of Capsule

Capsule can be detected by various methods as follows:

» Negative staining by India ink and nigrosin stain:
Capsule appears as a clear refractile halo around the
bacteria where as both the bacteria and the background
appear hlack.

» M'Faydean capsule stain: It is used for demonsiration
of capsule of Bacillus anthracis by using polychrome
methylene blue stain.

s Serological test: Capsular material is antigenic and
can be demonstrated by mixing it with a specific anti-
capsular serum.

o Quellung reaction: Capsular serotypes of Strep-
tococcus prewmnoniae can be detected by adding
antisera mixed with methylene blue. Capsule be-
comes swollen, refractile and delineated.

« Capsular antigen: It can be detected in the sample
(e.g. CSF) by latex agglutination test by using specific
anticapsular antibodies coated on latex particles.
This is available for pneumococcus, Cryptococeus,
Haemophilus influenzae and meningococcus.
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Figs 2.17Ato D: Typesof bacterial flagellar arrangement.
A. Monotrichous; B. Lophotrichous; €. Peritrichous;
D. Amphitrichous

Flagella

Flagella are thread-like appendages, protruding from the
cell wall, that confer motility to the bacteria [organs of
locomotion). They measure 5-20 pm in length and 0.01-
0.02 pm in thickness.

Arrangement of Flagella

There are various patterns of arrangement of flagella with

respect to the bacterial surface (Fig. 2.17):

»« Monotrichous (single polar flagellum), eg. Vibrio
cholerae, Pseuodmonas and Camplylobacter

» Lophotrichous (multiple polar flagella), e.g. Spirillum.

s Peritrichous (flagella diswributed over the entire cell
surface)—e.p. Salmonella Typhi, Escherichia coli.

» Amphitrichous (single flagellum atboth the ends)—e.g.
Alcaligenes faecalis

Ultrastructure of Flagella

Electron microscope reveals that the bacterial flagellum is
composed of three parts (Fig. 2.18).

1. Filament: It is the longest portion of the flagellum
that extends from the cell surface to the tp. It is a
hollow, rigid cylinder, made up of a single protein
flagellin.

2. The basal body: This is the portion of flagellum which
is embedded in the cell. It is the most complex part
of a flagellum, made up of 2-4 rings connected to a
central rod.

# In most gram-negative bacteria, there are four
rings named as—

+ The outer L and P rings associate with the LPS
and peptidoglycan layers, respectively.

+ The inner & ring lies in periplasmic space and
M ring contacts the plasma membrane.

» Gram-positive bacteria have only two basal body
rings, an inner ring connected to the plasma
membrane and an outer one probably attached
to the peptidoglycan.



Filament

Hook

Lring

Outer membrane
Peptidoglycan layer
Periplasmic space

/

Fig. 2.18: Structure of flagella ([gram-negative bacterium)

3. Hook:Itis a short, curved flexible segment that links
the filament to its basal body.

Detection of Flagella

Flagella can be demonstrated by:
» Direct demonstration of flagella

« Tannic acid staining (Leifson's method and Ryu's

method)

+ Dark ground, phase contrast or electron microscope
s Indirect means by demonstrating the motility:

« Cragie tube method

« Hanging dropmethod

+ Semisolid medium, e.g. mannitol motility medium

Bacterial Motility

Bacteria can produce characteristic type of motility which
helps in their identification (Table 2.7).

Fimbriae or Pili

Many gram-negative and some gram-positive bacteria
possess short, fine, hair-like appendages that are thinner

TABLE 2.7: Typesof motility shown by different bacteria

Ty pes of motility | Bacteria

Tumbling motility Listeria

Gliding motility Mycoplasma

Stately motility Costridium

Darting maotility Vibrio cholerae, Campylobacter

Swarming motility Proteus, Clostridium tetani

Corkscrew, lashing, flexion
extension motility

Spirochete
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than flagella and not involved in motility, called as fimbriae

or pili (singular fimbria or pilus).

» Piliare made up of protein called pilin.

» They are antigenic; however, the antibodies against
fimbrial antigens are not protective.

» Fimbriae are very small, measuring 0.5pum long and 10
nm in thickness. A bacterium can have as many as 1,000
fimbriae.

Functions

» Fimbriae are called the organ of adhesion. This property
enhances the virulence of bacteria.

o Certain fimbriae called sex pili also help in bacterial
gene transfer.

» Fimbriae are not related to motility and can be found
hoth in motile as well as in nonmotile organisms.

Types

Different types of fimbriae are as follows (Fig. 2.19A)—

» Common pili: There are six types of common pili
depending on their morphology, number per cell,
adhesive properties and antigenic nature.

» Sex or F (fertility) pili: Sex pili are special type of
large fimbriae present 1-10 per cell (e.g. as found in
gonococcus). Sex pili help in bacterial conjugation.
They are present in male bacterium; form the
conjugation tube in male bacterium and thereby help
in transfer of genetic material from male bacteriato the
female bacteria via the conjugation be.

s Coll {colicin) pili

Detection of Fimbriae

Electron micrscopy is the only method for direct dem-
onstration of fimbriae. However, there are some indirect
methods to know the presence of fimbriae such as:

I(—'—"

Sex pilus

Fimbrige Flagella

S B
Figs 2.19A and B: A. Differentiation between fimbriae, sex pilus
and flagella; B. Surface pellicle (arrow showing)
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» Hemagglutination: Many fimbriated bacteria (e.g.
Escherichia coli, Klebsiella) strongly agglutinate with
red blood cells of puinea pigs, fowl, horses and pigs.
This property of hemagplutination is a simple method
fordetecting the presence of fimbriae. Insome bacteria,
the hemagglutination may be specifically inhibited by
D-mannose,

s Surface pellicle: Some aerobic fimbriated bacteria form
a thin layer at the surface of a broth culture called as
pellicle. The pellicle consists of many aerobic bacteria
that adhere to the surface by their fimbriae (Fig. 2.19B8).

Atypical Forms of Bacteria

s Involution forms: They are swollen and aberrant forms
of bacteria (e.g. gonococcl and Yersinia pestis) formed
in ageing cultures in high salt concentration.

s Pleomorphic bacteria: Some bacteria exhibit great
variation in the shape and size of individual cells, e.g.
Proteus and Haemophilus. This is known pleomorphism.

» Cell wall deficient forms: See below

Pleomorphism and involution forms are often caused by

defective cell wall synthesis. Involution forms may also be

formed due to the activity of autolytic enzymes.

L Form (Cell Wall Deficient Forms)

L forms are the cell wall deficient bacteria, discovered by

E. Klieneberger, while studying Streptobacillus moniliformis

= She named it asL form after its place of discovery, i.e. Lister
Institute, London (1935).

= When bacteria loose cell wall they become spherical
irrespective of ariginal shape. This may occur spontanecusly
or after exposure to penicillin or lysozyme.

= L forms play a role in the persistence of pyelonephritis and
other chronic infections.

Types of L forms

Two types of Lforms are distinguished:
= Unstable L forms: Bacteria lose the cell wall in presence of
penicillin, a mechanism of resistance shown by the bacteria
against penicillin, Such L forms are maintained only in
presence of penicillin. They are capable of dividing but can
revert back to the original morphology once penicdillin is
removed.
+ Protoplasts: They are gram-positive bacteria whose cell
wall is entirely remowved
« Spheroplasts: They are derived from gram-negative
bacteria whose cellwall is partially re moved.
= Stable L forms: L forms that are unable to revert to the
original bacteria are called stable L forms.
+ Mycoplasmadonot have a true cell wall; the peptidoglycan
layer is replaced by sterol.
«+ It is postulated that Mycoplasma may represent stable L
forms of a yet to be identified parent bacteria.
« But many researchers do not consider Mycoplasma as
L forms, since they are not derived from bacteria that
normally have cell walls.

BACTERIAL SPORES

Spores are highly resistant resting (or dormant) stage of the

bacteria formed in unfavorable environmental conditions as a

result of the depletion of exogenous nuirients. Bacterial spores

formed within the parent cell, are called endospores and the
remaining part of the bacteria is called the sporangium.
Structure: Bacterial spore comprises of several layers.

From innermost towards the outermost, the layers are:

core — cortex — coal — exosporium (Fig. 2.204).

» The core is the inner most part containing the DNA
material and is walled off from the cortex by an inner
membrane and the germ cell wall.

# Cortex and the coat layers lie external to the core, and
are separated from each other by an outer membrane.

» The outermost layer is called as the exosporium.

Sporulation

Sporulation (or sporogenesis) refers to the process of
formation of spores from vepetative stage of bacteria. It
is not a method of reproduction because the bacteria do
not divide during sporulation. Sporulation commences
when growth ceases due tolack of nutrients. [tis a complex
process, takes about 10 hours which may be divided into
seven stages (Fig. 2.208).

1. Stage 1 (axial filament formation): Bacterial cell
division occurs and an axial filament of nuclear
material is formed.

2. Stage I (septum formation): Cell membrane is
folded inwards to enclose part of the DNA and to
produce the forespore septum.

3. Stage Il (engulfment of forespore): The membrane
continues to grow and engulfs the immature spore in
a second membrane.

4. Stage IV: The cortex synthesis occurs in the space
between the two membranes with deposition of
calcium and dipicolinic acid.

5. Stage V: Formation of protein coat and exosporium
around the cortex

6. Stage VI: Maturation of the spore occurs; acquiring
properties of heat resistance and refractility.

7. Stage VII (release): Finally, lytic enzymes destroy
the sporangium releasing the spore.

Germination

It is the transformation of dormant spores into active

vegetative cells when grown in a nutrient-rich medium. It

comprises of three stages:

» Activation: It is reversible process that prepares spores
for gerimantion and usually results from treatments
like heating.

s Germination: It is the process of breaking of the spore’s
dormant state, characterized by spore swelling, rupture
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Coat
Cuter membrane
Exosporium

Germination
Cortex

Germ cell wall
Inner membrane
DA

Figs 2.20A and B: A. Structure of bacterial spore; B. Steps of sporulation

or absorption of the spore coat, loss of resistance o
heat and other stresses, loss of refractility, release of
spore components, and increase in metabolic activity.
Outgrowth: The spore protoplast emerges from the
remains of the spore coat, and develops into an active
bacterium.

Shape and Position of Spores
For a given species, the precise position, shape and relative
size of the spore are constant.

Position: Spores may bhe central, subterminal or
terminal (Fig. 2.21).

Shape: They may be oval or spherical inshape.

Wid th: The diameter of spore may he same or less than
the width of bacteria (non-buldging spore—e.g. as
in Bacillus), or may be wider than the bacillary body
producing a distension or bulge in the cell (buldging
spore, e.g. as in Clostridium).

Sporicidal Agents

Spores are resistant to most of the routinely used
disinfectants. Only limited sterilization methods are
available to kill the spores (refer Chapter 3).

»
i
il J
\ @=s )

Figs 2.21A to F: Position and shape of spores. A. Non-bulging,
oval and terminal; B. Mon-bulging, round, and subterminal;
C. Mon-bulging, oval and central; D. Bulging, round and terminal;
E. Bulging, oval and terminal; F. Bulging, oval, and central

Demonstration of Spores

» Gram staining: Spores appear as unstained refractile
bodies within the cells.

» Modified Ziehl-Neelsen staining: Spores are weakly
acid-fast and appear red color when ZN staining is
performed using 0.25% sulpfuric acid as decolorizer.

» Special techniques for endospore staining include the
Schaeffer-Fulton stain and the Moeller stain.
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Applications

» Spores of certain bacteria are employed as indicators
for proper sterilization. Absence of the spores after
autoclaving or processing in hot air oven indicates
proper sterilization.

« Sporesof Geobacillus stearothermophilus are used as
sterilization control for autoclave.

« Sporesof non-toxigenic strains of Clostridium tetani
are used as sterilization control for hot air oven.

s Spores have also been used as agents of bioterrorism,
e.g. endospores of Bacillus anthracis were used in the
2001 anthrax bioterrorism attacks.

PHYSIOLOGY OF BACTERIA

BACTERIAL GROWTH AND NUTRITION

Bacterial Growth Require ment

Water constitutes about 80% of total bacterial cell. The
minimum nutritional requirements that are essential for
growth and multiplication of bacteria include sources of
carbon, nitrogen, hydrogen, oxygen and some inorganic
salts (such as small amounts of sulfur, phosphorus and
other elements like sodium, potassium, magnesium, iron
and manganese].

Bacterial Vitamin

Some fastidious bacteria do not grow in the routine culiure
medium unless certain organic compounds (that are
essential to those bacteria) are added to the medium. These
are known as growth factors or bacterial vitamins. In most
instances, bacterial vitamins are same as the vitamins
necessary for mammalian nutrition, particularly those
helonging to the vitamin B group-thiamine, nicotinic acid,
riboflavin, pyridoxine, folic acid and vitamin B12 (Table 2.8).

Bacterial Cell Division

Bacteria divide by a relatively simple form of cell division,
i.e. by binary fission. The cell division commences when a

TABLE 2.8: Bacterial vitamins

Vitamins | Bacteria requiring vitamin

Biotin Leuconostoc species

Cyanocobalamin (B12) Lactobacilius species

Folic acid Enterococcus faecalis

Pantothenic acid Morganella morganii

Pyridoxine (B&) Lactobacilius species

Miacin (nicotinic acid) Brucell abortus, Hoemop hilus influenzae
Ribaflavin (B2) Bacilus anthracis

bacterial cell reaches acritical mass in its cellularconstituents.

The nuclear division precedes cytoplasmic division.

» Nuclear division: The two strands of bacterial DNA
are separated and then they replicate to form new
complementary strands. Thus two identical molecules
of ds DNA are formed.

» Cytoplasmic division: A transverse septum grows
across the cell from the cell membrane, following which
the cell wall materials are deposited and then the two
daughter cells get separated.

o Infew bacteria, the daughter cells may remain partially
attached even after cell division; so that the bacterial
cells are arranged in pair or in chain (e.g. streptococci)
or in clusters (e.g. staphylococci).

Rate of Multiplication in Bacteria

Generation time is the time required for a bacterium to
give rise to two daughter cells under optimum condition.
The generation time for different bacteria is as follows:
» Escherichia coli and most of the other pathogenic
bhacteria—2( minutes
s  Mycobacterium tuberculosis—20 hours
s Mycobacterium leprae—20days
As bacteria grow so rapidly and by geomeitric
progression, a single bacterium can theoretically give rise
to 107 daughter cells in 24 hours. Fortunately, it does not
happen in reality, because the bacterial multiplication
is arrested after a few cell divisions due to exhaustion of
nutrients and accumulation of toxic products.

Bacterial Count

Bacterial count may be expressed in terms of total count

and viable count.

» Total count: It indicates total number of bacteria (live
or dead) in the specimen. This is done by counting the
bacteria under microscope using counting chamber.

= Viable count: It measures the number of living (viable)
cells in the given specimen. Viable count may be
obtained by —

+ Pour plate method (described in Chapter 4)
+ Surface viable count by spreading method
+ Surface viable count by Miles and Misra method.

Bacterial Growth Curve

When a bacterium is inoculated into a suitable liguid
culture medium and incubated, its growth follows a
definite course. When bacterial count of such culture is
determined at different intervals and plotted in relation to
time, a bacterial growth curve is obtained comprising of

four phases (Fig. 2.22, Table 2.9).
1. Lag phase: [1 is the period between inoculation
and beginning of multiplication of bacteria. After
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Fig. 2.22: Bacterial growth curve

TABLE 2.9: Various phases of bacterial growth curve

[ lag g swionay Joscine
Yes Yes Nao

Bacteria Mo
divide
Bacterial Mo No Yes Yes
death
Total Flat Raises Raises Flat
count
Viable Flat Raises Flat Falls
count
Special = Accumulation = Uniformly = Gram Produce:
features  ofenzymes stained variable Involution
and » Metabalically = Produce: farms
metabolites active Granules Spores
= Attains = Smallsize Exotoin,
maximum size Antibiotics
Bacteriodin

inoculating into a culture medium, bacteria do not

start muldplying immediately, but take some time to

build-up enzymes and metabolites.

» Bacteria increase in size due to accumulation of
enzymes and metabolites.

» Bacteria reach their maximum size at the end of
lag phase.

2. Logphase: In this phase bacteria divide exponentially
so that the growth curve takes a shape of straight line.
At this stage, the bacterium is—

» Smaller in size

» Biochemically active: It is the best stage to
perform the biochemical reactions

» Uniformly stained: It is the best time to perform
the Gram stain

3. Stationary phase: Afier the log phase, the bacterial
growth ceases almost completely due to exhaustion
of nutrients, accumulaton of toxic products and
autolytic enzymes.

# The number of progeny cells formed is just
enough to replace the number of cells that die.

» Hence, the number of viable cells remain
stationary as there 5 almost a balance between
the dying cells and the newly formed cells. But
the total count keeps rising. In this phase:

+ Bacterium becomes Gram variable

+ More storage granules are formed

« Sporulation occurs in this phase

+ Bacteria produce exotoxins, antibiotics and
bacteriocins.

4. Decline phase: Gradually, the bacteria stop dividing
completely; while the cell death continues due to exhaus-
tion of nutrdents, and accumulation of toxic products.

» There is decline in viable count and not in total
count.

» Involution forms are seen.

Continuous Culture

It is a special type of culture, which supports the bacterial
growth in a particular phase (e.g. log phase) for longer
period continuously without depletion of nutrients or
without accumulation of toxic products.

» Special devices are used which supply the replenishing
nutrients and remove the dying bacterial cells and their
toxic products.

» Continuous cultures can be maintained mainly by two
methods.

+ Turbidostat culture
+ Chemostat culture

» Continuous culture of bacteria is required sometimes

for industrial and research purposes.

Bacterial Growth in Vivo

When bacteria multiply in host tissues, the situation may
be intermediate between a routine culture (batch culture)
and a continuous culture. The source of nutrients may be
plenty, but the defence mechanisms ofthe body influence
the bacterial growth in vivo.

FACTORS AFFECTING GROWTH OF BACTERIA

There are several environmental factors that affect the
growth of the bacteria.

Oxygen

(n basis of their mygen requirements bacteria are classified as:

» Obligate aerobes: Theycan grow only in the presenceof
oxygen (e.g. Pseudomonas, Mycobacterium tuberculosis,
Bacillus, Brucella and Nocardia).
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» Facultative anaerobes: They are aerobes that can
also grow anaerobically (e.g. most of the pathogenic
bacteria, e.g. E. coli, 5. aureus, etc.).

» Facultative aerobes: They are anaerobes that can also
grow aerobically (e.g. Lactobacillus).

# Microaerophilic bacteria: They can grow in the
presence of low oxygen tension, i.e. 5-10% of oxygen
(e.g. Campylobacter and Helicobacter).

» Obligate anaerobes: These bacteria can grow only in ab-
sence of oxygen, as oxygenislethal o them (e.g. Clostridivm )

» Aerotolerant anaerobe: They can tolerate oxygen for
some time, but do not use it ( Clostridium histolyticum).

Carbon Dioxide

Organisms thatrequire higheramounts of carbondioxide (5-
10%) for growth are called capnophilic bacteria. Examples
include Brucella abortus, Streptococcus preumonise, etc.

Temperature

Most of the pathogenic bacteria grow optimally at 37°C

(i.e. human body temperature). However, the optimal

temperature range varies with different bacterial species.

Accordingly bacteria can be grouped into:

s Psychrophiles: These grow best at temperatures below
20°C; example, most of the saprophytes.

s Mesophiles: These grow within a temperature range
25°C and 40°C; example, most of the pathogenicbacteria

» Thermophiles: These bacteriagrowat ahightemperature
range of 55°C-B0°C e.g. Bacillus stearothermophilus.

pH

Most pathogenic bacteria grow between pH 7.2-pH 7.6.
Very few bacteria (e.g. lactobacilli) can grow at acidic pH
below pH 4, while bacteria such as Vibrio cholerae are
capable of growing at alkaline pH (8.2-8.9).

Light

Bacteria (except phototrophs) grow well in darkness. They
are sensitive to ultraviolet rays and other radiations in
light. Photochromogenic mycobacteria produce pigments
only on exposure to light

Osmotic Effect

Bacteria are able to withstand a wide range of external osmotic

variation because of the mechanical strength of the cell wall.

» Sudden exposure of bacteria 1o hypertonic solutions
may cause plasmolysis—osmotic withdrawal of water
leading to shrinkage of protoplasm. This occurs more
readily in gram -negative than in gram-positive bacteria.

» Sudden transfer of bacteria from concentrated solution
to distilled water may cause plasmoptysis—excessive
osmotic imbibition of water, leading to swelling and
rupture of the cell.

Mechanical and Sonic Stresses

Though bacteria have tough cell walls, they may be
ruptured and disintegrated by vigorous shaking with glass
heads and by exposure to ultrasonic vibrations.

Moisture and Desiccation

Moisture is an essential requirement forthe growthof bacteria

because 80% of the bacterial cell consists of water. However,

the drying has varying effects on different organisms.

« Some organisms like Treponema pallidum  and
N. gonorrhoeae die quickly after drying, while M,
tuberculosis and Staphylococcus awrews may survive
drying for several weeks.

s Drying in cold and vacu