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Foreword

It is my privilege to write this foreword for Textbook of Microbiology by Professor Surinder
Kumar. All of us know that Microbiology is an extremely diverse discipline and is
undergoing continuous evolution as technology changes and new microbes are identified
by use of modern molecular techniques. In medicine, microbiology’s impact stays, whether
it be emerging diseases, the development of new vaccines, drugs, and bioengineered
organisms, the roles of viruses in cancer or the use of microbes to clean-up toxic wastes. An
observation made by the renowned microbiologist Louis Pasteur, about 120 years ago, “Life
would not long remain possible in the absence of microbes” seems to be even truer than
ever. The threat of many infectious diseases is still a fact of life in spite of developments in
economy, better drugs to treat the infections caused by them and vaccines for prevention.
New pathogens are constantly being discovered and incurable infectious diseases continue to haunt us. New and
incurable infectious diseases remain a worldwide problem.

Microbiology is an inherently valuable and useful discipline that offers an intimate view of an invisible world.
The amount of information on microbiology is so vast that microbiology books have generally followed one of the
two main tracks. The traditional books are usually very exhaustive encyclopedias of microbiologic facts which may
serve as excellent reference works but are too long and detailed to be read by the typical medical student, who
is trying to keep up with several classes simultaneously of other subjects within a limited period. Short concise
microbiology books may not serve the purpose of a student because the amount of material covered in them may
be even less than that provided in the class lectures of a typical medical microbiology course.

An overview of the book, written by Professor Surinder Kumar shows that, it has potential of emerging as a
comprehensive review for graduate students, residents, and health professionals interested in infectious diseases.
Coverage of fundamental aspects such as General Bacteriology, Immunology, Systemic Bacteriology, Virology,
Medical Mycology, Miscellaneous and Diagnostic Medical Microbiology, appears to be well balanced and aptly
illustrated with tables, illustrated figures, and photographs have been added throughout the text to help readers
understand and retain information. I hope that the book will be received with the enthusiasm and will fulfill the
needs of medical students, teachers, microbiologists and health professionals.

Pl e
i =
Vishwa Mohan Katoch
MD ENASc FAMS FASc FNA
Secretary to the Government of India
(Department of Health Research)
Ministry of Health and Family Welfare and
Director-General, ICMR






Preface

Microbiology is an extremely diverse discipline and can be a bewildering field to the novice. The traditional books
seem to be exhaustive of microbiologic facts, are too long and detailed to be read by the typical medical student who
is trying to keep up with several classes simultaneously of other subjects. On the contrary, some of the books are in
brevity, too cursory and with insufficient information on microbiology not useful to a typical medical student. The
microbiology text presented here, was written after 25 years of teaching medical students and searching for a book
that was both readable and complete enough to meet their needs. It contains all of the information that is pertinent
to medical students who are studying microbiology keeping in mind their examination. It also provides a solid
background of microbiology while describing the organisms in a manner that is clinically relevant.

Although, the text was designed to teach undergraduate and postgraduate medical students, it should also
serve as a review tool for individuals who are taking medical examinations and persons working in health-related
professions, physicians and infectious disease scientists. The mass of material may appear overwhelming for
undergraduate students but that is real life.

Microbiology has expanded beyond recognition with various medical specialty and it is not possible for any
textbook to cover all aspects of medical microbiology in depth. The textbook is divided into seven sections, based
on the major disciplines included within microbiology: General Bacteriology, Immunology, Systemic Bacteriology,
Virology, Medical Mycology, Miscellaneous and Diagnostic Medical Microbiology. The chapters themselves
are comprehensive yet free of unnecessary detail and provide the reader with a framework for understanding.
Mycology and parasitology have continued to flourish and have blossomed into fields of study of their own rights.
Therefore, parasitology has not been included in the book which has a sturdy independence. I shall be thankful for
any comment or suggestions from students, teachers and all the readers of the book for further improvements.

Surinder Kumar
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Historical Development of

Microbiology

History is bunk—(Henry Ford 1863-1947)

In the field of observation, chance favors only prepared minds

ILEARNING OBJECTIVES

After reading and studying this chapter, you should be able
to:

¢ Discuss contributions of Antony van Leeuwenhoek.

¢ List contributions of Louis Pasteur.

INTRODUCTION

Microbiology is the study of living organisms of micro-
scopic size. Medical microbiology is the subdivision
concerned with the causative agents of infectious disease
of man, the response of the host to infection and various
methods of diagnosis, treatment and prevention. The
term microbe was first used by Sedillot in 1878, but now
is commonly replaced by microorganisms.

INFECTION AND CONTAGION

—Louis Pasteur

¢ Describe contributions of Robert Koch.
¢ Discuss Koch's postulates.
¢ Describe contributions of Paul Ehrlich.

disease. Fracastorius (1546), a physician of Verona
concluded that communicable diseases were caused
by living agents (germs) ‘seminaria’ or ‘seeds’. Kircher
(1659) reported finding minute worms in the blood of
plague victims, but with the equipment available to him,
it is more likely that what he observed were only blood
cells. von Plenciz (1762) suggested that each disease was
caused by a separate agents.

DISCOVERY OF MICROORGANISMS

Ancient Belief

Among ancient peoples, epidemic and even endemic
diseases were believed to be supernatural in origin, sent
by the gods as punishment for the sins of human kind.
Sacrifices and lustrations to appease the anger of the
gods were sought for the treatment and, more impor-
tant, the prevention of disease. There was never any
difficulty in finding particular sets of sins to justify a
specific epidemic since humans are wilful and wantom
by nature.

Concept of Contagion

Long before microbes had been seen, observations on
communicable diseases had given rise to the concept of
contagion: The spread of disease by contact, direct or
indirect. This idea was implicit in the laws enacted in
early biblical times to prevent the spread of leprosy.

Invisible Living Creatures Produced Disease

Varro in the second century BC later recorded the prin-
ciple of contagion by invisible creatures. Roger Bacon,
in the thirteenth century more than a millennium later,
postulated that invisible living creatures produced

Even before microorganisms were seen, some investi-
gators suspected their existence and responsibility for
disease. Among others, the Roman philospher Lucretius
(about 98-55 BC) and the physician Girolamo Fracas-
toro (1478-1553) suggested that disease was caused by
invisible living creatures.

First Observation of Microorganisms

As microbes are invisible to the unaided eye, direct
observation of microorganisms had to await the devel-
opment of the microscope.

Antony van Leeuwenhoek (1632-1723)

The credit for having first observed and reported bacte-
ria belongs to Antony van Leeuwenhoek. Antoni van
Leeuwenhoek, the Dutchman, was a draper and haber-
dasher in Delft, Holland. He had little education, but
great patience and curiosity. His hobby was grinding
lenses and observing diverse materials through them.
He was the amateur microscopist and was the first
person to observe microorganisms (1673) using a simple
microscope. In 1683 he made accurate descriptions of
various types of bacteria and communicated them to the
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Royal Society of London. Their importance in medicine
and in other areas of biology came to be recognized two
centuries later.

Contributions of Antony von Leeuwenhoek

1. He constructed the first microscope: Consisted of a
single biconvex lens that magnified about x200.

2. The first person to observe microorganisms:
Microorganisms were first seen by Antony van
Leeuwenhoek (1673) and he found many microor-
ganisms in materials such as water, mud, saliva and
the intestinal contents of healthy subjects, and he
recognized them as living creatures (animalcules)
and to Leeuwenhoek the world of “little animal-
cules” represented only a curiosity of nature.

3. Accurate description of bacteria: He first accu-
rately described the different shapes of bacteria as
cocci (spheres), bacilli (rods) and spirochetes (spiral
filaments) and communicated them to Royal Soci-
ety of London in 1683.

CONFLICT OVER SPONTANEOUS GENERATION

Spontaneous Generation (Abiogenesis)

From earliest times, people had believed in spontane-
ous generation (abiogenesis) that living organisms
could develop from nonliving matter. Even great Aris-
totle (384-322 BC) thought animal could originate from
the soil. This view was finally challenged by the Ital-
ian physician Francesco Redi (1626-1697) and proved
that gauze placed over jar containing meat prevented
maggots forming the meat. Similar experiments by
others helped discredit the theory for larger organisms.

Evidence Pro

Some proposed that microorganisms arose by spon-
taneous generation though larger organisms did not.
John Needham (1713-1781 the English priest) in 1745,
published experiments purporting the spontaneous
generation (abiogenesis) of microorganisms in putresci-
ble fluids. Felix Pouchet (1859), the French naturalist,
claimed to have carried out experiments conclusively
proving that microbial growth could occur without
air contamination. This claim provoked Louis Pasteur
(1822-1895) to settle the matter once and for all.

Evidence Con

Spontaneous Generation Experiment: Lazzaro Spal-
lanzani (1729-1799), an Italian priest and naturalist
opposed this view who boiled beef broth for an hour,
sealed the flasks, and observed no formation of microbes.
Franz Schulze (1815-1873), Theodore Schwann (1810-
1882), Georg Friedrich Schroder and Theodor von
Dusch attempted to counter such arguments.

Louis Pasteur (1822-1895) settled the matter once and
for all. In a series of classic experiments, Pasteur proved
conclusively that all forms of life, even microbes, arose

only from their like and not de novo. Pasteur was able
to filter microorganisms from the air and concluded
that this was the source of contamination and finally,
in 1859, in public controversy with Pouchet, prepared
boiled broth in flasks with long narrow gooseneck tubes
that were open to the air. Air could pass but microor-
ganisms settled in the gooseneck, and no growth devel-
oped in any of the flasks. If the necks were broken,
growth commenced immediately. Pasteur had not only
resolved the controversy by 1861 but also had shown
how to keep solution sterile.

Tyndallization—John Tyndall (1820-1893): John
Tyndall (1820-1893), the English physicist finally, dealt
a final blow to spontaneous generation in 1877. He
completed the story by proving that dust did not indeed
carry germs and that if dust was absent, broth remained
sterile if directly exposed to air. He was able to explain
satisfactorily the need for prolonged heating to elimi-
nate microbial life from infusions.

Heat stable form and a heat-sensitive form—He
exposed infusions to heat for varying time and conclud-
ed that bacteria existed in two forms: a heat stable form
and a heat-sensitive form. Heat-stable forms were
destroyed either by prolonged or intermittent heating.
Intermittent heating, now called tyndallization, killed
both forms since the heat-stable forms changed to heat-
sensitive forms between periods of heat treatment. This
method of ‘tyndallization” served to eliminate many of
anomalies reported by the advocates of heterogenesis.

Heat-Resistant Forms as Spores

Ferdinand Cohn (1828-1898), the German botanist,
discovered the evidence of heat-resistant forms as
spores. Spores as well as vegetative forms were respon-
sible for the appearance of microbial life in inadequately
heated infusions.

ROLE OF MICROORGANISMS IN DISEASE

A firm basis for the casual nature of infectious disease
was established only in the latter half of the nineteenth
century. Fungi, being larger than bacteria, were the first
agents to be recognized Agostino Bassi (1773-1856)
demonstrated in 1835 that a silkworm disease called
muscardine was due to a fungal infection. MJ Berke-
ley (1845) proved that the great potato blight of Ireland
was caused by a fungus. Following his success with the
study of fermentation, Pasteur was asked by French
government to investigate the pebrine disease of silk-
worm that was disrupting the silk industry. He showed
that the disease was due to a protozoan parasite after
several years of work.

Empirical Observations

The etiologic role of bacteria was first established with
anthrax. Pollender (1849) and Davaine (1850) observed
anthrax bacilli in the blood of animals dying of the
disease.



Indirect transmission was recognized in the 1840s,
when American poet-physician Oliver Wendell Holm-
es (1843) in Boston, USA and Ignaz Semmelweis in
Vienna (1846) had independently concluded that puer-
peral sepsis was contagious. They blamed obstetricians
moving with unwashed hands from one patient to the
next for the prevalence of puerperal sepsis in hospitals.
Semmelweis also identified its mode of transmission by
doctors and medical students attending on women in
labor in the hospital and had prevented it by the simple
measure of washing hands in an antiseptic solution. But
those pioneers encountered enormous resistance from
the insulted physicians. Semmelweis was persecuted by
medical orthodoxy and driven insane for the service to
medicine and humanity.

Relationship of a Spirillum to relapsing fever—
Obermeier (1872) discovered the relationship of a Spiril-
lum to relapsing fever and demonstrated for the first
time the presence of a pathogenic microorganism in the
blood of a human being.

SCIENTIFIC DEVELOPMENT OF
MICROBIOLOGY

The development of microbiology as a scientific disci-
pline dates from Louis Pasteur, perfection on microbio-
logical studies by Robert Koch, the introduction of anti-
septic surgery by Lord Lister and contributions of Paul
Ehrlich in chemotherapy.

Louis Pasteur (1822-95)

Louis Pasteur (1822-95) was born in the village of Dole,
France on December 27, 1822 the son of humble parents.
His father was a tanner. He was originally trained as a
chemist, but his studies on fermentation led him to take
interest in microorganisms. His discoveries revolution-
ized medical practice, although he never studied medi-
cine.

Father of microbiology—Louis Pasteur (Fig. 1.1) is
known as “Father of microbiology” because his contri-
bution led to the development of microbiology as a
separate scientific discipline.

Contributions of Louis Pasteur in
Microbiology (Box 1.1)

1. Coined the term microbiology.

Proposed germ theory of disease.

Disapproved theory of spontaneous generation.

Developed sterilization techniques.

Developed methods and techniques for cultivation

of microorganisms.

6. Studies on pebrine (silk worm disease), anthrax,
chicken cholera and hydrophobia.

7. Pasteurization.

Coined the term vaccine.

9. Discovery of attenuation and chicken cholera

vaccine.

Developed live attenuated anthrax vaccine.

SN

®

10.

Fig. 1.1: Louis Pasteur

11. Developed rabies vaccine.
12. Noticed Pneumococci.

Joseph Lister (1827-1912)

Joseph Lister was a professor of Surgery in Glasgo Royal
Infirmary. He was impressed with Pasteur’s study on
the involvement of microorganisms in fermentation and
putrefaction.

e Developed a system of antiseptic surgery—He
developed a system of antiseptic surgery designed
to prevent microorganisms from entering wounds.
The approach was remarkably successful and trans-
formed surgery after Lister published his findings
in 1867. It also provided strong evidence for the role
of microorganism in disease because phenol, which
killed bacteria, also prevented wound infections.

e Father of modern surgery—He established the
guiding principle of antisepsis for good surgical
practice and was milestone in the evolution of sur-
gical practice from the era of ‘laudable pus’ to mod-
ern aseptic techniques. For this work he is called the
“Father of modern surgery”

Robert Koch (1843-1910)

Robert Koch (Fig. 1.2) was the German physician. The
first direct demonstration of the role of bacteria in carry-
ing disease came by the study of anthrax by Koch.
Winner of the Nobel Prize in 1905, Robert Koch is known
as “Father of bacteriology”.

Contributions of Robert Koch

1. Staining techniqes: He described methods for the
easy microscopic examination of bacteria in dried,
fixed films stained with aniline dyes (1877).

2. Hanging drop method: He was the first to use
hanging drop method by studying bacterial
motility.
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Contributions of Louis Pasteur in microbiology

1.

10.

Coined the term Microbiology—Pasteur coined
the term microbiology for the study of living organ-
nisms of microscopic size.

Proposed germ theory of disease—He established
that putrefaction and fermentation was the result
of microbial activity and that different types of fer-
mentations were associated with different types of
microoganisms (1857).

Disapproved theory of spontaneous generation—
He disapproved the theory of spontaneous genera-
tion in 1860-61. In a series of classic experiments,
Pasteur proved conclusively that all forms of life,
even microbes, arose only from their like and not de
10v0.

Developed sterilization techniques—He intro-
duced sterilization techniques and developed the
steam sterilizer, hot-air oven and autoclave in the
course of these studies.

Developed methods and techniques for cultivation
of microorganisms. He showed that for successful
cultivation it was necessary to discover a suitable
growth medium and to establish optimal conditions
of temperature, acidity or alkalinity, and oxygen ten-
sion.

Studies on pebrine (silkworm disease), anthrax,
chicken cholera and hydrophobia.
Pasteurization—He devised the process of destroy-
ing bacteria, known as pasteurization (1863-65). This
process (pasteurization) is employed to preserve
milk and certain other perishable foods throughout
the civilized world today.

Coined the term vaccine—It was Pasteur who
coined the term vaccine for such prophylactic prepa-
rations to commemorate the first of such prepara-
tions namely cowpox, employed by Jenner for pro-
tection against smallpox.

Discovery of the process of attenuation and chicken
cholera vaccine—An accidental observation that
chicken cholera bacillus cultures left on the bench
for several weeks lost their pathogenic, property
but retained their ability to protect the birds against
subsequent infection by them, led to the discovery of
the process of attenuation and the development of
live vaccines.

Developed live attenuated anthrax vaccine—He
attenuated cultures of the anthrax bacillus by incu-
bation at high temperature (42-43°C) and proved
that inoculation of such cultures in animals induced
specific protection against anthrax. The success of
such immunization was dramatically demonstrated
by a public experiment on a farm at Pouilly-le-Fort
(1881) during which vaccinated sheep, goats and
cows were challenged with a virulent anthrax bacil-
lus culture. All the vaccinated animals survived the
challenge, while an equal number of unvaccinated
control animals succumbed to it.

11. Developed rabies vaccine—The crowning achieve-
ment of Pasteur was the successful application of the
principle of vaccination to the prevention of rabies,
or hydrophobia, in human beings and developed
Pasteur rabies vaccine in 1885. He did not know that
rabies was caused by a virus, but he managed to
develop a live attenuated vaccine for the disease.

12. Noticed Pneumococci—Pneumococci were first
noticed by Pasteur and Sternberg independently in
1881.

3. Methods for isolating pure cultures of bacteria:
He devised a simple method for isolating pure
cultures of bacteria by plating out mixed material
on a solid culture medium and to isolate pure cul-
tures of pathogens.

4. Discoveries of the causal agents of anthrax (1876),
tuberculosis (1882), and cholera (1883).

5. Koch’s postulates: It was necessary to introduce
criteria for proving the claims that a microorganism
isolated from a disease was indeed causally related
to it. Robert Koch proved that microorganisms
cause disease. Koch used the criteria proposed
by his former teacher, Jacob Henle (1809-1885), to
establish the relationship between Bacillus anthracis
and anthrax and published his findings in 1876. (Fig.
1.3). His criteria for proving the causal relationship
between a microorganism and a specific disease are
known as Koch’s postulates (1876), which are used
today to prove that a particular microorganism
causes a particular disease (Box 1.2).

6. Koch’s phenomenon: Koch (1890) observed that
a guinea pig already infected with the bacillus
responded with an exaggerated response when
injected with the tubercle bacillus or its protein.
This hypersensitivity reaction is known as Koch’s
phenomenon.

Fig. 1.2: Robert Koch



Important Discoveries by other Scientists

Koch began to gather round him the group of follow-
ers who were destined to introduce his methods into
many laboratories throughout the world. Hansen
(1874) described the leprosy bacillus; Neisser (1879)
discovered the gonococcus in the pus discharge from
urethra; Eberth (1880) observed the typhoid bacillus;
Alexander Ogston (1881) described the staphylococ-
ci in abscess and suppurative lesions; Loeffler (1884)
observed and described the diphtheria bacillus; Nico-
laier (1884) observed the tetanus bacillus in soil; Rosen-
bach (in 1886) demonstrated the tetanus bacillus with
round terminal spore; Fraenkel (1886) described the
pneumococcus; in 1887 Weichselbaum described and
isolated the meningococcus from the spinal fluid of a
patient; in 1887 Bruce identified the causative agent of
malta fever; in 1905 Schaudin and Hoffman discovered
the syphilis.

GOLDEN ERA OF MEDICAL BACTERIOLOGY

Koch’s postulates permitted Koch and his students
to identify many of the causes of the most infectious
diseases of humans and animals. Koch had now
assembled the techniques needed to investigate the
bacterial causes of many communicable diseases. The
powerful methodology developed by Koch introduced
the “Golden era of medical bacteriology”. By 1882
Koch had used these techniques to isolate bacillus
of tuberculosis. There followed a golden era of 30 to

00
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Fig. 1.3: Demonstration of Koch'’s postulates

Postulate 2
The micro-
organisms are
isolated from the
tissues of a dead animal
in a pure culture

Postulate 3

Inoculation of

pure culture

into a healthy susceptible
animal reproduced the disease.

Koch'’s postulates

Koch’s postulates are a series of guidelines for the experi-
mental study of infectious disease. According to these, a
microorganism can be accepted as the causative agent of
an infectious disease only (Fig. 1.3) if the following condi-
tions are satisfied:

Postulate 1: The organism should be regularly found in
the lesions of the disease.

Postulate 2: It should be possible to isolate the organism
in pure culture from the lesions.

Postulate 3-Inoculation of the pure culture into suitable
laboratory animals should reproduce the lesion of the dis-
ease.

Postulate 4: It should be possible to reisolate the organ-
ism in pure culture from the lesions produced in the ex-
perimental animals.

Subsequently an additional fifth criterion introduced
states that specific antibodies to the organism should be
demonstrable in the serum of patients suffering from the
disease.

Limitations of Koch’s postulates: Even today Koch’s
postulates are considered whenever a new infectious
disease arises. These criteria have proved invaluable in
identifying pathogens, but they cannot always be met, for
example, some organisms (including all viruses) cannot
be grown on artificial media, and some are pathogenic
only for man. Mycobacterium leprae, a causative agent of
leprosy, has not been cultured on artificial medium so far
and not fulfilling Koch’s postulates.

40 years in which most of the major bacterial pathogens
were isolated.

PAUL EHRLICH (1854-1915)

Paul Ehrlich, an outstanding German Scientist and geni-
us of extraordinary activity also known as “Father of
chemotherapy”.

Contributions of Paul Ehrlich

1. Stains to cells and tissues: He applied stains to
cells and tissues for the purpose of revealing their
function.

2. Acid-fastness of tubercle bacillus: He reported the
acid-fastness of tubercle bacillus.

3. Methods of standardizing toxin and antitoxin: He
introduced methods of standardizing toxin and
antitoxin and coined the term minimum lethal dose.

4. Side chain theory of antibody production: He
proposed side chain theory of antibody production.

5. Salvarsan introduction: He introduced salvarsan, an
arsenical compound, sometimes called the “magic
bullet’. It was capable of destroying the spirochete
of syphilis with only moderate toxic effects. He
continued his experimentation until 1912 when he
announced the discovery of neosalvarsan. Thus
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he created a new branch of medicine known as
chemotherapy.

GOLDEN AGE OF MICROBIOLOGY (1854-1914)

For about 60 years, beginning with the work of Pasteur,
there was an explosion of discoveries in microbiology.
The period from 1854 to 1914 has been appropriately
named the Golden Age of Microbiology. During this
period, rapid advances, spearheaded mainly by Pasteur
and Robert Koch, led to the establishment of microbiol-
ogy as a science.

DISCOVERY OF VIRUSES

As a science, virology evolved later than bacteriology.
Although the physical nature of viruses was not fully
revealed until the invention of the electron microscope,
the infections they cause have been known and feared
since the dawn of history.

Infectious Agents Smaller than Bacteria

The existence of viruses became evident during the clos-
ing years of the nineteenth century, the infectious agents
of numerous diseases were being isolated and many
infectious diseases had been proved to be caused by
bacteria. But there remained a large number of diseases
for which no bacterial cause could be established until
it was realized that the responsible agents were smaller
than bacteria.

Various Infections
Rabies in Dogs

Pasteur had suspected that rabies in dogs could be
caused by a microbe too small to be seen under the
microscope.

Tobacco Mosaic Disease

Iwanowski (1892), Russian scientist and Martinus
Beijrinck (1898) in Holland, attributed the cause of
tobacco- mosaic disease to the infectious agents in
bacteria-free filtrates to be living, but fluid—contagium
vivum fluidum and introduced the term virus (Latin for
‘poison’) for such filterable infectious agents.

Foot and Mouth Disease of Cattle

Friedrich Loeffler and Paul Frosch at the same time in
1898 in Germany found that foot and mouth disease of
cattle was also caused by a similar filter-passing virus.

Yellow Fever

The discovery of first human disease proved to have a
viral etiology was yellow fever. The US Army Yellow
Fever Commission under Walter Reed in Cuba (1902)
showed that this human disease (yellow fever) was not
only a filterable virus, but also transmitted through the
bite of infected mosquitos.

Electron Microscope

Viruses could not be visualized under the light micro-
scope or grown in culture media so investigation of

viruses and the disease caused by them was rendered
difficult. Larger viruses could be seen under light
microscope after appropriate staining, but their detailed
morphology could only be studied by electron micro-
scope by Ruska (1934).

Cultivation of Viruses

The technique of growing them on chick embryos was
developed by Goodpasture in 1930s. The use of living
human and animal tissue cells for the in vitro culture
of viruses was developed by John Enders (1949) and
others.

Virus infection and malignancy
Leukemia

Vilhelm Ellerman and Oluf Bang (1908) in Copenha-
gen put forth the possibility that virus infection could
lead to malignancy by reporting that leukemia could be
transmitted between chickens by cell-free filtrates.

Sarcoma in Fowls

Peyton Rous (1911) three years later isolated a virus
causing sarcoma in fowls. Several viruses have been
blamed to cause natural and experimental tumors in
birds and animals. Viruses also cause malignant trans-
formation of infected cells in tissue culture.

Viral Oncogenesis

The discovery of viral and cellular oncogenes have put
forth the possible mechanisms of viral oncogenesis.
Positive proof a virus causing of human malignancy
was established when the virus of human T-cell leuke-
mia was isolated in 1980.

Bacteriophages

Frederick W Twort (1915) and Felix d” Herelle (1917)
independently discovered a lytic phenomenon in
bacterial cultures. The agents responsible were termed
bacteriophages (virus that attack bacteria). The disci-
pline of molecular biology owes it origin largely to
studies on the genetics of bacteriophages and bacteria.

IMMUNITY AND IMMUNIZATION

Ancient Knowledge

It was known from ancient times since the time of the
ancient Greeks that people who have suffered from a
distinctive disease, such as smallpox, measles, plague,
yellow fever and various other infectious diseases,
resisted it on subsequent exposures and rarely contract
it second time. The practice of producing a mild form
of smallpox intentionally (variolation) was prevalent
in India, China and other ancient civilizations from
time immemorial.

Edward Jenner (1749-1823)

The first scientific attempts at artificial immunizations
in the late eighteenth century by Edward Jenner
(1749-1823) from England. He observed the immunity
to smallpox in milkmaids who were exposed to




occupational cowpox infection, introduced the tech-
nique of vaccination using cowpox material (1796).
It was on May 14, 1796, that Jenner extracted the
contents of a pustule from the arm of a cowpox-
infected milkmaid, Sarah Nelmes, and injected it
into the arm of eight- year-old James Phipps. Jenner’s
vaccination paved the way for the ultimate eradication
of smallpox. Edward Jenner is known as the “Father of
immunology”.

Live Vaccines

Further work onimmunization was carried outby Louis
Pasteur and derived attenuated (reduced in virulence)
live vaccines for fowl cholera, anthrax, swine erysip-
elas and rabies. He called them vaccine in honor of
Jenner’s work with cowpox or vaccinia (Latin vacca for
cow). In 1881 he made a convincing controlled trial of
his anthrax vaccine. Today, attenuated live vaccines are
used with outstanding success against such diseases as
tuberculosis, poliomyelitis, measles and yellow fever.

Vaccine for Hydrophobia

Pasteur’s development of a vaccine for hydropho-
bia made the greatest impact in medicine. This was
acclaimed throughout the world. The Pasteur Institute,
Paris was built by public contributions and similar insti-
tutions were established soon in many other countries
for the preparation of vaccines and for the investigation
of infectious diseases.

Antibodies and Complement

Nuttal (1888) observed that defibrinated blood had a
bactericidal effect and Buchner (1889) noticed that this
effect was abolished by heating the sera for one hour
at 55°C. This heat-labile bactericidal factor was termed
‘alexine’. The first step in elucidating the mechanisms
of acquired immunity was the discovery of antibodies
by Emil von Behring and Shibasaburo Kitasato (1890)
in the sera of animals which had received sublethal
dose of diphtheria or tetanus toxoid. Pfeiffer (1893)
demonstrated bactericidal effect in vivo by injecting live
cholera vibrios intraperitoneally in guinea pigs previ-
ously injected with killed vibrios. Bordet (1895) proved
the humoral nature of such activity. He defined two
components in this reaction, the first being heat stable
substance ‘antibody’ found in the immune sera and the
second being heat labile identical with Buchner’s alex-
ine, subsequently named ‘complement’.

Cellular Concept of Immunity

Elie Metchnikoff (1883) discovered the phenomenon
of phagocytosis and developed the cellular concept of
immunity. Paul Ehrlich hypothesized that immunity
could be explained by presence of noncellular compo-
nents of blood. Wright (1903) discovered opsonization,
in which antibodies and phagocytic cells act in conjunc-
tion. Both Metchnikoff and Ehrlich shared a Nobel Prize
in 1908 for their contributions to the emerging science of

immunology. The pioneering work of Landsteiner laid
the foundation of immunochemistry.

Allergy

Koch’s phenomenon: Koch (1890) had noticed that
when the tubercle bacillus or its protein was injected
into a guinea pig already infected with the bacillus, an
exaggerated response took place—a hypersensitivity
reaction known as Koch’s phenomenon.

Anaphylaxis: Portier and Richet (1902), studying the
effect of the toxic extracts of sea anemones in dogs made
the paradoxical observation that dogs which had prior
contact with the toxin were, abnormally sensitive to
even minute quantities of it subsequently. This phenom-
enon was termed anaphylaxis and led to the develop-
ment of the discipline of allergy.

Selection Theory of Antibody

In 1955, Jerne proposed the ‘natural selection theory’
of antibody synthesis. Burnet (1957) modified this into
clonal selection theory.

Immunological Surveillance

Burnet (1967) developed the concept of immunological
surveillance based on the original suggestion of Thomas
(1959), according to which the primary function of the
immune system is to preserve the integrity of the body,
seeking and destroying all ‘foreign antigens’. Malignan-
cy was thought to be a failure of this function.

Transplantation

Another aspect of this role of immunity is in the rejec-
tion of homografts. Understanding of the immunologi-
cal basis of transplantation, largely due to the work of
Medawar and Burnet, made successful transplants
possible by elective immunosuppression and proper
selection of donors based on histocompatibility.

SEROTHERAPY AND CHEMOTHERAPY
Antisera

The work of Behring and Kitasato led to the success-
ful use of antisera raised in animals for the treatment
of patients with diphtheria, tetanus, pneumonia and
other diseases. Antisera were the only specific therapeu-
tic agents available for the management of infectious
diseases till Domagk (1935) initiated scientific chemo-
therapy with the discovery of prontosil.

Magic Bullet

Ehrlich (1909) discovered salvarsan (arsphenamine),
sometimes called the ‘magic bullet’” was capable of
destroying the spirochete of syphilis with only moder-
ate toxic effects. In 1912 he announced the discovery of
neosalvarsan. This gave him the title, “Father of chemo-
therapy”.

Antibiotics—A Fortunate Accident

The modern era of antibiotics developed only after
Gerhard Domagk (1895-1964) found that prontosil
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(the forerunner of sulfonamides) had a dramatic effect
on streptococcal infection in 1935. Sir Alexander Flem-
ing (1881-1955) made accidental discovery that the
fungus Penicillium notatum produces a substance which
destroys staphylococci. In the 1940s, Florey and Chain
and their associates demonsrates its clinical value. This
was the beginning of the antibiotics era. Selman Waks-
man exploited the potential for antibiotic production
among soil microorganisms in the 1940s. Within 25 years
of these discoveries, most of the major groups of anti-
microbial agents had been recognized and more recent
developments have chiefly involved chemical alteration
of existing molecules.

Microbes Control is Far more Difficult

The global eradication of smallpox inspired visions
of similar campaigns against other major pestilences.
But it was realized that controlling microbes was a far
more difficult than was imagined when new infectious
diseases began to appear. Unceasing vigilance appears
essential to protect man from microbes because of prob-
lems of emergence of drug resistance and appearance of
new agents of infectious disease. The most notorious of
these is undoubtedly the human immunodeficincy virus
(HIV), the causative agent of acquired immune deficien-
cy sndrome (AIDS). The rise and fall of AIDS produces
a sobering reminder of the potential impact of microbial
disease.

DEVELOPMENT OF MOLECULAR BIOLOGY AND
MOLECULAR GENETICS

Molecular Biology

Oswald Avery with Colin Macleod and Maclyn Mc-
Carty in 1944 showed that deoxyribonucleic acid (DNA)
transformed nonvirulent pneumococci to virulent
organisms. This discovery of chemical nature of heredi-
tary material heralded the beginning of the merger of
microbiology and molecular biology

Recombinant DNA Technology

In the 1970s new discoveries in microbiology led to
the development of recombinant DNA technology and
genetic engineering from work in microbial genetics
and molecular biology.

NOBEL PRIZES AWARDED FOR RESEARCH
IN MICROBIOLOGY

The number of Nobel laureates in Medicine and Physi-
ology for their contribution in microbiology is evidence
of the positive contribution made to human health by
the science of microbiology. About one-third of these
have been awarded to scientists working on microbio-
logical problems (Table 1.1).

KNOW MORE

* Microbes, also called microorganisms, are minute
living things that individually are usually too small
to be seen with the unaided eye. The group includes
bacteria, fungi (yeasts and molds), protozoa, and
microscopic algae). It also includes viruses, those
noncellular entities sometimes regarded as being at
the border between life and nonlife.

Antony von Leeuwenhoek (1632-1723): His observa-
tional report were enthusiastic and accurate and created
some interest at the time, but unfortunately Leeuwen-
hoek treated these investigations as a hobby and did not
really found as a science because he kept his methods
secret and left no students to continue his work.
¢ Although Fracastoro and others had suggested that
invisible organisms produced disease, most be-
lieved that disease was due to causes such as super-
natural forces, poisonous vapors called miasmas,
and imbalances between the four humors thought
to be present in the body.

@ KEYPOINTS I

* Microbiology is the study of living organisms of
microscopic size.
* Antony van Leeuwenhoek was the first person to
describe microorganisms.
* The spontaneous generation of microorganisms
was disproved by Spallanzani, Pasteur, Tyndall,
and others.
» The work of Bassi, Pasteur, Koch, and others sup-
ported the germ theory of disease. Lister provided
indirect evidence with his development of antisep-
tic surgery.
* Louis Pasteur: Pasteur showed that fermenta-
tions were caused by microorganisms and that
some microorganisms could live in the absence of
oxygen. He is known as “Father of Microbiology”.
Contributions of Louis Pasteur in Microbiology
are very important.
* Joseph Lister developed a system of antiseptic
surgery. For this work he is called the “Father of
modern surgery”
* Robert Koch
a. Koch developed the techniques required to
grow bacteria on solid media and to isolate
pure cultures of pathogens.

b. Koch’s postulates are used to prove a direct
relationship between a suspected pathogen and
a disease.

 Paul Ehrlich is known as “Father of chemothera-
py”.

* The existence of viruses became evident during the
closing years of the nineteenth century.



Year

Nobel laureates

1901 Emil A von Behring

1902
1905
1907

1908

1913
1919

1928
1930

1939
1945
1951
1952

1954

1960
1962

1966

1966
1968

1969
1972
1975

1977
1980
1984

1987
1989
1990

1993

1996
1997
2001

2005

Ronald Ross
Robert Koch
CLA Laveron

Paul Ehrlich and Elie Metchnikoff

Charles Richet
Jules Bordet

Charles Nicolle
Karl Landsteiner

Gerhardt Domagk

Alexander Fleming, Ernst Chain, and Howard Florey
Max Theiler

Selman A Waksman

John F Enders, Thomas H Weller, and Frederick C
Robbins
Sir Macfarlane Burnet and Sir Peter Brian Medawar

James D Watson, Frances HC Crick, And Maurice AF
Wilkins
Francois Jacob, Andre Lwoff and Jacques Monod

Peyton Ross

Robert Holley, Har Gobind Khorana, and Marshall

W Nirenberg
Max Delbruck, AD Hershey and Salvador Luria

Gerald M Edelman and Rodney R Porter

David Baltimore, Renato Dulbecco and Howard M
Temin

Rosalyn Yalow
Baruj Benacerraf, Jean Dausset and George Snell
Cesar Milstein, Georges Kohler Neils Jerne

S Tonegawa
J Michael Bishop and Harold E Varmus
Joseph E Murray and E Donnall Thomas

Kary B Mullis

Peter C Doherty and Rolf M Zinkernagel
Stanley B Prusiner

Leland H Hartwell, Paul M Nurse, and R Timothy Hunt

Barry J Marshall and J Robin Warren

Contribution

Developed a diphtheria antitoxin.
Discovered how malaria is transmitted.
Tuberculosis—discovery of causative agent.

Discovery of malaria parasite in an unstained preparation of
fresh blood.

Developed theories on immunity.

Described phagocytosis, the intake of solid materials by

cells.
Anaphylaxis.

Discovered roles of complement and antibody in cytolysis,
developed complement fixation test.

Typhus exanthematicus

Described ABO blood groups; solidified chemical basis for
antigen-antibody reactions.

Antibacterial effect of prontosil.

Discovered penicillin.

Yellow fever vaccine

Development of streptomycin. He coined the term ‘antibi-
otic’.

Cultured poliovirus in cell cultures.

Immunological tolerance, clonal selection theory

Double helix structure of deoxyribonucleic acid (DNA).
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Regulatory mechanisms in microbial genes (concept of ‘lac
operon’).

Viral oncogenes (avian sarcoma)

Genetic code

Mechanism of virus infection in living cells
Described the nature and structure of antibodies.

Interactions between tumor viruses and genetic material of
the cells.

Developed inmmunoassay
HLA antigens

Developed hybridoma technology for production of mono-

clonal antibodies. ) )
Described the genetics of antibody production.

Discovered cancer-causing genes called oncogenes.

Performed the first successful organ transplants by using
immunosuppressive agents.

Discovered the polymerase chain reaction (PCR) to amplify
DNA.

Cell mediated immune defences
Prion discovery

Discovered genes that encode proteins regulating cell divi-
sion
Helicobacter pylori and its role in gastritis and peptic ulcer

disease
Contd.... m



Contd....

2007 Mario R Capecchi, Oliver Smithies and Sir Martin J

Evans

2008 Luc Montagnier and Francoise Barre-Sinoussi

Herald zur Hausen

* Vaccines against anthrax and rabies were made by
Pasteur; von Behring and Kitasato prepared anti-
toxins for diphtheria and tetanus.

* Edward Jenner is known as the “Father of immu-
nology”.

* Ehrlichis given the title, “Father of chemotherapy”.

* In the twentieth century microbiology contributed
greatly to the fields of biochemistry and genetics. It
also helped stimulate the rise of molecular biology.

¢ The positive contribution has been made to human
health by the science of microbiology.

IMPORTANT QUESTIONS

I. Write short notes on:
(a) Contributions of Antony van Leeuwenhoek
(b) Contributions of Louis Pasteur
(c) Contributions of Robert Koch
(d) Koch’s postulates
(e) Contributions of Edward Jenner

Creation of knockout mice for stem cell research

Discovery of human immunodeficiency virus
Human papillomaviruses causing cervical cancer

(f) Contributions of Paul Ehrlich
(g) Name four Nobel laureates in Microbiology

FURTHER READING

Benacerraf B, et al. A history of bacteriology and immunology.
London: William Heinemann, 1980.

Brock TD. Milestones in microbiology. American Society for
Microbiology, Washington, DC, 1999.

Bulloch W. The history of bacteriology, London Oxford
University Press, 1938.
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Microscopy

LEARNING OBIJECTIVES

After reading and studying this chapter, you should be able
fo:
¢ Discuss microscopic methods.

INTRODUCTION

Microscope is an optical instrument used to magnify
(enlarge) minute objects or microorganisms which can-
not be seen by naked eye. The study of the morphology
of bacteria requires the use of microscopes. In general,
microscopy is used in microbiology for two basic pur-
poses: the initial detection of microbes and the prelim-
inary or definitive identification of microbes.

MICROSCOPY: INSTRUMENTS

Microscopic Methods

A. Light microscopy
1. Bright-field (light) microscope
2. Dark-field microscopy
3. Phase-contrast microscopy
4. Fluorescent microscopy
5. Confocal
B. Electron microscopy
1. Transmission
2. Scanning
C. Scanning probe microscopy

A. Light Microscopy

Light microscopy refers to the use of any kind of micro-
scope that uses visible light to observe specimens. Here
we examine several types of light microscopy. A mod-
ern compound light microscope (LM) has a series of
lenses and uses visible light as its source of illumination
(Fig. 2.1).

Principles of Light Microscopy

In light microscopy, light typically passes through
a specimen and then through a series of magnifying
lenses.

+ Explain the principle and describe uses of the following:
darkfield microscopy; phase-contrast microscopy;
fluorescent microscopy and electron microscopy.

1. The Bright-Field Microscope

The most common type of light microscope, and the eas-
iest to use, is the bright-field microscope, which evenly
illuminates the field of view.

Compound Light Microscopy

A series of finely ground lenses (Fig. 2.1) forms a clearly
focused image that is many times larger than the speci-
men itself. This magnification is achieved when light
rays from an illuminator, the light source used to illu-
minate the specimen positioned on a stage, pass through
a condenser, which has lenses that direct the light rays
through the specimen. From here, light rays pass into
the objective lenses, the lenses closest to the specimen.
The image of the specimen is magnified again by the
ocular lens, or eyepiece. In bright-field microscopy, the

Ocular lens (eyepiece)

Body tube

Arm
Objective lenses

Stage
Condenser

Diaphragm

Coarse focusing knob

Illuminator Light source
Base ——

Fine focusing knob o

Fig. 2.1: Principal parts of compound light microscope
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specimen is visualized by transillumination, with light
passing up through the condenser to the specimen. The
image is then magnified first by the objective lens and
then by the ocular lens.

Magnification

We can calculate the total magnification of a specimen
by multiplying the objective lens magnification (power)
by the ocular lens magnification (power). Three differ-
ent objective lenses are commonly used: low power x
10); high dry x 40); and oil immersion x 100). Most ocu-
lars magnify specimens by a factor of 10. Multiplying
the magnification of a specific objective lens with that of
the ocular, we see that the total magnifications would be
100 x for low power, 400 x for high power, and 1000 x
for oil immersion.

Resolution

The limitation of bright-field microscopy is the reso-
lution (also called resolving power) of the image (i.e. the
ability to distinguish that two objects are separate and
not one). The resolving power of a microscope is deter-
mined by the wavelength of light used to illuminate the
subject and the angle of light entering the objective lens
(referred to as the numerical aperture). A general prin-
ciple of microscopy is that the shorter the wavelength of
light used in the instrument, the greater the resolution.

Immersion Oil

The white light used in a compound light microscope
has a relatively long wavelength and cannot resolve
structures smaller than about 0.2 um. To achieve high
magnification (100 x) with good resolution, the objec-
tive lens must be small. Immersion oil is placed between
the glass slide and the oil immersion objective lens. The
immersion oil has the same refractive index as glass,
so the oil becomes part of the optics of the glass of the
microscope. The oil enhances the resolution by prevent-
ing light rays from dispersing and changing wavelength
after passing through the specimens. A specific objec-
tive lens, the oil immersion lens, is designed for use with

Ocular lens

oil; this lens provides 100 x magnification on most light
microscopes.

Uses

Bacteria may be examined under light microscope,
either in the living state or after fixation and staining.
The arrangement, motility and approximate size of the
organisms can be observed by the examination of wet
films or ‘hanging drops’.

2. Dark-Ground (Dark-Field) Microscope

Dark-field microscopy is frequently performed on the
same microscope on which bright-field microscopy is
performed. Instead of the normal condenser, a dark-field
microscope uses a dark-field condenser that contains an
opaque disk. The disk blocks light that would enter the
objective lens directly. Only light that is reflected off
(turned away from) the specimen enters the objective
lens (Fig. 2.2B). Because there is no direct background
light, the specimen appears light against a dark back-
ground. This creates a “dark-field” that contrasts against
the highlighted edge of the specimens and results when
the oblique rays are reflected from the edge of the speci-
men upward into the objective of the microscope.

Use

This technique is particularly valuable for observing
organisms such as Treponema pallidum, a spirochete
which is less than 0.2 um in diameter and therefore can-
not be observed with direct light.

Disadvantage

Internal structure of organisms cannot be studied
because light passes around rather than through organ-
isms.

3. Phase-Contrast Microscopy (Fig. 2.2C)
Principle

The principle of phase-contrast microscopy is based on
the wave nature of light rays, and the fact that light rays
can be in phase (their peaks and valleys match) or out of
phase. In a phase-contrast microscope, one set of light

Ocular lens
Diffraction plate

Only light reflected
by the specimen is
captured by the
objective lens

Objective lens

Specimen

Unreflected light
Condenser lens 9

Opaque disk

Undiffracted light
(unaltered by specimen)

Objective lens

Refracted or diffracted
light (altered by specimen)

Specimen

Fig. 2.2: (A) Bright-field, (B) dark-field, and (C) phase-contrast microscopy. The illustrations show the contrasting light
pathways of each of these types of microscopy



rays comes directly from the light source. The other set
comes from light that is reflected or diffracted from a
particular structure in the specimen. (Diffraction is the
scattering of light rays as they “touch” a specimen’s
edge. The diffracted rays are bent away from the paral-
lel light rays that pass farther from the specimen). When
the two sets of light rays-direct rays and reflected or dif-
fracted rays are brought together, they form an image
of the specimen on the ocular lens, containing areas that
are relatively light (in-phase), through shades of gray, to
black (out of phase). Through the use of annular rings
in the condenser and the objective lens, the differences
in phase are amplified so that in-phase light appears
brighter than out-of-phase light. The special phase con-
denser consists of annular diaphragms on a rotating
disk fitted to the bottom of the condenser.

Advantage

Phase-contrast microscopy improves the contrast, the
internal structures of a cell become more sharply defined
and makes evident the structures within cells that differ
in thickness or refractive index.

Uses

1. To study unstained living cells

2. Detailed examination of internal structures in living
microorganisms.

3. To study flagellar movements and motility of bacte-
ria and protozoans

4. To study intestinal and other live protozoa such as
amoebae and Trichomonas

5. To examine fungi grown in culture.

Differential Interference Contrast (DIC)
Microscopy

Differential interference contrast (DIC) microscopy is
similar to phase-contrast microscopy in that it uses dif-
ferences in refractive indexes. However, in a DIC micro-
scope two beams of light are used instead of one. In
addition, prisms split each light beam, adding contrast-
ing colors to the specimen. Therefore, the resolution of a
DIC microscope is higher than that of a standard phase-
contrast microscope. Also, the image is brightly colored
and appears nearly three-dimensional.

4. Fluorescent Microscopy

Fluorescence microscopy takes advantage of fluores-
cence, the ability of substances to absorb short wave-
lengths of light (ultraviolet) and give off light at a lon-
ger wavelength (visible). If tissues, cells or bacteria are
stained with a fluorescent dye and are examined under
the microscope with ultraviolet light instead of ordi-
nary visible light, they become luminous and are seen
as bright objects against a dark background. The color
that the cells will appear depends on the type of dye and
the light filters. The fluorescence microscope is used to
observe cells or other material that are either naturally

fluorescent or have been stained or tagged with fluores-
cent dyes.

Principal Use

The principal use of fluorescence microscopy is a
diagnostic technique called the fluorescent antibody
(FA) technique, or immunofluorescence employed for
detection of antigen (direct fluorescent antibody tech-
nique) and antibodies (indirect fluorescent antibody
methods).

Epifluorescence Microscope

A common variation of the standard fluorescence micro-
scope is the epifluorescence microscope, which pro-
jects the ultraviolet light through the objective lens and
onto the specimen. Because the light is not transmitted
through the specimen, cells can be observed attached to
soil particles or other opaque materials.

5. Confocal Microscopy

In confocal microscopy, lenses focus a laser beam to illu-
minate a given point on one vertical plane of a specimen.
Like fluorescent microscopy, specimens are stained with
fluorochromes so they will emit, or return light. Mirrors
then scan the laser beam across the specimen, illuminat-
ing successive regions and planes until the entire speci-
men has been scanned. Each plane corresponds to an
image of one fine slice of the specimen. A computer then
assembles the data and constructs a three-dimensional
image, which is displayed on a screen. In effect, this
microscope is a miniature CAT scan for cells.

Frequently, the specimens are first stained or tagged
with a fluorescent dye. By using certain fluorescent tags
that bind specifically to a given protein or other com-
pound, the precise cellular location of that compound
can be determined. In some cases, multiple different
tags that bind to specific molecules are used, each hav-
ing a distinct color.

Uses

i. To obtain three-dimensional images of entire cells
and cellular components

ii. To evaluate cellular physiology—by monitoring
the distributions and concentrations of substances
such as ATP and calcium ions.

B. Electron Microscopy

¢ Electron microscopy is in some ways comparable
to light microscopy. Rather than using glass lenses,
visible light, and the eye to observe the specimen,
the electron microscope uses electromagnetic lens-
es, electrons, and a fluorescent screen to produce
the magnified image (figure). That image can be
captured on photographic film to create an electron
photomicrograph.

¢ The superior resolution of the electron microscope
is due to the fact that electrons have a much shorter
wavelength than the photons of white light.
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Electron beam

Specimen

Viewing
eyepiece

Electromagnetic
objective lens

Electromagnetic
project lens

Fluorescent screen
or photographic plate

—Electron gun

Electromagnetic
condenser lens

Secondary__|
electrons

Specimen —|

e |~ Primary electron beam

Electromagnetic lenses
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Viewing screen
|

Electron
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B Amplifier

Fig. 2.3: (A) Transmission and (B) scanning electron microscopy. The illustrations show the pathways of electron
beams used to create images of the specimens

® The electron beam is focused by circular electro-
magnets, which are analogous to the lenses in the
light microscope. The object which is held in the
path of the beam scatters the electrons and produc-
es an image which is focused on a fluorescent view-
ing screen.

e The wavelength of electrons used in an EM is 0.005
nm, as compared to 500 nm with visible light, i.e.
about 100,000 times shorter than that of ordinary
light. Theoretically, if conditions were identical in
the optical and electron microscopes, the resolving
power of the EM should be 100,000 times (reso-
lution down to 0.0025 nm). However, the numerical
aperture of an EM lens is very small (the diameter
of the aperture is only a few micrometers) and does
not approach the width of that of an optical micro-
scope objective. In practice, the best resolution that
can be obtained is 0.3 to 0.5 nm, a hundred times
better than that of the light microscope.

Types of electron microscopes
(Figs 2.3A and B)

The illustrations show the pathways of electron beams
used to create images of the specimens. (A) Transmis-
sion: In a transmission electron microscope, electrons
pass through the specimen and are scattered. Magnetic
lenses focus the image onto a fluorescent screen or pho-
tographic plate; (B) Scanning: In a scanning electron
microscope, primary electrons sweep across the speci-
men and knock electrons from its surface. These second-
ary electrons are picked up by a collector, amplified, and
transmitted onto a viewing screen or photographic plate

There are two types of electron microscopes in gen-
eral use:

i. Transmission Electron Microscope (TEM)

In transmission electron microscope (TEM) electrons
like light pass directly through the specimen that has
been prepared by thin sectioning, freeze fracturing, or
freeze etching. It is used to observe fine details of cell
structure.

ii. Scanning Electron Microscope (SEM)

Scanning electron microscopes scan a beam of electrons
back and forth over the surface of a specimen produc-
ing three-dimensional views of the surfaces of whole
microorganisms.

C. Scanning-Probe Microscopy

Scanning probe microscopes map the bumps and val-
leys of a surface on an atomic scale. Their resolving
power is much greater than the electron microscope,
and the samples do not need special preparation as they
do for electron microscopy. Among the new scanned-
probe microscopes are:

1. Scanning tunneling microscopy (STM): They are
used to provide incredibly detailed views of mol-
ecules such as DNA.

2. Atomic force microscopy (AFM): They produce
three-dimensional images of the surface of a
molecule.

@ KEYPOINTS I

Microscopy: A simple microscope consists of one lens; a
compound microscope has multiple lenses.

Compound Light Microscopy: The most common
microscope used in microbiology is the compound
microscope/bright-field microscope/light microscope;
Immersion oil is used with the oil immersion lens to
reduce light loss between the slide and the lens.

e Dark-field Microscopy: The dark-field microscope
directs light toward a specimen at an angle. It is
most useful for detecting the presence of extremely
small organisms.

* Phase-Contrast Microscopy: A phase-contrast mi-
croscope brings direct and reflected or diffracted
light rays together (in phase) and amplifies differ-
ences in refraction to form an image of the speci-
men on the ocular lens. It allows the detailed obser-
vation of living organisms.



e Differential Interference Contrast (DIC) Micros-
copy: It allows detailed observations of living cells.

¢ Confocal Microscopy: In confocal microscopy, a
specimen is stained with a fluorescent dye and illu-
minated one plane at a time.

e Fluorescence Microscopy: In fluorescence micros-
copy, specimens are first stained with fluoro-
chromes and then viewed through a compound
microscope by using an ultraviolet light source. The
microorganisms appear as bright objects against a
dark background.

* Electron Microscopy: Electron microscopes use
electromagnetic lenses, instead of glass lenses, elec-
trons, and fluorescent screens to produce a magni-
fied image. Two types of EM: (i) Transmission elec-
tron microscopes (TEMs). (ii) Scanning electron
microscopes

Scanned-Probe Microscopy

Scanning probe microscopes map the bumps and val-
leys of a surface on an atomic scale. Their resolving
power is much greater than the electron microscope,
and the samples do not need special preparation as they
do for electron microscopy.

KNOW MORE

The most common type of microscope is the bright-field
microscope.
* Brightfield illumination is used for stained smears.
¢ Unstained cells are more productively observed us-
ing dark-field, phase-contrast, or DIC microscopy.

Scanning-Probe Microscopes

Since the early 1980s, several new types of micro-
scopes, called scanned-probe microscopes, have been

developed Scanning probe microscopes make it possi-
ble to view images at an atomic scale. Among the new
scanned-probe microscopes are the scanning tunneling
microscope and the atomic force microscope, discussed
next.

IMPORTANT QUESTIONS

1. Name various microscopic instruments used in
microbiology and describe the working principle of
compound microscope.

2. Describe the principles of bright-field, dark-
field, phase-contrast, fluorescent, and electron
microscopy. Give one example in which each meth-
od would be used.

3. Describe the differences between the principles of a
light microscope and an electron microscope.

4. Describe the principles involved in the light micro-
scope, phase-contrast microscope and electron
microscope.

5. Write short notes on:

Compound microscope/bright-field microscope.
Resolution.

Dark-field microscope

* Fluorescent microscope

* Phase-contrast microscope

Confocal Microscopy

Electron microscope.

Transmission electron microscope (TEM).
Scanning electron microscope (SEM)
Scanned-probe microscopy

FURTHER READING

Tortora GJ, FunkeBR, Case CL. Microbiology an introduction
observing microorganisms through a microscope: 2004.
8(E): Perason Education.
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Morphology of Bacteria

LEARNING OBJECTIVES

After reading and studying this chapter, you should be able
fo:

¢ Differentiate between prokaryotes and eukaryotes.

¢ Describe anatomy of bacterial cell.

¢ Describe cell envelope.

¢ Describe bacterial cell wall.

INTRODUCTION

Microorganisms are generally regarded as living forms
that are microscopic in size and relatively simple, usu-
ally unicellular, in structure. The bacteria are single-
celled organisms that reproduce by simple division,
i.e. binary fission. Most are free living and contain the
genetic information, energy-producing and biosynthetic
systems necessary for growth and reproduction.

Microorganisms are a heterogeneous group of sev-
eral distinct classes of living beings. Whittaker’s system
recognizes five-kingdoms of living things—Monera
(bacteria), Protista, Fungi, Plantae, and Animalia. Five
kingdoms have been modified further by the develop-
ment of three domains, or Superkingdoms system—
the Bacteria, the Archaea (meaning ancient), and the
Eucarya.

COMPARISON OF PROKARYOTIC CELLS-
EUKARYOTIC CELLS

All living organisms on earth are composed of one or
the other of two types of cells: prokaryotic cells and
eukaryotic cells based on differences in cellular organi-
zation and biochemistry.

* Prokaryotes: Bacteria and Archaea.

¢ Eukaryotes: Eucarya.

1. Prokaryotes: Prokaryotic cells (pro or primitive nu-
cleus) do not have a membrane-bound nucleus. All
bacteria and blue-green algae are prokaryotes.

Bacteria are prokaryotic microorganisms and
don’t contain chlorophyll but in contrast, blue-
green algae possess chlorophyll. They are unicellu-
lar and do not show true branching, except in the so
called ‘higher bacteria” (Actinomycetales).

¢ Discuss capsule or bacterial capsule.

¢ Describe bacterial flagellae.

¢ Describe fimbriae or pili.

¢ Discuss bacterial spores or endospores.
¢ Explain L-forms of bacteria.

2. Eukaryotes: Eukaryotic cells (ex or true nucleus),
have a membrane-bound nucleus. Other algae
(excluding blue-green algae), fungi, slime moulds,
protozoa, higher plants, and animals are eukary-
otic.

Three fundamental characteristics are often
considered to distinguish prokaryotes from eukar-
yotes: small size, absence of a complex, organelle-
containing cytoplasm, and the absence of a nuclear
membrane (Table 3.1).

Size of Bacteria

Bacteria are very small in size. The unit of measurement
in bacteriology is the micron or micrometer (um).

1 micron (p) or micrometer (um) = a millionth part of
a meter or a thousandth of a millimeter.

1 millimicron (mp) or nanometer (nm) = one
thousandth of a micron or one millionth of a millimeter.

1 Angstrom unit (A) = one tenth of a nanometer.

The diameter of the smallest body that can be resolved
and seen clearly with naked eye is 200 nm. Bacteria of
medical importance generally measure 0.2-1.5 pm in
diameter and about 3-5 pm in length. To see bacteria,
a light microscope must be used. The best light micro-
scope, using the most advanced optics, are capable of
magnifications of 1000 to 2000 times. The electron micro-
scope provides superb resolving power. Many types of
microscopes are used for examination of bacteria.

STUDY OF BACTERIA
Stained Preparations

Because most microorganisms appear almost colorless
when viewed through a standard light microscope, we
often must prepare them for observation. Live bacteria




Characteristics Prokaryotic

Size (approximate) 0.5 to3 um
Nucleus

Nuclear membrane Absent
Nucleolus Absent
Chromosome One (circular)
Deoxyribonucleoprotein Absent

Division By binary fission
Cytoplasm

Cytoplasmic streaming Absent
Mitochondria Absent

Golgi apparatus Absent
Lysosomes Absent
Pinocytosis Absent
Endoplasmic reticulum Absent
Chemical composition

Sterol Absent

Muramic acid Present
Examples Eubacteria, Archaea

All bacteria and blue-green algae

do not show much structural detail under the light
microscope due to lack of contrast. Hence it is customary
to use staining techniques to produce color contrast.
Staining simply means coloring the microorganisms
with a dye that emphasizes certain structures.

Bacteria may be stained in the living state, but this
type of staining is employed only for special purposes.
Routine methods for staining of bacteria involve drying
and fixing smears, procedures that kill them. Fixing
simultaneously kills the microorganisms and attaches
them to the slide. It also preserves various parts of
microbes in their natural state with only minimal
distortion. Various staining techniques are commonly
used in bacteriology.

Shape of Bacteria

Depending on their shape, bacteria are classified into
several varieties (Fig. 3.1):

1. Cocci: Cocci (from kokkos meaning berry) are
spherical, or nearly spherical.

2. Bacilli: Bacilli (from baculus meaning rod) are rela-
tively straight, rod shaped (cylindrical) cells. In
some of the bacilli, the length of the cells may be
equal to width. Such bacillary forms are known as
coccobacilli and have to be carefully differentiated
from cocci.

3. Vibrios: Vibrios are curved or comma-shaped rods
and derive the name from their characteristic vibra-
tory motility.

4. Spirilla: Spirilla are rigid spiral or helical forms.

5. Spirochetes: Spirochetes (from speira meaning coil
and chaite meaning hair) are flexuous spiral forms.

Eukaryotic
>5 um

Present

Present

More than one (linear)
Present

By mitosis

Present
Present
Present
Present
Present
Present

Present

Absent

Fungi, slime moulds, protozoa, higher
plants, and animals including humans

o
—
D,
N
g Y AAA

Fig. 3.1: Shape of bacteria: 1. Coccus; 2. Bacillus;
3. Vibrio; 4. Spirillum; 5. Spirochete

6. Mycoplasma: Mycoplasma are cell wall deficient
bacteria and hence do not possess a stable morphol-
ogy. They occur as round or oval bodies and inter-
lacing filaments.

ARRANGEMENT OF BACTERIAL CELLS

Pathogenic bacterial species appear as sphere (cocci),
rods (bacilli), and spirals. Bacteria sometimes show
characteristic cellular arrangement or grouping (Figs
3.2A and B). The type of cellular arrangement is deter-
mined by the plane through which binary fission takes
place and by the tendency of the daughter cells to remain
attached even after division.
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Figs 3.2A and B: Arrangement of bacteria: (A) Cocci:
1. Streptococci 2. Pneumococci 3. Gonococci 4. Meningo-
cocci 5. Neisseria catarrhalis 6. Gaffkya tetragena 7. Sarcina
8. Staphylococci; (B) Bacilli: 1. Bacilli in cluster 2. Bacilli in
chains (B. anthrax) 3. Diplobacilli (K. pneumoniae)

Cocci Arrangement

i. Diplococci: Cocci may be arranged in pairs (diplo-
cocci) when cocci divide and remain together.

ii. Long chains: Long chains (Streptococcus, Entero-
coccus, and Lactococcus) when cells adhere after
repeated divisions in one plane.

iii. Grape like clusters: Grape like clusters (staphylo-
cocci) when cocci divide in random planes.

iv. Tetrads: Square groups of four cells (tetrads) when
cocci divide in two planes as in members of the
genus Micrococcus.

v. Cubical packets: Cubical packets of eight of cells
(genus Sarcina) when cocci divide in three planes.

Bacilli Arrangement

Bacilli split only across their short axes, therefore, the
patterns formed by them are limited. The shape of the
rod’s end often varies between species and may be flat,
rounded, cigar-shaped, or bifurcated. Some bacilli too
may be arranged in chains (streptobacilli). Others are
arranged at various angles to each other, resembling
the letter V presenting a cuneiform or Chinese letter
arrangement and is characteristic of Corynebacterium
diphtheriae.

ANATOMY OF THE BACTERIAL CELL

The principal structures of the bacterial cell are shown
in (Fig. 3.3). Bacterial Cell Components can be divided
into:

a. The outer layer or cell envelope consists of two

components:
1. Cell wall.
2. Cytoplasmic or plasma membrane—beneath cell
wall.
b. Cellular appendages—Besides these essential

components, some bacteria may possess additional
structures such as capsule, fimbriae, and flagella.

Capsule: Some bacteria produce a protective gelatinous
covering layer called a capsule outside the cell wall. If
the capsule is too thin to be seen with light microsope
(<0.2 pm) it is called microcapsule.

Loose slime: Soluble, large-molecular, amorphous, vis-
cid colloidal material may be dispersed by the bacteri-
um into the environment as loose slime.

Flagella: Some bacteria carry external filamentous
appendages protruding from the cell wall; flagella,
which are organs of locomotion; fimbriae, which appear
to be organs of adhesion; and pili, which are involved in
the transfer of genetic material.

B. Cell Interior

Those structures and substances that are bounded by
the cytoplasmic membrane, compose the cell interior
and include cytoplasm, cytoplasmic inclusions (mes-
osomes, ribosomes, inclusion granules, vacuoles) and
a single circular chromosome of deoxyribonucleic acid
(DNA).

A. Cell envelope and its Appendages

a. The Outer Layer or Cell Envelope

1. Cell Wall

The cell wall is the layer that lies just outside the plasma
membrane. It is 10-25 nm thick, strong and relatively
rigid, though with some elasticity, and openly porous,

being freely permeable to solute molecules smaller than
10 kDa in mass and 1 nm in diameter.

Functions of the cell wall:
1. To impart shape and rigidity to the cell.
2. It supports the weak cytoplasmic membrane
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Fig. 3.3: Anatomy of a bacterial cell

against the high internal osmotic pressure of the

protoplasm (ranges from 5 and 25 atm).

Maintains the characteristic shape of the bacterium.

It takes part in cell division.

5. Also functions in interactions (e.g. adhesion) with
other bacteria and with mammalian cells.

6. Provide specific protein and carbohydrate recep-
tors for the attachment of some bacterial viruses.

W

Chemical Structure of Bacterial Cell Wall

Chemically the cell wall is composed of mucopeptide
(peptidoglycan or murein) scaffolding formed by N-
acetyl glucosamine and N-acetyl muramic acid mol-
ecules alternating in chains, which are crosslinked by
peptide bonds (Fig. 3.4).

Peptidoglycan consists of three parts (Fig. 3.4):

1. A backbone—composed of alternating N-acetylglu-
cosamine and N-acetylmuramic acid.

2. A set of identical tetrapeptide side chains attached
to N-acetylmuramic acid.

3. A set of identical pentapeptide cross-bridges.

In all bacterial species, the backbone is the same,
however, tetrapeptide side chains and pentapeptide
cross-bridges vary from species to species (Fig. 3.4).
Several antibiotics interfere with construction of the cell
wall peptidoglycan.

In gram-positive bacteria, the cell wall consists
mainly of peptidoglycan and teichoic acids, whereas in
gram-negative bacteria, the cell wall is more complex in
both the anatomical and chemical sense and includes
the thinner peptidoglycan and outer membrane.

Difference Between Cell Wall of Gram-positive
and Gram-negative Bacteria

The difference between gram-positive and gram-nega-
tive bacteria has been shown to reside in the cell wall.
In general, the walls of the gram-positive bacteria have

simpler chemical nature than those of gram-negative
bacteria (Table 3.2). The integrity of the cell wall is essen-
tial to the viability of the bacterium. The protoplasm
may swell from osmotic inflow of water and burst the
weak cytoplasmic membrane if the wall is weakened or
ruptured. This process of lethal disintegration and dis-
solution is termed lysis.

Gram-positive Bacterial Cell Wall

The gram-positive bacterial cell wall (Fig. 3.5) is about
80 nm thick and is composed mostly of several layers of
peptidoglycan.

Peptidoglycan: It constitutes 50-90 percent of the dry
weight of the wall and are thicker and stronger (more
extensively cross-linked) than those of gram-negative
bacteria (peptidoglycan comprising 5-10 percent of the

. = N-acetyl
glucosamine
O = N-acetyl
muramic acid
= peptide
chain

#-H_H\ = pentapeptide

bridge

Fig. 3.4: Chemical structure of bacterial cell wall
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Fig. 3.5: Gram-positive cell wall

wall material). By contrast, gram-negative cell walls
contain only a thin layer of peptidoglycan.

Teichoic acid: In addition, the cell walls of gram-positive
bacteria contain teichoic acids, which consist primarily
of an alcohol (such as glycerol or ribitol) and phosphate.
There are two types of teichoic acids: wall teichoic acid,
covalently linked to peptidoglycan, and membrane
teichoic acid (lipoteichoic acid), covalently linked to
membrane glycolipid and concentrated in mesosomes.
Some gram-positive species lack wall teichoic acids, but
all appear to contain membrane teichoic acids.

Gram-negative Cell Wall

The gram-negative cell wall is structurally quite differ-
ent from that of gram-positive cells (Fig. 3.6). It consists
of peptidoglycan and, lipoprotein, outer membrane,
and lipopolysaccharide.

i. Peptidoglycan layer

Peptidoglycan layer is a single-unit thick and constitutes
5-10 percent of the dry weight of the wall of gram-neg-
ative bacteria. It is bonded to lipoproteins covalently in
the outer membrane and plasma membrane and is in the
periplasmic, a gel like fluid between the outer membrane
and plasma membrane. The periplasmic contains a high
concentration of degradive enzymes and transport pro-
teins. The periplasmic space is approximately 20 to 40
percent of the cell volume, which is far from insignificant.

Gram-positive

Gram-negative

1. Thickness Thicker Thinner

2. Peptidoglycan Thick layer (16-80 nm) 2 nm (thin layer)
3. Teichoic acid Present Absent

4. Variety of amino acids Few Several

5. Aromatic and sulfur containing amino acids Absent or scant Present

6. Lipids Absent or scant Present

7. Porin proteins Absent Present

8. Periplasmic region Absent Present

ii. Lipoprotein

Lipoprotein, or murein lipoproteins seemingly attach
(both covalently and noncovalently) to the peptidogly-
can by their protein portion, and to the outer membrane
by their lipid component.

Function: To stabilize the outer membrane and anchor it
to the peptidoglycan layer.

iii. Outer membrane

External to the peptidoglycan, and attached to it by
lipoproteins is the outer membrane. It is a bilayered
structure. Its inner leaflet is composed of phospholipid
while phospholipids of the outer leaflet are replaced by
lipopolysaccharide (LPS) molecules.

Functions:

a. A protective barrier: A most important function is
to serve as a protective barrier. It prevents or slows
the entry of the salts, antibiotics and other toxic
substances that might kill or injure the bacterium.

b. Porins or transmembrane proteins: In addition
to LPS, the outer membrane also contains several
important proteins that function in the selective
transport of the nutrients into the cell. Porins or
transmembrane proteins, traverse the outer mem-
brane and form trimeric channels that permit the
passage of molecules such as nucleotides, disaccha-
rides, peptides, amino acids, vitamin B12, and iron.

iv. Lipopolysaccharide (LPS)

A structural component that is unique to the gram-neg-
ative outer membrane is lipopolysaccharide (LPS). It is
a large complex molecule that contains lipids and carbo-
hydrates and consists of three components:

a. Lipid A is the lipid portion of LPS and is embedded
in the top layer of the outer membrane. When gram-
negative bacteria die, they release Lipid A, which
functions as an endotoxin. All the toxicity of the
endotoxin is due to lipid A which is responsible for
the endotoxic activities, that is, pyrogenicity, lethal
effect, tissue necrosis, anticomplementary activity,
B-cell mitogenicity, immunoadjuvant property and
anti-tumor activity.

b. The core polysaccharide is attached to lipid A and
a terminal series of repeat unit contains unusual
sugars. Its role is to provide stability.



Polysaccharide
(O antigen)

Porin protein (Trimer)

Lipopoly-
saccharide
}Lipid A
- Quter
Phospholipid | membrane
Lipoprotein
Periplasm Peptidoglycan }-Cell wall
Protein
™~ Phospholipid
Membrane
protein - Inner or .
cytoplasmic
membrane (Lipid bilayer

with integral proteins)

Fig. 3.6: Gram-negative cell wall

c. O polysaccharide: Extends outward from the core
polysaccharide and is composed of sugar mol-
ecules. O polysaccharides function as antigens
and are useful for distinguishing species of gram-
negative bacteria. The role is comparable to that of
teichoic acids in gram-positive cells. Polysaccharide
represents a major surface antigen of the bacterial
cell. It is known as O antigen. Bacteria carrying LPS
containing O antigen form smooth colonies in bac-
teriological media in contrast to those lacking the O
antigen, which form rough colonies.

Demonstration of Cell Wall

The cell wall cannot be seen by light microscopy and
does not stain with simple dyes. It can be demonstrated
by:

i. Plasmolysis: When placed in a hypertonic solution,
the cytoplasm loses water by osmosis and shrinks,
while the cell wall retains its original shape and size
(bacterial ghost).

Microdissection.
Exposure to specific antibody.

ii.
iii.

iv. Mechanical rupture of the cell.
v. Differential staining procedures.
vi. Electron microscopy.

Enzymes that Attack Cell Walls

Various enzymes attack cell walls:

i. Lysozyme: The enzyme lysozyme, which is found
in animal secretions (tears, saliva, nasal secretions)
as well as in egg white, is a natural body defence
substance which lyses bacteria of many species. It
acts by hydrolyzing linkage of the peptidoglycan
backbone. Gram-positive bacteria treated with
lysozyme in low osmotic strength media lye. The

outer membrane of the gram-negative cell wall
prevents excess of lysozyme unless disrupted by
an agent such as ethylenediaminetetraacetic acid
(EDTA), a chelating agent.

Autolysins: Bacteria themselves possess enzymes,
called autolysins, able to hydrolyze their own cell
wall substances. These enzymes presumably play
essential functions in cell growth and division, but
their activity is most apparent during the dissolu-
tion of dead cells (autolysis).

ii.

Protoplasts and Spheroplasts
Protoplasts

The gram-positive cell wall is almost completely
destroyed by lysozyme. The cellular contents that
remain surrounded by the plasma membrane may
remain intact if lysis does not occur. This wall-less cell
is termed a protoplast. They contain cytoplasmic mem-
brane and cell wall is totally lacking. Typically, a pro-
toplast is spherical and is still capable of carrying on
metabolism.

Spheroplasts

When lysozyme is applied to gram-negative cells, usu-
ally the wall is not destroyed to the same extent as in
gram-positive cells. Some of the outer membrane also
remains. In this case, the cellular contents, plasma
membrane, and remaining outer wall layer are called
a spheroplast. It is also a spherical structure. They are
capable of reverting to parent bacterial form when cell
wall inhibitor is removed from the culture medium.

2. Cytoplasmic (Plasma) Membrane

Structure: The cytoplasmic (plasma) membrane limits
the bacterial protoplast. It is thin (5-10 nm thick), elastic
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and can only be seen with electron microscope. It is a
typical “unit membrane”, composed of phospholipids
and proteins. Lipid molecules are arrayed in a double
layer with their hydrophilic polar regions externally
aligned and in contact with a layer of protein at each
surface.

Chemically, the membrane consists of lipoprotein
with small amounts of carbohydrate. With the excep-
tion of Mycoplasma, bacterial cytoplasmic membrane
lacks sterols.

Functions of Cytoplasmic Membrane

i. Semipermeable membrane—controlling the in-
flow and outflow of metabolites to and from the
protoplasm.

ii. Housing enzymes—involved in outer membrane
synthesis, cell wall synthesis, and in the assembly
and secretion of extracytoplasmic and extracellu-
lar substances.

Housing many sensory and chemotaxis proteins
that monitor chemical and physical changes in the
environment.

iv. Generation of chemical energy (i.e, ATP).

v. Cell motility.

vi. Mediation of chromosomal segregation during
replication.

iii.

b. Cellular Appendages
i. Capsule or Slime Layer

Structure: Many bacteria synthesize large amount of
extracellular polymer in their natural environments.
When the polymer forms a condensed, well defined
layer closely surrounding the cell, it is called the cap-
sule as in the pneumococcus. If the polymer is easily
washed off and does not appear to be associated with
the cell in any definite fashion, it is referred as a slime
layer as in Leuconostoc. A glycocalyx is a network of
polysaccharide extending from the surface of bacteria
and other cells. Capsules too thin to be seen under the
light microscope are called microcapsules.

Composition of capsules and slime layers: Cap sules
and slime layers usually are composed of polysaccha-
ride (for example pneumococcus) or of polypeptide
in some bacteria (for example, Bacillus anthracis and
Yersinia pestis). Some bacteria may have both a capsule
and a slime layer (for example, Streptococcus salivari-
us). Bacteria secreting large amounts of slime produce
mucoid growth on agar, which is of a stringy consist-
ency when touched with the loop.

Capsulated bacteria: Streptococcus pneumoniae, several
groups of streptococci, Neisseria meningitidis, Klebsiella,
Haemophilus influenzae, Yersinia and Bacillus.

Staining techniques: Slime has little affinity for basic
dyes and is not visible in Gram stained smears. Spe-
cial capsule staining techniques are available, usually
employing copper salts as mordants. Capsules may be

readily demonstrated by negative staining in wet films
with India ink, when they are seen as clear halos around
the bacteria, against a black background (Fig. 3.7).

Demonstration of Capsule
i. Gram stain.

ii. Special capsule staining techniques.
iii. India ink staining (negative staining).
iv. Electron microscope.

v. Serological methods.

i. Gram stain: Capsules and slime are usually not vis-
ible in films stained by ordinary methods except as
clear haloes surrounding the stained smear. Slime
has little affinity for basic dyes and is not visible in
Gram stained smears.

ii. Special capsule staining techniques: Special cap-

sule staining techniques are available, usually em-

ploying copper salts as mordants.

India ink staining (negative staining): The most

reliable method of demonstration is by negative’

staining in wet films with India ink and the cap-
sule appears as a clear halo around the bacterium,
against a dark background in the film.

Electron microscope: They can also be studied with

electron microscope.

v. Serological methods: Capsular material is antigen-
ic and may be demonstrated by serological meth-
ods. Capsules may also be visualized by reaction
with capsule-specific antibodies which causes a
characteristic swelling of the capsule. When a sus-
pension of a capsulated bacterium is mixed with its
specific anticapsular serum and examined under
the microscope, the capsule becomes very promi-
nent and appears ‘swollen” due to an increase in
its refractivity. It is known as the capsule-swelling
reaction or Quellung reaction (Quellung—(Ger)
swelling), described by Neufeld (1902) was widely

1ii.

iv.

Capsule

Fig. 3.7: Pneumococci negatively stained with India ink to
show capsule



employed for the typing of pneumococci in the pre-
sulphonamide days when lobar pneumonia used to
be treated with specific anticapsular sera.

Use of capsule-swelling reaction: This phenomenon is
seen in and allows rapid identification of capsular sero-
types of Streptococcus pneumoniae, Neisseria meningitidis,
several groups of streptococci, Klebsiella, Haemophilus
influenzae, Yersinia and Bacillus.

Functions of Capsule

i. Virulence factor: Capsules often act as a virulence
factor by protecting the bacterium from ingestion
by phagocytosis, and noncapsulate mutant of these
bacteria are nonvirulent. Repeated subcultures in
vitro lead to the loss of capsule and also of viru-
lence.

ii. Protection of the cell wall: In protecting the
cell wall attack by various kinds of antibacterial
agents, e.g. bacteriophages, colicines, complement,
lysozyme and other lytic enzymes.

iii. Identification and typing of bacteria: Capsular
antigen is specific for bacteria and can be used for
identification and typing of bacteria.

ii. Flagella

Motile bacteria, except spirochetes, possess one or more
unbranched, long, sinuous filaments called flagella,
which are the organs of locomotion.

Structure: They are long, hollow, helical filaments, usu-
ally several times the length of the cell. They are 3-20 um
long and are of uniform diameter (0.01-0.013 pm) and
terminate in a square tip. It originates in the bacterial
protoplasm and is extruded through the cell wall. Fla-
gella consists of largely or entirely of a protein, flagel-
lin, belonging to the same chemical group as myosin, the
contractile protein of muscle.

Though flagella of different genera of bacteria have the
same chemical composition, they are antigenically differ-
ent. Flagella are highly antigenic and flagellar antigens
induce specific antibodies in high titers. Several of the
immune responses mounted by host systems are directed
against these flagellar antigen. Flagellar antibodies are
not protective but are useful in serodiagnosis.

Flagella can be found on both gram-positive and
gram-negative bacilli. Most cocci are immotile, where-
as about half of the bacilli and almost all of the spirilla
possess flagella.

Parts and Composition

Each flagellum consists of three parts (Fig. 3.8).
i. Filament
ii. Hook

iii. Basal body.

i. Filament: The filament is the longest and most
obvious portion which extends from the cell sur-
face to the tip.

ii. Hook: The hook is a short, curved segment which

Filament
Hook

Lipopoly-
saccharide

L ring

Peptidoglycan

P ring

Rod
Sring

Basal body

Cytoplasmic
membrane

M ring

Fig. 3.8: The structure of bacterial flagellum

links the filament to its basal body and functions
as universal joint between the basal body and the
filament.

iii. Basal body: The basal body is embedded in the
cell (cytoplasmic membrane). In the gram-nega-
tive bacteria, the basal body has four rings con-
nected to a central rod (L, P, S and M). The outer
L and P rings associated with the lipopolysac-
charide and peptidoglycan layers respectively. S
ring is located just above the cytoplasmic mem-
brane and the inner M ring contacts the cytoplas-
mic membrane.

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

Arrangement/Types (Fig. 3.9)

The number and location of flagella are distinctive for
each genus. There are four types of flagella arrangement:
* Monotrichous—Single polar flagellum (e.g. Chol-
era vibrio).
* Amphitrichous—Single flagellum at both ends
(e.g. Alcaligenes faecalis).
e Lophotrichous—Tuft of flagella at one or both ends
(e.g. spirilla).
e Peritrichous—Flagella surrounding the cell (e.g.
Typhoid bacilli).

Demonstration of Flagella

Flagella are about 0.02 pm in thickness and hence
beyond the resolution limit of the light microscope. The
following methods are used for its demonstration:
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Fig. 3.9: Arrangement of flagella

i. Dark ground illumination: In special circumstances

by dark ground illumination.

Special staining methods: By the use of special
staining methods in which their thickness is in-
creased by mordanting.

Electron microscopy.

Indirect methods: Indirect methods by which mo-
tility of bacteria can be seen or demonstrated due to
the difficulty of demonstrating flagella directly.

a. Microscopically in fluid suspensions (in a
hanging drop or under a coverslip): On micro-
scopic examination of wet films, motile bacteria
are seen swimming in different directions across
the field, with a darting, wriggling or tumbling
movement.

b. By spread of bacterial growth as a film over
agar, e.g. swarming growth of Proteus sp.

c. Turbidity spreading through semisolid agar,
e.g. Craigie’s tube method.

-
—
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iii. Fimbria or Pili
Structure and synthesis: Many gram-negative bacteria
have short, fine, hair like surface appendages called fim-
briae or pili depending on their function. They are short-
er and thinner than flagella (0.1 to 1.5 pm in length and
uniform width between 4 and 8 nm) and emerge from
the cell wall. Single cells have been seen to be covered
with as few as 10 fimbriae to as many as 1000. They orig-
inate in the cytoplasmic membrane and are composed
of structural protein subunits termed pilins like flagella.
They occur in non-motile, as well as in motile strains.
Fimbriae are antigenic. It is necessary to ensure that
the bacterial antigens employed for serological tests
and preparation of antisera are devoid of fimbriae as
members of different genera may possess the same
fimbrial antigen.

Demonstration of Fimbriae

1. Electron microscopy: They cannot be seen with the
light microscope but are only visible in an electron
microscope due to their smaller size.

Hemagglutination: Most fimbriate bacteria bear
fimbriae of a type that enables them to adhere to,

among other kinds of tissue cells, the red blood
cells of many animal tissues. They adhere to guin-
ea pig, fowl, horse and pig red cells very strongly,
to human cells moderately strongly, to sheep cells
weakly and to ox cells scarcely at all. The adherence
functions can be detected by the ability of bacteria
to adhere to epithelial cells or to cause hemagglu-
tination. Therefore, a simple hemagglutination test
can be used to determine whether a culture con-
tains fimbriate bacilli or not. The adherence of bac-
teria to red cells, cultured cells, or tissue surfaces
can be competitively blocked by the fimbriae.

Types of Fimbriae

Different types of fimbriae have different adhesive
properties and can be divided into four types: Type 1
fimbriae (mannose-sensitive), Type 2 fimbriae, Type 3
fimbriae (mannose-resistant) and Type 4 fimbriae.

Functions of Pili

Two classes can be distinguished on the basis of their

function: ordinary (common) pili and sex pili.

A. Ordinary (common) pili: Fimbriae probably func-
tion as organs of adhesions that allow attachment
of a bacterial cell to other cells or surfaces. The
adhesive property may be of value to the bacteria
in holding them in nutritionally favorable-microen-
vironments.

B. Sex pili: Sex pili are similar to fimbriae, about 1-10
per cell, but are functionally different. These are
longer and fewer in number than other fimbriae.
They are genetically determined by sex factors or
conjugative plasmids and appear to be involved in
the transfer of DNA during conjugation. They are
found on “male’ bacteria and help in the attachment
of those cells to ‘female” bacteria, forming hollow
conjugation tubes through which, it is assumed,
genetic material is transferred from the donor to
the recipient cell. Some bacterial viruses attach spe-
cifically to receptors on sex pili at the start of their
reproductive cycle. Pili are classified into different
types (for example, F, I) based on their susceptibil-
ity to specific bacteriophage.

B. Cell interior

1. Cytoplasm

The cytoplasm of the bacterial cell is a viscous watery
solution or soft gel, containing a variety of organic or
inorganic solutes, and numerous ribosomes and poly-
somes. The cytoplasm of bacteria differs from that of
the higher eukaryotic organisms in not containing an
endoplasmic reticulum or membrane-bearing micro-
somes, mitochondria, lysomes and in showing signs of
internal mobility, e.g. cytoplasmic streaming, the for-
mation, migration and disappearance of vacuoles, and
amoeboid movement.

The cytoplasm may contain granules or inclusions
such as starch, glycogen, poly-p-hydroxy/alkanoates,



sulphur globules, magnetosomes, parasporal bodies,
gas vesicles and endospores. The cytoplasm stains
uniformly with basic dyes in young cultures.

2. Ribosomes

The cytoplasmic region of a well studied bacterium con-
sists predominantly of small, electron-dense particles
called ribosomes. The ribosomes are the location for
all bacterial protein synthesis. Bacterial ribosomes are
slightly smaller (10-20 nm) than eukaryotic ribosomes
and they have a sedimentation rate of 70S (S or Sved-
berg unit), being composed of a 30S and 50S subunit.
The prokaryotic ribosomes differ from their eukaryotic
counterparts in that the latter are heavier and catego-
rized as 80S (composed of 40S and 60S subunits).

Bacterial and host cell ribosomes have some consid-
erable differences which allows us to use antibacterial
agents such as streptomycin which interferes with bacte-
rial metabolism at the ribosomal level without unduly
upsetting human ribosomal function.

Types of RNA: Ribosomes are composed of different
proteins associated with three types of ribonucleic acid
(RNA)—messenger RNA (mRNA), ribosomal RNA
(rRNA), and transfer RNA (tRNA).

i. Messenger (m) RNA: Most genes encode proteins
and are transcribed into messenger RNA (mRNA).
These molecules are translated during protein syn-
thesis.

ii. Ribosomal RNA (rRNA): Ribosomes, composed of
rRNA and proteins, also are central to translation
and provide the site at which translation occurs.

iii. Transfer RNA (tRNA): Transfer RNA (tRNA) spe-
cifically transfers the genetic information carried in
the mRNA into functional proteins.

3. Mesosomes (Chondroids)

Strucure: These are convoluted or multilaminated mem-
branous bodies formed as invaginations of the plasma
membrane into the cytoplasm. Mesosomes develop
sometimes in relation to the nuclear body and often
from the sites of cross-wall formation in gram-positive
bacteria but not so common in gram-negative bacteria.

Types of Mesosomes

These are of two types:
i. Septal mesosomes: They function in the formation
of cross-walls during cell division.
ii. Lateral mesosomes: They are present in a more
random fashion.

Functions of Mesosomes

i. Compartmenting of DNA: These are thought to
be involved in mechanisms responsible for the
compartmenting of DNA at cell division and sporu-
lation.

ii. Sites of the respiratory enzymes: They provide
increased membrane surface and are the principle

sites of the respiratory enzymes in bacteria and are
analogous to mitochondria of eukaryotes.

4. Intracytoplasmic Inclusions

The synthesis and accumulation of intracellular inclu-
sions in different prokaryotes is usually dependent
upon both nutritional availability and environmental
growth conditions. These are not permanent or essential
structures, and may be absent under certain conditions
of growth. These bodies are usually for storage, and
reduce osmotic pressure by tying up molecules in par-
ticulate form. They consist of volutin (polyphosphate),
lipid, glycogen, starch or sulfur.

Metachromatic or volutin granules: Volutin granules
(metachromatic or Babes-Ernst granules) function as stor-
age reservoirs for phosphate, are highly refractive,
strongly basophilic bodies consisting of polymetaphos-
phate. They are characteristically found in diphtheria
bacillus and also occur in the plague bacillus (Yersinia
pestis), mycobacteria (e.g. Mycobacterium tuberculosis)
and others.

Staining

i. Methylene blue or toluidine blue staining: With
the blue dyes—methylene blue or toluidine blue,
they stain a red violet color, contrasting with the
blue staining of the bacterial protoplasm and thus
show the metachromatic effect (reflecting the fact
they take on a red appearance when stained with
blue dye).

ii. Neisser and Albert staining: The granules can
be demonstrated with even greater color contrast
by special methods such as those of Neisser and
Albert.

iii. Acid-fast staining: Volutin granules are slightly
acid-fast resisting decoloration by 1 percent sulfu-
ric acid.

iv. Wet films: They are more refractile than the pro-
toplasm and are sometimes distinguishable in
unstained wet films.

v. Electron microscopy: They appear as very opaque,
clear demarcated bodies by electron microscopy.

5. Bacterial Nucleus

Structure: The genetic material of a bacterial cell is con-
tained in a single, long molecule of double-stranded
deoxyribonucleic acid (DNA) which can be extracted in
the form of a closed circular thread about 1 mm (1000
nm) long, about 1000 times the length of the cell. There-
fore, it occurs tightly coiled like a skein of woollen-
thread. The nuclear deoxyribonucleic acid (DNA) is not
associated with basic protein. The bacterial chromosome
is haploid and replicates by simple fission instead of by
mitosis as in higher cells.

Bacterial nucleus does not possess nuclear membrane
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deoxyribonucleoprotein. The differences between
the nuclei of bacteria and higher organisms form the
main basis for classifying them as prokaryotes and
eukaryotes.

Demonstration

i. Acid or ribonuclease hydrolysis: By acid or ri-
bonuclease hydrolysis and subsequent staining for
nuclear material.

ii. By electron microscopy.

iii. Light microscope: The nucleoid also is visible in
the light microscope after staining with the Feulgan
stain, which specifically reacts with DNA. They
appear as oval or elongated bodies, generally one
per cell.

Plasmids

Bacteria may possess extranuclear genetic elements in
the cytoplasm consisting of DNA, termed plasmids or
episomes (see Chapter 10). These can exist and replicate
independently of the chromosome or may be integrat-
ed with it. In either case they normally are inherited or
passed on the progeny either through conjugation or the
agency of bateriophages.

Function of plasmids: Plasmids are not essential for
host growth and reproduction they inhabit, but may
confer on it certain properties such as drug resist-
ance, bacteriocin production, resistance to toxic metal

DNA

Spore
septum

Mother cell

Cortex
Spore coat

Sporangium
mother cell

ions, enterotoxin production, enhanced pathogenic-
ity, reduced sensitivity to mutagens, or to the ability to
degrade complex organic molecules which may consti-
tute a survival advantage.

6. Bacterial Spore

A number of gram-positive bacteria, such as those of
the genera Clostridium and Bacillus can form a special
resistant dormant structure called an endospore or, sim-
ply, spores. Endospore develop when essential nutri-
ents are depleted. In sporulation, each vegetative cell
forms only one spore, and in subsequent germination,
each spore gives rise to a single vegetative cell. Sporula-
tion in bacteria, therefore, is not a method of reproduc-
tion but of preservation.

Sporulation: Spore formation, sporogenesis or sporu-
lation normally commences when growth ceases due
to lack of nutrients, depletion of the nitrogen or carbon
source (or both) being the most significant factor. New
antigens appear on sporulation that are not found in the
vegetative cell.

Stages: It is a complex process and may be divided into
several stages (Fig. 3.10).

* Spore septum: In the first observable stage of spor-
ulation, a newly replicated bacterial chromosome
and a small portion of cytoplasm are isolated by an
ingrowth of the plasma membrane called a spore
septum.

1.Vegetative growth
stops and DNA is duplicated

2.Spore
septum
formation

3.Engulfment-»The larger component
then engulfs the smaller
compartment

4.Peptidoglycan
layer formes between the two membranes
that now surroud the forespore

5.Vegetative cells

disintegrates

6.Endospore is freed from cell.

Fig. 3.10: The stages of endospore formation
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Fig. 3.11: Bacterial spore (cross-section)

e Forespore: The spore septum becomes a double-
layered membrane that surrounds the chromo-
some and cytoplasm. Structure, entirely enclosed
within the original cell, is called a forespore.

* Spore coat: The forespore is subsequently com-
pletely encircled by dividing septum as a double
layered membrane. The two spore membranes now
engage in active synthesis of various layers of the
spore. The inner layer becomes the inner mem-
brane. Between the two layers is laid spore cor-
tex and outer layer is transformed into spore coat
which consists of several layers. In some species
from outer layer also develops exosporium which
bears ridges and folds (Fig. 3.10).

¢ Free endospore: Finally exosporium disintegrates
and the endospore is freed.

Properties of Endospores (Fig. 3.11)

1. Core: The fully developed spore has the core which
is the spore protoplast containing the normal cell
structures but is metabolically inactive.

2. Spore wall: The innermost layer surrounding the
inner spore membrane is called the spore wall. It
contains normal peptidoglycan and becomes the
cell wall of the germinating vegetative cell.

3. Cortex: The cortex is the thickest layer of the spore
envelope. Cortex peptidoglycan is extremely sensi-
tive to lysozyme, and its autolysins plays a role in
spore germination.

4. Spore coat: Cortex, in turn, is enclosed by fairly
thick spore coat.

5. Exosporium: Spores of some species have an addi-
tional, apparently rather loose covering known as
the exosporium, which may have distinctive ridges
and grooves.

Germination

Germination is the process of conversion of a spore into
vegetative cells under suitable conditions. It occurs in
three stages: activation, initiation and outgrowth. Once
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Fig. 3.12: Types of spores: 1. Central, bulging, 2. Central, not
bulging, 3. Subterminal, bulging, 4. Subterminal, not bulging,
5. Terminal, spherical, 6. Terminal, oval

activated, a spore will initiate germination if the envi-
ronmental conditions are favorable. The spore loses its
refractility and swells. The spore wall is shed and the
germ cell appears by rupturing the spore coat. The germ
cell elongates to form the vegetative bacterium.

Shape and Position of Spores

The shape and position of the spore and its size relative
to the parent cell are species characteristics. Spores may
be central (equatorial), subterminal (close to one end), or
terminal (Fig. 3.12). The appearance may be spherical,
ovoid or elongated, and being narrower than the cell, or
broader and bulging it. The diameter of spore may be
same or less than the width of bacteria (Bacillus), or may
be wider than the bacillary body producing a distension
or bulge in the cell (Clostridium).

Resistance

Bacterial spores constitute some of the most resistant
forms of life. They may remain viable for centuries.
Though some spores may resist boiling for prolonged
periods, spores of all medically important species are
destroyed by autoclaving at 120°C for 15 minutes. Meth-
ods of sterilization and disinfection should ensure that
spores also are destroyed. Sporulation helps bacteria
survive for long periods under unfavorable environ-
ments.

Endospore heat resistance probably is due to several
factors: calcium-dipicolinate and acid-soluble protein
stabilization of DNA, protoplast dehydration, the spore
coat, DNA repair, the greater stability of the cell proteins
in bacteria adapted to growth at high temperatures and
others.

Demonstration

Endospores can be examined with both light and elec-
tron microscope. In unstained preparations, the spore is
recognized within the parent cell by its greater refract-
ibility.

i. Gram staining: Spores appear as an unstained
refractile body within the cell. When mature, the
spore resists coloration by simple stains, appearing
as a clear space within the stained cell protoplasm.
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ii. Modified Ziehl-Neelsen (ZN) staining: Spores are
slightly acid-fast and may be stained differentially
by a modification of the Ziehl-Neelsen method.
Ziehl-Neelsen staining with 0.25-0.5 percent
sulfuric acid (instead of 20 percent sulfuric acid as
used in conventional method) as decoloring agent
is used for spore staining.

Uses of Spores

1. Importance in food, industrial, and medical mi-
crobiology: Endospores are of great practical im-
portance in food, industrial, and medical microbi-
ology because of their resistance and the fact that
several species of endospore forming bacteria are
dangerous pathogens. Endospore often survive
boiling for an hour or more. Therefore, autoclaves
must be used to sterilize many materials.
Sterilization control: For proper sterilization,
spores of certain species of bacteria are employed
as indicator, e.g. Bacillus stearothermophilus which
is destroyed at a temperature of 121°C for 10 to 20
minutes (same temperature and time as used in
autoclaving). Prior to its use, these spores may be
kept in autoclave. Proper sterilization is indicated
by the absence of the spores after autoclaving.
3. Research: Spore formation is well suited for
research on the construction of complex biological
structures.

N

PLEOMORPHISM AND INVOLUTION FORM

During growth, bacteria of a single strain may show
considerable variation in size and shape, or form a pro-
portion of cells that are swollen, spherical, elongated
or pear shaped. This is known as pleomorphism and
occurs most readily in certain species (e.g. Streptobacillus
moniliformis and Yersinia pestis) in aging cultures on arti-
ficial medium and especially in the presence of antag-
onistic substances such as penicillin, glycine, lithium
chloride, sodium chloride in high concentration, and
organic acids at low pH. The abnormal cells are gener-
ally regarded as degenerate or involution forms. Many
of cells may be non-viable, whilst others may grow and
revert to normal form when transferred to a suitable
environment.

Pleomorphism and involution forms are often due to
defective cell wall synthesis. Involution forms may also
develop due to the activity of autolytic enzymes.

L-FORMS OF BACTERIA (CELL-WALL-DEFECTIVE
ORGANISMS)

* The first isolation of a naturally occurring L-form
took place when Kleineberger-Nobel, studying
Streptobacillus moniliformis in the Lister Institute,
London, observed abnormal forms of the bacteria
and named them L-forms after the Lister Institute,
London (hence, the “L").

* These are abnormal growth forms that may arise
spontaneously (e.g. in Streptobacillus moniliformis
and Bacteriodes spp.) or by the inhibition of cell wall
synthesis in bacteria of normal morphology (in the
presence of penicillin or other agents that interfere
with cell wall synthesis).

¢ L-forms may be unstable and can revert to the nor-
mal bacillary form upon removal of the inducing
stimulus as penicillin or other inducing agents and
are able to resume normal cell wall synthesis.

* They lack a rigid cell wall and, in consequence,
regular shape and size.

* They are capable of growing and multiplying on a
suitable nutrient medium unlike protoplasts.

* L-forms are difficult to cultivate and usually
require a medium that is solidified with agar as
well as having the right osmotic strength.

¢ Colonies of L-phase organisms on agar media are
small and have a characteristic ‘fried egg’ appear-
ance, rather like Mycoplasma, which usually lack
peptidoglycan.

e L-forms resemble Mycoplasma in several ways,
including morphology, type of growth on agar and
filterability. It is possible that mycoplasmas repre-
sent stable L-forms of as yet unidentified parent
bacteria. L-forms should probably be regarded as
laboratory artifacts that do not occur or survive to
any important extent in natural habitat.

* L-forms are non-pathogenic to laboratory animals.

¢ It has been proposed that the formation of L-forms
during antibiotic therapy could explain relapses
after treatment because, theoretically, such L-forms
could revert to their original bacterial forms after
cessation of therapy, resulting in a relapse of dis-
ease. L-forms in the host may produce chronic
infections and are relatively resistant to antibiotic
treatment, they present special problems in chemo-
therapy. L-forms are more stable than protoplasts
and spheroplasts.

KNOW MORE

Protoplasts

Protoplasts metabolize and grow in size but they do
not multiply if maintained on osmotically protective
medium. Protoplasts cannot revert to normal bacterial
morphology. These are unstable. Hypertonic condition
is necessary for their maintenance. These are derived
from gram-positive bacteria.

Spheroplasts

Spheroplasts retain outer membrane and entrapped
peptidoglycan from gram-negative cells. It differs from
the protoplast in that some cell wall material is retained.



They are produced in presence of penicillin. Because
spheroplasts retain a residual cell wall, therefore, they
are osmotically less sensitive than protoplasts and are
often capable of growing on an ordinary agar medium.
They are capable of reverting to parent bacterial form
when cell wall inhibitor is removed from the culture
medium. Spheroplasts may be called unstable L-forms
because of their resemblance with L-forms of bacteria.
If such cells are able to grow and divide, they are called
L-forms.

Antibiotics such as penicillin interfere with cell wall
synthesis.

@ KEYPOINTS I

* Bacteria are unicellular, and most of them multiply
by binary fission. They are proparyotes
Eukaryotes: have a membrane-bound nucleus.
Shapes: Most common prokaryotes are either cocci
or bacilli, virios, spirilla, spirochetes, mycoplasma.
The structure of the prokaryotic cell: Bacterial
cell consists of outer layer (cell wall and plasma
membrane) and cellular appendages (capsule,
fimbriae and flagella). The cell wall surrounds
the plasma membrane and protects the cell from
changes in water pressure.

* Gram-positive cell wall: The gram-positive cell
wall contains a relatively thick layer of peptidog-
lycan. Teichoic acids stick out of the peptidoglycan
layer.

e Gram-negative cell wall
1. Gram-negativebacteriahavealipopolysaccharide

lipoprotein-phospholipid ~ outer =~ membrane
surrounding a thin peptidoglycan layer.

2. Periplasm contains a variety of proteins, includ-
ing those involved in nutrient degradation and
transport.

3. Porins form small channels that permit small
molecules to pass through the outer membrane.

¢ L-forms are gram-positive or gram-negative bacte-
ria that do not make a cell wall.

* The plasma (cytoplasmic) membrane: The plasma
membrane encloses the cytoplasm and is selective-
ly permeable. Mesosomes, irregular infoldings of
the plasma membrane, are artifacts, not true cell
structures.

* Glycocalyx: The glycocalyx (capsule, slime layer, or

extracellular polysaccharide) is a gelatinous poly-
saccharide and/or polypeptide covering.

* Flagella: Flagella are relatively long filamentous
appendages consisting of a filament, hook, and
basal body that is responsible for most types of bac-
terial motility.

* Pili are short hair-like appendages found on some
gram-negative bacteria. Pili are structures used for
attachment and facilitate attachment to a surface.

* Cytoplasm-The cytoplasm is mostly water, with
inorganic and organic molecules, DNA, ribosomes,
and inclusions.

* Ribosomes carry out protein synthesis; it can be
inhibited by certain antibiotics.

* Inclusions: Inclusions are reserve deposits found in
prokaryotic and eukaryotic cells.

* Nucleus-The nuclear area contains the DNA of the
bacterial chromosome.

¢ Endospores are a dormant stage produced by mem-
bers of Bacillus and Clostridium for survival during
adverse environmental conditions.

IMPORTANT QUESTIONS

1. Describe briefly the anatomy of bacterial cell.
2. Draw a labeled diagram of bacterial cell. Write
briefly on cell wall of bacteria.
3. Write short notes on:
* Bacterial cell wall.
¢ Cytoplasmic membrane.
* Plasmids or episomes.
¢ Capsule or bacterial capsule.
¢ Bacterial flagellae.
¢ Fimbriae or pili.
* Bacterial spores or endospores.
* L-forms of bacteria.
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Physiology of Bacteria

LEARNING OBJECTIVES

After reading and studying this chapter, you should be able
to:

¢ Explain generation time of bacteria.

¢ Describe and draw bacterial growth curve.

PRINCIPLES OF BACTERIAL GROWTH

Growth may be defined as the orderly increase of all of
the chemical constituents of the cell. Bacterial growth
involves both an increase in the size of individuals and
increase in the number of individuals. Whatever the bal-
ance between these two processes, the net effect is an
increase in the total mass (biomass).

A. Bacterial Division

Bacteria divide by binary fission where individual cells
enlarge and divide to yield two progeny of approximate-
ly equal size (Fig. 4.1). Nuclear division precedes cell
division and, therefore, in a growing population, many
cells carrying two nuclear bodies can be seen. The cell
division occurs by a constrictive or pinching process, or
by the ingrowth of a transverse septum across the cell.
The daughter cells may remain partially attached after
division in some species.

Generation Time or Doubling Time

The size of a population of bacteria in a favorable
growth medium increases exponentially. The interval
of time between two cell divisions, or the time required
for a bacterium to give rise to two daughter cells under
optimum conditions, is known as the generation time
or doubling time.

Examples: In coliform bacilli and many other medical-
ly important bacteria, it about 20 minutes, in tubercle
bacilli it is about 20 hours and in lepra bacilli it is about
20 days. It is often difficult to grasp fully the scale of
exponential microbial growth.

As bacteria reproduce so rapidly and by geometric
progression, a single bacterial cell can theoretically give
rise to 10?! progeny in 24 hours, with a mass of approxi-
mately 4,000 tonnes. In actual practice, exponential

¢ Define the atmospheric requirement of microaero-
philic bacteria and capnophilic bacteria.
¢ Explain redox potential.

growth cannot be sustained indefinitely in a closed sys-
tem (batch culture) with limited available nutrients.

Colonies: Bacteria growing on solid media form colo-
nies. Each colony represents a clone of cells derived
from a single parent cell. In contrast to growth in broth,
far less is known about the state of the bacteria in a
mature macroscopic colony on an agar plate. It is likely
that all phases of growth are represented in colonies,

DNA attached to
k.
Cell devides into two
separate

cytoplasmic
membrane
Cross wall forms
completely around
cells and the DNA is
partitioned into each
k.
Daughter cells

A Cell enlarges and
divided DNA
future daughter cell
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Fig. 4.1: Binary fission in bacteria



depending on the location of a particular cell and age of
the culture. In liquid media, growth is diffuse.

Bacterial count: Growth of bacteria is diffuse in liquid
media and they form colonies on solid media. Each col-
ony consists of a clone of cells derived from a single par-
ent cell. Bacteria in a culture medium or clinical speci-
men can be counted by two methods:

1. Total count

This is total number of bacteria present in a specimen
irrespective of whether they are living or dead. Total
count is done by counting the bacteria under micro-
scope using counting chamber and by comparing the
growth with standard opacity tubes.

2. Viable count

This measures only viable (living) cells which are capa-
ble of growing and producing a colony on a suitable
medium. The viable count measures the number of living
cells, that is, cells capable of multiplication.

Determination of Viable Counts—Dilution or
Plating Methods

1. Dilution method

In dilution method, the suspension is diluted to a point
beyond which unit quantities do not yield growth when
inoculated into suitable liquid media. With varying
dilutions several tubes are inoculated and the viable
counts calculated statistically from the number of tubes
showing growth. The method does not give accurate
values, but is used in the ‘presumptive coliform count’
in drinking water.

2. Plating method

In the plating method, appropriate dilutions are inocu-
lated on solid media by:
i. Pour-plate method
ii. Spread plate method—in which serial dilutions are
dropped on the surface of dried plates and colony
counts obtained.

Detection and Measurement of Bacterial Growth

1. Direct cell counts

2. Viable cell counts

3. Measuring biomass

4. Measuring cell products

B. Bacterial Growth Curve

If a suitable liquid medium is inoculated with bacterium
and incubated, its growth follows a definitive course.
Small samples are taken at regular intervals after inocu-
lation and plotted in relation to time. A plotting of the
data will yield a characteristic growth curve (Fig. 4.2).
The changes of slope on such a graph indicate the transi-
tion from one phase of development to another.

Phases of Bacterial Growth Curve

Thebacterial growth curve can be divided into four major
phases: (i) lag phase (ii) exponential or log (logarithmic)

phase (iii) stationary phase, and (iv) decline phase. These
phases reflect the physiologic state of the organisms in
the culture at that particular time.

1. Lag phase

When microorganisms are introduced into fresh culture
medium, usually no immediate increase in cell number
occurs, and therefore this period is called the lag phase.
After inoculation, there is an increase in cell size at a
time when little or no cell division is occurring. During
this time, however, the cells are not dormant. This initial
period is the time required for adaptation to the new
environment, during which the necessary enzymes and
metabolic intermediates are built up in adequate quan-
tities for multiplication to proceed. (The situation is
analogous to a factory being equipped to produce auto-
mobiles; there is considerable tooling-up activity but no
immediate increase in the automobile population).

The lag phase varies considerably in length with the
species, nature of the medium, size of inoculum and
environmental factors such as temperature and nutri-
ents present in the new medium.

2. Log (logarithmic) or exponential phase

Following the lag phase, the cells start dividing and their
numbers increase exponentially or by geometric pro-
gression with time. If the logarithm of the viable count
is plotted against time, a straight line will be obtained.
The population is most uniform in terms of chemical
and physiological properties during this phase. There-
fore, exponential phase cultures are usually used in bio-
chemical and physiological studies.

Exponential phase is of limited duration because
of (i) exhaustion of nutrients; (ii) accumulation of
toxic metabolic end products; (iii) rise in cell density,
(iv) change in pH; and (v) decrease in oxygen tension
(in case of aerobic organisms).

Total count

Log phase

Number of cells

Stationary phase

Phase of decline

Time

Fig. 4.2: Bacterial growth curve. The viable count shows lag,
log, stationary and decline phases. In the total count, the
phase of decline is not evident
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The log phase is the time when cells are most active
metabolically and is preferred for industrial purposes.
However, during their log phase of growth, microor-
ganisms are particularly sensitive to adverse conditions.
Radiation and many antimicrobial drugs, e.g. the anti-
biotic penicillin—exert their effect by interfering with
some important step in the growth process and are,
therefore, most harmful to cells during this phase.

3. Stationary phase

After a varying period of exponential growth, cell divi-
sion stops due to depletion of nutrients and accumula-
tion of toxic products. Eventually growth slows down,
and the total bacterial cell number reaches a maximum
and stabilizes. The number of progeny cells formed is
just enough to replace the number of cells that die. The
growth curve becomes horizontal. The viable count
remains stationary as an equilibrium exists between the
dying cells and the newly formed cells.

4. Decline or death phase

The death phase is the period when the population
decreases due to cell death. Eventually the rate of death
exceeds the rate of reproduction, and the number of
viable cells declines. Like bacterial growth, death is
exponential cell death may also be caused by autoly-
sis besides nutrient deprivation and buildup of toxic
wastes. Finally, after a variable period, all the cells die
and culture becomes sterile.

When the total count is plotted, it parallels the viable
count up to the stationary phase, but it continues stead-
ily without any phase of decline. Even the total count
shows a phase of decline with autolytic enzymes.

Association of Growth Curve and Cell Changes

The various stages of the growth curve are associated
with morphological and physiological alterations of the
cells. It has been possible to define the effect of growth
rate on the size and specialized growth techniques.

1. Lag phase: Bacteria have the maximum cell size
towards the end of the lag phase.

2. Log phase: Cells are smaller and stain uniformly in
the log phase.

3. Stationary phase: In the stationary phase, cells
frequently are Gram variable and show irregular
staining due to the presence of intracellular storage
granules. Sporulation occurs at this stage and also
many bacteria produce secondary metabolic prod-
ucts such as exotoxins and antibiotics.

4. Decline phase: In the phase of decline, involution
forms are common.

Batch Culture or Closed System

In the laboratory, bacteria are typically grown in broth
contained in a tube or flask, or on an agar plate. These
are considered batch or closed systems.

Continuous Culture

To maintain cells in a state of continuous growth, nutri-
ents must be continuously added and waste products
removed. This is called continuous culture or open sys-
tem.

Continuous culture is using a chemostat in which
cells of a growing culture are continuously harvested
and nutrients continuously replenished. The second
type of continuous culture system, the turbidostat, has
a photocell that measures the absorbance or turbidity of
the culture in the growth vessel. The flow rate of media
through the vessel is automatically regulated to main-
tain a predetermined turbidity or cell density.

BACTERIAL NUTRITION

The minimum nutritional requirements for growth and
multiplication of bacteria are water, a source of carbon,
a source of nitrogen and some inorganic salts. The water
content of bacterial cells can vary from 75 to 90 percent
of the total weight and is the vehicle for the entry of all
cells and for the elimination of all waste products. It
participates in the metabolic reactions and also forms an
integral part of the protoplasm.

Categories of Requirements for
Microbial Growth

The requirements for microbial growth can be divided
into two main categories: (i) chemical and (ii) physical.

1. Chemical Requirements

Chemical requirements include sources of carbon, nitro-
gen, sulfur, phosphorus, trace elements, oxygen, and
organic growth factors.

A. Major elements (Macroelements or
macronutrients)

Elements that make up cell constituents are called major
elements (macroelements or macronutrients) and over
95 percent of cell dry weight is made up of a few major
elements. These include carbon, oxygen, hydrogen,
nitrogen, sulfur, phosphorus, potassium, magnesium,
calcium, and iron.

B. Trace elements

Some elements, termed trace elements or micronutri-
ents are required in very minute amounts by all cells.
They include cobalt, zinc, copper, molybdenum, and
manganese. These elements form parts of enzymes or
may be required for enzyme function. They aid in the
catalysis of reactions and maintenance of protein struc-
ture. Very small amounts of these trace elements are
found in most natural environments, including water.

2. Growth Factors

Some bacteria require certain organic compounds in
minute quantities known as growth factors or bacte-
rial vitamins. A growth factor is an organic compound



which a cell must contain in order to grow, but which
it is unable to synthesize. These low molecular weight
compounds that must be provided to a particular bac-
terium are called growth factors or bacterial vitamins.
Growth factors are called ‘essential’ when growth does
not occur in their absence, or ‘accessory” when they
enhance growth without being absolutely necessary for
it. In many cases, bacterial vitamins are identical with
the vitamins necessary for mammalian nutrition, par-
ticularly those belonging to the B group, thiamine, ribo-
flavin, nicotinic acid, pyridoxine, folic acid and vitamin
B,

Microbiological Assays

Ideally the amount of growth resulting is directly pro-
portional to the quantity of growth factor present. This
is the principle of microbiological assays which are
specific, sensitive, and simple. They still are used in the
assay of substances like vitamin B,, and biotin.

3. Energy Sources

Organisms derive energy either from sunlight or metab-
olizing chemical compounds.

Phototrophs: Organisms that gain energy from light are
called phototrophs (photo means “light”).
Chemotrophs: Organisms that obtain energy by metab-
olizing chemical compounds are called chemotrophs
(chemo means “chemical”).

2. Physical Factors Influencing Microbial Growth

Temperature

Oxygen

Carbon dioxide

Moisture and drying

pH

Light

Osmotic effect

Mechanical and sonic stresses

ISP RPN

1. Temperature
Optimum Temperature

Each bacterial species has an optimal temperature for
growth and a temperature range above and below which
growth is blocked. The temperature at which growth
occur best is known as the ‘optimum temperature’.
Thus, bacteria pathogenic for humans usually grow at
37°C (our body temperature). Bacteria are divided into
three groups on the basis of temperature ranges through
which they grow:

i. Mesophilic: Bacteria which grow between 10°C
and 45°C, with optimal growth between 20-40°C.
Examples: All parasites of warm blooded animals
are mesophilic and it is the largest group of bacteria
including all of the pathogenic forms.

ii. Psychrophilic: Psychrophilic bacteria (cold-loving)
are organisms that grow between -5 to 30°C, opti-
mum at 10 to 20°C.

Examples: They are soil and water saprophytes and
though not of direct medical importance, may cause
spoilage of refrigerated food. These organisms may
be capable of growth in food and pharmaceuticals
stored at normal refrigeration temperatures (0-8°C).
Thermophilic: Thermophiles (heat-loving) have
growth range 25-80°C, optimum at 50-60°C. They
may cause spoilage of underprocessed canned food
and can be a source of proteins with remarkable
thermotolerant properties such as taq polymerase,
the key enzyme used in the polymerase chain reac-
tion.

Examples: Some thermophiles (like Bacillus stearo-
thermophilus) form spores that are exceptionally
thermotolerant.

iii.

2. Oxygen

Based on their O, requirements, prokaryotes can be
separated into aerobes and anaerobes.

A. Aerobic bacteria

Require oxygen for growth and may be:

i. Obligate aerobes: They have an absolute or obli-
gate requirement for oxygen (O,), like the cholera
vibrio.

ii. Facultative anaerobes: They are ordinarily aerobic
but can also grow in the absence of oxygen, though
less abundantly, e.g. Staphylococcus spp.; Escherichia
coli, etc. Most bacteria of medical importance are
facultative anaerobes.

Microaerophilic organisms: They grow best at low
oxygen tension (~5%) e.g. Campylobacter spp., Heli-
cobacter spp.

iii.

B. Anaerobic bacteria

Grow in absence of oxygen.
Obligate anaerobes: They may even die on exposure to
oxygen, e.g. Clostridium tetani, Bacteroides fragilis.

3. Carbon Dioxide

All bacteria require small amount of carbon dioxide for
growth. Thus, this requirement is usually met by the
carbon dioxide present in the atmosphere, or produced
endogenously by cellular metabolism. Some organisms
such as Brucella abortus, require much higher levels of
carbon dioxide (5-10%) for growth, especially on fresh
isolation (capnophilic). Phneumococci and gonococci are
other capnophilic which grow better in air supplement-
ed with 5 to 10 percent CO,.

4. Moisture and Drying

Moisture is very essential for the growth of the bacteria
because water is essential ingredient of bacterial proto-
plasm and hence drying is lethal to cells. However, the
effect of drying varies in different species

pueo0g jo ABojoishyd ¢ f Jejdoyd



Section 1 ¢ General Bacteriology

Examples:

i. Treponema pallidum are highly sensitive, while oth-
ers like staphylococci withstand resistant to desic-
cation for months.

ii. Bacterial spores: Bacterial spores are particularly
resistant to desiccation and survive in the dry state
for several decades.

iii. Freeze drying or lyophilization: Drying in vacu-
um in the cold (freeze drying or lyophilization) is
a method of preservation of bacteria, viruses and
many labile biological materials. On a larger scale, it
is used for preserving therapeutic antisera, human
plasma, antibiotics and vaccines.

5. pH

Most bacteria can live and multiply within the range of
pH 5 (acidic) to pH 8 (basic) and have a pH optimum
near neutral (pH 7).

Most pathogenic bacteria grow best at a neutral or
slightly alkaline pH (7.2 to 7.6). Some acidophilic bac-
teria such as lactobacilli grow under acidic conditions
while cholerae vibrio, grow at high degrees of alkalinity
(well above pH 8), whereas most other bacteria grow in
a range of 6 to 7.5. Numerous fungi grow well at pH 4
or 5.

6. Light
Darkness provides a favorable condition for growth and
viability of bacteria. Bacteria are sensitive to ultraviolet
light and other radiations as ultraviolet rays from direct
sunlight or a mercury lamp are bactericidal. Bacteria are
also killed by ionizing radiations.

Exposure to light may influence pigment produc-
tion. Photochromogenic mycobacteria form pigment
only on exposure to light.

7. 0Osmotic Effect

Tolerance to osmotic variation: Bacteria are more tol-
erant to osmotic variation because of the mechanical
strength of the cell wall. Except for the mycoplasma and
other cell wall defective organisms, the majority of the
bacteria are osmotically tolerant.

Plasmolysis: When microorganisms with rigid cell
walls are placed in a hypertonic environment, water
leaves and the plasma membrane shrinks away from the
wall, a process known as plasmolysis. This occurs more
readily in gram-negative bacteria than in gram-positive
bacteria.

Plasmoptysis: Sudden transfer of bacteria from concen-
trated solution to distilled water may also cause plasm-
optysis due to excessive osmotic imbibition of water
leading to swelling and rupture of the cell.

8. Mechanical and Sonic Stresses

In spite of tough walls of bacteria, they may be ruptured
by mechanical stress such as grinding or vigorous

shaking with glass beads. Exposure to ultrasonic vibra-
tion may also disintegrate bacteria.

BACTERIAL METABOLISM

Metabolism of the substance is defined as the series
of changes of substance (carbohydrate, protein or fat)
within the bacterial cell from absorption to elimina-
tion. Metabolism may be aerobic or anaerobic and can
be divided into two classes of chemical reactions: those
that release energy and those that require energy.

Energy Production

There are three critical processes of bacterial energy pro-
duction; aerobic respiration, anaerobic respiration and
fermentation (Fig. 4.3). There are two general aspects of
energy production: the concept of oxidation-reduction

and the mechanisms of ATP generation

ATP
—_—

Adenosine —@~@ + Energy +@ —

Adenosine—@~@ ~-@
‘-—-_-———-—...“r'—-—-—__.—’
ATP

Oxidation-reduction (Redox) Reactions

Oxidation is the removal of electrons, and reduction
is the addition of electrons. In other words, each time
one substance is oxidized, another is simultaneously
reduced. The pairing of these reactions is called oxida-
tion-reduction or a redox reaction (Fig. 4.4).

Generation of ATP

Much of the energy released during oxidation-reduc-
tion reactions is trapped within the cell by the formation
of ATP. Specifically, a phosphate group, P, is added to
ADP with the input of energy to form ATP:

The symbol ~ designates a “high-energy” bond—
that is, one that can readily be broken to release usable
energy. The high-energy bond that attaches the third

Organic e donor

Inorganic e~ donor

Fermentation Anaerobic Chemolithotrophy
Aerobic respiration
respiration
Endogenous NO,, SO* 0, S0, NO, ~
organic 0, CO,, fumarate
electron

Fig. 4.3: Patterns of energy release

Reduction
e
JI, ™y
e_ /—\
A B Aoxidized B reduced
\ J

Oxidation
Fig. 4.4: Oxidation-reduction



P (phosphate group) in a sense contains the energy
stored in this reaction. When this P (phosphate group)
is removed, usable energy is released. The addition of
P (phosphate group) to a chemical compound is called
phosphorylation.

Mechanisms of phosphorylation: There are two gen-
eral mechanisms for ATP production in bacterial cells.

i. Substrate-level phosphorylation

In substrate level phosphorylation, high energy phos-
phate bonds produced by the central pathways are
donated to adenosine diphosphate (ADP) to form
ATP. Additionally, pyruvate, a primary intermediate
in the central pathways, serves as the initial substrate
for several other pathways that also can generate ATP
by substrate level phosphorylation. These other path-
ways constitute fermentative metabolism, which does
not require oxygen and produces various end prod-
ucts, including alcohols, acids, carbon dioxide, and
hydrogen. The specific fermentative pathways used,
and hence end products produced, vary with different
bacterial species. Detecting these products serves as an
important basis for laboratory identification of bacteria.
Fermentation is carried out by both obligate and faculta-
tive anaerobes.

ii. Oxidative phosphorylation

In oxidative phosphorylation, an electron transport sys-
tem is involved that conducts a series of electron trans-
fers from reduced carrier molecules such as NADH2
and NADPH2, produced in the central pathways, to a
terminal electron acceptor. The energy produced by the
series of oxidation-reduction reactions is used to gener-
ate ATP from ADP. The process is known as aerobic res-
piration when oxidative phosphorylation uses oxygen
as the terminal electron acceptor. Anaerobic respiration
refers to processes that use final electron acceptors other
than oxygen.

OXIDATION-REDUCTION (0-R) POTENTIAL (RE-
DOX POTENTIAL)

The ability of a substance to take up or part with elec-
trons is known as oxidation-reduction or redox or Eh
potential. When an unattackable electrode is immersed
in a solution, electrical potential is set up between the
electrode and the solution. This depends upon the state
of oxidation or reduction of the solution. This electrode
potential (Eh) can be measured in millivolts. The more
oxidized the system, the higher the potential and in
reduced system potential is lower. Obligate anaerobes
are unable to grow unless the Eh is at least as low as 0.2
volt.

Toxic Derivatives of Oxygen

i. Obligate aerobes and facultative anaerobes

Some oxidation-reduction (redox) reactions occurring
in the presence of oxygen commonly result in the
formation of the reactive superoxide (O,) and hydroxyl

(OH’) radicals as well as hydrogen peroxide (H,O,).
These products of oxygen reduction are extremely toxic
because they are powerful oxidizing agents and rapidly
destroy cellular constituents. To cope with this, obligate
aerobes and facultative anaerobes usually contain the
enzymes superoxide dismutase (SOD) and catalase,
which catalyzes the destruction of superoxide radical
and hydrogen peroxide respectively. Peroxidase also
can be used to destroy hydrogen peroxide.

20, + 2H* superoxide dismutase 0,+H,0,

catalase

2H,0, —<tlase , > O + O,
ii. Obligate anaerobes

All strict anaerobes lack both enzymes or have them
in very low concentrations and therefore cannot toler-
ate O,. Another reason might be that anaerobes possess
essential enzymes that are active only in the reduced
state.

KNOW MORE
Detection and Measurement of Bacterial Growth

A. Direct cell counts

1. Direct microscopic count: In this method known as
the direct microscopic count, a measured volume
of a bacterial suspension is placed within a defined
area on a microscope slide. Breed count method is
used to count the number of bacteria in milk. A
specially designed slide called a Petroff-Hausser cell
counter is also used in direct microscopic counts.

2. Cell-counting instruments: Coulter counters and
flow cytometers count total cells in dilute solutions.

B. Viable cell counts
The viable count measures the number of living cells, that
is, cells capable of multiplication.
C. Measuring biomass
1. Turbidity; 2. Dry weight; 3. Chemical Constitents.

D. Measuring cell products

1. Acid; 2. Gases; 3. ATP (Firefly luciferase catalyzes
light-emitting reaction when ATP is present).

Groups of Proparyotes
1. Autotrophs

Organisms that can use inorganic carbon in the form
of carbon dioxide as their carbon source are called
autotrophs (auto means self). They are capable of
independent existence in water and soil and are of no
medical importance, though they are of vital concern
in agriculture and the maintenance of soil fertility.

Role of autotrophs

Carbon fixation: They play a critical role in the cycling

of carbon in the environment because they can convert
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inorganic carbon (CO,) to an organic form, the process
of carbon fixation. The earth would quickly run out of
organic carbon without carbon fixation, which is essen-
tial to humans and other animals.

2. Heterotrophs

Organisms that use organic carbon are called hetero-
trophs (hetero—different; troph—nourishment). They
are unable to utilize carbon dioxide as the sole source of
carbon and use reduced, preformed organic molecules
as carbon sources.

@ KEYPOINTS I

* The growth of a population is an increase in the
number of cells. Most bacteria multiply by binary
fission.

* The time required for a population to double in
number is the generation time.

1. Total count is total number of bacteria present in
a specimen irrespective of whether they are liv-
ing or dead.

2. Viable count: This measures only viable (liv-
ing) cells which are capable of growing and pro-
ducing a colony on a suitable medium.

* Bacterial growth curve: The bacterial growth curve
can be divided into four major phases: lag phase,
exponential or log (logarithmic) phase, stationary
phase, and decline phase.

The requirements for microbial growth—chemical
and physical:

Chemical Requirements

All organisms require a carbon source, nitrogen, and
other chemicals required for microbial growth include
sulfur, phosphorus, trace elements, and for some
microorganisms, organic growth factors.

Physical Factors Influencing Microbial Growth

* Temperature: Organisms can be grouped as psy-
chrophiles, psychrotrophs, mesophiles, thermop-

hiles, or hyperthermophiles based on their opti-
mum growth temperatures.

¢ Oxygen (O,) Requirements: Organisms can be
grouped as obligate aerobes, obligate anaerobes,
facultative anaerobes, microaerophiles based on
their oxygen (O,) requirements.

* CO,: Microbes that grow better at high CO, concen-
trations are called capnophiles.

* pH:

¢ Light:

* Osmotic effect:

* Mechanical and sonic stresses:
Bacterial metabolism: Metabolism may be aerobic
or anaerobic and can be divided into two classes
of chemical reactions: those that release energy and
those that require energy.

* Oxidation is the removal of electrons, and reduc-
tion is the addition of electrons.The pairing of these
reactions is called oxidation-reduction or a redox

reaction.
IMPORTANT QUESTIONS
1. Draw a typical bacterial growth curve and describe
it.

2. What are the heterotrophic bacteria? Discuss the
nutritional and physical requirements for the
growth of the bacteria.

3. Write short notes on:

Bacterial growth curve/growth phases of bacteria.
Redox potential
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Sterilization and Disinfection

LEARNING OBJECTIVES

After reading and studying this chapter, you should be able
fo:
¢ Define the following terms: sterilization, disinfection
and antisepsis.
¢ Describe various agents used in sterilization.
¢ Describe sterilization by moist heat.
s Describe the different heat methods and their respec-
tive applications.
¢ Describe the following: Pasteurization, tyndallization
or intermittent sterilization or fractional sterilization,
inspissation or serum inspissator, hot air oven.
+ Explain principle and functioning of autoclave.
s Describe filtration—uses and types.

INTRODUCTION

s Discuss types of radiation and their uses.

+ Give the mechanism of action for each type of
chemical agent commonly used in antiseptics and
disinfectants.

¢ Describe the following: Aldehydes as disinfectants,
uses of formaldehyde and glutaraldehyde as disin-
fectants.

+ Explain vapor-phase disinfectants or gaseous sterili-
zation and discuss the role of ethylene oxide in steri-
lization of disposable items.

¢ Describe various tests used for testing of disinfect-
ants.

DEFINITIONS OF FREQUENTLY USED TERMS

From the beginning of recorded history, people have
practiced disinfection and sterilization, even though
the existence of microorganisms was long unsus-
pected. The Egyptians used fire to sterilize infectious
material and disinfectants to embalm bodies, and the
Greeks burned sulfur to fumigate buildings. Mosaic
law commanded the Hebrews to burn any clothing
suspected of being contaminated with the leprosy bac-
terium.

Applications of Sterilization and Disinfection

Important applications in practical microbiology and
in the practice of medicine and surgery.

1. Aseptic techniques: Used in microbiological
research, the preservation of food and the preven-
tion of the disease.

2. Sterile apparatus and culture media: Laboratory
work with pure cultures requires the use of sterile
apparatus and culture media.

3. The need to avoid infecting the patient: Requires
the use of equipment, instruments, dressings and
parentral drugs that are free from living microor-
ganisms, or at least from those which may give rise
to infection.

Sterilization

Sterilization [Latin sterilis, unable to produce offspring
or barren] is defined as the process by which an article,
surface, or medium is freed of all living microorganisms
either in the vegetative or spore state. When steriliza-
tion is achieved by a chemical agent, the chemical is
called sterilant.

Disinfection

Disinfection is the killing, inhibition, or removal of
microorganisms that may cause disease.

Antiseptics

Antiseptics are chemical agents applied to tissue to pre-
vent infection by killing or inhibiting pathogen growth;
they also reduce the total microbial population. Anti-
septics are generally not as toxic as disinfectant because
they must not destroy too much host tissue.

METHODS OF STERILIZATION AND
DISINFECTION (TABLE 5.1)

A. Physical agents
B. Chemical agents.
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A. Physical agents
1. Sunlight
2. Drying
3. Heat
a. Dry heat
I. Incineration
Il. Red heat
IIl. Flaming
IV. Hot air sterilizer
V. Microwave ovens.
b. Moist heat
|. Pasteurization
II. Boiling
Ill. Steam under normal pressure
IV. Steam under pressure.

4. Filtration

5. Radiation

6. Ultrasonic and sonic vibrations.

B. Chemical agents

1. Agents that damage the cell membranes
a. Surface-active disinfectants
b. Phenolic compounds
c. Alcohols.

2. Agents that damage proteins

a. Acids and alkalies
b. Alcohols.

3. Agents that modify functional groups of proteins and
nucleic acids
a. Heavy metals
b. Oxidizing agents
c. Dyes
d. Alkylating agents.

a. Physical Agents
1. Sunlight

Sunlight has appreciable bactericidal activity and plays
an important role in the spontaneous sterilization that
occurs under natural conditions. Its disinfectant action
is due primarily to its content of ultraviolet rays. It is
a natural method of sterilization in cases of water in
tanks, rivers and lakes. Direct sunlight, as in tropical
countryside where it is not filtered off by impurities in
the atmosphere, has an active germicidal effect due to
the combined effect of ultraviolet and heat rays.

2. Drying

Water constitutes four-fifths of the weight of the bacte-
rial cell and is essential for the growth of bacteria. There-
fore, drying in air has a deleterious effect on many bac-
teria. However, this method is unreliable and is only of
theoretical interest. Spores are unaffected by drying.

3. Heat

Heat is the most reliable and universally applicable
method of sterilization and, wherever possible, should
be methods of choice. Either dry or moist heat may be

applied. Materials that may be damaged by heat can be
sterilized at lower temperature, for longer periods or by
repeated cycles.

Factors influencing sterilization by heat:

1. Nature of heat- Dry heat or moist heat

2. Temperature and time: The time required for steri-
lization is inversely related to the temperature of
exposure. This relationship may be expressed by
the term thermal death point (TDT), which refers
to the minimum time required to kill a suspension
of organisms at a predetermined temperature in a
specified environment.

3. The number of microbes: The sterilization time is
related to the number of organisms in the suspen-
sion. The more microbes there are to begin with, the
longer it takes to eliminate the entire population.

4. Characteristics of the organisms: The sterilization
time is also related to the presence or absence of
spores, the strain and characteristics of organism.
In general, vegetative bacteria and viruses are more
susceptible and bacterial spores the more resistant,
to sterilizing and disinfecting agents.

5. The nature of contaminated material: The nature
of the material in which the organisms are heated
affects the rate of killing. The presence of organic
substances, proteins, nucleic acids, starch, gelatin,
sugar, fats and oils, increase the thermal death time.
The presence of disinfectants and high acid or alka-
line pH hasten bacterial killing.

Mechanism of Action

Dry heat: The lethal effect of dry heat, or dessication
in general, is usually due to protein denaturation, oxi-
dative damage, and toxic effects of elevated levels of
electrolytes.

Moist heat: Kills microorganisms by coagulation and
denaturation of their enzymes and structural proteins.

a. Dry Heat Sterilization

i. Red heat
ii. Flaming
iii. Incineration
iv. Hot air sterilizer
v. Microwave ovens

i. Red Heat

Inoculating wires loops and points of forceps are steri-
lized by holding them almost vertically in a Bunsen
flame until red hot along their whole length, almost up
to the tip of their metal holder. The points of forceps
and the surface of searing spatulae may also be heated
until red.

ii. Flaming
Scalpel blades, glass slides, mouth of culture tubes and

bottles are exposed to a flame for a few seconds with-
out heating them to become red hot.



Fig. 5.1: Hot air oven

iii. Incineration

This is an efficient method for the sterilization and dis-
posal of contaminated materials at a high temperature.
By this method, infective material is reduced to ashes,
such as pathological waste materials, surgical dress-
ings, contaminated material, animal carcasses and oth-
er clinical wastes are safely destroyed by incineration.

iv. Hot Air Oven

Hot air sterilizer is the most widely used method of
sterilization by dry heat. It is used to process materi-
als which can withstand high temperatures for length
of time needed for sterilization by dry heat, but which
are likely to be affected by contact with steam. Hot air
oven is electrically heated, with heating (Fig. 5.1). It
should be fitted with a fan to provide forced air cir-
culation throughout the oven chamber, a temperature
indicator, a control thermostat and timer, open mesh
shelving and adequate wall insulation.

Preparation of Load

1. No overloading: It must not be overloaded and

the individual articles or packs of the load are posi-

tioned to allow free circulation of hot air between

and around the item.

Articles: Should be thoroughly clean and dry.

3. Glassware: Should be perfectly dry before being

placed in the oven.

Test tubes and flasks: Should be wrapped in paper.

5. Rubber materials, except silicon rubber, will not
withstand the sterilizing temperature.
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Cotton plugs: May get charred at 180°C.

7. Heat-sensitive materials: Dry heat sterilization is
slow and not suitable for heat-sensitive materials
like many plastic and rubber items.

Sterilizing Cycle
i. The sterilization hold time

It is set to 160°C for 2 hours or 170°C for 1 hour, or
180°C for 30 minutes (Table 5.2).

ii. Cutting instruments

Such as those used in ophthalmic surgery, should ide-
ally be sterilized at 150°C for two hours.

iii. Oils, glycerol and dusting powder

The British Pharmacopoeia recommends a holding time
of one hour at 150°C for oils, glycerol and dusting pow-
der.

Cooling

Cooling may take up to several hours and, therefore do
not attempt to open the chamber door until the chamber
and load have cooled below 80°C. Glassware is liable
to crack if cold air is admitted suddenly while it is still
very hot.

Uses of Hot Air Oven

It is a method of choice for sterilization of:

1. Glassware: Such as tubes, flasks, measuring cylin-
ders, all-glass syringes, glass petri dishes and glass
pipettes.

2. Metal instruments: Such as forceps, scissors and
scalpels.

3. Nonaqueous materials and powders, oils and
greases in sealed containers and swab sticks packed
in test tubes.

Sterilization Controls
Two types of controls are available:

A. Biological control

An envelope containing a filter paper strip impregnated
with 10° spores of Bacillus subtilis subsp niger is inserted
into suitable packs. After sterilization is over, the strips
are removed and inoculated into tryptone soy broth
and incubated anerobically at 37°C for five days. No
growth of Bacillus subtilis subp niger indicates proper
sterilization.

Table 5.2: Minimum recommended times for heat

sterilization

Process Temperature (C) Hold time (min)
Dry heat 160 120

170 60

180 30
Moist heat 121 15

126 10

134 3
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B. Chemical indicator

A chemical indicator such as Browne’s tubes No. 3 con-
taining red solution is inserted in each load and a color
change from red to green is observed which indicates
proper sterilization.

C. Thermocouples
Thermocouples may also be used periodically.

v. Microwave Ovens

In microwave ovens, the heating effect is not uniform
and no reliable sterilization process using microwaves
is presently available.

b. Moist heat

Moist heat is divided into three forms:
A. Attemperature below 100°C

B. Atatemperature of 100°C

C. Attemperature above 100°C.

A. At a Temperature Below 100°C

Heat labile fluids may be disinfected, though not steri-
lized, by heating at 56°C for 1 hour. Such treatment is
sufficient to kill vegetative bacteria but not spores. It
includes:

i. Pasteurization of milk

Disinfection by moist heat at temperature below 100°C
is termed pasteurization. Milk can be pasteurized in
two ways. The temperature is employed either 63°C for
30 minutes (holder method) or 72°C for 15-20 seconds
(the flash method) followed by rapid cooling to 13°C or
lower. Large quantities of milk are now usually subject-
ed to flash pasteurization or high-temperature short-
term (HTST) pasteurization.

The dairy industry also sometimes uses ultrahigh-
temperature (UHT) sterilization. Milk and milk prod-
ucts are heated at 140 to 150°C for 1 to 3 seconds.

All nonsporing pathogens such as mycobacteria,
brucellae and salmonellae are destroyed by these pro-
cesses. Coxiella burnetii is relatively heat resistant and
may survive the holder method.

ii. Vaccine preparation

Vaccines prepared from nonsporing bacteria may be
inactivated in a water bath at 60°C for one hour as most
vegetative bacteria are killed at this tempratuture and
time. Serum or body fluids containing coagulable pro-
teins can be sterilized by heating for one hour at 56°C in
a water bath on several successive days.

iii. Inspissation
Media such as Lowenstein-Jensen and Loeffler’s serum
are rendered sterile by heating at 80 to 85°C for half an

hour on three successive days (fractional sterilization).
This process is called inspissation and instrument used

m is called inspissator.

iv. Water bath

Washing or rinsing laundry or eating utensils in water
bath at 70 to 80°C for few minutes will kill most nons-
poring microorganisms present.

Low Temperature Steam Formaldehyde (LTSF)
Sterilization

A method known as low temperature steam-
formaldehyde (LTSF) sterilization may be used for steri-
lizing items which cannot withstand the temperature of
100°C. In this method steam at subatmospheric pressure
at the temperature of 75°C with formaldehyde vapor is
used. The efficacy of LTSF sterilizers is tested by using
Bacillus stearothermophilus as biological control.

B. Temperature at 100°C

a. Boiling

Boiling at 100°C for 10 to 30 minutes kills all vegeta-
tive spores and some bacterial spores. Sporing bacteria
require prolonged periods of boiling. Therefore, it is
not recommended for sterilization of instruments for
surgical procedures and should be regarded only as a
means of disinfection. Hard water should not be used.
Addition of 2 percent sodium bicarbonate may promote
sterilization. The procedure is not to be used if better
methods are available.

Uses

i. For the disinfection of surgical instruments prior
to processing.

ii. For the disinfection of medical and surgical equip-
ment—when sterility is not essential in emergency
or under field conditions.

b. Steam at atmospheric pressure at 100°C for
90 minutes

Pure steam in equilibrium with boiling water at normal
atmospheric pressure, i.e. ‘free steam’, has a temperature
of 100°C and is used to disinfect selective heat-labile cul-
ture media in the laboratory which may decompose if
subjected to higher temperatures. This can be provided
by the traditional Koch and Arnold steamer (or by the
multipurpose autoclave).

Koch and Arnold Steamer

A Koch and Arnold steamer consists of upright metal
tank with a removable lid incorporating a chimney,
which allows the free escape of steam. Water is added
on the bottom and there is a perforated shelf above
water level. Articles to be sterilized are placed on this
perforated shelf just above the level of water. Water
in the bottom of the tank is heated by gas or electric-
ity (Fig. 5.2). They are exposed to steam at atmospheric
pressure for 90 minutes. One single exposure to steam
for 90 minutes ensures complete sterilization. Most of
the vegetative forms are killed by this method except
thermophiles.
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Fig. 5.2: Steamer

c¢. Tyndallization

An exposure of steam at 100°C for 20 minutes on three
successive days is called tyndallization or intermittent
sterilization. This is a fractional method of sterilization.
The instrument commonly used is Koch and Arnold
steamer.

Principle

Vegetative cells and some spores are killed during the
first heating and that the more resistant spores subse-
quently germinate and are killed during either the sec-
ond or the third heating. Though generally adequate,
this method may fail with spores of certain anaerobes
and thermophiles.

Uses

This method is useful in sterilizing heat-sensitive cul-
ture media containing such materials as carbohydrates,
egg or serum. which are damaged by higher tempera-
ture of autoclave.

C. Moist Heat at Temperatures Above 100°C
Steam Under Pressure

Steam above 100°C or saturated steam is more efficient
sterilizing agent than hot air because:
1. It provides greater lethal action of moist heat.
2. Itis quicker in heating up articles to be sterilized.
3. It can penetrate easily porous material such as cot-
ton wool stoppers, paper and cloth wrappers, bun-
dles of surgical linen and hollow apparatus.

Autoclave

Autoclaving is the process of sterilization by saturated
steam under high pressure above 100°C. Steam steriliza-
tion is carried out in a pressure chamber called an auto-
clave (a device somewhat like a fancy pressure cooker).

Various Components of Autoclave

In its simplest form, the laboratory autoclave consists of
a vertical or horizontal cylinder of gunmetal or stain-

less steel, in a supporting sheet iron case. The lid or
door is fastened by screw clamps and made airtight by
a suitable washer. The autoclave has on its lid or upper
side a discharge tap for air and steam, a pressure gauge
and a safety valve that can be set to blow off at any
desired pressure. Heating is done by gas or electricity
(Fig. 5.3). The domestic pressure cooker serves as a min-
iature autoclave and may be used for sterilizing small
articles in clinics and similar establishments.

Principle of Autoclave

The principle of the autoclave or steam sterilizer is that
water boils when its vapor pressure equals that of the
surrounding atmosphere. When pressure inside a closed
vessel increases, the temperature at which water boils
also increases. Saturated steam has penetrative power
and is a better sterilizing agent than dry heat.

Steam condenses to water and gives up its latent
heat to that surface when it comes into contact with a
cooler surface. The energy available from this latent heat
is considerable. For example, 1600 ml steam at 100°C
and at atmospheric pressure condenses into one ml of
water at 100°C and releases 518 calories of heat). The
large reduction in volume, sucks in more steam to the
area and the process continues till the temperature of
that surface is raised to that of the steam. The water of
condensation ensures moist conditions for killing of the
exposed microorganisms.

Bacteria are intrinsically more susceptible to moist
heat as bacterial protein coagulates rapidly and con-
densed water ensures moist conditions for killing the
microbes present.

Types of Steam Sterilizers
Several types of steam sterilizers are available (Table

5.3). Even the domestic pressure cooker can be used as
a sterilizer.

Procedure

1. Water: Sufficient water is put in the cylinder. Above
this is a perforated shelf on which articles to be ster-
ilized are placed, and the autoclave is heated.

2. Lid: The lid is screwed tight with the discharge tap
open and the safety valve is adjusted to the required
pressure.

Adjustable safety-valve

) _ Pressure gauge
Chamber discharge tap < :

]
Winged
screw
Chamber
Chamber i
Perforated tray
Water | | Winged
screw
Gas burner 4 Gasket

Fig. 5.3: A simple autoclave

uolDdJUISI(] PUD UOUDZI|UBIG 4 G JajdoyD)



Section 1 ¢ General Bacteriology

Simple laboratory autoclave.

Transportable bench top autoclaves.

Large simple autoclaves.

Downward displacement laboratory autoclaves.
Media preparators.

Multipurpose laboratory autoclaves.

Other autoclaves.

- High security autoclave

- Porous load sterilizer

- Low temperature steam.

~NOo o hkh wWwN R

3. Air removal: The steam-air mixture is allowed to
escape freely till all the air has been displaced. To
know when all the air inside the autoclave has es-
caped, the discharge tap is connected with one end
of a rubber tube and the other end of it is placed in
water. When the air bubbles stop coming, it indi-
cates that all the air from inside the autoclave has
been removed.

The discharge tap is now closed.

5. Holding period: The steam pressure rises inside
and when it reaches the desired set level (15 psi),
the safety valve opens and the excess steam escapes.
From this point, the holding period (15 minutes) is
calculated.

6. Autoclave cooling: When the holding period is
over, the heater is turned off and the autoclave al-
lowed to cool till the pressure gauge indicates that
the pressure inside is equal to the atmospheric pres-
sure.

7. Air entry in the autoclave: The discharge tap is
opened slowly and air is allowed to enter the auto-
clave.

8. Removal of articles: The lid is now opened and the
sterilized articles removed.

Note: If the tap is opened when the pressure inside is
high, liquid media will tend to boil violently and spill
from the container and sometimes an explosion may
occur. If opened after the pressure inside has fallen
below atmospheric pressure, an excessive amount of
water would have evaporated and lost from the media.

b

Precautions

i. Air escape from the chamber: Since temperature of
air-steam mixture is lower than that of pure steam,
the air must be allowed to escape from the cham-
ber.

ii. Arrangement of the materials: Should be done in
such a manner which ensures free circulation of
steam inside the chamber.

Uses

i. For sterilizing culture media and other laboratory
supplies, aqueous solutions, rubber material, dress-
ing materials, gowns, dressing, linen, gloves, in-
struments and pharmaceutical products.

ii. For all materials that are water containing, perme-
able or wettable and not liable to be damaged by
the process.

Particularly useful for materials which cannot with-
stand the higher temperature of hot air oven.

iii.

Sterilization Controls

A. Biological control (Bacterial spores): An envelope
containing a filter paper strip impregnated with 10°
spores of Bacillus stearothermophilus (NCTC 10003 or
ATCC 7953) is placed with the load in the coolest
and least accessible part of the autoclave chamber.
After sterilization is over the strip is removed and
inoculated into tryptone soy broth and incubated at
56°C for 5 days. No growth of B. stearothermophilus
indicates proper sterilization. Spores of this organ-
ism withstand 121°C for up to 12 minutes and this
has made the organism ideal for testing autoclaves.
B. Chemical control: A Browne’s tube containing red
solution changes to green when exposed to temper-
ature of 121°C for 15 minutes in autoclave. It indi-
cates proper sterilization.

Autoclave tapes.

Thermocouples: May also be used which records
the temperature by a potentiometer.

C.
D.

4. Filtration

Filtration is the principal method used in the laboratory
for the sterilization of heat labile materials, e.g. sera,
solutions of sugars or antibiotics used for preparation
of culture media.

Uses of Filtration

1. Heat sensitive solutions: For sterilization of phar-
maceuticals, ophthalmic solutions, culture media,
oils, antibiotics, and other heat sensitive solutions.

2. For separation of bacteriophages and bacterial
toxins from bacteria.

3. Isolation of organisms which are scanty in fluids.

4. Concentration of bacteria from liquids: The filter
disks concentrate bacteria from liquids, e.g. in test-
ing water samples for cholera vibrios or typhoid
bacilli.

5. For virus isolation: By obtaining bacteria-free fil-
trates of clinical samples as viruses pass through
ordinary filters. Most viruses and certain bacteria
such as Mycoplasmas can pass through filters with
a pore size as low as 0.22 pm and cannot be kept
back by the bacterial filters, therefore, serum steri-
lized by filtration cannot be employed for clinical
use.

Types of Filters

i. Earthware filters
ii. Asbestos filters
iii. Sintered glass filters
iv. Membrane filters
v. Syringe filters



vi. Vacuum and ‘in-line’ filters

vii. Pressure filtration

viii. Air filters.

i. Earthware filters: These are manufactured in sev-
eral different grades of porosity and have been
used widely for purification of water for industrial
and drinking purposes. The fluid to be sterilized is
forced by suction or pressure from inside to outside
or vice versa. After use they can be sterilized by
scrubbing with stiff brush followed by boiling and
autoclaving. They are of two types:

a. Unglazed ceramic filters, e.g. Chamberland and
Doulton filters.

b. Compressed diatomaceous earth filters, e.g. the
Berkefeld and Mandler filters.

ii. Asbestos filters (Seitz filter): They are made up of
a disk of asbestos (magnesium trisilicate). It is sup-
ported on a perforated metal disk within a metal
funnel. The funnel is loosely assembled with asbes-
tos in position and sterilized in the autoclave. It is
then fitted on to a sterile flask through a silicone
rubber bung. The fluid to be sterilized is put into
the funnel and flask connected to the exhaust pump
through its side tap. Sterilized fluid is collected
from the flask and filter disk is discarded after use.
These disks are available with different grades of
porosity.

Examples: Seitz filter, Carlson and Sterimat filters.

iii. Sintered glass filters: They are prepared by size
grading powdered glass followed by heating. The
pore size can be controlled by the general parti-
cle size of the glass powder. The filters are easily
cleaned, have low absorption properties and do not
shed particles, but they are fragile and relatively ex-
pensive.

iv. Membrane filters: Membrane filters consist of a
variety of polymeric materials such as cellulose ni-
trate, cellulose diacetate, polycarbonate and poly-
ester. They are manufactured as disks from 13 to
293 mm diameter and with porosities from 0.015
to 12 um. They come in a wide range of average
pore diameters (APD), the 0.22 pm size being most
widely used for sterilization because the pore size
is smaller than that of bacteria.

Uses

1. They are used routinely in water analysis and puri-
fication.

2. Sterilization and sterility testing.

3. For preparing sterile solutions for parenteral use.

4. Bacterial counts of water: They can also be used
for bacterial counts of water. A known amount of
water is filtered through the membrane filter disk.
The upper side of the disk is then placed on an
appropriate moist culture medium and incubated.
The colonies that develop can be counted and via-
ble count calculated.

v. Syringe filters: Membrane of 13 and 25 mm diam-
eter are commonly fitted in syringe-like holders of
stainless steel or polycarbonate. For sterilization,
the fluid is forced through the disk (membrane) by
pressing the piston of the syringe.

vi. Vacuum and ‘in-line’ filters: Membranes of 25 and
45 mm diameter are used, either with in-line filter
holders of Teflon or stainless steel and aluminium,
or with vacuum holders of borosilicate glass, poly-
carbonate or stainless steel. They are suitable for the
sterilization or disinfection of large volumes of lig-
uid or air.

Pressure filtration: Large membranes, 100 to

293 mm in diameter, or filter cartridges housed in

pressure filter holders, may be used for the produc-

tion of very pure water for laboratory use. They
may be fitted with a Teflon filter so that the assem-
bly is autoclavable with the filter in situ.

viii. Air filters: Air can also be sterilized by filtration.
Large volumes of air may be rapidly freed from
infection by passage through high efficiency parti-
culate air (HEPA) filters which remove particles of
0.3 um or larger (and probably particles <0.1 um)
are one of the most important air filtration systems.
They are widely used in air filtration, especially
that type incorporating laminar air flow (LAF).
Laminar air flow (LAF) units are of two types, hori-
zontal and vertical, depending upon the direction
of the air flow.

Vii.

5. Radiation

Two types of radiations are used:
I. Nonionizing
II. Ionizing

I. Nonionizing

Infrared and ultraviolet rays are of non-ionizing type.
The effectiveness of UV light as a lethal and mutagen-
ic agent is closely correlated with its wavelength. The
most effective bactericidal wavelength is in the 240 to
280 nm range, with the optimum of about 260 nm, the
wavelength most effectively absorbed by DNA and this
infers with DNA replication.

Ultraviolet radiation can be produced artificially by
mercury vapor lamps. Unlike ionizing radiation, the
energy of UV radiation is lower and its power of pen-
etration is poor. UV radiation around 260 nm is quite
lethal but does not penetrate glass, dirt films, water and
other substances very effectively. Because of this disad-
vantage, UV radiation is used as a sterilizing agent only
in a few specific situations.

Microbial Sensitivity to UV Radiation

i. Bacterial spores are generally more resistant to UV
light than are vegetative cells.

ii. Viruses are also inactivated and tend to be more
sensitive than bacterial spores.
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iii. Human immunodeficiency virus (HIV) is not inac-
tivated by UV radiation.

Practical Applications of UV Radiation

1. To disinfect drinking water.

2. Disinfection of enclosed areas—such as entry-
ways, hospital wards, operating theaters, laborato-
ries and in ventilated safety cabinets in which dan-
gerous microorganisms are being handled.

Precautions

Because UV radiation burns skin and damages eyes,
people working in such areas must be certain that the
UV lamps are off when the areas are in use.

I1. lonizing Radiation

These include X-rays, y(gamma) rays and cosmic rays.
These have very high penetrative power and are highly
lethal to all cells including bacteria. Ionizing radiations
damage the DNA by various mechanisms and include
structural defects in microbial DNA synthesis, lead-
ing to cell death. Bacterial spores are generally more
resistant than vegetative cells, and spores are among the
most radiation resistant microorganisms known.

Applications
i. For sterilization in pharmacy and medicine.
ii. Sterilization of packaged disposable articles: Such
as plastic syringes, intravenous lines, catheters and
gloves that are unable to withstand heat.

Cold Sterilization

Since there is no appreciable increase in temperature

in this method it is known as cold sterilization. Large

commercial plants use gamma radiation emitted from

a radioactive element, usually cobalt 60 for this type of

sterilization.

iii. Use for antibiotics, hormones, sutures, and vac-
cines and to prevent food spoilage.

B. Chemical Agents

Germicidal chemicals can be used to disinfect and, in
some cases, sterilize.

Characteristics of a Disinfectant

An ideal antiseptic or disinfectant should:

* Have a wide spectrum of activity and must be
effective against a wide variety of infectious agents
(gram-positive and gram-negative bacteria, acid-
fast bacteria, bacterial endospores, fungi, and
viruses)

* Be active at high dilutions and in the presence of

organic matter

Be effective in acid as well as alkaline media

Have speedy action

Have high penetrating power

Be stable

Be compatible with other antiseptics and disinfect-
ants

Not corrode metals

Not cause local irritation or sensitization
Not interfere with healing

Not be toxic if absorbed into circulation
Be cheap and easily available

Be safe and easy to use

Such an ideal chemical is yet to be found.

Factors that Determine the Potency of
Disinfectants

The concentration and stability of the agent.
Nature of the organism.

Time of action.

pH.

Temperature.

The presence of organic (especially protein) or other
interfering substances.

7. Nature of the item to be disinfected.

SARSA IR e

Category of Disinfectant
Disinfection processes have been categorized as high
level, intermediate level, and low level.

1. High-level Disinfection

High-level disinfection can generally approach steriliza-
tion in effectiveness, whereas spore forms can survive
intermediate-level disinfection, and many microbes can
remain viable when exposed to low-level disinfection.

High-level disinfectants are used for items involved
with invasive procedures that cannot withstand sterili-
zation procedures (e.g. certain types of endoscopes, sur-
gical instruments with plastic or other components that
cannot be autoclaved).

Examples

i. Treatment with moist heat

ii. Use of liquids such as glutaraldehyde, hydrogen
peroxide, peracetic acid, chlorine dioxide, and oth-
er chlorine compounds.

2. Intermediate-level Disinfectants

Intermediate-level disinfectants are used to clean sur-
faces or instruments in which contamination with bac-
terial spores and other highly resilient organisms is
unlikely. These include flexible fiberoptic endoscopes,
laryngoscopes, vaginal specula, anesthesia breathing
circuits, and other items. These have been referred to as
semicritical instruments and devices.

Examples: Alcohols, iodophor compounds, phenolic
compounds

3. Low-level Disinfectants

Low-level disinfectants are used to treat noncritical
instruments and devices such as blood pressure cuffs,
electrocardiogram electrodes, and stethoscopes. They
do not penetrate through mucosal surfaces or into ster-
ile tissues although these items come into contact with
patients.

Examples: Quaternary ammonium compounds.
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Fig. 5.4: Sites of action of chemical agents

Mechanisms of Antimicrobial Action (Fig. 5.4)

Most chemical germicides react irreversibly with vital
enzymes and other proteins, the cytoplasmic membrane,
or viral envelopes, although their precise mechanisms
of action are often not completely understood (Fig. 5.4).
The main modes of action are:

A. Agents that Damage the Cell Membrane

1. Surface active disinfectants
2. Phenolic compounds
3. Alcohols.

B. Agents that Denature Proteins

1. Acids and alkalies
2. Alcohols

C. Agents that Modify Functional Groups of Proteins
and Nucleic Acids

1. Heavy metals and their compounds
2. Oxidizing agents: Halogens
¢ Hydrogen peroxide.
3. Dyes: Aniline dyes
* Acridine dyes
4. Alkylating agents: Aldehydes—Formaldehyde, Gl-
utaraldehyde
¢ Ethylene oxide.

A. Agents that damage the cell membrane
1. Surface-active Agents

Substances that alter the energy relationships at inter-
faces, producing a reduction of surface or interfacial
tension, are referred to as surface-active agents or sur-
factants. They possess both hydrophobic (water-repel-
ling) and hydrophilic (water-attracting) groups.

Classification

These surfactants are classified into anionic, cationic,
nonionic and ampholytic (amphoteric). Of these, the cat-
ionic and anionic compounds have been the most useful
antibacterial agents.

a. Cationic agents

These act on phosphate groups of cell membrane phos-
pholipids and also enter the cell. This leads to loss of
membrane semipermeability and leakage from the cell
of nitrogen and phosphorus containing compounds.
The agent which enters the cell, denatures its proteins.
Quaternary ammonium compounds (quats) are the
most important cationic compounds.

Examples of quaternary ammonium compounds
include cetrimide (cetavalon), benzalkonium chloride
(Zephiran, a brand name) and Cetylpyrimidium chlo-
ride (Cepacol, a brand name). Antimicrobial activity
is affected greatly by organic matter and by pH, most
active at alkaline pH and acid inactivates them. They are
inactivated by hard water and soap. Disinfection may be
enhanced by the appropriate combination of a surface-
active agent with disinfectant to improve contact spread
and cleansing properties.

Uses

i. They are primarily active against gram-positive,
nonsporing bacteria; lethal to gram-negative organ-
isms at high concentrations.

ii. They are also fungistatic and active against viruses
with lipid envelopes (e.g. herpes and influenza)
and much less against nonenveloped viruses (e.g.
enteroviruses).

b. Anionic agents

These include soap and fatty acids. Anionic surfactants
such as common soaps usually have strong detergent
but weak antimicrobial properties. These agents are
most active at acid pH and are active against gram-
positive organisms but are relatively ineffective against
gram-negative species.

c. Ampholytic (amphoteric) compounds

Known as “Tego” compounds, possess detergent prop-
erties of anionic and antimicrobial activity of cationic
compounds. They are active over a wide range of pH
but organic matter markedly reduces their activity.

Uses

They are effective against a wide range of gram-positive
and gram-negative organisms and some viruses at a
concentration of 1 percent in water.

2. Phenols and Phenolics
Phenol

In 1867, Joseph Lister, the father of antiseptic surgery,
first introduced phenol (carbolic acid) to control surgical
infections in the operating room. Phenols are obtained
by distillation of coal tar between temperatures of 170°C
and 270°C. It is now rarely used as an antiseptic or disin-
fectant because it irritates the skin and has a disagree-
able odor. Phenol is bactericidal at a concentration of 1
percent.
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Phenolics

Derivatives of phenol are called phenolics. Phenolics
exert antimicrobial activity by injuring lipid-containing
plasma membranes, which results in leakage of cellular
contents.

Uses

i. Use in hospitals: Phenolic disinfectants derived
from coal tar are widely used as disinfectants for
various purposes in hospitals.

ii. They are active against gram-positive and gram-
negative bacteria, moderately active against Myco-
bacteria and have little activity against spores and
viruses.

iii. Disinfection of pus, saliva, and feces: A useful
property of phenolics as disinfectants is that they
remain active in the presence of organic com-
pounds and are resistant to inactivation by organic
matter, are stable, and persist for long periods after
application. For these reasons, phenolics are suit-
able agents for disinfecting pus, saliva, and feces.

iv. They are used mainly for discarded cultures, con-
taminated pipettes and other infected material.

v. Itis used for preservation of sera and vaccines at a
concentration of 0.5 percent.

Disadvantages of Phenolics

i. Disagreeable odor.
ii. Skin irritation.
iii. Itis readily absorbed by skin and causes toxicity.

Phenol Derivatives

Certain phenol derivatives like cresol, chlorhexidine,
chloroxylenol and hexachlorophane are commonly
used as antiseptics.

i. Cresols: Cresols, obtained industrially by the dis-
tillation of coal tar, are emulsified with green soap
and sold under the trade names of Lysol and Creo-
lin. "White fluids’ such as Lysol are effective but are
irritant to the skin. They are active against a wide
range of organisms. They are most commonly used
for sterilization of infected glasswares, cleaning
floors, disinfection of excreta. They are not readily
inactivated by the presence of organic matter.

ii. Chlorhexidine: Chlorhexidine is a member of the bi-
guanide group with a broad spectrum of activity. It
is frequently used for microbial control on skin and
mucous membranes. They are bactericidal at a high
dilution. Its killing effect is related to the injury it
causes to the plasma membrane.

They are more active against gram-positive than
gram-negative bacteria. They are biocidal against
most vegetative bacteria and fungi Mycobacteria
are relatively resistant, endospores and protozoan
cysts are not affected. The only viruses affected are
certain enveloped (lipophilic) types.

Uses: Savlon (chlorhexidine and cetrimide) is
widely used in wounds, preoperative disinfection
of skin, as bladder irrigant, etc. However, contact
with the eyes can cause damage.

iii. Chloroxylenol: It is an active ingredient of dettol. It
is less toxic and less irritant. It is readily inactivated
by presence of organic matter. It is inactive against
Pseudomonas.

iv. Hexachlorophane: Bisphenols are derivatives of
phenol. Hexachlorophene (one bisphenol) is an in-
gredient of a prescription lotion, used for surgical
and hospital microbial control procedures. Gram-
positive staphylococci and streptococci, which can
cause skin infections in newborns, are particularly
susceptible to hexachlorophane so it is used nota-
bly for prophylaxis against staphylococcal infection
in nurseries. However, it can cause neurotoxicity
(brain damage), especially in infants, and its use is
now severely restricted.

B. Agents that Denature Proteins

Among the chemical agents that denature cellular pro-
teins are the acids, alkalies, alcohols, acetone and other
organic solvents.

Acids and Alkalies

Acids and alkalies exert their antibacterial activity
through their free H* and OH ions, through the undis-
sociated molecules, or by altering the pH of the organ-
ism’s environment. Many aliphatic and aromatic acids
are employed as preservatives, especially in the food
industry, and to some extent in pharmaceutical and cos-
metic products. They are not sporicidal and the activity
of the acids, but not the esters, is very pH dependent.
The antimicrobial action of alkalies as sodium hydrox-
ide, calcium hydroxide, sodium carbonate is related to
hydroxyl ion concentration.

Alcohols

Ethyl alcohol (ethanol) and isopropyl alcohol are the
most frequently used. They rapidly kill bacteria includ-
ing tubercle bacilli but they have no action on spores
and viruses. However, human immunodeficiency virus
(HIV) is susceptible to ethyl alcohol (70%) and isopro-
pyl alcohol (35%) in the absence of organic matter. They
must be used at a concentration of 60 to 70% in water
to be effective. They are most frequently used as skin
disinfectants and act by denaturing bacterial proteins.

Isopropyl alcohol is preferred as it is better fat sol-
vent, more bactericidal and less volatile. It has been rec-
ommended as a replacement for ethanol for the sterili-
zation of thermometers.

Methyl alcohol is effective against fungal spores
and is used for treating cabinets and incubators affected
by them. Methyl alcohol vapor is toxic and inflammable.



C. Agents that Modify Functional Groups of Proteins
and Nucleic Acids

1. Heavy Metals

For many years the ions of heavy metals such as mercu-
ry, silver, arsenic, zinc and copper were used as germi-
cides. Heavy metals combine with proteins, often with
their sulphahydryl groups, and inactivate them. They
may also precipitate cell proteins.

i. Mercuric chloride: It is very toxic and at present
has limited use. Mercury compounds in the form
of organic derivatives, e.g. phenylmercuric nitrate,
and acetate, thiomersal and mercurochrome are
less toxic and are used as mild antiseptic. They are
active against both gram-positive and gram-nega-
tive bacteria but are sporistatic at ambient tempera-
tures and have limited fungicidal action.

ii. Silver nitrate: The most commonly employed of the
silver salts is silver nitrate.

Use

—_

Highly bactericidal for the gonococcus.

2. Routinely used for the prophylaxis of the ophthal-
mic neonatorum in newborn infants in a 1 percent
solution.

3. To prevent infection of burns: Topical application
of silver nitrate or silver sulphadiazine in cream has
significantly reduced the mortality in these patients

iii. Copper derivatives: Are used as algicides, fungi-

cides, wood, paint, cellulose and fabric preserva-

tion.

2. Oxidizing Agents
The most useful antimicrobial agents in this group are
the halogens and hydrogen peroxide. They inactivate

enzymes by converting functional-SH groups to the oxi-
dized S-S form.

i. Halogens

Chlorine and iodine are among our most useful disin-
fectants. They are bactericidal and sporicidal. They are
active in very high dilutions and their action is very
rapid.

a. Iodine

Iodine compounds are the most effective halogens
available for disinfection. It is actively bactericidal, with
moderate action against spores. It is active against the
tubercle bacteria and viruses.

Uses

i. Skin disinfectant: Iodine in aqueous and alcoholic
solution has been used widely as a skin disinfectant.
Iodine often has been applied as tincture of iodine,
2 percent or more iodine in a water-ethanol solu-
tion of potassium iodide. Although it is an effective
antiseptic, the skin may be damaged, a stain is left,
and iodine allergies can result.

ii. Iodophors: Mixtures of iodine with various sur-
face-active agents that act as carriers for iodine are
known as iodophors (iodo, “iodine”; phor “carrier”).
They are used in hospitals for preoperative skin
degerming and in hospitals and laboratories for dis-
infecting. Povidine-iodine (Betadine) for wounds
and Wescodyne for skin and laboratory disinfection
are some popular brands.

b. Chlorine

In addition to chlorine itself, there are three types of
chlorine compounds—hypochlorites and inorganic
and organic chloramines. The disinfectant action of
all chlorine compounds is due to the liberation of free
chlorine. When elemental chlorine or hypochlorites are
added to water, the chlorine reacts with water to form
hypochlorous acid (HOCL), which in neutral or acidic
solution is a strong oxidizing agent and an effective dis-
infectant.

The activity of chlorine is markedly influenced by
the presence of organic matter. Chlorine has a special
place in the treatment of water supply and combina-
tions of hypochlorite. Organic compounds and alkaline
detergents can reduce the effectiveness of chlorine com-
pounds.

Uses

The usual disinfectant for water supplies, swimming
pools, dairy and food industries.

Hypochlorites

The hypochlorites have a bactericidal, fungicidal, viru-
cidal and rapidly sporicidal action. It should not be used
in the presence of formaldehyde as one of the reaction
products is found to be carcinogenic.

Uses

i. Widely used in the food and dairy industries for
sanitizing dairy and food processing equipments.

ii. As sanitizers in most households, hospitals, and
public buildings.

iii. Widespread application as laboratory disinfectants
on bench surfaces and in discard pots.

iv. Bleaching powder or hypochlorite solution is the
most widely used for human immunodeficiency
virus (HIV) infected material. Hypochlorite solu-
tion decays rapidly and should be prepared daily.

Chloramines are used as antiseptics for dressing
wounds.

ii. Hydrogen Peroxide

Hydrogen peroxide (H,O,) effectively kills most bac-
teria at a concentration of 3 to 6 percent and kills all
organisms, including spores, at higher concentrations
(10-25%). The active oxidant form is not hydrogen per-
oxide but rather the free hydroxyl radical formed by the
decomposition of hydrogen peroxide.
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Uses

It is used to disinfect plastic implants, contact lenses,
and surgical prostheses.

3. Dyes

Aniline dyes and acridine dyes are two groups of dyes
which are used extensively as skin and wound antisep-
tic. Both are bacteriostatic in high dilution but are of
low bactericidal activity.

i. Aniline dyes: Of the aniline dyes, derivatives of
triphenylmethane, especially brilliant green, mala-
chite green and crystal violet have many uses.

They are highly selective for gram-positive than
against gram-negative organisms and have been
used in the laboratory in the formulation of selec-
tive culture media. They have no activity against
tubercle bacilli, and hence the use of malachite
green in the Lowenstein-Jenson medium.

They are considerably inhibited by organic ma-
terial such as pus though they are nonirritant to the
tissues and nontoxic. These dyes are more active at
alkaline pH. Their lethal effects on bacteria are be-
lieved to due to their reaction with acid groups in
the cell.

ii. Acridine dyes: The acridine dyes, often referred
to as “flavines” due to their yellow color, exert a
bactericidal and bacteriostatic effect on a number
of organisms. They are more active against gram-
positive organisms than against gram-negative but
are not as selective as the aniline dyes. Unlike the
aniline dyes, antimicrobial activity is retained in
the presence of serum or pus. The more important
dyes are proflavine, acriflavine, euflavine and
aninacrine. They show no significant differences in
potency.

* Proflavine and acriflavine: Proflavine and acri-
flavine are among the compounds of clinical use
and have been employed in wound antiseptics.
If impregnated in gauze, they are slowly released
in a moist environment, and hence their advan-
tage and use in clinical medicine. They interfere
with the synthesis of nucleic acids and proteins
in both bacterial and mammalian cells.

4. Alkylating Agents

The lethal effects of aldehydes (formaldehyde and
glutaraldehyde) and ethylene dioxide result from their
alkylating action on proteins.

i. Formaldehyde

Formaldehyde is active against the amino group in the
protein molecules. It is lethal to bacteria and their spores
(but less than glutaraldehyde), viruses and fungi. It is
employed in the liquid and vapor states. It combines
readily with proteins and is less effective than in the
presence of organic matter. Formaldehyde is commer-
cially available in aqueous solutions containing 37 per-
cent formaldehyde (formalin) or as paraformaldehyde,

a solid polymer that contains 91 to 99 percent formalde-
hyde. Formalin destroys all organisms, including spores
when used as a sufficiently high concentration. Expo-
sure of skin or mucous membranes to formaldehyde can
be toxic and the gas is irritant and toxic when inhaled.

Uses

a. Formalin:
i. Used for preserving fresh tissues and is the ma-
jor component of embalming fluids.

ii. Formalin (generally from 0.2-04%) has been used
extensively to inactivate viruses in the prepara-
tion of vaccines. 10 percent formalin containing
0.5 percent sodium tetraborate is used to sterilize
clean metal instruments.

b. Formaldehyde use:
i. Itisused to preserve anatomical specimens.

ii. For destroying anthrax spores in hair.

iii. As an antiseptic mouthwash.

iv. For the disinfection of membranes in dialysis
equipment.

v. A preservative in hair shampoos.

c. Formaldehyde gas
i. Used for sterilizing instruments, heat sensitive
catheters and for fumigating wards, sick rooms

and laboratories.

ii. Clothing, bedding, furniture and books can be
satisfactorily disinfected under properly con-
trolled conditions.

ii. Glutaraldehyde

This has an action similar to formaldehyde. It has a broad-
spectrum action against vegetative bacteria including
mycobacteria, fungi and viruses, but acts more slowly
against spores. It is more active and less toxic than for-
maldehyde. It is used as 2 percent buffered solution. It
can be used for delicate instruments having lenses. A 2
percent buffered solution of glutaraldehyde is an effec-
tive disinfectant. It is available commercially as ‘cidex’.
It usually disinfects objects within about 10 minutes but
may require as 12 hours to destroy all spores.

Disadvantages of Glutaraldehyde

i. It is irritant to the eyes, skin and respiratory mu-
cosa.
ii. It is more active at alkaline pH levels (“activated”
by sodium hydroxide) but is less stable.
iii. Itisalso inactivated by organic material, so items to
be treated must be cleaned.

Uses

i. Cold sterilant: It has been used increasingly as a
cold sterilant for surgical instruments and endo-
scopes. It has no deleterious effect on the cement
or lenses of instruments such as cystoscopes and
endoscopes

ii. Used safely to sterilize corrugated rubber anesthet-
ic tubes and face masks, plastic endotracheal tubes,
metal instruments and polythene tubing.



Vapor-Phase Disinfectants

1. Ethylene oxide

This is a colorless liquid with a boiling point of 10.7°C
and is a highly penetrating gas with a sweet ethereal
smell. It is highly inflammable and in concentrations in
air greater than 3 percent, highly explosive. By mixing
it with inert gases such as carbon dioxide or nitrogen,
to a concentration of 10 percent, its explosive tendency
is eliminated. It diffuses through many types of porous
materials and readily penetrates some plastics. It is
unsuitable for fumigating rooms because of its explo-
sive property.

It is highly lethal to all kinds of microbes includ-
ing spores and tubercle bacilli. Its action is due to its
alkylating the amino, carboxyl, hydroxyl and sulfhydryl
groups in protein molecules. In addition, it reacts with
DNA and RNA. It is effective against all types of micro-
organisms including viruses and spores.

Uses

a. Sterilization of articles liable to be damaged by
heat: It is specially used for sterilizing heart-lung
machines, respirators, sutures, dental equipment,
books and clothing.

b. Sterilization of a wide range of materials- It has
been successfully used to sterilize a wide range of
materials such as glass, metal and paper surfaces,
clothing, plastics, soil, some foods and tobacco.

Disadvantages of Ethylene Oxide

i. Itis anirritant, and personnel working with it have
to take strict precautions.

ii. Its use as a disinfectant presents a potential toxicity
to human beings, including mutagenicity and carci-
nogenicity. Bacillus globigi, a red-pigmented variant
of B. subtilis, has been used to test ethylene oxide
sterilizers.

2. Formaldehyde Gas

It is used for fumigation of complex heat-sensitive
equipment, including anesthetic machine and baby
incubators and for periodic decontamination of labora-
tory safety cabinets.

e Fumigation of operation theaters and other rooms:
This is also widely employed for fumigation of
operation theaters and other rooms (such as isola-
tion rooms). After sealing the windows and other
outlets, formaldehyde gas is generated by adding
150 g of KMnO, to 280 ml formalin for every 1000
cu. ft (28.3 cu. m) of room volume. The reaction
produces considerable heat, and so heat resistant
vessels should be used. After starting generation
of formaldehyde vapor, the doors should be sealed
and left unopened for 48 hours.

Formaldehyde has an extremely unpleasant
odor and is irritant to mucous membranes. The

effect of irritant vapors should be nullified by expo-
sure to ammonia vapor after completion of disin-
fection.

3. Betapropiolactone (BPL)

This is a condensation product of ketane and formal-
dehyde with a boiling point of 163°C. It also destroys
microorganisms more readily than ethylene oxide but
does not penetrate materials well and may be carcino-
genic. For sterilization of biological products, 0.2 per-
cent BPL is used. It is capable of killing all microorgan-
isms and is very active against viruses.

Use

In the liquid form it has been used to sterilize vaccines
and sera.

Note: Recently vapor-phase hydrogen peroxide has
been used to decontaminate biological safety cabi-
nets. Peracetic acid is other vapor-phase sterilant.

RECOMMENDED CONCENTRATIONS OF VARIOUS
DISINFECTANTS

The recommended concentrations of various disin-
fectants commonly used in the hospitals are given in
Table 5.4. Table 5.5 shows various methods of steriliza-
tion/disinfection of some important materials.

TESTING OF DISINFECTANTS

There is no single reliable test available to determine the
efficiency of disinfectant due to a number of parame-
ters, which influence disinfectant activity. The following
tests are used for testing disinfectants:

1. Phenol coefficient test
— Rideal-Walker test
— Chick-Martin test
Minimum inhibitory concentration (MIC)
Kelsey-Sykes capacity test
In-use test
Phenol coefficient test: These tests are irrevalent.
The test organism is inappropriate and the test ir-
reproducible.
Rideal Walker test: The best-known disinfectant
screening test is the phenol coefficient test in which
potency of a disinfectant is compared with that of
phenol.
Procedure: A series of dilutions of phenol and the
experimental disinfectant are inoculated with the
test bacteria such as typhoid bacilli. Suspensions
containing equal numbers of typhoid bacilli are
submitted to the action of varying concentrations
of phenol and of the disinfectant to be tested. The
dilution of the test disinfectant which sterilizes the
suspension in a given time, divided by the corre-
sponding dilution of phenol is stated as the phenol
coefficient (Phenol = 1) of the disinfectant.

e

Interpretation: A phenol coefficient of 1.0 means m
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ﬂ

Disinfectant

Betadine (lodophore)
Bleching powder (calcium hypochlorite)

Dettol (chloroxylenol)
Ethyl alcohol

Glutaraldehyde
Lysol

Savlon (chlorhexidine and cetrimide)

Sodium hypochlorite

Materials

10.
11.

12.

13.
14.

15.
16.

17.
18.
19.

20.
21.

Metallic inoculating wires
Infective materials like soiled dressings, bed

Glasswares: Syringes, petridishes, test tubes, flasks,
universal containers, oily fluids (paraffin)

Metal instruments
Serum, body fluids, bacterial vaccines

Gloves, aprons, dressings, catheters, surgical instru-
ments except sharp instruments.
Sharp instruments

Suture materials except catgut
Catgut

Milk
Most of the culture media
Culture media containing egg, serum or sugar

Toxin, ascitic fluid, serum, sugar and antibiotic solu-
tions

Rubber, plastic and polythene tubes including dispos-
able syringes

Feces and urine, vomitus, sputum

Disposable syringes, rubber or plastic disposable
goods, bone and tissue grafts, adhesive dressings

Antitoxic sera, serum, urine
Operation theater, wards and laboratory or floor space

Polythene tubing, fabrics, machine
Water
Skin

Woollen blankets, wool and hides
Sterilization of operation theater

that the disinfectant in question has the same effec-
tiveness as phenol and a coefficient of less than 1.0
means it is less effective and more than 1.0 means
it is more effective. Higher the phenol coefficient,
more effective is the disinfectant. This test does

Concentration

2%

14 gm in one liter of water
4%

70%

2%

2.5%

2%, 5%

1%, 0.1%

Methods

Red heat

Burning (incineration)
Hot air oven

Autoclaving, hot air oven, infrared radiation
Waterbath, at 56°C x 1 hour, vaccine bath at x 1 hour
Autoclaving

5% cresol

Autoclaving
lonizing radiation

Pasteurization
Autoclaving
Tyndallization
Filtration

Gamma radiation, ethylene oxide gas

Bleaching powder, cresols, formalin, burning, autoclaving
lonizing radiation

Merthiolate (1:10,000)

Formaldehyde gas and cresols (Lysol)

Sodium hypochlorite (1%)

Ethylene oxide

Chlorine as hypochlorites 0.2%

Tincture iodine, spirit (70% ethanol), savlon (phenol
derivative).

Formaldehyde gas

Formaldehyde gas (50 cc formalin and 25 gm KMnO, per
100 cu. ft. space)

not reflect natural conditions as the bacteria and
the disinfectant react directly without any organic
matter being present. Modifications have therefore
been suggested.

Chick-Martin test: Chick-Martin test is modifica-



tion of Rideal-Walker test. In this test, the disinfect-
ant acts in the presence of organic matter (dried
yeast or feces) to simulate natural situations. Even
this modification falls short of simulating natural
conditions. Various other modifications have been
introduced, but no test is entirely satisfactory.

2. Minimum inhibitory concentration (MIC): This
test measures the lowest concentration of the disin-
fectant that inhibits the growth of S. typhi in a nutri-
ent medium. Tests for the MIC of the disinfectant
are also irrelevant as the number of organisms ex-
posed to the disinfectant is too low and the time of
exposure too long.

3. Kelsey-Sykes test (Capacity test): The main feature

of the test is that instead of one addition of a large
inoculum of the test organisms, the additions are
made in increments with or without organic mat-
ter and this gives a measure of the capacity of the
disinfectant to cope with successive bacterial inva-
sions. Capacity test is designed to simulate the nat-
ural conditions under which the disinfectants are
used in the hospitals.
Procedure: Test organisms (Staph. aureus, E. coli,
Ps. aeruginosa and Proteus vulgaris) are added to the
disinfectant in three successive lots at 0, 10 and 20
minutes in both clean and dirty conditions. Each
addition is in contact with the disinfectant for 8
minutes, therefore, samples are transferred at 8, 18
and 28 minutes respectively to a recovery medium.
The disinfectant is judged by its ability to kill bacte-
ria as judged by recovery on subculture (growth or
no growth in recovery media).

4. In-use test: The in-use test should only be per-
formed to confirm that the chosen disinfectant has
been effective under the conditions and period of
use. For example, this test should be performed
on the diluted disinfectant in discard jars after
they have been used and left overnight. The liquid
phase of disinfectant solutions is examined quanti-
tatively for viable organisms in actual use hospital
practice. The ability of a disinfectant to inactivate a
known number of a standard strain of a pathogenic
staphylococcus on a given surface within a certain
time determines its efficiency. Generally, the results
of such tests are more useful than those of phenol
coefficient test and its modifications.

STERILIZATION OF PRIONS

Prions are infectious proteins without any detectable
nucleic acid. They have properties distinct from other
infectious agents and are highly resistant to physical
and chemical agents, particularly in their resistance to
conventional inactivation methods. They are noncon-
ventional transmissible agents that cause transmissible
degenerative encephalopathies (TDE).

1.

Dry heat: Prions are extremely resistant to dry heat.
A temperature of 360°C for one hour has been re-
ported not to be completely effective.

Wet heat: They are more resistant to steam sterili-
zation than conventional transmissible agents (bac-
teria and their spores, fungi and viruses). Steam is
found to be effective if a temperature of 134-138°C
is maintained for 18 minutes.

Chemicals: These agents are inactivated by sodium
hypochlorite (25% available chlorine) treatment
at room temperature for one hour. They are also
sensitive to phenol (90%), household bleach, ether,
acetone, urea (6 mol/L), sodium dodecyl sulphate
(10%) and iodine disinfection. Other chemicals like
aldehydes, potassium permanganate, hydrogen
peroxide, ethylene oxide, B-propiolactone, ethanol,
proteases and ionizing radiations have been found
to be ineffective.

KNOW MORE

Oxidizing agents: For certain purposes—iodine as a
skin disinfectant and chlorine as a water disinfectant—
are unequated. They are unique among disinfectants in
that their activity is almost exclusively bactericidal and
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in that they are effective against sporulating organisms.

Disinfection of Skin

Washing with soap and water removes most of the tran-
sient surface contaminants and some of the resident bac-
teria. Chlorhexidine or iodine detergent scrub should be
used if the hands are likely to have become contaminat-
ed with pathogens. As an alternative, the hands may be
rubbed with a solution of 0.5 percent chlorhexidine and
1 percent glycerol in 70 percent isopropylalcohol.

The wound should be cleaned and irrigated with a

mild disinfectant such as chlorhexidine with cetrimide,
e.g. savlon if as a result of a laboratory accident the skin
is broken. If the unbroken skin is grossly contaminated
with bacterial or viral pathogens, it should at once be
rinsed with phenolic or hypochlorite disinfectant avail-
able for normal use on the bench, e.g. 2 percent hycolin
and then immediately be washed with water.

&

KEY POINTS I

Sterilization is the process by which an article, sur-
face, or medium is freed of all living microorgan-
isms either in the vegetative or spore state.
Disinfection is the killing, inhibition, or removal of
microorganisms that may cause disease.
Antisepsisis the prevention of sepsis or putrefaction
either by killing microorganisms or by preventing
their growth.
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METHODS OF STERILIZATION AND
DISINFECTION

A. Physical Agents

Dry Heat: (a) Flaming; (b) Incineration; (c) Hot-air steri-
lizatio

Moist Heat: (a) Pasteurization—Heat treatment for
milk (72°C for about 15 sec) that kills all pathogens and
most nonpathogens; (b) Boiling; (c) Steam under nor-
mal pressure

Tyndallization: An exposure of steam at 100°C for 20
minutes on three successive days is called tyndalliza-
tion or intermittent sterilization.

Steam Under Pressure

Autoclaving: Very effective method of sterilization; at
about 15 psi of pressure (121°C).

Filtration

Various types of filters are now available: (i) Earthware
filters; (ii) Asbestos filters; (iii) Sintered glass filters; (iv)
Membrane filters; (v) Syringe filters; (vi) Vacuum and
‘in-line’ filters; (vii) Pressure filtration; (viii) Air filters.

Radiation
1. Ionizing; (2) Nonionizing.

Chemical Agents: Although generally less reliable than
heat, these chemicals are suitable for treating large sur-
faces and many heat-sensitive items.

1. Surface-active Agents: (a) Cationic agents; (b) Ani-
onic agents; (c) Ampholytic (amphoteric) agents:

2. Phenol derivatives—certain phenol derivatives like
cresol, chlorhexidine, chloroxylenol and hexachloro-
phane are commonly used as antiseptics.

3. Alcohols: Ethyl alcohol (ethanol) and isopropyl alco-
hol are the most frequently used.

4. Heavy metals: Mercuric chloride, silver nitrate

5. Oxidizing agents
Halogens
a. Iodine: Mixtures of iodine with various surface-
active agents that act as carriers for iodine are
known as iodophors
b. Chlorine (i) Hypochlorites (ii) Hydrogen peroxide
3. Dyes: Aniline dyes and acridine dyes are two
groups of dyes which are used extensively as skin
and wound antiseptic
4. Alkylating agents: The lethal effects of aldehydes
(formaldehyde and glutaraldehyde) and ethylene
dioxide result from their alkylating action on
proteins.

Vapor-phase Disinfectants: (i) Ethylene oxide; (ii) For-

m maldehyde gas; (iii) Betapropiolactone (BPL).

Testing of Disinfectants
1. Phenol coefficient test (Rideal-Walker method,
Chick-Martin method)
2. Minimum inhibitory concentration (MIC)
3. Kelsey-Sykes capacity test
4. In-use test

IMPORTANT QUESTIONS

1. Define sterilization and disinfection. Classify the
various agents used in sterilization. Add a note on
the principle and functioning of autoclave.

2. Define the terms sterilization, disinfection and anti-
sepsis. Name various agents used for sterilization
and discuss the role of hot air oven in sterilization.

3. Write short notes on:

— Hot air oven.

— Inspissation or serum inspissator

- Autoclave.

— Sterilization by radiation and its practical appli-
cations.

4. Write briefly about:

— Sterilization by moist heat

- DPasteurization.

— Tyndallization or intermittent sterilization or
fractional sterilization.

— Filtration.

5. Name various types of disinfectants and discuss the
role of halogens in chemical disinfection.

6. Write short notes on:

a. Vapor-phase disinfectants or gaseous steriliza-
tion.

Surface active disinfectants

Quaternary ammonium compounds

Oxidizing agents.

Testing of disinfectants.

Sterilization of prions.

-0 2n T
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Culture Media

LEARNING OBJECTIVES

After reading and studying this chapter, you should be able
fo:
s Describe classification of media.
+ Differentiate between the following: Enriched media
and enrichment media; Indicator media and differ-

INTRODUCTION

Culture medium: A nutrient material prepared for the
growth of microorganisms in a laboratory is called a
culture medium.

Inoculum: When microbes are introduced into a culture
medium to initiate growth, they are called an inoculum.

Culture: The microbes that grow and multiply in or on a
culture medium are referred to as a culture.

Cultivation is the process of growing microorgan-
isms in culture by taking bacteria from the infection site
(i.e. in vivo environment) by some means of specimen
collection and growing them in the artificial environ-
ment of the laboratory (i.e. the in vitro environment). By
appropriate procedures they have to be grown separate-
ly (isolated) on culture media and obtained as pure cultures
for study. Once grown in culture, most bacterial popu-
lations are easily observed without microscopy and are
present in sufficient quantities to allow laboratory test-
ing to be performed.

MAIN PURPOSES OF BACTERIAL CULTIVATION

Bacterial cultivation has three main purposes:

i. To grow and isolate all bacteria present in an infec-
tion.

ii. Infection and contaminants or colonizers: To
determine which of the bacteria that grow are
most likely causing infection and which are likely
contaminants or colonizers.

iii. Identification and characterization: To obtain
sufficient growth of clinically relevant bacteria to
allow identification and characterization.

ential media; selective media and differential media
with suitable examples.
¢ Discuss liquid media and composition and uses.

COMMON INGREDIENTS OF CULTURE MEDIA

Some of the components of culture media are as follows:
1. Water: Tap water is often suitable for culture media,
particularly if it has a low mineral content, but if the
local supply is found unsuitable, glass-distilled or
demineralized water must be used instead.

2. Agar: Agar (or agar-agar) is prepared from a varie-
ty of seaweeds and is now universally used for pre-
paring solid media. The chief component of agar is
a long-chain polysaccharide. It also contains a vari-
ety of impurities including inorganic salts, a small
amount of protein like material and sometimes
traces of long-chain fatty acids which are inhibitory
to growth. The minerals present are mainly magne-
sium and calcium.

Agar does not add to the nutritive properties
of a medium and is not affected by the growth of
bacteria. The melting and solidifying points of agar
solutions are not the same. At the concentrations
normally used, most bacteriological agars melt at
about 95°C and solidify only when cooled to about
42°C. There are considerable differences in the
properties of the agars manufactured in different
places, and even between different batches from
the same source. A concentration of 1-2 percent
usually yields a suitable gel, but the manufacturer’s
instructions should be followed. The jellifying
property varies in different brands of agar; for
example, New Zealand agar has more jellifying
capacity than Japanese agar. Agar is manufactured
either in long shreds or as powder. There may be
variations between different batches of the same brand,
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apart from the differences due to a different source of

agar.

3. Peptone: Another almost universal ingredient of

common media is peptone. It is a complex mix-

ture of partially digested proteins. The important

constituents are peptones, proteoses, amino acids,

a variety of inorganic salts including phosphates,

potassium and magnesium, and certain accessory

growth factors such as nicotinic acid and ribofla-
vin. The brands of peptone supplied by different
manufacturers show appreciable differences in
composition and growth-promoting properties.

Moreover, variations may occur between different

batches of one brand.

Apart from the standard grades of bacterio-
logical peptone, some manufacturers supply spe-
cial grades of peptone recommended for particu-
lar purposes, e.g. Neopeptone, proteose peptone,
mycological peptone, etc. Commercially available
peptones or digest broth can be used. Meat extract
is also available commercially and is known as Lab-
Lemco.

Yeast extract: It contains a wide range of amino

acids, growth factors and inorganic salts. Yeast

extract is used mainly as a comprehensive source
of growth factors and may be substituted for meat
extract in culture media.

5. Malt extract: It consists mainly of maltose (about
50%), starch, dextrins and glucose, and contains
about 5 percent of proteins and protein breakdown
products, and a wide range of mineral salts and
growth factors.

6. Blood and serum: Thsese are used for enriching
culture media. Either human or animal blood can
be used. Usually 5-10 percent blood is used and the
most usual concentration is 10 percent. Serum is
used in certain media.

-

CLASSIFICATION OF MEDIA

Media have been classified in many ways (Table 6.1).

Phases of Growth Media

Growth media are used in either of two phases: liquid
(broth) or solid (agar). In some instances (e.g. certain
blood culture methods), a biphasic medium that con-
tains both a liquid and a solid phase is used.

A. Liquid (broth) media: In broth media nutrients are
dissolved in water, and bacterial growth is indicated by
a change in broth’s appearance from clear to turbid, (i.e.
cloudy).

Numerous culture media have been devised. The ear-
liest culture media were liquid, which made the isola-
tion of bacteria to prepare pure cultures extremely dif-
ficult. The original media used by Louis Pasteur were
liquids such as urine or meat broth.

A. Based on phases of
growth media
1. Liquid (broth)

C. Special media
(i) Enriched media
(i) Enrichment media

media (iii) Selective media

2. Solid (agar) (iv) Indicator or differential
media media

3. Semisolid (v) Transport media
media (vi) Sugar media

B. Based on nutritional D. Reducing media
factors

1. Simple media 1. Liquid (broth) media
(Basal media) 2. Solid (agar) media

2. Complex media 3. Semisolid media

3. Synthetic or defined
media

Disadvantages

i. Growths usually do not exhibit specially character-
istic appearances in them and they are of only lim-
ited use in identifying species.

ii. Also, organisms cannot be separated with certainty
from mixtures by growth in liquid media.
If solid media are used, these disadvantages are
overcome.

Uses

i. For obtaining bacterial growth from blood or water
when large volumes have to be tested,
ii. For preparing bulk cultures of antigens or vaccines.

B. Solid (agar) media: Solid media are made by adding
a solidifying agent to the nutrients and water. Agarose
is the most common solidifing agent. The petri dish con-
taining the agar is referred to as agar.

Colonies: While bacteria grow diffusely in liquids,
they produce discrete visible growth on solid media. If
inoculated in suitable dilutions, bacteria form colonies,
which are clones of cells originating from a single bacte-
rial cell. Bacterial cultures derived from a single colony
or clone are considered “pure”. On solid media, bacte-
ria have distinct colony morphology and exhibit many
other characteristic features such as pigmentation or
hemolysis, making identification easy.

History of solid medium: The earliest solid medium
was cooked cut potato used by Robert Koch. In 1881
Koch published an article describing the use of boiled
potatoes. Later he introduced gelatin to solidify liquid
media but it was not satisfactory as gelatin is liquefied
at 24°C and also by many proteolytic bacteria. About a
year later, in 1882, agar was first used as a solidifying
agent. Agar had been used by the East Indies Dutch to
make jellies and jams. Fannie Eilshemius Hesse, the New
Jersey-born wife of Walther Hesse, one of Koch'’s assis-
tants, had learned of agar from a Dutch acquaintance
and suggested its use when she heard of the difficul-
ties with gelatin. Agar solidified medium was an instant
success and continues to be essential in all areas of
microbiology.



Type Characteristics

1. Complex media
composition.

2. Chemically defined media

3. Special media

i. Enriched media

Composed of ingredients such as peptones and extracts, which may vary in their chemical

Composed of precise mixtures of pure chemicals such as ammonium sulfate

They are used to grow bacteria which are more exacting in their nutritional needs. Sub-

stances such as blood, serum, or egg are added to a basal medium

ii. Enrichment media
tectable levels.

iii. Selective media
iv. Indicator media

v. Differential media

Similar to selective media but designed to increase numbers of desired microbes to de-

Suppression of unwanted microbes and encouraging desired microbes
Contain an indicator which changes color when a bacterium grows in them

Medium that contains an ingredient that can be changed by certain bacteria in a recogniz-

able way. Differentiation of colonies of desired microbes from others

vi. Sugar media
isms
vii. Transport media

Sugar fermentation reactions are carried out for the identification of most of the organ-

Transport medium is a holding medium designed to preserve the viability of microorgan-

isms in the specimen but not allow multiplication

4. Reducing media

C. Semisolid media: For special purposes where agar
is added to media in concentrations that are too low to
solidify them. At 0.2 to 0.5 percent it yields a semisolid
medium through which motile, but not nonmotile, bac-
teria may spread.

Based on Nutritional Factors (Table 6.2)

1. Simple media
2. Complex media
3. Synthetic or chemically defined media.

1. Simple media (Basal media)

Simple media are those which contain only basic nutri-
ents required for the growth of ordinary organisms, and
used as a general purpose media, e.g. peptone water,
nutrient broth and nutrient agar (Table 6.3 and 6.4).
These simple media are generally used as the basis to
prepare enriched media; hence known as basal media.

2. Complex media

Media that contain some ingredients of unknown chem-
ical composition are called complex media (Table 6.2). A
complex medium contains a variety of ingredients such
as meat juices and digested proteins. The exact chemical
composition of these ingredients can be highly variable
although a specific amount of each ingredient is in the
medium. One common ingredient is peptone. This is
protein taken from any of a variety of sources that has
been hydrolyzed to amino acids and short peptides by
treatment with enzymes, acids, or alkali. Extracts, which
are the water-soluble components of a substance, are
also used.

Nutrient broth: A commonly used complex medium,
nutrient broth (in liquid form). It is a simple basal

Growth of obligate anaerobes

liquid medium, supports growth of many organisms
(Table 6.3).

Types of Nutrient Broth

There are three types of nutrient broth

1. Meat infusion broth: It is an aqueous extract of
lean meat to which peptone is added.

2. Meat extract broth: It is prepared as a mixture of
commercial peptone and meat extract.

3. Digest broth: It consists of a watery extract of lean
meat that has been digested with a proteolytic en-
zyme so that additional peptone need not be added.
Digest broths are economical and are good for ob-
taining luxuriant growths of exacting organisms.

Uses of Nutrient Broth
i. Itis used as a base to prepare many other culture
media.

ii. Itis also used to study growth curve.

Nutrient Agar (Table 6.4, Fig. 6.1)

Nutrient agar is prepared by adding agar at a concentra-
tion of 2 percent to the nutrient broth. It is the simplest
and commonest medium used routinely in microbiology
laboratories, to grow nonfastidious bacteria. Nutrient
agar is commonly referred to as “agar medium”. Nutri-
ent agar is used in the form of slopes, butts in test tubes
or plates in petridishes.

Uses of Nutrient Agar

1. For routine laboratory work.
2. To study colony characteristics.
3. To detect pigment formation.
4. For antibiotic sensitivity testing.
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Medium
1. Peptone water

2. Nutrient broth

3. Glucose broth

4. Enrichment media
i. Tertrathinate broth

Composition

Peptone—10 gm

Sodium chloride (NaCl)—5 gm
Water—1 Liter

(pH 7.4-7.5)

Peptone water
Meat extract

Nutrient broth + Glucose (1%
commonest)

Nutrient broth

Characteristics

i. Basis for carbohydrate fermentation media
ii. For testing the formation of indole

i. For routine culture
ii. As a base to prepare many other culture media
iii. To study growth curve

Blood culture
Promotes luxuriant growth of many organisms
Glucose acts as reducing agent

Enriches salmonellae and sometimes shigellae

Sodium thiosulfate
Calcium carbonate
lodine solution
Phenol red

Sodium selenite
Peptone
Lactose

ii. Senite F broth

iii. Alkaline peptone
water

Peptone—10 gm
Sodium chloride(NaCl)—10gm
Distilled water—1 Liter

5. Anaerobic media

Yeast extract,

Casein hydrolysate, pancre-
atic digest

Glucose,

L-cysteine,

Agar,

Sodium chloride, Sodium thi-
oglycollate,

Resazurin sodium solution,
Water

Nutrient broth,
Predigested cooked meat of
ox heart

i. Thioglycollate broth

ii. Roberson’s cooked
meat broth (RCM)

5. To maintain stock cultures.
6. For slide agglutination and other tests. Pure growth
of the bacterium on nutrient agar medium is used.

Semisolid agar: If the concentration of agar is reduced to
0.2 to 0.5 percent, semisolid or sloppy agar is obtained
which enables motile organisms to spread but not non-
motile bacteria. When agar concentration is further
decreased to 0.05 to 0.1 percent, agar prevents convec-
tion currents and prevents the diffusion of air in thio-
glycollate media, used for the growth of anaerobic and
microaerophilic organisms.

Firm agar: If the concentration of agar is increased to
6 percent it is called firm agar. It prevents spreading
or swarming by organisms such as Proteus species and
Clostridium tetani and enable them to form discrete
colonies.

It inhibits coliform bacilli while permitting salmonellae and
many shigellae to grow

Excellent medium for enriching the number of V. cholerae and

other vibrio species in a fecal specimen

Supports growth of anerobes, aerobes, microaerophilic, and
fastidious microorganisms

Culture of anaerobic bacteria
Preservaton of stock cuture of aerobic bacteria

3. Synthetic or chemically defined media

They are prepared exclusively from pure chemical sub-
stances and their exact composition is known. Chemi-
cally defined media are used for various experimental
purposes. These are used for various special studies
such as metabolic requirements of the experimental
microorganisms. Simple peptone water medium, 1 per-
cent peptone with 0.5 percent NaCl in water, may be
considered a semidefined medium since its composition
is approximately known.

C. Special Media (Table 6.2)
i. Enriched media (Table 6.2, 6.4)

These are prepared to meet the nutritional requirements
of more exacting bacteria by the addition of substances
such as blood, serum or egg to a basal medium.



Table 6.4: Representative types of agar media

Medium Composition
A. Simple medium

Nutrient agar Nutrient broth, agar (2-3%)

Characteristics

Complex medium used for routine laboratory work. Supports

the growth of a variety of nonfastidious bacteria

B. Enriched media

i. Blood agar Nutrient agar. Sheep blood |

(5-10%)

n addition to being enriched medium, it is an indicator

medium showing the hemolytic properties of bacteria such as

Streptococcus pyogenes

ii. Chocolate agar Heated blood agar

(55°C x 2 hr)

Nutrient broth
serum (Ox, sheep or horse)
glucose

Loeffler’s serum
slope (LSS)

iii.

C. Selective media

Deoxycholate citrate
agar (DCA)

Nutrient agar, sodium deoxycho-
late, sodium citrate, lactose,
neutral red

Thayer Martin Blood agar base
Hemoglobin and supplement B
Colistin, nystatin, vancomycin,

trimethoprim

D. Indicator media

MacConkey agar Peptone,
Sodium taurocholate, agar,

neutral red lactose neutral red

Fig. 6.1: Nutrient agar

Examples of Enriched Media

* Blood agar (Fig. 6.2): Many medically important
bacteria are fastidious, requiring a medium that is
even richer than nutrient agar commonly used in
clinical laboratories is blood agar. Blood agar is
used for isolation of Streptococci, pneumococci,
Hemophilus.

This medium is used to culture fastidious bacteria, such as
Haemophilus influenzae, the neisseriae and pnemocococcus

Culture of Corynebactreim diphtheriae

Suitable for the isolation of Salmonella and Shigella.

Selective for Neisseria species, which are fastidious. Selec-
tive-contains antibiotics that inhibit most organisms except
Neisseria species

Isolation and differentiation of lactose fermenting (LF) and
nonlactose fermenting (NLF) enteric bacilli. Selective be-
cause bile salts inhibits nonintestinal bacteria and lactose with
and the neutral red to distinguish lactose fermenting (LF) coli-
forms from the non-lactose fermenting (NLF) salmonella and
shigella groups. Differential because the pH indicator turns
red when the sugar in the medium, lactose, is fermented.

Chocolate agar (Fig. 6.3): A medium used to cul-
ture even more fastidious bacteria is chocolate agar,
named for its appearance rather than the ingredi-
ents. It is used for isolation of Neisseria (meningo-
cocci and gonococci) and Haemophilus.
Bordet-Gengou agar: For isolation of Bordetella.
Loeffler's serum slope (Fig. 6.4): It is used for the
isolation of Corynebacterium diphtheriae.

Dorset’s egg medium: It is used for the cultivation
of mycobacterium tuberculosis and corynebacterium
diphtheriae.

ii. Enrichment media (Table 6.2, 6.3)

When a substance is added to a liquid medium which
inhibits the growth of unwanted bacteria and favors
the growth of wanted bacteria is known as enrichment
medium. This medium for an enrichment culture
is usually liquid and provides nutrients and envi-
ronmental conditions that favor the growth of a particu-
lar microbe but not others. The result is an absolute
increase in the numbers of the wanted bacterium relative
to the other bacteria.

This is often the case for soil or fecal samples. In
mixed cultures or in materials containing more than



Fig. 6.2: Blood agar

Fig. 6.3: Chocolate agar

one bacterium, the bacterium to be isolated is often
overgrown by the unwanted bacteria. Usually the non-
pathogenic or commensal bacteria tend to overgrow the
pathogenic ones, for example, S.Typhi, being overgrown
by E. coli in cultures from feces. In such situations, sub-
stances which have a stimulating effect on the bacteria
to be grown or an inhibitory effect on those to be sup-
pressed are incorporated in the medium.

Examples
a. Tetrathionate broth: Tetrathionate inhibits coli-
forms while allowing typhoid-paratyphoid bacilli
to grow freely in fecal sample.
b. Selenite F (F for Feces) broth: It is used for dysen-
tery bacilli.
c. Alkaline peptone water: It is used for V. cholerae
from feces.

iii. Selective media (Table 6.2, 6.4)

When a substance is added to a solid medium which
inhibits the growth of unwanted bacteria but favors
the growth of wanted bacteria it is known as selective
media. Inhibitory agents used for this purpose include
dyes, bile salts, alcohols, acids, and antibiotics. These

Fig. 6.4: Loeffler's serum slope (LSS)

media are used to isolate particular bacteria from speci-
mens where mixed bacterial flora is expected.

Examples

a. Deoxycholate citrate agar (DCA): Addition of
deoxycholate acts as a selective agent for dysentery
bacilli (isolation of shigellae).

b. Wilson Blair’s brilliant green bismuth sulfite agar
medium. This medium is used for the isolation of
typhoid and paratyphoid bacilli.

c. Lowenstein-Jensen medium (Fig. 6.5): This medi-
um is used for Mycobacterium tuberculosis.

d. Thayer-Martin medium: The isolation of gonococci
and meningococci.

e. Potassium tellurite medium: The isolation of diph-
theria bacilli.

f. TCBS (Thiosulphate, citrate, bilesalts, sucrose)
agar for the isolation of Vibrio cholerae.

iv. Indicator media
These media contain an indicator which changes color.

Examples

a. Wilson-Blair medium: There is incorporation of
sulfite in Wilson-Blair medium. S. Typhi reduces
sulfite to sulfide in the presence of glucose and the
colonies of S. Typhi have a black metallic sheen.

b. Potassium tellurite: Potassium telluritein McLeod’s
medium is reduced to metallic tellurium by the
diphtheria bacillus to produce black colonies.

c. MacConkey agar: MacConkey agar indicates lac-
tose fermenting property. LF produce pink colonies
and Nonlactose fermenters (NLF) produce color-
less colonies due to neutral red indicator (Fig. 6.6).

v. Differential media (Table 6.2)

A medium which has substances incorporated in it, ena-
bling it to bring out differing characteristics of bacteria
and thus helping to distinguish between them, is called
a differential medium.



Fig. 6.5: Lowenstein-densen medium

Fig. 6.6: MacConkey agar

Examples

a. Blood agar: Blood agar is both a differential medi-
um and an enriched one. It distinguishes between
hemolytic and nonhemolytic bacteria. Hemolytic
bacteria (e.g. many streptococci and staphylococci
isolated from throats) produce clear zones around
their colonies because of red blood cell destruction
(Fig. 6.2).

b. Nagler’s medium: There are many special media
for demonstrating particular characteristics, like
Nagler’s medium which enables us to view lecithi-
nase activity.

c. MacConkey agar (Fig. 6.6): MacConkey agar is
both differential and selective. It contains peptone,
meat extracat, NaCl, bile salt, lactose and neutral
red indicator. Bile salt inhibits the growth of gram-
positive bacteria. Some bacteria that ferment the
sugar produce acid, which decreases medium pH
and causes the neutral red indicator to give a pink
or red color to colonies which are known as lactose
fermenters (LF). Nonlactose fermenters (NLF) form
colorless, pale colonies. This may also be termed

indicator medium. Some organisms ferment lactose
late, and called as Late-Lactose fermenters (LLF).
LF: For example, Esch. coli, Klebsiellae sp.

NLEF: For example, Salmonella, Shigella, proteus

LLF: For example, Shigella sonnei.

vi. Sugar media (Table 6.2)

For the identification of most of the organisms, sugar
fermentation reactions are carried out. Carbohydrate
fermentation is used ‘for characterization and identifi-
cation of bacteria, particularly important in the study
of gram negative bacilli. Sugar media are used to test
fermentation.

Sugar used for sugar media: The term ‘sugar’ in micro-
biology denotes any fermentable substance. They may
be:
1. Monosaccharides:
a. Pentoses, e.g. arabinose, xylose, rhamnose.
b. Hexoses, e.g. glucose, fructose, mannose, sor-
bose, galactose.
2. Disaccharides, e.g. Sucrose, maltose, lactose, treha-
lose, cellobiose.
3. Trisaccharides, e.g. raffinose.
4. Polysaccharides, e.g. starch, inulin, dextrin, glyco-
gen.
5. Polyhydric alcohols, e.g. glycerol, erythritol, adon-
itol, mannitol, dulcitol, sorbitol, inositol.
6. Glycosides, e.g. salicin, aesculin.
7. Organic acids, e.g. tartarate, citrate, mucate, gluco-
nate, malonate.
Usual sugar media: The usual sugar media consist of
1 percent of the sugar in peptone water along with an
appropriate indicator (Anrade’s indicator—0.005 percent
acid fuchsin in NaOH). A small tube (Durham’s tube)
is kept inverted in the sugar tube to detect gas produc-
tion. The color of the medium is light yellow. The test
bacterium is inoculated and incubated. Acid production
is indicated by the development of pink color. Gas accu-
mulates in the inner Durham’s tube (Fig. 6.7).

Hiss serum sugars: Hiss serum sugars are used for
organisms which are exacting in their growth require-
ments (fastidious organisms) like Streptococci, pneumo-
cocci, gonococci, meningococci and diphtheria bacilli.
Hiss” serum water consists of 25 percent serum in dis-
tilled water.

vii. Transport media (Table 6.2)

A transport medium is a holding medium designed to
preserve the viability of microorganisms in the speci-
men but not allow multiplication.

Delicate organisms (like gonococci) which may not
survive the time taken for transporting the specimen to
the laboratory or the normal flora may overgrow patho-
genic flora (Salmonella, Shigella and V. cholerae), such
special media are devised to maintain the viability of the
pathogen termed as “transport media”.



Fig. 6.7: Usual sugar media

Examples
i. Stuart’s transport medium and Amies transport
medium for gonococci.
ii. Buffered glycerol saline for enteric bacilli.

iii. Pike’s medium for Streptococcus pyogenes, pneumo-
cocci and Haemophilus influenzae in nose and throat
swabs.

iv. Cary-Blair medium for Vibrio cholerae and Campylo-
bacter.

v. Venkatraman-Ramakrishnan (V-R) fluid (pH 9.2)
for Vibrio cholerae.

vi. Alkaline peptone water (pH 8.6) for Vibrio cholerae.

5. Anaerobic Media (Table 6.2, 6.3)

These media are used to grow anaerobic organisms, and
contain reducing substances. These include:

i. Thioglycollate broth.

ii. Cooked meat broth.

i. Thioglycollate broth

Thioglycollate broth contains reducing agents such as
sodium thioglycollate, glucose, vitamin C (ascorbic
acid), cysteine and agar (concentration of 0.05%), with
methylene blue. Thioglycollate acts as a reducing agent
and creates an anaerobic environment deeper in the
tube, allows anaerobic bacteria to grow. Glucose and
thioglycollate maintain the anaerobic condition. Agar
(0.05%) prevents convection currents of air. Methylene
blue or resazurin act as an oxidation-reduction potential
indicator, which should show that the medium is anaer-
obic except in the surface layer in addition to a reducing
agent and semisolid agar.

il. Cooked meat broth or RCM broth (Robertson’s
Cooked meat broth)

The medium contains meat infusion or nutrient broth,
minced, cooked ox heart tissue. Liquid paraffin is layered
over broth to prevent the entry of air. Unsaturated fatty
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Fig. 6.8: Cooked meat broth

acids in chopped meat act as reducing agent and absorb
oxygen. In addition to its reducing effect, the meat
provides a variety of nutritional substances for bacterial
growth. Hematin catalyzes this reducing action and
sulfhydryl groups create a low redox potential. All these
factors favors the growth of anaerobic bacteria. The
specimen is inoculated deep in the medium in contact
with the meat (Fig. 6.8).

RCM broth detects proteolytic and saccharolytic
activities of anaerobic bacteria. Proteolytic bacteria
blacken the meat with the formation of foul smelling
sulfur compounds. Saccharolytic bactreia turn meat red
slightly with sour smell.

Preserving Bacterial Cultures

Refrigeration

Deep freezing

Lyophilization (freeze drying)
Cold storage

Drying methods.

ARl .

Media to Test Special Properties

Various media to test special properties like urease pro-
duction, and composite media for simultaneous dem-
onstration of different features have been devised. They
are dealt with in the appropriate chapters.

Color Code

A color code is usually adopted for identifying prepared
media, This depends on the laboratory or group of labo-
ratories. One color or a mixture of colors is used on the
cotton stopper, or color paints are used on the caps.
Process of Media Making

It is essential to monitor the quality of culture media at
all stages in their preparation and use. Culture media



used to be prepared in laboratories themselves, starting
with basic ingredients. Not only was this laborious but
it also led to considerable batch variation in the quality
of media. The process of media making has become sim-
pler and its quality more uniform with the ready avail-
ability of commercial dehydrated culture media.

KNOW MORE

Preserving Bacterial Cultures

1.

2.

Refrigeration: Refrigeration can be used for the
short-term storage of bacterial cultures.

Deep freezing: Deep freezing is a process in which
a pure culture of microbes is placed in a suspend-
ing liquid and quick-frozen at temperatures rang-
ing from - 50° to -95°C. The culture can usually be
thawed and cultured even several years later.
Lyophilization (freeze drying): During lyophili-
zation (freeze drying), a suspension of microbes is
quickly frozen at temperatures ranging from -54° to
-95°C, and the water is removed by a high vacuum
(sublimation). The organisms can be revived at any
time by hydration with a suitable liquid nutrient
medium.

Cold storage: Cold storage is a common method of
preserving strains of bacteria.

Drying methods: A number of drying methods
for drying suspensions of bacteria for preservation
purposes have been developed.

KEY POINTS

A culture medium is any material prepared for the
growth of bacteria in a laboratory.

Microbes that grow and multiply in or on a culture
medium are known as a culture.

Agar is a common solidifying agent for a culture
medium, a complex polysaccharide from red algae.
Simple media include the nutrient broth and pep-
tone water, which form the basis of other media.
Complex Media: A complex medium is one in
which the exact chemical composition varies slight-
ly from batch to batch.

A chemically defined medium is one in which the
exact chemical composition is known.

Enriched media are solid media supplemented
with blood, serum, etc. (e.g. blood agar, chocolate
agar, Loffler's serum slope, Lowenstein-Jensen
medium, etc.).

Enrichment media: An enrichment culture is used
to encourage the growth of a particular microor-
ganism in a mixed culture and are the liquid media
(e.g. selenite F broth or tetrathionate broth).
Selective Media: By inhibiting unwanted organ-
isms with salts, dyes, or other chemicals, selective

media allow growth of only the desired microbes
(e.g. TCBS, DCA, L], MSA, XLD, etc).

¢ Differential media or indicator media distinguish
one microorganism from one another growing on
the same media (e.g. eosin methylene blue medi-
um, MacConkey medium, mannitol salt agar, etc).

* Sugar media usually consist of 1 percent sugar in
peptone water along with appropriate indicator.

¢ Transport media are used to maintain the viability
of certain delicate organisms during their transport
to the laboratory (e.g. Stuart’s transport medium,
alkaline peptone water, etc).

* Anaerobic media: Reducing media chemically
remove molecular oxygen that might interfere with
the growth of anaerobes.

e Preserving bacterial cultures: Microbes can be pre-
served for long periods of time by deep freezing or
lyophilization (freeze drying).

IMPORTANT QUESTIONS

1. What are culture media? Classify and discuss them
briefly.
2. Distinguish between a selective medium and a dif-
ferential medium.
3. Write short notes on:
¢ Liquid media
e Solid media
e Simple media/Basal media.
¢ Defined media/synthetic media.
* Agar/Agar-agar.
e Complex media
e Noutrient broth.
¢ Nutrient agar.
e Enriched media
* Loeffler’s serum slope.
e Blood agar
e Enrichment media
e Selenite F broth.
e Tetrathionate broth
e Selective media.
e Lowenstein-Jensen (L]) medium.
* MacConkey agar.
¢ Indicator media.
¢ Differential media
¢ Transport media.
* Sugar media.
e Anaerobic media.
¢ Thioglycollate medium/thioglycollate broth.
e Cooked meat broth (CMB) or RCM broth.

FURTHER READING

Collee JC, et al. Mackie and McCartney Practical Medical

Microbilology, 14th edn. London: Churchill Livingstone
1996:95-111.
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Culture Methods

LEARNING OBJECTIVES

After reading and studying this chapter, you should be able
to:
+ Discuss anaerobic culture methods.

INTRODUCTION

Culture methods employed depend on the purpose for
which they are intended.

Indications for Culture

In the clinical laboratory, the indications for culture are
mainly to:
1. Isolate bacteria in pure culture
2. Demonstrate their properties
3. Obtain sufficient growth for preparation of anti-
gens and for other tests
4. Type isolates by methods such as bacteriophage
and bacteriocin susceptibility
5. Determine sensitivity to antibiotics
6. Estimate viable counts
7. Maintain stock cultures.

METHODS OF BACTERIAL CULTURE

The methods of bacterial culture used in the clinical
laboratory include streak culture, lawn culture, stroke
culture, stab culture, pour-plate culture, shake culture
and liquid culture. Special methods are employed for
culturing anaerobic bacteria. The sweep plate method
is used for estimating bacteria in the dust on clothing.

1. Streak Culture (Surface Plating)

This method is routinely employed for the isolation of
bacteria in pure culture from clinical specimens. A plat-
inum loop No. 23 SWG, 6.5 cm long, is charged with
the specimen to be cultured. Owing to the high cost of
platinum, loops for routine work are made of nichrome
resistance wire, No. 24 SWG. The loop is flat, circular
and completely closed with 2-4 mm internal diameter
mounted on a handle.

One loopful of the specimen is smeared thoroughly
over area A (Fig. 7.1), on the surface of a well dried
plate, to give a well-inoculum or ‘well’. The loop is

¢ Explain the principle and describe uses of the fol-
lowing: Mclntosh and Filde’s anaerobic jar; cooked

meat broth (CMB).

re-sterilized and drawn from the well in two or three
parallel lines on to the fresh surface of the medium (B).
This process is repeated as shown (C, D, E), care being
taken to sterilize the loop, and cool it on unseeded
medium, between each sequence. At each step the
inoculum is derived from the most distal part of the
immediately preceding strokes.

Plates are incubated in the inverted position with the
lid underneath. On incubation, growth may be conflu-
ent at the site of original inoculation (well), but becomes
progressively thinner, and well separated colonies are
obtained over the final series of streaks.

2. Lawn Culture or Carpet Culture

Lawn cultures are prepared by flooding the surface of
the plate with a liquid culture or suspension of the bac-
terium, pipetting off the excess inoculum and incubat-
ing the plate. Alternatively, the surface of the plate may

Well

Stroke

Fig. 7.1: Streak culture (streak plating) on solid media



be inoculated by applying a swab soaked in the bacterial
culture or suspension. After incubation, lawn culture
provides a uniform growth of the bacterium.

Uses

i. Antibiotic susceptibility testing: It is useful for
antibiotic susceptibility testing by disk diffusion
method

ii. Bacteriophage typing.

iii. For preparation of bacterial antigens and vaccines:
It may also be employed when a large amount of
growth is required on solid media as, for instance, in
the preparation of bacterial antigens and vaccines.

3. Stroke Culture

Stroke culture is made in tubes containing agar slope or
slant. Slopes are seeded by lightly smearing the surface
of agar with loop in a zig-zag pattern taking care not to
cut the agar.

It is employed for providing pure growth of the
bacterium for slide agglutination and other diagnostic
tests.

4., Stab Culture

The preparation of the stab cultures, a suitable medium
such as nutrient gelatin or glucose agar is punctured
with a long, straight, charged wire into the center of the
medium and withdrawing it in the same line to avoid
splitting the medium. The medium is allowed to set,
with the tube in the upright position, providing a flat
surface at the top of the medium.

Uses

i. Mainly for demonstration of gelatin liquefaction.
ii. Demonstration of oxygen requirement of the bacte-
rium under study.

For the maintenance of stock cultures.
To study motility of bacteria in semisolid agar.

iii.
iv.

Pour-Plate Culture

This method is used for counting the number of living
bacteria or groups of bacteria in a liquid culture or sus-
pension. A measured amount of the suspension is mixed
with molten agar medium in a Petri dish. Either 1.0 ml
or 0.1 ml of dilutions of the bacterial suspension is intro-
duced into a Petri dish. The nutrient medium, in which
the agar is kept liquid by holding it in a water bath at
45-50°C, is poured over the sample, which is then mixed
into the medium by gentle agitation of the plate. When
the agar solidifies, the plate is incubated inverted at 37°C
for 48 hours, or most suitable for the species examined.
After incubation, colonies will grow within the nutrient
agar (from cells suspended in the nutrient medium as
the agar solidifies) as well as on the surface of the agar
plate and can be enumerated using colony counters.

Uses

i. Gives an estimate of the viable bacterial count in a
suspension.

ii. Recommended method for quantitative 