UNESCO-NIGERIA TECHNICAL &
VOCATIONAL EDUCATION
REVITALISATION PROJECT-PHASE II

NATIONAL DIPLOMA IN
SCIENCE LABORATORY TECHNOLOGY

INTRODUCTORY MICROBIOLOGY
COURSE CODE: STM211

YEAR 2- SE MESTER I
THEORY
Version 1: December 2008
1

TABLE OF CONTENTS
WEEK ONE SCOPE OF MICROBIOLOGY ………………………………………………………………………..3
WEEK TWO ROLE OF SCIENTISTS IN DEVELOPMENT OF MICROBIOLOGY……………………..8
WEEK THREE MICROSCOPIC EXAMINATION OF MICROORGANISMS…………………………..15
WEEK FOUR MICROSCOPIC EXAMINATION OF MICROORGANISMS contd………………….26
WEEK FIVE SYSTEMATIC MICROBIOLOGY………………………………………………………….…………35
WEEK SIX SYSTEMATIC MICROBIOLOGY contd………………………………………………………..…..56
WEEK SEVEN GROWTH OF MICROORGANISMS……………………………………………………..…….60
WEEK EIGHT METABOLISM OF MICROORGANISMS………………………………………………..……67
WEEK NINE ISOLATION, CULTIVATION AND PRESERVATION OF MICROORGANISMS…..82
WEEK TEN MEDIA DEVELOPMENT……………………………………………………………………………....91
WEEK ELEVEN PURE AND MIXED CULTURES……………………………………………………………..….94
WEEK TWELVE CONTROL OF MICROORGANISMS……………………………………………………..….99
WEEK THIRTEEN STERILISATION and DISINFECTION………………………………………………….…102
WEEK FOURTEEN ANTIMICROBIAL AGENTS………………………………………………………………...110
WEEK FIFTEEN: TRANSPORTING CULTURE SAMPLES…………………………………………………….116

2

WEEK ONE: SCOPE OF MICROBIOLOGY
1.1 Historical introduction to microbiology
Microbiology often has been defined as the study of organisms and agents too small to be
seen clearly by the unaided eye—that is, the study of microorganisms. Because objects less
than about one millimeter in diameter cannot be seen clearly and must be examined with a
microscope, microbiology is concerned primarily with organisms and agents this small and
smaller. Its subjects are viruses, bacteria, many algae and fungi, and protozoa. Microbiology
is an exceptionally broad discipline encompassing specialties as diverse as biochemistry, cell
biology, genetics, taxonomy, pathogenic bacteriology, food and industrial microbiology, and
ecology. A microbiologist must be acquainted with many biological disciplines and with all
major groups of microorganisms: viruses, bacteria, fungi, algae, and protozoa. Society
benefits from microorganisms in many ways. They are necessary for the production of
bread, cheese, beer, antibiotics, vaccines, vitamins, enzymes, and many other important
products. Microorganisms are indispensable components of our ecosystem. They make
possible the cycles of carbon, oxygen, nitrogen, and sulfur that take place in terrestrial and
aquatic systems. They also are a source of nutrients at the base of all ecological food chains
and webs. Microorganisms also have harmed humans and disrupted society over the
millennia. Microbial diseases undoubtedly played a major role in historical events. In the
world today, microbiologists might have relevance in: medicine, environmental science,
food and drink production, fundamental research, agriculture, pharmaceutical industry, and
genetic engineering.
1.2 Spontaneous Generation theory and Discovery of Microorganisms
Microorganisms had been on the Earth for some 4000 million years, when Antoni van
Leeuwenhoek started out on his pioneering microscope work in 1673. Leeuwenhoek was an
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amateur scientist who spent much of his spare time grinding glass lenses to produce simple
microscopes . His detailed drawings make it clear that the ‘animalcules’ he observed from a
variety of sources included representatives of what later became known as protozoa,
bacteria and fungi. Where did these creatures come from? From earliest times, people had
believed in spontaneous generation—that living organisms could develop from nonliving
matter. Even the great Aristotle (384–322 B.C.) thought some of the simpler invertebrates
could arise by spontaneous generation. This view finally was challenged by the Italian
physician Francesco Redi (1626–1697), who carried out a series of experiments on decaying
meat and its ability to produce maggots spontaneously. Redi placed meat in three
containers. One was uncovered, a second was covered with paper, and the third was
covered with fine gauze that would exclude flies. Flies laid their eggs on the uncovered meat
and maggots developed. The other two pieces of meat did not produce maggots
spontaneously. However, flies were attracted to the gauze‐covered container and laid their
eggs on the gauze; these eggs produced maggots. Thus the generation of maggots by
decaying meat resulted from the presence of fly eggs, and meat did not spontaneously
generate maggots as previously believed. Similar experiments by others helped discredit the
theory for larger organisms. Leeuwenhoek’s discovery of microorganisms renewed the
controversy. Some proposed that microorganisms arose by spontaneous generation even
though larger organisms did not. They pointed out that boiled extracts of hay or meat would
give rise to microorganisms after sitting for a while. In 1748 the English priest John
Needham (1713–1781) reported the results of his experiments on spontaneous generation.
Needham boiled mutton broth and then tightly stoppered the flasks. Eventually many of the
flasks became cloudy and contained microorganisms. He thought organic matter contained
a vital force that could confer the properties of life on nonliving matter. A few years later
the Italian priest and naturalist Lazzaro Spallanzani (1729–1799) improved on Needham’s
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experimental design by first sealing glass flasks that contained water and seeds. If the sealed
flasks were placed in boiling water for 3/4 of an hour, no growth took place as long as the
flasks remained sealed. He proposed that air carried germs to the culture medium, but also
commented that the external air might be required for growth of animals already in the
medium. The supporters of spontaneous generation maintained that heating the air in
sealed flasks destroyed its ability to support life. Several investigators attempted to counter
such arguments. Theodore Schwann (1810–1882) allowed air to enter a flask containing a
sterile nutrient solution after the air had passed through a red‐hot tube. The flask remained
sterile. Subsequently Georg Friedrich Schroder and Theodor von Dusch allowed air to enter
a flask of heat‐sterilized medium after it had passed through sterile cotton wool. No growth
occurred in the medium even though the air had not been heated. Despite these
experiments the French naturalist Felix Pouchet claimed in 1859 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. Pasteur first filtered air through cotton and found that objects resembling plant
spores had been trapped. If a piece of the cotton was placed in sterile medium after air had
been filtered through it, microbial growth appeared. Next he placed nutrient solutions in
flasks, heated their necks in a flame, and drew them out into a variety of curves, while
keeping the ends of the necks open to the atmosphere (figure 1) Pasteur then boiled the
solutions for a few minutes and allowed them to cool. No growth took place even though
the contents of the flasks were exposed to the air. Pasteur pointed out that no growth
occurred because dust and germs had been trapped on the walls of the curved necks (figure
1). If the necks were broken, growth commenced immediately. Pasteur had not only
resolved the controversy by 1861 but also had shown how to keep solutions sterile. The
English physicist John Tyndall (1820–1893) dealt a final blow to spontaneous generation in
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1877 by demonstrating that dust did indeed carry germs and that if dust was absent, broth
remained sterile even if directly exposed to air. During the course of his studies, Tyndall
provided evidence for the existence of exceptionally heat‐resistant forms of bacteria.
Working independently, the German botanist Ferdinand Cohn (1828–1898) discovered the
existence of heat‐resistant bacterial endospores.
1.2.1 Members of the Microbial World
Cellular organisms fall into two classes that differ from each other in the fundamental
internal organization of their cells. Procaryotic cells [Greek pro, before, and karyon, nut or
kernel; organism with a primordial nucleus] have a much simpler morphology than
eucaryotic cells and lack a true membrane‐delimited nucleus. All bacteria are procaryotic. In
contrast, eukaryotic cells [Greek eu, true, and karyon, nut or kernel] have a membrane‐
enclosed nucleus; they are more complex morphologically and are usually larger than
procaryotes. Algae, fungi, protozoa,
higher plants, and animals are eucaryotic. The cells of eukaryotes contain a true membrane‐
bounded nucleus (karyon), which in turn contains a set of chromosomes that serve as the
major repositories of genetic information in the cell. Eukaryotic cells also contain other
membrane‐bounded organelles that possess genetic information, namely mitochondria and
chloroplasts. In the prokaryotes, the chromosome (nucleoid) is a closed circular DNA
molecule, which lies in the cytoplasm, is not surrounded by a nuclear membrane, and
contains all of the information necessary for the reproduction of the cell. Prokaryotes also
have no other membrane‐bounded organelles whatsoever.Bacteria and archaea are
prokaryotes, whereas fungi are eukaryotes. The choice of a fungus (such as the yeast
Saccharomyces cerevisiae) or a bacterium (such as Escherichia coli) for a particular
application is often dictated by the basic genetic, biochemical, and physiological differences
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between prokaryotes and eukaryotes.Procaryotic and eucaryotic cells differ in many other
ways as well.
Figure 1 Pasteur’s swan‐necked flasks
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WEEK TWO: ROLE OF SCIENTISTS IN DEVELOPMENT OF
MICROBIOLOGY
2.1 Recognition of the Relationship between Microorganisms and Disease
The importance of microorganisms in disease was not immediately obvious to people, and it
took many years for scientists to establish the connection between microorganisms and
illness. In 1546 Fracastoro suggested that invisible organisms cause disease. Though
Fracastoro and a few others had suggested that invisible organisms produced disease, most
believed that disease was due to causes such as supernatural forces, poisonous vapors
called miasmas, and imbalances between the four humors thought to be present in the
body. The idea that an imbalance between the four humors (blood, phlegm, yellow bile
[choler], and black bile [melancholy]) led to disease had been widely accepted since the
time of the Greek physician Galen (129–199). Support for the germ theory of disease began
to accumulate in the early nineteenth century. Between 1590 and 1608 Jansen developed
the first useful compound microscope. Francesco Redi (1626–1697), who carried out a series
of experiments on decaying meat and its ability to produce maggots spontaneously,
disproved the theory of spontaneous generation.Agostino Bassi (1773–1856) first showed a
microorganism could cause disease when he demonstrated in 1835 that a silkworm disease
was due to a fungal infection. He also suggested that many diseases were due to microbial
infections. In 1798, Edward Jenner introduced cowpox vaccination for smallpox while in
1845 M. J. Berkeley proved that the great Potato Blight of Ireland was caused by a fungus.
Following his successes with the study of fermentation, Pasteur was asked by the French
government to investigate the pébrine disease of silkworms that was disrupting the silk
industry. After several years of work, he showed that the disease was due to a protozoan
parasite. The disease was controlled by raising caterpillars from eggs produced by healthy
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moths. Indirect evidence that microorganisms were agents of human disease came from the
work of the English surgeon Joseph Lister (1827–1912) on the prevention of wound
infections. Lister impressed with Pasteur’s studies on the involvement of microorganisms in
fermentation and putrefaction, developed a system of antiseptic surgery designed to
prevent microorganisms from entering wounds. Instruments were heat sterilized, and
phenol was used on surgical dressings and at times sprayed over the surgical area. The
approach was remarkably successful and transformed surgery after Lister published his
findings in 1867. It also provided strong indirect evidence for the role of microorganisms in
disease because phenol, which killed bacteria, also prevented wound infections. In1857
Loius Pasteur proved in his series of experiment that lactic acid fermentation was due to a
microorganism. He further demonstrated in 1861 that microorganisms do not arise by
spontaneous generation, Pasteur later 1885 Pasteur developed the rabies vaccine. The first
direct demonstration of the role of bacteria in causing disease came from the study of
anthrax (see chapter 39) by the German physician Robert Koch (1843–1910). 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
briefly discusses the scientific method). Koch injected healthy mice with material from
diseased animals, and the mice became ill. After transferring anthrax by inoculation through
a series of 20 mice, he incubated a piece of spleen containing the anthrax bacillus in beef
serum. The bacilli grew, reproduced, and produced spores. When the isolated bacilli or
spores were injected into mice, anthrax developed. His criteria for proving the causal
relationship between a microorganism and a specific disease are known as Koch’s
postulates and can be summarized as follows:
1. The microorganism must be present in every case of the disease but absent from healthy
organisms
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2. The suspected microorganism must be isolated and grown in a pure culture.
3. The same disease must result when the isolated microorganism is inoculated into a
healthy host.
4. The same microorganism must be isolated again from the diseased host.
In 1884 Christian Gram developed the gram stain technique that has been the basis for
differentiating bacteria. In 1887 Richard Petri, a student in Louis Pasteur’s laboratory
developed a dish (plate) for culturing microorganisms. In 1892 Ivanowsky provided evidence
for virus causation of tobacco mosaic disease while in 1899 Beijerinck gave credence to his
work and proved that a virus particle causes the tobacco mosaic disease. In 1905 Schaudinn
and Hoffmann showed that a spirochete called Treponema pallidum was the cause of
syphilis.In 1929 Alexander Fleming discovered penicillin which revolutionalised
chemotherapy. Several derivatives of the penicillin have been synthesized. Woese and Fox
in 1977 recognized archaea as a distinct microbial group. In 1983, the human
immunodeficiency virus was isolated and identified by Gallo and Montagnier working
separately in different laboratories.

2.2 The Development of Techniques for Studying Microbial Pathogens
During Koch’s studies on bacterial diseases, it became necessary to isolate suspected
bacterial pathogens. At first he cultured bacteria on the sterile surfaces of cut, boiled
potatoes. This was unsatisfactory because bacteria would not always grow well on potatoes.
He then tried to solidify regular liquid media by adding gelatin. Separate bacterial colonies
developed after the surface had been streaked with a bacterial sample. The sample could
also be mixed with liquefied gelatin medium. When the gelatin medium hardened,
individual bacteria produced separate colonies. Despite its advantages gelatin was not an
ideal solidifying agent because it was digested by many bacteria and melted when the
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temperature rose above 28°C. A better alternative was provided by Fannie Eilshemius
Hesse, the wife of Walther Hesse, one of Koch’s assistants. She suggested the use of agar as
a solidifying agent—she had been using it successfully to make jellies for some time. Agar
was not attacked by most bacteria and did not melt until reaching a temperature of 100°C.
One of Koch’s assistants, Richard Petri, developed the petri dish (plate), a container for solid
culture media. These developments made possible the isolation of pure cultures that
contained only one type of bacterium, and directly stimulated progress in all areas of
bacteriology. Koch also developed media suitable for growing bacteria isolated from the
body. Because of their similarity to body fluids, meat extracts and protein digests were used
as nutrient sources.The result was the development of nutrient broth and nutrient agar,
media that are still in wide use today. The discovery of viruses and their role in disease was
made possible when Charles Chamberland (1851–1908), one of Pasteur’s associates,
constructed a porcelain bacterial filter in 1884. The first viral pathogen to be studied was
the tobacco mosaic disease Virus. Pasteur next prepared rabies vaccine by a different
approach. The pathogen was attenuated by growing it in an abnormal host, the rabbit. After
infected rabbits had died, their brains and spinal cords were removed and dried. During the
course of these studies, Joseph Meister, a nine‐year‐old boy who had been bitten by a rabid
dog, was brought to Pasteur. Since the boy’s death was certain in the absence of treatment,
Pasteur agreed to try vaccination. Joseph was injected 13 times over the next 10 days with
increasingly virulent preparations of the attenuated virus. He survived.
Relevance of Microbiology
One indication of the importance of microbiology in the twentieth century is the Nobel Prize
given for work in physiology or medicine. About 1/3 of these have been awarded to
scientists working on microbiological problems. Medical microbiologists identify the agent
causing an infectious disease and plan measures to eliminate it. Frequently they are
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involved in tracking down new, unidentified pathogens such as the agent that causes variant
creutzfeldt‐Jacob disease, the hantavirus, and the virus responsible for AIDS.. Public health
microbiology is closely related to medical microbiology.

Aspects of Microbiology
Microbiology has both basic and applied aspects. Many microbiologists are interested
primarily in the biology of the microorganisms themselves. They may focus on a specific
group of microorganisms and be called virologists (viruses), bacteriologists (bacteria),
phycologists or algologists (algae), mycologists (fungi), or protozoologists (protozoa). Others
are interested in microbial morphology or particular functional processes and work in fields
such as microbial cytology, microbial physiology, microbial ecology, microbial genetics and
molecular biology, and microbial taxonomy. Of course a person can be thought of in both
ways (e.g., as a bacteriologist who works on taxonomic problems). Many microbiologists
have a more applied orientation and work on practical problems in fields such as medical
microbiology, food and dairy microbiology, and public health microbiology (basic research is
also conducted in these fields). Because the various fields of microbiology are interrelated,
an applied microbiologist must be familiar with basic microbiology. For example, a medical
microbiologist must have a good understanding of microbial taxonomy, genetics,
immunology, and physiology to identify and properly respond to the pathogen of concern.
What are some of the current occupations of professional microbiologists? One of the most
active and important is medical microbiology, which deals with the diseases of humans and
animals. Medical microbiologists identify the agent causing an infectious disease and plan
measures to eliminate it. These microbiologists also study the ways in which
microorganisms cause disease. Public health microbiology is closely related to medical
microbiology. Public health microbiologists try to control the spread of communicable
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diseases. They often monitor community food establishments and water supplies in an
attempt to keep them safe and free from infectious disease agents. Immunology is
concerned with how the immune system protects the body from pathogens and the
response of infectious agents. It is one of the fastest growing areas in science; for example,
techniques for the production and use of monoclonal antibodies have developed extremely
rapidly. Immunology also deals with practical health problems such as the nature and
treatment of allergies and autoimmune diseases like rheumatoid arthritis. Many important
areas of microbiology do not deal directly with human health and disease but certainly
contribute to human welfare. Agricultural microbiology is concerned with the impact of
microorganisms on agriculture. Agricultural microbiologists try to combat plant diseases
that attack important food crops, work on methods to increase soil fertility and crop yields,
and study the role of microorganisms living in the digestive tracts of ruminants such as
cattle. Currently there is great interest in using bacterial and viral insect pathogens as
substitutes for chemical pesticides. The field of microbial ecology is concerned with the
relationships between microorganisms and their living and nonliving habitats. Microbial
ecologists study the contributions of microorganisms to the carbon, nitrogen, and sulfur
cycles in soil and in freshwater. The study of pollution effects on microorganisms also is
important because of the impact these organisms have on the environment. Microbial
ecologists are employing microorganisms in bioremediation to reduce pollution effects.
Scientists working in food and dairy microbiology try to prevent microbial spoilage of food
and the transmission of foodborne diseases such as botulism and salmonellosis . They also
use microorganisms to make foods such as cheeses, yogurts, pickles, and beer. In the future
microorganisms themselves may become a more important nutrient source for livestock
and humans. In industrial microbiology microorganisms are used to make products such as
antibiotics, vaccines, steroids, alcohols and other solvents, vitamins, amino acids, and
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enzymes. Microorganisms can even leach valuable minerals from low‐grade ores. Research
on the biology of microorganisms occupies the time of many microbiologists and also has
practical applications. Those working in microbial physiology and biochemistry study the
synthesis of antibiotics and toxins, microbial energy production, the ways in which
microorganisms survive harsh environmental conditions, microbial nitrogen fixation, the
effects of chemical and physical agents on microbial growth and survival, and many other
topics. Microbial genetics and molecular biology focus on the nature of genetic information
and how it regulates the development and function of cells and organisms. The use of
microorganisms has been very helpful in understanding gene function. Microbial geneticists
play an important role in applied microbiology by producing new microbial strains that are
more efficient in synthesizing useful products. Genetic techniques are used to test
substances for their ability to cause cancer. More recently the field of genetic engineering
has arisen from work in microbial genetics and molecular biology and will contribute
substantially to microbiology, biology as a whole, and medicine. Engineered microorganisms
are used to make hormones, antibiotics, vaccines, and other products. New genes can be
inserted into plants and animals; for example, it may be possible to give corn and wheat
nitrogen fixation genes so they will not require nitrogen fertilizers.
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WEEK THREE: 2.0 MICROSCOPIC EXAMINATION OF
MICROORGANISMS
2.1. Principles of Microscopy
Microbiology often has been defined as the study of organisms and agents too small to be
seen clearly by the unaided eye. The earliest microscopic observations appear to have been
made between 1625 and 1630 on bees and weevils by the Italian Francesco Stelluti, using a
microscope probably supplied by Galileo.However, the first person to observe and describe
microorganisms accurately was the amateur microscopist Antony van Leeuwenhoek (1632–
1723) of Delft, Holland. His microscopes could magnify around 50 to 300 times, and he may
have illuminated his liquid specimens by placing them between two pieces of glass and
shining light on them at a 45° angle to the specimen plane. Because of the nature of this
discipline, the microscope is of crucial importance. Thus it is important to understand how
the microscope works and the way in which specimens are prepared for examination.
To understand how a light microscope operates, one must know something about the way
in which lenses bend and focus light to form images. When a ray of light passes from one
medium to another, refraction occurs—that is, the ray is bent at the interface. The
refractive index is a measure of how greatly a substance slows the velocity of light, and the
direction and magnitude of bending is determined by the refractive indexes of the two
media forming the interface. When light passes from air into glass, a medium with a greater
refractive index, it is slowed and bent toward the normal, a line perpendicular to the surface
(Fig. 1). As light leaves glass and returns to air, a medium with a lower refractive index, it
accelerates and is bent away from the normal. Thus a prism bends light because glass has a
different refractive index from air, and the light strikes its surface at an angle. Lenses act like
a collection of prisms operating as a unit. When the light source is distant so that parallel
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rays of light strike the lens, a convex lens will focus these rays at a specific point, the focal
point (Fig. 2) . Our eyes cannot focus on objects nearer than about 25 cm or 10 inches This
limitation may be overcome by using a convex lens as a simple magnifier (or microscope)
and holding it close to an object. A magnifying glass provides a clear image at much closer
range, and the object appears larger. Lens strength is related to focal length; a lens with a
short focal length will magnify an object more than a weaker lens having a longer focal
length.

Fig. 1The Bending of Light by a Prism.

Fig. 2 Lens Function. A lens functions somewhat

Normals (lines perpendicular to the surface of

like a collection of prisms. Light rays from a distant

the prism) are indicated by dashed lines. As light

source are focused at the focal point F. The focal

enters the glass, it is bent toward the first normal

point lies a distance f, the focal length, from the lens

(angle Q2 is less than Q1). When light leaves the

center.

glass and returns to air, it is bent away from the
second normal (Q4 is greater than Q3). As a
result the prism bends light passing through it.

2.2 Types of Microscope
2.2.1 The Light Microscope
Microbiologists currently employ a variety of light microscopes in their work; bright‐field,
dark‐field, phase‐contrast, and fluorescence microscopes are most commonly used. Modern
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microscopes are all compound microscopes. That is, the magnified image formed by the
objective lens is further enlarged by one or more additional lenses.

2.2.1.1. The Bright‐Field Microscope The ordinary microscope is called a bright‐field
microscope because it forms a dark image against a brighter background. The microscope
consists of a sturdy metal body or stand composed of a base and an arm to which the
remaining parts are attached (figure 2.3). A light source, either a mirror or an electric
illuminator, is located in the base. Two focusing knobs, the fine and coarse adjustment
knobs, are located on the arm and can move either the stage or the nosepiece to focus the
image. The stage is positioned about halfway up the arm and holds microscope slides by
either simple slide clips or a mechanical stage clip. A mechanical stage allows the operator
to move a slide around smoothly during viewing by use of stage control knobs. The substage
condenser is mounted within or beneath the stage and focuses a cone of light on the slide.
Its position often is fixed in simpler microscopes but can be adjusted vertically in more
advanced models. The curved upper part of the arm holds the body assembly, to which a
nosepiece and one or more eyepieces or oculars are attached. More advanced microscopes
have eyepieces for both eyes and are called binocular microscopes. The body assembly itself
contains a series of mirrors and prisms so that the barrel holding the eyepiece may be tilted
for ease in viewing . The nosepiece holds three to five objectives with lenses of differing
magnifying power and can be rotated to position any objective beneath the body assembly.
Ideally a microscope should be parfocal—that is, the image should remain in focus when
objectives are changed. The objective lens forms an enlarged real image within the
microscope, and the eyepiece lens further magnifies this primary image. When one looks
into a microscope, the enlarged specimen image, called the virtual image appears to lie just
beyond the stage about 25 cm away. The total magnification is calculated by multiplying the
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objective and eyepiece magnifications together. For example, if a 45x objective is used with
a 10x eyepiece, the overall magnification of the specimen will be 450x.

A Bright‐Field Microscope.
The most important part of the microscope is the objective, which must produce a clear
image, not just a magnified one. Thus resolution is extremely important. Resolution is the
ability of a lens to separate or distinguish between small objects that are close together.
Much of the optical theory underlying microscope design was developed by the German
physicist Ernst Abbé in the 1870s. The minimum distance (d) between two objects that
reveals them as separate entities is given by the Abbé equation, in which
lambda (λ) is the wavelength of light used to illuminate the specimen and n sinθ is the
numerical aperture (NA).
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d= 0.5λ
nsinθ
As d becomes smaller, the resolution increases, and finer detail can be discerned in a
specimen. The preceding equation indicates that a major factor in resolution is the
wavelength of light used. The wavelength must be shorter than the distance between two
objects or they will not be seen clearly. Thus the greatest resolution is obtained with light of
the shortest wavelength, light at the blue end of the visible spectrum (in the range of 450 to
500 nm). Normally a microscope is equipped with three or four objectives
ranging in magnifying power from 4X to 100X The working distance of an objective is the
distance between the front surface of the lens and the surface of the cover glass (if one is
used) or the specimen when it is in sharp focus. Objectives with large numerical apertures
and great resolving power have short working distances. The largest useful magnification
increases the size of the smallest resolvable object enough to be visible. Our eye can just
detect a speck 0.2 mm in diameter, and consequently the useful limit of magnification is
about 1,000 times the numerical aperture of the objective lens. Most standard microscopes
come with 10Xeyepieces and have an upper limit of about 1,000Xwith oil immersion. A 15X
eyepiece may be used with good objectives to achieve a useful magnification of 1,500X. Any
further magnification increase does not enable a person to see more detail. A light
microscope can be built to yield a final magnification of 10,000X, but it would simply be
magnifying a blur. Only the electron microscope provides sufficient resolution to make
higher magnifications useful.
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TABLE 1: Properties of Microscope objective

2.2.1.2 The Dark‐Field Microscope
Living, unstained cells and organisms can be observed by simply changing the way in which
they are illuminated. A hollow cone of light is focused on the specimen in such a way that
unreflected and unrefracted rays do not enter the objective. Only light that has been
reflected or refracted by the specimen forms an image. The field surrounding a specimen
appears black, while the object itself is brightly illuminated because the background is dark,
this type of microscopy is called dark‐field microscopy. Considerable internal structure is
often visible in larger eucaryotic microorganisms . The dark‐field microscope is used to
identify bacteria like the thin and distinctively shaped Treponema pallidum , the causative
agent of syphilis.
2.2.1.3. The Phase‐Contrast Microscope
Unpigmented living cells are not clearly visible in the brightfield microscope because there is
little difference in contrast between the cells and water. Thus microorganisms often must
be fixed and stained before observation to increase contrast and create variations in color
between cell structures. A phase‐contrast microscope converts slight differences in
refractive index and cell density into easily detected variations
in light intensity and is an excellent way to observe living cells The condenser of a phase‐
contrast microscope has an annular stop, an opaque disk with a thin transparent ring, which
produces a hollow cone of light . As this cone passes through a cell, some light rays are bent
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due to variations in density and refractive index within the specimen and are retarded by
about a quarter wavelength. The deviated light is focused to form an image of the object.
Undeviated light rays strike a phase ring in the phase plate, a special optical disk located in
the objective, while the deviated rays miss the ring and pass through the rest of the plate. If
the phase ring is constructed in such a way that the undeviated light passing through it is
advanced by a quarter wavelength, the deviated and undeviated waves will be about half
wavelength out of phase and will cancel each other when they come together to form an
image. The background, formed by undeviated light, is bright, while the unstained object
appears dark and well‐defined. This type of microscopy is called dark‐phase‐contrast
microscopy.

2.2.1.4. The Differential Interference Contrast Microscope
The differential interference contrast (DIC) microscope is similar to the phase‐contrast
microscope in that it creates an image by detecting differences in refractive indices and
thickness. Two beams of plane polarized light at right angles to each other are generated by
prisms. In one design, the object beam passes through the specimen, while the reference
beam passes through a clear area of the slide. After passing through the specimen, the two
beams are combined and interfere with each other to form an image. A live, unstained
specimen appears brightly colored and three‐dimensional . Structures such as cell walls,
endospores, granules, vacuoles, and eucaryotic nuclei are clearly visible.

2.2.1.5.The Fluorescence Microscope
The microscopes thus far considered produce an image from light that passes through a
specimen. An object also can be seen because it actually emits light, and this is the basis of
fluorescence microscopy. When some molecules absorb radiant energy, they become
21

excited and later release much of their trapped energy as light. Any light emitted by an
excited molecule will have a longer wavelength (or be of lower energy) than the radiation
originally absorbed. Fluorescent light is emitted very quickly by the excited molecule as it
gives up its trapped energy and returns to a more stable state. The fluorescence microscope
exposes a specimen to ultraviolet, violet, or blue light and forms an image of the object with
the resulting fluorescent light. A mercury vapor arc lamp or other source produces an
intense beam, and heat transfer is limited by a special infrared filter. The light passes
through an exciter filter that transmits only the desired wavelength. A darkfield condenser
provides a black background against which the fluorescent objects glow. Usually the
specimens have been stained with dye molecules, called fluorochromes, that fluoresce
brightly upon exposure to light of a specific wavelength, but some microorganisms are
autofluorescing. The microscope forms an image of the fluorochrome‐labeled
microorganisms from the light emitted when they fluoresce . A barrier filter positioned after
the objective lenses removes any remaining ultraviolet light, which could damage the
viewer’s eyes, or blue and violet light, which would reduce the image’s contrast. The
fluorescence microscope has become an essential tool in medical microbiology and
microbial ecology. Bacterial pathogens (e.g., Mycobacterium tuberculosis, the cause of
tuberculosis) can be identified after staining them with fluorochromes or specifically
labeling them with fluorescent antibodies using immunofluorescence procedures. In
ecological studies the fluorescence microscope is used to observe microorganisms stained
with fluorochrome‐labeled probes or fluorochromes such as acridine orange and DAPI
(diamidino‐2‐ phenylindole, a DNA‐specific stain). The stained organisms will fluoresce
orange or green and can be detected even in the midst of other particulate material. It is
even possible to distinguish live bacteria from dead bacteria by the color they fluoresce
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after treatment with a special mixture of stains . Thus the microorganisms can be viewed
and directly counted in a relatively undisturbed ecological niche.

2.2.2. Electron Microscopy
For centuries the light microscope has been the most important instrument for studying
microorganisms. The electron microscope now has transformed microbiology and added
immeasurably to our knowledge. The nature of the electron microscope and the ways in
which specimens are prepared for observation are reviewed briefly in this section.
2.2.2.1 The Transmission Electron Microscope
The very best light microscope has a resolution limit of about 0.2µm. Because bacteria
usually are around 1 µm in diameter, only their general shape and major morphological
features are visible in the light microscope. The detailed internal structure of larger
microorganisms also cannot be effectively studied by light microscopy. These limitations
arise from the nature of visible light waves, not from any inadequacy of the light microscope
itself. Recall that the resolution of a light microscope increases with a decrease in the
wavelength of the light it uses for illumination. Electron beams behave like radiation and
can be focused much as light is in a light microscope. If electrons illuminate the specimen,
the microscope’s resolution is enormously increased because the wavelength of the
radiation is around 0.005 nm, approximately 100,000 times shorter than that of visible light.
The transmission electron microscope has a practical resolution roughly 1,000 times better
than the light microscope; with many electron microscopes, points closer than 5 Å or 0.5 nm
can be distinguished, and the useful magnification is well over 100,000µ.; microbial
morphology can now be studied in great detail. A modern transmission electron
microscope (TEM) is complex and sophisticated , but the basic principles behind its
operation can be understood readily. A heated tungsten filament in the electron gun
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generates a beam of electrons that is then focused on the specimen by the condenser .
Since electrons cannot pass through a glass lens, doughnut‐shaped electromagnets called
magnetic lenses are used to focus the beam. The column containing the lenses and
specimen must be under high vacuum to obtain a clear image because electrons are
deflected by collisions with air molecules. The specimen scatters electrons passing through
it, and the beam is focused by magnetic lenses to form an enlarged, visible image of the
specimen on a fluorescent screen. A denser region in the specimen scatters more electrons
and therefore appears darker in the image since fewer electrons strike that area of the
screen. In contrast, electron‐transparent regions are brighter. The screen can also be moved
aside and the image captured on photographic film as a permanent record.

2.2.2.2 The Scanning Electron Microscope
The previously described microscopes form an image from radiation that has passed
through a specimen. More recently the scanning electron microscope (SEM) has been used
to examine the surfaces of microorganisms in great detail; many instruments have a
resolution of 7 nm or less. The SEM differs from other electron microscopes in producing an
image from electrons emitted by an object’s surface rather than from transmitted electrons.
Specimen preparation is easy, and in some cases air‐dried material can be examined
directly. Most often, however, microorganisms must first be fixed, dehydrated, and dried to
preserve surface structure and prevent collapse of the cells when they are exposed to the
SEM’s high vacuum. Before viewing, dried samples are mounted and coated with a thin
layer of metal to prevent the buildup of an electrical charge on the surface and to give a
better image. The SEM scans a narrow, tapered electron beam back and forth over the
specimen . When the beam strikes a particular area, surface atoms discharge a tiny shower
of electrons called secondary electrons, and these are trapped by a special detector.
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Secondary electrons entering the detector strike a scintillator causing it to emit light flashes
that a photomultiplier converts to an electrical current and amplifies. The signal is sent to a
cathode‐ray tube and produces an image like a television picture, which can be viewed or
photographed. The number of secondary electrons reaching the detector depends on the
nature of the specimen’s surface. When the electron beam strikes a raised area, a large
number of secondary electrons enter the detector; in contrast, fewer electrons escape a
depression in the surface and reach the detector. Thus raised areas appear lighter on the
screen and depressions are darker. A realistic three‐dimensional image of the
microorganism’s surface with great depth of focus results. The actual in situ location of
microorganisms in ecological niches such as the human skin and the lining of the gut also
can be examined.
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WEEK FOUR: MICROSCOPIC EXAMINATION OF MICROORGANISMS
2.3 Application of Microscope in Study of Microorganisms
In any microbiology course, you are sure to spend some time looking down a microscope,
and to get the most out of the instrument it is essential that you understand the principles
of how it works.

2.3.1 Light Microscope
Try this simple experiment. Fill a glass with water, then partly immerse a pencil and observe
from one side; what do you see? The apparent ‘bending’ of the pencil is due torays of light
being slowed down as they enter the water, because air and water have different refractive
indices. Light rays are similarly retarded as they enter glass andall optical instruments are
based on this phenomenon. The compound light microscope consists of three sets of lenses
‐the condenser focuses light onto the specimen to give optimum illumination
‐the objective provides a magnified and inverted image of the specimen
‐ the eyepiece adds further magnification
Most microscopes have three or four different objectives, giving a range of magnifications,
typically from 10× to 100×. The total magnification is obtained by multiplying this by the
eyepiece value (usually 10×), thus giving a maximum magnification of 1000×.In order to
appreciate how this magnification is achieved, we need to understand the behaviour of light
passing through a convex lens:
+ rays parallel to the axis of the lens are brought to a focus at the focal point of the lens
+ similarly, rays entering the lens from the focal point emerge parallel to the axis
+ rays passing through the centre of the lens from any angle are undeviated.
Because the condenser is not involved in magnification, it need not concern us here.
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Consider now what happens when light passes through an objective lens from an object
AB situated slightly beyond its focal point . Starting at the tip of the object, a ray parallel to
the axis will leave the lens and pass through the focal point; a ray leaving the same point
and passing through the centre of the lens will be undeviated. The point at which the two
rays converge is an image of the original point formed by the lens. The same thing happens
at an infinite number of points along the object’s length, resulting in a primary image of the
specimen, A״B ״What can we say about this image, compared to the original specimen AB?
It is magnified and it is inverted (i.e. it appears upside down). The primary image now serves
as an object for a second lens, the eyepiece, and is magnified further; this time the object is
situated within the focal length. Using the same principles as before, we can construct a ray
diagram, but this time we find that the two lines drawn from a point do not converge on the
other side of the lens, but actually get further apart. The point at which the lines do
eventually converge is actually ‘further back’ than the original object! What does this mean?
The secondary image only appears to be coming from A״B ״and isn’t actually there. An
image such as this is called a virtual image. Today’s reader, familiar with the concept of
virtual reality, will probably find it easier to come to terms with this than have students of
earlier generations! The primary image A׳B׳, on the other hand, is a real image; if a screen
was placed at that position, the image would be projected onto it. If we compare A״B ״with
A׳B׳,we can see that it has been further magnified, but not further inverted, so it is still
upsidedown compared with the original. One of the most difficult things to get used to
whenyou first use a microscope is that everything appears ‘wrong way around’. The rays of
light emerging from the eyepiece lens are focussed by the lens of the observer’s eye to form
a real image on the retina of the viewer’s eye. So, a combination of two lens systems allows
us to see a considerably magnified image of our specimen. To continue magnifying an image
beyond a certain point, however, serves little purpose, if it is not accompanied by an
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increase in detail . This is termed empty magnification. Immersion oil is used to improve the
resolution of a light microscope at high power. It has the same refractive index as glass and
is placed between the high power objective and the glass slide. With no layer of air, more
light from the specimen enters the objective lens instead of being refracted outside of it,
resulting in a sharper image.

Fig 4. The objective lens and eyepiece lens combine to produce a magnified image of the specimen. (a) Light
rays from the specimen AB pass through the objective lens to give a magnified, inverted and real primary
image. (b) The eyepiece lens magnifies this further to produce a virtual image of the specimen
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For us to be able to discern detail in a specimen, it must have contrast; most biological
specimens, however, are more or less colourless, so unless a structure is appreciably
denser than its surroundings, it will not stand out. This is why preparations are commonly
subjected to staining procedures prior to viewing. The introduction of coloured dyes, which
bind to certain structures, enables the viewer to discern more detail.

2.3.2 Electron Microscope
From the equation shown above, you can see that if it were possible to use a shorter
wavelength of light, we could improve the resolving power of a microscope. However,
because we are limited by the wavelength of light visible to the human eye, we are not able
to do this with the light microscope. The electron microscope is able to achieve greater
magnification and resolution because it uses a high voltage beam of electrons, whose
wavelength is very much shorter than that of visible light. Consequently we are able to
resolve points that are much closer together than is possible even with the very best light
microscope. The resolving power of an electron microscope may be as low as 1–2 nm,
enabling us to see viruses, for example, and the internal structure of cells. The greatly
improved resolution means that specimens can be meaningfully magnified over 100 000×.
Electron microscopes, which were first developed in the 1930s and 1940s, use ringshaped
electromagnets as ‘lenses’ to focus the beam of electrons onto the specimen. Because the
electrons would collide with, and be deflected by, molecules in the air,
electron microscopes require a pump to maintain a vacuum in the column of the instrument
. There are two principal types of electron microscope, the transmission electron
microscope (TEM) and the scanning electron microscope (SEM). TEM as the name suggests,
the electron beam passes through the specimen and is scattered according to the density of
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the different parts. Due to the limited penetrating power of the electrons, extremely thin
sections (<100 nm, or less than one‐tenth of the diameter of a bacterial cell) must be cut,
using a diamond knife. To allow this, the specimen must be fixed and dehydrated, a process
that can introduce shrinkage and distortion to its structure if not correctly performed. After
being magnified by an objective ‘lens’, an image of the specimen is projected onto a
fluorescent screen or photographic plate. More dense areas, which scatter the beam,
appear dark, and those where it has passed through are light. It is often necessary to
enhance contrast artificially, by means of ‘staining’ techniques that involve coating the
specimen with a thin layer of a compound containing a heavy metal, such as osmium or
palladium. It will be evident from the foregoing description of sample preparation and use
of a vacuum that electron microscopy cannot be used to study living specimens.

2.4 Microbial Staining Techniques
Although living microorganisms can be directly examined with the light microscope, they
often must be fixed and stained to increase visibility, accentuate specific morphological
features, and preserve them for future study.
Fixation
The stained cells seen in a microscope should resemble living cells as closely as possible.
Fixation is the process by which the internal and external structures of cells and
microorganisms are preserved and fixed in position. It inactivates enzymes that might
disrupt cell morphology and toughens cell structures so that they
do not change during staining and observation. A microorganism usually is killed and
attached firmly to the microscope slide during fixation. There are two fundamentally
different types of fixation.
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(1) Bacteriologists heat‐fix bacterial smears by gently flame heating an air‐dried film of
bacteria. This dequately preserves overall morphology but not structures within cells.
(2) Chemical fixation must be used to protect fine cellular substructure and the morphology
of larger, more delicate microorganisms. Chemical fixatives penetrate cells and react with
cellular components, usually proteins and lipids, to render them inactive, insoluble, and
immobile. Common fixative mixtures contain such components as ethanol, acetic acid,
mercuric chloride, formaldehyde, and glutaraldehyde.

2.4.1 Dyes and Simple Staining
The many types of dyes used to stain microorganisms have two features in common. (1)
They have chromophore groups, groups with conjugated double bonds that give the dye its
color. (2) They can bind with cells by ionic, covalent, or hydrophobic bonding. For example, a
positively charged dye binds to negatively charged structures on the cell. Ionizable dyes may
be divided into two general classes based on the nature of their charged group.
1. Basic dyes—methylene blue, basic fuchsin, crystal violet, safranin, malachite green—have
positively charged groups (usually some form of pentavalent nitrogen) and are generally
sold as chloride salts. Basic dyes bind to negatively charged molecules like nucleic acids and
many proteins. Because the surfaces of bacterial cells also are negatively charged, basic dyes
are most often used in bacteriology.
2. Acid dyes—eosin, rose bengal, and acid fuchsin—possess negatively charged groups such
as carboxyls (—COOH) and phenolic hydroxyls (—OH). Acid dyes, because of their negative
charge, bind to positively charged cell structures.
Microorganisms often can be stained very satisfactorily by simple staining, in which a single
staining agent is used. Simple staining’s value lies in its simplicity and ease of use. One
covers the fixed smear with stain for the proper length of time, washes the excess stain off
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with water, and blots the slide dry. Basic dyes like crystal violet, methylene blue, and
carbolfuchsin are frequently used to determine the size, shape, and arrangement of
bacteria.

2.4.2 Differential Staining
Differential staining procedures divide bacteria into separate groups based on staining
properties. The Gram stain, developed in 1884 by the Danish physician Christian Gram, is
the most widely employed staining method in bacteriology. It is a differential staining
procedure because it divides bacteria into two
classes—gram negative and gram positive
In the first step of the Gram‐staining procedure the smear is stained with the basic dye
crystal violet, the primary stain. It is followed by treatment with an iodine solution
functioning as a mordant. That is, the iodine increases the interaction between the cell and
the dye so that the cell is stained more strongly. The smear is next decolorized by washing
with ethanol or acetone. This step generates the differential aspect of the Gram stain; gram‐
positive bacteria retain the crystal violet, whereas gram‐negative bacteria lose their crystal
violet
and become colorless. Finally, the smear is counterstained with a simple, basic dye different
in color from crystal violet. Safranin, the most common counterstain, colors gram‐negative
bacteria pink to red and leaves gram‐positive bacteria dark purple
Acid‐fast staining is another important differential staining procedure. A few species,
particularly those in the genus Mycobacterium do not bind simple stains readily and must
be stained by a harsher treatment: heating with a mixture of basic fuchsin and phenol (the
Ziehl‐Neelsen method). Once basic fuchsin has penetrated with the aid of heat and phenol,
acid‐fast cells are not easily decolorized by an acid‐alcohol wash and hence remain red. This
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is due to the quite high lipid content of acid‐fast cell walls; in particular, mycolic acid—a
group of branched chain hydroxy lipids—appears responsible for acidfastness. Non‐acid‐fast
bacteria are decolorized by acid‐alcohol and thus are stained blue by methylene blue
counterstain. This method is used to identify Mycobacterium tuberculosis and M. leprae ,
the pathogens responsible for tuberculosis and leprosy, respectively.

2.4.3 Staining Specific Structures
Many special staining procedures have been developed over the years to study specific
bacterial structures with the light microscope. One of the simplest is negative staining, a
technique that reveals the presence of the diffuse capsules surrounding many bacteria.
Bacteria are mixed with India ink or Nigrosin dye and spread out in a thin film on a slide.
After air‐drying, bacteria appear as lighter bodies in the midst of a blue‐black background
because ink and dye particles cannot penetrate either the bacterial cell or its capsule. The
extent of the light region is determined by the size of the capsule and of the cell itself. There
is little distortion of bacterial shape, and the cell can be counterstained for evengreater
visibility Endospore Staining: Bacteria in the genera Bacillus and Clostridium form an
exceptionally resistant structure capable of surviving for long periods in an unfavorable
environment. This dormant structure is called an endospore since it develops within the cell.
Endospore morphology and location vary with species and often are valuable in
identification; endospores may be spherical to elliptical and either smaller or larger than the
diameter of the parent bacterium. They can be observed with the phase‐contrast
microscope or negative staining. Endospores are not stained well by most dyes, but once
stained, they strongly resist decolorization. This property is the basis of most spore staining
methods In the Schaeffer‐Fulton procedure, endospores are first stained by heating bacteria
with malachite green, which is a very strong stain that can penetrate endospores. After
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malachite green treatment, the rest of the cell is washed free of dye with water and is
counterstained with safranin. This technique yields a green endospore resting in a pink to
red cell.
Bacterial flagella are fine, threadlike organelles of locomotion that are so slender (about 10
to 30 nm in diameter) they can only be seen directly using the electron microscope. To
observe them with the light microscope, the thickness of flagella is increased by coating
them with mordants like tannic acid and potassium alum, and they are stained with
pararosaniline (Leifson method) or basic fuchsin (Gray method). Flagella staining
procedures provide taxonomically valuable information about the presence and distribution
pattern of flagella
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WEEK FIVE : 3.0 SYSTEMATIC MICROBIOLOGY
3.1 Characteristics of Microorganisms
Because of the bewildering diversity of living organisms, it is desirable to classify or arrange
them into groups based on their mutual similarities. Taxonomy [Greek taxis, arrangement
or order, and nomos, law, or nemein, to distribute or govern] is defined as the science of
biological classification. In a broader sense it consists of three separate but interrelated
parts: classification, nomenclature, and identification. Classification is the arrangement of
organisms into groups or taxa (s., taxon) based on mutual similarity or evolutionary
relatedness. Nomenclature is the branch of taxonomy concerned with the assignment of
names to taxonomic groups in agreement with published rules. Identification is the practical
side of taxonomy, the process of determining that a particular isolate belongs to a
recognized taxon. Taxonomy is important for several reasons. First, it allows us to organize
huge amounts of knowledge about organisms because all members of a particular group
share many characteristics. In a sense it is something like a giant filing system or library
catalogue that provides easy access to information. The more accurate the classification, the
more information‐rich and useful it is. Second, taxonomy allows us to make predictions and
frame hypotheses for further research based on knowledge of similar organisms. If a relative
has some property, the microorganism in question also may have the same characteristic.
Third, taxonomy places microorganisms in meaningful, useful groups with precise names so
that microbiologists can work with them and communicate efficiently. Just as effective
written communication is not possible without adequate vocabulary, correct spelling, and
good grammar, microbiology is not possible without taxonomy. Fourth, taxonomy is
essential for accurate identification of microorganisms. Its practical importance in this
respect can hardly be overemphasized. For example, it is essential to clinical microbiology
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treatment often is exceptionally difficult when the pathogen is unknown. The term
systematics often is used for taxonomy. However, many taxonomists define it in more
general terms as “the scientific study of organisms with the ultimate object of characterizing
and arranging them in an orderly manner.” Any study of the nature of organisms, when the
knowledge gained is used in taxonomy, is a part of systematics. Thus it encompasses
disciplines such as morphology, ecology, epidemiology, biochemistry, molecular biology,
and physiology.

3.1.1 Taxonomic Ranks
In preparing a classification scheme, one places the microorganism within a small,
homogeneous group that is itself a member of larger groups in a nonoverlapping
hierarchical arrangement. A category in any rank unites groups in the level below it based
on shared properties . In procaryotic taxonomy the most commonly used levels or ranks (in
ascending order) are species, genera, families, orders, classes, and phyla. Microbial groups
at each level or rank have names with endings or suffixes characteristic of that level .
Microbiologists often use informal names in place of formal hierarchical ones. Typical
examples of such names are purple bacteria, spirochetes, methane‐oxidizing bacteria,
sulfate‐reducing bacteria, and lactic acid bacteria. The basic taxonomic group in microbial
taxonomy is the species. Taxonomists working with higher organisms define the term
species differently than do microbiologists. Species of higher organisms are groups of
interbreeding or potentially interbreeding natural populations that are reproductively
isolated from other groups. This is a satisfactory definition for organisms capable of sexual
reproduction but fails with many microorganisms because they do not reproduce sexually.
Procaryotic species are characterized by phenotypic and genotypic differences. A
prokaryotic species is a collection of strains that share many stable properties and differ
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significantly from other groups of strains. This definition is very subjective and can be
interpreted in many ways. The following more precise definition has been proposed by
some bacterial taxonomists. A species (genomospecies) is a collection of strains that have a
similar G & C composition and 70% or greater similarity as judged by DNA hybridization
experiments . Ideally a species also should be phenotypically distinguishable from other
similar species. A strain is a population of organisms that is distinguishable from at least
some other populations within a particular taxonomic category. It is considered to have
descended from a single organism or pure culture isolate. Strains within a species may differ
slightly from one another in many ways. Biovars are variant procaryotic strains
characterized by biochemical or physiological differences, morphovars differ
morphologically, and serovars have distinctive antigenic properties. One strain of a species
is designated as the type strain. It is usually one of the first strains studied and often is more
fully characterized than other strains; however, it does not have to be the most
representative member. The type strain for the species is called the type species and is the
nomenclatural type or the holder of the species name. A nomenclatural type is a device to
ensure fixity of names when taxonomic rearrangements take place. For example, the type
species must remain within the genus of which it is the nomenclatural type. Only those
strains very similar to the type strain or type species are included in a species. Each species
is assigned to a genus, the next rank in the taxonomic hierarchy. A genus is a well‐defined
group of one or more species that is clearly separate from other genera. In practice there is
considerable subjectivity in assigning species to a genus, and taxonomists may disagree
about the composition of genera. Microbiologists name microorganisms by using the
binomial system of the Swedish botanist Carl von Linné, or Carolus Linnaeus as he often is
called. The Latinized, italicized name consists of two parts. The first part, which is

37

capitalized, is the generic name, and the second is the uncapitalized specific epithet (e.g.,
Escherichia coli).
Table 1 An Example of Taxonomic Ranks and Names

Rank

Example

Domain

Bacteria

Phylum

Proteobacteria

Class

Proteobacteria

Order

Enterobacteriales

Family

Enterobacteriaceae

Genus

Shigella

Species

S. dysenteriae

3.1.2 Classification Systems
Once taxonomically relevant characteristics of microorganisms have been collected, they
may be used to construct a classification system. The most desirable classification system,
called a natural classification, arranges organisms into groups whose members share many
characteristics and reflects as much as possible the biological nature of organisms. Linnaeus
developed the first natural classification, based largely on anatomical characteristics, in the
middle of the eighteenth century. It was a great improvement over previously employed
artificial systems because knowledge of an organism’s position in the scheme provided
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information about many of its properties. For example, classification of humans as
mammals denotes that they have hair, self‐regulating body temperature, and milk‐
producing mammary glands in the female. There are two general ways in which
classification systems can be constructed. Organisms can be grouped together based on
overall similarity to form a phenetic system or they can be grouped based on probable
evolutionary relationships to produce a phylogenetic system. Computers may be used to
analyze data for the production of phenetic classifications. The process is called numerical
taxonomy. This section briefly discusses phenetic and phylogenetic classifications, and
describes numerical taxonomy.

3.1.3 Phenetic Classification
Many taxonomists maintain that the most natural classification is the one with the greatest
information content or predictive value. A good classification should bring order to
biological diversity and may even clarify the function of a morphological structure. For
example, if motility and flagella are always associated in particular microorganisms, it is
reasonable to suppose that flagella are involved in at least some types of motility. When
viewed in this way, the best natural classification system may be a phenetic system,
one that groups organisms together based on the mutual similarity of their phenotypic
characteristics. Although phenetic studies can reveal possible evolutionary relationships,
they are not dependent on phylogenetic analysis. They compare many traits without
assuming that any features are more phylogenetically important than others—that is,
unweighted traits are employed in estimating general similarity. Obviously the best phenetic
classification is one constructed by comparing as many attributes as possible. Organisms
sharing many characteristics make up a single group or taxon.
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3.1.4 Numerical Taxonomy
The development of computers has made possible the quantitative approach known as
numerical taxonomy. Peter H. A. Sneath and Robert Sokal have defined numerical
taxonomy as “the grouping by numerical methods of taxonomic units into taxa on the basis
of their character states.” Information about the properties of organisms is converted into a
form suitable for numerical analysis and then compared by means of a computer. The
resulting classification is based on general similarity as judged by comparison of many
characteristics, each given equal weight. This approach was not feasible before the advent
of computers because of the large number of calculations involved. The process begins with
a determination of the presence or absence of selected characters in the group of organisms
under study. A character usually is defined as an attribute about which a single statement
can be made. Many characters, at least 50 and preferably several hundred, should be
compared for an accurate and reliable classification. It is best to include many different
kinds of data: morphological, biochemical, and physiological. After character analysis, an
association coefficient, a function that measures the agreement between characters
possessed by two organisms, is calculated for each pair of organisms in the group. The
simple matching coefficient (SSM), the most commonly used coefficient in bacteriology, is
the proportion of characters that match regardless of whether the attribute is present or
absent .

3.1.5 Phylogenetic Classification
Following the publication in 1859 of Darwin’s On the Origin of Species, biologists began
trying to develop phylogenetic or phyletic classification systems. These are systems based
on evolutionary relationships rather than general resemblance (the term phylogeny [Greek
phylon, tribe or race, and genesis, generation or origin] refers to the evolutionary
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development of a species). This has proven difficult for procaryotes and other
microorganisms, primarily because of the lack of a good fossil record. The direct comparison
of genetic material and gene products such as RNA and proteins overcomes many of these
problems.

3.1.6 Major Characteristics Used in Taxonomy
Many characteristics are used in classifying and identifying microorganisms. This section
briefly reviews some of the most taxonomically important properties. For sake of clarity,
characteristics have been divided into two groups: classical and molecular. Methods often
employed in routine laboratory identification of bacteria are covered in the chapter on
clinical microbiology .

3.1.7 Classical Characteristics
Classical approaches to taxonomy make use of morphological,physiological, biochemical,
ecological, and genetic characteristics. These characteristics have been employed in
microbial taxonomy for many years. They are quite useful in routine identification and may
provide phylogenetic information as well. Morphological Characteristics Morphological
features are important in microbial taxonomy for many reasons. Morphology is easy to
study and analyze, particularly in eucaryotic microorganisms and the more complex
procaryotes. In addition, morphological comparisons are valuable because structural
features depend on the expression of many genes, are usually genetically stable, and
normally (at least in eucaryotes) these do not vary greatly with environmental changes.
Thus morphological similarity often is a good indication of phylogenetic relatedness. Many
different morphological features are employed in the classification and identification of
microorganisms Although the light microscope has always been a very important tool, its
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resolution limit of about 0.2 µm reduces its usefulness in viewing smaller microorganisms
and structures. Thetransmission and scanning electron microscopes, with their greater
resolution, have immensely aided the study of all microbial groups. Physiological and
Metabolic Characteristics Physiological and metabolic characteristics are very useful
because they are directly related to the nature and activity of microbial enzymes and
transport proteins. Since proteins are gene products, analysis of these haracteristics
provides an indirect comparison of microbial genomes. Table 2 lists some of the most
important of these properties.

3.1.8 Ecological Characteristics
Many properties are ecological in nature since they affect the relation of microorganisms to
their environment. Often these are taxonomically valuable because even very closely
related microorganisms can differ considerably with respect to ecological characteristics.
Microorganisms living in various parts of the human body markedly differ from one another
and from those growing in freshwater, terrestrial, and marine environments. Some
examples of taxonomically important ecological properties are life cycle patterns; the nature
of symbiotic relationships; the ability to cause disease in a particular host; and habitat
preferences such as requirements for temperature, pH, oxygen, and osmotic concentration.
Many growth requirements are also considered physiological characteristics
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Table 2 Some Characteristics Used in Classification and Identification

Carbon and nitrogen sources
Cell wall constituents
Energy sources
Fermentation products
General nutritional type
Growth temperature optimum and range
Luminescence
Mechanisms of energy conversion
Motility
Osmotic tolerance
Oxygen relationships
pH optimum and growth range
Photosynthetic pigments
Salt requirements and tolerance
Secondary metabolites formed
Sensitivity to metabolic inhibitors and antibiotics
Storage inclusions

3.1.9 Molecular Characteristics
Some of the most powerful approaches to taxonomy are through the study of proteins and
nucleic acids. Because these are either direct gene products or the genes themselves,
comparisons of proteins and nucleic acids yield considerable information about true
relatedness. These more recent molecular approaches have become increasingly important
in procaryotic taxonomy. Comparison of Proteins The amino acid sequences of proteins are
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direct reflections of mRNA sequences and therefore closely related to the structures of the
genes coding for their synthesis. For this reason, comparisons of proteins from different
microorganisms are very useful taxonomically. There are several ways to compare proteins.
The most direct approach is to determine the amino acid sequence of proteins with the
same function. The sequences of proteins with dissimilar functions often change at different
rates; some sequences change quite rapidly, whereas others are very stable. Nevertheless, if
the sequences of proteins with the same function are similar, the organisms possessing
them are probably closely related. The sequences of cytochromes and other electron
transport proteins, histones, heat‐shock proteins, transcription and translation proteins, and
a variety of metabolic enzymes have been used in taxonomic studies. Because protein
sequencing is slow and expensive, more indirect methods of comparing proteins frequently
have been employed. The electrophoretic mobility of proteins is useful in studying
relationships at the species and subspecies levels. Antibodies can discriminate between very
similar proteins, and immunologic techniques are used to compare proteins from different
microorganisms.

3.2 Morphological Characteristics Of Microorganisms

The basic unit of all living things is the cell. The cell theory is one of the fundamental
concepts of biology; it states that:
_ all organisms are made up of cells, and that
_ all cells derive from other, pre‐existing cells.
An organism may comprise just a single cell (unicellular), a collection of cells that are not
morphologically or functionally differentiated (colonial), or several distinct cell types with
specialised functions (multicellular). Among microorganisms, all bacteria and protozoans are
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unicellular; fungi may be unicellular or multicellular, while algae may exist in all three forms.
There is, however, one way that organisms can be differentiated from each other that is
even more fundamental than whether they are uni‐ or multicellular. It is a difference that is
greater than that between a lion and a mushroom or between an earthworm and an oak
tree, and it exists at the level of the individual cell. All organisms are made up of one or
other (definitely not both!) of two very distinct cell types, which we call prokaryotic and
eucaryotic cells, both of which exist in the microbial world. These differ from each other in
many ways, including size, structural complexity and organisation of genetic material. The
most fundamental difference between procaryotic and eucaryotic cells is reflected in their
names; eucaryotic cells possess a true nucleus, and several other distinct subcellular
organelles that are bounded by a membrane. Procaryotes have no such organelles.

Table 1 Similarities and differences between procaryotic and eucaryotic cell structure
Similarities
Cell contents bounded by a plasma
membrane
Genetic information encoded on DNA
Ribosomes act as site of protein synthesis

Differences
Procaryotic

Eucaryotic

Size
Typically 1–5 µm

Typically 10–100 µm

Genetic material
Free in cytoplasm

Contained within a membrane- bound nucleus

Single circular chromosome or nucleoid

Histones

Multiple chromosomes, generally in pairs

absent.

DNA complexed with histone proteins
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Internal features
Membrane-bound organelles absent

Several membrane-bound organelles
present, including mitochondria,
Golgi body, endoplasmic reticulum and (in
plants & algae) chloroplasts

Ribosomes smaller (70S), free in cytoplasm

Ribosomes larger (80S), free in cytoplasm or
attached to membranes

Respiratory enzymes bound to plasma

Respiratory enzymes located in mitochondria

membrane

Cell wall
Usually based on peptidoglycan (not Archaea)

When present, based on cellulose or chitin

External features
Cilia absent

Cilia may be present

Flagella, if present, composed of flagellin.

Flagella, if present, have complex (9 + 2)

Provide rotating motility

structure. Provide ‘whiplash’ motility

Pili may be present

Pili absent

Outside layer (slime layer, capsule,

Pellicle or test present in some types

glycocalyx) present in some types
_________________________________________________________________________________
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Table 2 Principal groups of procaryotic and eucaryotic organisms

Prokaryotes

Eucaryotes

Fungi
Bacteria

Algae

Blue‐green ‘algae’

Protozoa
Plants
Animals

Bacteria
Bacteria are much smaller than eucaryotic cells; most fall into a size range of about 1–5µm,
although some may be larger than this. Some of the smallest bacteria, such as the
mycoplasma measure less than 1µm, and are too small to be resolved clearly by an ordinary
light microscope. Because of their extremely small size, it was only with the advent of the
electron microscope that we were able to learn about the detailed structure of bacterial
cells. Using the light microscope however, it is possible to recognize differences in the shape
and arrangement of bacteria. Although a good deal of variation is possible, most have one
of three basic shapes:
_ rod shaped (bacillus)
_ spherical (coccus)
_ curved: these range from comma‐shaped (vibrio) to corkscrew‐shaped (spirochaete)
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All these shapes confer certain advantages to their owners; rods, with a large surface
area are better able to take up nutrients from the environment, while the cocci are less
prone to drying out. The spiral forms are usually motile; their shape aids their movement
through an aqueous medium. As well as these characteristic cell shapes, bacteria may also
be found grouped together in particular formations. When they divide, they may remain
attached to one another, and the shape the groups of cells assume reflects the way the cell
divides. Cocci, for example, are frequently found as chains of cells, a reflection of repeated
division in one plane. Other cocci may form regular sheets or packets of cells, as a result of
division in two or three planes. Yet others, such as the staphylococci, divide in several
planes, producing the irregular and characteristic ‘bunch of grapes’ appearance. Rod‐shaped
bacteria only divide in a single plane and may therefore be found in chains, while spiral
forms also divide in one plane, but tend not to stick together. Blue–greens form filaments;
these are regarded as truly multicellular rather than as a loose association of individuals.

Fungi
Fungi range in form and size from unicellular yeasts to large mushrooms and puffballs.
Yeasts are unicellular, do not have flagella and reproduce asexually by budding or transverse
fission, or sexually by spore formation. Multicellular forms such as moulds have long,
branched, threadlike filaments called hyphae, which aggregate together to form a tangled
mycelium (Fig 1a). In some fungi the hyphae have crosswalls or septa (sing: septum)
separating cells, which may nevertheless be joined by one or more pores, which permit
cytoplasmic streaming, a form of internal transport. Such hyphae are said to be septate;
others have no crosswalls and are therefore coenocytic (i.e. many nuclei within a single
plasma membrane). Many fungi are dimorphic, that is, they exist in two distinct forms. Some
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fungi that cause human infections can change from the yeast form in the human to a
mycelial form in the environment in response to changes in nutrients, and environmental
factors such as CO2 concentration and temperature. This change in body form is known as
the YM shift; in fungi associated with plants, the shift often occurs the other way round, i.e.
the mycelial form exists in the plant and the yeast form in the environment. One of the
features that caused taxonomists finally to remove fungi from the plant kingdom was the
distinctive chemical nature of the fungal cell wall. Whereas plant and algal cells have walls
composed of cellulose, the cell wall of fungi is made up principally of chitin, a strong but
flexible polysaccharide that is also found in the exoskeleton of insects. It is a polymer whose
repeating subunit is N‐acetylglucosamine, a compound in peptidoglycan structure

Figure 1 Hyphae and mycelia. (a) Individual hyphae branch and aggregate to form a mycelium. (b) Hyphae may
or may not contain cross-walls (septa)
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The Algae
The Algae is a collective name traditionally given to several phyla of primitive, and mostly
aquatic plants, making up a highly diverse group of over 30 000 species. They display a wide
variety of structure, habitat and life‐cycle, ranging from single‐celled forms to massive
seaweeds tens of metres in length. Most algae share a number of common features which
caused them to be grouped together. Among these are:
_ possession of the pigment chlorophyll
_ deriving energy from the sun by means of oxygenic photosynthesis
_ fixing carbon from CO2 or dissolved bicarbonate.

All algal types are eucaryotic, and therefore contain the internal organelles , that is, nuclei,
mitochondria, endoplasmic reticulum, ribosomes, Golgi body, and in most instances,
chloroplasts. With the exception of one group (the Euglenophyta), all have a cellulose cell
wall, which is frequently modified with other polysaccharides, including pectin and alginic
acids. In some cases, the cell wall may be fortified with deposits of calcium carbonate or
silica. This is permeable to small molecules and ions, but impermeable to macromolecules.
To the exterior of the cell may be one or two flagella, with the typical eucaryotic 9 + 2
microstructure which may allow unicellular types to move through the water; cilia are not
found in any algae. The characteristics used to place algal protists into different taxa include
the type of chlorophyll present, the form in which carbohydrate is stored, and the structure
of the cell wall . A group not considered here are the cyanophytes, previously known as the
blue‐green algae; although they carry out oxygenic photosynthesis, they are procaryotes,
and as such are more closely related to certain bacteria.
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The Protozoans
A protozoan can be defined as a usually motile eukaryotic unicellular protist. Protozoa are
directly related only on the basis of a single negative characteristic—they are not
multicellular. All, however, demonstrate the basic body plan of a single protistan eucaryotic
cell. Protozoa grow in a wide variety of moist habitats. Moisture is absolutely necessary for
the existence of protozoa because they are susceptible to desiccation. Most protozoa are
free living and inhabit freshwater or marine environments. Because protozoa are eucaryotic
cells, in many respects their morphology and physiology are the same as the cells of
multicellular animals). However, because all of life’s various functions must be performed
within the individual protozoan, some morphological and physiological features are unique
to protozoan cells. In some species the cytoplasm immediately under the plasma membrane
is semisolid or gelatinous, giving some rigidity to the cell body. It is termed the ectoplasm.
The bases of the flagella or cilia and their associated fibrillar structures are embedded in the
ectoplasm. The plasma membrane and structures immediately beneath it are called the
pellicle. Inside the ectoplasm is the area referred to as the endoplasm, which is more fluid
and granular in composition and contains most of the organelles. Some protozoa have one
nucleus, others have two or more identical nuclei. Still other protozoa have two distinct
types of nuclei—a macronucleus and one or more micronuclei. The macronucleus, when
present, is typically larger and associated with trophic activities and regeneration processes.
The micronucleus is diploid and involved in both genetic recombination during reproduction
and the regeneration of the macronucleus. One or more vacuoles are usually present in the
cytoplasm of protozoa. These are dif ferentiated into contractile, secretory, and food
vacuoles. Contractile vacuoles function as osmoregulatory organelles in those protozoa that
live in a hypotonic environment, such as a freshwater lake. Osmotic balance is maintained
by continuous water expulsion. Most marine protozoa and parasitic species are isotonic to
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their environment and lack such vacuoles. Phagocytic vacuoles are conspicuous in holozoic
and parasitic species and are the sites of food digestion . Secretory vacuoles usually contain
specific enzymes that perform various functions (such as excystation).
The Viruses
All viruses are obligate intracellular parasites; they inhabit a no‐man’s‐land between the
living and the non‐living worlds, and possess characteristics of both. They are now known to
differ radically from the simplest true organisms, bacteria, in a number of respects:
_ they cannot be observed using a light microscope
_ they have no internal cellular structure
_ they contain either DNA or RNA, but not both*
_ they are incapable of replication unless occupying an appropriate living host cell
_ they are incapable of metabolism
_ individuals show no increase in size.
When inside a host cell, viruses show some of the features of a living organism, such as the
ability to replicate themselves, but outside the cell they are just inert chemical. Compared
to even the most primitive cellular organism, viruses have a very simple structure (Fig.3). An
intact viral particle, or virion, has in essence just two components: a core of nucleic acid,
surrounded and protected by a protein coat or capsid, the combination of the two being
known as the nucleocapsid. In certain virus types, the nucleocapsid is further surrounded by
a membranous envelope, partly derived from host cell material. Most viruses are smaller
than even the smallest bacterial cells. The genetic material of a virus may be either RNA or
DNA, and either of these may be single‐stranded or double‐stranded
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Fig 3 Viral structure. Viruses comprise a nucleic acid genome surrounded by a protein coat (capsid). Both naked
and enveloped forms are shown

The Rickettsia
Although rickettsias, chlamydiae, and mycoplasmas are bacteria, they differ from other
bacterial pathogens in a variety of ways. The Rickettsia group comprises arthropod‐borne
intracellular parasites of vertebrates, and includes the causative agents of human diseases
such as typhus and Rocky Mountain spotted fever. The bacteria are taken up by host
phagocytic cells, where they multiply and eventually cause lysis. The Rickettsia are aerobic
organotrophs, but some possess an unusual mode of energy metabolism, only being able to
oxidise intermediate metabolites such as glutamate and succinate, which they obtain from
their host. Rickettsiae and Chlamydiae,contain rather unusual organisms.These two groups
are obligate intracellular parasites;that is,they can only grow inside living cells.Chlamydiae
have an interesting and complex life cycle rather than dividing by binary fission, as do
Rickettsiae and most other bacteria. MyRickettsiae and Chlamydiae,contain rather unusual
organisms.These two groups are obligate intracellular parasites;that is,they can only grow
inside living cells.Chlamydiae have an interesting and complex life cycle rather than dividing
by binary fission, as do Rickettsiae and most other bacteria. Mycoplasmas lack cell walls and
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form colonies that look like eggs fried sunny‐side up.They have sterols in their cell
membranes that give them great flexi‐ bility of shape (pleomorphism).

The Mycoplasma
Mycoplasmas are the smallest free‐living organisms that, unlike other bacteria, lack a cell
wall. The outer layer is instead, a three‐layered membrane containing sterols. Diameters of
these organisms may range from 0.2‐0.3 µm and, due to their plasticity, are able to pass
through the pores of a 0.2 micron filter with applied pressure. Because the morphology of
mycoplasma are pleomorphic, they occur as two different structural forms during a life
cycle: coccoidal, a spherical or spheroidal shape, and filamentous, resembling rods.Although
there are many species of mycoplasmas, only four are recognized as human pathogens;
Mycoplasma pneumoniae, Mycoplasma hominis, Mycoplasma genitalium, and Ureaplasma
urealyticum. Although there are other species that have ben isolated from humans, their
role in disease is not well established. The mycoplasmas are the smallest free‐living bacteria.
They range from 0.2 ‐ 0.8 micrometers and thus can pass through some filters used to
remove bacteria. They have the smallest genome size and, as a result, lack many metabolic
pathways and require complex media for their isolation. The mycoplasmas are facultative
anaerobes, except for M. pneumoniae, which is a strict aerobe. A characteristic feature that
distinguishes the mycoplasmas from other bacteria is the lack of a cell wall. Thus, they can
assume multiple shapes including round, pear shaped and even filamentous . The
mycoplasmas grow slowly by binary fission and produce "fried egg" colonies on agar plates;
the colonies of M. pneumoniae have a granular appearance. Due to the slow growth of
mycoplasmas, the colonies may take up to 3 weeks to develop and are usually very small.
The colonies of Ureaplasma are extremely small and thus Ureaplasma are also called T‐
strains (tiny strains). The mycoplasma all require sterols for growth and for membrane
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synthesis. The three species can be differentiated by their ability to metabolize glucose (M.
pneumoniae), arginine (M. hominis) or urea (U. urealyticum). The fourth species M.
genitalium is extremely difficult to culture.
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WEEK SIX:SYSTEMATIC MICROBIOLOGY
3.3 Morphological and Biochemical Basis for Classifying Microorganisms
Morphological features are important in microbial taxonomy for many reasons. Morphology
is easy to study and analyze, particularly in eucaryotic microorganisms and the more
complex procaryotes. In addition, morphological comparisons are valuable because
structural features depend on the expression of many genes, are usually genetically stable,
and normally (at least in eucaryotes) these do not vary greatly with environmental changes.
Thus morphological similarity often is a good indication of phylogenetic relatedness. Many
different morphological features are employed in the classification and identification of
microorganisms (Table 1). Although the light microscope has always been a very important
tool, its resolution limit of about 0.2 µm reduces its usefulness in viewing smaller
microorganisms and structures. The transmission and scanning electron microscopes, with
their greater resolution, have immensely aided the study of all microbial groups.
Physiological and metabolic characteristics are very useful because they are directly related
to the nature and activity of microbial enzymes and transport proteins. Since proteins are
gene products, analysis of these characteristics provides an indirect comparison of microbial
genomes. Table 2 lists some of the most important of these properties. Most of enteric
bacteria can be distinguished on the basis of their biochemical and other properties (Table
3)
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Table 1 Some Morphological Features Used in Classification and Identification

Feature

Microbial groups

Cell shape
Cell size
Colonial morphology
Ultrastructural characteristics
Staining behavior
Cilia and flagella
Mechanism of motility
Endospore shape and location
Spore morphology and location
Cellular inclusions
Color

All major groups
All major groups
All major groups
All major groups
Bacteria, some fungi
All major groups
Gliding bacteria, spirochetes
Endospore‐forming bacteria
Bacteria, algae, fungi
All major groups
All major groups

Table 2 Some Physiological and Metabolic Characteristics Used in Classification and Identification

Carbon and nitrogen sources
Cell wall constituents
Energy sources
Fermentation products
General nutritional type
Growth temperature optimum and range
Luminescence
Mechanisms of energy conversion
Motility
Osmotic tolerance
Oxygen relationships
pH optimum and growth range
Photosynthetic pigments
Salt requirements and tolerance
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Secondary metabolites formed
Sensitivity to metabolic inhibitors and antibiotics
Storage inclusions
Table 3 Identification of enteric bacteria on the basis of their biochemical and other properties

Test

Description

Indole

Indole Tests for ability to produce indole from the amino acid tryptophan.

Methyl Red

Methyl Red Acid production causes methyl red indicator to turn red.

Voges‐Proskauer

Voges‐Proskauer Tests for ability to ferment glucose to acetoin.

Citrate utilisation

Citrate utilisation Demonstrates ability to utilise citrate as sole carbon source.

Urease

Urease Demonstrates presence of the enzyme urease by detecting rise in pH due
to urea being converted to ammonia and CO2.

Gas from sugars

Gas from sugars Production of gas from sugars such as glucose is demonstrated by
collection in a Durham tube (a small inverted tube placed in a liquid medium).

H2S production

H2S production Production of H2S from sulphate reduction or from sulphur‐
containing amino acids is demonstrated by the formation of black iron sulphide in
an iron‐rich medium.

Ornithine
decarboxylase

Ornithine decarboxylase Growth on medium enriched in ornithine leads to pH
change when enzyme is present.

Motility

Motility Diffusion through soft agar demonstrates cellular movement.

Gelatin liquefaction

Gelatin liquefaction Demonstrates presence of proteolytic enzymes capable of
liquefying a medium containing gelatin.

% age GC

% age GC Nucleotide composition determined by melting point measurements.

Using the light microscope however, it is possible to recognize differences in the shape and
arrangement of bacteria. Although a good deal of variation is possible, most have one of
three basic shapes :
_ rod shaped (bacillus)
_ spherical (coccus)
_ curved: these range from comma‐shaped (vibrio) to corkscrew‐shaped (spirochaete)
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All these shapes confer certain advantages to their owners; rods, with a large surface area
are better able to take up nutrients from the environment, while the cocci are less prone to
drying out. The spiral forms are usually motile; their shape aids their movement through an
aqueous medium. As well as these characteristic cell shapes, bacteria may also be found
grouped together in particular formations. When they divide, they may remain attached to
one another, and the shape the groups of cells assume reflects the way the cell divides.
Cocci, for example, are frequently found as chains of cells, a reflection of repeated division
in one plane . Other cocci may form regular sheets or packets of cells, as a result of division
in two or three planes. Yet others, such as the staphylococci, divide in several planes,
producing the irregular and characteristic ‘bunch of grapes’ appearance. Rod‐shaped
bacteria only divide in a single plane and may therefore be found in chains, while spiral
forms also divide in one plane, but tend not to stick together. Blue–greens form filaments;
these are regarded as truly multicellular rather than as a loose association of individuals.
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WEEK SEVEN: 4.0 GROWTH OF MICROORGANISMS
4.1 Nutritional Requirement of Microorganisms
To obtain energy and construct new cellular components, organisms must have a supply of
raw materials or nutrients. Nutrients are substances used in biosynthesis and energy
production and therefore are required for microbial growth. This chapter describes the
nutritional requirements of microorganisms, how nutrients are acquired, and the cultivation
of microorganisms. Environmental factors such as temperature, oxygen levels, and the
osmotic concentration of the medium are critical in the successful cultivation of
microorganisms. Analysis of microbial cell composition shows that over 95% of cell dry
weight is made up of a few major elements: carbon, oxygen, hydrogen, nitrogen, sulfur,
phosphorus, potassium, calcium, magnesium, and iron. These are called macroelements or
macronutrients because they are required by microorganisms in relatively large amounts.
The first six (C, O, H, N, S, and P) are components of carbohydrates, lipids, proteins, and
nucleic acids. The remaining four macroelements exist in the cell as cations and play a
variety of roles. For example, potassium (K_) is required for activity by a number of enzymes,
including some of those involved in protein synthesis. Calcium (Ca2_), among other
functions, contributes to the heat resistance of bacterial endospores. Magnesium (Mg2_)
serves as a cofactor for many enzymes, complexes with ATP, and stabilizes ribosomes and
cell membranes. Iron (Fe2_ and Fe3_) is a part of cytochromes and a cofactor for enzymes
and electron‐carrying proteins. All organisms, including microorganisms, require several
micronutrients or trace elements besides macroelements. The micronutrients—
manganese, zinc, cobalt, molybdenum, nickel, and copper—are needed by most cells.
However, cells require such small amounts that contaminants in water, glassware, and
regular media components often are adequate for growth. Therefore it is very difficult to
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demonstrate a micronutrient requirement. In nature, micronutrients are ubiquitous and
probably do not usually limit growth. Micronutrients are normally a part of enzymes and
cofactors, and they aid in the catalysis of reactions and maintenance of protein structure.
For example, zinc (Zn2_) is present at the active site of some enzymes but is also involved in
the association of regulatory and catalytic subunits in E. coli aspartate carbamoyltransferase
. Manganese (Mn2_) aids many enzymes catalyzing the transfer of phosphate groups.
Molybdenum (Mo2_) is required for nitrogen fixation, and cobalt (Co2_) is a component of
vitamin B12.

4.2 Source of Nutrients for Microorganisms
4.2.1 Requirements for Carbon, Hydrogen, and Oxygen
The requirements for carbon, hydrogen, and oxygen often are satisfied together. Carbon is
needed for the skeleton or backbone of all organic molecules, and molecules serving as
carbon sources normally also contribute both oxygen and hydrogen atoms. They are the
source of all three elements. Because these organic nutrients are almost always reduced
and have electrons that they can donate to other molecules, they also can serve as energy
sources. Indeed, the more reduced organic molecules are, the higher their energy content
(e.g., lipids have a higher energy content than carbohydrates). This is because, as we shall
see later, electron transfers release energy when the electrons move from reduced donors
with more negative reduction potentials to oxidized electron acceptors with more positive
potentials. Thus carbon sources frequently also serve as energy sources, although they don’t
have to. One important carbon source that does not supply hydrogen or energy is carbon
dioxide (CO2). This is because CO2 is oxidized and lacks hydrogen. Probably all
microorganisms can fix CO2—that is, reduce it and incorporate it into organic molecules.
However, by definition, only autotrophs can use CO2 as their sole or principal source of
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carbon. Many microorganisms are autotrophic, and most of these carry out photosynthesis
and use light as their energy source. Some autotrophs oxidize inorganic molecules and
derive energy from electron transfers.
The reduction of CO2 is a very energy‐expensive process. Thus many microorganisms cannot
use CO2 as their sole carbon source but must rely on the presence of more reduced,
complex molecules such as glucose for a supply of carbon. Organisms that use reduced,
preformed organic molecules as carbon sources are heterotrophs (these preformed
molecules normally come from other organisms). As mentioned previously, most
heterotrophs use reduced organic compounds as sources of both carbon and energy. A most
remarkable nutritional characteristic of microorganisms is their extraordinary flexibility with
respect to carbonsources. Laboratory experiments indicate that there is no naturally
occurring organic molecule that cannot be used by some microorganism.

4.2.2 Nutritional Types of Microorganisms
In addition to the need for carbon, hydrogen, and oxygen, all organisms require sources of
energy and electrons for growth to take place.Microorganisms can be grouped into
nutritional classes based on how they satisfy all these requirements . We have already seen
that microorganisms can be classified as either heterotrophs or autotrophs with respect to
their preferred source of carbon. There are only two sources of energy available to
organisms: (1) light energy, and (2) the energy derived from oxidizing organic or inorganic
molecules. Phototrophs use light as their energy source; chemotrophs obtain energy from
the oxidation of chemical compounds (either organic or inorganic). Microorganisms also
have only two sources for electrons. Lithotrophs (i.e., “rock‐eaters”) use reduced inorganic
substances as their electron source, whereas organotrophs extract electrons from organic
compounds. Despite the great metabolic diversity seen in microorganisms, most may be
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placed in one of four nutritional classes based on their primary sources of carbon, energy,
and electrons (Table 1). The large majority of microorganisms thus far studied are either
photolithotrophic autotrophs or chemoorganotrophic heterotrophs. Photolithotrophic
autotrophs (often called photoautotrophs or photolithoautotrophs) use light energy and
have CO2 as their carbon source. Eucaryotic algae and cyanobacteria employ water as the
electron donor and release oxygen. Purple and green sulfur bacteria cannot oxidize water
but extract electrons from inorganic donors like hydrogen, hydrogen sulfide, and elemental
sulfur. Chemoorganotrophic heterotrophs (often called chemoheterotrophs,
chemoorganoheterotrophs, or even heterotrophs) use organic compounds as sources of
energy, hydrogen, electrons, and carbon. Frequently the same organic nutrient will satisfy
all these requirements. It should be noted that essentially all pathogenic microorganisms
are chemoheterotrophs. The other two nutritional classes have fewer microorganisms but
often are very important ecologically. Some purple and green bacteria are photosynthetic
and use organic matter as their electron donor and carbon source. These
photoorganotrophic heterotrophs (photoorganoheterotrophs) are common inhabitants of
polluted lakes and streams. Some of these bacteria also can grow as photoautotrophs with
molecular hydrogen as an electron donor. The fourth group, the chemolithotrophic
autotrophs (chemolithoautotrophs), oxidizes reduced inorganic compounds such as iron,
nitrogen, or sulfur molecules to derive both energy and electrons for biosynthesis. Carbon
dioxide is the carbon source. A few chemolithotrophs can derive their carbon from organic
sources and thus are heterotrophic. Chemolithotrophs contribute greatly to the chemical
transformations of elements (e.g., the conversion of ammonia to nitrate or sulfur to sulfate)
that continually occur in the ecosystem.
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Table 1 Major Nutritional Types of Microorganisms
Major Nutritional Types

Sources of Energy,
Hydrogen/Electrons, and Carbon

Representative
Microorganisms

Photolithotrophic autotrophy
(Photolithoautotrophy)

Light energy Algae Inorganic
hydrogen/electron (H/e–) donor
CO2 carbon source

Algae
Purple and green sulfur bacteria
Cyanobacteria

Photoorganotrophic
heterotrophy
(Photoorganoheterotrophy

Light energy
Organic H/e– donor
Organic carbon source
(CO2 may also be used)

Purple nonsulfur bacteria
Green nonsulfur bacteria

Chemolithotrophic
autotrophy
(Chemolithoautotrophy)

Chemical energy source (inorganic)
Inorganic H/e– donor Hydrogen
CO2 carbon source

Sulfur-oxidizing bacteria
Hydrogen bacteria
Nitrifying bacteria
Iron-oxidizing bacteria

Chemoorganotrophic
heterotrophy
(Chemoorganoheterotrophy

Chemical energy source (organic)
Organic H/e– donor
Organic carbon source

protozoa
Fungi
Most nonphotosynthetic bacteria
(including most pathogens)

4.2.3.Requirements for Nitrogen, Phosphorus, and Sulfur
To grow, a microorganism must be able to incorporate large quantities of nitrogen,
phosphorus, and sulfur. Although these elements may be acquired from the same nutrients
that supply carbon, microorganisms usually employ inorganic sources as well.
Nitrogen is needed for the synthesis of amino acids, purines, pyrimidines, some
carbohydrates and lipids, enzyme cofactors, and other substances. Many microorganisms
can use the nitrogen in amino acids, and ammonia often is directly incorporated through the
action of such enzymes as glutamate dehydrogenase or glutamine synthetase and
glutamate synthase . Most phototrophs and many nonphotosynthetic microorganisms
reduce nitrate to ammonia and incorporate the ammonia in assimilatory nitrate reduction.
Phosphorus is present in nucleic acids, phospholipids, nucleotides like ATP, several
cofactors, some proteins, and other cell components. Almost all microorganisms use
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inorganic phosphate as their phosphorus source and incorporate it directly. Low phosphate
levels actually limit microbial growth in many aquatic environments. Phosphate uptake by E.
coli has been intensively studied. This bacterium can use both organic and inorganic
phosphate. Some organophosphates such as hexose 6‐phosphates can be taken up directly
by transport proteins. ther organophosphates are often hydrolyzed in the periplasm by the
enzyme alkaline phosphatase to produce inorganic phosphate,which then is transported
across the plasma membrane. When inorganic phosphate is outside the bacterium, it
crosses the outer membrane by the use of a porin protein channel. One of two transport
systems subsequently moves the phosphate across the plasma membrane. Sulfur is needed
for the synthesis of substances like the amino acids cysteine and methionine, some
carbohydrates, biotin, and thiamine. Most microorganisms use sulfate as a source of sulfur
and reduce it by assimilatory sulfate reduction; a few require a reduced form of sulfur such
as cysteine.

4.2.4 Growth Factors
Microorganisms often grow and reproduce when minerals and sources of energy, carbon,
nitrogen, phosphorus, and sulfur are supplied. These organisms have the enzymes and
pathways necessary to synthesize all cell components required for their wellbeing. Many
microorganisms, on the other hand, lack one or more essential enzymes. Therefore they
cannot manufacture all indispensable constituents but must obtain them or their precursors
from the environment. Organic compounds required because they are essential cell
components or precursors of such components and cannot be synthesized by the organism
are called growth factors. There are three major classes of growth factors: (1) amino acids,
(2) purines and pyrimidines, and (3) vitamins. Amino acids are needed for protein synthesis,
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purines and pyrimidines for nucleic acid synthesis. Vitamins are small organic molecules
that usually make up all or part of enzyme cofactors , and only very small amounts sustain
growth. Knowledge of the specific growth factor requirements of many microorganisms
makes possible quantitative growth response assays for a variety of substances. For
example, species from the bacterial genera Lactobacillus and Streptococcus can be used in
microbiological assays of most vitamins and amino acids. The appropriate bacterium is
grown in a series of culture vessels, each containing medium with an excess amount of all
required components except the growth factor to be assayed. A different amount of growth
factor is added to each vessel. The standard curve is prepared by plotting the growth factor
quantity or concentration against the total extent of bacterial growth.
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WEEK EIGHT: 4.3 METABOLISM OF MICROORGANISMS
Metabolism is the total of all chemical reactions occurring in the cell. The flow of energy
and the participation of enzymes make metabolism possible. The complex molecules
manufactured by autotrophic organisms (both plant and microbial producers) serve as a
carbon source for chemoheterotrophs and other consumers that use complex organic
molecules as a source of material and energy for building their own cellular structures (it
should be remembered that autotrophs also use complex organic molecules).
Chemoheterotrophs often employ O2 as an electron acceptor when oxidizing glucose and
other organic molecules to CO2. This process, in which O2 acts as the final electron acceptor
and is reduced to water, is called aerobic respiration. Much energy is released during this
process. Thus, in the ecosystem, energy is trapped by photoautotrophs and
chemolithoautotrophs; some of this energy subsequently flows to chemoheterotrophs
when they use nutrients derived from autotrophs The CO2 produced during aerobic
respiration can be incorporated again into complex organic molecules during photosynthesis
and hemolithoautotrophy. Clearly the flow of carbon and energy in the ecosystem is
intimately related. Many reactions in the cell are endergonic and will not proceed far
toward completion without outside assistance. One of ATP’s major roles is to drive such
endergonic reactions more to completion.
ATP is a high‐energy molecule. That is, it breaks down or hydrolyzes almost completely to
the products ADP and Pi with a _Go′ of _7.3 kcal/mole.

Metabolism may be divided into two major parts. In catabolism larger and more complex
molecules are broken down into smaller, simpler molecules with the release of energy.
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Some of this energy is trapped and made available for work; the remainder is released as
heat. The trapped energy can then be used in anabolism, the second area of metabolism.
Anabolism is the synthesis of complex molecules from simpler ones with the input of
energy. An anabolic process uses energy to increase the order of a system .Although the
division of metabolism into two major parts is convenient and commonly employed, not all
energy‐yielding processes are comfortably encompassed by the previous definition of
catabolism unless it is expanded to include processes that do not involve the degradation of
complex organic molecules. In a broader sense, microorganisms usually use one of three
sources of energy. Phototrophs capture radiant energy from the sun . Chemoorganotrophs
oxidize organic molecules to liberate energy, while hemolithotrophs employ inorganic
nutrients as energy sources. Microorganisms vary not only in their energy sources, but also
in the electron acceptors used by chemotrophs .Three major kinds of acceptors are
employed. In fermentation [Latin fermentare, to cause to rise or ferment] the energy
substrate is oxidized and degraded without the participation of an exogenous or externally
derived electron acceptor. Usually the catabolic pathway produces an intermediate such as
pyruvate that acts as the electron acceptor. Fermentation normally occurs under anaerobic
conditions, but also occurs sometimes when oxygen is present. Of course, energy‐yielding
metabolism can make use of exogenous or externally derived electron acceptors. This
metabolic process is called respiration and may be divided into two different types. In
aerobic respiration, the final electron acceptor is oxygen, whereas the acceptor in
anaerobic respiration is a different exogenous acceptor. Most often the acceptor in
anaerobic respiration is inorganic (e.g., NO3_, SO4 2_, CO2 , Fe3_, SeO4 2_, and many
others), but organic acceptors such as fumarate may be used. Most respiration involves the
activity of an electron transport chain. The amount of available energy is quite different for
fermentation and respiration. The electron acceptor in fermentation is at the same
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oxidation state as the original nutrient and there is no overall net oxidation of the nutrient.
Thus only a limited amount of energy is made available. The acceptor in respiratory
processes has reduction potential much more positive that the substrate and thus
considerably more energy will be released during respiration . In both aerobic and anaerobic
respiration, ATP is formed as a result of electron transport chain activity. Electrons for the
chain can be obtained from inorganic nutrients, and it is possible to derive energy from the
oxidation of inorganic molecules rather than from organic nutrients. This ability is confined
to a small group of prokaryotes called chemolithotrophs.

Figure 1 : Sources of Energy for Microorganisms. Most microorganisms employ one of three energy
sources. Phototrophs trap radiant energy from the sun using pigments such as bacteriochlorophyll and
chlorophyll. Chemotrophs oxidize reduced organic and inorganic nutrients to liberate and trap energy. The
chemical energy derived from these three sources can then be used in work.
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In the first stage of catabolism, larger nutrient molecules (proteins, polysaccharides, and
lipids) are hydrolyzed or otherwise broken down into their constituent parts. The chemical
reactions occurring during this stage do not release much energy. Amino acids,
monosaccharides, fatty acids, glycerol, and other products of the first stage are degraded to
a few simpler molecules in the second stage. Usually metabolites like acetyl coenzyme A,
pyruvate, and tricarboxylic acid cycle intermediates are formed.
The second‐stage process can operate either aerobically or anaerobically and often
produces some ATP as well as NADH and/or FADH2. Finally, nutrient carbon is fed into the
tricarboxylic acid cycle during the third stage of catabolism, and molecules are oxidized
completely to CO2 with the production of ATP, NADH, and FADH2. The cycle operates
aerobically and is responsible for the release of much energy. Much of the ATP derived from
the tricarboxylic acid cycle (and stage‐two reactions) comes from the oxidation of NADH and
FADH2 by the electron transport chain. Oxygen, or sometimes another inorganic molecule,
is the final electron acceptor. Although this picture is somewhat oversimplified, it is useful in
discerning the general pattern of catabolism. Notice that the microorganism begins with a
wide variety of molecules and reduces their number and diversity at each stage. That is,
nutrient molecules are funneled into ever fewer metabolic intermediates until they are
finally fed into the tricarboxylic acid cycle. A common pathway often degrades many similar
molecules (e.g., several different sugars). These metabolic pathways consist of
enzymecatalyzed reactions arranged so that the product of one reaction serves as a
substrate for the next. The existence of a few common catabolic pathways, each degrading
many nutrients, greatly increases metabolic efficiency by avoiding the need for a large
number of less metabolically flexible pathways. It is in the catabolic phase that
microorganisms exhibit their nutritional diversity. Most microbial biosynthetic pathways
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closely resemble their counterparts in higher organisms. The uniqueness of microbial
metabolism lies in the diversity of sources from which it generates ATP and NADH.
Carbohydrates and other nutrients serve two functions in the metabolism of
heterotrophic microorganisms: (1) they are oxidized to release energy, and (2) they supply
carbon or building blocks for the synthesis of new cell constituents. Although many anabolic
pathways are separate from catabolic routes, there are amphibolic pathways [Greek amphi,
on both sides] that function both catabolically and anabolically. Two of the most important
are the glycolytic pathway and the tricarboxylic acid cycle. Most reactions in these two
pathways are freely reversible and can be used to synthesize and degrade molecules. The
few irreversible catabolic steps are bypassed in biosynthesis with special enzymes that
catalyze the reverse reaction.

The Breakdown of Glucose to Pyruvate
Microorganisms employ several metabolic pathways to catabolize glucose and other sugars.
Because of this metabolic diversity, their metabolism is often confusing. To avoid confusion
as much as possible, the ways in which microorganisms degrade sugars to pyruvate and
similar intermediates are introduced by focusing on only three routes: (1) glycolysis, (2) the
pentose phosphate pathway, and (3) the Entner‐Doudoroff pathway. Next the pathways of
aerobic and anaerobic pyruvate metabolism are described. For the sake of simplicity, the
chemical structures of metabolic intermediates are not used in pathway diagrams.
The Glycolytic Pathway
The Embden‐Meyerhof or glycolytic pathway is undoubtedly the most common pathway
for glucose degradation to pyruvate in stage two of catabolism. It is found in all major
groups of microorganisms and functions in the presence or absence of O2. Glycolysis [Greek
glyco, sweet, and lysis, a loosening] is located in the cytoplasmic matrix of procaryotes and
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eucaryotes. The pathway as a whole may be divided into two parts (Figure2). In the initial
six‐carbon stage, glucose is phosphorylated twice and eventually converted to fructose 1,6‐
bisphosphate. Other sugars are often fed into the pathway by conversion to glucose 6‐
phosphate or fructose 6‐phosphate. This preliminary stage does not yield energy; in fact,
two ATP molecules are expended for each glucose. These initial steps “prime the pump” by
adding phosphates to each end of the sugar. The phosphates will soon be used to make ATP.
The three‐carbon stage of glycolysis begins when the enzyme fructose 1,6‐bisphosphate
aldolase catalyzes the cleavage of fructose 1,6‐bisphosphate into two halves, each with a
phosphate group. One of the products, glyceraldehyde 3‐phosphate, is converted directly to
pyruvate in a five‐step process. Because the other product, dihydroxyacetone phosphate,
can be easily changed to glyceraldehyde 3‐phosphate, both halves of fructose 1,6‐
bisphosphate are used in the three‐carbon stage. Glyceraldehyde 3‐phosphate is first
oxidized with NAD_ as the electron acceptor, and a phosphate is simultaneously
incorporated to give a high‐energy molecule called 1,3‐bisphosphoglycerate. The highenergy
phosphate on carbon one is subsequently donated to ADP. from a single glucose (one by
way of dihydroxyacetone phosphate), the three‐carbon stage generates four ATPs and two
NADHs per glucose. Subtraction of the ATP used in the six‐carbon stage from that produced
in the three‐carbon stage gives a net yield of two ATPs per glucose. Thus the catabolism of
glucose to pyruvate in glycolysis can be represented by the following simple equation.
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Figure 2: Glycolysis. The glycolytic pathway for the breakdown of glucose to pyruvate. The two stages of the
pathway and their products are indicated.

The Tricarboxylic Acid Cycle
Although some energy is obtained from the breakdown of glucose to pyruvate by the
pathways previously described, much more is released when pyruvate is degraded
aerobically to CO2 in stage three of catabolism. The multienzyme system called the pyruvate
dehydrogenase complex first oxidizes pyruvate to form CO2 and acetyl coenzyme A (acetyl‐
CoA), an energy‐rich molecule composed of coenzyme A and acetic acid joined by a
highenergy thiol ester bond (figure 3). Acetyl‐CoA arises from the catabolism of many
carbohydrates, lipids, and amino acids . It can be further degraded in the tricarboxylic acid
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cycle. The substrate for the tricarboxylic acid (TCA) cycle, citric acid cycle, or Krebs cycle is
acetyl‐CoA . The traditional way to think about the cycle is in terms of its intermediates and
products, and the chemistry involved in each step. In the first reaction acetyl‐CoA is
condensed with a fourcarbon intermediate, oxaloacetate, to form citrate and to begin the
six‐carbon stage. Citrate (a tertiary alcohol) is rearranged to give isocitrate, a more readily
oxidized secondary alcohol. Isocitrate is subsequently oxidized and decarboxylated twice to
yield _‐ketoglutarate, then succinyl‐CoA. At this point two NADHs are formed and two
carbons are lost from the cycle as CO2. Because two carbons were added as acetyl‐CoA at
the start, balance is maintained and no net carbon is lost. The cycle now enters the four‐
carbon stage during which two oxidation steps yield one FADH2 and one NADH per acetyl‐
CoA. In addition, GTP (a high‐energy molecule equivalent to ATP) is produced from succinyl‐
CoA by substrate‐level phosphorylation. Eventually oxaloacetate is reformed and ready to
join with another acetyl‐CoA. Inspection of figure 9.12 shows that the TCA cycle generates
two CO2s, three NADHs, one FADH2, and one GTP for each acetyl‐ CoA molecule oxidized.
Another way to think of the TCA cycle is in terms of its function as a pathway that oxidizes
acetyl‐CoA to CO2. From this perspective, the first step is the attachment of an acetyl group
to the acetyl carrier, oxaloacetate, to form citrate. The second stage begins with citrate and
ends in the formation of succinyl‐CoA. Here, the acetyl carrier portion of citrate loses two
carbons when it is oxidized to give two CO2s. The third and last stage converts succinyl‐CoA
back to oxaloacetate, the acetyl carrier, so that it can pick up another acetyl group. TCA
cycle enzymes are widely distributed among microorganisms. The complete cycle appears to
be functional in many aerobic bacteria, free‐living protozoa, and most algae and fungi. This
is not surprising because the cycle is such an important source of energy. However, the
facultative anaerobe E. coli does not use the full TCA cycle under anaerobic conditions or
when the glucose concentration is high but does at other times. Even those microorganisms
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that lack the complete TCA cycle usually have most of the cycle enzymes, because one of
TCA cycle’s major functions is to provide carbon skeletons for use in biosynthesis.

Figure 3 The Tricarboxylic Acid Cycle. The cycle may be divided into three stages based on the
size of its intermediates. The three stages are separated from one another by two decarboxylation
reactions (reactions in which carboxyl groups are lost as CO2). The pyruvate dehydrogenase complex
forms acetyl-CoA through pyruvate oxidation.

Carbohydrate catabolism
Microorganisms can catabolize many carbohydrates besides glucose. These carbohydrates
may come either from outside the cell or from internal sources. Often the initial steps in the
degradation of external carbohydrate polymers differ from those employed with internal
reserves. The common disaccharides are cleaved to monosaccharides by at least two
mechanisms . Maltose, sucrose, and lactose can be directly hydrolyzed to their constituent
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sugars. Many disaccharides (e.g., maltose, cellobiose, and sucrose) are also split by a
phosphate attack on the bond joining the two sugars, a process called phosphorolysis.
Polysaccharides, like disaccharides, are cleaved by both hydrolysis and phosphorolysis.
Bacteria and fungi degrade external polysaccharides by secreting hydrolytic enzymes that
cleave polysaccharides into smaller molecules, which can then be assimilated. Starch and
glycogen are hydrolyzed by amylases to glucose, maltose, and other products. Cellulose is
more difficult to digest; many fungi and a few bacteria (some gliding bacteria, clostridia, and
actinomycetes) produce cellulases that hydrolyze cellulose to cellobiose and glucose. Some
members of the bacterial genus Cytophaga, isolated from marine habitats, excrete an
agarase that degrades agar. Many soil bacteria and bacterial plant pathogens degrade
pectin, a polymer of galacturonic acid (a galactose derivative) that is an important
constituent of plant cell walls and tissues. In the context of compounds that are recalcitrant
or difficult to digest, it should be noted that microorganisms also can degrade xenobiotic
compounds (foreign substances not formed by natural biosynthetic processes) such as
pesticides and various aromatic compounds. They transform these molecules to normal
metabolic intermediates by use of special enzymes and pathways, then continue catabolism
in the usual way.

Lipid Catabolism
Microorganisms frequently use lipids as energy sources. Triglycerides or triacylglycerols,
esters of glycerol and fatty acids, are common energy sources and will serve as our
examples. They can be hydrolyzed to glycerol and fatty acids by microbial lipases. The
glycerol is then phosphorylated, oxidized to dihydroxyacetone phosphate, and catabolized
in the glycolytic pathway .Fatty acids from triacylglycerols and other lipids are often oxidized
in the _‐oxidation pathway after conversion to coenzyme A esters . In this cyclic pathway
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fatty acids are degraded to acetyl‐CoA, which can be fed into the TCA cycle or used in
biosynthesis . One turn of the cycle produces acetyl‐CoA, NADH, and FADH2; NADH and
FADH2 can be oxidized by the electron transport chain to provide more ATP. The fatty acyl‐
CoA, shortened by two carbons, is ready for another turn of the cycle. Lipid fatty acids are a
rich source of energy for microbial growth. In a similar fashion some microorganisms grow
well on petroleum hydrocarbons under aerobic conditions.

Protein and Amino Acid Catabolism
Some bacteria and fungi—particularly pathogenic, food spoilage, and soil microorganisms—
can use proteins as their source of carbon and energy. They secrete protease enzymes that
hydrolyze proteins and polypeptides to amino acids, which are transported into the cell and
catabolized. The first step in amino acid use is deamination, the removal of the amino group
from an amino acid. This is often accomplished by transamination. The amino group is
transferred from an amino acid to an _‐keto acid acceptor . The organic acid resulting from
deamination can be converted to pyruvate, acetyl‐CoA, or a TCA cycle intermediate and
eventually oxidized in the TCA cycle to release energy. It also can be used as a source of
carbon for the synthesis of cell constituents. Excess nitrogen from deamination may be
excreted as ammonium ion, thus making the medium alkaline.
4.4 Microbial Growth Curve
Growth may be defined as an increase in cellular constituents. It leads to a rise in cell
number when microorganisms reproduce by processes like budding or binary fission. In the
latter, individual cells enlarge and divide to yield two progeny of approximately equal size.
Growth also results when cells simply become longer or larger. If the microorganism is
coenocytic—that is, a multinucleate organism in which nuclear divisions are not
accompanied by cell divisions— growth results in an increase in cell size but not cell
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number. It is usually not convenient to investigate the growth and reproduction of
individual microorganisms because of their small size. Therefore, when studying growth,
microbiologists normally follow changes in the total population number. Population growth
is studied by analyzing the growth curve of a microbial culture. When microorganisms are
cultivated in liquid medium, they usually are grown in a batch culture or closed system—
that is, they are incubated in a closed culture vessel with a single batch of medium. Because
no fresh medium is provided during incubation, nutrient concentrations decline and
concentrations of wastes increase. The growth of microorganisms reproducing by binary
fission can be plotted as the logarithm of the number of viable cells versus the incubation
time. The resulting curve has four distinct phases (figure 4)

Figure 4 Microbial Growth Curve in a Closed System. The four phases of the growth curve are identified
on the curve

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. Although
cell division does not take place right away and there is no net increase in mass, the cell is
synthesizing new components. A lag phase prior to the start of cell division can be necessary
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for a variety of reasons. The cells may be old and depleted of ATP, essential cofactors, and
ribosomes; these must be synthesized before growth can begin. The medium may be
different from the one the microorganism was growing in previously. Here new enzymes
would be needed to use different nutrients. Possibly the microorganisms have been injured
and require time to recover. Whatever the causes, eventually the cells retool, replicate their
DNA, begin to increase in mass, and finally divide. The lag phase varies considerably in
length with the condition of the microorganisms and the nature of the medium. This phase
may be quite long if the inoculum is from an old culture or one that has been refrigerated.
Inoculation of a culture into a chemically different medium also results in a longer lag phase.
On the other hand, when a young, vigorously growing exponential phase culture is
transferred to fresh medium of the same composition, the lag phase will be short or absent.

Exponential Phase
During the exponential or log phase, microorganisms are growing and dividing at the
maximal rate possible given their genetic potential, the nature of the medium, and the
conditions under which they are growing. Their rate of growth is constant during the
exponential phase; that is, the microorganisms are dividing and doubling in number at
regular intervals. Because each individual divides at a slightly different moment, the growth
curve rises smoothly rather than in discrete jumps . The population is most uniform in terms
of chemical and physiological properties during this phase; therefore exponential phase
cultures are usually used in biochemical and physiological studies. Exponential growth is
balanced growth. That is, all cellular constituents are manufactured at constant rates
relative to each other. If nutrient levels or other environmental conditions change,
unbalanced growth results. This is growth during which the rates of synthesis of cell
components vary relative to one another until a new balanced state is reached. This
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response is readily observed in a shift‐up experiment in which bacteria are transferred from
a nutritionally poor medium to a richer one. The cells first construct new ribosomes to
enhance their capacity for protein synthesis. This is followed by increases in protein and
DNA synthesis. Finally, the expected rise in reproductive rate takes place. Unbalanced
growth also results when a bacterial population is shifted down from a rich medium to a
poor one. The organisms may previously have been able to obtain many cell components
directly from the medium. When shifted to a nutritionally inadequate medium, they need
time to make the enzymes required for the biosynthesis of unavailable nutrients.
Consequently cell division and DNA replication continue after the shift‐down, but net
protein and RNA synthesis slow. The cells
become smaller and reorganize themselves metabolically until they are able to grow again.
Then balanced growth is resumed and the culture enters the exponential phase.

Stationary Phase
Eventually population growth ceases and the growth curve becomes horizontal (figure 4).
This stationary phase usually is attained by bacteria at a population level of around 109 cells
per ml. Other microorganisms normally do not reach such high population densities,
protozoan and algal cultures often having maximum concentrations of about 106 cells per
ml. Of course final population size depends on nutrient availability and other factors, as well
as the type of microorganism being cultured. In the stationary phase the total number of
viable microorganisms remains constant. This may result from a balance between cell
division and cell death, or the population may simply cease to divide though remaining
metabolically active. Microbial populations enter the stationary phase for several reasons.
One obvious factor is nutrient limitation; if an essential nutrient is severely depleted,
population growth will slow. Aerobic organisms often are limited by O2 availability. Oxygen
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is not very soluble and may be depleted so quickly that only the surface of a culture will
have an O2 concentration adequate for growth. The cells beneath the surface will not be
able to grow unless the culture is shaken or aerated in another way. Population growth also
may cease due to the accumulation of toxic waste products. This factor seems to limit the
growth of many anaerobic cultures (cultures growing in the absence of O2). For example,
streptococci can produce so much lactic acid and other organic acids from sugar
fermentation that their medium becomes acidic and growth is inhibited. Streptococcal
cultures also can enter the stationary phase due to depletion of their sugar supply. Finally,
there is some evidence that growth may cease when a critical population level is reached.
Thus entrance into the stationary phase may result from several factors operating in
concert.

Death Phase
Detrimental environmental changes like nutrient exhaustion and the buildup of toxic wastes
lead to the decline in the number of viable cells characteristic of the death phase. The death
of a microbial population, like its growth during the exponential phase, is usually logarithmic
(that is, a constant proportion of cells dies every hour). This pattern in viable cell count
holds even when the total cell number remains constant because the cells simply fail to lyse
after dying. Often the only way of deciding whether a bacterial
cell is viable is by incubating it in fresh medium; if it does not grow and reproduce, it is
assumed to be dead. That is, death is defined to be the irreversible loss of the ability to
reproduce. Although most of a microbial population usually dies in a logarithmic fashion, the
death rate may decrease after the population has been drastically reduced. This is due to
the extended survival of particularly resistant cells. For this and other reasons, the death
phase curve may be complex.
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WEEK NINE: 5.0 ISOLATION, CULTIVATION AND PRESERVATION OF
MICROORGANISMS
5.1 Culture Media
Culturing techniques, enables the isolation and study of pure culture of specific
microorganisms.The study of pure cultures has also made it possible to determine the
properties of a specific organism such as its metabolic characteristics or its ability to cause a
particular disease. The survival and growth of microorganisms depend on available nutrients
and a favorable growth environment. In the laboratory, the nutrient preparations that are
used for culturing microorganisms are called media (singular, medium) Amicrobiological
medium (media, plural) is the food that we use for culturing bacteria, molds, and other
microorganisms. It can exist in three consistencies: liquid, solid, and semisolid. Liquid media
include nutrient broth, citrate broth, glucose broth, litmus milk, etc. These media are used
for the propagation of large numbers of organisms, fermentation studies, and various other
tests. Solid media are made by adding a solidifying agent, such as agar, gelatin, or silica gel,
to a liquid medium. A good solidifying agent is one that is not utilized by microorganisms,
does not inhibit bacterial growth, and does not liquefy at room temperature. Agar and silica
gel do not liquefy at room temperature and are utilized by very few organisms. Gelatin, on
the other hand, is hydrolyzed by quite a few organisms and liquefies at room temperature.
Nutrient agar, blood agar, and Sabouraud’s agar are examples of solid media that are used
for developing surface colony growth of bacteria and molds. the development of colonies
on the surface of a medium is essential when trying to isolate organisms from mixed
cultures. Liquid media, such as nutrient broth, tryptic soy broth, or brain‐heart infusion
broth (figure 1), can be used to propagate large numbers of microorganisms
in fermentation studies and for various biochemical tests. Semisolid media can also be used
in fermentation studies, in determining bacterial motility, and in promoting anaerobic
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growth. Solid media, such as nutrient agar or blood agar, are used (1) for the surface growth
of microorganisms in order to observe colony appearance, (2) for pure culture isolations, (3)
for storage of cultures, and (4) to observe specific biochemical reactions. Semisolid media
fall in between liquid and solid media. Although they are similar to solid media in that they
contain solidifying agents such as agar and gelatin, they are more jellylike due to lower
percentages of these solidifiers. These media are particularly useful in determining whether
certain bacteria are motile .

5.2 Types of Culture Media
Media can be prepared to exact specifications so that the exact composition is known.
These media are generally made from chemical compounds that are highly purified and
precisely defined. Such media are readily reproducible. They are known as synthetic media
(Tables 1 and 3). Media such as nutrient broth that contain ingredients of imprecise
composition are called nonsynthetic media (Tables 2 and 4). Both the beef extract and
peptone in nutrient broth are inexact in composition.
Table 1 A Chemically Defined Medium
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Table 2 A Complex (Undefined) Medium—Tryptic Soy Broth

Special Media
Two kinds of special media that are widely used in microbiology are selective and
differential media. Selective media are media that allow only certain types of organisms to
grow in or on them because of (1) the absence of certain critical nutrients that make it
unfavorable for most, but not all, organisms, or (2) the presence of inhibitory substances
that prevent certain types of organisms to grow on them. The inhibitory substance may be
salt (NaCl), acid, a toxic chemical (crystal violet), an antibiotic (streptomycin), or some other
substance. Differential media are media that contain substances that cause some bacteria
to take on a different appearance from other species, allowing one to differentiate one
species from another. In some cases media have been formulated that are both selective
and differential. A good example is Levine EMB agar, which is used to determine the
presence of coliforms in water analysis. Media such as tryptic soy broth and tryptic soy agar
and nutrient agar are called general purpose media because they support the growth of
many microorganisms. Blood and other special nutrients may be added to general purpose
media to encourage the growth of fastidious heterotrophs. These specially fortified media
(e.g., blood agar) are called enriched media. Selective media favor the growth of particular
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microorganisms. Bile salts or dyes like basic fuchsin and crystal violet favor the growth of
gram‐negative bacteria by inhibiting the growth of gram‐positive bacteria without affecting
gram‐negative organisms. Endo agar, eosin methylene blue agar, and MacConkey agar three
media widely used for the detection of E. coli and related bacteria in water supplies and
elsewhere, contain dyes that suppress gram‐positive bacterial growth. MacConkey agar also
contains bile salts. Bacteria also may be selected by incubation with nutrients that they
specifically can use. A medium containing only cellulose as a carbon and energy source is
quite effective in the isolation of cellulose‐digesting bacteria. The possibilities for selection
are endless, and there are dozens of special selective media in use. Differential media are
media that distinguish between different groups of bacteria and even permit tentative
identification of microorganisms based on their biological characteristics. Blood agar is both
a differential medium 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. MacConkey agar is both differential and selective. Since it contains lactose and
neutral red dye, lactose‐fermenting colonies appear pink to red in color and are easily
distinguished from colonies of nonfermenters.

Dehydrated Media
Until around 1930, the laboratory worker had to spend a good deal of time preparing
laboratory media from various raw materials. If a medium contained five or six ingredients,
it was not only necessary to measure the various materials, but, also, in many instances, to
fabricate some of the components such as beef extract or veal infusion by long tedious
cooking methods. Today, dehydrated media have revolutionized media preparation
techniques in much the same way that commercial cake mixes have taken over in the
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kitchen. For most routine bacteriological work, media preparation has been simplified to the
extent that all that is necessary is to dissolve a measured amount of dehydrated medium in
water, adjust the pH, dispense into tubes, and sterilize. In many cases pH adjustment is not
even necessary. The preparation of media from commercial dehydrated products is simple
and straightforward. Each bottle of dehydrated medium has instructions for preparation on
its label. For example, to prepare a liter of tryptic soy broth, suspend 30 g of the dehydrated
medium in 1,000 ml of distilled water. Mix thoroughly in a 2‐liter Erlenmeyer flask (always
use a flask that holds twice the volume of media you are preparing). Dispense and sterilize
for 15 to 20 minutes at 121°C (15 lbs pressure). As noted, the amount of powder for 1,000
ml of water will be indicated. If the medium lacks agar, the powder will usually dissolve
without heating. If it contains agar, you must heat the medium until it starts to simmer or
boil in order to completely dissolve the agar. Specific heating instructions are given for each
type of medium. For example, to prepare a liter of Vogel‐Johnson agar, suspend 61 g of the
dehydrated medium in a liter of distilled water. Mix until a uniform suspension is obtained.
Heat with constant agitation and simmer for 1 minute. Dispense in 100‐ml amounts into
250‐ml flasks and sterilize by autoclaving at 121°C for 20 minutes.
Table 3 Examples of Defined Media
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Table 4 Examples of Complex Media

Some media used for the Isolation of Pure Bacterial Cultures from Specimens are discussed
below

Selective Media
A selective medium is prepared by the addition of specific substances to a culture medium
that will permit growth of one group of bacteria while inhibiting growth of some other
groups. The following are examples:

Salmonella‐Shigella agar (SS) is used to isolate Salmonella and Shigella species. Its bile salt
mixture inhibits many groups of coliforms. Both Salmonella and Shigella species produce
colorless colonies because they are unable to ferment lactose. Lactose‐fermenting bacteria
will produce pink colonies.
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Mannitol salt agar (MS) is used for the isolation of staphylococci. The selectivity is obtained
by the high (7.5%) salt concentration that inhibits growth of many groups of bacteria. The
mannitol in this medium helps in differentiating the pathogenic from the nonpathogenic
staphylococci, as the former ferment mannitol to form acid while the latter do not.

Bismuth sulfite agar (BS) is used for the isolation of Salmonella typhi, especially from stool
and food specimens. S. typhi reduces the sulfite to sulfide, resulting in black colonies with a
metallic sheen.

Differential Media
The incorporation of certain chemicals into a medium may result in diagnostically useful
growth or visible change in the medium after incubation. The following are examples:

Eosin methylene blue agar (EMB) differentiates between lactose fermenters and nonlactose
fermenters. EMB contains lactose, salts, and two dyes—eosin and methylene blue. E. coli,
which is a lactose fermenter, will produce a dark colony or one that has a metallic sheen. S.
typhi, a nonlactose fermenter, will appear colorless.

MacConkey agar is used for the selection and recovery of Enterobacteriaceae and related
gram‐negative rods. The bile salts and crystal violet in this medium inhibit the growth of
gram‐positive bacteria and some fastidious gram‐negative bacteria. Because lactose is the
sole carbohydrate, lactose‐fermenting bacteria produce colonies that are various shades of
red, whereas nonlactose fermenters produce colorless colonies.
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Hektoen enteric agar is used to increase the yield of Salmonella and Shigella species relative
to other microbiota. The high bile salt concentration inhibits the growth of gram‐positive
bacteria and retards the growth of many coliform strains.

Enrichment Media
The addition of blood, serum, or extracts to tryptic soy agar or broth will support the growth
of many fastidious bacteria. These media are used primarily to isolate bacteria from
cerebrospinal fluid, pleural fluid, sputum, and wound abscesses. The following are
examples:

Blood agar (can also be a differential medium): addition of citrated blood to tryptic soy agar
makes possible variable hemolysis, which permits differentiation of
some species of bacteria. Three hemolytic patterns can be observed on blood agar.
1. α‐hemolysis—greenish to brownish halo around the colony (e.g., Streptococcus
gordonii, Streptococcus pneumoniae).
2. β‐hemolysis—complete lysis of blood cells resulting in a clearing effect around growth
of the colony (e.g., Staphylococcus aureus and Streptococcus pyogenes).
3. Nonhemolytic—no change in medium (e.g., Staphylococcus epidermidis and
Staphylococcus saprophyticus).

Chocolate agar is made from heated blood, which provides necessary growth factors to
support bacteria such as Haemophilus influenzae and Neisseria gonorrhoeae.

Characteristic Media
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Characteristic media are used to test bacteria for particular metabolic activities, products, or
requirements. The following are examples:

Urea broth is used to detect the enzyme urease. Some enteric bacteria are able to break
down urea, using urease, into ammonia and CO2.

Triple sugar iron (TSI) agar contains lactose, sucrose, and glucose plus ferrous ammonium
sulfate and sodium thiosulfate. TSI is used for the identification of enteric organisms based
on their ability to attack glucose, lactose, or sucrose and to liberate sulfides from
ammonium sulfate or sodium thiosulfate.

Citrate agar contains sodium citrate, which serves as the sole source of carbon, and
ammonium phosphate, the sole source of nitrogen. Citrate agar is used to differentiate
enteric bacteria on the basis of citrate utilization.

Lysine iron agar (LIA) is used to differentiate bacteria that can either deaminate or
decarboxylate the amino acid lysine. LIA contains lysine, which permits enzyme detection,
and ferric ammonium citrate for the detection of H2S production.

Sulfide, indole, motility (SIM) medium is used for three different tests. One can observe the
production of sulfides, formation of indole (a metabolic product from tryptophan
utilization), and motility. This medium is generally used for the differentiation of enteric
organisms.
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WEEK TEN: 5.3 MEDIA DEVELOPMENT
The medium used to grow a microorganism is critical because it can influence the economic
competitiveness of a particular process. Frequently, lower‐cost crude materials are used as
sources of carbon, nitrogen, and phosphorus (Table 5). Crude plant hydrolysates often are
used as complex sources of carbon, nitrogen, and growth factors. By‐products from the
brewing industry frequently are employed because of their lower cost and greater
availability. Other useful carbon sources include molasses and whey from cheese
manufacture.

Table 5 List of Some Components of Growth Media Sourceable Locally

Source

Raw Material

Carbon and energy Molasses
Whey
Grains
Agricultural wastes (corncobs)
Nitrogen

Corn-steep liquor
Soybean meal
Stick liquor (slaughterhouse
products)
Ammonia and ammonium salts
Nitrates
Distiller’s solubles

Source

Raw Material

Vitamins

Crude preparations of plant and
animal products

Iron, trace salts

Crude inorganic chemicals

Buffers

Chalk or crude carbonates
Fertilizer-grade phosphates

Antifoam agents

Higher alcohols
Silicones
Natural esters
Lard and vegetable oils

5.4 Cultural Characteristics on Agar
In natural habitats, bacteria usually grow together in populations containing a number of
species. In order to adequately study and characterize an individual bacterial species, one
needs a pure culture. The spreadplate technique is an easy, direct way of achieving this
result. In this technique, a small volume of dilute bacterial mixture containing 100 to 200
cells or less is transferred to the center of an agar plate and is spread evenly over the
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surface with a sterile, L‐shaped glass rod. The glass rod is normally sterilized by dipping in
alcohol and flamed to burn off the alcohol. After incubation, some of the dispersed cells
develop into isolated colonies. A colony is a large number of bacterial cells on solid medium,
which is visible to the naked eye as a discrete entity. In this procedure, one assumes that a
colony is derived from one cell and therefore represents a clone of a pure culture. After
incubation, the general form of the colony and the shape of the edge or margin can be
determined by looking down at the top of the colony. The nature of the colony elevation is
apparent when viewed from the side as the plate is held at eye level. These variations are
illustrated in figure 5. After a well‐isolated colony has been identified, it can then be picked
up and streaked onto a fresh medium to obtain a pure culture.

Figure 5 Bacterial Colony Characteristics on Agar Media as Seen with the Naked Eye. The characteristics of
bacterial colonies are described using the following terms.
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Other criteria used for describing cultural characteristicsof bacteria include;
Appearance:

Shiny or dull

Optical property:

Opaque, translucent, transparent

Pigmentation:

Pigmented (purple, red, yellow)

Nonpigmented

(cream, tan, white)

Texture:

Rough or smooth
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WEEK ELEVEN: 5.5 PURE AND MIXED CULTURES
In natural habitats microorganisms usually grow in complex, mixed populations containing
several species. This presents a problem for the microbiologist because a single type of
microorganism cannot be studied adequately in a mixed culture. One needs a pure culture,
a population of cells arising from a single cell, to characterize an individual species. Pure
cultures are so important that the development of pure culture techniques by the German
bacteriologist Robert Koch transformed microbiology. Within about 20 years after the
development of pure culture techniques most pathogens responsible for the major human
bacterial diseases had been isolated . When we try to study the bacterial flora of the body,
soil, water, food, or any other part of our environment, we soon discover that bacteria exist
in mixed populations (mixed culture). It is only in very rare situations that they occur as a
single species. To be able to study the cultural, morphological, and physiological
characteristics of an individual species, it is essential, first of all, that the organism be
separated from the other species that are normally found in its habitat; in other words, we
must have a pure culture of the microorganism. Several different methods of getting a pure
culture from a mixed culture are available to us. The two most frequently used methods
involve making a streak plate or a pour plate. Both plate techniques involve thinning the
organisms so that the individual species can be selected from the others.

The Spread Plate and Streak Plate
If a mixture of cells is spread out on an agar surface so that every cell grows into a
completely separate colony, a macroscopically visible growth or cluster of microorganisms
on a solid medium, each colony represents a pure culture. The spread plate is an easy,
direct way of achieving this result. A small volume of dilute microbial mixture containing
around 30 to 300 cells is transferred to the center of an agar plate and spread evenly over
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the surface with a sterile bent‐glass rod (figure 2). The dispersed cells develop into isolated
colonies. Because the number of colonies should equal the number of viable organisms in
the sample, spread plates can be used to count the microbial population. Pure colonies also
can be obtained from streak plates. The microbial mixture is transferred to the edge of an
agar plate with an inoculating loop or swab and then streaked out over the surface in one of
several patterns (figure 3). At some point in the process, single cells drop from the loop as it
is rubbed along the agar surface and develop into separate colonies. In both spread‐plate
and streak‐plate techniques, successful isolation depends on spatial separation of single
cells.

Figure 2 Spread-Plate Technique. The preparation of a spread plate. (1) Pipette a small sample onto the
center of an agar medium plate. (2) Dip a glass spreader into a beaker of ethanol. (3) Briefly flame the
ethanolsoaked spreader and allow it to cool. (4) Spread the sample evenly over the agar surface with the
sterilized
spreader. Incubate.

Figure 3 Preparation of streak plates. The upper illustration shows a petri dish of agar being streaked with an
inoculating loop
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The Pour Plate
Extensively used with bacteria and fungi, a pour plate also can yield isolated colonies. The
original sample is diluted several times to reduce the microbial population sufficiently to
obtain separate colonies when plating (figure 4). Then small volumes of several diluted
samples are mixed with liquid agar that has been cooled to about 45°C, and the mixtures are
poured immediately into sterile culture dishes. Most bacteria and fungi are not killed by a
brief exposure to the warm agar. After the agar has hardened, each cell is fixed in place and
forms an individual colony. Plates containing between 30 and 300 colonies are counted. The
total number of colonies equals the number of viable microorganisms in the diluted sample.
Colonies growing on the surface also can be used to inoculate fresh medium and prepare
pure cultures The preceding techniques require the use of special culture dishes named
petri dishes or plates after their inventor Julius Richard Petri, a member of Robert Koch’s
laboratory; Petri developed these dishes around 1887 and they immediately replaced agar‐
coated glass plates. They consist of two round halves, the top half overlapping the bottom .
Petri dishes are very easy to use, may be stacked on each other to save space, and are one
of the most common items in microbiology laboratories.
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Figure 4 The Pour-Plate Technique. The original sample is diluted several times to thin out the population
sufficiently. The most diluted samples are then mixed with warm agar and poured into petri dishes. Isolated cells
grow into colonies and can be used to establish pure cultures. The surface colonies are circular; subsurface
colonies would be lenticular or lens shaped.

5.6 Methods of Maintaining Pure Cultures
The next step in the development of a pure culture is to transfer the organisms from the
Petri plate to a tube of nutrient broth or a slant of nutrient agar. After this subculture has
been incubated for 24 hours, a stained slide of the culture can be made to determine if a
pure culture has been achieved. When transferring the organisms from the plate, an
inoculating needle (straight wire) is used instead of the wire loop. The needle is inserted
into the center of the colony where there is a greater probability of getting only one species
of organism. To transfer organisms from a Petri plate to an agar slant, swab your work area
with disinfectant. Allow area to dry. then label a sterile nutrient agar slant with your name
and organism to be transferred. Flame an inoculating loop until it is red‐hot . Allow the loop
to cool. Raise the lid of a Petri plate sufficiently to access a colony with your sterile loop. Do
not gouge into the agar with your loop as you pick up organisms, and do not completely
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remove the lid, exposing the surface to the air. Close the lid once you have picked up the
organisms then with your free hand, pick up the sterile nutrient agar slant tube. Remove the
cap by grasping the cap with the little finger of the hand that is holding the loop. Flame the
mouth of the tube and insert the loop into the tube to inoculate the surface of the slant,
using a serpentine motion. Avoid disrupting the agar surface with the loop. Remove the
loop from the tube and flame the mouth of the tube. Replace the cap on the tube and flame
the loop and place it in its container. Incubate the nutrient agar slant at 37° C for 24–48
hours. Problem that will arise with pure cultures is aging of the culture. Two or three weeks
may be necessary for the performance of all tests. In this period of time, the organisms in
the broth culture may die, particularly if the culture is kept very long at room temperature.
To ensure against the hazards of contamination or death of your organisms, it is essential
that you prepare stock cultures before any slides or routine inoculations are made. Different
types of organisms require different kinds of stock media, but for those used in this unit,
nutrient agar slants will suffice. For each unknown, you will inoculate two slants. One of
these will be your reserve stock and the other one will be your working stock. The reserve
stock culture will not be used for making slides or routine inoculations; instead, it will be
stored in the refrigerator after incubation until some time later when a transfer may be
made from it to another reserve stock or working stock culture. The working stock culture
will be used for making slides and routine inoculations. When it becomes too old to use or
has been damaged in some way, replace it with a fresh culture that is made from the
reserve stock.
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WEEK TWELVE: 6.0 CONTROL OF MICROORGANISMS
From the beginning of recorded history, people have practiced disinfection and sterilization,
even though the existence of microorganisms was long unsuspected. 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 bacterium.

6.1 Reasons for Control of Microorganisms
The ability to destroy microorganisms is no less important: it makes possible the aseptic
techniques used in microbiological research, the preservation of food, and the prevention of
disease. The ability to control microbial populations on inanimate objects, like eating
utensils and surgical instruments, is of considerable practical importance. Sometimes it is
necessary to eliminate all microorganisms from an object, whereas only partial destruction
of the microbial population may be required in other situations. The control of
microorganisms is critical for the prevention and treatment of disease. Microorganisms
grow on and within other organisms, and microbial colonization can lead to disease,
disability, and death. Thus the control or destruction of microorganisms residing within the
bodies of humans and other animals is of great importance. When disinfecting or sterilizing
an inanimate object, one naturally must use procedures that do not damage the object
itself. The same is true for the treatment of living hosts. The most successful
drugs interfere with processes that differ between the pathogen and host, and seriously
damage the target microorganism while harming its host as little as possible. Prior to Lister’s
pioneering work with antiseptics, around four out of every ten patients undergoing an
amputation failed to survive the experience, such was the prevalence of infections
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associated with operative procedures, and yet, just 40 years later, this figure had fallen to
just three in a hundred. This is a dramatic demonstration of the fact that in some situations
it is necessary for us to destroy, or at least limit, microbial growth, because of the
undesirable consequences of the presence of microorganisms, or their products. Personnel
safety should be of major concern in all microbiology laboratories. It has been estimated
that thousands of infections have been acquired in the laboratory, and many persons have
died because of such infections. The two most common laboratory acquired bacterial
diseases are typhoid fever and brucellosis. Most deaths have come from typhoid fever (20
deaths) and Rocky Mountain spotted fever (13 deaths). Infections by fungi (histoplasmosis)
and viruses (Venezuelan equine encephalitis and hepatitis B virus from monkeys) are also
not uncommon. Hepatitis is the most frequently reported laboratory‐acquired viral
infection, especially in people working in clinical laboratories and with blood. In a survey of
426 U.S. hospital workers, 40% of those in clinical chemistry and 21% in microbiology had
antibodies to hepatitis B virus, indicating their previous exposure (thoughonly about 19% of
these had disease symptoms). Efforts have been made to determine the causes of these
infections in order to enhance the development of better preventive measures. Although
often it is not possible to determine the direct cause of infection, some major potential
hazards are clear. One of the most frequent causes of disease is the inhalation of an
infectious aerosol. An aerosol is a gaseous suspension of liquid or solid particles that may be
generated by accidents and laboratory operations such as spills, centrifuge accidents,
removal of closures from shaken culture tubes, and plunging of contaminated loops into a
flame. Accidents with hypodermic syringes and needles, such as self‐inoculation and
spraying solutions from the needle, also are common. Hypodermics should be employed
only when necessary and then with care. Pipette accidents involving the mouth are another
major source of infection; pipettes should be filled with the use of pipette aids and operated
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in such a way as to avoid creating aerosols. People must exercise care and common sense
when working with microorganisms. Operations that might generate infectious aerosols
should be carried out in a biological safety cabinet. Bench tops and incubators should be
disinfected regularly. Autoclaves must be maintained and operated properly to ensure
adequate sterilization. Laboratory personnel should wash their hands thoroughly before and
after finishing work. Control of microorganisms can be achieved by a variety of chemical and
physical methods. Sterilisation is generally achieved by using physical means such as heat,
radiation and filtration. Agents which destroy bacteria are said to be bactericidal. Chemical
methods, whilst effective at disinfection, are generally not reliable for achieving total
sterility. Agents which inhibit the growth and reproduction of bacteria without bringing
about their total destruction are described as bacteriostatic. An antiseptic is a chemical
agent of disinfection that is mild enough to be used on human skin or tissues. Sanitization is
closely related to disinfection. In sanitization, the microbial population is reduced to levels
that are considered safe by public health standards. The inanimate object is usually cleaned
as well as partially disinfected. For example, sanitizers are used to clean eating utensils in
restaurants.
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WEEK THIRTEEN: 6.2 STERILISATION and DISINFECTION
Sterilisation
Sterilisation is the process by which all microorganisms present on or in an object are
destroyed or removed. One of the oldest forms of antimicrobial treatment is that of heating,
and in most cases this remains the preferred means of sterilisation, provided that it does
not cause damage to the material in question. The benefits of boiling drinking water have
been known at least since the 4th century bc, when Aristotle is said to have advised
Alexander the Great to order his troops to take this precaution. This of course was many
centuries before the existence of microorganisms had been demonstrated or perhaps even
suspected.
Disinfection
On the other hand disinfection, by comparison, allows the possibility that some organisms
may survive, with the potential to resume growth when conditions become more
favourable. Disinfection is the elimination or inhibition of pathogenic microorganisms in or
on an object so that they no longer pose a threat. A disinfectant is a chemical agent used to
disinfect inanimate objects such as work surfaces and floors. In the food and catering
industry, especially in the USA, the term sanitization is used to describe a combination of
cleaning and disinfection. Disinfectants are incapable of killing spores within a reasonable
time period, and are generally effective against a narrower range of organisms than physical
means. Decontamination is a term sometimes used interchangeably with disinfection, but
its scope is wider, encompassing the removal or inactivation of microbial products such as
toxins as well as the organisms themselves. The lethal action of disinfectants is mainly due
to their ability to react with microbial proteins, and therefore enzymes. Consequently, any
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chemical agent that can coagulate, or in any other way denature, proteins will act as a
disinfectant, and compounds belonging to a number of groups are able to do this.

6.3 a. Physical Method of Sterilization
Sterilisation by heat
Boiling at 100 ◦C for 10 minutes is usually enough to achieve sterility, provided that
organisms are not present in high concentrations; in fact most bacteria are killed at about
70 ◦C. If, however, endospores of certain bacteria (notably Bacillus and Clostridium) are
present, they can resist boiling, sometimes for several hours. In order to destroy the heat
resistant endospores, heating beyond 100 ◦C is required, and this can be achieved by
heating under pressure in a closed vessel. A typical laboratory treatment is 15 minutes at a
pressure of 103 kpa (15 psi), raising the temperature of steam to 121 ◦C. This is carried out
in an autoclave, which is, to all intents and purposes, a large‐scale pressure cooker. An
effect similar to that achieved by autoclaving can be obtained by a method called
intermittent steaming or tyndallisation (after the Irish physicist John Tyndall, who was one
of the first to demonstrate the existence of heat‐resistant microbial forms). This is used for
those substances or materials that might be damaged by the high temperatures used in
autoclaving. The material is heated to between 90 and 100 ◦C for about 30 minutes on each
of three successive days, and left at 37 ◦C in the intervening periods. Vegetative cells are
killed off during the heating period, and during the 37 ◦C incubation, any endospores that
have survived will germinate. Once these have grown into more vegetative cells, they too
are killed in the next round of steam treatment. Clearly this is quite a long‐winded
procedure, and it is therefore reserved for those materials which might be harmed by steam
sterilisation. High temperatures can cause damage to the taste, texture and nutritional
value of many food substances and in such instances, it is sufficient to destroy vegetative
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cells by a process of pasteurisation (among his many other achievements, Pasteur
demonstrated that the microbial spoilage of wines could be prevented by short periods of
heating). Milk was traditionally pasteurised by heating large volumes at 63 ◦C for 30
minutes, but the method employed nowadays is to pass it over a heat exchanger at 72 ◦C for
15 seconds (HTST – high temperature, short time). This is not sterilisation as such, but it
ensures the destruction of disease‐causing organisms such as Brucella abortus and
Mycobacterium tuberculosis, which at one time were frequently found in milk, as well as
significantly reducing the organisms that cause food spoilage, thus prolonging the time the
milk can be kept. All the above methods employ a combination of heat and moisture to
achieve their effect; the denaturation of proteins, upon which these methods depend, is
enhanced in the presence of water. Heat is more readily transferred through water than
through air, and the main reason that endospores are so resistant is because of their very
low water content. In some situations however, it is possible to employ dry heat, using an
oven to sterilise metal instruments or glassware for example. It is a more convenient
procedure, but a higher temperature (160–170 ◦C) and longer exposure time (2 hours) are
required. Dry heat works by oxidising (‘burning’) the cell’s components. Microorganisms are
quite literally burnt to destruction by the most extreme form of dry heat treatment,
incineration.

Sterilisation by irradiation
Certain types of irradiation are used to control the growth of microorganisms. These include
both ionising and non‐ionising radiation. The most widely used form of non‐ionising
radiation is ultraviolet (UV) light.Wavelengths around 260nm are used because these are
absorbed by the purine and pyrimidine components of nucleic acids, as well as certain
aromatic amino acids in proteins. The absorbed energy causes a rupture of the chemical
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bonds, so that normal cellular function is impaired. UV light causes the formation of
thymine dimers, where adjacent thymine nucleotides on the same strand are linked
together, inhibiting DNA replication. Although many bacteria are capable of repairing this
damage by enzyme‐mediated photoreactivation, viruses are much more susceptible. UV
lamps are commonly found in food preparation areas, operating theatres and specialist
areas such as tissue culture facilities, where it is important to prevent contamination.
Because they are also harmful to humans (particularly the skin and eyes), UV lamps can only
be operated in such areas when people are not present. UV radiation
has very poor penetrating powers; a thin layer of glass, paper or fabric is able to impede the
passage of the rays. The chief application is therefore in the sterilisation of work surfaces
and the surrounding air, although it is increasingly finding an application in the treatment of
water supplies. Ionising radiations have a shorter wavelength and much higher energy,
giving them greater penetrating powers. The effect of ionising radiations is due to the
production of highly reactive free radicals, which disrupt the structure of macromolecules
such as DNA and proteins. Surgical supplies such as syringes, catheters and rubber gloves
are commonly sterilised employing gamma (γ ) rays from the isotope cobalt 60. Gamma
radiation is used in situations where heat sterilisation would be inappropriate, because of
undesirable effects on the texture, taste or appearance of the product. This mainly relates
to fresh produce such as meat, poultry, fruit and vegetables. Irradiation is not suitable for
some foodstuffs, such as those with a high fat content, where unpleasant tastes and odours
result. Ionising radiations have the great advantage over other methods of sterilisation that
they can penetrate packaging.
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Filtration
Many liquids such as solutions of antibiotics or certain components of culture media
become chemically altered at high temperatures, so the use of any of the heat regimes
described above is not appropriate. Rather than killing the microorganisms, an alternative
approach is simply to isolate them. This can be done for liquids and gases by passing them
through filters of an appropriate pore size. Filters used to be made from materials such as
asbestos and sintered glass, but have been largely replaced by membrane filters, commonly
made of nitrocellulose or polycarbonate. These can be purchased ready‐sterilised and the
liquid passed through by means of pressure or suction. Supplies of air or other gases can
also be filter‐sterilised in this way. A pore size of 0.22µm is commonly used; this will remove
bacteria plus, of course, anything bigger, such as yeasts; however, mycoplasma and viruses
are able to pass through pores of this size. With a pore size 10 times smaller than this, only
the smallest of viruses can pass through, so it is important that an appropriate pore size is
chosen for any given task. A drawback with all filters, but especially those of a small pore
size, is that they can become clogged easily. Filters in general are relatively expensive, and
are not the preferred choice if alternative methods are available.

6.2 Disinfection
6.2 b. Chemical methods of Disinfection
Alcohols
The antimicrobial properties of ethanol have been known for over a century. It was soon
realised that it worked more effectively as a disinfectant at less than 100 per cent
concentration, that is, when there was some water present. This is because denaturation of
proteins proceeds much more effectively in the presence of water. (Recall that moist heat is
more effective than dry heat for the same reason.) It is important, however, not to overdo
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the dilution, as at low percentages some organisms can actually utilise ethanol as a nutrient!
Ethanol and isopropanol are most commonly used at a concentration of
70 per cent. As well as denaturing proteins, alcohols may act by dissolving lipids, and thus
have a disruptive effect on membranes, and on the envelope of certain viruses. Both
bacteria and fungi are killed by alcohol treatment, but spores are often resistant because of
problems in rehydrating them; there are records of anthrax spores surviving in ethanol for
20 years! The use of alcohols is further limited to those materials that can withstand their
solvent action. Alcohols may also serve as solvents for certain other chemical disinfectants.
The effectiveness of iodine for example, can be enhanced by being dissolved in ethanol.

Halogens
Chlorine is an effective disinfectant as a free gas, and as a component of chlorine releasing
compounds such as hypochlorite and chloramines. Chlorine gas, in compressed form, is used
in the disinfection of municipal water supplies, swimming pools and the dairy industry.
Sodium hypochlorite (household bleach) oxidises sulphydryl (−SH) and disulphide (S−S)
bonds in proteins. Like chlorine, hypochlorite is inactivated by the
presence of organic material. Chloramines are more stable than hypochlorite or free
chlorine, and are less affected by organic matter. They are also less toxic and have the
additional benefit of releasing their chlorine slowly over a period of time, giving them a
prolonged bactericidal effect. Iodine acts by combining with the tyrosine residues on
proteins; its effect is enhanced by being dissolved in ethanol (1 per cent I2 in 70 per cent
ethanol) as tincture of iodine, an effective skin disinfectant. Its use is being superseded by
iodophores (Betadine, Isodine), in which iodine is combined with an organic molecule,
usually a detergent, to combat bacteria, viruses and fungi, but not spores.
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Phenolics
As we saw in Chapter 1, the germicidal properties of phenol (carbolic acid) were first
demonstrated by Lister in the middle of the 19th century. Since it is highly toxic, phenol’s
use in the disinfection of wounds has long since been discontinued, but derivatives such as
cresols and xylenols continue to be used as disinfectants and antiseptics. These are both less
toxic to humans and more effective against bacteria than the parent compound. Phenol is
still used, however, as a benchmark against which the effectiveness of related disinfectants
can be measured. The phenol coefficient compares the dilution at which the derivative is
effective against a test organism with the dilution at which phenol achieves the same result.
A phenol coefficient of more than one means that the new compound is more effective than
phenol against the organism tested, whereas a value of less than one means that it is not as
effective as phenol. Phenolics act by combining with and denaturing proteins, as well as
disrupting cell membranes. Their advantages include the retention of activity in the
presence of organic substances and detergents, and their ability to remain active for some
time after application; hence their effect increases with repeated use. Familiar disinfectants
such as Dettol, Lysol and chlorhexidine (Hibitane, Hibiscrub) are all phenol derivatives.
Hexachlorophene is very effective against Gram‐positive bacteria such as staphylococci and
streptococci, and used to be a component of certain soaps, surgical scrubs, shampoos and
deodorants. Its use is now confined to specialist applications in hospitals since the finding
that in some cases, prolonged application can lead to brain damage.

Surfactants
A surfactant reduces the tension between two molecules at an interface. Surface active
agents or surfactants, such as soaps and detergents, have the ability to orientate
themselves between two interfaces to bring them into closer contact The value of soap has
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less to do with its disinfectant properties than with ability to facilitate the mechanical
removal of dirt and microorganisms. It does this by emulsifying oil secretions, allowing the
debris to be rinsed away. Detergents may be anionic (negatively charged), cationic
(positively charged) or nonionic. Cationic detergents such as quaternary ammonium
compounds (ammonium chloride with each hydrogen replaced by an organic group) act by
combining with phospholipids to disrupt cell membranes and affect cellular permeability.
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WEEK FOURTEEN: 6.4 ANTIMICROBIAL AGENTS
Antimicrobial agent are substances that kill microorganisms. A suffix can be employed to
denote the type of antimicrobial agent: a germicide kills pathogens (and many
nonpathogens) but not necessarily endospores. A disinfectant or antiseptic can be
particularly effective against a specific group, in which case it may be called a bactericide,
fungicide, algicide, or viricide. Other chemicals do not kill, but they do prevent growth. If
these agents are removed, growth will resume. Their names end in ‐static [Greek statikos,
causing to stand or stopping]—for example, bacteriostatic and fungistatic. Destruction of
microorganisms and inhibition of microbial growth are not simple matters because the
efficiency of an antimicrobial agent (an agent that kills microorganisms or inhibits their
growth) is affected by at least six factors:

1. Population size. Because an equal fraction of a microbial population is killed during each
interval, a larger population requires a longer time to die than a smaller one. The same
principle applies to chemical antimicrobial agents.

2. Population composition. The effectiveness of an agent varies greatly with the nature of
the organisms being treated because microorganisms differ markedly in susceptibility.
Bacterial endospores are much more resistant to most antimicrobial agents than are
vegetative forms, and younger cells are usually more readily destroyed than mature
organisms. Some species are able to withstand adverse conditions better than others.
Mycobacterium tuberculosis, which causes tuberculosis, is much more resistant to
antimicrobial agents than most other bacteria.
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3. Concentration or intensity of an antimicrobial agent. Often, but not always, the more
concentrated a chemical agent or intense a physical agent, the more rapidly microorganisms
are destroyed. However, agent effectiveness usually is not directly related to concentration
or intensity. Over a short range a small increase in concentration leads to an exponential
rise in effectiveness; beyond a certain point, increases may not
raise the killing rate much at all. Sometimes an agent is more effective at lower
concentrations. For example, 70% ethanol is more effective than 95% ethanol because its
activity is enhanced by the presence of water.

4. Duration of exposure. The longer a population is exposed to a microbicidal agent, the
more organisms are killed. To achieve sterilization, an exposure duration sufficient to reduce
the probability of survival to 10–6 or less should be used.

5. Temperature. An increase in the temperature at which a chemical acts often enhances its
activity. Frequently a lower concentration of disinfectant or sterilizing agent can be used at
a higher temperature.

6. Local environment. The population to be controlled is not isolated but surrounded by
environmental factors that may either offer protection or aid in its destruction. For example,
because heat kills more readily at an acid pH, acid foods and beverages such as fruits and
tomatoes are easier to pasteurize than foods with higher pHs like milk. A second important
environmental factor is organic matter that can protect microorganisms against heating and
chemical disinfectants. Biofilms are a good example. The organic
matter in a surface biofilm will protect the biofilm’s microorganisms; furthermore, the
biofilm and its microbes often will be hard to remove. It may be necessary to clean an object
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before it is disinfected or sterilized. Syringes and medical or dental equipment should be
cleaned before sterilization because the presence of too much organic matter could protect
pathogens and increase the risk of infection. The same care must be taken when pathogens
are destroyed during the preparation of drinking water. When a city’s water supply has a
high content of organic material, more chlorine must be added to disinfect it.

Mode of Action of Chemical Antimicrobial Agents
The discovery and the development of chemical agents targeted against pathogenic
microorganisms had a dramatic impact on the treatment of infectious diseases in the
twentieth century.A good chemical antimicrobial agent should possess selective toxicity,
whereby a substance would selectively target harmful microorganisms but leave human
tissues undamaged. The other major breakthrough in the treatment of infectious diseases
was of course the discovery of naturally occurring antimicrobial agents, or antibiotics. These
are metabolites produced by certain microorganisms, which inhibit the growth of certain
other microorganisms. As we shall see, the definition has been extended to include
semisynthetic derivatives of these naturally occurring molecules Selective toxicity is the
most important single attribute of an antibiotic, but ideally it should also have as many of
the following properties as possible:

_ Antibiotics, like other chemotherapeutic agents, need to be soluble in body fluids, in order
to exert their effect by penetrating the body tissues. The compound must not be
metabolised so quickly that it is excreted from the body before having a chance to act.
_ If administered orally, it must not be inactivated by the acid environment of the stomach,
and must be capable of being absorbed by the small intestine.
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_ An antibiotic should not have any significant effect on the resident microflora of the host.
_ It should not be easy for the target pathogen to establish resistance against an antibiotic.
_ side‐effects such as allergic reactions should be minimal.
_ It should be sufficiently stable to have a good shelf life, without special storage
considerations.
All antibiotics have the common property of interfering in some way with a normal, critical
function of the target bacterial cell. The most commonly used antibiotics exert their effect
by one of the following methods:
1 Inhibition of cell wall synthesis (group I)
2 Disruption of cell membranes (group II)
3 Interference with protein synthesis (group III)
4 Interference with nucleic acid synthesis (group IV)

Group I: Inhibitors of cell wall synthesis
The main group which work in this way are the β‐lactam antibiotics, so‐called because they
contain a β‐lactam ring in their structure. Included among this group are the penicillins and
the cephalosporins. In bacterial cell wall structure an important factor in the strengthening
of the peptidoglycan component of the bacterial cell walls is the cross‐linking of chains by
transpeptidation. It is this process which is acted on by the β‐lactams; they bind irreversibly
to the transpeptidase enzyme, forming covalent bonds with a serine residue within the
enzyme’s active site. The cell wall continues to form, but becomes progressively weaker as
more new, unlinked, peptidoglycan is set down. Since bacteria are generally to be found in a
hypotonic environment, as the wall weakens, water enters the cell, leading to swelling and
then lysis. Examples include Penicillins (benzylpenicillin , penicillin‐V, Ampicillin,),
Cephalosporins, Bacitracin and vancomycin
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Group II: Antibiotics that disrupt cell membranes
Polymixins are a class of antibiotic that act by disrupting the phospholipids of the
cytoplasmic membrane and causing leakage of cell contents. Produced naturally by a
species of Bacillus, polymixins are effective against pseudomonad infections of wounds and
burns, often in combination with bacitracin and neomycin (an inhibitor of protein synthesis).
Their toxicity makes them unsuitable for internal use. Polyene antibiotics such as
amphotericin and nystatin are antifungal agents that act on the sterol components of
membranes.

Group III: Inhibitors of protein synthesis
Antibiotics that act by affecting protein synthesis generally have a relatively broad spectrum
of action. Streptomycin was the first antibiotic that was shown to be effective against
Gram‐negative organisms. Streptomycin belongs to a group of antibiotics called
aminoglycosides, which act by binding to the 30S subunit of the bacterial ribosome,
preventing attachment of the 50S subunit to the initiation complex. They can thus
discriminate between procaryotic (70S) and eucaryotic (80S) ribosomes, and consequently
have a relatively high therapeutic index (although not as high as cell wall inhibitors). Other
members of this group are gentamicin, kanamycin and neomycin. Like some other ‘wonder
drugs’, streptomycin has proved to have undesirable side‐effects; these have led to it being
replaced in most applications by safer alternatives. In addition, bacterial resistance to
streptomycin is widespread, further diminishing its usefulness. Examples include
Streptomycin , Tetracyclines , Erythromycin
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Group IV: Inhibitors of nucleic acid synthesis
Rifampin belongs to a group of agents called rifamycins. It acts by inhibiting the enzyme
RNApolymerase, thereby preventing the production of mRNA. Rifampin is used against the
mycobacteria that cause tuberculosis, an application for which its ability to penetrate
tissues makes it well suited. Unlike most antibiotics, rifampin interacts with other drugs,
often reducing or nullifying their effect. When used in high doses, it has the unusual
sideeffect of turning secretions such as tears, sweat and saliva, as well as the skin, an
orangered colour. As we have already seen, the quinolone group of synthetic antimicrobial
drugs act by disrupting DNA replication.

Table 1: Some commonly used antibiotic classes
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WEEK FIFTEEN: 6.6 TRANSPORTING CULTURE SAMPLES
Pathogens, particularly bacteria and yeasts, coexist with harmless microorganisms on or in
the host. These pathogens must be properly identified as the actual cause of infectious
diseases. This is the purpose of clinical microbiology. The clinical microbiologist identifies
agents and organisms (hereafter referred to as microorganisms) based on morphological,
biochemical, immunologic, and molecular procedures. Time is a significant factor in the
identification process, especially in life‐threatening situations. Computers and advances in
technology for rapid identification, some commercially available, have greatly aided the
clinical microbiologist. Molecular methods allow identification of microorganisms based on
highly specific genomic and biochemical properties. Once isolated and identified, the
microorganism can then be subjected to antimicrobial sensitivity tests. In the final analysis
the patient’s well‐being and health can benefit significantly from information provided by
the clinical microbiology laboratory. In microbiology a specimen represents a portion or
quantity of material that is to be tested, examined, or studied to determine the presence or
absence of particular microorganisms.

Handling
Immediately after collection the specimen must be properly labeled and handled. The
person collecting the specimen is responsible for ensuring that the name, date, and type of
specimen are correctly and legibly written or imprinted on the culture request form. This
information must correspond to that written or imprinted on a label affixed to the specimen
container. The type or source of the sample and the choice of tests to be performed also
must be specified on the request form.
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Transport
Speed in transporting the specimen to the laboratory after it has been obtained from the
source is of prime importance. Some laboratories refuse to accept specimens if they have
been in transit too long. Microbiological specimens may be transported to the laboratory by
various means . For example, certain specimens should be transported in a medium that
preserves the microorganisms and helps maintain the ratio of one organism to another. This
is especially important for specimens in which normal microorganisms may be mixed with
microorganisms foreign to the body location. Special treatment is required for specimens
when the microorganism is thought to be anaerobic. The material is aspirated with a needle
and syringe. Most of the time it is practical to remove the needle, cap the syringe with its
original seal, and bring the specimen directly to the clinical laboratory. Transport of these
specimens should take no more than 10 minutes; otherwise, the specimen must be injected
immediately into an anaerobic transport vial . Vials should contain a transport medium with
an indicator, such as resazurin, to show that the interior of the vial is anaerobic at the time
the specimen is introduced. Swabs for anaerobic culture usually are less satisfactory than
aspirates or tissues, even if they are transported in an anaerobic vial. Many clinical
laboratories insist that stool specimens (the fecal , discharge from the bowels) for culture be
transported in various buffered preservatives. Preparation of these transport media is
described in various manuals.
Transport of urine specimens to the clinical laboratory must be done as soon as possible. No
more than 1 hour should elapse between the time the specimen is obtained and the time it
is examined. If this time schedule cannot be followed, the urine sample must be refrigerated
immediately. Cerebrospinal fluid (CSF) from patients suspected of having meningitis should
be examined immediately by skilled personnel in the clinical microbiology laboratory. CSF is
obtained by lumbar puncture under conditions of strict asepsis, and the sample is
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transported to the laboratory within 15 minutes. Specimens for the isolation of viruses are
iced before transport, and can be kept at 4°C for up to 72 hours; if the sample will be stored
longer than 72 hours, it should be frozen at _72°C. All specimens of blood and body fluids
should be put in a well‐constructed container with a secure lid to prevent leaking during
transport. Care should be taken when collecting each specimen to avoid contaminating the
outside of the container and of the laboratory form accompanying the specimen. Specimens
are most reliable when plated out immediately after collection. If bacterial tests cannot be
performed immediately, refrigeration is mandatory.
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