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Chapter 1 

HISTORICAL INTRODUCTION 

I. Introduction 

II. Scientific Development of Microbiology 

A. Louis Pasteur 

C. Robert Koch 

Ill. Virology 

IV. Immunology 

V. Chemotherapeutic Agents 

I. INTRODUCTION 
Microbiology is the science of living organisms that are 
only visible under the microscope. Medical microbiology 
deals with the causative agents of infectious diseases 
of man, his reaction to such infections, the ways in 
which they produce disease and the methods for their 
diagnosis. 

The disease is transmfrted by contact, from man to 
man, was known since biblical times. Vara and Columel/a 
(first century B.C.) postulated that diseases were caused by 
invisible organisms which they called 'Animalia minuta'. 
Fracastorius of Verona (1546) proposed a contagium 
vivum (living germs) as a possible cause of infectious 
disease. Von Plenciz (1762) suggested that each disease 
was caused by a separate agent. Kircher (1659) reported 
finding minute worms in the blood of plague patients, 
but it is more likely that he observed only blood cells 
with the equipment available to him. 

As microbes are invisible to the unaided eye, definitive 
knowledge about them had to await till microscopes were 
developed. The credit for observation and description of 
bacteria goes to Antony van Leeuwenhoek (1632-1723), a 
draper from Delft, Holland, whose hobby was grinding 
lenses. He described three major morphological forms 
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B. Joseph Lister 

D. Paul Ehrlich 

of bacteria and communicated his findings to the Royal 
Society of London. The significance of these observations 
was not then realised. In 1678, Robert Hook developed 
compound microscope and confirmed Leeuwenhoek's 
observations. 

To Leeuwenhoek the world of those á "little 
animalcules" represented only a curiosity of nature and 
their role in disease was not realised. Their observations 
lay dormant almost for a century. It was only some two 
centuries later that the importance of microorganisms in 
medicine was recognised. 

The earliest discovery of pathogenic ¥ role of 
microorganisms probably goes to Augustina Bassi 
(1835), who showed that the muscardine disease of silk 
worms was caused by a fungus. Oliver Wendell Holmes 
(1840) and Ignaz Semmelweis (1846) had independently 
concluded that puerperial sepsis was transmitted by the 
contaminated hands of obstetricians, nurses and medical 
students and this could be prevented by washing hands 
in antiseptic solution. 

Needham (1745), an Irish priest, believed in 
spontaneous generation (abiogenesis) of microorganisms 
from the decomposing organic matter. He had shown 
in his experimentsá that microbes developed in closed 
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.-e-:-Live vaccin~. He introduced attenuated live vaccine 
for prophyl ctic use. An accidental observation that 

chofera bacillus cultures left for several~ 
l~h~ty but retained their ability to 
protectTiiebirds against subsequent infection by them 

flasks of previously heated putrescible fluids. This view 
was opposed by Spallanzani (1769) who found no such 
generation of microorganism after long heating of the 
putrescible fluids. He proved that organic contents of 
flask supported the microbial growth when exposed to 
air. Later on, Pasteur proved conclusively that all forms 
of life, even microbes, arose only from their like and 
not de novo. 

II. SCIENTIFIC DEVELOPMENT 
OF MICROBIOLOGY 

Scientific development of microbiology was ushered by 
Louis Pasteur, perfection on microbiological studies by 
Robert Koch, the introduction of antiseptic surgery by 
Lord Lister and the contributions of Paul Ehrlich m 
chemotherapy. 

A. Louis Pasteur (1822-1895) 
He was a trained chemist of France. 
His studies on fermentation led him 
to take interest in microbiology. 
He established that fermentation 
was caused by microbial agents. 
He further noted that different 
types of fermentations_ were 
associated with gjfferent kinds of 
microorganisms He is also known 
asfath~ ogy. 

Fig. 1.1 Louis Pasteur 

Important Contributions of Louis Pasteur 
in Microbiology 
y-Development of methods and techniques of 

bacteriology. 
2. Proved conclusively that all forms of life, even 

microbes, arose only from their like and not de 
novo. 

3. Pasteur also had to face challenge from Pouche!, who 
was a proponent of spontaneous generation theory of 
microbe. Pasteur disproved the view by demonstrating 
the ubiquity of microorganisms in the air by his 
experiments performed in the swan-necked flasks. 

7 Introduction of sterilisation techniques and 
development of steam steriliser, autoclave and hot-
air oven. 

5. Studies on anthrax, chicken cholera and hydrophobia. 
During studies on rabies, though Pasteur could not 
isolate any microorganism from man and dog but 
suggested that the causative agent of rabies was too 
small to be seen by microscope. 

led to the concept of attenuation and development 
of live vaccines. He attenuated the anthrax bacillus 
by incubation at high temperature (42¡-43¡C) and 
proved that inoculation of such bacilli in animals 
induced specific protection against anthrax. He 
convincingly demonstrated the protective role of 
anthrax vaccine in a public experiment (1881) where 
vaccinated sheep, goats and cows were challenged 
with a virulent anthrax bacillus culture. All the 
vaccinated animals survived while an equal number 
of unvaccinated control animals died. Pasteur coined 
the term vaccine for such prophylactic preparations to 
commemorate the first of such preparations, namely, 
cowpox, employed by Jenner for protection against 
smallpox. 
Pasteur's de:elopme_nt of a vaccine fo~ 
marked a milestone m development of 1mmum 1 , 
in ~e. He obtained the fixed virus of rabies 

h5yserial intracerebral passage in rabbits. The rabies 
vaccine was prepared by drying pieces of spinal cord 
from rabbits infected with fixed virus. This work 
was acclaimed throughout the world. The Pasteur 
Institute, Paris, was built by public contribution for 
the preparation of vaccines and for the investigation 
of infectious diseases. 

B. Joseph Lister (1827-1912) 
He was a Professor of Surgery in Glasgow Royal Infirmary. 
He applied Pasteur's work and introduced antiseptic 
techniques in surgery (1867) effecting a pronounced drop 
in mortality and morbidity due to surgical sepsis. It was 
a milestone in the evolution of surgical practice from the 
era of 'laudable pus' to modern aseptic techniques. His 
antiseptic surgery involved the use of carbolic acid. He _ /4i 
is .!'.'1M as father of antiseptic surgery. ¥ .'!-';::; \ 
C. R~ Koch (1843-1910) \'-f 
Robert Koch was a German 
general practitioner. He is 
also known as the father of 
bacteriology. His contributions 
are as follows: 
1. Perfected bacteriological 

techniques and introduced 
methods for isolation of 
pure strains of bacteria. Fig. 1.2 Robert Koch 
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2. Introduced methods of obtaining bacteria in pu"(e 
cultures using solid media. / 

3. Introduced staining techniques. 
4. Discovered the anthrax bacillus (1876), tubercle 

... '""==== -~s (1882) and the ch;?_lera v1brios ,0883). 
5. Koch) postulates: According to Koch s postulates, 

a microor_ganism can be accepted as the causative 
a~ent cl an infectious disease only if the following 
~a. 
,)!,) The organism should be constantly associated 

with the lesions of the disease. 
(ii) It shouldbe possible to ISolate the organism in 
/ pure culture from the lesions of the disease. 

(iii) The isolated organisnr(mpure cultureywhen 
/ inoculated in suitable lap.Qfatory animals should 

produce a similar disease. -
(iv) It sliould be possible o re-isolate the organism 
/ in pure cultli're from he lesions produced in the 

x erimental animal 
An a ditional criterion introduced subsequently 

requires that specific antibodies to the organisms should be 
demonstrable in the serum of patients. These postulates 
have proved to be useful in confirming doubtful claims 
made regarding the causative agents of infectious diseases. 
However, it may not always be possible to satisfy all the 
postulates in every case. An important example of not 
fulfilling the Koch's postulates is lepra bacillus. 
6. Ifg_clfs phenoll1£llon: Robert Koch observed that 

guineapigs already infected with tubercle bacillus 
respoiUied with an exaggerateci inffammatory 
response when injected with tbe tubercle bacillu@ 
its protein. This hypersensitivity reaction is called 
Koch's phenomenon. 
-------=------

D. Paul Ehrlich (1854-1915) 
Paul Ehrlich was a German scientist and is also known 
as father of chemotherapy. His contributions are as 
follows: 
I. Applied stains to cells and tissues for study of their 

functions. 
2. Reported the acid-fast nature of tubercle bacillus. 
3. Proposed 'side chain theory' of antibody production. 
4. Discovered salvarsan, an arsenical compound, 

sometimes called the 'magic bullet'. It was capable 
of destroying the spirochaete of syphilis. Later on 
he discovered 'neosalvarsan' and thus created a new 
branch of medicine known as chemotherapy. 

5. Introduced methods of standardising toxin and 
antitoxin. 

Important Discoveries by other Scientists 
Lepra bacillus Hansen (1874) 
Gonococcus Neisser (1881) 
Diphtheria bacillus Klebs (1883), Loeffler (1884) 
Pneumococcus Frankel ( 1886) 
Meningococcus Weichselbum (1887) 
Diphtheria toxin Roux and Yersin (1888) 
Tetanus bacillus Kitasato (1889) 
Plague bacillus Yersin (1890) 

III. VIROLOGY 

The existence of viruses became evident during the 
closing years of nineteenth century, when many infectious 
diseases had been proved to be caused by bacteria. But 
there remained a large number of infectious diseases for 
which no bacterial cause could be established. During 
studies on rabies, Pasteur suspected that the causative 
agent could be too small to be seen under microscope. The 
existence of such ultramicroscopic microbes was proved 
when Ivanovosky (1892) reproduced mosaic disease in 
tobacco plant by applying the juice of diseased plants 
to the healthy leaves. Loeffler and Frosch (1898) observed 
that the causative agent of foot and mouth disease in 
cattle could also pass through a bacterial filter. The first 
human disease proved to be of viral origin was yellow fever. 
It was discovered by Walter Reed (1902) in Cuba and he 
established that the disease is transmitted through the bite 
of infected mosquitoes. Landsteiner and Popper (1909) 
demonstrated that poliomyelitis was due to filterable 
virus and they also transmitted the disease experimentally 
to monkeys. Goodpasture (1930) developed techniques 
of viral cultivation in chick embryos. The application 
of tissue culture expanded the scope of virological 
techniques considerably. Though the larger viruses could 
be seen under light microscope after appropriate staining, 
detailed morphological study of viruses became possible 
only with the introduction of electron microscope by 
Ruska (1934). 

The possibility of virus causing cancer was first put 
forth by Ellerman and Bang (1908) in fowl leukaemia. 
Rous (1911) isolated a virus causing fowl sarcoma. 
Several viruses have since been isolated which cause 
tumours in animals and birds. Viruses can also cause 
malignant transformation of infected cells in tissue 
cultures. The discovery of viral and cellular oncogenes 
was a breakthrough for possible mechanisms of viral 
oncogenesis. The positive proof of viral causation of 
human malignancy was established when the human 
T-cell leukaemia virus was isolated in 1980. 
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KEY POINTS 

1. Microbiology is the science of li ving organisms that are only visible under microscope. 

2. Scientific development of microbiology is contributed by several scientists. 

3. A microorganism can be accepted as the causative agent of infectious disease only if it fulfills the Koch's 

postulates. 

4. Nobel prize has been awarded to various scientists for their discoveries. 

YOU MUST KNOW 

1. Contributions of Robert Koch, Louis Pasteur, Joseph Lister and Paul Ehrlich. 

2. Koch's postulates and Koch's phenomenon. 

STUDY QUESTIONS 

1. Write short notes on: 
(a) Robert Koch 
(c) Koch's postulates 
(e) Paul Ehrlich 

(b) Louis Pasteur 
(d) Koch's phenomenon 

MU TIPLE CHOICE QUESTIONS (MCQs) 

1. Who is known as the Father of Microbiology? 
(a) Paul Ehrlich (b) ,oseph Lister ( c) Louis Pasteur 

2. Who introduced the techniques of sterilisation? 
(a) Robert Koch (b) Louis Pasteur (c) John Needham 

3. The term vaccine was coined by: 
(a) Louis Pasteur (b) Robert Koch (c) Joseph Lister 

4. Who introduced methods of obtaining bacteria in pure cultures using solid media? 

(d) Kitasato 

( d) Joseph Lister 

( d) Edward Jenner 

(a) Robert Koch (b) Louis Pasteur (c) Joseph Lister (d) Paul Ehrlich 

5. Who discovered Mycobacterium tuberculosis? 
(a) Louis Pasteur (b) Robert Koch ( c) Loeffler 

6. Who is known as the 'Father of Chemotherapy'? 
(a) Robert Koch (b) Louis Pasteur (c) Paul Ehrlich 

7. Who proposed 'side chain theory' of antibody production? 
(a) Paul Ehrlich (b) Edward Jenner (c) Robert Koch 

8. Who introduced vaccination method for prevention of small pox? 
(a) Edward Jenner (b) Joseph Lister (c) Robert Koch 

9. Which is the first human disease proved to be of viral origin? 
(a) Japanese encephalitis (b) Yellow fever (c) Dengue 

Answers (MCQs): 

1. (c) 
6. (c) 

2. (b) 
7. (a) 

3. (a) 
8. (a) 

4. (a) 
9. (b) 

---++¥---

(d) Yersin 

(d) Joseph Lister 

(d) Joseph Lister 

(d) Louis Pasteur 

( d) Small pox 

5. (b) 



Chapter 2 

MICROSCOPY AND MORPHOLOGY OF BACTERIA 

I. Introduction 

II. Microscopy 

A. Optical or Light Microscope 

C. Dark Field (Dark Ground) Microscope 

E. Fluorescent Microscope 

Ill. Study of Bacteria 

A. Unstained (Wet) Preparations 

C. Morphology of Bacteria 

B. Phase Contrast Microscope 

D. Interference Microscope 

F. Electron Microscope 

B. Stained Preparations 

D. Bacterial Anatomy 

I. INTRODUCTION 
Microorganisms are living structures of microscopical 
size. These were originally classified under plant and 
animal kingdoms. This classification proved unsatisfactory, 
therefore, a third kingdom Protista was formed. 

Table 2.1 Differences between Prokaryotic and 
Eukaryotic Cell s 

Protista 
It is divided into two groups- prokaryotes and eukaryotes 
(Table 2.1). 

l. Eukaryotes 
Fungi, algae (except blue green algae), protozoa and slime 
moulds are included in this group. 

2. Prokaryotes 
Bacteria and blue green algae belong to this group. 
Bacteria are unicellular without any true branching 
except in the higher bacteria (Actinomycetales). They 
don't contain chlorophyll but in contrast blue green algae 
possess chlorophyll. 

Bacteria 
The size of bacteria is measured in unit of a micron 
(micrometre). 
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Structure 

Nucleus 

Nuclear membrane 

Nucleolus 

Chromosome 

Prokaryotes 

Absent 

Absent 

One 

Deoxyribonucleoprotein Absent 

Division By binary 
fission 

Cy toplasm 

Mitochondria, Golgi All are absent 
apparatus, Lysosomes, 
Pinocytosis, Endoplasmic 
reticulum 

Chemical Composition 

Sterols Absent 

Muramic acid Present 

Eukar yotes 

Present 

Present 

More than 
one 

Present 

By mitosis 

All are 
present 

Present 

Absent 
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1 micron (µ) or micrometre (µm) = 1/1000 
millimetre 

1 millimicron (mµ) or nanometre (nm) = 1/1000 µm 
(micron) or one millionth of a millimetre 

1 Angstrom unit (A 0
) = 1/10 nm (nanometre) 

Bacteria of medical importance measure 2-5 µm (L) 
x 0.2-1.5 µm r.:w). The resolution power of an unaided 
eye is about 200 microns. Bacteria, being much smaller 
than the resolution limit, can be visualised only under 
magnification. Hence, the study of bacteria requires the 
use of microscopes. 

II. MICROSCOPY 

Microscopy is done for following purposes: 
1. magnification of an object 
2. maximisation of resolution 
3. optimisation of the contrast between structures, 

organisms and background. 
The following types of microscope are being employed 

for the study of bacteria. 

A. Optical or Light Microscope 
The light microscope contains a light source and a 
compound lens system. The lens system consists of a 
number of objective lenses in conjunction with a fixed 
(usually XlO), ocular (eye piece) lens. Light microscopes 
are equipped with objective lenses of low power (XlO), 
high power (X40) and oil immersion (Xl00), which will 
result in final magnifications, in conjunction with the 
ocular lens, of Xl00, X400, and Xl,000, respectively. 
Besides magnification, resolving power is another essential 
component of microscopy. Resolving power is the ability 
of the lens system to distinguish two objects as separate, 
rather than one. Resolving power is dependent on the 
wavelength of the light used to illuminate the object and 
the numerical aperture of the microscope. Numerical 
aperture is defined as a light gathering power of microscope. 
Resolution power can be optimised through proper use 
of the condenser, which focuses light into the plane of 
the object. The commonly used condensers can produce 
a numerical aperture of 1.25. Resolution power can be 
further increased by adjusting the medium through which 
light passes between the object and the objective lens. 
Special oils, termed immersion oils, have a refractive index 
similar to glass, thus, use of these oils permit more light 
to be incorporated in the image resulting in improving 
the resolution power. Visualisation of bacteria generally 
requires the use of immersion oil with Xl00 objective. This 
combination results in resolution of approximately 0.2 
microns. However, X40 objective is used for examination of 
wet preparations e.g. hanging drop, stool for ova and cyst. 

Unit I: General Microbiology 

B. Phase Contrast Microscope 
Phase contrast microscopy improves the contrast and 
makes evident the internal structures of cells which differ 
in thickness or refractive index. The different parts of 
a cell and its surrounding medium have got differept 
refractive indices. When rays of light are passed through 
an object, they emerge in different phases depending on 
the difference of the refractive indices between the object 
and its surrounding medium. A special optical system 
(special condenser and objective lens) converts difference 
in phase into difference in intensity of light, producing 
light and dark contrast in the image. A light microscope 
can be converted into phase contrast microscope by using 
a special condenser and objective lens. 

C. Dark Field (Dark Ground) Microscope 
Reflected light is used instead of the transmitted light 
used in the light microscope. A dark field condenser with 
a circular stop is fitted with a light microscope. This 
condenser lens system is arranged in such a way that no 
light reaches the eye, unless reflected from the object. The 
object or bacterium appears self-luminous against a dark 
background. The contrast gives an illusion of increased 
resolution, so that extremely slender organisms such as 
spirochaetes, not visible under ordinary microscope, can 
be seen under the dark field microscope. 

D. Interference Microscope 
It is useful for revealing cell organelles and for quantitative 
measurements of the chemical constituents of cell such 
as, lipids, proteins and nucleic acids . 

.;---.sM ~3 
E. Flu~ scent Microscope 
Fluorescence is a phenomenon that occurs when an object 
is impacted by a given wavelength of light and emits 
light at a wavelength longer than the one to which it was 
exposed. In fluorescent microscope, specimens are exposed 
to a light of shorter wavelength (ultraviolet light), which 
results in emission of longer wavelength visible light. Due 
to shorter wavelength of UV light, the resolving power 
can be proportionately extended. Bacteria stained with 
fluorescent dye (e.g. auramine, rhodamine) become visible 
as brightly glowing objects in a dark background. 

á o y has also been ~d 
fo detect-c--io_n_o-.i--~ á en direct fluorescent antibody 
technique) an antibo ie (indirect fluorescent antibody 
methods). The.,c--,u.=t-tIUuS are described in Chapter 14. 

F. Electron Microscope 
A beam of electrons is employed instead of the beam of 
light used in optical microscope. The electron beam is 
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focussed by circular electromagnets (magnetic condenser), Common Staining Techniques 
which are analogous to the lenses of light microscope. I. Simple stains 
The wavelength of electrons is approximately 0.005 nm, Basic dyes such as methylene blue or basic fuchsin 
as compared to 500 nm with visible light. The resolving are used as simple stains. They provide the colour 
power of any microscope is directly related to the contrast, but impart the same colour to all the 
wavelength, thus, the resolving power of the electron bacteria in a smear. 
microscopes should be theoretically 100,000 times that 2. Negatfre staining 
of light microscopes but in practice, it is about 0.1 nm. Bacteria are mixed with dyes such as India ink or 

Shadow casting is an important technique in electron nigrosin. The background gets stained and unstained 
microscopy. This is achieved by depositing a thin layer bacteria stand out in contrast. This is very useful in 
of metal (e.g. platinum) on the object. Such metal- the demonstration of bacterial capsules which do 
coated object held in the path of the beam, scatters the not take simple stains. 
electrons and produces an image which is focussed on a 3. Impregnation 111etliods 
fluorescent viewing screen. Another technique in studying Bacterial cells and structures that are too thin to be 
the fine structures of the object is negative staining with seen under the light microscope, are thickened by 
phosphotungstic acid. impregnation of silver on the surface to make them 

The scanning electron microscope is a recent visible e.g. demonstration of bacterial flagella and 
development which provides a higher resolution and spirochaetes. 
three dimensional image of the object. 4. Differential stains 

Although the substantial increase in resolution power They impart different colours to different bacteria or 
of electron microscope has led to significant discoveries, bacterial structures. The most commonly employed 
a major disadvantage is the inability to examine living differential stains are the Gram stain, the acid-fast 
cells. A method introduced to overcome this disadvantage t? ,,,stain and the Albert stain. 
is freeze-etching. This method involves rapid cooling ! J;;_c' L 111 
of specimens by deep-freezing in liquid gas and the GRAM STAIN 
subsequent formation of carbon-platinum replicas of It is the most widely used stain in bacteriology. The 
the material. Since such frozen cells may remain viable, stain was originally devised by the histologist Christian 
it enables the study of cellular ultra structure as it appears Gram (1884) as a technique of staining bacteria in 
in the living state. tissues. Nowadays, modification of original Gram stain 

Electron microscopy is especially used for rapid is used. 
detection of viruses in clinical samples. It is particularly 
useful for detecting non-cultivable viruses. Ultrastructural 
study of various microorganisms may also be done by 
this method. 

III. STUDY OF BACTERIA 

A. Unstained (Wet) Preparations 
Unstained preparations are examined mainly for 
bacterial motility ( e.g. hanging drop preparation) and 
for demonstration of spirochaetes ( e.g. dark ground 
microscopy). 

B. Stained Preparations 
Structural detail of bacteria cannot be seen under light 
microscope due to lack of contrast. Hence it is necessary 
to use staining methods to produce colour contrast. 

Smear made from bacterial culture or specimen is first 
dried and then fixed with heat by flaming the slide from 
underneath. Heat kills and fixes the bacteria on slide due 
to coagulation of bacterial proteins. The fixed smear is 
stained by appropriate staining technique. 

Method 
1. Heat fixed smear of specimen or bacterial culture 

is stained w1th..c.crysta.J3iolet (prima;y stain) for one 
_minu~. Other pararosaniline dyes such as gentian 
violet or methyl violet may also be used as primary 
stain. 

2. Pour Gram's iodine (dilute solution of iodine) over 
the slide for one min_!!):e. 

3. smear with water. 
4. Decolourise with a"-.etone for 10-30 seconds. Alcohol 

can be substituted for acetone. 
5. Wash~with water. 
6. Counterstain with a dye safrnnin for 30 seconds. 

Dilute carbol fuchsin ~r neutral red may also be 
used as counterstain. 

Differentiation on Gram Staining 
Two broad groups 
- Gram positive 
- Gram negative 
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Gram positi ve 
- resist decolourisation and retain the colour of primary 

stain i.e. vj olet 
Gram negative 
- are decolourised by acetone/alcohol and, therefore, 

take counterstain and appear red. 
~G,.- ,...~,.,.,.,.. 

Mechanism of Gram Staining .-
The exact mechanism is not understood. It may, however, 
be attributed to following. 
1. Permeability of bacterial cell wall and 

cytoplasmic membrane 
The Gram positive cells have a more acidic pratapla.srn, 
which accounts for retaining the basic dye more strongly 
than the Gram negative bacteria. Iodme makes the 
protoplasm more a~rves as mordant, i.e. iodine 
combines with dye to form a dye-iodine 'Complex and 
fixes the dye in bacterial cell. The Gram positive cell wall 
or cytuptasnuc membrant: being less permeable, the dye-
iodine complex gets trapped within the cell. The Gram 
negative cell wall has increased permeability to acetone 
or alcohol, permitting the outflow of complex during 
decolourisaton. This is not all-or-none phenomenon. The 
Gram positive cells may be decolourised by prolonged 
treatment with acetone/alcohol. In contrast, inadequate 
decolourisation may cause cells to appear Gram 
positive. 

2. Integrity of cell wall 
The integrity of the cell wall is essential for a positive 
stain. The Gram positive bacteria become Gram negative 
when cell wall is damaged. 

ACID-FAST STAIN (ZIEHL-NEELSEN STAIN) 
The acid-fast stain was discovered by Ehrlich and 
subsequently modified by Ziehl and Neelsen. Staining 
of Mycobacteria (usuall y tubercle and lepra bacilli) is 
done by this technique. 

Method 
1. The carbol fuchsin stain is poured on a slide containing 

fixed smear. Gentle heat is applied to the underside 
of the slide, by means of a spirit flame, until the 
stain just commences to steam. The carbol fuchsin 
is left on the slide for 5-10 minutes with intermittent 
heating during that period. Care must be taken to 
ensure that the stain does not dry out, to counteract 
drying more solution of stain is added to the slide 
and the slide reheated. Heating of the stain is required 
for penetration of the dye into the cell wall . 

2. Wash in tap water. 
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3. The stained smear is decolourised with 20% sulphuric 
acid and washed with water. This step should be 
repeated till the pink/red colour stops coming out. 
In case of lepra bacilli 5% sulphuric acid is used as 
M. /eprae is less acid-fast. Another alternative for 
decolourisation is acid-alcohol (3 ml HCl and 97 ml 
ethanol). 

4. The smear is counterstained with 2% methylene 
blue for 1-2 minute. Malachite green can also be 
used as counterstain instead of methylene blue. 

5. Wash with water and air dry. 

Microscopic Examination of the Smear 
Acid-fast bacilli appear red (colour of carbol fuchsin) in 
blue (colour of methylene blue) background of pus cells 
and epithelial cells. 

Principle 
Acid-fastness is due to the high content of lipids, fatty 
acids and higher alcohols found in the cell wall of 
mycobacterium. Mycolic acid (a wax), acid-fast in the 
free state, is found in all acid-fast bacteria. Besides lipid 
contents, acid-fastness depends also on the integrity of 
the cell wall . 

ALBERT'S STAIN 
Staining of Corynebacteria ( Corynebacterium diphtheriae 
and other corynebacteria is done by this technique. 

Method 
1. The smear is heated gently by flaming the slide from 

underneath. It will fix the smear. Do not overheat. 
2. Cover the smear with Albert I (Albert's stain) for 5 

minutes. 
3. Drain off the whole stain without washing. 
4. Pour Albert II (iodine solution) over the smear so 

as to cover it completely, leave it for 2 minutes. 
5. Drain off the Albert II solution without washing. 
6. Blot dry the smear with the help of filter paper. 

Reagents 
A. Albert I or Albert stain 

1. Toludine blue 
2. Malachite green 
3. Glacial acetic acid 

.. 0.15 gm 

.. 0.20 gm 
1 ml 

4. Alcohol (95 per cent ethanol) .. 2ml 
100 ml 5. Distilled water to make 

B. Albert II or Albert's iodine solution 
1. Iodine 2 gm 
2. Potassium iodide 3 gm 
3. Distilled water to make 300-ml 
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Microscopic Examination of the Smear 
Corynebacterium diphtheriae appear as green coloured 
bacilli with bluish black metachromatic granules. These 
bacilli are arranged in Chinese letter or cuneiform 
arrangement. 

+.J.!dJ!:1-.. 
C. Morphology of Bacteria 
Depending on their shape, bacteria are classified into 
several types f- g 2 ): 

1. Cocci (from kokkos, meaning berry): These are oval 
or spherical cells. These cocci may be arranged in 
pairs (diplococci), chains (streptococci), clusters 
(staphylococci) and groups of four (tetrads) or eight 
(sarcina). 

2. Bacilli (bacillus, meaning rod): These are rod shaped 
cells. Some of these bacilli may be having peculiar 
arrangement or shape as follows: 

(i) Cocco bacilli- length of bacteria is approximately 
same as its width e.g. Brucella. 

(ii) Streptobacilli- These bacilli are arranged in 
chains e.g. Streptobacillus. 

(iii) Chinese letter or cuneiform pattern-arranged 
at angles to each other e.g. Corynebacterium. 

(iv) Comma-shaped- curved appearance e.g. Vibrio. 
(v) Spirilla- rigid spiral forms e.g. Spirillum. 

3. Spirochaetes (from spiera meaning coil; chaite 
meaning hair): These are slender, flexous spiral forms 
e.g. Treponema. 

4. Actinomycetes (from actis, meaning ray, mykes 
meaning fungus): These are branching filamentous 
bacteria resembling fungi. They have a rigid cell 
wall. 

5. Mycoplasmas: These bacteria are cell wall deficient 
and hence do not possess a stable shape. They may 
occur as round or oval bodies and as interlacing 

'!?~ I Cocci I ,,., f( ,.,,. 

filaments. They are very small in size (50-300 nm in 
diameter). They can reproduce in cell-free medium. 

6. Rickettsiae and Chlamydiae: These are very small, 
obligate parasites. Due to their inability to grow 
outside li ving cells, they were previously considered 
as viruses. Now they are classified as bacteria because 
of typical bacterial cell wall, possession of various 
bacterial enzymes and structural similarities with 
bacteria. 

D. Bacterial Anatomy 
The outer layer or cell envelope of a bacterial cell consists 
of two components-
1. a rigid cell wall. 
2. underlying cytoplasmic or plasma membrane. 

The cell envelope encloses the protoplasm which 
comprises cytoplasm, cytoplasmic inclusions (mesosomes, 
ribosomes, inclusion granules, vacuoles) and a single 
circular chromosome of deoxyribonucleic acid (DNA) 
(Fig. 2.2). Besides these essential components, some 
bacteria may possess additional structures, such as, 
capsule, flagella and fimbriae. 

1. THE CELL WALL (TABLE 2.2) 
The cell wall is a tough and rigid structure, surrounding 
the bacterium like a shell. It weighs about 20-25% of the 
dry weight of the cell. The thickness of Gram negative cell 
wall is 10-25 nm. The cell wall has following functions: 

1. Accounts for the shape of the cell. 
2. Provides protection to the cell against osmotic 

damage. 
3. Confers rigidity upon bacteria. 
4. It takes part in cell division. 
5. It possesses target site for antibiotics, lysozymes and 

~\JJ~ 
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Bacilli Coccobacilli Bacilli in chains Comma shaped Chinese letter pattern 

Fig. 2.1 Shapes and different arrangements of bacteria 
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-- 1 
Flagellum --

///--Pili 

Fig. 2.2 Bacterial cell 

bacteriophages. It carries bacterial antigens that are 
important in virulence and immunity. 

Table 2.2 Differences between Cell Wall of Gram positive 
and Gram negative Bacteria 

Character Gram positi ve Gram negati ve 

Thickness Thicker Thinner 

i:,:ripl ~ c s~ Absent Present 

Lipids Absent or small Present 

Teichoic acid Present Absent 

Peptidoglycan 16-80 nm 2nm 

The rigid part of the cell wall is a peptidoglycan 
which is a mucopeptide (murein) composed of N-acetyl 
murarnic acid and N-acetyl glucosamine molecules 
alternating in chains, cross linked by peptide subunits 
(Fig. 2.3). The cell walls of Gram positive bacteria have 
simpler chemical nature than those of Gram negative 
bacteria. 

(i) Gram-negative Cell Wall 
The Gram negative cell wall is a complex structure with 
th ollowing components (Fig. 2.4). 

Lipoprotein layer: It connects the peptidoglycan to 
outer membrane. 

(b) Outer membrane: rtain proteins 

,----+-4- Ribosomes 
Cell wall 

N-acetyl muramic 
-l-l-4..r<. .. -H-l-t,--1...-H 4-1,.L acid 

N-acetyl 
glucosamine 

Fig. 2.3 Chemical structure of bacterial cell wall 

named as outer membrane proteins (OMP). These are 
target sites for phages, antibiotics and bacteriocins. 

(c) Lipopolysaccharide (LPS): This layer consists of 
lipid A, to which is attached a polysaccharide. LPS 
constitutes th~of gram-negative bacteria. 
The polysaccharide determines a major surface 
antigen, the O antigen. The toxicity (pyrogenicity, 
lethal effect, tissue necrosis) of bacteria is associated 
with lipid A. 

(d) The periplasmic space: It is the space in between 
the inner and outer membranes. It contains various 
binding proteins for specific substrates. 
Peptidoglycan. 

Teichoic acid 

L f i Lipopolyic~de --

Gram positive Gram negative 

Fig. 2.4 Structure of Gram positive and Gram negative bacterial cell wall 
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(ii) Gram-positive Cell Wall 
(a) Peptidoglycan: This layer in Gram positive bacteria 

is thicker (16-80 nm) than that in Gram negative 
bacteria (2 nm) (Fig. 2.4). 

(b) Teichoic acid: Gram positive cell wall contains 
significant amount of teichoic acid which is absent in 
Gram negative bacteria. The teichoic acids constitute 
major surface antigens of Gram positive bacteria. 
They are water soluble polymers, cont~ining ribitol 
or glycerol polymers. Teichoic acids are of two types, 
cell w~id and me~acid. 
The cell wall teichoic acid is covalently linked to 
pept'ictoglycan; and tne membra¡ile te1choic acid to 
cytoplasmic membrane. 

(c) Other components: Certain Gram positive 
cells also contain antigens such as protein and 
polysaccharides. 

Demonstration of Cell Wall 
The cell wall cannot be seen by light microscope and 
does not stain with simple dyes. Demonstration of cell 
wall can be done by following methods: 
(a) Plasmolysis- When bacteria is placed in a hypertonic 

saline, shrinkage of the cytoplasm occurs, while cell 
wall retains original shape and size. 

( b) Microdissection 
(c) Differential staining 
(d) Reaction with specific antibody 
( ~) Electron microscopy. 

Bacteria with Defective Cell Wall 
The synthesis of cell wall may be inhibited or interfered 
by many factors such as, antibiotics, bacteriophages and 
lysozyme. Lysozyme, an enzyme normally present in many 
tissue fl uids, lyses susceptible bacteria by splitting the 
linkage of peptidoglycan in the cell wall. When lysozyme 
acts on a Gram positive bacterium in a hypertonic solution, 
a protoplast is formed. In case of Gram negative bacteria, 
the result is a spheroplast. Bacteria with defective cell wall 
may probably have a role in the persistence of certain 
chronic infections such as pyelonephritis. Bacteria without 
cell wall s or with deficient cell walls are of four types: 

(i) Mycoplasma: This is a naturally occurring bacteria 
without cell walls. Mycoplasma is classified as an 
independent bacterial genus. They don't require 
hypertonic environment for maintenance and are 
stable in culture medium. 

(ii) L -forms: Kleineberger-Nobel, while studying 
Streptobacill us moniliformis in the Lister Institute, 
London, observed abnormal forms of the bacteria and 
named them L-forms after the Lister Institute. 
L-forms develop either spontaneously or in the 

presence of penicillin or other agents that interfere 
with synthesis of cell wall. These are difficult to 
cultivate and require agar containing solid medium 
having right osmotic strength. L-forms are sometimes 
spontaneously formed in patients treated with 
penicillin. L-forms are more stable than protoplasts 
and spheroplasts. 

(iii) Protoplasts: These are derived from Gram positive 
bacteria. They contain cytoplasmic membrane and 
cell wall is totally lacking. These are produced 
artificially by lysozyme in a hypertonic medium. 
These are unstable. Hypertonic condition is necessary 
for their maintenance. 

(iv) Spheroplasts: These are derived from Gram negative 
bacteria. They are produced in presence of penicillin. 
They are osmotically fragile and must be maintained 
in hypertonic culture medium. They differ from 
the protoplast in that some cell wall material is 
retained. 

Pleomorphism and Involution Forms 
Certain species of bacteria which exhibit great variation in 
shape and size of individual cells are called pleomorphism. 
Some bacteria show swollen and aberrant forms in ageing 
laboratory cultures and are known as involution forms. 
Defective cell wall synthesis is often responsible for 
development of these two abnormal forms. 

2. CYTOPLASMIC MEMBRANE 
It is 5-10 nm thick elastic semipermeable layer which lies 
beneath the cell wall separating it from the cell cytoplasm 
(Fig. 2.2). Electron microscopy shows the presence of 
three layers constituting a unit membrane. Chemically, 
it consists of lipids and protein molecules. Sterols are 
absent, except in mycoplasma. 

Cytoplasmic membrane act as an osmotic barrier. 
It is the site of numerous enzymes (permease, oxidase, 
polymerase) involved in the active transport of selective 
nutrients. It acts as a semipermeable membrane controlling 
the inflow and outflow of metabolites to and from the 
protoplasm. It also contains cytochrome oxidase, enzymes 
of tricarboxylic acid cycle and enzymes necessary for the 
cell wall synthesis. 

3. CYTOPLASM 
The bacterial cytoplasm is a colloidal system containing 
a variety of organic and inorganic solutes in a viscous 
watery solution. It lacks mitochondria and endoplasmic 
reticulum of eukaryotic cell. It contains ribosomes, 
mesosomes, vacuoles and inclusions. The cytoplasm stains 
uniformly with basic dyes in young cultures. 

l 



(i) Ribosomes 
These are the centres of protein synthesis. These are 
composed of ribosomal RNA (rRNA) and ribosomal 
proteins. Ribosomes are integrated in linear strands of 
mRNA to form polysomes and it is at this site that code 
of mRNA is translated into peptide sequences. They 
arel0-20 nm in size with a sedimentation constant of 
70 S (S for Svedberg units). Each 70 S unit consists of 
a 30 S and a 50 S subunit. 

(ii) Intracytoplasmic inclusions 
These are sources of stored energy and present in some 
species of bacteria. Their function and significance is 
uncertain. They may be present as polymetaphosphate 
(volutin), lipid , polysaccharide (starch or glycogen) and 
granules of sulphur. They are most frequent in bacteria 
grown under conditions of nutritional deficiency and 
disappear when the deficient nutrients are supplied. 

(iii) Mesosomes (chondroids) 
Mesosomes are vesicular, multilaminated or convoluted 
structures formed as invaginations of the plasma 
membrane into the cytoplasm (Fig. 2.2). They are the 
principal centres of respiratory enzyme and are analogous 
to mitochondria of eukaryotes. These are more prominent 
in Gram positive bacteria. There are two types of 
mesosomes- septal and lateral. The septa! mesosome 
is attached to bacterial chromosome and is involved in 
DNA segregation and in the formation of cross-walls 
during binary fission. 

4. NUCLEUS 
Bacterial nucleus has no nuclear membrane or nucleolus. It 
cannot be demonstrated by ordinary microscope but needs 
an electron microscope. The nuclear deoxyribonucleic acid 
(DNA) doesn't appear to contain any basic protein. The 
genomic DNA is double stranded in the form of a circle. 
It measures about 1 mm (1000 µm) when straightened. 
The bacterial DNA is haploid, replicates by simple fission 
and maintains bacterial genetic characteristics. 

Some bacteria may possess extranuclear genetic 
material in the cytoplasm consisting of DNA named 
as plasmids or episomes. The plasmid replicates 
autonomously. They are not essential for the life of the 
cell, but may confer on the bacteria certain properties, 
such as drug resistance and toxigenicity which constitute 
a survival advantage to the bacteria. These plasmids can 
be transmitted from one bacterium to another either by 
conjugation or by the agency of bacteriophage. Besides 
these methods, plasmids may be transferred to daughter 
cells during cell division by binary fission. 

Tnt~ l+llJW:.;i,W,).U,l,-VIás cid bacterial secretion which 
surrounds some bacteria as their outermost layer (Fig. 
2.2). When it diffuses into the surrounding medium 
and remains as a loose undemarcated secretion as in 
Leuconostoc, it is known as slime layer. When this 
secretion is organised into a sharply defined structure, 
as in Stre tococcus pneumoniae (pneumococcus), it is 
known as the capsule. Capsules which are very thin and 
cannot be demonstrated under the light microscope are 
ca11ed microcapsules e.g. Nezsserza meningitidis. The slime 
layer or capsule is generally-polysacchanae in nature but 
it is polypeptide in anthrax bacillus. Some bacJeria may 
have both a capsule and a slime layer (e.g. Streptococcus 
salivarius). Bacteria like Klebsiella secreting large amount 
of slime produces mucoid growth on agar, with a stringy 
consistency when touched with the loop. 

Functions 
(i) Capsule enhances bacterial virulence by inhibiting 

phagocytosis. Loss of capsule may render the 
bacterium avirulent. Bacteria tend to lose capsules 
on re ea ures. 

(ii) It acts as protective co yerj.g,g against antibacterial 
substances such as, bacteriophages, phagocytes, 
enzymes. 

(iii) Capsular antige is specific for bacteria and can be 
used for identification and typing of bacteria. 

Capsulated Organisms 
Streptococcus pneumoniae, Klebsiella sp., Bacillus anthracis, 
Haemophilus infiuenzae, Cryptococcus neoformans ( a 

fungus) . 

Demonstration of Capsule 
Capsule has little affinity for ~asic dyes, therefore, it can't 
be stained by Gram staining. The following methods have 
been used for demonstration of capsule. 

á ndia ink staining (negative staining) 
Capsule appears as a clear halo around bacterium as the 
i~ can't penetr~te the capsule (Fig. 2.5). 

Capsule 

Fig. 2.5 Pneumococci stained with India ink to show capsule 
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(ii) Serological methods 
Capsular material is antigenic and can be demonstrated 
by mixing it with a specific an,ticapsu}p.r serum. When 
a suspension of capsulated bacterium is mixed with its 
specific anticapsular serum and examined under the 
microscope, the capsule appears 'swollen' due to increase 
in its refractivity. This phenom?n'on &called as capsule 
swelli~ion or Quellung phenomenon. This is 
also named as Neufeld reaction after the person who 
described it. This was widely employed for the typing 
of pneumococci. 

different. Specific flagellar antibodies are produced in 
high titres in response to antigenic stimulation of flagella. 
These antibodies are useful in serodiagnosis but are not 
protective. 

Arrangement/Types (Fig. 2.7) 
~onotrichous- Single polar flagellum (at one end) 

e.g. Vibrio cholerae. 
_0l.Amphitrichous-Single flagellum at both the ends 

e.g. Alcaligenes faecalis . 
.Jjiir Lophotrichous-Tuft of flagella at one or both ends 

e.g. Spirilla. 
(iii) Special capsule staining -fWY Peritrichous-Flagella arranged all round the cell 
These techniques employ copper salts as mordants for e.g. Salmonella typhi . 
staining of capsule. 

.. :e.s.3 
6. FLAGELLA 

I 
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Flagella are c)'.!cn;ilasmic appendages protruding through 
cell wall. These are thread like structures composed of 
a protein (flagellin), 5-20 µm in length and 0.01-0.02 
µm in diameter. They are organ of locomotion. All 
motile bacteria, except spirochaetes, pos~ess one ~ r more 
flagella. 

Parts and Composition 
Each flagellum consists of three parts (Fig. 2.6). 

(i) filament _. 
(ii) hook -

(iii) basal body 
Tlie filamentJies external to the J;cl.l and is connected 

to the h~bk at the cell surface. The hook-basal body 
portion is embedded in the cell envelope. The basal body 
contains outer and inner rings by which the basal body 
is attached to the cytoplasmic membrane. Outer rings 
are absent in Gram positive bacteria. 

The flagella is made up of protein...(fggcllin) which 
is s~ilar to myosin. Although chemical composition of 
diffhent genera of bacteria is similar, they are antigenically 

Fig. 2.6 Structure of bacterial flagellum 

./´..,3/vJ 
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F lagella are about 0.02 µmin thickness and hence beyond 
the resolution limit of the light microscope. The following 
methods are used for its demonstration: 

(i) DarJs.,grouJ}d illumination. 
(ii) Special staining techniques in which tlii9kness of 

flagella is increased by mordanting. 
(iii) Electro ti ,mic " copy. -(iv) Indirect methods by which motility of bacteria can 

be seen or demonstrated. 
(a) Spreading type of growth on a medium e.g. 

swarming growth of Proteus sp. 
(b) Motility under the microscope e.g. hanging drop 

preparation. 
,.-

Monotrichous 

Amphitrichous 

Lophotrichous 

Peritrichous 

Fig. 2.7 Arrangement of flagella 

"Y\ ,, 
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( c) Spreading of bacteria 
Craigie's tube metl!Q.d. 

in semisolid agar e.g. 

--7. FIMBRIAE 
'l'hese are hair-like. appendages projecting from the cell 
surface as shaight filaments. They are also called pil" 
They are 0.1 to 1.0 µm in length and less than 10 nm 
thick (shorter and thinner than flagella). Fimbriae are 
found in some Gram negative bacteria. Each bacterium 
possesses 100-500 fimbriae peritrichously. They are more 
numerous than flagella. They are antigenic. They are best 
developed in freshly isolated strains an m 1quid cultures. 
They tend to disappear when subcultures are made on 
solid media. Fimbria is composed of protein called pilin. 
They are unrelated to motility and are found on motile 
as well as non-motile bacteria. 

Types 
There are three main types of fimbriae. 

(!),Common pili - These are of six types depending 
/ on their morphology, number per cell, adhesive 

properties and antigenic nature. 
(u) Sex or F (fertility) pili 
iii) Col I ( colicin) pili 

Functions 
(i) Adhesion- Fimbriae are or a esion. This 

property e9hances th virulence f bacteria. 
(iz) Transfer of genetic mate á - ex pili are present in 

male bacteria. 'these p1h a?e"longer (18-20 µm) and 
1-4 in number. They help the male cells to attach 
with non-male (female) cells in forming "conjugation 
tubes" through which genetic material is believed to 
be transferred from the donor (male) to the recipient 
(female) cell. 

Detection of Fimbriae / 
(i) Electron microscopy. 

(ii) ,Haemagglutination- Many fimbriated bacteria ( e.g. 
7 ~erichia coli, Klebsiella) strongly agglutinate red 

blood~ells of guin~~' fowl , horses and pigs; 
human and sheep ce ls weakly and ox cells scarcely. 
This property of haemagglutination is a simple 
method for detecting the presence of fimbriae. The 
haemagglutination can be specifically inhibited by 
D-mannose. .5.3 5 (V) 

.. 
~ TERIALSPORE 

Spores are highly resistant resting stage formed in 
urµavourableenvironmental conditions presumed to 
related to the depletion of exogenous nutrients. As bacterial 

r s porrQ__,,c.- \ f>~ 
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spores are formed within the parent cell, these are called 
endospores. Sporulation is not a method of reproduction. 
In the process of sporulation, each vegetative cell forms 
only one spore and during subsequent germination, each 
spore gives rise to only one vegetative bacterium. 

Sporulation (Fig. 2.8) 
Bacterial cell undergoes spore formation in nutritionall 
de rived conditions and this process is called sporulation. 
Spore develops from a portion of protoplasm (forespore) 
near one end of the cell. The remaining part of cell is 
called sporangium. Bacterial DNA replicates and divides 
into two DNA molecules. One of these is incorporated 
into forespore and other into sporangium. A transverse 
septum grows across the cell from the cell membrane. 
It divides forespore and sporangium. The forespore is 
completely encircled by this septum as a double layered 
membrane. The inner layer becomes the spore membrane 
and the outer layer becomes thickened spore coat. Between 
the two layers is spore cortex. 

Morphology of Spore 
The clear area in the protoplasm of cell becomes 
gradually more opaque with condensation of nuclear 
chromatin forming the forespore. The cell membrane 
grows inward and forms spore wall around the core 
(forespore). The inner-most layer of the spore wall forms 
the spore membrane from which the cell wall of future 
vegetative bacterium develops. Outside this membrane 
is thick layer, the cortex and a multilayered tough spore 
coat. Some spores _have an additional apparently rather 
loose, outercovering called exosporium (Fig. 2.9). 

Shape and Position of Spores 
The precise position, shape and relative size of spore 
are constant within a particular species. Spores may be 
central, subterminal or terminal (Fig. 2.10). They may be 
oval or spherical in shape. The diameter of spore may be 
same or less than the width of bacteria (Bacillus), or may 
be wider than the bacillary body producing a distension 
or bulge in the cell ( Clostridiufn ). 

Resistance 
Bacterial spores are extremely resistant to ordinary 
boiling, disinfectants and heating. The high resistance 
of s á due to hi content o calcium nd dipicolinic 
acid; low water content; he thick impervious cortex and 
spore coats; their low metabolic and enzymatic activity. 
However, spores of all medically im ort 
are destroyed áng at 121 ¡C for 
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Sporangium with completely enclosed forespore 

Fig. 2.8 Sporulation 

Fig. 2.9 Structure of bacterial spore 

Methods of disinfection and sterilization should ensure 
destruction of spores also. 

Germination 
The process of conversion of a spore into vegetative cell 
under suitable conditions is known as germination. The 
spore loses its refractivity, and swells when transferred 
to conditions conducive to vegetative growth. The spore 
wall is shed and the germ cell appears by rupturing the 
spore coat. The formation of vegetative bacterium occurs 
by elongation of the germ cell. 

Demonstration 
_09f:am staining Spores appear as an unstained 

refractile body within the cell. 
(ij}Modified áZiehl-Neelsen (ZN) staining- Spores 

appear as acid-fast (red colour). Ziehl-Neelsen 
staining with 0.25-0.5% sulphuric acid (instead of 
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Fig. 2.10 Types of bacterial spores 

KEY POINTS 
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20% sulphuric acid as used in conventional method) 
as decolouring agent is used spore staining. 

Uses of Spores 
Spa certain 
as ándácator for 

of ba teria are employed 
e.g. Bacillus 

stearothermop i us w 1c 1s estro a temperature 
of 121 ¡C for 10-20 minutes (same temperature and time 
as used in autoclaving). These spores may be kept in 
autoclave prior to its use. Absence of the spores after 
autoclaving indicates proper sterilisation. 

Spore Forming Bacteria 
Obligate aerobes- genus Bacillus e.g. B. anthracis and 
B. subtilis 

Obligate anaerobes- genus Clostridia e.g. Cl. tetani, 
Cl. welchii, Cl. botulinum 

Both Bacillus and Clostridia 
bacilli . 

-- ~ -fan~ 
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1. Microorganisms are living structures of microscopical size. They belong to prokaryotes. 

2. Microscopy can be done to observe these microorganisms. 

3. Unstained (wet) and stained preparations are examined for the study of bacteria. 

4. Bacteria are either Gram positive or Gram negative on Gram staining. 
5. Broadly bacteria are classified into cocci or bacilli . 

6. Bacterial cell possesses several components such as the cell wall, the cytoplasmic membrane, the cytoplasm, the nucleus, 
the bacterial capsule, the flagella , the fimbriae and the bacterial spore. 

YOU MUST KNOW 

1. Differences between prokaryotes and eukaryotes. 

2. Principles of different microscopes. 

3. Principles of various staining techniques. 
4. Differences between cell wall of Gram positive and Gram negative bacteria. 
5. Bacterial capsule and its functions. 

6. Types of flagell a. 
7. Functions of fimbriae. 

8. Different types of bacterial spores. 

STUDY QUESTIONS 

1. Write short notes on: 
(a) Phase contrast microscope 
(c) Fluorescent microscope 

(b) Dark field microscope 
(d) Electron microscope. 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































