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In the recent past, the world has witnessed the smooth transition
of the ‘quantum state’ of a trapped Ca?* ion to another Ca?* ion via
meticuloudly teleported meansin acriticaly controlled manner thereby
mustering enough hope that in the near future ‘teleportation’ of
individual atoms and molecules would pave the way to teleportation of
molecules and ‘microorganisms'.

“

““Dreams will only help you actualize your goals. | started dreaming
when | was a child.....

| became a scientist because | dreamt’”.
—APJ Abdul Kalam
Hon’ble President of India
7,
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PREFACE

The textbook of ‘Pharmaceutical Microbiology’ specifically aims at the ever demanding
thoughtful need of an absolutely well-documented compilation of factual details related to : theoritical
principles, classifications, diagramatic profiles, graphic presentations, critical explanation, latest examples
for the Pharmacy Degree (B. Pharm.,) throughout the Indian Universities, SAARC-countries, and similar
curricula adopted abroad.

Modern invigorative society, based on the overwhelming and overemphasized broad-spectrum
importance vis-a-vis utilities of ‘Micraobiology’ profusely gets benefited from the intricate species of
scores of microorganismsin several waysand means, namely : antibiotics, vaccines, enzymes, vitamins
etc. Nevertheless, a quantum-leap-forward in the field of ‘M oder n Biotechnology’ rests predominantly
upon reasonably sound microbiological foundation. Besides, microorganisms do modulate a plethora
of vital and critical functionalities, such as : (a) enable completion of cycles of C, O, N and S which
essentially occur in both terrestrial and aquatic systems ; (b) provide absolutely indispensable
components of prevailing ecosystem ; and (c) serve as a critical source of ‘nutrients occurring at the
grass-root of practically alarge segment of ecological food webs and chains.

The entire course-content presented in ‘ Phar maceutical Microbiology’ has been meticulously
and painstakingly devel oped and expanded as per the AICTE-Approved Syllabus-2000. Each chapter
has been duly expatiated in a smple, lucid, and crisp language easily comprehensible by its august
readers. A unique largely acceptable style of presentation has been adopted, viz., brief introduction,
principles, labeled figures, graphics, diagrams of equipments, descriptions, explanations, pharmaceutical
applications, and selected classical examples. Each chapter is duly elaborated with adequate foot-notes,
references, and ‘further reading references’ at the end.

An exhaustive‘ Glossary of Important Microbiological Terminologies hasbeen duly annexed
at the end of the textbook. A fairly up to date computer-generated ‘Index’ in the textbook will surely
enlarge the vision of its readers in gaining an easy access of subject enriched well documented text
materials.

Phar maceutical Microbiology consists of Ten Chapters: (1) Introduction and Scope ;
(2) Structure and Function : Bacterial Cells ; (3) Characterization, Classification and Taxonomy of
Microbes ; (4) Identification of Microorganisms ; (5) Nutrition, Cultivation and Isolation : Bacteria-
Actinomycetes-Fungi-Viruses; (6) Microbial Geneticsand Variations; (7) Microbia Control by Physica
and Chemical Methods ; (8) Sterility Testing : Pharmaceutical Products ; (9) Immune Systems ; and
(10) Microbiological (Microbial) Assays : Antibiotics—Vitamins—Amino Acids.

The text material essentially embodies not only an ample emphasis on the vivid coverage of
fundamental principles of microbiology asascientific discipline but also maintains a manageable length
for the apprehension of brilliant students.

(vii)
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(viit)
Microbial assays for antibictics, vitamins, and amino acids have been treated at length with
sufficient experimental details to enable students, research scholars, and budding scientists to pursue
their objectives in the field of Phar maceutical Microbiology.

Theauthor earnestly believesthat  Phar maceutical Microbiology’ may proveto be of paramount
importance for B. Pharm. (Phar macy Degree), M. Sc., (Food Microbiology), M. Sc., (Microbiology),
and M. Sc., (Environmental Science) students as well.

| extend my sincere thanks to Shri Saumya Gupta, MD and his excellent production wing to have
the project completed in arecord time frame.

Gurgaon Ashutosh Kar
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1

INTRODUCTION AND SCOPE

Introduction
Historical Development of Microbiology — Milestones

Mi

INTRODUCTION

crobiology is the — *scientific study of the microorganisms'.

In fact, microorganism invariably refers to the minute living body not perceptible to the naked
eyes, especially a bacterium or protozoon.

Im

@)
(b)

©
(d)
(€
(f)
©)
(h)

portantly, microorganisms may be carried from one host to another as follows :

Animal Sources. Certain organisms are pathogenic for humans as well as animals and may
be communicated to humans via direct, indirect, or intermediary animal hosts.

Airborne. Pathogenic microorganisms in the respiratory track may be discharged from the
mouth or nose into the air and usually settle on food, dishes or clothing. They may carry
infection if they resist drying.

Contact Infections. Direct transmission of bacteria from one host to another viz., sexually
transmitted diseases (STD).

Foodborne. Food as well as water may contain pathogenic organisms usually acquired from
the handling the food by infected persons or via fecal or insect contamination.

Fomites. Inanimate objects e.g., books, cooking utensils, clothing or linens that can harbor
microorganisms and could serve to transport them from one location to another.

Human Carriers. Persons who have recovered from an infectious disease do remain carri-
ers of the organism causing the infection and may transfer the organism to another host.
Insects. Insects may be the physical carriers, for instance : housefly (Musca domestica), or
act as intermediate hosts, such as : the Anopheles mosquito.

Soilborne. Spore-forming organisms in the soil may enter the body via a cut or wound.
Invariably fruits and vegetables, particularly root and tuber crops, need thorough cleansing
before being eaten raw.

Microbiology is the specific branch of ‘biology’ that essentially deals with the elaborated inves-
tigation of ‘microscopic organisms' termed as microbes, that are composed of only one cell. These are
typically either unicellular or multicellular microscopic organisms that are distributed abundantly both
in the living bodies of plants and animals and also in the air, water, soil, and marine kingdom.

1
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2 PHARMACEUTICAL MICROBIOLOGY |

Interestingly, each and every microbe essentially bear both specific and special characteristic
features that enable it to survive adequately in a wide spectrum of environments, such as : streams,
ponds, lakes, rivers, oceans, ice, water-borne pipes, hot-springs, gastro-intestinal tract (GIT), roots of
plants, and even in oil wells. In general, the microorganisms are usually characterized by very typical
and extremely high degree of adaptability. Microbes are invariably distributed over the entire biosphere*,
lithosphere, hydrosphere, and above all the atmosphere.

One may also define microbiology as — ‘the study of living organisms of microscopic size, that
include essentially bacteria, fungi, algae, protozoa and the infectious agents at the very borderline of
life which are broadly known as viruses.

It is mainly concerned with a variety of vital and important aspects, such as : typical form, inher-
ent structure, reproduction, physiological characteristics, metabolic pathways (viz., anabolism, and ca-
tabolism), and logical classification. Besides, it includes the study of their :

e Distribution in nature,

* Relationship to each other and to other living organisms,
« Specific effects on humans, plants, and animals, and

« Reactions to various physical and chemical agents.

The entire domain of microbiology may be judiciously sub-divided into a plethora of diversified,
well-recognized, and broadly accepted fields, namely :

Bacteriology : the study of organism (bacteria),

Mycology : the study of fungi,

Phycology : the study of algae,

Protozoology : the study of protozoans, and

Virology : the study of viruses.

Advantages : The advantageous fields of microbiology are essentially the ones enumerated below :

1. Aero-Microbiology — helps in the overall preservation and preparation of food, food-prone
diseases, and their ultimate prevention.

2. Beverage Microbiology — making of beer, shandy, wine, and a variety of alcoholic bever-
ages e.g., whisky, brandy, rum, gin, vodka. etc.

3. Exomicrobiology — to help in the exploration of life in the outerspace.
4. Food Microbiology — making of cheese, yogurt.

5. Geochemical Microbiology — to help in the study of coal, mineral deposits, and gas forma-
tion ; prospecting the deposits of gas and oil, coal, recovery of minerals from low-grade ores.

6. Industrial Microbiology — making of ethanol, acetic acid, lactic acid, citric acid, glucose
syrup, high-fructose syrup.

7. Medical Microbiology — helps in the diagnostic protocol for identification of causative
agents of various human ailments, and subsequent preventive measures.

8. Pharmaceutical Microbiology — making of life-saving drugs, ‘antibiotics’ e.g., penicillins,
ampicillin, chloramphenicol, ciprofloxacin, tetracyclines, streptomycin.

* The parts of earth’s land, water, and atmosphere in which living organisms can exist.
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9. Soil and Agricultural Microbiology — helps in the maintenance of a good farm land by
keeping and sustaining a reasonable and regular presence of microbes in it.

10. Waste-Treatment Microbiology — treatment of domestic and industrial effluents or wastes
by lowering the BOD*, and COD**.

Disadvantages : The apparently disadvantageous and detrimental manner whereby the microor-
ganisms may exhibit their effects are, namely : disease-producing organisms viz., typhus fever caused
by Rickettsia prowazekii, malaria caused by Plasmodium falciparum ; food-spoilage microbes ; and a
host of organisms that essentially deteriorate materials like optical lenses (in microscopes and
spectrophotometers), iron-pipes, and wood filings.

HISTORICAL DEVELOPMENT OF MICROBIOLOGY — MILESTONES

It is more or less a gospel truth that in science the ultimate credit, glory, and fame goes to the one
who actually succeeds to convince the world, and not to the one who first had conceived the original
concept and idea. Hence, in the development of microbiology the most popular and common names
are invariably of those researchers/scientists who not only convinced the world in general, but also
developed a tool or a specific technique or an idea (concept) which was virtually adopted or who expa-
tiated their observations/findings rather vividly or astronomically that the science grew and prospered in
particular.

Evidence from the literature reveals that Antony van Leeuwenhoek’s (1632-1723) lucid expla-
nations with regard to the ubiquitous (i.e., found everywhere) nature of the microbes practically enabled
Louis Pasteur (1822-1895) almost after two centuries to discover the involvement of these microorgan-
isms in a variety of fermentation reaction procedures that eventually permitted Robert Koch (1843-
1910), Theobald Smith, Pasteur and many others to establish and ascertain the intimate relationship of
the various types of microbes with a wide range of dreadful human diseases. In fact, Robert Koch
bagged the most prestigious Nobel prize in the year 1905 for his spectacular and wonderful discovery
for the isolation and characterization of the bacteria that cause anthrax*** and tuberculosis.****

With the passage of time the ‘mankind’ has won several gruesome battles with dreadful micro-
organisms quite successfully and have adequately mustered the knack not only to make them work in an
useful and beneficial manner but also to control and prevent some of those that are rather dangerous and
harmful in nature.

1.2.1. | The Microscope

The evolution of microscope gathered momentum in the year 1674, when a Dutch cloth mer-
chant Antony van Leeuwenhoek first of all had a glimpse at a drop of lake-water via a lens made of glass
that he had ground himself. Through this simple device using a magnifying lens Leeuwenhoek first and
foremost ever had an ‘amazing sight’ of the most fascinating world of the microbes.

* BOD : Biological oxidation demand.
** COD : Chemical oxidation demand.

*** Anthrax : Acute infectious disease caused by Bacillus anthracis, usually attacking cattle sheep, horses, and
goats. Humans contract it from contact with animal hair, hides or waste.
**** Tuberculosis [TB]. An infectious disease caused by the tubercle bacillus, Mycobacterium tuberculosis, and
characterized pathologically by inflammatory infiltrations, formation of tubercles, necrosis, abscesses,
fibrosis, and calcification.

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

4 PHARMACEUTICAL MICROBIOLOGY |

Later on, Leeuwenhoek critically and explicitly described the finer details of a plethora of micro-
organisms viz., protozoa, algae, yeast, and bacteria to the august Royal Society of London (UK) in a
series of letters. It is worthwhile to mention here that the entire description was so precise and accurate
that as to date it is now quite possible to assign them into each particular genera without any additional
description whatsoever.

The earlier observations of microorganisms were made duly by several researchers chronologi-
cally as given below :

Roger Bacon (1220-1292) : first ever postulated that a disease is caused by invisible living
creatures.

Girolamo Fracastoro (1483-1553) and Anton von Plenciz (1762) : these two reseachers also
made similar observations, assertions, and suggestions but without any experimental concrete evidences/
proofs.

Athanasius Kircher (1601-1680) : made reference of these ‘worms’ that are practically invis-
ible to the naked eyes and found in decaying meat, milk, bodies, and diarrheal secretions. Kircher was,
in fact, the pioneer in pronouncing the cognizance and significance of bacteria and other microbes in
disease(s).

Antony van Leeuwenhoek (1632-1723) : initiated the herculian task of ‘microscope making’
through his inherent hobby of ‘lens making’. During his lifespan stretching over to 89 years he meticu-
lously designed more than 250 microscopes ; of which the most powerful one could magnify about 200-
300 times only. However, these microscopes do not have any resemblance to the present day ‘com-
pound light microscope’ that has the ability to even magnify from 1,000-3,000 times.

1.2.2. | Spontaneous Generation Vs Biogenesis

The wonderful discovery of microbes both generated and spurred enough interest not only in the
fundamental origin of ‘living things’ but also augmented argument and speculation alike.

Based upon the various experimental evidences the following observations were duly made by
scientists as enumerated below :

John Needham (1713-1781) : Precisely in the year 1749, while experimenting with raw meat
being exposed to hot ashes, he observed meticulously the appearance of organisms that were not present
at the initial stages; and, therefore, inferred that the bacteria virtually originated from the raw meat itself.

Lazaro Spallanzani (1729-1799) : actually boiled ‘beef broth’ for a duration of 60 minutes,
and subsequently sealed the flasks tightly. After usual incubation for a certain length of time, practi-
cally no microbes appeared. However, Needham never got convinced with Spallanzani’s findings, and
vehemently insisted that ‘air’ happened to be an essential component to the process of spontaneous
generation of the microbes, and that it had been adequately excluded from the flasks by sealing them
precisely by the later.

Franz Schulze (1815-1873) and Theodor Schwann (1810-1882) : these two scientists inde-
pendently fully endorsed and justified the earlier findings of Spallanzani by allowing air to pass through
strong acid solutions into the boiled infusions, and by passing air into the flasks via red-hot tubes
respectively (Fig. 1.A). In neither instance did microorganisms appear.

Special Note : The stubbornly conservative advocates of the theory of ‘spontaneous generation’
were hardly convinced by the aforesaid experimental evidences.
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H. Schroder and T. von Dusch (~ 1850) : carried out a more logical and convincing experimen-
tal design by passing air via cotton fibers so as to prevent the bacterial growth ; and thus, it ultimately
initiated and gave rise to a basic technique of ‘plugging’ bacterial culture tubes with ‘cotton plugs’
(stoppers), which technique being used still as to date (Fig. : 1.B).

Felix Archimede Pouchet (1800-1872) : revived once again the concept and ideology of spon-
taneous generation via a published comprehensive and extensive research article thereby proving its
occurrence. Pasteur (1822-1895) carried out a number of experiments that virtually helped in conclud-
ing the on-going argument once for all time. Pasteur designed a flask having a long and narrow gooseneck
outlet (Fig. : 1.C). Thus, the nutrient broths were duly heated in the above specially—designed flask,
whereby the air — untreated and unfiltered — may pass in or out but the germs settled in the ‘very
gooseneck’ ; and, therefore, practically no microbes ultimately appeared in the nutrient broth (solution).

John Tyndall (1820-1893) : conducted finally various well planned experiments in a specifi-
cally designed box (Fig. : 1.D) to establish and prove the fact that ‘dust’ actually contained and carried
the “‘microbes’ (i.e.,, germs). He subsequently demonstrated beyond any reasonable doubt that in a
particular situation whereby absolutely no dust was present, the sterile nutrient broth could remain
free of any sort of microbial growth for an indefinite length of time.

(A)

1 = Inlet for air; 3 = Sterile nutrient broth; 1 =Inlet of air viacotton; 3 = Sterile nutrient broth;
2 = Air sterilized in flames; 4 = Overflow resenvoir; 2 = Overflow reservair;
- ¢ 1
RAUNAN)
© (D) MW

C1JIZZIICZCIORZ I —» 3

}J | —

Ly O O O

4

1 = Gooseneck tube

2 = Sterile nutrient broth 1 ="Tube for filling broth ;

2 = Inlet of air via convoluted tubes ;
3 = Light ; 4 = Sterile nutrient broth ;

Fig. 1. Theory of ‘Spontaneous Generation’ was actually disproved with the various devices illustrated
above i.e., ‘A’ through ‘D’, all of which eliminated airborne microbes.

A = Schwann heat-sterilized the air that passed via the glass-tube to the ‘culture flask’.
B = Schréder and Dusch, filtered the ‘air’ entering the ‘culture flask’ via the cotton.

C = Pasteur devised the ‘simple gooseneck flask’.

D = Tyndall designed a ‘dust-free incubation chamber’.
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1.2.3. | Fermentation

France having the strategical geographical location developed the commercial manufacture of a
large variety of wines and beer as a principal industry. Pasteur played a critical and major role in the
proper standardization of various processes and techniques intimately associated with the said two
‘alcoholic beverages’ in order to obtain a consistently good product. Pasteur used his God gifted won-
derful skill and wisdom to explore and exploit the unique capabilities of microbes in the fermentation
industry exclusively using fruits and grains resulting in alcohol-based table wines, dry-wines, cham-
pagne, whiskies, etc. Pasteur meticulously isolated, typified, and characterized ‘certain microbes’ ex-
clusively responsible for the ‘good batches’ predominantly in comparison to the ones found solely in
the “poor products’.

In fact, the overall net outcome of such extensive as well as intensive investigations helped in a
long way for the assured and successful production of consistently good and uniform ultimate product.
Pasteur vehemently argued and suggested that the unwanted/undesirable types of microbes must be
destroyed and removed by heating not enough to alter the original and authentic inherent flavour/aroma
of the fruit juice, but just sufficient to cause and afford the legitimate destruction of a relatively very high
percentage of the ‘bad microbial population’. This ‘destructive microbial phenomenon’ could be ac-
complished successfully by holding the juices at a temperature of 145°F (= 62.8°C) for a duration of 30
minutes.

Pasteurization. Nowadays, the large-scale handling of such destructive microbial process may be
achieved by ‘pasteurization’* in commercial fermentation industries using either ‘malt wort’ (having =
10% solids) or molasses (= 10% solids) or even fruit-juices.

1.2.4.| Germ Theory

A plethora of observant researchers had already conceptualized and opined rather vehemently
the much applauded and widely accepted ‘germ theory’ of disease even before Pasteur established
experimentally that microbes (or bacteria) happen to be the root cause of several human dreadful
diseases. Later on various other scientists supported and proved the aforesaid ‘germ theory’ in one way
or the other as stated under :

Girolamo Fracastro (1483-1553) : advocated that certain diseases might be caused by virtue of
invisible organisms transmitted from one subject to another.

Plenciz (1762) : stated that the living microbes (or agents) are the ultimate cause of disease but
at the same time aired his views that different germs were responsible for different ailments.

Oliver Wendell Holmes (1809-1894) : suggested that puerperal fever** was highly conta-
gious in nature ; besides, it was perhaps caused by a germ carried eventually from one mother to another
either by midwives or physicians.

Ignaz Philipp Semmelweis (1818-1865) : pioneered the usage of antiseptics specifically in the
obstetrical practices.

Joseph Lister (1890) : made known in England the importance of antisepsis, which was subse-
quently fully appreciated by the medical profession all and sundry.

* HTST-Pasteurizer. It makes use of high-temperature short-time pasteurization process employing high-
temperature live steam.

** Septicemia following childbirth [SYN : childbed Fever ; Puerperal Sepsis ;]
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Robert Koch (1843-1910) : discovered the typical bacilli having squarish ends in the blood
sample of cattle that had died due to anthrax.*

Koch’s Modus Operandi — Koch adopted the following steps to isolate microbes causing an-
thrax :

(1) First of all these bacteria were duly grown in cultures in the laboratory.
(2) Bacteria examined microscopically so as to ascertain only one specific type was present.

(3) Injected bacteria into other animals to observe whether they got also infected, and subse-
quently developed clinical symptoms of anthrax.

(4) lIsolated microbes from experimentally infected animals squarely matched with those ob-
tained originally from sheep that died due to infection of anthrax.

Koch’s Postulates : The series of vital observations ultimately led to the establishment of Koch’s
postulates, that essentially provided four vital guidelines to identify the particular causative agent for an
infectious disease, namely :

(&) A particular microbe (organism) may invariably be found in association with a given disease.
(b) The organism may be isolated and cultivated in pure culture in the laboratory.

(c) The pure culture shall be able to cause the disease after being duly inoculated into a suscep-
tible animal.

(d) It should be quite possible to recover conveniently the causative organism in its pure culture
right from the infected experimental animal.

1.2.5. | Classical Laboratory Methods and Pure Cultures

Microorganismsare abundantly found in nature in sufficiently large populations invariably com-
prised of a plethora of different species. It is, however, pertinent to state here that to enable one to carry
out an elaborated study with regard to the characteristic features of a specific species it is absolutely
necessary to have it separated from all the other species.

Laboratory Methods : Well defined, articulated, and explicite laboratory methods have been
adequately developed which enable it to isolate a host of microorganisms representing each species,
besides to cultivate each of the species individually.

Pure Culture : Pure culture may be defined as — ‘the propogation of microorganisms or of
living tissue cellsin special media that are conducive to their growth’.

In other words it may also be explained as the growth of mass of cells belonging to the same
species in a laboratory vessel (e.g., a test tube). It was indeed Joseph Lister, in 1878, who first and
foremost could lay hand on pure cultures of bacteria by the aid of ‘serial dilution technique’ in liquid
media.

Example : Lister diluted milk, comprising of a mixture of bacteria, with a specially designed
syringe until a ‘single organism’ was strategically delivered into a container of sterile milk. The con-
tainer on being subjected to incubation for a definite period gave rise to a bacteria of a single type, very
much akin to the parent cell. Lister termed it as Bacterium lactis.

* Acute, infectious disease caused by Bacillus anthracis, usually attacking cattle, sheep, horses, and
goats. First ever proved that a bacterium to be the cause of an animal disease.
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Colonies : Koch meticulously devised methods for the specific study of microorganism. He
smeared bacteria on a sterile glass dide, followed by addition of certain specific dyes so as to observe
the individual cells more vividly under a microscope. Koch carefully incorporated some specific solidi-
fying agents, such as : gelatin, agar into the media in order to obtain characteristic isolated growths of
organisms usually called as colonies. Importantly, each colony is essentially comprised of millions of
individual bacterial cells packed tightly together.

Now, from these identified colonies one may transfer pure cultures to other sterile media. How-
ever, the development of a liquefiable solid-culture medium proved to be of immense fundamental
importance.

Example : Koch thoroughly examined material obtained from subjects suffering from pulmo-
nary tuberculosis, and succeeded in the isolation of the tubercle bacillus Mycobacterium tuberculosis.

In conclusion, one may summarize the remarkable importance of ‘pure cultures’ toward the
overwhelming development in the field of microbiology, because by the help of pure-culture tech-
niques several intricate and complicated problems could be answered with reasonable clarification and
complete satisfaction, namely :

» Microorganisms causing a large number of infections,

» Certain specific fermentative procedures,

» Nitrogen-fixation in soil,

» High-yielding alcohol producing strains from ‘malt wort’, and ‘molasses’,
» Selected good cultures for making top-quality wines, and

» Specific cultures for manufacturing dairy products viz., cheeses, yogurt.

Futuristic Goals

The futuristic goals of ‘pure cultures’ are exclusively based upon the following two cardinal
aspects, namely :

(a) better understanding of the physiology of individual microorganisms present in the pure
culture, and

(b) ecological relationships of the entire microbial populations in a given environment.

Thus, the following new horizons in the domain of microbiology may be explored with great
zeal and gusto :

@ Advancements in marine microbiology,

@® Rumen microbiology,

@® Microbiology of the gastro-intestinal tract (GIT), and
@ Several other systems.

1.2.6. | Immunity

Immunity refers to the state of being immune to or protected from a disease, especially an
infectious disease. This state is invariably induced by having been exposed to the antigenic marker on
an organism that invades the body or by having been immunized with a vaccine capable of stimulating
production of specific antibodies.*

* K Sambamurthy and Ashutosh Kar, Pharmaceutical Biotechnology, New Age International (P) Ltd., Pub-
lishers, New Delhi, 2006.
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Interestingly, Pasteur’s practical aspects and Koch’s theoretical aspects jointly established the
fact that the attenuated microorganisms* retained their capacity and capability for stimulating the
respective host to produce certain highly specific substances i.e., antibodies** which critically protect
against subsequent exposure to the virulent organisms.***

Examples :

(@) Edward Jenner’s successful cowpox vaccine (in 1798) : Jenner’s epoch-making successful
attempts in vaccinating (innoculating) patients with cowpox vaccine, that ultimately re-
sulted in the development of resistance to the most dreadful smallpox infection.

(b) Pasteur’s successful rabies vaccine : Pasteur’s charismatic fame and reputation became
well known throughout France when he successfully prepared rabies vaccine by innoculating
a rabbit with the saliva from a rabid dog. The healthy rabbit contracted the rabies virus and
died later on. The extract of dead rabbit’s brain and spinal cord were duly attenuated and
injected into rabies patient who eventually survived later on. Thus, the vaccine for rabies or
hydrophobia — a disease transmitted to humans through bites of dogs, cats, monkeys, and
other animals.

1.2.7.| Medical Microbiology

Interestingly, the ‘germ theory’ of disease was very much in existence for a long duration ;
however, the direct implication and involvement of germs in causing disease was not well established,
and hence recognized and widely accepted.

The magnificent and remarkable success of Louis Pasteur and Robert Koch not only earned
them befitting honours and accolades from their beloved countrymen, but also rewarded them by
bestowing their gratitude in establishing the famous and prestigious Pasteur Institute in Paris (1888),
and Professor of Hygiene and Director of the Institute for Infective Diseases in the University of
Berlin respectively.

At this point in time altogether newer microorganisms (bacteria) were being discovered with an
ever-increasing speed and momentum, and their disease-producing capabilities were adequately estab-
lished and proved by Koch’s four cardinal postulates as stated earlier (see section 1.2.4).

In this manner, the domain of “medical microbiology’ gradually received a progressive advance-
ment through the meaningful researches conducted by several scientists and scholars as enumerated
below :

Edwin Klebs (1883) and Frederick Loeffler (1884) : discovered the diphtheria bacillus,
corynebacterium diphtheriae ; and showed that it produced its toxins (poisons) in a laboratory flask.

Emil von Behring and Shibasaburo Kitasato : devised an unique technique of producing im-
munity to infections caused by C. diphtheriae by injecting the toxins into healthy animals so that an
antitoxin**** gets developed.

Shibasaburo Kitasato and Emil von Behring : cultivated (grown) the microorganism respon-
sible for causing tetanus (lockjaw), Chlostridiumtitani ; and Behring prepared the corresponding anti-
toxin for the control, prevention, treatment, and management of this fatal disease.

* Microorganisms that have been rendered thin or made less virulent (infectious).
** Any of the complex glycoproteins produced by lymphocytes in response to the presence of an antigen.
*** |nfectious organisms.
***k% A substance that neutralizes toxin.
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Emil von Behring bagged the Nobel Prize in 1901 in physiology or medicine.

De Salmon and Theobald Smith : proved amply that immunity to a plethora of infectious
diseases may be produced quite effectively and efficiently by proper timely innoculation with the killed
cultures of the corresponding microorganisms.

Elie Metchnikoff : described for the first time the manner certain specific leukocytes (i.e., white
blood cells) were able to ingest (eat up) the disease-producing microorganisms present in the body. He
baptized these highly specific defenders and crusaders against bacterial infections known as phagocytes
(“eating cells'), and the phenomenon is termed as phagocytosis.

Metchnikoff’s Theory : Based of the aforesaid explanations Metchnikoff put forward a theory
that — ‘the phagocytes were the body’s first and most important line of defense against a variety of
infection’.

Paul Ehrlich : Paul Ehrlich (Robert Koch’s brilliant student) put forward two altogether newer
concepts with regard to the modus operandi whereby the body aptly destroys microorganisms (bacteria),
namely :

(@) Antibody* : The logical explanation of immunity based upon certain antibodies in the
blood, and

(b) Chemotherapy** and Antibiotics*** : Both these aspects virtually opened the flood gates
to the enormous future developments in combating the growth and destruction of pathogenic
bacteria.

Example : Arsphenamine [Salvarsan®)] : A light yellow organo-metallic compound (powder)
containing about 30% Arsenic (As), was formerly used in the treatment of syphilis.

The two decades stretching between 1880-1900 proved to be indeed a golden era for the *sci-
ence of microbiology’ to step into adolescence from the stage of infancy. In fact, during this specific
period many researchers have gainfully identified the causative microorganisms duly responsible for the
eruption of a host of infectious human diseases, such as :

Anthrax, Gonorrhea, Typhoid fever, Malaria, Wound infections, Tuberculosis, Cholera, Diph-
theria, Tetanus, Meningitis, Gas gangarene, Plague, Dysentery, Syphilis, Whooping cough, and Rocky
Mountain spotted fever.

1.2.8. | Pharmaceutical Microbiology

The remarkable and spectacular breakthroughs accomplished by Pasteur, Koch, Jenner, and a
host of others more or less paved the way towards several miraculous discoveries in curing fatal and
dreadful human ailments thereby minimising their immense sufferings. Many meaningful and wonder-
ful researches also led to the discovery of a good number of causative agents of diseases and altogether
newer techniques for diagnosis, which ultimately rendered the diagnosis of these ailments rather rapid
and precise.

* An antibody is a water-soluble protein produced from globulins (e.g., y-globulin) in the spleen, lymph nodes,
thymus gland, liver or bone marrow in response to an antigen (foreign protein). Antibodies attack antigens to
render them inactive and no longer infective.

** A therapeutic concept developed by Paul Ehrlich (1854-1915) wherein a specific chemical or drug is used to
treat an infectious disease or cancer ; ideally, the chemical should destroy the pathogen or the cancer cells
without harming the host.

*** A chemical produced by a microorganism or prepared partially or totally by synthetic means that inhibits
growth or kills other microorganisms at low concentration.

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

INTRODUCTION AND SCOPE 11

Examples : (a) Widal Test* — for typhoid fever, and
(b) Wasserman Test** — for syphilis.

Importantly, a plethora of dreadful diseases were duly identified and characterized by the pres-
ence of their specific causative microorganisms, such as : Hensen (1874) leprosy (Mycobacterium
leprae) ; Neisser (1879) gonorrhea (Neisseria gonorrhoeae) ; Ogston (1881) wound infections
(Staphylococcus aureus) ; Nicolaier (1885) tetanus (Clostridium titani) ; Kitasato and Yersin (1894)
plague (Yersinia pestis) ; Shiga (1898) dysentry (Shigella dysenteriae) ; Schaudin and Hoffmann (1905)
syphilis (Treponema pallidum) ; Bordet and Gengou (1906) whooping cough (Bordetella pertussis) ;
Ricketts (1909) rocky mountain spotted fever (Rickettsia ricketsii) ;

Some of the important events that mark the history of pharmaceutical microbiology are enu-
merated below in a chronological arrangement :

Era Discoverer Important Events
Eighteenth Edward Jenner Discovery of small pox vaccine.
Century (1729-1799)
Nineteenth Justus von Liebig Conceptualized the physico-chemical theory of fermen-
Century (1803-1873) tation.
Ignaz Philipp First and foremost introduced the application of antiseptics.
Semmelweis
(1818-1865)
Joseph Lister Developed aseptic techniques : isolated bacteria in pure
(1827-1912) culture.
Fanny Hesse Suggested use of agar as a solidifying material for the
(1850-1934) preparation of microbiological media.
Paul Ehrlich Developed modern concept of chemotherapy and
(1854-1915) chemotherapeutic agents.
Hans Christian Invented vital and important procedure for differential
Gram staining of microorganisms i.e., the well-known Gram Stain.

(1853-1933)

Twentieth August von Developed complement-fixation test for syphilis.
Century Wassermann
(1866-1925)
Martinus Willem Employed the principles of enrichment cultures :
Beijerinck confirmed finding of the very first virus.

(1851-1931)
Frederick W. Twort Discovered independently the bacteriophages i.e., viruses
(1877-1950) ; and that destroy bacteria.

Felix H.d’ Herelle

(1873-1949)

* An agglutination test for typhoid fever.
** A complement fixation test for syphilis.
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Antibiotics : Antibiotic refers to a natural or synthetic substance that destroys microorganisms
or inhibits their growth. Antibiotics are employed extensively to treat infectious, diseases in humans,
animals, and plants. In fact, the terminology ‘antibiotic’ etymologically evidently signifies anything
against life. Obviously, in the event when the microorganisms are critically present in a natural
medium two situations may arise invariably viz, (a) favouring the growth of bacteria usually termed as
‘symbiosis’ ;* and (b) antagonizing the growth of bacteria normally called as ‘antibiosis’.**

Charles Robert Darwin (1809-1882), a British naturalist) aptly commenced scientific and me-
thodical investigative explorations into the fundamental problems of natural selection and struggle amongst
the interspecies ; and later on came up with his famous doctrine — ‘Survival of the fittest’. Louis
Pasteur (1822—-1895) observed for the first time the characteristic antagonistic interrelations prevailing
between the microorganisms of different species.

Joubert and Pasteur first observed the critical destruction of cultures of Bacillus anthracis by
means of certain air-borne microbes. A follow up by Sirotinin (1888) emphatically proved the antago-
nistic action of Bacillus anthracis upon the enteric fever, and Blagoveshchensky (1890) carefully ascer-
tained the antagonistic effect of the blue-pus organism on the Bacillus anthracis. It was ultimately the
miraculous discovery of Lashchenkov (1909) and Alexander Fleming (1922) who meticulously isolated
the enzyme lysozyme***, that was chiefly capable of inhibiting a relatively larger segment of microor-
ganisms. Chain, Florey, and co-workers (1929) made the epoch making historical development in the
emerging field of antibiotics with the remarkable discovery of wonderful therapeutic and interesting
pharmacological properties of the extracts obtained from the cultures of the mold Penicillium notatum
that eventually gave rise to the formation of the wonder drug ‘penicillin’.

Specifically the antibiotics are extremely useful in the control, management and treatment of a
good number of human infectious diseases but their diversified applications are found to be equally
useful in the meticulous curing and controlling of plant and animal diseases as well. Penicillin has been
effectively employed in the management and control of pests. Antibiotics, in general, are invariably
employed in animal husbandry as ‘feed additive’ to cause enhancement in the fattening of food animals.
Food handling and processing industries extensively make use of antibiotics to critically minimise in-
evitable spoilage of fish, vegetables, and poultry products. Present day modern scientific researches
being conducted across the globe do make use of antibiotics as useful and indispensable tools for the
elaborated study of biochemical cellular mechanisms.

Since the discovery of penicillin many more antibiotics came into being as stated under :

Waksman (1944) : Streptomycin — [Sreptomyces griseus] — a soil microbe ;

— (1945) : Bacitracin — [Bacillus subtilis] ;

— (1947) : Chloramphenicol (Chloromycetin) — [Streptomyces venezuelae] ;

— (1947) : Polymixin — [Bacillus polymixa] — and various designated polymixins
A, B, C,D,and E.

— (1948) : Chlorotetracycline — [Streptomyces aureofaciens] — a broad-spectrum
antibiotic.

— (1948) : Neomycin — [a species of Streptomyces] — isolated from soil.

* The living together in close association of two organisms of different species. If neither organism is harmed,
this is called commensalism ; if the association is beneficial to both, mutualism ; if one is harmed and the
other benefits, parasitism.

** An association or relationship between two organisms in which one is harmful to the other.

*** An enzyme found in phagocytes, neutrophils, and macrophages, and in tears, saliva, sweat and other body
secretions, that destroys bacteria by breaking down their walls.
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— (1950) : Oxytetracycline — [a strain of Streptomyces].
— (1952) : Erythromycin — [Streptomyces erythreus].
It is, however, pertinent to state here that the ‘antibiotics’ may be broadly classified into nine
categories as given below :

S.No. Class Designated Antibiotics
| Aminoglycosides Amikasin ; Gentamycin ; Kanamycin ; Neomycin ; Netilmicin ;
Streptomycin ; and Tobramycin ;
1 Ansamycins Maytansine ; and Rifampicin ;
Il Beta-lactam antibiotics Amoxycillin ; Ampicillin ; Cephalosporin ; Clavulanic acid ;
Cloxacillin ; Nocardicins ; Penicillins ; and Thienamycin ;
v Cyclic polypeptides Gramicidin ; and Polymixins A, B, C,Dand E ;
\Y Fluoroquinolones Ciprofloxacin ; Enoxacin ; Norfloxacin ; and Ofloxacin.
VI Macrolides Azithromycin ; Bacitracin ; Clarithromycin ; and Erythromycin ;
VI Polyenes Amphotericin B ; Griseofulvin ; and Nystatin ;
VIII Tetracyclines Aureomycin ; Doxycycline ; Minocycline ; Oxytetracycline ;
and Tetracycline ;
IX Miscellaneous Adriamycin ; Chloramphenicol (Chloromyecetin) ; Clindamycin ;
Cycloserine ; and Mitomycins.

[Kar, Ashutosh : Pharmacognosy and Pharmacobiotechnology, New Age International (P)
Ltd., Publishers, New Delhi, 2003].
Important Points : The various important points with respect to the development of antibiotics
are summarized below :
@ in all approximately 5000 antibiotics have been prepared, characterized, and evaluated for
their therapeutic efficacy till date.
@ nearly 1000 antibiotics belonging to only six genera of filamentous fungi i.e., including
Cephelosporium and Penicillium have been reported successfully.
@ about 50 antibiotics have been synthesized from two genera and belonging to the class of
non-filamentous bacteria.
@ nearly 3000 antibiotics have been prepared from a group of filamentous bacteriai.e., in-
cluding streptomyces.
@ approximately 50 antibiotics are at present actively used in therapeutic treatment and veteri-
nary medicine around the world.

Importantly, the most common bacteria that invariably attack the humans specifically, and the
diseases they cause or organs of the body they attack, are listed as under :

S.No. Microorganism Disease/Place of Infection
1 Bacteroides Pelvic organs ;
2 Bordetella pertussis Whooping cough ;
3 Brucella abortus Brucellosis ;
4 Chlamydia trachomatis Vinereal disease ;
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S.No. Microorganism Disease/Place of Infection
5 Clostridium perfringens Gas gangrene ; Pseudomembranous colitis ;
6 Clostridium titani Tetanus ;
7 Corynebacterium diphtheriae Diphtheria ;
8 Escherichia coli Urine gut ; Fallopian tubes ; Peritonitis ;
9 Haemophilus influenzae Ear ; Maningitis ; Sinusitis ; Epiglottitis ;
10 Helicobacter pyroli Peptic ulcers ;
11 Klebsiella pneumoniae Lungs ; urine ;
12 Legionella pneumophilia Lungs ;
13 Mycobacterium leprae Leprosy ;
14 Mycobacterium tuberculosis Tuberculosis ;
15 Mycoplasma pneumoniae Lungs ;
16 Neisseria meningitidis Meningitis ;
17 Neisseria gonorrhoea Gonorrhoea ; Pelvic organs ;
18 Proteus Urine ; Ear
19 Pseudomonas aeruginosa Urine ; Ear ; Lungs ; Heart ;
20 Salmonella typhi Typhoid fever ;
21 Shigella dysenteriae Gut infections ;
22 Saphylococcus aureus Lungs ; Throat ; Sinusitis ; Ear ; Skin ; Eye ; Gut ;
Meningitis ; Heart ; Bone ; Joints ;
23 Streptococcus pneumoniae Throat ; Ear ; Sinusitis ; Lungs ; Ear ; Joints ;
24 Streptococcus pyrogenes Sinuses ; Ear ; Throat ; Skin ;
25 Streptococcus viridans Heart ;
26 Triponema pallidum Syphilis ;
27 Vibrio cholerae Cholera ;
28 Yersinia pestis Plague ;

[Adapted From : Warwick Carter : The Complete Family Medical Guide, Hinkler Books Pvt.

LTD., Dingley, Australia, 2003.]

1.2.9.

Industrial Microbiology

An exponential growth in the ever expanding domain of industrial microbiology commenced
logically from the mid of the nineteenth century to the end of the said century. The various vital and
important “milestones’ in the field of industrial microbiology may be summarized as stated under :

Emil Christian Hansen (1842-1909) : a Dane*, who actually showed up the brilliant and fertile
way to the extremely investigative field of industrial fermentations. He meticulously examined and
methodically developed the pure culture study of microorganisms and yeasts exclusively utilized in
the large-scale manufacture of ‘fermented vinegar’. This simultaneously encouraged as well as prom-
ulgated the application of pure cultures termed as ‘starters’ associated with the elaborated study of
various fermentation processes.

L. Adametz (1889) : an Austrian, augmented the commercial production of cheese by making
use of pure cultures (i.e., starters).

* A native of Denmark.
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HW Conn (in Connecticut, USA) and H Weigmann (in Germany) (1890-1897) : developed
miraculously a host of pure culture starters for the commercial production of butter.

Alcohol Fermentations : Pure culture of yeasts were used to produce alcohol (ethanol) from a
variety of fermentable carbohydrates such as : corn, molasses, potatoes, sugar beets, grapes etc., employed
throughout the world.

In addition to the above mentioned widely consumed and need based products there are several
other highly in-demand industrial products derived exclusively from molds that are being used largely
across the globe as detailed under :

S.No. | Product of Interest Mold(s) Applications
1 Citric acid Aspergillus niger or Medicinal citrates ; In blood for transfusion
Aspergillus wentii (as sodium citrate) ; In food products.

2 Gibberellic acid | Fusarium moniliforme | Plant-growth hormone ; In germination
of barley to produce ‘malt’ ; In setting
of fruit and seed production.

3 Gluconic acid Aspergillus niger Pharmaceutical products ; textiles ;
leather ; photography ;
4 11-y-Hydroxy- Rhizopus arrhizus, As an intermediate for 17-o-y-
progesterone R. nigricans, others hydroxycorticosterone.
5 Itaconic acid Aspergillus terreus Manufacture of alkyl resins ; Wetting
agents ;
6 Lactic acid Rhizopus oryzae Pharmaceutical products ; and Food products.
7 Pectinases, Aspergillus wentii or As clarifying agents in fruit-juice
proteases Aspergillus aureus industries.

[K. Sambamurthy and Ashutosh Kar : Pharmaceutical Biotechnology, New Age International
(P) Ltd., Publishers, New Delhi, 2005].

1.2.10. | Emergence of Molecular Biology

Molecular Biology refers to that specific branch of biology dealing with analysis of the struc-
ture and development of biological systems vis-a-vis the chemistry and physics of their molecular
constituents. Now, with the advent of latest laboratory methodologies and modern experimental tech-
niques the prevailing skill, wisdom, and knowledge pertaining to the characteristic features of microor-
ganisms accumulated with a tremendous momentum and speed. Based upon the intensive and extensive
information(s) with respect to the in-depth biochemical activities of various microorganisms virtually
became an ‘open-secret’.

Importantly, a careful and critical examination of the copious volume of accumulated data evi-
dently revealed and suggested that there existed quite a lot of similarities amongst the different micro-
organisms, whereas the points of dissimilarities revolved essentially around the variations on a major
central biochemical pathway. Interestingly, at that point in time there prevailed a distinct world-wide
emergent growing recognition between the ensuing unity of the biochemical life processes in micro-
organisms and the higher forms of life (including the humans). As a result, it more or less turned out to
be definitely much beneficial and advantageous to employ the microorganisms as a befitting tool for
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deciphering and exploring the basic life phenomena. In order to accomplish the aforesaid aims and
objectives the microorganisms do offer invariably a plethora of advantages for this type of research
activities, namely :

» they reproduce (i.e., cultivate) extremely fast,

» they may be cultured (grown) either in small or large quantum easily, conveniently, and
quickly,

» their growth may be manipulated and monitored in a not-so-difficult manner by means of
chemical and physical methods, and

» their cells may be cleaved and torn apart, and the contents segregated into different fractions

of varying particle sizes.

Conclusively, the above cited characteristic features together with certain other vital factors help
to render the ‘microorganisms’ an extremely vulnerable and a very convenient research-role-model
in pin-pointing and establishing precisely the modus operandi of various life processes that essentially
occur with respect to certain particular chemical reactions, besides the specific structural features
involved intimately.

In the light of the above statement of facts showing the enormous strengths of microorganisms in
the revelation of the intricacies of life processes various scientists and researchers of all disciplines viz,
physicists, chemists, geneticists, biologists, and microbiologists not only joined their hands together but
also put their intellectual resources and wisdom in a concerted manner to evolve an altogether new
discipline christened as molecular biology. According to Professor Luria* molecular biology may be
defined as — ‘the programme of inter preting the specific structures and functions of organismsin terms
of molecular structure’.

The outcome of the results obtained from the brilliant studies accomplished in the field of mo-
lecular biology are numerous, such as :

@ Elucidation of enzyme structure and mode of action,
Cellular regulatory mechanisms,

Energy metabolism mechanisms,

Protein synthesis,

Structure of viruses,

Functionality of membranes, and

@ Structure and function of nucleic acids.

Significance of Discoveries : The major significance of discoveries with regard to molecular
biology may be ascertained by virtue of the following breakthroughs :
B Fundamental information(s) regarding DNA and genetic processes at the molecular level via
bacteria and bacteriophages**, and

B Many Nobel Prizes bagged due to researches carried out in molecular biology related to
various arms of biology.

* Professor Salvador E Luria — at the Massachusetts Institute of Technology (MIT) as a Professor of Biology
was awarded the Nobel Prize in 1969 for his splendid research in the field of molecular biology.

** Viruses that infect bacteria.
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1.2.11.| Emergence of Virology

Virology essentially refers to — ‘the study of viruses and viral diseases'.

Preamble : Towards the later part of the nineteenth century Pasteur and his co-workers were
vigorously attempting to unfold the precise and exact mechanism of the phenomenon of disease devel-
opment by examining meticulously a good number of infectious fluids (drawn from patients) for the
possible presence of specific disease producing agent(s) by allowing them to pass through filters with a
view to retain the bacterial cells. An affirmative conclusion could be reached easily in the event when
the filtrates (obtained above) failed to produce any infection, and the presence of the disease producing
bacterial agent in the original (infectious) fluid.

The following researchers determined the presence of ‘virus’ in pathological fluids in the fol-
lowing chronological order :

Chamberland (1884) : First and foremost developed the specially designed ‘porcelain filters’
that exclusively permitted the passage of fluid but not the microorganisms ; and, therefore, could be
used gainfully for the sterilization of liquids. Besides, the application of such devices may also suggest
and ascertain if at all “infective agents’ smaller in dimensions than the bacteria could exit actually.

Iwanowski (1892) : Repeated the similar sort of test but employed an extract meticulously
obtained from the infected tobacco plants, with ‘mosaic* disease’. lwanowski observed that the clear
filtrate was found to be extremely infectious to the healthy tobacco plants.

Beijerinck (1898) : He confirmed Iwanowski’s findings and baptised the contents of the clear
filtrate as “virus’ (i.e., infectious poisonous agent). He further affirmed that the virus could be propogated
strategically within the living host.

Loeffler and Frosch (1998) : They first and foremost demonstrated that the clear filtrate hap-
pened to be the main culprit, virus, which had the capability of being transmitted from one infected
animal to another. Later on they amply proved that the lymph** obtained from infected animals suffer-
ing from “foot and mouth disease’, whether it was either filtered or unfiltered, both caused infection in
healthy animals almost to the same extent. From the above critical studies one may infer that since
animals infected with the filtered lymph served as a source of inoculum*** for the infection of healthy
animals thereby suggesting overwhelmingly that the infective filterable agent never was a toxin****
but an agent capable of undergoing multiplication.

FW Twort (1915) : Twort inoculated nutrient agar with smallpox vaccine fluid with a possible
expectation that a virulent variant of vaccinia virus could grow up eventually into colonies. In fact, the
only colonies which actually showed up on the agar plates were nothing but bacteria that proved to be
contaminants in the vaccine lymph. However, these bacterial colonies had undergone a transformation
that turned into a ‘glassy watery transparent substance’, which could not be subcultured anymore.

Salient Features of ‘Glassy-Watery Transparent Substance : The various salient features of
the glassy-watery transparent substance are as given under :

* Genetic mutation wherein the tissues of an organism are of different genetic kinds even though
they were derived from the same cell.

** An alkaline fluid found in the lymphatic vessels and the cisterna chyli.
*** A substance introduced by innoculation.
**x* A poisonous substance of animal or plant origin.
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(1) When a ‘normal bacterial colony’ was contacted even with a trace of the ‘glassy-watery
transparent substance’, the normal colony would in turn be transformed right from the
point of contact.

(2) Even when the “‘glassy-watery transparent substance’ subjected to a million-fold dilution
it affords transformation as well as gets across the porcelain bacteria-proof filters.

(3) By successive passages from glossy to normal colonies it could be feasible to transmit the
disease for an indefinite number of times ; however, the specific agent of the disease would
neither grow of its own on any medium, nor would it cause the glassy transformation of heat
killed microorganisms.

(4) The specific agent may also be stored for more than 6 months at a stretch without any loss in
activity whatsoever ; however, it would certainly be deprived of its activity when heated to
60°C for 1 hour.

Twort, in 1915, put forward three logical and possible explanations based on his original discov-
eries, namely :

(1) The bacterial disease may represent a stage of life-cycle of the bacterium, wherein the bac-
terial cells would be small enough to pass via the porcelain bacteria proof filters, and are
also unable to grow on media which actually support the growth of normal microorganisms.

(2) The causative organism (agent) could be a bacterial enzyme that invariably leads to its own
production and destruction, and

(3) The organism (agent) could be a virus that ultimately grows and infects the microorganisms.

It is, however, pertinent to state here that the later two probabilities (i.e., ‘1’ and ‘2’ above)
gained tremendous recognition and turned out to be the hottest topic of various vigorous investigations
inspite of the brief forceful and unavoidable interruptions caused by the World War 1.

F. d’Herelle (1917) : For almost two years the splendid research and observations of Twort
remained unnoticed until the investigations of d” Herelle-an entomologist who incidentally encountered
during that period a particular transmissible disease of bacteria while investigating the organisms causing
diarrohea in locust. While experimenting with the coccobacilli* d’Herelle observed that the cell-free fil-
trates could give rise to ‘glassy’ transformation. Besides, he watched carefully that in the absence of
cocobacilli the agent i.e., ‘glassy-watery transparent substance’ failed to grow in any culture media.
Interestingly, d’Herelle carried out his research absolutely in an independent manner without the least
knowledge about Twort’s findings. His work prominently and emphatically attracted immense and wide-
spread attention which ultimately paved the way towards the dawn of a relatively more clear picture of
bacterial viruses.

In addition, d’Herelle helped in the discovery of certain earlier preliminary methodologies for
the assay** of bacteriophages.*** It has been duly observed that the lysates displayed practically little
effect upon the inactivated organisms (bacteria), which fact was further looked into and adequately
established that the bacteriophages are nothing but definitive self-producing viruses that are essen-
tially parasitic on microorganisms.

* Bacilli that are short, thick, and somewhat ovoid.
** The analysis of a substance or mixture to determine its constituents, and the relative proportion of each.
*** A virus that infects bacteria.
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A. Lwoff (1921) : Lwoff further ascertained and proved the fact that bacteria invariably carry
bacteriophages without undergoing ‘any sort of clearance’, and it was termed as ‘lysogeny’*.

1.2.12.| Microorganisms as Geochemical Agents

The mid of the nineteenth century witnessed an ever growing interest in the pivotal role of
microorganisms in carrying out not only the various processes related to fermentations but also tackling
some of the human diseases. Nevertheless, Pasteur’s articulated contributions on fermentation evidently
proved and established that microorganisms in particular may cater as highly specific entities in per-
forming a host of chemical transformations.

Winogradsky and Beijerinck legitimately shared the overall merit and credibility for establishing
the precise role of microbes in the critical transformations of N and S.

Windogradsky (1856-1953) : He critically examined and observed that there exist a plethora of
distinct and discrete categories of microorganisms each of which is invariably characterized by its inherent
capability to make use of a specific inorganic energy source.

Examples :

(@) Sulphur Microbes : They oxidize inorganic sulphur containing entities exclusively.

(b) Nitrogen Microbes : They oxidize inorganic nitrogen containing compounds solely.

Interestingly, Winogradsky caused to be seen that there are certain microorganisms which either
in association with free living or higher plants may exclusively make use of gaseous nitrogen for the
synthesis of the specific cell components.

Hellriegel and Wilfarth (1888) : They showed explicitely that a predominantly mutual and
immensely useful symbiosis does exist between bacteria and the leguminous plants particularly.

Beijerinck (1901) : He meticulously observed, described, and even enumerated the usefulness
of the very presence of the ‘free-living nitrogen fixing” organism Azotobacter** in maintaining the
fertility of the soil.

1.2.13.| Microbiology in the New Millennium

The major thrust in the specialized domain of ‘microbiology’ got a tremendous boost in speed
and momentum during the twentieth century towards the development of judicious control and manage-
ment of infectious human diseases ; elaborated studies in immunity profile ; as exceptionally attractive
models for investigating fundamental life processes viz., activities related to metabolizing, growing,
reproducing, aging, and dying ; and microbes’ broad spectrum physiological and biochemical potenti-
alities than all other organisms combined. In addition, the science of microorganisms have propogated
other allied disciplines, for instance : biochemistry, genetics, genetic engineering, molecular biology,
and the like.

Historic revelation of DNA (deoxyribonucleic acid), which being the key to life and genetics,
was duly discovered by two world famous biologists Watson and Crick. DNA forms the basic funda-

* A special type of virus-bacterial cell interaction maintained by a complex cellular regulatory mechanism.
Bacterial strains freshly isolated from their natural environment may contain a low concentration of
bacteriophage. This phage will lyse other related bacteria. Cultures that contain these substances are said to
be lysogenic.

** A rod-shaped, Gram-negative, non pathogenic soil and water bacteria that fix atmospheric nitrogen ; the
single genus of the family Azotobacteraceae.

www.pharmatechbd.blogspot.com



20 PHARMACEUTICAL MICROBIOLOGY

mental structure of each and every chromosome in the precise shape of a ‘double-helix’.* In fact,
microorganisms helped extensively and intensively in the better understanding of the exact mechanism
whereby the most critical and valuable information meticulously stored in the ‘genetic material’ is
ultimately transcribed and subsequently trandated into proteins. Later on, Escherichia cali i.e., a colon
bacterium, served as a via-media or a common tool for the geneticists, microbiologists, and biochem-
ists to decepher the intricacies of various cellular processes. The concerted research inputs made by
Nirenberg, Khorana, Holley, Jacob, Monod, and a plethora of others substantiated copious informations
to the present day knowledge of the living systems, of course, making use of the microorganisms. It is,
however, pertinent to mention at this juncture that microbes are being skilfully and gainfully utilized to
grasp the meaning with respect to the control mechanisms directly involved in cell division as well as
reproduction.

As to date ‘microbiology’ has marked with a dent an altogether separate identity and distinct
branch of biology having an established close relationship with biochemistry and genetics. It has pro-
gressively and aggressively emerged into an intriguing subject over the years because each and every
specific area in microbiology has virtually expanded into a large specialized subject in itself, namely :
dairy microbiology, environmental microbiology, food microbiology, industrial microbiology, medical
microbiology, sanitary microbiology, and soil microbiology. Importantly, newer techniques exploring
and exploiting microorganisms for gainful and economically viable products of interest have always
been the focus of attention across the globe. In the same vein, the absolute control and management of
certain non-productive and troublesome species have always remained another virile and fertile area of
interest in ‘microbiology’, which ultimately yielding definitely not only a purer product but also aug-
mented the end-product to a considerable extent.

There are ample evidences cited in the scientific literatures with respect to enormous utilization
of the microorganisms to understand both biology and the prevailing intricacies of various biological
processes towards the last two decades of the twentieth century and the early part of the New Millen-
nium. Besides, microbes have been adequately exploited particularly as ‘cloning vehicles'. In this con-
text one may always bear in mind that E. coli and other microorganisms have been used extensively in
order to carry out the spectacular piece of most innovative inventions of the century, for instance : (&)
cloning specific segments of DNA ; (b) large-scale production of vital chemicals hitherto synthesized by
tedious high-cost chemical routes, e.g., acetic acid, ethanol, citric acid, a variety of antibiotics, and
steroids.

The microbiological transformations have beneficially led to the production of a good number
of steroid variants from progesterone as illustrated under :

* This is like a twisted rubber ladder. Each rung of the ladder is formed by a set combination of amino acids
that form a code. Segments of that code form a gene. Only four chemicals make up the code : adenine (A),
thymine (T), guanine (G), and cytosine (C). A always pairs with T, and G with C, allowing exact reproduc-
tion of the chromosome.
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The New Millennium shall witness the remarkable innovations and paramount advancements in
the latest recombinant DNA (rDNA) technology that has virtually revolutionized the bright futuristic
growth and prospects of manupulating the exceptionally unique ‘genetic combine’ of a microorganism,
plant, animal, and human being to fit into the appropriate requirements for the upliftment of humanity in
particular and remove the sufferings of the mankind in general. In true sense, the recombinant DNA is
considered to be a wonderful novel piece of artistic creation so as to accomplish a controlled recombina-
tion which essentially gives rise to such techniques whereby either genes or other segments of relatively
large chromsomes may be segregated, replicated, and studied exhaustively by suitable nucleic acid
sequencing, and electron microscopy. Thus, biotechnology has really undergone a see change by
means of two vital and important technological advancements viz., rDNA, and genetic engineering in
order to expand enormously the inherent potentials of microorganisms, fungi, viruses, and yeast cells
ultimately turning into highly sophisticated and specialized miniature biochemical units.
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BACTERIAL CELLS
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The Bacterial Cells

INTRODUCTION

Bacterium (pl. bacteria) refers to a single-celled organism without having a true nucleus or
functionally specific components of metabolism that belongs to the kingdom Prokaryotae (Monera).
The internal cytoplasm is invariably surrounded by one-or two-layered rigid cell wall composed of
phospholipids. Some bacteria also produce a specific mucoid extracellular capsule for additional pro-
tection, particularly from phagocytosis by white-blood cells (WBCs). Bacteria can synthesize nucleic
acids (DNA, RNA), other important proteins and can reproduce independently, but may essentially need
a host to supply food and also a supportive environment. In reality, millions of nonpathogenic bacteria
live on the skin and mucous membranes of the human gastrointestinal tract (GIT) ; these are termed as
normal flora. Importantly, bacteria that cause disease are usually known as pathogens.

CHARACTERISTIC FEATURES

A few vital and cardinal characteristic features of ‘bacteria’ are as enumerated under :

2.2.1. | Shape

There are three principal forms of bacteria, namely :

(a) Soherical or Ovoid — bacteria occur as single cells (micrococci), or in pairs (diplococci),
clusters (staphylococci), chains (streptococci) or cubical groups (sarcinae) ;

(b) Rod-shaped — bacteria are termed as bacilli, more oval ones are known as coccobacilli, and
those forming a chain are called as streptobacilli ; and

(c) Spiral — bacteria are rigid (spirilla), flexible (spirochaetes) or curved (vibrios).

2.2.2. | Size

An average rod-shaped bacterium measures approximately 1 um in diameter and 4 um in length.
They usually vary in size considerably from < 0.5 to 1.0 wm in diameter to 10-20 um in length in some
of the longer spiral forms.
23
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2.2.3. | Reproduction

It has been observed that simple cell division is the usual method of reproduction, whereas cer-
tain bacteria give rise to buds or branches that eventually break off. The growth rate is substantially
affected on account of changes in temperature, nutrition, and other factors.

Importantly, bacilli can produce reproductive cells invariably termed as spores, whose relatively
thick coatings are highly resistant to adverse environmental conditions. In the event of a better congenial
environment the spores commence to grow. Besides, spores are difficult to kill as they are highly
resistant to heat as well as disinfectant action.

2.2.4. | Formation of Colony

A group of bacteria growing in one particular place is known as a colony. A colony is invariably
comprised of the ‘descendants of a single cell’. It has been found that colonies differ in shape, size,
colour, texture, type of margin, and several other characteristic features. Interestingly, each species of
bacteria has a characteristic type of colony formation.

2.2.5. | Mutation

Evidently, a majority of bacteria, like all living organisms, do possess the ability to adapt their
shape or functions when encountered with distinct changes in their environment, but there are certain
degree of limits to this ability. However, they may also mutate to adapt to some potentially lethal sub-
stances, for instance : antibiotics.

2.2.6. | Motility

It has been duly observed that none of the ovoid or spherical cocci are capable of moving, but
certain bacilli and spiral forms do exhibit absolute independent movement. It is, however, pertinent to
mention here that the power of locomation exclusively depends on the possession one or more flagella,
slender whiplike appendages which more or less work like propellars.

2.2.7. | Food and Oxygen Requirements

Bacteria are of different types based upon their food and oxygen requirements as given below :

(a) Heterotrophic : require organic material as food,

(b) Parasites: feed on living organisms,

(c) Saprophytes: feed on non-living organic material,

(d) Autotrophic : i.e., self-nourishing—obtain their energy from inorganic substances, including
most of the soil bacteria,

(e) Aerobes: essentially require oxygen for their very existence and growth, and

(f) Anaerobes: do not require oxygen for their existence and growth. e.g., most bacteria found
in the GIT.

2.2.8. | Temperature Requirements

Although some bacteria live at very low temperature or very high temperature ; however, the
optimum temperature for a majority of pathogens is 37 °C (98.6 °F).
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ACTIVITIES

Following are some of the predominant activities of bacteria, namely :

(@) Enzyme Production. Bacteria invariably give rise to the production of enzymes that act on
complex food molecules, breaking them down into much simpler components ; they are the
principal agents responsible for causing decay* and putrefaction.**

(b) Toxin Production. Special molecules called adhesins bind bacteria to the host cells. Once
the attachment gets materialized, the bacteria may produce poisonous substances usually
known as toxins.

Toxins are commonly of two kinds, such as :
(i) Exotoxins— enzymes that virtually disrupt the cell’s function or kill it, and

(ii) Endotoxins — stimulate production of cytokines*** which may produce widespread
vasodilation and shock.

(c) Miscellaneous. A host of bacteria produce several chemical and physical characteristic prod-
ucts, such as :

Pigments — colouring matter,
Light — exhibiting luminescent at night,

Chemical substances — e.g., acids, alcohols, aldehydes, ammonia, gases, carbohydrates,
and indole, and

Hemolysins, leukocidins, coagulases, and fibrolysins — produced by pathogenic bacteria ;

The soil bacteria play a vital and important role in different phases of the nitrogen cycle viz.,
nitrification, nitrogen fixation, and denitrification.

ORGANIZATION OF MICROBIAL CELLS

Irrespective of the very nature and complexity of an organism, the cell designates the fundamen-
tal structural unit of life. In other words, all living cells are basically similar. The ‘cell theory’ i.e., the
concept of the cell as the structural unit of life, was duly put forward by Schleiden and Schwann.

In short, all biological systems essentially have the following characteristic features in common,
namely :

(1) ability for reproduction,

(2) ability to assimilate or ingest food substances, and subsequently metabolize them for energy
and growth,

(3) ability to excrete waste products,

(4) ability to react to unavoidable alterations in their environment — usually known as irritabil-
ity, and

(5) susceptibility to mutation.

* |t is the gradual decomposition of organic matter exposed to air by bacteria and fungi.

** |t is the decomposition of nitrogenous and other organic materials in the absence of air thereby producing
foul odours.

*** One of more than 100 distinct proteins produced primarily by WBCs. They provide signals to regulate
immunological aspects of cell growth and function during both inflammation and specific common responses.
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The plants and the animals were the two preliminary kingdoms of living organisms duly rec-
ognized and identified by the earlier biologists. However, one may articulately distinguish these two
groups by means of a number of well-defined structural and functional characteristic features as given
in Table : 2.1.

Table 2.1. Certain Structural and Functional Differentiations between Plants and Animals.

Kingdoms
S.No. | Characteristic Features
Plants Animals

| Structural features

1 Cell wall Present Absent

2 Chloroplasts Present Absent

3 Growth Open Closed

1 Functional features
Carbon source Carbon dioxide Organic compounds
Energy source Light (UV) Chemical energy
Growth factor needs None Complex
Active moment Absent Present

Soon after the discovery of the ‘microbial world’” — the immotile multicellular and photosyn-
thetic algae were classified duly in the plant kingdom; whereas — the microscopic motile forms of
algae were placed duly in the animal kingdom. Hence, a close and careful examination revealed the
presence of both plant — and animal-like characteristic features in the ‘microorganisms’. Further,
supporting evidences and valuable informations strongly established that the ‘microorganisms’ could
not fit reasonably into the two aforesaid kingdoms, namely : ‘plants’ and ‘animals’. Therefore, Haeckel
(1866) legitimately and affirmatively proposed a ‘third kingdom' termed as the ‘Protista’* to include
the ‘microorganisms’ exclusively.

Importantly, Protista group usually comprises of both the photosynthetic and non-photosyn-
thetic microorganisms, of course, with certain members sharing the characteristic features of both the
usual traditional plant and animal kingdoms. Nevertheless, the most prominent and predominant at-
tribute of this particular group being the comparatively much simpler biological organization. Most of
the representative members of this group are normally unicellular and undifferentiated unlike the ani-
mals and the plants.

Noticeably, further categorization of this kingdom was exclusively dependent upon the extent of
complexity encountered by the cellular organization, substantial progress in microscopy, and the ‘bio-
chemistry of various microorganisms’ has ultimately paved the way towards a much advanced and
better understanding of the differences with regard to the ‘internal architectural design of the micro-
bial cells’.

2.4.1. | Types of Cells

As to date there are two types of cells that have been recognized duly, such as :

* In taxonomy, a kingdom of organisms that includes the protozoa, unicellular and multicellular algae, and the
slime molds. The cells are eukaryotic.
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(a) Eukaryotic cells, and
(b) Prokaryotic cells.

Another third type, known as the Urkaryotes, and are most probably the progenitor of the present
day eukaryotes has now also been recognized duly.

The above two types of cells* (a) and (b) shall now be discussed at length in the sections that
follows :

2.4.1.1. Eukaryotic Cells [‘eu’ = true ; ‘karyote’ = nut (refers to nucleus of cell)] ;

It has been observed that the eukaryotic cells (Fig. 2.1) are explicitely characterized by the
presence of a multiplicity of definite unit membrane systems that happen to be both structurally and
topologically distinct from the cytoplasmic membrane. Subsequently, these prevailing membrane sys-
tems categorically enable the segregation of various eukaryotic cytoplasmic functions directly into
specialized organelles.** Endoplasmic reticulum (ER) represents the most complex internal mem-
brane system that essentially comprises of an irregular network of interconnected delimited channels
that invariably cover a larger segment of the interior portion of the cell. Besides, ER gets in direct
contact with two other extremely vital components viz., nucleus and cytoplasmic ribosomes. The nu-
cleus membrane is duly formed by a portion of the endoplasmic reticulum surrounding the nucleus ;
whereas, in other regions the surface of the membrane is particularly covered with the ribosomes wher-
ever synthesis of protein takes place. The proteins thus generated eventually pass via the endoplasmic
reticulum channels right to the various segments of the ensuing cell cytoplasm.

o
‘g
M = Mitochondrion
ER N = Nucleus
CW = Cell wall
ER = Endoplasmic
reticulum

Fig. 2.1. The Eukaryotic Cell

Nucleus. The eukaryotic cell possesses the ‘genetic material’ duly stored in the chromosomes
i.e., very much within the nucleus. However, chloroplastsand mitochondria also comprise of character-
istic DNA. The chromosomes are linear threads made of DNA (and proteins in eukaryotic cells) in the
nucleus of a cell, which may stain deeply with basic dyes, and are found to be especially conspicuous

* These terminologies were first proposed by Edward Chatton (1937).
** A specialized part of a cell that performs a distinctive function.
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during mitosis. The DNA happens to be the genetic code of the cell ; and specific sequences of DNA
nucleotides are the genes for the cell’s particular proteins. However, the size and the number of the
chromosome vary widely with various organisms. Nevertheless, the nucleus invariably contains a nu-
cleolusthat is intimately associated with a particular chromosomal segment termed as the ‘nucleolar
organizer’, which is considered to be totally involved in ribosomal RNA (rRNA) synthesis.

Mitosis. Mitosis refers to a type of cell division of somatic cells wherein each daughter cell
contains the same number of chromosomes as the parent cell. Mitosis is the specific process by which
the body grows and dead somatic cells are replaced. In fact, mitosis is a continuous process divided into
four distinct phases, namely : prophase, metaphase, anaphase, and tel ophase.

A brief discussion of the aforesaid four phases shall be given in the sections that follows along
with their illustrations in Fig. 2.2.

(@) Prophase. In prophase, the chromatin granules of the nucleus usually stain more densely
and get organized into chromosomes. These first appear as long filaments, each comprising
of two identical chromatids,* obtained as a result of DNA replication. As prophase progresses,
the chromosomes become shorter and more compact and stain densely. The nuclear mem-
brane and the nucleoli disappear. At the same time, the centriole divides and the two daugh-
ter centrioles** each surrounded by a centrosphere, move to opposite poles of the cell.
They are duly connected by fine protoplasmic fibrils, which eventually form an achromatic
spindle.

(b) Metaphase. The metaphase refers to the chromosomes (paired chromatids) that arrange
themselves in an equatorial plane midway between the two centrioles.

(c) Anaphase. In anaphase, the chromatids (now known as daughter chromosomes) diverge
and move towards their respective centrosomes. The end of their migration marks the begin-
ning of the next phase.

(d) Telophase. In telophase, the chromosomes at each pole of the spindle undergo changes that
are the reverse of those in the prophase, each becoming a long loosely spiraled thread. The
nuclear membrane re-forms and nucleoli reappear. Outlines of chromosomes disappear, and
chromatin appears as granules scattered throughout the nucleus and connected by a highly
staining net. The cytoplasm gets separated into two portions, ultimately resulting in two
complete cells. This is accomplished in animal cells by constriction in the equatorial region ; in
plant cells, a cell plate that produces the cell membrane forms in a similar position. The
period between two successive divisions is usually known as interphase.

Mitosis is of particular significance wherein the genes are distributed equally to each daughter
cell and a fixed number of chromosomes is maintained in all somatic cells of an organism.

Mitosis are of two kinds, namely :
(i) heterotypic mitosis: The first or reduction division in the maturation of germ cells, and
(i) homeotypic mitosis: The second or equational division in the maturation of germ cells.

* One of the two potential chromosomes formed by DNA replication of each chromosome before mitosis and
meiosis. They are joined together at the centromere and separate at the end of metaphase ; then the new
chromosomes migrate to opposite poles of the cell at anaphase.

** Aminute organelle consisting of a hollow cylinder closed at one end and open at the other, found in the cell
centre or attraction sphere of a cell.
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Fig. 2.2. Different Phases of Mitosis

Meiosis. Meiosis refers to a specific process of two successive cell divisions, giving rise to cells,
egg or sperm, that essentially contain half the number of chromosomes in somatic cells. When fertiliza-
tion takes place, the nuclei of the sperm and ovum fuse and produce a zygote with the full chromosome
complement.
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In other words, the phenomenon of meiosis may be duly expatiated in sexually reproducing
organisms, wherein the prevailing cellular fusion followed by a reduction in the ‘chromosome number’
is an important and vital feature. The two cells which actually participate in the sexual reproduction are
termed as ‘gametes’, which fuse to form a ‘zygote’. The above process is subsequently followed by a
nuclear fusion and the resulting zygote nucleus contains two complete sets of genetic determinants
[2N]. In order to adequately maintain the original haploid number in the succeeding generations, there
should be a particular stage at which a definite reduction in the chromosome number takes place. This
process that occurs after the fusion of gametes is known as meiosis.

Fig. 2.3 illustrates the schematic representation of meiosis, and the various steps involved may
be explained sequentially as follows :

(1) Meiosis comprises of two meiotic divisions viz, prophase |, and prophase I1.

(2) Prophase-I1. It represents the first meiotic division, whereby the homologous chromosomes
become apparently visible as single strands that subsequently undergo pairing.

(3) Each chromosome renders visible as two distinct chromatids and thus crossing over takes
place.

(4) Itis immediately followed by metaphase I, wherein the actual orientation of ‘paired chro-
mosomes’ in an equatorial plane and the subsequent formation of a ‘spindle apparatus’
takes place.

(5) Itis followed by Anaphase I, and the homologous centromeres gradually move to the opposite
poles of the spindle.

(6) Telophase-1. It markedly represents the end of the first meiotic division, and formation of
two nuclei takes place.

(7) Interphase-11. Telophase-I is followed by Interphase-I during which the chromosomes get
elongated.

(8) Prophase-Il and Metaphase-I1. In prophase-1l and metaphase-I1 the division of centromere
and migration of the homologous chromatids occurs, which is duly followed by anaphase-II,
and the desired second meiotic division resulting in the formation of four haploid* cells.

Eukaryotic Protist. It has been observed that in several eukaryotic protists belonging to higher
ploidy** (> 1) meiosis usually takes place after the formation of the zygote and prior to spore formation.
In certain eukaryotes there may even be a critically pronounced alteration of haploid and diploid gen-
erations as in the case of the yeast. Interestingly, in this particular instance, the diploid zygote produces
a diploid individual that ultimately gives rise to haploid cells only after having undergone the phenom-
enon of meiosis. Consequently, the haploid cell may either multiply as a haploid or get fused with
another haploid of the ‘opposite mating type’ to generate again a diploid.

* Possessing half the diploid or normal number of chromosomes found in somatic or body cells. Such is the
case of the germ cells—ova or sperm-following the reduction divisions in gametogenesis, the haploid number
being 23 in humans.

** The number of chromosome sets in a cell (e.g., haploidy, diploidy, and triploidy for one, two or three sets of
chromosomes respectively.
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Fig. 2.3. Schematic Representation of Meiosis
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Example. The life cycle of the eukaryotic protist may be exemplified by a typical yeast
Saccharomyces cerevisae as depicted in Fig. 2.4 given below :

=

@.) VEGETATIVE
CYCLE

N
Germination
[
[

O Spores

to'e Ascus
\o/

Diploid cell

Fig. 2.4. Life cycle of Eukaryotic Protist : Saccharomyces cerevisiae

Special Points : There are two cardinal points which, may be borne in mind with regard to the
Eukaryotic Protist as stated under :

(i) Despite of the fact that sexual reproduction could be the only way of reproduction in a large
segment of animals and plants ; it may not be an obligatory event in the life cycles of many
protists.

(i) Intwo glaring situations ; first, protists lacking a sexual stage in their respective life-cycle ;
and secondly, such species wherein sexuality does exist : the sexual reproduction may be
quite infrequent (i.e., not-so-common).

Important organelles in Eukaryotic Cells : It has been amply proved and established that the
eukaryotic cells invariably contain certain cytoplasmic organelles other than the nucleus. The important
organelles in eukaryotic cells usually comprise of threecomponents, namely : mitochondria, chloroplasts,
and the Golgi apparatus, which shall now be described briefly in the sections that follows :

Mitochondria. These are mostly found in the respiring eukaryotes and essentially contain an
internal membrane system having characteristic structure and function. The internal membrane of the
mitochondria (cristae) possesses the necessary respiratory electron transport system. The exact number
of copies of mitochondria per cell solely depends upon the cultural parameters and varies from 1-20
mitochondria per cell. These are generated by the division of the preexisting organelles containing
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ribosomes that usually resemble the bacterial ribosomes. However, the process of protein synthesis in
the mitochondria are very much akin to that in the prokaryotic cells.

These cell organelles (rod/oval shape 0.5 um in diameter) may be seen by employing a phase-
contrast or electron microscopy. They mostly contain the enzymes for the aerobic stages of cell respi-
ration and thus are the usual sites of most ATP synthesis chloroplasts [or Chloroplastids] :

Chloroplasts are found in the photosynthetic eukaryotic organisms. The internal membrane
of the chloroplasts is termed as the ‘thylakoid’ which essentially has the three important components :
(a) photosynthetic pigments, (b) electron transport system, and (c) photochemical reaction centres. The
number of copies of the chloroplasts depends exclusively upon the cultural conditions and varies from
40 to 50 chloroplasts per cell. These are also produced by the division of the preexisting organelles.

Generally, chloroplasts are the sites of photosynthesis. They possess a stroma and contain four
pigments : chlorophyll a, chlorophyll b, carotene, and xanthophy!ll.

Golgi Apparatus : The Golgi apparatus is alamellar membranous organelle invariably found
in the eukaryotic cells and consists of thickly packed mass of flattened vessels and sacks of different
sizes. The major functions of the Golgi apparatus are, namely :

« packaging of both proteinaceous and nonproteinaceous substances duly synthesized in the
endoplasmic reticulum, and
« their adequate transport to other segments of the cell.

Golgi apparatus may be best viewed by the aid of electron microscopy. It contains curved
parallel series of flattened saccules that are often expanded at their ends. In secretory cells, the apparatus
concentrates and packages the secretory product. Its function in other cells, although apparently impor-
tant, is poorly understood.
2.4.1.2. Prokaryotic Cells [‘pro’ = primitive ; ‘karyote’ = nut (refers to nucleus of cell)] :

Prokaryote : is an organism of the kingdom Monera with a single circular chromosome, without
a nuclear membrane, or membrane bound organelles. Included in this classification are bacteria and
cyanobacteria (formerly the blue-green algae) [SYN : prokaryote].

In fact, the prokaryotic cell is characterized by the absence of the endoplasmic reticulum (ER)
and the cytoplasmic membrane happens to be the only unit membrane of the cell. If has been observed
that the cytoplasmic membrane may be occasionally unfolded deep into the cytoplasm. An exhaustive
electron microscopical studies would reveal that most prokaryotes {i.e., prokaryotic cells) only two
distinct internal regions, namely : (a) the cytoplasm ; and (b) the nucleoplasm, as shown in Fig. : 2.5.

Cytoplasm : Cytoplasm refers to the protoplasm cell outside the nucleus. It is granular in ap-
pearance and contains ribosomes that are specifically smaller in size in comparison to the corresponding
eukaryotic ribosomes.

Nucleoplasm : It refers to the protoplasm of a cell nucleus. It is fibrillar in character and contains
DNA.

With mycoplasmas* as an exception, other prokaryotes invariably comprise of a defined and
rigid cell wall. It has been observed that neither the membranous structures very much identical to the
mitochondria nor chloroplasts are present in the prokaryotes. Besides, the cytoplasmic membrane happens
to be the site of the respiratory electron in the prokaryotesusually. Interestingly, in the photosynthetic micro-

* A group of bacteria that lack cell walls and are highly pleomorphic.
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organisms (bacteria), the photosynthetic apparatus is strategically positioned in a particular series of
membranous, flattened structures quite similar in appearance to the thylakoids ; however, these struc-
tures are not organized into the respective chloroplasts but are adequately dispersed in the cytoplasm.
Thus, the cytoplasmic membrane contains a plethora of specific sites for the DNA attachment, and also
plays a major role in the cell division. Here, the cell membrane unlike in the eukaryotic cell does not
generally contain sterols and polyunsaturated fatty acids (PUFAS). Mostly the fatty acids present are of
the saturated type e.g., palmitic acid, stearic acid etc.

Cell wall
Cytoplasmic
membrane

Cytoplasm
Ribosomes

Mesosome

Nuclear
Material

Fig. 2.5. Diagramatic Sketch of a Typical Prokaryotic Cell.

Importantly, the ‘genetic component’ present in the prokaryotic cells is strategically located in
the ‘nucleoplasm’ that essentially lacks a defined nuclear membrane. Nevertheless, it comprises of dou-
ble helical DNA without any associated basic proteins. In fact, the very site of the DNA in prokaryotic
protists is much smaller in comparison to that present in eukaryotes. In addition, the prokaryotes do
contain extra-chromosomal DNA, that may replicate autonomously, termed as the ‘plasmids’. How-
ever, these can be lost from the cell without impairment of the ‘cell viability'. The prokaryotic cells
usually exist in a haploid state and predominently get divided by a process quite identical to mitosis
although distinct stages are not recognized so frequently.

A good number of prokaryotes do possess a cell wall that is vastly different in composition from
that of eukaryotes, and invariably contains a rather rigid and well-defined polymer termed as the
peptidoglycan.* It has been observed that certain prokaryotes which essentially possess this aforesaid
rigid structure distinctly exhibit ‘active movement’ with the help of flagella. Some prokaryotes may
also display a ‘gliding matility’ as could be seen in the ‘blue-green bacteria’ quite frequently.

Table : 2.2. records the distinguishing characteristic features of the Prokaryotic
from the Eukaryotic Cells.

* The dense material consisting of cross-linked polysaccharide chains that make up the cell wall of most
bacteria. This membrane is much thicker in Gram positive organisms than it is in Gram negative bacteria.
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Table 2.2. Characteristic Distinguishing Features of Prokaryotic and Eukaryotic Cells.

S.No. Characteristic Features Prokaryotic Cells Eukaryotic Cells
Structure and Size
1 Groups occurring as unit of| Bacteria Animals, algae, fungi, protozoa,
structure. and plants.
2 Size variants in organism. 1-2x1—4umor less. More than 5 um in diameter or
Genetic System width.
3 Location Chromatin body, nucleoid, or Chloroplasts, mitochondria,
nuclear material. nucleus.
4 Structure of nucleus One circular chromosome More than one chromosome
— not bound by nuclear — bound by nuclear membrane.
membrane.
Absence of histones in chromo- Chromosomes have histones
some, no mitotic division. — mitotic nuclear division.
Nucleolus absent , clustering of Nucleolus present — no cluste-
functionally related genes may ring of functionally related genes.
occur.
5 Sexuality Zygote is partially diploid Zygote is diploid.
Viz., merozygotic in nature.
Cytoplasmic Nature
and Structures
6 | Cytoplasmic streaming Absent Present
7 Pinocytosis* Absent Present
8 Gas vacuoles May be present Absent
9 Mesosome** Present Absent
10 Ribosomes*** 70S**** — distributed in 80S — arrayed on membranes
the cytoplasm. akin to endoplasmic reticulum
— 70S in mitochondria and
chloroplasts.
11 Mitochondria Absent Present
12 | Chloroplasts Absent Can be present
13 | Golgi bodies Absent Present
14 Endoplasmic reticulum Absent Present
15 Membrane-bound vacuoles | Absent Present
i.e., true-vacuoles

* The process by which cells absorb or ingest nutrients and fluid. A hollow-cut portion of the cell membrane
is filled with liquid, and the area closes to form a small sac or vacuole. The nutrient, now inside, is available

for use in the cell’s metabolism.

** |n some bacteria, one or more large irregular convoluted investigations of the cytoplasmic membrane.

*** A cell organelle made of ribosomal RNA and protein. Ribosomes may exist singly, in clusters called
polyribosomes, or on the surface of rough endoplasmic reticulum. In protein synthesis, they are the site of
messenger RNA attachment and amino acid assembly in the sequence ordered by the genetic code carried by
MRNA.

**xx tS’-refers to the Svedelberg Unit, the sedimentation coefficient of a particle in the ultracentrifuge.
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16

17

18

19
20

21

Outer Cell Structures
Cytoplasmic membranes
Cell wall

Locomotor organelles

Pseudopodia
Metabolic pathways

DNA base ratios as
moles % of guanine
+ cytosine (G + C%)

Contain partial respiratory and,
in some, photosynthetic mechanism,
— mostly sterols are absent.

Presence of peptidoglycan e.g.,
murein, mucopeptide.

Simple fibril

Absent

Wide-variety-specifically that of
anaerobic energy — yielding react-
tions — some cause fixation of
N, gas — some accumulate poly
[-hydroxybutyrate to serve as
reserve material.

Ranges between 28-73

Sterols present predominently —
respiratory and photosynthesis
categorically absent.

Absence of peptidoglycan.

Microfibrilled having ‘9 + 2
microtubules.

Present in a few cases.

Glycolysis is the exclusive path-
way for anaerobic energy-
yielding mechanism.

Approximately 40.

Selective sensitivity to antibiotics. Another reliable and practical means to differentiate the

eukaryotes from prokaryotes is their characteristic sel ective sensitivity to certain specific antibiotic(s).
However, one may observe that chloramphenicol is toxic only to bacteria, whereas polyene antibiotics
(e.g., nystatin) bind to sterols in the cell membranes, and are largely effective exclusively against the
eukaryotic protists.

Table 2.3 : summarizes actually the vital and important differences in the activity against the

eukaryotes and prokaryotes with respect to selective sensitivity to ‘antibiotics’ vis-a-vis their mode of

action.
Table 2.3. Differences Between Eukaryotes and Prokaryotes as Regards Selective
Sensitivity to Antibiotics/Mode of Action
Active against
S.No. Antibiotics Mode of action
Eukaryotes | Prokaryotes
1 Penicillins Block cell wall synthesis by causing - +
inhibition of peptidoglycan synthesis
2 Polyene antibiotics Affect permeability by binding to + -
sterols in cell membranes
3 Streptomycin Block protein synthesis on - +
Tetracyclines prokaryotic ribosomes
Chloramphenicol
Erythromycin
4 Cycloheximide Blocks protein synthesis on + -
80S ribosomes
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It is, however, pertinent to mention here that several cellular functionalities are prominently and
predominently mediated almost differently in these two distinct types of cells, although the end result is
more or less the same.

ARCHAEOBACTERIA AND EUBACTERIA

It has been observed that “all cells’ categorically fall into either of the two groups, namely : the
eukaryotes, and the prokaryotes. Besides, the multicellular plantsand animalsare invariably eukaryotic
in nature and character, and so are the numerous unicellular organisms. The only prokaryotes are the
organisms, such as : cyanobacteria (Gr. hyanos = dark blue). In the recent past this very classification
has undergone a considerable change. It has been duly established and observed that there exists another
‘group of organisms amongst the bacteria that do not seem to fall into either of the two aforesaid
categories. These organisms have been termed as the archaeobacteria, which essentially designate an
altogether new primary kingdom having an entirely different status in the history and the natural order of life.

The enormous volume of informations based on experimental evidences gathered from studies
of ribosomal RNA suggests that archaeobacteria and eubacteria strategically got separated at a very
early stage in the pioneer process of evolution of life on this planet (earth). Importantly, the phylogenetic*
distance that critically prevails between the two above mentioned categories of bacteria is reflected by
some phenotypic** differences prominently, which may be summarized in the following Table : 2.4.

Table 2.4. Certain Prominent Differences between Archaeobacteria and Eubacteria

S.No. Characteristic Features Archaeobacteria Eubacteria

| Cell walls : - +
Presence of peptidoglycan containing muramic acid
and D-amino acid.

1 Lipids of cytoplasmic membrane - +
Long-chain fattly acids bound to glycerol by ester
linkages.

Long-chain branched alcohols (phytanols) bound to + -
glycerol by ethereal linkages.

Il Properties related to protein synthesis

Methionine t + -
N-Formylmethionine T - +
Diphtheria Toxin ft + -
Chloramphenicol ft - +

t Properties related to protein synthesis.
t1 Translation process sensitive to action of diphtheria toxin and chloramphenicol.

Archaeobacteria, in reality, do not represent a perfect homogeneous group. One may, however,
observe a substantial degree of heterogeneity amongst the eubacteria, so do the different types of
archaeobacteria specifically differ from each other with respect to morphology, metabolism, chemical
composition, and habitat.

* Concerning the development of a race or phylum.
** The expression of the genes present in an individual (e.g., eye colour, blood type).
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The “archaeobacteria’ are unusual organisms by nature, and this particular category is known to
comprise essentially of three different types of bacteria, namely :

(a) Methanogenic bacteria,

(b) Extreme halophiles, and

(c) Thermoacidophiles

These three groups of organisms shall now be treated individually in the sections that follows :

2.5.1. | Methanogenic Bacteria [Methanogens]

The methanogenic bacteria are considered to be the hard-core anaerobes which, invariably
possess the capability of deriving energy for their progressive growth by certain particular oxidizing
chemical entities, for instance : hydrogen (H,), formic acid (HCOOH) ; and actually exert their *action’
by making use of the electrons thus produced to reduce ultimately carbon-dioxide (CO,) to give rise to
the formation of methane (CH,) gas :

co, + 4H,—— CH, + 2H,0
Carbon  Hydrogen Methane Water
dioxide

It has been observed that certain genera specifically may grow as autotrophs* — thereby utiliz-
ing hydrogen and carbon dioxide as exclusive sources of carbon as well as energy ; whereas some others
do need several additional components, for instance : organic-sulphur compounds, amino acids, acetic
acid, and vitamins. Interestingly, a plethora of species actually grow quite abundantly and aggressively
in a complex media viz., comprising of yeast extract in comparison to inorganic-salts containing media.

Coenzymes™* : There are at least two uncommon coenzymes that invariably occur in all meth-
anogenic bacteria (methanogens) that have not been noticed in other varieties of microorganisms.

Examples : Following are two typical examples of methanogenic coenzymes :
(@ Coenzyme M — directly involved in methyl transfer reactions, and

(b) Coenzyme F,,, — a flavin-like chemical entity intimately involved in the anaerobic elec-
tron transport system of these microorganisms. It has the ability to fluoresce when exposed
to UV light ; and, therefore, its presence may be detected by visualizing the organisms via a
fluorescence microscope conveniently (also used for its critical identification and examina-
tion).

Differentiation of Methanogens : The genera of methanogens i.e., the methane-producing bac-
teria may be clearly differentiated exclusively based upon their morphology*** and Gram reaction****,
However, the glaring distinct differences occurring in the cell-wall composition have been duly observed
to correlate specifically with these genera.

* Pertaining to green plants and bacteria that essentially form protein and carbohydrate from inorganic salts
and CO,.
** An enzyme activator ; a diffusible, heat-stable substance of low molecular weight that, when combined with
an inactive protein termed as apoenzyme, forms an inactive compound or a complete enzyme called a
holoenzyme (e.g., adenylic acid, riboflavin, and coenzymes | and II).

*** The science of structure and form of organisms without regard to function.

**** A method of staining bacteria, important in their identification [SYN : Gram Stain ; Gram’s method]. Gram-
negative : Losing the crystal-violet stain and taking the colour of the red counter stain in Gram’s method of
staining — a primary characteristic of certain microorganisms ; Gram-positive : Retaining the colour of the
crystal-violet stain in Gram’s method of staining.
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Table 2.5 : records the morphology, matility, and wall composition of several methanogenic
organisms with specific ‘genus’.

Table 2.5. Differentiation of Methanogens

S.no. (Methano) Genus Morphology Motility Wall Composition
1 Methanobacterium Gram +ve to Gram- — Pseudomurein
variable long rods
2 Methanobrevibacter | Gram +ve lancet-shaped — —do—
short rods or cocci
3 Methanococcus Gram -ve pleomor- + ; one flagellar tuft Protein with trace of
phic* cocci glucosamine
Methanogenium —do— + ; peritrichous flagella | Protein
5 Methanomicrobium | Gram —ve short-rods + ; single polar flagellum —do—
Methanosarcina Gram +ve cocci in — Heteropolysaccharide
clusters
7 Methano spirillum Gram —ve long wavy +; polar flagella

filaments or curved rods

Importantly, the cell walls of two genera essentially consist of pseudomurein, that prominently
differs from eubacterial peptidoglycan by the following two distinct structural features, namely :

(a) substitution of N-acetyltalosaminuronic acid for N-acetylmuramic acid, and

(b) presence of tetrapeptide composed totally of L-amino acids, having glutamic acid attached
duly at the C-terminal end.

Habitats : Interestingly, the methanogenic bacteria most commonly found in anaerobic habi-
tats that are eventually rich organic matter which ultimately produced by nonmethanogenic bacteria via
fermentation to yield H, and CO,. A few such common as well as vital habitats are, namely : marine
sediments, swamps, marshes, pond and lake mud, intestinal tract of humans (GIT) and animals, rumen
of cattle (e.g., cow, buffalow, sheep, pig, goat etc.), and anaerobic sludge digesters in sewage-treatment
plants.

Figure. 2.6 [A and B] depicts the diagramatic sketch of the cells commonly observed in various
kinds of methanogenic organisms (viz., methane-producing bacteria).

Figure 2.6 [A] evidently shows the typical cells of Methanosarcina barkeri and Methanospirillum
hungatei representing ideally the methane-producing bacteria.

Figure 2.6 [B] likewise illustrates the characteristic cells of Methanobacterium thermo-
autotrophicum and Methanobacterium ruminantium designating the methanogens.

* Having many shapes.
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Methanosarcina Methanobacterium
i thermoautotrophicum
barkeri
Methanobacterium
ruminantium

Methanospirillum
hungatei

Al [B]

Fig. 2.2. Diagramatic Sketch of Various Methanogens

[Adapted From : Pelczar MH, Jr. et al. Microbiology, Tata McGraw-Hill
Publishing Co. LTD., New York, 5th, edn., 2004]

2.5.2. | Extreme Halophiles

The extreme halophiles are aerobic organisms and chemoorganotrophic* in nature that essen-
tially need nearly 17 to 23% (w/v) sodium chloride (NaCl) for their normal and good growth. These
extreme halophiles invariably stain Gram-negative organisms that specifically vary from the rod or
disk-shaped cells (i.e., the genus Halobacterium) to spherical or ovoid cocci (i.e., the genus Hal ococcus).

Habitat : They are most commonly found in ‘salt lakes’, such as :
» The Great Salt Lake ; the Dead Sea,
« Industrial plants generating salt by solar evaporation of sea-water, and
« Salted proteinaceous substances e.g., salted fish.**

In usual practice, the colonies are found to range from red to orange colouration by virtue of the
presence of carotenoids*** that particularly appear to cause adequate protection to the ensuing cells
against the damaging effect of the sunlight (having UV radiation).

Salient features : The salient features of the Halobacterium and the Halococcus cells are as
stated below :

(1) The cells do resist ‘dehydration’ particularly at high sodium chloride (NaCl) concentration
due to the adequate maintenance of a high intracellular osmotic concentration of potassium
chloride (KCI).

(2) Bothribosomes and the cytoplasmic membrane are found to be fairly stable only at relatively
high concentrations of KCI, whereas the corresponding enzymes are observed to be active
only at high concentrations of either NaCl or KCI.

(3) Importantly, the Halobacterium cell walls are invariably made up of ‘ certain protein subunits
which are held together only in the presence of NaCl ; and, therefore, if the critical level of
NaCl happens to fall below approximately 10% (w/v), the cells undergo break up.

* Having chemical affinity for tissues or certain organs.
** Wherein they may cause spoilage.

*** One of a group of pigments (e.g., carotene) ranging in colour from light yellow to red, widely distributed in
plants and animals e.g., B-carotene (in carrots) ; lycopene (in tomatoes) ; and lukein (in spinach).
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(4) Interestingly, the Halococcus cell walls are usually comprised of a complex
heteropolysaccharide which is found to be stable reasonably at comparatively lower NaCl
concentrations.

Adenosine Triphosphate (ATP) Synthesis. It is worthwhile to mention here that generally the
‘halobacteria’ are ‘aerobic’ in nature. It is amply established that in aerobic organisms, an electron-
transport chain invariably gives rise to a specific protonmotive force that in turn helps to carry out the
desired ATP-Synthesis.

Salient Features : There are several salient features that are associated with the ATP-synthesis,
namely :

(1) ATP-synthesis may alternatively be accomplished by halobacteria via fermentation of

arginine (an amino acid), which permits them to grow in an anaerobic environment.

(2) Thethird method of ATP formation is rather unique and extraordinary to the *halobacteria’.
Predominently distinct patches of a purple pigment, known as bacteriorhodopsin*, are pro-
duced in the cell membrane particularly at reasonably low O, levels. Subsequently, when
these cells containing the said pigments are exposed to the UV-light—the pigment gets
bleached gradually. In the course of the ‘bleaching phenomenon’, the resulting protons**
get duly extruded right into the outside portion of the membrane, thereby exerting an appre-
ciable protonmotive force that in turn carries out the ATP synthesis strategically.

(3) Conclusively, halobacteria essentially follows the mechanism of light-monitored synthesis
of ATP. Furthermore, these are actually devoid of bacteriochlorophyil.

2.5.3. | Thermoacidophiles

The thermoacidophiles are generally the aerobic Gram —ve archaeobacteria prominently char-
acterized by a remarkable tendency and capability to attain growth not only under extremely high acidic
conditions, but also at considerably elevated temperatures.

There are two most prominent genera that belong to this particular category, namely :
(a) Thermoplasma, and
(b) Sulfolobus.

2.5.3.1 Thermoplasma

These chemoorganotrophic microorganisms very much look alike the mycoplasm (i.e., a group
of organisms that lack cell walls and are highly pleomorphic), and obviously varying from spherical in
shape to filamentous in nature. The ideal and optimum temperature for their progressive growth ranges
between 55 and 59 °C (minimum, 44 °C ; maximum, 62 °C), whereas the optimum pH is 2 (minimum, 1 ;
maximum, 4). It has been duly observed that the cells of these thermoplasmas undergo abundant lysis
virtually at a neutral pH. In actual practice, the thermoplasmas have been duly isolated from the re-
sidual heaps of burning coal refuse.

2.5.3.2 Sulfolobus

The cells of this particular genus are more or less lobe-shaped or spherical in shape and appear-
ance. They have the definite cell walls that are essentially made up of protein. However, the optimum
temperature and optimum pH of different species of sulfolobus are as given below :

* The pigment is so hamed since its close similarity to the photosensitive pigment rhodopsin which is fre-
quently seen in the retinal rods of higher vertebrates.

** H* or Hydrogen ions.
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Optimum temperature : 70-87 °C;
Optimum pH : 2 [Min. 1 ; Max. 4].
Nevertheless, the sulfolobus are established to be autotrophic* facultatively. In fact, sulfolobus
may be grown in two different manners as stated under :

Method ‘A’ — as ‘ chemolithotrophs when adequately provided with ‘S’ as an element and an
electron donor, and

Method ‘B’ — as‘ chemoorganotrophs’ in the respective media comprising of organic substrates.

Interestingly, the natural occurrence of the sulfolobus species are prominently and predominently
found in sulphur (acidic) hot springs around the world.

THE BACTERIAL CELLS

The present section shall encompass briefly the major cellular structures usually encountered in
the bacteria. Nevertheless, the various functional anatomy of these cell types would throw an ample
light upon the various special activities that such cells perform normally.

The cellular structure should essentially provide the following three cardinal objectives, namely :

(a) aspecific container to support the internal contents and to segregate it totally from the exter-
nal medium,

(b) to store and replicate the genetic information, and
(c) to synthesize energy and other necessary cellular components for the replication of the cell.

In general, the bacterial cells grossly fulfil these requirements completely ; besides, they have
distinguishable characteristic features to help differentiation one from the other.

It is, however, pertinent to state here that extensive hurdles and difficulties were encountered by
the microbiologists across the globe in carrying out the detailed cytological studies** of bacteria on
account of the following vital factors, such as :

(i) the extremely small size (dimension) of the microorganism, and
(ii) almost optically homogeneous nature of the cytoplasm.

As to date, the advent of the development of complex and precisely selective staining techniques
amalgamated with the magnificent discovery of electron microscope and phase-contrast microscope
have contributed enormously in obtaining a far better in-depth knowledge and understanding of the
‘internal structures of bacterial cells'.

The various important aspects referring to the domain of the ‘bacterial cells’ shall be adequately
dealt with under the following heads stated as under :

(i) Typical bacterial cell
(if) Capsules and slimes
(iii) Flagella and fimbria
(iv) Cell envelope
(v) Gram-positive and gram-negative bacteria

* Capable of growing in the absence of organic compounds.
** The science that deals with the formation, structure, and function of cells.
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(vi) Significance of teichoic acids
(vii) The cell membrane
(viii) Bacterial cytoplasm
(iX) Ribosomes, and
(X) Cellular reserve materials

2.6.1. | Typical Bacterial Cell

Bacteria being prokaryotic in nature are much simpler in comparison to the ‘animal cells’. In
addition to this, they have three distinct characteristic features, namely : (&) an extensive endoplasmic
reticulum* ; (b) essentially lack a membrane-bound nucleus ; and (c) mitochondria.

Nevertheless, bacteria do possess a rather complex surface structure having a rigid cell wall that
surrounds the cytoplasmic membrane, as shown in Fig. 2.7, which essentially serves as the osmotic
barrier as well as the “active transport’ necessarily needed so as to sustain and maintain a suitable
intracellular concentration of the specific ions and the metabolites.

—— Nuclear material

Cytoplasm
Ribosome

Cytoplasmic membrane

Mesosome

<— Cell wall

— Nuclear material

Fig. 2.7. Diagramatic Sketch of Major Sructures of Typical Bacterial Cell Wall

Infact, the bacterial cell wall has two major roles to play :

(a) to protect the cell against osmotic rupture particularly in diluted media, and also against
certain possible mechanical damage(s), and

(b) to assign bacterial shapes, their subsequent major division into Gram positive and Gram
negative microorganisms and their antigenic attributes.

* A complex network of membranous tubules between the nuclear and cell membranes of the cell and cyto-
plasm, and sometimes of the cell exterior (visible via electron microscope only).
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2.6.2. | Capsules and Slimes

Invariably certain bacterial cells are duly surrounded by a viscous material that essentially forms
a covering layer or a sort of envelope around the cell wall. In the event this specific layer may be
visualized by the aid of light microscopy employing highly sophisticated and specialized staining tech-
niques, it is known as a capsule; in case, the layer happens to be too thin to be observed by light
microscopy, it is called as a microcapsule. If the layer does exist in an absolute abundance such that
quite many cells are found to be embedded in a common matrix, the substance is termed as a slime.

In other words, the terminology capsule usually refers to the layer both intimately and tightly
attached to the cell wall ; whereas, the slime coating (layer) is contrarily the loose structure which often
gets diffused right into the corresponding available growth medium as depicted in Fig. 2.8 below :

Fig. 2.8. Capsules and Slime Layers of Bacteria

Salient features : The salient features of capsule and slime are enumerated as under :

(1) These structures are not quite necessary and important for the normal growth and usual
survival of the bacterial cells but their very presence grants some apparent advantages to the
bacterial cells that contain these structures.

(2) A plethora of bacteria are incapable of producing either a capsule or a dime ; and those
which can do so would certainly lose the ability to synthesize legitimately these two compo-
nents devoid of any adverse effects.

(3) The prime interest in these amorphous organic exopolymersi.e., capsules and slimes, was to
assess precisely their actual role in the pathogenicity by virtue of the fact that majority of
these pathogenic microorganisms do produce either a capsule or a sime.

It is worthwhile to mention here that the composition of such amorphous organic exopolymers
varies according to the particular species of bacteria. In certain instances these are found as
homopolymers essentially of either carbohydrates (sugars) or amino acids, whereas in other cases these
could be seen as heteropolymers essentially of carbohydrates/substituted carbohydrates e.g.,
heteropolysaccharides.

A few typical examples of specific microorganisms (bacteria) having a varied range of amor-
phous organic exopolymers are as given below :
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S.No. Microorganisms Capsules
(Amorphous organic exopolymers)

1 Leuconostoc sp. A homopolymer comprising of either exclusively glucose (Dextran) or
fructose (Levan).
2 Bacillus anthracis A polymer of solely D-glutamic acid ; in certain other Bacilli sp. it could
be an admixture of polymers of D- and L-glutamic acids.
3 Klebsiella sp. These are heteropolysaccharides comprising of a variety of carbohydrates,
Pneumococci sp. namely : glucose, galactose, rhamnose etc., and other carbohydrate
derivatives.

Further investigative studies on different types of organisms (bacteria) have revealed, the precise
composition of a few selective capsular polymers (i.e., amorphous organic exopolymers) along with
their respective subunits and chemical substances produced at the end, as provided in Table 2.6.

Table : 2.6. Precise Composition of Certain Capsular Polymers :
Their Subunits and Chemical Substances

S.No. Bacteria Capsular Subunits Chemical Substances
polymers
1 Agrobacterium Glucon Glucose B-Glu-1 — 2, B-Glucose
tumefaciens
2 Acetobacter xylinum Cellulose Glucose B-Glu-1 — 4, p-Glucose
3 Leuconostoc sp. Dextrans Glucose [Fructose] o-Fruc-p-Glu-1 — 63-Glucose
Streptococcus sp.
4 Pseudomonas sp. Levans Fructose [Glucose] B-Glu-o-Fruc-2 — 6 a-Fructose
Xanthomonas sp.
5 Enteric Bacteria Colanic Acid | Glucose, Fucose, —
Galactose, Pyruvic acid,
Glucuronic acid,

Important Points : There are five important points that may be noted carefully :
() Itis still a mystery to know that on one hand in certain bacteria the exopolymers are seen in
the form of capsules ; whereas, on the other they are observed in the form of slimes.

(ii) Mutation* of capsular form to the corresponding slime forming bacteria has been well
established.

(iii) Structural integrity of both the capsule as well as the slime are meticulously estimated by the
critical presence of distinct chemical entities.

(iv) In many cases, the capsular material is not extremely water-soluble ; and, therefore, fails to
diffuse rapidly away from the cells that eventually produce it.
(v) In certain other instances the capsular material is highly water-soluble ; and hence, either

gets dissolved in the medium instantly or sometimes abruptly enhancing the viscosity of the
broth in which organisms are cultured respectively.

* A change in a gene potentially capable of being transmitted to offspring.
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Functions of Capsules : In reality capsules may serve five cardinal functions exclusively de-
pending upon their respective bacterial species as described under:

(@) They may afford adequate protection against temporary drying by strategically bound to
water molecules.

(b) They may cause absolute blockade of attachment to bacteriophages.

(c) They may be antiphagocytic* in nature.

(d) They may invariably promote attachment of bacteria to surfaces, such as : Sreptococcus
mutans— a bacterium that is directly linked to causing dental caries, by means of its ability

to adhere intimately onto the smooth surfaces of teeth on account of its specific secretion of
a water-insoluble capsular glucan.

(e) In the event when the capsules are essentially made up of compounds bearing an ‘electrical
charge', for instance: a combination of sugar-uronic acids, they may duly help in the pro-
motion of the stability of bacterial suspension by preventing the cells from aggregating
and settling out by virtue of the fact that such cells having identical charged surfaces would
have a tendency to repel one another predominently.

2.6.3. | Flagella and Fimbria

2.6.3.1. Flagella

Flagellum [Pl : Flagella] refers to a thread like structure that provides motility for certain bacte-
ria and protozoa (one, few or many per cell) and for spermatazoa (one per cell).

It has been observed that the presence of flagella strategically located on certain bacteria
(miroorganisms) has been known ever since the beginning of the nineteenth century ; besides, the actual
form of flagellation and motility have been exploited judiciously as a taxonomic tool in the logical
classification of bacterial variants.

Filaments : The ‘flagella’ are nothing but surface appendages invariably found in motile bacte-
ria, and appear generally as filaments having diameter ranging between 12—-20 nm and length between
6-8 um. Importantly, the diameter of the individual flagellum in a culture is normally constant ; how-
ever, the length may vary accordingly.

Location of Flagella : The exact location of the flagella in various bacteria varies widely and
specifically ; and could be either polar monotrichous or polar or bipolar or polar peritrichous as
shown in Fig. 2.9 ; and the number of flagella per cell also changes with the various bacterial species.

Flagellar Apparatus : Basically the flagellar apparatus consists of three distinct parts, namely :
(a) filament ; (b) hook ; and (c) basal granule. Importantly, the outermost structural segment of bacteria
is the filament which is a fibre essentially comprised of a specific protein termed as flagellin (a subunit
having molecular weight 20,000), and this is securedly attached to the basal granulewith the help of the
hook.

Interestingly, both the basal granules and the hook essentially contain certain specific proteins
that are antigenically distinct from the flagellin (i.e., the protein of the filament).

* Inhibiting the engulfment of pathogenic bacteria by whiteblood cells (WBCs), and thus contribute to inva-
sive or infective ability (virulence).
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Pseudomonas aeruginosa : :\/xw Polar monotrichous

Pseudomonas fluorescens : w Polar

Aquaspirillum serpens : M Bipolar

Salmonella typhi : Polar Peritrichous

Fig. 2.9. Various Arrangement of Flagella in Bacteria

In fact, the particular structure of the basal body comprises of a small central rod inserted strate-
gically into a system of rings as illustrated in Fig. 2.10 below. However, the entire unit just functions
fundamentally as a ‘simple motor’. It has been amply demonstrated and established that the meticulous
growth of the flagella invariably takes place by the careful addition of the flagellin subunits at the distal
end after being drifted through from the cytoplasm, obviously via the hollow core of the very flagellum.

FHlament

v

[.;..] Outer membrane
Peptidoglycan

Cytoplasmic
membrane

Fig. 2.10. Diagramatic Sketch of a Bacterial Flagella

Functioning of Flagella : The modus operandi of flagella are as given under :
(1) Flagella are fully responsible for the bacterial motility.
(2) Deflagellation by mechanical means renders the motile cells immotile.

(3) The apparent movement of the bacterial cell usually takes place by the critical rotation of the
flagella either in the clockwise or anticlockwise direction along its long axis.

(4) Bacterial cell possesses the inherent capacity to alter both the direction of rotation [as in (3)
above] and the speed ; besides, the meticulous adjustment of frequency of ‘stops’ and ‘starts’
by the appropriate movement of the flagella.

(5) Evidently, the flagellated peritrichal* bacteria usually swim in a straight line over moderate
distances. In actual practice, these swim-across straight line runs are interrupted frequently

* Indicating microorganisms, that have flagella covering the entire surface of a bacterial cell. [SYN. Peritrichous;
Peritrichic ;].
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by abrupt alterations in the direction that ultimately leads to tumbling. Therefore, the move-
ment of the bacteria is believed to be zig-zag.

(6) It has been observed that the phenomenon of smooth swimming in a fixed direction is invari-
ably mediated by the rotation of flagella in an anticlockwise direction ; whereas, the process
of tumbling in a zig-zag direction is usually caused by the rotation of flagella in a clockwise
direction.

(7) The presence of ‘polar flagella’ in bacteria affords a distinct change in the direction that
usually takes place by the reciprocal alteration in the direction of rotation.

2.6.3.2 Fimbriae [or Pili*]

Fimbriae or Pili are hollow, non-helical, filamentous hair-like structures that are apparently
thinner, shorter, and more numerous than flagella. However, these structures do appear on the surface of
the only Gram negative bacteria and are virtually distinct from the flagella.

Another school of thought rightly differentiates the terminology ‘fimbriae’ exclusively reserved
for all hair-like structures ; whereas, other structures that are directly and intimately involved in the
actual transfer of genetic material solely are termed as ‘pili’. Likewise, the bacterial flagella that may
be visualized conveniently with the help of a light microscope after only suitable staining ; and the
bacterial pili can be seen vividly only with the aid of an electron microscope.

Salient Features of Fimbriae : Some of the important salient features of ‘fimbriae’ are as
enumerated under :

(1) At least 5 to 6 fimbriae variants have been recognized besides the sex pili.
(2) Type I fimbriae has been characterized completely.
(3) They contain a particular protein known as pilin having molecular weight of 17,000 daltons.

(4) The fimbriae are found to be spread over the entire cell surface. These have a diameter of
7 nm and a length ranging between 0.5 to 2 um ; besides, an empty core of 2 to 2.5 nm.

(5) The pilin subunits are duly arranged in a helical manner having the pitch of the helix**
almost nearly at 2.3 um.

(6) In addition to the Type-l fimbriae, the Gram-negative bacteria invariably own a special
category of pili termed as the sex pili (or F-pili), the synthesis of which is predominently
directed by the sex factor (or F-factor). It has been observed that the sex pili do have a
uniform diameter of approximately 9 nm, and a length almost nearing between 1-20 um.

(7) Very much akin to the flagella, both fimbriae and pili are observed to originate from the
basal bodies strategically located within the cytoplasm. Interestingly, neither fimbriae nor
pili seem to be essential for the survival of the bacteria.

Human Infection : It has been demonstrated that certain pili do play a major role in causing and
spreading human infection to an appreciable extent by permitting the pathogenic bacteria to get strate-
gically attached to various epithelial cells lining the genito urinary, intestinal, or respiratory tracts spe-
cifically. It is worthwhile to mention here that this particular attachment exclusively checks and pre-
vents the bacteria from being washed away critically by the incessent flow of either mucous or body
fluids thereby allowing the infection to be established rather firmly.

* Filamentous appendages of which there may be hundreds on a single cell. One function of pili is to attach the
bacterium to cells of the host ; another to propel the bacterial cell.

** A coil or spiral.
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2.6.4. | Cell Envelope

Extensive morphological investigations have adequately revealed that the cell envelope of the
Gram-positive bacteria* is much more simpler with regard to the structure in comparison to that of the
Gram-negative bacteria.**

For Gram-positive Bacteria: In this instance the cell envelope contains chiefly the peptidoglycan
and the teichoic acids.

Interestingly, the peptidoglycan represents a substituted carbohydrate polymer found exclusively
in the prokaryotic microorganisms.

It essentially comprises of two major chemical entities namely :

(&) Two acetylated aminosugars e.g., n-acetyl glucosamine ; and n-acetylmuramic acid ; and

(b) Amino acids e.g., D-glutamic acid ; D- and L-alanine ;

In fact, the long peptide chains containing the two amino sugars that essentially constitute the
‘glycan strands’ comprise of alternating units of n-acetyl glucosamine and n-acetyl muramic acid in
[-1, 4-linkage ; besides, each strand predominently contains disaccharide residues ranging from 10 to
65 units as shown in Fig. 2.11.

@® Amino acid
&2 Acetylmuramic acid
. Acetylglucosamine

A = Polysaccharide
backbone chain

B = Peptide chain

C = Pentapeptide bridge
for cross-linking

Fig. 2.11. Peptidoglycan of Bacteria.

Nevertheless, the short peptide chains consisting four amino acids are found to be strategically
linked to the corresponding muramic acid residues ; and invariably the most commonly encountered
sequence being L-alanine, D-glutamic acid, meso-diamino pimelic acid, and D-alanine, as depicted in
Fig. 2.12.

* Purple cells having their ability to retain the crystal violet dye after decolourization with alcohol.
** Red or pink cells having their inability to retain the purple dye.
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H—C—CH, L-Alanine

NH
H—Cl:—(CHZ)Z—COOH D-Glutamic acid
c=0
ll\IH NH,
H—Cl:—(CH2 3—|CH—COOH meso-Diamino pimelic acid
c=0
\H
H—C|:—COOH D-Alanine

CH,

Fig.2.12. Chemical Structure of a Short Peptide Chain

Salient Features : The various important and noteworthy salient features with regard to the
formation of peptide chains are as enumerated under :

(1) The 3rd amino acid i.e., meso-diamino pimelic acid (Fig. 2.12) has been observed to vary
with different organisms (bacteria) by any one of the three such amino acids as : lysine,
diamino pimelic acid, or threonine.

(2) Besides, the adjacent peptide chains occurring in a peptidoglycan could be duly cross-linked
by short peptide chains essentially comprising of a varying number of amino acids.

(3) An important characteristic feature viz, the variations in the structure of the peptidoglycan
constituents usually take place ; and, therefore, it has been exploited and utilized judiciously
as a wonderful taxonomic tool.

(4) The exact number of amino acids that eventually form the cross link prevailing between the
two n-acetyl muramic acid residue i.e., the interpeptide bridge variation, may also vary from
2to 5, as given in Table 2.7, depending upon the various species of microorganisms. Varia-
tions in the n-acetyl muramic acid are also known and these alterations ultimately do affect
the compactness of the peptidoglycan to an appreciable degree.

TABLE : 2.7. Cross Wall Structure Variants in Certain Bacteria

S.No. Bacterial species Interpeptide bridge variants
1 Arthrobacter citreus [L-Ala-2-L-Thr]
2 Leuconostoc gracile [L-Ser-L-Ala-(L-Ser)]
3 Micrococcus roseus [L-Ala],
4 Staphylococcus aureus [Gly]s
5 Streptococcus salivarius [Gly-L-Thr]
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2.6.5. | Gram-Positive and Gram-Negative Bacteria

The various characteristic features of Gram-positive and Gram-negative bacteria shall be dis-
cussed at length in this particular section.

For Gram-negative bacteria. There are two distinct layers that have been duly recognized in
the cell envelopes of Gram-negative bacteria, namely :

(@) An uniform inner layer approximately 2-3 mm wide, and
(b) A thicker outer layer nearly 8-10 nm wide.

Importantly, the peptidoglycan is prominently confined to the inner layer ; whereas, the outer
layer (membrane) essentially comprises of proteins, lipoproteins, and lipopolysaccharides.

The principal chemical differences that predominently occur between the cell walls of Gram-
positive bacteria and the inner rigid wall layer and outer wall layer(s) of Gram-negative bacteria have
been duly summarized in Table 2.8 given below :

Table 2.8. Principal Chemical Differences Existing Between Cell Walls of Gram-positive and
Gram-negative Bacteria

S.No. | Chemical entities | Gram-positive bacteria Gram-negative Bacteria
Inner rigid wall layer Outer wall layer(s)
1 Lipoprotein - +or- +
2 Lipopolysaccharide - - -
3 Peptidoglycan + + -
4 Polysaccharide + - -
5 Protein +or— - +
6 Teichoic acid + - -

Cardinal characteristic features of component variants in Gram +ve and Gram —ve micro-
organisms : The various important characteristic features of component variants in Gram +ve and Gram
—ve microbes are as stated under :

(1) Peptidoglycans belonging to the Gram —ve microorganisms exhibits a rather low extent of
cross linkages within the glycan strands.

(2) Outer-membrane. The fine structure of the outer membrane, very much akin to cell mem-
brane, essentially comprises of a lipid bilayer wherein both phospholipids and
lipopolysaccharides are definitely present. Besides, the lipopolysaccharide generates the major
component of the outer membrane, and represents an extremely complex molecule varying
in chemical composition within/between the Gram —ve bacteria.

(3) Outer surface. The peptidoglycan of the wall has particular kinds of lipoproteins residing
on its outer surface, that are strategically linked by peptide bonds to certain diaminopimelic
acid residues present in the peptidoglycan.

(4) Lipoproteins evidently serve as a sort of bridge right from the peptidoglycan upto the outer-
wall-layer.

(5) The total number of proteins definitely present, unlike in the inner membrane, are quite a
few in number (approx. 10) ; and, therefore, these are markedly distinct from those invari-
ably found in the inner membrane.
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Typical Example : It has been observed that the lipopolysaccharides belonging to either E. coli
or Salmonella sp. necessarily comprise of subunits, and each subunit consists of three vital compo-
nents, namely : (a) a lipid ; (b) coreregion ; and (c) O-side chain respectively, as given in Fig. 2.13.

Lipid A ¢«—  Core Oligosaccharide <4—

—» R Core Region

O Side Chain

Fig. 2.13. Simplified Structure of a Lipopolysaccharide Present in Salmonella sp.

Explanations : The proper explanations for the various transformations occurring in Figure : 2.13
are as given below :
(i) The various subunits in lipopolysaccharide are duly linked via pyrophosphates with the ‘lipid
zone’.
(ii) The ‘lipidzone’ comprises of a phosphorylated glucosamine disaccharide esterified adequately
with long chain fatty acids.
(iii) The ‘coreregion’ comprises of a short-chain of carbohydrates, and the O-side chain consists
of different carbohydrates and is much longer in comparison to the R-core region.
(iv) Lipopolysaccharides represent the major antigenic determinants, and also the receptors
for the active adsorption of several bacteriophages.

Comparative Activities of Gram-negative and Gram-positive Bacteria

The various glaring comparative activities of both Gram-negative and Gram-positive bacteria are

enumerated below :

(1) It has been duly demonstrated that the outer membrane of Gram-negative bacteria promi-
nently behaves as a solid barrier to the smooth passage of certain critical substances, for
instance : antibiotics, bile salts*, and dyes into the cell. Hence, the Gram-negative organisms
are comparatively much less sensitive to these substances than the Gram-positive ones.

(2) Adequate treatment of Gram-negative bacteria with an appropriate chelating agent, such as :
ethylenediaminetetra acetic acid (EDTA), that eventually affords the release of a substantial
amount of lipopolysaccharides renders ultimately the cells more sensitive to the drugs and
chemical entities. Thus, the presence of lipopolysaccharide on the surface of the cell also
helps the bacteria to become resistant to the phagocytes** of the host.

(3) The resistance acquired in (2) above is almost lost only if the host enables to synthesize the
antibodies that are particularly directed against the O-side chain (Figure 2.13). There exists
a vast diversification in the specific structure of the O-side chain ; and, therefore, gives rise
to the somatic*** antigenic specificity very much within the natural bacterial populations.
Evidently, the ensuing antigenic diversity exhibits a distinct selective advantage specifi-
cally for a pathogenic bacterial species, because the animal host is not in a position to pos-
sess higher antibody levels strategically directed against a relatively large number of varie-
ties of O-side chains.

* Alkali salts of bile viz,, sodium glycocholate, and sodium taurocholate.

** A cell (e.g., leukocyte or macrophage) having the ability to ingest and destroy particulate substances viz.,
bacteria, protozoa, cells and cell debris, colloids, and dust particles.

*** Pertaining to the body.
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(4) In general, the prevailing lipids are invariably found to be phosphatidylethanolamine, and
apparently to a much smaller extent phosphatidylserine and phosphatidylcholine, present
duly in Gram-negative and Gram-positive bacteria.

2.6.6. | Significance of Teichoic Acids

The teichoic acid is a polymer invariably found in the wall of certain bacteria. It has been re-
ported that the walls of two Gram-positive organisms belonging to the genus of micrococci being a
member of the family Micrococcaceae, order Eubacteriales, namely : Saphylococcus aureus, and
Saphylococcus faecalis usually comprise of teichoic acids — i.e., the acidic polymers of ribitol phos-
phate and glycerol phosphate, that are covalently linked to peptidoglycan, and which can be conven-
iently extracted with cold diluted acids, as given below :

O—CH, O—CH, | Th_e phosphodiestt_er linkages
exist between positions 1 and 5

HGC—O—Ala HC—O—Ala of the ribitol residues.

| _ | _ B Most ribitol residues contain a

C|:H2 S G ©=P—OH D-alanine moiety.

lCHz CH,
H,G—O H,GC—O

L —n

_ o /_ B The phosphodiester linkages

| ﬁ) C :| H, I exist between positions 1 and
Al 3 of the glyceral residues.

Glycerol Teichoic Acid

In actual practice, however, the teichoic* acids may be duly grouped chiefly into two categories,
namely : (a) wall teichoic acids, and (b) membrane teichoic acids.

Characteristic Features : Most teichoic acids do possess certain inherent characteristic fea-
tures as stated here under :

(1) They usually get bound to Mg?" ions specifically, and there is quite a bit of evidence to
suggest that they do aid in the protection of bacteria from the thermal injury by way of
providing an adequate accessible pool of such cations for the stabilization of the cytoplasmic
membrane exclusively.

(2) Importantly, the walls of a plethora of gram-positive organism contain almost any lipid, but
those which distinctly belong to Mycobacterium, Corynebacterium, and certain other genera
are conspicuously excepted.

* Originally the word ‘teicho’ was assigned to indicate their actual presence only confined to the wall.
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2.6.7. | The Cell Membrane

Literally, ‘membrane’ designates a thin, soft, pliable layer of tissue that virtually lines a tube or
cavity, covers an organ or structure, or separates one part from another specifically. The cell membrane
refers to the very fine, soft, and pliable layer of tissue that essentially forms the outer boundary of a cell ;
and it is made of phospholipids, protein, and cholesterol, with carbohydrates on the outer surface e.g.,
plasma membrane, as shown in Fig. : 2.14.

Outside of Cell  ©Oligosaccharide Antigens

Receptor Site

Protein forming a pore .
Phospholipids

Fig. 2.14. Diagramatic Representation of a Cell Membrane

In other words, the cell membrane is the bounding layer of the cytoplasmic contents, and repre-
sents the principal osmotic and permeability barrier. It is a lipoprotein (having a ratio of protein and
lipid, 70 : 30), devoid of any polysaccharide, and on being examined via an electron microscope shows
up with a distinct three-layer unit with a prominent unit membrane structure.

The actual thickness of the two outer layers are approximately 3.5 nm, and the middle layer is
nearly 5 nm thick. The lipids observed in the cell membrane are largely phospholipids, for instance :
phosphatidylethanol amine, and to a lesser extent phosphatidylserine and . The other three vital
regions in the cell membrane are, namely :

(@) Polar head regions — of the phospholipids are strategically positioned at the two outer
surfaces,

(b) Centre of membrane — contain the extended hydrophobic fatty acid chains, and
(c) Middle protein layer — is duly intercalated into the phospholipid bilayer.

Importance of Cell Membrane. The importance of the cell membrane lies in monitoring the
three vital functions of immense utility to the cell, namely :

(1) Itmostly acts as an ‘osmotic barrier’, and usually contains permeases that are solely respon-
sible for the viable transport of nutrients and chemicals both in and outside the cell ;

(2) Itessentially contains the enzymes that are intimately involved in the biosynthesis of membrane-
lipids together with a host of other macromolecules belonging to the bacterial cell wall ; and
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(3) It predominently comprises of the various components of the energy generation system.

It is, however, pertinent to state here that besides these critically important features there is an
ample evidence to demonstrate and prove that the cell membrane has particular ‘attachment sites’
exclusively meant for the replication and segregation of the bacterial DNA and the plasmids.

Mesosomes. It has been duly observed that in certain instances of microorganisms, more specifi-
cally and precisely in the Gram-positive bacteria, solely depending upon the prevailing growth factors
as well as parameters the cell membrane vividly seems to be ‘infolded’ at more than one point. Such
infoldings™ are known as mesosomes as depicted in Fig. : 2.15.

Habitats. The actual presence of such folded structures in large quantum have also been found in
microorganisms that do possess a relatively higher respiratory role to play (activity) ;

Examples : (a) Logarithmic phase of growth, and

(b) Azotobacter i.e., the nitrogen fixing bacteria.

Mesosomes

Fig. 2.15. Diagramatic Structure of Mesosomes

In addition to the above, the mesosomes are also found in the following two types of microor-
ganisms, such as :

(i) Sporulating bacteria — in these the critical appearance of such infolding (i.e., mesosome
formation) is an essential prerequisite for the phenomenon of ‘sporulation’ ; and

(ii) Photosynthetic bacteria — in these the actual prevailing degree of ‘membrane infolding’
has been intimately related to two important aspects, namely: first — pigment content, and
second — photosynthetic activity.

2.6.8. | Bacterial Cytoplasm

Based upon various intensive and extensive investigations carried out on the bacterial cell, one
may observe that the major cytoplasmic contents of it essentially include not only the nucleus but also
ribosomes, proteins, water-soluble components, and reserve material. It has also been observed that a
plethora of bacteria do contain extrachromosomal DNA i.e., DNA that are not connected to the chro-
mosomes.

It has also been revealed that the ‘bacterial nucleus' is not duly enclosed in a well-defined mem-
branous structure, but at the same time comprises of the genetic material of the bacterial cell. Interest-

* The process of enclosing within a fold.
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ingly, several altogether sophisticated meticulous and methodical investigations pertaining to the actual
status/content(s) of the bacterial nucleus reveal amply that :

(a) Electron microscopy : Electron micrographs of the bacterial nucleus under investigation
evidently depict it as a region very tightly and intimately packed with fibrillar DNA i.e., consisting of
very small filamentous structure.

(b) Cytological, biochemical, physical, and genetic investigations : Such investigations with
respect to a large cross-section of bacterial species revealed that the ‘bacterial nucleus’ essentially
contains a distinct singular molecule of definite circular shape, and having a double-stranded DNA.

The genome size of DNA i.e, the complete set of chromosomes, and thus the entire genetic
information present in a cell, obtained painstakingly from a variety of bacterial species has been deter-
mined and recorded in Table 2.9 below :

Table 2.9. The Genome Size of Certain Bacteria

S.No. Microorganisms (Bacteria) Genome size

(Daltons x 10°)

1 Bacillus subtilis 2.500

2 Escherichia coli 25.000 (£ 0.5)

3 Micrococcus salivarius 3.300

4 Mycoplasma pneumoniae 0.480

5 Peptococcus aerogenes 0.816

6 Peptococcus saccharolydicus 1.250

7 Staphylococcus aureus 1.458

Specifications of E. coli: The size of DNA in E. coli together with certain other specifications
are as given below :

Average length : Approx. 1000 um
Base pairs : 5 x 10 kilo base pairs
Molecular weight : 2.5 x 10° Daltons (+ 0.5 x 10°%)

« The ensuing DNA happens to be a highly charged molecule found to be dissociated with any
basic proteins as could be observed in higher organisms.

« Neutralization of charge is duly caused either by polyamines e.g., spermine, spermidine, or
by bivalent cations e.g., Mg?*, Ca?".

Plasmid DNA : Besides, the apparent and distinct presence of the bacterial ‘ nuclear DNA', they
invariably contain extrachromosomal* DNA termed as plasmid DNA that replicates autonomously. It
has been duly observed these plasmid DNAs exhibit different specific features, such as :

« confer on the bacterial cell,

« drug resistance,

« ability to generate bacteriocins i.e., proteinaceous toxins.

« ability to catabolize uncommon organic chemical entities (viz.,, in Pseudomonas).

* Not connected to the chromosomes.
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Nevertheless, the actual size of plasmid DNA usually found in these specific structures may be
nearly 1/10th or even less in comparison to that invariably found in the bacterial nucleus; however, the
exact number of copies may change from one to several. Besides, these structures are not enclosed in a
membrane structure. Importantly, the plasmid DNA is mostly circular in shape and double stranded in
its appearance.

2.6.9. | Ribosomes

Ribosome refers to a cell organelle made up of ribosomal RNA and protein. Ribosomes may
exist singly, in clusters called polyribosomes, or on the surface of rough endoplasmic reticulum. In
protein synthesis, they are the most favoured site of messenger RNA attachment and amino acid assem-
bly in the sequence ordered b the genetic code carried by mRNA.

In other words, the specific cytoplasmic area which is strategically located in the cell material
bound by the cytoplasmic membrane having granular appearance and invariably rich in the macromolecular
RNA-protein bodies is termed as ribosome.

Characteristic Features : Following are some of the cardinal characteristic features of the
‘ribosomes’, namely:

(1) Contrary to the animal or plant cells, there exists no endoplasmic reticulum to which ribosomes
are bound intimately.

(2) Interestingly, there are certain ribosomes that are found to be virtually ‘free’ in the cyto-
plasm ; whereas, there are some, particularly those critically involved in the synthesis of
proteins require to be transported out of the cell, get closely linked to the inner surface of the
cytoplasmic membrane.

(3) The number of ‘ribosomes’ varies as per the ensuing ‘rate of protein synthesis’, and may
reach even upto 15,000 per cell. In fact, greater the rate of proteins synthesis, the greater is
the rate of prevailing ribosomes.

(4) Ribosomes represent ribonucleoprotein particles (comprising of 60 RNA ; 40 Protein) hav-
ing a diameter of 200 A, and are usually characterised by their respective sedimentation
physical properties as depicted in Fig. 2.16.

(5) Prokaryotic Ribosome. In the event when the ribosomes of the prokaryotes undergo ‘ sedi-
mentation’ in an ultra-centrifuge, they normally exhibit a sedimentation coefficient of 70 S
(S = Svedberg Units), and are essentially composed of two subunits i.e, a’50 Sand a 30 S
subunit (almost fused as shown in Figure 2.16). Consequently, these two subunits get dis-
tinctly separated into a 50 S and a 30 S units*. As a result the 50 S unit further gets segre-
gated into a RNA comprised of two daughter subunits of 5 S and 23 S each together with
thirty two (32) altogether different proteins [derived from 50 — (5 + 23) = 22 sub-units].

Likewise, the 30 S gets fragmented into two segments i.e., first, a RNA comprised of only
one subunit having 16 S plus twenty one (21) precisely different proteins [derived from
30 — 16 = 14 sub-units], (see Fig. : 2.16).

(6) Eukaryotic Ribosome : This is absolutely in contrast to the ribosomes of the corresponding
prokaryotic organisms, that do possess a sedimentation coefficient of 80 S, and are essen-
tially comprised of two subunits each of 60 S and 40 S, respectively.

* The ‘mother ribosomes’ when placed in a low concentration of Mg?* ions get dissociated into two smaller
‘daughter ribosomes’.
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Fig. 2.16. The Prokaryotic Ribosome and its Components

(7) Polysomes. Inasituation when these ‘ribosomes’ are specifically associated with the mRNA
in the course of active protein synthesis, the resulting product is termed as ‘polysomes’.

It is, however, pertinent to mention here that there are a plethora of ‘antibiotics’ viz,
chloramphenicol, erythromycin, gentamycin, and streptomycin, which exert their predomi-
nant action by causing the inhibition of ‘protein synthesis’ in ribosomes.

2.6.10.

Cellular Reserve Materials

It has been duly observed that there exist a good number of ‘reserve materials strategically
located in the prokaryotic cells and are invariably known as the granular cytoplasmic inclusions. The
three most vital and important organic cellular reserve materials present in the prokaryotes are namely
: (@) poly-p-hydroxybutyric acid; (b) glycogen; and (c) starch (see Table : 2.10).

Table : 2.10. Organic Cellular Reverse Materials in Prokaryotes

S.No. Organic Cellular Reserve Materials Examples of Prokaryotes
1 Poly-B-hydroxybutyric acid + Glycogen Purple bacteria ; certain blue-green bacteria ;
2 Poly-B-hydroxybutyric acid Azotobacter ; Bacillus ; Beneckea ;
Photobacterium ; Sprillium ;
3 Glycogen Blue-green bacteria; Clostridia; Enteric bacteria;
4 Starch Clostridia;
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Salient Features. The salient features of the organic cellular reserve materials present in the

prokaryotes are as stated under :

(1) Poly-B-hydroxybutyric acid. It is found exclusively in the prokaryotes and invariably ca-
ters as an equivalent of lipoidal content duly stored in the eukaryotic cells. It is observed in
several species of Azotobacter, bacilli, and pseudomonads. Interestingly, certain specific or-
ganisms viz., purple bacteria has the ability to synthesize even two types of reserve materi-
als (e.g., glycogen and poly-p-hydroxybutyrate) simultaneously.

(a) Visihility — These organic cellular reserve materials are found to be deposited almost
uniformly very much within the cytoplasm ; however, they may not be detected under a
light microscope unless and until these are duly stained.

(b) Cdlular content — The actively ‘growing cells' do have these reserve materials present
in rather small quantum in the cellular content ; whereas, they get usually accumulated
exclusively in the C-rich culture medium under the influence of restricted amounts of
nitrogen.

(c) Availability — These reserve materials may sometimes represent even upto 50% of the
total cellular content on dry weight basis.

(d) Utility — These reserve materials are fully utilized when the prevailing cells are ad-
equately provided with a suitable source of N and the growth is resumed subsequently.

(2) Glycogen and Starch — It has been duly established that the synthesis of glycogen and
starch is usually accomplished via a proven mechanism for storing C in a form which is
osmoatically inert ; whereas, in the particular instance of poly-B-hydroxybutyric acid it pre-
cisely designates a method of neutralizing an acidic metabolite.

(3) Cyanophycine (a copolymer of arginine and aspartic acid) :

In general, prokaryotes fail to store particularly the organic nitrogenous materials, but the
blue-green bacteria is expected which essentially accumulate a nitrogenous reserve material
termed as cyanophycine. It invariably represents as much as 8% of cellular dry weight; and
may be regarded as a copolymer of arginine and aspartic acid.

(4) Volutin (metachromatic) Granules. A plethora of prokaryotes acquire more and more of
volutin granules that may be stained meticulously with a ‘basic dye', for instance : methyl-
ene blue. In fact, these prokaryotes appear as red on being stained with a ‘blue-dye’. Impor-
tantly, the prevailing metachromatic nature of the ensuing ‘red complex’ is on account of the
very presence of a substantial quantum of ‘inorganic phosphates’. Evidently, the actual
accumulation of these substances in the prokaryotes takes place under critical parameters of
starvation specifically during ‘ sulphate starvation’. It has been observed that these instantly
generated volutin granules disappear as soon as the cells are adequately made available with
a ‘sulphur source’, and subsequently the phosphate moiety [PO,*] is incorporated strategi-
cally into the nucleic acids i.e.,, DNA and RNA. From the above statement of facts one may
vividly infer that the ‘volutin granules definitely represent particularly the ‘intracellular
phosphate reserve’ when the desired nucleic acid synthesis fails to materialize.

(5) Sulphur Bacteria [e.g., photosynthetic purple sulphur bacteria ; and filamentous non-
photosynthetic bacteria (viz., Baggiatoa and Thiothrix)]. The aforementioned two sulphur
bacteria specifically help in the accumulation of * Sulphur’ transiently in the course of hydro-
gen sulphide [H,S] oxidation.
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(6) Thylakoids. These are solely present in the blue-green bacteria and are intimately involved
in the phenomenon of photosynthesis. Besides, there are three prominent structures, namely :
gas vesicles, chlorobium vesicles, and carboxysomes, that are critically bound by non-unit
membranes have been reported to be present in certain photosynthetic organisms.

(7) Ribs. There are several aquatic prokaryotes essentially containing gas vacuoles that are
intimately engaged in counter-balancing the prevailing gravitational pull appreciably. On
being examined under a ‘light microscope’ the ensuing gas vacuoles do look like dense
refractile structure having a distinct irregular peripheral boundary. Importantly, with a cer-
tain surge in the hydrostatic built-up pressure the existing gas vacuoles collapse thereby the
cells lose their buoyancy eventually. Precisely, each gas vesicle more or less has an appear-
ance very much akin to a “hollow cylinder’ having an approximate diameter of 75 nm with
distinct conical ends, and a length ranging between 200 and 1000 nm. These conglomerates
of gas vesicles are usually surrounded by a layer of protein approx. 2 mm thick. These
structures do possess several bands consisting of regular rows of subunits that almost run
perpendicular to the axis, and are termed as ‘ribs’. The ribs are found to be impermeable to water.

(8) Photosynthetic Apparatus. The photosynthetic apparatus present specifically in the pho-
tosynthetic green bacteria (chlorobium) possesses a distinct strategic intracellular loca-
tion. It is usually bound by a series of cigar-shaped vesicles arranged meticulously in a
corticle-layer which immediately underlies the cell membrane as illustrated in Fig. 2.17.
Interestingly, these structures have a width nearly 50 nm, length varying between 100-150
nm and are delicating enclosed within a single layered membrane of thickness ranging be-
tween 3-5 nm. They essentially and invariably contain the ‘photosynthetic pigments’.

Fig. 2.17. Photosynthetic Apparatus Present in Green Bacteria

(9) Carboxysomes. It has been amply demonstrated that a good number of photosynthetic and
chemolithotrophicorganisms, namely : blue-green bacteria, purple bacteria, and thiobacilli
essentially comprise of polyhedral structures having a width of 50-500 nm and carefully
surrounded by a single layer of membrane having a thickness of 3.5 nm approximately.
These characteristic structures are known as carboxysomes. They are found to consist of
certain key enzymes that are closely associated with and intimately involved in the critical
fixation of carbon dioxide [CO,], such as : carboxy dismutase ; and thus, represent the
precise and most probable site of CO, fixation in the photosynthetic as well as
chemolithotrophic organisms.
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INTRODUCTION

Microbiology is an integral part of ‘biological sciences’, and hence essentially encompasses the
three cardinal objectives, namely: characterization, classification, and identification. The entire
‘microbial world’ enjoys the reputation for being an extremely complex and extraordinarily diversified
domain with respect to their morphological, physiological, and genetical characteristic features. In the
light of the said glaring facts, it became almost necessary to afford a broad and critical classification as
a means of bringing order to the puzzling diversity as well as variety of organisms in nature. Therefore,
once the characteristic features of the various microbes existing in this universe have been duly established,
one may compare it with other organisms quite conveniently in order to draw a line amongst their
similarities and dissimilarities in particular. It would be a lot easier task to segregate the microbes having
the same features and subsequently group them together under a specific classified head or group known
as “classification’.

Based upon the enormous volume of researches made in the study of microorganisms, one has to
know their characteristics prior to their legitimate identification and classification. Because of the
extremely minute and microscopical size of the microorganism, it may not be quite feasible to carry out
an elaborated study of the characteristics of a single microorganism. In order to circumvent the above
difficulties, one may conveniently study the characteristics of a culture i.e., a population of microor-
ganisms or the propogation of microorganisms. Therefore, the meticulous investigation of the charac-
teristics of a culture comprising a host of microorganisms,* it is as good as exploring the characteristics
of a single organism. Pure Culture [Axenic Culture] : It refers to a ‘culture’ that essentially be
composed of a single type of microorganism, irrespective of the number of individuals, in a surrounding
absolutely free of other living microbes (organisms). Summarily, the process of establishing the ‘char-
acteristics’ of microorganisms is not only a cardinal prerequisite for classification but also play a vari-
ety of vital, indeed essential, roles in nature.

CHARACTERIZATION

The microorganisms may be broadly characterized into the following categories, namely:

* Invariably millions or billions of cells specifically of one type.
62

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

|CHARACTERIZATION, CLASSIFICATION AND TAXONOMY OF MICROBES 63

(i) Morphological characteristics
(if) Chemical characteristics

(iii) Cultural characteristics

(iv) Metabolic characteristics

(v) Antigenic characteristics

(vi) Genetic characteristics

(vii) Pathogenicity, and

(viii) Ecological characteristics.

The aforesaid categories of characteristics shall now be treated individually in the sections that
follow :

3.2.1. [Morphological Characteristics

Morphology refers to the science of structure and form of organisms without any regard to their
function. The morphological determinations invariably require the intensive studies of the individual
cells of a pure culture. The microorganisms being of very small size are usually expressed in microm-
eters (um)*.

Interestingly, the morphological characteristic features are relatively easier to analyze and study,
specifically in the eukaryotic microorganisms as well as the more complex prokaryotes. However, the
morphological comparisons amongst the microbes play an important and vital role by virtue of the fact
that their major structural features exclusively depend upon the prevailing expression of several genes.
In fact, they are found to be fairly stable genetically, and hence fail to undergo drastic variation in
response to the environmental alterations. Therefore, morphological similarity serves as an essential
novel indicator with regard to phylogenetic **relationship.

However, the ‘morphological characteristics’ frequently employed in the classification and
identification of certain microbial groups vis-a-vis their structural features are enumerated as under:

S. No. Characteristic Features Microbial Groups
1 Cell size Most major categories
2 Cell shape —do—
3 Cellular inclusions —do—
4 Cilia and flagella —do—
5 Colonial morphology —do—
6 Colour —do—
7 Endospore shape and location Endospore forming microbes
8 Mode of motility Spirochaetes, gliding microbes
9 Spore morphology and location Algae, fungi, microbes,
10 Pattern of staining Microbes, certain fungi
11 Ultrastructural characteristic features Most major categories

*1 um = 0.001 millimeter (mm) or = 0.00004 inches. It may be carried out either with the help of a high-
power microscope or an electron microscope (which provides magnification of thousands of diameters
and enables to see more refined/detailed cellular structure(s).

** Concerning the development of a race or phylum.
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3.2.2. | Chemical Characteristics

Interestingly, one may observe a broad spectrum of organic compounds critically located in the
microbial cells. These cells upon undergoing disintegration (broken apart) give rise to several different
chemical entities that are methodically subjected to vigorous chemical analysis. Thus, each type of
microorganism is observed to possess altogether specific and characteristic chemical composition. The
presence of distinct qualitative and quantitative differences in composition does occur amongst the
various prevailing microbial species.

Examples:

(@) Gram-positive Microorganisms—they essentially possess in their cell walls an organic acid
known as ‘teichoic acids’, and such compounds are not be seen in Gram-negative
microorganisms.

(b) Gram-negative Microorganisms—they invariably contain ‘lipolysaccharide’ in their cell
walls, and this is distinctly absent in Gram-positive bacteria.
Note. (1) Both algal and fungal cell walls are found to be entirely different in composition
from those of microbes.
(2) In viruses, the most prominent point of difference is solely based upon the type of
nucleic acid they essentially possess, viz, RNA and DNA.

3.2.3. | Cultural Characteristics

It has been amply established that each and every type of microorganism possesses specific as
well as definitive growth-requirements.

Salient Features. The salient features of the important and vital cultural characteristics are as
stated under:

(1) A plethora of microbes may be grown either on or in a cultural medium*.

(2) A few microorganisms could be cultivated (grown) in a medium comprising specifically
organic chemical entities**, whereas some others require solely inorganic chemical enti-
ties.

(3) Certain microbes do require complex natural materials*** only for their normal growth.

(4) Importantly, there are certain critical microbes that may be carefully and meticulously
propogated only in a living host or living cells, and cannot be grown in an usual artificial
|laboratory medium.

Example: Rickettsias**** prominently require a definitive host in which they may grow
conveniently and generously, for instance: (a) an arthroped*****; (b) achick embryo (i.e., afertilized

* A mixture of nutrients employed in the laboratory to support growth as well as multiplication of microbes.
** Amino acids, coenzymes, purines and pyrimidines, and vitamines.
*** Blood cell, Blood serum, Peptone, Yeast autolysate.

***+* Rickettsia: A genus of bacteria of the family Rickettsiaceae, order Rickettsiales. They are obligate
intracellular parasites (must be in living cells to reproduce) and are the causative agents of many diseases.
*H*%%k A member of the phylum Arthropoda i.e., a phylum of invertebrate animals marked by bilateral symme-
try, a hard, jointed exoskeleton, segmented bodies, and jointed paired appendages viz., insects, myriapods,

and the crustaceans.
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chicken egg); and (c) a culture of mammalian tissue cells. In reality, the host being employed as an
extremely complex specified and articulated ‘medium’ essentially required for such nutritionally
demanding microorganisms.
(5) Specific physical parameters: Besides, certain highly critical and specific array of nutrients,
each type of microorganism predominantly needs certain particular physical parameters for
its natural and normal growth.

Examples :

(@) Microbesgrowing at high temperatures (e.g., Thermophilic bacteria): Some organisms do
prefer to grow and thrive best at temperatures ranging between 40° and 70°C (104° and
158°F) ; and hence, fail to grow below 40°C e.g., Thermoactinomyces vulgaris, Thermus
aquaticus, and Streptococcus thermophilus.

(b) Microbes growing at low temperatures : Certain microorganisms grow best in the cold en-
vironmental conditions and simply cannot grow above 20°C e.g., Vibrio marinus strain MP-1 ;
and Vibrio psychoerythrus.

(c) Pathogenic bacteria: A host of organisms that are solely responsible for causing diseases in
humans do essentially require a temperature very close to that of the human body (i.e., 37°C
or 98.4°F) e.g., Salmonella typhi; Vibrio cholerae; Mycobacteriumtuberculosis; Clostridium
tetani; Shigella dysenteriae; Treponema pallidum; Bordetella pertussis; Rickettsia rickettsii
etc.

(d) Gaseous environment: It is equally important to have requisite gaseous environment for the
substantial growth of the microorganisms.

Examples: (1) Aerobic Microbes: These are of two kinds, namely :

(i) Facultative Aerobes i.e., microbes that are able to live and grow preferably in an environ-
ment devoid of oxygen, but has adapted so that it can live and grow in the presence of oxygen.

(ii) Obligate Aerobes i.e.,, microorganisms that can live and grow only in the presence of
oxygen.

(2) Anaerobic Microbes: These microorganisms can live and grow in the absence of oxgyen,
and are of two types, namely :

(i) Facultative Anaerobes i.e., microbes that can live and grow with or without oxgyen.

(i) Obligatory Anaerobes i.e., microorganisms that can live and grow only in the absence of
oxygen.

(e) Light (i.e, UV-Light): UV-Light provides a source of energy necessary for the growth of
certain microbes e.g., cyanobacteria (blue green algae). Interestingly, some organisms may be indif-
ferent to light or at times may even prove to be quite deleterious to their legitimate growth.

(f) Liquid Culture Medium: It has been observed that each and every type of microorganism
invariably grows in an absolutely typical characteristic manner in various liquid culture medium with
variant composition, such as:

(i) Sparse or abundant growth—as could be seen in a liquid medium.

(i) Evenly distributed growth—as seen spread throughout the liquid medium.
(iii) Sedimented growth—as may be observed as a sediment usually at the bottom.
(iv) Thin-film growth—as could be seen on the surface of the liquid culture medium.
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(v) Pellicle growth—as may be observed as a scum at the top.

Example: Salivary pellicle—The thin-layer of salivary proteins and glycoproteins that quickly
adhere to the tooth surface after the tooth has been cleaned; this amorphous, bacteria-free layer may
serve as an attachment medium for bacteria, which in turn form plaque.

(g) Solid Culture Medium: It has been amply demonstrated that microorganisms invariably
grow on solid culture medium as colonies* which are markedly distinct, compact masses of cells
evidently visible with a naked eye (macroscopically). In fact, the ensuing colonies are usually character-
ized based upon, their particular shape, size, consistency, texture, colouration, compactness, and other
several vital characteristic features.

3.2.4. | Metabolic Characteristics

Metabolism refers to the sum of all physical and chemical changes that take place within an
organism; all energy and material transformations that occur within living cells. It includes essentially
the material changes (i.e., changes undergone by substances during all periods of life, for instance:
growth, maturity, and senescence), and energy changes (i.e., all transformations of chemical energy of
food stuffs to mechanical energy or heat). Metabolism involves two fundamental processes, namely:
anabolism (viz., assimilation or building-up processes), and catabolism (viz., disintegration or tearing,
down processes). Anabolism is the conversion of ingested substances into the constituents of protoplasm;
Catabolism is the breakdown of substances into simpler substances, the end products usually being
excreted.

The broad spectrum of these reactions gives rise to a plethora of excellent opportunities to char-
acterize and differentiate categories of microorganisms.

Examples:

(@) Absorption of Light: Certain microbes may derive energy via absorption of light.

(b) Oxidation: A few microorganisms may obtain energy through oxidation of a host of inor-
ganic and organic compounds.

(c) Redistribution of Atoms: Some organisms engage actively in the redistribution of atoms
within certain molecules thereby rendering the resulting molecules less stable.

(d) Synthesis of Cell Components: The microorganisms also vary a lot in the manner whereby
they invariably synthesize their prevailing cell components in the course of their usual growth.

(e) Role of Enzymes: The wide variety of chemical reactions of an organism are duly catalyzed
by certain proteineous substances termed as enzymes. Interestingly, the complement of en-
zymes invariably owned by one specific type of organism, and the manners whereby such
enzymes are meticulously modulated, may differ rather appreciably from that of other microbes.

3.2.5. | Antigenic Characteristics

There are some chemical entities abundantly found in the microbial cells known as antigens. In
fact, antigens refer to a protein or an oligosaccharide marker strategically located upon the surface of
cells which critically identifies the cell as self or non-self; identifies the type of cell, e.g., skin, kidney;
stimulates the production of antibodies, by B lymphocytes which will neutralize or destroy the cell, if
necessary; and stimulates cytotoxic responses by granulocytes, monocytes, and lymphocytes.

* Acluster of growth of microorganisms in a culture ; invariably considered to have grown from a single pure
organism.
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It is, however, pertinent to state here that the very antigenic characterization of a microorgan-
ism bears an immense practical significance. It has been duly observed that as soon as the ‘“microbial
cells’ enter the animal body, the latter quickly responds to their respective antigens due to the formation
of particular blood serum proteins known as antibodies, which eventually get bound to the correspond-
ing antigens. Obviously, the antibodies are extremely specific for the respective antigens which cat-
egorically persuade their actual formation. Taking critical advantage of the vital fact that various types
of microorganisms do significantly possess various types of antigens ; and, therefore, antibodies find
their abundant utility and tremendous application as most vital tools for the precise as well as instant
identification of specific types of microbes.

In other words, one may regard this antigen-antibody reaction very much similar to the ‘lock
and key arrangement’. Therefore, keeping in view the extremely critical as well as highly specific
nature of the said reaction, if one is able to decipher one segment of the ensuing system (antigen or
antibody) one may most conveniently identify the other with great ease.

Example: ldentification of typhoid organism : The typhoid bacterium antibody when duly
mixed with a suspension of unknown bacterial cells, and consequently a positive reaction takes place,
one may safely infer that the bacterial cells are definitely those of the typhoid organism. In turn, if
there is no definite reaction taking place, one may draw a conclusion that these ensuing bacterial cells
are not of the typhoid bacterium but may belong to certain other bacterial species.

3.2.6. | Genetic Characteristics

It has been duly established that the double-stranded chromosomal DNA of each individual
type of microbe essentially inherits some typical characteristic features which remain not only constant
and absolutely specific for that microorganism, but also quite beneficial for its methodical classification
as well.

However, there are two predominant criteria invariably employed for determining the ‘genetic
characteristics’ of microbes, namely:

(a) DNA base composition, and
(b) Sequence of nucleotide bases in DNA.
These two aspects shall now be treated individually in the sections that follows:

3.2.6.1. DNA Base Composition

Importantly, one may evidently observe that the double-stranded DNA molecule is essentially
comprised of base pairs, such as: adenine-thymine, and guanine-cytosine. However, the entire gross
aggregate of the actual nucleotide bases present in the DNA, the relevant percentage articulately consti-
tuted by guanine plus cytosine is known as the mole % G + C value (or more concisedly as mole %
G + C). Such values usually vary from 23 to 75 for various organisms.

Table 3.1. Records the DNA base composition of certain typical microbial species.
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Table 3.1. Certain Typical Examples of DNA Base Composition of Microorganisms*

S.No. Microbial Species Mole % G + C Content of DNA
1 Azospirillum brasilense 70-71
2 Azospirillum lipoferum 69-70
3 Klebsiella pneumoniae 56-58
4 Klebsiella terrigena 57
5 Neisseria gonorrhoeae 50-53
6 Neisseria elongata 53-54
7 Pseudomonas aeruginosa 67
8 Pseudomonas cichorii 59
9 Wolinellarecta 42-46

10 Wolinella succinogenes 45-49

In other words, in a double-stranded DNA, one may observe that A pairs with T, and G pairs with
C; and thus, the (G + C)/(A + T) ratio or G + C content i.e., the per cent of G + C in DNA, actually
reflects the base sequence which in turn critically varies with the prevailing sequence changes as given
below:

G+C N
G+C+A+T
Chemical methods—are used frequently to ascertain the G + C content after due hydrolysis of
DNA and separation of its bases.

Physical methods—are employed more often and conveniently e.g., the melting temperature
(T,,) of DNA.

Mole% G+ C = 100

3.2.6.2. Sequence of Nucleotide Bases in DNA

Based on intensive and extensive studies it has been duly revealed that the sequence of nucleotide
bases in DNA is not only absolutely extraordinary for each type of organism, but also designates the
most fundamental of all the characteristic features of a microorganism. As a result of this unique genetic
characteristic feature it commands an immense significance for the legitimate classification of microbes.

Besides, there are two cardinal factors, namely : chromosomal DNA, and plasmid DNA that
may occasionally show their very presence in the microbial cells.

Plasmids represent an altogether diverse category of extra-chromosomal genetic elements. In
fact, these are circular double-stranded DNA molecules critically present intracellularly and symbiotically
in most microorganisms. They invariably reproduce inside the bacterial cell but are not quite essential to
its viability. In addition, plasmids are responsible for carrying out the autonomous replication within the
bacterial cells, and their presence would ably impart highly specific characteristic features upon the
cells that essentially contain them, such as:

* Krieg NR (ed.): Bergey’s Manual of Systematic Bacteriology, Vol. 1, Williams and Wilkins, Baltimore,
1984.
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« Capability of producing toxins

« Render resistance to different range of ‘antibiotics’

Make use of ‘uncommon chemical entities’ as nutrients

Ability to produce enzymes that specifically produce certain antibiotics
Ability of the cell to detoxify harmful materials, and

Production of bacteriocins*.

3.2.7. | Pathogenicity

Pathogenicity refers to the particular state of producing or being able to produce pathological
changes and diseases. Therefore, the ability to cause pathogenicity of certain microorganisms is defi-
nitely an unique noticeable characteristic feature that has virtually given a tremendous boost to the
earlier researches carried out with the microbes. It has been observed that comparatively a few microbial
variants actually produce disease, some microorganisms prove to be pathogenic for plants and animals,
and lastly certain microbes may bring about specific disease in other microbes.

Examples:

(a) Bdellovibrio: A parasite that invades bacteria by forming a hole in the cell wall. It usually

lives and reproduces inside the cell.

(b) Bacteriophage: A virus that infects bacteria. Bacteriophages are widely distributed in na-
ture, having been isolated from faeces, sewage, and polluted surface waters. They are re-
garded as bacterial viruses, the phage particle consisting of a head composed of either RNA
or DNA and a tail by which it attaches the host cells.

3.2.8. | Ecological Characteristics

Exhaustive and meticulous studies have provided a substantial evidence that the habitat (i.e., a
microbe’s or an animal’s or plant’s natural environment) of a microorganism is extremely vital and
important in the precise and definitive characterization of that particular organism.

Examples:

(@) Microbes in Buccal Cavity: The population of the microorganisms present in the buccal
cavity (or oral cavity) distinctly differs from that of the gastrointestinal tract (GIT).

(b) Marine Microorganisms: Invariably the microorganisms located specifically in the marine
environments differ predominantly from those found in the fresh water and terrestrial envi-
ronments.

(c) Distribution in Nature: Quite often one may observe that certain microorganisms are abun-
dantly and widely distributed in nature, whereas others, may be significantly restricted to a
specific environment.

Besides, a number of vital factors, such as : life-cycle patterns, the nature of symbiotic** rela-
tionships, the capability for causing disease in a specific host, and preferential habitats e.g., pH, O,,
temperature, osmotic concentration, do represent other befitting examples of taxonomically important
ecological characteristic features.

* Protein produced by certain bacteria that exerts a lethal effect on closely related bacteria. In general,
bacteriocins are more potential but have a narrower range of activity than antibiotics.

** Concerning symbiosis i.e., the living together in close association of two organisms of different species.
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CLASSIFICATION

After having determined and established the characteristic variants of the microorganisms and
documented methodically, the important task of their classification may be initiated and accomplished
ultimately.

3.3.1. | Difficulties Encountered in Classification of Microorganisms

A large cross section of microorganisms are found to be haploid* in nature, and they invariably
undergo reproduction by asexual methods. Perhaps that could be the most appropriate logical explana-
tion that the concepts of the species, as it is widely applicable to the plant and animal kingdoms that
normally reproduce sexually and wherein the species may be stated precisely either in genetic or in
evolutionary terms, can never be made applicable very intimately and strictly to the microorganisms in
the right prespective. Importantly, the microbial species reasoning correctly can never be regarded as an
‘interbreeding population’ ; and, therefore, the two ensuing offspring caused by the ultimate division
of a microbial cell are virtually quite ‘free’ to develop in an altogether divergent fashion. It has been duly
observed that the reduction in genetic isolation caused by following two recombination procedures,
namely:

(a) Sexual or para sexual recombination, and

(b) Special mechanisms of recombination.

usually offer great difficulty in assessing accurately the genuine effect of these recombination phenom-
ena by virtue of the fact that in nature the prevailing frequencies with which they take place remain to be
established. Nevertheless, in the domain of microorganisms, the problem of reduction in ‘genetic isola-
tion’ gets complicated by the legitimate presence of the extrachromosomal** elements that specifi-
cally help in the chromosomal rearrangements and transfers as well.

In the recent past, systematic and articulated attempts have been affected to characterize the
microbial species by carrying out the exhaustive descriptive studies of both phenotype*** and geno-
type****. Keeping in view the remarkable simplicity as observed in the structural variants in the micro-
organisms these criteria or characteristics could not be used for their systematic classification on a sound
basis; and, therefore, one may resort to alternative characteristic features, namely: genetic, biochemical,
physiological, and ecological aspects in order to supplement the structural data authentically. Thus, one
may infer conclusively that the bacterial classification is exclusively employed as a supporting evi-
dence more predominantly upon the functional attributes in comparison to the structural attributes.

3.3.2. | Objectives of Classification

Importantly, the researchers and scientists practising ‘taxonomy’ i.e., the laws and principles of
classification of living organisms, do make great efforts to bring into being logical and justifiable clas-
sifications of microorganisms that essentially possess the following two cardinal qualities, namely:

(a) Stability : It has been duly observed that such ‘classifications’ that are essentially liable to
experience rapid, radical alterations, practically tantamount to utter confusion. Hence, sincere and ear-

* Possessing half the diploid or normal number of chromosomes found in somatic or body cells.
** Not connected to the chromosomes i.e., exerting an effect other than through chromosomal action.
*** The expression of the genes present in an individual microorganism.
**** The total of the hereditary information present in an organism.
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nest efforts must be geared into action to put forward such universally acceptable classifications that
would hardly require any major changes, whatsoever, as and when new streams of information(s) crop
up.

(b) Predictability: It is ardently vital and important that by acquiring enough knowledge with
respect to the critical characteristic features of one specific bonafide member of a ‘taxonomic group’, it
must be quite possible and feasible to solemnly predict that the other members of the same identical
group presumably have almost similar characteristics as well. In case, the said objective is not accom-
plished satisfactorily, the “classification’ could be considered as either invalid or of little value.

3.3.3. | Genetic Methods of Classifying Microbes

There are three most prominent ‘genetic methods’ that are invariably employed for the methodi-
cal arrangement of microbes based upon various taxonomic groups (i.e., Taxa), namely:

(i) Genetic relatedness
(ii) The intuitive method, and
(i) Numerical taxonomy.
The aforesaid ‘genetic methods’ shall now be treated separately in the sections that follows.

3.3.3.1. Genetic Relatedness

It is regarded to be one of the most trustworthy and dependable method of classification based
solely upon the critical extent of genetic relatedness occurring between different organisms. In addition
this particular method is considered not only to be the utmost objective of all other techniques based
upon the greatest extent pertaining to the fundamental aspect of organisms, but also their inherent he-
reditary material (deoxyribonucleic acid, DNA).

It is, however, pertinent to state here that in actual practice the genetic relatedness may also be
estimated by precisely measuring the degree of hybridization taking place either between denatured
DNA molecules or between single stranded DNA and RNA species. The extent of homology* is as-
sayed by strategically mixing two different, types of ‘single-stranded DNA’ or ‘single-stranded DNA
with RNA’ under highly specific and suitable experimental parameters; and subsequently, measuring
accurately the degree to which they are actually and intimately associated to give rise to the formation of
the desired ‘double-stranded structures’ ultimately. The aforesaid aims and objectives may be accom-
plished most precisely and conveniently by rendering either the DNA or RNA radioactive and measur-
ing the radio activities by the help of Scintillation Counter or Geiger-Mller Counter.

Table 3.2, shows the extent of genetic relatedness of different microbes as assayed by the ensu-
ing DNA-RNA hybridization. Nevertheless, it has been duly demonstrated and proved that the genetic
relatedness can be estimated accurately by DNA-RNA hybridization; however, the DNA-DNA hybridi-
zation affords the most precise results, provided adequate precautions are duly taken to ascertain and
ensure that the prevailing hybridization between the two strands is perfectly uniform.

* Similarity in structure but not necessarily in function.
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Table 3.2 : DNA Homologies amongst Some Microorganisms

S.No. Source of DNA Percent Relatedness to E. coli (%0)
1 Acetobacter aerogenes 45
2 Bacillus subtilis 1
3 Escherichia cali 100
4 Proteus vulgaris 14
5 Salmonella typhimurium 35
6 Serratia marcescens 7
7 Shigella dysenteriae 71

3.3.3.2. The Intuitive Method

Various ‘microbiologists’” who have acquired enormous strength of knowledge, wisdom, and
hands-on experience in the expanding field of ‘microbiology’ may at a particular material time vehe-
mently decide and pronounce their ultimate verdict whether the microorganisms represent one or more
species or genera. The most predominant and utterly important disadvantage of this particular method
being that the characteristic features of an organism which may appear to be critical and vital to one
researcher may not seem to be important to the same extent to another, and altogether different taxono-
mists would ultimately decide on something quite different categorization at the end. Nevertheless,
there are certain ‘classification schemes’ that are exclusively based upon the intuitive method and
definitively proved to be immensely beneficial and useful in microbiology.

3.3.3.3. Numerical Taxonomy

The survey of literatures have amply proved that in the Nineteenth Century, microbes were
categorically grouped strictly in proportion to their evolutionary affinities. Consequently, the systematic
and methodical segregation and arrangement of microorganisms into the various organized groups was
entirely on the specialized foundation of inherited and stable structural and physiological characteristic
features. This arrangement is termed as the ‘Natural Classification’ or the ‘Phylogenetic Classifiction’.
Interestingly, this particular modus operandi for the classification of microorganisms has now almost
turned out to be absolutely redundant, and hence abandoned outright quite in favour of a rather more
realistic empirical approach based exclusively on ‘precise quantification’ pertaining to closesimilarities
and distinct dissimilarities prevailing amongst the various microbes. Michael Adanson was the first
and foremost microbiologist who unequivocally suggested this magnanimous approach, which was termed
as Adansonian Taxonomy or Numerical Taxonomy.

Salient Features: The various salient features of the Numerical Taxonomy (or Adansonian
Taxonomy) are as enumerated below:

(1) The fundamental basis of Numerical Taxonomy is the critical assumption, that in the event
when each phenotypic character is assigned even and equal weightage, it must be viable and
feasible to express numerically the explicit taxonomic distances existing between microor-
ganisms, with regard to the number of actual characterswhich are shared in comparison to
the total number of charactersbeing examined ultimately. The importance of the Numerical
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Taxonomy is largely influenced by the number of characters being investigated. Therefore,
it would be absolutely necessary to accomplish precisely an extremely high degree of signifi-
cance—one should examine an equally large number of characters.

(2) Similarity Coefficient and Matching Coefficient: The determination of the similarity co-
efficient as well as the matching coefficient of any two microbial strains, as characterized
with regard to several character variants viz., a, b, c, d etc., may be determined as stated

under:

Number of characters + ve in both strains =a
Number of characters + ve in ‘strain-1" and — ve in ‘Strain-2’ =b
Number of characters, — ve in ‘Strain-1’ and + ve in ‘Strain-2’

Number of characters — ve in both strain =d

imilari ici 1=
Similarity coefficient [S] atbic

a+b

Matching coefficient [S] = —— .
a+b+c+d

Based on the results obtained from different experimental designs, it has been observed that the
similarity coefficient does not take into consideration the characters that are ‘negative’ for both organ-
isms; whereas, the matching coefficient essentially includes both positive and negative characters.

Similarity Matrix: The ‘data’ thus generated are carefully arranged in a ‘similarity matrix’
only after having estimated the similarity coefficient and the matching coefficient for almost all microor-
ganisms under investigation duly and pair-wise, as depicted in Fig. 3.1 below. Subsequently, all these
matrices may be systematically recorded to bring together the identical and similar strains very much
close to one another.
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Fig. 3.1. Similarity Matrix for Ten Strains of Microorganisms.

[Adapted From: An Introduction to Microbiology: Tauro P et al., 2004]
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In actual practice, such data are duly incorporated and transposed to a ‘dandogram’* as illus-
trated in Fig. 3.2 under, that forms the fundamental basis for establishing the most probable taxonomic
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Fig. 3.2. Dandogram Depicting Similarity Relationship Amongst Ten Microbial Strains.

arrangements. The “‘dotted line’ as indicated in (Fig. 3.2) a dandogram evidently shows ‘similarity
levels’ that might be intimately taken into consideration for recognizing two different taxonomic ranks,
for instance: a genus and a species.

The ‘Numerical Taxonomy’ or ‘Adansonian Approach’ was thought and believed to be quite
impractical and cumbersome in actual operation on account of the reasonably copious volume and mag-
nitude of the ensuing numerical calculations involved directly. Importantly, this particular aspect has
now almost been eliminated completely by the advent of most sophisticated ‘computers’ that may be
programmed appropriately for the computation of the data, and ultimately, arrive at the degree of simi-
larity with great ease, simplicity, and precision. It is, however, pertinent to point out at this juncture that
though the ensuing ‘Numerical Taxonomy’ fails to throw any light with specific reference to the pre-
vailing genetic relationship, yet it amply gives rise to a fairly stable fundamental basis for the articu-
lated categorization of the taxonomic distribution and groupings.

Limitations of Numerical Taxonomy: The various limitations of numerical taxonomy are as
enumerated under:

(1) It is useful to classify strains within a larger group which usually shares the prominent
characteristic features in common.

(2) The conventional classification of organisms solely depends on the observations and
knowledge of the individual taxonomist in particular to determine the ensuing matching
similarities existing between the bacterial strains; whereas, numerical taxonomy exclusively
depends upon the mathematical figures plotted on paper.

(3) The actual usage of several tests reveals a good number of phenotypes, thereby more genes
are being screened; and, therefore, no organism shall ever be missed in doing so.

* This is a way to express the similarity between the different Operational Taxonomic Units (OTUs). It is
also known as Hierarchic Taxonomic Tree. It is prepared from the similarity matrix data for the strains
under test. The result is presented in the form of a figure when a line joins all similar OTUs to one another.
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(4) One major limitation of the numerical analysis is that in some instances, a specific strain
may be grouped with a group of strains in accordance to the majority of identical characteristic
features, but certainly not to all the prevailing characters. However, simultaneously the particu-
lar strain may possess a very low ebb of similarity with certain other members of the cluster.

(5) The exact location of the taxon is not yet decided, and hence cannot be grouped or related to
any particular taxonomic group, for instance : genes or species.

(6) Evidently, in the numerical analysis, the definition of a species is not acceptable as yet,
whereas some surveys do ascertain that a 65% single-linkage cluster distincly provides a
75% approximate idea of the specific species.

3.3.4.| Systematized Classification

After having studied the various aspects of characterization of microbes followed by the prelimi-
nary discussions on certain important features related to their classification, one may now have an ex-
plicit broader vision on the systematized classification. An extensive and intensive survey of literature
would reveal that the microorganisms may be classified in a systematized manner under the following
eight categories, namely:

(i) Natural classification,

(i) Phyletic classification,

(iii) Linnean binomial scheme,

(iv) Phenotypic classification,

(v) Microscopic examination,

(vi) Cataloguing rRNA,

(vii) Computer-aided classification, and
(viii) Bacterial classification (Bergey’s Manual of Systematic Bacteriology).

The aforesaid eight categories in the systematized classification of microorganisms would now
be dealt with individually in the sections that follows.

3.3.4.1. Natural Classification

The natural classification may be considered as one of the most desirable classification systems
which is broadly based upon the anatomical characteristic features of the specific microorganisms. In
actual practice, the natural classification predominantly helps to organize and arrange the wide spec-
trum of organisms into various categories (or groups) whose members do share several characteristics,
and reflects to the greatest extent the intricate and complex biological nature of organisms. In reality, a
plethora of taxonomists have concertedly opined that a larger segment of the so called natural classifi-
cation is importantly and essentially the one having the maximum informations incorporated into it or
the emanated predicted values obtained thereof.

3.3.4.2. Phyletic* Classification

Phyletic classification usually refers to the evolutionary development of a species. Based upon
the most spectacular and master piece publication of Darwin’s—On the Origin of Species (1859),
microbiologists across the globe started making an attempt much to sincere and vigorous, so as to
develop phyletic (or phylogenetic) classification systems. Interestingly, the present system serves

* Phyletic [Syn : Phylogentic] : Concerning the development of a phylum.
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exclusively as a supporting evidence on the evolutionary relationships in comparison to the general
resemblance. It has offered an appreciable hindrance for bacteria and other microorganisms basically on
account of the paucity of reliable and authentic fossil records. Nevertheless, the availability of most
recent up to date copious volumes of genuine information(s) with reference to comparison of genetic
material and gene products, for instance: DNA, RNA, proteins etc., mostly circumvent and overcome
a large segment of these problems invariably encountered.

3.3.4.3. Linnean Binomial Scheme

The microorganisms are invariably classified according to the Linnean Binomial Scheme of
various genus and species. The International Code of Nomenclature of Bacteria (ICNB) particularly
specifies the scientific nomenclature (names) of all categories (taxa) solely based upon the following
guidelines, namely:

(1) The ‘words’ used to refer to any taxonomic group are either to be drawn from Latin or are

Latinized, if taken from other languages.

(2) Each distinct species is assigned a name comprising of two words viz., Salmonella typhi;
Bacillus subtilis ; and the like. Here, the first word is the name of the genus and is always
written with a capital letter, whereas the second word is a particular epithet (i.e., a descrip-
tive word) which is not capitalized at all.

(3) A taxonomic sequence of taxonomic groups is usually employed to categorize the intimately
related microorganisms at different stages of similarity. These categories or taxa are enu-
merated as under:

S.No. Category Name Ending With
1 Individual
2 Species
3 Series
4 Section
5 Genus
6 Tribe
7 Family — eae
8 Order — aceae
9 Class — ales
10 Division — Ces

Explanations: The terminologies, species or genus are invariably employed as in the case of
other types of classification. A species may be defined as a single type of bacterium, whereas a genus
essentially includes a cluster of species all of which predominantly possess substantial resemblance to
one another to be considered intimately related; and, therefore, may be distinguished very conveniently
from the respective bonafide members of the other genera. Importantly, the boundaries of certain gen-
era are defined explicitly and sharply; whereas, the boundaries of species are relatively difficult and
cumbersome to define precisely.
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Example: The genus Bacillus can be evidently distinguished from the genus Escherichia as
follows:

Genus Type of Organism Characteristics
Bacillus Gram-positive Endospore forming rods.
Escherichia Gram-negative Facultative, non-spore forming rods.

There are three terminologies that are used very commonly in ‘microbiology’ e.g., strain, clone,
and a type species, which may be further expatiated as follows :

Strain: A stock, say of bacteria or protozoa from a specific source and maintained in successive
cultures or animal inoculation.

Clone: It refers to the asexual progeny of a single cell.

A Type Species: It is a culture that is thoroughly studied and easily identifiable as a species. The
‘name’ of a type species mostly conveys the prevailing characteristic features of the group.

3.3.4.4. Phenotypic Classification

The spectacular and classical Adansonian approach of classifying microorganisms is exclusively
based upon the phenotypic characteristic features found in them. In reality, such characteristics are
overwhelmingly regarded as critical expressions of a plethora of genes i.e., the basic unit of heredity
made of DNA, which essentially regulate and control the inherent cellular activities via enzymes. Inter-
estingly, it has been now universally accepted that the phenotype ideally represents the reflection of the
DNA base sequence. Therefore, the best practicable and suitable methodology of distinguishing two
individual organisms must be based upon the composition of their genetic material. Quite recently suf-
ficient advancement and substantial progress has gained ground with regard to the genetic characteriza-
tion of various microorganisms, such as:

(a) analysis of the base composition of DNA viz., to estimate the mole per cent of guanine and

cytosine in DNA (% G + C), and

{(b) determination of the extent of similarity existing between two DNA samples by causing

hybridization either between DNA & DNA or DNA & RNA. The fundamental basis of this
test is that the degree of hybridization would grossly serve as an indication of the degree of
relationship existing between the two DNA samples (i.e., homology).

The DNA of microbes significantly contains four bases : adenine (A), guanine (G), thymine
(T), and cytosine (C), and in a double-stranded DNA molecule usually, A pairs with T and G pairs with
C. However, the relative percentage of guanine and cytosine may be expressed as follows:

G+C
A+T+G+C

xl(]()]

which varies mostly with bacterial variants actually. Importantly, the composition of chromosomal DNA
deems to be fixed property of each cell which is distinctly independent of age as well as other vital
external influences.

Determination of % (G + C) of Chromosomal DNA: The various steps involved in the deter-
mination of % (G + C) of chromosomal DNA are as stated under:
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(1) Extraction of DNA from the cells by causing rupture very carefully and meticulously.

(2) The resulting DNA is subject to purification to get rid of the non-chromosomal DNA.

(3) Subsequently, the base composition may be estimated by adopting either of the following
two methodologies, namely:

(a) Subjecting the purified DNA to a gradually elevating temperature and determining the
ultimate enhancement in hypochromicity*, and
(b) Centrifuging the resulting DNA in cesium chloride in density gradients.
Principle of Melting Point Method [i.e., Method 3(a)] : In an event when the double-stranded
DNA is subject to enhancing temperature, the two DNA strands undergo separation at a characteristic
temperature. The critical melting temperature solely depends on the actual (G + C) content of the DNA.
It has been duly observed that higher the (G + C) content, higher shall be the melting point.

(4) Melting Point (T,,,) : The particular mean temperature at which the thermal denaturation
of DNA takes place is usually termed as the Melting Point (T,,). However, T,, may be
determined by recording carefully the ‘observed change’ in the optical density of DNA
solution at 260 nm in the course of heating period, as illustrated in Fig. 3.3.

A

Optical Density at 260 nm

1 " 1 1 1
65 70 75 80 85 9
Temperature (°C)

v

Fig. 3.3. Melting Point Curve of Two Bacterial Samples of DNA ‘A’ and ‘B’.

From the ‘melting point curve’ (Fig. 3.3) the mole % (G + C) may be calculated by the help of
the following expression:
% (G + C) =T, x 63.54/0.47.

(5) Density Gradient Centrifugation: The % (G + C) composition may also be calculated by
estimating the relative rate of sedimentation in a cesium chloride solution. In actual practice,
the DNA preparations on being subjected to ultracentrifugation in the presence of a heavy
salt solution, shall emerge as a sediment at a specific region in the centrifuge tube where its
density is equivalent to the density of the medium. Importantly, this method is particularly
suitable for such DNA samples that are heterogeneous in nature, and hence could be sepa-
rated simultaneously. It has been observed that the ensuing buoyant density is an extremely
characteristic feature of each individual type of DNA; and hence is solely dependent on the
% (G + C) values as shown in Fig. 3.4.

* A condition of the blood in which the RBCs have a reduced haemoglobin content.
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Optical Density at 260 nm

A

B C

A, B and C = DNA Samples
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1.720
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Fig. 3.4. Separation of Microbial DNA by Density Gradient Centrifugation in Cesium Chloride.

By the help of buoyant density, it is quite easy and convenient to arrive at the % (G + C) content
precisely by employing the following empirical formula:

P = 1.660 + 0.00098 [% (G + C)] g . cm™®

(6) Chromatographic Method: Another alternative method of estimating % (G + C) is accom-
plished by the controlled hydrolysis of DNA in the presence of acids, separating the
nucleotides by ultracentrifugation, and ultimately assaying the nucleotides by chromatogra-
phy. Though this method is apparently lengthy and tedious, yet is quite simple and gives
reasonably accurate results.

3.3.4.5. Microscopic Examination

In general, microorganisms have been duly classified by microscopic examination based upon
their shape, size, and various staining characteristics. It has been abundantly proved that the stained
preparations have obviously provided much better and clear information ; however, the unstained
preparations may also be employed for these investigations to a certain extent as well.

The size and shape of microbes invariably may provide sufficient valuable informations that
may be gainfully utilized for the presumptive diagnostic identification, as depicted in the following

Table 3.3:
Table 3.3 : Microbial Shape, Arrangement and Description
S. No. [ Shape Diagramatic Sketch Description
[Arrangement]
1 Rods Bacilli are rod-shaped organisms which

vary in size from < 1 um to a few mi-
crons in length.
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2 | Cocci Cocci are spherical organisms having an

average diameter of 0.5-1 um.

3 | Diplococci Diplococci are spherical microbes seen

in pairs.

4 | Streptococci | EHEEEEHEHEHENENE) | Streptococci are spherical microbes

found in chains (or clusters).

5 | Tetracocci Tetracocci are spherical organisms found

in quadruplets (tetrads).

6 | Staphylococci @%@@% @%@@% Staphylococci are spherical microbes
e s L
seen in bigger clusters.
B, o N
R e . .
7 | Sarcina %%%@ %%g Cuboidal packets of eight cells are

usually the characteristic of the genus
sarcina.

8 | spirals Spirilla are spiral shaped and vary in

length from 5-10 um.

9 | Vibrios Vibrios are curved rods about 1-5 umin

length.

Spirochaetes are characterized by slen-
der flexous spiral-shaped cells with a
characteristic motility.

3.3.4.6. Cataloguing rRNA*

Since mid seventies, progressive comparative analysis of the 16 S rRNA sequences had gained
a tremendous momentum which enabled its proper and legitimate usage to explore the prokaryotic
phylogeny. The ribosomal RNA (i.e., rRNA) molecules are found to be of immense choice due to the
following three cardinal reasons:

(a) They exhibit a constant function,

* Ribosomal RNA.
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(b) They are universally present in all organisms, and
(c) They seem to have changed in sequence extremely slowly.
Salient Features. The various salient features in cataloguing rRNA are as enumerated under:

(1) 5S rRNA Molecule: Because of its relatively smaller size it has been taken as an accurate
indicator of the phylogenetic relationship.

(2) 16S rRNA Molecule: It is sufficiently large ; and, therefore, quite easy to handle with a
reasonably high degree of precision.

(3) 23S rRNA Molecule: Because of its relatively much larger size it is rather more difficult to
characterize, and hence used in the comparative analysis.

(4) Inthe last two decades, the 16 S rRNA has been critically examined, explored, and extracted
from a large cross-section of microorganisms and duly digested with ribonuclease T;. The
resulting nucleotide are meticulously resolved by 2D-electrophoresis* technique, and
sequenced appropriately.

(5) The advent of latest sophisticated instrument e.g., DNA-Probe** which may sequence
nucleic acids have further aided in the phenomenon of sequencing of 16 S rRNA from
microorganisms.

(6) The skilful comparison of rRNA catalogues predominantly designates genealogical rela-
tionship existing amongst the wide range of microbes.

(7) The aforesaid genealogical relationship may be suitably quantified in terms of an associa-
tion coefficient, designated as S,g, which proves to be a typical characteristic feature for a
pair of microorganisms. The association coefficient Spg may be expressed as follows :

s = 2N g
where, Nag = Number of residues existing in sequences common to two rRNA catalogues.

N, and Ng = Total number of residues duly represented by oligomers of at least 6 nucleotides
in catalogues A and B respectively.

(8) Asto date, the rRNA sequences of more than 200 species of microbes and eukaryotes have
been duly characterized and documented adequately.

(9) It has been observed that most of the microorganisms strategically give rise to a coherent but
also a very large segment including the eubacteria. Importantly, the methanogens, halophiles,
and thermoacidophiles do not necessarily fall within the domain of eubacteria***,

(10) The aforesaid kind of rRNA sequencing has in fact duly permitted the methodical and logi-
cal characterization of archaeobacteria.

3.3.4.7. Computer Aided Classification

In the latest spectacular and astronomical growth in the field of computer technology, it has
inducted a tremendous impetus and great help in the proper grouping of microorganisms, and eventually

* Two dimensional electrophoresis.
** A single-strand DNA fragment used to detect the complementary fragment.

*** A genera of bacteria of the order Eubacteriales (i.e., an order of bacteria that includes many of the microor-
ganisms pathogenic to humans).
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classifying them with an utmost accuracy and precision. One may come across a host of problems in
comparing a relatively huge number of characteristic features as may be seen in the very instance of
numerical taxonomy or the Adansonian approach under the perview of the general classification of
microbes. In order to circumvent such difficulties and problems, the proper usage of computer-aided
programmes and devices have been rightly pressed into service for determining the differentiating
capacity of the tests and also for determining the overall similarity with the known organisms. As to
date, the commendable extremely high speed and memory of computer conveniently allows it to
accomodate very swiftly a host of possible species in the identification/classification phenomenon by
judiciously comparing the characteristic properties of an ‘unknown microorganism’ with those stored
duly in the computer. In fact, the advent of the utility of computer, definitely and grossly minimizes the
probability of error in the identification/classification by virtue of either infrequent occurrence of a
microorganism or the critical presence of a rather more frequent microbe with not-so similar or superfi-
cial resemblance to other organisms. A good number of highly sophisticated, modern, and advanced
computer softwares (systems) for microbiology have now been duly developed and put into practice
across the world profusely. The “microbiological laboratories’ strategically attached to most modern
hospitals and research and development (R & D) laboratories have gainfully commenced the utiliza-
tion of the elaborated computer facilities in the handling/processing of ‘test samples' to obtain most
reliable, dependable, and reproducible results meant to be used in correct diagnosis and research activi-
ties with certainly more confidence and fervour.

3.3.4.8. Bacterial Classification [Bergey’s Manual of Systematic Bacteriology]

Microorganisms represent an exceptionally large conglomerate of minute living body with enor-
mous diversity having a procaryotic cellular organization. Several sincere intensive and extensive stud-
ies were duly made with particular reference to their broad spectrum physical, structural, and functional
characteristic qualities, but none of them could ever produce and evolve an overall satisfactory generally
acceptable classification.

Chester (1899 and 1901) initiated and took active interest in the classification of bacteria, and
subsequently published for the first time—‘The Manual of Determinative Bacteriology’. The said
manual was painstakingly and meticulously revised, substantiated, and modified by David Hendrick’s
Bergey (1923) and entitled as—‘Bergey’s Manual of Systematic Bacteriology’, later on commonly
termed as ‘Bergey’s Manual’. In fact, Bergey’s Manual is being recognized as the ‘official compen-
dium of all identified and classified bacteria, and serves as an indispensable and valuable guide to the
microbiologists across the globe.

The latest edition of ‘Bergey’s Manual’—(1994) provides a more rational and emperical ap-
proach for the classification of bacteria. Besides, it gives rise to an effective system of keys for establish-
ing the precise genetic position of an unknown organism. Table 3.4 gives a comprehensive account of
the classification of bacteria (Division 11)* upto the generic level.

* It named the bacteria which is further divided into nineteen parts, and each of which is distinguishable by a
few readily determinable criteria.
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Table 3.4. Summary of Bacterial Classification [Bergey’s Manual — 1994]

Part-1: Phototrophic Bacteria
Order | : Rhodospirillales
Suborder | : Rhodospirillineae
Family | : Rhodospirillaceae
Genus | : Rhodospirillum
Genus Il : Rhodopseudomonas
Genus Il : Rhodopseudomonas
Family Il : Chromatiaceae
Genus | : Chromatium
Genus 11 : Thiocystis
Genus Il : Thiosarcina
Genus IV : Thiospirilum
Genus V : Thiocapsa
Genus VI : Lamprocystis
Genus VII : Thiodicatyon
Genus VIII : Thiopedia
Genus IX : Amoebobacter
Genus X : Ectothiorhodospira
Suborder : Chlorobineae
Family 111 : Chlorobiaceae
Genus | : Chlorobium
Genus Il : Prosthecocloris
Genus |11 : Chloropseudomonas
Genus IV : Pelodictyon
Genus V : Clathrochloris
Incertae Sedis [Addenda]
Genus : Chlorochromatium
Genus : Cylindrogloea
Genus : Chlorobacterium
Part-2: Gliding Bacteria
Order | : Myxobacterales
Family | : Myxococcaceae
Genus | : Myxococcus
Family Il : Archangiaceae
Genus | : Archangium
Family Il : Cystobacteraceae
Genus | : Cystobacter

Genus Il : Melittangium

Genus |11 : Stigmatella
Family IV : Polyangiaceae
Genus | : Polyangium

Genus |1 : Nannocystis

Genus II1 : Chondromyces

Order Il : Cytophagales
Family | : Cytophagaceae
Genus | : Cytophaga

Genus |1 : Flexibacter

Genus |11 : Herpetosiphon

Genus 1V : Flexibacter
Genus V : Saprospira

Genus VI : Sporocytophaga

Family Il : Beggiatoaceae
Genus| : Beggiatoa
Genus I : Vitreoscilla
Genus 111 : Thioploea

Family 111 : Simonsiellaceae

Genus | : Simonsiella
Genus 1 : Alysiella
Family IV : Leucotrichace
Genus | : Leucothrix
Genus I : Thiothrix
Incertae Sedis [Addenda]
Genus : Toxothrix

Familiae incertae sedis

Achromatiaceae
Genus : Achromatium
Pelonemataceae
Genus| : Pelonema
Genus Il : Achronema
Genus 111 : Peloploca

ae

Genus 1V : Desmanthos

Part-3: Sheathed Bacteri
Genus : Sphaerotilus
Genus : Leptothrix
Genus : Streptothrix

a
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Genus : Lieskeela
Genus : Phragmidiothrix
Genus : Crenothrix
Genus : Clonothrix
Part-4: Budding And/Or Appendaged Bacteria
Genus : Hyphomicrobium
Genus : Hyphomonas
Genus : Pedomicrobium
Genus : Caulobacter
Genus : Asticeacaulis
Genus : Ancalomicrobium
Genus : Prosthecomicrobium
Genus : Thiodendron
Genus : Pasteuria
Genus : Blastobacter
Genus : Seliberia
Genus : Gallionella
Genus : Nevskia
Genus : Planctomyces
Genus : Metallogenium
Genus : Caulococcus
Genus : Kusnezonia
Part-5: Spirochaetes
Order | : Spirochaetales
Family | : Spirochaetaceae
Genus | : Spirochaeta
Genus |1 : Cristispira
Genus Il : Treponema
Genus |V : Borrelia
Genus V : Leptospira
Part-6: Spiral And Curved Bacteria
Family | : Spirillaceae
Genus | : Spirillum
Genus Il : Campylobacter
Incertae Sedis [Addenda]
Genus : Bdellovibrio
Genus : Microcyclus
Genus : Pelosigma
Genus : Brachyarcus

Part-7: Gram-Negative Aerobic Rods And Cocci
Family | : Pseudomonadaceae
Genus | : Pseudomonas
Genus Il : Xanthomonas

Genus 11 : Zoogloea
Genus IV : Gluconobacter
Family Il : Azotobacteraceae
Genus | : Azotobacter
Genus Il : Azomonas
Genus |11 : Beijerinckia
Genus |V : Derxia
Family 111 : Rhizobiaceae
Genus | : Rhizobium
Genus Il : Agrobacterium
Family IV : Methylomonadaceae
Genus | : Methylomonas
Genus |1 : Methylococcus
Family V : Halobacteriaceae
Genus | : Halobacterium
Genus Il : Halococcus
Incertae Sedis [Addenda]
Genus : Alcaligenes
Genus : Acetobacter
Genus : Brucella
Genus : Bordetella
Genus : Francisella
Genus : Thermus

Part-8: Gram-Negative Facultatively Anaerobic
Rods

Family | : Enterobacteriaceae
Genus | : Escherichia
Genus Il : Edwardsiella
Genus Il : Citrobacter
Genus IV : Salmonella
Genus V : Shigella
Genus VI : Klebsiella
Genus VII : Enterobacter
Genus VIII : Hafnia
Genus X : Serratia
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Genus X : Proteus
Genus Xl : Yersinia
Genus Xl : Erwinia
Family I : Vibrionaceae
Genus| : Vibrio
Genus Il : Acromonas
Genus 11 : Plesiomonas
Genus |V : Photobacterium
Genus V : Lucibacterium
Incertae Sedis [Addenda]
Genus : Chromobacterium
Genus : Zymomonas
Genus : Flavobacterium
Genus : Haemophilus
Genus : Pasteurella
Genus : Actinobacillus
Genus : Cardiobacterium
Genus : Streptobacillus
Genus : Calymmatobacterium
Part-9: Gram-Negative Anaerobic Bacteria
Family | : Bacteriodaceae
Genus | : Bacteroides
Genus Il : Fusobacterium
Genus |11 : Leptotrichia
Incertae Sedis [Addenda]
Genus : Desulfovibrio
Genus : Butyrivibrio
Genus : Succinivibrio
Genus : Succinimonas
Genus : Lachnospira
Genus : Selenomonas
Part-10: Gram-Negative Cocci And Coccobacilli
Family | : Neisseriaceae
Genus | : Neisseria
Genus Il : Branhamella
Genus I11 : Moraxella
Genus IV : Acinetobacter
Incertae Sedis [Addenda]
Genus : Paracoccus
Genus : Lampropedia

Part-11: Gram-Negative Anaerobic Cocci
Family | : Veillonellaceae

Genus | : Acidaminococcus

GenuslI : Veillonella

Genus II1 : Megasphaera

Part-12: Gram-Negative Chemolithotrophic
Bacteria

Family 1 : Nitrobacteraceae
Genus | : Nitrobacter
Genus I1 : Nitrospina
Genus 11 : Nitrococcus
Genus IV : Nitrosomonas
Genus V : Nitrospira
Genus VI : Nitrosococcus
Genus VII : Nitrosolobus

Organisms Metabolizing Sulphur
Genus | : Thiobacillus
Genus |l : Sulfolobus
Genus II1 : Thiobacterium
Genus IV : Macromonas
Genus V : Thiovulum
Genus VI : Thiospira

Family Il : Siderocapsaceae
Genus | : Siderocapsa
Genus Il : Naumanniella
Genus I11 : Ochrobium
Genus IV : Siderococcus

Part-13: Methane Producing Bacteria

Family | : Methanobacteriaceae
Genus | : Methanobacterium
Genus Il : Methanosarcina
Genus I11 : Methanococcus

Part-14: Gram Positive Cocci

Family | : Micrococcaceae
Genus | : Micrococcus
Genus | : Staphylococcus
Genus 11 : Planococcus

Family Il : Streptococcaceae
Genus | : Streptococcus
Genus Il : Leuconostoc

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

86

PHARMACEUTICAL MICROBIOLOGY

Genus |11 : Pediococcus
Genus IV : Acrococcus
GenusV : Gemella
Family 111 : Peptococcaceae
Genus | : Peptococcus
Genus Il : Peptostreptococcus
Genus II1 : Ruminococcus
Genus IV : Sarcina
Part-15: Endospore Forming Rods and Cocci
Family | : Bacillaceae
Genus || : Bacillus
Genus I : Sporolactobacillus
Genus 1 : Clostridium
Genus |V : Desulfotomaculum
Genus V : Sporosarcina
Incertae Sedis [Addenda]
Genus : Oscillospira

Part-16: Gram-Positive Asporogenous Rod-
Shaped Bacteria

Family | : Lactobacillaceae
Genus | : Lactobacillus
Incertae Sedis [Addenda]
Genus : Listeria
Genus : Erysipelothrix
Genus : Caryophanon
Part-17: Actinomycetes And Related Organisms
Coryneform Group of Bacteria
Genus | : Corynebacterium
Genus |1 : Arthrobacter
Incertae Sedis [Addenda]
Genus A : Brevibacterium
Genus B : Microbacterium
Genus I11 : Cellulomonas
Genus IV : Kurthia
Family | : Propionibacteriaceae
Genus | : Propionibacterium
Genus |1 : Eubacterium
Order | : Actinomycetales
Family | : Actinomycetaceae
Genus | : Actinomyces
Genus |1 : Arachnia

Genus |11 : Bifidobacterium
Genus |V : Bacterionema
Genus V : Rothia

Family I : Mycobacteriaceae
Genus | : Mycobacterium

Family 111 : Frankiaceae
Genus | : Frankia

Family IV : Actinoplanaceae
Genus | : Actinoplanes
Genus I1 : Spirillospora
Genus |11 : Streptosporangium
Genus IV : Amorphosphorangium
Genus V : Ampullariella
Genus VI : Pilimelia
Genus VII : Planomonospora
Genus VIII : Planobispora
Genus IX : Dactylosporangium
Genus X : Kitastoa

Family V : Dermatophillaceae
Genus | : Dermatophilus
Genus |1 : Geodermatophilus

Family VI : Nocardiaceae
Genus | : Nocardia
Genus |1 : Pseudonocardia

Family VII : Streptomycetaceae
Genus| : Streptomyces
Genus |1 : Streptoverticilium
Genus I11 : Sporichthya
Genus IV : Microellobosporia

Family VIII : Micromonosporaceae
Genus | : Micromonospora
Genus I : Thermoactinomyces
Genus |11 : Actinobifida
Genus IV : Thermonospora
Genus V : Microbispora
Gebus VI : Micropolyspora

Part-18: Rickettsias

Order | : Rickettsiales

Family : Rickettsiaceae

Tribe | : Rickettsieae
Genus | : Rickettsia
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Genus Il : Rochalimaea
Genus 1 : Coxiella
Tribe Il : Ehrlichieae
Genus |V : Ehrlichia
Genus V : Cowdria
Genus VI : Neorickettsia
Tribe 111 : Wolbachieae
Genus VII : Wolbachia
Genus VIII : Symbiotes
Genus X : Blattabacterium
Genus X : Rickettsiella
Family : Bartonellaceae
Genus | : Bartonella
Genus Il : Grahamella
Family : Anaplasmataceae
Genus | : Anaplasma
Genus Il : Paranaplasma

Genus |11 : Aegyptionella
Genus 1V : Haemobartonella
Genus V : Eperythrozoon
Order Il : Chlamydiales
Family | : Chlamydiaceae
Genus | : Chlamydia
Part-19 : Mycoplasmas
Class Mollicutes
Order | : Mycoplasmatales
Family | : Mycoplasmataceae
Genus | : Mycoplasma
Family Il : Acholeplasmataceae
Genus | : Acholeplasma
Incertae Sedis [Addenda]
Genus : Thermoplasma
Incertae Sedis [Addenda]
Genus : Spiroplasma

TAXONOMY

Taxonomy (Greek : taxis = arrangement or order), and nomos = law, or nemein = to distribute or
govern) refers to the science or discipline that essentially deals with the logical arrangement of
living things into categories. It may also be defined as ‘the laws and principles of classfication of living
organisms’.

Aristotle—in fact, was the first ever taxonomist in the fourth century BC who painstakingly and
meticulously categorized the so-called ‘living objects’ in the universe into almost 500 well defined
species of plant and animal kingdoms.

Carolus Linnaeus (1735 — 1759) — a renowned Swedish botanist, virtually named a relatively
much larger segment of plants and animals and classified them with great skill and wisdom into the two
predominant kingdoms, namely : Plantae and Animalia. In reality, Carolus was instrumental in devis-
ing the unique ‘Binomial Scheme of Nomenclature’.

Ernst H Haeckel — in the year 1866 logistically segregated the ‘microorganisms’ from the
existing plant and animal kingdoms. It was Ernst who first and foremost introduced the new terminology
Protist exclusively reserved for the microorganisms. He subsequently coined another term Protista to
specifically and categorically include algae (microscopic), fungi, and protozoa thereby forming a “third
kingdom’.

Comments : (1) There was disapproval with regard to the inclusion of both bacteria and fungi
together in the aforesaid kingdom Protista.
(2) Bearing in mind the recent advances in the domain of ‘Cell Biology’, profuse ob-
jections were raised pertaining to the two or three kingdom classification schemes as
encountered in Protista.

Robert H Whittaker (1969) — duly put forward a most scientific, plausible, and logical system
of classification of the living organisms which was widely accepted by the modern microbiologists
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across the world. However, Robert’s system articulately recognizes the five kingdoms applicable to all
living things, namely: Monera, Protista, Fungi, Animalia, and Plantae.

Monera — predominantly includes bacteria and cyanobacteria.

Protista — essentially comprises of eukaryotes and protozoa.

Fungi — specifically belongs to the organisms attached to the kingdom of fungi.
Animalia and Plantae — particularly include the traditional animals and plants.

It is, however, pertinent to mention here some of the main terminologies, one may frequently
come across in the proper and elaborated description of the taxonomy of microorganisms, such as:
(a) Species - i.e, the fundamental rank in the classification system; (b) genus — i.e., clubbing together
of two or more species ; (c) family — i.e,, the collection of genera; (d) order — i.e., the collection of
families with identical characteristic features ; (€) class —i.e., the arranging together of order ; (f) phylum
(or division) — i.e., grouping together of classes; and (g) kingdom - i.e., collection of two or more
phyla.

Taxon, also known as the basic taxonomic group represents the species i.e., a collection of
strains with almost similar characteristic features. In usual practice, the microbial species invariably
comprise of a specialized typical strain termed as the type strain, along with all other strains which are
regarded very much identical to the type strain so as to justify their logical inclusion in the species. In
other words, the type strain is symbolized and designated to be the permanent reference specimen for
the species. However, it may be stressed that it is not necessarily always the particular strain which
happens to be most characterwise typical of all the strains strategically included in the species, whereas
it is essentially the specific strain to which all the rest of the strains should be critically compared to
ascertain, whether they do have a close resemblance sufficient enough to belong to the same species.
The above glaring statement of facts pertaining to the type strains are extremely vital and important;
and, therefore, specialized and particular attention need to be given to their genuine and regular mainte-
nance as well as preservation. The following are two world famous reference collection centres located
in USA and UK, namely:

(@) American Type Culture Collection (ATCC), Rockville, Maryland, USA, and
(b) National Collection of Type Cultures (NCTC), UK.

Interestingly, one may critically observe that the various strains strategically present very much
within species may differ slightly from one another in three prominent manners, namely:
(a) Biovars: These are variant bacterial strains and are duly characterized by biochemical or
physiological characteristics.
(b) Morphovars: These are variants within a species defined by variation in morphological
characteristics.
(c) Serovars: These are variants within a species defined by variation in serological reactions.

THE KINGDOM PROKARYOTAE

It was Haeckel, who first and foremost in the year 1866 vehemently suggested that the microor-
ganisms present in the particular kingdom, Protista, should essentially be composed of both the
prokaryotes as well as the eukaryotes. Almost a century later, Murray in 1968 unequivocally and
strongly proposed the ‘prokaryotae’ as an extremely specific and overwhelmingly typical taxon at the
highest level to include essentially all microorganisms distinctly characterized by the presence of a
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definitive nucleoplasm free from both the fundamental proteinsas well as the nuclear membrane. Inter-
estingly, the ‘eukaryotes’ are invariably designated as a possible taxon occurring almost at the same
highest level so as to include other protists, plants, and animals. Ultimately, Allsopp commanded that
the aforesaid two taxon variants be christened as kingdoms, Prokaryotae and Eukaryotae.

The following members from the ‘Kingdom Prokaryotae’, namely:
(a) Actinomycetes
(b) Bacteria
(c) Rickettsia and Coxiella, and
(d) Spirochaetes
shall be discussed in an elaborated manner in the sections that follows.

3.5.1. | Actinomycetes

The Actinomycetes [s., actinomycete], according to the latest edition of Bergey's Manual
(Volume 4), represent an aerobic, Gram-positive bacteria which predominantly and essentially give rise
to specific branching filaments™ or asexual spores** or hyphae***. It has been duly observed that the
elaborated morphology, arrangement of spores, explicit cell-wall chemistry, and above all the various
kinds of carbohydrates critically present in the cell extracts are specifically vital and equally important
requirement for the exhaustive taxonomy of the actinomycetes. Consequently, these informations are
utilized meticulously to carry out the articulated division of these bacteria into different well-defined
categories with great ease and fervour. It is quite pertinent to state at this juncture, that the actinomycetes
do possess and exert an appreciable practical impact by virtue of the fact that they invariably play an
apparent major role in the following two highly specialized and particular aspects, namely:

(a) Mineralization of organic matter in the soil, and
(b) Primary source of most naturally synthesized antibiotics.

3.5.1.1. General Characteristics

The general characteristics of the actinomycetes are as stated under :

(&) The branching network of hyphae usually developed by the actinomycetes, grows critically
both on the surface of the solid substratum (e.g., agar) as well as into it to give rise to the
formation of substrate mycelium. However, the septate**** mostly divide the hyphae into
specific elongated cells (viz., 20 um and even longer) essentially consisting of a plethora of
nucleoids*****,

(b) Invariably, the actinomycetes afford the development of thallus. Noticeably, a large cross-
section of the actinomycetes do possess an aerial myceliumthat extends above the solid

* A fine thread made up of long, interwoven or irregularly placed threadlike structures.

** A resistant cell produced by certain bacteria to withstand harsh environments; usually spores are asexual in
character.

*** Refer to filaments of mold, or parts of mold mycelium.
**** Having a dividing wall.
***4% Resembling a nucleus.
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subtratum, and produces articulately asexual, thin-walled spores known as conidia
[s., conidium] or conidiospores at the terminal ends of filaments. In an event, when the
spores are located strategically in a sporangium, they are termed as sporangiospores.

(c) The sporespresent in the actinomycetes not only vary widely in terms of shape and size, but
also devel op them (spores) by the help of septal formation at the tips of the filaments, invari-
ably in response to nutrient deprivation. Besides, a larger segment of these spores are
specifically devoid of any thermal resistance; however, they do withstand dessication quite
satisfactorily, and thus exhibit considerable adaptive value.

(d) Generally, most actinomycetes are not found to be motile,* and the motility is particularly
confined to the flagellated spores exclusively.

In the recent past, several taxonomically characteristic features and useful techniques are of
immense value and worth, such as:

« Morphological features and the colour of mycelia and sporangia
« Surface properties and arrangement of conidiospores

* % (G+ C)inDNA

» Phospholipid content and composition of cell membranes

e Thermal resistance encountered in spores

e Comparison of 16SrRNA sequences and their values

 Production of relatively larger DNA fragments by means of restriction enzyme digestion,
and

 Ultimate separation and comparison of ‘larger DNA fragments' by the aid of Pulsed Field
Electrophoresis.

3.5.1.2. Significance of Actinomycetes

There are, in actual practice, three most important practical significances of the actinomycetes,
as mentioned below:

(1) Actinomycetes are predominantly the inhabitants of soil and are distributed widely.

(2) They are able to degrade a large variety and an enormous quantum of organic chemical
entities. However, these are of immense significance in the mineralization of organic matter.

(3) They invariably and critically give rise to a large excess of extremely vital ‘natural antibi-
otics’ that are used extensively in the therapeutic armamentarium e.g., actinomycetin. Im-
portantly, a plethora of actinomycetes represent free-living microbes, whereas a few are
pathogens to human beings, animals, and even certain plants.

Fig. 3.5. illustrates the cross-section of an actinomycete colony with living and dead hyphae.
The substrate and aerial mycelium having chains of conidiospores have been depicted evidently.

* Having spontaneous movement.
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Fig. 3.5. Cross Section of an Actinomycete Colony Showing Living and Dead Hyphae.

3.5.1.3. Classification

The actinomycetes have been duly classified into three major divisions based upon the follow-
ing characteristic features:

() Whole cell carbohydrate patterns of aerobic actinomycetes

(b) Major constituents of cell wall types of actinomycetes, and

(c) Groups of actinomycetes based on whole cell carbohydrate pattern and cell wall type.

The aforesaid three major divisions shall now be dealt with separately in the sections that follows.
3.5.1.3.1. Whole Cell Carbohydrate Patterns of Aerobic Actinomycetes

The aerobic actinomycetes do have four distinct whole cell carbohydrate patterns as given in
the following Table 3.5.

Table 3.5. Whole Cell Carbohydrate Patterns of Aerobic Actinomycetes

Carbohydrates
S.No. Pattern -
Galactose Arabinose Xylose Madurose
1 A Present Present Absent Absent
2 B Absent Absent Absent Present
3 C Absent Absent Absent Absent
4 D Absent Present Present Absent

The above contents of Table: 3.5 vividly shows that none of the four carbohydrates are present in
the Pattern ‘C’, whereas Pattern ‘B’ contains only madurose, and Pattern ‘A’ and Pattern ‘D’ con-
tains each two carbohydrates out of the four cited above.

3.5.1.3.2. Major Constituents of Cell Wall Types of Actinomycetes

The actinomycetes that possess major constituents of cell wall types also exhibit four different
varieties as provided in Table 3.6.
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Table 3.6. Major Constituents of Cell Wall Types of Actinomycetes

DAP* Carbohydrates/Amino Acid
S.No. Cell Wall Type - -
meso— LL- Arabinose Galactose Glycine
1 | Absent Present Absent Absent Present
2 1 Present Absent Absent Absent Present
3 11 Present Absent Absent Absent Absent
4 v Present Absent Present Present Absent

3.5.1.3.3. Groups of Actinomycetes Based on Whole Cell Carbohydrate Pattern and Cell Wall Type

There are in all five different varieties of cell wall types having carbohydrate and genera vari-
ants in groups of actinomycetes, as given in Table 3.7 under :

Table 3.7. Actinomycetes Based on Whole Cell Carbohydrate Pattern and Cell Wall Type

S.No. Cell Wall Type | Carbohydrate Pattern Genera
1 I Characteristic feature Microellobosporia; Sporichthya; Streptomyces,
absent Streptoverticillium;

2 1 A Actinoplanes; Amorphosporangium ; Ampulla-
riella ; Dactylosporangium; Micromonospora;

3 Il B Actinobifida ; Geodermatophilus ; Thermo-
actinomyces ;

4 v C Dermatophilus ; Microbispora ; Nocardiama-
durae type (Actinomadura) ; Spirillospora ;
Streptosporangium;

5 \% D Mycobacterium ; Nocardia ; Micropolyspora ;
Pseudonocardia, Thermomonospora ;

One may observe from Table 3.7 that the cell wall type | is devoid of the characteristic feature
pertaining to the specific carbohydrate pattern.

3.5.1.3.4. Actinomycetes with Multiocular** Sporangia***

The latest version of Bergey’s Manual has explicitly described the actinomycetes occurring as
the ‘clusters of spores’ in a specific situation when a hypha undergoes division both transversely and
logitudinally. In reality, all the threegenera critically present in this section essentially possess chemotype
111 cell walls, whereas the cell extract carbohydrate patterns differ prominently.

Salient Features: The salient features of the actinomycetes with multiocular sporangia are as
follows :

(1) The mole % (G + C) values varies from 57 to 75.

(2) Chemotype IlI C Cdl Walls****: Geodermatophillus belonging to this category has motile
spores and is specifically an aerobic soil organism.

* Diaminopimelic acid.
** Having many cells or compartments.
*** Sacs enclosing spores.
***% 1t is a soil organism.
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(3) Chemotypelll B Cell Walls: Dermatophillusinvariably gives rise to pockets of motile spores
having tufts of flagella. It is a facultative anaerobe and also a parasite of mammals actually
responsible for the skin infection streptothricosis.

(4) Chemotype 111 D Cell Walls: Frankia usually produces non-motile sporangiospores evi-
dently located in a sporogenous body. It is found to extend its normal growth in a symbiotic
association particularly with the roots of eight distinct families of higher non-leguminous
plant sources viz., alder trees. These organisms are observed to be extremely efficient
microaerophilic nitrogen-fixers which frequently take place very much within the root
nodules of the plants. Furthermore, the roots of the infected plants usually develop nodules
that would eventually cause fixation of nitrogen so efficiently that a plant, for instance : an
alder tree, may grow quite effectively even in the absence of combined N,, when nodulated
respectively. It has been duly observed that very much inside the nodule cells, Frankia in-
variably gives rise to branching hyphae having globular vesicles strategically located at
their ends. Consequently, these vesicles could be the most preferred sites of the N, fixation
ultimately. However, the entire phenomenon of N, fixation is quite similar to that of Rhizobium
wherein it is both O, sensitive and essentially and predominantly needs two elements, namely :
molybdenum (Mo), and cobalt (Co).

3.5.1.4. Actinomycetes and Related Organisms

This particular section essentially comprises of a relatively heterogenous division of a large cross-
section of microorganisms having altogether diverse characters including: group, genus, order, and
family, as outlined below :

(@ Group: Coryneform
(b) Genus: Arthrobacter, Cellulomonas, Kurthia, Propionibacterium
(c) Order: Actinomycetales, and

(d) Family: Actinomycetaceae, Mycobacteriaceae, Frankiaceae, Actinoplanaceae, Nocardiaceae,
Streptomycetaceae, Micromonosporaceae.

All the aforesaid divisions shall now be treated individually and briefly in the sections that
follows.

3.5.1.4.1. Group [Example : Coryneform]

The coryneform group essentially comprises of organisms that have the following three charac-
teristic properties, namely :

* These are Gram-positive in nature
« These are non-spore forming rods of irregular outline, and
« These are represented by diverse species.

Species: The species belonging to the coryneform group includes microbes three individual
sections which would be treated separately in the sections that follows.

(@) Human and animal parasites and pathogens : Importantly, the bacteria which are intimately
associated with this section are observed to be straight to slightly curved rods, and invariably appear as
club-shaped swellings, as shown in Fig. 3.6.
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Fig. 3.6. Coryneform Bacteria in Straight Rods, Slightly Curved Rods,
and Club-shaped Swellings.

Salient Features : The salient features of coryneform bacteria are as follows:
(1) They are usually non-motile, Gram-positive, and non-acid fast.
(2) They are mostly chemoorganotrophs, aerobic, and also facultatively anaerobic.

(3) They are widely distributed in nature with % (G + C) values ranging between 52 to 68 moles
per cent.

(4) The type species belonging to this class is represented by C. diphtheriae which is particu-
larly known to produce a highly lethal exotoxin and causes the dreadly disease in humans
called diphtheria.

(b) Plant pathogenic corynebacteria: Interestingly, the bacteria belonging to this particular class
is closely akin to those present in section (a) above; however, these are essentially characterized by three
prominent features, namely: (i) less pleomorphic, (ii) strictly aerobic in nature, and (iii) possess % (G + C)
values ranging between 65-75 moles per cent.

Based on ample scientific evidences, this particular section is further sub-divided into four
categories, such as: (i) types of polysaccharide antigens, (ii) composition of amino acids present duly in
cell walls, (iii) minimal nutritional requirements, and (iv) etiology of the disease caused in plants.

(c) Non-pathogenic corynebacteria: This particular section essentially consists of non-pathogenic
corynebacteria quite commonly derived and isolated from soil, water, air, and are invariably described in
the literature very scantily by virtue of their morphological similarities and hence, the virtual scope of
any possible distinct differentiation.

3.5.1.4.2. Genus
The four prominent genus shall be treated individually in the sections that follows:

(a) Arthrobacter: The genus Arthrobacter essentially consists of such organisms that undergo a
marked and pronounced change in form particularly in the course of their respective growth on the
complex media. It has been duly observed that the relatively ‘older cultures’ do comprise of coccoid
cells* very much resembling to micrococci in their appearance. In certain specific instances, the cells
could be either spherical to ovoid or slightly elongated. Importantly, when these are carefully trans-
ferred to the ‘fresh culture media’, consequently the ultimate growth takes place by two distinct modes,
namely : (a) due to swelling, and (b) due to elongation of the coccoid cells, to produce rods that
essentially have a diameter precisely much less in comparison to the corresponding enlarged cells.

* Resembling a micrococcus.
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Eventually, there may be predominant ‘outgrowths’ occurring at more than one segment of the cell as
depicted in Fig. 3.7.

Fig. 3.7. Diagramatic Sketch of Arthrobacters

Arthrobacter’s subsequent growth and followed up divisions usually yields irregular rods that
vary appreciably both in size and shape.

Importantly, a small segment of the rods are invariably arranged at an ‘angle’ to each other
thereby causing deformation. However, in richer media, cells may exhibit preliminary (rudimentary)
branching, whereas the formation of true mycelia cease to form. Besides, along with the passage of the
‘exponential phase’, the rods turn out to be much shorter and get converted to the corresponding coccoid
cells. A few other prevalent characteristics are as follows:

» Rods are either non-motile completely or motile by one sub-polar or a few lateral flagella.

 Coccoid cells are Gram-positive in nature, chemoorganotrophic, aerobic soil organisms hav-
ing a distinct respiratory metabolism.

» Species present within the genus are invariably categorized and differentiated solely de-
pending on the composition of cell wall; hydrolysis of gelatin, starch etc.; and the ultimate
growth-factor requirement.

It is, however, pertinent to state here the two other genera although whose actual and precise
affiliation is still ‘uncertain’, yet they are quite related to the Arthrobacter, namely: Brevibacterium and
Microbacterium.

(b) Cellulomonas: The genus Cellulomonas essentially comprises of bacteria that have the com-
petence and ability to hydrolyse the cellulose particularly.

Salient Features : The various vital and important salient features are as stated below:

(1) The cdlsusually observed in young cultures are irregular rods having a diameter nearly 0.5 um
and a length ranging either between 0.7 to 2 wm or even slightly in excess.

(2) The appearance of the cells could be straight, slightly curved, or angular or beaded or occa-
sionally club-shaped.

(3) Importantly, certain cellsmay be arranged strategically at an angle to each other as could be
observed in the case of Arthrobacter [see section 5.1.4.2(a)]; besides, they (cells) may infre-
quently exhibit rudimentary branching as well.

(4) Older cultures are invariably devoid of ‘true mycelia’ but the ‘coccoid cells’ do predomi-
nate in number.

(5) The cells may be Gram-positive to Gram-negative variable, motile to non-motile variable,
non acid-fast, aerobic chemo-organotrophos, having an optimum growth temperatureat 30°C.

(6) The % (G + C) values ranges between 71.7 to 72.7 moles.
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Interestingly, there exists only one species, Cellulomonas flavigenum, which is exclusively known
and recognized; and found commonly in the soil.

(c) Kurthia: The genus Kurthia is specifically characterized by organisms that are prominently
and rigidly aerobic in nature; besides, they happen to be chemoorganotrophs. Young cultures essen-
tially comprise of cells that are mostly unbranched rods having round ends, and occurring as distinct

parallel chains. Older cultures normally comprise of coccoid cells that are critically obtained by the
fragmentation of rods.

Salient Features: The salient features of the organisms belonging to the genus Kurthia are as
given under:

(1) The rods are rendered motile by the presence of peritrichous flagella*.

(2) The cellspredominantly grow in abundance, particularly in the presence of sodium chloride
(NaCl) solution [4 to 6% (w/v)] prepared in sterilized distilled water.

(3) The optimum temperature required for the healthy growth of the cells usually varies between
25 to 30°C.

Interestingly, there prevails only one species, Kurthia zoefi, that has been duly recognized and
described in the literature.

There are certain characteristic features of the genera Corynebacterium, Arthrobacter,
Cellulomonas, and Kurthia that have been duly summarized in Table 3.8.

Table 3.8. Certain Characteristic Features of Coryneform Group of Microorganisms

S.No. Genus % (G+ C) Relationship Motility Cellulose
Moles with Oxygen Utilization
1 Arthrobacter 60-72 Strictly aerobic +or— -
2 Cellulomonas 71.7-72.7 | Aerobic to facultatively anaerobic +0r— +
3 Corynebacterium 57-60 —do— - -
4 Kurthia — Strictly aerobic + -

(d) Propionibacterium: The family Propionibacteriaceae invariably consists microbes that have
the following characteristic features :

(i) They are all Gram-positive, non-spore forming, anaerobic to aerotolerant, pleomorphic,
branching or filamentous or regular rods.

(ii) On being subjected to ‘fermentative procedures’ it has been duly observed that the major
end-products ultimately generated are, namely : propionic acid, acetic acid, carbon diox-
ide, or a mixture of butyric, formic, lactic together with other monocarboxylic acids.

(iii) Growth: Their normal growth is usually enhanced by the very presence of carbon dioxide,
and

(iv) Habitat: These microbes are normally inhabitants of skin, respiratory, and the intestinal
tracts of a large cross-section of animals.

A survey of literature would reveal the description of two genera, namely : Propionibacterium
and Eubacterium. These two genera shall now be dealt with briefly and separately in the sections that
follows:

* Indicating microorganisms that have flagella covering the entire surface of a bacterial cell.
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Propionibacterium: The genus Propionibacterium predominantly comprises of such bacterial
cells that happen to be virtually non-motile, anaerobic to aerotolerant, and essentially give rise to propionic
acid as well as acetic acid.

Salient Features: The bacterial cells do have the following salient features, such as :
(1) They are quite often arranged in pairs, singles or “V’ and ‘Y’ configurations.

(2) These are actually chemoorganotrophswhich eventually attain growth very rapidly between
a temperature ranging between 32-37°C.

(3) A large and appreciable quantum of strains do grow either in 20% (w/v) bile salts or 6.5%
(w/v) sodium-chloride/glucose broth.

(4) Certain species are observed to be pathogenic in nature.

However, the genus Propionibacterium essentially includes eight species that have been duly
identified, characterized, and recognized entirely based upon their end products derived from their
respective metabolism.

Eubacterium: The genus Eubacterium comprises prominently of such bacterial cells that could
be either motile or non-motile, obligatory anaerobic, and lastly either non-fermentative or fermentative
in nature. It has been adequately demonstrated that particularly the fermentative species give rise to
mixtures of organic acids, viz., butyric, acetic, formic or lactic, or even other monocarboxylic organic
acids. Besides, these bacterial cells undergo both profuse and rapid growth at 37°C, and are invariably
observed to be located strategically in the various marked and pronounced cavities in humans, animals,
soil, and plant products.

Interestingly, there are certain species belonging to this genus which exhibit distinct pathogenicity.
3.5.1.4.3. Order: The order Actinomycetales shall be treated at length in this particular section.

Importantly, Actinomycetales do contain such members that necessarily have a typical and
prominent tendency to produce the ‘branching filaments’ in particular, which in certain instances
ultimately develop into a full-fledged mycelium. Interestingly, the family: Mycobacteriaceae — does
possess extremely short filaments ; whereas, the family : Sreptomycetaceae — does exhibit distinctly
well-developed filaments. Fig. 3.8. illustrates the filaments duly formed in the specific case of streptomyces.

Fig. 3.8. Filaments Produced in Streptomyces.

Salient Features: The salient features of the filaments/spores occurring in various families are
as stated under:

(1) The diameter of the filaments in Streptomyces ranges between 0.2 to 2 um.
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(2) A few familiesdo possess such filaments that usually tend to fragment; and subsequently the
ensuing fragmentation gives rise to coccoid, elongate, or diploid bacterial cells.

(3) In certain families, one may observe the formation of ‘true spores’ occurring specifically
either on aerial or substrate hyphae.

(4) Invariably, spores may be produced either singly or in chains that could be straight, looped,
or spiral in appearance; and such chains usually come into being either singly or in a
verticillate* manner.

(5) It may be seen that the spores are duly borne in sporangia as in the particular instance of the
family : Actinoplanaceae, which could be either motile or non-motile. Importantly, the or-
ganism though is Gram-positive in character, but the aforesaid reaction might change with
aging.

(6) The characteristic features of certain other family members of the order Actinomycetales
are as given under:

(a) Mycabacteriaceae: are acid fast in character

(b) Nocardiaceae: are found to be weakly acid-fast in nature
3.5.1.4.4. Family : There are in fact, seven prominent families belonging to the category of
Actinomycetes and Related Organisms, which shall be treated individually in the sections that fol-
lows:

(a) Actinomycetaceae : The cardinal characteristic features of the family Actinomycetaceae are

as follows:

(1) Bacteria are predominantly ‘diploid’ in shape that have been observed to exhibit a clear
tendency to give rise to the formation of branched filaments during certain stages of their
‘cultural development’.

(2) Evidently, the fragmentation of filaments invariably takes place quite rapidly to produce
diploid as well as coccoid cells.

(3) The formation of ‘aerial mycelium’ and ‘spores’ do not take place at all.

(4) The bacterial cells are non-motile that invariably extend their growth as anaerobic
facultatively, whereas quite a few may turn out to be either absolutely anaerobic or aerobic
in nature.

It has been duly observed that the family Actinomycetaceae has five distinct genera exclusively

based upon their intimate (direct) relationship to oxygen.

(b) Mycobacteriaceae: The salient features of a large segment of the members belonging to the

family Mycobacteriaceae are as stated under :

(1) Invariably most of its members are pathogenic in nature.

(2) The bacterial cells are slightly curved or straight rods which are occasionally exhibited in a
‘branching mode’.

* Arranged like the spokes of a wheel or a whorl.
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(3) Importantly, both mycelium and filamentous type growths are generally found ; and even-
tually they get fragmented into the corresponding rods or coccoid cells.

(4) The bacterial cellsare usually found to be acid-fast, non-motile, and failed to give rise to the
formation of endospores,* conidia,** and capsules.***

(5) The bacterial cells are usually characterized specifically by a relatively much higher lipid
content and are also comprised of long, branched chains of mycolic acids.****

Importantly, the genus Mycobacterium includes prominently the host of such critical and vital
components as: obligate parasites, saprophytes, and intermediate forms which do vary in their nutri-
tional requirements appreciably. Besides, all microbes are usually aerobic in nature, and a possible
growth may take place very much in depths of the ensuing medium. Generally, they are found in warm/
cold blooded animals, soil and water; whereas, the % (G + C) values range between 62—70 moles per
cent.

(c) Frankiaceae: The family Frankiaceae predominantly comprises of such organisms that are
symbiotic, mycelial, and filamentous in nature. Besides, they are capable of inducing and residing
particularly in the root modules of a large cross-section of non-leguminous dicotyledonous plants as
summarized in Table 3.9.

Table 3.9. Non-leguminous Nodule-bearing Dicotyledonous Plants with Frankia Species as

Endophyte
S.No. Frankia Species Plant Genus
1 Frankia alini Alnus, Elaeagnus;
2 Frankia brunchorstii Myrica; Gale; Comptomia;
3 Frankia casurinae Casuarina
4 Frankia ceanothi Ceanothus
5 Frankia cercocarpi Cereocarpus
6 Frankia coriarlae Coriaria
7 Frankia discariae Discardia
8 Frankia dryadis Dryas
9 Frankia elaeagni Hippophae; Shepherdia;
10 Frankia purshiae Purshia

(d) Actinoplanaceae: The family Actinoplanaceae consists of microorganisms which do pos-
sess the following characteristic features, such as :

(1) They give rise to distinct mycelia that may be either intramatrical or occasionally aerial in
nature.

(2) The filaments have a diameter ranging between 0.2 to 2.6 um mostly.

* Athick-walled spore produced by a bacterium to enable it to survive unfavourable environmental conditions.
** Asexual spores of fungi.
*** A sheath or continuous enclosure around an organ or structure.

**** They have the basic structure R?CH(OH)CHR! COOH where R is a C. to C,, linear alkane and R? is a more
complex structure of 30 to 60 C-atoms that may contain various numbers of carbon-carbon double bonds
and/or cyclopropane rings, methyl branches or oxygen functions, such as: C = O ; H;COCH = ; COOH.
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(3) Importantly, the sporangiospores are usually produced either on branched or unbranched
hyphae. These are of two distinctly different shapes, namely :

(i) Having large spherical to specific irregular multisporous sporangia, and
(if) Having small club-shaped or filiform sporangia consisting of one to several spores.

However, the spores could be either motile or non-matile. These two different fruiting structures
are vividly illustrated in Fig. 3.9(a) and (b).

[a] Large spherical [b] Small club-shaped

to irregular or filiform sporangia
multisporous consisting of one to
sporangia. several spores.

Fig. 3.9. lllustration of Fruiting Structures Present in Actinoplanaceae.

(4) These are invariably Gram-positive chemoorganotrophs having a respiratory metabolism

which being aerobic in nature and available abundantly in particular humus rich soil.

(5) The family exclusively comprises of ten (10) genera that may be grouped into two broad

divisions as described in section (3) above.

(e) Nocardiaceae: The family Nocardiaceae essentially and solely comprises of aerobic
actinomycetes wherein the mycelium could be present either in the rudimentary (elementary) or in an
extensive form. It has been duly observed that ‘sporogenesis’ i.e., the production of spores significantly
varies with the genus. It is, however, pertinent to state here that Nocardiaceae possesses prominently
two genera, namely: Nocardia, and Pseudonocardia.

Nocardia — It has the following characteristic features, such as:

(1) Possesses specific spores not produced on differentiated hyphae.

(2) Essentially the reproduction bodies are typical mycelial fragments that are produced quite

irregularly either in the aerial hyphae or in the substrate.

(3) The genus Nocardia is usually further categorized into three distinct morphological groups

that are solely based upon the critical extent of the specific mycelial development.

(4) The % (G + C) values ranges between 60 to 72 moles per cent.

(5) Importantly, the carotenoid pigments (viz., B-carotene) are usually produced by various

species.

Pseudonocardia : This particular genus essentially comprises of two distinct species, namely:
P. thermophilia and P. spinosa. Importantly, both aerial as well as substrate hyphae are duly gener-
ated. The spores may be formed suitably either on substrate mycelium or on aerial mycelium. The
colonies of pseudonocardia are duly obtained either as colourless or may vary from slightly yellow to
orange. However, the genus pseudonocardia is usually found in soil and manure ; and even some may
grow at ~ 60°C.

(f) Streptomycetaceae : Incidentally, this particular family, streptomycetaceae has gotten the
cognizance of being one of the most vital and important families belonging to the natural order
Actinomycetales.

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

|CHARACTERIZATION, CLASSIFICATION AND TAXONOMY OF MICROBES 101

Salient Features: The various salient features of the family streptomycetaceae are as enumer-
ated under:

(1) The vegetative hyphae ranges between 0.5 to 2 um in diameter.

(2) One of the most common apparent features being the presence of a well-branched mycelium
which fails to undergo rapid fragmentation.

(3) The phenomenon of reproduction predominantly takes place either due to spores or occa-
sionally by the aid of simultaneous growth of mycelial fragments.

(4) They invariably behave as Gram-positive microbes, and also are aerobic having Type-I Cell
Walls.

(5) The % (G + C) values of the DNA in the specific genera so far examined ranges between 69
to 73 moles per cent.

The Streptomycetaceae family has essentially four distinctly well-recognized genera that are
obviously segregated based entirely upon the typical sporulation characteristic features, as given
below:

(i) Streptomyces — Importantly, the genus streptomyces received a well-deserved world wide

recognition by virtue of its critical role in the production of antibiotic. In fact, there are
several strains identified and examined, which precisely gave rise to either one specific or a
plethora of antibiotics.

e The bacterial cells are found to be heterotrophic, aerobic, and also extremely oxidative.

« Various other members of this family, Streptomyces, do give rise to a broad spectrum of
pigments.
e Bergey’s Manual include at least 463 species of the specific genus, and surprisingly a
good number of them do possess even ‘uncertain taxonomic status’.
(i) Streptoverticillium : Interestingly, the genus Streptoverticillium vividly consists of forty
species. The characteristic features of this particular genus are as follows:

 Aerial mycelium and substrate are both present.

 The branching ‘aerial mycelium’ more or less looks very much similar to the *‘barbed-wire’.

« Reproduction is accomplished by means of either spores or by fragmentation of the corre-
sponding mycelium.

 The specific genus, Streptoverticillium, critically responsible for the production of a large
cross-section of vital and important ‘antibiotics’> and ‘pigments’.**

(iii) Sporichthya : The genus, Sporichthya, possesses such vital members that essentially give
rise to the formation of hyphae which are found to be not only branched, but also reason-
ably short in structure. Its characteristic features are as stated below:

e The aerial mycelium is found to be strategically attached to the solid medium critically
with the help of hold-fasts that actually originate from the very wall of the hyphae base.

« The aerial hyphae are observed to be articulately split up into smooth walled spores that
essentially possess a collar-like structure which in turn gives rise to the origination of a
flagellum.

* A natural or synthetic substance that destroys microorganisms or inhibits their growth.
** Any organic colouring matter found in the body.
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» The spores are motile in water.
« The genus forms Gram-positive/Gram-negative strains, heterotrophic in nature, grows on
rich media, and lastly bacteria-like growth is observed explicitely.

(iv) Microellobospora: The genus, Microellobospora, critically comprises of such organisms
having slender hyphae with a diameter of 1 um. It has been duly observed that the substrate
mycelium usually grows into a compact layer. Besides, the aerial mycelia and the substrate
mycelia predominantly form sporangia, strategically located on short sporangiophores.

Sporangia do contain a single longitudinal row consisting of non-motile sporangiospores.

Spores are observed to come into being by virtue of the simultaneous division of the specific
intrasporangia hyphae.

Antibiotics : Certain typical strains belonging to this genus produce useful antibiotics as well.

Cell-wall is found to be typically of type-1 and also aerobic and heterotrophic in character ;
whereas, the formation of arthrospores* is not observed.

(g9) Micromonosporaceae: The family Micromonosporaceae necessarily comprises of such
members that cause the production of aerial mycelium as well as substrate mycelium except in the
genus micromonospora.

The various characteristic features of the family Micromonosporaceae are as stated under :

(i) They are devoid of the sporophores or are sometimes quite short in structure ; and also in
certain specific instances do exhibit dichotomous branching.

(i) Ina broader perspective, these are aerobic in nature, largely mesophilic; and certain species
are thermophilic, besides being primarily saprophytic in the environment of the soil.

In fact, the family Micromonosporaceae comprises of six distinct genera that are exclusively

classified based upon either the presence or the absence of aerial mycelia together with other corre-
sponding typical sporulation characteristics.

3.5.2.| Bacteria [Plural of ‘Bacterium’]

Exhaustive historical evidences based on the survey of literatures, amply stress and reveal the
fact that “bacteria’ predominantly share with the ‘blue-green algae' a unique status and place, in the
‘world of living organisms’.

A bacterium may be regarded as a one-celled organism without true nucleus or functionally
specific components of metabolism that essentially belongs to the kingdom Prokaryotae (Monera), a
name which means primitive nucleus. However, all other living organisms are termed as Eukaryotes, a
name that precisely implies a true or proper nucleus.

It has been duly observed and established that ‘bacteria’ are exclusively responsible for the
causation of several painful ailments in humans, namely : tonsillitis, pneumonia, cystitis, school sores,
and conjunctivitis.

Alternatively, one may define bacteria as microscopic single-celled organisms that can pen-

etrate into healthy tissues and start multiplying into vast numbers. Interestingly, when they do this, they
invariably damage the tissue that they are infecting, causing it to break down into the formation of

* A bacterial spore formed by segmentation.

** The liquid product of inflammation composed of albuminous susbtances, a thin fluid, and leukocytes ; gen-
erally yellow in colour.
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pus.** Due to the damage they (bacteria) cause, the affected and involved area becomes red, swollen,
hot and painful. In this manner, the waste products of the damaged tissue, together with the bacteria,
rapidly spread into the blood stream, and this virtually stimulates the brain to elevate the body tempera-
ture so as to fight off the contracted infection; and this ultimately gives rise to the development of
‘fever’ (normal body temperature being 37°C or 98.4°F).

3.5.2.1. Salient Features

The various salient features of ‘bacteria’ are as stated under:

(1) Thebody is invariably invaded by millions of organisms every day, but very few surprisingly
may ever succeed in causing serious problems by virtue of the fact that body’s defence
mechanisms usually destroy the majority of the invading microbes.

In fact, the white-blood cells (WBCs) are the main line of defence against the prevailing
infections. Evidently, the WBCs rapidly migrate to the zone of ‘unwanted bacteria’ and do
help in engulfing them and destroying them ultimately. Importantly, when these defence
mechanisms get overwhelmed, that a specific infection develops and noticed subsequently.

(2) Nomenclature: Each species of organisms or bacteria (and fungi but not viruses) has two
names: first — a family name (e.g., Staphylococcus) that essentially makes use of a capital
initial letter and comes first always; and secondly — a specific species name (e.g., aureus)
which uses a lower case initial letter and comes second.

Example: The golden staph bacteria that gives rise to several serious throat infections is
therefore termed as Staphyl ococcus aureus, but should be normally abbreviated to S. aureus.

(3) As different types of bacteria invariably favour different segments of the body and thereby
lead to various glaring symptoms; therefore, it is absolutely necessary to choose and pick-up
an appropriate educated guess about the antibiotic(s) to be administered by a ‘physician’. In
the event of any possible doubt it is always advisable to take either a ‘sample’ or a ‘swab’
being sent to a ‘microbiological laboratory’ for an expert analysis, so that the precise organ-
ism may be identified, together with the most suitable antibiotic to destroy it completely.

(4) Obviously, there are a plethora of organisms (bacteria), specifically those present in the
‘gut’, observed to be quite useful with respect to the normal functioning of the body. These
organisms usually help in the digestive process, and prevent infections either caused by
fungi (e.g., thrush) or sometimes by viruses. Importantly, antibiotics are capable of killing
these so called ‘good bacteria’ also, which may ultimately give rise to certain apparent side-
effects due to the prolonged usage of antibiotics, such as : diarrhoea, fungal infections of
the mouth and vagina.

The most commonly observed ‘bacteria’ that invariably attack the humans and the respective
diseases they cause, or organs they attack, are as listed under :

S.No. Bacteria Diseases or Place of Infections
1 Bacteroides Pelvic organs
2 Bordetella pertussis Whooping cough
3 Brucella abortus Brucellosis
4 Chlamydia trachomatis Vineral disease, pelvic organs, eye
5 Clostridium perfringens Gas gangrene, pseudomembranous colitis.
6 Clostridium tetani Tetanus
7 Corynebacterium diphtheriae Diphtheria
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8 Escherichia cali Urine, gut, fallopian tubes, peritonitis
9 Haemophilus influenzae Ear, meningitis

10 Helicobacter pylori Peptic ulcers

11 Klebsiella pneumoniae Lungs, urine

12 Legionella pneumophilia Lungs

13 Mycobacterium leprae Leprosy

14 Mycobacterium tuberculosis Tuberculosis

15 Mycoplasma pneumoniae Lungs

16 Neisseria gonorrhoea Gonorrhoea, pelvic organs

17 Proteus Urine, ear

18 Pseudomonas aeruginosa Urine, ear, lungs, heart

19 Salmonella typhi Typhoid

20 Shigella dysenteriae Gut infections

21 Saphylococcus aureus Lungs, throat, sinusitis, ear, skin, eye, gut,

meningitis, heart, bone, joints

22 Sreptococcus pyrogens Sinuses, ear, throat, skin

23 Sreptococcus viridans Heart

24 Treponema pallidum Syphillis

25 Yersinia pestis Plague

3.5.2.2. Structure and Form of the Bacterial Cell: These characteristic form of the bacterial cell may
be sub-divided into two heads, namely:

(i) Size and shape, and
(i) Structure
These two categories shall now be dealt with separately in the sections that follows :

3.5.2.2.1. Size and Shape: The size and shape of bacteria largely vary between the dimensions of 0.75
—4.0 um. They are invariably obtained as definite unicellular structures that may be essentially found
either as spherical forms (i.e., coccoid forms) or as cylindrical forms (i.e., rod-shaped forms). How-
ever, the latter forms, in one or two genera, may be further modified into two sub-divisions, namely:

(a) With a single twist (or vibrios), and
(b) With several twists very much akin to ‘cork screw’ (or spirochaetes).

In actual practice, there prevails another predominant characteristic feature of the bacterial form
i.e., the inherent tendency of the coccoid cells to exhibit growth in aggregates. It has been duly observed
that these ‘assemblies’ do exist in four distinct manners, such as:

(i) As ‘pairs (or diplococci),

(i) As ‘groups of four systematically arranged in a cube' (or sarcinae),
(iii) As ‘unorganized array like a bunch of grapes' (or staphylococci), and
(iv) As ‘chainslike a string of beads’ (or streptococci).

In general, these ‘aggregates are so specific and also characteristic that they usually assign a
particular generic nomenclature to the group, for instance :
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(a) Diplococcus pneumoniae — causes pneumonia,
(b) Saphylococcus aureus — causes ‘food-poisoning’ and boils, and
(c) Streptococcus pyogenes — causes severe sore throat.

3.5.2.2.2. Structure: There exists three essential divisions of the so called ‘bacterial cell’ that nor-
mally occur in all species, such as: cell wall or cytoplasmic membrane and cytoplasm.

Based upon the broad and extensive chemical investigations have evidently revealed two funda-
mental components in the structure of a bacterial cell, namely :

(a) Presence of a basic structure of alternating N-acetyl-glucosamine, and

(b) N-acetyl-3-0-1-carboxyethylglucosamine molecules. In fact, the strategic union of the said
two components distinctly give rise to the polysaccharide backbone.
Salient Features: The salient features of the structure of a bacterial cell are as stated under:

(1) The two prominent and identified chemical entities viz., N-acetyl glucosamine (A), and N-
acetyl-3-0-1- carboxymethylglucosamine (B) are usually cross-linked by peptide chains as
shown under:

(2) The combined structure of [A] and [B] as shown in (1) above basically possesses an enor-
mous mechanical strength, and, therefore, essentially represents the target for a specific
group of ‘antibiotics’, which in turn via different modes, categorically inhibit the biosynthesis
that eventually take place either in the course of cell growth or in the cell division promi-
nently.

(3) The fundamental peptidoglycan moiety (also known as murein or mucopeptide) besides
contains other chemical structures that particularly gets distinguished by the presence of two
kinds of bacteria, namely :

(a) Gram-negative organism, and

(b) Gram-positive organisms.

However, these two variants of organisms may be identified distinctly and easily by treating a
thin-film of bacteria, duly dried upon a microscopic slide with a separately prepared solution of a basic
dye i.e., gentian violet, and followed soon shape after by the application of a solution of iodine. Thus,
we may have:
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Gram-negative bacteria — by alcohol washing the dye-complex from certain types of cells, and
Gram-positive bacteria — by retaining the dye-complex despite the prescribed alcohol-washing.

Further, the prevailing marked and pronounced differences in behaviour, just discovered by a
stroke of luck, are now specifically recognized to be a glaring reflection of wall structure variants in the
two kinds of cell as illustrated in Fig. 3.10.

Q

/]

Fig. 3.10. A Diagrammatic Representation of a Bacterial Cell.

\

X = Generalized structure of a Bacterial Cell; Y = Gram + ve Structure; Z = Gram — ve Structure

A = Cytoplasm; E = Lipopolysaccharide;
B = Cytoplasm membrane; F = Lipoprotein;

C = Cell-Wall peptidoglycan; G = Covalent-Bond,;

D = Teichoic acid,; H = Flagellum;

Gram-positive Cell Wall [Y] : In this particular instance, the walls of bacteria essentially com-
prise of the molecules of a polyribitol or polyglycerophosphate that are found to be strategically
attached by means of covalent bonds (G) to the prevailing oligosaccharide backbone; and these chemical
entities are nothing but teichoic acids [D]. It is, however, pertinent to mention here, that the said teichoic
acids do not give rise to any sort of additional rigidity upon the ensuing cell wall, but as they are acidic
in character, they are capable of sequestering essential metal cations derived from the culture media
upon which the bacterial cells are growing. Importantly, this could be of immense value in such circum-
stances wherein the ‘cation concentration’ in the environment is apparently at a low ebb.

Gram-negative Cell Wall : Interestingly, the Gram-negative cell wall is observed to be much
more complex in character by virtue of the presence of the lipoprotein molecules (F) strategically at-
tached covalently to the respective vital oligosaccharide backbone. Besides, on its outer region, a layer
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of lipopolysaccharide (E) along with the presence of protein critically attached by hydrophobic interac-
tions and divalent metal cations e.g., Ca?*, Fe**, Mg?", Cu?*, whereas, in its inner side is a layer of
phospholipid.

3.5.3.| Rickettsia and Coxiella

Bergey’s Manual* describes the genus Rickettsia, which is duly placed in the order Rickettsiales
and family Rickettsiaceae of the a-proteobacteria ; whereas, Coxiella is shown in the order
Legionellales and family Coxiellaceae of the y-proteobacteria. Based upon their close and intimate
similarity in the ‘life-style’, despite their apparent ‘phylogenetic distance’, these two genera shall be
discussed together.

Salient Features : The salient-features of Rickettsia and Coxi€ella are as enumerated under:

(1) The bacteria belonging to these two genera are found to be rod-shaped, coccoid, or pleomorphic
having typical Gram-negative walls and devoid of any flagella; however, their actual size
usually varies but they tend to be relatively very small.

Examples:
Rickettsia— 0.3 to 0.5 um (diameter); and 0.8 to 2.0 um (length);
Coxiella— 0.2 to 0.4 um (diameter); and 0.4 to 1.0 wm (length);

(2) It has been duly observed that all species happen to be either parasitic or mutualistic in
nature. Interestingly, the former species (i.e., parasitic ones) invariably grow in vertebrate
erythrocytes, macrophages, and vascular endothelial cells; and they usually reside in blood-
sucking arthropods viz, ticks, lice, mites, fleas, tse-tse flies that essentially serve either as
vectors or as primary hosts.

(3) By virtue of the fact that these two genera predominantly comprise of vital and important
‘human-active pathogens’, both their metabolismas well as reproduction have been inves-
tigated intensively and extensively.

Rickettsias: are found to gain entry into the host-cell by the induction of the phenomenon of
‘phagocytosis’. Thus the bonafide members belonging to the genus Rickettsia immediately
get free from the ensuing ‘phagosome’ and get reproduced due to the ‘binary fission’ in the
cytoplasm.

Coxiella: In contract, it remains within the phagosome after it has undergone fusion strategi-
cally with a ‘lysosome’, and virtually undergo reproduction very much within the
‘phagolysosome’. Thus, the host-cell ultimately bursts, thereby providing the release of an
abundant quantum of newer organisms specifically.

(4) Physiology and Metabolism: Importantly, the rickettsias are prominently quite different in
comparison to most other bacteria with respect to physiology and metabolism. Some of the
highlights observed are as stated below:

(@) Rickettsias: normally lack the glycolytic path way and do not make use of ‘glucose’ as a
source of energy, but categorically oxidize both ‘glutamate’ and ‘tricarboxylic acid
cycle (TCA-Cycle) intermediates, e.g., succinic acid.

(b) Rickettsial plasma membrane critically possesses the specific carrier-mediated trans-
port systems; and thereupon, the host cell nutrients as well as the ensuing coenzymes
get absorbed and consumed almost directly.

* 2nd Edition.
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Examples: (i) Rickettsias are observed to make use of both NAD* and uridine phosphate glu-
cose.

(ii) The membrane of rickettsias also possesses particularly an adenylate exchange carrier which
meticulously exchanges ADP for the corresponding external ATP, whereby the latter (i.e., the host ATP)
may be able to cater for a good deal of ‘energy’ essentially required for the ultimate growth.**

Rickettsial Pathogenic Organisms — are duly identified and recognized as given below :
Rickettsia prowazekii — associated with typhus fever

Rickettsia typhi — associated with typhus fever

Rickettsia rickettsii — associated with Rocky Mountain spotted fever.

3.5.4.| Spirochaetes

The phylum Spirochaetes [Greek: spira = a coil ; and chaete = hair] essentially and distinguish-
ably comprises of Gram-negative, chemoheterotrophic bacteria characterized by their specific structure
and mechanism of motility.

Salient Features : The various vital and important salient features of the spirochaetes are as
enumerated below :

(1) They are slender long bacteria having diameter 0.1 to 3.0 um, and length 5 to 250 wm ; and
predominantly with a flexible and helical shape that may sometimes also occur in the form
of chains.

(2) Multiplication of the spirochaetes invariably takes place by transverse fission.

(3) The bacterial cells consist of protoplasmic cylinder interwined with either one or more
axial fibrils, that originate in nearly equal number from the subterminal attachment disc
strategically located at either ends of the aforesaid proto-plasmic cylinder. Importantly,
both the protoplasmic cylinder as well as the axial fibrils are duly enclosed in the outer
envelope meticulously. However, the unattached ends of the axial fibrils may invariably get
extended beyond the terminals of the protoplasmic cylinder that finally be observed as ‘po-
lar flagella’.

(4) The motility existing in the spirochaetes are usually found to be of three types, namely :
(i) Obtained by the rapid rotation about the long axis of the helix
(i) Derived by the flexion of the bacterial cells, and

(iii) Brought about by the locomotion invariably observed along a helical or a serpentine
path

(5) It has been observed that many species of spirochaetes are so slim that they may exclusively
and vividly visible in a light-microscope either by the help of a phase-contrast microscope
or a dark-field optics.

(6) The spectacular and distinctive features of the spirochaete morphology are quite evident by
means of an ‘electron micrograph’ which explicitely reveals the following characteristic
features, such as :

* Nicotinamide adenine dinucleotide.

** The prevailing metabolic dependence vividly clarifies and explains why many of these organisms should be
specifically cultivated in the yolk-sacs of chick embryos or in tissue culture cells.
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« Central protoplasmic cylinder contains cytoplasm and nucleoid, which is subsequently
bounded by a plasma membrane together with a Gram-negative type cell wall.

« Central protoplasmic cylinder actually corresponds to the body of other accessible Gram-
negative bacteria.

 Evidently two or more than a hundred prokaryotic flagella, known as axial fibrils,
periplasmic flagella (or endoflagella), extend from either ends of the cylinder and
invariably overlap one another in the centre segment of the cell as depicted in Fig. 3.11(a),

(b) and (c).
AF = Axial fibril ;
PC = Protoplasmic cylinder ;
. OS = Outer sheath ; ;
Spirochaetes _ - K N = Nucleoid ;
@ IP= Insgar)tlon pore ; R = Ribosome :

AF = Axial fibril ;

PM = Plasma membrane ;
PC = Protoplasmic cylinder ;
CW = Cell wall ;

M = Microtubule ;

OS = Quter sheath ;

©

Fig. 3.11. Spirochaete Morphology ; (a) Spirochaetes ; (b) A surface view of spirochaete structure
as interpreted from electron micrographs ; (c) A cross-section of a typical spirochaete displaying
morphological details.

(7) Interestingly, the spirochaetes may be anaerobic, facultatively anaerobic or even-aerobic in
nature.
(8) Carbohydrates, amino acids, long-chain fatty acids (e.g., palmitic acid, stearic acid, oleic
acid etc.), and long-chain fatty alcohols may cater for carbon as well as energy sources.
(9) Certain spirochaetes may have inclusions but no evidence of any ‘endospore formation’ has
been reported.
(10) Important genera essentially include: Borrelia, Cristispira, Leptospira, Spirochaeta, and
Treponema.
The characteristic features of the ‘Spirochaete Genera’ viz., dimensions (um) and flagella,
G + C content (mol %), oxygen relationship, carbon + energy source, and habitats are summarized in
Table 3.10.
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Table 3.10. Characteristic Features of Spirochaete Genera

S.No. Genus Dimensions G+C Oxygen Carbon + Habitats
(uwm)/ Content | Relation- Energy
Flagella (Mol %) ship Source
1 Borrelia 02-05x3-20; | 27-32 | Anaerobic | Carbohy- Mammals and arthopods ;
14 - 60 or Micro- | drates Pathogens (relapsing

Periplasmic aerophilic fever, Lyme disease).
flagella

2 Cristispira | 0.5-3.0 x — Facultati- | — Mollusk digestive
30-180> 100 vely track.
Periplasmic anaerobic ?
flagella

3 Leptospira | 0.1x6-24;2 35-49 | Aerobic Fatty acids | Free-living or pathogens
Periplasmic and of mammals, usually
flagella alcohols located in the kidney

(leptospirosis).

4 Spirochaeta | 0.2 -0.75 x Facultatively | Carbohy- Aquatic and free-living.
5-250;2-40 51 -65 [anaerobic | drates
Periplasmic or anaerobic
flagella
(almost = 2)

5 Treponema | 0.1-0.4 x 25-53 | Anaerobic | Carbohy- Mouth, intestinal tract,
5-20;2-16 or Micro- | drates or and genital areas of
Periplasmic aerophilic amino acids | animals.
flagella

Importantly, the 2nd edition of Bergey’s Manual divides the phylum spirochaetes into one
class, one order (Spirochaetales), and three families, namely : Spirochaetaceae, Serpulinaceae, and
Leptospiraceae.
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IDENTIFICATION OF
MICROORGANISMS

e Introduction

e Morphology

e Selective and Diagnostic Media
e Cultural Characteristics

e Biochemical Tests (or Properties)
e Profile of Microbial Stains

INTRODUCTION

It has been recognized as an universal practice that when a ‘bacterium’ duly isolated and obtained
in a ‘pure culture medium’ it remains to be identified meticulously via certain well-defined broadly
accepted systematical laid down procedures. The following characteristic features may be studied in an
elaborated intensive and extensive manner in the course of their precise and judicious identification,
such as :

e Morphology,

e Selective and diagnostic media,

e Cultural characteristics,

¢ Resistance,

e Metabolism,

e Additional recognized biochemical tests,
¢ Profile of microbial stains, and

e Rapid identification methods.

Importantly, the basic clinical microbiological evaluations may provide preliminary or definitive
identification of the microorganisms exclusively dependent upon the following five cardinal aspects,
namely :

(1) Microscopic examination of specimens,

(2) Critical investigation with regard to the growth and biochemical characteristic features of
the isolated microorganisms (pure cultures),

(3) Specific immunologic tests that solely detect either the antibodies or the microbial anti-
gens,

(4) Bacteriophage typing (restricted to the research settings and the CDC*), and
(5) Molecular techniques.

* Centres for disease control and prevention.
112
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The various vital and important aspects of the accurate and precise identification of microor-
ganisms shall be treated in an elaborated manner in the sections that follows :

MORPHOLOGY

Morphology relates to the ‘science dealing with the structures and forms of organisms’. In
reality, the ‘morphology of the bacterium’ exclusively trusts confidently upon a number of factors,
namely :

3 the strain under investigation,

3 nature of the culture medium,

O temperature and time of incubation,

3 age of the culture, and

3 the number of ‘subculture’ it has been subjected to.

Importantly, the various characteristic features that may be observed from such meticulous
investigational studies are : shape, size, arrangement, motility, flagella, spores, and capsules.

The variants observed in the above cited physical characteristic features may be stated as under :
Shape : spherical, rod shaped, comma shaped, spiral shaped, filamentous.

Axis of organism : straight, curved.

Length and breadth : mostly variable.

Sides of organism : convex, concave, parallel, irregular.

Ends of organism : tapering, rounded, straight.

Shape : club shaped, giant forms, navicular, swollen, shadow shaped.

Arrangement : in pairs, in tetrads, packs of eight, in chains (short or long) e.g., cocci ; in short
and long chains at random e.g., bacilli ; in single or in ‘S’ or in spiral forms .e.g., vibrios.

Motility : non-motile, sluggishly motile, actively motile or may show darting motility.
Forms : atrichate (i.e., without flagella) ; monotrichate ; lophotrichate ; amphitrichate ; peritrichate ;

Spores : oval, spherical, ellipsoidal, having same width or wider than the prevailing bacillary
body ; equatorial, subterminal or terminal.

Capsules : may or may not be present.

Techniques used : Electron microscopy ; phase-contrast microscopy ; background illumination ;
and hanging drop preparations.

SELECTIVE AND DIAGNOSTIC MEDIA

A survey of literature has adequately established that there exists varying degree of abilities to
carry out the proper fermentation of ‘carbohydrates’, glaring differences in the ‘pyruvic acid metabo-
lism’ utilized to have a clear-cut distinguished features of A. aerogenes and E. coli, varying responses of
bacteria to different inhibitors etc. ; and the ensuing exploitation of these critical differences may be
expatiated by the judicious usage of selective and diagnostic media.

In actual practice, the selective media specifically favour the growth of particular microorgan-
isms. MacConkey’s agar medium was introduced first and foremost in the year 1905, so as to isolate
Enterobacteriaceae from such sources as : urine, faeces, foods, and water.
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MacConkey Agar : Composition

S. No. Ingredients Amount [g.L™]
1 Pancreatic digest of gelatin 17.0
2 Pancreatic digest of casein 15
3 Peptic digest of animal tissue 15
4 Lactose 10.0
5 Bile salts 15
6 Sodium chloride 5.0
7 Natural red 0.03
8 Crystal violet 0.001
9 Agar 135

Importantly, the various ingredients incorporated in the above MacConkey’s medium play a
definitive role as stated below :

Bile Salts : invariably function as a ‘natural surface-active agent which does not inhibit the
growth of the Enterobacteriaceae, but certainly prevents the growth of Gram-positive bacteria that are
generally available in the material under investigation.

Lactose : Production of acid from lactose by the help of two organisms, namely : A. aerogenes
and E. coli exert their action on this medium thereby changing the original colouration of the indicator,
besides adsorbing the said indicator to a certain extent around the growing bacterial cells.

Microorganisms : These may also be selected by incubation in the presence of nutrients which
they may consume specifically.

Example : Isolation of cellulose-digesting microorganisms may be accomplished by using a
medium containing only ‘cellulose’ as a particular source of carbon and energy.

Salient Features : The salient features of selective media are as stated under :

(1) The microorganisms that specifically cause typhoid and paratyphoid fever*, and bacil-
lary dysentry** fail to ferment ‘lactose’ ; and, therefore, the resulting colonies of these
microbes distinctly appear to be transparent absolutely.

(2) Besides, MacConkey agar there are also two other highly selective media viz., eosin-meth-
ylene blue agar, and endo agar that are employed widely and exclusively for the detection
of E. coli (most dreadful faecal organism) and allied bacteria present in water supplies, food
products etc., which essentially contains dyes that would critically suppress the growth of
Gram-positive organism e.g., staphylococci.

(3) Several accepted modified variants of MacConkey’s medium do exist viz., bile salts are
duly replaced with pure synthetic surface-active agent(s).

(4) Selectivity of MacConkey’s medium could be further enhanced by the addition of certain
specific inhibitory dyes e.g., neutral red and crystal violet.

* Salmonella typhi ;
** Shigella dysenteriae ;
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(5) Importantly, the MacConkey agar medium serves both differential™* and selective, because
it predominently contains lactose and neutral red dye whereby the particular lactose-fer-
menting colonies distinctly appear pink to red in colour, and are distinguished from the
‘colonies of nonfermentors’ quite easily.

There are certain other selective media that are invariably prepared by the addition of quite a few
highly specific components to the corresponding culture medium which may allow the growth of one
‘group of microbes’ while suppressing growth of some other groups. A few typical examples of such
‘selective media’ are as given under :

(a) Salmonella-Shigella Agar [SS-Agar]. It is exclusively used to isolate both Salmonella and
Shigella species. In fact, its ‘bile salt mixture’ inhibits the growth of several cardinal groups
of coliforms in particular. Importantly, the Salmonella and Shigella species give rise to al-
most colourless colonies by virtue of the fact that they are not capable of fermenting lactose.
In fact, lactose-fermenting microorganisms shall produce pink-colonies mostly.

(b) Mannitol-Salt Agar [MS-Agar]. It is solely employed in the isolation of staphylococci.
The relatively high-level of selectivity is usually accomplised by the high salt concentration
(~ 7.5%) which specifically retards and checks the growth of several groups of microbes. It
is, however, pertinent to state here that the presence of mannitol in the MS-Agar medium
distinctly aids in the clear-cut differentiation of the ‘pathogenic staphylococci’ from the
‘nonpathogenic staphylococci’ due to the fact that the former augments fermentation of
mannitol to yield ‘acid” whereas the latter fails to do so.

(c) Bismuth-Sulphite Agar [BS-Agar]. BS-Agar medium was duly developed in the 1920s
solely for the identification of Salmonella typhi, especially from the stool and food speci-
mens. It has been duly proved that S. typhi reduces the ‘sulphite’ anion to the corresponding
‘sulphide’ anion, thereby giving rise to distinct apparently visible black colonies** having
a specific metallic sheen (lustre). On a rather broader perspective BS-Agar medium may
also be extended to identify the presence of S.typhi in urine, foods, faeces, water, and phar-
maceutical products. Generally, the BS-Agar comprises of a buffered nutrient agar contain-
ing bismuth sulphite, ferrous sulphate, and brilliant green.

Observations. Following are some of the cardinal observations, such as :

(1) E. coli*** gets usually inhibited by the presence of brilliant green at a concentration of
0.0025% (w/v) ; whereas, S. typhi shall attain growth luxuriantly.

(2) Bismuth sulphite may also exert an inhibitory effect to a certain extent upon the E. coli.

In addition to the ‘selective and diagnostic media’ one may also come across such types of
media as :

(i) Differential media,
(if) Enrichment media, and
(iii) Characteristic media.

* Differential media refer to such media that distinguish between different groups of bacteria and even allow
tentative identification of microbes based on their biological characteristics.

** S.typhi may produce hydrogen sulphide (H,, S) specifically from the sulphur-containing amino acids present
in the medium which in turn would react with ferrous sulphate [FeSO,] to produce a black-deposit of
ferrous sulphide [FeS].

*** Also supposedly present in material to be examined.
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The above mentioned three types of media shall now be discussed individually in the sections
that follows :

4.3.1. | Differential Media

The differential media usually refers to the incorporation of certain specifc chemicals into a
medium that may eventually give rise to diagnostically useful growth or apparent change in the medium
after the proper incubation.

A few typical examples are as discussed under :
4.3.1.1. Eosin Methylene Blue Agar [EMB-Agar]

The EMB-Agar media is employed exclusively to differentiate between the ‘lactose fermenters’
and the ‘non-lactose-fermenters’. In-fact, the EMB-Agar media essentially comprises of : lactose,
salts, and two dyes viz. eosin and methylene blue. From the observations the following inferences may
be drawn :

(@) E.coli (a ‘lactose fermenter’) : will produce either a dark colony or one that has a metallic

sheen, and

(b) S. typhi (a ‘nonlactose fermenter’) : shall appear as an absolute colourless colony.
4.3.1.2. MacConkey Agar

It has already been discussed under Section 3.

4.3.1.3. Hektoen Enteric Agar [HE-Agar]

Itis invariably used to enhance the overall yield of Salmonella and Shigella species in comparison
to other microbiota. It has been observed that the presence of relatively high bile salt concentration
inhibits the general growth of Gram-positive microorganisms specifically. Besides, HE-Agar also retards
(or slows down) the growth of several coliform strains.

4.3.2. | Enrichment Media

It has been amply demonstrated and established the critical and judicious incorporation of serum,
blood, or extracts to the particular ‘tryptic soy agar’ or broth shall enormously augment the much
desired growth of a large number of most ‘fastidious microbes’. In actual practice, however, these
media are largely employed to isolate primarily the microorganisms from a host of ‘biological fluids’
such as : cerebrospinal fluid, pleural fluid, wound abscesses, and sputum. A few typical examples
are as stated under :

4.3.2.1. Blood Agar*

The critical addition of ‘citrated blood’ to the prevailing ‘tryptic soy agar’ renders it to afford
variable haemolysis, that in turn allows the precise differentiation of certain species of microorganisms.
It is, however, pertinent to state here that one may observe these distinct haemolytic patterns on blood
agar. A few such typical variations are as stated under :

(@) a-Haemolysis. It may be observed due to the formation of greenish to brownish halo**
around the colony e.g., streptococcus gardonii and streptococcus pneumoniae.

* It may also be regarded as a ‘differential medium’.
** A circle of light surrounding a shining body.
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(b) B-Haemolysis. It represents the virtual complete haemolysis of blood cells thereby giving
rise to a distinct clearing effect around growth in the colony e.qg., Staphylococcus aureus and Streptococcus
pyogenes.

(c) Nonhaemolytic Pattern. In this particular instance practically no change occurs in the me-
dium e.g., Staphylococcus epidermidis and Staphylococcus saprophyticus.
4.3.2.2. Chocolate Agar

Interestingly, the “‘chocolate agar’ is specifically made from “pre-heated blood’ that essentially
caters for the requisite and necessary growth factors desired urgently to support the bacterial growth
e.g., Haemophilus influenzae and Neisseria gonorrhoeae.

4.3.3. | Characteristic Media

The very purpose and extensive utility of the so-called ‘characteristic media’ are to test mi-
crobes for ascertaining a few highly specific metabolic activities, products, or their ensuing require-
ments.

Following are some of the typical examples, namely :
4.3.3.1. Triple Sugar Iron Agar [TSI Agar]

The TSI-Agar usually comprise of : lactose, sucrose, glucose, ferrous ammonium sulphate
[(NH,),Fe(SO,),], and sodium thiosulphate [Na,S,0;]. In actual practice TSI-Agar is solely used for
the critical identification of enteric organisms™ ; and are broadly based upon their inherent ability to
attack the chemical entities viz., glucose, lactose, or sucrose and thus are responsible for liberating
‘sulphides’ from ferrous ammonium sulphate or sodium thiosulphate.

The various typical examples of TSI-Agar are as stated under :

(a) Citrate Agar. It containssodium citrate [CgHsNazO-], which serves as the exclusive source
of carbon ; whereas, the ammonium phosphate [(NH,);PO,] as the sole source of nitrogen. The citrate
agar finds its usage to differentate the ‘enteric bacteria’ on the basis of “citrate utilization’.

(b) Lysine Iron Agar [LIA]. Importantly, LIA is solely employed to differentate microorgan-
isms which may either cause deamination or decarboxylation the amino acid lysine. Because, LIA
comprises of lysine that predominantly and exclusively allows enzyme detection ; whereas the pres-
ence of ferric ammonium citrate helps in the detection of H,S production.

(c) Sulphide-Indole-Motility Medium [SIM-Medium]. In fact, the SIM-medium is employed
exclusively for the following three different tests, namely :

(i) production of sulphides,

(ii) formation of indole [(Q:@] i.e., a metabolite product duly obtained from the subsequent

H
utilization of tryptophan, and

* Intestinal organisms e.g., Gram-negative non-spore-forming facultatively anaerobic bacilli viz.,
Escherichia, Shigella, Salmonella, Klebsiella, and Yersinia.
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(iii) causation of ‘motility”.
Precisely, the SIM-Medium is used for making out the differentiation of the various enteric
organisms.

A. Selective Media for Staphylococci

In a broader perspective it is invariably necessary to screen and examine a host of pathological
specimens, food, and pharmaceutical products (including dosage forms) to ascertain the presence of
staphylococci ; besides, specific organisms that are solely responsible for causing serious food contamina-
tion/poisoning as well as systemic infections. There are two media that are used extensively, such as :

(a) Selective Media for Enterobacteria [or Enteric Bacteria]. [Greek. enterikos means per-
taining to intestine]. In general, all help in the degradation of sugars by means of the Embden-Meyerhof
Pathway (or EMP-Cycle] which ultimately cause cleavage of ensuing pyruvic acid to yield formic
acid in the formic-acid fermentations. It has been established beyond any reasonable doubt that in the
selective media for enterobacteria a surface-active agent serves as the ‘main selector’, whereas in the
specific staphylococcal medium the various selectors happen to be : sodium chloride [NaCl] and lithium
chloride [LiClI].

Staphylococci are found to be tolerant against a ‘salt’ concentration extending ~ 7.5% (w/v)
e.g., Mannitol salt, Baired-Parker (BP), and Vogel-Johnson (V1) media.

Salient Features. The other vital and important ‘salient features’ with respect to the various
other “‘principles’ concerning the selective media for staphylococci are as enumerated under :

(1) Use of a selective C-source viz., mannitol or sodium pyruvate (soluble salt) along with a
suitable ‘buffer’.

(2) Use of an appropriate acid-base indicator e.g., methyl-red phenolphthalein, for distinctly
visualizing the ensuing metabolic activity.

(3) By observing the ‘inference growth’.

(4) Lecithin (a phospholipid) present in the egg yolk forms a vital ingredient of Baird-Parker
medium seems to undergo hydrolysis strategically by the ensuing staphylococcal (i.e., esterase) activ-
ity* in order that the prevailing microorganisms are adequately encircled by a cleared (i.e., transpar-
ent) zone in the rest of the opaque medium.

B. Selective Media for Pseudomonads

Based on advanced, meticulous researches carried out on the ‘molecular analysis’,
pseudomonads have been duly reclassified, and consequently several former Pseudomonas species
reallocated to new genera, for instance : Burkholderia, Stenotrophomonas and others.

Importantly, these media solely depend upon the relative resistance of pseudomonas to the par-
ticular quaternary ammonium disinfectant cetrimide ; whereas, in certain recipes the incorporation of
nalidixic acid i.e., an antibiotic, affords a reasonable resistance to the pseudomonads.

Laboratory Diagnosis. The bacterium, Pseudomonads, usually grows rapidly on a plethora of
media thereby rendering the identification of the pigmented strains of the organism from the clinical
samples rather easy. However, it has been duly observed that almost 1/10th of the isolates may be
nonpigmented.

* USP (1980) essentially includes a well-defined test for the presence of staphylococci in the pharmaceutical
products, whereas the BP (1980) does not.
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[CH3(CH;)15N(CHg)s]Br H.C N N
Cetrimide Q |
or COOH
N . 0
[Cetrimonium Bromide] Nalidixic Acid

Interestingly, two cardinal functionalities do confirm as well as ascertain the presence of the
Pseudomonads, namely : (a) prompt oxidase reaction, and (b) arginine hydrolysis. A typical exam-
ple of such a media is as given below :

Cetrimide Agar Media [CA-Media]. It is usually employed to isolate the Pseudomonads from
either faeces or other specimens having mixed flora.

Special Note. Because Ps. aeruginosa occurs as a most ‘frequent contaminant’, the actual
isolation of the ensuing bacillus from a given sample must not always be accepted as a granted possible
proof of its critical etiological involvement. Repeated isolation processes, therefore, may have to be
carried out so as to help towards the actual confirmation for the prevailing diagnosis.

CULTURAL CHARACTERISTICS

Based upon a broad spectrum of intensive and conclusive research carried out during the past
few decades, in fact, have resulted in the accumulation of an array of vital and important ‘additional
informations’ with regard to the proper ‘identification of the bacterium’. However, the various cul-
tural characteristic features that have been brought to light in different kinds of media are duly observed.
Importantly, during the investigative studies one may critically note the following features emerging as
very specific colonies upon the solid media, namely :

(a) Shape : irregular, circular, or rhizoid ;

(b) Size : usually expressed in millimeters (mm) ;

(c) Elevation : elevated, convex, concave, umbonate or umbilicate, or effuse ;
(d) Margins : bevelled, or otherwise ;

(e) Surface : wavy, rough, smooth, granular, papillate, or glistening ;
(f) Edges : entire, undulate, crenated, curled, or fimbriate ;

(g) Colour : variation in different colour intensities ;

(h) Structure : transparent, translucent or opaque ;

(i) Consistency : butyrous, membranous, friable or viscid ;

(j) Emulsifiability : good, mediocre, poor, or best ; and

(k) Differentiation : into a central and a peripheral portion.

It is, however, pertinent to state here that there exist a notable variation amongst the stroke
culture, such as :

(a) Degree of Growth : These are invariably of three strengths viz., scarce, intermediate, or
excessive ;

(b) Nature of Growth : These could be either discrete or confluent, filiform*, spreading, or
rhizoid ; and

* Filiform : Hairlike or filamentous.
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(c) Physical Characteristics : These essentially include a wide variety of such physical char-
acteristic features as : surface, elevation, edges, colour, structure, odour, emulsifiability, consistency,
and the overall critical changes observed in the ensuing medium.

It is pertinent to mention at this point in time that in a particular fluid (or liquid) medium one
may obviously take cognizance of the following characteristic features, namely :

e extent of growth,

e presence of turbidity plus its nature,

e presence of deposit and its character,

¢ nature of surface growth e.g., pellicle* and its observed quality, and
e ease of disintegration, and colouration.

BIOCHEMICAL TESTS (OR PROPERTIES)

Extensive and meticulous in depth investigations carried out on a host of fermentative proce-
dures using different types of substrates exclusively dependent upon a broad-spectrum of biochemical
tests ultimately lead to the production of ethanol by yeast ; acetylmethylcarbinol ; lactic acid ; acetic
acid ; ethanol by E. coli ; acetone plus CO, ; citric acid (Krebs Cycle) ; and CO, plus H,.

The most vital and important and abundantly employed biochemical tests are as described be-
low with appropriate explanations whenever required in the course of the prevalent discussion :

45.1. | Carbohydrate (Sugar) Fermentation

The carbohydrate fermentation is normally tested in a ‘sugar media’. Thus, the generation of
‘acid’ is indicated by an apparent change in the colouration of the ensuing medium either to pink or red,
and the resulting gaseous products produced gets duly collected in a strategically placed Durham’s
Tube.

45.2. | Litmus Milk

In this particular instance there may not be any change in the medium, or acid or alkali could be
generated thereby giving rise to clotting of milk, and peptonizaiton or saponification may take place
appreciably. The resulting ‘clot’ i.e., coagulation of the milk protein (viz., casein) could face a disrup-
tion by virtue of the gas evolved (usually termed as ‘stormy fermentation’).

4.5.3. | Indole Production

In actual practice the ‘indole production’ is normally tested in a peptone-water culture after an
interval of 48 or 96 hours incubation at 37°C ; whereby the generation of indole from the amino acid
tryptophan is duly ascertained as given below :

* A thin film or surface on a liquid.
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ZT

TRYPTOPHAN INDOLE

When Kovak’s Reagent*, 0.5 mL, is added carefully and shaken gently for a while, it yields a
red colouration thereby indicating a positive reaction i.e., indole production.

4.5.4. | Methyl Red Test [MR-Test]

The MR-test is frequently used to carry out the detection for the ‘production of acid’ in the
course of fermentation of glucose, besides maintaining pH below 4.5 in an old culture medium [methyl
red : 4.2 (red) to 6.3 yellow].

Procedure : Five droplets of methyl red solution [0.04% (w/v)] are added into the culture in
glucose-phosphate medium that had been previously incubated at 30°C for 5 days, mixed well, and
read instantly. Appearance of red colour (acidic) gives a positive test, whereas yellow colour repre-
sents a negative test.

4.5.5. | Voges-Proskauer Test [VP-Test]

The underlying principle of the VP-Test exclusively rests upon the production of acetyl methyl
carbinol from pyruvic acid via an intermediate stage in its strategic conversion to form 2, 3-butylene
glycol i.e., [CH;CH-(OH)CH(OH)CH,]. However, it has been duly observed that in the presence of
alkali and atmospheric oxygen (O,) the relatively small quantum of acetyl methyl carbinol present in the
medium gets oxidized to the corresponding ‘diacetyl derivative’ that subsequently interacts with the
peptone content in the ‘culture broth’ to produce a distinct red colouration.

Procedure : The VP-Test may be easily performed by the careful addition of 0.6 mL of a 5% (w/
v) solution of a-naphthol in ethanol and 0.2 mL solution of 40% (w/v) KOH to 1 mL of a glucose
phosphate medium culture of the ensuing organism previously incubated duly either at 30°C for a
duration of 5 days or at 37°C for 2 days. Thus :

Positive Reaction : indicated by the appearance of a pink colouration in just 2-5 minutes, that
ultimately gets deepened either to magenta or crimson red in about 30 minutes duration ;

Negative Reaction : Designated by the appearance of a colourless solution upto 30 minutes.
Importantly, the development of any traces of pink colouration must be ignored completely.

4.5.6. | Citrate Utilization

In actual practice, Koser’s citrate medium containing “citric acid’ serves as the exclusive source
of carbon. Evidently, the ability as well as the efficacy for the ‘citrate utilization’ (i.e., the prevailing
substrate) is adequately indicated by the production of reasonably measurable turbidity in the medium.

Note : The various biochemical characteristic tests viz, indole, MR, VP, and citrate are quite useful

in the proper and prompt identification of Gram-negative microorganisms. Hence, these tests
are frequently referred to by the Sigla ‘IMVIC’ Tests.

* Kovak’s Reagent consists of : 10g p-Dimethylaminobenzaldehyde ; 150 mL Amyl or Isoamyl alcohol ;
and 50 mL concentrated Hydrochloric Acid. It is always prepared in small quantities and duly stored in a
refrigerator (5-10°C).

www.pharmatechbd.blogspot.com


http://www.pharmatechbd.blogspot.com

122 PHARMACEUTICAL MICROBIOLOGY

Alternatively, another cardinal physiological difference that may be exploited specifically per-
tains to the ensuing ‘growth temperature’. It has been duly demonstrated that at 44°C only A. aerogenes
shall display growth particularly, whereas E. coli will not. Therefore, the specific incubation at 44°C
shall be able to make a clear cut distinction between these two microorganisms which is invariably
known as the Eijkman (E) test. The menomic i.e., aiding the memory is IMVEC, wherein E stands for
Eijkman. Conclusively, the four cardinal tests are normally distinguished by mnemonic IMVIC or when
the Eijkman test is also included, IMVEC, and several texts predominantly refer to the IMVIC or IMVEC
characteristic features of these and other, related organisms.

Summararily, therefore, the apparent behaviour of the said two microorganisms may be stated as
below, whereby a sort of comparison between E. coli and A. aerogenes has been recorded :

_ Various tests Performed
S.No. Organisms -
Indole MR VP Citrate At 44°C
E. coli + + - - -
A. aerogenes - - + + +

4.5.7. | Nitrate Reduction

The “nitrate reduction’ test is carried out after allowing the specific bacterium to grow for 5
days at 37° C in a culture broth containing potassium nitrate [1% (w/v)]. The test reagent comprises of
a mixture of equal volumes of the solutions of sulphanilic acid and a-naphthylamine in acetic acid
carefully mixed just before use. Now, 0.1 mL of the test reagent is duly incorporated to the culture
medium. The results of the test may be inferred as given under :

Positive Reaction : Development of a red colouration within a short span of a few minutes
confirms a positive reaction.
Negative Reaction : The critical absence of the above mentioned red colouration signifies a
negative reaction.
Importance : The ‘nitrate reduction’ test indicates particularly the presence of the enzyme
nitrate reductase that helps to reduce nitrate to nitrite.

45.8. | Ammonia Production

The ‘ammonia production’ test is usually performed by incorporating very carefully the Nessler’s
Reagent* into a peptone-water culture grown meticulously for 5 days at 37°C. The inferences of this
test may be drawn as stated under :

Positive Test : Appearance of a Brown colour ;
Negative Test : Appearance of faint Yellow colour.

4.5.9. | Urease Test

The “test’ is usually carried out in Christensen’s Urea-Agar medium or Christensen’s urease
medium.

Procedure. The slope is inoculated profusely and incubated at 37°C. The slope is duly examined
at intervals of 4 hours and 24 hours incubation. The test must not be taken as negative till after a duration
of 4 days after incubation.

* Nessler’s Reagent : Alkaline solution of potassium tetraiodomercurate (11).
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Result : The urease positive cultures give rise to a distinct purple-pink colouration*. The exact
mechanism may be explained by virtue of the fact that urease producing microorganisms largely help in
the conversion of urea to ammonia** (gas) which is particularly responsible for the desired colouration.

4.5.10. | Production of Hydrogen Sulphide (H,S)

Importantly, there are several S-containing amino acids e.g., cystine, cysteine, methionine that
may decompose certain organisms to yield H,S (gas) amongst the products of microbial degradation. In
this particular instance lead acetate [Pb(CH;CO),]*** is duly incorporated into the culture media which
eventually gets turned into either black or brown due to the formation of PbS as given below :

Pb(CH;CO), + H,S — PbS{ + 2CH,COOH
Lead Acetate  Hydrogen Lead Acetic Acid

sulphide sulphide
(Black)

Procedure : The organisms are grown in culture tubes. In actual practice a filter-paper strip
soaked in a lead acetate solution [10% (w/v) freshly prepared] is strategically inserted between the
cotton plug and the empty-space in the culture tube.

Result : The gradual browning of the filter paper strip rightly confirms the H,S-production.

4.5.11. | Reduction of Methylene Blue ****

The reduction of 1 drop of the aqueous methylene blue reagent [1% (w/v) added into the broth
culture and incubated at 37°C. The results are as indicated below :

Strongly positive : exhibited by complete decolourization
Weakly positive : displayed by green colouration.

4.5.12. | Production of Catalase [Tube catalase Test]

In this specific test a loopful (either a wooden applicator stick or a nichrome wire loop) H,0,
i.e., hydrogen peroxide (3%) is placed meticulously right upon the colonies grown on the nutrient agar
medium. The catalase production is indicated by the prompt effervescence of oxygen (O,) due to the
fact that the enzyme catalase aids in the conversion of H,0O, into water and oxygen bubbles (in the form
of effervescence).

Importance : It has the unique means of differentiation between Streptococcus (catalase nega-
tive) from Staphylococcus (catalase positive).

Caution : Such ‘culture media’ that specifically contain blood as an integral component are
definitely not suitable for the ‘tube catalase test’ because the blood itself contains the enzyme catalase.

4.5.13. | Oxidase Reaction

The underlying principle of the ‘oxidase reaction’ is exclusively by virtue of an enzyme known
as cytochrome oxidase that particularly catalyzes oxidation of reduced cytochrome by oxygen.

* Turning the phenol red indicator to red-violet.
** H,N—CO—NH, + H,0 __Ak.Medium . oNH,T + CO,T

*** |nstead of lead acetate one may also use either ferric ammonium citrate or ferrous acetate.
**** |t is a basic dye.
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Procedure : A solution of tetramethyl p-phenylene diamine dihydrochloride [concentration 1.0
to 1.5% (w/v)] is poured gently as well as carefully over the colonies. The result is duly indicated by the
oxidase positive colonies turning into maroon-purple-black in a span of 10 to 30 minutes.

Kovac’s Method : Alternatively, the ‘oxidase reaction’ may also be performed by Kovac’s
method. In this method a strip of filter paper is adequately moistened with a few drops of 1% (w/v)
solution of tetramethyl p-phenylene diamine dihydrochloride. By the help of a sterilized wooden appli-
cator the actual growth from an agar medium is carefully smeared onto the exposed surface of the said
strip of filter paper. Thus, a positive test is invariably indicated by the distinct development of a purple
colouration almost promptly (within 10 seconds).

Importance : The obvious importance of the ‘oxidase reaction’ is judiciously employed to
obtain a clear cut differentiation/separation of the enterics from the pseudomonads.

Example : Pseudomonads aeruginosa : Positive Test.
Escherichia coli : Negative Test.

4.5.14. | Egg-Yolk Reaction

It has been duly demonstrated and proved that all such organisms which essentially and specifi-
cally produce the enzyme lecithinase e.g., Clostridium perfringens, on being carefully grown on a solid
egg-yolk medium, gives rise to well-defined colonies usually surrounded by a zone of clearing.

4.5.15. | Growth in Presence of Potassium Cyanide (KCN)

Occasionally, buffered liquid-culture medium containing KCN in a final concentration of ap-
proximately 1/13,000 (i.e., 7.69 x 107°) is employed critically to identify certain KCN-tolerant enteric
bacilli.

4.5.16. | Composite Media

In the domain of *‘Biochemical Tests’ the pivotal role of composite media is gaining legitimate
recognition for the particular identification of biological isolates.

Advantages : The various cardinal advantages of the so called composite media are as enumer-
ated under :

» it serves as an economical and convenient culture media ; and

» a ‘single composite medium’ strategically indicates different characteristic properties of
the bacterium (under investigation) that otherwise necessarily might have required the essential usage
of several individual cultural media.

Examples : The two most commonly employed ‘composite media’ are as described under :

(a) Triple Sugar Iron Medium (TSI-Medium) : It represents a rather popular ‘composite
medium’ that specifically indicates whether a bacterium under investigation :

e ferments glucose exclusively,

o ferments either, lactose or sucrose,
e gas formation occurs or not, and

e indicates production of H,S gas.

In actual practice, TSI-medium is distributed in various tubes along with a butt and a slant.
After having subjected them to proper innoculation under perfect asceptic conditions one may draw the
following inferences :

B Red slant + Yellow butt. indicates that all sugars viz., glucose, lactose, and sucrose are
duly fermented.
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e Appearance of bubbles in the butt—shows production of gas, and
e Blackening of the medium—displays evolution of H,S gas in the TSI-Agar Reaction.

Importance : The most spectacular and major advantages of the TSI-medium is to predomi-
nantly facilitate the preliminary identification of the Gram-negative Bacilli.

(b) Test for Amino Acid Decarboxylation : The specific biochemical test essentially involves
the “‘decarboxylases’ (viz., arginine, lysine, ornithine) ; and the phenomenon of decarboxylation of
the amino acids invariably gives rise to the corresponding release of amine and CO,. In reality, this
particular test is solely employed for the identification of enteric bacteria.

In conclusion, one may add that there are certain other tests as well, namely ; fermentation of
organic acids, hydrolysis of sodium hippurate, and oxidation of gluconate which are used some-
times to carry out the identification of certain critical organism(s). Now, with the advent of ever-increas-
ing wisdom and knowledge pertaining to the plethora of metabolic processes in the growth of various
microorganisms, the number of reliable tests also is increasing progressively.

Note : One may consult the ‘special referred manuals’ to have an access to the detailed

descriptions as well as actual utilities of these tests.

Biochemical Tests for ldentification of Bacterial Isolates : After having accomplished the
microscopic and the critical growth characteristic features of a pure culture of organisms are duly exam-
ined ; highly precise and specific ‘biochemical tests’ may be carried out to identify them exactly. Based
on the survey of literature and genuine evidences from various researches carried out one may come
across certain ‘biochemical tests’ usually employed by most clinical microbiologists in the proper and
methodical diagnosis of organism from the patients specimen.

A few such typical examples are summarised duly in the following Table : 4.1.

Table : 4.1. Specific Biochemical Tests Carried out by Clinical Microbiologists for the

Critical Diagnosis of Microorganisms Derived from the Patient’s Specimen Directly

S.No. | Specific Biochemical | Articulated Inference (s) Application in
Test Laboratory Procedure ()
1 |Fermentation of Gas (CO,) and/or acid are generated | Specific sugars upon fermentation
Carbohydrate in the course of fermentation (i.e., | invariably ascertain to differentiate
fermentative growth) along with sug- | clearly not only the enteric bacteria
ars or sugar alcohols. but also other species or genera.

2 Hydrolysis of casein | Aids in the detection for the presence | Distinctly utilized to cultivate and

(i.e,, milk protein) of caseinase, an enzyme capable of | also differentiate the aerobic
hydrolyzing exclusively the milk pro- | actinomycetes entirely based upon
tein casein. Microorganisms which | the casein utilization, such as :
make use of ‘casein” mostly appear as | Streptomyces uses casein whereas
colonies surrounded by a clear zone. | Nocardia fails to do so.

3 Catalase activity The very presence of ‘catalase’ isde- | Clearly differentiates between
tected that solely helps in the conver- | Streptococcus =) from
sion of hydrogen peroxide to water | Staphylococcus (+) ; and also Ba-
and oxygen as under : cillus (+) from Clostridium (-).

2H,0,—> 2H,0 + O,
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4 | Utilization of Citrate When “citrate’ gets consumed as an | Employed solely in the due classifi-
exclusive ‘source of carbon’, itgives | cation of ‘enteric microorganisms,
rise to an ultimate alkalinization of | for instance : Klebsiella (+),
the medium. Enterobacter (+), Salmonella (+),

Escherichia (-), and Edward siella
)

5 | Coagulase activity Critically detects the presence of the | Categorically differentiates
enzyme ‘coagulase’ that causes | Staphylococcus aureus (+) from S.
plasma to clot. epidermidis (-).

6 Decarboxylases (e.g., | Decarboxylation of the cited amino | Classification of enteric microor-
arginine, lysine, and | acids. ganisms is accomplished aptly.
ornithine)

7 Hydrolysis of Esculin Helps in the detection of cleavage of | Solely employed for the differentia-
a glycosidic linkage. tion of S. aureus, Streptococcus

mitis, and others () from S.bovis,
S. mutans, and enterococci (+).

8 Liquefaction of Gelatin | Essentially detects whether or not a | Identification of clostridium
microorganism can give rise to | Flavobacterium, Pseudomonas, and
proteases which in turn either carry | Serratia are ascertained.
out the hydrolysis of gelatin or help
in the liquefaction of solid gelatin
medium (culture).

9 Liberation of Hydrogen | Detects the production of H,S from | Distinctly vital and important in

Sulphide (H,S) the S-containing amino acid cysteine the precise identification of
due to cysteine desulphurase en- Edward siella, Proteus, and
zyme. Salmonella.

10 | Indole ; Methyl Red ; | Detects the generation of ‘indole’ | Extensively employed to separate
Voges-Proskauer ;| from the amino acid tryptophan. Me- | Escherichia (showing MR+ ; VP—;
Citrate [IMVIC] thyl red serves as a pH indicator so | indole + ;) from Enterobacter (hav-

as to confirm the presence of acid | ing MR- ; VP+ ; indole- ;) and
produced by the bacterium. The [ Klebsiella pneumoniae (having
Voges-Proskauer Test* (VP-Test) | MR-; VP-;and indole-;) ; besides
helps in the detection of the produc- | being to characterize the various
tion of acetoin. The citrate Test** | members belonging to the genus Ba-
establishes whether or not the bacte- | cillus.

rium is capable of utilizing sodium

citrate as an ‘exclusive’ source of

A S K carbon. | __

* VP-Test : It is a colorimetric procedure that detects the acetoin precursor of butanediol and is +ve with
butanediol fermenters but not with mixed acid fermenters. It ascertains the presence of acetyl methyl
carbinol to assist in distinguishing between species of the coliform group.

** A solution of sodium citrate being added to the culture medium as a sole carbon source, which ultimately
gives rise to the ‘alkalinization” of the medium.
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11 | Hydrolysis of Lipid Helps in the detection, for the pres- | Used in the distinct separation of
ence of ‘lipase’ that eventually causes | clostridia.
cleavage of lipidsinto the correspond-
ing simple fatty acids and glycerol.

12 | Nitrate Reduction Helps to detect whether a bacterium | Employed in the identification of
is capable of using nitrateas an ‘elec- | enteric microorganisms specifically
tron acceptor’. that are found to be invariably (+).

13 | Oxidase Activity Aids in the detection of cytochrome | Extremely vital and important to
oxidase which is capable of reducing | carry out the distinction of Neisseria
oxygen (O,), besides the artificial | add Moraxella spp.(+) from
electron acceptors. Acinetobacter (-) and enteries (all

-) from pseudomonads (+).

14 | Hydrolysis of Starch Detects the presence of the enzyme | Employed solely to identify typical
amylase, that particularly hydrolyzes | starch hydrolyzers, e.g., Bacillus
starch. spp.

15 [ Urease Activity Helps to detect the enzyme, Urease, | Largely used to distinguish the or-
that cleaves urea into ammonia | ganisms Proteus, Providencia
(NH,), and carbon dioxide (CO,). rettgere, and Klebsiella pneumoniae

(+) from Salmonella, Shigella and
Escherichia (-).

PROFILE OF MICROBIAL STAINS

Obviously the microorganisms are extremely too small in size and shape that these cannot be
seen with an unaided eye. Therefore, it is almost necesary to visualize them (microbes) with the help of
a specially and specifically designed device known as microscope.

Interestingly, quite a few microorganisms are easily visible more willingly in comparison to oth-
ers by virtue of either their larger inherent dimension (size) or more rapidly observable characteristic
features. In actual practice, it has been duly observed that there are substantial number of microorgan-
isms which need to undergo systematic and methodical several staining techniques whereby their cell
walls, membranes, and other relevant structural features critically happen to lose their opacity
(opaqueness) or colourless natural status.

Metric Units of Length : Both the microorganisms along with their integral component parts
do possess very small physical features ; therefore, they are usually measured in units which are evi-
dently not-so-common to most of us in daily routine. The microorganisms are measured in the metric
units of length (i.e., the ‘Metric System’). Importantly, the standard unit of length in the domain of
the ‘metric system’ is the meter (m), which remarkably has the major advantage of having the ‘units’
that are invariably related to one another by factors of 10, such as : 1 m = 10 decimeters (dm) = 100
centimeters (cm) = 1000 millimeters (mm) : as shown below :
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S.no. Metric Unit Meaning of Prefix Metric Equivalent
1 1 kilometer (km) kilo = 1000 1000 m =10 m
2 1 meter (m) — Standard unit of Length
3 1 decimeter (dm) deci = 1/10 01m=10"1m
4 1 centimeter (cm) centi = 1/100 0.01m=10?m
5 1 millimeter (mm) milli = 1/1000 0.001m=10"m
6 1 micrometer (um) micro = 1/1,000,000 0.000001 m =10°m
7 1 nanometer (nm) nano = 1/1,000,000,000 0.000000001 m =107 m

However, an angstrom (A)* is equal to 0.0000000001 m (10~°m). Stain usually refers to a
pigment or dye used in colouring specifically the microscopic objects (e.g., microorganisms) and
tissues.

4.6.1. | Preparation of Bacterial Specimens for Light Microscopy

As a large segment of living microorganisms invariably appear almost colourless when seen
through a standard light microscope, one should always subject them to a highly specific treatment for
possible vivid observation. Staining (or colouring) is regarded to be one of the widely accepted phe-
nomenon to accomplish the aforesaid objective.

The various aspects of ‘staining’ shall be duly elaborated in the following sequential manner,
namely :

Stained preparations
Preparation of smears for staining
Gram staining
Differential staining
¢ Miscellaneous staining e.g.,
Capsule staining ; Endospore staining ; Flagellar staining.

4.6.1.1. Stained Preparations

In usual practice a large number of investigative studies related to the specific shapes and cellular
arrangements of various microbes are effectively carried out with the help of stained preparations. In
other words, different means and ways to colour the microorganisms with a particular and appropriate
dye (i.e., staining) is performed meticulously so as to emphasize certain structures vividly and explicitely.
It may be worthwhile to state here that before one commences the ‘staining’ of the microbes they should
be duly fixed (or attached) onto the surface of the microscopic slide ; naturally without proper fixing,
the requisite stain could wash them off the slide instantly.

4.6.1.2. Preparation of Smears for Staining

The “fixing’ of specific specimen may be accomplished by first spreading a resonably thin film
of the material onto the surface of the microscopic slide. In fact, this ‘thin film’, is termed as smear,

* The angstrom (A) is no more an official unit of measure, but due to its widespread presence in scientific
literature one must be familiar with it.
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which is subsequently air dried. The air dried slide is now carefully exposed to a low flame of a Blinsen
burner a number of times, taking special care that the smear side is always up. The aforesaid most
common ‘staining methodology’ comprising of air-drying followed by flame-heating allows the fixing
of the microorganisms onto the surface of the slide, and invariably Kill them completely. After this, the
‘suitable stain’ is adequately applied, and subsequently washed off with ample slow-running water.
The wet slide is now gently blotted with absorbent paper. The resulting slide having the stained
microorganisms are actually ready for detailed microscopic examinations, whatsoever.

4.6.1.3. Gram Staining

Hans Christian Gram (1884) — a Danish bacteriologist first and foremost developed the well
known staining procedure called as Gram staining. Since, its inception earned a well-deserved recognition
across the globe by virtue of the fact that it categorically divides microorganisms into two major categories,
namely : (a) Gram-positive*, and (b) Gram-negative**.

Methodology : The various steps involved are as follows :

(1) A heat-fixed bacterial smear is duly covered with the following staining reagents in a
sequential manner, namely : (a) crystal violet (i.e., a basic purple dye) which eventually imparts its
colour to all cells ; and hence usually referred to as a primary strain ; (b) iodine solution i.e., clearly
washing off the purple dye after a short while, the smear is covered with iodine solution that serves as a
mordant*** ; (c) alcohol**** i.e., the iodine is washed off thereby causing a ‘decolourizing effect’ ;
and (d) safranin — a basic red due (or other appropriate agent) i.e., to act as a counterstrain.

(2) The resulting ‘smear’ is washed again, blotted dry, and carefully examined microscopically.

(3) In this manner, the purple dye (crystal violet) and the iodine combine with each bacterium
thereby imparting to it a distinct purple or dark violet colouration.

Gram-positive Bacteria : The bacteria which ultimately retain the purple or dark violet colouration
even after the alcohol treatment to decolourize them are grouped together as Gram-positive bacteria.
Besides, it has been duly observed that as these specific class of microorganisms do retain the original
purple stain, they are significantly not affected by the safranin counterstain at all.

Gram-negative Bacteria : The bacteria that eventually lose the crystal violet, are duly
counterstained by the safranin ; and, therefore appear red in colour.

The characteristic features enumerated below for Gram +ve and Gram —ve bacteria vividly
justifies why the Gram-staining technique renders some microorganisms purple-violet and others red
in appearance.

* Staphylococcus aureus, Bacillus subtilis etc. are bacteria that stain violet in the Gram’s staining technique.
** Escherichia coli, Pseudomonas etc., are bacteria that do not retain the crystal violet-iodine complex on
being subjected to the Gram’s staining technique.
*** An agent invariably used to make dyeing more permanent.
**** Ethanol or ethanol-acetone solution.
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S. No. Characteristic Gram-positive Bacteria Gram-negative Bacteria
Features
1. Thickness : Cell-walls | Thicker Thinner
2 Lipid : Content (%) Lower Higher

Alcohol Treatment

Scanty lipid content-prone
to dehydration-decreased
pore size-lowered porosity
CV-1 complex* not ex-

Extract excess lipid-in-
creased permeability of
cell wall — CV-1 complex
gets extracted faster —

Gram -ve bacterium
decolourized.

tractable — Gram +ve bac-
terium retain purple-violet
colour.

*CV-1 complex : Crystal violet-iodine complex.
Figure : 4.1 illustrates the four stages involved in the Gram-staining procedure.

Qe ® o L ™
.é 'm% « % 'é al violet
@.3‘@3 — 5.,?:- ™ st T [hepe ot
° * '.f o [J Alcohol
© Application of @ Applicationof €@ Alcoholwash @ Application of =) Safranin
Z;YJSEI!' \g(;'ee)t iodine (mordart) (decolorization) safranin (counterstain)
rple

Fig. 4.1. Gram-Staining Procedure

(1) A heat-fixed bacterial smear of cocci and rods is first duly covered with a basic purple dye (primary
stain) e.g., crystal violet, and the dye is washed off subsequently.

(2) Resulting smear is covered with iodine (a mordant), and washed off. At this particular stage both
Gram +ve and Gram —ve bacteria are purple in appearance.

(3) The treated slide is washed with ethanol or an alcohol-acetone solution (a decolourizer), and washed
with water subsequently. At this stage Gram +ve cells are purple, and Gram —ve cells are colourless.

(4) Final step, safranin, is added as a counterstain, and the slide is washed, dried, and examined micro-
scopically. Gram +ve bacteria retain the purple dye, whereas the Gram —ve bateria appear as pink.

[Adapted from : Tortora et. al. Microbiology an Introduction, The Benjamin/Cummings Publishing
Co. Inc., New York, 5th edn, 1995].
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4.6.1.4. Differential Staining

In bacteriology, a stain for instance Gram’s stain which evidently enables one to differentiate
distinctly amongst the various kinds of bacteria. It may be emphasized at this material time that unlike
simple stains, the differential stains very much interact altogether in a different manner with specifically
different types of microorganisms ; and, therefore, this criterion may be exploited to afford a clear cut
distinction amongst them. In actual practice, however, the differential stains largely employed for
microorganisms are (a) the Gram’s stain ; and (b) the Acid-Fast Stain.

46.1.4.1. Gram’s Stain

It has already been discussed at length in the Section 4.6.1.3.

4.6.1.4.2. Acid-Fast Stain

Acid-fast stain is used invariably in bacteriology, especially for staining Mycobacterium
tuberculosis, and Mycobacterium leprae. This acid-fast stain possesses an inherent ability to get bound
intimately only to such microbes that have a waxy material in their cells (e.g., all bacteria in the genus
Mycobacterium). Besides, this particular stain is also employed to identify precisely the disease-producing
stains belonging to the genus Nocardia.

Methodology : The various steps involved in the acid-fast stain are as enumerated under :

(1) A specially prepared solution of the red dye carbolfuschin is generously applied onto the
exposed surface of a heat-fixed bacterial smear ; and the treated slide is warmed* gently for several
minutes.

(2) The slide is brought to the room temperature (cooled) and washed duly with water.

(3) The, resulting smear is now treated with acidic-alcohol (i.e., a decolourizer) that removes
critically the red stain from microorganisms which are not acid-fast.

(4) Thus, the acid-fast microbes do retain the red colour (due to carbolfuschin) by virtue of the
fact that the red dye shows far greater solubility in the waxes present in the cell wall rather than the acid-
alcohol.

(5) In non-acid-fast microorganisms, whose cell walls are devoid of specific waxy compo-
nents, the dye carbolfuschin gets readily removed in the course of decolourization thereby rendering
the cells almost colourless.

(6) Finally, the resulting smear is duly stained with methylene blue counterstain whereby the
non-acid-fast cells appear blue distinctly and the acid-fast cells as red.

Ziehl-Neelsen Method (for staining M. tuberculosis) : This method was developed by two noted
scientists, namely : (a) Franz Ziehl — a German Bacteriologist (1857-1926), and (b) Fried rich Karl
Adolf Neelsen — a German Pathologist (1854-1894), whereby the causative organism M. tuberculosis
could be stained effectively. A solution of carbolfuschin is applied duly, which the organism retains
after usual rinsing with acid-alcohol admixture.

4.6.1.5. Miscellaneous Staining

There are centain equally important staining procedures which do not fall within the techniques
discussed under Sections 4.6.1.1. through 4.6.1.4. Hence, these special staining procedures shall be
treated individually in the sections that follows :

* Heating enhances the phenomenon of both penetration and retention of carbolfuschin significantly.
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4.6.1.5.1. Capsule Staining (or Negative Staining for Capsules)

Capsule : The bacterial capsule refers to the membrane that particularly surrounds certain
bacterial cells, thereby offering adequate protection against the phagocytosis* and allowing evasion of
host-defense mechanisms**.

It has been duly observed that a host of microorganisms essentially comprise of a gelatinous
covering (i.e., capsule). However, in the domain of medical microbiology the very presence of acapsule
specifically establishes the virulence*** of the said organism, the extent to which a pathogen may be
able to cause disease.

In general, the capsule staining is rather more complicated and difficult in comparison to other
kinds of staining techniques due to the fact that the particular capsular materials are not only water
soluble but also removable during the thorough washing procedure.

Methodology : The various steps involved during the capsule staining are as stated under :

(1) First of all the microorganisms are carefully mixed in a solution comprising of a fine colloi-
dal suspension of some distinct coloured particles (one may invariably make use of either nigrosin or
India ink) to afford a dark background.

(2) The bacteria may now be stained duly with a simple stain, for instance : safranin.

(3) By virtue of the fact that capsules do have a highly peculiar chemical composition fail to
accept a plethora of ‘biological dyes’ e.g., safranin ; and, therefore, they mostly appear as haloes****
just surrounding every stained microbial cell.

(4) Importantly, the application of India ink duly demonstrates a negative-staining procedure
S0 as to give rise to a distinct contrast between the capsule and the adjoining dark medium.

4.6.1.5.2. Endospore (Spore) Staining

Endospore refers to a thick-walled spore produced by a bacterium to enable it to survive
unfavourable environmental conditions. In actual practice, the occurrence of endospores are
comparatively not-so-common in the microbial cells ; however, they may be adequately generated by
several genera of microorganisms. It is pertinent to mention here that the endospores cannot be stained
by such ordinary techniques as : (a) simple staining ; and (b) Gram staining, due to the fact the
biological dyes are incapable of penetration through the wall of the endospore.

Schaeffer-Fulton Endospore Stain (or Schaeffer-Fulton Procedure) : In the Schaeffer-Fulton
procedure the endospores are first and foremost stained by heating together the respective
microorganisms with malachite green, that happens to be a very strong stain which is capable of
penetrating the endospores. Once the malachite green treatment is duly carried out, t