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PREFACE

Micro-organisms are the oldest inhabitants of earth. They are masters in versality
and adaptability to the changing environment. They will definitely prove to be most cost-
effective partners in our efforts for sustainable development. The microorganisms influence
the man in several ways. The diversity of their activities varies from causing diseases
in human and other animals and plants to the production of various useful products.
Microbes have a very significant role in the era of biotechnology and hence microbiology
has today come forth as one of the most demanding subject in the science stream of
graduate and post graduate courses.

The contents of the present book have been divided into 17 chapters covering basic
studies of microorganisms excluding their application part. Book covers detailed information
on history of microbiology, evolution of microorganisms, classification, Nomenclature and
latest information of Bergey’s manual. Chapter covers information about structure,
metabolism reproduction, function and diseases caused by Bacteria, Viruses, Bacterial
viruses, Plant viruses, Animal viruses, Archaea, Mycoplasma and Phytoplasma. General
account of cyanobacteria including their nutrition and reproduction have been given. Book
provides detailed information about Gram negative and Gram positive Bacteria and
Eukaryotes viz. Algae and fungi.

At end of book appendix and various types of questions have been given for the
benefit of students. A concise account of microorganisms is given in the text book, so
as to make the students aware of the nature and other important aspects of the
microorganisms.

Present book is a compilation of information on microbiology done in a manner
so as to meet the need of students of microbiology of the Indian Universities. A large
number of standard books on the subjects and research journals have been consulted.
Grateful thanks are due to the authors, editors and publishers of these books and journals.
Although we have tried our best to supply correct and latest information in this book,



vi

errors or omissions might have crept in. We shall welcome comments suggestions and
constructive criticism for future guidance and improvements.

We are specially indebted to Mr. Akshay Jain, Aavishkar Publishers, Distributors,
Jaipur for his keen interest in bringing out the book in a nice form.

Jaipur P.C. Trivedi
Sonali Pandey
Seema Bhadauria
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INTRODUCTION

Microbiology is one of the most applied of all the biological sciences which did
not exist as a true science before the later part of 19" century.

Microbiology is the study of microorganisms that is the organism which are of
microscopic dimensions. These organisms are too small to be clearly perceived by the
unaided human eye. Microorganisms are living organisms that are usually too small
to be seen clearly with the naked eye. An organism with a diameter of T mm or less
are microorganisms and fall into the broad domain of microbiology. Because most of
the microorganisms are only a few thousands of a mm in size, they can only be seen
with the aid of microscope. Due to the invisibility of microbes tc the naked eye and
the need for special techniques to study them, microbiology was the last of the three
major divisions in biology (the other two are botany and zoology) to develop.

At present there is general agreement to include five major groups as microorganisms.
The subdivisions are :

Microbiology

|
I | [ I I

Virology  Bacteriology Mycology Phycology  Protozoology
(Viruses) (Bacteria) (Fungi) (Algae) (Protozoa)

Microorganisms are present everywhere on earth which includes humans, animals,
plants and other living creatures, soil, water and atmosphere. Microbes can multiply
in all three habitats except in the atmosphere. Together their numbers far exceed all
other living cells on this planet.

Microorganisms are relevant to all of us in a multitude of ways. The influence
of microorganism in human life is both beneficial as well as detrimental also. For example
microorganisms are required for the production of bread, cheese, yogurt, alcohol, wine,
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beer, antibiotics (e.g. penicillin, streptomycin, chloromycetin), vaccines, vitamins, enzymes
and many more important products. Microorganisms are indispensable components of
our ecosystem. Microorganism play an important role in the recycling of organic and
inorganic material through their roles in the C, N and S cycles, thus playing an important
part in the maintenance of the stability of the biosphere. They are also the source of
nutrients at the base of all ectotropical food chains and webs. In many ways all other
forms of life depend on the microorganisms.

The use of microbes to reduce or degrade pollutants, industrial waste and household
garbage, a new area referred to as bioremediations being given substantial importance
these days. A common edible mushroom contain a protein lectin that can stop cancer
cell multiplication. This discovery of 21% century could lead to new targets for therapy.
Similarly an endophytic Fungus Taxomcyes andreanae is being used to produce taxol,
an antitumor diterpenoid used in the treatment of some cancers. Taxol was originally
obtained from the bark of Taxus brevifolia.

TABLE 1
Major Fields of Pure Sciences

Field Some Applied Areas

Bacteriology Study of bacteria

Mycology Study of fungi (achlorophyllous, heterotrophic, eukaryotic
with a rigid cell wall containing chitin/cellulose)

Protozoology Study of protozoans (animal like single celled eukaryotic
organisms).

Virology Study of viruses and viral diseases.

Algology or Phycology
Parasitology

Microbial ecology

Microbial morphology
Microbial taxonomy

Microbial Physiology

Microbial genetics and
Molecular Biology

Study of algae.

Study of parasitism and parasites (include pathogenic
protozoa, helminthes worms and certain insects).

Study of interrelationships between microbes and
environment.

Study of detailed structure of microorganism.

Concerned with classification, naming and identification of
microorganism.

Study of metabolism of microbes at cellular and molecular
levels.

Study of genetic material, structure and function and

biochemical reactions of microbial cells involved in
metabolism and growth.

Microorganisms also have harmed humans and disrupted societies over the millennia.

Microbial diseases undoubtedly played a major role in historical events such as decline
of the Roman empire and conquest of the new world. It was in the year 1347 when plague
or ‘black death’ struck Europe and within 4 yrs killed 25 million people that is 1/3 of
the population. This dreaded disease is believed to have changed european culture and
prepared the way for renaissance. In addition to health threat from some microorganisms
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many microbes spoil food and deteriorate materials like iron pipes, glass lenses, computer
chips, jet fuel, paints, concrete, metal, plastic, paper and wood pilings.

TABLE 2
Major Fields of Applied Microbiology

Field Some Applied Areas

Industrial Microbiology = Concerned with industrial uses of microbes in production
of alcoholic beverages, vitamins, NH,-acids, enzymes,
antibiotics and other drugs.

Agricultural Microbiology Study of relationships of microbes and crops and on control
of plant diseases and improvement of yields.

Food Microbiology Deals with interaction of microorganisms and food in relation
to food' processing, food spoilage, food borne disease and
their prevention

Dairy Microbiology Deals with production and maintenance in quality control
of dairy products.

Aquatic Microbiology Study of microorganisms found in fresh estuarine and
marine waters.
Air Microbiology Deals with the role of aerospora in contamination and

spoilage of food and dissemination of plant and animal
diseases through air. )

Exomicrobiology Deals with exploration for microbial life in outer space.

Medical Microbiology Causative agents of disease, diagnostic procedure for
identification of causative agents, preventive measures.

Immunology Deals with the immune system that protects against infection

and to study serology reactions.

Public Health Microbiology Concerns with monitoring, control and spread of diseases
in communities.

Biotechnology Scientific manipulation of living organisms especially at
molecular and genetic level to produce useful products.

Microbiology is one of the largest and most complex of the biological sciences as
it deals with many diverse biological disciplines. In addition to studying the natural
history of microbes, it deals with every aspects of microbe-human and environmental
interaction. These interactions include: ecology, genetics, metabolism, infection, disease,
chemotherapy, immunology, genetic engineering, industry and agriculture. The branches
that come under the large and expanding umbrella of microbiology are categorized into
pure and applied sciences.

The branch microbiology has two major aspects: the theoretical and the applied.
Doctors and farmers are applied microbiologist. For example the doctors has the primary
interest to keep people healthy through the use of scientific knowledge while the scientist
(theoretical) work is to obtain new information in his related field and guide the farmers
to increase crop yield.

QQ



HistorRY OF MICROBIOLOGY

Microbiology is the study of living organisms of microscopic size. The term
microbiology was given by French chemist Louis Pasteur (1822-95).

Microbiology is said to have its roots in the great expansion and development of
the biological sciences that took place after 1850. The term microbe was first used by
Sedillot (1878).

Microorganism were first living things to appear on earth and the study of fossil-
remains indicate that microbial infections and epidemic diseases existed thousands of
years ago. Varo and Columella in the first century BC postulated that diseases were
caused by invisible beings (Animalia minuta) inhaled or ingested. Fracastorius of
Verona (1546) proposed a contagium vivum as a possible cause of infections disease
and Von Plenciz (1762) suggested that each disease was caused by a separate agent.

Rogen Bacon in the 13" century postulated that disease is produced by invisible
living creatures. This suggestion was made again in 1546 by a physician Girolamo
Fracastoro (1478-1553) of North Italy. He wrote a treatise- De contagione in which he
said disease was caused by minute ‘seed’ or ‘germ’ and spread from person to person.
His work represents a great landmark in the doctorine of infectious diseases.

In 1665, Robert Hook an English scientist used a simple lens that magnified objects
approximately 30X. He examined thin slices of cork, the bark of oak tree and he referred
to as “cells”. Later the Hook work was followed by Matthias Schleiden and Theodore
Schwann who examined a variety of organisms and later became foundation of “Cell
Theory”. The discovery of microbiology as a discipline could be traced along the
following historical eras :

I I I |
Discoverv  Transition  Golden In 20th Century :

Tira Period Age Era of Molecular Biology
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DISCOVERY ERA

This period concerns with the discovery of microbial world that has been dominated
by Antony Van Leeuvenhoek

Antony Van Leeuvenhoek (1632-1723) of Delft, Holland (Netherland ) was the first
person to observe and accurately describe microorganisms (bacteria and protozoa) called
‘animalcules’ (little animals) in 1676. Actually he was a Dutch linen merchant but spent
much of his spare time constructing simple microscopes composed of double convex
lenses held between two silver plates. He constructed over 250 small powerful
microscopes that could magnify around 50-300 times. Leeuvenhoek was the 1** person
to produce precise and correct descriptions of bacteria and protozoa using microscope
he made himself. Because of this extraordinary contribution to microbiology he is
considered as the “Father of bacteriology and protozoology”. He wrote over 200 letters
which was transmitted as a series of letters from 1674-1723 to Royal society in London
during a 50 years period. He wrote four volumes of Arcana Naturae opeet Beneficio
Exquisite Simorum Microvopiorum Detecta.

TRANSITION PERIOD

Although, there were a number of significant developments in microbiology during
Van Leeuvenhoek’s time, Peoples were interested to correlate diseases with microbes.
The main aspects were to solve the controversy over spontaneous generation which
includes experimentations mainly of Francesco Redi, John Needham, Lazzaro Spallanzani
and Nicolas Appert etc and to know the disease transmission which mainly includes
the work of Ignaz Semmelweis and John Snow.

Francesco Redi (1626-1697): The ancient belief in spontaneous generation was first
of all challenged by Redi, an Italian physician, who carried out a series of experiments
on decaying meat and its ability to produce maggots spontaneously. Redi was the first
who put the theory of spontaneous generation to test by conducting a simple experiment
in which he placed meat in three jars. One jar was covered with fine gauze, second
was covered with paper and third was left uncovered. Flies entered the jar that was
open to air i.e. left uncovered and landed on meat where they laid their egg that later
developed into maggots. The other two pieces of meat did not produce maggots
spontaneously. However flies were attracted to the gauze covered jars and laid their
eggs on the gauze and maggots subsequently developed without access to the meat,
indicating that maggots were the offspring of the flies and did not arise from some
‘vital source’ in the meat as previously believed.

John Needham (1713-1781): He was probably the greatest supporter of the theory
of spontaneous generation. He proposed that tiny organisms the animalcules arose
spontaneously on his mutton gravy. He covered the flasks with cork as done by Redi
and even heated some flasks. Still the microbes appeared on mutton broth.

Lazzaro Spallanzani (1729-1799): He was an Italian Naturalist who attempted to
refute Needham’s experiment. He boiled beef broth for longer period, removed the air
from the flask and then sealed the container. Followed incubation no growth was
observed by him in these flasks. He showed that the heated nutrients could still grow
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animalcules when exposed to air by simply making a small crack in the neck. Thus
Spallanzani disproved the doctrine of spontaneous generation.
Nicolas Appert followed the idea of Spallanzani's work. He was a French wine

maker who showed that soups and liquids can be preserved by heating them extensively
in thick champagine bottles.

Ignaz Semmelweis and John Snow were the two persons who showed a growing
awareness of the mode of disease transmission.

Two German scholars Schulze (1815-1873) and Theodor Schwan (1810-1882)
viewed that air was the source of microbes and sought to prove this by passing air
through hot glass tubes or strong chemicals into boiled infusions in flasks. The infusion
in both the cases remained free from the microbes.

George Schroeder and Theodor Von Dusch (1854) were the first to introduce the
idea of using cotton plugs for plugging microbial culture tubes.

Darwin (1859) in his book, ‘Origin of the Species’ showed that the human body
could be conceived as a creature susceptible to the laws of nature. He was of the opinion
that disease may be a biological phenomenon, rather than any magic.

TABLE 1
Historical Development in the Field of Microbiology

1220-1252 - Rogen Bacon, disease produced by invisible living creatures.

1546 - Girolamo Fracastoro, disease was caused by minute ‘seed” or ‘germ’s
spread from person to person.

1658 - Athanasius Kircher, 1% recognize the significance of bacteria and other
microbes in disease.

1665 - Robert Hooke, referred as ‘cells’.

1668 - Franceso Redi, demonstrate the fallacies in the spontaneous generation
theory.

1676 - Antony Van Leeuvenhoek discovers ‘animalcules’.

1688 - Redi Publishes work on spontaneous generation of maggaot.

1776 - Lazzaro Spallanzani conducts experiment that dispute spontaneous
generation.

1786 - Muller produces first classification of bacteria.

1798 - Edward Jenner introduces Cowpox vaccination for small pox.

1799 - Spallanzani attacks on the theory of spontaneous generation.

1839 - Theodor Schwann (german zoologist) and Mathias Schleiden (botanist)

formulate the cell theory.
1857 - Pasteur shows that lactic acid fermentation is due to a microorganism.

1858 - Rudolf virchow, (all cell originate from pre existing cells).
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1861
1867
1869
1876-77
1881
1882
1884

1885
1887
1892
1897
1899
1906
1908

1910
1915-17
1923
1928
1929
1935
1944

1946
1952

1953
1954
1957
1958

Pasteur shows that microorganism do not arise by spontaneous generation.
Lister publishes his work on antiseptic surgery.

Johann Meischer discovers nucleic acids.

Koch demonstrate that anthrax is caused by Bacillus anthracis.
Koch cultures bacteria on gelatin.

Koch discovers tubercle bacillus.

Koch ‘s postulates first published.

Metchinikoff describes phagocytosis.

Autoclave developed.

Gram stain developed.

Pasteur develops rabies vaccine.

Petridish developed by Richard Petri.

D. Ivanovski provides evidence for virus causation of TM.V.
Ross shows that malaria parasite is carried by the mosquito.
Beijerinck proves that a virus particle causes the T.M.V.

August Wasserman develops the first serologic test for syphilis.
Paul Ehrlich becomes the pioneer of modern chemotherapy to treat
syphilis.

Frances Rous discovers viruses that can induce cancer.

E.D. Herelle and F.Twort independently discover bacterial viruses.
First edition of Bergey's manual.

Griffith discovers bacterial transformation.

A. Fleming discovers penicillin

Stanley crystallizes the T.M.V.

Avery shows that DNA carries information during transformation.
Selman Waksman discovers streptomycin.

Lederberg and Tatum describe bacterial conjugation.

Hershey and Chase show that bacteriophage inject DNA into host cells.
Zinder & Lederberg discover generalized transduction.

Watson & Crick propose the double helix structure for DNA.
Jonas Salk develops the first polio vaccine.
Isaacs and Lindenmann discover the natural antiviral substance, Interferon.

Lederberg makes discoveries concerning genetic recombination and the
organization of the genetic material of bacteria.
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1959 - Korenberg & Ochoa awarded nobel prize for the discovery of enzyme
which produces artificial DNA and RNA.

1966 - Rous discovered tumor inducing viruses.

1971 - T.O. Diemer identifies viroids.

1975 - Kohler & Milstein develop technique for the production of monoclonal
antibodies.

1977 - Recognition of archaeobacteria as distinct microbial group.

1979 - Henle identified first virus regularly associated with human cancer and
insulin synthesized using rDNA techniques.

1982 -~ Recombinant Hepatitis B vaccine developed.

1982-83 - Cech and Altman discovered catalytic RNA.

1983-84 ~ Gallo and Montagnier isolated and identified HIV virus and PCR chain
reaction developed by Mullis.

1990 - First human gene therapy testing begun.

1995 - Lewis, Nusslein and Wieschans for the study of physiology of genetics

of microbes.

1997 - Prussiner discovery of prions.

GOLDEN AGE OF MICROBIOLOGY

The Golden age of microbiology began with the work of Louis Pasteur and Robert
Koch who had their own research institute. More important there was an acceptance
of their work by the scientific community throughout the world and a willingness to
continue and expand the work. During this period, we see the real beginning of
microbiology as a discipline of biology.

Louis Pasteur : Pasteur a French microbiologist, performed a series of experiments
to prove that microorganisms were present in the air and were not spontaneously
produced. He filled several round bottomed flasks with nutrient solution and fashioned
their openings into elongated, swan neck shaped tubes. The flask’s opening were freely
open to the air but curved so that gravity would cause any air borne dust particle to
deposit in the lower parts of the neck. The flasks were heated to sterilize the broth
and then incubated. No growth occurred even though the contents of the flasks were
exposed to the air. Pasteur pointed out that no growth took place because dust and
germs had been trapped on the walls of the curved necks but if the necks were broken
off so that dust fell directly down into the flask, microbial growth commenced
immediately. Some of these ingenious little flasks are still on display at the Pasteur
Institute in Paris in their original sterile form. This experiment clearly showed that
microorganisms present on or in non-living materials such as dust or water were
responsible for the contamination of sterile solutions. Pasteur, thus in 1861 finally
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resolved the controversy of spontaneous generation versus biogenesis and proved that
microorganisms are not spontaneously generated from inanimate matter but arise from
other microorganisms.

Louis Pasteur, a professor of chemistry at the University of Lille, France. He was
responsible for saving a principal industry of France i.e. manufacture of wine and beer.
He found that fermentation of fruits and grains, resulting in alcohol, was brought about
by microbes and also determined that bacteria were responsible for the spoilage of wine
during fermentation. Pasteur in 1897 suggested that mild heating at 62.8°C (145°F) for
30 minutes rather than boiling was enough to destroy the undesirable organisms without
ruining the taste of the product, the process was called Pasteurization. Pasteurization
was introduced into the united states on a commercial basis in 1892. His work led to
the development of the germ theory of disease.

Fig. 1 : Photograph Pasteur’s experiment disproving theory of spontanous generation

John Tyndall (1820 -~ 1893): An English physicist, deal a final blow to spontaneous
generation in 1877. He conducted experiments in an aseptically designed box to prove
that dust indeed carried the germs. He demonstrated that if no dust was present, sterile
broth remained free of microbial growth for indefinite period even if it was directly
exposed to air. He discovered highly resistant bacterial structure, later known as
endospore, in the infusion of hay. Prolonged boiling or intermittent heating was
necessary to kill these spores, to make the infusion completely sterilized, a process known
as Tyndallisation.

Lord Joseph Lister (1827-1912): a famous English surgeon is known for his notable
contribution to the antiseptic treatment for the prevention and cure of wound infections.
Lister concluded that wound infections too were due to microorganisms. In 1867, he
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developed a system of antiseptic surgery designed to prevent microorganisms from
entering wounds by the application of phenol on surgical dressings and at times it was
sprayed over the surgical areas. He also devised a method to destroy microorganisms
in the operation theatre by spraying a fine mist of carbolic acid into the air, thus
producing an antiseptic environment. Thus Joseph Lister was the first to introduce aseptic
techniques for control of microbes by the use of physical and chemical agents which
are still in use today. Because of this notable contributions, Joseph Lister is known as
the Father of Antiseptic surgery.

Robert Koch (1893-1910) gave the first direct demonstration of the role of bacteria
in causing disease. He was a german physician who first of all isolated anthrax bacillus
(Bacillus anthracis, the cause of anthrax) in 1876. He perfected the technique of isolating
bacteria in pure culture. He also introduced the use of solid culture media in 1881 by
using gelatin as a solidifying agent. In 1882 he discovered Mycobacterium tuberculosis.
He proposed Koch postulate which were published in 1884 and are the corner stone
of the germ theory of diseases and are still in use today to prove the etiology (specific
cause) of an infectious disease. The postulates are:

1. The suspected microorganism must always be found in diseased but never in
healthy individuals.

2. The microorganism must be isolated in a pure culture (one free of all other
types of microbes) on a nutrient medium.

3. The same disease must result when the isolated microorganism is inoculated
into a healthy host.

4. The same organism must by reisolated from the experimentally infected host.

Although viruses and a few other microbes cannot be cultured in artificial media,
Koch’s postulates are still used today for the cause of most infectious diseases.

Robert Koch also used gelatin to prepare solid media but it was not an ideal
solidifying agent because of the two important reasons (i) since gelatin is a protein,
it is digested by many bacteria capable of producing a proteolytic exoenzyme gelatinase
that hydrolyses the protein to amino acids and (ii) It melts when the temperature rises
above 25°C. R. Koch will be remembered for both i.e. his contribution in the discovery
of important disease producing microorganism and his fundamental contribution to
bacteriological techniques.

Fanne Eilshemius Hesse (1850 - 1934) one of Koch's assistant first proposed the
use of agar in culture media. Agar was superior to gelatin because of its higher melting
(i.e. 96°C) and solidifying (i.e. 40-45°C) points than gelatin and was not attacked by
most bacteria. Koch’s another assistant Richard Petri in 1887 developed the Petri dish
(plate), a container used for solid culture media. Thus contribution of Robert Koch,
Fannie Fannie Hesse and Richard Petri made possible the isolation of pure cultures of
microorganisms and directly stimulated progress in all areas of microbiology.

Edward Jenner (1749-1823) an English physician was the first to prevent small pox.
He was impressed by the observation that countryside milk maid who contacted cowpox
(Cowpox is a milder disease caused by a virus closely related to small pox) while milking
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were subsequently immune to small pox. On May 14%, 1796 he proved that inoculating
people with pus from cowpox lesions provided protection against small pox. Jenner in
1798, published his results on 23 successful vaccinators. Eventually this process was
known as vaccination, based on the latin word ‘Vacca’ meaning cow. Thus the use of
cow pox virus to protect small pox disease in humans became popular replacing the
risky technique of immunizing with actual small pox material.

Jenner’s experimental significance was realized by Pasteur who next applied this
principle to the prevention of anthrax and it worked. He called the attenuated cultures
vaccines (Vacca = cow) and the process as vaccination. Encouraged by the successful
prevention of anthrax by vaccination, Pasteur marched ahead towards the service of
humanity by making a vaccine for hydrophobia or rabies (a disease transmitted to people
by bites of dogs and other animals). As with Jenner’s vaccination for small pox, principle
of the preventive treatment of rabies also worked fully which laid the foundation of
modern immunization programme against many dreaded diseases like diphtheria,
tetanus, pertussis, polio and measles etc.

Elie Metchnikoff (1845-1916) proposed the phagocytic theory of immunity in 1883.
He discovered that some blood leukocytes, white blood cells (WBC) protect against
disease by engulfing disease causing bacteria. These cells were called phagocytes and
the process phagocytosis. Thus human blood cells also confer immunity, referred to as
cellular immunity.

Emile Roux (1853-1933) and Alexandre Yersin, the two notable French bacteriologists
demonstrated the production of toxin in filtrates of broth cultures of the diphtheria
organism. Emil von Behring (1854 -1917) and Shibasaburo Kitasato (1852-1931) both
colleagues of Robert Koch, in 1890 discovered tetanus (lock jaw) antitoxin. Only about
a week after the announcement of the discovery of tetanus antitoxin, Von Behring in
1890 reported on immunization against diphtheria by diphtheria antitoxin. The discovery
of toxin-antitoxin relationship was very important to the development of science of
immunology.

While all these milestones were being laid in the field of microbiology, an English
surgeon, Joseph Lister (1827-1912) was trying to combat the microbes that caused post
operative and wound infection disaster searched for a way to keep bacteria out of
wounds and the incisions made by surgeons. He used a dilute solution of carbolic acid
to soak surgical dressings that kept the wounds free from microbial infection and healing
took place rapidly. So remarkable was his success that the technique was quickly
accepted and the principle of present day aseptic technique was established.

Paul Ehrlich (1854-1915) in 1904 found that the dye Trypan Red was active against
the trypanosome that causes African sleeping sickness and could be used therapeutically.
This dye with antimicrobial activity was referred to as a ‘magic bullet’. Subsequently
in 1910, Ehrlich in collaboration with Sakahiro Hata, a japanese physician, introduced
the drug Salvarsan (arsenobenzol) as a treatment for syphilis caused by Treponcma
pallidum. Ehrlich’s work had laid important foundations for many of the developments
to come and the use of Salvarsen marked the beginning of the era of chemotherapy
and the use of chemicals that selectively inhibit or kill pathogens without causing damage
to the patient.
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Gerhard Domagk of Germany in 1935 experimented with numerous synthetic dyes
and reported that Prontosil, a red dye used for staining leather, was active against
pathogenic, Streptococci and Staphylococci in mice even though it had no effect against
that same infectious agent in a test tube. In the same year two French scientists Jacques
and Therese Trefonel showed that the compound Prontosil was broken down within
the body of the animal to sulfanilamide (Sulfa drug) the true active factor. Domagk
was awarded nobel prize in 1939 for the discovery of the first sulpha drug.

The credit for the discovery of first ‘wonder drug’ penicillin in 1929 goes to Sir
Alexander Fleming of England, a Scottish physician and bacteriologist. Fleming had
been actually interested in searching something that would kill pathogens ever since
working on wound infections during the first world war (1914-1918). One day in 1928
upon his return from a week’s vacation, Fleming observed that a plate of Staphylococcus
aureus had become contaminated with a green mold Penicillium notatum which had
accidentially fallen in plate. Observing this plate, Fleming noted that the colonies of
Staphylococcus bacterium were evidently being destroyed by the nearby Penicillium
colonies. Rather than discarding the contaminated plate, he speculated that the mold
was producing a diffusible substance that inhibited the bacterial growth. Fleming isolated
and subcultured the mold for further study. He extracted from the fungus a compound
which he called penicillin, after the name of the producer organism Penicillium notatum,
that could destroy several pathogenic bacteria. Thus, Sir Alexander Fleming in 1929
discovered the first antibiotic (Gr. Anti = against + bios = life, the microbial products
that can kill susceptible microorganism and inhibit their growth) penicillin. The
commercial production of penicillin in the USA began in 1941 Fleming, Florey and Chain
shared the nobel prize in 1945 for the discovery and production of penicillin. Penicillium
notatum has been replaced with Penicillium chrysogennum for the commercial production
of penicillin and the current strain of this species modified through mutation, yields
85,000 units/ml of medium (the original mold. P. chrysogenum synthesized 60 units/
ml. Waksman at the Rutgers university, USA discovered another antibiotic, streptomycin
produced by two strains of actinomycete, Streptomyces griseus in 1944. Waksman received
the noble prize in 1952 for his discovery of Streptomycin used in the treatment of
tuberculosis, a bacterial disease caused by Mycobaterium tuberculosis that had been
discovered by Robert Koch in 1882. By 1950, three other microorganism were identified
that produced antibiotics, such as chloramphenicol (Chloromycetin) from Streptomyces
venezuelae by Dr. Paul R. Burkholder in 1947, Aureomycin from S. aureofaciens by Dr.
B.M. Dugger in 1948; and Terramycin from S. rimosus by Finlay, Hobby and collaborators
in 1950.

A dramatic turn in microbiology research was signaled by the death of Robert Koch
in 1910 and advent of world war 1. The Pasteur Institute was closed, and the german
laboratories converted for production of blood components used to treat war infections.
Thus came to an end what many have called the Golden Age of Microbiology.

IN 20" CENTURY: ERA OF MOLECULAR BIOLOGY

By the end of 1900, science of microbiology grew up to the adolescence stage and
had come to its own as a branch of the more inclusive field of biology. In the later
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years the microorganism were picked up as ideal tools to study various life processes
and thus an independent discipline of microbiology, molecular biology was born. The
relative simplicity of the microorganism, their short life span and the genetic homogeneity
provided an authentic simulated model to understand the physiological, biochemical
and genetical intricacies of the living organisms. The use of microorganisms as a tool
to explore fundamental life processes became attractive due to the following facts:

1. They reproduce (grow) very rapidly.
2. Can be cultured in small and vast quantities conveniently and rapidly.

3. Their growth can be manipulated easily by physical and chemical means and
their cells can be broken apart or the contents can be separated into fractions
of various particle sizes. Because of these characteristics microorganisms were
used as research models to determine exactly how various life processes take
place in terms of specific reactions and the specific structures involved.

The list of those who contributed to the development of microbiology is far too
long to recite here in its entirety. Here we shall highlight briefly only few of the important
microbiological accomplishments.

George W. Beadle and Edward L. Tatum both US Scientists, were the pioneers
in the area of microbial genetics. They studied the relationship between genes and
enzymes in 1941 using mutants of the bread mold fungus, Neurospora crassa and gave
the concept of one-gene -one enzyme hypothesis. Using mutants of Neurospora, they
demonstrated that there was a direct relationship between a single gene and a single
enzyme. Beadle and Tatum hypothesized that the synthesis of the compounds essential
for cell growth must be under genetic control. They also concluded that a defect in
one gene produced a single defect in an essential enzyme resulting in the growth factor
requirement, that is one gene one - enzyme theory. Lederberg, Beadle and Tatum were
awarded the nobel prize in 1958 for the discovery of one gene one enzyme hypothesis.

Max Delbruck and Salvadore Luria in 1943 described the genetic nature of viruses.
They also proved that gene mutations were truly spontaneous and not directed by the
environment. DNA is the genetic material and carried genetic information during
transformation in bacteria was demonstrated in 1944 by Oswald, T. Avery, Colin. M.
Maclead and Maclyn McCarty. In 1952 Joshua Lederberg first of all introduced the term
‘Plasmid’ to describe nonchromosomal genetic material in bacteria. In collaboration with
Norton Zinder, a student in his laboratory at Wisconsin, USA, Lederberg discovered
that genetic information could be transferred between bacteria by bacteriophage this
process was known as transduction. Lederberg along with his wife Esther, developed
a unique method of studying bacterial mutants, now known as ‘replica plating’ using
this method it is possible to transfer bacterial colonies from one agar growth plate to
other so that each new plate is an exact replica of the original. With this technique,
Lederberg showed that mutations in bacteria occur randomly and spontaneously. Thus
discovery made by Lederberg in bacterial genetics - transduction and conjugation in
bacteria have made the science of bacterial genetics and have subsequently spawned
many advances including aspects of modern molecular genetics of gene cloning. Thus
J. Lederberg single handedly changed the nature of bacterial genetics and biochemistry.
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Watson and Crick in 1953 made most remarkable discovery in genetics by discovering
the molecular structure of DNA providing framework for understanding molecular basis
of inheritance and expression of genetic information. Ochoa and Kornberg isolated and
synthesized the enzyme, responsible for production of ribonucleic acids, RNA and DNA
that carry hereditary information for which they received nobel prize in 1959.

In 1968, the nobel prize for physiology and medicine was shared by Robert W. Holley,
Hargovind Khorana and M.W. Nirenberg for their contribution to the understanding of
the genetic code and its function in protein synthesis. The 1969 nobel prize in medicine
and physiology was awarded to Max Dalbruck, Alfred D. Hershey and S.E. Luria for
studying the replication mechanism and genetic structure of bactriophage. Albert Claude,
G.E. Palade, Christian D. Duve jointly received the prestigious nobel prize of 1974 for
the isolation of cell parts in order to study the structure and chemistry of individual cell
which led to the discoveries of ribosome and lysosome. In the following year, 1975 R.
Dulbeco, H.M. Temin and David Baltimore of U.S.A. were awarded the nobel prize for
researching the interaction between tumor virus and genetic material of the cell. In 1976,
Gajdusek and Blumberg did research leading to nobel prize for a test to show hepatitis
virus in donated blood and to a experimental vaccine against the disease. Two years later,
Arber, Smith and Nathans were jointly awarded this prize for discovery of restriction
enzyme and their application to the problems of molecular genetics.

A number of nobel laureates in medicine and physiology awarded the nobel prize
for their work in microbiology.

TABLE 2
Nobel Laureates in Microbiology

Year Nobel laureate Research work

1901 Emil A. Von Behring  Serum therapy against diphtheria (developed antitoxin)

1902 Sir Ronald Ross Malaria parasite- life cycles in mosquitoes.

1905 Robert Koch Tuberculosis- discovery of causative agent.

1907 C.L.A. Laveran Discovery of malaria parasite in an unstained preparation
of fresh blood.

1908 Paul Ehrlich and The first selective theory of antibody formation.

Elie Metchnikoff

Defined role of phagocytes in immunity, developed first
theory of cellular immunity.

1913 Charles Richet Discovered and characterized nature of anaphylaxis.

1919 Jules Bordet Discovered roles of complement and antibody in cytolysis,
developed complement fixation test.

1928 Charles Nicolle Typhus exanthematicus

1930 Karl Landsteiner Described ABO blood groups; solidified chemical basis

for antigen-antibody reactions.

Contd...
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Year Nobel laureate Research work

1939 Gerhardt Domagk Antibacterial effect of prontosil

1945 Sir Alexander Fleming, Sir Howard Florey and E.B. ChainDiscovery of miracle

1952

1954

1958

1960

1962
1965

1966

1968

1969

1972

1975

1976

1977
1980

Selman A. Waksman

J.F. Enders, F.C. Robbins

and T.H. Weller

G.W.Beadle, Joshua
Lederberg and E.L.
Tatum

Sir Macfarlane Burnet
and Sir Peter Brian

Medawar

Watson and Crick

Francois Jacob, Andre
Lwoff and Jacques
Monod

Peyton Rous

Holley, Khurana
and Nirenberg

Max Delbruck, A.D.
Hershey and Salvador
Luria

Gerald Edelman and
Rodney Porter

David Baltimore,
Renato Dulbecco and
Howard M. Temin

Baruch S. Blumberg
and Carleton Gajdusek

Rosalyn Yalow

Baruj Benacerraf,

drug ‘penicillin’, and its broad spectrum antibacterial
action.

Development of streptomycin. He coined the term
‘antibiotic’.

Cultivation of polioviruses in non-neural cells of human
embryos demonstrating cytopathic effect.

Genetic mechanisms
Transmission of hereditary characteristics

Postulated clonal selection theory of antibody formation.

Proved immunological basis for mammalian allograft
rejection; contributed to elucidation of induced
immunological tolerance.

Double helix structure of deoxyribonucleic acid (DNA)

Regulatory mechanisms in microbial genes (concept of
‘lac operon’).

Viral oncogenesis (avian sarcoma)

Genetic code

Mechanisms of virus infection in living cells.

Structure and chemical nature of antibodies.

Interactions between tumor viruses and genetic material
of the cells.

New mechanisms of origin and dissemination of infectious
diseases.

Developed and defined radioimmunoassay.

Identified immune response genes.

Contd...
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Year

Nobel laureate

Research work

1984

1987

1989

1990

1993
1996

1997

Jean Dausset and
George Snell

Cesar Milstein and
Georges Kohler Beils

Jerne
S. Tonegawa

J. Michael Bishop and
Hanold E. Varmus

J. Murray and E.D.
Thomas

Kary Mulis

Peter C. Doherty,
Rolf M. Zinkernagel

Stanley B. Prusiner

Described analogies between mouse.
and human histocompatibility system.

Developed hybridoma technology for production of
monoclonal antibodies.

Described biological selection theory of antibody formation
and also accounted for immunological tolerance.

Elucidated nature of antibody diversity in terms of
recombination of C,V and J genes.

Identified first cellular oncogenes and initiated studies
characterizing their role in cellular function.

Performed first successful transplant of living donor
kidney to a host.

Pioneered procedures for chemical management of graft-
versus-host disease in tissue organ transplantation

Polymerase chain reaction
Cell mediated immune defences

Prion discovery

It is evident from the history of microbiology that it is an unfinished epistolary

record. The secret of nature always allures the genius and it is the inquistiveness of
man that prompts him to lay the milestones to unfold the facts of life with the help
of these tiny organisms. The significance of these discoveries in molecular biology to
biology is understood by the fact that about 1/3 of Nobel prizes have been awarded
to researches for their work in the area of microbiology.

Q0a



EVOLUTION OF MICROORGANISM

Evolution means an unfolding or unrolling a gradual or orderly change from one
condition to another. The planets and stars, the earth’s topography the chemical
compounds of the universe and chemical elements and their sub-atomic particles have
undergone gradual and orderly changes is termed as inorganic evolution. The term
organic evolution states that all the various plants and animals existing at present time
have descended from other generally the simpler organism by gradual modification
which have accumulated in successive generations. The major trend in the evolution
is been towards increased adaptation to some particular environment, and this has
frequently involved increased specializations and complexity of structures and their
functions.

Life originated on earth millions of years ago and since then innumerable varieties
of living beings have evolved but this living matter cannot have existed all the time,
on the earth. The high temperature and dry climate of the early time of earth would
have made living matter impossible to exist.

The origin of life on earth occurs in following three steps:
(A) ORIGIN OF UNIVERSE

Man has been speculating on the origin of the earth for thousands of years. Certain
elaborate hypothesis of earth origin have played a significant role in the development
of geologic theory regarding the origin of universe as well as earth. The various
hypothesis proposed are as follows:

1. The Nebular hypothesis - given by Immanuel Kant (1755) and Pierre Simon
de laplace (1796)
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2. The Planetesimal hypothesis - given by Thomas. C. Chamberlin and Forest. R.
Moulton (1895)

3. The Tidal hypothesis - James Jeans and Harold Leffires (1917)
4. Recent hypothesis

1. The Nebular Hypothesis

The nebular hypothesis of Kant and Laplace is referred to as a star hypothesis.

The hypothesis postulates that a greatly diffused spherical cloud of gas a nebula,
extended outward at least to the present distance of the outer most planet. This cloud
rotated slowly as it cooled and contracted its velocity around the sun increased. The
gaseous mass gradually became a disk around the sun’s equator during this rotation,
rings of fiery gas were assumed to have been thrown off centrifugal force. Each ring
than broke up and gathered into a sphere producing a planet which began to revolve
around the sun the same path as the former ring. The earth planet liquefied as it cooled,
then with further cooling acquired a solid crust. The main body of the gas mean while
condensed further to become the sun.

The serious objections to the nebular hypothesis are:

1. The planets possess 98% of the rotational energy of the solar system, whereas
the sun has about 99.87% of the mass.

2. The heavy elements in the earth can originate only at temperatures for higher
than those prevailing on the sun.

3. Some of the satellites revolve in a backward direction and one of them revolves
faster than its planet rotates.

4. The mechanism of ring formation does not correspond to rotational velocity
of a solar nebula as postulated.

2. The Planetsimal Hypothesis

The planetesimal hypothesis of Chamberlain and Moulton is referred to as a two
star hypothesis. It explains the origin of the planets by a near collision between the
sun and another star which disrupted it. This hypothesis has many serious objections.

3. The Tidal Hypothesis

This hypothesis proposed by James Jeans and Harrold Leffries (1917) proposed that
another star closely approached the sun, producing tidal buldges from which steamed
an enormous cigar shaped filament of solar gases. This incandescent filament was put
into revolution around the sun. It then broke into segments which contracted into rotating
spheres, the planets cooling from gas to liquid one of these planets, earth gradually
solidified to its present condition.

4. Recent Hypothesis

With the development of new mathematical technique and the discovery of new
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facts about the universe, various cosmogonist viz. Berlage (1940), Whipple (1947) and
Hoyle (1950) has proposed new hypothesis. The general trend is toward a modified
version of the ancient nebular hypothesis.

According to nebular hypothesis about 10-20 billion yrs ago, cosmos was in the
form of a small sphere of highly condensed mass of cosmic material, with a big bang
it exploded into numerous pieces called nebulae. Our solar system originated from one
of these nebulae. The nebula was a cold and spinning cloudy mass. of cosmic dust or
gases. The central mass of nebula condensed to form a primitive sun. As it condensed,
the sun became hotter and brighter due to the conversion of gravitational energy into
heat. Higher temperature initiated thermonuclear reaction in the sun which then started
emitting solar radiation.

Because of rotational movement of nebula, a ring of cloud got separated, spinning
around the central mass and condensed into planets including our earth. As the earth
was formed by the condensation of nebular mass, its temperature increased due to
internal pressure, gravitation and effect of solar heating.

Thus initially the earth was a fiery spinning ball of hot gases and vapours of various
elements. Through hundreds, millions years, the gases condensed into a molten core
and different elements got stratified according to their density. The heavy elements like
iron and nickel etc, sank to the centre and formed solid core of the earth, the lighter
elements like silicon and aluminum rose to the surface and solidified to form the surface
or crust. The part of the earth between core and crust formed mantle which is solid
and made up of iron, magnesium and silicates.

The lightest ones like He, H, 02, N, and C flowed out of the surface and formed
the gaseous atmosphere.

The Primitive Atmosphere of Earth

The original temperature of earth was supposed to be 900°C initially. This
temperature was such high that the elements like H,, N,, O,, and C could not exist
in free state. These gases combined variously either among themselves or with metals
forming oxides, carbides and nitrides. Thus carbon formed dicarbon, cyanogens,
methane, CO,, CO and metal carbides. Nitrogen formed nitrides with metals, oxygen
formed oxides and H, combined with O, to form water, with N, to form ammonia,
methane and carbon cyanamide with carbon.

Initially the temperature was too high that all these compound existed in gaseous
state and water as superheated steam. These formed the atmosphere of primitive earth.
This atmosphere of primitive earth was unlike our present atmosphere in following
respects:

1. Abundance of H, : The interstellar dust from which earth originated was
especially rich in H,. It readlly combined with N, forming ammonia, with O, to form
water and methane w1th carbon: The primitive earth atmosphere was highly reducing.

2. Absence of O, : The atmosphere of primitive earth was non-oxygenic. The free
oxygen was bound in water, CO, and CO, and in metallic oxides on the surface rocks
and particles. Because of the absence of free O, and complex organic compound that
arose during early time were not subjected to degradation.
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3. Absence of ozone layer : There was no layer of ozone to absorb UV rays coming
on earth from sun.

Later the earth cooled gradually, some of the atmospheric gas liquefied, and some
of the liquid turned solid. Steam condensed into water and resulted into rain. The rain
droplets on approaching the super heated earth crust immediately evaporated and
returned into the atmosphere. This cycle continued for millions of years and resulted
in the cooling of earth surface. As a result the earth surface became cool enough to
hold water and large water bodies/first oceans come into existence. About 3 billion
yrs ago the earth had a solid crust, frequently punctured by eruptions of molten rocks
(Volcanoes) and at places filled with hot boiling sea water. The sea water contained
dissolved NH,, methane, some minerals and salts. The primitive atmosphere of the earth
was devoid of free oxygen but rich in NH,, CH, and hydrogen as found in the present
atmosphere of Jupiter, Saturn, Uranus and Neptune.

The energy for synthetic processes that occurred on primitive earth in past during
chemical evolution was obtained from the following sources:

(a) Solar radiation or UV radiation from sun formed the most abundant type of
free energy available on primitive earth.

(b) Violent electric discharge followed with lightening and thunder from clouds
reached the primitive earth and contributed significantly to form various micro
and macro-molecules.

(c) Volcano eruptions produced heat which also encouraged chemical reactions.
(d) Ionizing radiations and cosmic rays i.e. x - rays etc also provided energy for
chemical evolution.
(B) CHEMICAL ORIGIN OF LIFE (CHEMOGENY)

Life did not originate at one specific spot at one specific time in the early oceans
of earth. Oparin suggested that from these simple compound viz. (H,0, CH,, NH,,
Nitrogen formed nitrides, oxides, dicarbon, CO, and CO) more and more complex
organic compounds were formed gradually under the influence of electric charges, UV
rays or corpuscular radiations.

Step-1 : Origin of organic compounds.

Step-2 : Formation of macromolecules or complex organic molecules by the process
of polymerization and condensation.

Step-3 : Formation of nucleic acids
Step-4 : Formation of nucleoproteins or protobionts.
Step-1 : Origin of organic compounds

| I i | |
L Formation of 1I. Formation of  1II. Formation of IV. Formation of V. Formation of

hydrocarbon oxy and hydroxy carbohydrate fatty acids and amino acids
derivative of glycerol

hydrocarbon
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1. Formation of Hydrocarbons (Micro Molecules): When the temperature of earth
cooled down to 1,000°C or even lower a variety of simple hydrocarbons (saturated/
unsaturated) were formed presumably by the following methods:

The combination of highly reactive free radicals CH and CH,
CH+CH » HC=CH Acetylene
CH, + CH, - H),C = CH, Ethylene
CH, + CH, » CH, + C Methane
2CH, - HC = CH +3H, Acetylene
The metal carbides reacted with steam
CaC, + HO —» HC = CH + CaO

3Fe,C, + 16H,0 — C,H,, + 4Fe,0,

II. Formation of oxy and hydroxyl derivative of hydrocarbons: Both saturated as
well as unsaturated hydrocarbons reacted with superheated steam and formed oxy and
hydroxyl-derivatives such as aldehyde, ketone and acids.

HC = CH + H,0 - CH,CHO

Carbon monoxide reacted with water forming formic acid. Because of its reactivity
carbon monoxide is considered to have participated in the formation of prebiotic
compounds.

CO + H,0 - HCOOH

III. Formation of carbohydrate: Small chain compounds of C, H, O were also
formed from hydroxy derivatives. The first formed carbohydrate compound must have
been glucose and fructose. They condensed to form disaccharide and polysaccharide
like sugars and starch.

IV. Formation of fatty acid and glycerol : The condensation and polymerization
of aldehyde and ketones and their oxidation resulted in the formation of fatty acids.
These compounds had lesser percentage of oxygen and long straight chains of carbon.
In the early oceans these glycerol and fatty acids might have combined to form fats.

V. Formation of NH, acids : Combination of hydrocarbon, ammonia and water
under the influence of freely available energy reacted to form amino compounds the
amino acids.

Thus after the synthesis of carbohydrate, fats and amino acids and other complex
organic substances probably occurred in sea, which according to Haldane is described
as ‘Hot dilute Soup’. The early ocean is considered to have been a primordial soup
that contained all these building blocks of life. Life did not originate at one specific
spot at one specific time in the early oceans of earth life originated again and again
wherever necessary precursor accumulated.

Step-2 Formation of macromolecular or complex organic molecules by polymerisation
and condensation

In the hot dilute soup the molecules of simple organic substances came together
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in increasing number, collided, reacted and aggregated to form new molecules of
increasing size and complexity resulting in the formation of more and more complex
organic compounds like polysaccharide, fats, proteins, purines, pyrimidines, nucleosides
and nucleotides. The process is called Polymerisation. Sugar molecules combined to form
polysaccharide like starch, cellulose and glycogen. The fatty acid and glycerol combine
to form fats. A large number of amino acid molecule combined to form long polypeptide
chains. Some of these polypeptide acted as primitive enzymes and speeded up the rate
of formation of specific molecules.

The presence of appropriate organic monomers and polymers is the first step in
the origin of life. The interaction between molecules due to hydrogen bonding, ionization
solubility, surface tension etc. resulted in different orientation of molecules. Membranous
vesicles formed of lipids, polypeptides or other molecules can be produced by mechanical
agitation or spontaneously. These membranous vesicles represented an important step
in the origin of life because scientists were able to produce such simple structures in
the laboratory viz. Coacervates and microspheres.

(a) Coacervates : Oparin and Fox found that large organic molecules synthesized
abiotically on primitive earth formed large colloidal aggregates due to intermolecular
attraction. These colloidal particles separate out of the solution into droplets called
coacervates. Complex coacervates are made up of colloidal solution having more than
one type of macromolecules.

When solutions of oppositely charged colloids are mixed coacervates droplets are
formed. They have much higher concentration of organic polymers than in aqueous
phase.

Coacervate drops

Fig. 1 : Coacervate

Membrane

The Coacervates contain following characteristics :
¢ They are large enough to be seen under microscope.
They have very simple organisation.

They are mostly unstable, but some can stay for longer period.

$ <4 <4

They can increase in size by selectively absorbing proteins and other organic
material.
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¢ They can divide by budding.

< They can carry out functions like synthesis and hydrolysis of starch and
polynucleotides with the help of enzymes.

Along with these characteristic the coacervate also present as poor model for
protocells because :

¢ They are formed from the mixture of contemporary bioproteins and not from
the proteins that existed in past.

< They are unstable and disintegrate with time.

(b) Microspheres : Fox found that when thermally produced protenoid were boiled
in water and allowed to cool, small spherical aggregates of protenoid are formed. These
are called microspheres. They have following characteristics:

¢ They are easily formed when water is added to thermal proteinoids.

Show great uniformity in size and shape.

They resemble coccoid bacteria and generally form chains of varying length.
Generally stable.
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E.M. of proteinoid microsphere reveal double layered boundary corresponding
to cell membrane

< They exhibit nonrandom motility.
< They retain enzyme like activities of proteinoids.
< They divide either by binary fission or by budding.

On these basis it is assumed that microsphere like aggregates could have been the
fore runners of first living organism. Thus they provide an excellent model for protocells
because :

< Microsphere originated from protenoid produced under conditions existing on
the primitive earth.

< They show structural and functional attributes of contemporary cells.
Step-3 : Formation of Nucleic Acids

The next step was formation of nucleic acids by the polymerization of nucleotides.
These self-replicating polynucleotides (N. Acid) got established in the primordial earth
about 3.5 billion yrs ago. Due to errors during replication different varieties of nucleic
acids were formed. These molecules with different nucleotides sequences competed for
the available nucleotides precursor for self duplication.

Certain polynucleotides developed the quality of directing synthesis of polypeptides.
It is suggested that RNA was the first carrier of genetic information. This shows that
the genetic code and translation of nucleotide sequences into - NH, acid sequences was
established at a very early stage of organic evolution. The nucleic acids were like naked
genes and their formation was the first step to enter the vaguely defined frontiers
between life and non-life.
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Step-4 : Formation of Nucleoproteins or Protobionts :

Due to aggregation, giant molecules of nucleoproteins were formed by the union
of nucleic acid and basic protein molecules.

Protoribosomes : They were nucleoprotenoid particles with fiberous or globular
appearance. The globular nucleoprotenoid microparticles might have been early ribosomes
and called protoribosome.

Protoviruses : Some giant nucleoprotenoid molecules had certain characteristic of
a free living gene. They were called protoviruses or protobionts by Oparin.

The coacervate underwent some chemical reactions which produced special proteins
or enzymes. This led to self-replication of compounds, those possessing this property
might be regarded as Freegene. Such a structure is comparable with the free living virus
and is supposed to be, formed of nucleoproteins. Self replication and mutations of a
gene lead to the formation of gene aggregates. These gene aggregates may be regarded
as independently existing chromosomes. The smallest bacteria represent such a stage
in its evolution.

Further mutation lead to accumulation of metabolites around the chromosome. The
complex so formed represent the exposed nucleus. The cytoplasm might have been
acquired but not separated from the nuclear material as in blue green algae or in large
bacteria. Finally mutations led to the formation of typical cell with nuclear membrane.

(C) BIOLOGICAL EVOLUTION OR BIOGENY

There are two hypothesis regarding the origin of primitive prokaryotic cell:

(a) Horowitz (1945) and Orgel (1973) proposed that nucleoprotein molecules formed
aggregates in the hot soup of primitive sea. These got surrounded by nutrient shells
and limiting membrane and formed the first living cell.

(b) Oparin suggested that various macromolecules aggregated in the hot dilute soup
to form coacervates which got isolated from the surrounding by the formation of
polarized membrane of phospholipids. The coacervate with nucleoproteins developed
into first living cells or protobionts. These first cells were similar to present day
mycoplasma and viruses. After some later stage in the evolutionary process. DNA took
the place of a repository of genetic information. These protobionts most probably gave
rise to monera (cell without well defined nucleus) and Protista (cells with a distinct
nucleus). The monera and protista gave rise to Prokaryote and eukaryote respectively.
Monera developed into bacteria and cyanobacteria whereas Protista gave rise to
eukaryote or that developed into Protozoa and Metaphyta.

The fossilized remains of prokaryotic cells are around 3.5 to 3.8 billion years old
and have been discovered in stromatolites and sedimentary rocks and microbial fossil
are clearly present in rocks as old as 2 billion years. The stromatolites are layered or
stratified rocks often domed and are formed by incorporation of mineral sediments into
microbial mats. Thus prokaryotic cells or life arose very shortly after the earth cooled.
Very likely these early prokaryotes were anaerobic. The fossils of such primitive
protobionts have been obtained from rocks in Africa about 3 billion yrs old. These were
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named Eobacterium isolatum. The modern stromatolites are layered or stratified rocks
formed by incorporation of calcium sulfate, calcium carbonate and other minerals into
microbial mats.

Microspheres Gene like small nucleotide chains
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Fig. 2 : Biological evolution of life
Step-6 : Evolution of Modes of Nutrition

The next step in the evolution of life was the evolution of different mode of
nutrition.
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It is presumed that the first living organism or cell had obtained energy by the
fermentation of complex organic substances available to them from the sea broth (the
hot dilute soup) ie. the organism were chemoheterotroph. With rapid increase in the
number of chemoheterotroph, the nutrients from sea water began to disappear and
gradually exhausted. This lead to the evolution of other modes of nutrition like :

(a) Parasitism : This mode developed when some forms started living within the
bodies of living cells and obtained their food from them Example : Moneran, Viruses
and few protista are parasitic.

(b) Saprophytism : As the environment of primitive earth changed, some organism
started drawing their nourishment from the bodies of dead and decaying cell.

(c) Predation : The predators were the organism with animal like way of eating
where one organism eats another in whole or in part and obtains its food in this manner.

(d) Chemoautotrophs: Proto cells with enzymes of metabolic pathways could use
less complex nutrients and synthesized more complex molecules. They obtained energy
by fermentation. These early fermentative or anaerobic chemoautotrophs were similar
to our present day anaerobic bacteria and yeast. These anaerobic bacteria released large
amount of CO,. Thus they were forerunners of photosynthetic cells.

(e) Chemosynthesisers : In the next step the evolution of chlorophyll molecule
enabled certain protocells to utilize light energy and synthetic carbohydrate. They were
photosynthetic cells. The first photosynthetic cells were anaerobic, Example, the organism
similar to present day sulphur bacteria. This was the beginning of autotrophism where
the H,S was cleaved into H, and S where H, was used in the synthesis of organic
compound and sulphur released as waste product. These organism generate the energy

released by anaerobic respiration or fermentation and were called chemosynthesisers.

(f) Aerobic Photoautotroph : The last organism with most advanced type of
nutrition was Aerobic photoautotroph. It is presumed that accumulation of CO, in
atmosphere and formation of chlorophyll molecule resulted in the evolution of autotrophic
forms. The first aerobic photoautotroph were cyanobacteria like forms which used water
as H, source and CO, as the source of carbon in photosynthesis. They were called
oxygen producing phototsynthesisers because of release of free oxygen in the atmosphere
and are also called oxygen producing photosynthesisers. They appeared about 3.3 - 3.5
million yrs ago.

With the increase of photoautotroph, O, was liberated in the sea and then into
atmosphere. This free oxygen then reacted with CH, and NH, present in the primitive
earth and transformed them into CO, and free N,. These gradual events ultimately
transformed this ancient reducing, O, free atmosphere into modern oxidizing atmosphere
with plenty of oxygen. The rising level of atmosphere oxygen led to the appearance
of first one called eukaryotic organism.

(D) COGNOGENY

The protocells were prokaryotic and archaebacteria like. The eukaryotic cells have
evolved from the archaic prokaryotic cell either by symbiosis or by invagination.
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According to Lynn Margulis, some anaerobic predator host cell engulfed primitive
aerobic bacteria but did not digest them. The oxygen respiring bacteria established
themselves permanently inside host cells and developed mutual association. These
predator host cells become the first eukaryotic cells. The predators that captured aerobic
bacteria developed as mitochondria while with blue green algae as chloroplast. This
hypothesis is supposed as endosymbiont hypothesis.

Margulis and other have assembled a considerable amount of indirect evidence
in support of this hypothesis like Mitochondria and chloroplast are similar to bacteria
and cyanobacteria, they both contain self replicating DNA, ribosomes are similar like
prokaryotic cell. The proponents of endosymbiotic hypothesis suggest that endosymbionts
must have transferred over time, some of their genes to the host nucleus and thus
relinquished their independence for the sake of symbiotic relationship

According to other view the organelles of eukaryotic cells might have evolved by
invagination of surface membrane of primitive prokaryotic cells. The archaebacteria are
said to be the oldest of the ‘living fossils’ that had separated from the main moneran
line (bacterial evolution) long ago. Regardless of the exact mechanism involved, the
emergence of eukaryotic cell led to dramatic increase in the complexity and diversity
of life on earth. At first organism were capable of existing only as independent single
cells. Later some evolved into multicellular organism in which various cells became
specialized for many different functions. The multicellular forms became adapted to life
in a great variety of environments.

QA



4)

CLASSIFICATION OF MICROORGANISM

A classification system based on the scheme of assigning individuals to group and
assigning these to progressively more inclusive and broader groups is called a hierarchial
scheme of classification. The formal system of organizing, classifying and naming living
things is called taxonomy (Gr. Taxis = arrangement + nomas = name). The primary
goals of taxonomy are classification, nomenclature and identification. These three areas
are interrelated and play a vital role in keeping a dynamic inventory of the extensive
array of living things. Once the characteristics of microorganism is determined and
appropriately catalogued the process of classification begins. The orderly arrangement
of organisms into group according to evolutionary relationship is termed as classification.
Nomenclature is the process of assigning names to the various taxonomic ranking of
each microbial species. The process of discovering and recording the distinguishing
features of organism is called identification.

Taxonomy has fascinated humans for a long time. The two Greek philosophers
Hippocrates (460-377 B.C.) and Aristotle (384-322 B.C.) made the first recorded attempt
to classify all living things in the 384-322 B.C. the 4th century B.C., but their classification
were not based on scientific methods. Later, after 2000 yrs in the eighteen century (1735),
a Swedish biologist named Carolus Linnaeus devised a widely accepted scheme and
he also laid down the basic rules for taxonomic categories or taxa and gave the bionomial
system of nomenclature i.e. naming of an organism by two names- genus and species.
The name of the organism starts with the generic (Genus) name that is always capitalized,
which is followed by the species name that begins with small letter. Both names should
be written in italics or underlined if italics are not available ex . Eschericia coli. The source
of rfomenclature is usually latin or greek.Carolus Linnaeus (1707-1788) was a Swedish
naturalist, called as ‘Father of Taxonomy’ classified the organisms according to his own
system of classification (Binomial system). He wrote, ‘Systema Naturae’, ‘Genera
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Plantarum’ and ‘Classes Plantarum’ and Philosophia Botanica. According to him existing
species of plants and animals were the descendents of the previous created species. A
number of species have been named in honour of a scientist who originally discovered
the microbe or who had made outstanding contribution to the field. For example E.coli,
the generic name Escherichia is named after Theodor Escherich, a german bacteriologist
who first described the bacterium, and specific name coli refers to the colon which is
appropriate because this organism is an enteric resident of humans.

The Linnean scheme remains the basis for biological classification today which
provides each organism with a unique name and Theophrastus (370-285 B.C.) a disciple
of Aristotle classified the plants on the basis of texture and is known as father of Botany.
His book ‘Historia Plantarum” deals with 480 plants. In the 17" century two European
scientist John Ray (1627-1706) and Francis Willougby (1635-1672) collected many plants
and animals and classified them. John Ray described 18,000 plants and