
CHANGING FACE OF MICROBIOLOGY

 
 
 
 

Prof. A. K.Sharan
Professor and  Former Head

Department of Botany,
V.K.S. University, Ara



Historical Perspective
1600---1699
1655--- Robert Hooke saw cells in cork using a microscope
1668--- Francesco Redi disproved the concept of spontaneous
             generation.
1667--- Anton van Leeuwenhoek observed Protozoa and termed

them
             animalcules. In 1683 he also observed bacteria.
 
This period was important as concept of origin of life and also
concept of cell began
 
 
 





Period 1800—1899
(Period of significant achievement- Golden Period
in Microbiology)

1809- Lamarck proposed a modern theory of evolution based on the inheritance
of

           acquired character.
1836- Theodor Schwann discovered pepsin in extract from stomach lining, first
            isolation of an animal enzyme
1838- Matthias Schleiden proposed that all plants are composed up of cells.
1839-Theodor Schwann proposed that all animal tissues are composed of cells.
      Schleiden and Schwann suggested that cells are the elementary particles of

life.
 
1856- Louis Pasteur suggested that microorganisms prerform fermentation.
1876- Robert Koch proved Germ theory of Disease.
1858-Charles Darwin and Alfred Wallace proposed theory of biological evolution

by
          means of natural selection



Famous for
Pasteurization, Germ theory of Disease, Rabies

vaccination

Louis Pasteur



Pasteur wrote:
“alcoholic fermentation is an act

correlated with the life and organization of
the yeast cells, not with the death or

putrefaction of the cells.”
 

FERMENTATION- LOUIS PASTEUR



In 1857, aged 34, Pasteur returned to the École Normale in Paris as Director of
Scientific Studies. No laboratory was available for him and the government said there
was no money to fund any research. Determined to continue with his work, Pasteur

personally paid for the conversion of part of the École Normale’s attic space to a
laboratory and funded his own research work there.

 

His faith in his ability to make more scientific
breakthroughs was soon rewarded with the
discovery of an entirely new type of living

organism – anaerobic microbes – microbes that
live without the need for air or the oxygen gas it

contains

The Discovery of Anaerobic Life
LOUIS PASTEUR



After spending several years observing the
beneficial and harmful effects of microbes on

foodstuffs, in 1862 Pasteur invented the
pasteurization process. During pasteurization,
farm and brewery products such as milk, wine
and beer are heated briefly to a temperature

between 60 and 100°C, killing
microorganisms that can cause them to go

bad

Pasteurization
 



In 1860 the French Academy announced a prize of 2,500 Francs to
anyone who provided convincing experimental proof for or against

spontaneous generation of life.
Pasteur was awarded the prize in 1862. He showed
that no microbes ever grew in nutrient solutions that

had been sterilized by heating, provided the air
above the solutions was also sterilized. If

unsterilized air was allowed into the space above the
solutions, microbes began growing in the solutions.

The microbes were present in the unheated air.
 

Spontaneous Generation of Life
 



Pasteur recommended using filtration,
exposure to heat, or exposure to chemicals

to remove germs.
Joseph Lister read Pasteur’s work, and in

1867 he implemented antiseptic methods in
surgery – sterilizing surgical instruments
and cleaning wounds with carbolic acid.

These innovations cut infections and
deaths following operations dramatically

The Germ Theory of Disease
 



Pasteur discovered that the silkworm’s eggs
were being attacked by parasitic microbes.

He gave instructions to owners of farms
telling them how to prevent the problem.
Next season, he was almost reduced to

tears when problems persisted. He realized
then that there must be a second microbe at

work, totally independent of the first one
and subsequently identified it

 

Silkworm Disease
 



Pasteur discovered methods of protecting
people against two deadly diseases –
anthrax (demonstrated in 1881) and
rabies (demonstrated in 1885). He

devised ways of producing weakened
forms of the anthrax and rabies microbes

and used these to vaccinate people.
 

Anthrax and Rabies Vaccines
 



Eight of its researchers have been
awarded Nobel Prizes in medicine. Its

researchers were the first to isolate the
HIV virus and their discoveries have led to

better treatments for deadly diseases
such as diphtheria, influenza, plague, polio,

tetanus, tuberculosis, and yellow fever.
 

The Pasteur  Institute-
In 1887 Pasteur founded the institute that bears his name

 



Prussian physician Robert Koch is best known
for isolating the bacterium which causes

tuberculosis, the cause of numerous deaths
in the mid-19th century. He won the Nobel

Prize in 1905 for his work. He is considered
one of the founders of microbiology and

developed criteria, named Koch's postulates,
that were meant to help establish a causal

relationship between a microbe and a disease.
 

Robert Koch 



He painstakingly tried out different stains to reveal the nature of the bacteria, as
well as the ideal media in which to grow colonies for study. Inoculating more than
200 animals with bacilli from pure cultures, he determined that sputum was the

principal source of the disease's transmission, requiring the sterilization of
clothes and bed sheets from infected patients.

He experimented with different dyes for observing bacteria and collaborated with
microscope developers to foster improved resolution, becoming the first

physician to use an oil immersion lens and a condenser.
Realizing that solid media was better than liquid for the development of pure

cultures, Koch conducted his groundbreaking research on tuberculosis by
growing bacterial colonies on sliced potatoes. He later found improved media for

his experiments, with one assistant, Walther Hesse, discovering the favorable
properties of agar, and another, Julius Petri, introducing his easy-to-use Petri dish.

 
 
 
 

Anthrax, Tuberculosis, Cholera
 
 
 



By  the 1880s, Koch formed a checklist of conditions to be
satisfied for specific bacteria to be accepted as the cause of

specific diseases:
1. The microorganism or other pathogen must be present in

all cases of the disease, and not in healthy animals.
2. The pathogen must be isolated from the diseased host and

grown in pure culture.
3. The pathogen from the pure culture must cause the

disease when inoculated into a healthy animal.
4. The pathogen must be re isolated from the new host and
shown to be the same as the originally inoculated pathogen.

These postulates were formally approved by the Great
Powers in Dresden in 1893.

 

Koch's Postulates
 



1869- Friedrich Miescher discovered nucleic acid in the nuclei
of
          the cells.
1884- Emil Fischer added to our knowledge of the
compositions
           and structure of sugars.
1898- Martinus Beijerinck used filtering experiment to show
that
          Tobacco mosaic disease is caused by something smaller
than
          a bacterium

Amalgamation of Chemistry in
Genetics



FLEMING  AND HIS OBSERVATION

STAPHYLOCOCCUUS

PENICILLIUM



Sir Alexander Fleming, a Scottish researcher,

is credited with the discovery of penicillin in

1928. ... Often described as a careless lab

technician, Fleming returned from a two-

week vacation to find that a mold had

developed on an accidentally contaminated 

Staphylococcus  culture plate.



Modern antibiotics are tested using a method
similar to Fleming's discovery.



1944- Oswald Avery proved that DNA carried the
hereditary
           information in Pneumococcus  bacteria
 
1948- Erwin Chargaff proposed law of DNA
equivalence-
          number of guanine is equal to cytosine and
number of
          adenine equals the number of thymine units.

 Period of Microbial and Molecular
genetics



GRIFFITHS EXPERIMENT –SEARCH FOR DNA AS GENETIC MATERIAL



EXTENSION OF THE WORK OF GRIFFITH WHICH CULMINATED INTO NOBEL PRIZE WINNING WORK TO
AVERY et al 1944



Chargaff using the technique of  UV spectrophotometry showed  that
amount of Purine bases and Pyrimidine bases are not equal .This
theory remained unexplained until the discovery of Double helix of

DNA



USING BACTERIOPHAGE T-2 and E.coli as Experimental Material- Proved that DNA
is the genenetic material in virus- proving its Universal nature.





Test system E.coli - (1958)-using N15 as replacement of N14- adopting density gradient
centrifugation proved that Replication of DNA is Semi conservative.



Matthaei ‘s Experimental  tools and observation for
deciphering Genetic Code



CLEAVED DNA USING RESTRICTION
ENDONUCLEASE- ELECTROPHORETIC SEPERATION

OF GENERATED FRAGMENTS



1961-J.Heinrich Matthaei in the laboratory of Marshall Warren Nirenberg in
         Bethedsa, Maryland cracked the genetic code-the codon for the amino
         acid Phenylalanine.
 
1968- Fred Sanger  used radioactive Phosphorus to decipher a 120 base long
          RNA sequence.
 
1970- Hamilton Smith and Daniel Nathans discovered DNA restriction
          enzymes.
 
1972-Seymour Jonathan Singer and Garth L. Nicholson developed fluid
         mosaic model explaining the make up of the membrane of all vells.
 
1977 -Walter Gilbert and Allan Maxam  developed  DNA sequencing
           technique.

Period of major breakthrough-Birth of Molecular Genetics-
Beginning of Recombinant DNA technology



MAXAM-GILBERT METHOD OF DNA SEQUENCING-USING
RADIOACTIVE PHOSPHOROUS,ELECTROPHORESIS AND

AUTORADIOGRAPHY



Sir ALEC JEEFFREYS (1984)- DEVELOPED THE TECHNIQUE OF
DNA PROFILING – NOW WIDELY USED FOR FORENSIC PURPOSE



1995-Publication of the first complete genome of free
living   organism.
 
1996- Dolly, the Sheep was first clone of an adult
mammal.
 
2001- Publication of the first drafts of the complete
human
           genome.

Period beyond 1990



First mammal cloned from an adult somatic cell – Born on 5th  July 1996
Roslin Institute, Midlothian, Scotland. Died on 14th  February 2003 (aged 6
years)
 



The long list of products obtained by these
methods increases every year, and many industrial
areas are involved. The products most commonly

obtained in industrial microbiology include:
Pharmaceutical proteins (human interferon,

epidermal growth factor and hemoglobin, antigens
for hepatitis-B virus, stabilizers for erythropoietin

and human chorionic gonadotropin) obtained from
microorganisms such as Saccharomyces

cerevisiae , Pichia pastoris , Hansenula
polymorpha  or Agrobacterium tumefaciens .

 

Industrial Microbiology



Recombinant enzymes for industrial processes obtained
from microorganisms. The industrial enzyme market for
non-therapeutic uses, such as food, detergents, textiles,
leather, pulp and paper industry reached US $2 billion in
2000 . Microbial lipases are of special interest because
of their stability in organic solvents and their lack of a

requirement for cofactors, their broad substrate
specificity and their high enantioselectivity. Lipolase™

from Novozyme, launched in 1994, is the first
recombinant lipase; it was obtained by cloning

the Thermomyces lanuginosus  (formerly Humicula
lanuginosa ) lipase gene into the Aspergillus

orzyae  genome

Industrial Microbiology



Antibiotics, including biosynthetic penicillin V and natural
penicillin G. Of the 12,000 antibiotics known in 1995,
more than 20% can be produced by filamentous fungi.

Biosynthetic and semisynthetic penicillins and
cefalosporins have a market reaching US $15,4 billion.

Inmunosuppresive agents, including cyclosporin A,
obtained from Tolypocladium nivenum , or mycophenolate

mofetil, from several Penicillium  species.
Hypocholesterolemic agents including lovastatin,
obtained from Aspergillus terreus , and pravastatin,

from Penicillium citrium , which have a market of US $15
billion.

 

Industrial Microbiology



Antitumoral agents such as taxol, first discovered in plants
but later transferred to and produced by Taxomyces

andreanae ; in 2000 it comprised 10% of total sales for Bristol
Myers-Squibb, reaching US $1 billion .

Mycotoxins including adrenalin inhibitors, estrogens and
anabolic agents for cattle and sheep, or gibberellins used in

brewing and malting industries.
Pigments, including the carotenoid astaxanthin from Phaffia

rhodozyma , and β-carotenoid from Blakeslea trispora , used in
food and textile industries.

Polyunsaturated fatty acids, including γ-linoleic acid
from Mucor circinelloides , and arachidonic acid

from Mortierella isabellina .
 

Industrial Microbiology



Industrial Microbiology



Despite his other successes, Louis Pasteur (1822–1895) was unable to find a causative agent for rabies and
speculated about a pathogen too small to be detected using a microscope. In 1884, the

French microbiologist Charles Chamberland (1851–1931) invented a filter – known today as the Chamberland
filter – that had pores smaller than bacteria. Thus, he could pass a solution containing bacteria through the filter

and completely remove them from the solution.
In 1876, Adolf Mayer, who directed the Agricultural Experimental Station in Wageningen was the first to show

that what he called "Tobacco Mosaic Disease" was infectious, he thought that it was caused by either a toxin or a
very small bacterium. Later, in 1892, the Russian biologist Dmitry Ivanovsky (1864–1920) used a Chamberland

filter to study what is now known as the tobacco mosaic virus. His experiments showed that crushed leaf
extracts from infected tobacco plants remain infectious after filtration. Ivanovsky suggested the infection might

be caused by a toxin produced by bacteria, but did not pursue the idea.
 



In 1898, the Dutch microbiologist Martinus Beijerinck (1851–1931), a microbiology
teacher at the Agricultural School in Wageningen repeated experiments by Adolf

Mayer and became convinced that filtrate contained a new form of infectious agent.
 He observed that the agent multiplied only in cells that were dividing and he called it

a contagium vivum fluidum  (soluble living germ) and re-introduced the word virus .
 Beijerinck maintained that viruses were liquid in nature, a theory later discredited by
the American biochemist and virologist Wendell Meredith Stanley (1904–1971), who

proved that they were in fact, particles. In the same year Friedrich Loeffler (1852–1915)
and Paul Frosch (1860–1928) passed the first animal virus through a similar filter and

discovered the cause of foot-and-mouth disease.



Félix d'Herelle (1873–1949) was a mainly self-taught
French-Canadian microbiologist. In 1917 he discovered

that "an invisible antagonist", when added to bacteria
on agar, would produce areas of dead bacteria.[20] The

antagonist, now known to be a bacteriophage, could pass
through a Chamberland filter. He accurately diluted a
suspension of these viruses and discovered that the

highest dilutions (lowest virus concentrations), rather
than killing all the bacteria, formed discrete areas of dead
organisms. Counting these areas and multiplying by the
dilution factor allowed him to calculate the number of

viruses in the original suspension



In 1882, Adolf Mayer (1843–1942) described a
condition of tobacco plants, which he called "

mosaic disease" ("mozaïkziekte"). The diseased
plants had variegated leaves that were mottled
n 1935, Wendell Stanley examined the tobacco
mosaic virus and found it was mostly made of

protein. In 1939, Stanley and Max Lauffer (1914)
separated the virus into protein and nucleic acid,

 which was shown by Stanley's postdoctoral fellow
Hubert S. Loring to be specifically RNA.

 

VIRUS



First RNA virus genome sequenced (bacteriophage MS2)
(Fiers)-1976

First DNA virus genomes sequenced (ΦX174, SV40) (Sanger,
Fiers, Weissman)-1977

Declaration of smallpox eradication by World Health
Organization-1979

High-risk human papillomaviruses identified and linked to
cervical cancer (zur Hausen)-1983

Discovery of AIDS virus (HIV) (Montagnier, Barre-Sinoussi,
Gallo)-1983

Development of first recombinant viral vaccine (hepatitis B
virus)-1983

 

VIRUS



    
Development of first recombinant viral vaccine

(hepatitis B virus)- 1986    
Discovery of hepatitis C virus (Houghton)- 1989

    
Development of first human gene therapy with a

retrovirus vector (Anderson, Blaese)-1990
Reconstruction and sequencing of the 1918 influenza
virus genome (Palese, Garcia-Sastre, Tumpey, -2005

Development of vaccine against human papillomavirus,
the first vaccine designed to prevent human

cancer-2006
 

Virus



Thanks for Listening


