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MICROBIOLOGY
1.

WHAT IS A MICROBIOLOGY?
Micro means very small and biology is the study of living things, so microbiology is the study of very small
living things normally too small that are usually unable to be viewed with the naked eye.
Need a microscope to see them
Virus - 10 →1000 nanometers
Bacteria - 0.1 → 5 micrometers
(Human eye ) can see 0.1 mm to 1 mm
Microbiology has become an umbrella term that encompasses many sub disciplines or fields of study. These include:
- Bacteriology: The study of bacteria
- Mycology: Fungi
- Protozoology: Protozoa
- Phycology: Algae
- Parasitology: Parasites
- Virology: Viruses
WHAT IS THE NEED TO STUDY MICROBIOLOGY

•
•
•
•
•
•
•
•
•

Genetic engineering
Recycling sewage
Bioremediation: use microbes to remove toxins (oil spills)
Use of microbes to control crop pests
Maintain balance of environment (microbial ecology)
Basis of food chain
Nitrogen fixation
Manufacture of food and drink
Photosynthesis: Microbes are involved in photosynthesis and accounts for >50% of earth’s oxygen

History of Microbiology
Anton van Leeuwenhoek (1632-1723)
(Dutch Scientist)
• The credit of discovery of microbial world
goes to Anton van Leeuwenhoek. He made
careful observations of microscopic
organisms, which he called animalcules
(1670s).
• Antoni van Leeuwenhoek described live
microorganisms that he observed in
teeth scrapings and rain water.
• Major contributions to the development
of microbiology was the invention of the
microscope (50-300X magnification)
by Anton von Leuwenhoek and the
implementation of the scientific method.

Spontaneous generation versus biotic generation of life
Theory of Spontaneous generation
•

Certain living things arose from vital forces present in non-living or decomposing matter.
This ancient belief, known as Spontaneous generation (also known as abiogenesis).

•

The early Greeks believed that living things could originate from nonliving matter
(abiogenesis) and that the goddess Gea could create life from stones. Aristotle discarded
this notion, but he still held that animals could arise spontaneously from dissimilar
organisms or from soil. His influence regarding this concept of spontaneous generation was
still felt as late as the 17th century, but toward the end of that century a chain of
observations, experiments, and arguments began that eventually refuted the idea. This
advance in understanding was hard fought, involving series of events, with forces of
personality and individual will often obscuring the facts.

Support of Spontaneous generation:
John Needham experiment
Needham theorized that if he took chicken broth and heated it, all living things in it
would die. After heating some broth, he let a flask cool and sit at a constant temperature. The
development of a thick turbid solution of microorganisms in the flask was strong proof to
Needham of the existence of spontaneous generation.

Challenge of Spontaneous generation
1. Francesco Redi’s Experiments (late 1600s)

Francesco Redi was able to disprove the theory that maggots could be
spontaneously generated from meat using a controlled experiment.

Redi concluded that the flies laid eggs on the meat in the open jar which
caused the maggots. Because the flies could not lay eggs on the meat in the
covered jar, no maggots were produced. Redi therefore proved that decaying
meat did not produce maggots.
Redi successfully demonstrated that the maggots came from fly
eggs and thereby helped to disprove spontaneous generation.

2. Spallanzani's Experiment (1770)
• Lazzaro Spallanzani, also an Italian scientist, reviewed both Redi's and Needham's data and
experimental design and concluded that perhaps Needham's heating of the bottle did not
kill everything inside.
• He constructed his own experiment by placing broth in each of two separate bottles, boiling
the broth in both bottles, then sealing one bottle and leaving the other open. Days later,
the unsealed bottle was teeming with small living things that he could observe more clearly
with the newly invented microscope. The sealed bottle showed no signs of life. This
certainly excluded spontaneous generation as a viable theory.

3. Frenchman Louis Jablots experiment

4. Shultze and Schwann’s experiment

5. Louis pasteur's Experiment (1822 - 1895)
•
•
•

trapped airborne organisms in cotton;
he also heated the necks of flasks, drawing them out into long curves, sterilized the media, and left the flasks
open to the air;
no growth was observed because dust particles carrying organisms did not reach the medium, instead they were
trapped in the neck of the flask; if the necks were broken, dust would settle and the organisms would grow; in
this way Pasteur disproved the theory of spontaneous generation

•

With the results from his experiment, Pasteur concluded that air alone was not sufficient to generate life.

•

Pasteur definitively demonstrated that microorganisms are present in air but not created by air

•

Beginning with Pasteur’s work, discoveries included the relationship between microbes and
disease, immunity, and antimicrobial drugs

•

Louis Pasteur is often referred to as the "Father of Microbiology" (along with scientist Robert Koch) for his
contributions to discerning the cause and prevention of disease

Contribution of Pasture:
• Pasteurization:
• Discovery of Germ-Disease Relationship: Germ theory of Diseases
• The Rabies Vaccine:
• Microorganisms responsible for fermentation

Robert Koch: (1843 – 1910)
•
•

•
•

He was a German Physician.
He became famous for isolating Bacillus anthracis (1877),
the Tuberculosis bacillus (1882) and Vibrio cholerae (1883) and
for his development of Koch's postulates
He was awarded the Nobel Prize in Physiology or Medicine in
1905 for his tuberculosis findings
Probably as important as his work on tuberculosis, for which he
was awarded a Nobel Prize in 1905, are Koch's postulates,
which say that to establish that an organism is the cause of
a disease.

Koch's postulates are as follows:
• The suspected causative agent of a disease must be found in
every case, and absent in healthy individuals.
• The agent must then be isolated and grown outside the host
(i.e. cultivated in a laboratory environment).
• When a healthy, susceptible host is inoculated with the agent,
the host must develop the same disease.
• That same agent must then be re-isolated from the experimental
host.

However, Koch's postulates have their limitations and so may not always be the last
word. They may not hold if:
•
•
•

The particular bacteria (such as the one that causes leprosy) cannot be "grown in pure
culture" in the laboratory.
There is no animal model of infection with that particular bacteria.
Two or more organism work in synergy to cause a disease

• A harmless bacteria may cause disease if:
It has acquired extra virulence factors making it pathogenic.
It infects an immunocompromised patient.
Not all people infected by a bacteria may develop disease

Despite such limitations, Koch's postulates are still a useful benchmark in
judging whether there is a cause-and-effect relationship between a bacteria
(or any other type of microorganism) and a clinical disease.

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

•
•
•
•
•
•
•
•
•

Beverage Microbiology — making of beer, shandy, wine, and a variety of alcoholic bever
ages e.g., whisky, brandy, rum, gin, vodka. etc.
Exomicrobiology — to help in the exploration of life in the outer space.
Food Microbiology — making of cheese, yogurt.
Geochemical Microbiology — to help in the study of coal, mineral deposits, and gas
formation ; prospecting the deposits of gas and oil, coal, recovery of minerals from lowgrade ores.
Industrial Microbiology — making of ethanol, acetic acid, lactic acid, citric acid, glucose
syrup, high-fructose syrup.
Medical Microbiology — helps in the diagnostic protocol for identification of
causative agents of various human ailments, and subsequent preventive measures.
Pharmaceutical Microbiology — making of life-saving drugs, ‘antibiotics’ e.g., penicillins,
ampicillin, chloramphenicol, ciprofloxacin, tetracyclines, streptomycin.
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.
Waste-Treatment Microbiology — treatment of domestic and industrial effluents or
wastes.

In the future microbiologists will be:
1. Trying to better understand and control existing, emerging, and
reemerging infectious diseases (Covid 19 has proved this)
2. Studying the association between infectious agents and chronic
diseases
3. Learning more about host defenses and host-pathogen interactions
4. Developing new uses for microbes in industry, agriculture, and
environmental control
5. Still discovering the many microbes that have not yet been
identified and cultured
6. Trying to better understand how microbes interact and
communicate
7. Analyzing and interpreting the ever-increasing amount of data from
genome studies
8. Continuing to use microbes as model systems for answering
fundamental questions in biology
9. Assessing and communicating the potential impact of new
discoveries and technologies on society
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