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Differential Equations

Introduction to the Science of Microbiology

Definition

Microbiology is the branch of science that deals with the study of microscopic organisms—
those too small to be seen with the naked eye.

This includes bacteria, viruses, fungi, protozoa, and algae.

Microbiology investigates their structure, function, classification, physiology, genetics,
interactions with other organisms, and their roles in nature, industry, and disease.

e nature, industry, and disease.

Historical Background

e The science of microbiology has evolved significantly over time:

o Antonie van Leeuwenhoek (1670s): Often referred to as the "Father of
Microbiology", he was the first to observe and describe microorganisms using a simple
single-lens microscope.

Louis Pasteur (1800s): Disproved spontaneous generation; developed the germ
theory of disease, pasteurization, and vaccines for rabies and anthrax.

Robert Koch (1800s): Identified the specific causative agents of tuberculosis,
cholera, and anthrax; formulated Koch’s postulates—a set of criteria for linking
specific microorganisms to specific diseases.

Modern microbiology: Involves advanced molecular techniques such as PCR,
genomics, and metagenomics to study microbial communities.

Scope of Microbiology

e Microbiology encompasses multiple fields:
o Medical Microbiology: Study of microbes that cause diseases in humans and animals.

o Industrial Microbiology: Use of microbes in industrial processes like fermentation,
production of antibiotics, enzymes, and biofuels.

Environmental Microbiology: Study of microbial diversity in natural environments and
their ecological roles.

Agricultural Microbiology: Impact of microbes on plant growth and soil fertility.
Food Microbiology: Microbial roles in food spoilage, preservation, and safety.

Microbial Genetics and Genomics: Understanding of microbial DNA/RNA to analyze
function, evolution, and resistance mechanisms.

Importance of Microbiology
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Understanding infectious diseases and development of vaccines/antibiotics.
Application in biotechnology, e.g., production of insulin using genetically modified bacteria.
Role in wastewater treatment, bioremediation, and bioenergy.

Study of microbiomes (e.g., human gut microbiome) that influence health and disease.

Sub-disciplines of Microbiology:

e Microbiology has branched out into several subfields, each focusing on specific aspects of
microbial life:

o Bacteriology - study of bacteria
o Virology - study of viruses
Mycology - study of fungi
Parasitology — study of parasites (including protozoa and helminths)
Phycology (Algology) — study of algae
Immunology - study of the immune system and how it responds to microbial invaders
Microbial Genetics — study of how microbes inherit traits and evolve

Microbial Ecology - study of how microbes interact with their environments and other
organisms

Industrial Microbiology — application of microbial sciences to industrial processes
(e.g., fermentation, antibiotic production)

Medical Microbiology - study of microbes that cause diseases in humans and animals

Major Divisions of the Microbial World and Relationship Among
Them

e Microorganisms are broadly classified into several groups based on their cell type, structure,
physiology, and genetic characteristics.

The major divisions include:

Bacteria

Prokaryotes
Archaea
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1. Prokaryotes

» Organisms without a true nucleus or membrane-bound organelles.
A. Bacteria:
o Unicellular organisms with peptidoglycan in their cell walls.

o Exhibit diverse metabolic pathways (aerobic, anaerobic, photosynthetic,
etc.).

o Found in almost every environment on Earth.
o Examples: Escherichia coli, Streptococcus pneumoniae.
B. Archaea:
Also unicellular but genetically distinct from bacteria.
Lack peptidoglycan; have unique membrane lipids.
Often found in extreme environments (hot springs, salt lakes).
Examples: Halobacterium, Methanococcus.
2. Eukaryotes

» Organisms with a true nucleus and membrane-bound organelles.

A. Fungi:

o Unicellular (yeasts) or multicellular (molds and mushrooms).
o Heterotrophic; reproduce by spores.

Importantin decomposition, antibiotic production (Penicillium), and
fermentation.

o Examples: Candida albicans, Aspergillus.
B. Protozoa:
o Unicellular, motile eukaryotes.
o Typically heterotrophic; many are parasitic.
o Complex life cycles with asexual and sexual stages.

o Examples: Plasmodium falciparum (malaria), Giardia lamblia.

C. Algae:

o Photosynthetic eukaryotes; can be unicellular or multicellular.
o Not all algae are microscopic (e.g., seaweeds).

Found in aquatic environments; produce oxygen and form the base of
many food chains.

Examples: Chlorella, Diatoms.
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3. Viruses
Non-cellular entities.

Consist of genetic material (DNA or RNA) enclosed in a protein coat (capsid),
sometimes with a lipid envelope.

Obligate intracellular parasites: require host cells for replication.
» Cause awide range of diseases in plants, animals, and bacteria (bacteriophages).

> Examples: Influenza virus, HIV, SARS-CoV-2.

Relationships Among Microbial Groups

Phylogenetic Relationships:

» Based onribosomal RNA (rRNA) sequencing, the three-domain system was proposed by
Carl Woese:

1. Bacteria
2. Archaea
3. Eukarya
» Archaea are more closely related to Eukarya than to Bacteria.

Ecological Relationships:

Symbiosis: Some bacteria and fungi form mutualistic relationships with plants and
animals.

Competition: Microorganisms often compete for nutrients and space in the same habitat.

Parasitism: Protozoa, fungi, and viruses may parasitize other organisms, including
microbes.

Evolutionary Relationships:

» Many eukaryotic organelles (e.g., mitochondria, chloroplasts) evolved from ancient
prokaryotes via endosymbiosis.
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