The Invisible Engines

The Biology, Architecture, and
Utility of Microorganisms

5
£ %
}# D o
Mgp ("
S — 74




The Micro-World Architectures

All living organisms are built from microscopic units called cells. These building blocks are divided into two fundamental blueprints.

Eukaryotic Organisms Prokaryotic Organisms
(Fungi, Protoctists, Plants, Animals) (Bacteria)
e Defining Trait: ‘Eukaryotic’ means ‘having a nucleus’. Genetic material is ® Defining Trait: ‘Prokaryotic’ means 'before nucleus'. They lack a true nucleus.
enclosed within a distinct nuclear membrane.
® Complexity: Contains membrane-bound organelles like mitochondria and o Complexity: Simpler internal structure. Genetic material is a single circular
chloroplasts. chromosome loose in the cytoplasm. No mitochondria.
® Scale: Typically 10 to 100 pm in diameter. ® Scale: Extremely small, typically 1 to 5 pm in length.




Fungi & Saprotrophic Nutrition

Unlike animals, fungi do not ingest their food. They operate as
biological extractors, digesting food outside their bodies. cell wall

cell surface membrane

cytoplasm

vacuole

nuclei

enzymes
secreted a
on to food
: soluble products
o e absorbed
g
Panel 1 (Macro) Panel 2 (Mycelium network composed of hyphae Panel 3 (Micro): Feeding hypha tip.
The Extracellular Digestion Pathway (Saprotrophic Nutrition):
Step 1 Step 2 Step 3 Step 4
Network Growth: Fungi form a ~ Enzyme Secretion: The hyphae Chemical Breakdown: Extracellular Absorption: The hyphae absorb the
mycelium—a vast network of secrete digestive enzymes directly ~ enzymes break down insoluble dissolved nutrients back into their

thread-like filaments called hyphae. onto organic material. material into soluble substances. cells.



Yeast & The Fermentation Engine

Yeasts are single-celled fungi. While they normally respire aerobically, they can be forced to respire without oxygen.
This biological fail-safe—anaerobic respiration—is an incredibly useful chemical engine for human industry.

Processed by Yeast

This incomplete breakdown of glucose releases less energy than aerobic
respiration, but the specific by-products are highly valuable.
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Industrial Applications of Funa

Humans have harnessed the yeast fermentation engine for
millennia, specifically exploiting its anaerobic by-products.
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The Baking Industry The Brewing Industry
(Exploiting Carbon Dioxide) (Exploiting Ethanol)
S Yeast is added to a sugary liquid
[\’east is mixed into flour and water to create duugh.} [ (like malted barley or grape juice). J
J V)
As the yeast respires anaerobically, it Deprived of oxygen, the yeast shifts to
produces Carbon Dioxide gas. anaerobic respiration.
J J
The gas becomes trapped in the elastic dough, The key output is Ethanol, the active
forming bubbles that cause the bread to rise. alcohol in beer and wine.
J |
Baking kills the yeast and evaporates any The process continues until the alcohol
alcohol produced. o 8 concentration rises high enough to kill the yeast.




Bacterial Blueprints

Bacteria are single-celled organisms that are remarkably simple, yet incredibly adaptable.

Cell Wall: Made of peptidoglycan
(not cellulose), protecting the cell.

——— Capsule (Slime Layer): An extra
outer layer present in some
species for added protection.

Nucleoid (Chromosome): A

—> Flagellum: A corkscrew-like

single, loose, circular strand ———
of DNA containing the
primary genetic code.

tail used by some bacteria for
movement through water.

Plasmids: Small, extra rings
of DNA. Highly versatile, often
used in genetic engineering.
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Bacterial Applications:
Yoghurt Production J & receuiesmn

. ] (Contains natural
Certain rod-shaped bacteria are lactose sugar)

cultivated to transform dairy products
through their metabolic processes. l
& } . |
& ﬁ 2. Sugar Conversion: The bacteria

feed on the lactose in the milk.

i [ The Biochemical Process ] —

1. Incubation: Lactobacillus bulgaricus
is added to cooled milk in a warm
fermenter.

The Producer: ey C -
Lactobacillus bulgaricus I3 Q?)i &

_i

3. Acid Production:; The bacteria
convert the lactose into lactic acid.

4. Coagulation: Rising acidity causes
milk proteins to coagulate into
yoghurt, while acting as a natural

|
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% 9/ preservative against harmful

microbes.

Thick, Tart Yoghurt




The Ecological Recyclers

Beyond industrial applications, both bacteria and fungi

serve a critical, non-negotiable role in the global
ecosystem: Decomposition.
Anlmai
Consumers
The Problem:

The Earth has a finite amount of carbon,

nitrogen, and essential elements. If dead

organisms piled up, life would run out of
buiiding blocks.

Plant
Producers

Dead Organic
Matter & Waste

The Solution:

Many bacteria and fungi act as the ultimate
recyclers. Breaking down dead material
using extracellular digestion, they release
locked-up nutrients back into the sail,
ensuring the cycle of life continues.

_® s0il Nutrients &

Decomposers Minerals Released



The Parasitic Hijackers: Viruses

Viruses defy traditional definitions of biology. They are not living cells.
They do not feed, respire, excrete, move, grow, or respond to surroundings.

Genetic Material:

A core of DNA or RNA. :
Tobacco Mosaic Virus (TMV) /\
Protein Coat: 4 s :
A protective infiltration shell. The Hijacking Mechanism
An Anatomical Minimum: Ranging from 0.01 to 0.1
um, viruses are vastly smaller than bacteria. They are
simply a payload of genetic instructions.
E?nueﬂgrpaﬁe S, S Reproduction: \Viruses can only reproduce inside
host call living cells. They enter a host, hijack the cell’s genetic
' machinery to manufacture more virus particles, and
destroy the host cell upon exit.
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Influenza virus



The Pathogenic Threat Spectrum

A pathogen is broadly defined as any microorganism that causes disease.
Pathogens exist across almost all microscopic kingdoms.

Fungi

Nature: Multicellular or unicellular
fungi feeding on living tissue.

Case Study: The fungus causing
“athlete’s foot", an infection of the
human skin.

Protoctists

Nature: A diverse "dustbin kingdom"” of
simple eukaryotic organisms.

Case Study: Plasmodium, a pathogenic
protoctist transmitted by mosquitoes,
responsible for causing malaria.

Bacteria

Nature: Prokaryotic cells that often
multiply rapidly and produce
destructive toxins.

Case Study: Pneumococcus, a spherical
bacterium that causes pneumonia.

Viruses

Nature: Non-living genetic payloads that
destroy host cells during replication.

Case Study: The HIV virus, which
systematically destroys the human

immune system, eventually leading to
AIDS.



Cellular Defense Mechanisms

To combat pathogens, the human body deploys specialized white blood cells in a two-tiered defensive strategy.

Tier 1: Phagocytes (“Cell Eating”)
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Mechanism: Phagocytes
detect pathogenic invaders
and physically engulf them by
producing extensions of their
cytoplasm (pseudopodia).

Tier 2: Lymphocytes (Targeted Antibodies)
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Destruction: Once trapped
inside a vacuole, the
phagocyte secretes
powerful digestive enzymes
to break down the
pathogen.

Mechanism: Pathogens carry unique chemical markers called
antigens. Lymphocytes read these markers and produce
custom antibodies to lock onto them.

Destruction: Antibodies stick pathogens together, making them
easy targets for phagocytes, or neutralize their toxins.

Memory: Some lymphocytes transition into “memory cells”,
providing rapid, long-term immunity against future attacks.




Synthesis Matrix: Diagnosing the Micro-World

Feature

Funagl
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Viruses

Cellular Structure

Eukaryotic (True Nucleus)

Prokaryotic (Nucleoid /

Non-Cellular (Protein

Plasmids) Coat + DNA/RNA)
Scale 10 to 100 pm 1to 5 um 0.01to 0.1 um
o Yes (Made of
Cell Wall Presence Yes (Made of Chitin) Peptidoglycan) No

Saprotrophic

Varied (Some

None (Do not feed or

Primary Nutrition Photosynthesize, many :
(Extracellular enzymes) Decomposers) respire)
Reproduction AsexualéizﬁétiﬁggSpores, Cell Division H”aﬁ,lk:{:lﬁ%lg&%t
e Some (e.g., Athlete’s Many (e.g., All are parasitic
Pathogenic Risk foot) Pneumonia) pathogens
o Baking (C0O2), Brewing Yoghurt production Genetic engineering
Human Ultility (Ethanol) (Lactic acid) vectors




