PITHAPUR RAJAH'S
GOVERMENT DEGREE
COLLEGE
DEPARTMENT OF
MICROBIOLOGY

LECTURER IN
MICROBIOLOGY

Dr Ch.Sudhakar




Difference Between Eubacteria and Archaebacteria

Introduction

Bacteria are the most ancient and diverse group of living organisms. Based on molecular,

biochemical, and genetic differences, they are divided into two major groups — Eubacteria (true

bacteria) and Archaebacteria (ancient bacteria).

Though both are prokaryotes (cells lacking a true nucleus and membrane-bound organelles), they

differ greatly in cell wall composition, membrane lipids, genetic makeup, and environmental

adaptation.

The distinction between these two groups was first recognized by Carl Woese and George Fox

(1977), based on differences in 16S ribosomal RNA sequences. This discovery led to the

establishment of the three-domain system of classification — Archaea, Bacteria, and Eukarya.

Definition

Eubacteria:

Eubacteria are the “true bacteria,” representing the majority of known bacteria. They are
found in soil, water, air, and living organisms. Most are heterotrophic and include both
beneficial and pathogenic forms.

Archaebacteria:

Archaebacteria (also called Archaea) are a group of primitive, ancient prokaryotes that
can survive in extreme environmental conditions such as high temperature, high salinity,
or acidic habitats. They are chemically and genetically distinct from eubacteria.

General Characteristics of Eubacteria
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Cell wall contains peptidoglycan (murein).

Possess ester-linked membrane lipids.

Found in moderate environments.

Include photosynthetic, heterotrophic, and chemosynthetic species.

Some are pathogenic, causing diseases in plants and animals.

General Characteristics of Archaebacteria



1. Cell wall lacks peptidoglycan; composed of pseudopeptidoglycan, polysaccharides, or
proteins.

2. Membrane lipids have ether linkages instead of ester linkages.
3. Found in extreme environments (e.g., hot springs, salt lakes, methane-rich swamps).
4. Often methanogenic, halophilic, or thermophilic.

5. None are pathogenic to humans or animals.

Types of Archaebacteria

1. Methanogens — produce methane gas; live in anaerobic environments like marshes and
animal intestines (Methanobacterium, Methanococcus).

2. Halophiles — salt-loving; found in high-salt environments (Halobacterium, Halococcus).

3. Thermoacidophiles — heat and acid-loving; found in hot springs and volcanic vents
(Sulfolobus, Thermoplasma).

Comparative Table: Eubacteria vs Archaebacteria

Feature Eubacteria (True Bacteria) Archaebacteria (Archaea)
. “True bacteria”; the modern “Ancient bacteria”; primitive
1. Meaning |
bacteria found everywhere prokaryotes that evolved early

. Known since ancient times; .
2. Discovery . Discovered by Carl Woese & Fox (1977)
studied by Pasteur, Koch, etc.

Found in normal, moderate . .
) . . . Found in extreme environments — hot
3. Habitat environments — soil, water, air, .
L. springs, salt lakes, deep sea vents
living hosts

Lacks eptidoglycan; ma have
4.  Cell  wall PEpHCogl y

. Contains peptidoglycan (murein) pseudopeptidoglycan, polysaccharides,
Composition

or proteins
5. Cell Membrane Contain ether-linked branched

L. Contain ester-linked fatty acids . .
Lipids isoprenoid chains



Feature Eubacteria (True Bacteria)

6. Cell Membrane

Bilayer structure
Type

Archaebacteria (Archaea)

Can be monolayer or bilayer

7. Sensitivity to Sensitive to common antibiotics

Antibiotics (e.g., penicillin)

Simple, single type of RNA Complex,

8. RNA Polymerase
polymerase

9. Ribosomal RNA

Bacterial-type 16S rRNA
(rRNA) P

10. tRNA and _ . )
. . Similar to bacterial type
Protein Synthesis

11. Introns in
Rare or absent
Genes

12. Histone
. Absent
Proteins

13. Reproduction Asexual — by binary fission

Resistant to most antibiotics

eukaryote-like RNA
polymerase (multiple subunits)

Unique 16S rRNA sequence similar to
eukaryotes

More similar to eukaryotes

Present in some genes

Present (like eukaryotic histones)

Asexual — by binary fission; also budding
in some species

Mostly heterotrophic, . .

14. Energy N Methanogenic, halophilic, or
. photosynthetic, or .

Metabolism . thermophilic

chemosynthetic

. Many species are pathogenic .

15. Pathogenicity . None are pathogenic

(e.g., E. coli, Streptococcus)
16. Example Escherichia coli, Streptococcus, Methanobacterium, Halobacterium,
Organisms Bacillus Sulfolobus

Molecular Differences

e DNA Structure: Both have circular DNA, but Archaea have unique replication origins

similar to eukaryotes.



¢ RNA Polymerase: Archaea possess several types of RNA polymerase resembling those
of eukaryotes, while eubacteria have a single type.

o Gene Expression: Archaebacterial promoters and transcription factors are more like
eukaryotic transcription systems than bacterial ones.

Evolutionary Relationship

Archaebacteria represent a distinct evolutionary lineage separate from both eubacteria and
eukaryotes.

Molecular studies suggest that Archaea and Eukarya share a common ancestor, while
Eubacteria form an independent lineage.

Hence, the three-domain system divides life into:
1. Domain Archaea
2. Domain Bacteria
3. Domain Eukarya

This discovery fundamentally changed biological classification and our understanding of
evolution.

Significance
1. Ecological Role:

o Archaebacteria play important roles in biogeochemical cycles, such as methane
production and sulfur metabolism.

o Eubacteria contribute to decomposition, nitrogen fixation, and nutrient
recycling.

2. Industrial Importance:

o Archaebacterial enzymes (e.g., Taq polymerase from Thermus aquaticus) are
used in PCR (Polymerase Chain Reaction).

o Eubacteria are used in fermentation, antibiotic production, and biotechnology.

3. Scientific Importance:



o Comparative studies help understand evolution of cellular life and adaptation to
extreme environments.

Conclusion

Though both Eubacteria and Archaebacteria are prokaryotic, they represent two fundamentally

different biological worlds.
Eubacteria are the “true bacteria,” abundant in normal environments and responsible for most
bacterial activities known to humans.

Archaebacteria, on the other hand, are “living fossils” that have adapted to survive extreme
conditions and show closer genetic ties to eukaryotes.

This distinction highlights the diversity and evolutionary complexity of microbial life on Earth.



Cytoplasm — Introduction

The cytoplasm is one of the most essential components of a cell. It is the gel-like, semi-
transparent substance that fills the interior of the cell and surrounds the nucleus (in eukaryotes)
or nucleoid region (in prokaryotes). It forms the main site for most of the metabolic and
biochemical activities of the cell. In prokaryotic cells like bacteria, the cytoplasm houses all the
vital components such as ribosomes, enzymes, plasmids, inclusion bodies, and other molecules
required for life processes.

Composition of Cytoplasm

The cytoplasm is primarily composed of water (about 70-80%), and the remaining portion
consists of organic and inorganic substances such as proteins, carbohydrates, lipids, nucleic acids,
minerals, and various ions. The semi-fluid portion of the cytoplasm is known as the cytosol.
The cytoplasm is not just a simple fluid; it has a colloidal nature, meaning it can behave like both
a liquid (sol) and a solid (gel) depending on conditions. This property allows the cytoplasm to
support cellular movements and internal transport.

Structure

The cytoplasm in prokaryotic cells lacks membrane-bound organelles, but it contains all the
molecules necessary for cellular function. It consists of three main parts:

1. Cytosol: The liquid matrix where many biochemical reactions occur.

2. Inclusions: Reserve deposits of nutrients or energy materials like glycogen granules, sulfur
granules, or polyphosphate bodies.

3. Ribosomes and other structures: These are suspended in the cytosol and actively
participate in protein synthesis and other metabolic functions.

Functions of Cytoplasm

1. Medium for metabolic reactions:
The cytoplasm serves as the site for numerous chemical reactions such as glycolysis,
fermentation, and biosynthesis of macromolecules.

2. Support and shape:
It provides mechanical support to the cell and helps maintain its shape and consistency.

3. Transport of materials:
Substances such as enzymes, metabolites, and ions move freely within the cytoplasm,
allowing efficient transport between different parts of the cell.



4. Storage of substances:
The cytoplasm stores essential molecules like carbohydrates, lipids, and inorganic ions
that the cell can use when required.

5. Protection:
It acts as a protective cushion for the cell’s internal structures, preventing damage from
external pressure or mechanical shock.

6. Enzymatic activities:
The cytoplasm contains numerous enzymes that are responsible for metabolic pathways,
energy generation, and biosynthesis.

7. Genetic and protein synthesis support:
In prokaryotes, the cytoplasm contains the nucleoid region (DNA) and ribosomes, allowing
transcription and translation to occur simultaneously.

Cytoplasmic Matrix and Movement

The cytoplasmic matrix exhibits streaming or movement, known as cytoplasmic streaming. This
movement helps distribute nutrients, organelles, and metabolites throughout the cell. It ensures
equal division of materials during cell division and supports internal communication.

Differences in Prokaryotic and Eukaryotic Cytoplasm

¢ In prokaryotes, the cytoplasm is simpler, lacking compartmentalization or membrane-
bound organelles. The nucleoid, ribosomes, and inclusions are freely suspended.

e In eukaryotes, the cytoplasm is more complex and divided into organelles like
mitochondria, endoplasmic reticulum, Golgi apparatus, and lysosomes, each performing
specialized functions.

Importance of Cytoplasm

Without cytoplasm, no cell could exist. It acts as the foundation of all cellular life, holding the
structural framework and enabling chemical reactions essential for growth, reproduction, and
survival. The cytoplasm also connects various cell processes, linking metabolism, energy
production, and genetic expression into one integrated system.

Conclusion

In conclusion, the cytoplasm is the living substance of the cell, representing the center of all
metabolic and physiological activities. It provides a medium where vital reactions occur and



cellular components function in harmony. Whether in simple prokaryotic cells or complex
eukaryotic cells, the cytoplasm remains the dynamic ground substance that sustains life.

Ribosomes — Structure and Function

Introduction

Ribosomes are essential cellular organelles responsible for protein synthesis, often referred to as
the “protein factories” of the cell. They are small, dense, granular particles composed mainly of
ribosomal RNA (rRNA) and proteins. Ribosomes are found in both prokaryotic and eukaryotic
cells, though they differ slightly in size and structure. In prokaryotes like bacteria, ribosomes are
freely suspended in the cytoplasm, while in eukaryotes, they may be free or attached to the
endoplasmic reticulum.

Discovery and Occurrence

Ribosomes were first observed under the electron microscope by Palade in 1955, and hence they
are also known as Palade particles. In prokaryotic cells such as E. coli, ribosomes are found freely
scattered in the cytoplasm. They may occur singly (monosomes) or in clusters called
polyribosomes (polysomes), where several ribosomes attach to a single mRNA molecule to
synthesize multiple copies of a protein simultaneously.

Structure of Ribosomes

Each ribosome consists of two unequal subunits — a large subunit and a small subunit.
The structure is mainly composed of rRNA (about 60%) and proteins (about 40%).

In Prokaryotes (70S Ribosomes):
e The 70S ribosome is made up of:
o Large subunit (50S) - contains 23S rRNA, 5S rRNA, and about 34 proteins.

o Small subunit (30S) - contains 16S rRNA and about 21 proteins.
The “S” (Svedberg unit) represents the sedimentation rate during
ultracentrifugation and is not additive.

In Eukaryotes (80S Ribosomes):

e The 80S ribosome consists of:



o Large subunit (60S) = contains 28S, 5.8S, and 5S rRNAs with around 49 proteins.

o Small subunit (40S) - contains 185 rRNA and about 33 proteins.
Thus, eukaryotic ribosomes are slightly larger and more complex than prokaryotic
ribosomes.

Chemical Composition

Ribosomes are made up of:

rRNA (ribosomal RNA): Provides structural framework and catalytic function.
Ribosomal proteins: Help stabilize the rRNA structure and aid in translation.

Magnesium ions (Mg?*): Essential for subunit association; low Mg2* concentration causes

subunits to dissociate.

Functions of Ribosomes

1. Protein Synthesis:

Ribosomes are the main sites where amino acids are assembled into polypeptides
according to the genetic instructions carried by mRNA.

o The small subunit binds to the mRNA and ensures the correct base pairing with
tRNA.

o  The large subunit catalyzes the formation of peptide bonds between amino acids.

Translation Process:
The process involves three main steps:

o Initiation: The ribosome binds to mMRNA and the initiator tRNA.

o Elongation: Ribosome moves along the mRNA, adding amino acids sequentially to

form a polypeptide chain.

o Termination: When a stop codon is reached, the completed protein is released.

Polyribosome Formation:
Several ribosomes can translate a single mRNA molecule simultaneously, forming a
structure called a polysome or polyribosome. This increases the efficiency of protein

synthesis.



4. Role in Antibiotic Action:
Many antibiotics target ribosomes to inhibit bacterial protein synthesis. For example:

o Streptomycin binds to the 30S subunit and causes misreading of mRNA.
o Erythromycin binds to the 50S subunit and prevents peptide bond formation.

o These drugs selectively affect bacterial ribosomes without harming eukaryotic
ones because of structural differences.

Significance of Ribosomes

e Ribosomes are vital for growth and survival, as they produce all the enzymes and
structural proteins necessary for cellular functions.

¢ In prokaryotes, the rate of protein synthesis is directly related to the number of
ribosomes.

¢ Ribosomes also play a role in cell differentiation and gene expression regulation.

Conclusion

Ribosomes are indispensable cellular components that act as molecular machines for protein
synthesis. Their structure and function are highly conserved throughout evolution, emphasizing
their importance in all living systems. Despite their small size, ribosomes perform one of the most
critical biological processes — translating genetic information into functional proteins that sustain
life.

Mesosomes — Structure and Function

Introduction

Mesosomes are specialized infoldings or invaginations of the plasma membrane found in
bacterial (prokaryotic) cells. They were first observed under the electron microscope in the
1950s. Mesosomes were once believed to be permanent, functional cell structures similar to
mitochondria of eukaryotic cells, involved in respiration, DNA replication, and cell wall
formation. However, later studies revealed that mesosomes may also be artifacts, formed during
chemical fixation of bacterial cells for electron microscopy. Still, their functional importance in
bacterial physiology and structure remains a key topic in microbiology.



Occurrence and Discovery

Mesosomes are typically found in Gram-positive bacteria such as Bacillus, Staphylococcus, and
Streptococcus.

They were first described by George B. Chapman and James Hillier (1953), who observed them
as vesicular or tubular membrane invaginations. They appear less prominent in Gram-negative
bacteria because of the thin peptidoglycan layer and the presence of an outer membrane.

Structure of Mesosomes

Mesosomes are folded extensions of the plasma membrane that project into the cytoplasm.
They can appear as:

¢ Vesicular mesosomes — rounded, bubble-like folds.
¢ Tubular mesosomes — tube-shaped structures.
¢ Lamellar mesosomes — plate-like infoldings.

The inner surface of the mesosome is lined by enzymes associated with respiration and cell wall
synthesis. These structures are rich in enzymes like cytochrome oxidase and ATPase, which
participate in the electron transport chain and energy generation.

Mesosomes often form near specific regions of the cell:

o Septal mesosomes — located near the cell division septum, involved in cell wall formation
and DNA segregation.

o Lateral mesosomes — found along the sides of the cell membrane, mainly linked with
respiration and metabolic activities.

Functions of Mesosomes

1. Role in Respiration:
Mesosomes contain respiratory enzymes similar to those found in the inner mitochondrial
membrane of eukaryotic cells. They provide an increased surface area for the attachment
of respiratory enzymes involved in oxidative phosphorylation, thus facilitating ATP
production.



DNA Replication and Distribution:
During cell division, mesosomes are believed to attach to the bacterial DNA and help in its
replication and segregation into daughter cells. They may act as anchoring sites ensuring
equal distribution of genetic material.

Cell Wall Formation:
Septal mesosomes are associated with the site of septum formation during binary fission.
They secrete enzymes and materials necessary for new cell wall synthesis, ensuring
proper separation of daughter cells.

Secretion:
Mesosomes assist in the secretion of extracellular enzymes and other materials by
increasing the surface area of the cell membrane and providing specialized sites for vesicle
formation.

Increase in Membrane Surface Area:
The folded nature of mesosomes increases the total membrane area, enhancing
membrane-associated processes like transport, enzyme attachment, and energy
metabolism.

Chromatophore-like Function:
In photosynthetic bacteria, mesosome-like structures may help in light-dependent
reactions by holding pigments and electron transport components.

Formation of Endospore:
In spore-forming bacteria like Bacillus, mesosomes are believed to take part in the
initiation of endospore development, providing energy and materials for spore wall
formation.

Artifact vs. Functional Structure Debate

There has been a long debate among scientists regarding whether mesosomes are real cellular

organelles or artifacts produced during sample preparation for electron microscopy.

Artifact theory: Some studies using freeze-etching techniques (which avoid chemical
fixation) showed that mesosomes were absent, suggesting that they might form due to
chemical damage to the cell membrane during fixation.

Functional theory: Other studies, however, reported similar structures in living cells and
proposed that they have true physiological roles in respiration and cell division.



Thus, while modern scientists largely consider mesosomes as artifacts, the concept still holds
historical and educational value for understanding early bacterial cell biology.

Comparison to Mitochondria

Mesosomes are often compared to mitochondria because both are involved in energy production
and contain respiratory enzymes. However, mitochondria are membrane-bound organelles with
their own DNA, while mesosomes are simply infoldings of the plasma membrane without genetic
material.

Conclusion

Mesosomes represent a key concept in bacterial cytology, illustrating how simple prokaryotic cells
optimize their limited internal space for complex functions. Even if some scientists regard them
as artifacts, mesosomes provide a model for understanding membrane specialization,
respiration, and cell division in bacteria. Their study has played a significant role in the historical
development of microbiology and cell structure research.

Inclusion Bodies — Structure and Function

Introduction

Inclusion bodies are distinct, non-living structures present in the cytoplasm (and sometimes
nucleoid region) of prokaryotic cells, mainly bacteria. They serve as storage granules or reserve
materials for the cell. These inclusions help bacteria store nutrients, energy reserves, and waste
products, which can be utilized when external sources are scarce. Unlike organelles in eukaryotic
cells, inclusion bodies are not surrounded by membranes and are considered non-functional
storage units, though they play important physiological roles in the bacterial life cycle.

Occurrence and Nature

Inclusion bodies are commonly found in both Gram-positive and Gram-negative bacteria. They
vary in size, shape, composition, and number depending on the species and environmental
conditions. Under the electron microscope, they appear as dense, refractile granules scattered
in the cytoplasm. These structures are composed mainly of organic and inorganic compounds
such as glycogen, sulfur, polyphosphates, and lipids.



General Characteristics
1. Inclusion bodies are not bound by membranes (except a few types like gas vacuoles).

2. They are metabolically inactive, meaning they do not perform chemical reactions
themselves.

3. Their number and composition depend on the nutrient availability and growth phase of
the bacterium.

4. They are visible under light microscope after special staining (e.g., iodine for
starch/glycogen granules).

Types of Inclusion Bodies
1. Reserve Food Material
(a) Glycogen Granules:
e Act as an energy reserve for the cell.
e Composed of glucose polymers linked by a-1,4 and a-1,6 glycosidic bonds.
e Common in Escherichia coli, Clostridium, and Bacillus species.
o Stain reddish-brown with iodine solution.
(b) Poly-B-hydroxybutyrate (PHB) Granules:
e Serve as carbon and energy storage material similar to fat in animals.

Found in Azotobacter, Bacillus megaterium, and Rhizobium.

These granules are insoluble in water and appear as refractile bodies under the

microscope.

PHB is also used commercially to produce biodegradable plastics.

2. Inorganic Reserve Materials
(a) Volutin (Metachromatic) Granules or Polyphosphate Granules:

e Composed of inorganic phosphate polymers.



Serve as phosphate reservoirs for the synthesis of ATP, nucleic acids, and phospholipids.
Stain red or purple with special dyes such as methylene blue (metachromatic staining).
Common in Corynebacterium diphtheriae, Spirillum, and Mycobacterium.

Used in diagnostic identification of C. diphtheriae.

(b) Sulfur Granules:

Found in sulfur-oxidizing bacteria like Thiobacillus and Beggiatoa.

Act as electron donors during energy metabolism, particularly in chemosynthetic
bacteria.

3. Gas Vacuoles (Pneumatocysts)

Found mainly in aquatic photosynthetic bacteria like Cyanobacteria and Halobacterium.
Composed of small, hollow, protein-bound vesicles filled with gas.

They help the cell regulate its buoyancy, allowing it to float at an optimal depth for light
and oxygen absorption.

Gas vacuoles are rigid and impermeable to water but allow gas diffusion.

4. Magnetosomes

Found in magnetotactic bacteria such as Magnetospirillum magnetotacticum.
Contain magnetic iron crystals like magnetite (Fes04) or greigite (FesSa).

Help bacteria orient and move along the Earth’s magnetic field — a process called
magnetotaxis.

These structures are surrounded by a lipid membrane and arranged in chains within the
cytoplasm.

Functions of Inclusion Bodies

1. Nutrient Storage: Store essential nutrients like carbon, nitrogen, phosphorus, and sulfur

for future use.



2. Energy Reserve: PHB and glycogen granules act as energy sources during starvation.
3. Buoyancy Regulation: Gas vacuoles help aquatic bacteria control their position in water.
4. Protection: Some inclusion bodies protect cells against osmotic stress.

5. Diagnostic Use: Certain inclusions (like volutin granules in Corynebacterium diphtheriae)
help identify bacterial species.

6. Environmental Adaptation: Enable bacteria to survive fluctuating nutrient and oxygen
conditions.

7. Biotechnological Importance: PHB granules are sources of biodegradable plastics;
magnetosomes are used in nanotechnology and medical imaging.

Significance

Inclusion bodies are important not only for bacterial physiology but also for industrial and
medical microbiology. Their composition gives clues about a bacterium’s metabolic pathways
and ecological niche. Moreover, understanding inclusion bodies helps in identifying species,
designing growth media, and developing bioproducts.

Conclusion

Inclusion bodies are vital cytoplasmic structures that serve as storage depots for nutrients,
energy, and waste. They demonstrate how even the simplest prokaryotic cells can efficiently
manage resources to adapt and survive under changing environmental conditions. Despite
lacking a membrane or enzymatic activity,

Nucleoid — Structure and Function



Introduction

In prokaryotic cells, the region containing genetic material (DNA) is known as the nucleoid. Unlike
eukaryotic cells, bacteria lack a true nucleus bounded by a nuclear membrane. Instead, their
genetic material lies freely in the cytoplasm in an irregularly shaped dense region called the
nucleoid (also known as the nuclear body, chromatin body, or genophore).

The nucleoid is the control center of the bacterial cell, as it carries the genes required for growth,
metabolism, reproduction, and adaptation. It contains the entire genetic blueprint (genome) of
the organism.

Definition
The nucleoid can be defined as:

“An irregularly shaped region within a prokaryotic cell that contains all or most of the genetic
material (DNA), not enclosed by a membrane.”

Location and Appearance
¢ The nucleoid is usually located in the central region of the bacterial cell.
¢ Under an electron microscope, it appears as a dense, granular, and fibrous mass.
e It occupies about one-third of the cytoplasmic volume.

e In rapidly growing cells, the nucleoid may appear diffused or divided into several parts
due to DNA replication.

Composition of the Nucleoid
The nucleoid is composed of the following components:
1. DNA (Deoxyribonucleic Acid):
o The main constituent, forming about 60% of the nucleoid.
o Itis a double-stranded, circular, supercoiled molecule.

o The length of the DNA molecule (if stretched) is about 1000 times longer than the
bacterial cell, hence it is tightly coiled and folded.



2. RNA (Ribonucleic Acid):

o Presentin small amounts (about 1-2%) mainly as mRNA, rRNA, and tRNA involved
in protein synthesis.

3. Proteins:

o Non-histone proteins (about 30—-40%) such as HU, H-NS, and DNA gyrase help in
DNA supercoiling and structural organization.

o These proteins are functionally similar to histones in eukaryotes but are simpler
and smaller.

4. Enzymes:

o Enzymesinvolved in DNA replication, transcription, and repair are associated with

the nucleoid region.

Structure of Nucleoid DNA
¢ The bacterial DNA is a single, long, continuous, circular, double-stranded molecule.

It is supercoiled and organized into looped domains, which helps in compact packing

inside the cell.
¢ The supercoiling is maintained by enzymes such as DNA gyrase and topoisomerase.
e In some bacteria (like Borrelia burgdorferi), DNA may be linear instead of circular.

o DNA contains genes arranged in operons (groups of related genes), which are transcribed
together.

Organization of the Nucleoid

1. Loops or Domains:
The DNA molecule is organized into about 50—100 loops, each containing several genes.

2. Scaffold Proteins:
Proteins like HU and H-NS anchor the DNA loops, forming a compact network.

3. Supercoiling:
The coiling ensures the long DNA fits inside the small bacterial cell.
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Replication Origin (OriC):
DNA replication begins at a specific site called OriC, where enzymes initiate the process.

Functions of Nucleoid

1.

Genetic Control Center:
It stores the entire genetic information necessary for cell structure and function.

Replication:
The nucleoid is the site of DNA replication, ensuring that genetic information is accurately
passed to daughter cells during binary fission.

Transcription:
The DNA within the nucleoid serves as a template for mRNA synthesis (transcription).

Protein Synthesis Regulation:
Genes in the nucleoid control the synthesis of enzymes and proteins essential for cell
metabolism.

Mutation and Evolution:

The nucleoid DNA undergoes mutations that lead to genetic variation and bacterial
evolution.

Interaction with Cytoplasm:
The nucleoid is in close contact with the cytoplasm, allowing direct translation of mRNA
by ribosomes.

Differences Between Nucleoid and Nucleus

Feature  Nucleoid (Prokaryotes) Nucleus (Eukaryotes)

Membrane No nuclear membrane  Surrounded by double membrane

Shape

Irregular Spherical or oval

DNA Type Circular, double-stranded Linear, double-stranded

Proteins  Non-histone proteins Histone proteins present

Nucleolus Absent Present



Feature  Nucleoid (Prokaryotes) Nucleus (Eukaryotes)
Number  Usually single One or more per cell

Division  Binary fission Mitosis or meiosis

Significance of Nucleoid
¢ The nucleoid ensures genetic stability and inheritance.
e Plays a vital role in gene regulation and metabolic control.

¢ The structure and organization of the nucleoid help bacteria survive under various stress
conditions.

¢ It provides insight into evolutionary relationships between prokaryotes and eukaryotes.

Conclusion

The nucleoid represents the genetic heart of a prokaryotic cell. Even though it lacks a membrane,
it performs all the essential functions of a nucleus — storage, replication, transcription, and
regulation of genes. Its simple yet efficient organization illustrates the remarkable adaptability of
prokaryotic life. Understanding the nucleoid is crucial to appreciate how bacteria grow,
reproduce, and respond to their environment.

Plasmid — Structure, Types, and Functions
Introduction

In addition to the main chromosomal DNA, many bacteria contain small, extra-chromosomal DNA
molecules called plasmids.
A plasmid is a small, circular, double-stranded DNA molecule that exists independently of the
bacterial chromosome. These plasmids carry non-essential genes, which are not required for
basic survival but often provide adaptive advantages such as antibiotic resistance, toxin
production, or metabolic versatility.

Plasmids are one of the most significant discoveries in microbiology because they play a vital role
in gene transfer, genetic engineering, and antibiotic resistance mechanisms.



Definition

A plasmid can be defined as:

“A small, circular, self-replicating, double-stranded DNA molecule that exists independently of the

chromosomal DNA and carries genes that may benefit the survival of the organism.”

General Features

1.

2.

Nature: Circular and double-stranded DNA molecule.
Size: Usually ranges from 1 kb to 500 kb.
Number per cell: A bacterial cell may contain one to several hundred copies of a plasmid.

Replication: They have their own origin of replication (Ori site) and replicate
autonomously.

Inheritance: Passed from one cell to another during cell division or conjugation.

Transferability: Many plasmids are mobile and can transfer between bacteria through
conjugation.

Structure of Plasmid

Physical form: Plasmids are typically circular, but some may be linear (e.g., in Borrelia
species).

Chemical composition: Composed of DNA with small amounts of associated proteins.

Supercoiling: The plasmid DNA is usually supercoiled, allowing it to fit compactly inside
the bacterial cell.

Replication origin (Ori): Each plasmid contains a specific sequence where DNA replication
begins.

Genes: Carry various genes such as:
o Antibiotic resistance genes (R genes)
o Fertility genes (F genes)

o Bacteriocin genes



o Degradative genes for unusual substrates

Types of Plasmids
Plasmids can be classified based on function:
1. Fertility (F) Plasmids:
o Carry transfer (tra) genes responsible for conjugation.

o Example: F-plasmid in E. coli that enables the cell to form a sex pilus and transfer
DNA.

2. Resistance (R) Plasmids:
o Contain genes that provide resistance to antibiotics or toxic substances.

o Example: R-plasmids in Staphylococcus aureus give resistance to penicillin,
tetracycline, etc.

3. Col (Colicin) Plasmids:
o Encode for proteins called colicins that kill or inhibit closely related bacteria.
o Provide competitive advantage to the host bacteria.

4. Degradative (Metabolic) Plasmids:

o Carry genes that allow bacteria to degrade unusual organic compounds such as
toluene, xylene, or camphor.

o Example: Pseudomonas putida plasmids.
5. Virulence Plasmids:
o Contain genes that increase the pathogenicity of the host.

o Example: Bacillus anthracis virulence plasmids encode toxins and capsule
formation genes.

6. Cryptic Plasmids:

o Do not have any known function but may play a role in evolution or stress
response.



Replication of Plasmids
Plasmid replication occurs through two main mechanisms:
1. Theta replication:
o Common in most circular plasmids.
o Resembles chromosomal replication with bidirectional forks.
2. Rolling circle replication:
o Common in conjugative plasmids and some bacteriophages.

o One strand is nicked and serves as a template for synthesis of a new strand.

Plasmid Incompatibility

¢ Two plasmids with the same replication control mechanism cannot coexist in one cell —
this phenomenon is called plasmid incompatibility.

e Plasmids are grouped into incompatibility (Inc) groups based on this property.

Functions of Plasmids
1. Antibiotic Resistance:
o R-plasmids carry genes for enzymes like B-lactamase, which destroy antibiotics.
2. Conjugation:

o F-plasmids enable DNA transfer between bacteria, promoting genetic
recombination.

3. Virulence Factors:

o Some plasmids carry genes for toxins and adhesins, making bacteria more
virulent.

4. Metabolic Functions:

o Allow utilization of unusual carbon sources, enhancing bacterial survival in diverse
environments.

5. Production of Bacteriocins:



o Col-plasmids code for antibacterial proteins that kill competing strains.
6. Genetic Engineering:
o Plasmids act as vectors for cloning foreign genes into bacteria or other organisms.

o Example: pBR322, pUC19, and Ti plasmid (from Agrobacterium tumefaciens) used
in plant biotechnology.

Applications of Plasmids
1. Biotechnology and Genetic Engineering:
o Used as cloning vectors to introduce and express desired genes.
o Example: insulin gene cloned into E. coli plasmid to produce human insulin.
2. Gene Therapy:
o Plasmid-based vectors are used to deliver therapeutic genes into human cells.
3. Vaccine Development:
o DNA vaccines utilize plasmids carrying antigen-encoding genes.
4. Environmental Biotechnology:

o Degradative plasmids help in bioremediation of pollutants.

Significance
e Plasmids provide evolutionary flexibility to bacteria.
e Help in adaptation, drug resistance, and metabolic specialization.

e Crucial for scientific research and recombinant DNA technology.

Conclusion

Plasmids are one of the most remarkable genetic elements in prokaryotic biology.
Though small and independent, they have a profound influence on bacterial survival, adaptation,
and evolution. Their ability to transfer genes across species boundaries makes them essential



tools in modern biotechnology, medicine, and microbial genetics. Understanding plasmids is
crucial for controlling antibiotic resistance and for advancing molecular biology research.

Endospore — Structure, Formation, and Significance
Introduction

In the bacterial world, survival under extreme and unfavorable environmental conditions is
ensured by the formation of a special resistant body called an endospore.
An endospore is a highly resistant, dormant structure produced within certain bacterial cells
when nutrients become scarce or environmental conditions become harsh. The process of
formation is called sporulation or sporogenesis, and the return to active growth is called
germination.

Endospores allow bacteria to withstand heat, radiation, desiccation, chemicals, and starvation
for long periods. They are among the most durable biological structures known, capable of
surviving for hundreds or even thousands of years.

Definition

“An endospore is a thick-walled, highly resistant, dormant structure formed within some bacterial
cells (such as Bacillus and Clostridium) to help them survive unfavorable environmental
conditions.”

Examples of Spore-forming Bacteria
1. Bacillus anthracis — causes Anthrax
2. Clostridium tetani — causes Tetanus
3. Clostridium botulinum — causes Botulism
4. Clostridium perfringens — causes Gas gangrene

5. Bacillus subtilis — a common soil bacterium (non-pathogenic)

Characteristics of Endospores

e Extremely resistant to heat, drying, radiation, and chemicals



e Metabolically inactive (dormant state)

e Contain little water (about 10-15% of vegetative cell water)

¢ Have high calcium and dipicolinic acid content

¢ Can survive boiling water for hours and remain viable for centuries

¢ Germinate rapidly when conditions become favorable

Structure of an Endospore

An endospore has a complex multilayered structure that provides exceptional protection. From
the inside outward, it consists of the following layers:

1. Core:
o Contains DNA, ribosomes, enzymes, and small amounts of water.

o Highly dehydrated and rich in dipicolinic acid (DPA) and calcium ions, which
provide heat resistance.

2. Inner Membrane:
o Apermeability barrier controlling movement of molecules into and out of the core.
3. Cortex:
o Composed of peptidoglycan, similar but less cross-linked than in vegetative cells.
o Plays a key role in dehydration and resistance properties.
4. Spore Coat:

o Made of several protein layers that are highly impermeable to toxic chemicals and
enzymes.

o Responsible for much of the spore’s resistance to heat and chemicals.
5. Exosporium (Outer Layer):
o Athin, delicate covering made of lipids and proteins.

o Provides additional protection and may aid in spore recognition and attachment.

Location of Endospore in Bacterial Cell



The position of the endospore inside the mother cell varies by species and is often used for

identification:
1. Central —in the center of the cell (Bacillus cereus)
2. Terminal — at one end (Clostridium tetani)
3. Subterminal — between center and end (Clostridium botulinum)

Some spores cause the cell to swell (e.g., C. tetani), while others do not.

Process of Sporulation (Sporogenesis)

Sporulation occurs when bacteria face nutrient deprivation (especially lack of carbon or

nitrogen). The process involves several stages:

1.

Axial Filament Formation:
The DNA of the bacterial cell replicates and becomes an elongated structure along the cell
axis.

Septum Formation:
A septum forms near one end of the cell, dividing it into two unequal compartments — the
forespore (smaller) and the mother cell (larger).

Engulfment:
The mother cell engulfs the forespore, surrounding it with a second membrane.

Cortex Formation:
Peptidoglycan is deposited between the two membranes to form the cortex.

Coat Synthesis:
Protein layers form the spore coat, providing resistance.

Maturation:
The spore becomes dehydrated and accumulates calcium dipicolinate.

Release:

The mature spore is released when the mother cell Ilyses (bursts).
The released endospore can remain dormant for long periods until conditions become
favorable again.

Germination of Endospore



When favorable conditions return (adequate nutrients, moisture, and temperature), the dormant
spore germinates to produce a vegetative cell. Germination occurs in three stages:

1. Activation: Triggered by heat or chemicals.
2. Germination: Spore coat breaks down; cortex absorbs water.

3. Outgrowth: Metabolic activity resumes; vegetative cell emerges.

Resistance Properties of Endospores
The exceptional resistance of endospores is due to:
¢ Low water content
¢ Presence of dipicolinic acid and calcium ions
e Spore coat’s chemical impermeability
¢ DNA-binding proteins that protect genetic material from radiation and heat

¢ Dehydrated core preventing denaturation of enzymes

Functions of Endospores

1. Survival Mechanism:
Protect bacteria from heat, desiccation, chemicals, and radiation.

2. Dispersal:
Spores can be carried by wind, water, or animals, helping bacterial distribution.

3. Dormancy:
Allow bacteria to remain inactive for years until favorable conditions return.

4. Pathogenicity:
Some endospores (e.g., Bacillus anthracis) act as infectious agents.

Significance
e Endospores are used for bacterial classification and identification.

e Important in medical microbiology, as many pathogens form spores.



e Sterilization standards are tested against spore-forming bacteria (e.g., Bacillus
stearothermophilus).

¢ In biotechnology, spores are explored for long-term storage of microbial strains.

Conclusion

Endospores are remarkable examples of bacterial adaptation and survival. Their ability to endure
extreme conditions makes them biologically unique and medically significant. Understanding
endospores is crucial for sterilization processes, infection control, and studying microbial
resilience.

In essence, an endospore is nature’s ultimate survival capsule, ensuring bacterial continuity even
in the harshest environments.

Effect of Antibiotics and Enzymes on the Cell Wall:
Spheroplasts, Protoplasts, and L-Forms

Introduction

The bacterial cell wall is one of the most essential structures responsible for maintaining the
shape, rigidity, and protection of the bacterial cell. It protects the cell from osmotic lysis and
provides mechanical strength. However, several antibiotics and enzymes can damage or inhibit
the synthesis of the bacterial cell wall, leading to the formation of modified cells known as
protoplasts, spheroplasts, and L-forms.

Understanding how antibiotics and enzymes affect the bacterial cell wall is important in medical
microbiology, antimicrobial therapy, and bacterial physiology.

Structure and Function of the Bacterial Cell Wall

The bacterial cell wall is mainly composed of peptidoglycan (murein), a rigid polymer consisting
of N-acetylglucosamine (NAG) and N-acetylmuramic acid (NAM) linked by peptide cross-bridges.

o Gram-positive bacteria: Have a thick peptidoglycan layer with teichoic acids.



e Gram-negative bacteria: Have a thin peptidoglycan layer and an outer membrane
containing lipopolysaccharides (LPS).

The cell wall is vital for osmotic stability — without it, bacteria may rupture in hypotonic
environments.

Effect of Antibiotics on the Cell Wall

Antibiotics that target the bacterial cell wall are among the most effective and widely used
antimicrobial agents. The primary target is the peptidoglycan synthesis pathway.

1. Penicillin and Other B-Lactam Antibiotics
e Penicillin inhibits the enzyme transpeptidase, which cross-links peptidoglycan chains.

¢ This prevents formation of a stable cell wall, causing weakening and lysis of the cell under
osmotic pressure.

e Gram-positive bacteria are more sensitive due to their thick peptidoglycan layer.

2. Vancomycin
e Binds to the D-Ala—D-Ala terminal of peptidoglycan precursors, blocking polymerization.
o Effective mainly against Gram-positive bacteria.

3. Cycloserine

e Interferes with synthesis of peptidoglycan subunits by inhibiting enzymes involved in D-
alanine metabolism.

4, Bacitracin

e Prevents transport of peptidoglycan precursors across the cell membrane by blocking the
carrier molecule bactoprenol.

The result of these antibiotic actions is often the loss or weakening of the cell wall, leading to
the formation of protoplasts or spheroplasts, or in some cases L-forms if the cells survive without
a wall.

Effect of Enzymes on the Cell Wall

1. Lysozyme



Lysozyme is a hydrolytic enzyme found in tears, saliva, egg white, and other secretions.

It breaks the B-1,4-glycosidic bond between N-acetylmuramic acid (NAM) and N-
acetylglucosamine (NAG) in peptidoglycan.

When lysozyme acts on bacterial cells in an isotonic solution, the cell wall is digested, and
protoplasts (in Gram-positive) or spheroplasts (in Gram-negative) are formed.

Protoplasts and Spheroplasts

1. Protoplasts

Produced from Gram-positive bacteria when the entire cell wall is removed by lysozyme
or penicillin.

Consist only of the cytoplasmic membrane and internal contents.
Spherical in shape and osmotic pressure-sensitive (can burst in hypotonic solution).

Can survive only in isotonic media (where external and internal osmotic pressures are
balanced).

Example: Bacillus megaterium protoplasts formed after lysozyme treatment.

2. Spheroplasts

Produced from Gram-negative bacteria.

Only the peptidoglycan layer is removed, but the outer membrane may remain partially
intact.

Therefore, they are less fragile than protoplasts.

Example: E. coli or Salmonella typhimurium treated with lysozyme in the presence of
EDTA.

EDTA is used to destabilize the outer membrane by removing magnesium and calcium
ions.

L-Forms (L-Phase Variants)

Definition



L-forms are cell wall-deficient variants of bacteria that can arise spontaneously or be induced by
antibiotics (like penicillin) or enzymes (like lysozyme).
They were first discovered in 1935 at the Lister Institute (hence the name “L-forms”).

Characteristics
1. Lack of cell wall or have only fragments of it.

2. Cangrow and multiply in isotonic environments, unlike protoplasts or spheroplasts which
cannot divide.

3. May revert to normal walled cells when favorable conditions return (reversion).
4. Can be stable L-forms (permanently wall-less) or unstable L-forms (temporarily wall-less).
5. Exhibit pleomorphic shapes (round, filamentous, irregular).

Formation

e Usually induced by penicillin treatment or mutation in genes responsible for

peptidoglycan synthesis.

¢ Some pathogenic bacteria naturally form L-forms to evade immune responses or survive

antibiotic therapy.
Examples

e Streptococcus, Proteus, and Staphylococcus can produce L-forms.

Significance
1. Medical Importance

e L-forms are often associated with chronic or persistent infections because they are
resistant to cell-wall-targeting antibiotics.

e They can survive intracellularly and revert to normal forms once antibiotics are
withdrawn.

e May contribute to recurrent infections and antibiotic resistance.
2. Research Importance

o Useful for studying membrane physiology, DNA replication, and cell wall synthesis

mechanisms.



o Protoplasts and spheroplasts are used for genetic recombination, fusion experiments,
and plant cell culture techniques.

3. Biotechnology Applications

e Protoplast fusion is widely used in strain improvement, hybrid formation, and production
of novel antibiotics.

Conclusion

The bacterial cell wall is the prime target for many antibiotics and enzymes like lysozyme. Damage
to this structure leads to the formation of protoplasts (in Gram-positive bacteria), spheroplasts
(in Gram-negative bacteria), and sometimes L-forms, which can persist without a wall.
Understanding these forms is crucial for developing new antimicrobial strategies,
biotechnological tools, and for comprehending how bacteria survive under stress or antibiotic
exposure.

Thus, the study of cell wall damage and its consequences provides deep insight into bacterial
structure, physiology, and resistance mechanisms.



