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INTRODUCTION

Bacteria are divided into two kingdoms:

Archaebacteria and Eubacteria.

Archaebacteria are found in extreme
environments. They are thought to be the
first organisms on earth. Eubacteria are
found in almost everywhere else, and have
a different chemical structure than
archaebacteria. All bacteria are unicellular
organisms reproduce by binary fission.
Bacteria have very small size. They have

diameter ranged 0.4 - 1.5 um.

General characters of bacteria

e Bacteria are unicellular organisms;

their cell wall consists of

peptedoglycan. They reproduce by

binary fission.

e Some bacteria are motile by flagella.
Bacteria may be photoautotrophs, or
chemoautotrophs, others are
heterotophs.

e Bacteria are the causative agents for a

wide range of diseases.

e Bacterial cells are extremely small.
Their sizes are ranged from 0.4to 1.5

microns.
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Structure of bacterial cells

Structures external to the cell wall of
bacterial cells
The external structures of the bacterial
cells are demonstrated in figure 2 - 5.

Bacterial cell wall:

Most bacteria could be divided into two
major groups based on their response to the
differential Gram-staining  procedure.
Gram-positive bacteria are stained purple,
whereas bacteria

Gram-negative are

stained pink or red.

Cell wall structure of the Gram-positive

bacteria:

The cell walls of Gram-positive bacteria
consist of a single, 20 - to 80 -nm-thick
layer of peptidoglycan (murein) lying

outside the plasma membrane.

Most ~ Gram-positive  bacteria  and
Actinobacteria, have thick, rigid cell walls
composed of peptidoglycan. Also, the cell
walls contain certain substance called
teichoic acid. Teichoic acid consists of
sugar and glycerol joined together by

phosphate groups.
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The

connected to peptidoglycan or to plasma

teichoic acids are covalently

membrane lipids. In the latter case, they are
called lipoteichoic acids. Teichoic acids
extend to the surface of the peptidoglycan.
They have negative charges and give the

cell wall negative charges. Teichoic acids

are not present in Gram-negative bacteria.

The teichoic acids maintain the structure of
the cell envelope and protect the cell from
harmful substances in the environment
such as antibiotics and host immune
bodies. In addition, some teichoic acids
may be involved in binding pathogenic
bacteria to host tissues, thus initiating the
infectious disease process. There is a
narrow periplasmic space lies between the
plasma membrane and peptidoglycan layer
(Figure 2 - 6).

Cell walls structure of the Gram-

negative bacteria:

Cell walls of the Gram-negative bacterial
are structurally more complex than Gram-
positive walls. There is no teichoic acid

present in the Gram-negative cell walls.

The Gram-negative cell wall has an outer
membrane. This membrane is separated
from the cell plasma membrane by a gap
called periplasm.
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The periplasmic space is 30 to 70 nm wide.
In periplasm, there are many kinds of
proteins. Most of them are enzymes and
binding proteins. The main function of
periplasm is preventing these proteins and
enzymes from leaving the bacterial cell
(Figure 2-7).

There is a thin peptidoglycan layer (2 - 7
nm). This layer is located within the
periplasmic space and attached to the cell
outer membrane by Braun’s lipoprotein.
This lipoprotein is covalently joined to the
underlying peptidoglycan and is embedded

in the outer membrane (Figure 2 - 7).

The inner half of the outer membrane
contains phospholipids. While the outer
half is
(LPSs). These lipopolysaccharides consist
lipid-A, the
polysaccharide, and the O-polysaccharide

composed lipopolysaccharide

of three parts: core

side chain (Figure 2-7).

The outer membrane contains unique
proteins called porins. These proteins form
pores in the outer membrane. For this
reason, the outer membrane is more
permeable than the plasma membrane and
permits the passage of small molecules
such as monosaccharides. Porin proteins
blocks passage of antibiotics to inside the
bacterial cells. Most porin proteins cluster
together to form a trimer in the outer
membrane (Figure 2 - 7).
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Figure 2 -6 : Cell wall structure of Gram positive bacteria.
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Capsule:

Many species of bacteria have outer
This
glycocalyx. The glycocalyx

gelatinous layer. layer called
is called
capsule if it is thick and strongly bound to
the cell wall, and called slime layer if it is
thinner and loosely attached to the cell wall

(Figure 2 - 8).

Streptococcus mutans uses slime layer to
adhere to teeth. They form the plaque layer
on the teeth. Once adhered, bacteria
metabolize sugars in the diet and produce

acids which decay teeth.

Most bacterial capsules are composed of
polysaccharides. In other bacterial species
for example Bacillus anthracis, the capsule
polypeptide
(polyglutamic acid). Capsules are not

is composed of a

required for bacterial growth and

reproduction. Capsules help bacteria
against phagocytosis by host phagocytic
cells. For example, streptococcus when it
loses capsule, it is destroyed easily and
does not cause disease, whereas the
capsulated cells quickly Kkill mice.
Capsules contain much water and can
protect bacteria from dryness. Also, they
protect bacteria against bacteriophages and

detergents.
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The capsules also aid bacterial attachment
to tissue surfaces in plant and animal hosts.
Mutant bacterial strains lacking capsule are
avirulent while bacterial strains that have
capsules are virulent. Capsules are used as
a source of nutrients and energy to
microbes.

Bacteria with capsules form smooth (S)
colonies while those without capsules form
rough (R) colonies.

Many gram-positive and gram-negative
bacteria as well as Archaea have an outer
layer called S-layer. In gram negative
bacteria, the S-layer adheres directly to the
outer plasma membrane. While in gram-
positive bacteria, S-layer adheres to the
peptidoglycan layer (Figure 2 - 8). In gram
negative bacteria the S-layer protects the
cell against change in pH, osmaotic stress
and

lysozyme. It also protects some

pathogenic bacteria against phagocytosis.

The presence of capsules on bacteria may
be
Capsules cannot be stained. They can be
by
technique. In Gram stain, capsules may

used in bacterial identification.

demonstrated negative  staining
appear as a clear halo around the bacteria.
Also, they are best demonstrated by the

negative stain using India ink.
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Flagella:

Some bacteria are motile, and some are
non-motile. Almost all motile bacteria
possess flagella (plural: flagella -singular:
flagellum) as the organ of locomotion.
Such bacteria tend to move towards or
away from the source of stimulus. These
stimuli can be chemicals (chemotaxis),
light
magnetism (magnetotaxis).

(phototaxis), air (aerotaxis) or

Chemotaxis is the movement towards a
chemical attractant (positive chemotaxis)
or away from a chemical repellant
(negative chemotaxis). The bacterial cell
detects chemicals by chemo-receptors on
their cell surfaces. Flagella propel bacteria

toward nutrient sources (chemotaxis).

Flagellum structure:

Prokaryotic flagella are much thinner than
eukaryotic. They lack the typical 9 + 2
arrangement of microtubules. Over 40
genes are involved in flagellum assembly

and function.

The flagellum consists of three parts:
filament, basal body and hook. The hook
links filament to the basal body. Basal body
consists of rings that drive flagellar motor
(Figure 2 - 9).
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The gram-negative bacteria have four rings
S, M, P and L connected to a central axis.
The two rings P and L are located at the
outer side. The L ring is connected to the
lipopolysaccharide layer while the P ring is
connected to the peptidoglycan layer. On
the other hand, Gram positive bacteria have
two rings, an inner M ring connected to the
plasma membrane and an outer S ring
attached to the peptidoglycan layer (Figure
2-9).

The filament is a hollow rigid cylinder. It
is composed of protein flagellin. Some
prokaryotes have a sheath around filament.
The hook and basal body are embedded in
the cell envelope while the filament is free.
Growth of the filament is from the tip, not
from the base (Figure 2 - 9). If a flagellum
is cut off it will regenerate until reaches a
maximum length.

Prokaryotic flagella are approximately 15 -
20 um long and 20 - 30 nm in diameter.
Since flagella are very thin, they cannot be

seen with microscope.

Flagella arrangements: examples of
flagella arrangement are demonstrated in

Figure 2 - 10. these examples are:

e Atrichous bacteria are without flagella.
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Monotrichous bacteria (trichous means
If the

flagellum is located at one pole it is

hair) have one flagellum.

called polar monotrichous e.g. Vibrio

cholerae.

Amphitrichous bacteria (amphi means
on both sides) have a single flagellum

at each pole e.g. Spirilla.

Lophotrichous bacteria (lopho means
tuft) have a cluster of flagella at one
pole of the cell e.g. Spirillum undula.
Some bacterial types have two clusters
of flagella at their two poles. They

called amphi lophotrichous.

Peritrichous bacteria have flagella
spread over the whole cell surface (the
bacterial cell is completely surrounded
by flagella e.g. E. coli). Flagella
patterns are used in bacterial
identification.

Spirochetes have endoflagella, while
other bacterial species undergo gliding

motility.
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Fimbriae or pili:

Some bacterial types have hair-like surface

appendages called fimbriae (singular
fimbria). There are other appendages
called pili (singular pilus). These structures
are not used for locomotion. They are

appendages used for attachment.
Pilli:

Pili are longer than fimbriae but shorter

than flagella. Pilli are long, tubular
structures made of protein called pillin.
Pilli are found only in Gram negative
bacteria. The number of pilli are about 3-5
per cell. Bacteria use pili to attach

themselves to their hosts. Also, pili
involved in cell to cell attachment during
bacterial conjugation. These pili are called
sex-pili or F-pili. These sex pili are
important in transferring DNA between

bacterial cells (Figure 2 - 11).

Fimbriae:

Fimbriae are thinner and shorter than pilli.
(singular, fimbria). They are made from
protein. Fimbriae are found in both Gram-
positive and Gram-negative bacteria. The
number of fimbriae is 300 - 400 per cell.
Fimbriae are
attachment (Figure 2 - 11).

involved in cell to cell
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