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Bacteria constitute a large domain of prokaryotic microorganisms.
They have a number of shapes and are present in most habitats of
Earth. Bacteria also live in symbiotic and parasitic relationships with
plants and animals. The study of bacteria is known as bacteriology, a
branch of microbiology.
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As they are prokaryotes, bacteria do not usually have membrane-
bound organelles in their cytoplasm, and thus contain few large
intracellular structures.
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They lack a true nucleus, mitochondria, chloroplasts and the other
organelles present in eukaryotic cells. However, in many
photosynthetic bacteria the plasma membrane is highly folded and
fills most of the cell with layers of light-gathering membrane.
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Bacteria genetic material is typically a single circular DNA
chromosome located in the cytoplasm and called the nucleoid which
Is associated with proteins and RNA. Like all living organisms,
bacteria contain ribosomes, but the structure of the bacterial ribosome
is different from that of eukaryotes and Archaea.
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Figure 1: Structure of bacterial cell 48 408 445y ¢ 1 JSa
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Some bacteria produce intracellular nutrient storage granules for later
use, such as glycogen, polyphosphate, and sulphur. Certain bacterial
species, such as the photosynthetic Cyanobacteria, produce internal
gas vesicles, which they use to regulate their buoyancy — allowing
them to move up or down into water layers with different light
intensities and nutrient levels.
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In most bacteria, a cell wall is present on the outside of the cell
membrane. The cell membrane and cell wall comprise the cell
envelope. A common bacterial cell wall material is peptidoglycan
which is made from polysaccharide chains cross-linked by peptides.
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There are two different types of bacteria according to the structure of cell
wall:
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- Gram positive bacteria have a thick peptidoglycan layer and no
outer lipid membrane.

- whilst Gram negative bacteria have a thin peptidoglycan layer and

have an outer lipid membrane.

The names originate from the reaction of cells to the Gram stain, a test
employed for the classification of bacterial species. As a result of this
test, gram-positive bacteria will get a violet colour, and gram-negative

bacteria will get a pink colour.
Morphology Jsa&l  3-1
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Bacteria display a wide diversity of shapes and sizes, called
morphologies. Bacterial cells are about one-tenth the size of
eukaryotic cells and are typically 0.5-5.0 micrometres in length. Most
bacterial species are either spherical, called cocci, or rod-shaped,
called bacilli. Elongation is associated with swimming. Some
bacteria, called vibrio, are shaped like slightly curved rods or comma-
shaped; others can be spiral-shaped, called spirilla. A small number of
species even have tetrahedral or cubical shapes.
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Many bacterial species exist simply as single cells, others associate in
characteristic patterns:

Neisseria form diploids (pairs),

Streptococcus form chains, and Staphylococcus group together in
"bunch of grapes" clusters.

Bacteria can also be elongated to form filaments, for example the
Actinobacteria. Filamentous bacteria are often surrounded by a sheath
that contains many individual cells.
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Bacterial conjugation is often regarded as the bacterial equivalent of
sexual reproduction or mating since it involves the exchange of
genetic material. During conjugation the donor cell provides a
conjugative or mobilizable genetic element that is most often a
plasmid. Most conjugative plasmids have systems ensuring that the
recipient cell does not already contain a similar element.
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However, bacterial conjugation includes the following stages (see
diagram 2-1):

1
2
3

Donor cell produces pilus.

Pilus attaches to recipient cell and brings the two cells together.
The mobile plasmid is nicked and a single strand of DNA is
then transferred to the recipient cell.

Both cells synthesize a complementary strand to produce a
double stranded circular plasmid and also reproduce pili; both
cells are now viable donors.
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The genetic information transferred is often beneficial to the recipient.
Benefits may include antibiotic resistance, xenobiotic tolerance or the
ability to use new metabolites. Other elements, however, may be viewed
as bacterial parasites and conjugation as a mechanism evolved by them to
allow for their spread.

Chromosomal DNA F Plasmid Chromosomal DNA

Relaxasdme  Transferasome

F Plasmid F Plasmid
Pilus

Old Donor New Donor

Diagram 1: Bacterial conjugation adi_al) s ) 5891 ;1 Jahia
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e It is most recently discovered lineage, and derived from the word
“ancient’.
o Itis similar in shape to bacteria, but genetically they are as distinct

from

bacteria (whole genome sequencing of the archaeon

Methanococcus jannaschii showed 44% similarity to the known
genes in bacteria and 56% of genes that were new to science).
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e Based on their physiology, archaea can be classified into five
subcategories:

@)
@)

Methanogens - prokaryotes that produce methane (CH 4).
Halophiles - prokaryotes that live at very high concentrations
of salt (NaCl).

Thermophiles - prokaryotes that live at very high
temperatures (>100°C).

Psychrophiles - prokaryotes that live at very low
temperatures (-10°C).

Acidophiles- prokaryotes that live in acidic environments.
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Viruses are tiny organisms that infect humans, animals and plants, and
may lead to severe illnesses. This may include flu or a cold to
something more life threatening like HIV/AIDS. Viruses are
supramolecular complexes of nucleic acid (DNA or RNA)
encapsulated in a protein coat. The branch of sciences which studies
viruses is called virology.
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Viruses act as parasites of cells, and those infecting bacteria are called
bacteriophages (“bacteria eaters”). Often, viruses cause the lysis
(destruction) of cells. Some viruses are implicated in transforming

cells into a cancerous state, that is, in converting their hosts to an
unregulated state of cell division and proliferation.
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Because all viruses are heavily dependent on their host for the production
of viral progeny, viruses must have arisen after cells were established in
the course of evolution. Presumably, the first viruses were fragments of
nucleic acid that developed the ability to replicate independently of the
chromosome and then acquired the necessary genes enabling protection,
autonomy, and transfer between cells.

Viruses by themselves are not alive. They cannot grow or multiply on
their own and need to enter a human or animal cell and take over the cell
to help them multiply. Therefore they are considered as obligatory
parasites.
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A virion (virus particle) has three main parts (diagram 2):

1. Nucleic acid — this is the core of the virus with the DNA or RNA.
The DNA or RNA holds all of the information for the virus and

that makes it unique and helps it multiply.
2. Protein Coat (capsid) — This is covering over the nucleic acid that

protects it.
3. Lipid membrane (envelope) — this covers the capsid; Many viruses
do not have this envelope and are called naked viruses.

Bacteriophage Influenza

Protein coat

Nucleic acid

DNA

TN -~

Diagram 2- 2: Simplified structure of a virus ¢ il daca 4y :2-2 Jahia
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There are a few basic steps that all infecting viruses follow and these

are called the lytic cycle. These include (see diagram 2-3):

1. A virus particle attaches to a host cell. This is called
“adsorption”.

2. The particle injects its DNA or RNA into the host cell. This is
called “entry”.

3. The invading DNA or RNA takes over the cell and recruits the
host cell’s enzymes to make new virus particles. This is called
“replication”.

4. The particles of the virus created by the cell come together to
form new viruses. This is called “assembly”

5. The newly formed viruses Kill the cell so that they may break free
and search for a new host cell. This is called “release”
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@) Entry of phage DNA
and degradation of
host DNA

A\

€) Synthesis of viral
genomes and proteins

Diagram 2-3: virus lifecycle g« sl b 3592 :3-2 habia
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