Microbiology has been defined as the study of organisms and agents too small to be seen clearly
by the unaided eye—that is, the study of microorganisms. Objects less than about one millimeter
in diameter cannot be seen clearly and must be examined with a microscope.

General characteristics of Acellular microorganisms
A cellular microbes lack a cellular organization and they do not replicate by cell division.
Viruses, viroids and prions are included in acellular microorganisms.

These organisms when present outside the living host cell are considered non-living, as they
behave as inert particles, but inside the host cell they can replicate and behave like living
organisms.

They use host machinery to synthesis all their components as well as genome replication and
assemble into hundreds of new particles.

Viruses

General Properties of Viruses

Viruses are a unique group of infectious agents (obligate parasite) whose distinctiveness resides
in their simple, acellular organization and pattern of reproduction.

The name ‘virus’ came from a Latin word virus which means venom or poisonous fluid.

A complete virus particle which known as virion consists of one or more molecules of DNA or
RNA enclosed in a coat of protein, and sometimes also in other layers. These additional layers
may be very complex and contain carbohydrates, lipids, and additional proteins.

Viruses differ from living cells in at least three ways, so they called as ‘connecting link of living
and non living thing’.

(1) Their simple, acellular organization;

(2) The presence of either DNA or RNA, but not both, in almost all virions except human
cytomegalovirus has a DNA genome and four mRNAs; and

(3) Their inability to reproduce independent of cells and carry out cell division as procaryotes
and eucaryotes do. Because they are unable to reproduce independent of living cells, viruses
cannot be cultured in the same way as bacteria and eukaryotic microorganisms.

On the basis of the host cell they infect, viruses are called as zoophages (animal viruses)
phytophages (plant viruses), phycophages (algal viruses), mycophages (fungal viruses),



zymophages (yeast viruses), bacteriophages (bacterial viruses), cyanophages (infecting
cyanobacteria), coliphages (infecting E. coli bacteria).

History

D. Iwanowski (1892), a Russian scientist, was the first to demonstrate the transmission of
tobacco mosaic virus disease from infected to healthy plant through sap, even the sap was
filtered through Chamberland filter candle, which is sufficient enough to remove bacteria.

W. M. Beijerinck (1898), a bacteriologist of Holland, demon-strated that the invisible, filterable
and non- cultivable infectious sap could diffuse through an agar gel, like a fluid. He called the
infection fluids as contagium fludium.

F. W. Twort (1915) discovered the bacterial virus.

Later, in 1935, Wendell M. Stanley, an organic chemist, observed that the virus could be
crystallised and consisted largely of proteins.

Size

Virions range in size from about 10 to 300 or 400 nm in diameter. The smallest viruses are a
little larger than ribosomes, whereas the poxviruses, like vaccinia, are about the same size as the
smallest bacteria and can be seen in the light microscope. Most viruses, however, are too small to
be visible in the light microscope and must be viewed with the scanning and transmission
electron microscopes

The Structure of Viruses

All virions are constructed around a nucleocapsid core. The nucleocapsid is composed of a
nucleic acid, either DNA or RNA, held within a protein coat called the capsid, which protects
viral genetic material and aids in its transfer between host cells.

There are four general morphological types of capsids and virion structure.

1. Some capsids are icosahedral in shape. An icosahedron is a regular polyhedron with
equilateral triangular faces and vertices.

2. Other capsids are helical and shaped like hollow protein cylinders, which may be either rigid
or flexible.
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Four different types of viruses on the basis of structure (1) helical (2) icosahedral (3) enveloped
and (4) complex

3. Many viruses have an envelope, an outer membranous layer surrounding the nucleocapsid.
Enveloped viruses have a roughly spherical but somewhat variable shape even though their
nucleocapsid can be either icosahedral or helical.

4. Complex viruses have capsid symmetry that is neither purely icosahedral nor helical. They
may possess tails and other structures (e.g., many bacteriophages) or have complex, multilayered
walls surrounding the nucleic acid (e.g., poxviruses such as vaccinia).
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Helical Capsids

Helical capsids are shaped much like hollow tubes with protein walls. The tobacco mosaic virus
provides a well-studied example of helical capsid structure. A single type of protomer associates
together in a helical or spiral arrangement to produce a long, rigid tube. The RNA genetic
material is wound in a spiral and positioned toward the inside of the capsid where it lies within a
groove formed by the protein subunits.

Mlustration of Tobacco Mosaic Virus Structure: The nucleocapsid is composed of a helical array
of protomers with the RNA spiraling on the inside

Icosahedral Capsids

The capsids are constructed from ring- or knob-shaped units called capsomers, each usually
made of five or six protomers. Pentamers (pentons) have five subunits; hexamers (hexons)
possess six. In many plant and bacterial RNA viruses, both the pentamers and hexamers of a
capsid are constructed with only one type of subunit, whereas adenovirus pentamers are
composed of different proteins.

Nucleic Acids of viruses

Viruses are exceptionally flexible with respect to the nature of their genetic material. They
employ all four possible nucleic acid types: single-stranded DNA, double-stranded DNA, single-
stranded RNA, and double-stranded RNA. All four types are found in animal viruses. Plant
viruses most often have single-stranded RNA genomes. Although phages may have single-
stranded DNA or single-stranded RNA, bacterial viruses usually contain double-stranded DNA.

Some of these viruses have linear pieces of DNA, whereas others use a single, closed circle of
DNA for their genome.



Types of Viral Nucleic Acids

Nucleic Acid Type Virus Examples
Single-Stranded DNA Parvoviruses, ¢X174, M13, fd phages
Double-Stranded DNA Herpesviruses, adenoviruses, T coliphages, lambda phage,

and other bacteriophages

Single-Stranded RNA TMYV, and most plant viruses; Retroviruses, Rhabdoviruses
(rabies), paramyxoviruses (mumps, measles), Picornaviruses
(polio, rhinoviruses),

Double-Stranded RNA Reoviruses, wound-tumor virus of plants, cytoplasmic
polyhedrosis virus of insects, phage @6, many mycoviruses

Bacteriophages

Bacteriophages, also called phages, are viruses that infect bacteria

They have the most complex capsids found among viruses

Phages have an elongated capsid head that encloses their DNA

A protein tail piece attaches the phage to the hostand injects the phage DNA inside
Replicative Cycles of Phages

Phages have two reproductive mechanisms: the lytic cycle and the lysogenic cycle
The Lytic Cycle

The lytic cycle is a phage replicative cycle that culminates in the death of the host cell

The lytic cycle produces new phages and lyses (breaks open) the host’s cell wall, releasing
theprogeny viruses®

A phage that reproduces only by the lytic cycle iscalled a virulent phagee

Bacteria have defenses against phages, including restriction enzymes that recognize and cut
upcertain phage DNA
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The lysogenic cycle replicates the phage genome without destroying the host

The viral DNA molecule is incorporated into the host cell’s chromosome

This integrated viral DNA is known as a prophage
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Economic importance of virus

® Phages help in genetic recombination (transduction) and are used widely in genetics and
genetic engineering research.

® Phages are used widely as cloning vectors which help in genetic engineering research.
e Phages are used as scavengers to eradicate the bacteria present in the polluted water.

e To a limited extent phages are used in gene therapy and prophylaxis of some bacterial
diseases.

e By holding both the living and non-living characters, viruses got the importance in
determining the origin of life.

® Viruses are utilized in the production of vaccines, used to develop immunity against viral
infection.

Viroids

Viroids are plant pathogens: small, single-stranded, circular RNA particles that are much simpler
than a virus. They do not have a capsid or outer envelope, but, as with viruses, can reproduce
only within a host cell. Viroids do not, however, manufacture any proteins. They produce only a
single, specific RNA molecule. Human diseases caused by viroids have yet to be identified.

Viroid-infected plants are responsible for crop failures and the loss of millions of dollars in
agricultural revenue each year. Some of the plants they infect include potatoes, cucumbers,
tomatoes, chrysanthemums, avocados, and coconut palms.

Prions

Prions are proteinaceous and infectious particles, smaller than viruses, that contain no nucleic
acids (neither DNA nor RNA). Historically, the idea of an infectious agent that did not use
nucleic acids was considered impossible, but pioneering work by Nobel Prize-winning biologist
Stanley Prusiner has convinced the majority of biologists that such agents do indeed exist.

Fatal neurodegenerative diseases, such as kuru in humans and bovine spongiform
encephalopathy (BSE) in cattle (commonly known as “mad cow disease”), were shown to be
transmitted by prions. The disease was spread by the consumption of meat, nervous tissue, or
internal organs between members of the same species.



Bacteria: General Characteristics

Bacteria are the most abundant group of microorganisms in nature. It is found everywhere on the
planet, such as hot spring, deep ocean, deserts and even thrive inside our intestine. The term
bacterium was given by Ehrenberg. The branch which is deals with bacteria is known as
Bacteriology.

General Characteristics of Bacteria

e Bacteria are prokaryotic organisms (Kingdom: Monera), without cell defined organelles
like mitochondria, Golgi bodies, Endoplasmic reticulum, etc

® Microscopic, unicellular, they may occur singly or aggregations to form colonies.

e They possess rigid cell wall. Cell wall is made up of peptidoglycan (Mureins) and Lipo
polysaccharides.

o Absence of well defined nucleus i.e., DNA is not enclosed in a nuclear membrane.
¢ Ribosomes are scattered in the cytoplasmic matrix and are of 70S type.
¢ The plasma membrane is invaginated to form mesosomes.

e Most of the bacteria are heterotrophic. Some bacteria are autotrophic, possess
bacteriochlorophyll, which is not in plastids. Instead it is found scattered.

® Motile bacteria possess one or more flagella.
¢ The common method of multiplication is binary fission.

e True sexual reproduction is lacking, but genetic recombination occurs by conjugation,
transformation and transduction.

General Morphology of Bacteria

Most bacteria are unicellular; there are some mycelioid forms too. Cross-walls are absent except
in the mycelioid ones (actinomycetes), where septation does take place previous to sporulation
and as a prerequisite to it. Bacterial cells may be motile bearing flagella or non-motile without
any flagella.

Shape and Arrangement
According to the shape of cells, bacteria may be of four types:
(1) Coccus (pl. Cocci)—cells spherical

(i1) Bacillus (pl. Bacilli)—cells rod-shaped



(iii) Spirillum (pl. Spirilla)—cells cork-screw like or spiral shaped

(iv) Vibrio or Comma (pl. Commas)—cells ‘comma’-like
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Cocci may be of different forms:

(a) Micrococcus, cells are small and occur singly;

(b) Diplococci, cells divide in one plane and remain attached predominantly in pairs;

(c) Streptococci, cells divide in one plane and remain attached to form chains;

(d) Tetracocci, cells divide in two planes and characteristically form groups of four cells;

(e) Staphylococci, cells divide in three planes in an irregular pattern producing bunches of cocci;

(f) Sarcinae, cells divide in three planes in a regular pattern producing a cuboidal arrangement of

cells.
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Micrococcus Diplococei Streptococci
Tetrad Sarcina Staphylococci

Coccus bacteria



Bacilli (Rod Shaped) are of following types:
Diplobacilli: Two bacilli arranged side by side with each other.

Streptobacilli: Bacilli arranged in chains.
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Coccobacillus

A coccobacillus (plural coccobacilli) is a type of rod-shaped bacteria. The word coccobacillus
reflects an intermediate shape between coccus (spherical) and bacillus (elongated)

Structure of Bacterial Cell

Examination of bacterial cells with electron microscope reveals various component structures.
Some of these are outside the cell membrane; others are internal to cell membrane.

Chromosome

Pilus (fimbria)

Capsule or
slime layer

Plasmid Cell wall

Cytoplasm
Cell membrane




Fig. 12.2 Ultra structure of eubacterial cell

Organized into 3 categories:
e External structures (appendages & coverings): flagella, fimbriae and glycocalyx or
capsule
e (ell envelope: cell membrane and cell wall
¢ Internal Structures: Cytoplasm, nucleoid, bacterial chromosome, plasmid, ribosomes, and
storage granules
External structures

(1) Glycocalyx or capsule
Sticky coating produced by many bacteria covering the surface of cell
The glycocalyx is composed of polysaccharides (sugars) and proteins.

The bacterial glycocalyx has 2 forms (1) a highly structured rigid capsule and (2) a disorganised
loose slime layer -

Capsules are found on many pathogenic bacteria

The glycocalyx has several functions including: protection, attachment to surfaces and formation
of biofilms.

The glycocalyx helps protect the bacteria cell by preventing immune cells from attaching to it
and destroying it through phagocytosis.



(2) Flagella
Singular: flagellum
Long, whip-like semi-rigid cylindrical structures that aids in cellular locomotion
Made up of protein subunits called flagellin
Each flagellum is attached to cell membrane
Bacterial spp differ in the number and arrangement of flagella on their surface.
Bacteria may have one, a few, or many flagella in different positions on the cell.
e Monotrichous - single flagellum
¢ Lophotrichous - clusters of flagella at the poles of the cell
e Amphitrichous a flagellum at each end

e Peritrichous - flagella distributed over the entire surface of the cell
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(3) FIMBRIAE AND PILI
Hollow, hair like structures made of protein

Involved in attachment to solid surfaces or to other cells and are essential for the virulence of
some bacterial pathogens

Fimbriae fine filaments of protein just 2—10 nm in diameter and up to several micrometers in
length.



They are distributed over the surface of the cell, and resemble fine hairs when seen under the
electron microscope

Cell envelope
Plasma Membrane

Phospholipid bilayer surrounding the cytoplasm and regulates the flow of substances in and out
of the cell.

Consists of both lipids and proteins
Protects the cell from its surroundings

Selectively permeable to ions and organic molecules and controls the movement of substances in
and out.

Numerous proteins moving within or upon this layer are primarily responsible for transport of
ions, nutrients and waste across the membrane

fluid inside cell protein molecules
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Cell wall

Outer covering of most cells that protects the bacterial cell and gives it shape (spherical, rod and

spiral). Mycoplasma is a type of bacteria that have no cell wall and therefore have no definite
shape.

Composed of peptidoglycan (polysaccharides + protein); Peptidoglycan - molecule found only in
bacterial cell walls.

The backbone of the peptidoglycan molecule is composed of alternating two derivatives of
glucose:

e N-acetylglucosamine (NAG)
e N-acetlymuramic acid (NAM).

Peptidoglycan is made from polysaccharide chains cross-linked by peptides. A tetrapeptide
consisting of both D— and L-amino acids is attached to each of the N-acetlymuramic acid
(NAM).

*The NAG and NAM strands are connected by inter peptide bridges.

CH,OH CH,OH CH,OH CH,OH
o O o O, OH
OH O 0\]<0H O,
HO
riIH & TH ' ITIH 4 IiIH
?O H(|3—CH3 ?O ?O H(ID—CH3 ?O
CH, C| o CH, CH, C| " CH,
I!—ala J-ala
El)—glut é)—glut
El)AP DAP

D-ala D-ala



Glycan N
cham

Peptide
interbridge
(Gram-positive

- -;\,);
Tetra- |
peptide

chain cells)

{amlno acids) #_ocmr\)_ —
Tetrapeptide
chain

(amino acids)
Glycan ( nard 4@7 4@7
chain

Tetrapeptlde
chains

Sugar
backbone NAM NAG

Peptidoglycan o Q Q o [\wﬂ, PQ Q‘ Q

froomeg

Y Q.; @3 Q »@C Q @ Q 590

Bosess Beases

OQQQQQQ ----- 00

C;T Q- Q >+ 0PV PP

Tetrapeptide chain
(amino acids)

Peptide interbridge

B

Gram-positive and Gram-negative bacteria

Amount and location of peptidoglycan in the cell wall determines whether a bacterium is G+ve

or G-ve.

Danish scientist Hans Christian Gram devised a method to differentiate two types of bacteria
based on the structural differences in their cell walls. In his test, bacteria that retain the crystal
violet dye do so because of a thick layer of peptidoglycan and are called Gram-positive bacteria.
In contrast, Gram-negative bacteria do not retain the violet dye and are colored red or pink.

Characters Gram (-) bacteria

Gram (+) bacteria

Can be decolourized to
accept counter stain

Gram reaction

(Safranin); stain red or pink,

they don't retain the Gram
stain when washed with
absolute alcohol and

acetone.
Cell wall The cell wall is 70-120 A
composition (angstrom) thick; two

layered. Lipid content is 20-
30% (high), Murein content

Retain crystal violet dye and stain dark
violet or purple, they remain coloured blue
or purple with gram stain when washed
with absolute alcohol and water.

The cell wall is 100-120 A thick; single
layered. Lipid content of the cell wall is
low, whereas Murein content is 70-80%
(higher).




is 10-20% (low).

Peptidoglycan layer  Thin (single-layered) Thick (multilayered)

Teichoic acids Absent Present in many

Outer membrane Present Absent

Lipopolysaccharide High Virtually none

(LPS) content

Lipid and High (due to presence of Low (acid-fast bacteria have lipids linked
lipoprotein content outer membrane) to peptidoglycan)

Antibiotic Resistance = More resistant to antibiotics. More susceptible to antibiotics

*Antibiotics breakdown the inter peptide bridges, therefore gram (+) bacteria are more
susceptible.

Internal Structures:

Nucleoid

Unlike the eukaryotic (true) cells, bacteria do not have a membrane enclosed nucleus.
The nucleoid is a region of cytoplasm where the chromosomal DNA is located.

It is not a membrane bound nucleus, but simply an area of the cytoplasm where the strands of
DNA are found.

Bacterial Chromosome

DNA in bacterial cells is not located in a membrane-bound organelle but appears as a long coil
distributed through the cytoplasm.

In many bacteria the DNA 1is present as a single, circular chromosome and in some cases the
DNA is linear rather than circular.

Some bacteria may contain two chromosomes
Plasmids
Small extra-chromosomal DNA which contain genes for antibiotic resistance or virulence

Structure Similar to most bacterial chromosomes, but considerably smaller



Plasmids are covalently closed circular DNA

Size : Chromosomal DNA is typically about 4000 kb, plasmid DNA ranges from 1-200 kb.
Number of plasmids: 1-700 copies of plasmid in a cell.

Function

Antibiotic resistance - Some plasmids code for proteins that degrade antibiotics-a big advantage
for pathogens.

Some encode for proteins which confer virulence factors on the host. For example- E. coli
plasmid Ent P307 codes for an enterotoxin which makes E. coli pathogenic.

Conjugative plasmids - These allow exchange of DNA between bacterial cells.

The ability to insert specific genes into plasmids have made them extremely useful tools in the
area of genetic engineering/rDNA Technology

Ribosomes

Abundant in cytoplasm

Bacterial ribosomes are 70S; their subunits have rates of 30S and 50S.
Economic importance of bacteria

e The milk-souring bacterium Lactobacillus bulgaricus is used to make yoghurt and
cheese. Bacteria are used, too, to form organic acids in pickles and vinegar.

e In the chemical industry, bacteria are most important in the production of
pharmaceuticals such as ethanol, acetone, organic acid, enzymes, and perfumes.
Escherichia coli is used for commercial preparation of riboflavin and vitamin K.

e Using biotechnology techniques or bio medical technology, bacteria can also be
bioengineered for the production of therapeutic proteins. The examples are production of
human insulin (used against diabetes), human growth hormone (somatotrophin used to
treat pituitary dwarfism), and infections which can be used to help fight viral diseases.

e Bacteria such as Clostridium butyricum are used to separate fibres of jute, hemp, and flax
in the process of retting.

e Some bacteria living in the gut of cattle, horses and other herbivores secrete cellulase, an
enzyme that helps in the digestion of the cellulose of plant cell walls. Cellulose is the
major source of energy for these animals.[citation needed] The Escherichia coli that live
in the human large intestine synthesizes vitamin B and releases it for human use.

e Bacteria can also be used in the place of pesticides in biological pest control. This
commonly uses Bacillus thuringiensis (also called BT), a Gram-positive, soil-dwelling



bacterium. This bacterium is used as a Lepidopteran-specific insecticide under trade
names such as Dipel and Thuricide.

Characteristics of Fungi

Fungi (plural, the singular noun is fungus) are classified within the Biological Fungi Kingdom,
so apart from plants, animals, and bacteria.

Fungi are eukaryotic, i.e. their cells contain a membrane-bound nucleus and other membrane-
bound organelles.

Fungi cell walls are composed mainly of a carbohydrate called chitin, while plant cell walls are
composed mainly of cellulose.

Fungi are achlorophyllous, which means they lack the chlorophyll pigments present in the
chloroplasts in plant cells and which are necessary for photosynthesis. Fungi are therefore
incapable of photosynthesis.

The (carbohydrate) molecule used to store energy in fungi is glycogen.

Glycogen is also used to store energy in the muscle and liver cells of animals but plants have a
different storage molecule, called starch.

Fungi are heterotrophs, which means that they obtain nutrients by absorption.

Some fungi, called saprobiontic fungi, release enzymes that help to break-down dead organic
matter into chemicals that the fungi can then absorb and process as a food source. Other fungi are
parasitic, meaning that they obtain nutrients directly from other living things such as trees, or
even people e.g. in the case of the fungus responsible for Athlete's Foot.

Saprobiontic fungi are saprobiontic organisms, also called saprobionts. They digest their food
externally and then absorb the products of that 'digestion'. To do this they form very thin threads
called hyphae that enable the fungus to feed on organic matter, e.g. dead and decaying bodies of
plants and animals. See how saprobiontic organisms feed.

Hyphae
Hyphae can grow and form a network called a mycelium.

When a mycelium reaches a certain size (the size depends on the species of the fungus), it begins
to form structures called sporangia whose function is to release spores.

A spore is a unit of asexual reproduction, specifically a reproductive cell surrounded by a thick
cell wall that protects the cell from environmental extremes and changes, e.g. in temperature and



humidity. Such protection matters because spores are often adapted for dispersal and survival for
extended time periods until conditions are favourable for the life-cycle of the fungus to continue.

In some fungi, threads merge to form a larger structure called a fruiting body that sometimes
consists of a cap and stalk e.g. in the cases of many mushrooms and toadstools - see examples of
wild fungi.

Where present, the cap contains spore-producing stuctures such as gills, pores, folds or
sometimes 'teeth-like' structures. So, mushrooms and toadstools are the reproductive, i.e. spore-
releasing, parts of fungi.

Yeasts are unicellular fungi that do not produce hyphae.

In general fungi can reproduce both sexually (i.e. using genetic material from seperate male and
female partners) and asexually (via formation and release of spores from one individual). Some
fungi appear to reproduce only asexually while many fungi can reproduce both sexually and
asexually.

There are fundamental differences between the processes involved in the reproduction of fungi
compared with the processes involved in the reproduction of the various types of plants and
animals.

Genetic Recombination of Bacteria

The three main processes involved in the genetic recombination of bacteria. The processes are: 1.
Conjugation 2. Transformation 3. Transduction.

1. Conjugation:

In this process, the exchange of genetic material takes place through a conjugation tube between
the two cells of bacteria. The process was first pos-tulated by Joshua Lederberg and Edward
Tatum (1946) in Escherichia coli. They were awarded the Nobel Prize in 1958 for their work on
bacterial genetics. Later on, it has also been demonstrated in Salmonella, Vibrio and
Pseudomonas.

There are two mating types of bacteria, one is. male type or F+ or donor cell, which donates
some DNA. The other one is female type or F- or recipient cell, which receives DNA. The F-
factor is the fertility factor, sex-factor or F-plasmid present in the cell of F+ i.e., donor cell or
male type.

In this process, two cells of opposite mating type i.e., F+ and F— become temporarily attached
with each other by sex pilus. The sex pilus makes a tube through which DNA can pass from
donor to recipient cell. This tube called as conjugation tube. The F-factor or F-plasmid is a
double stranded DNA loop, present in the cytoplasm; apart from the nucleoid.



After the establishment of conjugation tube, the F-factor prepares for replication by the rolling
circular mechanism. The two strands of F-factor begin to separate from each other and one of
them passes to the recipient i.e., F— cell.

After reaching in F- cell, enzymes synthesise a complementary strand that forms a double helix,
which bends into a loop. The conversion process is thus completed. In the donor cell i.e., in F+, a
new DNA strand also forms to complement the left over DNA strand of the F-factor.
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2. Transformation:

It is a kind of genetic recombination where only the carrier of genes, i.e., the DNA molecules of
donor cell, pass into the recipient cell and integrated with DNA of recipient cell. It was described
by Frederick Griffith (1928), an English bacteriologist.

During transformation, donor cells break apart and an release the DNA fragments. A fragment
of double stranded DNA (10-20 genes) then gets attached with the recipient cell for entry.
During entry one strand of the fragment becomes dissolved by enzyme leaving the second strand,

which then passes to the recipient cell through cell wall and cell membrane.

After entry, a portion of single strand of double stranded DNA of recipient cell gets displaced by
enzyme and then replaced by the DNA of donor cell. The displaced DNA is then dissolved by
other enzyme. Thus the recipient cell becomes transformed which will display its own as well as

the characters of the newly incorporated DNA.

Donor DNA

Recipient
bacterium

Bacterial
chromosome

e Donor DNA

Displaced DNA
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Fig. 2.29 : Diagrammatic represantation of Transformation
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3. Transduction

It is a special method of genetic recombination where genetic material is transferred from the
donor to the recipient cell through a non- replicating bacteriophage — temperate bacteriophage.
This was discovered by Joshua Leaderberg and Nortor Zinder (1952).

In this process, a small fragment of bacterial DNA is incorporated into an attacking
bacteriophage (i.e., virus which infect bacteria) and when this bacteriophage infects a new
bacterial cell, it transfers the genetic material into it, and thus genetic recombination takes place.

In this process, the bacteriophage gets attached to a bacterial cell wall at the receptor site and the
nucleic acid of bacteriophage is transferred into the cytoplasm of the host cell. The phage does

not cause the lysis of the host bacterium.

In the bacterial cell, the viral DNA may exist as a fragment in the cytoplasm or it may attach
itself to the chromosome, known as prophage. The bacterial cell which carries the prophage is
called lysogenic and the phenomenon where the phage DNA and bacterium exist together is

called lysogeny.

The bacterial cell may remain lysogenic for many generations and during this period the viral
DNA replicates many times together with the bacterial chromosome.

During this separation, a number of genes of the bacterium get attached to it. These attached
genes keep on replicating along with the phage DNA and later on it develops into phage

particles, those come out from the bacterial cell by bursting.

When the new phage particle infects a new bacterial cell, the attached bacterial gene present
along with phage particle enters in the chromosome of the new bacterium and causes
recombination. Thus the new bacterial cell contains its own genes and several genes from the
parent bacterial cell. This type of transduction is known as specialised transduction, which is an

extremely rare event.
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