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They range in size from 100 A°to 2,500 A°.

1 Viruses

Viruses are defined as ‘sub-microscopic, self reproducing particles capable of being
introduced into living cells and reproducing inside such celly only’. )

Virus means poison in Latin. Viruses are certainly not cells (acellular microorganisms). But .
they do possess some properties of cells.

They arc intermediate between living and non-living thin gs. They are neither prokaryotes
nor eukaryotes. They arc the simplest forms oflife. They are parasitic,

They live inside the cells. When they live inside cells they are active and they feed, respire,

-reproduce, grow and move. When they live outside the cells they remain inactive and they do not

feed, respire, reproduce, grow and move. Thus, the viruses resemble the living organisms in the
intracellular state and the non-living chemicals in the extracellular state. Henee they are called
living chemicals. s o ‘
Viruses are so small that they even pass through filters. Hence viruses are called filterable
molecules. ‘ .

| Discovery
- Theexistence of virus was first proved by I'vanowski in 1892, The first virus was discovered
by Ivanowski in 1899. X
Characteristics of Viruses .
Viruses are defined as ‘sub-microscopic, self reproducing particles capable of being
introduced into living cells and reproducing inside such cells only’,
1. Viruses are extremely smaller in size. They are sm

_ aller than bacterja. They are invisible
under the light microscope. They arc only sli ghtly |

arger than a larger protein and a nucleic acid.

2. They live inside living cells. When they live inside cell, they arc active and they feed,
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Viruses do not contain cellular structures such as, plasma membrane, mitochondria,

L8, CIC.

Golg complex, vsosomes, ribosomes
o. They can be crystallised.
7. Vimuses do not have the power tor growth and division. A fully formed virus does not
moreese m sz by the addizon ofnew molecules. Similarly a \ftrus itself cannot divide. Only its
uackere acids DNA or RNA, divide. o
3. They do noteontain nformation for the production of enzymes in energy cycle.
2. They donot contam mformation for the synthesis of ribosomal protein, IRNA and tRNA,
[0, Viruses ere muraceliular obligatory parasites. They live inside the cells of plants, animals RN
. vir
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Structure of Viruses

ubmicroscopic infective molecules that multiply only intracellularly and
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ruses @

enzizlly pathogenic. They are briefly called living molecules.
ruses are omnipresent. The viruses living on animals are called animal viruses. The
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trve on plants are called plant viruses. The vxmses that live on bactema are called

viTuses that
bacterial viruses or bacteriophages. :

Thev are ulrramicroscopic. They can be seen only by an electron microscope. Viruses
&;.r..l*"' than bactenia. The smallestvirus is 10nm* in dlameter (Eg Parvo vzrus) The largest -
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s about 250nm™.
F: & shape of viruses varies. They m may be rod shaped (Eg Powz ruses), bullet shaPed
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brick shaped, spherical, oval or rregular, Some are like g picce ofrope,

- N,
e Nucleie ncid core r- ,
d

Animal virus o /*::‘3" z A
/ /\;\
> \
Plant virus (TMV) Bacteriophag}
Fig.1.2: Types of viruses.

Most of'the viruses fall into two categories, namely polyhedral or helical,

The virus consists of two major components, namely a protein coat called capsid and a
core made up of nucleic acid: The nucleic acid with the capsid is called a nucleocapsid.

A virus contains only one type of nucleic acid, either DNA or RNA. The virus containing
DNA is called deoxy-virus or DNA yirys. The virus containing RNA is called RNA virus or
ribovirus. Rarely, a virus contains both DNA and RNA.. Such viruses are called RNA-DNA
viruses. - A .

The nucleic acid of virus may be single stranded or double'stranded. Thus there are four
tvpes of viruses. They are: “ ) N

1. Viruses with single stranded DNA (SsDNA) Eg. Coliphage.

2. Viruses with double stranded DNA (DsDNA) Eg. Vaccinia

3. Viruses with single stranded RNA (SsRNA) Eg. TMV _

4. Viruses with double stranded RNA (DsRNA) Eg. Reo virus.

*nm = nanometer = | millimicron = one thousand of a micron = one millionth of a millimetre.

Majority of animal and bacterial viruses are DNA viruses. Majority of plant viruses are
RNA viruses. However, a few plant viruses are known to possess DNA and a few animal
viruses are known to possess RNA. :

The nucleic acid is surrounded by a protein coat called capsid, The capsid is made up of

» Capsid

Nucleic acid

Capsomere

Fig.1.3: Structirre of a simple virus.

’
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W the virus, Teprotects the nueleie acids Hhelps in the attachment of the virus tq the » :De
(antigen speaificity), ¢
The capsomeres are made up of polypeptide chains. |

The capsid provides shape to the virus. There arc ivo main shapes ( symmetry), Ty, &y,
roesahedral (cubneal) and helical, An icosahedral is a polygon containing 12 corners Or ye icre
and 20 facers or sides. The shape of each facet is like an equilateral triangle. 4
The 1cosahedral capsid is made up of two types of capsomeres namely Pentoy,

(3 neighbours) present at the vertices and frexons (6 neighbours) present on the fac

ets,
Pentons are always 12 in number and the number of hexons varies. Each penton Containg,
fibre and a knob.,

Icosahedral

Fig.1.4: Shapes of viruses.
Many icosahedral forms of viruses contain 1

2 corners, 20 triangular facets and 30 edges
with a total of 162 L

capsomeres. Eg. Adenovirus and Poliovirys,

Hexon

Penton base Penton _ . .

* Fig.1.5: Morphology of adenovirus.
‘ = ahalical OF
In helical capsids, the nucleic acid and capsomeres are held togetherlto formahe}xcalo :
spiral tube. Eg. CMV, - . - s oA e ‘teiﬂ
An individual viral particle capable of in fecting a specific host is callt_ada virion. Thegir;())i &
free pathogenic RNA (nucleic acid) of virus is called viroid. The capsid is absentmthe TR
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Some viruses are covered by a protective covering called envelope. The virus with an
envelope is called an enveloped virys Eg. H1V. The virus without an envelope is called a naked

VIrusS.
@ i

Envelope

Capsid Poliovirus
Herpes virus -
Fig.1.6: Enveloped Virus. Fig.1.7: Naked Virus.

The viruses exist in three main shapes. They are spherical or rod shaped or tadpole shaped.

Adellovil'us and HIV are spherical in shape.-TMV is rod shaped. T , bacteriophage is tadpole
shaped. ' : g '

Spherical virus ' . Rod shaped virus ' Tadpole shaped virus

Adenovirus ' e T, Bacteriophage
Fig.1.8: Shape of Viruses.

Some viruses cause damage in the cells in which they live. Such viruses are called virulent

viruses. These viruses harm the cells by causing lysis of the cell. Hence these viruses exhibit a
tic life cycle. Eg. T, bacteriophage. -~ , - _ J :
The viruses which do not cause damage to the host cell are called avirulent viruses. They
do not cause lysis of the host cell. They exhibit lysogenic life cycle. -
, Shape of Viruses e "
Viruses vary widely in their shape. They may be spherical, polyhedral, helical, cylindrical or
rod-like, s Eaa :
Viruses occur in three main shapes, namely " -
1. Polyhedral e e :
2. Helical '
3. Complex
1. Polyhedral
In polyhedral viruses, the capsids are
tetrahedral, octahedral and icosahedral.
. Intetrahedral viruses, the capsid has 4
Sl:des. Inicosahedral viruses, the capsid has
Viruses are icosahedral.

many sided. They are of three types, 'nan{ély

sides. In octohedral viruses, the capsid has 8 |
20'triangular facets and 12 comers.'MOSt of the p
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The icosahedral capsid is made up of many subunits cdlk}‘;d capz;;(e;fsl There ar,, o
types of capsomeres, namely pentameres and hexameres. The pen 5 made yy, r;f :
monomeres, The hexamere is made up of 6 monomercs.

The number of capsomeres will be either 12,32,42,72, 92,162,252,362,492 ¢4, D

812.

[cosahedral capsids are found in viruses such as PHI X 174, Adenovirus, Turnip yey,,,
mosaic virus, Herpes virus, etc.
2. Helical

In helical viruses, the capsid and the nucleic acid are helically coiled. The monomeres cyry.

into a helix. Eg. Tobacco mosaic virus, Influenza virus, Mumps virus, etc.
The tobacco mosaic virus is rod-shaped.

The capsid is made up of 2,130 monomeres. The monomeres are arranged in 130 turms
3. Complex - :

In complex viruses the capsid may be absent or the capsid may be artached with additiona]
structures. Eg. Vaccinia virus, phages of T-even series.

The T, bacteriophage, shows a combination of icosahedral symmetry and helical Symmetr/
Classification

Viruses are grouped underAcatyota. Holmes (1948) included viruses under the order
Virales.

Viruses are mainly d1v1ded into three groups They are the following:
1. Animal viruses

- .~ Zoophaginae
2.Plantviruses - " Phytophaginae
3.Bacterial viruses’ : - Phaginae
(Bacteriophages)
1. Animal Viruses

Viruses that infect animals are called animal viruses. They are included in the group

zoophaginae. Animal viruses contain DNA. Some animal viruses contam RNA. The nucleic
acids may be single stranded or double stranded.

The animal viruses cause dangerous diseases in humanbemgs and domestic animals. The
following are the common ammal viruses :

Poliovirus Yellow Fever virus
- Vaccinia viruses . Rabies virus
Adenovirus Mumps virus -,
Herpes virus ' Measles virus
Reovirus ' Influenza virus
Dengue virus - HIV, %

2. Plant viruses

Viruses thatinfect plant cells are called plant viruses. About 170 plantvu‘uses have been
' identified. Most of the plant viruses contain RNA as the genetic material. But only one group' of
- plant virus contains DNA. The RNA may be single stranded or double stranded. -

' t
The plant viruses have been divided into nineteen groups. The followmg are the ,mportaﬂ
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aviridae Recoviridae (Flum li
o ceoviridac Human.polio)
Adenoviridae (Human (Reatype 1)
adeno 2)

N > \e
N o ®
Herpessy mdac ‘@

(Herpes stmplex)

ds RNA 8 RNA

ds RNA

1y

Bun\' wiridae A e
(Bunyamwera) Poxvitidac @ }',101‘]’;)‘1‘1’ (‘)‘ é;{‘l‘é
(Vaccinia) - choriomenigitis)
Spike
ss RNA
Otthomy\owudac }
Mumps Virus (tluenza) "Param id
yxoviridae
Fig. 1.9: Animal Viruses. (Measles)
plant viruses: x
Tobacco mosaic virus (TMV ) Cucumo virus
Tomato mosaic virus Tobacco necrosis virus
Potato virus - Alfalfa mosaic virus
Papaya mosaic virus . - Cauliflower mosaic virus.

3. Bacterial Viruses (Bacteriophages)
Viruses that infect bacterial cells are called bacterial viruses or bacterwphage.s Phage

means 7o eat. Bacteriophages means viruses eating bacteria.
Bacteriophage was first described by Tweort in 1915,
The genetic material is either DNA or RNA. They may be single stranded or double stranded.
The common bacteriophage is T4 Bacteriophage. 1t infects the human colon bacterium,
Escherichia coli. “T’ stands for the ‘type’. Bacteriophages are numbered from I-to 7
Virions
Virion is an entire viral particle remaining outside the cell. As it remains out51de it is

inert (inactive). It cannot replicate.
Itis made up of an outer protein coat called capsid and an inner nucleic acid core.

. Viroids
-Viroids are plant viruses contauung only RNA. They do no contain protein coat. They
live inside plant cells. They are smaller than viruses.
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Fig.1.10: Plant viruses. spottedwlth
: VIrus group
They are pathogenic and they can cause plant diseases. '
Eg. The virus causing spindle tuber disease ofp'otatoés.
| | Prions

Prions are viral particles containing only proteins. They do not contain nucleic acid.
They are infectious. They are smaller than viruses. ' ; :

Prions are discovered by Prusiner for which he was awarded Nobel Prize in 1997.

Prions are rod-shaped. They are found in the neurons. |

It causes mad cow diseases in cattle. It is a neuro-degenerative disease.

Kuru is a human neuro-degenerative disease. Itis caused by prions and is transmitted
due to the consumption of human brain during funeral rites by the cannibals of Papua, New
Guinea. : o ¢ ' =l : '
 Tobacco Mosaic Virus (TMV)

_ (A typical Plant Virus) = -

o Tobacco mosaic virus is a typical plant virus. Itis abbreviated as TMV, It causes a diseas®
" called fobacco mosaic in tobacco plants and hence the name. The infected plants show yellow
and green mottling which appears as a mosaic pattern. R g e e
~ The tobacco mosaic virus is an RNA virus. It is a helical virus. 1t is rod shaped. 115

about 3,000 A°long and 170A°diametre.- ‘ i o BiRgER

1
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Tobacco mosaic virus

Fig.1.11: Tobacco Mosaic Virus.
The 7MYV is made up of two components, namely an outer capsid and an inner RNA

: molecule.
g The capsid is the outer coat. 1t is formed of protein. The capsid is made up of small

subunits called capsomeres. There are about 2,130 capsomeres ina TMV. The capsomeres
are helically arranged around the RNA.. There are about 129'comp1ete spirals.

The RNA forms the core of the virus. It is a single stranded nucleic acid. The RNA is also
helically coiled like that of capsid. There are about 3 nucleotides in the RNA per capsomere. So
there are about 6,400 nucleotides in the RNA. = o

. : Adenovirus
(A typical Animal Virus)
Adenovirus is a typical animal virus. It infects eye and alimentary canal. It is anon-enveloped
virus. It is a polyhedral virus. It is a DNA virus. It has the appearance of a space vehicle.
It is made up of two components, namely an outer coat the capsid and an inner core the

DNA. The capsid is made up of small sub-units called capsomeres.

R b i
e - o4

T TR

Fig.1.12: Morphology of

P enton. adenovirus. :

Penton base

. There are about 252 capsomeres. The capsomeres. are arranged in the form of an
icosahedran, having 20 triangular facets, and 12 vertices. .

The 12 capsomeres at the vertices have 5 nei ghbours and-are called pentons. The remaining
240 capsomeres have six neighbours and are called hexons. '

T@le adenqv‘irus has cubical symmetry. This Symmetry is provided by the capsid. It has a
Manysided symmetry called polyhedmn. Ithas a special shape called icosahedron. Icosahedron
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Fig.1.13: Aicosahedral capsid showing a penton.

Bacteriophage

Bacteriophage is a bacterial virus. 1tis avirus living inside bacterial cells, Bacteriophage
means bacteria eating agent. 1t was first described by Twort in 1915,

The common bacteriophage is T s bacteriophage. It is parasitic on human colon bacteria,
- .

' '] 3 DNA
Capsid —§ v '
. [ )
. ¢ : I-l,cad
-4 .
» »
t, e
BSe e s Neck
4 B Collar
Tail ]
] Core tube -
Tail fibre
wum ;l':au;u!u‘\n

Fig.1.14: A sectional view of T, bacteriophage,
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;;C;v;-rchia coli. 1t is also known as coliphage.

The T, phage is tadpole-shaped. 1i consists of 3 parts, namely a head, a nec

The fread is polyhedral. It is covered by a protein coat called capsid. The capsid is made
up of about 2,000 protein sub units called capsomeres. |

A double stranded DNA is present inside the head. The DNA is highly coiled and tightly
packed. It contains more than 75 genes. _

The neck is very short and it contains collar. 1t connects the head with the tail.

“ The tail consists of a central hollow core tube. Through this core tube the DNA of the

phage can pass into the bacterial cell. The core tube is covered by a sheath or tube made up of

kand a fail.

about 144 protein contractile subunits. :
The free end of the core tube has a liexagonal end plate. The end plate has 6 spikes and

- ¢ fibres. The spikes are used for penetration and the fibres are used for attachment on the host.
The bacteriophage has a complex symmetry. It exhibits a combination of icosahedral
and hrelical symmetry. The head is icosahedral in symmetry and the tail is helical in symmetry.
The bacteriophage has 2144 capsomeres.” Of these, 2000 capsomeres are present in the
head and 144 capsomeres are in the tail. The 2000 capsomeres of the head are arranged in the
form of an icosahedron having 20 triangular sides called facets and 12 corners called vertices.
There are two types of capsomeres, namely pentons and hexons. Pentons are 12 in number
and are located on the head. The hexons are located on the facets. A ) '
The 144 capsids of the tail are helically arranged to form the core tube.
Multiplication of Bacteriophages

| Bacteriophages are capable of multiplication only within the bacteria. They remain
inactive outside the bacterium. They are host specific. For example, -7, bacteriophage infects
and multiplies only inside the bacterium E.coli. -‘The multiplication of phages takes place in the
following steps: ’ e . ok 2T |

1. Attachment of phage on Bacterium: When the phage and the bacterium come
close together by random collision, the phage attaches itself to the surface of the bacterium. The
tail fibres select specific sites on the bacterial cell wall and attach with it. Then the tail fibres
bend to keep the end plate in contact with the bacterial cell wall.

. 2. Injection of Phage DNA into the Bacterium: The tail secrete the enzyme
lysozyme which dissolves the bacterial cell wall to make a hole. The contractile sheath contracts
and this forces the tail core into the bacterial cell wall through the hole. The phage DNA is then
injected into the bacterium through the tail. core. The protein coat does not enter in; it remains

-

outside the bacterium. - - _
3. Disruption of Bacterial Metabolism: The phage DNA disturbs the bacterial

metabolism and synthesizes phage, DNAs and proteins. The synthesis of normal bacterial proteins

Stops. Meantime, the phage DNA synthesizes phage proteins using the host’s protein synthetic

Iglachlflery. The viral DNA produces mRNA which later forms phage proteins. The bacterial

Syﬁgés.degraded i‘nto free nucleotides by the ac;tion of viral deoxyribonuclease. Therefore the

el sis of bacterial DNA stops. Atthe same time, the phage DNA replicates by using the free
eotides and produces many copies of phage DNA. These biochemical reactions is infected

.= S
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bacterium last for 4-10 minutes after the entry of phage DNA.
Bactcriophage

Phage DNA

Bacterial cell
/

Phage @ Empty phage
i i Protein coat
paricles ﬂ Rgplication of

Q Q bacterial cell

cell Lysis of bacterial

(2%

« @ ¥ 2

o Fo'w
Fig.1.15: Multiplication of bacteriophage.

4. Assembly of Phage Particles: The phage proteins form sub-units of capsids, tail
sheaths, tail fibres and end plate. The sub-units form head. Each phage DNA copy then enters
the head and becomes tightly packed. The tail sheath and end plate join together to form a tail.

- This tail then attaches to the head. _ . ' '

- Thereafter, the tail fibres join with the end plate to form a new phage particle. Thus about
150-300 phages are produced in a bacterium. The duration between injection of viral DNA and
the formation of first phage is called eclipse period. Tt takes place between 10 and 20 minutes
after infection. kS . ( |

5. Lysis of Bacterium: As many phages have been produced in a bacterium, th

bacterial cell wall ruptures suddenly. The new phage particles are released free. It takes place ’
1n 20'minutes after infection. &

Life Cycle of Phages
Bacteriophages exhibit two types of life cycles. They are:
1. Lytic cycle (virulentcycle) and . E
2. Lysogenic cycle (temperate cycle)
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1. Lytic Cycle
All the T scries phages exhibit lyl ic cycle. These viruses infect bacteria and on completion
of life cycle, they cause lysis or rupture of the bacteri ium. Hence the cycle is called lytic cycle.
Lytic cycle involves the following steps:- .

1. Infection takes place by random collision between the phage and the bacterium.

] + Virus

( ‘ i = Bacterium

’

. - —— Bacterial

S J

o J

[5? WQQ 9- ¢ =
L Q Q | o Fig.J.'Jé.-L}tic cy‘cl.e-. ]

Q Daughter

2. The tail fibres select specific site on the surface ofthe bactenu:m
3. The spikes anchor ﬁrmly | .
4. A hole is made in the cell wall of b'acterium by the enzyme Iysozyme secreted by

the taj],

5. Thesheath contracts and ﬂ’llS causes the tail core to penetrate the cell wall.
6. The DNA of the head is discharged into the cell through the tail core.

;g
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2. Lysogenic Cycle
All the lambda serics bacteriophages exhibit lysogenic cycle. In lysogenic cycle the

bacterium is not lysed. As in the lytic cycle the viral DNA enters the bacterial cell. But the viral
DNA does not take over the protein synthesizing machinery ofthe host. Instead it gets integrated
with the bacterial chromosome. At this stage, the virus is calledprophage.The bacterium with
prophage is calledlysogenicand it is resistant to other phages. The viral DNA replicatesalong
with the bacterial chromosome. | -
~ Rarely, the prophage DNA can disintegrate and enters into Iytic
cycle. , :

Transduction ,
Transfer of genetic material from one bacterium to another through

bacteriophages is calledfransduction. As in the lysogenic cycle, the viral DNA gets

N

%

Viral DNA , | gt
(o LR
' i | RGeS
_ Bacterial DNA" . . Bacterial DNA |
~ ofthe first
bacterium_

g

Y

. Fig.1.18; Transduction. .
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drentegrates. During the process, the prop ; ' carereleasedt, ,
" mg‘i :\ replicates several times to produce many viral paﬂlc}e;i)T}]‘(eiial DN/id:;d byt
phape DN debaaa i s v 2 Calles
rapture of bacterial cells. These phages containing a portion o I\?.Z f et ‘;;;‘E"
r;;y};ancing phages. These phages now infect new hosts and the DNA is ZF fhe

bactenal chromosome. When the viral DNA, disintegrates from the bacterial DNA, it lea;yeS the
bactenial DNA drawn from the first bacterium. Thus the bacterium getsafragment of DN A from
the previous bacterjum through bacteriophages.

Viroids

Viroids are infective nucleic acids that lgcks Protective capsid, They ar
characterized by the following features:

© Viroids are novel subcellular entities made up of circular, ss RN
They lack protein component. They are abbreviated as V.
Vir

01ds were extensively studied byDienerandRaymer.

Diener proposed the name “Firojds !
MM A S
by

A molecules.

They do not req
They survie for 10 minutes 4 9NC,
Taxonomy of Viroids

Familyy . Popsiviroidae
Genus

I Popsiviroig -Potato §
Genus

111 lostuvireig "
Genus [y ; Cocadvirgiq - Coconut Cadang - Cadang Viroids
Genus 1y - Apscaviroid - Apple Sear Viroid.
FAvsunvirojdae

Genus | :Avsunviroid -Avocadg Sunblotch Viroid
Genus ] - Pelamovyirpiq . Peach latent mosaic Vj
ification of Virgigs Is based on (wq factors

ceof Conserved Cenyry| Region (CCR):;
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ers of Popsiviroidge contain "o ... .
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pindle Tyber Viroid
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