Paper: Cell Biology

(COURSE: MAJOR & MINOR )

TOpiC: Virus
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INTRODUCTION TO VIRUS

DEFINITION :

Viruses are acellular, infectious agents
that contain either DNA or RNA as
genetic material and can replicate only
inside living host cells (obligate

intracellular paro.si.te.s) )

CHARACTERISTICS OF VIRUSES

r/Z].. Acellular
Lack cellular Visible onlﬂ under

org anization.
MNo c.l_.itop lasm,

nucleus or
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electron microscope .
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4. Host

Infect specific
plants, animals
or bocteria .

~

sp-e.ci:F ic

5. Inert outside host

Remain inactive

outside Lliv ing cells.

intracellular

paras ites

Can mul.ti.pl.g

onl.ud inside

_ living cells . )
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| 6. Can be cr:.Jcho.Ll.Lzed.

' Crﬂsta.lli,ne. nature
| demonstrated bg
I\w' M. Stml.eg in TMV,

DISCOVERY OF VIRUSES

g
1. D. I. Ivanowsky (1892)
Showed that the infectious agent

of tobacco mosaic disease can

pass through bacterial filter.
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2. M. W. Beijerinck (1898)

Coined the term “contn.gi,um vivum

fluidum” & named it “virus”

(means poison).
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3. W. M. Stanlea (1935)

Crasta.Lli.ze.d Tobacco Mosaic Virus
(TMV) — the first virus to be

_/

cry stallized .
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C ™V CRYSTALLIZATIONJ

TOBACCO MOSAIC VIRUS (TMV)

RNA

Capsomeres
(Protein subunits)

% Rod shaped
% Simple helical sgmme{'rg
% Infects plants (e.g., tobacco)
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Cn_Ps.id.
( Protein coat)

Genetic material

(DNA or RNA)

( #* Mucleic acid core enclosed in a
| Fnrnfe'm coot called cup!.-iu:l
L_i Basic structure in all viruses

Structure of the influenza virus

¥ _J -
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)\\ A W Protein shell (capsid)
}_‘ ‘: - I — Nucleotide (RNA)
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A typical virus is made up of

1. Genetic material

The genetic material may be DNA or RNA

A virus generally contains either DNA or RNA as its genome, not
both as its genomic material.

2. Capsid

The capsid is the protein coat surrounding the viral genetic
material which:

* Protects the nucleic acid.

e Gives shape to the virus.

* Helps in delivery of the viral genome into the host cell.

The capsid is made up of smaller protein units called capsomeres.

3. Envelope

Some viruses possess an additional outer lipid envelope.

The envelope is generally derived from the host-cell membrane
during viral release.

It may contain viral glycoprotein spikes.

Influenza virus, HIV, herpesvirus and coronavirus are examples of
enveloped viruses.



VIRAL STRUCTURE - CAPSID SYMMETRY

El?rmmg'l;.rhr af [:.;F:'.id Structure of Bacteriophage (Ta)

, Head {Icosahedral capsid)
() Toschedral (i) Heleal i) Comple o :

Meck
Controctile sheath

e Thil fuabe
Base plate

e Tail Tibsrs [ Atbachmgrt )
B




VIRAL STRUCTURE - CAPSID SYMMETRY & ENVELOPE £ EINEING e DI WD SR

* Some viruses possess an outer lipoprotein envelope

derived from host cell membrane.

1. CAPSID SYMMETRY B) Icosahedral SHMI’HEtI‘H * Envelope contains viral glycoprotein spikes.
|

* Helps in attachment and entrg into host cell.

Capsid (protein coat) shows definite * C“PWmEFES u.rrn.nged in
_ . | focet * Enveloped viruses are generally more labile.
symmetry. Mainly two types. twenty t"'-m"'-ﬁ'-"- ar Ttacets. | )

* Spherical or polyhedral
A) Helical Symmetry NA

-

viruses.

% Capsomeres arranged in ) Examples :

helical manner around (derived from host cell

e Adenovirus

nucleic acid.

* Rod or filament shaped

o HEFPEE virus Capsi.d (protein coat)

Nucleic acid

(DNA or RNA)

e Polio virus

viruses. 4 Capsomere:
Examples : o

Examples of enveloped viruses :

e TMV

o Rabies virus

o Influenza virus

e HIV

o Tobacco necrosis virus ® Herpes virus

® Hepatitis B wvirus



VIRAL STRUCTURE

Viruses are acellular, abligate intracellular

parasites
Genome is either DMA or RNA [newer bath)

Genome is enclosed in o protein coat
called -:-u.|:-:|.i-:|..

Capsid + Mucleic acid = Hun|can=L|:|

Some wiruses possess an outer lpid envelope
derived from host cell membrane.

Viruses lack ribozomes and ndependent

metabalism.

s Saze: 20 - 300 pm (vitsble under electron

microscope anly).

O Structure of o '|1I,r|:|i|_|1| En'.'¢||;||:|{'.|:| Virui

G.'lru:lprul.l:lrl SpikEy
| Attachrrent |

Lipid envelope
[erived [rom hect)

Matrie prote:

Capsit [protein cood)

Mucleic acid [CNA or EMA)

Enzyme [e.q., ?nl':.lmzr-:lsc]




TYPES OF VIRUSES (BASED ON HOST)

B i e Y

Viruses infect o wide range of hosts. Based on the type of host

infected, viruses ore grouped into three major categories

[ VIRUSES (Based on Host) j
v v

v B ¥
PLANT ﬁNIMAI_W BACTERIOPHAGES
VIRUSES VIRUSES | (PHAGES)

LY

% Plant viruses - ge,ne.ru.lla RNA viruses.

% Animal viruses - DNA or RNA.

— o o = o —

% Bac’cerlnpho.ses - must[H DNA viruses.
% All viruses are nblisa’ca intracellular Pamsii:es.

e — —

1. PLANT VIRUSESJ

% Infect plants.
* Mostlg contain RNA as genetic

material .

* Usuallﬂ transmitted mechanicall3
or by vectors (insects, Fungi,

nematodes ).

(2. ANIMAL VIRUSES |

% TInfect animals including humans .
% Contain either DNA or RNA.

* Mo.nB are transmitted bg vectors,

direct contact, droplets etc.

* Cause a va.rietlj of diseases.

[3. BACTERIOPHAGES (PHAGES)]

% TInfect bacteria.
* Usuallg contain DNA.

% Common in nature.

% Used in research and biotechnology
(Genetic engineering, phage thera.pﬂ)‘

EXAMPLE : TMV (Tobacco Mosaic Virus)

__________________

EXAMPLES RNA
* Tobacco Mosaic Virus
Capsomeres

 Potato Virus X (Protein subunits)

(TMV)
i (PVX)

-

EXAMPLES

«— Glgcoprotein

l/ \1
i o Rabies Virus E spikes
| ¢ Influenza Virus E Lipid envelope
i * Herpes Virus : Capsid
i‘ HIV (Human r -
| Immunodeficiency |
i Virus) ‘:
EXAMPLE : T2 BACTERIOPHAGE
. EXAMPLES Head (Capsid)
! I
Lo '
E T2 Phnge E DNA

* Lambda (}) Phage

Base plate
Tail fibres

__________________




DNA VIRUSES AND RNA VIRUSES

Viruses contain either DNA or EMA as their genetic material

T|"LEH never contoun both.

——{_A. DNA VIRUSES }——  ——{ B. RNA VIRUSES }——

* Cocntan DMA as -Erznatic. piaterial #* Contam EMNA as He.r'nﬂ.t'i{. preatersal .
# Usually double stranded (dsDNA) % Mostly single stranded {ssRNA).
* More genelically stoble, * High mutation rake; gerelically less stable
# Replication occurs mostly in nucleus. * Replation eccurs in gutoplase
* Examples : * Examples :
* Adenovirus ' o Toboeco Mosaie Wirns (THY)
® Herpes wvirus ® Tnfluenza wvirus
® FPox wirus # Rabies wirus
® Hepadnavirus {Hepatitis B views) o Coronavirus
L ® Bacteriophages (e.g., A 1ih-=5tfl ) N e HIV _[Ef.trwirui:l )




COMPARISON BETWEEN DMNA VIRUSES AND RNA VIRUSES

Feature DMNA Viruses RNA Viruses
Genetic matericl DMNA (never RMNA) RMA (rever DRA)
Strandedness Mostly deuble stranded Mostly single stranded

Genetu :.l:a.hnL-.tH

Mere stable

Site of replication

Mucleus [ maskly ]

Less stable Ii:'high mutation rate)

fﬂtnrplu:.fn

L | | M| e

Erveloped / Maked

Beth enveloped ond naked

= E:nmplts

Adencwirus . Herpes virus,

Pﬂ! WTULE | .-:.I. F"HI.SE

GENERAL STRUCTURE OF A DNA VIRUS

Both enveloped and naked

TMY, Influenza wirus,
Eabwes wvirus, HIY, Corona wirus

GENERAL STRUCTURE OF AN RNA VIRUS

# Envelope
(Lipid bulayer)

E—Lﬂmprui::m 5.|J-il‘.¢5

Coapsid

EMA
{Eingll stranded )



Based on the presence or absence of a lipicl envelope around the capsid, viruses are of two types ]

1. NAKED VIRUSES

* Cquid s present.
* No lip'u:l Enuelnpe.

* More resistant to heat, drHinH,

and chemicals

* UsuullH nnn'enunlnpnr.l VIrUSES .
* Released EH lljs.is. of host cell.

Exam El.th |
¢ Poliovirus

¢ Adenovirus

-

Cupsid

No envelope or spikes

prese nt.

(Protein coat)

+ (enetic material

(DNA or RNA)

Y

|

T —— e — — —— o — o™

Attachment to host i;g[l

2. ENVELOPED VIRUSES Ggapoin spes
o/

| 'Enpsui 5 surrounded EH a ltpud
l:.mrulﬂpu derived from host cell

Lipid - envelope
(derived from hast cell

membrane |

mermbrane
* Eavelope has Elﬂmpmtnin spikes.
# Less resistant to heat, JrHim_:! . [ l. =i Cﬂpﬁid

and chemicals

# Released EH buddlng fram hast Genetic material

cell membrane. (RNA o DNA)

Champles : x
e HIV L E"""“?rl‘l'F“3 with EPlL',EE. Frr&E.Ent |

] IHH.LLEFLIEI vir Th



ENVELOPED V5 NON-ENVELOPED VIRUSES

Feature

Enveloped Viruses

Non-enveloped Viruses

Outer cavﬂring

Present (lipoprotein envelope)

Absent

Origin Derived from host cell membrane | No host membrane

Spikes Present (glycoprotein spikes) Absent

Stnbilitg Less stable, sensitive to heat, More stable, resistant to heat,
datergents drying detergents, drying

Examples [nfluenza, HIV, Herpes ™V, Ad.;nwirus, Polio virw:-,_

Hepatitis B

I:nvelﬂped VIFUS

i

Non-enve ﬂped VirlS



REPLICATION OF VIRUSES GENERAL STEPS IN VIRAL REPLICATION (LYTIC CYCLE)

* Viruses replicate only inside living host
cells by using host machinery.

* General steps: Attachment — Penetration
— Uncoating — Biosynthesis —
Assembly — Release

* T:ND t}.rpes of repli-::;j:tion -:},rcle.: @ Attachment @ Penetration @ Uncoating @ Biosynthesis @ Assembly @ Release of new
(i) Lytic cycle (ii) Lysogenic cycle (Entry of virus) (Release of (Synthesis of viral (Maturation) virions (Cell lysis)
* Replication strategies vary among genome) components)
DNA and RNA viruses.
. LYTIC CYCLE (Productive Cycle) LYSOGENIC CYCLE (Non-productive Cycle)
@ Attachment @ @ Attachment

and penetration

A, |
: s,
¢ 7T TNG e % .
@ @ Lysis and —\ _ ntegration
Release release 3 (viral genome

(Cell lysis and (Synthesis of % D integrates into
Results in lysis virus may be host DNA)

virions) ( of host cell and l detected, lytic ( Prophage persists

release of new

release of many cycle may start) in host cell and
moves along with

@ nucleus.

virions. 3 )
q b
:.ssembly | % ? % Uncoating (4) Induction Q (3) Replication
Maturation (Under stress,

(Duplication with

o <, (_/ viral genome i hest DNA durin
\“ o s may detach and k R g
a &~ 0 cell division)
( Biosynthesis enter lytic cycle)
(Synthesis of viral

components)
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] 1. INTRODU_C_TIGN

BACTERIOPHAGE (PHAGE)

VIRUSES THAT INFECT BACTERIA

Bacteriophages

are viruses that specifically

They are the most abundant biological entities on Earth.

infect bacteria.

o Discovered by Twort (1415) and

independently by d'Herelle (1917).

0 Obligate parasites - mpﬂcute anlg
inside bacterial cells.

¢ Highly specific = infect particular

bacterial species or  strains.

o Pay :mpnrtant roles in bacterial
genetics, evolution, bto’cechno[a%
and medicine.

i
|
|
B
_/

2. SrRucTuRe (TwroaL: T Phage) |

Head (Capsid)

Tcosahedral, protein coat
Nucleic acid (DNA)
Collar

Tail sheath
Contractile sheath

Base IL'-ifJ.f e

—> Tail fibres

For attachment to
bacterial cell

—> Tail pins (spikes)
For penetration

—

i

\

FUNCTIONS

| o Head - Protects 5enatin:

material,

E o DNA - Genetic information

for rePlica’cian.

| o Tail fibres - Recognize and

bind to bacterial receptors.

| ¢ Tail sheath - Tnjects DNA

into host cell.

T Ty

| 3 CLASSIFICATI&M

E:-asecl on nucle;lc. a.l:ld .

* DNA phages (eg., T2, T4, A)

® RNA phages (e.g., MS2, GB) |
|

I I Based on morphology (Baltimore syﬁfﬁm}:
i

® Icosahedral (eg., T2)
- @ Helical (e.q., M13)

| ® Complex (eg., T4)
o Filamentous (e.g., M13)
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[ 4. LIFE CYCLE OF BACTERIOPHAGE
rA LYTIC Cmsj
@ Attachment (2) Penetration
Phnﬂe attaches Phage injects
O Qo its DNA into

to specific
receptor on
bacterial cell.

/

&5

®
Lysis E

{Emte{m:l cell i /’f @ Biosynthesis

wall breaks ami T Phﬂﬂe DMA takes over
new phage \ host muchiner_y' and
particles are released. E synthesizes phage

Q Eﬂannan‘E5,
LN

Asmmblg
New phage particles

are assembled .

—
.-'-—-_.—d'.-

—

\ the bacterial cell.

E

.

? @ Attachment & Penetration
@ Phage DNA enters '
@ Integmtian
@ Phage DNA integrates
Praphagﬁ
@@ Prnpha e replicates
ﬂﬁﬂ' Wlth hl:l's-f: DHA
SO o “:gm@ Under stress {U‘u’ chem:mls}
Q,@ Praphage excises and enters

[ B. Lysocenic CycLe |
bacterial cell.
into host genome as
Replication
o oo ¢ﬁ @ Induction
lytic cyele.



;r.5. APPLICATIONS

| Phage therapy - Treats bacterial
r _ infections, e,spaciaﬂjf antipiotic-resistant

strams.

o Molecular Eiﬂfﬂgy = Vectors for

cloning, gene transter, libraries.

¢ Food Industry = Control of bacterial

contamination in fermented foods.

I
g &
(&

E’ﬂ.ﬁLEI"Iﬂ.t T}J‘Dlng - Phage f}{lﬂrﬂg H&E‘d{
in epudemmfaﬁf

| %ﬂ o Biocontrol - Used to control harmful |

. | ,_ bacteria in agricalture and

|
|
L a::luamlf:ure,

)

6 SIGNIFICANCE

7 EMMPLES OF BAETEE‘IUPHAGES

' s e

. REgulatE bacterial Fﬂpu!atmna

in nature.

® Drive evolution via horizontal
gene transfer.

¢ Tmportant in biotechnology,

genetic engingering and
synthetic biﬂlﬂgg.

Remember!
Every drop of seawater
contains millions of

bacteri EIFI'I ages ;
. -

M

N

Phage Typa Hust | Nuclemﬁum
T | Gl | Bl | AV
| losekd | Eck | &
Mkl | Toahbrd | Ecol | dDiA
M3 Flowtus | E o i SN
_MSE I Lushedl .E, di R

.




Virion

A complete, mature, infectious virus
particle outside a host cell.
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