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Microbiology lecture 19

Viral life cycle

Done By : Mariam AlMahrooq

Viral replication terminology

« Multiplicity of infection (MOI): ratio of infectious agents (e.g.
phage or virus) to infection targets

» Eclipse phase: period during which the input virus becomes
uncoated; 10-12h

+ Synthetic phase: time during which new virus particles are
assembled; 4-6h

+ Latent period: no extracellular virus can be detected

+ Burst size: amount of infectious virus produced, per infected
cell ; 10-10,000

very important terms in viral life cycle you should to memorize
& understand them :

A MOI : ratio of virus / phage toinfection target .

_ If number of viruses = number of infection target - ratio =1.
_ High MOI -- viruses > infection target .

_ Low MOI-- viruses < infection target.

A Eclipse phase : period during which the input virus becomes
uncoated ( disassembly of virus ) .
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A synthetic phase : time during which new virus particles are
assembled .

A latent period : no extra celluler virus can be detected .




A Burst size : amount of infectious virus produced , per
infected cell .

One-step virus growth curve
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Pecture 1:
_ This curve represent the one step virus growth curve .

_In eclipse period , the disassembly of the virus occure .
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_ Non structural enzyme/ proteins : enzymes that are required

for virus replication .
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The Replication Cycle

* Virus replication can be divided into eight arbitrary

stages. AY jhas e Bl AR B0 age X ga

* Regardless of their hosts, all viruses must undergo cach

of these stages in some form to complete their

. . all viruses either it DNA or RMA viruses should undergo these
repllcatlon Cy01€. stages in order to replicate

* Not all the steps described here are detectable as

distinct stages for all viruses.

< Ban g Ban g sl (o ol 8 Guudi g g Gy Sl gl JS Lgd a1y 28T B gl (5 98 U8 aalia G Jal
2415 |sbany |93 0% (Saa
at the same time

HOST
FUNCTIONS

AT Y » _—
4 Transcription
S Translation
6 REPLICATION .

of the viral :
genome =

7 ASSEMBLY @
8 (MATURATION)".’

RELEASE

NOTES :

_ Attachment : entery of the viruse inside the host cell .
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_ uncoating : disassembly of the virus.
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_ Maturation : mature virus can cause infection & its
protein in its correct site .

_ Maturation could occure inside or outside the cell .

The virus attaches|
to its host cell by specific binding
of its spikes to cell receptors.

2. Penetration. The virus is engulfed
into a vesicle and its envelope is
uncoated, thereby freeing the viral
RNA into the cell cytoplasm.

3. Duplication/Synthesis. Under the control
of viral genes, the cell synthesizes the
basic components of new viruses: RNA
molecules, capsomers, spikes.

4. Assembly. viral spike
proteins are inserted into the
cell membrane for the viral
envelope; nucleocapsid is
formed from RNA and
capsomers.

5. Release. Enveloped viruses bud
off of the membrane, carrying
away an envelope with the spikes.
This complete virus or virion is
ready to infect another cell.

. AS) raida gy G (Blead) DLl aaliSa Ly i glodd) g

Attachment

*» Wirus attachment consists of specific binding of a virus-
attachment protein (or 'antireceptor') to a cellular receptor
molecule.

= Target receptor molecules on cell surfaces may be proteins
(usually glvcoproteins). or the carbohwvdrate residues present on
glyvcoproteins or glycolipids.

* Some complex viruses (e.g. poxwviruses. herpesviruses) use more
than one receptor and have alternative routes of uptake into

cells.




Notes:
__ Attachment must occure .

_ in enveloped virus : interaction between spikes (
glycprotein )& celluler receptor.

_ In naked virus : interaction between capsid grooves
& celluler receptor.

_ More than one type of spikes on the surface of the

virus

Is it enough one glycoprotein to interact with celluler
receptor on the target cell ?

Usually yes , but for some viruses muliple interaction
occure . what is that mean ??

Different type of spikes either attach to the same
receptor to initiate the virus entery or they might bind
to multiple or different receptors on the target cell in
order to initiate virus entery.

Adsorption Attachment
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Enveloped
With prominent spikes

Naked:; with capsid spikes RWTW’*, ,if

* Host range: the collection of hosts that an*organism can utilize as a
partner

* Cellular (tissue) tropism: the cells and tissues of a host which support
growth of a particular virus




Notes:
_ In enveloped virus :

receptor J & spikes J bl B4 (« attachment J) 4l jas
approximation between cell e uay 34 ddes Us juay (uiny
sfussion 4lasaly Ue a9 membrane & viral envelope
ohie Ml kié as a nucleocapsid Jiy Alille Jay L (g il

¢ one spike _receptor complex & J» fussion J s

The answer is No , most of the viruses need more
than one spike_ receptor complex to achive fussion.

For example , HIV virus need 3_5 spike _ receptor
complexin order to approximate cell membrane &
viral envelope & achive fussion.

_ In naked viruses:

grooves J spikes J J¥ o« enveloped J!llisa b 48, ) (il
. receptors J g ishin L as

_ Host range :

Ue S infection gl ous sl Ji4 b species J) 3 b 3 paiall
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Influenza virus can infect human , birds , catteles
_ celluler torpism :

. species J) i pw 555 Wl (Saa L daudy) o) LAY 2

For example :

A influenza virus infect then respiratory tract cells .

A hepatitis infect the hepatocytes .



A SARS cov _2 infect the lower respiratory tract . (
alvioli)

A SARS cov _ 2 omecron has high affinity for upper
respiratory tract.
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TABLE 6-6. Fxamples of Viral Receptors
Virus Target Cell Receptor*
Epstein-Barr virus B cell C3d complement receptor
CR2 (CD21)
Human immuno- Helper T cell CD4 molecule and che-
deficiency virus mokine co-receptor
Rhinovirus Epithelial cells ICAM-1 (immunoglobulin
superfamily protein)
Poliovirus Epithelial cells Immunoglobulin super-
family protein
Herpes simplex Many cells Immunoglobulin super- hrocyte antigen
virus family protein
Rabies virus Neuron Acetylcholine receptor
Influenza A virus Epithelial cells Stalic acid |
BTV parvovirus Frytnron Erytnrocyte P antgen
precursors (globoside)
*Other receptors for these viruses may also exist. Coreceptor: CCR5
ICAM-1 = Intercellular adhesion molecule. CXCR4 —EREX—

target cell sireceptor ¢s Jlun sd (8 Jnai agay 1S daga 13
LUs s more than receptor for one virus Us 2 05 (S
receptors shared with more than one viruses such as

. sialic acid



Virus Receptors

Many examples of virus receptors are now known.
Schematic representation of some virus receptors
- arrows indicate virus attachment site:

HIV Rhino Influenza
Polio Corm? Rhino Reovirus D Elsevier 2005
| l —~ Rotavirus
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PVR MHV VLA-2  Aminopeptidase N
CD4 ICAM-1 LDL Sialic acid

NOTES :
_ some viruses can share the same receptor.

s structure JY « 4uii Ll s J» share receptors S Ll w
it have a distingtive shape of different (<! sialic acid
. viruses
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TABLE 6—-5. Examples of Viral Attachment Proteins S%%’;:spr°tei“ ar:
Virus Family Virus VAP
Picornaviridae Rhinovirus VP1-VP2-VP3
complex
Adenoviridae Adenovirus Fiber protein
Reoviridac Reovirus o-1
Rotavirus VP7
Togaviridae Semliki Forest virus E1-E2-E3 complex
Rhabdoviridae Rabies virus G Protein
Orthomyxoviridae Influenza A virus HA
Paramvxoviridae Measles virus —E=s NA
Herpgsviridae Epstein-Barr virus gp350 and gp220
Retroviridae Murine leukemia virus gp70
Human immunodefi- gpl20
i i gp 160 which have 2
SICDCY VITUS SSTADGTSTT
gp = glycoprotein; VAP = viral attachment proteins. HA: Hemagglutinine

_ HIV VAP is gp160 which have 2 component (the
transmembrane & the subunit empeded with the
enveloped of the virus , gp41 &gp120 ).

When we take about HIV virus : once the gp 120
attach to the CD4 receptor on the T cells . it falls of

approximation & « interaction o gpd41 J Jiaall b ad sy
. fussion

It has more than one

Influenza Herpes Simplex || glvcoprotein (upto3

2 — glycoproteins ) , gb , gc, gd
Viruses Virus which all required for
_» Neuraminidase (NA) interactionwith receptor on
— Hemagglutinin (HA) Call.surfice target cells .

{ proteoglycans
’& 3 HA promotes :
- - \binding & entry Glygogéo:sl

eparan
sulfate)
agB

How does an
animal virus infect
its host?

Examples of Animal
Virus Entry

NA allows
budding & release

Membrane fusion
and viral penetration

influenza virus : it has 2 VAP (HA & NA).




_HA : it response for the interaction with receptor on
the target cell & initiation of the virus entery.

_NA has a role but the major role s for the HA .

Influenza Virus Receptor Binding

* The influenza haemagglutinin protein is one of two types of
glycoprotein spike on the surface of influenza virus
particles, the other type being the neuraminidase protein.

* Each haemagglutinin spike 1s composed of a trimer of three
molecules, while the neuraminidase spike consists of a
tetramer. 4 molecules

* The haemagglutinin spikes are responsible for binding the
influenza virus receptor, which 1s sialic acid (N-acetyl
neuraminic acid).

* As aresult, there 1s little cell-type specificity imposed by
this receptor interaction and therefore influenza viruses bind
to a wide variety of different cell types.

Influenza Virus
Receptor Binding

[Haemagglutinin (HA) trimer Neuramidase (NA) tetramer

Receptor-binding site

NA :
i Sl e (pgeldida Gleag £
ot

Active site

Virus envelope




such as herpis virus

Multiple Receptors -Hv

+ In some cases, interactions with more than one protein are required for
virus entry - neither protein alone is a functional receptor.

 Adenovirus receptor-binding is ajtwo stagefprocess involving an initial

interaction of the virion fibre protein with a range of cellular receptors,
including MHC class I molecule and the coxsackievirus-adenovirus
receptor (CAR). o el s pgeall oo a5 BRI 5l (g 5563

* Another virion protein, the penton base, then binds to the mtegrin

family of cell surface heterodimers allowing internalization of the
particle via receptor-mediated endocytosis.

* The primary receptor for HIV 1s the T cell antigen, CD4.

 These are Several members of a family of proteins known as b-
chemokine receptors play a role in the entry of HIV into cells, and their
distribution may be the primary control for the tropism of HIV for
different cell types (lymphocytes, macrophages, etc).

Joaadl Ao slisa A Sadl Gudi gk
example of target cells

Penetration

» Penetration of the target cell normally occurs a very short
time after attachment of the virus to its receptor in the

cell membrane.

» Unlike attachment, cell penetration 1s generally an
energy-dependent process, i.€. the cell must be

metabolically active for this to occur.

4 Threelmain mechanisms are involved.

two mechanism because translocation is no longer considered as one of them.
Jl s agda Baa g o5 WiSa (0 9l G

fussion
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Translocation

rarely seen in viruses , but it occure in the case of nutreint
or other things .

1) Translocation of the entire virus

P

Cell membrane |

particle across the cytoplasmic Cytoplesan
membrane of the cell. | D

cellular recepior molecule

+ This process 1s relatively rare

(

among viruses and 1s poorly

| |

understood.
. . . . Paticle & ranslocated
+ Itis mediated by proteins in the Qﬁ | s coll o by
virus capsid and specific ! Y o) -

membrane rec-eptors.

Farticle & released ino
cywoplasm and recepior
15 recycled by cell

i 1
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~ Translocation :

then it flips inside the cell 41 z & ¢ 3 pa ol p Gug ) Adf dny
Sai Uy diM very rare in virus o Lsa L Jia g (i @b qliy)

There are 2 mechanisms of entery of the virus inside
the cell :

1 _ Receptor mediated endocytosis .

2 fussion.




Endo Cytos iS Receptor mediated

endocytosis
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2) Endocytosis of the virus into el Uias Lol g, dolatl csladlodl dotaatia
intracellular vacuoles is probably FNREETOSIS &sa 5
. = (el e o Ll ey
the most common mechanism. Oq 2 O LH o o 05
; ; 058 Cell membrane
= Does not require any specific w
. - - L=
virus proteins (other than those Caated - 20 G50) ) | coated vesicte
pit OSC, oC

utilized for receptor binding) but
relies on the formation and
internalization of coated pits at
the cell membrane.

e e

Adherence Joining

EXOCYTOSIS

* Receptor-mediated endocytosis is
an efficient process for taking up
and concentrating extracellular
macromolecules.

Cell membrane

oo
S o
O
| < J

Secretory vesicle

—

Adherence Joining \ Elsevier 2005

Fusion

3) Fusion of the virus envelope
with the cell membrane, either
directly at the cell surface or in
a cytoplasmic vesicle. Extracellular

* Fusion requires the presence of  virus
a fusion protein in the virus
envelope which promotes
joining of the cell and virus
membranes, resulting in the
nucleocapsid being deposited
directly in the cytoplasm.

* There are two types of virus-
driven membrane fusion: pH-
dependent and pH-
mmdependent.

Cell Membrane

Receptor-binding

Acidificatior
of vesicles

Cytoplasm
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Enveloped
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Fig. 2. Methods of virus entry. From Harper, D., Molecular Virology, 2nd edn, © BIOS
Scientific Publishers Limited, 1998.

_ enveloped viruses :

J) &« 4 glycoproteins J <kl enveloped virus J 2
s Cplldal sais dha ay host cell J) A= (5254l receptors

1 _ it might enter via receptor mediated endocytosis .

Oty qub ¢ (JAY A8 gl Sy ) endostatic vesicle &b ¢ Jay
triger J\s 18 ¢ vesicle J ox ool adhay sl trigger osa p ¥ (i
. acidification or drop in the PH vesicle J s

2 fussion:

dia £ ja puay &uas cell membrane J & viral envelope J gl
J) Jia virus J) JS s+ . nucleocapsid J) s Lldlle Jiay L daddg
. endostatic vesicle

~ Naked virus :

cell ) & anily 88 L JUlL envelope cis L naked virus J) oY
receptor ;3 a8k, L) Jiy iy, diel« membrane
mediated endocytosis




Note : in certain naked viruses the genom only leave
the endostatic vesicle & in another the nucleocapsid
leave the vesicle .

genome J o« sl daygall (0 1 oy capsid + genome J) (Sea x
c gl e

as a sl |, Wil enveloped viruses J) : daad
. nucleocapsid

acidification J » vesicle J ¢« gyl gl Al trigger J
. enveloped J naked («s sl oS & g

_ Acidificaton might lead to :

1 _ conformational changes in the viral envelope to
attach & fuse with endostatic vesicle membrane -2
release of the virus .

2 _virus ( naked / enveloped ) may release certain
substances that leads to the lysis to the endostatic
vesicle & release virus .

Jk endostatic vesicle membrane J & fussion J) Je L
.naked virus

_ acidification is a limited step in the entery of the
virus inside the cell.

Paramyxovirus -- parainfluenza virus

Orthomyxovirus -2 influenza virus



» Uncoating 1s a general term for the events which occur after

penetration.

» Uncoating 1s one of the stages of virus replication that has

been least studied jand is relatively poorly understood.

» The product of uncoating depends on the structure of the virus

nucleocapsid.

* The structure and chemistry of the nucleocapsid determines

the subsequent steps in replication.

Uncoating @sassembly of the viruﬂ

_ Un coating : disassembly of the virus .

release of the genetic s x5 capsid J) dsihy paidally
material in the cytoplasm of the target cell

BOX 6-6. Steps in Viral Replication

LV TR S S

el o

-

Recognition of the target cell

Attachment

Penetration

Uncoating

Macromolecular synthesis

a. Early mRNA and nonstructural protein synthesis:
genes for enzymes and nucleic acid-binding pro-
teins

b. Replication of genome

c. Late mRNA and structural protein synthesis

d. Post-translational modification of protein

Assembly of virus

Budding of enveloped viruses

Release of virus




NOTES :

_ recognition of the target cell : is arandom process
,7depend on the number of virus & availability of
receptors .

receptor on the target Ju Lghlsi ) dah Jaj clug pdl) 2o ) Lals
.cells

G AN gl Undia ol Lt ¢ (AU a3ty 8 pudalaall J g phlisa ol ghadll) gl
_ attachment.
_ penetration.
_ uncoating .
_ earlyenzyme synthesis ( non structural protein ).
_ genetic material replication .
_ structural protein synthesis .
*Is this order apply on the DNA & RNA viruses ?

The answer is No , DNA Viruses depend on celluler
machinary in its replication , so it can not pack their
owhn enzymes .

early enzyme synthesis J! i ski ks L DNA viruses J ik
. 51 J8é RNA Viruses J & Gl Gl il < ghdll ol g

_ Post translational modification may occur in step
number 5 or maybe occure after assembly of the
virus.

. maturation J g s (s dags modification J



Genome Replication
and Gene Expression

» All viruses can be divided into seven groups - a scheme
was first proposed by David Baltimore in 1971.

* Onginally, this classification included only six groups,
but 1t has since been extended to include the
hepadnaviruses.

* For viruses with RNA genomes in particular, genome
replication and the expression of genetic information are

mextricably linked, so both are taken into account.

Last lecture we mentioned the 7 Balitmore for viruses
replication . ( ssDNA , ds DNA , ss RNA + sense,
sSRNA - sense , dsRNA , ss RNA (+) sense reverse
transcriptase , DNA reverse transcriptase).

: a2 9 4 special ¢s Uss
_ ssDNA--> Parvovirus
_ dsRNA -->Reoviridea ( Rotavirus )

¢ Ot a8 aa e U JULYL gastrointritis Jax s il A | g S
el die S aild (un gdle Gt N ee Al LA Gl Jary (Saag

_ RNA reverse transcriptase --> HIV virus

_ DNA reverse transcriptase --»> Hepatitis B



The genomes

I: Double-stranded DNA. Examples: Adenoviruses, Herpesviruses,
Papillomaviruses, Poxiviruses, T4 bacteriophage parvoyi ix=1. DNAviruseJs

Some replicate in the nucleus e.g adenoviruses using cellular proteins.
|Lphcate 1n the cytoplasm | ilsne gyt s 4o 48 s

II: Single-stranded (+)sense DNA. Examples: phage M13, chicken anaemia
Vil‘llS, maize streak virus parvoviruse is the mostimportant example because it infects human

Replication occurs mn the nucleus, involving the formation of a (-)sense strand,

which serves as a template for (+)strand RNA and DNA synthesis.

III: Double-stranded RNA. Examples: Reoviruses, Rotavirues st b 4.i s

These viruses have segmented genomes. Each genome segment is transcribed

separately to produce monocistronic mRNAs.

IV: Single-stranded (+)sense RNA Examples: Hepatitis A and C, Small RNA

pha es, common cold viruses, SARS these viruses have segmanted genome

a)|Polycistronic mRNAlle . Picornaviruses; Hepatitis A | Genome RNA = mRNA.

Means naked RNA 1s mfectious, no virion particle associated polymerase.
ﬁranslation results m the formation of a polyprotein product{which is subsequently

cleaved to form the mature proteins.

b) Complex Transcription e.g. Togaviruses. Two or more rounds of translation are

necessary to produce the genomic RNA.

pginha b jaad) cdlbicial) Ao ) 938 L., 4ule 4 giSa cilliadlal) Sl Sla
A LA O ) aa (g 9 aS phlina i i 888 AT Lo



V: Single-stranded (-)sense RNA. Examples: Influenza viruses, Hantaviruses
Must have a virion particle, contaming RNA directed RNA polymerase.

a) Segmented e.g. Orthomyxoviruses. First step in replication 1s transcription of the
(-)sense RNA genome by the virion RNA-dependent RNA polymerase to produce
monocistronic mRNAs, which also serve as the template for genome replication.

b) Non-segmented e.g. Rhabdoviruses. Replication occurs as above and
monocistronic mMRNAs are produced. . asitgs il

VI: Single-stranded (+)sense RNA with DNA intermediate in life-cycle
(Retroviruses). Examples: HIV, Avian leukosis virus RNA reverse transcriptase
Genome 1s (+)sense but unique among viruses in that it 1s DIPLOID, and does not

serve as mRNA, but as a template for reverse transcription. it mean it contain 2 copies
of s (+)sense RNA

VII: Partial double-stranded (gapped) DNA with RNA intermediate
(Hepadnaviruses) Example: Hepatitis B DNA reverse transcriptase This
group of viruses also relies on reverse transcription, but unlike the Retroviruses, this
occurs inside the virus particle on maturation. On infection of a new cell. the first
event to occur 1s repair of the gapped genome, followed by transcription.

ss(-)sense RNA :

o badi g ¢ B ydika o guugml e £ ik L — sense AV Aualall §sall Lisa
&<a: RNA dependent RNA polymemarase
: (¥l complementary + sense strand

. viral protein synthesis Jaiyagusnl e 795

J «» b — sense strand i<l as a template Juidi _
il g dll o £ 51l Mgl genetic materials



The monocistronic mRNA problem
mRNA T N TR AAAAAAA

RIBOSOMES ...l..l..l..l..l..l..l..l..l..l.--

PROTEIN A

3 N " TIAAAAAAAA

.l..l..l..l..l..l..l..l..l..-.

..‘

* Make one monocistronic mRNA per protein
* Make a primary transcript and use alternative splicing
* Make a large protein and then cut it into smaller proteins

* Include special features in the mRNA which enable
ribosomes to bind internally

_ Monocistronc mRNA : each gene encoded into
separate mRNA molecules ,which encode into
separate proteins .

_ Do our cells do monocistronic mRNA ?
Yes

_ Do viruses do monocistronic mRNA ?
Usually yes , but not always .

ot ) okl e dia g ¢ monocistronic mMRNA J) Jax iS qub
cped A slha e Jaaldill g ABllly 3352 54



Class I: Double-stranded DNA

This class can be subdivided into two further groups:

A)Replication is exclusively nuclear. The replication of these
viruses 1s relatively dependent on cellular factors.

B)Replication occurs in cytoplasm (Poxviridae). These viruses
have evolved (or acquired) all the necessary factors for
transcription and replication of their genomes and are

therefore largely independent of the cellular machinery.
so it has its own enzymes

Class I: Double-stranded DNA

Attachment
and entry

S

y

/ lmmlediate :
() Replicati
ei:)rrozssz)n e Q
©_>>_ e O O Release

\ ‘ Assembly
Early (B) < /. Late(y)

expression expression

(Latency)

o

J) z.95 uncoating 4sa « AlAle (gl JAy Jguy palida (S
oaSihally Ui L Jie L replication W wa; dlia g 315l A dsDNA
.release jyassembly (o @l p Jan ¢



it filling the gaps between Replication fork
the okazaki fragment
Rg DNA?rimase _\Eut RNA primers
, h i
its templatBN#'

strand is fro
to 3' direction

its template strand '{ 5 5
is from 3' tod wi“g

direction

strand
\4- separate the
make the 4—/ — (.Pd ) : Bl;lrf;(t:r(::l(;:?r: e
complementary - Hel
strands it separate the 21 ginqla strang,
strands of DNA Bindina proteins
molecule 9p

eeAlCaalla Jag (e ¢ 594 DNA ) sali ) replication W suas 3 JS

use its own RNA as a ~¥ & « telomerase J) s o5 e 2
template to build DNA



Class II: Single-stranded DNA
° Replication \IJ Attachment and penetration
occurs in the Vil N
nucleus,
mvolving the
formation of a NS protein '
double-stranded exression @ &
intgnnediate CAP protein @ @
which serves as a expression
template for the
SyntheSlS of Genome replication
Slllgle'Stl'allded Assembly/maturation
progeny DNA. \7 \ ]
Release
O © Elsevier 2005
Notes :

DNA J 4« ki y ¢ leading strand J) 4das a2 ssSDNA O _
complementery 4 J«: dependent DNA polymerase

2ed round of Ju vax (& Osiledad) | shadly | s2a s (s strand
. <a s DNA polymerase a8 ki a0 replication

_ What about of protein synthesis in ssDNA & dsDNA ,
How does it occure ?

Replication is occure in nucleus ,
da 2y mRNA J &b host transcription Us juas Ll

It exit the nucleus & go to the ribosome to make
protein synthesis .

.- 9+ strands J) <ilS 13 agas« DNA viruses J) 2 _



Class III: Double-stranded RNA

. / Endo/lysosome Nucleus \
» These viruses
Endosome 1
have segmented Proteolysis
genomes. S0 — ¥ EEpEILeR
. SO6

» Each segment is O b . g:r’ﬁede

transcribed / Endocyresis f';::i:ﬁ‘_’"// Primary

I¥  transcription

separately to

produce
mdividual
monocistronic (—) strand
mRNAS. ayntness
| (+) particle A
l Release
N I (b
=~ ¥
)\ © Elsevier 2005

oy :
_ds RNA viruses : it contain 2 strand one of them is

(+) sense & another one is (-) sense .

Gk 08 b 3y g2 (8 Giiludud) | sladl replcation J) dle ual Wl
GsSizu (+)sense J' RNA dependent RNA polymerase 3!
L Aasal) (685 (<)sense Jls < (<) sense W complementery J!

J 4wdlly 5d replication J) dles cuald (95 d | (+) sense
¢ protein synthesis

L Oig) ety Tl Adle Allag Juails ) (<) sSense )

. viral proteins J| gaysasusnl e 752 (+) sense J



Class IV: Single-stranded (+)sense
RNA

» These can be subdivided into two groups:

— Viruses with polycistronic mRNA. As with all the viruses in
this class. the genome RNA forms the mRNA. This is
translated to form a polyprotein product, which 1s

subsequently cleaved to form the mature proteins.

— Viruses with complex transcription. Two rounds of
translation (e.g. Togavirus) or subgenomic RNAs (e.g.

Tobamovirus) are necessary to produce the genomic RNA.

_ss(+) sense RNA :

RNA J &b cs replicaton Wra « € adag strand 2

54 (<) sense ¢S W Al Ul ity dependent RNA pol
0 Qg Jardy p gl e 7 g8 a8 L g Lay Lgda Bl
(+) sense 4 (+) sense J pivil as a template Juids J&i
as aviral sl (pailll + J) Al Lgls lisig pll aiail A La Baag
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Polycistronic mRNA :
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Class I'V: Single-stranded (+)sense RNA
Attadchmenl
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Class V: Single-stranded (—)sense
RNA

» The genomes of these viruses can be divided into two types:

— Segmented genomes

 First step in replication 1s transcription of the (-)sense RNA genome
by the virion RNA-dependent RNA polymerase to produce
monocistronic mMRNAs, which also serve as the template for genome

replication.

— Non-segmented genomes

_ss(-)sense RNA :

C95 e (+) sense OsSAsa Judiu 4 Jurs RNA pol J) 2 (-) 32
as a template Jiidi cUild g viral proteins J) gy agu sl e

.4 04 (-) sense kil



Class V: Single-stranded (—)sense
RNA

Attachment
and entry / Nucleus \
Uncoating Replicative (+)
@ ') intermediate Assembly/
e ) maturation
Expression
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Release
Replication

\ ~—" Proteins /

Elsevier 2005

Class VI: Single-stranded (+)sense RNA with a DNA

Intermediate such as HIV virus

MATURATION

Retrovirus

__REI.!:'\SE
genomes are X
(+)sense RNA MEMBRANE

but unique 1in that

they are diploid, 2 copies o [Fenemoarion | [Cossemery | [ﬁ
and do not serve ;?1}:) sens Regtory
directly as s % K 7
mRNA  but as a e 3868
template for | CYTOPLASM
REPLICATION
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Fusion of
HIV to the host
cell surface.

HIV RNA, reverse
transcriptase, integrase,
and other viral proteins
enter the host

Co-receptor
(CCRS5 or CXCR4)

Viral DNA is
formed by reverse
transcription.

Host Cell

-
e O Viral RNA
Reverse

transcriptase
nucleus and integrates

Viral DNA is
transported across the

-~ ””mnm\ 2
into the host DNA.

/ \ % Integrase
% 1 \“ iy '»\’/vlral DNA
l [l
\ ////// 2
N -'\_:/& %—Host DNA
\

= New viral RNA

Mature
Virion

I

New viral RNA is

used as genomic RNA
and to make viral

< proteins.

Virus is released.
Viral protease
cleaves new
polyproteins to
create mature
infectious virus.

New viral RNA —
and proteins move
to the cell surface,
and a new, immature
HIV forms.

Note :

_ all RNA viruses replicate in the cytoplasme except
2 , HIV & Influenza virus they are replicate in nucleus

_ All DNA viruses replicate in the nucleus except
poxvirus , it replecate in the cytoplasme .



Class VII: Double-stranded DNA with
RNA Intennediate Hepatitis B virus

* This group of viruses also relies on reverse transcription.

* Unlike the retroviruses (class VI), this occurs inside the

virus particle during maturation.

* On infection of a new cell, the first event to occur 1s repair

of the gapped genome, followed by transcription.

NOTES:
_ Hepatitis B viruse is partial DNA virus .

Bind to the receptor on target cell -- penetration -
2 uncoating ->partial dsDNA genome .

J« DNA dependent RNA pol J' & ki partial DNA J
zs < MRNA Ul transcription J« ¢ 315 replication
J) 1sleny aay B g viral protein synthesis sl a gl e
sl ol L. viral genom

¢ DNA g <isS mMRNA (* gis L5 DNA virus s HBV J
(+)sense J = ki reverse transcriptase J) 4l jan U
» 4!l DNA J') RNA - DNA intermediate J«: < mRNA

biy < DNA JJ<is RNA J 8 RNAase J »: ((-) sense

Gl glasSs L 32 s ds DNA 4l DNA like component Y4
. partial DNA strand 4135
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All animal RNA viruses code for a
Polymerase

* Positive/negative/double-stranded RNA virus genomes all
encode a RNA-depend RNA polymerase.

* RNA-depend RNA polymerase 1s associated with negative
RNA viruses.

» Reverse transcriptase 1s associated with retroviruses.
US b cdgll puil aaliga protein synthesis J a5 Jsw @ladtad) S

. b sd s s replication J) (s 4@ S5

PLUS (POSITIVE) sense RNA GENOMES
(+RNA)

proteins
1

* (£) cenca mBPMNA AAA

Single-strand positive-sense RNA- the virus
genome is the virus mRNA.



Minus (negative) sense RNA genomes:

protteins

RNA polymerase must be

paCkaged in virion. Single-strand negative-sense RNA-
virus mRNA is transcribed from the
parental genome.

Double-stranded RNA genomes:

prot'eins

RNA polymerase must be

packaged in virion. Double- stranded segmented RNA- individual

virus mRNAs are transcribed separately off the
parental RNA segments using a transcriptase
associated with each segment



RETROVIRUSES

Reverse transcriptase must
be packaged in virion.

Cytoplasm

Double REVERSE

Retrovirus replication
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