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* Virus replication can be
divided into eight arbitrary
stages.

* Regardless of their hosts, all
The viruses must undergo each
of these stages 1n some form

to complete their replication
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1. Adsorption. The virus attachesp&
to its host cell by specific binding §é

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.




=uA CL receprer | (_w
@)Cc/b‘ Ilycoprotein_l >

[

Attachment

e r’;ﬂ
Atfachment

e Virus 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
glycoproteins), or the
carbohydrate residues present on
glycoproteins or glycolipids.
Some complex viruses (€.g.
poxviruses, herpesviruses) use
more than one receptor and have
alternative routes of uptake into
cells.
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* 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
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TABLE 6—6. Examples 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-
virus family protein
Rabies virus Neuron Acetylcholine receptor
- Influenza A virus Epithelial cells Sialic acid :
Bl parvovirus “r‘,rythrcnd hr}-'throcy'te Fantgen
Precursors (globoside)
*Other receptors for these viruses may also exist. Coreceptor: CCR5

ICAM-1 = Intercellular adhesion molecule. CRCX4



Virus Family

i TABLE 6-5. Examples of Viral Attachment Proteins

Virus

VAP

-

Picornaviridae

Togaviridae
Rhabdoviridae

Rhinovirus

complex
Adenovindae Adenovirus Fiber protein
Reoviridae Reovirus -1
Rotavirus VP?7

Semliki Forest virus
Rabies virus

VPI-VP2-VP3

E1-E2-E3 complex
G Protein

Orthomyxoviridae Influenza A virus HA
Paramyxoviridae Measies virus HA
Herpesviridae Epstein-Barr virus gp330 and gp220
Retroviridae Murine leukemias virus goll
Human immunodefi- gpl2o
SICOEY VILUS

gp = glycopratein, VAP

viral attachment proteins

- Host range: the collection of hosts that an organism can utilize
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Many examples of virus receptors are now known. Schematic

representation of some virus receptors - arrows indicate virus

attachment site:
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Virus Receptors

Many examples of virus receptors are now known.
Schematic representation of some virus receptors

- arrows 1ndicate virus attachment site:

HIV Rhino Influenza
Polio Corory \ Rhino Reovirus
Rotavirus
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TABLE 6-5. Examples of Viral Attachment Proteins

Virus Family Virus VAP
Picornaviridae Rhinovirus VP1-VP2-VP3
complex

Adenoviridae Adenovirus Fiber protein
Reoviridae Reovirus o-1

Rotavirus VP7
Togaviridae Semliki Forest virus E1-E2-E3 complex
Rhabdoviridae Rabies virus G Protein
Orthomyxoviridae Influenza A virus HA
Paramyxoviridae Measles virus HA
Herpesviridae Epstein-Barr virus gp330 and gp220
Retroviridae Murine leukemia virus gp70

Human immunodehi-
Clency virus

gpl20

gp = glycoprotemn; VAP

= viral attachment proteins.

HA: Hemagglutinine




Influenza
Viruses

_» Neuraminidase (NA)
— Hemagglutinin (HA)

HA promotes
.binding & entry

NA allows
budding & release

Herpes Simplex
Virus

Cell-surface
proteoglycans
(heparan
sulfate)

Glycoprotein
gB & gC of H

Membrane fusion
and viral penetration

How does an
animal virus infect
Its host?

Examples of Animal
Virus Entry



Influenza
Virus

Receptor
Binding

The influenza haemagglutinin protein
1s 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.

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

As a result, there 1s little cell-type
specificity imposed by this receptor
interaction and therefore influenza
viruses bind to a wide variety of /

different cell t :
ifferent cell types —
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Virus

Receptor
Binding

inHuenza Virus Receptor Binding

protein is one of two types of

glycoprotein spike on the surface of infl virus particles, the

other type being the neuraminidase protein.
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« As a result. there is little cell-type specificity imposed by this

receptor interaction and therefore influenza viruses bind to a
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wide variety of different cell types. R

Hasmaggbutinem (1A) wimer Neussmidase (NA) wesramer

Haemagglutinin (HA) trimer Neuramidase (NA) tetramer

Receptor-binding site
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Virus envelope
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Multiple Receptors

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 a two stage process 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).

Another virion protein, the penton base, then binds to the integrin
family of cell surface heterodimers allowing internalization of the
particle via receptor-mediated endocytosis.

The primary receptor for HIV 1s the T cell antigen, CDA4.

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).



* Penectration of the target cell
normally occurs a very short
time after attachment of the
virus to 1ts receptor in the cell
membrane.

e Unlike attachment, cell
penetration 1s generally an
energy-dependent process, 1.¢.
the cell must be metabolically 0
active for this to occur.

Penetration

 Three main mechanisms are l
involved. 1 2mechaniem s
Labiv )y up /
a




“l @) Translocation
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1) Translocation of the entire

virus particle across the
cytoplasmic membrane of
the cell.

* This process 1s relatively
rare among viruses and 1s
poorly understood.

* It 1s mediated by proteins in
the virus capsid and specific
membrane receptors.

B

Cell membrane |
Cytoplasm

l Virus particle binds to
1 cellular receptor molecule

1

I

Particle is translocated
across cell membrane by

|
) b
Ko
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Particle is released into
l cyloplasm and receptor
v is recycled by cell

=
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“l Z  Endocytosis
Naked or enveloPed

ENDOCYTOSIS

= O
o OOOO(_)OOQO o 0x0 0

2) Endocytosis of the virus into

intracellular vacuoles is probably
the most common mechanism.

Does not require any specific virus
proteins (other than those utilized
for receptor binding) but relies on
the formation and internalization
of coated pits at the cell
membrane.

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

Envelope

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

Acidification
of vesicles

* Fusion requires the presence of 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.

Membrane
fusion

Cytoplasm

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




‘Fusion

Examples:
L Paramyxovirus
Herpesvirus
Endocytosis
Examples:
Inﬂuenza virus
/' togavimses and
rhabdoviruses
Dngestnve
endosome

Pinocytosis (Viropexis)

(3

@ = @ {—’ @ " < Examples:

Non-enveloped Pohovirgs
Adenovirus
Reovirus

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

3) Fusion of the virus envelope with the cell membrane, either

directly at the cell surface or in a cytoplasmic

and the capsid only enter

= Fusion requires the presence of a

7 gl T r—
fusion protein in the virus envelope - & "_;" —
which promotes joining of the cell and {71':;' =t - (&)
< N
virus membranes. resulting in the T e «f“:w
nucleocapsid being deposited directly . T ’\..,ﬂ‘.,.a.
in the cytoplasm. \ e
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« There are two types of virus- driven
membrane fusion: pH- dependent and

pH- independent.
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