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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



One-step virus growth curve





The 
Replication 

Cycle

• Virus replication can be 
divided into eight arbitrary 
stages.

• Regardless of their hosts, all 
viruses must undergo each 
of these stages in some form 
to complete their replication 
cycle.

• Not all the steps described 
here are detectable as 
distinct stages for all 
viruses.
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3. Duplication/Synthesis. Under the control 
    of viral genes, the cell synthesizes the 
    basic components of new viruses: RNA 
    molecules, capsomers, spikes.

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

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.

4. Assembly. Viral spike
    proteins are inserted into the
    cell membrane for the viral
    envelope; nucleocapsid is
    formed from RNA and
    capsomers.
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1. Adsorption. The virus attaches
to its host cell by specific binding 
of its spikes to cell receptors.

Spikes
Receptors

Life cycle – Animal virus



Attachment

• 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 (e.g. 
poxviruses, herpesviruses) use 
more than one receptor and have 
alternative routes of uptake into 
cells. 



Adsorption

Enveloped 
With prominent spikes

Naked; with capsid spikes

• 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





Coreceptor: CCR5
                      CRCX4





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



How does an 
animal virus infect 

its host?
Examples of Animal 

Virus Entry



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 is 
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 is little cell-type 
specificity imposed by this receptor 
interaction and therefore influenza 
viruses bind to a wide variety of 
different cell types.
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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 is 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). 



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 is generally an 
energy-dependent process, i.e. 
the cell must be metabolically 
active for this to occur.

• Three main mechanisms are 
involved.



Translocation

1) Translocation of the entire 
virus particle across the 
cytoplasmic membrane of 
the cell.

• This process is relatively 
rare among viruses and is 
poorly understood.

• It is mediated by proteins in 
the virus capsid and specific 
membrane receptors.



Endocytosis

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.



Fusion

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

• 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.

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

Envelope
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