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General Introduction
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1.1 Classification of Herpesviruses

Membership of the family Herpesviridae is based on the structure of the virion. A
typical virion consists of a core containing a linear double stranded DNA, an
icosahedral capsid around 100 - 110 nm in diameter, composed of 162 capsomeres, a
tegument and an envelope. The envelope forms the outer cover of the virion and has a
number of protrusions or spikes made up of virally encoded glycoproteins. The
overall diameter of the virions varies from 120 -300 nm.

Herpesviruses are divided into three subfamilies based on biological properties.

1.1.1 The Alphaherpesvirinae

The viruses in this subfamily have a variable host range, a short replication cycle and
spread rapidly in tissue culture. They have a lytic effect on infected cells and have a
tropism for sensory ganglia cells, establishing latency in these cells. Members of this
subfamily are the Herpes simplex viruses types 1 and 2, (HSV 1& 2, or human
herpesviruses 1 and 2), and Varicella zoster virus, (VZV, or human herpesvirus 3

HHV3).

1.1.2 The Betaherpesvirinae

Betaherpesviruses are more restricted in their host range and have a longer replication
cycle. Infection in cell culture progresses slowly (around 21 days for cytopathic
effect to be apparent) and latency can be established in a variety of host cells. Human
cytomegalovirus, (HCMYV or human herpesvirus 5, HHVS), murine CMV (MCMYV),
and HHV6 and 7 are members of this subfamily. For the purposes of this thesis,
HCMYV will be referred to as CMV.
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1.1.3 The Gammaherpesvirinae

All members of this subfamily replicate in lymphoblastoid cells, and the viruses are
specific for either T or B cells. Lytic infection can be seen in some epitheliod or
fibroblastic cells, and latent infection is often seen in lymphoid tissue. Epstein Barr
virus (EBV), and the newly discovered Kaposi’s sarcoma virus, KSHV or HHVS8
belong to this subfamily.

1.2  Hermpes simplex viruses 1 and 2

Herpes simplex viruses were the first herpesviruses to be discovered and have been
extensively studied since then. Schenweiss et al., (1962), demonstrated that there
were two specific serotypes, HSV 1 and 2, which are now designated human
herpesvirus 1 and 2 under the rules of the International Conference for Taxonomy of

viruses (Roizman et al., 1981).

1.2.1 Virion Structure

The HSV virion is made up of four elements:

a) an electron dense core

b) an icosadeltahedral capsid which surrounds the core,

c) a tegument around the capsid, and

d) an outer envelope with glycoprotein spikes at its surface.

There are around 40 virion polypeptides that have been identified, of which eleven
are glycosylated. These are gB, gC, gD, gE, gG, gH, gl, gJ, gK, gL and gM.
Glycoprotein B is required for infectivity, gD is also related to viral infectivity and is
the most potent inducer of neutralising antibodies. Glycoprotein C binds to the C3b
component of complement, and gE binds to the Fc portion of IgG. Glycoprotein G
provides the antigenic specificity for HSV. The role of the other glycoproteins is not

well elucidated as yet.
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The envelope of the virus contains at least two, and possibly four non-glycosylated
membrane proteins, and Stannard et al., (1987), have shown that the spikes on the
envelope are virally encoded glycoproteins.

Three types of viral capsid have been reported:

A capsid are empty capsids

B capsids are capsids with scaffolding for DNA but without DNA, and

C capsids which contain DNA.

1.2.2 Viral DNA

The double stranded linear HSV DNA is packed in the form of a toroid, with the ends
held together in such close proximity to each other that the DNA appears to be
circular. The HSV genome is approximately 150 kbp in length, with a G-C content
of 68 and 69% for HSV 1 and 2 respectively. Two covalently linked components, L
(long), and S (short) both consist of unique sequences flanked by inverted repeats.

The L and S components can invert relative to each other and yield linear isomers: Py
(prototype), I.. (inversion of the L component), Is (inversion of the S component) and
Is.. (inversion of both components). The internal repeat sequences are not essential

for the growth of virus in cell culture.

1.2.3 HSV Polymorphisms

1.2.3.1 Intertypic Variation

HSV 1 and 2 differ in their restriction endonuclease (RE) cleavage sites and in the
sizes of their viral proteins. The two types are distinct enough to be characterised

serologically with type specific monoclonal antibodies.
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1.2.3.2 Intratypic Variation

Differences between HSV1 strains at the DNA level result from base substitutions,
which may add or eliminate a restriction site, or change an amino acid, or vary the
number of repeat sequences present in regions of the genome.

The restriction endonuclease (RE) cleavage patterns tend to remain the same in
isolates from the same patient over a number of years, but variability of the repeat
sequences is unstable. Polymorphism of RE sites is frequently noted in unrelated
individuals, thus allowing tracing of transmitted infection from patient to patient.
Sakoaka et al., (1994), reported a clustering of polymorphisms based on race and
geographical location, and suggested a possible host involvement in the evolution of
HSV1. What is perhaps more likely is that the virus has co-evolved with its host and
a conservation of these co-evolved mutations is seen in geographically distinct

populations.

1.2.3 Replication of HSV

The major events in the life cycle of HSV can be summarised as follows:

a) virus attaches to the cell surface,

b) fusion of the viral envelope with the plasma membrane,

c) transport of de-enveloped capsid to nuclear pores and release of DNA into the
nucleus.

d) transcription, replication of viral DNA, assembly of new capsids in the nucleus.
Viral gene expression is ordered in a sequential cascade. Many of the gene products
are enzymes and DNA binding proteins involved in DNA replication. Much of the
viral DNA is synthesised by a rolling circle mechanism, which produces concatemers
which are cleaved into monomers before being packaged into capsids.

Assembly is in stages: DNA is packaged into pre-assembled capsids, the virus
matures and acquires infectivity by budding through the inner lamellae of the nucleus.

This process normally takes 18 - 24 hours in permissive cell culture.
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