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Abstract. Herpes simplex virus type 1 (HSV-1) is a neurotropic DNA virus which has latency in human. In this
study, we isolated various HSV-1 strains, named KHS, from the skin lesions of Korean patients and characterized
the specific features of each strain. We found that KHS strains produced small, cell associated and nonsyncycial
plaques in Vero cells. We classified KHS strains into two substrains, KHS 1 which had highly condensed plaques
and KHS 2 which had less condensed plaques. Since gD protein of HSV-1 plays important roles in viral plaque
formation, we determined the nucleotide sequences of gD genes of KHS strains. According to deduced amino
acid sequences of gD protein in KHS strains compared with prototype strains KOS and F, we found that gD of
KHS strains have more putative O-glycosidic sites, serine in KHS 1 and threonine in KHS 2, respectively.

To find out the establishment of viral latency, we infected each virus strain into eyes of mice and carried out
trigerminal ganglia explanting experiment. We found that both KHS strains established latent infections stably
just as did the prototype KOS and F strains. The eye swab experiments were carried out to check the viral
replication in vivo. KHS 1 exhibited a longer shedding time in eyes of mice. We also found that KHS 1 has a
higher neurotropic affinity by determining the time it took for the virus to reach the trigerminal ganglia from the

eyes. Currently, we are studying the possible mechanism of high neuroinvasiveness of KHS 1 strain.
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HSV-1 is a neurotropic pathogenic agent infecting
the terminals of sensory nerve systems [1]. During
the infection of its mammalian host, HSV-1 replicates
productively at peripheral sites and establishes a
latent infection in sensory neurons that innervate
these sites [2,3]. The viruses are localized in ganglia
maintaining the latency of infection [4]. Latency is a
strategy that HSV-1 has developed to maintain the
presence of its genome in a nonpathogenic and non-
replicate form [5]. Latent virus serves as a reservoir
for the transmission to other susceptible hosts
following the viral reactivation. The reactivation
of latent virus is mainly dependent upon the
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immunological state of the host. When the reactiva-
tion occurs, the infectious virus propagates in the
terminal of neuron provoking the skin lesion [6].
To isolate various Korean HSV-1 strains KHS, we
collected virus samples from the skin lesions of 7
different Korean patients and repeated plaque pur-
ification steps on Vero cells. The highly purified
KHS strains were infected on Vero cell monolayer to
compare the plaque of each strain. Interestingly, the
plaques of KHS strains were smaller than those of the
prototype strains, KOS and F (data not shown). We
could further classify 7 KHS strains into two groups
by plaque morphology, 2 strains in one group which
have highly condensed cell-associated plaques
(KHS 1) and 5 strains in another group which have
less condensed cell-associated plaques (KHS 2).
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Since it is possible that newly isolated viruses have
small plaques than prototype viruses because of the
lack of time for adaptation, we checked the plaque
morphology of KHS strains of high passage. We
figured out that KHS strains of high passage also
produced condensed cell-associated plaques.

To investigate the single replication cycle for each
virus strain, Vero cells were infected with each virus
strain and the rate of replication of each strain was
quantitated by standard plaque assay. The viral
replicating rates of the KHS strains were very similar
to those of prototype strains on Vero cells at MOI 1.0.
Since there was a possibility for several virus
particles to infect the same cell at high MOI, it
might be reasonable to infect Vero cells with virus at
low MOI to detect the difference of viral replication
feature precisely. Therefore, we infected Vero cells
with each virus strain at MOI 0.01. It turned out that
KHS 1 strain showed late eclipse period compared
with other prototype strains and KHS 2 strain had a
similar eclipse period as prototype strains.

Since the replication features of KHS strains were
a little different from the prototypes, we would like to
figure out the reason why KHS strains produced
small and condensed plaques. It might be possible
that the small plaques were due to the differences of
syncytial formation. When it comes to syncytial
formation, we should consider glycoproteins that are
related with cell fusion [7-9]. Among HSV-1
glycoproteins, gD is the most important protein for
viral adsorption [10], penetration [11], cell-to-cell
transmission [12] and cell fusion [13]. It is possible
that KHS strain could result in smaller plaques on
Vero cell, because of KHS gD which might have a
lower affinity to cellular receptor in viral infection.
Therefore, we analyzed the sequences of KHS gD
genes to determine their roles in plaque formation of
different morphology and late eclipse period of viral
replication. We isolated pure virus particles and
prepared the viral genomic DNA by CsCl gradient
ultracentrifugation. The gD gene of each virus was
amplified from the purified genomic DNA by PCR
reaction and the whole nucleotide sequences of gD
genes of KHS strains were determined. Surprisingly,
among 7 KHS strains, there were only two different
types of gD nucleotide sequences. The gD nucleotide
sequences of 2 strains in KHS 1 which produced
highly condensed cell-associated plaques were
identical and the gD nucleotide sequences of
remaining 5 strains in KHS 2 which produced less

condensed cell-associated plaques were also same
with each other. These gD nucleotide sequence data
were submitted to GeneBank (BankIt449358
AF487901 and BanklIt455991 AF487902). According
to the deduced gD amino acid sequences of 395
residues, there was a little variations between two
groups, KHS 1 and KHS 2. The amino acid similarity
between two groups was about 99.5% and potential
glycosylation sites, Asn, Ser and Thr, were added in
gD of KHS strains (Fig. 1A). The addition of O-
linked glycosylation site, Ser, to gD of KHS 1 might
be possible to affect the fusion of infected cells. We
also found out that there is another possible alteration
in disulfide bonds in gD of KHS 1. Eisenberg et al.
reported that disulfide bonds were responsible for
the binding of gD to the cellular receptor HVEM and
disulfide bonds consisted of cysteins between Cys
131 and 227, Cys 143 and 152 [14,15]. Since there is
an alteration of Cys 143 in gD of KHS 1, there is a
possibility that the configurational change of gD
structure may reduce its binding affinity to the
cellular receptor and specific infectivity on Vero
cells (Fig. 1A).

One of the most important features of HSV-1
infection is the latency in its host cell. To test the
latency characters of KHS strains in animal model,
the eyes of 4 or 6 weeks old male ICR mice (Korea
Research Institute of Chemical Technology) were
scarified and each eye was infected with
5.0x 10*PFU of KHS strains along with KOS
and F. During 4 weeks, all the infected mice were
alive and did not have any abnormal symptoms. To
find out the establishment of latency, we carried out a
trigerminal ganglia explanting experiment. Briefly,
trigerminal ganglia from the brains of mice were
surgically collected 4 weeks after virus infection,
sectioned into 8 pieces and overlaid on Vero cell
monolayer for 4 days. The pieces of trigerminal
ganglia and Vero cells were scraped, harvested and
homogenized by Douncer. Homogenates of trigerm-
inal ganglia were overlaid on Vero cells and the
plaque formation was monitored to detect the
reactivated viruses. We found that both KHS strains
established the stable latency just as did the proto-
types, KOS and F strains (data not shown).

Since KHS 1 had a late eclipse period and slow
growth pattern on Vero cells, we carried out eye swab
experiments to check the viral replication in eyes.
Equal amount of each virus strain (2.0 x 10° PFU)
was infected into the mice eyes. At various
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Fig. 1. (A) The alteration of amino acids in gD of various HSV-1
strains. The primary structures of disulfide bonds are schematically
described. (B) In vivo replication and neuroinvasiveness of each
virus strain. The replication rate was determined by mouse eye
swab assay and the neuroinvasiveness of each viral strain was
analyzed by trigerminal ganglion explanting assay. Eyes of ICR
mice were infected with 2 x 10° PFU/ml of each virus. For mouse
eye swab assay (—), mice eyes were wiped with cotton swabs at 0,
6, 12, 48, and 96 h post-infection and each cotton swab was
suspended in media. The amount of virus was determined by
standard plaque assays on Vero cells. For trigerminal ganglion
explanting assay (- -), each trigerminal ganglion was removed at 0,
6, 12, 48, and 96 h post-infection. Trigerminal ganglia were
homogenized and overlaid on Vero cells. The amount of virus in
trigerminal ganglia was determined by plaque assay.
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post-infection periods (6,12,48,96h), mice eyes
were wiped with cotton swabs and virus in each
cotton swab was suspended in medium. The amounts
of suspended viruses were determined by plaque
assays. In most of virus strains except KHS 1, virus
yields were maximal at 2 days of post-infection. KHS 1
had a slow growth rate in mice eyes, the same as in
Vero cells (dashed lines in Fig. 1B). We also carried
out the acute latency assay to check the time for the
virus to reach trigerminal ganglia from the eyes. Just
as with the eye swab experiment, each virus strain
was infected into mice eyes and trigerminal ganglia
were surgically collected from the mice at various
post-infection periods. The trigerminal ganglia were
overlaid onto Vero cell monolayer and homogenized
as previously described. The amount of reactivated
virus was quantitated by plaque assay. We expected
that KHS 1 might reach the trigerminal ganglia from
the eyes much later than other strains, because KHS 1
exhibited slow growth rate in mice eyes and virus
could infect neuronal cells after replicating in mice
eyes. Unexpectedly, KHS 1 reached the trigerminal
ganglia faster than other strains suggesting that KHS 1
is an enhanced neurovirulent strain (bold lines in
Fig. 1B). We do not think the high neuroinvasiveness
of KHS 1 strain is simply due to the amino acid
change of gD in KHS 1 strain. Especially in vivo,
neuroinvasiveness and latency establishment of
HSV-1 are inevitably related with the host immune
system. Currently, we are studying the replication
features of KHS strains in neuronal cells and trying to
understand the immunological interference of HSV-1.
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