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The catalytic subunit of the herpes simplex virus 1 DNA polymerase (HSV-1 Pol) is essential for

viral DNA synthesis and production of infectious virus in cell culture. While mutations that affect

59–39 polymerase activity have been evaluated in animal models of HSV-1 infection, mutations

that affect other functions of HSV-1 Pol have not. In a previous report, we utilized bacterial

artificial chromosome technology to generate defined HSV-1 pol mutants with lesions in the

previously uncharacterized pre-NH2-terminal domain. We found that the extreme N-terminal 42

residues (deletion mutant polDN43) were dispensable for replication in cell culture, while residues

44–49 (alanine-substitution mutant polA6) were required for efficient viral DNA synthesis and

production of infectious virus. In this study, we sought to address the importance of these

conserved elements in viral replication in a mouse corneal infection model. Mutant virus polDN43

exhibited no meaningful defect in acute or latent infection despite strong conservation of residues

1–42 with HSV-2 Pol. The polA6 mutation caused a modest defect in replication at the site of

inoculation, and was severely impaired for ganglionic replication, even at high inocula that

permitted efficient corneal replication. Additionally, the polA6 mutation resulted in reduced latency

establishment and subsequent reactivation. Moreover, we found that the polA6 replication defect

in cultured cells was exacerbated in resting cells as compared to dividing cells. These results

reveal an important role for the conserved motif at residues 44–49 of HSV-1 Pol for ganglionic

viral replication.

INTRODUCTION

Herpes simplex virus 1 (HSV-1) infection following inocul-
ation on the mouse cornea mirrors the pattern of disease
progression observed in humans (reviewed by Efstathiou &
Preston, 2005; Wagner & Bloom, 1997). Following HSV-1
replication on the cornea, viral particles enter nerve axon
terminals and travel to neuronal cell bodies within the
trigeminal ganglia (TG), wherein a second round of pro-
ductive infection is initiated. Latent infections are esta-
blished within the innervating sensory neurons, which
harbour episomal viral DNA molecules and maintain a
reservoir for the reactivation of infectious virus for the
lifetime of the host.

Previous studies have established that certain viral DNA
synthesis proteins that are not required for viral replication
in cell culture are crucial for acute infection and reac-
tivation in an animal host. For example, thymidine kinase-
negative (TK2) mutants replicate like wild-type (WT)
virus in dividing cells but replicate less well in resting cell

cultures, likely due to reduced pools of thymine nucleo-
tides (Field & Wildy, 1978; Jamieson et al., 1974). How-
ever, viral TK activity is absolutely essential for acute
ganglionic replication and reactivation from latency of
well-studied HSV-1 strains (Chen et al., 2004; Coen et al.,
1989; Efstathiou et al., 1989; Tenser et al., 1989; Thompson
& Sawtell, 2000). Similarly, viral ribonucleotide reductase-
negative (RR2) mutants exhibit a modest defect in viral
DNA synthesis in actively dividing cells, which is exacer-
bated during infection of resting cells, again likely due to
reduced pools of nucleotides (Goldstein & Weller, 1988a, b;
Jacobson et al., 1989; Nutter et al., 1985; Preston et al.,
1988). Unlike HSV-1 TK, HSV-1 RR is required for viral
replication on the mouse cornea as well as subsequent
stages of infection in mice (Jacobson et al., 1989). In
contrast, the catalytic subunit of the viral DNA polymerase
(HSV-1 Pol) is absolutely essential for production of
infectious virus in cell culture and in mice, presumably due
to the role of 59–39 polymerase activity in production
of progeny viral DNA molecules (Aron et al., 1975; Katz
et al., 1990; Marcy et al., 1990; Purifoy et al., 1977). Drug
resistant viruses containing point mutations in the pol gene
that alter 59–39 polymerase activity exhibit varying degrees
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of attenuation during acute and latent infections in mice
(Darby et al., 1984; Field & Coen, 1986; Larder & Darby,
1985; Pelosi et al., 1998). However, the roles of other HSV-
1 Pol functions have yet to be evaluated in an animal model
of infection.

The C-terminal half of HSV-1 Pol exhibits significant
sequence and structural homology with other prokaryotic,
eukaryotic, and viral DNA polymerases and is the best
functionally characterized region of the protein (Fig. 1;
Bernad et al., 1989; Liu et al., 2006; Wang et al., 1989). In
contrast, the pre-NH2-terminal domain, which comprises
the extreme N-terminal 141 residues, is unique to herpes-
virus polymerases and a structural equivalent has yet to be
identified in other published protein structures (Liu et al.,
2006). Recently, using bacterial artificial chromosome
(BAC) technology, we generated recombinant viruses with
specific alterations at the 59 end of the pol gene in order to
assess the role of the previously uncharacterized pre-NH2-
terminal domain of HSV-1 Pol (Fig. 1; Terrell & Coen,
2012). For one mutant, polDN43, we deleted the extreme
N-terminal 42 residues, which exhibit 76 % protein se-
quence identity between HSV-1 and -2 (Di Tommaso et al.,
2011; Notredame et al., 2000). For a second mutant, polA6,
we substituted HSV-1 Pol residues 44–49 (FYNPYL),
which are strongly conserved within the human herpes-
virus Pol family, with six alanines (Terrell & Coen, 2012).

In cell culture polA6 exhibited an eightfold defect in viral
yield with a similar decrease in viral DNA synthesis, while
polDN43 exhibited no defect in viral yield. Additionally, we
demonstrated that the deletion and substitution mutations
did not impact 59–39 polymerase activity of the correspond-
ing mutant enzymes in vitro. Thus, the conserved motif
FYNPYL plays a role in viral DNA synthesis processes during
cellular infection that is distinct from 59–39 polymerase
activity. We hypothesized that the conserved residues at
the extreme N terminus and those functions outside 59–39

polymerase activity may be important for viral replication
and reactivation in a mammalian host. In this present study,
we sought to address this hypothesis by investigating the
pre-NH2-terminal pol mutant viruses in a mouse model of
infection.

RESULTS

Acute replication of pol mutant viruses on the
mouse eye and TG

We sought to evaluate the role of conserved residues within
the pre-NH2-terminal domain of HSV-1 Pol in a mouse
model of infection and latency, hypothesizing that these
residues could be important for acute and/or latent infec-
tion. The generation and characterization of recombinant
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Fig. 1. Locations of HSV-1 pre-NH2-terminal mutations within pol coding sequences. Coding sequences are depicted as lines,
and conserved motifs and regions in the pre-NH2-terminal, polymerase and 39–59 exonuclease domains are shown as
rectangles. The conserved motif at residues 44–49 (FYNPYL) in the pre-NH2-terminal domain is shown as a black rectangle,
motifs conserved among 39–59 exonucleases (Exo I, II and III; Bernad et al., 1989; amino acid residues in HSV-1 Pol indicated
below the top line) are shown as white boxes, and motifs conserved among a-like DNA polymerases (I–VII; Hwang et al., 1992;
Wang et al., 1989) and a region conserved between HSV-1 Pol and DNA polymerase d (d-region C; Zhang et al., 1991) are
shown as grey boxes (amino acid residues in HSV-1 Pol indicated above the top line). The top line shows the WT pol open
reading frame which was restored in the background of polA6 to generate rescued derivative virus polA6R. The next line shows
deletion mutant polDN43, with a deletion of sequences encoding the extreme N-terminal 42 residues. The third line shows
mutant polA6 in which the conserved motif at residues 44–49 was substituted with six alanines, as depicted by the white
rectangle. The depicted mutations were incorporated at the pol locus of an infectious HSV-1 BAC clone as previously
described (Terrell & Coen, 2012).
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pre-NH2-terminal domain pol mutant viruses (Fig. 1) has
been described previously (Terrell & Coen, 2012). Deletion
mutant polDN43, which lacks the extreme N-terminal
42 residues that are highly conserved in HSV-1 and -2,
displayed WT-like replication kinetics in cell culture.
Mutant polA6, in which the conserved motif at HSV-1
Pol residues 44–49 was substituted with six alanines,
exhibited decreased viral yield and DNA synthesis. Rescued
derivative virus polA6R, in which the WT pol ORF was
restored in the background of the mutant, recapitulated the
WT phenotype and demonstrated that the replication
defect was specifically attributable to the engineered mu-
tation. Our analyses in the mouse model included these
three viruses and the parental BAC-derived WT virus. CD-
1 mice were infected on the eyes with 26106 p.f.u. of virus
following corneal scarification. At 1 day post-infection
(p.i.), which is the time of peak replication on the eye
(Coen et al., 1989), eyes were swabbed, and the eye swabs
were titrated on the complementing cell line polB3, which
inducibly expresses WT HSV-1 Pol (Hwang et al., 1997).
The rescued derivative polA6R, as well as mutant polDN43,
generated infectious virus roughly as efficiently as WT
(Fig. 2a; results shown in Fig. 2a, b represent pooled data
from two independent experiments). However, mutant
virus polA6 reproducibly exhibited a fivefold defect in viral
replication at 1 day p.i., which was similar to the observed
replication defect in cell culture (Terrell & Coen, 2012).

At 3 days p.i., which is the time of peak replication in the
TG (Leib et al., 1989), mice were sacrificed and TG homo-
genates were titrated on polB3 cells. At this time, again,
the rescued derivative virus polA6R and mutant polDN43
exhibited acute ganglionic replication similar to that of
WT (Fig. 2b). However, polA6 replication was drastically
reduced with a ~1000-fold defect in infectious virus com-
pared to its rescued derivative polA6R (P50.004; Fig. 2b).
Although entire homogenates of ganglia from mice infected

with polA6 were plated onto polB3 cells, a number of
samples failed to yield detectable virus (Fig. 2b).

To determine whether acute ganglionic replication of
mutant virus polA6 was merely delayed, in our second
independent experiment, we extended the analysis of
ganglionic replication through the first 7 days p.i. How-
ever, polA6 replication at 5 days p.i. remained three orders
of magnitude lower than that of polA6R and WT (data not
shown). By 7 days p.i., infectious virus became nearly
undetectable in the TG for all viruses, including WT (data
not shown). Therefore, polA6 exhibited severely impaired
ganglionic replication throughout the acute phase of
infection.

The acute ganglionic replication defect is not
overcome by increasing the inoculum

Next, we asked whether the fivefold corneal replication
defect at 1 day p.i. explained the severity of the acute gang-
lionic replication defect of mutant polA6. Accordingly, we
tested whether increasing the inoculum dose could permit
increased replication on the eye and thus overcome the
severe ganglionic replication defect. We evaluated acute
viral replication for equivalent doses of polA6 and polA6R
(16106 p.f.u.) as compared with 10-fold and 100-fold
higher doses of polA6. At 1 day p.i., we observed the typical
fivefold defect of polA6 for replication on the eye following
the low dose inoculation, while at the highest dose of
the mutant (16108 p.f.u.), replication on the eye was
similar to that of polA6R inoculated at the low dose (Fig.
3a). Nevertheless, infection with 16108 p.f.u. of polA6

virus failed to overcome the ganglionic replication defect
observed at 3 days p.i. (P,0.0001 versus polA6R) and did
not even enhance viral replication in the TG as compared
with 16106 p.f.u. of polA6 (Fig. 3b). Additionally, we
found that the replication defective phenotype persisted
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Fig. 2. Acute replication of pre-NH2-terminal pol mutant viruses. CD-1 mice were infected on the eyes with 2�106 p.f.u. of the
indicated BAC-derived viruses following corneal scarification. Data shown were pooled from two independent experiments and
the means±SD for each dataset are plotted. Viral titres from eye swabs at 1 day p.i., n511 (a) and acutely infected TG at 3 days
p.i., n514 (b) are shown. All viruses were analysed by one-way ANOVA (a) or Kruskal–Wallis test (b), and polA6 was compared
to WT and polA6R using Bonferroni’s multiple comparisons post tests (a) or Dunn’s multiple comparisons post tests (b).
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through 5 days p.i. in the TG for both low and high dose
polA6 infections as compared with polA6R (Fig. 3c). Thus,
regardless of the administered dose, mutant polA6 was
unable to replicate efficiently in mouse TG in vivo.

Latency establishment and reactivation

We hypothesized that the acute replication defect exhibited
by polA6 would compromise the efficiency of establishment
of latency. To investigate this possibility, we quantified the

number of viral DNA copies in latently infected TG using

real-time PCR. Data presented in Fig. 4 were obtained from

mice infected in the context of the two independent

experiments presented in Fig. 2. Consistent with the robust

level of viral replication during the acute phase of infection,

both polDN43 and polA6R viruses established latency as

efficiently as WT virus (Fig. 4a). Interestingly, mutant virus

polA6 reproducibly exhibited a sixfold decrease in latent

viral DNA compared with its rescued derivative polA6R
(P,0.0001; Fig. 4a).
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Importance of HSV-1 Pol pre-NH2 domain in mice

http://vir.sgmjournals.org 943



Previous reports have demonstrated that certain viral DNA
synthesis proteins (e.g. TK and RR) that are dispensable
for replication in cell culture are absolutely essential for
reactivation, at least for laboratory HSV-1 strains (Chen
et al., 2004; Coen et al., 1989; Efstathiou et al., 1989;
Jacobson et al., 1989; Thompson & Sawtell, 2000). There-
fore, we sought to determine whether the conserved HSV-1
Pol residues absent in mutants polDN43 and polA6 were
required for reactivation from latent infection. Reacti-
vation assays were performed using the dissociation
method in which latently infected TG are digested into
single cell suspensions and plated individually onto polB3
monolayers in a six-well plate. Wells that did not yield
infectious virus by 10 days post explant were harvested,
freeze–thawed, sonicated and plated onto a fresh polB3
monolayer as a final test of reactivation. As expected, 100 %
of WT- and polA6R-latently infected TG reactivated within
10 days post explant (Fig. 4b). Mutant virus polDN43
displayed a comparable level of reactivation, with 22 of 23
(96 %) latently infected ganglia producing infectious virus
(Fig. 4b), which demonstrated that the extreme N-terminal
42 residues are not required for reactivation. Reactivation
of the polA6 virus was much less efficient (15/28; 54 %) and
this reduction was statistically significant when compared
with polA6R (Fig. 4b; P,0.0001). In addition to diminished
reactivation efficiency, polA6 displayed slower reactivation
kinetics than WT, polDN43 and polA6R (data not shown).
These results suggest that the conserved motif FYNPYL
is necessary for efficient latency establishment, and either
directly or indirectly for subsequent efficient reactivation of
infectious virus.

Replication kinetics of polA6 in resting cells

Certain mutant viruses that exhibit decreased acute gang-
lionic replication also display replication defects in resting
cell cultures (Bolovan et al., 1994; Brown et al., 1994; Field
& Wildy, 1978; Goldstein & Weller, 1988a; Jacobson et al.,
1989; Jamieson et al., 1974). In order to determine whether
the metabolic state of the cell affected the in vitro growth
defect observed with polA6, we analysed multi-cycle repli-
cation kinetics in resting and dividing cells. Cell cycle arrest
was induced by maintaining confluent human foreskin
fibroblast cells (HFFs) in medium containing 0.5 % FBS/
DMEM for 96 h prior to infection. Western blot analysis
(data not shown) of serum starved HFFs for retinoblas-
toma protein production and phosphorylation was similar
to that reported previously from quiescent cell cultures
(Ehmann et al., 2000; Song et al., 2000). Both resting
and dividing HFFs were infected at an m.o.i. of 0.01 in
triplicate, and whole-cell lysates were harvested at 48 h p.i.
We included tk null virus dlsptk as a positive control in this
experiment, as it has been established that such viruses
exhibit impaired replication in resting cells (Field & Wildy,
1978; Jamieson et al., 1974). Accordingly, we found that
dlsptk replication was similar to that of WT in actively
dividing cells at 48 h p.i., and was reduced threefold in
resting cell cultures (Table 1). As expected (Terrell & Coen,

2012), polA6 exhibited reduced viral yield in dividing cells
with a sevenfold decrease in infectious virus compared with
polA6R (Table 1). Interestingly, the polA6 replication defect
was exacerbated in resting cell cultures to a 57-fold defect
in viral yield at 48 h p.i. when compared to polA6R (Table
1). These results suggest that polA6 replication is further
restricted in resting cells and this effect may contribute
to the severity of the acute ganglionic replication defect
observed in mice.

DISCUSSION

In this study, we addressed the roles of conserved residues
within the pre-NH2-terminal domain of HSV-1 Pol in
a mouse model of infection. We found that the extreme N-
terminal 42 residues, which are deleted in mutant polDN43,
are dispensable for replication and reactivation from latent
infection in mice following corneal inoculation. Thus, we
have found no role for these residues either in cell culture
(Terrell & Coen, 2012) or in vivo, at least in mice. This
segment is conserved among a subset of simplexviruses
within the subfamily Alphaherpesvirus that infect humans
and monkeys (McGeoch et al., 2000), with viral DNA poly-
merases from Cercopithecine herpesvirus 1 (CeHV-1; B
virus), CeHV-2 (simian agent 8; SA8), CeHV-16 (herpes-
virus papio 2; HVP2), and Saimiriine herpesvirus 1 (SaHV-
1) exhibiting 31–50 % protein sequence identity within
the extreme N-terminal 42 residues of HSV-1 Pol (Di
Tommaso et al., 2011; Notredame et al., 2000). There is even
greater protein sequence identity (76 %) between this
segment of HSV-1 and -2 Pol (Di Tommaso et al., 2011;
Notredame et al., 2000). Perhaps conservation of this
segment is just an accident of evolution that resulted in a
longer pre-NH2-terminal domain for these viruses. Of note,
however, is that pathogenesis of HSV infection in humans is
very similar to that of B virus in its natural host, which is
closely related to both HVP2 and SA8 (Elmore & Eberle,
2008). Thus, we cannot exclude the possibility that this
conserved element might confer an advantage during viral
replication that is specific to the biology of simplexviruses
that was not detected in our mouse model of infection.

In contrast, we have demonstrated that a motif (FYNPYL)
in the pre-NH2-terminal domain, which was replaced with
a clustered alanine substitution in mutant polA6, has a
significant role in both acute and latent infections in mice.
The defect conferred by this mutation for viral replication

Table 1. Replication in dividing and resting HFFs

Titre (p.f.u. ml”1)

Virus Dividing cells Resting cells

WT 2.16108 9.16107

dlsptk 2.56108 3.16107

polA6 6.46107 2.06106

polA6R 4.36108 1.16108
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on the mouse eye corresponded in magnitude with that in
dividing cells in culture (Terrell & Coen, 2012). In contrast,
replication at the secondary site of infection (TG) was
much more drastically attenuated, and this defect could
not be overcome by increasing the administered dose so
that replication on the eye was efficient. We note that
certain other HSV-1 mutants exhibit substantial defects in
replication on the eye, but much less of a defect in acute
ganglionic replication than does polA6 (Cai et al., 1993;
Pelosi et al., 1998). We suggest therefore that the ganglio-
nic replication defect reflects a specific block during polA6

infection. Restricted polA6 replication in resting cell cultures
is consistent with this interpretation. Therefore, the func-
tion mediated by the conserved motif FYNPYL is of greater
importance for viral replication in mouse TG and in resting
cells. The motif FYNPYL is well conserved across avian and
mammalian herpesviruses from all three herpesvirus sub-
families (Di Tommaso et al., 2011; Notredame et al., 2000),
which underscores the importance of the as-yet-unidentified
function of this conserved motif for viral replication.

Despite the severe impairment in ganglionic replication,
the number of viral DNA copies in polA6-latently infected
TG, a measure of establishment of latency, was only de-
creased by sixfold compared with polA6R. The decrease in
latent viral DNA was more consistent with the fivefold
corneal replication defect than the 1000-fold ganglionic
replication defect. These observations are similar to those
of a study of a TK2 mutant derived from HSV-1 strain 17
(Thompson & Sawtell, 2000). However, examples exist
in which mutant viruses that are defective for corneal
replication sustain WT-like reactivation efficiencies and
latent viral DNA loads (Perng et al., 1996; Thompson
et al., 2009). Perhaps more surprisingly, and in consid-
erable contrast to TK2 mutants of laboratory strains, which
fail to reactivate upon explant (Coen et al., 1989; Efstathiou
et al., 1989; Thompson & Sawtell, 2000), the reactivation
efficiency of polA6 was only twofold lower than that of
polA6R despite the severe impairment in acute ganglionic
replication for mutant polA6. It is especially remarkable
that reactivation was this efficient given the decreased
establishment of latency that we observed, on top of the
severe acute ganglionic replication defect and the resting
cell replication defect. One possible explanation for the
relatively efficient reactivation of polA6 in vitro is that
explant of ganglia alters neuronal physiology to overcome
the defect of the virus. This may have precedent. Like polA6,
an HSV-1 mutant with an insertion that truncates VP16 also
displayed a severe defect for acute ganglionic replication
while reactivating relatively efficiently from in vitro TG
explants. A related HSV-1 mutant with an insertion in VP16
also reactivated efficiently from TG explants. However, this
mutant failed to produce detectable infectious virus and lytic
viral proteins in TG following hyperthermic stress in vivo
(Thompson et al., 2009). Thus, reactivation of polA6 from
latently infected TG in vivo might be highly impaired, akin
to its acute ganglionic replication, in contrast to what was
observed with the in vitro explant model.

Although we do not yet understand the biochemical basis
for the polA6 replication defect, our results may provide
some clues. Due to the nature of the mutation (see dis-
cussion in Terrell & Coen, 2012), we hypothesize that the
defect is due to a disrupted protein–protein interaction.
Our results indicate that this interaction would be im-
portant, yet non-essential in dividing cells in culture and
on the eye in mice, but be more important in resting cells
in culture and crucial for ganglionic replication in mice.
One possible explanation is that a host protein that can
partially compensate for the loss of function during polA6

infection in actively dividing cells, is reduced or absent in
resting cells in culture and neurons in vivo. Alternatively,
the mutation may have only diminished the binding
affinity of HSV-1 Pol rather than completely abolishing a
protein–protein interaction. In this scenario, the ability of
the HSV-1 Pol enzyme to form a stable complex would be
of greater importance in neurons and resting cells, perhaps
due to limited expression of the protein binding partner.
These possibilities are currently under investigation. The
mechanism by which the conserved motif FYNPYL medi-
ates efficient viral DNA synthesis and production of
infectious virus may very well reflect a conserved repli-
cation mechanism for many herpesviruses.

METHODS

Cells and viruses. Vero cells (ATCC) and polB3 cells (kindly
provided by Charles Hwang; Hwang et al., 1997) were maintained
as previously described (Terrell & Coen, 2012). Human foreskin

fibroblasts (HFFs; ATCC) were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10 % FBS, 1 %

penicillin/streptomycin, and 1 % amphotericin B. Viruses that were
generated from an infectious BAC clone of KOS (I. Jurak, C. Cui, A.
Pearson, A. Griffiths, P. A. Schaffer, D. M. Coen, unpublished results)

included the virus derived from the WT BAC, polDN43, polA6

and polA6R (Terrell & Coen, 2012). All BAC-derived viruses were

propagated in and titrated on polB3 cells, which inducibly express
WT HSV-1 Pol. Virus dlsptk, which contains a 360-bp deletion in the
HSV-1 tk locus (outside the UL24 coding sequence) that abolishes

enzymic activity (Coen et al., 1989), was amplified in Vero cells.

Assays of acute and latent infections in mice. Animal care and
experimentation procedures involving mice were approved by
the Harvard Medical School Institutional Animal Care and Use

Committee and were in compliance with federal guidelines. Seven-
week-old CD-1 mice were anaesthetized with ketamine–xylazine,

and 26106 p.f.u., unless otherwise indicated, were administered to
each eye in a volume of 4 ml via following corneal scarification
as previously described (Pesola et al., 2005). Infectious virus was

harvested from each mouse eye with pre-moistened cotton swabs that
were resuspended in 1 ml of culture medium (DMEM supplemented

with 5 % newborn calf serum, 1 % penicillin/streptomycin and
1 % amphotericin B) and stored at 280 uC until titration. Acutely
infected TG were harvested and stored at 280 uC in 1 ml of culture

medium. TG were thawed, dounce-homogenized, frozen, thawed and
sonicated prior to titration. For any samples that were suspected to

contain very low amounts of infectious virus, the entire lysate was
plated onto confluent polB3 cells in six-well plates. Reactivation

assays were performed by dissociating latently infected TG as
previously described (Leib et al., 1991), and the cell suspension was
added to individual wells on a six-well plate containing polB3 cell
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monolayers. Analysis of reactivation kinetics was performed similarly
to that previously described (Balliet et al., 2007). Briefly, aliquots
(150 ml) of the viral supernatant were harvested from each well and
stored at 280 uC before plating on confluent 24-well plates contain-
ing polB3 cells for detection of infectious virus. For samples in which
virus had not reactivated by 10 days post-dissociation, whole-cell
lysates were freeze–thawed, sonicated and plated onto confluent
polB3 cells (six-well plate), and monitored for an additional four days
prior to fixing and staining.

Latent viral DNA detection via quantitative real-time PCR.
Latently infected TG were harvested from mock and HSV-1 infected
mice at 30 days p.i. and processed for DNA isolation as previously
described (Pesola et al., 2005). Real-time PCR assays were performed
as previously described (Terrell & Coen, 2012) with primers that
targeted the viral tk gene (Terrell & Coen, 2012) or the murine adipsin
gene (Kramer et al., 2011) and resulted in ¢92 % mean PCR ampli-
fication efficiency in each assay. Viral and mouse DNA standards used
for quantification of recovered DNA in latently infected TG were
prepared as previously described (Pesola et al., 2005). R2 values for
both viral and mouse DNA standard curves were ¢0.99.

Statistical analyses. Statistical analyses were performed using
GraphPad Prism (GraphPad Software). The analyses included one-
way ANOVA with Bonferroni’s multiple comparisons post tests,
Kruskal–Wallis analyses with Dunn’s multiple comparisons post tests,
or Fisher’s exact tests as indicated in the figure legends. For analysis
of viral titres in vivo, 1 p.f.u. was added to all titres to avoid the
undefined logarithm of zero.

Replication kinetics in resting cells. Analysis of viral replication in
actively dividing and resting cell cultures was performed as previously
described (Field & Wildy, 1978; Jamieson et al., 1974) with modi-
fications: HFFs (16106) were seeded into six-well plates and, for
dividing cells, were maintained in DMEM/10 % FBS for 24 h or less
prior to infection. Resting cells were produced by maintaining cell
cultures in DMEM/0.5 % FBS for 96 h prior to infection. Resting
and dividing HFFs were infected at an m.o.i. of 0.01 in triplicate and
whole-cell lysates were harvested at 48 h p.i. and titrated on polB3
cells.
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