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In cells productively infected with herpes simplex virus 1 (HSV1), viral gene expression is regulated in a cascade fashion (18, 19,
39). The six ␣ genes (␣0, ␣4, ␣22, ␣27, ␣47, and US1.5) are
expressed first, followed by the ␤ and ␥ genes. To initiate efficient
viral gene expression, a complex of cellular and viral proteins
must interact with cognate sites present in promoter domains of
␣ genes (22, 29). The key proteins are the cellular proteins HCF
and the octamer binding protein Oct-1 and the viral ␣-transinducing factor (␣TIF or VP16). The consensus sequence of the
cognate site is 5⬘ NC GyATGnTAATGArATTCyTTGnGGG 3⬘
(21, 28). In the cognate site, Oct-1 binds to the octamer sequence
ATGnTAAT. The complex of HCF-1 and ␣TIF bind the sequence immediately downstream of that bound by Oct-1 (8, 23,
24, 43). In the absence of cognate sites or ␣TIF, only a basal level
of ␣ gene expression ensues (42) y represents C or T; r represents
A or G; and n represents A, G, C, or T.
The temporal cascade of viral gene expression involves
downregulation of ␣ gene expression and a sequential, coordinate increase in ␤ and ␥ gene expression (18, 19). The decrease in the expression of ␣ genes is readily observed in cells
blocked from expressing ␤ and ␥ genes. In light of the high
amounts of ␣TIF accumulating in infected cells late in infection, the absence of ␣ gene expression at late times is particularly striking. In the case of ␣4, its product, infected cell
protein no. 4 (ICP4), binds to the cognate site situated across
the ␣4 transcription initiation site to block its transcription (15,
27). Nothing is known of the mechanism by which other ␣
genes are turned off, although it has been suggested that cellular machinery preferentially translates ␤ and ␥ mRNAs. One
potential answer to this puzzle is posttranslational modification
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of the proteins involved in the transcription of ␣ genes. Thus,
␣ gene promoters contain binding sites for Sp1, and it has been
reported that Sp1 is modified in the course of HSV-1 infection
(20). In this report we show that late in infection Oct-1 is
posttranslationally modified and exhibits a reduced capacity to
bind to its cognate sites.
Relevant to this report are the following: HCF-1 is a ubiquitously expressed protein that is associated with the chromatin
(45). The temperature-sensitive BHK cell line tsBN67 contains
a single amino acid missense mutation in HCF-1 (P134S) and
at the nonpermissive temperature arrests in G1 (16). The same
point mutation also prevents transcriptional activation by
VP16. The transcription factor Oct-1 belongs to a family of
transcription factors (Pit-1 and Unc-86) containing a conserved Pit, Onc, Unc (POU) domain (26, 29). The phosphorylation status of Oct-1 is regulated in a cell cycle manner. In
nocodazole-treated (G2/M arrested) HeLa cell lysates, the
electrophoretic mobility of Oct-1 is slower than that present in
interphase cell lysates (38). Functionally, the mitotic phosphorylation of Oct-1 resulted in decreased ability to bind cognate
sites in DNA (40). In in vitro assays, the decrease in binding
capacity to DNA followed phosphorylation of Oct-1 by purified
PKC (17). One scenario in which the virus could regulate a
gene expression would be to modulate the cell cycle in order to
regulate the activity of Oct-1 and HCF-1.
The studies described here stemmed from analyses of cellular function associated with later stages of HSV-1 replication.
In the course of these studies, we noted that cells late in the
HSV-1 replicative cycle acquire some of the characteristics of
cells at the G2/M interphase. Thus, as reported elsewhere, the
G2/M kinase cdc2 was active 8 h after HSV-1 infection despite
the turnover of cyclins A and B, its cognate partners. cdc2
kinase is involved in the expression of a subset of ␥2 genes
exemplified by US11 (2, 4). Recent studies indicate that the
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In herpes simplex virus 1-infected cells, a high level of ␣ gene expression requires the transactivation of the
genes by a complex containing the viral ␣ transinducing factor (␣TIF) and two cellular proteins. The latter two,
HCF-1 and octamer binding protein Oct-1, are transcriptional factors regulated in a cell cycle-dependent
manner. ␣TIF is a protein made late in infection but packaged with the virion to transactivate viral genes in
newly infected cells. In light of the accumulation of large amounts of ␣TIF, the absence of ␣ gene expression
late in infection suggested the possibility that one or more transcriptional factors required for ␣ gene
expression is modified late in infection. Here we report that Oct-1 is posttranscriptionally modified late in
infection, that the modification is mediated by the virus but does not involve viral protein kinases or cdc2
kinase activated by the virus late in infection, and that the modified Oct-1 has a reduced affinity for its cognate
DNA site. These results are consistent with the hypothesis that modification of Oct-1 transcriptional factor
could account at least in part for the shutoff of ␣ gene expression late in infection.
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viral DNA polymerase accessory factor UL42 interacts with
cdc2. Moreover, cells transfected with UL42 show two characteristics of the G2/M phase, that is, active cdc2 kinase and
active topoisomerase II (6, 7). The modification of E2F proteins and the hypophosphorylation of retinoblastoma protein
that are at least in part responsible for the absence of S phase
protein synthesis could also be viewed as a G2/M modification
(3, 13, 41). An additional test of the hypothesis that in the
course of infection the infected cells acquires G2/M characteristics was to determine whether HSV-1 modulated the activity
of the cell cycle-regulated transcription factor Oct-1.
MATERIALS AND METHODS
Cells and viruses. HeLa cells were initially obtained from American Type
Culture Collection and maintained in Dulbecco modified Eagle medium
(DMEM) with 10% newborn calf serum. Telomerase-transformed human foreskin fibroblasts (pHFF) were initially obtained from T. Shenk (11). HSV-1(F) is
the prototype HSV-1 wild-type strain used in this laboratory (14). R325, (lacking
the carboxyl-terminal domain of ICP22), R7356 (UL13 deleted), and R7041 (US3
deleted) were described elsewhere (34, 36, 37).
Cell infection. HeLa cells grown in 25-cm2 flasks were exposed to 2 ⫻ 107 PFU
of appropriate virus in 1 ml of 199V (mixture 199 supplemented with 1% calf
serum) on a rotary shaker at 37°C. After 2 h, the inoculum was replaced with 5
ml of fresh Dulbecco modified Eagle medium supplemented with 10% calf
serum. Flasks were incubated at 37°C until the cells were harvested at the time
points indicated in Results. Time zero is defined as the time viral inoculum was
added to the cells. For infection of pHFF, cells were grown to confluence and
maintained for an additional 2 weeks. pHFF were exposed to virus in spent
growth medium for 2 h and then maintained in virus-free spent growth medium
until harvested at times indicated in Results.
Nocodazole treatment. HeLa cells were exposed to 5 g of nocodazole per ml
for 18 h (Sigma). Cells were collected by two methods. In the first, the entire cell
culture flask exposed to nocodazole was harvested. In the second, only cells that
detached from nocodazole-treated flasks were harvested.
Immunoblotting. Cells were harvested as follows. The medium was removed,
and the cells were rinsed in phosphate-buffered saline (PBS), scraped into PBS,
pelleted by centrifugation, and solubilized in high-salt lysis buffer (20 mM Tris,
pH 8.0; 1 mM EDTA; 0.5% NP-40; 400 mM NaCl; 0.1 mM sodium orthovanadate; 10 mM NaF; 2 mM dithiothreitol; 100 g each of phenylmethylsulfonyl
fluoride and tolylsulfonyl phenylalanyl chloromethyl ketone per ml; 2 g each of
aprotonin and leupeptin per ml) on ice for 1 h. Insoluble material was pelleted
by centrifugation. Protein concentrations were determined by Bradford assay
(Bio-Rad). Sodium dodecyl sulfate (SDS) gel loading buffer was added to the
clarified supernatant (2% SDS, 50 mM Tris [pH 6.8], 2.75% sucrose, 5% ␤-mer-

captoethanol, bromophenol blue). Equivalent amounts of protein per sample
were subjected to electrophoresis on 6 or 10% bisacrylamide gels, transferred to
nitrocellulose membranes, blocked for 2 h with 5% nonfat dry milk, and reacted
with the appropriate antibody.
Antibody against Oct-1 (Santa Cruz) was diluted 1:250 in PBS with 1% bovine
serum albumin and 0.05% Tween 20. Oct-1 was detected by using secondary
antibody diluted 1:3,000 (goat anti-rabbit antibody conjugated to alkaline phosphatase [AP]; Bio-Rad). Blots were incubated in AP buffer (100 mM Tris, pH
9.5; 100 mM NaCl; 5 mM MgCl2), followed by AP buffer containing BCIP
(5-bromo-4-chloro-3-indolylphosphate) and nitroblue tetrazolium. The reaction
was stopped with solution containing 100 mM Tris (pH 7.6) and 10 mM EDTA.
All rinses were done with PBS containing 0.05% Tween 20.
Cytoplasmic-nuclear fractionation. Cytoplasmic and nuclear fractionation of
cells was done as previously described (3). Protein concentrations were determined by the Bradford assay (Bio-Rad). Cytoplasmic and nuclear fractions were
immunoblotted for Oct-1 as described above.
Oct-1 EMSA. Nuclear fractions of mock, nocodazole exposed, or HSV-1-infected
HeLa cells were used to bind 32P-labeled consensus Oct-1 DNA sequence by electrophoretic mobility shift assay (EMSA) as previously described (Santa Cruz) (3).
Experiments were performed two ways. In the first set of experiments the amount of
probe used remained constant and the amount of nuclear extract varied. In the
second set of experiments, the amount of nuclear extract was fixed and the amount
of 32P-labeled probe varied. Gels were analyzed by autoradiography and PhosphorImager analysis (Storm 860; Molecular Dynamics).

RESULTS
Oct-1 is modified in nocodazole-treated cells and HSV-1infected cells. As noted in the introduction, Oct-1 has been
reported to be modified in a cell cycle-dependent manner (38).
Hyperphosphorylation of Oct-1 occurs in the G2/M phase of
the cell cycle. Previous studies indicated that HSV-1 infection
induced cdc2 kinase activity late in infection, i.e., at 8 to 12 h
postinfection (2). Therefore, we determined whether HSV-1
infection also resulted in the posttranslational modifications of
Oct-1 at a time concordant with cdc2 activation in HSV-1infected cells. HeLa cells were either mock or HSV-1(F) infected at time zero and then collected at various time points
after infection. Lysates were separated by SDS-polyacrylamide
gel electrophoresis in 6 or 10% bisacrylamide gels and reacted
with anti-Oct-1 antibody. As shown in Fig. 1, Oct-1 present in
mock-infected cells could not be differentiated with respect to
electrophoretic mobility from that present in infected cells up
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FIG. 1. Immunoblot of Oct-1 during a 20-h time course of HSV-1 infection. HeLa cells were mock or HSV-1 infected at time zero and
harvested at the indicated times postinfection. Cells were also exposed to nocodazole (Nocod), and the entire flask was harvested. Lysates were
separated on either 10% (upper panel) or 6% (lower panel) bisacrylamide gels and immunoblotted for Oct-1. White arrowhead, unmodified Oct-1;
black arrowhead, HSV-1-modified Oct-1.
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FIG. 2. Immunoblot of Oct-1 comparing nocodazole- or HSV-1induced modification of Oct-1. HeLa cells were harvested 18 h after
mock or HSV-1 infection. Nocodazole (Nocod)-exposed flasks were
shaken to dislodge the cells. Only cells that detached by shaking the
nocodazole-treated flasks were collected. Two exposures of the blot
are shown to highlight the isoforms of Oct-1 in the various cell lysates.
Open arrow, unmodified Oct-1; shaded arrow, HSV-1-modified Oct-1;
solid arrow, Nocod-modified Oct-1.

to 8 h after infection. Oct-1 protein contained in cells harvested between 14 and 20 h after HSV-1 infection, however,
migrated more slowly than that of mock-infected cells. The
difference in electrophoretic mobility between HSV-1- and
mock-infected lysates after 8 h postinfection was more readily
apparent when they were separated on 6% bisacrylamide gels
(Fig. 1, lower panel). As a positive control, cells were exposed
to nocodazole, and the entire tissue culture flask was harvested. Oct-1 from nocodazole-exposed cells also migrated
more slowly than mock cell lysate.
To further evaluate the migration of Oct-1 in HSV-1-infected cells and nocodazole-treated cells, nocodazole-treated
culture flasks were vigorously shaken to detach cells. Cell lysates from mock-infected cells, cells harvested 18 h after HSV1(F) infection, or detached cells from nocodazole-treated cultures were solubilized, electrophoretically separated on a
denaturing 6% bisacrylamide gel, and reacted with anti-Oct-1
antibody. Figure 2 shows two exposures of the immunoblot to
highlight the electrophoretic mobility of Oct-1. Mock-infected
cell lysates had one Oct-1 reactive band that migrated the
fastest (Fig. 2, open arrowhead). HSV-1-infected cell lysates
and nocodazole-detached cell lysates contained two slowermigrating forms of Oct-1 (Fig. 2, solid arrowheads). It is of
interest that HSV-1 infection or nocodazole treatment differed
in the relative amounts of the slower-migrating forms. In HSV1-infected cells, the faster-migrating form was the dominant
species (Fig. 2, shaded arrowhead), whereas in nocodazoleexposed cells, the upper migrating form was the major Oct-1
form (Fig. 2, solid arrowhead).
Oct-1 is modified late in infection of contact-inhibited fibroblasts. The above experiments were performed in cycling
HeLa cells. An argument could be made that the virus-induced
modifications of Oct-1 are simply a consequence of the normal
cell cycle and not a specific activity of the virus. To address this
issue, we infected noncycling, contact-inhibited pHFF and harvested cells 3 and 18 h after infection. Cell lysates were immu-

noblotted for Oct-1 (Fig. 3). Early in infection no difference
was detected in the electrophoretic mobility of Oct-1 present in
mock-infected and HSV-1-infected cells. At 18 h after infection, however, Oct-1 from HSV-1-infected lysates migrated
more slowly than that contained in mock-infected cells. We
conclude that the modification Oct-1 seen in HSV-1-infected
lysates is specifically induced by HSV-1 infection.
The viral protein kinases UL13 and US3 do not mediate
Oct-1 modification. In uninfected cells, modifications of Oct-1
are mediated by cellular kinases (17, 40). HSV-1 encodes two
major protein kinases, UL13 and US3. In some instances, modification of protein by the UL13 requires the presence of
ICP22. To determine whether these proteins play a role in the
posttranslational modification of Oct-1 late in infection, HeLa
cells were infected with either the parent HSV-1(F) or mutant
viruses from which ICP22 (R325), UL13 (R7356), or US3
(R7041) had been deleted. Cell lysates were harvested early (3
h) or late (14 h) in infection and immunoblotted for Oct-1 (Fig.
4). As expected, Oct-1 contained in cells harvested from mockinfected cells did not differ from those contained in either
wild-type or mutant virus-infected cells 3 h postinfection. Late
in infection, Oct-1 contained in wild-type or mutant virusinfected cells migrated more slowly than that of mock-infected

FIG. 4. Immunoblot of Oct-1 from HSV-1 mutant viruses. HeLa
cells were mock-infected or infected with wild-type or mutant HSV-1.
Three mutant viruses were tested: R325 (␣22 deleted), R7356 (UL13
deleted), or R7041 (US3 deleted). Cells were harvested 3 or 14 h
postinfection and immunoblotted for Oct-1.
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FIG. 3. Immunoblot of Oct-1 from HSV-1-infected pHFF. Noncycling, contact-inhibited pHFF were mock infected or infected with
HSV-1. Cells were harvested at 3 and 18 h postinfection. Cell lysates
were then immunoblotted for Oct-1.
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cells. We conclude that ICP22 or the viral protein kinases do
not play a role in the modification of Oct-1.
The DNA-binding affinity of Oct-1 in HSV-1-infected cells is
reduced. We next determined whether HSV-1-induced posttranslational processing of Oct-1 resulted in decreased DNA
binding to a consensus Oct-1 nucleotide sequence.
In the first series of experiments mock-infected and nocodazole-treated cells and cells were harvested 18 h after infection
with HSV-1(F) and fractionated into cytoplasmic and nuclear
fractions. Aliquots of the nuclear and cytoplasmic fractions prepared for the experiment described above were solubilized, subjected to electrophoresis in denaturing polyacrylamide gels, and
reacted with anti-Oct-1 antibody. As shown in Fig. 5, Oct-1 contained in mock-infected or infected cells (18 h postinfection) was
present primarily in the nuclear fraction. Whereas the amounts of
Oct-1 protein appeared to be similar, a portion of the Oct-1
contained in lysates of nuclei of infected cells migrated more
slowly than that of mock-infected cells. In contrast, in nocodazoletreated cells, Oct-1 was highly posttranslationally modified and
accumulated primarily in the cytoplasm. Only a small fraction of

the total Oct-1, largely indistinguishable from that of mock-infected cells, was present in the nuclear fraction.
Nuclear lysates of mock-infected, nocodazole-treated, and
HSV-1-infected cells were harvested 18 h postinfection and
2.5, 5, or 10 g of nuclear lysate was reacted with 32P-labeled
Oct-1 oligonucleotide and assayed by EMSA. Competition reaction mixtures contained a 100-fold excess of unlabeled Oct-1
oligonucleotide. As shown in Fig. 6, nuclear fraction lysates of
mock-infected or HSV-1(F)-infected cells bound Oct-1 in a
dose-dependent manner. Moreover, excess unlabeled Oct-1
oligonucleotide competed effectively with the labeled probe
(Fig. 6, lanes 4 and 8). As expected from the immunoblot in
Fig. 5, nuclear lysates of nocodazole-treated cells bound the
probe far less efficiently than the lysates of mock-infected or
infected cells, since the protein was found primarily in the
cytoplasmic fraction (Fig. 6, lanes 9 to 11).
To determine whether Oct-1 present in cells late after infection with wild-type virus retained its capacity to bind to its
cognate site in the DNA, aliquots containing 6 g of lysates of
infected cells harvested at 4 or 16 h after infection with HSV1(F) were mixed with increasing amounts of labeled probe.
The objective of the experiment was to approach saturation of
available Oct-1 by its cognate DNA-binding site. As shown in
Fig. 7A, increasing the amount of probe resulted in an increase
in the amount of probe bound by Oct-1. The amount of labeled
probe bound by Oct-1 was quantified with the aid of a phosphorimager, and the intensity of the signal of 1⫻ probe bound
by Oct-1 from lysates of cells harvested at 4 h after infection
was set arbitrarily set at one. All other values were normalized
with respect to that value. A plot of relative fraction of probe
bound as a function of probe concentration in the reaction
mixture is shown in Fig. 7B. The results indicate that near
saturation values (1⫻ probe), there was ⬃2-fold more Oct-1bound DNA at 4 h than at 16 h after infection.
DISCUSSION
Sequential ordering of gene expression requires that genes
contained in each class be turned on or off with a degree of

FIG. 6. Oct-1 DNA electrophoretic mobility shift assay of nuclear lysates. Increasing amounts of nuclear lysate (2.5, 5, and 10 g) were reacted
with 32P-end-labeled DNA with an Oct-1 consensus binding site. Cells were harvested 18 h after mock or HSV-1 infection, as were nocodazoleexposed cells (Nocod). Competition with excess unlabeled DNA with an Oct-1 consensus binding site was also done with nuclear lysates (10 g)
from mock or HSV-1 infection (lanes 4 and 8).
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FIG. 5. Oct-1 immunoblot of the cytoplasmic and nuclear fractions.
The cytoplasmic and nuclear lysates of the cells utilized in the EMSA
assay were immunoblotted for Oct-1. Open arrow, unmodified Oct-1; shaded
arrow, HSV-1-modified Oct-1; solid arrow, Nocod-modified Oct-1.
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precision. This can be accomplished in several ways, i.e., by
incorporating specific response elements in promoter domains,
regulating of mRNA half-life, shutting off gene expression at
the promoter level, or modifying of transcriptional factors. The
shut off of ␣ gene expression appears to involve at least two
mechanisms.
The first and most thoroughly investigated is the shutoff of
␣4 gene expression by ICP4, the product of the gene. ICP4
binds DNA, but the cognate site varies with respect to affinity.
The consensus binding site is also the one associated with
highest affinity and with shutoff rather than transactivation of
viral gene expression. Sequences virtually identical to the consensus sequence occur at two locations: the transcription initiation site of ICP4 and open reading frame O/P. In this instance newly made ICP4 binds to these sites and turns off the
transcription of the genes once the protein reaches a concentration optimal for viral replication. This mechanism accounts
for the shutoff of ␣4 and open reading frame O/P genes but not
for other ␣ genes (15, 25, 27). Cognate sites varying in the
degree of degeneracy abound throughout the genome (12, 30,

31, 44). The significance and role of these sites are not known.
It has been reported that dephosphorylated ICP4 binds to sites
within ␣ promoters, whereas hyperphosphorylated ICP4 exhibits preferential binding for ␤ and ␥ promoter complexes (32).
ICP4 contains consensus phosphorylation sites for protein kinase A (PKA), PKC, casein kinase II, and cdc2 (4, 46); it is
poly(ADP-ribosyl)ated and nucleotidylated (9, 10, 35). Early in
infection, ICP4’s pI is relatively basic and becomes progressively more acidic, a finding consistent with increased posttranslational modification (1, 5).
A second mechanism for downregulation of viral gene expression is through modification of cellular transcriptional factors.
There are multiple putative Sp1 binding sites within ␣ and ␤
HSV-1 genes. Recent studies have shown that Sp1 transcription
factor exists in a hyperphosphorylated state by 6 h after infection
(20). The switch to a hyperphosphorylated Sp1 was dependent on
both the expression of ICP4 and DNA synthesis. While the hyperphosphorylated Sp1 did not demonstrate appreciable differences in its ability to bind to its cognate nucleotide sequence in
vitro, the modified Sp1 had reduced transcriptional activity in in
vitro reporter assays. An implication of these results is that the
virus downregulates Sp1-mediated transcription of ␣ and ␤ genes
by modifying Sp1 at later times in infection.
We show here that another transcriptional factor, Oct-1, is
modified in a similar fashion. As noted in the introduction, its
partner ␣TIF accumulates in large amounts at late times after
infection, and it could be expected that the presence of transcriptional factors at this stage of infection would induce a
second wave of ␣ gene expression. The results presented here
that Oct-1 is modified late in infection and has a reduced
capacity to bind DNA provide an explanation for the absence
of an upsurge of ␣ gene expression late in infection.
The modifications of Oct-1 in HSV-1-infected cells resemble in
part those observed in nocodazole-treated cells (Fig. 1 and 2).
Although both infection and nocodazole treatment caused posttranslational modification that reduced the electrophoretic mobility of Oct-1, they differed with respect to relative effects on the
prevalent form accumulating in the corresponding cells. Whereas
in nocodazole-treated cells the majority of Oct-1 migrated the
slowest with a smaller amount of Oct-1 running at an intermediate form; in HSV-1-infected cells, the majority of Oct-1 migrated
at the intermediate form (Fig. 2). Also, the modification of Oct-1
in HSV-1-infected cells was not dependent per se on cells cycling
since Oct-1 was also modified late in infection in noncycling,
contact-inhibited pHFF. Concordant with the modification of
Oct-1, late in infection Oct-1 showed reduced affinity for its consensus DNA-binding site (Fig. 6 and 7).
Oct-1 is modified between 8 and 14 h after infection with
HSV-1(F). The results presented here exclude two diverse
mechanisms by which this modification could have occurred.
First, we excluded the involvement of either UL13 or US3
protein kinase encoded by the virus. Second, we excluded the
HSV-1-dependent activation of cdc2 kinase. As reported earlier, activation of cdc2 kinase occurs between 8 and 12 h after
infection and is dependent on both ICP22 and UL13 protein
kinases (2, 38). The results presented here show that Oct-1 was
posttranslationally modified in cells infected with mutants lacking UL13 or the key portion of the ␣22 gene encoding ICP22.
Thus, the mechanism by which the virus mediates the posttranslational processing of Oct-1 remains to be elucidated.
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FIG. 7. (A) Oct-1 DNA EMSA of nuclear lysates with different
concentrations of 32P-end-labeled DNA with an Oct-1 consensus binding site. A total of 6 g of nuclear lysate from cells harvested at 4 and
16 h postinfection was reacted with various amounts of probe. The
highest concentration of probe used was set at 1⫻. Probe concentrations used were 1/40 (0.025), 1/20 (0.05), and 1/2 (0.5) and 1. The
shifted band is labeled Oct-1, and increasing amounts of free probe are
seen at the bottom of the gel. (B) The Oct-1 shifted band was quantified by PhosphorImager analysis. The highest intensity signal was set
at 1 (1⫻ probe at 4 h postinfection), and all other intensities were
calculated as a fraction of the highest signal. Solid squares, HSV-1 4 h
postinfection; empty squares, HSV-1 16 h postinfection.
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Multiple cellular kinases have been implicated in the modification of Oct-1. PKA has been shown to phosphorylate Oct-1
within the DNA-binding POU homeodomain (40). In addition,
Oct-2 is phosphorylated within the POU subdomain at residues that contain consensus phosphorylation sites for casein
kinase II and PKA (33). While our results indicate that modified Oct-1 has a reduced affinity for its consensus DNA sequence, another consequence of the modification of Oct-1 may
be reduced binding to ␣TIF produced later in infection. Also,
the context of Oct-1 binding sites in the HSV-1 genome may
influence binding of Oct-1 that is differentially modified.
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