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The herpes simplex virus type 1 (HSV-1) immediate-early protein ICP27 is an essential regulatory protein
which is required for virus replication. Transfection experiments have demonstrated that ICP27 along with the
HSV-1 transactivators ICP4 and ICPO can positively regulate the expression of some late HSV-1 target
plasmids and can negatively regulate the expression of some immediate-early and early target plasmids. We
previously showed that mutants defective in the activation of a late target plasmid mapped to the carboxy-
terminal half of the protein, whereas mutants defective in the repression of an early target plasmid mapped
within the C-terminal 78 amino acids of ICP27 (M. A. Hardwicke, P. J. Vaughan, R. E. Sekulovich, R.
O'Conner, and R. M. Sandri-Goldin, J. Virol. 63:45904602, 1989). In this study, we cotransfected ICP27
activator and repressor mutants along with wild-type ICP27 plasmid to determine whether these mutants could
interfere with the wild-type activities. Mutants which were defective only in the activation function were
dominant to the wild-type protein and inhibited the activation of the late target plasmid pVP5-CAT, whereas
mutants defective in the repressor function did not inhibit either the activation of pVP5-CAT or the repression
of the early target plasmid pTK-CAT. Furthermore, cell lines which stably carried three different activator
mutants were impaired in their ability to support the growth of wild-type HSV-1 strain KOS, resulting in virus
yields 5- to 40-fold lower than in control cells. The defect in virus replication appeared to stem from a decrease
in the expression of HSV-1 late gene products during infection as measured by steady-state mRNA levels and
by immunoprecipitation analysis of specific polypeptides. These results indicate that ICP27 activator mutations
specifically interfere with the activation function of the protein both in transfection and during infection.
Moreover, these results suggest that the repressor region may be important for binding of the polypeptide,
since mutations in this region did not interfere with the activities of wild-type ICP27 and therefore presumably
could not compete for binding.

Inhibition of function of a wild-type gene product can be
accomplished by the expression of a variant of the same
product. It has been proposed by Herskowitz (18) that the
mutation of regulatory proteins may yield products that
exhibit a dominant negative phenotype because these pro-
teins contain multiple functional sites that can be mutated
independently. This has been shown to occur for a number
of viral regulatory proteins, including human immunodefi-
ciency virus tat and rev (23, 27, 29). In the case of herpes
simplex virus type 1 (HSV-1), trans-dominant mutations
have been described in two pivotal regulatory proteins, ICP4
(Vmwl75) which is the major trans activator during HSV-1
infection (41), and VP16 (Vmw65, a-TIF), which activates
expression of the viral immediate-early genes (12). Expres-
sion of these mutant proteins resulted in the inhibition of the
corresponding wild-type protein's activities and in impaired
viral growth (12, 41). The mechanism of inhibition was
different for the ICP4 and VP16 mutants, however. The ICP4
mutant lacked both transactivation domains found in the
wild-type protein but retained DNA-binding and dimeriza-
tion activities, resulting in the formation of ICP4 het-
erodimers containing one mutant and one wild-type subunit.
These heterodimers were conformationally altered and func-
tionally inactive (41). The mechanism of action for the VP16
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mutant was proposed to result from the formation of non-
productive VP16-cellular DNA-binding protein complexes
which competed with wild-type VP16 complexes for sites of
action (12).

Studies such as those described for ICP4 and VP16 have
aided in revealing functional domains in these regulatory
proteins and in elucidating some of the molecular interac-
tions of these proteins. For this reason, we undertook the
analysis of mutants in another HSV-1 immediate-early gene
which encodes the regulatory protein ICP27. ICP27 is a
63-kDa polypeptide which localizes to the nuclei of infected
cells (1, 10, 20, 30) and is essential for HSV-1 growth (24, 34,
36). Studies with ICP27 temperature-sensitive (ts) and dele-
tion mutants have demonstrated that ICP27 is involved in the
negative regulation of immediate-early and some early genes
and is required for the expression of later classes of genes
(24, 34, 36). In transfection experiments, ICP27 appears to
have little or no effect on its own on most HSV-1 target
genes (7, 9, 40); however, in combination with the HSV-1
trans activators ICP4 and ICPO, ICP27 has been found to act
as a trans activator on some late target genes and as a trans
repressor on several immediate-early and early target genes
(4, 9, 17, 26, 33, 35, 40, 43). These results indicate that ICP27
is involved in the switch from early to late gene expression
during HSV-1 infection.
We previously constructed a series of in-frame insertion

and deletion mutants (17), which were tested for their
activities in transfection assays, to map the repressor and
activator domains within the ICP27 polypeptide. The repres-
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sor activity of ICP27 mapped to the carboxy-terminal 78
amino acids, whereas the activation function mapped to the
carboxy-terminal half of the molecule encompassing a region
of about 250 amino acids. To determine whether any of the
ICP27 insertion mutants would display a dominant pheno-
type, we tested the mutant plasmids in cotransfection exper-
iments with the wild-type plasmid on the expression of an
HSV-1 early target gene and on an HSV-1 late target gene.
All transfections were performed in the presence of ICP4
and ICPO. Mutants in the activation region, but not in the
repressor region, were found to display a dominant negative
phenotype in that these mutants interfered with the activa-
tion of the HSV-1 late target gene by the wild-type protein.
In addition, cell lines stably transformed with three different
dominant mutants were impaired in their ability to support
the growth of wild-type HSV-1, resulting in virus yields
ranging from 5- to 30-fold lower than those measured in
control cells. Analysis of several viral mRNAs and proteins
from infections of these dominant mutant-transformed cells
showed a significantly lower expression of HSV-1 late gene
products. Viral DNA replication in these cell lines was
comparable to or only slightly lower than that seen in control
cells, indicating that the reduction in late gene expression
was not due to an inhibition ofDNA synthesis. These results
demonstrate that mutants which are defective in the activa-
tion function of ICP27, but not the repressor activity, are
dominant to the wild-type protein and specifically interfere
with its activation function both in transfection and in
infection.

MATERIALS AND METHODS

Bacteria and plasmids. Escherichia coli K-12 strain 1100
derivative DH-1 (16) was used as the host for the propaga-
tion of all chimeric plasmids. The target plasmids pTK-CAT
and pVP5-CAT were described previously (40). The effector
plasmids pSG28K/B (which contains the ICP4 gene), pRS-1
(which contains the ICPO gene), and pSG130B/S (which
contains the wild-type ICP27 gene) have been described
previously (40). The construction and characterization of the
ICP27 insertion mutant plasmids S13, N21, S23, SiB, B7,
N2, S2, and S18 have been described (17), as has the cloning
of plasmid LG4 (17). Briefly, mutant S13 has a four-amino-
acid insertion between residues 262 and 263; N21 has a
four-amino-acid insertion at residue 327; S23 has a two-
amino-acid insertion at residue 383 as well as a substitution
of a glycine for an alanine at this position; SiB contains a
four-amino-acid insertion at residue 406; B7 has four amino
acids inserted at residue 434; N2 has a substitution of two
arginine residues for a methionine and a histidine at residues
459 and 460 as well as an insertion of two serines; S2 has four
amino acids inserted at residue 465; and S18 has a substitu-
tion of a serine for the tyrosine at position 504 and an
insertion of four amino acids after the substitution. The
ICP27 frameshift mutant R2 was constructed by digestion of
plasmid pSG130B/S with RsrII at nucleotide position 584
relative to the BamHI site of this plasmid, which is desig-
nated nucleotide position 1 (see Fig. 1). The 3-bp 5' overhang
was filled in with Klenow enzyme, and a synthetic oligonu-
cleotide, GGAATTCC, encoding an EcoRI site was ligated
to the plasmid. This resulted in the net addition of 11 bp,
causing a frameshift at amino acid 59 in the ICP27 polypep-
tide. The mutant was sequenced around the site of the linker
insertion to confirm the 11-bp addition.

Cells, viruses, and transfection. Rabbit skin fibroblasts
(RSF) from the American Type Culture Collection were

grown as described previously (40). HSV-1 strain KOS 1.1,
the ICP27 temperature-sensitive mutant virus tsLG4, and
HSV-2 strain HG52 were propagated and assayed as de-
scribed previously (38). For transfection experiments in
which chloramphenicol acetyltransferase (CAT) activity was
assayed, transfections were performed in 35-mm-diameter
six-well cluster dishes as described previously (40). The
target plasmids were added at 20 ,ug of plasmid DNA per
well, whereas the effector plasmid pSG28K/B was added at
5 jig per well and pRS1 was added at 2.5 jig per well. The
wild-type ICP27 plasmid, pSG130B/S, and the insertion
mutant plasmids were added at different ratios as described
in the figure legends. Cells were harvested 48 h after trans-
fection. CAT activity was measured by the diffusion assay of
Neumann et al. (28), modified as described previously (17).
For the transfection experiments measuring the infectivity

of HSV-1 KOS DNA, RSF cells were transfected with 5 jig
of KOS DNA per ml. Plasmid DNA was added at a concen-
tration of 1 jig/ml. The transfected cultures were overlaid
with methylcellulose 24 h after transfection and incubated at
37°C until plaques were clearly visible. This occurred within
5 to 6 days. Plaques were stained with crystal violet. Marker
rescue experiments to map the location of the lesion in
tsLG4 were performed as described previously (13).
For the isolation of cell lines containing the ICP27 mutant

plasmids, RSF cells were transfected with 5 jig of S23, SiB,
N2, or LG4 plasmid DNA and 1 jig of pFeLTR-neo, which
contains the gene encoding resistance to G418 under the
control of the feline leukemia virus long terminal repeat as
described earlier (39). Selection in medium containing 750 jig
of G418 per ml was initiated 24 h after transfection. Colonies
which were clearly visible after 3 weeks were picked and
expanded. G418-resistant colonies were initially screened
for their ability to plaque wild-type HSV-1 KOS. Those cell
lines which exhibited at least a fivefold-lower efficiency of
plaquing KOS were screened for the presence of ICP27
sequences by Southern blot hybridization of cellular DNA as
described previously (37). Several cell lines containing wild-
type ICP27 sequences or the repressor mutant N2 which did
not lower virus plaquing efficiency were also screened for
the presence of ICP27 sequences by Southern blot hybrid-
ization.
Measurement of DNA replication. Cell lines were infected

with HSV-1 KOS at a multiplicity of infection of 1.0 in
60-mm-diameter dishes. At 1 and 12 h after infection, in-
fected cultures were harvested and total DNA was isolated
as described previously (37). Purified DNA was denatured
and applied to nitrocellulose filters, using a slot blot appara-
tus (Bethesda Research Laboratories), at the concentrations
designated in Fig. 7. The blots were hybridized with a
32P-labeled probe specific for the gC gene, which was nick
translated and denatured as described previously (42). Par-
allel samples were incubated until 24 h after infection, at
which time infected cultures were harvested and virus yields
were assayed on RSF cells.

Northern (RNA) hybridizations. Total RNA was extracted
by the guanidium thiocyanate method (6). The concentration
of the RNA samples was estimated by ethidium bromide
staining of a fraction of each sample after agarose gel
electrophoresis. Equivalent amounts of total RNA from each
cell line were subsequently denatured in glyoxal (44) and
fractionated in 1% agarose gels. Transfer of the RNA to
GeneScreen (Du Pont, NEN Research Products) and hybrid-
ization conditions were as described previously (37). 32p_
labeled probes were nick translated and denatured as de-
scribed previously (37). Hybridized probe was removed
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FIG. 1. Schematic representation of the ICP27 gene showing the
positions of several insertion mutants. The ICP27 gene of HSV-1 is
contained within a 2,421-bp BamHI-to-SstI fragment in the unique
long region of the genome between coordinates 0.745 and 0.765 (25).
In this schematic representation, the BamHI site has been desig-
nated nucleotide 1 and the SstI site has been designated nucleotide
2421. The BamHI-to-SstI fragment was cloned into pUC18 and
designated pSG130B/S (40). The positions of the insertions in
mutants S13, N21, S23, SiB, B7, N2, S2, and S18 (17) and the
frameshift mutant R2 are shown. The positions of the 1.8-kb
unspliced transcript which initiates at nucleotide 275 (21, 22, 47) and
the ICP27 coding region which initiates at an AUG at nucleotide 413
and terminates at 1949 (25) are also shown.

before rehybridization with different probes by two succes-
sive washes in 0.05x wash buffer (1x wash buffer contains
50 mM Tris [pH 8.0], 2 mM EDTA, 0.5% PP1, and 0.02%
each bovine serum albumin, Ficoll, and polyvinylpyrroli-
done-50% formamide) (44) for 90 min each at 80°C with
constant agitation.

Immunoprecipitation and polyacrylamide gel electrophore-
sis. Immunoprecipitations with monoclonal antibodies to gD
and gC were performed as described previously (42). The
antibodies were generously provided by J. Glorioso (19).
Polyacrylamide gel electrophoresis was performed as de-
scribed by Smith and Sandri-Goldin (42).

RESULTS
Mutants of ICP27 which are defective in the activation

function but not the repressor activity are trans-dominant to
the wild-type protein in cotransfections. We previously
showed that ICP27 insertion mutants which map between
amino acids 260 and 434 were defective in the ability to
stimulate the expression of the HSV-1 late target plasmid
pVP5-CAT above the level seen with ICP4 and ICPO in
cotransfection experiments (17). These mutants are termed
activator mutants. We further showed that insertion mutants
mapping between amino acids 434 and 508 in the carboxy
terminus of the ICP27 polypeptide were defective both in the
activation function and in the ability to repress expression of
the early target plasmid pTK-CAT from the level seen with
ICP4 and ICPO (17). These mutants, while defective in both
functions, are termed repressor mutants here to distinguish
them from the activator mutants. To learn more about the
functional domains of ICP27, we tested each of the activator
insertion mutants and the repressor insertion mutants in
transfection experiments with the wild-type ICP27 plasmid
to determine whether either activity could be inhibited by
the mutant proteins. Figure 1 shows the positions of the
mutations in the ICP27 gene. The activator mutants S13,
N21, S23, and SiB and the repressor mutants B7, N2, S2,
and S18 have been fully described (17). The frameshift
mutant R2 was constructed as a control for these experi-
ments as described in Materials and Methods. This mutant
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FIG. 2. Dominant negative effect of ICP27 activation mutants on
the ability of wild-type 1CP27 to augment the expression of the
HSV-1 target plasmid pVP5-CAT. The target plasmid pVP5-CAT
(20 ,g/ml) was cotransfected with the effector plasmids pSG28K/B
(ICP4; 5 ,ug/ml) and pRS1 (ICPO; 2.5 ,ug/ml) in all panels. Plasmid
pSG130 B/S containing the wild-type (WT) ICP27 gene was added to
the transfections at a concentration of 0.5 or 0.25 ,ug/ml, as indi-
cated. Mutant plasmids R2, S13, N21, SiB, S23, B7, N2, S2, and
S18 were added to the transfections along with wild-type ICP27
plasmid at a ratio of 1:1 (0.5 ,ug of mutant plasmid and 0.5 ,ug of
wild-type plasmid per ml) or 4:1 (1.0 ,ug of mutant plasmid and 0.25
,ug of wild-type plasmid per ml), as indicated. The data are repre-
sented as fold induction relative to the induction seen with the ICP4
and ICPO plasmids in the absence of ICP27. The value for the
induction obtained with ICP4 and ICPO was derived from 10
separate transfection experiments. The mean value for the fold
induction with ICP4 and ICPO above the constitutive level of
expression seen with uninduced pVP5-CAT was 3.5 t 1.6. This
value was then arbitrarily set equal to 1.0, and fold induction with
wild-type ICP27 alone and in combination with the insertion mutants
was calculated. Each transfection was performed at least six times
to control for variability. Error bars are shown.

encodes only the first 58 amino acids of the 512-amino-acid
polypeptide and is defective in both the activator and repres-
sor functions (data not shown). When wild-type ICP27
plasmid was added to transfections with pVP5-CAT in the
presence of ICP4 and ICPO, the level ofCAT expression was
seven- to ninefold higher than the level found with ICP4 and
ICPO alone (Fig. 2). As reported earlier (17), none of the
activator or repressor mutants was capable of activating
pVP5-CAT expression (data not shown). When the activator
mutant S13, N21, SiB, or S23 was added to the transfections
along with the wild-type ICP27 plasmid at a 1:1 ratio, the
level of stimulation was three- to fivefold lower than the level
seen with the wild-type plasmid alone, and this effect was
even greater at the 4:1 ratio of mutant to wild-type plasmid
(Fig. 2). A similar decrease in activation was not found in the
cotransfections with the repressor mutant B7, N2, S2, or S18
or with the frameshift mutant R2. These data suggest that the
activator mutants of ICP27 can act in a dominant manner to
the wild-type protein.

J. VIROL.
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TABLE 1. Effects of ICP27 repressor mutants on the repressor
activity of the wild-type protein

Effector plasmida Mean pTK-CAT
expression' + SEM

Uninduced ..................................... 1.0
ICP4 + ICPO ..................................... 20.9 ± 5.5
ICP4 + ICPO + ICP27 (0.5 ug)........................ 1.2 ± 0.5
ICP4 + ICPO + ICP27 (0.25 jg) ...................... 1.1 ± 0.4
ICP4 + ICPO + ICP27 (0.5 jLg) + R2 (0.5 jig) .... 2.3 ± 1.1
ICP4 + ICPO + ICP27 (0.25 jig) + R2 (1.0 jig) .. 1.7 ± 0.9
ICP4 + ICP0 + ICP27 (0.5 jig) + B7 (0.5 jig) .... 1.1 ± 0.2
ICP4 + ICPO + ICP27 (0.25 jig) + B7 (1.0 ,ug) .. 1.9 ± 0.6
ICP4 + ICPO + ICP27 (0.5 jig) + N2 (0.5 jig).... 2.0 ± 1.1
ICP4 + ICPO + ICP27 (0.25 jig) + N2 (1.0 jig).. 1.8 ± 0.9
ICP4 + ICPO + ICP27 (0.5 jig) + S2 (0.5 jig) .... 2.5 ± 0.8
ICP4 + ICPO + ICP27 (0.25 jig) + S2 (1.0 jig) ... 1.9 ± 1.1
ICP4 + ICP0 + ICP27 (0.5 jig) + S18 (0.5 jig) ... 2.6 ± 0.4
ICP4 + ICPO + ICP27 (0.25 jig) + S18 (1.0 jig). 3.4 ± 0.3

a Plasmid pSG28K/B containing the ICP4 gene was added to the transfec-
tions at 5 ,ug/ml, and pRS1 containing the ICPO gene was added at 2.5 jig/ml.
Plasmid pSG130B/S containing the wild-type ICP27 gene was added at the
concentrations indicated, as were the plasmids containing the ICP27 repressor
mutants.

b Values from three experiments are presented as fold induction over the
uninduced level obtained with pTK-CAT in the absence of effector plasmids.
This value was set equal to 1.0.

We tested this possibility further by measuring activation
of pVP5-CAT expression in the presence of wild-type ICP27
and mutant LG4, another activator mutant. The ICP27 gene
in plasmid LG4 was cloned from the temperature-sensitive
HSV-1 ICP27 mutant tsLG4 (38). Mutant plasmid LG4
displayed a temperature-sensitive activator phenotype in
that it failed to activate pVP5-CAT at the nonpermissive
temperature of 39°C but did so at 34°C (17). It was able to
repress expression of the early target plasmid pTK-CAT at
both temperatures (17). Mutant LG4 was cotransfected with
wild-type ICP27 plasmid at 1:1 and 4:1 ratios at 39°C, and
pVP5-CAT expression was measured by CAT assay 48 h
later. Wild-type ICP27 alone stimulated CAT expression an
average of 4.5 + 1.4-fold at 0.5 ,ug/ml and 7.1 + 2.4-fold at
0.25 ,ug/ml above the level seen with ICP4 and ICPO in six
separate transfection experiments. Addition of plasmid LG4
to the transfections with wild-type ICP27 resulted in fold
induction of 1.2 + 0.3 (1:1) and 0.9 + 0.2 (4:1) above the
level seen with ICP4 and ICPO. Again, these data represent
values from six separate transfections. Therefore, LG4, a
temperature-sensitive activator mutant, is also a tempera-
ture-sensitive trans-dominant mutant.
To test whether the repressor mutants were dominant for

the repressor-negative phenotype, mutants B7, N2, S2, and
SiB as well as frameshift mutant R2 were cotransfected with
wild-type ICP27 and the early gene target plasmid pTK-
CAT. The activator mutants were not used in these trans-
fections because these mutants repress pTK-CAT expres-
sion as efficiently as does wild-type ICP27 (17). As shown in
Table 1, none of the repressor mutants interfered with the
repression ofpTK-CAT expression by the wild-type protein.
Therefore, the repressor mutants of ICP27 are not dominant
to the wild-type phenotype in either the activation or repres-
sion functions, and the trans-dominant mutants of ICP27
map to the activation domain between amino acids 260 and
434.
ICP27 trans-dominant mutants reduce the infectivity of

HSV-1 KOS DNA. To determine whether the ICP27 trans-
dominant activator mutants could interfere with virus pro-

TABLE 2. Effects of ICP27 trans-dominant mutants on the
infectivity of HSV-1 KOS DNA

Plasmid PFUa

None........... 650, 544
Wild-type ICPO........... 590, 493
Wild-type ICP27........... 162, 98
S13........... 0, 3
N21........... 12, 10
S23........... 2, 0
SlB........... 21, 2
N2........... 523, 325
S2........... 432, 390

a Values represent two separate transfections for each plasmid. Plasmid
DNA was added at a concentration of 1 pug/ml. Viral DNA was added at a
concentration of 5 jig/ml.

duction during infection, we cotransfected infectious KOS
DNA with plasmids encoding the ICP27 activator mutants
and monitored the production of viral plaques. Cultures
were overlaid with methylcellulose 24 h after transfection,
and plaques were stained and counted 6 days later. The
numbers of plaques produced in the absence of added
plasmid were 650 and 544 in two separate transfections
(Table 2). Addition of ICPO plasmid did not lower the
number of plaques produced; however, addition of the
wild-type ICP27 plasmid resulted in a reduction of nearly
fivefold. It is possible that the high level of expression of
ICP27 during infection, which would have resulted from the
combined expression of the viral ICP27 as well as that from
the plasmid, had a deleterious effect on HSV-1 growth,
perhaps because of the repressor activity of the protein. This
is further suggested by the result that transfections with
mutant N2 or S2, each of which is defective in the repressor
function, yielded nearly as many plaques as those with no
ICP27 plasmid added (Table 2). However, in comparison,
the transfections with the dominant activator mutants S13,
N21, S23, and SiB showed a 50- to 500-fold reduction in the
number of plaques produced compared with transfections
with no plasmid added and a 10- to 100-fold reduction
relative to transfections with the wild-type ICP27 plasmid.
Therefore, the dominant mutants are capable of interfering
with HSV-1 productive infection to a greater extent than can
the wild-type plasmid, which shows some inhibition.

Isolation and characterization of cell lines containing ICP27
dominant mutants. Next, we wished to characterize the
inhibition of virus growth by the ICP27 dominant mutants.
To do so, cell lines containing three different dominant
mutants were isolated to have sufficient material to monitor
specific HSV-1 products throughout infection. RSF cells
were cotransfected with plasmid, pFeLTR-neo, which con-
tains the neomycin resistance gene (39), and either wild-type
ICP27 plasmid, the repressor mutant N2, or the dominant
mutant S23, SiB, or LG4. G418-resistant colonies were
selected and expanded. Cell lines transformed with the
dominant mutants were screened for their ability to support
the growth of HSV-1, since the transfection results with
KOS DNA presented earlier suggested that expression of the
dominant mutants would interfere with virus growth. Over
20 independently isolated cell lines were screened for each
mutant. Figure 3 shows the results of two experiments
performed with cell line 23-5, which was transformed with
the ts dominant mutant LG4. In Fig. 3A, a stock of KOS was

assayed on parental RSF cells and on cell line 23-5 at either
34 or 39°C. The efficiency of plaquing of KOS on 23-5 cells at
the nonpermissive temperature was reduced more than
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TABLE 3. Measurement of yield of HSV-1 KOS 1.1 on cell lines
stably transformed with ICP27 mutantsa

Yield at multiplicity of infection of:
Cell line

0.2 2 10

RSF 1.9 x 107 4.1 x 107 5.5 x 107
39 1.8 x 107 4.8 x 107 7.4 x 107
Stu1 3.3 x 106 6.5 x 106 1.2 x 107
Stu8 4.1 x 106 2.0 x 107 4.2 x 107
Stu15 8.0 x 105 6.3 x 106 6.8 x 106
Sst26 5.9 x 105 1.2 x 107 1.3 x 107
Nsi37 2.9 x 107 6.1 x 107 4.7 x 107
a The parental cell line (RSF) and cell lines containing either the wild-type

ICP27 gene (39) or mutants S1B (Stul, Stu8, and Stu15), S23 (Sst26), and N2
(Nsi37) were infected with wild-type strain KOS at 37°C for 24 h. Virus yields
were assayed on RSF cells.

E-

105
RSF 23-5 RSF 23-5

FIG. 3. Efficiency of growth of wild-type HSV-1 on a cell line
containing a temperature-sensitive trans-dominant ICP27 mutant.
The G418-resistant cell line 23-5, which contains the ICP27 ts allele
from mutant tsLG4, was tested for its ability to propagate the
growth of wild-type HSV-1 KOS. To measure plaquing efficiency
(A), a stock of KOS was diluted and plated on 23-5 cells and on the
parental cell line RSF at either 34 or 39°C. Plaques were counted
after 6 days of incubation. To measure infectious virus yield (B),
each cell line was infected with KOS at a multiplicity of infection of
1.0, and infected cultures were incubated at 34 or 39°C for 24 h. Cell
lysates were assayed for infectious virus yields on RSF cells at 34°C.

10-fold. Similar results (at 37°C) were found for cell lines
Stul, Stu8, and StulS, which were transformed with SiB,
and for Sst26, which was transformed with S23 (data not
shown). These cell lines were chosen for further study.
To test the production of infectious virus in 23-5 cells,

infections with KOS at a multiplicity of infection of 1.0 were
performed at 34 and 39°C. Twenty-four hours later, infected
cultures were harvested and virus yields were assayed on
RSF cells at 34°C. The yield of virus produced in 23-5 cells
at 34°C was equivalent to that produced in RSF cells;
however, there was a reduction of approximately 40-fold in
the virus yield from infections of 23-5 cells at 39°C (Fig. 3B).
These results indicate that 23-5 cells are not generally toxic
for HSV-1 infection because virus growth was efficiently
supported at the permissive temperature. Rather, the LG4
mutation, which behaved in a ts dominant manner in the
transfections with pVP5-CAT, appears to be behaving in the
same manner in the 23-5 cell line. That is, the mutant protein
is dominantly interfering with infection only at the nonper-

missive temperature.
A similar experiment to measure virus yields was per-

formed with cell lines Stul, Stu8, StulS, and Sst26. These
cell lines as well as the control RSF cells, cell line 39, which
was transformed with the wild-type ICP27 plasmid, and
Nsi37, which was transformed with the repressor mutant
N2, were infected with KOS at a multiplicity of infection of
0.2, 2, or 10 (Table 3). Virus yields were assayed on RSF
cells 24 h after infection. There was a 5-fold (Stu8) to 30-fold
(Sst26) reduction in virus yield from infections of the domi-
nant mutant cell lines at the lowest multiplicity (Table 3).
Yields were higher when the multiplicity was raised to 2 or
10, so that differences seen between the dominant mutant
cell lines and the control cell lines were only about two- to
sixfold. This result is consistent with the hypothesis that the
dominant mutant protein expressed by the cell line is com-
peting with the virally expressed wild-type ICP27. A gene
dosage effect was observed as more copies of the wild-type
gene were added at the higher multiplicity of infection.

Again, to be certain that these cell lines were not generally
toxic for HSV infection, HSV-2 wild-type strain HG52 was
plated on cell lines Stu15, Sst26, and Nsi37 and on parental
RSF cells, and their efficiency of plating was compared with
that of HSV-1 KOS. Table 4 shows that the efficiency of
plaquing HSV-2 on Sst26 cells was equivalent to that seen on
RSF and Nsi37 cells, whereas the number of HSV-1 plaques
was reduced sixfold. Similarly, the number of HSV-1
plaques was about 14-fold lower in StulS than in RSF cells,
yet the number of HSV-2 plaques was reduced only about
threefold. These data indicate that the mutant ICP27 protein
in these cell lines interferes with HSV-1 growth and that
these cell lines do not generally block HSV replication.

Southern blot hybridization analysis of DNA from cell lines
transformed with ICP27 dominant mutants. While the cell

TABLE 4. Comparison of efficiencies of plating of HSV-2 HG52
and HSV-1 KOS on cell lines stably expressing ICP27 mutantsa

PFU
Cell line

HSV-1 HSV-2

RSF 4.8 x 107 7.2 x 107
Stu15 3.5 x 106 2.5 x 107
Sst26 8.1 x 106 6.2 x 107
Nsi37 3.3 x 107 5.3 x 107
a A dilution of wild-type HSV-2 strain HG52 or HSV-1 KOS was plated on

the parental cell line RSF and on cell lines containing ICP27 mutants SiB
(Stu15), S23 (Sst26), and N2 (Nsi37). Monolayers were overlaid with meth-
ylcellulose, and plates were incubated at 37°C for 6 days, at which time
plaques were stained and counted.
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FIG. 4. Southern blot hybridization analysis of DNA from cell
lines transformed with ICP27 trans-dominant mutants. DNA (10 ,ug)
from cell lines 23-5, Nsi37, Sst26, Stu15, and Stu8 was digested with
BamHI and SstI, fractionated in 1% agarose, and then transferred to
a GeneScreen Plus membrane. RSF DNA (10 ,ug per sample) was
mixed with plasmid pSG130B/S to approximate 2.5 (25 pg/10 ,ug), 5
(50 pg), 7.5 (75 pg), 10 (100 pg), 15 (150 pg), and 20 (200 pg) copies
per cell and were then similarly digested and fractionated. The blot
was hybridized with 32P-labeled BamHI-SstI fragment from the
wild-type ICP27 plasmid pSG130B/S.

lines transformed with the dominant mutants inhibited
HSV-1 growth as proposed, it was necessary to confirm that
these cell lines contained ICP27 sequences. Therefore,
Southern blot hybridizations were performed on DNA sam-

ples extracted from the cell lines. In addition, to ascertain
the number of copies per cell line, standards were set up in
which pSG130B/S plasmid DNA was mixed with RSF DNA
to approximate 2.5, 5, 7.5, 10, 15, and 20 copies per cell (Fig.
4). All samples were digested with BamHI and SstI. The
intensity of the 2.4-kb BamHI-SstI band which hybridized
with the ICP27-specific probe in each cell line was compared
with the intensity of hybridization in the standards. Cell lines
23-5, containing the ts mutant LG4, Nsi37, containing the
repressor mutant N2, and Stu8, containing the dominant
mutant SiB, appeared to have around one complete copy of
the ICP27 fragment, whereas Sst26 (S23 mutant) and StulS
(S1B) contained multiple copies, in the range of 10 to 15.

Expression of specific HSV-1 products during infection of
cell lines containing dominant negative mutants. To determine
whether the inhibition of HSV-1 growth in the ICP27 domi-
nant mutant cell lines occurred because of targeted interfer-
ence with ICP27 function during infection, we examined the
steady-state mRNA levels of HSV-1 genes from different
kinetic classes in cell lines infected with KOS. It was
postulated that since the dominant negative mutants were
those which were defective in the activation function, then
the activation of late gene expression during HSV-1 infection
should be specifically inhibited by these mutants, whereas
repressor activities would not be affected. Cell lines Sst26,
Stul, and Stu15 as well as control RSF cells, cell line 39, and
Nsi37 were infected with KOS at a multiplicity of infection
of 0.5. Total RNA was isolated 5 h after infection. To ensure
that equivalent amounts of RNA were being analyzed from
each cell line, an aliquot from each sample was fractionated
in agarose and stained with ethidium bromide (Fig. 5e).
Northern blot hybridization was performed on equivalent
samples from each cell line. In Fig. 5a, the blot was

hybridized with a probe specific for ICP27 mRNA. The
higher expression of ICP27 in cell lines 39, Sst26, Stul,
StulS, and Nsi37 is likely due to the presence of the ICP27

a)
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FIG. 5. Northern blot analysis of steady-state levels of specific
HSV-1 mRNAs in cells expressing trans-dominant ICP27 mutants.
Parental RSF cells or cells containing the wild-type ICP27 gene (39),
the trans-dominant mutant S23 (Sst26) or SiB (Stul and Stu15), or
the repressor mutant N2 (Nsi37) were infected with KOS at a
multiplicity of infection of 0.5. Total RNA was extracted 5 h after
infertion. A fraction of each RNA sample was electrophoresed in
agarose and stained with ethidium bromide to determine that equiv-
alent amounts ofRNA from each cell line were being analyzed. The
stained gel showing the 28S and 18S rRNA bands is shown in panel
e. Equivalent amounts ofRNA for each sample were then denatured
in glyoxal, fractionated in 1% agarose, and transferred to Gene-
Screen. The blot in panel a was hybridized with a 32P-labeled
1,200-bp BamHI-SalI DNA probe specific for ICP27 mRNA (see
Fig. 1). Panel b was hybridized with a labeled 750-bp BamHI-XhoI
fragment from the gene encoding the major DNA-binding protein
ICP8. After autoradiography, the blot in panel a was stripped of
the hybridized probe and rehybridized with a 32P-labeled 846-bp
HindIII-AccI fragment from the gD gene (panel c). The blot in panel
b was rehybridized with a 960-bp EcoRI-XbaI fragment from the gC
gene. The isolation and labeling of the DNA fragments as well as
their locations within each gene were described previously (42).

sequences resident in these cell lines. In all cases, the ICP27
gene is under its own promoter so that expression in the
absence of infection is not detectable (unpublished results).
This has also been shown for other cell lines containing
HSV-1 genes under their own promoters (7, 24, 37). How-
ever, infection with HSV-1 results in the induction of the
resident ICP27 gene by VP16 (5, 22, 32), confirming that
these sequences are being expressed in these cells. The level
of ICP27 expression does not completely correlate with the
copy number of the ICP27 sequences in these cells (Fig. 4).
We have previously found the same result with other HSV-
1-transformed cell lines (37).

In Fig. Sb, the blot was hybridized with a probe specific
for the major DNA-binding protein (ICP8) mRNA. This
early gene product was expressed at nearly equivalent levels
in all of the cell lines, as was the transcript for gD, another
early gene product (Fig. Sc). To obtain this result, the blot in
Fig. 5a was stripped of the radioactive probe and rehybrid-
ized with a gD-specific probe. These results show that the
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FIG. 6. Expression of HSV-1 gD and gC in KOS-infected cell
lines containing ICP27 trans-dominant mutants. RSF cells and cell
lines Stul, Stu8, and Stu15 expressing the trans-dominant mutant
SiB and cell line Sst26 expressing mutant S23 were infected with
HSV-1 KOS at a multiplicity of infection of 1.0. Infected cultures
were labeled with 50 ,uCi of [35S]methionine per ml beginning 2 h
after infection. Cultures were harvested 6 h after infection, and cell
lysates were immunoprecipitated with a monoclonal antibody spe-
cific for gD, an HSV-1 early gene product (42), and with an antibody
specific for gC, a late gene product (42). Labeling conditions,
immunoprecipitation procedures, and polyacrylamide gel electro-
phoresis were as described previously (42). Positions of size mark-
ers (M) are shown in kilodaltons on the left.

expression of two early gene products was unaffected during
infection of the cell lines containing the dominant mutants
compared with the control cells. In contrast, when a probe
specific for the late products of the gC gene was used to
rehybridize the blot from Fig. 5b, a lower level of gC mRNA
was found in the RNA samples from the dominant mutant
cell lines Sst26, Stul, and Stu15 than in the controls. Similar
levels of gC mRNA were seen in the samples from the
parental RSF cells, cell line 39, containing wild-type ICP27
sequences, and Nsi37, which contains the nondominant
repressor mutant N2. Therefore, the Northern blot analysis
showed that the dominant ICP27 mutants were being ex-
pressed in these transformed cells and furthermore, early
gene expression was not affected during infection but late
gene expression was reduced.

This was further shown by monitoring the expression of
the early protein gD and the late protein gC in the trans-
formed cell lines following infection with KOS. RSF cells
and cell lines Stul, Stu8, Stu15, and Sst26 were labeled with
[35S]methionine 2 h after infection, and cells were harvested
4 h later. Cell lysates were immunoprecipitated with a
monoclonal antibody to gD and with a monoclonal antibody
specific for gC (19). Figure 6 shows the autoradiogram of the
polyacrylamide gel on which the samples were fractionated.
Again, the amount of expression of the early gD product was
not greatly affected in any of the cell lines, whereas expres-
sion of the late product gC was reduced in the cell lines
containing ICP27 dominant mutants. A similar result was
found with use of a monoclonal antibody to p40 (48), another
HSV-1 late gene product, in that p40 expression was lower in
cell lines Stu15 and Sst26 than in RSF cells at 37°C and in
23-5 cells at 39.5°C than in 23-5 cells at 34WC (data not
shown).
ICP27 deletion mutants and some nonsense mutants dis-

play a fivefold reduction in viral DNA replication (24, 34),
although several ICP27 ts mutants synthesize DNA in
amounts nearly equivalent to those synthesized by wild-type
KOS (34, 36). Therefore, ICP27 appears to have a role in
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FIG. 7. Measurement of DNA replication in KOS-infected cell
lines containing ICP27 trans-dominant mutants. RSF cells and cell
lines Stu15, Sst26, and Nsi37 were infected with HSV-1 KOS at a
multiplicity of infection of 1.0 at 37°C, and cell line 23-5 was
similarly infected at 34 and 39°C. DNA was purified from infected
cultures at 1 h after infection (A) and at 12 h after infection (B).
Equivalent amounts of total DNA for each sample over a 100-fold
concentration range were loaded onto nitrocellulose filters, using a
slot blot apparatus. Blots were hybridized with a nick-translated
DNA probe specific for the gC gene as described in the legend to
Fig. 5. Parallel cultures were incubated for 24 h, at which time virus
yields were measured by plaque assay on RSF cells (C).

DNA replication. Because HSV-1 late gene expression is
dependent on DNA replication, we wanted to determine
whether the decrease in late gene expression in the dominant
cell lines was due to a direct interference with the activation
function of wild-type ICP27 or to an indirect effect on viral
DNA replication. Mutant containing cell lines and control
RSF cells were infected with HSV-1 KOS at a multiplicity of
infection of 1.0. DNA was isolated from infected cultures at
1 and at 12 h after infection. In addition, parallel infections
were incubated for 24 h to monitor virus yields in this
experiment. Equivalent DNA concentrations for each sam-
ple were applied to nitrocellulose filters by using a slot blot
device as shown in Fig. 7. The filters were hybridized with a
32P-labeled DNA probe specific for the gC gene (42). Appro-
priate exposures of the autoradiograms were scanned by a
densitometer. DNA replication in Sst26-infected cells was
only about 1.5-fold lower than in RSF-infected cells,
whereas DNA replication in Stu15 cells was reduced less
than 3-fold. Virus yields from Sst26-infected cells were
10-fold lower than in RSF cells; in Stu15 cells, yields were
7-fold lower. Therefore, although viral yields were substan-
tially reduced in Sst26- and StulS-infected cells, DNA rep-
lication was not comparably affected. The slight reduction in
DNA replication, therefore, cannot account for the level of
reduction seen in late gene expression. We conclude that the
mutant ICP27 in these cell lines is directly interfering with
the activator function of the wild-type protein and not with
its role in DNA replication. This conclusion is further
supported by the results with cell line 23-5 at 39.5 versus
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FIG. 8. Marker rescue and DNA sequence analysis of the ts lesion in HSV-1 tsLG4. Fragments from the wild-type ICP27 plasmid
pSG130B/S were gel purified and mixed with viral tsLG4 DNA (1 ,ug/ml) at a concentration of 2.5 ,g of fragment DNA per ml. Transfections
were performed in triplicate as described previously (13), and cultures were incubated at 34°C. Cell lysates were harvested 6 days after
transfection and assayed on RSF cells at 34 and 39°C. The DNA fragments used were as follows: 1, 1,200-bp BamHI-SalI; 2, 516-bp Sall-Ball;
3, 1,225-bp SalI-SstI; 4, 628-bp NaeI-NaeI; 5, 858-bp SstII-SstI; 6, 792-bp StuI-SstI; and 7, 709-bp BalI-Sstl. The percent of rescue (calculated
as [virus titer at 39°C/virus titer at 34°C] x 100) is shown above each fragment. The ICP27 gene from mutant tsLG4 was cloned as a

BamHI-to-SstI fragment in pUC18 (17). The region from nucleotides 1650 to 1950 within which the ts lesion was shown to map by the marker
rescue analysis was sequenced along with the corresponding region from pSG130B/S. The sequence from nucleotides 1841 to 1936 is shown.
In two independently cloned LG4 plasmids, there was a single base change, a transition from G to A, compared with the KOS sequence at
nucleotide 1851. This results in a change from an arginine to a histidine residue two amino acids away from a putative zinc finger metal-binding
domain of ICP27, shown by the boxed residues.

34°C. While there was a 14-fold reduction in viral yield at the
nonpermissive temperature, there was a higher level ofDNA
replication seen 12 h after infection compared with the
control level at 34°C (Fig. 7). This result is consistent with
the phenotype of the viral mutant tsLG4, from which this
cell line was derived. DNA synthesis in tsLG4-infected cells
is nearly equivalent to the wild-type level at the nonpermis-
sive temperature, yet late gene expression is severely re-
duced (36).
The results from the analysis ofDNA replication and from

the analysis of HSV-1 gene products by Northern blot and
immunoprecipitation show that the ICP27 dominant activa-
tor mutants can interfere with the activation function of
wild-type ICP27 during viral infection.
Mapping and sequencing of the LG4 mutation. The exact

positions of the dominant insertion mutations are known,
and they map to the activator domain between amino acids
262 and 434 (17). However, the site of the LG4 mutation was
not known since the LG4 plasmid gene was cloned from the
viral mutant tsLG4. The site of the ts lesion in this mutant
was shown to map only to the ICP27 gene by marker rescue
and complementation analysis (13, 36). Therefore, we per-
formed a marker rescue experiment using a series of frag-
ments within the ICP27 gene derived from the wild-type
plasmid pSG130B/S (Fig. 8). Each of these fragments was
cotransfected with DNA isolated from tsLG4. Transfected
cultures were harvested 6 days later, and virus was assayed
at both 34 and 39°C. The site of the mutation was shown to
map between a BalI site at nucleotide 1712 in the BamHI-
to-SstI fragment of pSG130B/S and a NaeI site at 2012 on

basis of the percent rescue obtained with fragments spanning
this region and on the observation that the Sall-Ball frag-
ment did not give rise to wild-type recombinants (Fig. 8).
The coding region of ICP27 terminates at nucleotide 1949, so
it was concluded that the mutation mapped between nucle-
otides 1712 and 1949, which defines what we have termed the
repressor region of the ICP27 gene (17). To further locate the
actual mutation, the region between nucleotides 1650 and
1950 was sequenced in two independently derived LG4
clones and in plasmid pSG130B/S. As shown in Fig. 8, a
transition from G to A was found at nucleotide position 1851
in LG4. This results in the substitution of a histidine residue
for an arginine at amino acid 480 from the predicted wild-
type sequence (25). This substitution occurred within the
repressor domain of ICP27 two residues away from the
putative zinc finger motif (2, 3, 17, 31). However, the
phenotype of LG4 is not that of a repressor mutant because
it is not defective in the repressor function at the nonper-
missive temperature (17), and it is dominant to wild type.
The other mutants in the repressor domain are defective in
both the activator and repressor functions (17), and these
mutants were not found to be dominant (Table 1 and Fig. 2).
One explanation for this difference is that the other repressor
mutants contain insertions of three to five amino acids,
whereas there was a single amino acid substitution in LG4. It
is likely that this substitution alters the secondary structure
of this important region to a lesser extent than occurs with
the insertion mutants.
Because mutant LG4 was dominant in the transfection

experiments with pVP5-CAT described earlier, and cell line
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FIG. 9. Dominance of the ts mutation during coinfection of cells

with wild-type HSV-1 KOS and tsLG4. RSF cells were infected with
KOS or tsLG4 at a multiplicity of infection of 1 at either 34 or 39°C.
Coinfection experiments were performed with KOS at a multiplicity
of infection of 1 and tsLG4 at a multiplicity of 1, 5, or 10, as

indicated, at 34 and 39°C. Infected cultures were incubated for 24 h,
at which time virus yields were assayed on RSF cells at 34°C.

23-5 containing LG4 inhibited HSV-1 growth in a tempera-
ture-sensitive fashion, we tested the viral mutant tsLG4 in
coinfection experiments with wild-type KOS. The infections
were performed at different ratios of wild-type to mutant
virus (Fig. 9). Infections were performed in RSF cells at 34
and 39°C, and virus yields were assayed at 34°C. The yield of
infectious virus was about 100-fold lower when tsLG4 was
added at a 10:1 ratio to KOS at 39°C than with the infections
with KOS alone (Fig. 9). There was less of an inhibitory
effect at ratios of 5:1 (35-fold) and 1:1 (3-fold), which is again
consistent with the hypothesis that the mutant ICP27 protein
competes with the wild-type protein.

DISCUSSION

The phenomenon of interference by viruses which contain
mutations that behave in a dominant manner and can inhibit
the growth of the wild-type virus in mixed infections has long
been known for many viruses (for a review, see reference
46). As proposed by Herskowitz (18), the study of dominant
mutations in regulatory proteins has led to the elucidation of
some of the molecular interactions which these multifunc-
tional polypeptides undergo (12, 23, 27, 29, 41). In this study,
we tested a number of insertion mutants in the HSV-1
regulatory protein ICP27 for their ability to interfere with the
activities of the wild-type protein. We found that mutants
which were defective in the activator function but not the
repressor activity were able to hinder the activation function
of wild-type ICP27 in cotransfection experiments and were
able to impair growth of HSV-1 KOS in cell lines which
stably carried these mutant alleles. The defect in HSV-1
replication was found to be the result of a decreased expres-
sion of HSV-1 late gene products consistent with the activa-
tion role of ICP27 during infection.

In an earlier report, we showed that mutants in the
carboxy-terminal half of ICP27 were defective in the ability
to augment expression of an HSV-1 late target gene in

transfection assays (17). However, mutants mapping be-
tween amino acids 260 and 434 of the 512-amino-acid protein
were able to repress expression of an early target gene as
efficiently as the wild-type plasmid. Therefore, we defined
the activator region as the sequences between residues 260
and 434 and the repressor region as the terminal 78 amino
acids of the protein, even though the repressor mutants are
defective in both regulatory functions. Studies by Rice et al.
(35) and McMahan and Schaffer (26) of ICP27 nonsense
mutants which result in truncated polypeptides largely agree
with the placement of these domains, except that McMahan
and Schaffer (26) also defined a second weaker repressor
region to lie between amino acids 327 and 407. The differ-
ence between our study and theirs was the analysis of
full-length mutated proteins versus truncated polypeptides,
so that differences in peptide folding would be expected to
occur. In fact, we found an inconsistency in our own data in
that LG4 maps to the repressor region but is not defective in
that function and is dominant, unlike the other repressor
mutants (Fig. 7). It was hypothesized that a single amino
acid substitution would have a different effect on the folding
of the peptide compared with the insertion of three to five
amino acids in the other repressor mutants.

Analysis of viral mutants containing deletions and trunca-
tions in the ICP27 gene have disclosed a multitude of effects
of ICP27 on viral gene expression, including a down regula-
tion of immediate-early and early gene expression late in
infection, an autoregulatory effect on its own expression,
stimulation of leaky late gene products, induction of true late
gene products, stimulation of viral DNA replication, and a
modification in the mobility of ICP4 on sodium dodecyl
sulfate-polyacrylamide gels (24, 26, 34). It is possible that
some of these effects may be indirect, as a result of the
inappropriate expression of some other viral gene product
when ICP27 is defective, but even so, it is clear that ICP27
is a complex regulatory protein. We have chosen to concen-
trate in this study on the analysis of mutants which interfere
with the wild-type activation function of ICP27 seen in
transfection experiments and with the ability of the wild-type
protein to activate late gene expression during viral infec-
tion. We did not find any mutants to be dominant for the
repressor activities of ICP27 either in transfection experi-
ments or during infection, nor did the dominant mutants
interfere with viral DNA replication to a significant extent.
With the new evidence that the mutants within the activa-

tor region were dominant to the wild-type protein, we
propose that ICP27 interactions occur through at least two
functional domains, an activator domain and a binding
region or interaction domain. While both regions of the
ICP27 molecule probably interact with the substrate to carry
out its function, we are suggesting that a binding region is
required to initiate the interaction, so that if this domain is
altered, binding to the substrate cannot occur. While some
overlap probably occurs between the two regions which we
have defined, because at least one activator mutant (LG4)
maps to the repressor region (Fig. 8) and a weaker repressor
region within the activator region has been found by McMa-
han and Schaffer (26), the binding domain could correspond
to the repressor region of the molecule. In this way, an
activator mutant of ICP27 having an intact repressor region
could bind to its substrate, either another protein or nucleic
acid; however, the binding would be nonfunctional because
of the activator mutation. The mutant protein could interfere
or compete with the wild-type binding to the substrate,
resulting in the trans-dominance effect which we observed.
Our data on the gene dosage of the mutants shown in Fig. 2
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and 9 support this hypothesis. As shown in Table 1 and Fig.
2, mutants in the repressor region cannot interfere with
either the repressor or activator function of the wild-type
protein. This finding supports the notion that the repressor
region is necessary for binding because mutations here
would result in mutant polypeptides unable to bind the
substrate and therefore unable to compete with the wild-type
molecule. Further support for the proposal that the repressor
region is involved in binding comes from the predicted amino
acid sequence of the protein (25, 31). As we previously noted
(17), there is a putative zinc finger metal-binding domain
within this region (Fig. 8). We have evidence that the ICP27
protein binds zinc in vitro (45a). Given that zinc finger motifs
have been shown to be involved in binding DNA and RNA
and in protein-protein interactions (2, 3, 8, 11, 14, 15, 45), the
presence of such a motif in the repressor region supports our
hypothesis that this region is involved in binding. Clearly,
definitive biochemical evidence, from studies in which both
the substrate and the binding region are defined, is needed to
support this claim. We have shown that ICP27 can bind to a
DNA-agarose column containing double-stranded calf thy-
mus DNA (45a), but we have not been able to demonstrate
any sequence-specific binding. Recent evidence from our
laboratory has shown that ICP27 acts, at least in part,
posttranscriptionally to regulate gene expression both in
transfection experiments (38a) and during viral infection
(41a). Therefore, it may be more likely that ICP27 interacts
directly with another protein or with RNA.
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