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Herpes simplex virus type 1 immediate early protein ICP0 influences virus infection by inducing the
degradation of specific cellular proteins via a mechanism requiring its RING finger and the ubiquitin-
proteasome pathway. Many RING finger proteins, by virtue of their RING finger domain, interact with E2
ubiquitin-conjugating enzymes and act as a component of an E3 ubiquitin ligase. We have recently shown that
ICPO induces the accumulation of colocalizing, conjugated ubiquitin, suggesting that ICP0 can act as or
contribute to an E3 ubiquitin ligase. In this report we demonstrate that the ICP0-related RING finger proteins
encoded by other alphaherpesviruses also induce colocalizing, conjugated ubiquitin, thereby suggesting that

they act by similar biochemical mechanisms.

The mechanisms governing the switch between latent and
lytic herpes simplex virus type 1 (HSV-1) infection have been
a subject of continued interest. HSV-1 immediate-early pro-
tein ICPO stimulates both entry into the lytic cycle and reacti-
vation from latency, so it has been proposed that ICPO may
play a specific role in the control of the balance between the
latent and lytic states (reviewed in reference 11).

ICPO has profound effects on the cell, associating with and
subsequently disrupting centromeres and other nuclear struc-
tures known as ND10 domains, PML nuclear bodies, or pro-
myelocytic oncogenic domains (6, 9, 19, 20). The disruption
occurs because ICP0 induces the proteasome-dependent deg-
radation of components of both structures and also other char-
acterized and uncharacterized proteins (7, 9, 17, 21, 22). Since
the roles of ICPO during infection and its effects on the host
cell both require its zinc-binding RING finger domain and an
active ubiquitin-proteasome pathway, it appears likely that a
major part of ICP0’s function in viral biology is achieved
through its induction of proteasome-dependent degradation of
one or more of its known target proteins. In support of this
hypothesis is the increasing evidence that many RING finger
proteins participate in the proteasome-dependent protein deg-
radation pathway by interacting with E2 ubiquitin-conjugating
enzymes in E3 ubiquitin ligase complexes, thereby controlling
the stability of specific target proteins (reviewed in references
1, 12, 15, 16, and 26). Given the experimental background, it
seems likely that ICPO acts as or forms part of an E3 ligase.
Consistent with this suggestion, we have recently shown that in
both transfected and infected cells ICP0 causes the accumula-
tion of colocalizing, conjugated ubiquitin in a RING finger-
dependent manner (10).
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HSV-1 is an alphaherpesvirus, and ICPO-related proteins
are encoded by other family members: BICPO in bovine her-
pesvirus 1 (27); the product of gene 63, Eg63, in equine her-
pesvirus 1 (25); the product of gene 61, Vgb6l, in varicella
zoster virus (3); and EPO in pseudorabies virus (2). We have
recently demonstrated by immunofluorescence assays that
these ICPO-related proteins also affect ND10 and in some
cases centromeres (although to differing extents) and that in
the case of Eg63 this involves proteasome-dependent degra-
dation (22). These functional similarities among the ICPO fam-
ily members are consistent with the presence of a RING finger
domain near their N termini, the only obvious similarity com-
mon to all the proteins. This region in ICPO is essential for its
functions in regulating gene expression, stimulating lytic infec-
tion and reactivation from quiescence, disruption of ND10 and
centromeres, induced proteasome-dependent degradation of
cellular proteins, interaction with cyclin D3, and induction of
colocalizing, conjugated ubiquitin (4, 5, 10). The aim of this
study was to determine if the other members of the ICP0
family were also able to induce the appearance of colocalizing,
conjugated ubiquitin using the immunofluorescence assay used
for ICPO (10).

Cells and viruses. Human epithelial HEp-2 cells were grown
in Dulbecco’s modified Eagle’s medium with 10% fetal calf
serum, 100 U of penicillin/ml, and 100 wg of streptomycin/ml.

Plasmids. Plasmids expressing the ICPO family of proteins
tagged with an epitope from the C-terminal peptide of HSV-1
UL30, which is recognized by rabbit polyclonal serum r113
(18), were produced. First, intermediate plasmid pET-rtag-
ICPO, containing a 5'- and 3’-modified ICPO open reading
frame (ORF) between the Ndel and HindIII sites of pET24a,
was created. The 5’ end of the ICPO ORF had been modified
by an oligonucleotide containing a 5" Ndel site, a start codon,
an in-frame UL30 epitope tag, and a 3" Ncol site, and the 3’
end of the ICPO ORF had been modified by an oligonucleotide
containing a 5" Sall site, the last eight codons of ICP0, the
termination codon, and a 3" HindIII site. The UL30 epitope-



J. VIROL.
B
pCIneo ICPO BICPO Eg63 EPO Vg6l
- — — - -
— -97

5358 NOTES
SV40 intron
cMV . ATG SV40 poly A
S G —
UL30
rtag-ICP0
HSV-1 IEI
rtag-BICPO
BHV-1BICPO
rtag-Eg63
EHV-1 Eg63
rtag-EPO
PRV EPO
rtag-Vgél
VZV Vg6l

-46

FIG. 1. (A) Schematic diagram of the pCl-rtag series of plasmids. CMV, cytomegalovirus; SV40, simian virus 40; BHV-1, bovine herpesvirus
1; EHV-1, equine herpesvirus 1; PRV, pseudorabies virus; VZV, varicella zoster virus. (B) Expression of UL30-tagged ICP0O homologues. HEp-2
cells were transfected with pClneo or plasmids expressing UL30-ICP0 or the UL30 homologues, as indicated. Samples were harvested into SDS-gel
loading buffer at 24 h posttransfection and analyzed by Western blotting using polyclonal anti-UL30 r113 at a dilution of 1/5,000. The positions

of the molecular size markers (in kilodaltons) are indicated.

tagged ICPO cassette was then cloned into the mammalian
expression vector pClneo, forming pCl-rtag-ICP0. To create
the corresponding plasmids expressing the other family mem-
bers, the Ncol-HindIII ICPO fragment was removed from pET-
rtag-ICPO for BICPO, Eg63, and Vg61, but for EP0, the Ncol-
Sall fragment was removed and fragments containing the other
ORFs were inserted. These fragments were as previously de-
scribed (22), except for that of BHV-1, which was created by
removing an Ncol (partial)-Pvull fragment from pp65-BICPO
(22). Cassettes containing the UL30 epitope-tagged ORFs
were removed from the pET intermediates and cloned into
pClIneo to form the pCl-rtag series of plasmids (Fig. 1A).
Other plasmids used were pCIneo (Promega), pCIFXE (8),
and pCIQEUDS2 (10).

Antibodies. Polyclonal rabbit r113 and r190 have been pre-
viously described (18, 22), monoclonal antibody (MAb) FK2
was obtained from International Bioscience, Inc., and MAb
MRGS, which recognizes the MRGS-6-His tag, was from Qia-
gen. Anti-PML antibody MAb 5E10 (24), polyclonal anti-
CENP-C rabbit serum r554 (23), and polyclonal anti-Sp100 rat
serum Sp26 (1/2,000) (14) have been described previously.

Transfections. HEp-2 cells (10°), on coverslips in 24-well
plates, were transfected with 0.4 wg of DNA using Lipo-
fectamine Plus (Gibco) according to the manufacturer’s in-
structions as previously described (22). Cells were processed
for microscopy or washed in phosphate-buffered saline and
then harvested into sodium dodecyl sulfate (SDS)-gel loading
buffer for immunoblot analysis at 24 h posttransfection.

Western blot (immunoblot) analysis. Proteins in cell extracts
were analyzed by separation on SDS-7.5% polyacrylamide
gels, transferred to nitrocellulose membranes, and probed with
antibody as previously described (22).

Confocal microscopy. Cells seeded onto glass coverslips
were prepared for immunofluorescence and examined by con-
focal microscopy as previously described (9, 21). Secondary
antibodies used were fluorescein isothiocyanate (FITC)-conju-
gated goat anti-rabbit immunoglobulin G (IgG) (Sigma; used
at 1/100) and Cy3-conjugated goat anti-mouse or goat anti-rat
IgG (Amersham; used at 1/1,000 and 1/500, respectively).

Stained cells were examined using a Zeiss LSM 510 confocal
microscope system, with two lasers giving excitation lines at
488 nm (FITC) and 543 nm (Cy3).

Characterization of rabbit epitope-tagged ICP0 family
members. The aim of the present study was to determine if,
like ICPO (10), other members of the ICP0 family of proteins
are also able to induce the formation of colocalizing, conju-
gated ubiquitin. This assay depends on the use of MAb FK2,
which recognizes conjugated but not free ubiquitin (13). In a
previous study we used plasmids expressing ICP0 family mem-
bers tagged with a human cytomegalovirus pp65 epitope rec-
ognized by a MAD (22), but because the conjugated ubiquitin
is also recognized by a MADb, these plasmids were not suitable
for the present study. Therefore, pCl-based plasmids express-
ing proteins tagged with an epitope from the C-terminal pep-
tide of HSV-1 UL30, which is recognized by rabbit polyclonal
serum 1113 (18), were produced (Fig. 1A).

To determine the expression of the UL30-tagged proteins,
HEp-2 cells were transfected with the plasmids and samples
were analyzed by immunoblotting at 24 h posttransfection. All
the UL30-tagged proteins were of the expected size and were
efficiently and stably expressed (Fig. 1B). Although Vg61 was
not as highly expressed as the other family members, it was
nonetheless better expressed than the pp65 epitope-tagged
version (22). Before assessing the effect of the UL30-tagged
proteins on conjugated ubiquitin, it was important to deter-
mine whether their distribution in transfected cells and their
effects on cellular structures and proteins were as previously
characterized (22). The fluorescence intensity of transfected
cells expressing the UL30-tagged proteins was greater than in
the previous study using the pp65-tagged proteins, which could
be due to the better performance of the r113 serum in immu-
nofluorescence or to increased translational efficiency because
of sequence changes around the initiating ATG codon, or
both. This has allowed analysis in greater detail and with
greater clarity than hitherto, and therefore we present here
selected images obtained using the more recent plasmids which
confirm and extend our previous conclusions. Overall, the
staining patterns of the UL30-tagged proteins were very simi-
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lar to those of the pp65-tagged proteins (a nuclear diffuse
background with inset nuclear dots and accumulations) (22),
except that the nuclear dots or accumulations were more evi-
dent, especially in cells expressing large amounts of the pro-
teins (Fig. 2 [green staining] and 3). This was especially the
case with rtag-Vg61l-expressing cells, which appeared to be
both clearer and more numerous than in the results with the
pp65-tagged version. In a large proportion of transfected cells,
Vg61 was mostly present in numerous small nuclear dots with
little or no nuclear diffuse staining (Fig. 2I and 3R). Occasion-
ally, however, transfected cells contained many irregular nu-
clear accumulations of rtag-Vg61 (Fig. 2J). As in the previous
study, BICPO frequently formed nuclear arcs and circles within
a nuclear diffuse background (Fig. 2A to D and Fig. 3F and H).
Cells expressing large amounts of EPO in the nucleus also had
diffuse cytoplasmic EPO staining (Fig. 2H and 3P), and the
nuclear staining of Eg63 frequently had an unusual mottled
appearance (Fig. 2E and 3L). Thus, the change in epitope tag
did not alter the essential characteristics of the ICP0 family of
proteins but did make it easier to observe them in more detail.

Effect of UL30-tagged ICP0 homologues on cellular pro-
teins. The UL30-tagged proteins affected the immunofluores-
cence staining patterns of the ND10 proteins PML and Sp100
in an almost identical manner to the pp65-tagged proteins (22).
The improved reagents allowed a clearer analysis of these
effects, and we present here a selection of images to confirm
and extend our previous findings. For BICPO it was clear that
any PML remaining in the transfected cells was localized to the
outside of BICPO ring-like structures (Fig. 2A and B; the inset
in panel B shows the PML remaining in the lower right cell),
and in the few BICPO-transfected cells where a minor amount
of Sp100 remained, this also localized to the BICPO ring struc-
tures with a nonuniform intensity (Fig. 2D). The UL30-tagged
version of Eg63 (Fig. 2E and F) also disrupted ND10 in most
transfected cells, while UL30-tagged EP0O (Fig. 2G and H)
disrupted ND10 in some cells but not in others. For both Eg63
and EPO, in those cells with remaining PML foci, this clearly
colocalized with a subset of the foci of the viral proteins.
UL30-tagged Vg61 had a greater effect on the decrease in
immunofluorescence staining of the cellular proteins than
pp65-tagged Vgb1, probably attributable to its greater level of
expression and stability as noted above, but many cells retained
some PML staining, which again colocalized with viral protein
accumulations (Fig. 2I and J).

Because the only available reagent for detecting CENP-C is
also a rabbit serum, we could not confirm directly that the
UL30-tagged proteins also affected centromeres in the same
manner as the previously studied pp65-tagged proteins. How-
ever, cells expressing the ICPO family proteins could be iden-
tified indirectly by their effects on MAb FK2-detected endog-
enous ubiquitin (Fig. 3). This allowed confirmation that the
effects of the UL30-tagged ICP0O family members on centro-
meres were exactly as described for the pp65-tagged versions
(22).

All ICPO family members induce colocalization of conju-
gated ubiquitin. To assess the effect of the ICPO family mem-
bers on cellular conjugated ubiquitin, transfected HEp-2 cells
were costained with r113 and MAb FK2. All ICPO family
members were able to induce concentrations of colocalizing,
conjugated ubiquitin, although to different extents (Fig. 3),

NOTES 5359

FIG. 2. Effect of tagged ICPO homologues on cellular proteins.
HEp-2 cells were transfected with UL30-BICPO (A to D), UL30-Eg63
(E and F), UL30-EPO (G and H), or UL30-Vg61 (I and J). At 24 h
posttransfection, cells were processed for confocal microscopy and
costained with polyclonal anti-UL30 r113 at a dilution of 1/3,500 (A to
J [green staining]) and either MAb anti-PML 5E10 at a dilution of 1/15
(A, B, and E to J [red staining]) or polyclonal rat anti-Sp100 Sp26 at
a dilution of 1/2,000 (C and D [red staining]). Secondary antibodies
used were FITC-conjugated goat anti-rabbit IgG (Sigma) at 1/100 and
Cy3-conjugated goat anti-mouse IgG (Amersham) at 1/1,000 or Cy3-
conjugated goat anti-rat IgG (Amersham) at 1/500. The inset (B)
shows PML remaining in the lower right cell
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FIG. 3. Effect of tagged ICP0O and homologues on ubiquitin conjugation seen by confocal microscopy. HEp-2 cells were transfected with
UL30-ICPO (A to D), UL30-BICPO (E to H), UL30-Eg63 (I to L), UL30-EPO (M to P), or UL30-Vg61 (Q to T). At 24 h posttransfection, cells
were processed for confocal microscopy and costained with MAb FK2 at a dilution of 1/10,000 (A, C, E, G, I, K, M, O, Q, and S) and polyclonal
anti-UL30 r113 at a dilution of 1/3,500 (B, D, F, H, J, L, N, P, R, and T). Secondary antibodies used were FITC-conjugated goat anti-rabbit IgG
(Sigma) at 1/100 and Cy3-conjugated goat anti-mouse IgG (Amersham) at 1/1,000. The original colored images of this multichannel figure may
be viewed at http://www.vir.gla.ac.uk./staff/parkinsonj/ICPOfamily_Ub.shtml.

which were consistent with the degree of their effects on cel-
lular structures previously seen (22). As expected, rtag-ICP0
had the same effect on the appearance of cellular ubiquitin
conjugation as untagged ICPO (10) (Fig. 3A to D). The general
level of conjugated ubiquitin staining increased, and accumu-
lations of punctate conjugated ubiquitin colocalized with rtag-
ICPO foci both within the nucleus and also in the occasional
cells with cytoplasmic ICPO accumulations. In rtag-BICPO-
transfected cells, conjugated ubiquitin colocalized with BICPO
dots and circles (Fig. 3E to H). The mottled nuclear signal of
rtag-Eg63 evident in transfected cells was exactly mirrored by
an increase in the nuclear signal of conjugated ubiquitin, and

accumulations which colocalized with rtag-Eg63 dots were also
seen (Fig. 31 to L). In contrast to rtag-ICP0, although rtag-EP0
was present in both the nuclei and cytoplasms of transfected
cells expressing large amounts of the protein, an increased
conjugated ubiquitin signal was seen only in the nucleus, either
as an increase in the nuclear diffuse signal or as colocalizing
dots (Fig. 3M to P). Finally, rtag-Vg61 had the least obvious
effect on conjugated ubiquitin and did not generally lead to an
increase in the diffuse nuclear conjugated ubiquitin staining,
but dots of conjugated ubiquitin were frequently seen colocal-
izing with nuclear dots of rtag-Vg61l (Fig. 3Q to T). In the
occasional transfected cells which contained many irregular
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nuclear accumulations of rtag-Vg6l (Fig. 2J), corresponding
accumulations of conjugated ubiquitin were evident (data not
shown).

Using a variety of approaches, it had previously been shown
that the results using MAb FK2 in ICPO-transfected cells were
not due to fluorescence overlap or antibody cross-reactivity
(10). In a further confirmation, we found that cell monolayers
transfected with the rtag plasmids and then singly stained with
FK2 contained an equivalent proportion of cells with a conju-
gated ubiquitin signal characteristic of transfected cells iden-
tified by staining directly for the UL30 tag. With respect to
possible antibody specificity artifacts, the present results with
the other ICPO family members strongly suggest a lack of
cross-reactivity, since even in their related RING finger do-
mains, there is considerable primary sequence variation be-
tween the ICPO-related proteins. Additionally, plasmid-ex-
pressed untagged ICPO and BICPO had the same effect on
ubiquitin as the UL30-tagged versions, which eliminates the
possibility that the above results were due to recognition of the
UL30 epitope tag by FK2.

Induced concentration of colocalizing epitope-tagged exog-
enous ubiquitin. As an alternative approach, the effect of the
ICPO family members on exogenous ubiquitin was determined
in HEp-2 cells cotransfected with the rtag-ICP0 plasmids and
plasmid pCIQEUDbS2, which expresses an epitope-tagged ubiq-
uitin precursor (10). As previously noted for ICPO (10), all the
ICPO family members induced redistribution of the normally
diffuse exogenous ubiquitin signal into colocalizing foci, exactly
as for endogenous ubiquitin (Fig. 4), although their activity in
sequestering ubiquitin was saturated in cells expressing high
levels of exogenous ubiquitin, so that free ubiquitin was also
diffuse throughout the cell. These results indicate that, like
ICPO itself, the related family members affect the distribution
and accumulation of both exogenous ubiquitin and endoge-
nous conjugated ubiquitin.

This report demonstrates that all the ICPO family members
affect the accumulation of intracellular conjugated ubiquitin in
a related manner, thereby strengthening the hypothesis that,
like several other RING finger proteins, they act via a related
biochemical mechanism involving E3 ubiquitin ligase activity.
However, our data in this and a previous paper (22) indicate
that some members of the family are more potent in these
assays than others. These intrinsic differences could be a re-
flection of the primary sequence divergence between the indi-
vidual proteins (even within their RING finger domains),
which could result in differences in their interactions with the
cellular components of the active complex and the protein
targets. These differences could be a reflection of the individ-
ual interactions between the viruses and their hosts.

FIG. 4. Effect of tagged ICPO and homologues on exogenously
expressed ubiquitin precursor. HEp-2 cells were cotransfected with
pCIQEUDbS2 (expressing the tagged ubiquitin precursor Ub52) and
either vector alone (A and B) or the UL30-tagged ICPO homologues as
indicated (C through L). At 24 h posttransfection, cells were processed
for confocal microscopy and costained with MAb MRGS at a dilution
of 1/1,000 (A, C, E, G, I, and K) and polyclonal anti-UL30 r113 at a
dilution of 1/3,500 (D, F, H, J, and L). Secondary antibodies used were
FITC-conjugated goat anti-rabbit IgG (Sigma) at 1/100 and Cy3-con-
jugated goat anti-mouse IgG (Amersham) at 1/1,000.
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