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ABSTRACT The US9 gene of herpes simplex virus 1
encodes a virion tegument protein with a predicted Mr of
10,000. Earlier studies have shown that the gene is not
essential for viral replication in cells in culture. We report that
(i) US9 forms in denaturing polyacrylamide gels multiple
overlapping bands ranging in Mr from 12,000 to 25,000; (ii) the
protein recovered from infected cells or purified virions reacts
with anti-ubiquitin antibodies; (iii) autoradiographic images
of US9 protein immunoprecipitated from cells infected with
[35S]methionine-labeled virus indicate that the protein is
stable for at least 4 h after entry into cells (the protein was also
stable for at least 4 h after a 1-h labeling interval 12 h after
infection); (iv) antibody to subunit 12 of proteasomes pulls
down US9 protein from herpes simplex virus-infected cell
lysates; and (v) the US9 gene is highly conserved among the
members of the alpha subfamily of herpes viruses, and the US9
gene product lacks lysines. We conclude that US9 is a lysine-
less, ubiquitinated protein that interacts with the ubiquitin-
dependent pathway for degradation of proteins and that this
function may be initiated at the time of entry of the virus into
the cell.

In this report, we show that the herpes simplex virus 1 (HSV-1)
protein product of the US9 gene is ubiquitinated and in this
form packaged in the virion. We also report that the protein
is stable for several hours both in the cell in which it is made
and in the cell in which it is translocated during infection;
further, we report that immune complexes consisting of pro-
teasomal proteins and an antibody against one of the protea-
some subunits pull down US9 protein. The relevant back-
ground to this report is as follows.

The US9 ORF is predicted to encode a protein with an Mr
of approximately 10,000 (1). The protein is a constituent of the
virion tegument (2). In the course of HSV-1 reproductive
cycle, tegument proteins are released into the cell subsequent
to the fusion of the viral envelope with the plasma membrane.
Many of the tegument proteins facilitate the initiation of gene
expression, and in many instances, they are dispensable for
viral replication at least in cells in culture (reviewed in ref. 3).
The function of US9 protein is not known, but its gene, like
many others, is dispensable for viral replication in cells in
culture (4). A property of US9 protein that led us to investigate
ubiquitination is that it forms very wide bands on electro-
phoresis in denaturing polyacrylamide gels.

Ubiquitin is a small, highly conserved polypeptide covalently
attached to target proteins by the sequential activity of three
classes of enzymes (reviewed in ref. 5). The resulting hybrid is
recognized and degraded in the proteinase complex by the

catalytic core, the proteasome (6–8). Although this mecha-
nism has been well characterized, not all of the ubiquitin
conjugates follow this pathway, and there is general agreement
that ubiquitination, especially if only one molecule of ubiquitin
is attached to the target protein, represents a form of post-
translational modification whose function is not fully under-
stood (9, 10). The ubiquitin-mediated protein degradation has
been shown to be involved in many cellular mechanisms, from
cell cycle regulation to break down of proteins for major
histocompatibility complex (MHC) class 1 antigen presenta-
tion to T cells (reviewed in refs. 11 and 12).

Ubiquitin and the ubiquitin pathway are common targets of
viral products (13). With respect to HSV, of particular interest
is the observation that viral-infected cell protein No. 0 (ICP0)
has recently been shown to bind and stabilize cyclin D3 (14)
and also to bind a ubiquitin-specific protease (15). The ICP0
binding sites of cyclin D3 and of the ubiquitin-specific protease
differ. Both cyclin D3 and the ubiquitin-specific protease are
translocated to a nuclear structure known as ND10. These
observations suggested cyclin D3, a protein involved in the
transition through the G1 phase of the cell cycle known to have
a relatively short half-life, is stabilized by deubiquitination by
the recruitment to the same macromolecular complex of the
ubiquitin-specific protease. Furthermore, HSV-1 also encodes
a protein (ICP47) that interacts with TAP1/TAP2 (16–18) and
thereby blocks the presentation of antigenic peptides on the
surface of infected cells. It could be predicted that HSV may
require the stabilization of other macromolecules and, con-
versely, the degradation of others by other mechanisms than
those described to date.

MATERIALS AND METHODS

Cell Lines and Viruses. HEp-2 cells were obtained from the
American Type Culture Collection and grown in Dulbecco’s
modified Eagle’s medium supplemented with 5% fetal calf
serum. HSV-1(F) is the prototype HSV-1 strain used in this
laboratory (19). Recombinant R7023 lacking the genes US8 to
US12 (a47) was described elsewhere (4).

Labeling of Infected Cells with [35S]Methionine. HEp-2
monolayer cultures containing 2 3 106 HEp-2 cells infected as
described in Results were overlaid 10 h after infection with
medium lacking methionine but supplemented with 400 mCi of
[35S]methionine (Amersham; 10 mCi/ml; 1Ci 5 37 GBq). Cells
were harvested 22 h after infection, disrupted by sonication,
and used as virus inoculum for the analysis of input virus
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proteins. For the pulse and chase experiments, 2 3 106 HEp-2
cells infected as described in Results were overlaid at 12 h after
infection with medium lacking methionine but supplemented
with 100 mCi of [35S]methionine. After 1 h of incubation at
37°C, the labeling medium was removed, cells were washed
once with complete medium, overlaid with complete medium,
and harvested at the times indicated in Results.

Antibodies. Antibodies used in these studies were a rabbit
polyclonal antibody to US9, generated in this laboratory; a
rabbit polyclonal antibody to the capsid protein VP19C en-
coded by UL38 (21); a rabbit polyclonal antibody to ubiquitin
purchased from Sigma (no. U5379); an affinity-purified rabbit
polyclonal antibody to ubiquitin (a kind gift of M. Hoch-
strasser, University of Chicago); a mouse monoclonal antibody
to subunit 12 of proteasome, MCP34 (20) (kindly donated by
Klavs B. Hendil, University of Copenhagen, Denmark). To
generate antibody against the US9 protein, the US9 gene was
amplified from the HSV-1(F) genome by PCR (Fig. 1), and a
fragment containing codons 1–59 was cloned into pGEX-4T1
(Pharmacia) in the EcoRI-SalI sites, in frame with glutathione
S-transferase (GST). The resulting pRB5172 plasmid was
transformed in Escherichia coli, strain RR1, and the expression
of the chimeric protein GST-US9 was induced by addition of
5 mM isopropyl b-D-thiogalactopyranoside for 3 h at 37°C.
Cells were washed in 20 mM TriszHCl (pH 7.4)/1 mM EDTA/
100 mM KCl, resuspended in lysis buffer [10 mM TriszHCl (pH
7.4)/100 mM KCl/1 mM EDTA/5 mM dithiothreitol/0.5%
Nonidet P-40/0.1 mM 7-amino-1-chloro-3-tosylamido-2-
heptanone (TLCK)/0.1 mM 1-tosylamido-2-phenylethyl chlo-
romethyl ketone (TPCK)/1 mM phenylmethylsulfonyl f luoride
(PMSF)], and sonicated. After 15 min of centrifugation at
12,000 3 g, supernatants were adsorbed to glutathione-agarose
beads (Sigma), and bound GST-US9 fusion protein was eluted
with 20 mM reduced glutathione (Sigma). The purified protein
was dialyzed against PBS (0.14 M NaCl/3 mM KCl/10 mM
Na2HPO4/1.5 mM KH2PO4) and finally used to immunize
rabbits at Josman Laboratories (Napa, CA).

Electrophoretic Separation and Immunoblotting of Pro-
teins. Infected or mock-infected cells were solubilized in
denaturing buffer, and the lysates were subjected to electro-
phoresis in denaturing polyacrylamide gels, transferred to
nitrocellulose membranes, blocked in PBS containing 5% skim
milk for 1 h at room temperature or overnight at 4°C, rinsed

three times in PBS, and then reacted with the primary anti-
body. Before exposure to the anti-ubiquitin antibody, the
proteins were first completely denatured by boiling the mem-
branes for 1 h in distilled water at 100°C. The membranes were
then washed three times, incubated with a goat anti-rabbit or
a goat anti-mouse antibody conjugated to alkaline phospha-
tase (Bio-Rad) or with a goat anti-rabbit antibody conjugated
to peroxidase (Sigma), rinsed again, and allowed to react with
the alkaline phosphatase colorimetric reaction (Bio-Rad) or
with the enhanced chemiluminescent detection system (Am-
ersham), according to the protocols provided by the manu-
facturers.

Immunoprecipitations. HEp-2 cells grown in 25-cm2 flask
cultures were scraped, washed once in PBS, harvested by short
centrifugation in a Microfuge, lysed either in PBS* (PBS/1%
Nonidet P-40/1% deoxycholate/0.1 mM TLCK/0.1 mM
TPCK/1 mM PMSF for immunoprecipitation with the anti-
US9 or the anti-ubiquitin antibody) or in a lysis buffer con-
taining 50 mM Tris (pH 7.2), 1 mM dithiothreitol, 5 mM
MgCl2, 2 mM ATP, 12% glycerol, 0.5% Nonidet P-40, 0.1 mM
TLCK, 0.1 mM TPCK, 1 mM PMSF (for immunoprecipita-
tions of proteasomes), and briefly sonicated. Cell debris were
pelleted by centrifugation for 5 min in a microcentrifuge at
12,000 3 g, and supernatant fluids were reacted with the
antibodies indicated in Results for 3 h at 4°C with constant
agitation. The immune complexes were harvested by reacting
with a mixture of protein A and protein G beads (Sigma), 5 mg
of each protein/sample, for 1 h. Samples were extensively
rinsed in the proper buffer, and proteins bound to the resin
were eluted in denaturing buffer and boiled for 4 min, elec-
trophoretically separated in a denaturing (sodium dodecyl
sulfate) polyacrylamide gel, transferred to a nitrocellulose
sheet, and subjected to autoradiography on X-Omat AR films
(Kodak).

RESULTS

HSV-1 US9 Protein Is Ubiquitinated. HSV-1 US9 protein
has a predicted Mr of 10,000 and an apparent Mr ranging from
12,000 to 25,000 in denaturing polyacrylamide gels. Fig. 2A

FIG. 1. Diagrammatic representation of the sequence arrangement
of the HSV-1 genome and of the location of the US9 gene. Line 1,
representation of the HSV-1 genome. The single lines represent the
unique long (UL) and unique short (US) DNA sequences, whereas the
terminal repeats are shown as open rectangles. Line 2, expansion of the
domain containing the US9 gene. Line 3, polarity and domain of US9
mRNA. The US11 and US12 mRNAs (not shown) are coterminal with
the US10 mRNA. Line 4, representation of the US9 codons 1–59
amplified by PCR and fused to GST for production of antibody.

FIG. 2. Immunoblots of infected cell proteins, electrophoretically
separated on a denaturing gel, and allowed to react with rabbit
polyclonal antibodies to US9 protein (A) or to ubiquitin (B). HEp-2
cells infected with HSV-1(F) or with R7023 were harvested at 22 h,
solubilized, subjected to electrophoresis on a denaturing gel, trans-
ferred to nitrocellulose, and allowed to react with the indicated
antibodies as described in Materials and Methods. The UL38 protein
served as a loading control. Molecular weights (in thousands) are
shown on the right.
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shows the reactivity of electrophoretically separated lysates of
HEp-2 cells infected with HSV-1(F) or R7023, an HSV-1
mutant carrying a large deletion that includes the US9 gene,
with a polyclonal antibody made against US9 protein. Fig. 2B
shows a nitrocellulose membrane containing the same samples
as those shown in Fig. 2 A but denatured extensively by boiling
as described in Materials and Methods and allowed to react with
the anti-ubiquitin antibody (Sigma). The results show that the
anti-ubiquitin antibody reacted with protein bands that over-
lapped the slower migrating US9 protein bands and, further-
more, that the reactivity of these antibodies were dependent on
the presence of US9 protein inasmuch as the anti-ubiquitin
antibody did not react with the corresponding bands in lysates
of cells infected with a virus lacking the US9 gene (Fig. 2B, lane
4). In these experiments, the capsid protein VP19C (21)
encoded by the UL38 gene and present in the lysates of the
infected cells served as a loading control. The same results
were obtained with the second, affinity-purified antibody to
ubiquitin obtained from M. Hochstrasser (data not shown).

Ubiquitin is a small, highly conserved polypeptide of 76
amino acids. There is no obvious amino acid homology be-
tween US9 protein and ubiquitin, and the observation that two
different antibodies to ubiquitin react in the same fashion rules
out the possibility that the double immunostaining of US9
protein is due to a shared epitope. Consistent with the
hypothesis that US9 protein is ubiquitinated is the observation
that the reaction of the anti-ubiquitin antibody with the bands
shown in Fig. 2, lane 3, required extensive denaturation of the
sample. Extensive denaturation is required to expose the
ubiquitin epitopes, which are otherwise unavailable for the
interaction with the antibody (22). All together, these results
indicate that US9 protein is ubiquitinated.

US9 Protein Is Incorporated As a Ubiquitin Conjugate into
the HSV-1 Virions. US9 protein was reported to be a virion
component localized in the tegument (2). To determine
whether US9 protein packaged into virions is ubiquitinated, we
purified HSV-1 virions from HEp-2 cells infected for 24 h with
HSV-1(F). The procedure for virion purification was as that
described by Spear and Roizman, (23). The virion preparations
were split in two aliquots, electrophoretically separated on
sodium dodecyl sulfate-polyacrylamide gel, transferred to a

nitrocellulose, and allowed to react with either the antibody
against the US9 protein or the anti-ubiquitin antibody (Sigma).
The results, shown in Fig. 3, indicate that US9 protein pack-
aged into virions is ubiquitinated. The apparent discrepancy
between the position and pattern of the US9 forms recognized
by the ubiquitin and the US9 antibodies is probably because of
distortion of the filter, which has been extensively boiled
before exposure to the anti-ubiquitin antibody.

US9 Protein Is Released As a Ubiquitin Conjugate into the
Cytoplasm of Newly Infected Cells. The results presented
above show that US9 protein is ubiquitinated late in infection
and is also incorporated as a ubiquitin conjugate into HSV-1
virions. US9 protein is expected to be released into the
cytoplasm of newly infected cells together with other compo-
nents of the viral tegument. To determine whether US9 protein
is present as a ubiquitin conjugate after release in the cyto-
plasm of the newly infected cell, HEp-2 cells were exposed for
90 min to 100 pfu of [35S]methionine-labeled HSV-1(F) or
R7023 per cell. After removal of the inoculum and an addi-
tional 30-min incubation, cells were lysed and allowed to react
with the antibody to US9 protein (Fig. 4 A and C) or to
ubiquitin (Fig. 4 B and D). The immune complexes were
collected, rinsed, separated on a denaturing gel, transferred to
a nitrocellulose sheet, and subjected to autoradiography. Both
antibodies precipitated US9 protein from lysates of cells in-
fected with HSV-1(F) (Fig. 4, lanes 1 and 3, 5 and 7), but in
both experiments, the anti-ubiquitin antibody was less effective
in precipitating US9 protein than the anti-US9 antibody. One
explanation for this observation is a lower affinity of the
anti-ubiquitin antibody for the ubiquitinated US9 protein, but
we cannot exclude the possibility that some of the US9 protein
was deubiquitinated.

Stability of US9 Protein. As indicated in the Introduction,
ubiquitination is the signal for ATP-dependent protein deg-
radation. Even though this is not its only function, ubiquiti-
nation signals the degradation of the protein by proteasomes
(reviewed in ref. 24). Inasmuch as US9 protein is ubiquitinated,
it was of interest to determine whether it was stable. US9
protein is packaged in the virion tegument and is detected in
infected cells at approximately 12 h after infection (data not
shown). We have therefore tested the stability of the US9
protein immediately after infection and after labeling the
protein at 12 h after infection.

FIG. 3. Immunoblots of virion proteins electrophoretically sepa-
rated on a denaturing gel and allowed to react with rabbit polyclonal
antibodies to US9 protein (lane 1) or to ubiquitin (lane 2). The virions
were purified on dextran gradients from HEp-2 cells infected with
HSV-1(F) (23), solubilized, subjected to electrophoresis, allowed to
react with the indicated antibodies, and detected with the enhanced
chemiluminescent detection system. Molecular weights in thousands
are shown on the right.

FIG. 4. Autoradiographic image of electrophoretically separated
[35S]methionine-labeled proteins, immunoprecipitated with a rabbit
polyclonal antibody to US9 protein (A and C), or to ubiquitin (B and
D) from infected cell lysates. HEp-2 cells were exposed for 90 min to
[35S]methionine-labeled HSV-1(F) or R7023 generated as described in
Material and Methods and then incubated for an additional 30 min in
medium containing excess unlabeled methionine. The cells were lysed,
and immune complexes containing US9 protein were subjected to
electrophoresis in denaturing gels and autoradiography on X-Omat
AR film.
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In the first series of experiments, replicate cultures of HEp-2
cells were exposed at 10°C for 90 min to 100 pfu of [35S]me-
thionine-labeled HSV-1(F) or R7023 per cell. Radiolabeled
virus was prepared as described in Materials and Methods. The
cells were then rinsed, overlaid with complete medium, har-
vested at 0, 2, 3, or 4 h after incubation at 37°C, then solubilized
and allowed to react with the antibody to US9 protein. The
immune complexes were collected, solubilized, and subjected
to electrophoresis in denaturing gels. The procedures were as
described in the legend to Fig. 4. The results (Fig. 5) indicate
that the US9 protein released into the cytoplasm of newly
infected cells is stable for at least 4 h after infection. (Fig. 5,
lanes 2–5).

In the second series of experiments, replicate cultures of
HEp-2 cells were infected with HSV-1(F) or R7023. At 12 h
after infection, the cells were labeled for 1 h with [35S]methi-
onine and then rinsed and incubated in medium containing
unlabeled methionine. At 0, 2, 3, or 4 h after the labeling
interval, the cells were harvested, solubilized, and allowed to
react with the rabbit antiserum made against the US9 protein.
The results (Fig. 5, lanes 7–10) show that US9 protein har-
vested after the 1-h labeling period was post-translationally
processed to higher apparent molecular weight forms (arrow-
head), but the amount of the labeled US9 protein did not
change throughout the 4-h chase interval.

We conclude from these series of experiments that the US9
protein is stable for several hours, either late in infection in
cells in which it was made or in newly infected cells.

Association of US9 Protein with the Proteasome. The ap-
parent stability of the ubiquitinated US9 protein raised the
possibility that one of its functions may be to interact with
components of the ubiquitin pathway, either to enhance or to
block protein degradation. A candidate for such an interaction
is the proteasome, the catalytic core of the larger 26S pro-
teinase complex, involved in the recognition of the ubiquitin
conjugates, and in their degradation (25). To determine
whether US9 protein is associated with proteasomes, HEp-2

cells were mock infected (Fig. 6, lane 1) or exposed to 10 pfu
of HSV-1(F) (Fig. 6, lanes 2, 3, and 5) or of R7023 (Fig. 6, lane
4) per cell. The cells were harvested at 12 (Fig. 6, lane 2) or 22 h
after mock infection or infection (Fig. 6, lanes 1, 3–5), lysed,
and allowed to react at 4°C with the MCP34 anti-proteasome
antibody, which recognizes subunit 12 of the proteasome (20)
(Fig. 6, lanes 1–4), or with the anti US9 antibody (Fig. 6, lane
5). Under the conditions tested (presence of ATP and glycerol
in the buffer), the proteasome precipitates as a complex. The
proteins specifically precipitated by the antibody were then
electrophoretically separated on a polyacrylamide gel, electri-
cally transferred to a nitrocellulose sheet, and allowed to react
with the antibody to US9 protein. The results indicate that US9
protein coimmunoprecipitated with the proteasome at 12 and
22 h after infection (Fig. 6, lanes 2 and 3). The antibody did not
react with antigens of corresponding size in lysates of mock-
infected cells (lane 1) or lysates of R7023-infected cells (lane
4). These results indicate that US9 protein is associated with
the proteasomes.

DISCUSSION

We report that the US9 protein is ubiquitinated, packaged in
virions, introduced into newly infected cells as a ubiquitinated
species, stable for at least several hours, and is associated with
proteasomes. Relevant to this report are the following:

(i) US9 protein forms an overlapping series of broad bands
with an apparent Mr ranging from 12,000 to 25,000. The
proteins in the lower range are in the greatest abundance. The
anti-ubiquitin antibody usually reacted with the proteins in the

FIG. 6. Immunoblot of infected cell proteins immunoprecipitated
with a monoclonal antibody to proteasome, electrophoretically sepa-
rated on a denaturing gel and allowed to react with a rabbit polyclonal
antibody to US9 protein (A), photographed, and then allowed to react
with a monoclonal antibody to subunit 12 of proteasome (B). The
parallel lines are to the right of the US9 protein bands.

FIG. 5. Autoradiographic image of [35S]methionine-labeled pro-
teins immunoprecipitated with a rabbit polyclonal antibody to US9
protein from infected cell lysates and subjected to electrophoresis on
a denaturing gel. (A) HEp-2 cells were incubated at 37°C for 0, 2, 3,
and 4 h after exposure to radiolabeled HSV-1(F) or R7023 at 10°C for
90 min and then lysed and allowed to react with the antibody. The
immune complexes were subjected to electrophoresis on a denaturing
gel, transferred to a nitrocellulose sheet, and subjected to autoradiog-
raphy. (B) At 12 h after infection with HSV-1(F) or R7023, HEp-2
cells were labeled for 1 h with [35S]methionine as described in Materials
and Methods and then incubated in medium containing excess unla-
beled methionine and harvested immediately or at hourly intervals for
4 h. The cells were subjected to the same procedures as described for
A. Molecular weights (in thousands) are shown on the right.
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lower range, either because the slower migrating forms were
not ubiquitinated or because the anti-ubiquitin antibody was
less efficient in detecting the US9-ubiquitin conjugate. We
prefer the latter explanation inasmuch as in some experiments
(Fig. 2 and Fig. 4, experiment 2), the anti-ubiquitin antibody
reacted with the slower migrating forms, but these were also in
relatively greater abundance than those seen in other exper-
iments. Ubiquitin, characteristically, is conjugated to lysines.
As shown in Fig. 7, neither the HSV-1 US9 protein nor the
more conserved homologs of the US9 protein encoded by other
members of the alphaherpesvirinae subfamily contain lysines.
Ubiquitin must be covalently linked to another amino acid,
possibly at the amino terminus of the protein. At this time it
is unclear whether ubiquitination is solely responsible for the
extent of posttranslational modifications evident from the
electrophoretic mobility of denatured US9 protein.

(ii) Ubiquitination usually, but not necessarily, leads to the
degradation of the ubiquitin conjugate in an ATP-dependent
process that involves the large 26 S proteinase complex and its
catalytic core, the proteasome. Ubiquitination has been shown
to play a role in several cellular processes such as regulation of
the cell cycle and gene expression, generation of antigenic
peptides for MHC class 1-dependent presentation on cell
surfaces, cellular stress response, cell surface receptor modi-
fication, DNA repair, import of proteins into mitochondria,
uptake of precursors of neurotransmitters into synaptosomes,
biogenesis of peroxisomes, assembly of ribosomes, pro-
grammed cell death, etc. The expected result of ubiquitination
is that the targeted protein is rapidly degraded, modulating the
final outcome of the process in which it is involved. Contrary
to the expectation that it would be rapidly degraded, US9
protein seemed to be relatively stable, both immediately after
entry of the virus into cells and late in infection after its
synthesis. Other examples of ubiquitinated proteins with a
relative long half-life have been reported in the literature (e.g.,
histone H2A, refs. 26 and 27). The function of this type of
ubiquitination is not well understood.

(iii) HSV has evolved two functions designed to reduce the
effects of degradation of proteins by the ubiquitin pathway.
Thus, ICP0 binds both cyclin D3 and the ubiquitin-specific
protease, and at least one outcome of the interaction is the
stabilization of cyclin D3 (14). In addition, HSV-1 ICP47
blocks the translocation into the endoplasmic reticulum of
antigenic peptides generated by the ubiquitin pathway for
presentation at the cell surface (16–18). The discovery that
US9 protein is ubiquitinated but remains stable suggested the
possibility that the protein is involved in some aspect of cellular
machinery for degrading unwanted proteins and led to the
demonstration that it is associated with proteasomes. This
association of US9 protein together with the observation that
US9 coding sequence is very well conserved among the herpes
viruses comprising the alphaherpesvirinae subfamily, suggests
that one of its functions may be to perturb ubiquitin-mediated
protein degradation.

We conceive of three possibilities. First, US9 protein could
be turning off all ubiquitin-mediated protein degradation.
Such a step would reduce availability of virus-derived antigenic
peptides for presentation to the immune system and would
inhibit the turnover of cellular proteins whose accumulation is
cell cycle dependent and that are required for efficient viral
replication. Cellular inhibitors of proteasome function have
been described, and some of them associate with the protea-
some (28–30). Examples of viral products reported to inhibit
the proteasome-mediated protein degradation include HIV-1
tat (31) and the X protein of hepatitis B virus (32, 33).

The second possibility is that US9 protein blocks the deg-
radation of specific proteins. As noted above, HSV ICP0 seems
to interfere with the ubiquitin-mediated proteolytic pathway,
possibly to prevent cyclin D3 degradation. US9 protein could
represent an additional viral mechanism to regulate specific
cellular functions.

A third possibility is that US9 protein mediates the specific
degradation of a protein noxious for viral replication. A similar
mechanism has been proposed to explain the induction of

FIG. 7. Sequence alignment of the US9 protein homologs of HSV-1(F), HSV-2(G), simian B virus, equine herpes viruses 1 and 4, bovine herpes
virus 1, and feline herpes virus 1, simian varicella, varicella-zoster, and pseudorabies viruses generated by the LINEUP and PRETTY programs of the
Genetics Computer Group software. The last line shows the consensus sequence. Residues conserved among at least five of the sequences are shown
as capitalized letters, whereas those conserved among at least seven of the sequences are shown as bold letters. Dots indicate gaps inserted by the
program to create the best alignment.
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NF-kB transactivating activity by the human T-cell leukemia
virus (HTLV-1) tax protein. In resting T lymphocytes, NF-kB
is sequestered to the cytoplasm by members of the I-kB family
of inhibitors. HTLV-1 tax promotes I-kB degradation (34, 35)
and thereby activates NF-kB.

Studies in progress should define the significance and con-
sequences of the ubiquitination of US9 protein and of its
interaction with proteasomes.
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