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The role of the herpes simplex virus type 1 tegument protein VP22 during infection is as yet undefined. We
have previously shown that VP22 has the unusual property of efficient intercellular transport, such that the
protein spreads from single expressing cells into large numbers of surrounding cells. We also noted that in cells
expressing VP22 by transient transfection, the protein localizes in a distinctive cytoplasmic filamentous
pattern. Here we show that this pattern represents a colocalization between VP22 and cellular microtubules.
Moreover, we show that VP22 reorganizes microtubules into thick bundles which are easily distinguishable
from nonbundled microtubules. These bundles are highly resistant to microtubule-depolymerizing agents such
as nocodazole and incubation at 4°C, suggesting that VP22 has the capacity to stabilize the microtubule
network. In addition, we show that the microtubules contained in these bundles are modified by acetylation, a
marker for microtubule stability. Analysis of infected cells by both immunofluorescence and measurement of
microtubule acetylation further showed that colocalization between VP22 and microtubules, and induction of
microtubule acetylation, also occurs during infection. Taken together, these results suggest that VP22 exhibits
the properties of a classical microtubule-associated protein (MAP) during both transfection and infection. This
is the first demonstration of a MAP encoded by an animal virus.

The eukaryotic cytoskeleton, which comprises actin micro-
filaments, intermediate filaments (IFs), and microtubules
(MTs), performs a broad range of complex activities within the
cell. These include various aspects of cell motility (2, 3), the
determination of cell shape and internal architecture (17, 32),
and vesicle trafficking and chromosome movement during mi-
tosis (18, 25, 29). Furthermore, the individual components of
the cytoskeleton are interlinked to form a dynamic network
accessing every area of the cytoplasm (41) and the plasma
membrane (10, 39), providing a framework which coordinates
multiple cellular processes. The involvement in so many cellu-
lar activities is likely to make the cytoskeleton a primary target
for exploitation during virus infection of host cells. Surpris-
ingly, however, there is relatively little detailed information on
virus interactions with the host cytoskeleton, and it is only
recently that data suggesting that viruses may utilize the posi-
tioning and dynamics of the cytoskeletal network to their own
advantage have begun to emerge.

The majority of virus-induced cytoskeletal alterations docu-
mented to date involve the overall disruption of one or more
elements of the cytoskeleton. For example, retroviruses and
poliovirus encode proteases which induce the cleavage of cy-
toskeleton-associated proteins, thereby broadly increasing the
dynamics of the cytoskeleton, resulting in disruption of the cell
structure as infection progresses, and the appearance of well-
characterized cytopathic effects (20, 43). A more specific dis-
ruption of the cytoskeleton occurs during infection by the rhab-
dovirus vesicular stomatitis virus, where the direct interaction
of the virus matrix protein with tubulin results in the inhibition
of MT assembly (33). Human immunodeficiency virus and
papillomaviruses, on the other hand, encode activities which
induce the collapse of the IF network, a property which may
promote virus release from the cell (13, 23).

By contrast, examples of virus activities which induce cy-
toskeletal polymerization and/or stabilization are much rarer.
One example is the baculovirus Autographa californica nuclear
polyhedrosis virus, which has been shown to induce the ap-
pearance of thick actin cables between the plasma membrane
and the nucleus at early times after infection (8) and to induce
actin filaments in the nucleus at late times (7). These features
have been proposed to be involved in virus transport from the
cell surface to the nucleus and nucleocapsid morphogenesis,
respectively. However, the best-characterized viral exploitation
of the host cell cytoskeleton is that of vaccinia virus, which has
been shown to induce actin polymerization directly behind its
virus particle as a means of propelling the virus through the cell
(11, 12). The virus protein(s) responsible for this activity has
not yet been identified, but it has been shown that disruption of
the actin cytoskeleton in infected cells inhibits virus release,
indicating that actin is essential to the virus replicative cycle
(35).

The herpes simplex virus type 1 (HSV-1) structural protein
VP22, a component of the viral tegument, has an as yet unde-
fined role in virus replication. However, we have recently
shown that VP22 has the unusual property of intercellular
transport when it is expressed during both infection and tran-
sient transfection (14). Moreover, we demonstrated that such
VP22 transport occurs via a mechanism potentially involving
actin microfilaments, suggesting that VP22 exhibits a cytoskel-
etal interaction. In this report, we demonstrate that VP22
interacts with another component of the cellular cytoskeleton,
the MT network. We show that VP22 colocalizes with MTs in
both transfected and infected cells and induces the appearance
of thick MT bundles. Furthermore, we show that these VP22-
induced MT bundles are highly stabilized in comparison to
normal MTs and are resistant to both drug and cold treatment.
As a consequence of VP22-induced stabilization, MTs are ex-
tensively modified by acetylation, a property also demonstrated
in infected cells. Taken together, these results suggest that
VP22 exhibits the properties of a classical cellular MT-associ-
ated protein (MAP) with powerful MT-stabilizing properties
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and represents the first demonstration of a MAP encoded by
an animal virus.

MATERIALS AND METHODS

Plasmids. The eukaryotic expression vector pGE109, described previously
(15), contains the VP22 open reading frame under the control of the human
cytomegalovirus immediate-early promoter.

Antibodies and reagents. The polyclonal anti-VP22 antibody AGV30, de-
scribed previously (14), was used at dilutions of 1:500 for immunofluorescence
and 1:50,000 for Western blotting. Monoclonal antibodies against a-tubulin and
acetylated tubulin (Sigma) were used at dilutions of 1:500 and 1:100, respectively,
for immunofluorescence and 1:20,000 and 1:2000, respectively, for Western blot-
ting. The monoclonal antibody against vimentin (Sigma) was used at a dilution of
1:200 for immunofluorescence.

Nocodazole (used at concentrations ranging from 50 ng/ml to 10 mg/ml) and
taxol (used at 50 mg/ml) were obtained from Sigma.

Transfections and infections. COS-1 and Vero cells were maintained in Dul-
becco’s modified minimal essential medium containing 10% newborn calf serum.
Cells were plated into six-well trays (6 by 35 mm) at a density of either 2 3 105

cells per well for immunofluorescence or 4 3 105 cells per well for Western
blotting. DNA mixes consisting of 200 ng of expression plasmid made up to 2 mg
with pUC19 DNA were transfected by the calcium phosphate precipitation
technique modified with BES [N,N-bis(2-hydroxyl)-2-aminoethanesulfonic acid]-
buffered saline in place of HEPES-buffered saline. Transfected cells were ana-
lyzed 40 h posttransfection unless otherwise stated.

Virus infections were carried out with HSV-1 strain 17 at a multiplicity of 10.
Immunofluorescence and microscopy. Cells to be processed for immunofluo-

rescence were washed with phosphate-buffered saline (PBS) and fixed for 15 min
at room temperature with 100% methanol. The samples were blocked with 10%
calf serum in PBS for 10 min, and primary antibody was added in the same
solution for a further 20 min. Following three 5-min washes with PBS, secondary
antibodies (fluorescein isothiocyanate-conjugated anti-mouse immunoglobulin
G used at a dilution of 1:100 [Vector] and/or tetramethyl rhodamine isothiocya-
nate-conjugated anti-rabbit immunoglobulin G used at a dilution of 1:200 [Sig-
ma]) were added in blocking solution and incubated for 10 min. After three
additional 5-min washes, the coverslips were mounted in 90% glycerol in PBS.
Samples were examined in dual channels with a Bio-Rad MRC600 confocal
microscope, and images were processed with Adobe Photoshop software.

Western blot analysis. Proteins were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, transferred to nitrocellulose filters, and re-
acted with the appropriate primary antibody. A horseradish peroxidase-linked
secondary conjugate was used, and reactive bands were visualized with enhanced
chemiluminescence detection reagents (Amersham).

RESULTS

VP22 colocalizes with and reorganizes MTs. We have pre-
viously shown that VP22 exhibits heterogeneity in subcellular
localization following delivery of the VP22 gene by either
transfection, microinjection, or virus infection (14). This het-
erogeneity is the consequence of a mixed population of VP22-
containing cells: those which synthesize VP22, in which VP22
is localized to the cytoplasm, and those surrounding cells which
take up VP22, where it accumulates largely in the nucleus (Fig.
1A). Furthermore, we have demonstrated that within the cell
that is synthesizing VP22, the protein forms distinctive cage-
like filaments (arrowed in Fig. 1A). The nature of the VP22
filamentous pattern suggested to us that it may interact with
some element of the cytoskeleton. However, the well-docu-
mented localizations of actin microfilaments, IFs, and MTs
bear little resemblance to the pattern of localization observed
for VP22 (Fig. 1B and C, mock, vimentin and a-tubulin).
Nonetheless, to determine if VP22 was affecting the nature of
any component of the cytoskeleton, we examined the location
of both the IF protein vimentin and the MT protein a-tubulin
in COS-1 cells expressing VP22. While IFs in VP22-expressing
cells had a slightly altered pattern of localization in comparison
to nonexpressing cells (Fig. 1B; compare vimentin in mock and
transfected), there was no evidence of direct interaction be-
tween VP22 and vimentin, as there was a lack of any degree of
colocalization of the two proteins in the VP22-expressing cell
(Fig. 1B, transfected; compare vimentin and VP22 in arrowed
cell). The localization of MTs, however, was dramatically al-

tered in VP22-expressing cells (Fig. 1C; compare a-tubulin in
mock and transfected cells; VP22-expressing cell arrowed in
transfected cells) such that a-tubulin was reorganized into
thick bundles which exactly colocalized with the VP22 fila-
ments (Fig. 1B, transfected; compare a-tubulin and VP22 in
arrowed cell). Moreover, the MT-organizing center (arrowed
in Fig. 1C, mock), the site of nucleation for MTs within the
cell, was absent from VP22-expressing cells (Fig. 1C; arrowed
cell in transfected). In addition, it is noteworthy that there was
no colocalization between VP22 and MTs in the cells which
had taken up VP22 (Fig. 1C, transfected; compare a-tubulin
and VP22), suggesting that VP22 behaves differently in syn-
thesizing and recipient cells.

To confirm that the apparent VP22–a-tubulin colocalization
represented an interaction between the two proteins, we used
two drugs which are known to affect the stability of the MT
network. First, both untransfected and transfected cells were
treated with the MT-destabilizing drug nocodazole (Fig. 2A).
In the presence of a high concentration of nocodazole (10
mg/ml), MTs in mock cells were entirely depolymerized, result-
ing in a diffuse pattern of a-tubulin staining within the cyto-
plasm (Fig. 2A, mock). Likewise in VP22-expressing cells,
treatment with the same concentration of nocodazole resulted
in the destabilization of both the MT and VP22 networks such
that the two proteins behaved identically (Fig. 2A, transfected;
compare a-tubulin and VP22). Second, both untransfected and
transfected cells were treated with the MT-stabilizing drug
taxol (Fig. 2B). Under these conditions, MTs in untransfected
cells were stabilized in loose bundles which localized toward
the edge of the cell (Fig. 2B, mock). By contrast, the taxol-
treated MTs in VP22-expressing cells had an appearance very
different from that of MTs observed in untransfected cells,
localizing into substantial thick whorls of bundled MTs (Fig.
2B; compare a-tubulin in mock and transfected). However, as
for the nocodazole treatment, both the MTs and VP22 fila-
ments exhibited the same pattern of localization within the
taxol-treated VP22-expressing cells (Fig. 2B, transfected; com-
pare a-tubulin and VP22). Thus, we conclude that the MT
network within VP22-expressing cells is reorganized into bun-
dles which colocalize with VP22 filaments as a consequence of
an interaction (either direct or indirect) of the two proteins.

MTs are bundled in HSV-1-infected cells. It has previously
been demonstrated that MTs become reorganized during in-
fection by HSV-1 (1). To determine if such reorganization is
related to the effects of VP22 on MTs observed during tran-
sient expression, a time course of infection was carried out in
Vero cells. Cells were infected at a multiplicity of 10, fixed at
various times after infection, and stained for both a-tubulin
and VP22. Under these conditions VP22 was initially detected
in the cell at 4 h after infection (Fig. 3, VP22, 4 h), increasing
in concentration over the next 4 h (Fig. 3, VP22, 6 h and 8 h).
Notably, MT reorganization began only at the time when VP22
was first detected (Fig. 3, a-tubulin; compare 2 h and 4 h) and
strikingly was apparent only in the cells which were expressing
VP22 to any detectable level (Fig. 3, 4 h, arrowed cells). Over
the next 4 h, MT reorganization became more evident (Fig. 3,
a-tubulin, 6 h and 8 h) and always correlated with those cells in
which VP22 was highly expressed. Moreover, a degree of co-
localization was apparent between VP22 and a-tubulin at these
times, although not so dramatically as that seen during tran-
sient transfection (Fig. 3, 8 h, arrowed cells). At later times in
infection, the level of cytopathic effect in the cells prevented
any meaningful colocalization studies (data not shown). While
these results do not directly demonstrate that VP22 is respon-
sible for MT reorganization during infection, they clearly dem-
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onstrate that MTs are altered similarly in infected cells and in
transfected cells expressing the individual VP22 protein.

VP22-induced MT bundles are highly stabilized. While con-
ducting the experiment represented in Fig. 2, in which VP22-
expressing cells were treated with nocodazole to destabilize the
MT network, we noted that even at the relatively high concen-
tration of the drug used, VP22-induced MT bundles were not
completely depolymerized at times when those in non-VP22-
expressing cells were clearly disrupted (Fig. 2A). To examine
the possibility that VP22 was altering the dynamics of these
MTs and increasing their stability, both mock- and VP22-trans-
fected cells were treated with increasing concentrations of no-
codazole (Fig. 4A). In the case of untransfected cells, concen-
trations as low as 50 ng/ml had a demonstrable effect on the
nature of the MTs (Fig. 4A, mock; compare 0 and 50 ng/ml).
At 500 ng/ml, the only region of the MT network left intact
appeared to be the MT bridges between the cells (Fig. 4A,

mock, 500 ng/ml), while at 5 mg/ml even these had been dis-
rupted (Fig. 4A, mock, 5 mg/ml). By contrast, the MT bundles
in VP22-expressing cells (arrowed in Fig. 4A, VP22-express-
ing) remained relatively unaffected by the drug at concentra-
tions as high as 500 ng/ml (Fig. 4A, VP22-expressing; compare
0 and 500 ng/ml). Only at the concentration of 5 mg/ml did
nocodazole begin to have an effect on these VP22-induced
bundles (Fig. 4A, VP22-expressing, 5 mg/ml).

As an alternative and more stringent mechanism of desta-
bilizing MTs (30), we incubated both mock-transfected and
VP22-expressing cells for a short period of time at 4°C (Fig.
4B). Under these conditions, MTs in untransfected cells were
almost entirely depolymerized (Fig. 4B, mock). However, once
again VP22-induced MT bundles were readily observed (Fig.
4B, arrowed in VP22-expressing). Taken together, these re-
sults indicate that the bundles induced by the interaction of

FIG. 1. VP22 colocalizes with and reorganizes MTs in transfected cells. (A) Typical VP22 localization pattern in COS-1 cells transfected with plasmid pGE109 and
stained with the anti-VP22 polyclonal antibody AGV30. The cell expressing VP22 (arrowed) is surrounded by cells which have taken up VP22 into their nuclei. (B and
C) Localization of the cytoskeletal proteins vimentin (B) and a-tubulin (C) in untransfected (mock) and VP22-expressing (transfected) COS-1 cells. Immunofluores-
cence was carried out with the antivimentin (B) or anti-a-tubulin (C) monoclonal antibodies, which were used in conjunction with AGV30 for double labeling of
transfected cells. VP22-expressing cells are arrowed. The cell MT-organizing center is arrowed in panel C, mock.
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MTs with VP22 are highly stabilized in comparison to normal
MT filaments.

VP22-stabilized MTs are hyperacetylated. To confirm MT
stabilization by VP22, we assessed the level of MT modification
by acetylation in untransfected and VP22-expressing cells.
Acetylation is known to occur on MTs stabilized by normal
cellular mechanisms (37), although the role played by acetyla-
tion is not yet clear. Acetylated MTs were identified initially by
immunofluorescence using an antibody specific for the modi-
fied form of tubulin (Fig. 5A). This demonstrated that while all
mock-transfected cells contained a low level of acetylated MTs
(Fig. 5A, mock), the MT bundles present in VP22-expressing
cells (Fig. 5A, VP22-expressing, arrowed) were heavily acety-
lated (Fig. 5A; compare mock and VP22-expressing). More-
over, the acetylated MTs colocalized with the VP22 filaments
(data not shown), confirming that the increased modification
was occurring on the VP22-interacting MTs. This effect was
also demonstrated by determining the relative amounts of
acetylated tubulin in total cell extracts from mock- and VP22-
transfected cells (Fig. 5B). While the overall level of a-tubulin
was the same in each sample (Fig. 5B, a-tubulin), the level of
acetylated tubulin increased around 10-fold in VP22-trans-
fected cells in comparison to mock-transfected cells (Fig. 5B,
acetylated tubulin; compare mock and VP22).

To confirm that MTs in infected cells were behaving simi-
larly to those present in VP22-transfected cells, we assessed the
level of MT acetylation during infection. Western blotting of
cell lysates harvested at different times after infection indicated
that while the overall level of a-tubulin remained the same
throughout the infectious cycle (Fig. 5C, a-tubulin), the level

of acetylated tubulin increased approximately fourfold at late
times in infection (Fig. 5C, acetylated tubulin; compare 10 and
18 h.p.i.). This increase in tubulin acetylation correlated with
the synthesis of VP22 during infection (Fig. 5C; compare VP22
and acetylated tubulin), suggesting that the presence of VP22
within the infected cell may be involved in MT acetylation.
Thus, it would appear that MT localization and dynamics
within infected cells are similar to those in cells transfected
with VP22, implying that VP22-induced alteration of the MT
network is a feature of the HSV-1 replicative cycle.

DISCUSSION

The fundamental role played by the cytoskeleton in orches-
trating many aspects of cell growth and communication, in-
cluding physical connections, intracellular signalling pathways,
and the coordination of cell division, implies that the cytoskel-
eton may be a major target of virus-cell interactions. In this
report we show that the herpesvirus structural protein VP22,
which we have previously shown to have the property of inter-
cellular spread (14), has the additional property of MT inter-
action and rearrangement. While several animal viruses have
now been shown to interact in some way with either the actin
cytoskeleton (11, 12) or IFs (13, 23), this is the first demon-
stration of an animal virus-encoded protein capable of stabi-
lizing the MT network.

There are several examples of viruses which cause a gener-
alized disruption of the MT network as infection progresses,
resulting in well-characterized cytopathic effects. Such disrup-
tion usually occurs either via a direct interaction between a

FIG. 2. Drugs which alter MT stability affect the localization of VP22. Untransfected (mock) and VP22-expressing (transfected) COS-1 cells were incubated in
either nocodazole (10 mg/ml) (A) or taxol (50 mg/ml) (B) for 3 h prior to fixation. Cells were stained with AGV30 and/or anti-a-tubulin. VP22-expressing cells are
arrowed.
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viral component and the cytoskeleton (33) or by virus-induced
cleavage of MAPs, thereby broadly increasing cytoskeletal dy-
namics (20, 43). VP22 is unusual in that rather than disrupting
the MT network, it actively stabilizes it. It has previously been
shown that MTs are reorganized during HSV-1 infection (1),
and our results from both transfections and infections strongly
suggest that VP22 is responsible for this activity. It is notewor-
thy that in contrast to our results which demonstrate that VP22
stabilizes MTs against exposure to nocodazole, the above-men-
tioned study concluded that the effects of nocodazole on MTs

were dominant over the effects of viral infection (1). However,
the single concentration of nocodazole used in these studies
was around 5 mg/ml, which in our hands was high enough to
overcome the stabilizing effect of VP22 (Fig. 4A). Moreover, it
is clear from both our colocalization and MT acetylation stud-
ies that VP22-induced MT stabilization in transfected cells is
more efficient than that observed in HSV-1-infected cells. This
may be explained by the fact that VP22 has multiple roles to
play during the replicative cycle, and in particular it must be
incorporated into newly assembling virus particles. Therefore,

FIG. 3. VP22 colocalizes with MTs in HSV-1-infected cells. Vero cells were infected with HSV-1 (strain 17) at a multiplicity of 10 and fixed at various times after
infection. Double immunofluorescence was carried out with AGV30 and anti-a-tubulin antibodies. Cells showing colocalization of VP22 with MTs are arrowed at 4
and 8 h postinfection.
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FIG. 4. VP22 stabilizes MTs in transfected cells. (A) Untransfected (mock) or transfected (VP22-expressing) COS-1 cells were exposed to different concentrations
(ranging from 0 to 5 mg/ml) of nocodazole (noc) for 1 h prior to fixation. The cells were then stained with the anti-a-tubulin monoclonal antibody, and VP22-expressing
cells (arrowed) were identified by the presence of MT bundles. (B) Untransfected (mock) or transfected (VP22-expressing) COS-1 cells were incubated at 4°C for 15
min prior to fixation. Staining was carried out as for panel A.
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while the majority of the VP22 population in transfected cells
is available for assembly into MT bundles, it is likely that a fine
balance exists between the different activities of VP22 in an
infected cell.

While the precise role of MT stabilization during HSV-1
infection remains to be defined, we propose several possibili-
ties which are not mutually exclusive. For instance, MTs have
been implicated in the transport of HSV-1 capsids at the initial
stage of infection in both neurons (42) and tissue culture (40).
As VP22 is a structural component of the HSV-1 virion tegu-
ment, and by definition could still be associated with the viral
capsid at such early times, it is conceivable that the VP22-MT
interaction is in some way involved in capsid trafficking. Lo-
calized MT stabilization and/or assembly could be particularly
important in the neuron, in which the viral capsid has a con-
siderably greater distance to travel from the periphery of the
cell to the nucleus. MT assembly and stability may also be
involved in virus egress from the cell, facilitating the transport
of naked capsids to their point of envelopment within the cell.
In relation to this, it is noteworthy that MTs have previously
been shown to be involved in virus egress in the neuron model
(36).

MTs are structures which exhibit dynamic instability within
the cell, in that they undergo alternating growth and shrinkage
(34). Our results demonstrate that VP22 interacts with and
rearranges MTs into bundles which are highly stabilized to cold
and drug treatment and therefore are likely to be much less
dynamic than normal MTs. The ability of VP22 to stabilize
MTs suggests that it behaves similarly to a group of cellular

proteins known as MAPs, which include the neuronal proteins
tau (9) and MAP2 (28) and the nonneuronal protein MAP4
(4). These proteins, which are considered to be regulators of
MT dynamics within the cell, have been shown to promote MT
assembly in vitro, and are involved in nucleation and stabili-
zation of MTs in vivo (16, 19, 22). Moreover, the overexpres-
sion of several MAPs by transient transfection results in the
production of MT bundles similar to those observed during the
expression of VP22 (21, 24, 27). Members of the tau/MAP2/
MAP4 family share an element of structural homology, includ-
ing a proline-rich sequence and a repeated motif which are
both thought to be essential for MT binding and bundling (6,
16, 21, 28, 44). While VP22 is a generally proline-rich protein
(14), there is no obvious homology with the conserved regions
of the cellular MAPs.

The exact mechanism of MT bundling by MAPs remains
unclear. It was initially suggested that MAPs physically cross-
linked individual MTs (21, 26, 27) in the same manner as
certain microfilament-cross-linking proteins (31). However,
more recently it has been proposed that MT bundles are the
result purely of increased but localized MT nucleation and
assembly within a restricted space, resulting in a mass of par-
allel MTs (5, 38). VP22 clearly possesses an MT bundling
property, and the loss of the centrosome in VP22-expressing
cells, from which MTs are normally nucleated, together with
the appearance of MT junctions throughout the cytoplasm
(Fig. 1C, transfected), suggests that MT nucleation in these
cells may no longer be dependent on the organizing center.
Taken together, these results suggest that VP22 behaves sim-

FIG. 5. VP22 induces the hyperacetylation of MTs in transfected and infected cells. (A) Untransfected (mock) or transfected (VP22-expressing) COS-1 cells were
stained with an antibody specific for the acetylated form of tubulin. VP22-expressing cells are arrowed. (B) Western blot of total extracts of untransfected (mock) or
transfected (VP22) COS-1 cells reacted with AGV30, anti-a-tubulin, and anti-acetylated tubulin. (C) Western blot of HSV-1 (strain 17 at a multiplicity of 10)-infected
Vero cell total extracts, harvested at 10 to 20 h postinfection (h.p.i.) and reacted with AGV30, anti-a-tubulin, and anti-acetylated tubulin.
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ilarly to classical cellular MAPs, although we do not yet know
if VP22-induced MT bundles are the result of a direct inter-
action with MTs or are generated by an alternative indirect
mechanism involving another partner.

Thus, as we have previously shown that VP22 spreads be-
tween cells during HSV-1 infection, by a mechanism poten-
tially involving the actin microfilaments (14), we have now
shown that VP22 may interact with two elements of the cy-
toskeleton. Although we do not yet know if VP22 trafficking
also involves its MT interaction, a connection between the two
activities would provide an elegant mechanism for coordinated
delivery of VP22 into surrounding cells during virus infection
and would further emphasize the intracellular connections
within the cytoskeleton.
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