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The US3 protein is a viral serine/threonine kinase that is conserved
among all members of the Alphaherpesvirinae. The US3 protein of
different alphaherpesviruses causes dramatic alterations in the
actin cytoskeleton, such as the disassembly of actin stress fibers
and formation of cell projections, which have been associated with
increased intercellular virus spread. Here, we find that inhibiting
group A p21-activated kinases (PAKs), which are key regulators in
Cdc42/Rac1 Rho GTPase signaling pathways, impairs US3-mediated
actin alterations. By using PAK1�/� and PAK2�/� mouse embryo
fibroblasts (MEFs), we show that US3-mediated stress fiber disas-
sembly requires PAK2, whereas US3-mediated cell projection for-
mation mainly is mediated by PAK1, also indicating that PAK1 and
PAK2 can have different biological effects on the organization of
the actin cytoskeleton. In addition, US3 was found to bind and
phosphorylate group A PAKs. Lack of group A PAKs in MEFs was
correlated with inefficient virus spread. Thus, US3 induces its effect
on the actin cytoskeleton via group A PAKs.
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A lphaherpesviruses constitute the largest subfamily of the
herpesviruses and contain different, closely related patho-

gens of humans and animals. In humans, herpes simplex virus
(HSV) causes cold sores and genital lesions but may also cause
keratitis, blindness, and encephalitis, and varicella-zoster virus
(VZV) causes chickenpox and shingles. The closely related
porcine alphaherpesvirus pseudorabies virus (PRV) is often
used as a model organism to study general aspects of alphaher-
pesvirus biology (1).

Recently, we and others have found that the US3 protein of
PRV is able to reorganize the actin cytoskeleton of an infected
host cell (2–6). This actin reorganization consists of the disas-
sembly of actin stress fibers and the formation of actin-
containing cell projections and is associated with an increase in
the efficiency of intercellular virus spread (3). US3 is a serine/
threonine kinase that is conserved among all alphaherpesvi-
ruses, and US3 orthologs of HSV-2 and Marek’s disease virus,
a devastating alphaherpesvirus in poultry, have also been shown
to induce disassembly of actin stress fibers (7, 8). In addition,
HSV-1 and VZV have also been reported to induce cell projec-
tions that may be involved in intercellular virus spread (9–11).

These data on herpesviruses, as well as other data on other
viruses, like retroviruses (e.g., HIV) and poxviruses (e.g., vac-
cina virus), have led to the recent concept that viral reorgani-
zations of the cytoskeleton, including the formation of intercel-
lular cell projections, present a novel and important route of viral
transmission (12–17). Elucidating the mechanism of these virus-
induced cytoskeletal rearrangements may lead to novel avenues
in the development of antiviral strategies.

In the current report, we elucidate the mechanism of the
US3-mediated effects on the actin cytoskeleton. We report that
US3 induces the actin rearrangements via group A p21-activated

kinases, key downstream effectors of Cdc42 and Rac1 Rho
GTPase signaling pathways, with important consequences for
intercellular virus spread.

Results
Inhibition of Rho GTPases Does Not Inhibit US3-Mediated Actin
Rearrangements. The kinase activity of PRV US3 is required for
actin reorganization (6), which opens up the possibility that US3
phosphorylates and modulates specific components of the cel-
lular actin-regulating small Rho GTPase signaling pathways
(18). To determine whether US3 acts directly on small Rho
GTPases, the effect of small Rho GTPase inhibition on US3-
mediated actin rearrangements was analyzed in swine testicle
(ST) cells. As described before, cell projections are most notable
in sparsely seeded cells, whereas stress fibers are best visualized
in monolayers of cells (3, 6). General inhibition of small Rho
GTPase signaling (Clostridium difficile toxin B; 200 ng/mL), as
well as specific inhibition of Cdc42 signaling (secramine A; 50
�M) and Rac1 signaling (Rac1 inhibitor NSC 23766; 100 �M),
had no obvious effect on either actin stress fiber disassembly or
projection formation (Fig. S1). The different inhibitors used
were active on ST cells at the concentrations used, because they
impaired cell spreading in control experiments that were per-
formed as described previously (19) (Fig. S1). In line with this,
dominant-negative Cdc42 and Rac1 constructs did not affect the
ability of PRV to mediate actin rearrangements (Fig. S1).
Experiments with inhibitors and dominant-negative constructs
yielded similar results in mouse embryonic fibroblasts (MEFs;
Fig. S2). Hence, it is possible that US3 acts downstream of the
small Rho GTPases in the Rho GTPase signaling cascades.

Inhibition of Group A PAKs Interferes with Rearrangement of the Actin
Cytoskeleton by the US3 Protein. Group A PAKs are crucial
downstream signaling molecules of Cdc42 and Rac1. Activation
of group A PAKs has been shown to result in actin stress fiber
disassembly and projection formation (20, 21), very reminiscent
of the effects observed with PRV US3. The effect of a cell-
permeable, specific inhibitor of group A PAK activity, IPA-3
(22), on the US3-mediated phenotype was analyzed. In the
presence of IPA-3, group A PAKs adopt a conformation that did
not allow activation (22). IPA-3 strongly suppressed PRV-
induced actin stress fiber disassembly and cell projection for-
mation without affecting expression of viral structural proteins
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gB and US3 (Fig. 1). IPA-3 similarly inhibited US3-mediated
actin rearrangements in US3 transfection assays (Fig. S3).

In addition, cotransfection of US3 with PAK inhibitory do-
main (PID), another inhibitor of group A PAKs, also inhibited
the US3-induced actin rearrangements (Fig. S3). PID specifically
binds to the kinase domain of all group A PAKs, thereby
inactivating them (21, 23).

Thus, group A PAKs are of critical importance in cytoskeletal
rearrangements induced by US3.

US3 Phosphorylates and Activates Group A PAKs. Activation of group
A PAKs invariably is associated with serine/threonine phosphor-
ylation of PAKs (24). Therefore, we investigated whether US3
interacts with and phosphorylates group A PAKs.

Phosphorylation of a critical, conserved threonine residue in
the activation loop of group A PAKs is strongly correlated with
activation (24). By using an antibody that specifically recognizes
this phosphorylated threonine in group A PAKs, we found that
infection with wild-type PRV, but not with US3 null PRV, led
to a strong increase in threonine-phosphorylated PAK (Fig. 2A).
In addition, transfection of US3 also resulted in a strong increase
in threonine-phosphorylated PAK, which was not the case upon
transfection of kinase-dead US3 (Fig. 2B).

PAK1 and PAK2 are the most abundant and most widely
expressed group A PAKs (25–27). Pull-down assays using re-
combinant GST-tagged US3 and recombinant PAK1 and PAK2
showed that US3 can bind both PAK1 and PAK2 (Fig. S4).
Importantly, kinase assays using recombinant US3 and recom-
binant PAK1 or PAK2 showed that US3 is able to directly
phosphorylate PAK1 as well as PAK2 (Fig. 2C). Kinase assays
using immunoprecipitated US3 or kinase-dead US3 further
confirmed that US3 is able to phosphorylate PAK1 and PAK2.
PAK2 phosphorylation appeared less efficient than PAK1 phos-
phorylation in these assays. Hence, PRV infection and US3
transfection lead to phosphorylation and activation of group A

PAKs, and US3 is able to bind and phosphorylate PAK1 and
PAK2.

PAK2 Is Crucial for US3-Mediated Stress Fiber Disassembly. To further
analyze a role for PAK1 and PAK2 in US3-mediated actin
rearrangements, MEFs derived from PAK1�/� or PAK2�/�

knockout mice were used. Western blot analysis confirmed the
absence of the respective PAKs in the knockout cell lines,
whereas both PAKs were expressed in control MEFs (Fig. S5A).
Western blot analysis of infected cells showed similar expression
of the structural viral proteins gB, gE, and US3 in all cell lines
(Fig. S5B). In line with this, intracellular PRV titers were similar
in all 3 cell lines (Fig. S5C). These data indicate that potential
differences in actin dynamics in the 3 cell lines during PRV
infection are not due to differences in basic virus replication
efficiency. Interestingly, extracellular PRV titers were reduced in
PAK2�/� cells at 12 and 24 hours after infection (hpi), indicating
a reduced efficiency in virus egress in these cells (Fig. S5C).

To determine a possible involvement of PAK1 and/or PAK2
in US3-mediated stress fiber disassembly, monolayers of wild-
type, PAK1�/�, and PAK2�/� MEFs were infected with PRV. At
12 hpi, virtually all MEFs and PAK1�/� MEFs had lost their
actin stress fibers. However, in PAK2�/� MEFs, PRV-induced
stress fiber disassembly was almost entirely abolished (Fig. 3A).
Transfection of PAK2 in PAK2�/� MEFs rescued the ability of
PRV to disassemble stress fibers (Fig. 3A), indicating that the
inability of PRV to disassemble actin stress fibers in PAK2�/�

MEFs is specifically due to the lack of PAK2.
Taken together, these data indicate that US3 requires PAK2

to induce actin stress fiber disassembly.

PAK1 Is Crucial for US3-Mediated Projection Formation. To analyze a
role for PAK1 and PAK2 in the US3-mediated induction of cell
projections, sparsely seeded wild-type, PAK1�/�, and PAK2�/�

Fig. 1. Inhibition of group A PAKs impairs US3-induced actin rearrange-
ments. (A) Pictures show actin architecture in PRV-infected ST in the presence
or absence of the group A PAK inhibitor IPA-3. Viral antigens are in green, and
actin is in red. (Scale bar: 10 �m.) (B) Graphs show percentages of cells with cell
projections (white bars) or intact actin stress fibers (black bars). *, Significant
differences compared with the control at the 0.05 level. (C) Western blots
show expression of viral proteins US3 and gB. Arrowheads indicate position of
US3 long and short isoforms. Actin served as a loading control.

Fig. 2. US3 phosphorylates group A PAKs. (A) MEFs were either mock-
infected or infected with PRV or isogenic US3 null PRV. At 12 hpi, cell lysates
were analyzed by Western blotting for threonine-phosphorylated PAK versus
total PAK and actin. (B) MEFs transfected with US3 or kinase-dead (K136G) US3
were analyzed by immunofluorescence for threonine-phosphorylated PAK.
Pictures (Upper) show US3 and threonine-phosphorylated PAK. (Scale bar: 10
�m.) Graph (Lower) shows percentage of cells showing threonine-phospho-
rylated PAK. *, Significant differences compared with the mock-transfected
control at the 0.05 level. (C) Kinase assays using recombinant GST-US3 or
immunoprecipitated WT US3 or kinase-dead (K136G) US3 and PAK1 (Upper) or
PAK2 (Lower). Top blots show phosphorylated PAK1 or PAK2; middle blots
show US3; and lower blots show total PAK1 or PAK2.
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MEFs were infected with PRV and analyzed for the presence of
projections at 12 h after inoculation. PRV-infected wild-type
MEFs and PAK2�/� MEFs showed cell projection formation.
However, in PAK1�/� MEFs, cell projection formation was
almost entirely abolished (Fig. 3B). Transfection of PAK1 in
PAK1�/� MEFs largely rescued the ability of PRV to induce cell
projections in these cells, indicating that the lack of cell projec-
tions is specifically due to the lack of PAK1 (Fig. 3B). Analysis
of single infected cells in experiments with low moi confirmed
these and the previous findings (Fig. S6). Lack of PAK1 impaired
the formation of cell projections but did not affect the ability of
PRV to disassemble actin stress fibers. PRV-infected PAK2�/�

MEFs, on the other hand, did not show disassembly of actin
stress fibers but did show cell projection formation, although
projections appeared to be shorter in this experimental setup.

Hence, PAK1 and PAK2 both are involved in PRV-mediated
reorganization of the actin cytoskeleton: PAK1 is mainly in-
volved in the development of PRV-induced cell projections, and
PAK2 is crucial for PRV-induced disassembly of actin stress
fibers.

Effect of PAK1 or PAK2 Knockout on Virus Spread. US3 has been
implicated in efficient intercellular virus spread (3, 28). We
therefore determined plaque sizes of wild-type PRV and US3
null PRV in wild-type, PAK1�/�, and PAK2�/� MEFs (Fig. 4
and Fig. S7). Plaque sizes were determined in sparsely seeded
cells and monolayers of cells. Both in sparsely seeded MEFs and

monolayers of MEFs, US3 null PRV plaques were smaller
compared with wild-type PRV, which is in line with earlier
reports (3, 28).

In sparsely seeded cells, wild-type PRV plaques were smaller
in both PAK1�/� and PAK2�/� MEFs compared with wild-type
MEFs. In cell monolayers, on the other hand, wild-type PRV
plaques were only reduced in PAK2�/� MEFs.

Fig. 3. Group A PAKs PAK1 and PAK2 play nonredundant roles in PRV-induced actin rearrangements. (A) To analyze PRV-induced actin stress fiber disassembly,
MEF, PAK1�/� MEF or PAK2�/� MEF cell monolayers were either mock-infected or infected with PRV and analyzed at 12 h after inoculation. (Left) Filamentous
actin is shown in red, and viral antigens are shown in green. (Scale bar: 20 �m.) (Right Upper) Graph shows the corresponding percentage of PRV-infected cells
that display intact actin stress fibers. *, Significant differences compared with the MEF control at the 0.05 level. (Right Lower) Graph shows the effect of expressing
PAK2 in PAK2�/� MEFs on the percentage of intact actin stress fibers. *, Significant differences compared with the WT PRV-infected PAK2�/� MEF control at the
0.05 level. (B) To analyze PRV-induced cell projection formation, sparsely seeded MEFs, PAK1�/� MEFs, or PAK2�/� MEFs were either mock-infected or infected
with PRV and analyzed at 12 h after inoculation. (Left) Filamentous actin is shown in red, and viral antigens are shown in green. (Scale bar: 20 �m.) (Right Upper)
Graph shows the corresponding percentage of PRV-infected cells that display cell projections. *, Significant differences compared with the MEF control at the
0.05 level. Lower graph shows the effect of expressing PAK1 in PAK1�/� MEFs on the percentage of cell projections. *, Significant differences compared with
the WT PRV-infected PAK1�/� MEF control at the 0.05 level.

Fig. 4. Lack of group A PAKs results in impaired intercellular spread of PRV.
(Left) Graph showing the average number of cells per plaque in sparsely
seeded MEFs, PAK1�/� MEFs, or PAK2�/� MEFs at 24 h after inoculation at a low
moi with WT (black bars) or US3 null (white bars) PRV. Different letters indicate
significant differences at the 0.05 level. (Right) Graph showing the average
number of cells per plaque in cell monolayers of MEFs, PAK1�/� MEFs, or
PAK2�/� MEFs at 48 h after inoculation at a low moi with WT (black bars) or
US3 null (white bars) PRV. Different letters indicate significant differences at
the 0.05 level.
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Hence, lack of PAK1 is associated with impaired intercellular
spread of PRV in sparsely seeded cells, whereas lack of PAK2 is
associated with impaired virus spread in sparsely seeded cells as
well as in monolayers of cells.

Discussion
Earlier, we reported that the US3 kinase of alphaherpesviruses
induces dramatic rearrangements of the actin cytoskeleton that
consist of disassembly of actin stress fibers and the formation of
actin-containing cell projections (2, 3). Here, we report that
group A PAKs are critically involved in these US3-mediated
changes in the actin cytoskeleton, and that US3 can bind and
phosphorylate PAK1 and PAK2.

Interestingly, we observed phenotypic differences in the in-
volvement of PAK1 and PAK2 in US3-mediated effects on the
actin cytoskeleton. PAK2 was found to be crucial for US3-
mediated actin stress fiber disassembly, whereas US3-induced
projection formation mainly depended on the presence of PAK1.
Only limited information is available at present about different
properties and biological functions of PAK1 and PAK2 in
mammals. First, PAK1 and PAK2 may be differently localized,
with PAK1 distributed to cytoplasmic granules in unstimulated
cells, and in focal complexes, plasma membrane, and nucleus in
stimulated cells (29–32), whereas PAK2 is reported to reside at
the Golgi complex (33). Second, although certain substrates are
common to both these kinases, others appear to be unique
targets of PAK1 (34). Third, PAK2 but not PAK1 is cleaved and
activated by caspase-3 and plays a role in some of the morpho-
logical changes associated with apoptosis (35). Fourth, gene
knockout studies in mice show that loss of PAK1 leads to
relatively mild defects in the CNS and immune system, whereas
loss of PAK2 leads to early embryonic death (36, 37). Finally, of
special importance in the current context, PAK1 and PAK2
display isoform-specific roles in the organization of the actin
cytoskeleton (38). For example, PAK1 but not PAK2 was found
to be involved in the heregulin-induced formation of lamellipo-
dia (38). Although the PRV-induced cell protrusions are differ-
ent from lamellipodia, this may point to a preferential role for
PAK1 in the regulation of actin-based cell protrusions. In
addition, Coniglio et al. (38) found that PAK2 also differs from
PAK1 by suppressing RhoA signaling. Because suppression of
RhoA signaling is associated with actin stress fiber disassembly
(39), this appears to be in line with our current findings that
mainly PAK2 but not PAK1 is involved in PRV-induced actin
stress fiber disassembly. Thus, our findings are consistent with a
growing body of literature that points to distinct biological roles
for PAK1 and PAK2.

What are the potential benefits of these actin rearrangements
for virus infection and spread? We have shown before that the
US3-induced actin rearrangements are associated with enhanced
intercellular virus spread (3). In line with this, we found that the
absence of group A PAKs hampered intercellular virus spread
in MEFs. Presence of PAK2, which is crucial for US3-mediated
actin stress fiber disassembly, was required for efficient virus
spread in monolayers as well as in sparsely seeded cells. In this
context, we have found that extracellular virus titers were
reduced in PAK2�/� cells at 12 and 24 h after inoculation,
indicating reduced virus egress in this cell type. Future research
will show whether this may correlate with the defect in inter-
cellular virus spread in this cell type. Possibly in line with this,
the poxvirus vaccinia virus (VV) has been reported to induce
similar cytoskeletal rearrangements, and these rearrangements
have been implicated in promoting viral egress from infected
cells by increasing microtubule dynamics and changes in the
dynamics of cortical actin (40, 41). Actin stress fiber disassembly
is generally also associated with loss in focal adhesions and
cell–cell contacts (39). Therefore, virus-mediated stress fiber
disassembly, loss in focal adhesions, loss in cell–cell contacts,

and/or other effects on the cytoskeleton may also be implicated
in PAK2-mediated efficient PRV spread. Absence of PAK1 did
not affect PRV spread in monolayers of cells, although it did
hamper spread of PRV in sparsely seeded cells. Although
speculative at this point, it may be that the importance of PAK1
in virus spread in sparsely seeded cells lies in the PAK1-US3-
mediated induction of cell projections, which may bridge rela-
tively distant, otherwise unconnected cells. In line with this
hypothesis, increasing recent evidence is supporting the concept
of viral spread between relatively distant cells via intercellular
nanotube bridges (12, 14). Another important question is how
spread in monolayers and sparsely seeded cells relates to spread
in vivo. Monolayers may be more closely related to tissue,
although in vivo experiments will be required to fully address the
importance of group A PAKs and US3-mediated actin rear-
rangements in virus spread.

HIV, a retrovirus, and VV, a poxvirus, have both been shown
to induce actin rearrangements that are reminiscent of those
induced by PRV US3: actin stress fiber disassembly and forma-
tion of actin-containing cell projections (16, 17, 42, 43). For these
viruses, the responsible viral proteins do not display kinase
activity. For VV, the F11L protein induces the cytoskeletal
rearrangements by interacting with and inactivating RhoA (17).
For HIV, the Nef protein induces the actin reorganization by
binding and indirectly activating group A PAKs via the Rho
GTPases Cdc42 and Rac1, and possibly the guanine nucleotide
exchange factor Vav (42, 44–46).

The current data unravel a previously undescribed—
catalytic—mechanism of virus-induced actin stress fiber disas-
sembly and projection formation, and thereby show that differ-
ent viruses have developed different mechanisms to induce very
similar actin rearrangements, underscoring the potential impor-
tance of such actin rearrangements in the viral life cycle.

The finding that US3-mediated actin stress fiber disassembly
and cell projection formation are mediated by group A PAKs is
in line with what is currently known about the biology of group
A PAKs. Several years ago, it was shown that activation of group
A PAKs may lead to actin stress fiber disassembly, loss of focal
adhesions, cell retraction, and formation of filopodia and other
cell projections (21). There are several substrates and/or inter-
acting proteins of the group A PAK kinases that can account for
the effects of these kinases on the actin cytoskeleton and cell
morphology, including LIM kinases and myosin light chain
kinase (47). Phosphorylated and activated LIM kinases are able
to phosphorylate cofilin, and phosphorylated cofilin and phos-
phorylated myosin light chain kinase are key intermediates in the
formation and stabilization of cell projections, such as filopodia
and lamellipodia. Regarding US3- and PAK2-mediated actin
stress fiber disassembly, it is of interest that depletion of PAK2
but not of PAK1 has been associated with suppression in
RhoA-mediated signaling (38) which, in turn, is associated with
actin stress fiber disassembly (39). This appears to be in line with
our current finding that PAK2 is crucial in US3-mediated actin
stress fiber disassembly. In low-moi infections in cell monolayers,
PRV-induced cell projections observed in PAK2�/� MEFs ap-
peared shorter than in wild-type MEFs. Although speculative at
this point, it is possible that in cell monolayers, which contain
more abundant actin stress fibers than sparsely seeded cells,
PAK2-mediated, PRV-induced stress fiber disassembly is a
prerequisite for efficient PAK1-mediated formation of long cell
projections.

Activation of group A PAKs can occur by association, via their
CRIB domain, with small Rho GTPases Cdc42 and Rac1.
However, group A PAK activation has also been reported to
occur via phoshorylation (47). One cellular kinase that is able to
directly phosphorylate and activate PAK is PDK1, which phos-
phorylates PAK on the activation-associated threonine residue
(Thr-423) (48). Our current data indicate that a viral kinase, such
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as US3, may also be able to directly phosphorylate group A
PAKs. Although our data show that US3 results in phosphory-
lation at the critical Thr-423 site in the activation loop, we cannot
rule out at this moment that US3 may phosphorylate additional
or other phosphorylation sites in PAK.

In conclusion, our results demonstrate that p21-activated
kinases PAK1 and PAK2 play a hitherto unknown and crucial
role in alphaherpesvirus US3-induced actin rearrangements;
that US3 is able to phosphorylate both PAK1 and PAK2; and
that PAK1 and PAK2 may have different downstream effects on
the actin cytoskeleton. The indications that group A PAKs are
involved in efficient virus egress and spread may open new
avenues in the design of antiviral strategies.

Materials and Methods
ST cells and MEFs were used and cultured as decribed previously (6, 49). WT
MEFs and PAK1�/� MEFs were described previously (50), and Pak2�/� MEF cells
were established from 7.5- to 8.5-days postcoitum mouse embryos and im-
mortalized and cultured as described previously for MEF cells (50).

Immunofluorescence assays, Western blotting assays, and plaque assays
were performed, essentially as described previously (3, 6, 51).

Details about cells, viruses, antibodies, inhibitors, plasmids, transfections,
immunofluorescence, Western blotting, plaque assays, and the US3-PAK-
binding assay procedure are described in SI Text.

In Vitro Kinase Assay. Recombinant WT PAK1 (200 ng) was dephosphorylated
with 100 units of �-phosphatase (New England Biolabs) at 30 °C for 1 h.
�-Phosphatase was inactivated with 2 mM Na3Vo4 and 1 M �-glycerophos-
phate at room temperature for 30 min. Alternatively, 200 ng of the PAK2-
M322G gatekeeper mutant was used in the presence of 2.5 nmol of the specific

inhibitor NMPP1 (Calbiochem). Compared with recombinant Pak1, which
needs Cdc42 for activation, recombinant Pak2 is highly active by autophos-
phorylation in bacteria. To distinguish autophosphorylation of Pak2 from
phosphorylation by US3, the kinase assay using Pak2 as a substrate was done
using the Pak2-M322G mutant (22, 52). The gatekeeper mutation renders the
Pak2 mutant sensitive to NMPP1. Other endogenous kinases are not inhibited
by NMPP1. Recombinant Pak2 was dephosphorylated similarly to Pak1. To
prevent Pak2 autophosphorylation, NMPP1 was added to the kinase assay.

Recombinant or immunoprecipitated US3 was added to 200 ng of PAK1 or
PAK2 in phosphobuffer with 5-�Ci P32-ATP. As a negative control, no US3 or
kinase-dead US3 was added. Reactions were incubated at 30 °C for 45 min. The
gel was run, transferred to the membrane, and the membrane was exposed
for 1 h. Equal loading for US3 and PAK1 and PAK2 was checked.

Statistics. Three independent replicates of each experiment were performed,
data shown are means and standard deviations, and statistical analysis was
performed by using the SPSS software. Means were compared with an analysis
of variance and a least significant difference post hoc test for a multiple
comparison of means (� � 0.05).
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