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Human immunodeficiency virus type 2 (HIV-2), like other lentiviruses, is capable of infecting nondividing T
cells and macrophages. The present work shows that in HIV-2-infected cells, Vpx is necessary for efficient
nuclear import of the preintegration complex. In agreement with this finding, the subcellular localization of a
GFP-Vpx fusion protein was found to be predominantly nuclear. However, deletion of the proline-rich C-
terminal 11 residues of Vpx resulted in a shift of the fusion protein to the cytoplasm. Furthermore, the same
deletion in the context of the provirus resulted in a decrease in nuclear import of the preintegration complex
and attenuated replication in macrophages.

A critical step in the process of retrovirus infection is the
transfer of viral DNA into the nucleus of the infected cell (7).
Once inside the nucleus, the linear proviral DNA integrates
into the host genome, where it can be transcribed to form a
full-length progeny RNA genome and mRNAs encoding viral
proteins. Nuclear import of oncoretroviral DNA requires dis-
solution of the nuclear envelope with mitosis. In contrast, len-
tiviruses are also able to perform this task by exploiting cellular
pathways for active nuclear import (23). Thus, lentiviruses are
capable of infecting nondividing cells, such as terminally dif-
ferentiated macrophages and memory T cells, which are im-
portant for viral dissemination and persistence (17).

The main cellular pathway for nuclear import is the importin
pathway, wherein the import substrate binds via its nuclear
localization signal (NLS) to the importin a/b heterodimer in
the cytoplasm (14, 33). Importin a is responsible for binding to
the NLS (14, 22, 46). The simplest NLS consists of a short
stretch of 5 to 7 basic residues, whereas a bipartite NLS in-
cludes two basic domains separated by 10 to 11 residues. After
importin a binds the NLS, importin b mediates the docking of
the import substrate to the nuclear pore (15). Nuclear pore
proteins, which often contain FXFG repeats, function as dock-
ing sites at the nuclear envelope (40, 41). Two other proteins,
Ran and p10, mediate the translocation of the import complex
across the nuclear pore (29, 30).

Upon entry of the human immunodeficiency virus (HIV)
virion core into the newly infected cell, viral proteins required
for nuclear import and integration remain associated with the
viral nucleic acids (8). After reverse transcription, this high-
molecular-weight nucleoprotein complex is referred to as the
viral preintegration complex. Three proteins in HIV-1 have
been implicated in the nuclear localization of this complex:
matrix (MA), integrase (IN), and viral protein R (Vpr), al-

though there is controversy about the role of MA in this pro-
cess (10). Each of these proteins has been shown to bind
importin a (12, 13, 38, 45). MA and IN bind in an NLS-
dependent manner, and their binding is inhibited by a peptide
including the simian virus 40 large T antigen NLS sequence. In
contrast, Vpr binds importin a in an NLS-independent manner
(12, 13). MA contains a putative basic-type NLS spanning
residues 25 to 33. HIV-1 strains with mutations in this region
of lysines to threonines (26KK3TT or 27K3T) are attenuated
in their ability to replicate in nondividing cells when Vpr is also
absent (MADNLSDVPR) (3). The same mutation abrogates bind-
ing of MA to importin a (13). IN binds to importin a through
an atypical bipartite NLS located within its C terminus. Muta-
tion of this sequence in an MADNLSDVPR virus results in a more
complete block in nuclear import of the preintegration com-
plex (12).

Vpr does not bind importin a at its NLS binding site (12, 13).
This was demonstrated in experiments that showed that Vpr
does not compete with MA for importin a binding. Instead,
Vpr increases the affinity of importin a for the NLS of MA
(38). In addition to binding importin a, Vpr also binds to
FXFG repeat-containing nucleoporins (45) and has been pos-
tulated to stabilize docking of viral preintegration complexes to
the nuclear pore (39).

When expressed in the absence of other viral proteins, Vpr
localizes to the nucleus (5, 25, 27) and the nuclear envelope
(45). Vpr does not contain a region which resembles an NLS.
Mutations within an N-terminal a-helical region block nuclear
localization (5, 26, 47). In addition, mutations in the leucine-
isoleucine-rich domain and the arginine-rich C terminus of
Vpr impair its nuclear targeting function (26, 49). Some of
these mutations may alter subcellular localization due to global
effects on Vpr conformation and/or stability, while others may
specifically disrupt a domain critical for nuclear localization.
Vpr may contain a novel nuclear targeting signal or perhaps a
region important for protein-protein interactions with an NLS-
containing protein (piggyback binding). Alternatively, the do-
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main could be important for nuclear retention after passive
diffusion of Vpr into the nucleus.

In addition to Vpr, HIV-2 and members of the simian im-
munodeficiency virus SIVsm/SIVmac lineage encode Vpx. Vpx
and Vpr share considerable homology (42, 44). Like Vpr, Vpx
is virion associated and recruited into virions through its inter-
action with the p6 portion of the Gag polyprotein (1, 34, 47).
Also similar to Vpr, one study demonstrated that Vpx, when
expressed in the absence of other viral components, is a nu-
clear protein (5). However, another group has described a
perinuclear distribution for this accessory protein (47). Both
Vpr and Vpx are found at high concentrations within the
virion, in amounts comparable to that of Gag proteins. This
suggests an important function early in infection. Despite the
similarities of Vpr and Vpx, Fletcher and colleagues demon-
strated that the two accessory proteins mediate distinct func-
tions during SIV infection (9). In a highly pathogenic variant of
SIV, SIVSM PBj1.9, the primary function of Vpr is induction of
cell cycle arrest in G2, whereas SIVSM Vpx functions in the
nuclear import of the preintegration complex. Cells expressing
SIVSM Vpx, but not Vpr, were not arrested in G2, and viruses
which retained Vpr but lacked Vpx were unable to efficiently
infect nondividing cells. In contrast to the finding of redundant
nuclear import signals present in the HIV-1 preintegration
complex, this study showed that SIVSM PBj1.9 Vpx is both
necessary and sufficient for the nuclear import of the preinte-
gration complex.

The present study was designed to assess the role of HIV-2
Vpx in nuclear import processes. Similar to the observations
with SIVSM PBj1.9 Vpx, HIV-2 Vpx is necessary for nuclear
import of the viral preintegration complex. In addition, we
have addressed the controversy concerning the cellular local-
ization of Vpx. Finally, we sought to identify regions of the
protein important for its subcellular localization. To accom-
plish this, we created green fluorescent protein (GFP) fusion
proteins with wild-type HIV-2 Vpx and several mutant forms
of the protein and assessed their distribution in transfected
cells. Interestingly, the C-terminal proline-rich tail of Vpx ap-
pears to be important both for Vpx nuclear localization and
nuclear import of the preintegration complex.

HIV-2 Vpx is necessary for nuclear import of viral cDNA. In
order to determine whether HIV-2 Vpx is sufficient for nuclear
import in nondividing cells, we generated HIV-2ROD proviral
clones with mutations in vpx, vpr, and the coding sequence
for the NLS of MA. The functional HIV-2ROD proviral
clone, pSE (20), was digested with SalI to remove flanking
cellular sequences, which generated pES. Mutant pMX11
62, designated MX here, has been described previously (20)
and includes mutations of both methionine codons of vpx.
The pMADNLSMRMX clone has the MX1162 vpx mutation,
along with a G4700T change within vpr, which converts the
seventh codon to a termination codon, and a 26K3T mutation
in the NLS of MA. Mutagenesis of the MA NLS was carried
out by a PCR-based overlap extension method, described pre-
viously (18). This MA mutation in HIV-1 blocks the ability of
the virus to infect nondividing cells in the absence of functional
Vpr (3). All mutations were confirmed by sequence analysis.

293T cells were transfected with 5 mg of the proviral DNAs
by using Lipofectamine (Gibco). The supernatants of trans-
fected cells were filtered 48 h posttransfection, and viral stocks
were treated with 2 mg of DNase per ml in 10 mM MgCl2 for
30 min at 37°C. Viral stock concentrations were determined by
p27antigen-captureenzyme-linkedimmunosorbentassay(Coul-
ter), and infectious titers were normalized by using CCR5-
transfected Magi cells (21, 36).

U937 cells were maintained in RPMI1640 supplemented

with 10% fetal bovine serum. To induce G1/S arrest, cells were
synchronized by serum starvation for 48 h followed by release
into complete medium containing 400 mM mimosine (31).
Cells were infected with 50 ng of p27 of wild-type (ES) or
mutant (MX, MADNLSMRMX, or ES-X101) DNase-treated
HIV-2. Cells were collected at 6, 12, 24, and 48 h postinfection,
and total DNA was isolated with the DNAzol reagent accord-
ing to the manufacturer’s protocol (Gibco).

Two-long terminal repeat (LTR) circle forms of HIV-2
DNA were amplified with 32P-end-labeled primers to the
HIV-2 LTR U5 nucleotides 238 to 217 (59-TTACTCAGGTG
AACACCGAAT) and 278 to 299 (59ACCGAGGCAGGAAA
ATCCCTA). Late reverse transcription products were ampli-
fied with end-labeled primers to LTR U5 nucleotides 278 to
299 and nucleotides 625 to 594 of gag (59-GTCTTTCCCCCG
GGCCGTAACCTCATTCTTTC). Standards were generated
by conducting PCRs with serial dilutions of chronically in-
fected CEM cells with the primers indicated.

PCR analysis of cellular DNA obtained immediately after
infection gave no visible product (data not shown). Linear
reverse transcription products, which were synthesized in the
cytoplasm of infected cells, were amplified with U5/gag primers
and were detectable at equivalent levels in cells infected by all
three viruses and within 6 h after infection (Fig. 1). Therefore,
none of the mutations that we have introduced into the virus
affect fusion, early postentry events, or reverse transcription.
The two-LTR circular form of viral DNA, which is only found
in the nuclei of infected cells and serves as a surrogate marker
of nuclear import, was selectively amplified by using U5 prim-
ers. Markedly reduced levels of two-LTR circular DNA were
found in both the MADNLSMRMX- and MX-infected cells,
compared to ES-infected cells. Moreover, neither Vpr nor MA
compensated for the loss of Vpx function in promoting nuclear
import. Thus, HIV-2 Vpx is the predominant nuclear import
factor of the viral preintegration complex, similar to what has
been reported for SIVSM PBj1.9 Vpx (9).

Localization of GFP-Vpx fusion proteins. In order to assess
the subcellular localization of Vpx, wild-type and mutant forms
of vpx were cloned into a plasmid which generates a fusion
protein with GFP at the N terminus. The Vpx mutations that
we studied included a deletion of residues 20 to 40 (AH), a

FIG. 1. Vpx is required for nuclear localization of viral reverse-tran-
scribed DNA products. At the indicated times postinfection with ES, MX, or
MADNLSMRMX, total cellular DNA was isolated from arrested U937 cells. PCR
was performed with U5/gag primers and U5/U5 primers to detect viral DNA
synthesis and nuclear localization, respectively. Standards were derived from
reactions with the identical primers on serial dilutions of chronically infected
cells. Representative results are shown from three different experiments which
all yielded similar results.
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region predicted to form an amphipathic helix, a truncation at
residue 89 (X89), and a truncation at residue 101 (X101) (34).
The last two mutations remove a highly conserved stretch of
prolines found in C-terminal residues 102 to 112 of Vpx (11).
Wild-type and mutant vpx constructs described previously (34)
were amplified by PCR with primers which introduced a 59
BspE1 site and a 39 XhoI site. PCR products were then cloned
into the pEGFP-C1 vector (Clontech), which had been digest-
ed with BspE1-XhoI. All constructs were confirmed by se-
quence analysis.

The DNAs were transfected into 293T or HeLa cells, and
48 h later, the distribution of GFP fusion proteins was deter-
mined by confocal microscopy. These cells were maintained in
Dulbecco’s modified Eagle’s medium with 10% fetal bovine
serum, plated onto chamber tissue culture slides (Falcon),
grown to 50 to 70% confluency, and transfected with the GFP
DNAs and, in the indicated cases, with the HIV-2 gag-pol
expression plasmid, pTM-GP2, described previously (19). Af-
ter 19 h, cells transfected with pTM-GP2 were infected at a
multiplicity of infection (MOI) of 10 with vaccinia virus
vTF7-3, expressing T7 polymerase. After 24 h, the cells were
fixed in 2% paraformaldehyde for 20 min and examined on a
Zeiss axiovert microscope equipped with a Bio-Rad confocal
scanning imaging system.

GFP alone is distributed diffusely throughout the cells (Fig.
2A). GFP-Vpx had a predominantly nuclear localization (Fig.

2D to F), although it was occasionally observed in a perinu-
clear distribution (data not shown). All of the fusion proteins
showed a shift in localization to the plasma membrane when
coexpressed with HIV-2 Gag (Fig. 2H and I, and data not
shown), indicating that the GFP moiety did not interfere with
the ability of Vpx to interact with Gag. GFP-AH had a distri-
bution similar to that of GFP-Vpx (Fig. 2G). In contrast, both
GFP-X89 and GFP-X101 had a diffuse cellular distribution,
with both nuclear and cytoplasmic localization (Fig. 2B and C).

The size of the fusion proteins is relatively small (,47 kDa),
allowing for their passive diffusion in and out of the nucleus. In
the absence of an organelle targeting or retention signal, we
would expect a diffuse cellular distribution. The distribution of
GFP-X89 and GFP-X101 looks remarkably like that of GFP
alone.

293T cells were transfected with GFP constructs and meta-
bolically labeled overnight by using methionine- and cysteine-
free medium supplemented with 50 mCi of Tran[35S]label
(ICN) per ml. Cells were solubilized in radioimmunoprecipi-
tation assay (RIPA) buffer (1% Triton X-100, 0.5% deoxy-
cholate, 0.1% sodium dodecyl sulfate [SDS], 0.2 mM phenyl-
methylsulfonyl fluoride), clarified, and incubated with 5 ml of
polyclonal anti-Vpx antiserum. Twenty microliters of protein
A-Sepharose beads was added, and the incubations were con-
tinued for an additional hour. Precipitates were washed three
times with RIPA buffer, boiled for 2 min in Laemmli sample

FIG. 2. The C-terminal proline-rich tail of Vpx is important for nuclear localization. 293T cells were transfected with GFP constructs with or without HIV-2 Gag
(pTM-GP2). The GFP fusion proteins included wild-type Vpx, X101, X89, and XAH. Cells transfected with pTM-GP2 were infected with vaccinia virus 19 h
posttransfection and fixed in 2% paraformaldehyde 24 h posttransfection.
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buffer, and analyzed on an SDS–12% polyacrylamide gel. La-
beled proteins were detected by autoradiography.

One potential explanation for these results is that GFP-X89
and GFP-X101 could be less stable than GFP-Vpx or GFP-
XAH. However, the truncation of HIV-2 Vpx at either residue
89 or 101 did not affect protein stability (34). The GFP-X101
fusion protein was expressed in transfected 293T cells at levels
comparable to those of GFP-Vpx (Fig. 3). Therefore, it ap-
pears that the C-terminal 11 residues of Vpx are important
either for nuclear targeting or for nuclear retention of the
protein.

The C-terminal tail of Vpx is required for efficient nuclear
targeting of viral cDNA. In order to assess the functional im-
portance of the C-terminal 11 residues of Vpx, we generated a
provirus which contained Vpx 101 in place of the wild-type
protein. The vpx mutant pES-X101 was generated by perform-
ing PCR-based overlap mutagenesis on pES to remove a SacI
site at the 59 end of vpr. Two flanking SacI sites were used for
digestion and subcloning into pUC19 to generate pUC19-
VpxMS. A StuI-XhoI fragment from vpx deletion mutant pTM-
X101, described previously (34), was ligated into pUC19-
VpxMS digested with StuI-XhoI. The entire SacI fragment was
then religated back into pES.

We used this virus in the PCR assay described above in
order to determine its effects on nuclear import. A block in
nuclear import is evident in cells infected with the ES-X101
virus, compared to cells infected with ES, as indicated by the
decrease in accumulation of two-LTR circles (Fig. 4). Equiv-

alent levels of cytoplasmic reverse transcription products were
observed for ES and ES-X101, demonstrating that this muta-
tion has not altered early infection events.

HIV-2 Vpx promotes productive infection of macrophages.
To ensure that the results obtained in the PCR assay are
representative of events occurring during natural infection of
nondividing cells, we examined the ability of viruses lacking
Vpx or containing the truncated form of Vpx to elicit a spread-
ing infection of monocyte-derived macrophages (MDMs). For
infection of MDMs, blood monocytes were isolated from the
peripheral blood of healthy blood donors by elutriation to
.99% purity and allowed to differentiate in Iscove’s medium
containing 10% human serum and 500 U of macrophage col-
ony-stimulating factor/ml. Infections were carried out by using
50 ng of p27 1 week after differentiation. Supernatants were
collected every 3 to 4 days for 21 to 27 days and analyzed for
exogenous reverse transcriptase (RT) activity (37).

Equivalent amounts of ES, MX, and ES-X101, based on
titers in CCR5-expressing Magi cells, were used to infect mac-
rophages (Fig. 5). In three independent experiments with mac-
rophages from different donors, significantly higher levels of
RT activity were generated from ES-infected macrophages,
than from MX- or ES-X101-infected macrophages.

Conclusions. In this study, we demonstrated that HIV-2 Vpx
is necessary for efficient nuclear import of viral DNA in non-
dividing cells. Our results indicate that the presence of intact
MA and Vpr does not compensate for the lack of Vpx. This is
in contrast to data reported for HIV-1, where MA, Vpr, and
IN have redundant functions in terms of nuclear import of the
preintegration complex (3, 12, 16). However, our findings are
in agreement with the findings of Fletcher and colleagues using
SIVSM PBj1.9 (9). One possible explanation for this discrep-
ancy is that HIV-1 Vpr is the predominant mediator of nuclear
import, and MA and IN are very weak karyophiles. Indeed,
Fouchier and colleagues reported that the putative NLS within
MA does not play a role in nuclear localization of the prein-
tegration complex and that the 26KK3TT mutations intro-
duced into this sequence affect posttranslational processing of
Gag by the viral protease, rather than nuclear localization (10).
They demonstrated that the replication kinetics of a 26KK3TT
HIV-1 virus were equivalently decreased in both dividing and
nondividing cells, in support of their hypothesis. However,
these findings do not explain the ability of MA residues 25 to
33, when conjugated to bovine serum albumin (BSA), to direct
its nuclear import (3). The 26KK3TT mutation within this
sequence blocked nuclear import of BSA, further indicating
that residues 25 to 33 comprise a functional NLS. Nor does it
explain the observed interaction between MA and importin a,
which is an NLS-dependent interaction (13). In contrast,
Popov and colleagues suggest that there are multiple weak
karyophilic components within the viral preintegration com-
plex, including those in MA and IN (39). They suggest that the

FIG. 3. GFP-Vpx101 and GFP-Vpx fusion proteins are expressed at equiv-
alent levels. 293T cells transfected with GFP, GFP-Vpx, and GFP-Vpx101 were
metabolically labeled overnight with Tran[35S] label. Protein expression was
assessed by immunoprecipitation with anti-Vpx antiserum followed by SDS-
polyacrylamide gel electrophoresis. M.W., molecular mass markers.

FIG. 4. Deletion of the C-terminal tail of Vpx leads to a block in nuclear
localization of viral DNA. Nondividing U937 cells were infected with ES or
ES-X101, and total cellular DNA was isolated at the indicated times. Viral DNA
was detected by using the same PCR primers as in Fig. 1, which differentiate
between DNA synthesis and nuclear import events. Results from one of two
experiments giving similar results are shown.

FIG. 5. The C-terminal tail of Vpx is required for efficient HIV-2 replication
in primary human macrophages. MDMs from three different donors were in-
fected with equivalent amounts of infectious ES, MX, or ES-X101, as determined
by assay on Magi-CCR5 cells. Virus expression was measured by RT activity
measurements every 3 to 4 days.
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primary function of Vpr, or perhaps Vpx, is to stabilize the
interaction between importin a and these relatively weak
karyophiles. In support of this theory, Vpr binds to importin a
at a different binding site than does MA, and the MA-importin
a interaction is resistant to competition by the addition of
exogenous NLS peptide in the presence of Vpr (39).

Some of the confusion surrounding the role of these various
viral proteins in nuclear import may be attributable to subtle
differences in experimental conditions. It has been reported
that the role of integrase in nuclear import is apparent only
when cells are infected at a relatively high MOI (12). At a high
MOI, weaker karyophilic signals found in the preintegration
complex, such as those found in MA and IN, could function in
nuclear import to levels detectable by the PCR assay or mac-
rophage infection experiments.

HIV-2 Vpx is primarily a nuclear protein, as indicated by
GFP-Vpx fusion protein localization. However, a perinuclear
distribution of the protein was observed in some cells, as re-
ported by others (47). This appears to be in a discrete location
outside of the nucleus, perhaps the endoplasmic reticulum or
Golgi apparatus, rather than an association with the nuclear
envelope as has been reported for HIV-1 Vpr (45). This sug-
gests that Vpx may have another function in HIV-2-infected
cells, separable from its role in nuclear localization. GFP-Vpx
shifts to the plasma membrane when coexpressed with HIV-2
Gag, and it is efficiently packaged into HIV-2 virions when
coexpressed with MX virus (data not shown). These findings
support the notion that GFP-Vpx functions in a manner similar
to that of Vpx alone. Furthermore, our localization results
using GFP-Vpx are identical to those obtained by standard
immunofluorescence techniques with Vpx-expressing cells
(data not shown).

The current work sought to identify the domain of Vpx
important for nuclear localization. Deletion of residues 20 to
40 within Vpx results in a predominantly nucleus-localized
protein, similar to wild-type Vpx. This result differs from those
obtained with HIV-1 Vpr where substitutions within the N-
terminal amphipathic helix abrogated nuclear localization (5,
26, 48). It should not be surprising that the two accessory
proteins do not use the same mechanism for nuclear import,
since they also use distinct domains within Gag for virion
incorporation (1, 24, 34, 47). Despite their homology, Vpr and
Vpx have evolved distinct ways to interact with viral and cel-
lular components.

Truncation of Vpx, at either residue 89 or 101, leads to a
diffuse subcellular distribution, suggesting that a sequence im-
portant for nuclear localization has been perturbed. The C-
terminal 10 residues of Vpx consist of a highly conserved motif
of seven prolines followed by glycine, leucine, and valine
(P7GLV). This motif is invariant in all of the Vpx proteins
identified in HIV-2 and SIV isolates. Such strong sequence
conservation suggests an important function for this domain,
yet none has been identified. The proline-rich tail is dispens-
able for virion incorporation of Vpx, and it is dispensable for
efficient SIV replication in dividing cells (35). Park and col-
leagues (35) suggested that this domain may be important for
SIVmac Vpx protein stability, but we have previously demon-
strated that this is not the case for HIV-2 Vpx (34). The data
presented here suggest that this proline-rich domain may be
important for the targeting of Vpx to the nucleus. However, it
remains to be determined if residues 102 to 112 are sufficient
to target a heterologous protein to the nucleus. A similar
sequence is not found within Vpr, suggesting that it mediates
nuclear import by a novel mechanism. At least two possibilities
could explain how residues 102 to 112 function in nuclear
localization. This portion of Vpx could contain a previously

unidentified class of NLS, or the proline-rich domain could be
important for protein-protein interactions with a second nu-
cleus-targeted protein.

In terms of the first model, in which the C-terminal residues
of Vpx contain a unique NLS, it is clear that the P7GLV motif
does not resemble a canonical NLS. However, Shoya and col-
leagues identified two novel NLSs within the P phosphoprotein
of Borna disease virus which are rich in prolines and lack basic
amino acids (43). Mutational analyses of these sequences dem-
onstrated that the prolines were required for nuclear targeting
activity. It will be interesting to determine if mutation of the
prolines of Vpx affects nuclear import.

With regard to the possibility that Vpx uses the C-terminal
tail to interact with another protein and thereby piggyback into
the nucleus, the proline-rich region of Vpx could be important
for protein-protein interaction. SH3 domains bind proline-rich
ligands through recognition of a PXXP motif (32). WW do-
mains bind proline-rich ligands in WW-binding proteins by
recognizing an expanding array of motifs. For example, the
Yes-associated protein, YAP, has a WW domain that binds a
PPXY motif (4), and the formin-binding protein, FBP11, rec-
ognizes a PPLP motif (2). It is interesting that the majority of
WW-binding proteins identified to date are nuclear proteins
(2). Proteins have been identified in yeast, Drosophila, mice,
and humans, such as guanylate kinase MAGI-1, which contains
both WW domains and NLSs (6, 28). It is tempting to specu-
late that proteins lacking a canonical NLS can use proline-rich
domains for binding to WW domain proteins that can then
escort them into the nucleus.

The current work has identified a primary function of HIV-2
Vpx and has mapped a domain critical for accomplishing this
function. It will be interesting to determine if HIV-2 Vpx has
a role in docking the viral preintegration complex to the nu-
clear pore, similar to what has been reported for Vpr in HIV-1.
To address this, binding studies should determine if Vpx can
interact with nucleoporins. It will also be interesting to eluci-
date the cellular pathway that Vpx exploits for its nuclear
import. Binding studies between Vpx and importin a have not
been done as of yet. Such studies may reveal that these two
proteins can interact in an NLS-independent manner. Alter-
natively, Vpx may use a pathway distinct from the importin
pathway, such as one involving the WW proteins or other
proline-rich binding proteins. Such studies may prove useful in
identifying alternative cellular pathways for nuclear import.
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