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Vpx of Simian Immunodeficiency Virus Is Localized
Primarily outside the Virus Core in Mature Virions
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Human immunodeficiency virus type 2 and the related simian immunodeficiency virus (SIV) contain a unique
regulatory gene, vpx. The Vpx protein is packaged in mature virions and is required for efficient viral replication
in peripheral blood lymphocytes and macrophages. To study the localization of Vpx in mature virions, conical
and bar-shaped core structures of SIV from macaques (SIVmac) were purified. The SIVmac core has a density of
approximately 1.25 g/cm3, compared with 1.16 g/cm3 for an intact virion. The relative proportions of major
capsid protein (p27) and reverse transcriptase activity were similar for intact virions and core structures. The
majority of matrix protein (p14) was removed from the purified core structure, suggesting its association with the
viral membrane. Similarly, most of the Vpx protein was absent from the purified core structure. This result
suggests that as with the matrix protein, the majority of Vpx proteins are localized outside the virus core. The
localization of Vpx suggests that it may be involved in virus entry such as penetration or uncoating.

Human immunodeficiency virus type 2 (HIV-2), simian
immunodeficiency virus (SIV) from macaques (SIVmac), and
SIV from sooty mangabeys (SIVsm) belong to a closely
related group of primate lentiviruses (2, 6, 10, 12). Unlike
other retroviruses, virions of this group of primate lentivi-
ruses package two regulatory proteins, Vpx (7, 11, 16, 26)
and Vpr (27), in addition to viral structural proteins. The vpx
gene is unique to this group of SIV and HIV-2 and is absent
from other groups of primate lentiviruses such as HIV-1.
Vpx is dispensable for viral replication in established human
lymphocyte cell lines (9, 14, 15, 18, 26) but is required for
efficient viral replication in fresh lymphocytes (9, 15, 28) and
macrophages (28). The exact function of Vpx is unclear. It is
not known how Vpx is packaged into mature virions or
where it is localized in the mature virions. It has been
reported that Vpx can bind to single-stranded nucleic acids
in vitro (11) and may therefore be associated with the viral
RNA genome in mature virions. However, the location of
Vpx in the mature virion has not been directly determined.
In this study, we sought to isolate and characterize the core
structure of SIVmaC and to determine the subviral localiza-
tion of Vpx in virions to better understand the role of this
gene in viral replication.
SIVmac (17) was propagated in CEMX174 cells as previ-

ously described (28). The supernatant of infected CEMX174
cells was centrifuged at 1,000 x g for 30 min to remove cells
and cell debris. The supernatant was vacuum filtered
through a 0.2-,um-pore-size filter unit (Nalgene Co., Roch-
ester, N.Y.) and centrifuged at 20,000 rpm (Beckman SW28
rotor) for 2 h through a 20% (wt/vol) sucrose cushion. Virus
pellets were dissolved in TNE buffer (0.01 M Tris-HCl [pH
7.2], 0.1 M NaCl, 0.001 M EDTA), and this solution was
overlaid on a discontinuous sucrose gradient. The discontin-
uous sucrose gradient was prepared by sequentially overlay-
ing 2 ml of sucrose of the following concentrations: 70, 67.5,
65, 62.5, 60, 57.5, 55, 52.5, 50, 47.5, 45, 42.5, 40, 37.5, 35,
32.5, and 30% (wt/vol). The concentrations of sucrose were
prepared by mixing 70% (wt/vol) sucrose in deuterium oxide
(Sigma, St. Louis, Mo.) and 30% sucrose in water. Both
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solutions contained TNE buffer and 0.4% dithiothreitol,
which have previously been used for the purification of Rous
sarcoma virus core (3).
For preparation of the virus cores, several conditions were

tested, including 1 and 0.5% Triton X-100 and 0.25% Noni-
det P-40 treatments at room temperature for 10 min. It
appeared that 0.5% Triton X-100 gave the highest yield of
SIVmac core structure (data not shown). Ninety percent of
the virus pellets dissolved in TNE buffer (concentrated from
500 ml of culture supernatant) were treated with 0.5% Triton
X-100 for 10 min at room temperature and were immediately
overlaid on a discontinuous sucrose gradient. The remaining
10% of the dissolved untreated virus pellets were overlaid on
another discontinuous sucrose gradient. Both gradients were
spun at 20,000 rpm (Beckman SW28 rotor) for 20 h at 4°C.
Two-milliliter fractions were collected dropwise from each
gradient from the bottom of the centrifuge tubes. Fifty
microliters of each fraction was tested for reverse tran-
scriptase (RT) activity as previously described (28). Frac-
tions with high RT activity from each gradient were layered
onto separate second sucrose gradients. Specifically, frac-
tion 12 from the sucrose gradient containing the intact
virions and pooled fractions 5 and 6 of the treated virions
were diluted with TNE buffer and sublayered onto separate
sucrose gradients, respectively. Centrifugation was per-
formed, and fractions were collected as described for the
first sucrose gradients. The RT activity of each sucrose
gradient fraction (both the intact virions and the 0.5% Triton
X-100-treated virions) was analyzed (Fig. 1). A peak value of
RT activity was detected in fraction 12 of the sucrose
gradient with the intact virions (Fig. 1A). In contrast, a peak
value of RT activity was detected in fraction 5 of the 0.5%
Triton X-100-treated virions (Fig. 1B). The density of each
sample was determined by weighing 0.1 ml of each fraction.
The density corresponding to the RT peak of the intact
virions was approximately 1.16 g/cm3 (Fig. 1A). In contrast,
the density corresponding to the RT peak of the 0.5% Triton
X-100-treated virions was approximately 1.25 g/cm3 (Fig.
1B).
To confirm that the SIVmaC core structures were purified,

samples were taken from the RT peak fractions of each
gradient and examined by electron microscopy. Round and
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FIG. 1. Sucrose density gradient centrifugation of intact (A) and 0.5% Triton X-100-treated (B) SIVmac virions. A 50-pA sample from each

sucrose gradient fraction was analyzed for RT activity (squares) as previously described (28); 100 ,ul of sample from each sucrose gradient
fraction was weighed to determine virion and core density in grams per cubic centimeter (circles).

slightly deformed structures with a diameter of approxi-
mately 120 nm were detected from the intact virion samples
by negative staining with 1% uranyl acetate (Fig. 2B).
Conical and bar-shaped structures of 100 nm in length were
detected in pooled fractions (fractions 4 and 5) of 0.5%
Triton X-100-treated virus preparations (Fig. 2C). These
structures resembled the SIVmac core structures detected in
the intact virions by transmission electron microscopy (Fig.
2A), suggesting that the SIVmac core structures were suc-

cessfully purified.
Viral proteins of intact virions and purified core structures

were analyzed by immunoblotting. Samples from each frac-
tion were centrifuged at 40,000 rpm (Beckman 70 Ti rotor)
for 60 min at 4°C and analyzed by immunoblotting with
HIV-2 sera and a specific anti-Vpx serum as previously
described (26). The ratio of RT activity and the intensity of
the major capsid protein p27 were similar for intact virions
and core structures (Fig. 1 and 3). This finding suggests that
RT was packaged in the virus core. Viral Gag proteins p27
(capsid) and p14 (matrix), a small Gag protein of 7 or 6 kDa
(p7/6), and a small amount of Gag precursor p55 were
detected in the RT peak fractions of intact virions with a

pooled human HIV-2 serum (Fig. 3A). A protein of 34 kDa
was also detected with the pooled HIV-2 serum (Fig. 3A).
This protein could also be detected by a specific serum (a gift
from D. Grandgenett, Institute of Molecular Virology, St.
Louis University Medical Center, St. Louis, Mo.) raised
against SIVmac integrase (data not shown). A significant
amount of Vpx was detected in the intact virions by the
HIV-2 serum (Fig. 3A) or a goat anti-Vpx serum (26) (Fig.
3B).

Similar to findings for the intact virions, comparable
amounts of p27, p7/6, p55, and p34 were detected in the core

fractions (Fig. 3B). In sharp contrast to the intact virions, the
majority of matrix protein p14 was not detected in the core

structures with the same HIV-2 serum (Fig. 3B). No Vpx
was detected with the HIV-2 serum (Fig. 3A), and only a

small amount was detected with the more sensitive goat
anti-Vpx serum (Fig. 3B). To test whether these results were

reproducible, the experiments described above were re-

peated with a different preparation of intact virions and
purified core structures. Comparable amounts of p27, p7/6,
p55, and p34 were detected with human HIV-2 serum in the
RT peak fractions of the sucrose gradient for intact virions
(Fig. 4, lane 1) or the core structures (lane 4). p27 and p55
were also recognized by a monoclonal antibody to HIV-2
p27 (Du Pont, Wilmington, Del.). The majority of the matrix
protein and Vpx, which were detected in the intact virions,
were not detected in the purified core (Fig. 4).
The conical and bar-shaped core structures of SIVmac

have a density of approximately 1.25 g/cm3, which is similar
to that of type B and type C retrovirus spherical cores (3, 22,
23). Unlike avian myeloblastosis virus core (1), the SIVmac
core was not infectious when added to T-cell cultures (data
not shown). The dominant structural protein detected in the
SIVmac core was the capsid protein p27 (Fig. 3 and 4), which
is consistent with the assumption that capsid proteins form
the shell of the retrovirus core. Other structural proteins that
were detected with the purified core are RT, integrase p34, a

small amount of Gag polyprotein p55, and a protein of 7 or 6
kDa, which is probably the nucleic acid-binding protein
(p7/6). The majority of matrix protein p14 was absent from
the SIVmac core, which supports the finding that matrix
proteins associate with the inner surface of the virus mem-
brane (8, 20). However, a small amount of p14 was still
associated with the virus core after two rounds of sucrose

gradient purification. Although it is unlikely, this may be due
to incomplete disruption of intact virions. No viral proteins
could be detected in fractions 4, 5, and 6 from the intact
virion sucrose gradient (Fig. 3A). Examination of the core

fraction also did not reveal intact virions (Fig. 2). Therefore,
an alternative explanation is that there is an interaction
between the matrix protein and the virus core. A recent
morphological study of HIV-1 virions suggests that the
narrow end of the core is attached to the virus envelope
membrane (13), which is consistent with this interpretation.
The interaction between the matrix protein and the virus
core may play some role during virus core internalization
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FIG. 2. (A) SIVmac virions from infected CEMX174 cells as
visualized by transmission electron microscopy; (B) purified SIVmac
intact virions as observed by negative staining; (C) purified SIVmac
cores as observed by negative staining.

and uncoating. Recent observations have suggested that the
HIV-1 matrix protein plays a role in early steps of viral
replication (29).
The vpx gene is uniquely present in HIV-2, SIVmaC, and

SIVSM and is required for efficient viral replication in primary
lymphocytes (9, 15, 28) and macrophages (28). It has been
suggested that the vpx gene arose by duplication of the vpr

gene after the divergence of the HIV-2 group from the other
primate lentivirus groups (24, 25). Vpr and Vpx proteins are
both virion associated (4, 7, 11, 15, 26, 27, 30). It has been
proposed that a conserved motif between Vpx and Vpr
provides the virion packaging signal (19, 24). The fact that
HIV-2 and SIVmac Vpx can be packaged into HIV-1 virions
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FIG. 3. Immunoblot analysis of viral proteins from sucrose gra-
dient-purified intact virions (A) or core structure (B). Samples were
reacted with human HIV-2 sera (A) or goat anti-Vpx serum (B).

(19) supports such a theory. The mechanism by which Vpx is
packaged into mature virions is not clear. The Vpx protein
contains a conserved cysteine-histidine motif that can bind
to single-stranded nucleic acids in vitro (11). It is possible
that Vpx binds to the viral RNA genome to be packaged into
virions. However, our study suggests that this is unlikely.
Retroviral RNA genomes are packaged inside the virus core
(1, 3, 21, 22, 23), while the majority of the SIVmac Vpx were
detected outside of the core structure (Fig. 3 and 4). The
localization of Vpx in the virion is very similar to that of the
matrix protein (Fig. 3 and 4). It is possible that Vpx, like the
matrix protein (8, 20), forms an association with the inner
surface of the virus membrane. This hypothesis is consistent
with a previous observation that Vpx was detected with the
cellular membrane fraction (7). It is also possible that Vpx
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FIG. 4. Immunoblot analysis of viral proteins from purified in-
tact virions (lanes 1 to 3) or core structure (lanes 4 to 6), detected by
human HIV-2 sera (lanes 1 and 4), sera from HIV-negative donors
(lanes 2 and 5), or a monoclonal antibody against HIV-2 p27 (lanes
3 and 6).

interacts with other viral proteins such as the transmem-
brane protein or the matrix protein. Such an interaction
would facilitate the packaging of Vpx into virions. Prelimi-
nary immunoprecipitation analysis indicates that the matrix
protein could be coprecipitated with Vpx by an anti-Vpx
serum (data not shown). It has been reported that an HIV-2
Vpx mutant had a defect prior to the synthesis of viral DNA
after infection (15). The localization of Vpx in the virion
suggests that Vpx may participate in virus entry (e.g.,
penetration and uncoating) and that a direct involvement in
reverse transcription is less likely.
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