
INTRODUCTION

All human and simian immunodeficiency vi-
ruses (HIVs and SIVs) isolated so far contain a
unique set of accessory genes in their genomes.
HIV type 2 (HIV-2) and some of SIVs, such as
SIVmac isolated from rhesus monkeys, carry a vpx
gene in addition to vpr (1). Both vpx and vpr are
required for SIVmac to grow optimally in lympho-
cytic cells (2), and cause AIDS efficiently in mon-
keys (3, 4). The vpx and vpr encode small proteins
of approximately 100 amino acids which are spe-

cifically incorporated into viral particles (5, 6).
We have previously demonstrated that, in lym-
phocytic cells, the replication of single vpx mutant,
but not vpr , was impaired, and that of a vpx -vpr
double mutant was more severely damaged (2).
Defective replication sites of the vpx single and vpx-
vpr double mutants were shown to be mapped, re-
spectively, to the nuclear import of viral genome
and to both of the nuclear import and virus
assembly/release steps. While the mutational effect
of vpr was rather small, the replication efficiency
in one cycle of the vpx mutant relative to that of
wild-type (wt) virus was estimated to be 10%.
Without the vpx and vpr , the virus replication was
negligible. These results have raised a possibility
that Vpx and Vpr play an important role(s) for the
release and maturation of fully-infectious viral
particles. In this report, we have examined the
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level of progeny virion production in transfected
and infected cells, and the virion morphology in
those cultures by extensive electron microscopic
observation.

MATERIALS AND METHODS

Cells

A monolayer cell line 293T (7) was maintained
in Eagles’s minimal essential medium containing
10% heat-inactivated fetal bovine serum as previ-
ously described (8). A lymphocytic cell line HSC-F
(9, 10) was maintained in RPMI-1640 medium
containing 10% heat-inactivated fetal bovine serum
as previously described (8).

Transfection

293T cells were transfected by the calcium-
phosphate co-precipitation method as previously
reported (8).

Infection

HSC-F cells were infected with cell-free viruses
prepared from transfected 293T cells as previously
described (11).

Reverse transcriptase (RT) assay

RT assay using 32P-dTTP has been previously
described (12).

DNA constructs
An infectious DNA clone of HIV-2 designated
pGL-AN has been previously described (2, 13, 14).
Proviral mutant clones of pGL-AN designated pGL-
St (vpx frame-shift mutant, �Vpx), pGL-Ec (vpr
frame-shift mutant,�Vpr), and pGL-St/Ec (vpx -vpr
double mutant,�Vpx/�Vpr) have also been previ-
ously described (2, 13, 14).

Electron microscopy (EM)

For transfected 293T cells, fixation and embed-
ding were performed according to the method
described previously (15, 16). Infected HSC-F cells
were centrifuged at 250 x g and the resultant cell
pellets were then washed with phosphate buffered
saline before fixation. During the fixation with glu-
taraldehyde, the pellets were centrifuged again at
1,200×g to make the cells more compactly packed.
Thereafter, the samples were treated according
to the original procedure. The cells embedded in
LUVEAK-812 (Nakalai Tesque, Inc., Kyoto, Japan)

were cut into ultrathin sections using a REICHERT-
JUNGULTRACUT E ultramicrotome, doubly stained
with uranyl acetate and lead citrate, and examined
under a JEOL JEM-1200EX II transmission electron
microscope.

RESULTS AND DISCUSSION

Characteristics of virions produced in transfected cells

The human 293T cell line has been frequently
and widely used to prepare stocks of various HIV/
SIVs because of its high susceptibility to transfec-
tion. Furthermore, 293T cells are CD4-negative,
and the late phase of virus replication can be easily
assessed by monitoring RT production in the
culture supernatants. Various proviral clones des-
ignated pGL-AN (wt), pGL-St (�Vpx), pGL-Ec (�
Vpr) and pGL-St/Ec (�Vpx/�Vpr) were trans-
fected into 293T cells, and virus production was
determined on day 2 post-transfection. As shown
in Fig.1, all the clones tested here gave similar
results upon transfection. Mutations in vpx, vpr or
both did not affect significantly the ability of the
virus to release progeny virions as monitored by
RT assay. The mutant virions produced in trans-
fected 293T cells were functionally normal since
they all exhibited similar infectivity to M8166 cells
(data not shown), which are permissive for any
vpx mutants (2, 13). As shown in Fig. 2, the virions

Fig. 1 Progeny virion production in 293T cells transfected
with Vpx/Vpr mutant clones. Cells were transfected with vari-
ous proviral clones indicated, and on day 2 post-transfection,
virus production was determined by RT assay. RT production
relative to that of wt clone is shown.
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Fig. 2 EM analysis of Vpx/Vpr mutant virions produced in transfected 293T cells. Cells on day 2 post-transfection in Fig.1 were
subjected to EM analysis as described in MATERIALS ANDMETHODS. Samples:A-1 to A-4, wt; B-1 to B-4,�Vpx;C-1 to C-4,�Vpr;
D-1 to D-4,�Vpx/�Vpr. Bars : 500nm for A-1 & A-2 to D-1 & D-2 ; 100nm for A-3 & A-4 to D-3 & D-4.
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in the cultures were then examined for their
morphology by EM. No significant difference of
virion morphology was seen among wt and the
mutants (A-1 & A-2 to D-1 & D-2). Budding of viri-
ons from cells (A-3 to D-3 at a high magnification),
immature virions (B-3 at a high magnification),
and mature virions with a cone-shaped core (A-4
to D-4) were similary observed.

Characteristics of virions produced in infected cells

We recently reported that a monkey lympho-
cytic cell line designated HSC-F behaved exactly
like primary human lymphocytes for mutant vi-
ruses of HIV-2 (2). We were interested in compar-
ing the morphology of the mutants produced in
infected HSC-F cells. Cell-free virus samples were
prepared from 293T cells transfected with various
clones as above, and an equal amount as deter-
mined by RT assay was inoculated into HSC-F
cells. As shown in Fig. 3, whereas�Vpr grew equally
well with wt virus,�Vpx displayed a very retarded
growth pattern. The double mutant �Vpx/�Vpr
did not grow significantly during the observation
period. The cultures on day 11 post-infection
were then subjected to extensive EM analysis. As
shown in Fig. 4, the number of virions produced in
each culture was significantly different. Cells in-

fected with wt virus or �Vpr generated a large
number of virions (A-1 & A-2 and C-1 & C-2) but
those with�Vpx yielded a relatively small number
of progenies (B-1 & B-2). Progeny virions of�Vpx
/�Vpr were seen only rarely (D-1 & D-2). These
observations were in good agreement with the
results in Fig. 3. In contrast to the production level
of progeny virions, no remarkable difference was
noticed for virion morphology among wt and
mutant viruses. Immature (A-3 to D-3 at a high
magnification) and mature virions (A-4 to D-4 at a
high magnification) were seen in all cultures ex-
amined.

Conclusion

Our results described here indicated that Vpx
and Vpr of HIV-2 do not affect virion morphogene-
sis appreciably both in permissive (293T) and non-
permissive (HSC-F) cells for�Vpx. In the absence
of Vpx and Vpr, the virus almost lost its infectivity
(Fig. 3) but still retained the intact structure as a
virion (Fig. 4). We have recently demonstrated, by
homology modeling, that HIV-2 Vpx and Vpr are
structurally very similar (1). This may account for
the cooperative function of Vpx and Vpr. The bio-
logical and molecular basis needs to be experi-
mentally determined.

Fig. 3 Growth kinetics in lymphocytic
HSC-F cells of Vpx/Vpr mutant viruses.
An equal amount of cell-free virus sam-
ples indicated was inoculated into HSC-F
cells, and virus production in the culture
supernatants was monitored at intervals
by RT assay. Input cell-free viruses were
prepared from 293T cells on day 2 post-
transfection.
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Fig. 4 EM analysis of Vpx/Vpr mutant virions produced in infected HSC-F cells. Cells on day 11 post-infection in Fig.3 were sub-
jected to EM analysis as described in MATERIALS ANDMETHODS. Samples : A-1 to A-4, wt ; B-1 to B-4, �Vpx ; C-1 to C-4,�Vpr ;
D-1 to D-4,�Vpx/�Vpr. Bars : 1µm for A-1 & A-2 to D-1 & D-2 ; 100nm for A-3 & A-4 to D-3 & D-4.
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