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Human immunodeficiency virus type 1F12 (HIV-1F12) interferes with the replication of other strains of HIV.
Its accessory protein, Nef, is sufficient for this phenotype, where the production and infectivity of HIV are
impaired significantly. The analysis of three rare mutations in this Nef protein revealed that these effects could
be separated genetically. Moreover, the defect in virus production correlated with the lack of processing of the
p55Gag precursor in the presence of Nef from HIV-1F12. Importantly, the introduction of one of these mutations
(E177G) into Nef from HIV-1NL4-3 also created a dominant-negative Nef protein. Effects of Nef from HIV-1F12
on virus production and Gag processing correlated with its altered subcellular distribution. Moreover, the
association with two new cellular proteins with molecular masses of 74 and 75 kDa, which do not interact with
other Nef proteins, correlated with the decreased virion infectivity. The identification of a dominant-negative
protein for the production and infectivity of HIV suggests that Nef plays an active role at this stage of the viral
replicative cycle.

The negative factor (Nef) of human immunodeficiency virus
(HIV) and simian immunodeficiency virus plays a critical role
in their pathogenicity. Viruses that lack the nef gene replicate
to significantly lower levels than their wild-type counterparts
and are generally considered nonpathogenic in vivo (8, 17, 18).
However, the key role of this protein for lentiviral pathogen-
esis has not been elucidated fully. Identified functions of Nef
include the removal of CD4 and major histocompatibility com-
plex class I (MHC-I) molecules from the surface of the in-
fected cell, which might facilitate the replication and immune
evasion of HIV, respectively (5, 15, 19, 29, 31). Additionally,
Nef activates signaling cascades, which increase levels of viral
replication in infected cells (3, 4, 10, 11). Nef also plays a role
in particle release (4, 9). Finally, Nef is packaged into virions
and increases the infectivity of HIV (2, 27, 30, 32, 39). Contri-
butions of these effects of Nef in vitro to its overall phenotype
in vivo remain to be determined. Therefore, unrecognized
functions of Nef could also contribute to its effects.

Nef provides the most significant growth advantage to HIV
in quiescent primary cells (23, 33). However, functional studies
on Nef have been complicated by the subtlety of some of its
effects in transformed cell lines. One way to circumvent this
problem was to use dominant-negative and antisense ap-
proaches that highlighted specific functions of Nef on cellular
signaling and trafficking pathways (9, 10, 21, 22). Similarly,
dominant-negative variants of viral proteins were instrumental
in elucidating the processes of lentiviral morphogenesis and
budding (34, 37). HIV-1F12 represents an example of a domi-

nant-negative virus. Cells transfected with F12 proviral DNA
do not produce virus particles despite the synthesis of all viral
proteins. This effect also extends to the propagation of other
HIV-1 isolates in these cells (13, 14). Functional studies on
HIV-1F12 mapped these effects to the gag, vif, and nef genes
(7). Subsequent studies suggested that Nef from HIV-1F12

(F12-Nef) alone could reconstitute this phenotype (24).
In this study, we demonstrate that F12-Nef, when expressed

as a hybrid CD8-Nef protein, exerts a strong dominant-nega-
tive effect on the production and infectivity of HIV and inter-
feres with the processing of the p55Gag precursor by the viral
protease. These effects can be transferred to Nef from HIV-
1NL4-3 (NL4-3–Nef) by a single point mutation. Whereas the
effects on virus production and Gag processing correlated with
a strictly perinuclear localization of dominant-negative Nef
proteins, effects on virion infectivity could be mediated by its
association with two new cellular proteins. These results sug-
gest that Nef also plays an important role in viral morphogen-
esis and budding.

MATERIALS AND METHODS

Antibodies. The following reagent was obtained through the AIDS Research
and Reference Program, Division of AIDS Program, National Institute of Al-
lergy and Infectious Diseases, National Institutes of Health: antiserum to HIV-1
p25/24 Gag, from Kathelyn Steimer, Chiron Corporation (35). For the detection
of Nef, the polyclonal rabbit serum pAKF3 (11) was used. The antibody against
CD8 used for immunoprecipitation was from Pharmingen (San Diego, Calif.),
and the fluorescein isothiocyanate (FITC)-conjugated anti-CD8 antibody used
for immunofluorescence was purchased from Becton Dickinson (San Jose, Calif.).

Constructs. Plasmid DNAs encoding replication-competent HIV proviruses
were from the HIV-1 allele NL4-3 (1). The nef-deleted variant NL4-3pDs was
generously provided by John Guatelli, University of California at San Diego.
Expression plasmids for hybrid CD8-Nef proteins were generated by inserting
the various nef genes into the EF promoter-driven expression plasmid for the
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extracellular and transmembrane portion of CD8 (CD8T) (22). In the construct
encoding the CD8-F12-Nef protein, single point mutations encoding the respec-
tive amino acids in NL4-3–Nef were introduced by standard PCR mutagenesis
methods.

Cells and transfections. 293T, Sx22-1, and NIH 3T3 cells were grown in
Dulbecco modified minimal essential medium supplemented with 10% fetal calf
serum and streptomycin-penicillin. Transfections were performed using Lipo-
fectamine (Gibco BRL, Rockville, Md.) according to the manufacturer’s instruc-
tions.

Virus production, infectivity, and Gag processing. To assess the effects of Nef
during virion production, 293T cells were transfected with proviral DNA and Nef
expression plasmids at 1:1 molar ratio. At 48 h posttransfection, cells and cell
culture supernatants were harvested. The cells were lysed in radioimmunopre-
cipitation assay (RIPA) buffer, and cleared supernatants were analyzed by West-
ern blotting for Nef and Gag. Cell culture supernatants were cleared through a
45-mm-pore-size filter (Millipore, Bedford, Mass.) and stored at 280°C or used
directly in infectivity assays. Measurements of the reverse transcriptase (RT)
activity for quantification of virus production and the determination of the
relative virion infectivity on Sx22-1 HeLa-CD4 indicator cells were performed as
previously described (12).

Subcellular localization. For the determination of the subcellular localization
of hybrid CD8-Nef proteins, NIH 3T3 cells were plated on coverslips overnight
and subsequently transfected with 1 mg of plasmid DNA. At 36 h posttransfec-
tion, cells were fixed in 3.7% formaldehyde for 5 min at room temperature,
washed in phosphate-buffered saline (PBS), and then permeabilzed with 0.3%
Triton X-100 in PBS for 3 min at room temperature. After the cells were washed
in PBS, they were blocked in PBS–3% bovine serum albumin for 30 min at room
temperature and then incubated with FITC-conjugated anti-CD8 antibody (Bec-
ton Dickinson) (1:20 dilution) for 1 h at room temperature. After extensive
washing in PBS, the coverslips were mounted in Vectashield (Vector Laborato-
ries, Burlingame, Calif.) and analyzed using a Leica DM IRBE confocal laser
scanning microscope with a 633 oil objective. Pictures of individual optical
sections were processed using Adobe PhotoShop software.

Analysis of F12-Nef-associated proteins. At 30 h posttransfection, 293T cells
transfected with 10 mg of plasmid DNA were labeled with 100 mCi of [35S]Met–
[35S]Cys (Pro-Mix; Amersham Life Science, Arlington Heights, Ill.) for 10 h.
Cells were then washed in PBS and lysed in RIPA buffer (150 mM NaCl, 50 mM
Tris [pH 7.2], 1% Triton X-100, 0.1% sodium dodecyl sulfate [SDS]) for 30 min
at 4°C, and cleared supernatants were immunoprecipitated with the anti-CD8
antibody. After 3 h of incubation, immunoprecipitates were washed extensively
in RIPA buffer, separated by SDS–10% polyacrylamide gel electrophoresis
(PAGE), and visualized by autoradiography.

RESULTS

F12-Nef interferes with production, infectivity, and Gag pro-
cessing of HIV. Previous studies suggested that the expression

of F12-Nef could be sufficient to confer the phenotype of
HIV-1F12 (7, 24). These effects depended on the myristoylation
of the F12-Nef protein but, unlike with HIV-1F12, did not affect
the processing of the p55Gag precursor (7, 13, 14, 24). There-
fore, we decided to investigate the activity of a hybrid CD8-
F12-Nef protein. This approach has been used widely to study
the function of Nef (3, 9, 10, 22, 28, 41). To determine if this
chimera reproduced the complete phenotype of HIV-1F12,
the hybrid CD8-F12-Nef protein was coexpressed with the
HIV-1NL4-3 provirus and virus production was monitored in
293T cells. As presented in Fig. 1A (virus production), the
expression of the CD8-F12-Nef chimera resulted in a fivefold-
reduced production of virus particles. This finding correlated
with an almost complete loss of processing of the p55Gag pre-
cursor by the viral protease (Fig. 1B, compare lanes 1 and 2).
The cleavage of the p55Gag precursor by the viral protease is a
regulated multistep process (38). As indicated by the presence
of the matrix-capsid (MA-CA) polyprotein intermediate (Fig.
1B, p41), the first cleavage step was not affected by F12-Nef. In
sharp contrast, further processing of p41 into p17MA and
p24CA was blocked (Fig. 1B, p24). Thus, the expression of the
CD8-F12-Nef chimera alone recapitulated the phenotype of
HIV-1F12. However, given the amount of virus particles pro-
duced even in the presence of F12-Nef, this finding could
not explain the complete loss of replication of HIV-1F12 and
HIV-1NL4-3/F12-Nef (24).

We also investigated the relative infectivity of virions pro-
duced in the presence of F12-Nef in a single round of replica-
tion (Fig. 1A, virion infectivity). Interestingly, F12-Nef also
reduced strongly the infectivity of these particles and thus
inhibited effects of proviral NL4-3–Nef. The expression of the
extracellular and transmembrane portion of CD8 (CD8T) or of
a CD8–NL4-3–Nef fusion protein had no effect on virus pro-
duction, virion infectivity, or Gag processing of the full-length
NL4-3 provirus in this experimental system (data not present-
ed). We conclude that F12-Nef exerts a dominant-negative
effect on the production and infectivity of HIV that blocks the
replication of HIV-1F12 and HIV-1NL4-3/F12-Nef.

FIG. 1. CD8-F12-Nef chimera acts as a dominant-negative Nef protein for the production and infectivity of HIV as well as Gag processing. (A)
The hybrid CD8-F12-Nef protein inhibits the production and infectivity of HIV. Culture supernatants from 293T cells, which were cotransfected
with the HIV-1NL4-3 proviral DNA and an expression plasmid for the truncated CD8 protein (CD8T) (1CD8T) or the CD8-F12-Nef chimera
(1CD8-F12), were assayed for the amount of RT activity (virus production) and the relative infectivity of virions produced in a single round of
replication (virion infectivity). Values are shown as the percentages of values produced in the absence of F12-Nef, with error bars showing the
standard errors of the mean for three independent experiments performed in duplicate. (B) Western blotting of lysates from 293T cells used in
panel A was performed with the indicated antibodies.
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Effects of F12-Nef on production and infectivity of HIV are
genetically separable. The sequence of F12-Nef is very similar
to that of NL4-3–Nef. However, F12-Nef contains three point
mutations (G140E, L153V, and E177G) that distinguish it
from all other Nef proteins (7). To determine if these muta-
tions were responsible for the phenotype of HIV-1F12, mutant
hybrid CD8-F12-Nef proteins containing reversions of individ-
ual mutations were expressed and analyzed for their effects on
the replication of HIV-1NL4-3 that lacked the nef gene (Fig. 2,
HIV-1NL4-3DNef). Only the SF2-Nef and NL4-3–Nef proteins
in the context of the CD8 chimera increased virion infectivity
up to fourfold in this system (Fig. 2A, compare black bars 0, 1,
2, and 3). In sharp contrast, the hybrid CD8-F12-Nef protein
suppressed the production (fivefold) and infectivity (up to two-
fold) of this provirus (Fig. 2A, bars 4). The E140G and L153V
reversions in F12-Nef did not rescue virion infectivity (Fig. 2A,
black bars 5 and 6). However, the reversion G177E resulted in
the complete loss of the F12 phenotype (Fig. 2A, black bar 7).
Of note, all three reversions abrogated the inhibition of Gag
processing by F12-Nef (Fig. 2B, lanes 5, 6, and 7). Similar
results were obtained in the presence of the wild-type
HIV-1NL4-3 provirus (Fig. 1A and data not presented). There-
fore, effects of F12-Nef on virus production and virion infec-
tivity were separable genetically and are distinct. We conclude
that the inhibition of Gag processing correlates with the de-
creased production but not infectivity of virus particles.

A single point mutation converts NL4-3–Nef into a domi-
nant-negative Nef protein. Our results indicated that the
E177G change in F12-Nef was essential for its dominant-neg-
ative effects. Therefore, we wondered if the introduction of this
mutation into a Nef protein with classical biological activities

could result in a dominant-negative Nef protein. We con-
structed a plasmid that directed the synthesis of a mutant
hybrid CD8–NL4-3–Nef protein that contained a glutamic acid
instead of a glycine at position 177 (CD8–NL4-3–Nef E177G).
Indeed, this mutant Nef protein inhibited the production and
some of the infectivity of HIV-1NL4-3DNef similarly to F12-Nef
(Fig. 3A, bars 2 and 3). As expected from our previous results,
this reduction in virus production correlated with the block of
processing of p55Gag (Fig. 3B, lanes 2 and 3). Interestingly, the
infectivity of virions produced in the presence of the CD8–
NL4-3–Nef E177G fusion protein was intermediate between
that of F12-Nef and NL4-3–Nef (Fig. 3A, compare black bar 3
to black bars 1 and 2). We conclude that the E177G mutation
confers many of the dominant-negative properties of F12-Nef
to a Nef with classical biological activities.

F12-Nef displays atypical subcellular distribution. To gain
insight into the mechanism of the dominant-negative effect of
F12-Nef, we analyzed its subcellular distribution by confocal
microscopy of NIH 3T3 cells. Similar to previous reports (16,
28), we found the hybrid CD8–NL4-3–Nef protein distributed
throughout the cytoplasm and at the plasma membrane in a
punctate pattern and in structures reminiscent of the endoplas-
mic reticulum and Golgi compartments (Fig. 4B). This staining
was distinct from that observed with the extracellular and
transmembrane portion of CD8 alone that was localized prom-
inently at the plasma membrane (Fig. 4A, CD8T). In sharp
contrast, the hybrid CD8-F12-Nef protein was found almost
exclusively in large vesicles surrounding the nucleus and was
not detected in other parts of the cytoplasm (Fig. 4C). This
distribution was identical to that of the F12-Nef.GFP fusion
proteins in lymphoid cells and fibroblasts (reference 24 and

FIG. 2. The negative effects of F12-Nef on virus production and virion infectivity are genetically separable. (A) Effects of F12-Nef and its single
point revertant proteins on the production and infectivity of HIV. Culture supernatants from 293T cells, which were cotransfected with the
HIV-1NL4-3DNef proviral DNA and the indicated Nef expression plasmids, were assayed for the amount of RT activity (virus production) and the
relative infectivity of virions produced in a single round of replication (virion infectivity). Values are shown as the percentages of values produced
in the absence of F12-Nef, with error bars showing the standard errors of the mean of three independent experiments performed in duplicate. (B)
Western blotting of lysates of the 293T cells used in panel A was performed with the indicated antibodies.
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data not presented). The three F12-Nef mutants that lost the
ability to interfere with virus production and Gag processing
also did not display a strict perinuclear pattern and had a
subcellular distribution that resembled that of the CD8–NL4-
3–Nef (Fig. 4D, E, and F). Interestingly, the introduction of the
E177G mutation into the hybrid CD8–NL4-3–Nef protein also
resulted in its perinuclear accumulation with the relative ex-
clusion from other areas of the cytoplasm (Fig. 4G). This
restriction was less pronounced than that with the hybrid CD8-
F12-Nef protein but was distinct from the hybrid CD8–NL4-
3–Nef protein. Together, these results demonstrate that dom-
inant-negative effects of F12-Nef on virus production and Gag
processing correlate with its altered subcellular distribution
and suggest that this localization plays an important role in its
mechanism of action.

F12-Nef interacts with two cellular proteins with masses of
74 and 75 kDa. Since Nef does not possess any known enzy-
matic activity and all of its known functions are mediated by
interactions with cellular proteins, we wanted to determine if
F12-Nef interacts with cellular partners different from those of
NL4-3–Nef and SF2-Nef. To this end, 293T cells, which ex-
pressed our CD8-F12-Nef chimeras, were metabolically la-
beled and immune complexes precipitated with the anti-CD8
antibody. As presented in Fig. 5, under our relatively stringent
conditions, few cellular proteins were associated with CD8T or
CD8–NL4-3–Nef and CD8-SF2-Nef chimeras, respectively
(Fig. 5, lanes 1 to 3). Given that most known interactions of
Nef are weak and transient and are detected with more di-

rected approaches, this finding was not surprising. In contrast,
F12-Nef bound strongly to two cellular proteins with molecular
masses of approximately 74 and 75 kDa (Fig. 5, lanes 4 and 5).
Interestingly, these cellular proteins were also found to asso-
ciate with the E140G and L153V but not with the G177E
mutant F12-Nef proteins (Fig. 5, lanes 6 to 8). Thus, the asso-
ciation with p74/75 correlated with the ability of F12-Nef to
reduce virion infectivity. Their identification should provide
further insights into the mechanism of action of F12-Nef.

DISCUSSION

This study demonstrates that the expression of Nef from
HIV-1F12 as a CD8-fusion protein is sufficient to recapitulate
the inhibitory effect of this provirus and results in the genera-
tion of a dominant-negative Nef protein. Both the production
and the infectivity of HIV were significantly reduced in the
presence of F12-Nef independently of the wild-type NL4-3–
Nef. Importantly, a significant amount of the F12 phenotype
could be transferred to Nef from HIV-1NL4-3 by a single amino
acid substitution (E177G). Importantly, the relevance of this
point mutation was confirmed in infection experiments
(d’Aloja et al., unpublished data). Moreover, the activities of
F12-Nef on the production and infectivity of HIV were mech-
anistically distinct. Whereas the inhibitory effect of F12-Nef on
the processing of p55Gag correlated with the reduction of par-
ticle production and could be mediated by its strictly perinu-
clear subcellular localization, the reduction of virion infectivity

FIG. 3. One single point mutation confers the F12 phenotype onto NL4-3–Nef. (A) NL4-3–Nef E177G inhibits the production and infectivity
of HIV. Culture supernatants from 293T cells, which were cotransfected with HIV-1NL4-3DNef proviral DNA and the indicated Nef expression
plasmids, were assayed for the amount of RT activity (virus production) and the relative infectivity of virions produced in a single round of
replication (virion infectivity). Values shown are the percentages of values produced in the absence of F12-Nef, with error bars showing the
standard errors of the mean of three independent experiments performed in duplicate. (B) Western blotting of cell lysates of the 293T cells used
in panel A were performed with the indicated antibodies.

FIG. 4. Dominant-negative Nef proteins are concentrated in the perinuclear area. Presented is an immunostaining of NIH 3T3 cells, which were
transfected with the indicated expression plasmids. The subcellular distribution of the expressed proteins was visualized with a FITC-conjugated
a-CD8 antibody by using confocal microscopy. Cells expressed the truncated CD8T protein (A), the hybrid CD8–NL4-3–Nef protein (B), the
hybrid CD8-F12-Nef protein (C), the hybrid mutant CD8-F12-Nef E140G protein (D), the hybrid mutant CD8-F12-Nef V153L protein (E), the
hybrid mutant CD8-F12-Nef G177E protein (F), and the hybrid mutant CD8–NL4-3–Nef E177G protein (G).
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by F12-Nef correlated with its binding to two cellular proteins
with masses of 74 and 75 kDa. These results are summarized in
Table 1.

The use of CD8-Nef fusion proteins was instrumental for the
reconstitution of the phenotype of HIV-1F12. Most likely, this
chimera accounts for some of the discrepancy with the report
by Olivetta et al. (24) that described subtler effects of the
nonfusion F12-Nef, which did not inhibit the processing of
p55Gag. The presence of the CD8 moiety, which increases the
association of F12-Nef with cellular membranes that is essen-
tial for the antiviral effects of F12-Nef (7), might have exag-
gerated its phenotype. Indeed, the expression of a nonfusion
F12-Nef also had lesser effects in our experimental system
(data not presented). Moreover, the presence of epitope tags
on the C terminus of F12-Nef could have lessened its biological
effects (24). Similarly, we noticed that Nef-GFP fusion pro-
teins, where the green fluorescence protein was fused to the C
terminus of Nef, did not increase virion infectivity (data not
presented). Alternatively, the expression of the nonfusion F12-
Nef might have to occur in cis and/or with matched viral struc-
tural proteins to be fully functional. Thus, only the expression
of the hybrid CD8-Nef-F12 protein revealed the full dominant-
negative potential of F12-Nef.

Whereas three changed residues (E140, L153, G177) in F12-
Nef appear to be critical for its activity, the introduction of only
G177 into NL4-3–Nef conferred upon it most of the dominant-
negative properties. In turn, the presence of G177 was re-
quired but not sufficient for the inhibitory action of F12-Nef.
This paradox might reflect slight variations in the conforma-
tion of these Nef proteins, which differ in more than the three
analyzed F12 residues. Since the structure of the flexible loop
is unknown, it is possible that E177 regulates its accessibility or
that of the entire C terminus for protein-protein interactions

(such as those with the cellular p74/75) that mediate effects of
the dominant-negative Nef proteins. Moreover, the conforma-
tion of NL4-3–Nef might be more susceptible to changes at this
critical residue than that of F12-Nef. Finally, since the E177G
mutation in NL4-3–Nef did not result in the complete pheno-
type of F12-Nef, we are currently investigating whether the
introduction of additional mutations at positions G140 and
V153 will increase its dominant-negative activity.

It seems likely that this inhibition by F12-Nef reveals an
important property of the wild-type protein. Indeed, positive
effects on the production and infectivity of HIV are well-
known functions of Nef (2, 4, 9, 32). However, specific muta-
tions in the nef gene resulted previously in Nef-negative but
not dominant-negative phenotypes. Thus, effects of F12-Nef
have to be based on an active principle. Of note, an involve-
ment of Nef in the processing of viral polyprotein precursors
had not been reported previously. Thus, F12-Nef might have
revealed a new function of Nef that would have been difficult
to detect in the absence of its dominant-negative variants. This
new mechanism is supported by other biological activities of
F12-Nef. It fails to remove CD4 and MHC-I molecules from
the plasma membrane, and it does not activate p21-activated
kinase (PAK) (7, 24; d’Aloja et al., unpublished data). How-
ever, since mutant Nef proteins that are defective in these
functions do not exert an F12-Nef phenotype, the loss of these
activities is not sufficient to explain the F12 phenomenon.

So, what could be the molecular mechanisms of suppressed
production and infectivity of HIV by F12-Nef? Although the
enhancement of virion infectivity is an established function of
Nef, relatively little is known about its mechanism. Nef in-
creases virion infectivity in the presence (12, 19) and absence
(2, 26) of CD4. This effect can be only partially attributed to
cellular activation by Nef (9, 36, 40) but appears to require the

FIG. 5. F12-Nef associates with cellular proteins with molecular masses of 74 and 75 kDa. 293T cells were transfected with the indicated
expression plasmids and were metabolically labeled, and immune complexes were precipitated from cell lysates with the a-CD8 antibody.
Presented is an autoradiograph of these immunoprecipitations after their separation by SDS–10% PAGE. Arrows give the positions of the
truncated CD8T protein as well as the hybrid CD8-Nef and F12-Nef associated proteins.
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integrity of the flexible loop at the C terminus of Nef (6). Of
note, the dominant-negative effect of F12-Nef on virion infec-
tivity correlated with the binding of p74/75, which required the
glycine at position 177. Thus, the identification of p74/75 might
reveal the mechanism of decreased virion infectivity by Nef.

Effects of Nef on virus production are mediated at two
levels. First, cellular activation by Nef increases transcription
of the viral genome (4, 9, 10, 21). Additionally, Nef plays a
poorly characterized role in particle release (4, 9). F12-Nef
interferes at the latter step and may thus prove instrumental
for our understanding of the role of Nef in the replicative cycle
of HIV. The block of p55Gag processing and virus production
by F12-Nef is reminiscent of the phenotype observed with Gag
proteins that are not properly targeted to the plasma mem-
brane (20). Thus, F12-Nef could act via a similar mechanism.
One possible scenario is that Nef travels with Gag molecules
during viral morphogenesis and budding and enhances the
processing of Gag. This scenario predicts that Nef has a viral
target, such as the Gag or GagPol precursors, with which it
displays a genetic functional synergy (25, 30). Since the inter-
action with its target probably mediates the incorporation of
Nef into virus particles, the low copy number of Nef in virions
argues for the GagPol precursor as the binding partner for Nef
(27, 39). As suggested by its perinuclear localization, inhibition
of p55Gag processing, and virus production, the dominant-neg-
ative effects of F12-Nef could result from the misrouting of its
target away from the plasma membrane. In this scenario, the
viral protease would not be activated, which resembles the
situation with unmyristoylated Gag proteins (20). Of note,
steady-state levels of our hybrid CD8-F12-Nef protein were
very low in cells (Fig. 1 to 3), suggesting that F12-Nef and its
target are degraded rapidly. While the individual dominant-
negative effects of F12-Nef on virion infectivity and virus pro-
duction were not absolute, they could synergize with each
other, leading to a more complete inhibition of viral replica-
tion, which was observed previously with the HIV-1F12 provirus
(24). With the example of HIV-1F12, Nef joins the growing list
of HIV proteins whose dominant-negative versions interfere
with the viral replicative cycle. As cells expressing F12-Nef do
not support viral replication yet synthesize sufficient viral pro-
teins to elicit a vigorous immune response, the incorporation
of dominant-negative Nef proteins into antiviral strategies
should be considered.
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