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ABSTRACT Effective antiviral agents will be of great
value in controlling virus replication and delaying the onset of
HIV-1-related disease symptoms. Current therapy involves
the use of antiviral agents that target the enzymatic functions
of the virus, resulting in the emergence of resistant viruses to
these agents, thus lowering their effectiveness. To overcome
this problem, we have considered the idea of developing novel
agents from within HIV-1 as inhibitors of virus replication.
The specificity of the Vpr protein for the HIV-1 virus particle
makes it an attractive molecule for the development of anti-
viral agents targeting the events associated with virus matu-
ration. We have generated chimeric Vpr proteins containing
HIV-1-specific sequences added to the C terminus of Vpr.
These sequences correspond to nine cleavage sites of the Gag
and Gag–Pol precursors of HIV-1. The chimeric Vpr con-
structs were introduced into HIV-1 proviral DNA to assess
their effect on virus infectivity using single- and multiple-
round replication assays. The virus particles generated ex-
hibited a variable replication pattern depending on the pro-
tease cleavage site used as a fusion partner. Interestingly, the
chimeric Vpr containing the cleavage sequences from the
junction of p24 and p2, 24y2, completely abolished virus
infectivity. These results show that chimeric proteins gener-
ated from within HIV-1 have the ability to suppress HIV-1
replication and make ideal agents for gene therapy or intra-
cellular immunization to treat HIV-1 infection.

The HIV-1 life cycle shares several features common to all
retroviruses. These features include virus attachment to a
specific receptor, penetration, uncoating, reverse transcrip-
tion, translocation of viral DNA from the cytoplasm to the
nucleus, integration, expression of viral proteins, assembly,
and maturation of virus particles (1). Virally encoded enzy-
matic activities, which are essential for the processes associated
with virus infection, have all been used as targets for devel-
oping agents that interfere with virus replication (2–4). Un-
fortunately, the use of such antiviral agents has also resulted
in the emergence of drug-resistant viruses (5–7). In compar-
ison to the monotherapy, combination therapy involving mul-
tiple inhibitors has been shown to be effective (8–11). The
emergence of drug-resistant viruses, however, will remain a
problem with the continued use of antiviral agents to target
viral enzymes. Hence, alternative strategies to contain HIV-1

replication are warranted. Toward this goal, an approach to
generate a novel anti-HIV-1 agent from within the virus has
been considered.
Among the auxiliary gene products of HIV-1, vpr, vif, and

nef have been shown to be associated with virus particles to a
varying extent (12–16). The virion-associated protein Vpr has
been an intensive area of interest with respect to understand-
ing the role of Vpr in virus infection. Vpr coding sequences (96
aa) are found to overlap Vif at the 59 end and Tat at the 39 end
(17). Characteristic features of Vpr include virion incorpora-
tion, cell cycle arrest at the G2 stage, nuclear localization,
participation in transport of the preintegration complex, dem-
onstration of cation channel activity, and interaction with
several candidate cellular proteins (18–28). Additionally, work
from our laboratory and others has shown that Vpr is essential
for optimum infection of macrophages (29, 30). Mutational
analysis of Vpr has revealed the presence of critical domains
needed for its virion incorporation and the importance of the
predicted helical domain (amino acids 17–34) in such an event
(22, 31–38). The virion specificity and abundance of Vpr in
viral particles provide avenues for localizing antiviral agents to
progeny virus, giving the ability to interfere with the assembly,
maturation, and infectivity of HIV-1.
Upon initial synthesis as a polyprotein precursor, the HIV-1

aspartyl protease has the unique ability to autocatalyze its own
cleavage from the Pr160 polyprotein precursor. After its
release, the protease is then able to catalyze the cleavage at
other sites generating the mature Gag proteins, p17, p24, p7,
and p6 and the reverse transcriptase (RT) and integrase
enzymes. The specific cleavage sites between the proteins in
the polyprotein precursor recognized by HIV-1 protease are
highly conserved among viral isolates (39).
To generate an effective anti-HIV-1 agent from within the

virus, we have combined the protease cleavage site residues
found in the Gag and Gag–Pol precursor proteins and the
virion-specific feature of Vpr. The rationale for this approach
is that an inappropriate presentation of chimeric Vpr (Vpr-C)
proteins containing protease cleavage signal sequences might
interfere with the processing of bona fide viral precursor
polyproteins leading to the generation of incompletely pro-
cessed noninfectious virus particles (2). The differential
amount of Gag, Gag–Pol, and Vpr proteins present in the virus
particle supports the feasibility of such an approach. This study
has demonstrated that the above strategy is effective in
interfering with HIV-1 virus replication.The publication costs of this article were defrayed in part by page charge
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MATERIALS AND METHODS

Plasmids. Cloning of wild-type and Vpr-C was carried out
using the pCDNA3 expression vector as described (31–35).
DNA fragments were amplified through PCR using the pro-
viral clone pNL4–3 with primers containing HindIII and XhoI
at the 59 and 39 end of the Vpr coding region, respectively.
Sequences corresponding to the protease cleavage site residues
were added in frame (10 aa) to the C terminus of Vpr coding
sequences as part of the minus strand primer (see Figs. 1A and
2A). Sequences representing the Flag epitope (F) were also
added to the C terminus of Vpr. All recombinant plasmids
were verified by restriction enzyme cleavage and DNA se-
quence analysis.
Vpr-C fragments were prepared by excision from the re-

spective expression vector at the EcoRI and XhoI sites for
insertion into the proviral DNA, pNL4–3, cleaved at the
unique sites EcoRI and SalI (see Fig. 2B). This strategy does
not interfere with the overlap region of vif and tat.
In Vitro TranscriptionyTranslation and RIA Analysis of

Vpr-C Proteins. The coupled T7 transcriptionytranslation
system (Promega) was used for characterizing the expression
of the Vpr-C clones. Incubation conditions were followed
according to manufacturer’s instructions.
Radioimmunoprecipitation assay (RIPA) analysis of in vitro

translated proteins was carried out using polyclonal antiserum
to Vpr as described (35).
InfectionyTransfection, Metabolic Labeling, Immunopre-

cipitation, and Western Blot Analysis. For expression studies,
the recombinant vaccinia virus vTF7-3 that expresses T7 RNA
polymerase in infected cells was used. HeLa cells at 106 cells
per 35-mm tissue culture dish were first infected with the virus
at a multiplicity of infection of 10 for 1 hr and subsequently
transfected via the Lipofectin method (Life Technologies,
Gaithersburg, MD) with the Vpr-C expression vectors in
conjunction with an HIV-1 Gag expression vector for virion
incorporation analysis. Transfected cells were washed in PBS
and starved in DMEM (without sera, Met and Cys) for a total
of 1 hr, followed by labeling with 35S protein labeling mix
(DuPontyNEN) at 200 mCiyml (1.2 Ciymmol; 1 Ci5 37 GBq)
for a total of 5 hr. The culture medium, cleared of cellular
debris by low speed centrifugation, was subsequently centri-
fuged at 25,000 rpm for 90 min, and virus-like-particles were
suspended in RIPA buffer. Cells were washed twice in PBS
and lysed in RIPA buffer as above. Immunoprecipitation
analysis subsequently followed using polyclonal HIV-1 Vpr,
Gag, and Flag epitope antibodies, respectively. Immunopre-
cipitated proteins were separated on 15% SDSyPAGE and
immunoblot analysis was carried out as described (Santa Cruz
Biotechnology).
Generation of Virus upon Transfection of HIV-1 Proviral

DNA and Virus Infectivity Studies. Both wild-type- and Vpr-
C-containing proviral DNA were transfected into rhabdomay-
osarcoma cells as described (40). Virus particles released into
the culture medium were harvested 72–120 hr posttransfection
and quantitated by RT and p24 antigen assay (40). The virus
infectivity studies were carried out using established CD41

CEM cells as targets. Three million cells were incubated with
virus innoculum, normalized on the basis of RT activity or p24
antigen levels, for 2 hr at 378C. Infected cells were then washed
and resuspended in RPMI 1640 medium. Aliquots from in-
fected cultures were taken once a week and split to keep the
cell concentration at one million cellsyml.
Single Cycle Replication Assay. Using a previously pub-

lished strategy, proviral DNAs containing Vpr-C were cleaved
with the NheI restriction endonuclease, and a simian virus 40
(SV40) early promoteryenhancer hygromycin gene cassette
(SV-Hygr) was inserted, leading to the disruption of the env
gene (41–43). pED84, which contains the insertion of the
SV-Hygr cassette in the env gene of pNL4-3 was used as the

control plasmid for transfection experiments and contains a
wild-type vpr gene (44). To generate virus particles capable of
only a single round of replication, cotransfection of Cos cells
was performed with the Vpr-C modified proviral clones
(NLVpr-C-HYGRO) and an amphotropic murine leukemia
virus (A-MLV) envelope glycoprotein (Env-gp) expression
plasmid, pSV-A-MLV-env (see Fig. 2B) (45).
Virus particles released into the medium were harvested 72

hr posttransfection and cleared of cellular debris by low speed
centrifugation. An aliquot was used to infect HeLa T4 cells. At
48 hr postinfection, selection of hygromycin resistance was
initiated with media containing 200 mgyml hygromycin B.
After 9–11 days, hygromycin-resistant colonies were stained
with 0.5% crystal violet in 50% methanol and counted.

RESULTS

Construction of Vpr-C Containing HIV-1 Protease Cleav-
age Signal Sequences. The structural proteins Gag and Gag–
Pol of HIV-1 are synthesized as precursor polyproteins and
contain a total of 12 cleavage sites recognized by the virus-
encoded protease allowing for precursor processing and virus
maturation (46). The specificity of HIV-1 protease is found to
lie in the detection and cleavage of a scissile bond (Met-Met,
Leu-AlayPhe, Tyr-Pro, Phe-ProyTyryLeu) within the mini-
mum context of four residues 59 (P1–P4) and three residues 39
(P19–P39) to the site of cleavage (2, 47–49). In this study, nine
major sites for generating Vpr-C were selected. Primers that
comprise sequences corresponding to the nine cleavage sites,
followed by a termination codon, were synthesized to allow for
the addition of sequences at the C terminus of Vpr by PCR
(Fig. 1). In addition, following each of the cleavage sites, an 8
aa Flag epitope was added to aid in antibody detection of the
chimeric proteins (23). As a control, we have generated a
Vpr-C containing only a Flag epitope at the C terminus. The
proviral clone pNL4-3 was used as the template for generating
replication-competent proviral clones containing the Vpr-C.
The details of cleavage site residues used for generating Vpr-C
are presented in Fig. 2A. The designation of Vpr-C is indicated
by the abbreviation for the respective protease cleavage site.
The cleavage signals added onto our Vpr-C proteins include
the P5 and P59 residues specific to each of the respective sites,
which includes the minimum protease recognition site. The
Vpr-C clones were verified for sequence integrity.
Expression and Virion Incorporation of Vpr-C.We used an

in vitro T7 expression system to verify the expression of each
of the Vpr-C proteins. In vitro translated Vpr-C proteins were
immunoprecipitated with polyclonal Vpr antiserum. As ex-
pected, each Vpr-C protein was expressed at levels equal to the
wild-type Vpr protein (Fig. 3). As reported earlier, the wild-
typeVprmigrates to 14 kDa (32). The different Vpr-C proteins
displayed altered mobility in comparison to wild-type Vpr.
This may be due to the added signal sequences containing
highly acidic and hydrophobic residues. The Vpr-C Flag pro-
tein (Vpr-F) with the Flag addition, made mostly of acidic

FIG. 1. Minus strand primers (59–39) used to generate Vpr-C.
Primers include restriction site, stop codon (p), sequences specific for
the cleavage site (solid rectangle), and sequences specific for the 39 end
of Vpr (open rectangle).
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residues, also migrated differently than wild-type Vpr (data
not shown).
To verify that the Vpr-C proteins retain the ability to

incorporate into virus-like particles directed by HIV-1 Gag
and to monitor the expression of Vpr-C in cells, we employed
a vaccinia virus T7 RNA polymerase expression system (vTF7-
3). vTF7-3-infected HeLa cells were transfected with wild-type
Vpr or Vpr-C expression plasmids containing the Flag epitope
(F) in combination with the Gag expression vector pCDGag by
the Lipofectin method. Immunoblot analysis of Vpr-F, Vpr-
C-F, and Gag was performed in both cell lysates and culture
media with anti-Flag and anti-Gag antiserum 24 hr posttrans-
fection (Fig. 4). Results of the cell lysate showed the presence
of both Gag and Vpr (Fig. 4A). The culture medium immu-
noblot indicated that the Vpr-C proteins are incorporated into
virus-like particles (Fig. 4B). As expected, the mock, control
plasmid pCDNA-3 and pCDVprD cells failed to show a
corresponding protein.

Effect of Vpr-C in HIV-1 Infection of CEM Cells. Upon
characterization of Vpr-C constructs, the Vpr-C protein cod-
ing sequences were introduced into HIV-1-NL43 proviral
DNA (NLVpr-C) (Fig. 2B). To avoid disruption of the overlap
of vpr with tat at the 39 end in the NLVpr-C construct, the
unique EcoRI and SalI restriction endonuclease cleavage sites
were used to introduce the 39 end of chimeric Vpr from the
recombinant plasmids.
The proviral DNA NL4-3 and NL-Vpr-C were transfected

into rhabdomayosarcoma cells to generate viruses for evalu-
ating the effect of Vpr-C at the level of viral replication. Virus
released into the medium was collected 5 days posttransfection
and quantitated by an RT assay (40). Equivalent RT activity-
containing virus particles were added to CEM cultures, and
infected cells were monitored for virus replication for nearly
30 days. Cultures infected with wild-type pNL4-3 showed peak
virus production at 15–21 days postinfection, as is generally
observed with a spreading infection. Similar results were noted
using virus derived from NLVpr-F (data not shown). The
replication of the virus particles derived from proviral DNA
containing NL-Vpr-C was altered in comparison to the control
(Table 1). The chimeric viruses exhibited a delayed kinetics of
virus spread and very little replication was evident for up to 14
days, suggesting the presence of a mixture of infectious and
noninfectious virus particles. Strikingly, the NLVpr-24y2 virus
showed no viral replication for up to 28 days. In general, the
infectivity assays carried out in CEM cells represent a spread-
ing infection and the results generated may reflect a cumula-
tive effect over multiple rounds of infection.
Utilization of Single-Round Replication Assay to Evaluate

the Effect of Vpr-C. To precisely evaluate the effect of Vpr-C
in a single cycle of virus replication, a single-round replication
assay was established as described (41–44). For this purpose,
NL4-3 and NLVpr-C proviral DNA were cleaved at the NheI
restriction enzyme cleavage site where a hygromycin gene
cassette (SV-Hygr) under the control of the SV40 early pro-
moter was inserted (NLVpr-CHYGRO) (Fig. 2B) Because the
SV-Hygr cassette was inserted in the env gene leading to the
disruption of Env expression, virus particles containing am-
photropic envelope were generated by trans-complementation
using theMLV envelope expression plasmid by cotransfection.
The virus particles present in the supernatant were used to

infect HeLa T4 cells and the infected cells were selected in
media containing hygromycin B as described (41–44). The
number of Hygr-resistant colonies in the presence of the
antibiotic reflects the ability of a pseudotyped particle to infect
and integrate into the cellular genome. The results are pre-
sented in Table 2 and correlate well with the multiple rounds
of replication assay.

FIG. 2. (A) Schematic representation of the Gag and Gag–Pol
precursors of HIV-1 indicating protease cleavage sites 1–9 (bold). The
Vpr-C proteins contain the corresponding cleavage signal found in the
Gag andGag–Pol precursors indicated by number and abbreviation for
the site, fused in-frame to the C terminus of Vpr resulting in a protein
of 106 aa. Likewise, all Vpr-C constructs received a Flag epitope
(DYKDDDDK) immediately following the cleavage site. The asterisk
indicates the construct containing the Flag epitope alone. The dashed
line indicates site of ribosomal frame shift. (B) Proviral clone pNL4–3
cleaved with EcoRIySalI in Vpr coding region to allow insertion of
EcoRIyXhoI generated fragment from Vpr-C (NLVPR-C). Vpr-C-
derived fragments contain a stop codon (p) so sequences downstream
of SalI are out of frame. NLVPR-C HYGRO contains an SV-Hygr
cassette in the env gene for selection of positive clones in single-round
replication assay.

FIG. 3. RIPA analysis of in vitro transcribed and translated Vpr-C
proteins. Antiserum to Vpr was used as described. Vpr-C proteins
exhibit a shift in migration and appear around 18 kDa. Designation of
the Vpr constructs are described in legend to Fig. 2.
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In an attempt to increase the efficiency of Vpr-C as
pseudosubstrates for protease, we have introduced amino acids
constituting a flexible hinge region (Gly-Gly-Ser-Ser-Gly)
immediately 59 to the cleavage signal of the 17y24 construct
(Fig. 2A). This construct was chosen to receive a hinge based

on its weak performance and from previous reports that the
Tyr-Pro scissile bond it contains acts as a late site for cleavage
making it one of the less efficient sites for protease cleavage
(50). Results generated from the H17y24 chimera indicate an
enhancement of the inhibitory affect in the single round
infection assay; however, it still lacks the total inhibition seen
with Vpr-24y2.

DISCUSSION

Currently, there are several drugs that have been approved by
the Federal Drug Administration to treat HIV-1-infected
individuals, all of which either target the viral RT or protease
enzymatic activities of the virus. The continued treatment of
virus-infected individuals with these drugs has led to the
identification of viruses that exhibit partial to full resistance to
treatment as a result of specific changes in the target enzymes
(51). In the absence of a successful vaccine to prevent HIV-1
infection, various alternative approaches have been proposed
and are being actively investigated (8–11). These include the
capsid fusion approach where a toxic gene product can be
fused to the capsid protein for inactivating the virion compo-
nents, chimeric receptor molecules targeted to Env, and the
use of trans-dominant mutants targeting Gag, Rev, Tat, and
Env for inactivating the virus at different stages of the life cycle
(52–57).
The virion association of nonstructural proteins encoded by

HIV-1 provides a unique opportunity to attack the virus
particle in trans, and are advantageous over structural protein
based antiviral approaches (52–54, 57). Along these lines,
Kappes and coworkers (58, 59) have generated chimeric
proteins based on HIV-1 Vpr and HIV-2 Vpx utilizing staph-
ylococcal nuclease and wild-type and mutated HIV-1 protease
fused in-frame to these proteins. In our studies, we have
generated a chimeric protein based on Vpr utilizing the
conserved protease cleavage site sequences from the Gag and
Gag–Pol precursor polyproteins as a fusion partner. These
sequences are efficiently cleaved by HIV-1 protease when
presented as peptide substrates (46–49, 60). The interesting
features of the chimeric proteins generated here are the
minimal addition of residues (10 residues), no toxicity due to
added sequences, and the likelihood of Vpr-C to behave like
the wild-type Vpr protein due to the minimal increase in size.
The strategy outlined here is novel in that it brings the chimeric
protein closer to the target protein in the virus particle. It is
likely that the ability of Vpr-C to serve as a pseudosubstrate for
HIV-1 protease can lead to the exhaustion of protease activity.
This would, in essence, reduce the effectiveness of protease to

FIG. 4. Immunoblot analysis of HeLa cells transfected with Vpr-C
constructs. (A) Analysis of cell lysates showed that Vpr-C and Gag
proteins are produced andmigrate to the expected 18-kDa and 55-kDa
positions, respectively. (B) Analysis of cell supernatants revealed that
the Vpr-C retains its ability to be incorporated into virus-like particles.

Table 1. Effect of Vpr-C on virus replication

Virus derived from
designated proviral

DNA

RT activity in culture supernatant, cpmyml

14 days after
infection

21 days after
infection

28 days after
infection

pNL43* 1082 1678 1380
NLVpr 1y6 49 219 828
NLVpr 24y2 0 67 0
NLVpr 2y7 287 1883 1755
NLVpr PRyRT 29 2845 2450
NLVpr 17y24 28 2133 1366
NLVpr RTyRNase 193 2116 1248
NLVpr 7y1 299 1965 2132
NLVpr TFyPR 681 652 1016

*The replication pattern of virus derived from NLVPR-F was similar
to pNL4-3.

Table 2. Effect of Vpr-C in a single round of replication

Proviral Vpr
clones

Titers
CFUyml*

% (1)
inhibition†

% (1)
up-regulation†

ED84‡ 1536
NL 1y6 1088 30
NL 2y7 928 40
NL H 17y24 1088 30
NL PRyRT 2608 169
NL TFyPR 1072 31
NL 17y24 1248 29
NL 7y1 1936 126
NL 24y2 0 100

*No Hygr colonies were observed for any of the proviral clones when
the trans-complementation was performed without pSV-A-MLV-
env, pSV-A-MLV-env by itself, or mock transfected.
†Extent of inhibition and upregulation was calculated in comparison
to pED84 control proviral DNA.
‡The virus derived from NLVPR-F proviral DNA showed replication
results similar to virus from pED84.
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participate in the maturation of the virus particle by not acting
on the bona fide viral precursor proteins.
The results generated with Vpr-C showed that the chimeric

protein retains the ability to get incorporated into the virus
particle. In the context of the proviral DNA, the Vpr-C
suppressed HIV-1 replication both in multiple- and single-
round replication assays. As the single-round replication assay
involves the establishment of cells resistant to hygromycin, one
concern was whether the wild-type Vpr or Vpr-C would
complicate the results due to cell cycle arrest. This does not
seem to be the case due to the positioning of the selectable
marker (hygromycin gene) which is under the control of the
SV40 promoter. The concordance between the results from
the single- and multiple-round replication assays also argues
against such a possibility. In addition, further support for such
an interpretation is seen with the variable replication results
observed with the different Vpr-C-containing viruses.
Considering the stability of chimeric vpr sequences in the

viral genome over several rounds of replication (data not
shown),the kinetics of the replication pattern suggests that the
viral population may contain a mixture of replication compe-
tent and defective viruses. Surprisingly, we noted that some
Vpr-C proteins did not have any influence on viral replication
and some even showed an up-regulation of viral replication
(Tables 1 and 2). Complete inhibition was observed only with
the Vpr chimera 24y2 and moderate inhibition was observed
with Vpr chimeras 1y6, 2y7, 17y24, and trans-frame protease
(TFyPR). The cleavage of the 24y2 site is important in that it
serves as a regulator for the sequential processing of the Gag
precursor, and is unique in that it is the only site of the nine
recognized by the protease to have a glutamic acid at the P29
position (61).
The inhibition of viral replication observed with viruses

containing Vpr-C may be due to the ability of Vpr-C to
overwhelm the protease activity. Biochemical analysis of virus
particles with respect to the status of the precursor proteins is
likely to provide information regarding the mechanism of
inhibition. Earlier biochemical studies showed that 2,500 Gag
and '5–10% of Gag–Pol molecules in relation to Gag are
present in each virion (1, 31). Though the exact number of Vpr
molecules present in the virus particle has not been deter-
mined for HIV-1, studies on HIV-2 indicate that Vpx, a
protein related to Vpr, is present in equimolar concentration
to that of p28 in virus particles (62). Such a scenario in HIV-1
is likely to lead to the presence of an enormous number of
Vpr-C pseudosubstrates for protease to act on within the virus
particle and may interfere with the processing of the authentic
viral precursor proteins. It has been shown that partial inhi-
bition of Gag and Gag–Pol processing results in aberrantly
assembled viruses (2). The variable inhibition we observed
regarding viral replication suggests that the ability of Vpr-C to
serve as a pseudosubstrate for protease may vary as observed
with oligopeptide substrates corresponding to cleavage sites
(46, 47, 50, 60, 63). Furthermore, previous work on protease
cleavage in the context of corresponding peptides and protein
precursors has revealed the importance of either residues or
conformational determinants within the Gag and Gag–Pol
precursors that affect the order of cleavage and the actual
cleavage event of the target substrates (50, 61, 64, 65). Because
the cleavage signals in Vpr-C are presented out of the context
of the Gag precursors, the absence of both up and downstream
determinants may have prevented Vpr-C from being a sub-
strate and competitor for the protease cleavage site. This
would ultimately lead to the lack of influence on viral matu-
ration and infectivity.
The threshold level of protease required for maturation of

the virus particle is not known. Studies involving protease
inhibitors have shown that the enzyme needs only a 50-fold
reduction in activity whereas a 25-fold reduction still allows for
processing and subsequently the production of infectious virus

(66). It is plausible that the constructs showing no effect did
not offer enough competition to prevent processing from
occurring. Likewise the partial inhibitory constructs may not
have reached the 50-fold reduction threshold, but went farther
than those chimeras with no apparent effect. The high level of
replication observed with virus derived from certain Vpr-C
containing proviral DNA is intriguing. Because equal amounts
of virus were used as innoculum to infect CEM cells, it is likely
that some Vpr-C pseudosubstrates enhanced the level of virus
production by activating protease. Alternatively, the increased
protease activity may act on an as yet unidentified step in viral
replication.
We have shown that a novel class of HIV-1 agents can be

generated with the desirable end result of eliminating virus
infection. This class of agents, which we have termed ‘‘anti-
HIV agents from within’’, is conceptually unique, and the
studies carried out with the virus derived from proviral DNA
containing Vpr-C provided evidence in support of this strat-
egy. The disadvantage in the use of Vpr as a fusion partner for
generating a chimeric protein is its ability to arrest cells at the
G2 stage of the cell cycle. In this regard, work from our
laboratory and others has demonstrated that the cell cycle
arrest can be abolished by introducing changes at the C
terminus of Vpr, and yet still retain virion incorporation (ref.
22 and unpublished data). This modified Vpr may enable the
generation of chimeric proteins for use with gene therapy
approaches. In addition, the Vpr-C proteins will also prove to
be useful for dissecting the steps involved in virus maturation.
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