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In this study, reverse transcriptase (RT)- and integrase (IN)-defective human immunodeficiency virus type
1 (HIV-1) was transcomplemented with Vpr-RT-IN fusion proteins to delineate pol sequences important for
HIV-1 replication. Our results reveal that a 194-bp sequence encompassing the 3’end of the IN gene and
containing the central DNA flap is necessary and sufficient for efficient HIV-1 single-cycle replication in
dividing and nondividing cells. Furthermore, we show that the central DNA flap enhances HIV-1 single-round
replication by five- to sevenfold, primarily by facilitating nuclear import of proviral DNA. In agreement with
previous reports, our data support a functional role of the central DNA flap during the early stages of HIV-1

infection.

The complexity of human immunodeficiency virus type 1
(HIV-1) replication is attributed in large part to the intricate
interplay that takes place between cis-acting sequences present
on viral nucleic acids and viral or host cell proteins that func-
tion in trans (22). The HIV-1 pol gene encodes three enzymatic
proteins, including protease, reverse transcriptase (RT), and
integrase (IN), which play critical roles during specific stages of
the virus infection cycle. Soon after virus entry, RT catalyzes
the conversion of the viral RNA genome into double-stranded
proviral DNA, while IN mediates proviral DNA integration
into the host cell genome (for a review, see references 10, 15,
and 21). Even though extensive in vitro biochemical and mech-
anistic studies have greatly contributed to a better understand-
ing of the primary function and mode of action of RT and IN
enzymes, studies performed in the context of HIV-1 infectious
proviral clones have revealed that some mutations and/or in-
ternal deletions in RT or IN can significantly alter steps other
than reverse transcription or integration, such as virus assem-
bly or release, or even inactivate virus infectivity (1, 2, 4, 14, 20,
35). These pleiotropic phenotypes resulting from mutagenic
analysis suggest that RT and IN may play other roles which are
independent of their enzymatic activities. Furthermore, intro-
duction of mutations in RT and/or IN sequences may simulta-
neously affect a cis-acting element(s) present within the pol
gene sequence that is required for efficient virus replication.

In contrast to oncoretroviruses, HIV-1 and other lentiviruses
have the capacity to infect nondividing cell populations, such as
macrophages, mucosal dendritic cells, and nondividing T cells,
since they do not depend on host cell mitosis to mediate the
nuclear translocation of their preintegration complex (PIC) (5,
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12, 27, 28, 31, 40). At the molecular level, HIV-1 PIC nuclear
transport was shown to proceed through intact nuclear pore
complexes by an active and energy-dependent mechanism that
involves the karyophilic properties of several PIC-associated
viral proteins, including Matrix (MAp175“%), IN, and Vpr (3, 6,
12, 19, 20, 23, 24, 32, 39). In addition, a cis-acting element
designated the central DNA flap located in the 3’ region of the
pol gene sequence was also shown to contribute to the nuclear
import of HIV-1 proviral DNA in both dividing and nondivid-
ing cells (45). The central DNA flap is a region of triple-
stranded DNA created by two discrete half-genomic fragments
with a central strand displacement event controlled in cis by a
central polypurine tract (cPPT) and a central termination se-
quence (CTS) during HIV-1 reverse transcription (7, 8).
HIV-1 viruses carrying an inactivated cPPT or CTS were re-
ported to exhibit a considerable impairment of viral replication
in different dividing and nondividing target cells (7, 8), pre-
sumably because of a defect at the level of the nuclear import
of the PIC (45). However, these results have been put into
question recently by two other studies (13, 29), which provided
evidence indicating that the central DNA flap did not play a
major role in either PIC nuclear import or HIV-1 replication in
a variety of cell lines. Interestingly, in contrast to these studies
that used replication-competent viruses, numerous other stud-
ies have reported that the central DNA flap conferred a trans-
duction advantage of approximately 2- to 10-fold on HIV-1-
derived lentiviral vectors, thus suggesting that the central DNA
flap facilitated an early step(s) in lentiviral infection (11, 17, 30,
33, 34,37, 46). The exact impact of the central DNA flap on the
early steps of HIV-1 infection is still an open question that
remains to be clarified.

Requirement of pol gene sequence for efficient HIV-1 single-
cycle infection. In order to investigate the impact of the HIV-1
pol gene sequence on virus replication, we generated a pre-
viously described HIV-1 RT and IN transcomplemented
replication system (16, 41). An RT- and IN-defective HIV-1
provirus (R7/RI™) with an intact pol gene sequence was con-
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FIG. 1. Effect of the HIV-1 IN and RT gene sequences on the infectivity of RT/IN-transcomplemented virus. (A) Schematic structure of HIV-1
proviruses carrying a mutation and/or deletions in pol and of the plasmid encoding the Vpr-RT-IN fusion protein. Provirus R™/RI™ was constructed
by replacing the first two amino acids of RT with two premature stop codons (TGA TAG) in HxBruR™(R™) provirus. In R™/RI"/AIN/flap™
provirus, a 610-bp fragment of the IN gene sequence (including cPPT/CTS) was deleted. The R™/RI"/AIN/flap*, R"/RI-861, R"/RI-1798, and
R7/ARI proviruses harbor different deletions within the RT and/or IN gene sequences but contain the 194-bp sequence in the 3’-end region of
IN, which harbors the cPPT/CTS cis-acting elements. PR, protease. (B) The infectivity of trans-complemented virus produced in 293T cells was
evaluated by MAGI assay. Equal amounts (15 ng of p24%“¢ antigen) of the different viruses were used to infect HeLa-CD4-B-Gal cells, and the
number of infected cells was monitored by X-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside) staining. The infectivity (% infectivity) of
each virus stock was calculated as the ratio of the number of B-Gal-positive cells relative to the number of B-Gal-positive cells obtained with the
wt virus (R7). The number of B-Gal-positive cells detected with the R™ virus ranged between 330 to 410 and was set at 100%. The results are
representative of three independent experiments. (C) To evaluate Vpr-mediated transincorporation of RT and IN in viral particles, radiolabeled
viruses were isolated from cell supernatants, lysed, immunoprecipitated with anti-HIV antibodies, and analyzed by sodium dodecyl sulfate—

polyacrylamide gel electrophoresis (12.5% acrylamide). LTR, long terminal repeat.

structed by replacing the first two amino acids of RT with two
premature stop codons (TGA TAG) in a Vpr- and Nef-defec-
tive HxBc2-derived HIV-1 provirus (R™) by using a two-step
PCR-based method (44). To transcomplement the RT and IN
defect of HIV-1 virus, a Vpr-RT-IN fusion protein expression
plasmid (CMV-R-RT-IN) was also made by inserting a PCR-
amplified HIV-1 RT and IN gene cDNA in frame with Vpr
into the SVCMV-Vpr plasmid (44) (Fig. 1A). It has been
shown that HIV-1 RT and IN enzymatic defects can be re-
stored in frans through Vpr-mediated virion incorporation of
Vpr-RT-IN fusion protein, leading to production of viral par-
ticles that can undergo a single-round replication (16, 41). To
test the infectivity of the transcomplemented RT- and IN-
defective virus, 293T cells were transfected with R™/RI™ pro-
virus or cotransfected with CMV-R-RT-IN plasmid by using
the calcium phosphate DNA precipitation method (42). In
parallel, the wild-type (wt) provirus (R ™) was used as a positive
control. At 48-h posttransfection, virus stocks were generated
from supernatants and quantitated by p24 measurements by
using an HIV-1 p24 enzyme-linked immunosorbent assay

(ELISA) kit (AIDS Vaccine Program of the Frederick Cancer
Research and Development Center) as described previously
(43). Then the infectivity of each virus was examined by infect-
ing HeLa-CD4-B-galactosidase (HeLa-CD4-[B-Gal]) cells with
equal amounts (15 ng of p24%*¢ antigen/well) of virus and
evaluated by MAGI assay 48-h postinfection (p.i.), as de-
scribed previously (26). Consistent with a previous report (41),
RT- and IN-defective R/RI™ viruses were found to be infec-
tious by MAGTI assay only when they were transcomplemented
with RT and IN during viral production, reaching infectivity
levels corresponding to 40 to 50% of the wt level (R™ virus)
(Fig. 1B, left panel). To test the efficiency of Vpr-mediated RT
and IN transincorporation, transfected 293T cells were radio-
labeled and the resulting viral particles were analyzed for viral
protein content by immunoprecipitation by using anti-HIV-1
serum (42). Results reveal that, as expected, the R™/RI™ viral
particles did not contain any RT or IN proteins (Fig. 1C, lane
3), whereas the transcomplemented R™/RI™ virus incorpo-
rated RT and IN proteins at levels comparable to those for the
wt R™ virus (Fig. 1C, compare lane 4 to lane 2). Interestingly,
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it was noted that significant amounts of unprocessed Pr555%¢
accumulated in R™/RI™ viral particles (Fig. 1C, compare lanes
3 and 4 to lane 2). This maturation defect is likely to result
from an impairment of protease activation, given that the Gag-
Pol polyprotein precursor was truncated by early termination
of RT and IN and is believed to be responsible for the observed
50 to 60% reduction of virus infectivity (Fig. 1B).

We next analyzed the requirement of RT and IN gene se-
quences for virus replication by using this Vpr-RT-IN trans-
complementation system. A series of proviruses with deletions
of the RT and/or IN gene derived from the R™/RI™ provirus
were constructed as indicated in Fig. 1A. In the R™/RI™/AIN/
flap™ provirus, a 610-bp sequence encompassing a large part of
the IN gene and including the cPPT and CTS cis-acting se-
quences (from nucleotide 3,912 to 4,522; +1 corresponds to
the transcription initiation site of the BRU strain), which were
previously shown to play an important role in HIV-1 replica-
tion, were deleted (7, 8, 11). In the R™/RI"/AIN/flap™ provi-
rus, a smaller deletion of 494 bp was introduced, thus leaving
intact a 194-bp sequence, including cPPT/CTS elements at the
3’ end of the IN gene. To further test the impact of the RT
gene sequence on virus replication, different regions of the RT
gene sequence were further deleted, based on the R™/RI"/
AIN/flap™ provirus and designated R™/RI-861, R™/RI-1798,
and R7/ARI (Fig. 1A). In the R /ARI provirus, all the RT and
IN gene sequences except the 194 bp containing the cPPT/CTS
sequences were deleted (a deletion of 2,193 bp). The infectivity
of each transcomplemented virus with a deletion of the RT
and/or IN gene was analyzed by MAGI assay. Deletion of the
3’ region of IN encompassing the cPPT/CTS elements resulted
in a substantial five- to sevenfold decrease of viral infectivity
compared to that of the transcomplemented R~ RI™ virus (Fig.
1B, left panel). This sharp decrease in viral infectivity was not
due to variation in the levels of RT and/or IN transincorpo-
rated into viral particles, since they were found to be similar in
both transcomplemented viruses (Fig. 1C, compare lanes 7 and
5). In contrast, maintenance of a 194-bp sequence in the 3’
region of the IN gene sequence, which includes the cPPT/CTS
elements (R™/RI"/AIN/flap™), restored infectivity to a level
similar to that of the transcomplemented R™/RI™ virus (Fig.
1B, left panel). Interestingly, deletion of RT gene sequences
(R7/RI-861, R7/RI-1798, and R™/ARI) had no impact on viral
infectivity as long as the 194-bp sequence in the 3’ end region
of IN was intact (Fig. 1B, right panel). Furthermore, mainte-
nance of this 194-bp fragment was found to confer a six- to
sevenfold infectivity advantage to single-cycle replicating virus
in dividing and aphidicolin growth-arrested C8166 T cells (data
not shown). Overall, these results indicate that the 3’ region of
the IN gene sequence harbors cis-acting determinants(s) that
substantially enhance the replication of HIV-1 toward dividing
and nondividing CD4™ T cells in the context of a single-cycle
infection system, while other RT and IN gene sequences are
clearly dispensable.

The cPPT contributes to efficient HIV-1 single-cycle repli-
cation. To further confirm that cis-acting element(s) in the 3’
region of the IN gene sequence contribute to efficient single-
cycle replication, we introduced a 10-bp substitution in the
cPPT element in the R7/ARI provirus and generated a cPPT-
defective mutant designated R™/ARI/cPPT™ (Fig. 2A). These
specific mutations in the cPPT element have previously been
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reported to prevent the formation of the central DNA flap
during reverse transcription (13, 29, 45). Prior to testing virus
infectivity, the levels of transincorporated RT and IN in both
the cPPT mutant and the control virus were examined by
radiolabeling and immunoprecipitation as described in Fig. 1.
Similar levels of virion-associated RT, IN, p245“¢, and p55%“¢
were detected in transcomplemented R™/RI™, R7/ARI, and
R /ARI/cPPT  virus preparations (Fig. 2B). To compare the
replication potential of transcomplemented R™/ARI/cPPT™
and R7/ARI viruses, CD4" MT4 cells and phytohemaggluti-
nin-stimulated human peripheral blood mononuclear cells (h-
PBMCs) were infected with equal amounts of each virus stock
for 8 h, and at different time intervals, virion-associated p245“¢
antigen levels in the supernatant were measured by anti-p24
ELISA. Disruption of the cPPT was found to decrease by five-
to sevenfold viral replication in both MT4 T cells and activated
h-PBMCs compared to that in the trans-complemented R/
ARI control virus (Fig. 2C and D). Hence, we conclude that
the central DNA flap is the necessary determinant in the 3’
region of the IN gene sequence that contributes to efficient
single-cycle virus replication.

Effect of the central DNA flap on late-reverse-transcribed
DNA products, viral cDNA nuclear import, and proviral DNA
integration in h-PBMCs. To investigate the mechanism(s) un-
derlying the action of the central DNA flap during single-cycle
replication, we first analyzed the efficiency of proviral DNA
integration in h-PBMCs infected with cPPT" or cPPT™
transcomplemented viruses by using a previously described,
sensitive, two-step Alu-PCR technique (9). Results reveal that
levels of integrated proviral DNA detected in the R™/ARI/
cPPT™ sample were five- to sevenfold lower than those de-
tected in the R /ARI sample at both 24- and 36-h p.i. (Fig. 3A
and B). Interestingly, this significant decrease in proviral DNA
integration correlated well with the five- to sevenfold replica-
tion defect observed with the cPPT-defective virus, indicating
that the central DNA flap contributes to efficient viral single-
cycle replication by acting on an early stage(s) of viral replica-
tion at and/or prior to viral integration. To further investigate
at which early step(s) of the infection cycle the central DNA
flap acts, we analyzed the total amounts of viral cDNA present
at different early time points by PCR following infection of
h-PBMCs with equal amounts of R7/ARI or R™/ARI/cPPT™
viruses. Briefly, an equal number (2 X 10° cells) of h-PBMCs
were lysed in lysis buffer (20 mM Tris-HCI [pH 8.0], 100 mM
KCl, 0.05% NP-40, 0.05% Tween 20) and treated with protein-
ase K (100 pg/ml) prior to phenol-chloroform DNA purifica-
tion. Then fivefold-serially diluted DNA samples were sub-
jected to PCR analysis with specific primers (5'-U3, 5'-GGA
TGGTGCTTCAAGCTAGTACC-3', and 3'-Gag, 5'-ACTGA
CGCTCTCGCACCCATCTCTCTC-3") and further analyzed
by Southern blotting by using specific PCR DIG-Labeling probes
(Roche Diagnostics, Laval, Quebec, Canada). As shown in Fig.
4A, at 6-h p.i., similar amounts of total viral cDNA were de-
tected in R7/ARI- and R /ARI/cPPT ™ -infected cells (4.9
copies/cell versus 4.6 viral copies/cell), suggesting that both
transcomplemented viruses entered cells with similar efficien-
cies and underwent uncoating and reverse transcription at
comparable rates. In contrast, between 12- and 24-h p.i., total
amounts of late cPPT ™ reverse-transcribed products decreased
at a rate that was clearly different from that of viral cPPT*
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FIG. 2. The central DNA flap contributes to efficient HIV-1 single-cycle replication. (A) Schematic structure of HIV-1 provirus with the RT/IN
gene deleted (R7/ARI) and the cPPT™ mutant (R™/ARI/cPPT ™). The cPPT element was inactivated by introduction of ten nucleotide substitution
mutations, as indicated. (B) To evaluate RT and IN transincorporation, [**S]-methionine-radiolabeled viruses were collected from transfected
293T cells, lysed, and analyzed by immunoprecipitation by using anti-HIV antibodies. To test the replication potential of each virus stock, CD4*
MT4 T cells (C) or PHA-stimulated human PBMCs (D) were infected with equal amounts of R™/ARI or R7/ARI/cPPT™ viruses. At different time
intervals after infection, viral production was monitored in the supernatants by measurement of HIV-1 p24%“¢ antigen by using a p24 ELISA assay.

The results are representative of two independent experiments.

c¢DNA products. At 12-h and 24-h p., levels of viral cPPT™
cDNA were reduced by approximately 45 and 40% compared
to the levels of cPPT* ¢cDNA, which stayed quite stable during
the same time interval (between approximately 87 and 88% of
their levels at 6 h) (Fig. 4A). At later time points (between 24
and 48 h), both ¢cPPT" and cPPT ™ viral cDNAs decreased at
similar rates, most probably as a result of the dilution of un-
integrated viral cDNA that occurs upon cell division. This
difference in the rate of viral cDNA decrease detected between
R7/ARI and R7/ARI/cPPT™ infection was not due to intrinsic
variation between samples, since similar levels of a control
cellular DNA (human B-2-adrenergic receptor [B2-AR] gene)
were detected by PCR in each sample (Fig. 4B, left panel).
These results suggest that the central DNA flap does not in-
terfere with the rate of the reverse transcription step per se but
appears to influence the rate of accumulation of total viral
c¢DNA product.

In parallel, we analyzed viral cDNA nuclear import by sub-
cellular fractionation and subsequent detection of viral cDNA

associated with nuclear or cytoplasmic fractions as previously
described (36). Human PBMCs were infected with equivalent
amounts of transcomplemented R™/ARI/cPPT™ or R™/ARI
viruses, and cytoplasmic and nuclear fractions were isolated
from the same number of cells at 24-h p.i. All fractions were
then analyzed by PCR as described in the legend to Fig. 4A.
The presence of total viral DNA was visualized by ethidium
bromide staining, and the staining intensity of each amplified
DNA product was quantified by using a Chemilmager 5500
system with AlphaEaseFC software (Alpha Innotech Corpora-
tion). The results shown in Fig. 4C (upper panel) reveal that at
24-h p.i. total amounts of viral cDNA in the R™/ARI-infected
sample (including cytoplasmic and nuclear fractions) were ap-
proximately threefold higher than those detected in the R™/
ARI/cPPT™ infected sample, thus confirming the data ob-
tained from Fig. 4A. Interestingly, while approximately 75% of
total viral cDNA was detected in the nuclear fraction of R™/
ARI-infected cells, only 30% of total viral cDNA was found in
the nuclei of R7/ARI/cPPT -infected cells (Fig. 4C, upper
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FIG. 3. Effect of the central DNA flap on HIV-1 proviral DNA integration in h-PBMC. (A) h-PBMCs were infected with R™/ARI or
R7/ARI/cPPT™ virus (125 ng of p24/10° cells). At 24- and 36-h p.i., the cells were lysed, and serially diluted cell lysates were analyzed by two-step
Alu-PCR and Southern blotting for specific detection of integrated proviral DNA from infected PBMCs (upper panel) or from ACH-2 cells as the
quantitative control (lower panel). (B) Quantitative analysis of integrated proviral DNA in single-cycle infection. The bands in panel A were
quantified by laser densitometry, and the number of integrated proviral DNA copies per cell was determined by using the PCR-generated standard

curve derived from ACH-2 cells.

panel). Moreover, the absolute levels of nuclear-associated
viral cDNA were approximately sevenfold higher with the wt
virus than with the cPPT-defective virus. The integrity of the
fractionation procedure was validated by detection of mito-
chondrial DNA and B-globin DNA, as described previously
(18, 36, 38). Results showed that mitochondrial and B-globin
DNAs were found solely in the cytoplasm and the nucleus,
respectively (Fig. 4C, lower panel). In addition, levels of each
of these control cellular DNAs were similar in both R™/ARI
and R™/ARI/cPPT™ subcellular fractions, confirming that equiv-
alent amounts of nuclear and cyctoplasmic fractions were an-
alyzed.

Several recent studies have investigated the role of the cen-
tral DNA flap in HIV-1 replication and nuclear import and
have reached conflicting conclusions (11, 13, 17, 29, 30, 33, 34,
37, 45, 46). In this study, we reexamined this question by using
RT and IN transcomplemented HIV-1 viral particles capable
of a single round of replication. Our results reveal that the
central DNA flap was not essential to HIV-1 replication but
conferred a five- to sevenfold infectivity advantage to single-
cycle replicating viruses in a variety of cellular systems, includ-
ing MAGI cells, MT4, dividing and nondividing C8166 T-cell
lines, and h-PBMCs (Fig. 1land 2 and data not shown). These

results are consistent with findings reported by several previous
studies that the central DNA flap conferred a transduction
advantage of 2- to 10-fold on vesicular stomatitis virus-G-
pseudotyped HIV-1 vectors (11, 13, 17, 29, 30, 33, 34, 37, 45,
46). At this point, it is still unclear why this substantial defect
in single-round infectivity caused by disruption of the DNA
flap does not translate into a detectable difference when the
replication kinetic is monitored by using replication-competent
virus, as shown recently (13, 29). Clearly, more studies in this
area are required to understand this discrepancy.

In an attempt to understand the mechanism(s) underlying
the effect of the central DNA flap during HIV-1 single-cycle
replication, we analyzed by PCR the amount of integrated
proviral DNA in the presence or absence of the central DNA
flap. Our results clearly show that disruption of the DNA flap
results in a five- to sevenfold decrease in proviral DNA inte-
gration (Fig. 4), suggesting that the central DNA flap contrib-
utes to efficient single-cycle viral replication by acting on an
early stage(s) of the HIV-1 infection cycle at and/or prior to
viral integration. We further analyzed total late-reverse-tran-
scribed DNA products over time during ¢cPPT or ¢cPPT™
single-cycle viral infection and determined the distribution of
total viral cDNA in the nucleus and the cytoplasm. Our results
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blotting. HIV-1 late-reverse-transcription products detected in the left panel were quantified by laser densitometry. The diagram at the right shows
the number of HIV-1 ¢cDNA copies per cell as determined by using the PCR-generated standard curve (B, right panel). These results are
representative of those obtained in two independent experiments. Serially diluted R-/ARI plasmid DNA was used as a standard for DNA copy
quantification (right panel). To evaluate cellular DNA levels in each sample, the cellular B2-AR gene was amplified by PCR and visualized by
ethidium bromide staining (left panel). (C) At 24-h p.i., 2 X 10° infected h-PBMCs were fractionated into cytoplasmic and nuclear fractions as
described previously (36). The amounts of viral DNA in the cytoplasmic and nuclear fractions were evaluated by PCR by using HIV-1 LTR-Gag
primers and were visualized by ethidium bromide staining. The R™/ARI plasmid DNA was used as a PCR-positive control (pc) (upper panel). In
parallel, the purity and DNA content of each subcellular fraction were evaluated by PCR detection of the human globin gene and mitochondrial
DNA and were visualized by ethidium bromide staining (lower panel). N, nuclear fraction; C, cytoplasmic fraction.
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reveal that the presence of the central DNA flap does not
significantly influence the amount of viral transcripts produced
at early time points (6 h) but contributes primarily to an ac-
cumulation of viral cDNA in the nucleus (Fig. 4). These results
are consistent with findings made by several previous studies
using either replication-competent viruses or single-round
HIV-1 vector transduction systems that the central cDNA flap
enhances the establishment of HIV-1 infection by facilitating
the nuclear import of proviral DNA (17, 30, 45).

In addition to the effect on viral cDNA nuclear import, our
data also suggest that the presence of the central DNA flap
might have a stabilizing and/or a protective effect on viral
cDNA (Fig. 4). Indeed, it is possible that the central DNA flap
might contribute to a correct conformation of viral cDNA
and/or be implicated in the recruitment of host cell proteins to

form a functional PIC capable of effective proviral DNA nu-
clear import. Absence of an intact central DNA flap might lead
to immature PIC where viral cDNA is less stable or subject to
rapid degradation. In this regard, it has recently been reported
that the central DNA flap region of viral cDNA was resistant
to DNase I digestion when viral PIC complexes were isolated
from the cytoplasm of infected cells at 10 h, whereas it was
sensitive to degradation when complexes were isolated at 8.5 h
after infection (25). Alternatively, it may also be possible that
the presence of the central DNA flap positively modulates the
stability of viral cDNA in the nucleus. Interestingly, a similar
difference in the rate of decline of wt and cPPT-defective total
viral cDNA was observed by Limon et al. (29) in infected
PBMCs, although the effect was not as pronounced as in our
study. Altogether, these observations point toward a possible
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role of the central DNA flap in the formation and maturation
of HIV-1 PICs; such a role is likely to influence viral cDNA
stability and nuclear import.
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