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Abstract

Rabbit cells are poorly permissive to HIV-1 infection, but little is known about the nature of this
block. Here, we show that the block to infection is mainly at the level of reverse transcription
(RT), is independent of the cell receptor used by the virus for entry, cannot be effectively saturated
with high doses of virus or virus-like particles, and has a recessive phenotype in human-rabbit
heterokaryons. RT complexes (RTCs) extracted from human and rabbit cells have different
densities but are both competent for RT in an /n vitro endogenous assay. Cell fractionation showed
that HIV-1 is trafficked in a different way in human and rabbit cells and that correct intracellular
trafficking is linked to efficient RT and high infectivity /n vivo. Viral DNA accumulated in rabbit
cell nuclei only at a later stage and failed to associate with chromatin, suggesting a further block
prior to integration. Our data point to the existence of cellular factors regulating the early stages of
intracytoplasmic and possibly intranuclear HIV-1 trafficking.
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Lentiviruses have a restricted species tropism. HIV-1 cannot replicate in cells of diverse
species, such as rodent, cow, pig, rabbit and non-human primates (1-5). This has impaired
the use of these animals as models to study HIV-1 infection and acquired immune-
deficiency syndrome (AIDS) but has helped to provide insights into the virus life cycle.
Restricted species tropism, however, is not surprising considering that viruses are obligate
intracellular parasites and require several host factors to establish infection. Some of the
necessary cell factors have been described for different retroviruses, in different cells. In the
case of HIV-1, CD4 and the chemokine receptors, CCR5 and CXCR4, act as the cellular
receptor and major co-receptors, respectively (6-9). Other host cofactors promote HIV-1
replication but are not absolutely required, for example, cyclophilin A increases HIV-1
infectivity and possibly modulates sensitivity to post-entry restriction factors in human cells
(10,11). Interaction with the cell's actin microfilaments stimulates efficient reverse
transcription (RT), and microtubules are likely to be used by the RT complex (RTC) to
move within the cell (12,13). Importin 7 promotes HIV-1 RTC import into the nucleus,
although it may not be necessary in macrophages (14,15). HMGAZ1 and the barrier to
autointegration factor (BAF) bind to viral nucleic acids; BAF is thought to contribute to
virus assembly, to prevent self-integration, and to promote correct conformation of HIV-1
pre-integration complex (PIC), and both BAF and HMGAL1 stimulate correct retroviral
integration /n vitro, although HMGA1 does not appear to be necessary for virus infection
(16-18). LEGDF/p75 binds to HIV-1 integrase, stimulates 7 vitro PIC integration activity,
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and directs PICs to highly transcribed chromatin regions susceptible to LEGDF/p75
regulation (19-21). Once integrated, HIV-1 provirus transcription requires cellular cyclin-
dependent kinase 9, recruited to the Long Terminal Repeat LTR by the viral protein Tat
(22,23). The unspliced viral mRNA is exported from the nucleus by CRM1, a member of the
exportin family, which is recruited by the viral protein Rev (24,25). Finally, assembly and
budding from the host cell also requires an entire network of proteins, part of the vacuolar
protein sorting pathway (26-30). All these examples emphasize the fact that absence or
variation of host factors can determine viral tropism (31,32).

On the contrary, other cellular factors have been shown to inhibit HIVV-1 infection. Examples
of this are Murrl (33), APOBEC3G (34-36), INI/hSNF5, PML, and Lv2 (37-39) in human
cells and TRIM5a in primate cells (40).

HIV-1 is potently restricted in rabbit cells at a post-entry stage (2,3), however, the nature of
this restriction has not been investigated. The block to HIV-1 infection in the rabbit
epithelial cell line SIRC (Statens Seruminstitut Rabbit Cornea) is interesting because it
occurs at an early stage of infection and it cannot be readily abrogated with high doses of
virus or virus-like particles and other retroviruses like SIVmac and murine leukemia virus
(MLV) are not restricted (3). In this study, we show that this restriction has a recessive
phenotype and is characterized by an aberrant intracellular trafficking of RTCs and a further
block before integration. Our results implicate the participation of host cell factors in the
correct intracellular trafficking of HIV-1, and they also provide evidence for a link between
correct virus trafficking and infectivity.

HIV-1 infection is inefficient in SIRC cells independently of the cell receptor

A post-entry block to HIV-1 infection in rabbit cells has been reported previously (2,3). To
assess whether such a block was dependent on the cell receptor used by the virus for entry,
we produced viral vectors pseudotyped with vesicular stomatitis virus G envelope VSV-G
by transient transfection of 293T cells or collected HIV-1 vector pseudotyped with
amphotropic MLV envelope from a stable producer cell line (41). Viral stocks were
normalized for RT activity and used to infect SIRC, HelLa, and 293T cells at serial dilutions.
As shown in Figure 1, HelLa and 293T cells were up to a few hundred folds more permissive
to HIV-1 infection than SIRC cells. The restriction in SIRC cells was partially overcome
when more than 650 pg/mL RT of VSV-G-pseudotyped virus was used. However,
equivalent values of infection in SIRC and HelLa or 293T cells were never achieved, even
with 11 000 pg/mL RT (Figure 1). Infection with HIV-1 pseudotyped with amphotropic
MLV envelope was also impaired in SIRC cells compared with both 293T and HeLa cells
(Figure 1). To see whether inefficient infection in SIRC cells occurred with different
retroviruses, we infected the three cell types with serial dilutions of VSV-G-pseudotyped
SIVmac and Moloney MLV (MoMLYV) vectors. Titers of SIVmac were approximately
fivefold lower in SIRC compared with HeLa and 293T cells at low virus input, but the same
percentage of infection was achieved at higher virus input (Figure 1). A modest reduction
(twofold to threefold) in infection efficiency was observed in SIRC compared with 293T and
HeLa cells with the MoOMLYV vector, presumably as a consequence of the slower division
rate of SIRC cells (Figure 1). Thus the block in SIRC cells was independent of the envelope
used and was HIV-1 specific. Similar results were obtained in another fibroblastic rabbit cell
line (Supplementary Figure S1). To confirm that a general defect in virus entry was not
responsible for the inefficient infection of rabbit cells, we infected HeLa and SIRC cells
with the same dose of a HIV-1 vector prepared in the presence or absence of VSV-G (HIV
Env-) and total viral RNA measured by quantitative polymerase chain reaction (PCR) after
oligo-dT-primed /n vitroRT. As shown in Figure 1B, viral RNA levels in HeLa cells were at
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most twofold higher than those in SIRC cells, and they were reduced by more than 10-fold
in both HeLa and SIRC cells infected with HIV (Env-) compared with cells infected with
HIV-1 (VSV-G). Taken together, these data indicate that at most a twofold entry defect for
HIV-1in SIRC cells, which does not account for the approximate 80-fold infectivity
difference in these conditions (Figure 1C) and is consistent with the fact that the MLV
(VSV-G) vector infected HeLa and SIRC cells equally well (Figure 1A).

The block in SIRC cells has a recessive phenotype

To determine whether the block to HIV-1 infection in SIRC cells had a dominant or
recessive phenotype, we carried out a fusion assay with 293T and either SIRC or owl
monkey (OMK) cells. If, after fusion, the 293T/SIRC heterokaryons were permissive to
HIV-1 infection, then it would suggest that there is a factor required by HIV-1, absent in the
SIRC cells but provided by the 293T in the syncytia. On the contrary, if the heterokaryons
were restrictive to HIV-1 infection, then it would suggest that there is a dominant restriction
factor in the SIRC cells that blocks infection. Heterokaryons have previously been used to
study SV40 replication and Rous sarcoma virus production (42,43), to investigate the Vif:
APOBEC circuit (34) and to study retroviral restriction in OMK and other simian cells
(4,44).

Heterokaryons of 293T and OMK cells were also obtained to validate the assay. SIRC and
OMK cells were labeled with the amine-reactive fluorescent dye BODIPY 630/650, plated
alone or in combination with 293T cells, and 24 h later cells were induced to form syncytia
by transfecting a plasmid coding for the highly fusogenic HTLV-1 envelope protein (pV1/
HTLV) (4). Twenty-four hours after transfection, cells were infected with VSV-G-
pseudotyped HIV-1-green fluorescent protein (HI\VV-1-GFP) vector, using the amount of
virus that had been previously found to infect around 1% of SIRC cells (Figure 1). Cells
were analyzed by confocal microscopy (Figure 2A) and by fluorescence-activated cell sorter
(FACS) 48 h after infection (Figure 2B). Syncytia were apparent as a population that shifted
upward in the side scatter channel (SSC-H) after pV1/HTLYV transfection. Syncytia
containing BODIPY 630/650 were considered mixed, because cell fusion occurred only
when 293T cells were present (not shown). The percentage of FL-1 (GFP) and FL-5
(BODIPY 630/650) positive cells in the gated populations was measured, and representative
dot plots are shown in Figure 2B. The number of double positive SIRC/293T heterokaryons
was 1.7 times higher than the number of unfused 293T cells and 210 times higher than the
number of unfused SIRC cells (Figure 2C). Fusion of 293T with OMK cells did not rescue
HIV-1 infectivity compared with unfused OMK cells, consistent with previous reports (4).

To further test whether the post-entry inhibition of HIVV-1 infection was caused by a
saturable factor, we performed the abrogation assay as previously described (11) adding a
constant amount of HIV-GFP vector (enough to infect 1% of each cell type) in the presence
of increasing amounts of an HIV-1 vector carrying the phosphoribosy! transferase gene
(HIVV-Puro) (approximately from 250 to 11 000 pg/mL RT activity). The principle of this
assay is that addition of the first virus (HIVV-Puro) saturates restriction factors and increases
viral titers of the second virus (HIV-GFP). To validate our assay, we included OMK cells in
which a saturable restriction factor has already been characterized (11,45). In the presence of
11 000 pg/mL RT of HIV-Puro, HeLa showed a 3.15-fold abrogation, 293T showed a 17.5-
fold abrogation, OMK showed a 100-fold abrogation, and SIRC cells showed a ninefold
abrogation (Figure 2D). Thus, HIV-1 infection was similarly reduced in SIRC and OMK
cells, but only weakly saturated in SIRC as compared with in OMK cells. Strong saturation
of restriction in OMK cells is in agreement with previous studies (3). These results and the
relatively weak abrogation indicated that block in SIRC cells had a recessive phenotype,
although it remained formally possible that 293T cells provided a factor able to inhibit a
dominant restrictor in SIRC cells.
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RT is impaired in restricted cells in vivo but not in vitro

The HIV-1, SIVmac, and MLV vectors all expressed the GFP driven by the same
cytomegalovirus CMV promoter (46-48), therefore a block to GFP expression in SIRC cells
was excluded. Reduced HIV-1 infection levels in SIRC cells could be due to reduced RT or
integration or both. To test which step of the viral life cycle was affected in SIRC cells, we
used quantitative PCR to measure the amount of early (strong stop), intermediate (GFP), and
late (U5/gag) viral DNA at 4, 7, and 16 h post-infection, respectively (Figure 3A and
Supplementary Table S1). Intermediate and late RT products were 20- to 30-fold lower in
SIRC than HeLa cells at all time points tested. Early RT products were fivefold to 10-fold
lower in SIRC than HeLa cells, with the least difference at 7 h post-infection (Figure 3A).
All viral stocks (including SIVmac and MoMLV) used for infection were treated with
DNAse I and purified through a two-step sucrose cushion. To monitor the effectiveness of
the purification procedure and rule out any contamination with plasmid DNA used for virus
production, we tested viral stocks by PCR using primers specific for the viral po/and the
GFP sequences. No DNA contamination was found in our viral stocks (Figure 3B),
demonstrating that we were indeed measuring endogenously reverse transcribed viral DNA
by quantitative PCR. Hence, although a 30-fold reduction in viral DNA copy number could
not fully account for the potency of the block in SIRC cells, these results clearly showed that
HIV-1 RT was defective in rabbit cells.

Because RT was impaired, the properties of intracellular RTCs in restricted and non-
restricted cells were examined. HeLa and SIRC cells were infected with HIV-1 pseudotyped
with VSV-G envelope. Cytoplasmic extracts from acutely infected cells were prepared by
Dounce homogenization in hypotonic buffer as previously described (49) and subjected to
equilibrium density centrifugation in linear sucrose gradients. Individual fractions were
analyzed by PCR to detect viral strong stop DNA, an early product of RT. In HeLa
cytoplasmic extracts, the peak of HIV-1 strong stop DNA could be consistently detected in
fractions with a density of approximately 1.30 g/mL, in agreement with previous studies
(49-51). In SIRC extracts, the peak of strong stop DNA was consistently detected in
fractions with a density of 1.20 g/mL (Figure 4B). A weaker strong stop DNA band was also
present in fractions with a density of 1.30 g/mL in SIRC cells, and this distribution pattern
was observed in another independent experiment, indicating that it was not due to
experimental variation (not shown). Moreover, extraction of the nucleic acids from the
density gradient fractions with phenol/chloroform followed by ethanol precipitation did not
alter the results (not shown), demonstrating that the unusual two-peak distribution in SIRC
cells was not due to an inhibitor of the PCR.

To test whether HIV-1 RTCs isolated from SIRC cells were defective, we performed an
endogenous RT (ERT) assay to compare the /n vitro activity of the 1.30 g/mL RTC peak
found in HeLa cells with the 1.20 g/mL RTC peak found in SIRC cells. Fractions were
incubated with dNTPs at 37 °C for 67 h to allow the completion of RT of viral RNA and
late RT products detected by PCR (50). In both HeLa and SIRC cells, we observed the
synthesis of near full-length HIVV-1 DNA (Figure 4D). As a control, the same ERT assay
was carried out in the absence of dNTPs, and, as shown in Figure 4D, there was no near full-
length HIVV-1 DNA in these conditions. To further confirm the activity of the 1.20 g/mL
RTC extracted from rabbit cells, we normalized samples for strong stop DNA concentration
and examined by quantitative PCR the amount of endogenously synthesized late viral DNA
(Figure 4E). RTCs extracted from rabbit cells had the same or even greater relative ability
(+dNTPs/-dNTPs) to synthesize late viral DNA products than RTCs extracted from HelLa
cells, although SIRC complexes yielded approximately sixfold fewer late RT products than
HeLa cell RTCs (Figure 4E).
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HIV-1 has a different intracellular distribution in HeLa and SIRC cells

Results so far showed that RT of HIV-1 was impaired in SIRC cells, however, partially
purified RTCs could synthesize viral DNA if provided with exogenous dNTPs. Thus, one
hypothesis was that the block to infection in SIRC cells could be due to aberrant trafficking
of RTCs into subcellular compartments not permissive for viral DNA synthesis. To examine
this possibility, we infected HeLa and SIRC cells with the same amount of recombinant
VSV-G-pseudotyped HIV, SIV, or MLV vectors. In the case of HIV-1, the amount of virus
used resulted in the infection of approximately 2% HeLa cells and <0.07% SIRC cells as
measured by FACS analysis for the GFP expression 48 h post-infection. Infection was
synchronized by the pre-incubation of cells at 4 °C for 2 h to allow virus binding to the
receptor but not internalization. Cells were then incubated for 4 h at 37 °C and subjected to
sequential lysis in hypotonic, isotonic, high salt, 1% Triton X, and 0.5% SDS-containing
buffers (Figure 5A). This kind of procedure causes stepwise disruption of increasingly
stronger protein—protein interactions as well as extraction of different intracellular
compartments and allows some crude examination of viral trafficking (52).

The effectiveness of the fractionation procedure was monitored by SDS-PAGE and silver
staining of the protein content of each individual fraction and by Western blot with a
monoclonal antibody against a-tubulin. As shown in Figure 5B,C, silver staining after SDS—
PAGE revealed distinct protein patterns in each fraction, and the Western blot showed that
similar amounts of tubulin were recovered in the same HelLa and SIRC cells fractions,
demonstrating near-equivalent cell lysis (Figure 5D,E). Each fraction was then analyzed for
the presence of viral DNA by standard and quantitative PCR (Figure 6). The PCR results
confirmed that the overall efficiency of HIV-1 RT at 4 h post-infection was reduced in SIRC
cells. Importantly, we found a different intracellular distribution of HIVV-1 DNA in HeLa and
SIRC cells. HIV-1 RT products appeared mainly in the hypotonic fraction in infected SIRC
cells. In HeLa cells, most of HIV-1 reverse transcribed DNA appeared in the isotonic and
high salt fractions (Figure 6A). These results were confirmed by quantitative PCR in an
independent fractionation experiment (Figure 6B). When the SIVmac vector was used for
infection, viral DNA had a similar distribution in both HeLa and SIRC cells, with most
DNA being recovered in the hypotonic fraction. Importantly, MLV also had a similar
distribution in both HeLa and SIRC cells, and most viral DNA was consistently recovered in
the hypotonic fractions (Figure 6B). These results suggested that there was a correlation
between virus infectivity and intracellular distribution of viral DNA. Indeed, the SIVmac
and MLV vectors infected SIRC cells at higher efficiency than the HIV-1 vector, and most
of their DNA was recovered in the same fractions in both cell types. Conversely, most of
HIV-1 DNA was recovered in the hypotonic fraction in restricted cells and in the high salt
fraction in permissive cells.

To exclude the possibility that we were analyzing the intracellular distribution of the non-
restricted virus population only, we carried out the same fractionation procedure in RNAse-
free conditions, we treated samples with RNAse-free DNAse to reduce background from
endogenously reverse transcribed RTCs, and we used the viral RNA in each fraction as
template for first-strand cDNA synthesis. Control reactions were carried out in the absence
of RT, and viral cDNA copy number was measured by quantitative PCR (Figure 7). The
data revealed two noteworthy aspects. First, in the hypotonic fraction, the amount of viral
RNA in SIRC cells was considerably higher than in HeLa cells. This suggested that RTCs
were not degraded in SIRC cells, at least at 4 h post-infection. Second, the distribution of
viral RNA in both HeLa and SIRC cells mimicked the distribution of endogenously reverse
transcribed viral DNA (compare Figures 6B and 7), with the exception of the viral RNA
found in the SDS fraction. However, because the bulk of viral RNA was found in the SDS
fraction of both HeLa and SIRC cells, it must represent a dead-end pathway unrelated to the
restriction phenotype. Control reactions with no RT contained fewer than 100 viral cDNA
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copies, demonstrating that we were measuring bona fide viral RNA in test samples (Figure
7). These results suggested that distinct virus populations, one restricted and the other not
restricted, may not be present in SIRC cells.

HIV-1 DNA trafficking to the nucleus is delayed in rabbit cells

The reduced ability to reverse transcribe could not fully account for the potency of the
HIV-1 infection block in SIRC cells. To investigate whether additional steps were defective
in rabbit cells, we carried out a hypotonic lysis and Dounce homogenization of cells infected
at different time points followed by the isolation of intact nuclei with a buffer containing
0.4% NP-40 on ice (50). Purified nuclei were then subjected to an additional fractionation
step by the Hirt method to separate soluble from chromatin-associated viral DNA (53)
(Figure 8A). Individual fractions were analyzed by quantitative PCR for the presence of
reverse transcribed viral DNA. Real-time PCR showed that the kinetics of viral DNA
association with the nuclei is different in SIRC compared with that in HeLa cells. In HeLa
cells, virtually no viral DNA was nucleus associated at 4 h post-infection, however, viral
DNA could be found associated with HeLa nuclei (Hirt sup) 7 h post-infection and was
chromatin-associated (Hirt pellet) in significant amounts 16 h post-infection (Figure 8B). In
SIRC cells, HIV-1 DNA was found mainly in the hypotonic fraction 4 and 7 h post-
infection. Viral DNA was associated with the nuclei (Hirt sup) only 16 h post-infection and
was not chromatin-associated (Figure 8C). 2LTR circular viral DNA, a form of viral DNA
found predominantly in the nuclei (54-56), was detected in both HeLa and SIRC nuclear
fractions at 16 h post-infection, albeit at reduced levels in SIRC cells (not shown).

Overall these data showed that HIV-1 DNA did access the nucleus of SIRC cells, albeit at
low efficiency, but could not associate with chromatin suggesting a further restriction to
HIV-1 infection, perhaps a block to integration. Indeed, the 20- to 30-fold RT block in SIRC
cells could not fully account for the larger difference in viral titers (Figure 3). To test this
possibility, we infected HeLa and SIRC cells with the same amount of HIV-GFP vector
having a wild-type integrase or the catalytically inactive point mutant integrase D64V to
control for background levels of HIV-1 DNA integration and persistence (56-59) and
cultured them for 2 weeks. In these conditions, the vast majority of viral DNA detected is
integrated, because non-integrated DNA is progressively lost by degradation and dilution.
Infected cells were first analyzed by FACS to assess GFP+ cells and then DNA was
extracted and analyzed by quantitative PCR to measure provirus copy number. As shown in
Figure 9A, the percentage of GFP+ HelLa cells was greatly reduced upon infection with
HIV-1 having a defective integrase compared with the normal HIV-1 vector. Consistent with
previous results, SIRC cells showed very low levels of infection with both the normal and
the integration defective HIV-1 vector. The amount of viral DNA in SIRC cells was
substantially reduced compared with HeLa cells and was comparable with the levels
measured in cells infected with an integration defective virus (Figure 9A). HeLa cells
contained up to 500 times more viral DNA copies than SIRC cells, which fully accounted
for the difference in infection efficiency as measured by GFP expression (Figure 9B). Taken
together, these data and the data shown in Figure 8 indicated that some step leading to
efficient HIV-1 integration might also be defective in SIRC cells.

Discussion

A post-entry block to HIV-1 infection in rabbit cells has been previously described but has
not been characterized (2,3). We have found that this block is not dependent on the cell
receptor used by the virus for entry, appears to be recessive, and is characterized by an
aberrant intracellular trafficking of the RTC and by a further impairment before or at
integration.
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Two lines of evidence support the fact that the block to HIV infection in SIRC cells is
recessive. First, saturation experiments by pre-exposing cells to increasing amounts of a
virus vector rescued infectivity of the second vector only weakly, in agreement with a
previous report (3). This suggested that SIRC cells may not produce a saturable factor able
to block HIV-1 infection or that the factor may not be readily available to the incoming
virus. Second, upon fusion, heterokaryons of human (293T) and SIRC cells became
permissive to HIV-1 infection, whereas heterokaryons of OMK and SIRC cells did not. This
also suggested that SIRC cells might not have a dominant restriction factor-like OMK or
other primate cells (4,44). In fact, taken together, the results of the abrogation and the fusion
assays point to the idea that SIRC cells lack a factor that specifically allows efficient HIV-1
infection. An alternative explanation for our results would be that a factor present in 293T
cells could inhibit a restrictor in SIRC cells. A relevant example for this mechanism might
be TRIM5y4, which acts as a dominant negative for TRIM5a.;, and rescues HIV-1
infection in rhesus macaque cells (40). Interspecies hetero-multimerization resulting in the
inhibition of restriction has also been reported for human and rhesus macaque TRIM5a
proteins (60). However, we think that this latter possibility is less likely in light of the
potency and the relatively poor saturation of the restriction in SIRC cells and the almost
complete rescue obtained upon fusion with human cells. Moreover, the phenotype resulting
from TRIM5a consistently showed dominance in human/primate heterokaryons (4,44) and
given the inability of 293T cells to rescue HIV-1 infection upon fusion with OMK cells, one
would need to postulate a specific interaction of TRIMs belonging to such distant species as
Homo sapiens and Oryctolagus cuniculus.

A time-course analysis of viral DNA synthesis in HeLa and SIRC cells showed that RT was
inhibited in rabbit cells. The amount of late viral DNA in SIRC cells was 20- to 30-fold
lower than that in HeLa cells at 4, 7, and 16 h post-infection. This suggested that RT in
SIRC cells was irreversibly blocked rather than delayed. A block to RT could be due to
defective RTCs, rapid RTC degradation, and/or aberrant intracellular RTC trafficking. The
first possibility was examined by partial RTC purification in linear sucrose gradients. This
technique has been used previously to characterize HIV-1 and MLV RTCs from acutely
infected cells and is suitable to detect major differences in the biophysical properties of
RTCs (51,61-63). Interestingly, most RTCs isolated from acutely infected SIRC cells had a
significantly lower density compared with RTCs isolated from HeLa cells. This was not due
to experimental variation, because a low RTC density in SIRC cells was found in two
independent experiments. Despite different biophysical properties, RTCs isolated from
HeLa and SIRC cells were both competent for RT /n vitro when provided with exogenous
dNTPs. Thus, the block to HIV-1 RT in SIRC cells was unlikely to be caused by an intrinsic
defect of intracellular RTCs.

Rapid degradation of the viral genome was also unlikely to explain the poor HIV-1 DNA
accumulation in SIRC cells for three reasons. First, the amount of viral DNA measured in
SIRC cells was low but did not decrease significantly with time. Second, the amount of
HIV-1 RNA in the hypotonic fraction was higher in SIRC than in HeLa cells 4 h post-
infection. Third, RTCs recovered from SIRC cells 4 h post-infection were competent for RT
if provided with exogenous dNTPs. Nevertheless, on the basis of our data, we cannot
exclude that RTC degradation may involve its protein components and may take place at a
later stage, and further work is needed to address this issue.

The hypothesis that aberrant RTC trafficking could be linked to reduced levels of HIV-1 RT
in SIRC cells was investigated by stepwise cell fractionation in different lysis buffers. This
technique has been used to monitor intracellular organelle and protein distribution in
different cell types (64-66) and to perform crude examination of intracellular virus
trafficking (52). Our cell fractionation procedure revealed that most of HIVV-1 DNA is found
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in isotonic and high salt fractions in HeLa cells and in the hypotonic fraction in SIRC cells.
This different distribution is likely to be related to inefficient infection, because it was not
observed in the same cell types infected with SIVmac and MLV, two viruses that could
infect SIRC cells quite efficiently. Furthermore, most viral RNA was recovered in the
hypotonic fraction in SIRC cells, suggesting that HIV-1 RTCs in that fraction were poorly
active. The same RTCs were competent for RT if provided with exogenous dNTPs,
reinforcing the view that their intracellular location was not conducve to viral DNA
synthesis. Although the fractionation procedure is too crude to draw a firm conclusion, one
may speculate that in SIRC cells HIVV-1 RTCs do not associate with some cytoskeletal
component but remain trapped in an easily extractable compartment. Indeed, there is
evidence that HIV-1 RTCs associate with cytoskeletal components at some point after cell
entry, making them more difficult to extract by low salt buffers (12,13). Another
unanticipated result of the cell fractionation was the different intracellular distribution of
HIV-1 compared with MLV and SIVVmac DNA in the same cell type. All vectors were
pseudotyped with VSV-G, thus in this case different viral trafficking was likely to be
determined by viral proteins other than env. It is unclear at present why HIV-1 appears to
require an intracellular trafficking distinct from the one required by SIVmac and MLV for
efficient infection.

The magnitude of the RT defect (20- to 30-fold) could not fully account for the block to
HIV-1 infection in SIRC cells as determined by FACS analysis (100- to 300-fold). Provirus
silencing was considered very unlikely because inefficient infection was observed with
HIV-1 (data not shown), SIVmac, and MLV vectors expressing GFP from the same CMV
promoter. Cell fractionation experiments showed that HIV-1 DNA association with the
nuclei was delayed in SIRC compared with HeLa cells. Moreover, nuclear-associated DNA
was found in both a soluble and a chromatin-associated form in HeLa cells but only in the
soluble form in SIRC cells. This suggested that at least some HIV-1 DNA could access
SIRC nuclei, as confirmed by the presence of 2LTR circular forms, but could not integrate
efficiently. Accordingly, proviral DNA copy number was reduced in SIRC cells compared
with HeLa cells in long-term cultures to an extent that matched infection levels measured by
FACS. These data point to a further block after nuclear entry but before integration in rabbit
cells. This integration block could be due to a defective PIC, to aberrant intranuclear
trafficking or to the inability of a rabbit cellular factor to interact with HIV-1 PICs. We are
currently trying to define PIC function by sensitive /n vitro integration assays (17,67-70).

It will be important to identify both the cellular and the viral determinants of this unusual
block to HIV-1 infection to understand the factors that influence intracellular virus
trafficking in human cells. Moreover, the infection of rabbit cells overexpressing CD4 and
CCR5 with high-titer HIV-1 has been reported, although the kinetic of virus spread was not
analyzed (71). Thus, a detailed understanding of the nature of this block may provide an
important contribution to the development of rabbit as a small animal model for HIV-1
replication (72,73).

Materials and Methods

Cells

Hela, 293T, and SIRC cells were grown in DMEM supplemented with heat-inactivated
10% fetal calf serum (FCS) (Gibco/BRL, Invitrogen, Paisley, UK) in 5% C0O,/95% air at 37
°C. SIRC cells were genotyped by PCR with a set of primers specific for the Oryctolagus
cuniculus genome (clone 16796957A1, NCBI accession number AC158743) and the identity
of the PCR fragment confirmed by sequencing. OMK cells were also grown in 5% CO,/95%
air at 37 °C in minimal essential Eagle's medium supplemented with 10% FCS, non-
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essential amino acids, penicillin 100 U/mL, streptomycin 100 pg/mL (Gibco/BRL), and -
glutamine.

Vector production

HIV-1 viral vectors were prepared by the transfection of subconfluent 293T cells on a 10-cm
dish diameter with a mixture of 18-pL Fugene-6 (Roche Molecular Biochemicals, Basel,
Switzerland) in 200-pL Optimem media (Gibco/BRL) and 1 g pMD.G (vesicular
stomatitis virus envelope protein or VSV-G expression vector), 1.2 pg of pPCMVA8.2
(HIV-1 gag-pol expression vector) (46) or p64V8.2 for integrase mutant virus (58,59) and
1.5 pg of the retroviral vector. Three different vectors were used: CSGW, a self-inactivating
HIV-1 retroviral expression vector encoding enhanced GFP (eGFP), CSPW encoding the
phosphoribosyl transferase gene (conferring puromycin resistance), and pHR” a non-self-
inactivating vector encoding eGFP (46,74). To make SIVmac vectors, the same protocol was
followed using 1 pg of pSIV3+ (SIVmac gag-pol expression vector) and 1.5 pg of both
SIVeGFP and pMD.G vectors (75,76). To make MLV vectors, 293T cells were transfected
with 1 pg of gag-pol expression vectors pC1G3 N or phCMV-intron (77), 1.2 pg of pMDG,
and 1.5 pg of the eGFP encoding vector pCNCG (Oxford Biomedica, Oxford, UK). Media
was changed to fresh DMEM plus 10% FCS the next day, and supernatant was collected 48,
72, and 96 h post-transfection. The supernatant was filtered through a 0.45-pum filter and pH
was adjusted with HEPES pH 7.4 (10 mw final). Viral stocks were incubated in the presence
of DNAse | (70 U/mL) with 5 mm MgCl, for 1 h at 37 °C and purified through a 25-45%
sucrose gradient by centrifugation at 68 726 x gat 4 °C for 2 h in a Sorvall Discovery
Surespin Rotor. Stable HIV-1 vector (pseudotyped with MLV amphotropic envelope)
producer cells ISTAR and 100R26 were kindly provided by Yasuhiro Ikeda (41).
Supernatant from these cells was harvested, filter sterilized through a 0.45-pum filter, and
kept frozen in aliquots at =70 °C.

Viral titer determination and standardization

RT activity of HIV-GFP, HIV-Puro, ISTAR, and 100R26 viruses was measured by the
Lenti-RT™ Activity Assay (Cavidi Tech, Uppsala, Sweden) following the manufacturer's
instructions. RT values were used to standardize infection in different cell types. Viral titers
of HIV-1, SIV, and MLV vectors expressing eGFP were measured on HelLa, 293T, SIRC,
and OMK cells by FACS. Briefly, 2 x 10° cells/well were plated in 6-well trays and infected
by addition of 10-fold serial dilutions of viral stocks (10-0.0001 pL/well) in the presence of
8 pa/mL polybrene. Viral titers were determined 48 h post-infection by FACS.

Abrogation assay

Abrogation assays were performed as described (78) by infecting 2 x 10° cells/well with 10-
fold serial dilutions of HIV-1-Puro virus together with a constant amount of HIV-GFP virus
(enough to infect 1% of the respective cell type). Cells were analyzed by FACS 48 h post-
infection.

Fusion assay

SIRC and OMK cells were washed with PBS and incubated with BODIPY 630/650
(Molecular Probes and Invitrogen) diluted 1:2000 in Optimem (4 mL total volume) for 50
min at 37 °C in the dark. Cells were washed twice with PBS and plated in 6-well trays on
their own or in combination with 293T cells. Eight hours after plating, cells were transfected
with 1.5 ug of pV1/HTLYV (4) using Fugene-6. Thirty-six hours post-transfection, cells were
infected with an amount of virus sufficient to infect 1% of SIRC or 0.5% OMK cells. Forty-
eight hours post-infection, cells were analyzed by FACS. Cells were first analyzed
according to their size and granularity in a forward scatter (FSC-H) and SSC-H density
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plots. A population of cells with increased size appeared only when 293T were present and
pV1/HTLV was transfected. This population was gated and analyzed in a dot plot for GFP
expression (FL-1) and BODIPY 630/650 signal (FL-5). Double positive cells were
considered as infected syncytia containing SIRC or OMK cells fused with 293T cells.

Cell fractionation

About 5 x 108 SIRC or HeLa cells were plated in T-175 flasks. Twenty-four hours later,
each flask was infected with an HIV-1 or SIVmac vector with a multiplicity of infection
(MOI) of 0.3 in the presence of 8 ug/mL polybrene. Samples were incubated for 2 h at 4 °C
to allow virus binding but not internalization and then for 4 h at 37 °C. Cells were then
trypsinized and washed in PBS. All subsequent manipulations were carried out at 4 °C. The
pellet containing the infected cells was resuspended in five volumes of hypotonic buffer [10
mM HEPES (pH 7.9), 1.5 mM MgCl,, 10 mM KCI, 5 mM dithiothreitol (DTT), 20 g
aprotinin/mL, 20 pg leupeptin/mL] and centrifuged for 5 min at 1100 xg in an Eppendorf
microcentrifuge. Supernatant was kept in a separate tube, and the pellet was resuspended in
five volumes of hypotonic buffer and incubated for 10 min on ice. Cells were homogenized
with 10-15 strokes in a Dounce homogenizer. Disruption of cell membrane but integrity of
nuclei was monitored by Trypan blue staining. Samples were centrifuged at 3300 x g for 15
min. The supernatant was clarified by centrifugation at 7500 x g for 20 min. The pellet was
resuspended in isotonic buffer [10 mM Tris HCI (pH 7.4), 160 mM KCI, 5 mM MgCl,, 1
mM DTT, 20 pg of aprotinin/mL, 20 g of leupeptin/mL] and centrifuged at 4 °C at 3300 x
g for 15 min. The supernatant was collected, and the pellet was resuspended in high salt
buffer [0.5 » KCI, 10 mm TRIS HCI (pH 7.4), 5 mm MgCl5] + 1 mu DTT + 20 pg/mL
aprotinin + 20 pwg/mL leupeptin and centrifuged as before. The supernatant from this step
was collected, and the pellet was resuspended in a 1% Triton-X buffer [0.16 » KCI, 10 mw
TRIS HCI (pH 7.4), 5 mw MgCl», 1% Triton] + 1 mm DTT + 20 pg/mL aprotinin + 20 g/
mL leupeptin and centrifuged at 4 °C at 7500 x g for 10 min. The supernatant from this step
was collected, and the pellet was resuspended in SDS buffer [20 mm Tris HCI (pH 8.1), 0.4%
SDS, 10 mm EDTA]. Aliquots of all samples were digested with proteinase K (10 pg/mL) in
SDS buffer [20 mm Tris HCI (pH 8.1), 0.4% SDS, 10 mu EDTA] at 55 °C for 16-18 h
followed by phenol-chloroform extraction and ethanol precipitation of nucleic acids.

Purification of nuclei

To purify intact nuclei, we lysed cells by Dounce homogenization in hypotonic buffer as
described. The resulting pellet was gently resuspended on ice in 0.4% NP-40 (IGEPAL
CA-630) (SIGMA, St. Louis, MO, USA) in isotonic buffer [10 mw Tris (pH 7.4), 160 mw
KCI, 5 mm MgCly] + 1 mm DTT + 20 pg/mL aprotinin + 20 pwg/mL leupeptin and quickly
centrifuged at 700 x gfor 5 min at 4 °C. The supernatant was collected and the pellet
washed once in isotonic buffer + 1 mm DTT + 20 pg/mL aprotinin + 20 pg/mL leupeptin.
The integrity of nuclei was checked at high magnification by light microscopy in the
presence of trypan blue. The remaining sample was further fractionated into a soluble and
insoluble part by the Hirt method (53), digested by proteinase K and nucleic acids purified
by phenol-chloroform extraction and ethanol precipitation.

Long-term infection

1.5 108 SIRC or HeLa cells were plated in T-75 flasks. Twenty-four hours later, cells were
infected with an HIV-1 vector, an HIV-1 integrase-mutant vector, or an NB-MLYV vector at
an MOI of 0.3 in the presence of 8 pg/mL polybrene. Forty-eight hours later an aliquot of
infected cells was analyzed by FACS. After 2 weeks, cells were trypsinized and resuspended
in PBS. Some of the cells were analyzed by FACS, and total DNA was extracted from the
rest with the Qiamp® DNA Minikit (Qiagen, Hilden, Germany) and subjected to real-time
PCR analysis (see Real Time PCR section below).
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RT-PCR

5 x 10 SIRC or HeLa cells were plated in T-175 flasks. Twenty-four hours later, cells were
infected with an HIV-1 vector with an MOI of 0.3 in the presence of 8 pg/mL polybrene.
Samples were incubated for 2 h at 4 °C to allow virus binding but not internalization and
then for 4 h at 37 °C. Cells were then trypsinized and washed in PBS. All subsequent
manipulations were carried out at 4 °C and at RNase-free conditions. The same cell
fractionation procedure was followed as described above, and the nucleic acids were ethanol
precipitated, resuspended in RNase-free water, and digested with 10 U/mL RNAse-free
DNase I at 37 °C for 1 h. For first-strand cDNA synthesis, RNA was mixed with Oligo dT,q
probe, biotin-labeled (Roche Molecular Biochemicals) (200 pmol), 1 mu dNTPs mix in 10
L total volume following the manufacturer's instructions. Samples were incubated at 65 °C
for 5 min, placed on ice for 1 min, and then mixed with 10 mu MgCl,, 2 mu DTT, 40 units
of RNAseOUT and 200 units of Super Script 111 Reverse Transcriptase (Invitrogen) in its
own buffer. Samples were incubated at 50 °C for 50 min followed by 1 min at 85 °C and
treated with RNAse H at 37 °C for 20 min. The reaction products were then used as template
for PCR. Control reactions were performed in the absence of Super Script 11 reverse
transcriptase.

RTC density assay

Cytosolic extracts were prepared by Dounce homogenization in hypotonic buffer as
described above from 5 x 108 acutely infected HeLa, SIRC, or OMK cells, and RTCs were
purified onto 20-70% continuous linear sucrose gradients as previously described (16,50).
Gradients were fractionated by puncturing the bottom of the tube and collecting 12 fractions.
Fractions were kept frozen at =70 °C.

Endogenous RT assay

Reactions were carried out in 60 pL of buffer [10 mm Tris HCI (pH 8.1), 15 mm NaCl, 6 mw
MgCly, 1 mm DTT, 2 mm each dNTP]. Fifteen microliters from the density equilibrium
fractions was added to the buffer and incubated for =6 h at 37 °C. The products of RT were
detected by PCR using 5 pL of the endogenous reaction as template (16). As a control, the
same mix was prepared for each sample but without dNTPs. PCR products were separated
onto a 7.5% polyacrylamide gel and stained with SYBR-Gold Nucleic Acid Gel Stain
(Molecular Probes) and analyzed by the phosphorimager STORM 860 (Molecular Dynamics
and Amersham Biosciences, Little Chalfont, UK).

Real-time PCR

TagMan quantitative PCR was performed as described (3, 79, 80, and Supplementary Table
S1). For the amplification of intermediate and late products of RT (GFP and late primers),
0.3 pmol of each primer (for primer sequences and probes please refer to Supplementary
Table S1), 0.15 pmol of the probe and 12.5 pL of Quantitect Probe Master Mix (Qiagen)
and 208 ng of carrier DNA were used in a final volume of 25 pL. For amplification of early
products of RT (RU5 primers), 200 nu of primers and probe were used with 25 pL of
Quantitect Probe Master Mix (Qiagen) and 208 ng of carrier DNA were used in a final
volume of 50 L. Carrier DNA was prepared with salmon sperm DNA at a concentration of
0.1 mg/mL. The standards were prepared with CNCG or pHR” plasmids in 10-fold dilutions
from 10° to 107 copies/uL. About 100-500 ng of template DNA were added per reaction.

PCR amplification

All PCR were performed in a final volume of 50 pL containing 1 x PCR buffer (Promega,
Madison, WI, USA), 100 pwm of each dNTP, 2.5 mu MgCly, 5 U of Taqg polymerase
(Promega), and 30 pmol of each primer. For primer sequences refer to Supplementary Table
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S1. Cycle parameters were as follows: 94 °C for 3 min the first cycle; 94 °C for 1 min, 55 °C
for 30 s, and 68 °C for 1 min for 25-30 cycles; followed by one final extension cycle at 68
°C for 10 min. PCR products were resolved on a 1.5% agarose gel and visualized by
ethidium bromide.

SDS-PAGE and Western blot

For protein analyses, 300 L of each fraction from the stepwise fractionation experiment
were first diluted in 1.2 ml of ice-cold 50 mM sodium phosphate buffer (pH 7.4) in the
presence of 10% (v/v) trichloroacetic acid. Fractions were incubated at =20 °C for 16 h and
centrifuged for 30 min at 4 °C at maximum speed in a minicentrifuge. Pellets were washed
once in a solution of ice-cold 80% acetone in distilled H,O and resuspended in 20 pL 2x
SDS loading buffer [0.5 M Tris HCI (pH 6.8), 1% SDS, 10% glycerol, 0.1% bromophenol
blue, 1 mM EDTA, 10 mM DTT, 20 g of aprotinin/mL, 2 g of leupeptin hemisulfate/mL,
10 pg of phenylmethylsulfonyl fluoride] and the pH was adjusted to approximately 7.0 by
the addition of 1 pL of 1.5 m Tris HCI (pH 8.8). Samples were resolved onto a 6-12.5%
SDS-PAGE and either stained with Silver Stain Plus (Bio-Rad, Hercules, CA, USA)
following the manufacturer's instructions or transferred to a polyvinylidene difluoride
(PVDF) membrane (Bio-Rad). Membranes were incubated with MCA77G rat MAb against
a-tubulin (Serotec, Oxford, UK) for 1 h at room temperature after blocking with 10% non-
fat milk (Tesco, London, UK). A horseradish peroxidase-conjugated secondary antibody
was used diluted 1:3000 (anti-rat 1gG; Dako, Glostrup, Denmark). Enhanced
chemiluminescence was used to develop the blots (Amersham, Little Chalfont, UK).
Autoradiography films were exposed for different periods of time to ensure linearity of the
signal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

HIV-lisrestricted in SIRC cells. (A) Hela, 293T, and SIRC cells were infected with
increasing amounts (RT normalized) of HIV-1 vector pseudotyped with VSV-G (top left
panel), HIV-1 vector pseudotyped with amphotropic MLV envelope (top right panel),
SIVmac vector pseudotyped with VSV-G (bottom left panel), and NB MLV vector also
VSV-G pseudotyped (bottom right panel). All vectors expressed GFP driven from a CMV
promoter. The percentage of GFP+ cells ()~axis) was counted by FACS 48 h post-infection
and plotted against the amount of input virus. Results of two independent experiments are
shown as mean values + standard error. (B) Viral RNA was extracted from HeLa and SIRC
cells 4 h post-infection with the same dose (RT normalized) of HIV-1 (VSV-G) or HIV-1
(Env-) virus, subjected to oligo-dT primed /n vitro RT (after DNAse | treatment) and
quantified by PCR using GFP primers. With RT, reaction performed in the presence of
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reverse transcriptase, no RT, control reaction performed in the absence of reverse

transcriptase. (C) An aliquot of the cells used for RNA extraction was re-plated and
analyzed by FACS 48 h later to quantify infection efficiency.
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Figure 2.

HIV-1restriction in SIRC cells has a recessive phenotype. SIRC and OMK cells were
labeled with the amine reactive fluorescent dye BODIPY-630/650, fused with 293T cells
expressing the highly fusogenic HTLV-1 envelope protein and 24 h later infected with VSV-
G-pseudotyped HIV-1-GFP vector. (A) Approximately 24 h post-infection, syncitia were
analyzed by confocal microscopy: those containing SIRC or OMK cells (blue labeled) were
considered mixed because cell fusion occurred only when 293T cells were present. (B) The
same cells were analyzed by FACS and density plots of the forward (FSC-H) and side (SSC-
H) scatter measurements are shown. Syncytia appeared as a population that shifted upward
in the R2 region of the SSC-H channel after transfection with HTLV-1 envelope (bottom
panel on the left). This shift was not apparent in mixed 293T and SIRC populations in the
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absence of HTLV-I envelope (hot shown). Cells were analyzed for BODIPY staining, and
GFP expression and density plots of the FL-5H channel (BODIPY-630/650) and FL-1H
channel (GFP) are shown in the middle panels (for the R1 region) and right panels (R2
region), respectively. SIRC cells were labeled with BODIPY but were poorly infected by the
HIV-1 GFP vector (top, middle panel). 293T cells were not labeled with BODIPY but were
efficiently infected by the HIV-1 GFP vector (middle, middle panel). Fusion of SIRC cells
with 293T cells rescued HIV-1 infection as shown by the increase in the number of double
BODIPY/GFP positive cells (bottom, right panel). (C) Histogram showing the percentage of
infected cells for each cell type before and after fusion calculated by FACS as shown in
panel B. Values represent the average of three independent experiments + standard
deviation. (D) Abrogation assay on HelLa, 293T, OMK, and SIRC cells. Cells were exposed
to 11 000 pg/RT of HIV-1-puro vector, infected with a fixed amount of HIV-GFP vector
and analyzed by FACS to count the percentage of infected cells. Rescue of infectivity by
pre-exposure to HIVV-1-Puro is expressed as fold abrogation relative to cells that were not
pre-exposed to HIV-1-Puro.
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Figure 3.

HIV-1RT isdefectivein SIRC cells. HeLa and SIRC cells were infected with the same
dose (RT normalized) of HIV-1-GFP vector pseudotyped with VSV-G envelope, incubated
at 4 °C for 2 h to allow virus binding to the cell receptor but not internalization and then
incubated at 37 °C for 4, 7, and 16 h. Total DNA was extracted, and the number of viral
DNA copies/100 ng total DNA was calculated by real-time PCR using R/U5 (early), GFP
(intermediate), or U5/gag (late) primers. VValues represent the mean + standard deviation of
triplicate experiments. An aliquot of infected cells was re-plated and analyzed 48 h later by
FACS to measure infection efficiency. To control for DNA carry over from transfections
performed to generate virus stocks, we subjected eight different virus stocks to 35 cycles
PCR using primers specific for pPCMVnAS8.2 gag-pol expression vector (Supplementary
Table S1). Serial dilutions of plasmid down to 1 pg were used to monitor the sensitivity of
the PCR. Viral stocks were also subjected to PCR with primers specific for the strong stop
DNA (+C) and late RT products (- C). MWM, DNA molecular weight markers.
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Figure4.

RTCshave a different density in HeLa and SIRC cells but are competent for RT in
vitro. Cells were infected with the same dose of HIV-1 vector, incubated 2 h at 4 °C to allow
virus binding to the cell receptor and then 4 h at 37 °C. Cytosolic extracts were prepared
from infected cells by Dounce homogenization in hypotonic buffer and centrifuged through
a 20-70% linear sucrose gradient. Individual fractions were subjected to PCR with primers
specific for the strong stop DNA (expected size 140 bp). (A) Density fractions from HeLa
cells; (B) density fractions from SIRC cells. The arrow indicates the direction of the gradient
(top, low density; bottom, high density). Low molecular weight bands are PCR artifacts.
Plasmid DNA was used as a positive control (+C). (C) Regression plot showing the density
of each individual fraction measured as described in Materials and Methods. (D)
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Endogenous RT reaction. The fractions containing the peak of strong stop DNA (fraction 5
for HeLa and fraction 9 for SIRC cells) were subjected to an endogenous RT reaction in the
presence (+) or absence (-) of exogenous dNTPs and analyzed by PCR with primers specific
for late RT products (HIV SIN2F and HIV FLRC). H, HeLa; S, SIRC; MWM, molecular
weight markers. (E) Quantification of endogenous RT activity by gPCR. Samples were
normalized for strong stop DNA concentration and subjected to an endogenous reaction as
before in the presence or absence of exogenous dNTPs. Products of the reaction were then
analyzed by gPCR using primers for late viral DNA products.
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Figure5.

Stepwise fractionation of HeL a and SIRC cells. (A) Schematic representation of the
fractionation procedure applied to the cells. (B) Proteins extracted by cell fractionation were
concentrated and analyzed by SDS-PAGE and silver stain. Hy, hypotonic fraction; Is,
isotonic fraction; HS, high salt fraction; 1% T, 1% Triton-X fraction; SDS, SDS fraction.
MWM, molecular weight markers. (C) Total (unfractionated) cell extracts. (D-E) Western
blot analysis of the same fractions with an anti-a-tubulin monoclonal antibody.

Traffic. Author manuscript; available in PMC 2007 July 30.



siduiosnueil Joyiny sispund DA 8doin3 ¢

syduosnue Joyiny siepund DN 8doin3 ¢

Cutifio-Moguel and Fassati Page 25

A Hypotonio Isotonic High Salt 1% Triton shE MWM
H 3 H 3 H 3 H 3 H 3

2000
B — —
£ 1500 =
:
g 1000 5
Fk) Fx)
& 500 &
] ]
0
Hypo Isot HSalt 1%T SDS Hypo Iset HSalt 1%T SDE
Hela HIV SIRC HIV
1500 500
%1250 jf 400
g 1000 2 300
g 750 g
S 500 S 200
ey ey
g 250 5 100
0 0
Hypo Isot HSalt 1%T SDE Hypo Isot HSalt 1%T 3DE
Hela SIV SIRC STV
25001720661 1000 4
— —
S 15001 ¥l
g E 5001
;1000‘ ;
[ r
8" 5007 g 20
04 0
Hypo Isot HSalt 1%T SDE
Hela MLV SIRC MLV
Figure6.

HIV-1 hasadifferent intracellular distribution in HeLa and SIRC cells. Cells were
infected with the same dose of HIV-1, SIVmac, or MLV vectors pseudotyped with VSV-G,
incubated 2 h at 4 °C and then 4 h at 37 °C and subjected to the stepwise fractionation
procedure described in Figure 5A. (A) Total DNA was extracted from each fraction and
analyzed by PCR with primers specific for late RT products. H, HeLa cells; S, SIRC cells;
MWM, molecular weight markers. (B) The entire procedure was repeated and fractions
analyzed by real-time PCR (GFP primers) to measure viral DNA copy number. Bars
represent the mean + standard deviation of triplicate experiments.
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Figure7.

Viral RNA distribution in HeLa and SIRC cells. Cells were infected with the same dose
of HIV vector, incubated 2 h at 4 °C and then 4 h at 37 °C. Infected cells were subjected to a
stepwise fractionation procedure as described in Figure 5A in RNAse-free conditions. Total
RNA was extracted, and samples were treated with RNAse-free DNAse |. After re-
purification of the RNA, reverse transcriptase was used to perform first-strand cDNA
synthesis. Control reactions were incubated in parallel in the absence of reverse
transcriptase. Viral RNA copy number was measured by real-time PCR. Bars represent the
mean + standard deviation of triplicate experiments. Hy, hypotonic buffer; Iso, isotonic
buffer; HS, high salt buffer; 1%T, 1% Triton-X buffer; SDS, SDS buffer.
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Figure8.

Association of viral DNA with the nuclei isdelayed in SIRC cells. HeLa and SIRC cells
were infected with the same dose of HIV-1 vector, incubated 2 h at 4 °C and then 4, 7, and
16 h at 37 °C. (A) Schematic representation of the fractionation procedure designed to
separate the cytosol from intact nuclei. Nuclei were then processed into a soluble and
chromatin fraction by the Hirt method. DNA was extracted from each fraction and analyzed
by real-time PCR (GFP primers) to measure viral DNA copy number. (B) Distribution of
viral DNA in HeLa cells. (C) Distribution of viral DNA in SIRC cells. Bars represent the
mean + standard deviation of triplicate experiments. Hypo, hypotonic buffer; NP40, buffer
containing 0.4% NP-40.
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Figure9.

HI1V-1 does not integrate efficiently in SIRC cells. (A) HeLa and SIRC cells were infected
with the same amount of a VSV-G-pseudotyped HIV-1 vector or with a mutant HIV-1-GFP
vector having a catalytically inactive point mutant integrase (A Int) and passaged for 2
weeks. Cells were analyzed by FACS to detect GFP+ (infected) cells. (B) Total DNA was
extracted from the same cells and analyzed by quantitative real-time PCR to measure
proviral DNA copy number.
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