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Here, we report that human immunodeficiency virus type 1 (HIV-1) Env glycoprotein is located mainly in the
trans-Golgi network (TGN) due to determinants present in the cytoplasmic domain of the transmembrane gp41
glycoprotein (TMgp41). Internalization assays demonstrated that Env present at the cell surface returns to the
TGN. We found that the cytoplasmic domain of TMgp41 binds to TIP47, a protein required for the transport
of mannose-6-phosphate receptors from endosomes to the TGN. Overexpression of a mutant of TIP47 affected
the transport of Env from endosomes to the TGN. Retrograde transport of Env to the TGN requires a Y802W803
diaromatic motif present in the TMgp41 cytoplasmic domain. Mutation of this motif abolished both targeting
to the TGN as well as interaction with TIP47. These data support the view that binding of TIP47 to HIV-1 Env
facilitates its delivery to the TGN. Lastly, we show that virus mutated in the Y802W803 motif is poorly infectious
and presents a defect in Env incorporation, supporting a model in which retrograde transport of Env is
implicated in the optimization of fully infectious HIV-1 production.

The envelope glycoprotein (Env) of the human immunode-
ficiency virus type 1 (HIV-1) is synthesized as a 160-kDa pre-
cursor and is processed during its passage through the secre-
tory pathway by a host cell protease, furin, to yield the surface
subunit (SUgp120) and the transmembrane (TM) subunit
(TMgp41). The SUgp120 is responsible for binding to recep-
tors and coreceptors, whereas the TMgp41 anchors the Env
proteins at the membrane and induces membrane fusion dur-
ing virus entry. The TM is comprised of an ectodomain, a
single membrane-spanning domain, and a C-terminal cytoplas-
mic domain, containing more than 150 amino acids (aa) (17).

Newly synthesized HIV-1 Env undergoes endocytosis after
its arrival at the cell surface (33). Internalization of HIV-1 Env
is mediated by interaction of the AP-2 clathrin adaptor com-
plexes with a GY712SPL membrane-proximal, tyrosine-based
signal in the TMgp41 cytoplasmic domain (3, 5, 28). Additional
determinants downstream of the proximal tyrosine-based sort-
ing signal are implicated in HIV-1 Env endocytosis (3). The
cytoplasmic domain of HIV-1 Env also interacts with AP-1
adaptor complexes (3, 37). We have shown that the dileucine
motif at the C terminus of the cytoplasmic domain of TMgp41
is implicated in the recruitment of AP-1 complexes. This di-
leucine motif, together with the membrane-proximal tyrosine-
based motif, helps to control expression of Env at the cell
surface (37). Two other amino acid sequences (aa 750 to 763
and aa 764 to 785 of the TMgp41), which inhibited Env surface
expression, have also been identified in the cytoplasmic do-
main of the TMgp41 (9).

AP-1 mediates the transport of a subset of protein from the
trans-Golgi network (TGN) to endosomes (19). AP-1 may also
mediate retrograde transport from early or recycling endo-
somes to the TGN (23, 25). This pathway is followed by
TGN38 (24) and the B fragment of Shiga toxin after endocy-
tosis (23). The recycling of mannose 6-phosphate receptors
(MPRs) to the TGN occurs from late endosomes (LE). Re-
cently, the protein TIP47 has been shown to be required for
the retrograde transport of MPRs (12). TIP47 is present in the
cytosol and on endosomes and binds selectively to the cyto-
plasmic domains of cation-dependent (CD) and cation-inde-
pendent MPRs (20, 30). TIP47 also binds directly to the Rab9
guanosine triphosphatase, a Rab GTPase also required for
endosome-to-Golgi transport (22, 32), in its active, GTP-
bound conformation (10).

Given the importance of cell-associated viral glycoproteins
in cytopathic effects, the levels of Env at the cell surface may
well influence the pathogenesis of HIV in vivo. A recent report
on simian immunodeficiency virus (SIV) supports this view
since disruption of the tyrosine-sorting signal Y721RPV of the
SIVmac239 Env resulted in in vivo attenuation of SIVmac239
retrovirus in Rhesus macaques (14). We have further investi-
gated the intracellular trafficking of Env to evaluate its impli-
cation in HIV infectivity. We found that, at the steady state,
Env is mostly concentrated in the TGN. This distribution is in
fact dynamic, partly due to the retrograde transport of Env
from the cell surface to the TGN. We show that Env interacts
with TIP47 protein via a Y802W803 diaromatic motif in the
cytoplasmic tail of gp41 that is responsible for the retrograde
transport of Env to the TGN. These data suggest that recog-
nition of TIP47 to Env via the Y802W803 motif drives the
retrograde transport of Env to the TGN.
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MATERIALS AND METHODS

Antibodies. The following primary antibodies were used: monoclonal antibody
(MAb) 100.3 anti-�-adaptin (Sigma), MAb 3F10 anti-hemagglutinin (anti-HA)
(Roche), MAb Leu2A anti-CD8-� (Becton Dickinson), MAbs 110H and 160A
anti-Env (Hybridolab), MAb 41A anti-TMgp41 (Hybridolab), MAb 25A anti-
p24 (Hybridolab), rabbit polyclonal anti-TIP47 (provided by S. Pfeffer), rabbit
polyclonal anti-glycoprotein E (anti-gE) and anti-sialyltransferase (anti-ST)
(provided by B. Hoflack), sheep polyclonal anti-TGN46 (Serotec), human MAb
b12 anti-HIV-1 Env (provided by D. Burton and P. Parren), and MAb IAM2G12
(provided by H. Katinger and National Institute for Biological Standards and
Control). All the secondary antibodies against the mouse, rabbit, rat, human, and
sheep immunoglobulin G’s coupled to Cy2, Cy3, or Cy5 were purchased from
Jackson ImmunoResearch.

Mammalian expression vectors. The vectors for expression of the wild type
(wt) (pcEnv-wt) HIV-1 Env and the HIV-1 HXB2 molecular clone were pro-
vided by M. Thali (37). Constructs for the eukaryotic expression of TGN markers
were provided by B. Hoflack (pSR�-STSVG for ST and pSFFV-gE for the
varicella-zoster virus [VZV] gE) and by G. Banting (�pMEP4-TGN38-EGFP for
TGN38 fused to green fluorescent protein [GFP]).

Cell culture. HeLa, 293T, and HeLa P4-2 cells were grown in Dulbecco’s
modified Eagle’s medium, and Jurkat cells were grown in RPMI 1640 (Gibco
BRL). These media were supplemented with glutamine, antibiotics, and 10%
fetal calf serum.

Subcellular localization of Env glycoprotein. HeLa cells were spread on glass
coverslips in 24-well plates (2 � 104 cells/well) 24 h before transfection. Vectors
expressing the wt HIV-1 Env (pcEnv-wt) and TGN markers were cotransfected
with FuGENE 6 reagent (Roche Diagnostics) according to the manufacturer’s
instructions. Forty-eight hours later, the transfected cells were washed twice with
phosphate-buffered saline (PBS) and fixed for 20 min in 4% paraformaldehyde.
They were then quenched and permeabilized for 30 min in 0.05% saponin–0.2%
bovine serum albumin (BSA)–PBS. The cells were incubated for 45 min with
anti-Env b12 MAb, washed, and stained with anti-human Cy3 or Cy2 antibody.
The cells were then incubated for 30 min with each of the antibody mixtures,
washed, and stained with corresponding secondary antibody coupled to Cy2 or
Cy3. Immunofluorescence on HIV-1-infected P4-2 HeLa cells was performed
48 h after infection as described above. When indicated, the cells were treated
before fixation with 50 �g of cycloheximide/ml for the indicated times. Confocal
microscopy was performed with a Bio-Rad MRC1000 instrument. A series of
optical sections at 0.5-�m intervals were recorded and mounted by using Adobe
Photoshop software.

Subcellular localization of CD8-HIV chimera. (i) Generation of CD8-HIV
chimera. The pCD8-HIV chimera has been described previously (3). Deletions
(pCD8-HIV707-725, pCD8-HIV707-767, pCD8-HIV707-780, pCD8-HIV707-
801, pCD8-HIV707-809, pCD8-HIV707-819, and pCD8-HIV707-825) and point
mutations (pCD8-HIVY802W803-AA and pCD8-HIV-A804/810) of CD8 were
generated by PCR-directed mutagenesis with the appropriate primers. Deletions
and mutations were verified by DNA sequencing.

(ii) Indirect immunofluorescence staining. HeLa cells (8 � 106) underwent
electroporation (37) with 7 �g of CD8-HIV chimera vectors and were spread on
glass coverslips in 24-well plates (8 � 104 cells/well). They were then stained with
CD8 Leu2A MAb for immunofluorescence as described above for Env. When
indicated, the cells were treated with 50 �g of cycloheximide/ml for the indicated
times before fixation.

Internalization and uptake assays. Cells grown on coverslips and transiently
transfected 2 days earlier were washed with PBS containing 0.2% BSA and
incubated with human anti-Env MAb or mouse anti-CD8 MAb for 1 h at 0°C.
The cells were washed and returned to 37°C for the desired amount of time, after
which they were fixed directly and processed for immunofluorescence as de-
scribed above. Cells used for uptake assays were incubated simultaneously with
anti-Env b12 and anti-gE for 1 h at 37°C. They were then washed, fixed, perme-
abilized, and processed for immunofluorescence.

Electron microscopy immunocytochemistry. HeLa cells were transfected with
20 �g of pcEnvwt vector. Forty-eight hours later, cells were treated with cyclo-
heximide for 3 h and fixed with 4% paraformaldehyde–0.1% glutaraldehyde in
0.1 M phosphate buffer (pH 7.4) (PB). Cells were prepared as described previ-
ously (31). Briefly, after fixation, cells were centrifuged at 1,000 � g for 10 min,
embedded in 10% gelatin for 30 min on ice, and cut into small blocks that were
infiltrated with 2.3 M sucrose and frozen in liquid nitrogen. Ultrathin cryosec-
tions were performed in a Leica Ultracut E cryoultramicrotome with a cryocham-
ber attachment. For immunolabeling, the sections were incubated with anti-Env
2G12 MAb (1/1,000) (8) overnight at 4°C after preincubation in PB–10 mM
NH4Cl–1% BSA for 20 min. Then, they were incubated with protein A gold

(10-nm diameter; purchased from J. W. Slot, University Utrecht, Utrecht, The
Netherlands) for 45 min, washed with PB, fixed in 1% glutaraldehyde for 5 min,
rinsed in H2O, and prestained with 2% neutral uranyl acetate. The sections were
stained in a mixture of 2% methyl cellulose with 3% aqueous uranyl and exam-
ined with a Philips Tecnai 12 electron microscope operating at 80 Kv.

Two-hybrid assay. The ��P47 open reading frame (ORF) (12), the full-length
cytoplasmic domain of TMgp41, and the deleted fragments of TMgp41 (aa 707
to 768, 751 to 856, and 786 to 824) were obtained by PCR and fused to the Gal4
activator domain and to the LexA binding domain (BD), respectively, in pGAD
and pLex vectors. Y802W803-AA-mutated pLex-TMgp41786-824 was generated by
PCR-directed mutagenesis with the appropriate primers. The yeast reporter
strains L40 containing the HIS3 and 	-galactosidase (	-Gal) LexA-inducible
genes were cotransformed and plated on selective medium lacking tryptophan
and leucine (3). L40 double transformants were patched on the same media and
then analyzed for histidine auxotrophy by replica plating on selective medium
lacking tryptophan, leucine, and histidine (
His) and for qualitative and quan-
titative 	-Gal (35).

TIP47 binding assays. HA-TIP47 was obtained following direct subcloning of
the TIP47 ORF in pAS1B vector (35). HeLa cells were transfected by electro-
poration with 10 �g of pAS1B-TIP47. Forty-eight hours later, HA-TIP47-trans-
fected cells or untransfected HeLa cells were lysed in 50 mM Tris, 150 mM NaCl,
5 mM EDTA, and 1% Triton X-100 (pH 8). Lysates corresponding to 5 � 106

cells were incubated overnight at 4°C with either 5 �g of purified glutathione
S-transferase (GST), wt GST-HIV (3), GST-HIV-Y802W803-AA, or GST-HIV-
S804QELKNS810-A804/810 protein. The beads were then washed 6 times with 50
mM Tris, 300 mM NaCl, and 5 mM EDTA (pH 8). Bound cellular proteins were
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and revealed by Western blotting with anti-HA or anti-TIP47 antibody.

TIP47 transdominant assay. Mutant HA-TIP47Ala167AlaAla was obtained
following direct subcloning of the TIP47Ala167AlaAla (10) in pAS1B vector.
Plasmids encoding HA-TIP47 or HA-TIP47Ala167AlaAla were cotransfected
with pcEnvwt and pSR�-STSVG vectors with FuGENE 6 reagent according to
the manufacturer’s instructions. HeLa cells grown on coverslips and transiently
transfected 2 days earlier were washed with PBS containing 0.2% BSA and
incubated with anti-Env b12 MAb for 1 h at 0°C. The cells were washed and
returned to 37°C for the desired amount of time, after which they were fixed
directly and processed for immunofluorescence.

Quantitative syncytium formation assay. The vector used for the quantitative
assay of syncytium formation of the wt HIV-1 Env contained the ORF of the
HIV-1 HXB2 Env and those of HIV-1 Tat and Rev proteins driven by the
cytomegalovirus promoter (pcEnv-wt). pcEnv-Y802W803-SL was obtained by site-
directed mutagenesis of the pcEnv-wt vector with the QuikChange system (Strat-
agene) according to the manufacturer’s instructions. The following primers were
used: Y802W803-SL, 5�-GGAATCTCCTACAGTCCTTGAGTCAGGAACTA
AAG-3� and 5�-CTTTAGTTCCTGACTCAAGGACTGTAGGAGATTCC-3�.
The introduced mutations respected the ORF and the amino acid sequence of
Rev protein. Mutations were confirmed by DNA sequencing.

The P4 HeLa-derived cell line, obtained from M. Alizon, is susceptible to
fusion induced by the HIV-1 HXB2 Env protein. Both cell lines contain the
	-Gal reporter gene under the control of the HIV-1 long terminal repeat. 293T
cells (1 � 105) were plated in six-well plates and transfected with 3 �g of Env
expression vectors by the calcium phosphate method. These vectors express the
Env glycoproteins as well as Tat and Rev. HeLa-P4 reporter cells (2 � 105) were
added to each well 24 h later. The presence of viral Env on the surface of
transfected cells caused the formation of syncytia with indicator cells, allowing
Tat-dependent synthesis of 	-Gal. Coculture was continued for 48 h, after which
the cells were fixed and stained for 	-Gal activity (11). Syncytia containing three
or more blue-stained nuclei were counted. The syncytium formation index is the
number of syncytia obtained with the mutated glycoproteins divided by that
obtained with the wt.

Flow cytometry. The Env and CD8-HIV hybrid at the cell surface was moni-
tored by flow cytometry as described previously (3). Env labeling at the cell
surface was performed by using anti-Env 110H MAb. The overall synthesis of
Env in transfected cells was monitored by Western blotting with anti-Env 110H
MAb.

Viral replication kinetics. To generate Y802W803-SL mutant HXB2 proviral
clones, the NheI-XhoI fragment (nucleotides 4520 to 6158) from the pcEnv-
Y802W803-SL construct was cloned into HXB2 digested by NheI and XhoI.
Mutation was verified by sequencing. Viral stocks of wt or Y802W803-SL mutant
HXB2 HIV-1 were obtained by transfecting 293T cells (1.5 � 106) with 20 �g of
corresponding HXB2 proviral DNA by using the calcium phosphate procedure.
Forty-eight hours later, transfected cell supernatants were harvested, filtered
through 0.22-�m-pore-size filters, quantified for HIV-1 p24 antigen by using a
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Coulter HIV-1 p24 antigen assay (Beckman Coulter), and used in infections as
described below. Virus-containing supernatants (50 ng of p24) were used to
infect 106 Jurkat cells for 2 h. Cells were washed and cultured for 23 days. Every
2 or 3 days, supernatant samples were collected and stored at 
80°C, and cells
were counted and split to maintain the same number of cells for all viruses (106

cells/ml). All collected supernatants were analyzed for p24 quantity.
Env incorporation assay. To generate the vesicular stomatitis virus G protein

(VSV-G) pseudotype, 293T cells (1.5 � 106) were transfected with 10 �g of
VSV-G expression vector and either 10 �g of wt or Y802W803-SL mutant HXB2
HIV-1 provirus by using the calcium phosphate procedure. Forty-eight hours
later, supernatants of transfected cells were harvested, filtered through 0.45-�m-
pore-size filters, quantified for HIV-1 p24 antigen by using a Coulter HIV-1 p24
antigen assay, normalized, and used in infections as described below.

Jurkat cells (15 � 106) were infected overnight with 3 ml of VSV-G-
pseudotyped HIV-1. Cells were washed three times with PBS buffer and cultured
for 2 days in 15 ml of RPMI medium. To block subsequent spread of virions
bearing the HIV-1 env glycoprotein following VSV-G-mediated infection, the
CXCR4 inhibitor AMD3100 (100 ng/ml) was added to the infected cultures.
Supernatants were collected, filtered through 0.45-�m-pore-size filters, and ul-
tracentrifuged at 90,000 rpm for 30 min in the rotor TLA 100.3. The pellet were
resuspended in 80 �l of Laemmli buffer. Cell and virions lysates were subjected
to SDS-PAGE and transferred to polyvinylidene difluoride membranes (Amer-
sham). Membranes were incubated with either the anti-SUgp120 110H, or the
anti-TMgp41 41A or anti-p24 25A antibody (Hybridolab). Subsequently, mem-
branes were incubated with horseradish peroxidase-conjugated secondary anti-
bodies (Dako), and the antibody-bound proteins were detected with an ECL�
kit (Amersham).

RESULTS

The HIV-1 Env glycoprotein is in the TGN at steady state. It
was shown previously that the HIV-1 Env glycoprotein inter-
acts with AP-1 and AP-2 adaptor complexes (3, 37) and is
present in a perinuclear region of the cell. To further analyze
the intracellular distribution and trafficking of HIV-1 Env, the
protein was transiently expressed in HeLa cells and its intra-
cellular distribution was compared with that of �-adaptin, the
large specific subunit of AP-1 adaptor complexes that is
present on TGN. We also coexpressed the HIV-1 Env with
VZV gE, TGN38 fused to GFP, or ST, three markers of the
TGN (1, 16). Cells were analyzed 48 h after transfection and
treated with cycloheximide (50 �g/ml) for 3 h to eliminate the
newly synthesized Env from the early secretory pathway.

Env staining was concentrated in a perinuclear region, with
some faint staining in intracellular vesicles scattered through-
out the cytoplasm (Fig. 1a, d, g, and j). Env was rarely detected
at the cell surface, although there was some labeling at the
surface of the extensions of the transfected cell. Laser confocal
immunofluorescence studies showed that Env colocalized with
�-adaptin in the perinuclear region (Fig. 1c). Colocalization in
perinuclear area was also observed with the VZV gE (Fig. 1f),
TGN38-GFP (Fig. 1i), and ST (not shown). Moreover, in
HeLa P4-2 cells infected by HIV-1 virus, Env staining in the
perinuclear region overlapped the labeling of TGN46, an en-
dogenous marker of the TGN (Fig. 1j to l). Thus, HIV-1-
infected cells and Env-transfected HeLa cells revealed that
Env is mainly concentrated in a perinuclear region, in a com-
partment that is very like that of TGN, as judged by our
simultaneous labeling.

Electron microscopy-immunogold labeling of Env confirmed
and extended these results. Ultrathin cryosections of HeLa
cells expressing Env were labeled with anti-Env 2G12 MAb
(8). At the steady state, labeling of 2G12 was observed on the
Golgi cisternae and tubulo-vesicular structures of TGN (Fig.
2A). 2G12 was also localized on multivesicular LE (Fig. 2B).

Futhermore, 2G12 MAb reveals labeling of the plasma mem-
brane in some transfected cells (Fig. 2C). Other intracellular
organelles remained unlabeled, confirming the specificity of
Env labeling (Fig. 2A).

The cytoplasmic domain of TMgp41 governs TGN distribu-
tion. We constructed a chimeric molecule composed of the
cytoplasmic domain of TMgp41, fused to the extracellular and
transmembrane domains of the CD8-� chain antigen (pCD8-
HIV) (3), to determine whether this cytoplasmic domain con-
tains the sorting information required to direct Env to the
TGN. The CD8-HIV chimera was compared with a control
construct, the CD8-stop chimera, lacking a cytoplasmic do-
main, after expression in HeLa cells. The CD8-stop chimera
was found only at the cell surface (3). In contrast, fusion with
the TMgp41 cytoplasmic domain led to the appearance of the
chimera in a perinuclear compartment as well as in some
vesicles dispersed throughout the cytoplasm (Fig. 3a).

The CD8-HIV chimera staining could be superimposed onto
that obtained for �-adaptin in the perinuclear area (data not
shown). HeLa cells were also cotransfected with CD8-HIV
chimera and vectors expressing Golgi apparatus markers such
as ST (Fig. 3b), VZV gE (Fig. 3e), or TGN38-GFP (data not
shown). The CD8 staining was found mostly in the perinuclear
region, where it overlapped the labeling of ST (Fig. 3c) or
VZV gE (Fig. 3f). A part of CD8-HIV chimera was also in
vesicles dispersed in cytoplasm where ST and VZV gE are not.
These results corroborated those obtained with the full-length
Env and support the view that the cytoplasmic domain of
HIV-1 Env is sufficient to direct it to the TGN.

Cycling of Env between the TGN and the cell surface. Furin,
TGN38, and gE cycle between the TGN and the cell surface (1,
7, 26). Internalization and uptake assays were performed to
determine whether the location of Env results from its cell
surface-to-TGN transport after internalization. HeLa cells ex-
pressing Env and ST proteins were labeled for 1 h with anti-
Env antibodies at 4°C and subjected to internalization for 1 h
at 37°C. Env staining after internalization was concentrated
around the nucleus (Fig. 4a). This perinuclear labeling over-
lapped with the bulk of ST labeling (Fig. 4b and c). We con-
firmed this by carrying out uptake experiments on Env- and
gE-transfected HeLa cells. Transfected cells were incubated
with anti-gE and anti-Env antibodies at 37°C for 1 h. We
observed a strong perinuclear signal, together with some ve-
sicular staining throughout the cytosol, for Env (Fig. 4d) and
gE staining (Fig. 4e). Distribution of the two glycoproteins
overlapped intracellularly (Fig. 4f). But they did not colocalize
at the surface of the transfected cell: gE was restricted to some
area of the cell surface, whereas Env was absent. These results
suggest that some of the Env that gets to the cell surface
returns to the TGN after internalization, like gE.

Similar internalization assays were performed on HeLa cells
transfected with the CD8-HIV chimera. The bulk of the inter-
nalized CD8-HIV chimera was present in the perinuclear re-
gion (Fig. 4g and j) and colocalized with gE (Fig. 4h and i) and
ST (Fig. 4k and l). These results show that the cytoplasmic
domain of TMgp41 is able to mediate the return of Env to the
TGN.

Env binds to TIP47. Recently, the protein TIP47 has been
implicated in the retrograde transport of MPRs (12). We used
a two-hybrid system to reveal interactions between Env and
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TIP47 molecules. The cytoplasmic domain of TMgp41 was
fused to the LexA BD, and interaction with a hybrid of TIP47
with the Gal4 activator domain was assayed by using the L40
reporter strain. The cytosolic tail of TMgp41 bound efficiently
to TIP47, as indicated by expression of the reporter genes
	-Gal and HIS3 (Fig. 5A). This interaction was confirmed by
using the TIP47 binding assay. Endogenous TIP47 and HA-
TIP47 bound to the cytosolic tail of TMgp41 fused to GST
(GST-HIV) but not to GST (Fig. 5B). Independent binding

experiments revealed that the gp41 cytoplasmic domain bound
to TIP47 with a Kd of 1 �M (J. Krise and S. Pfeffer, personal
communication), comparable to the affinity of TIP47 for the
MPR cytoplasmic domain. Altogether, these data demonstrate
that TIP47 binds to the HIV gp41 cytoplasmic domain.

TIP47 and retrograde transport of Env to the TGN. TIP47
function required TIP47’s capacity to bind Rab9 GTPase effi-
ciently. When TIP47 residues Ser167ValVal were mutated to
Ala167AlaAla, the ability of TIP47 to bind Rab9 was decreased.

FIG. 1. Localization of HIV-1 Env glycoprotein by confocal microscopy. HeLa cells were transfected with pcEnv-wt (a to c) or cotransfected
with pcEnv-wt and pSFFI-gE (d to f), or pcEnv-wt and �pMEP4-TGN38EGFP (g to i). P4-2 HeLa cells were infected with HXB2 HIV-1 (j to l).
The transfected and infected cells were fixed and processed for immunofluorescence with the b12 anti-Env MAb (a, d, g, and j) and either the
anti-�-adaptin MAb (b) or antibodies against VZV gE (e) or TGN46 (k). Cells were treated with 50 �g of cycloheximide/ml for 3 h before
immunofluorescence. Colocalization was examined by confocal microscopy. A series of optical sections at 0.5-�m intervals was recorded. A
representative medial section is shown. Scale bar, 20 �m.
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FIG. 2. Localization of Env by immunoelectron microscopy. Ultrathin cryosections of HeLa cells expressing Env immunogold-labeled with
anti-Env 2G12 (10-nm-diameter gold particles). (A) At the steady state, Env was detected in the Golgi cisternae and tubulo-vesicular structures
of the TGN (TGN). n, nucleus. On the right, a multivesicular LE was labeled with 2G12 MAb. (B) Multivesicular LE labeled with 2G12 MAb.
(C) At the steady state, immunogold labeling of Env appears scattered along the plasma membrane (pm).
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Expression of this mutant TIP47 inhibited MPR retrograde
transport to the TGN (10). Env internalization assays in the
presence of HA-TIP47 and of the HA-TIP47Ala167AlaAla mu-
tant were performed to determine the implication of TIP47 in
Env retrograde transport to the TGN. Expression of HA-
TIP47 did not alter the retrograde transport of Env to the
TGN (Fig. 5C, panels c to f). Env staining after internalization
was concentrated around the nucleus. This perinuclear label-
ing overlapped with the bulk of ST labeling. By contrast, in
cells transfected with the HA-TIP47Ala167AlaAla mutant (Fig.
5C, panels g to n), most of the Env labeling was found in
vesicular structures dispersed throughout the cytoplasm and
colocalization of Env with ST was lost. Altogether, these re-
sults suggest that TIP47 through this binding to the cytosolic
domain of TMgp41 is implicated in retrograde transport of
Env to the TGN.

Amino acid residues 802 to 809 control the localization and
retrograde transport of Env to the TGN. We constructed 7
CD8-HIV proteins with truncated Env cytoplasmic domains
to determine the sorting determinants involved in TGN local-
ization of Env. The steady-state distributions and retrograde
transport of these mutants were analyzed by immunofluores-
cence (Fig. 6). The mutant proteins lacking 31 aa (CD8-
HIV707-825) or 37 aa (CD8-HIV707-819) at the C terminus of
TMgp41 were present in the perinuclear area, similarly to the
wt CD8 chimera (Fig. 6A). However, removal of the last 47 aa
(CD8-HIV707-809) resulted in a mixed distribution between
the perinuclear area and some vesicles in the cytoplasm. The
most dramatic effect was observed when 55 (HIV707-801),
76 (HIV707-780), 89 (HIV707-767), or 131 (HIV707-725) aa
were removed from the cytoplasmic domain. All these mutants
were found in vesicles scattered throughout the cytoplasm
(Fig. 6A). These findings suggest that, downstream of the prox-

imal tyrosine-based motif, there are other signals within the
cytoplasmic tail of Env that are necessary for the proper traf-
ficking of this glycoprotein.

We revealed that residues 802 to 809 were important for the
retrograde transport of Env from the cell surface to the TGN
by using internalization assays with truncated CD8-HIV chi-
mera. Deletion of the last 31, 37, or 47 aa of TMgp41 did not
affect the return of the chimera to the TGN, since the corre-
sponding constructs were present in TGN, as illustrated by the
colocalization with ST after internalization, and in endosomal
compartments (pCD8-HIV707-825, pCD8-HIV707-819, and
pCD8-HIV707-809) (Fig. 6B). In contrast, removal of the last
55 or 131 residues caused these chimeras to be located in
punctate vesicles scattered throughout the cytoplasm with a
loss of the colocalization with the ST marker (pCD8-HIV707-
801 and pCD8-HIV707-725) (Fig. 6B). These results show that
the last 51 aa of the TMgp41 cytoplasmic tail are essential for
the steady-state localization and retrograde transport of Env to
the TGN.

Retrograde transport of Env to the TGN requires a Y802W803

diaromatic motif. We used site-directed mutagenesis to inves-
tigate the role of the residues between positions 802 and 809 in
the Env. The sequence 802YWSQELKN809 contains two aro-
matic residues at positions 802 and 803 that are conserved in
the different classes of HIV-1 (see Fig. 9C). We constructed a
double point mutant in which the Y802 and the W803 residues
were mutated to alanine. The HIV-1 Env S804QELKNS810 re-
gion was also changed to a stretch of alanine residues (pCD8-
HIV-A804/810). We measured the return of the mutated CD8
chimera to the TGN by using an internalization assay. Muta-
tion of the region S804QELKNS810 did not alter the distribu-
tion of the CD8 chimera (data not shown). In contrast, colo-
calization between ST and the wt CD8 chimera was diminished

FIG. 3. Localization of CD8-HIV chimeric molecules by confocal microscopy. HeLa cells were cotransfected with pCD8-HIV with either
pSR�-STVSVG (a to c) or pSFFI-gE (d to f). The transfected cells were fixed and processed for immunofluorescence with the CD8-Leu2A MAb
(a and d) and antibodies against ST (b) or VZV gE (e). Before fixation, all the cells were treated with 50 �g of cycloheximide/ml for 3 h.
Colocalization was examined by confocal microscopy as described in the legend to Fig. 1. Scale bar, 20 �m.
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by mutation of the Y802W803 residues (compare Fig. 7A, panels
a to c, to 4, panels j to l). CD8 staining in the perinuclear area
of cells transfected with YW-mutated CD8 chimera was sig-
nificantly reduced. These results suggest that the Y802W803

residues are important for the retrograde transport of the Env
to the TGN.

The results were confirmed by mutation of the Y802W803

motif in the vector encoding the full-length Env (pcEnv-wt).
Tyrosine (Y802) and tryptophan (W803) residues were changed

to serine and leucine residues to conserve the amino acid
sequence of the overlapping HIV-1 Rev protein. HeLa cells
were transfected with this construct and analyzed as above.
Like the YW-mutated chimera, the Y802W803-SL-mutated Env
did not colocalize with ST after internalization (Fig. 7A, panels
d to f). Cells transfected with this construct showed no perinu-
clear staining for Env, and most of the labeling was found in
vesicular structures dispersed throughout the cytoplasm (com-
pare Fig. 7A, panels d to f, to 4, panels a to c). Thus, these

FIG. 4. Internalization of HIV-1 Env glycoprotein and CD8-HIV chimeric molecules. HeLa cells expressing either Env and ST (a and b),
CD8-HIV chimera and VZV gE (g and h), or CD8-HIV chimera and ST (j and k) were incubated at 0°C with the b12 anti-Env (a) or Leu2A
anti-CD8 (g and j) MAbs for 1 h and then returned to 37°C for 1 h. The cells were fixed, permeabilized, and labeled with antibodies against either
ST (b and k) or VZV gE (h). For uptake experiments (d), HeLa cells expressing Env and VZV gE (d to f) were incubated for 1 h at 37°C with
the b12 anti-Env (d) and anti-VZV gE (e) antibodies. The cells were fixed, permeabilized, and stained with the appropriate secondary antibodies
(d to f). Colocalization was examined by confocal microscopy as described in the legend to Fig. 1. Scale bar, 20 �m.
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FIG. 5. Binding of the cytosolic tail of Env to TIP47 (A) Interaction of the cytosolic tail of Env with TIP47 in yeast two-hybrid assay. The yeast
reporter strain L40 expressing the indicated hybrid protein pairs was analyzed for histidine auxotrophy (
His) and 	-Gal expression. The
full-length cytosolic tail of TMgp41 was fused to the LexA BD. The TIP47 ORF was fused to the Gal4 activation domain (Gal4AD). Ras and Raf
proteins, which bind to each other efficiently, were used as positive controls. (B) Binding of the cytosolic tail of Env to TIP47 in HeLa cell lysate
binding assay. HeLa cell lysates expressing endogenous TIP47 (left panel) or HA-TIP47 (right panel) were incubated with equal amounts of
purified GST or GST fused to the cytoplasmic tail of HIV-1 TMgp41 (GST-HIV). Bound materials were analyzed by SDS-PAGE, and TIP47
binding was analyzed by Western blotting with either anti-TIP47 (left panel) or anti-HA MAb (right panel). Crude lysates corresponding to 2 �
105 cells were also run as a control to detect endogenous TIP47 (lane HeLa lysate in left panel) or HA-TIP47 (lane lysate HA-TIP47 in right panel).
(C) Transdominant effect of TIP47Ala167AlaAla on Env retrograde transport. HeLa cells expressing Env, ST, and HA-TIP47 (upper panel) or
HA-TIP47Ala167AlaAla mutant (lower panels) were incubated at 0°C with the b12 anti-Env MAb for 1 h and then returned to 37°C for 1 h. The
cells were fixed, permeabilized, and labeled with antibodies directed against ST and the HA epitope. Colocalization was examined by confocal
microscopy as described in the legend to Fig. 1. Overlaps between Env and ST labeling were presented in panels f, j, and n. Scale bar, 20 �m.
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FIG. 6. Representation of the cytoplasmic tail of wt HIV-1 Env and of the mutants used in this study. (A) The external domain and the anchor
peptide (TM) of the human CD8� chain antigen are indicated. Numbering corresponds to the position of the beginning and end of the HIV-1
TMgp41 cytoplasmic domain (CD TMgp41). The steady-state locations of the different mutants are judged by immunofluorescence analysis. (B)
Effect of deletion of the TMgp41 cytoplasmic domain on return of the CD8-HIV chimeric molecule to the TGN. HeLa cells were transfected with
pSR�-STVSVG and either pCD8-HIV707-725, pCD8-HIV707-801, pCD8-HIV707-809, pCD8-HIV707-819, or pCD8-HIV 707-825 vector. The
transfected cells were incubated at 0°C with the CD8-Leu2A MAb for 1 h and then returned to 37°C for 1 h. The cells were fixed, permeabilized, and
labeled with anti-ST antibodies. Colocalization was examined by confocal microscopy as described in the legend to Fig. 1. Scale bar, 20 �m.
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FIG. 7. Effect of mutations in the Y802W803 aromatic doublet on internalization of CD8-HIV chimera and Env glycoprotein. (A) HeLa cells
expressing either mutated chimera CD8-HIV Y802W803-AA and ST (a to c) or Y802W803-SL-mutated Env and ST (d to f) were incubated at 0°C with
the anti-CD8 Leu2A (a) or the b12 anti-Env (d) MAbs for 1 h and then returned to 37°C for 1 h. The cells were fixed, permeabilized, and labeled
with anti-ST antibodies (b and e). Colocalization was examined by confocal microscopy (f). (B) Binding of the mutated cytosolic tail of Env to TIP47.
HeLa cell lysates expressing endogenous TIP47 (left panel) or HA-TIP47 (right panel) were incubated with equal amounts of purified GST, GST-
HIV, Y802W803-AA, and S804QELKNS810-A804/810 mutated GST-HIV. Bound materials were separated by SDS-PAGE, and TIP47 binding was
analyzed by Western blotting with anti-TIP47 (left panel) or with anti-HA MAb (right panel). Crude lysates corresponding to 2 � 105 cells were also
run as a control to detect TIP47 or HA-TIP47. (C) Analysis of the ability of the TMgp41 deletion mutant to interact with TIP47 in the two-hybrid
assay. The yeast reporter strain L40 expressing the indicated hybrid protein pairs was analyzed for 	-Gal expression. The TMgp41 deletion mutants
indicated were fused to the Gal4 activation domain (Gal4AD). The TIP47 ORF was fused to the LexA BD. Ras and Raf proteins, which bind to
each other efficiently, were used as positive controls.
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results indicate that the YW diaromatic motif is an important
determinant within the cytoplasmic tail of TMgp41 that con-
trols the retrograde transport of Env to the TGN.

The role of the YW motif in the binding of TIP47 to Env was
assessed by introducing a mutated Y802W803-AA motif into a
full-length HIV-1 cytoplasmic domain fused to GST. The
Y802W803-AA mutation abolished or strongly diminished the
binding to HA-TIP47 or to endogenous TIP47 (Fig. 7B, lane 4)
whereas the change of S804QELKNS810 region to a stretch of
alanine residues (Fig. 7B, lane 5) did not alter the Env-TIP47
interaction. The impact of Y802W803-AA mutation on the Env-
TIP47 interaction was also evaluated in a two-hybrid system.
Whereas TIP47 interacted efficiently with the residues 786 to
824 of Env cytoplasmic domain, the Y802W803-AA mutation
abolished the binding of TIP47 to this region of Env (Fig. 7C).
Altogether, these data suggest that TIP47 binds to Env via the
YW motif and thereby facilitates the retrograde transport to
the TGN.

Cell surface expression of mutated HIV-1 Env glycoproteins.
The effect of Y802W803-SL mutation on the level of HIV-1 Env
protein present at the cell surface was analyzed by using flow
cytometry. We checked that wt and mutated Env were ex-
pressed to similar degrees by Western blot analysis with an
anti-Env MAb (Fig. 8A). Replacement of the Y802 and W803

residues by serine and leucine residues significantly diminished
the percentage of GFP� Env� cells (wt, 34.2 � 1.2 GFP�

Env� cells; Y802W803-SL, 24.4 � 2.2 GFP� Env� cells) as well
as the mean Env fluorescence intensity of these cells (Fig. 8B).
This decrease was also observed in the context of CD8 chimera
(not shown).

To confirm this decrease of YW-mutated Env cell surface
expression, we used a functional quantitative syncytium-form-
ing assay. This assay measures Env at the surface of transfected
cells as it causes these cells to form syncytia with CD4� indi-
cator cells (HeLa P4-2). In our conditions, 719 � 49 syncytia
were formed per well with the wt HIV-1 Env (pEnv-wt) (Table
1). The Y802W803-SL Env mutant caused a 24% decrease in
syncytium formation with respect to the wt HIV Env. By con-
trast, the HIV-1 Env with the Y712-A mutation in the well-
defined tyrosine-based signal resulted in a 59% increase in the

number of syncytia (1,149 � 74 syncytia). These results are in
agreement with the results of flow cytometry and indicate that
less Env was present at the cell surface and available for fusion.

The Y802W803-SL mutation in the cytoplasmic domain of
TMgp41 impairs HIV-1 replication. We examined whether the
Y802W803-SL change in the cytoplasmic domain of TMgp41,
introduced in the HIV-1 HXB2 virus, had any effect on the
HIV-1 replication in a 23-day replication kinetic. We gener-
ated wt and Y802W803-SL mutant HIV-1 viral stocks by trans-
fecting 293T cells with 20 �g of corresponding HXB2 proviral
DNA. Expression of wt and Y802W803-SL mutant HXB2 HIV-
1 provirus in 293T cells was verified by Western blot analysis by
using anti-p24 antibodies (Fig. 9A). The same level of Gag-Pol
and Env products was observed. The replication kinetics of
these two viruses in Jurkat T cells were compared by measur-
ing the level of HIV p24 antigen in cell culture supernatant at
23 days. HIV-1 wt virus established a productive infection in
Jurkat cells (Fig. 9B). On the other hand, the Y802W803-SL
mutant HIV-1 failed to replicate in Jurkat cells since the p24
production was reduced to a very low level and no peak of HIV
production was observed compared to the wt virus (Fig. 9B).
These results indicate that the Y802W803 motif not only is

FIG. 8. Expression of Env mutated in Y802W803 at the cell surface. (A) Identical quantities of lysates from transfected cells were analyzed by
Western blotting with anti-Env MAb. NT, untransfected control cells. (B) 293T cells (2 � 106) were cotransfected by the calcium phosphate
method with 8 �g of wt (thick line) or Y802W803-SL (thin line) Env expression vector and 0.5 �g of pRSV-GFP vector. The amount of Env at the
surface of GFP� cells was analyzed by flow cytometry 48 h later. Dotted line, cells transfected with the pRSV-GFP vector alone, as the negative
control (ctrl). Data are representative of three independent experiments.

TABLE 1. Effect of Y802W803 substitution on the fusogenic
capacity of HIV-1 Env glycoprotein

Mutant
No. of syncytia/well

(293T/HeLa P4
cocultivation)a

% of wtb Pc

NTd 0 NDe ND
pcEnv-wt 719 � 49 100 ND
pcEnv-Y802W803-SL 546 � 88 76 
0.02
pcEnv-Y712-A 1,149 � 74 159 
0.001

a Values shown are the numbers of syncytia obtained per well and are the
averages of three independent experiments performed in triplicate.

b Data are numbers of syncytia divided by the number obtained with wt
pEnv-wt (719 � 49 syncytia/well).

c The results for the mutant Env glycoproteins were compared to those for the
wt by means of the t test for unpaired samples.

d NT, cells transfected with the pcDNA3 vector alone.
e ND, not determined.
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required for Env retrograde transport but, more importantly,
also plays an essential role in optimal HIV-1 production.

The Y802W803-SL mutation in the cytoplasmic domain of
TMgp41 impairs HIV-1 Env incorporation into virions. We
determined the effect of Y802W803-SL mutation on Env incor-
poration in T-cell lines. We utilized a high-level, transient
HIV-1 expression system based on pseudotyping with VSV-G
(27). 293T cells were cotransfected with a VSV-G expres-
sion vector and either wt HXB2 or a derivative expressing the
TMgp41 Y802W803-SL mutant. VSV-G-pseudotyped virus stocks
were harvested and used to infected Jurkat T cells. Two days
postinfection, cells were harvested and virions were pelleted by
ultracentrifugation. The expression of wt and Y802W803-SL
mutant HXB2 HIV-1 proteins in productive Jurkat T cells was
verified by Western blot analysis with anti-p24 and anti-
SUgp120 antibodies (Fig. 10). The same level of expression
and processing of Gag (Fig. 10A) and Env products (Fig. 10B
and C) was observed intracellularly in Jurkat T cells. Analysis

of Env and Gag protein content of T-cell-produced virion in
supernatants of infected cells showed wt levels of Gag products
(Fig. 10A) but strong reduction in the amount of SUgp120
proteins incorporated into virions (Fig. 10B). To determine
that the reduced level of gp120 present in Y802W803-SL-mu-
tated virions was not the result of increased shedding from
virions following Env incorporation, we evaluated the level of
TMgp41 on wt and YW-mutated virus. Consistent with the
gp120 data, Y802W803-SL-mutated virion showed a similar
strong reduction of TMgp41 incorporated in virions (Fig. 10C).
These results demonstrate that the altered replication kinetic
of the Y802W803-SL-mutated virus is presumably due to im-
paired incorporation of Env in T-cell-produced virions.

DISCUSSION

We have shown that the HIV-1 Env glycoprotein is located
primarily in the TGN at the steady state and arrives in that

FIG. 9. Replication in Jurkat T cells of wt and Y802W803-SL mutant HIV-1 virus. (A) Expression of Gag (p160Gag-Pol, p41, p55Gag, or CAp24)
proteins of wt and Y802W803-SL mutant HXB2 HIV-1 provirus in transfected 293T cells was verified by Western blot analysis with anti-p24
antibodies. NT, untransfected cells. (B) Replication kinetics. The Jurkat T-cell line was infected in parallel with a low inoculum of wt and
Y802W803-SL mutant HXB2 HIV-1 (50 ng of p24/106 cells). Cells were split every 2 or 3 days; culture supernatant samples were collected at each
point for p24 antigen quantification. Values are the averages of 3 independent experiments � standard deviations. CTRL, noninfected cells. (C)
Sequence comparison for residues 797 to 812 of the Env cytosolic domain of the different HIV-1 subgroups. The amino acid sequences of rep-
resentative isolates of different clades (21) (A, U455; B, HXB2R; C, ETH2220; D, ELI; AE, 92TH011A; F1, 93BR020.1; GH, AG-VI525A2; H,
90CR056; O, ANT70) of the HIV-1 groups M, N, and O were aligned. YW is shown in boldface.
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compartment after internalization from the cell surface. Mu-
tagenesis analysis of the cytoplasmic domain indicated that the
proper distribution and retrograde transport of HIV-1 Env to
the TGN depends on a Y802W803 diaromatic motif located in
the cytoplasmic domain of TMgp41.

Env colocalizes in a perinuclear area with multiple, well-
defined TGN markers, AP-1 adaptor complexes (6), the TGN38
and TGN46 glycoproteins (7), the VZV gE (1), and with a
marker of the Golgi apparatus, ST. Immunoelectron micros-
copy reveals Env in the Golgi cisternae and tubulo-vesicular
structures of the TGN and in multivesicular LE. Internaliza-
tion and antibody uptake assays showed that Env at the cell
surface is able to return to the TGN via the endosomal com-
partment (data not shown). Other proteins, such as TGN38,
VZV gE, and furin also undergo retrograde transport from the
cell surface to the TGN. These proteins cycle continuously
between the cell surface, endosomes, and the TGN and are
found predominantly in the TGN at the steady state (1, 7, 26).

Both the TGN location and the intracellular routing of furin
or gE require a sorting signal in their cytosolic domain. The
furin sorting signals include canonical tyrosine-based and
dileucine signals as well as an acidic cluster containing casein
kinase II phosphorylation sites (18). The cytoplasmic domain
of VZV gE contains an acidic cluster that is implicated in the
cycling of this glycoprotein between the cell surface and the
TGN (1). Our present study shows that localization and retro-
grade transport of Env to the TGN depend on an essential
Y802W803 diaromatic motif present in the TMgp41 cytoplasmic
domain. The CD MPR, which is responsible for delivering acid
hydrolases to lysosomes, contains several sorting signals within
its cytoplasmic tail, notably a pair of aromatic amino acids,
FW. This FW signal is required for the correct sorting of the
CD MPR to endosomes and prevents delivery of this receptor
to lysosomes (34). Likewise, the Y802W803 motif of HIV-1 Env
is required for correct endosomal sorting and targeting to the

TGN. Thus, a diaromatic motif appears to be a general deter-
minant for endosomal trafficking.

There are at least two pathways from the endosomes to the
TGN. Studies on TGN38 (24) and on the endocytosed B frag-
ment of Shiga toxin (23) indicate that these proteins reach the
TGN via recycling endosomes, whereas MPRs and furin return
to the TGN via another pathway involving one or two classes of
LE (22, 24, 32). Antisense depletion of TIP47 in living cells
(12), generation of a TIP47 mutant interfering in MPR trans-
port, and also demonstration that overexpression of TIP47
enhances MPR retrograde transport (10) show that TIP47 is
required for MPR transport from endosomes to the TGN,
although TIP47 is related to a lipid droplet-associated protein
(2, 36). The implication of TIP47 in retrograde transport of
Env and the detection of Env in LE by immunoelectron mi-
croscopy support the view that HIV-1 Env follows the same
path as MPRs to reach the TGN involving the LE. Moreover,
binding of TIP47 to Env via its cytoplasmic domain could
facilitate the retrograde transport and the location of Env to
the TGN. Env retrograde transport is the second example of
TGN retrograde transport mediated by TIP47. The interaction
between Env and TIP47 underlines the importance of the
TMgp41 cytoplasmic domain in HIV-1 Env trafficking, as it
had been previously shown in the studies on the Env sorting
signal (33) and the interaction of Env with AP-1 and AP-2
adaptor complexes (3, 5, 28, 37) and with prenylated Rab
acceptor (13).

The HIV-1 Env must be present at the cell surface to be
incorporated into nascent virions. The presence of an endo-
cytic signal such as the Y712SPL tyrosine-based sorting signal
could limit the amount of Env at the surface of infected cells
and the susceptibility of these infected cells to the humoral
response. Flow cytometry and syncytium-forming assays show
that mutation of the YW motif reduces the amount of Env at
the cell surface. Moreover, endocytosis assays show that the

FIG. 10. Analysis of wt and Y802W803-SL mutant Env incorporation into virions. Analysis of Gag (p160Gag-Pol, p41, p55Gag, or CAp24) and
Env (Pr160 env, SUgp120, or TMgp41) content was analyzed by Western blotting. Cell and virion lysates were prepared from Jurkat T cells infected
with wt and Y802W803-SL virus stocks pseudotyped with VSV-G. Samples were transferred to polyvinylidene difluoride membranes and blotted with
either an anti-p24 (CA) (A), an anti-SUgp120 (B), or an anti-TMgp41 (C) MAb (Materials and Methods). These results are representative of
duplicate experiments. NT, untransfected cells.
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internalization rate of the Y802W803-mutated chimera is not
significantly modified (not shown). Thus, these data suggest
that the targeting of Env to the TGN participates, like the Env
endocytosis, to the control of the level of Env at the cell
surface.

Sorting and trafficking of the Env via different endosomal
pathways could control where the HIV-1 Env are located,
thereby ensuring optimal incorporation of the Env into infec-
tious virions. Several studies have reported the presence of
budding HIV-1 particles in a vacuolar compartment of intra-
cytoplasmic origin in monoblastoid cells differentiated into
macrophage (15, 29) or dendritic cells (4). Hence, the intra-
cellular trafficking of Env through the endosomal compart-
ment and the presence of Env in multivesicular LE (see im-
munoelectron microscopy) (Fig. 2) could allow production and
accumulation of infectious HIV-1 virions in these intracyto-
plasmic compartments. This could enable the virus to persist in
vivo. Moreover, the trafficking of Env through the endosomal
and TGN compartments could be required for correct assem-
bly of the Env with the HIV-1 Gag precursor and for the
production of infectious HIV-1 virions. Mutation of Y802W803

motif drastically affected the replication of HIV-1 HXB2 virus
in a 23-day replication kinetic assay in T-cell-line culture. This
impairment of infectivity resulting from the Y202W203-SL mu-
tation is not due to defects in synthesis or in processing of the
Gag or Env precursors (Fig. 9 and 10). It is indeed due to the
disruption of Env incorporation into virions produced from
infected Jurkat T cells. Very low amounts of SUgp120 and
TMgp41 Env proteins were found incorporated, although the
same level of p24 was present in the Y802W803-mutated virion
(Fig. 10). This impaired incorporation certainly results in a
very low infectivity of the particle and thus has a strong impact
on HIV-1 replication. Our results are consistent with a recent
report showing that deletion of residues 802 to 806 of TMgp41,
which contains the Y802W803 motif, markedly impairs virus
infectivity and Env incorporation (27). Thus, the YW motif,
which abolishes both TGN localization and interaction with
TIP47 and decreases Env cell surface expression, is crucial for
Env incorporation into virions to ensure full infectivity of vi-
ruses produced in T cells. Altogether, these data obtained with
Y802W803-mutated HIV-1 support the view that retrograde
transport of Env via its binding to TIP47 is important for
optimization of HIV-1 replication. Lastly, the striking conser-
vation of the diaromatic motif (21) in all HIV-1 isolates (Fig.
9C) suggests that it could be important in the pathogenesis of
these viruses in vivo. Further studies are required to determine
how trafficking and retrograde transport of Env via this inter-
action with TIP47 molecules contribute to the HIV-1 infectivity.
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