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ABSTRACT The nef gene of human and simian immuno-
deficiency viruses encodes a 27-32-kDa myristoylated protein
that is expressed at high levels early after infection. Many
functions have been ascribed to the Nef protein, including the
down-regulation of cell surface CD4 and a role in viral
infectivity. This report describes a novel effect of the Nef
protein on human T cells. Electron microscopy was used to
examine human T cell lines stably expressing functionally
active simian or human immunodeficiency virus type 1 Nef
proteins. These studies revealed that the subcellular morphol-
ogy of Nef-expressing cells was dramatically altered as com-
pared with control cells. The Nef-expressing cells contained
numerous membrane-bound vesicles prominently displayed
throughout the cytoplasm. The vesicles were analyzed by
immunoelectron microscopy (IEM) and by the accumulation
of internalized nonspecific membrane tracer, and thus iden-
tified as late endosomes and lysosomes. The accumulation of
endosomes and lysosomes in response to the expression of Nef
was a consistent finding, observed with several different viral
isolates and human T cell lines.

The Nef protein, encoded by HIV and simian immunodefi-
ciency virus (SIV), is essential for viral pathogenesis. The
seminal studies of Kestler ez al. (1) revealed that the expression
of a functional SI'Vmac230 Nef protein is crucial for high viral
titers and the induction of disease in rhesus macaques. This
finding is underscored by the recent description of HIV-1
positive individuals, described as “non-progressors,” who were
found to be infected with viruses carrying deletions within the
nef genes (2, 3). However, because the nef gene product is not
essential for growth of the virus in vitro, its precise role in viral
pathogenesis has been difficult to study. In vitro studies have
variously demonstrated that Nef has effects on viral transcrip-
tion, replication and infectivity, cellular activation, cellular
kinases, the intracellular accumulation of envelope glycopro-
tein, and the down-regulation of cell surface CD4 (reviewed in
refs. 4 and 5).

The ability to modulate cell surface expression of CD4 is one
of the most well characterized functions attributed to the Nef
protein. The CD4 glycoprotein serves as a cofactor for T cell
activation via its interaction with class II major histocompat-
ibility complex (MHC) proteins (6, 7), and is also a cellular
receptor for HI'V-1 and the related SIV (8). Down-modulation
of cell surface CD4 in response to Nef expression has been
reproduced in a number of lymphoid and nonlymphoid cell
types, using nef genes derived from a variety of HIV-1 and SIV
strains (4). Amino-terminal myristoylation of the Nef protein
is important for its effect on CD4 (9, 10), presumably by
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localizing Nef to cellular membranes. We (11) and others (9,
12) have previously shown that expression of SIV and HI'V Nef
in various cell systems induces the degradation of endogenous
CD4, such that cell surface CD4 is rapidly internalized and
targeted to degradative compartments. The mechanism by
which Nef effects the degradation of CD4 is not known, but
may involve a direct interaction between Nef and the cyto-
plasmic domain of CD4, as has been indicated in vitro (13, 14).

In this report we describe a novel effect of Nef on human T
cells. We show that Nef-expressing T cells display a dramati-
cally altered subcellular morphology compared with control
cells. The cytoplasm of Nef-expressing cells includes a large
number of vesicles, which contain proteins characteristic of
late endosomes and lysosomes. In addition, the vesicles accu-
mulate internalized cationized ferritin (CF), demonstrating
that they function along the endosomal pathway. All of the
Nef-expressing T cell lines examined displayed elevated levels
of endosomes and lysosomes, indicating that the effect seen
was not restricted to a particular viral isolate or lymphocytic
cell line. The accumulation of degradative vesicles observed in
the presence of Nef correlates with increased degradation of
CD4 in Nef-expressing cells.

MATERIALS AND METHODS

Cell Lines. GP+ENV-AM12 cells expressing SIVac23o nef
in the Moloney murine leukemia virus-based vector LXSN
(15) were obtained from Bryan Cullen (Duke University,
Durham, NC), and used for transduction (16) of the SupT1 T
cell line. The following cell lines stably expressing Nef from the
LXSN vector were generously supplied by Bryan Cullen (16):
CEM-SS cells expressing SI'V 39 nef, CEM-SS cells trans-
duced with the chloramphenicol acetyltransferase (CAT)
gene, Jurkat cells expressing STV hac239 nef, and CEM-SS cells
expressing the HIV-1n1.43 nef gene. CEM-SS cells expressing
the consensus sequence of HIV-1 nef in the LXSN vector were
established by transduction using virus-containing supernatant
from PA317 cells transiently transfected with HIV-1.4ns nef
(pLConsNefSN) or with an antisense control construct, HIV-
1cons fen (pLConsFenSN), obtained from Diane Shugars (Uni-
versity of North Carolina, Chapel Hill) (17). Cells were
subcloned by limiting dilution, and selected and maintained in
RPMI 1640 medium plus 10% fetal calf serum (FCS) plus
0.8-1.0 mg/ml G418.

Immunological Reagents. The following reagent was ob-
tained through the AIDS Research and Reference Reagent
Program, Division of AIDS, National Institute of Allergy and
Infectious Diseases, National Institutes of Health: antiserum
to recombinant HI'V-1 Nef. A rabbit antiserum to SI'V Nef was
a gift from R. Desrosiers (New England Regional Primate

Abbreviations: CAT, chloramphenicol acetyltransferase; CF, cation-
ized ferritin, CI-M6PR, cation-independent mannose 6-phosphate
receptor; LAMP, lysosome-associated membrane protein; MHC, ma-
jor histocompatibility complex; SI'V, simian immunodeficiency virus;
EM, electron microscopy; IEM, immunoelectron microscopy.
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Center, Southborough, MA). The mAb OKT4 (anti-CD4) was
collected as culture supernatant from the hybridoma cell line
(American Type Culture Collection). Mouse anti-human ly-
sosome-associated membrane protein (LAMP) 2 (H4B4) mAb
was obtained from the Developmental Studies Hybridoma
Bank maintained by the Department of Pharmacology and
Molecular Sciences, Johns Hopkins University School of Med-
icine (Baltimore) and the Department of Biology, University
of Iowa (Iowa City), under contract NO1-HD-6-2915 from the
National Institute of Child Health and Human Development.
Rabbit anti-cathepsin D sera were gifts from J. Mort (McGill
University, Montreal) and K. von Figura (University of Got-
tingen, Germany). The rabbit anti-bovine cation-independent
mannose 6-phosphate receptor (CI-M6PR) antiserum was a
gift from W. Brown (Cornell University, Ithaca, NY). Second-
ary reagents used for IEM were goat anti-mouse IgG Auro-
Probe EM 10-nm colloidal gold (Amersham) and protein
A-10-nm colloidal gold.

Immunoblotting. Cells were lysed as described inref. 11. The
supernatant was collected and solubilized in an equal volume
of 2X Laemmli sample buffer (20% glycerol/0.125 M Tris, pH
6.8/6% SDS/10% 2-mercaptoethanol/bromophenol blue).
Proteins were resolved on 10% SDS/PAGE gels and trans-
ferred to nitrocellulose. After transfer the membrane was
blocked for 1 hr as described in ref. 16 and hybridized
overnight at 4°C with the indicated anti-Nef reagents. Anti-Nef
binding was visualized using !*’I-labeled goat anti-rabbit IgG
and autoradiography.

Indirect Immunofluorescent Staining. Cells were stained
and analyzed as described in ref. 11.

Conventional EM. Samples were prepared and analyzed as
described in ref. 18.

Uptake of CF. Cells were washed twice with ice-cold serum-
free RPMI 1640 medium and resuspended at 5 X 10° cells per
ml. CF (Sigma) was added to a final concentration of 0.5
mg/ml and the cells were incubated for 10 min on ice to allow
binding. Samples were then warmed to 37°C and incubated for
3 hr. The viability of the cells was >70% after a 3-hr incuba-
tion. Samples were washed twice with serum-free media, and
the cells resuspended at 10°/ml in RPMI 1640 medium plus
10% FCS before culturing overnight at 37°C, followed by
fixation for EM.

IEM. Samples were prepared as described in ref. 18, with the
following modifications. Cells were fixed with 4% paraformal-
dehyde in 150 mM Pipes (pH 7.0), at room temperature for 1
hr. Incubations with primary and secondary reagents were
performed for 45 min.

RESULTS

Stable Expression of Functionally Active SIV and HIV-1 Nef
Proteins in Human T Lymphoblastoid Cell Lines. To study the
effects of the Nef protein on human T lymphocytes, we
established stable cell lines expressing SIV or HIV-1 Nef. The
human leukemic T cell lines CEM-SS and Jurkat, and the
non-Hodgkin’s T cell lymphoma SupT1 were transduced with
the LXSN retroviral vector containing SIVmac239 nef. The
SIVmac2390 nef isolate was chosen because it had been shown to
be essential for the induction of disease in rhesus macaques,
demonstrating its biological activity in vivo (1). To also include
cells expressing HIV-1 Nef, CEM-SS cells were transduced
with LXSN retroviral vectors containing either an HIV-1 nef
consensus sequence or the HIV-1xy.43 nef gene. The HIV-1 nef
consensus sequence was derived by Shugars et al. (17) by
comparison of nef sequences found in HI'V-1 infected patients,
whereas the NL43 viral isolate is a highly cytopathic laboratory
adapted strain. As controls, CEM-SS cells were transduced
with a CAT control construct or an HIV-1 nef antisense
construct, denoted HIV-1 fen.
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Expression of SIV or HI'V-1 Nef proteins in the various cell
lines was confirmed by immunoblot analysis (Fig. 1), and by
immunoprecipitations of metabolically labeled cells (data not
shown). Immunoblots of cell lysates, prepared from equivalent
numbers of cells, revealed the presence of immunoreactive
proteins of the appropriate approximate molecular weights
using specific SIV (lanes 1-6) or HIV-1 (lanes 7-9) Nef
antisera. It is well established that the expression of functional
Nef proteins leads to the reduction of cell surface levels of CD4
(reviewed in ref. 4). Thus, to confirm that the Nef proteins in
our cell lines were functionally active, we measured CD4
surface levels by flow cytometry (Table 1). In all cases, the
Nef-expressing cell lines displayed significantly reduced levels
of cell surface CD4 (60-95% reduction) compared with non-
transduced parental cells.

Expression of SIV or HIV-1 Nef Results in the Accumula-
tion of Cytoplasmic Vesicles in Human T Cell Lines. The
subcellular morphology and ultrastructure of the human T cell
lines in the presence of the SIVmac230 Nef (Fig. 2) or HIV-1 Nef
(Fig. 3) proteins were examined by EM. Electron micrographs
of clonal populations of CEM-SS cells transduced with the
CAT control construct (A) or SIVmaco3o nef (D); parent Jurkat
cells (B) and Jurkat cells expressing SIVmac230 Nef (E); SupT1
parent cells (C) and clonal SupT1 cells expressing SIVmac239
Nef (F) are shown in Fig. 2. Electron micrographs of the
CEMS-SS HI V-1 fen control cells (4) and clonal CEM-SS cells
expressing HIV-1np43 Nef (B) or HIV-10ns Nef (C) are shown
in Fig. 3. The most noticeable morphologic feature of Nef-
expressing cells was the impressive array of cytoplasmic vesi-
cles (representative structures are marked by arrows). Cells
(50-100) were examined for each cell type, and vesicles were
present in nearly every cell section. The vesicles ranged in size
from 0.2 to 0.8 wm; some contained homogeneous intrave-
sicular material, whereas others were more heterogeneous in
nature. They were surrounded by electron-dense membranes
of varying thickness. The heterogeneous vesicles contained
multivesicular or membranous material, and sometimes elec-
tron-dense cores. In some cases the vesicles were too electron-
dense to reveal any distinct intravesicular morphology (for
example see Figs. 2 F and 3 B). The appearance of this enlarged
vesicular compartment correlated with the expression of the
Nef protein, in that control cells were largely devoid of vesicles.
Cytoplasmic vesicles could only be found occasionally in cells
transduced with control constructs or in nontransduced parent
cell lines. Of note, the various cell lines differed in their levels
of SIV Nef expression based on cell equivalents (Fig. 1).
Quantitative evaluation of HIV-1 Nef expression was not
possible since the relative reactivity of the Nef antisera to the
two different nef isolates is not known. However, all of the
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F1G. 1. Immunoblot analysis of Nef-transduced human T cell lines.
Cell lysates were prepared from CEM-SS/cat (lane 1), CEM-SS/
SIVmac239 Nef (lane 2), Jurkat (lane 3), Jurkat/SIVmac230 Nef (lane 4),
SupT1 (lane 5), SupT1/SIVmac239 Nef (lane 6), CEM-SS/HIVfen
(lane 7), CEM-SS/HIV-1nr43 Nef (lane 8), and CEM-SS/HIV-1cons
Nef (lane 9), and resolved on 10% SDS/PAGE (7.5 X 10° cell
equivalents per lane). The 32-kDa SIV (lanes 1-6) and 27-kDa HIV
(lanes 7-9) Nef isolates were detected by blotting with specific rabbit
antisera and visualized with 12’I-labeled goat anti-rabbit IgG and
autoradiography. The 29-kDa molecular weight marker is indicated for
each gel.
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Table 1. CD4 surface expression by flow cytometry on control
and Nef-expressing human T cell lines

Total mean

fluorescence
Cell line P3 OKT4
CEM-SS 4.7 188.4
CEM-SS/cat 54 105.9
CEM-SS/HIVfen 10.4 178.4
CEM-SS/SIV Nef 4.7 48.5
CEM-SS/HIV-1np43 Nef 4.9 21.1
CEM-SS/HIV-1cons Nef 7.0 14.0
Jurkat 5.3 40.9
Jurkat/SIV Nef 3.0 16.9
SupT1 55 265.7
SupT1/SIV Nef 5.0 40.9

Indirect immunofluorescent staining was performed using the anti-
CD4 mAb OKT4 and the mouse IgG1 control mAb P3X63Ag8 (ATCC
TIBY; unknown specificity). The results from one representative
experiment are shown; staining was repeated with similar results in at
least four independent experiments.

Nef-expressing cell lines displayed similar morphological
changes. This was also true for several additional Nef-
expressing CEM-SS and SupT1 subclones examined (data not
shown). Because of the complex intracellular morphology
found in Nef-expressing cells, we considered the possibility
that these cells were metabolically more active than control
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cells. However, the Nef-expressing cells did not demonstrate
increased proliferation rates compared with control cells, as
measured by incorporation of [*H]thymidine (data not shown).
It is evident from these experiments that human T cell lines
expressing the HIV-1 or SIV Nef proteins display an abun-
dance of cytoplasmic vesicles of similar size and appearance,
showing that this effect is neither cell type specific nor a unique
feature of a particular viral isolate of nef. Additionally, the
phenotype seen does not simply result from decreased CD4
expression, as CEM-SS/cat cells (Fig. 24) have reduced levels
of CD4 (see Table 1), yet morphologically resemble parental
or CEM-SS/fen control cells. Our data indicate that altered
subcellular morphology results from Nef expression.
Nef-Induced Vesicles Display Characteristic Features of
Endosomes and Lysosomes. Inasmuch as Nef-expressing cells
rapidly degrade newly synthesized CD4 protein (9, 11, 12), we
used IEM to investigate whether the vesicles seen in Nef-
expressing cells contained proteins characteristic of degrada-
tive compartments (Fig. 4). Cryosections were prepared from
HIV-1np43 Nef-expressing CEM-SS cells, and immunogold
labeling was performed using antibodies to two endosomal/
lysosomal proteins: cathepsin D and LAMP 2 (Fig. 4 B and C,
respectively). Cathepsin D is a proteolytic enzyme that can be
detected in the lumen of both late endosomes and lysosomes
by IEM (19-21). LAMP 2 is a membrane-bound glycoprotein
also found in late endosomes and lysosomes (22-24). Both of
these proteins were present in the vesicles characteristic of
Nef-expressing cells, but not in surrounding areas. As a

F1G. 2.  Electron micrographs of the subcellular morphology of control and SIVmac239 Nef-expressing human T cells. SIVmac230 Nef-expressing
and control human T cell lines were fixed and sectioned for examination by EM. Shown are control CEM-SS (CEM-SS/cat, A) and
CEM-SS/SIVmac239 Nef cells (D); Jurkat (B) and Jurkat/SIVmaca239 Nef cells (E); SupT1 (C) and SupT1/SIVmac23o Nef cells (F). The magnification
of each pair is indicated by the scale bars in 4-C. Representative intracellular structures are marked: G, Golgi complex; m, mitochondria; N, nucleus;
er, endoplasmic reticulum. Arrowheads note representative vesicles in Nef-expressing cells.
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FiG.3. Electron micrographs of the subcellular morphology of control and HIV-1 Nef-expressing CEM-SS cells. CEM-SS cells transduced with
HIVfen (A), expressing HIV-1n1.43 Nef (B) or HIV-1¢ons Nef (C) were fixed and sectioned for visualization by EM. G, Golgi; m, mitochondria;
er, endoplasmic reticulum; N, nucleus. Arrowheads mark representative vesicles in Nef-expressing cells.

control, cell sections were also incubated with secondary addition to these studies, we also examined HIV-1.,,s Nef-
antibody alone (Fig. 44), demonstrating that the staining was expressing CEM-SS cells using an antisera to the cation-
specific. Identical results were obtained with Jurkat or independent mannose 6-phosphate receptor (CI-M6PR). CI-

CEM-SS cells expressing SIVmac230 Nef (data not shown). In M6PR-expression was examined because CI-M6PR is local-

ik ha

Fi6.4. IEM of cytoplasmic vesicles in Nef-expressing CEM-SS cells using endosomal and lysosomal markers. EM was performed on cryosections
of CEM-SS cells expressing HIV-1n1.43 Nef stained with no primary reagent (4), anti-cathepsin D (B), or anti-LAMP 2 (C), followed by secondary
10-nm colloidal gold conjugates. CEM-SS cells expressing HIV-1cons Nef were stained with anti-CI-M6PR followed by 10-nm colloidal gold
conjugates (D). G, Golgi complex; N, nucleus.
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ized to endosomes, but not lysosomes (19, 20, 25), thus
allowing for a more precise identification of the vesicles in
Nef-expressing cells. In contrast to the results using antibodies
to cathepsin D or LAMP 2, only some vesicles labeled abun-
dantly with antibodies to CI-M6PR, leaving others unlabeled
(Fig. 4D). Taken together, our data indicate that the vesicles
present in Nef-expressing cells include both late endosomes
and lysosomes based on reactivity with antibodies to three
diagnostic proteins.

Vesicles functioning along the endosomal pathway can also
be identified by analysis of internalized endocytic markers such
as CF. Ferritin is a large iron storage protein which, in its
cationized form, binds nonspecifically to the negatively
charged cell membrane. During a 30-60 min incubation at
37°C, it is taken up via the endocytic pathway and can
subsequently be detected by EM in endosomes and lysosomes
(18, 19). In the experiments shown here, CF was bound to
control and HIV-1np43 Nef-expressing CEM-SS cells at 4°C,
followed by an overnight incubation at 37°C to allow internal-
ization and accumulation. The cells were then sectioned and
visualized by EM (Fig. 5). CF accumulated in large vesicles in
HIV-1np43 Nef-expressing cells (Fig. 54). The vesicles are
similar to those seen in all Nef-expressing cell lines, indicating
that these structures participate in the endosomal/lysosomal
trafficking pathway. Control CEM-SS/cat cells were also able
to accumulate CF into large vesicles (Fig 5B). Vesicles were
often located close to the plasma membrane (B), but could also
be found in the interior of the cytoplasm. Jurkat and CEM-SS
cells expressing SIVmac239 Nef were also examined for CF
uptake and showed accumulation of internalized CF in large
cytoplasmic vesicles, similar to those shown in Fig. 54 (data not
shown). In all experiments, less CF was visible inside control
cells, as compared with Nef-expressing cells, suggesting that
control cells internalize CF less efficiently than Nef-expressing
cells. Similar results were obtained when CF (or neutral red)
uptake was measured over a time course (data not shown). In
conclusion, the populations of vesicles found in all Nef-
expressing cell lines appear functionally equivalent, based on
protein content as well as the accumulation of the endocytic
marker CF.

F16.5. Accumulation of internalized CF in cytoplasmic vesicles in
control and Nef-expressing CEM-SS cells. HIV-1n143 Nef-expressing
CEM-SS (A) and control CEM-SS/cat (B) cells were incubated with
CF for 10 min at 4°C, warmed to 37°C, and incubated overnight. The
samples were fixed, sectioned, and examined by EM. G, Golgi com-
plex; M, mitochondria; N, nucleus.
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DISCUSSION

The experiments described in this report reveal a novel
property of the Nef protein. We have demonstrated by EM that
expression of either SIV or HIV-1 Nef in three different
human T cell lines induces the formation of cytoplasmic
vesicles. The vesicles morphologically resemble endosomes
and lysosomes as described in other cell types (26-29). In
addition, the Nef-induced vesicles all contain cathepsin D and
LAMP 2, and accumulate internalized CF, indicating that they
function along the endosomal/lysosomal pathway. Interest-
ingly, only a subset of the vesicles labeled with antibodies to
CI-M6PR, a marker for endosomes, but not lysosomes (19, 20,
25). This result indicates that both endosomes and the more
acidic lysosomes accumulate in Nef-expressing cells. We con-
clude that the expression of various isolates of HIV-1 or SIV
Nef in different cell types consistently results in the expansion
of an endosomal/lysosomal compartment.

There are precedents for the alteration of intracellular
compartmentalization in response to the expression of a
particular protein. For example, expression of von Willebrand
factor, a component of platelet plug formation, is specific to
endothelial cells and megakaryocytes, yet the transfection of
von Willebrand factor cDNA into other cell types induces the
formation of large storage organelles, which accumulate this
factor (30). Another example is the MHC class II compart-
ment, which functions to accumulate newly synthesized MHC
class II together with endocytosed peptide and to proteolyse
the invariant chain. Strikingly, transfection of MHC class II
into human embryonic kidney cells, which do not normally
express class II proteins, is sufficient to induce the formation
of the MHC class II compartment (31). The mechanism by
which the expression of MHC class II molecules leads to
formation of this compartment is not known, but may involve
the aggregation of class II in endocytic vesicles (31). It remains
to be determined whether Nef acts similarly to aggregate
cellular proteins and thus induces the formation of endosomal
and lysosomal vesicles, or if the primary sequence of Nef
encodes the information dictating vesicle accumulation. Cells
have been shown to up-regulate degradative compartments in
response to increased rates of endocytosis. For instance,
increased endocytosis leads to the formation of multivesicular
endosomal bodies in neutrophils (27). Because it has been
previously shown that Nef induces CD4 endocytosis (9), this
event may precipitate the formation of degradative vesicles.
This is consistent with preliminary IEM studies, wherein Nef
appears to accumulate at the plasma membrane (data not
shown). Alternatively, it is possible that the Nef protein
induces the accumulation of endosomes and lysosomes inde-
pendently of endocytosis, for example by effects on the process
of autophagy (32, 33). Moreover, it is not evident from our
studies whether the endosomal/lysosomal vesicles in Nef-
expressing cells represent newly formed structures, or the
expansion of a preexisting compartment.

From our data, it seems reasonable to hypothesize that
Nef-induced CD4 degradation occurs in the degradative com-
partment up-regulated in Nef-expressing cells. We have not
been able to detect CD4 in the late endosomal and lysosomal
vesicles found in Nef-expressing cells by EM. This is consistent
with the finding that CD4 in Nef-expressing cells can be
detected only in early, but not late, endosomes by indirect
immunofluorescence microscopy (34), and may reflect the
denaturation of CD4 epitopes in the more mature degradative
compartment described here. We have previously shown that
the degradation of CD4 in Nef-expressing cells can be inhib-
ited by treating cells with lysosomotropic agents, demonstrat-
ing that the Nef-induced degradation of CD4 occurs in lyso-
somes (11). In addition, we have shown by inhibitor studies that
CD4 degradation is dependent on cathepsin D (data not
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shown), consistent with the hypothesis that CD4 is degraded in
the type of vesicles described herein.

Several roles for the expanded endosomal and lysosomal
compartment found in Nef-expressing cells may be envisaged.
First, the primary function of the up-regulated degradative
compartment may be to efficiently degrade CD4 in infected
cells. This could be important for viral propagation, since
clearance of CD4 from the cell surface may act to prevent
superinfection (35). However, the endosomal/lysosomal com-
partment in Nef-expressing cells may serve to degrade other
cellular proteins. It has been reported that Nef can reduce the
cell surface expression of interleukin 2 receptor (CD25) (36),
although the expression of most cell surface markers examined
is unaffected by Nef (16). Third, viral components may be
accumulated and processed in the endosomal and lysosomal
vesicles observed in Nef-expressing cells. For example, an
acidic post-Golgi compartment has been implicated in the
processing of the envelope gpl60 precursor into mature
gp120/gp41 heterodimers (37, 38). If the endosomal/
lysosomal vesicles serve in this capacity, they must be able to
carry out functions other than protein degradation. Such an
arrangement would not be without precedent. The multive-
sicular granules found in RNK-16 cells display features of both
endocytic vesicles and secretory granules (18); the MHC class
II compartment similarly intersects the degradative and bio-
synthetic pathways (39, 40). Finally, the endosomal/lysosomal
vesicles may act as degradative compartments for viral pro-
teins. For instance, only a small percentage of the gpl160
precursor produced is processed in HIV-1 infected cells, with
the majority of envelope glycoprotein being degraded in an
acidic compartment (38), presumably due to incorrect folding
of the newly synthesized protein. The expression of Nef might
serve to expand the degradative compartment in infected cells
to provide a mechanism to efficiently eliminate superfluous
viral proteins, and thus maintain cellular functions. The con-
tinued investigation of the endosomal/lysosomal compartment
in Nef-expressing cells promises to provide new insights in the
role of Nef in viral pathogenesis.
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