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The Nef protein from the human immunodeficiency virus (HIV) induces CD4 cell surface downregulation by
interfering with the endocytic machinery. It has been recently proposed that binding of HIV type 1 Nef to the
b subunit of COPI coatomers participated in the Nef-induced CD4 downregulation through recognition of a
novel diacidic motif found in the C-terminal disordered loop of Nef (V. Piguet, F. Gu, M. Foti, N. Demaurex,
J. Gruenberg, J. L. Carpentier, and D. Trono, Cell 97:63–73, 1999). We have mutated the glutamate residues
which formed this motif in order to document this observation. Surprisingly, mutation of the diacidic sequence
of Nef did not significantly affect its ability (i) to interact with b-COP, (ii) to downregulate CD4 cell surface
expression, and (iii) to address an integral resident membrane protein containing Nef as the cytoplasmic
domain to the endocytic pathway. Our results indicate that these acidic residues are not involved in the
connection of Nef with the endocytic machinery through binding to b-COP. Additional studies are thus
required to characterize the residues of Nef involved in the binding to b-COP and to evaluate the contribution
of this interaction to the Nef-induced perturbations of membrane trafficking.

The nef gene product of the human immunodeficiency virus
(HIV) is a cytoplasmic protein that associates with cell mem-
branes through N-terminal myristoylation. Several biological
properties have been attributed to Nef in vitro (4), but its
best-documented activity is the downregulation of the cell sur-
face expression of CD4. This activity contributes to the virus
infectivity by increasing the release of infectious virions from
the cell surface or by preventing incorporation of the viral
envelope into virions (11, 21).

It has been suggested that HIV type 1 (HIV-1) Nef down-
regulates the cell surface expression of CD4 through a two-step
process (19). Nef could first trigger the rapid endocytosis of
CD4 by acting as a connector between CD4 and clathrin-
associated adaptor protein (AP) complexes and then target
CD4 from early and/or recycling endosomes to the late degra-
dation compartments by recruitment of the endosomal COPI
complexes. COPI-coated vesicles are involved in transport be-
tween the endoplasmic reticulum and the Golgi but also par-
ticipate in transport from early to late endosomes within the
endocytic pathway (23). COPI associated with the secretory
pathway is composed of seven subunits (a-, b-, b9-, d-, g-, ε-,
and z-COP), while the endosomal COPI complex is devoid of
the g- and d-COP subunits. Piguet et al. (18) recently proposed
that a novel diacidic-based sorting motif found in HIV-1 Nef is
required for binding to the b subunit (b-COP) of the COPI
complex. They further proposed that recognition of this signal
by b-COP is responsible for the second step of the Nef-induced

CD4 downregulation process. The critical data in support of
this conclusion revealed that substitution of two adjacent glu-
tamate residues located in the C-terminal disordered loop of
HIV-1 Nef abrogates both its ability to interact with b-COP
and to target CD4 to lysosomes.

To further document these observations, we have mutated
the diacidic (di-Glu) sequence of the HIV-1 Lai Nef protein
and analyzed its role in the maintenance of the association of
Nef with b-COP. The Glu residues in positions 154 and 155 of
Nef were initially replaced with Gly to generate the NefEE/GG
mutant. The effect of this double-point mutation was first an-
alyzed in a yeast two-hybrid assay, since the Nef–b-COP inter-
action was initially identified with a two-hybrid screen (2). The
wild-type (wt) Nef protein (Nefwt) and the NefEE/GG mutant
were fused to the Gal4 DNA binding domain (Gal4BD) and
assayed for interaction with full-length b-COP fused to the
Gal4 activation domain (Gal4AD) (Fig. 1A). As previously
reported (2), the interaction was evidenced by the growth of
the HF7c yeast strain transformed with both the Gal4BD-
Nefwt and Gal4AD–b-COP hybrid expression vectors on me-
dium without histidine. Nef binding to b-COP was also con-
firmed by transactivation of the lacZ reporter gene in the
SFY526 strain leading to the expression of b-galactosidase
(b-Gal) activity in a filter assay. Surprisingly, the NefEE/GG
mutant interacted as efficiently as Nefwt with b-COP. Expres-
sion of the reporter genes did not result from nonspecific tran-
scriptional activation, since no growth on His-free medium and
no b-Gal activity were detected in yeast cells expressing either
Gal4BD-NefEE/GG or Gal4AD–b-COP in combination with
irrelevant hybrids (Fig. 1A).

Because the experiments reported by Piguet et al. (18) were
performed with a Nef mutant in which the Glu residues were
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FIG. 1. Mutation of the di-Glu sequence does not affect the binding of Nef to b-COP. (A) Nef binding to b-COP in a two-hybrid assay. HF7c
and SFY526 yeast strains expressing the indicated pairs of Gal4BD and Gal4AD hybrid proteins were analyzed for histidine auxotrophy and b-Gal
activity, respectively. HF7c double transformants were patched on selective medium with histidine (left) and then replica plated on histidine-free
medium (middle). SFY526 double transformants were patched on selective medium and then replica plated on a Whatman filter for detection of
b-Gal activity (right). Growth on histidine-free medium and expression of b-Gal indicate interaction between hybrid proteins. Binding specificity
was verified by the absence of interaction between b-COP and SNF1 (lane 3) and between wt or mutated Nef and SNF4 (lanes 2, 5, 7, and 9). (B)
In vitro binding of Nef to b-COP. [35S]-b-COP-Cter synthesized in vitro was incubated with equal amounts of GST (lane 6) or GST-Nef fusion
proteins (lanes 2 to 5) immobilized on glutathione-agarose beads. Bound labeled material was analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and autoradiography. One-fifth of the [35S]-b-COP-Cter input was run on lane 1.
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replaced with Gln, we have analyzed whether the b-COP bind-
ing capacity of NefEE/GG may be related to the nature of the
amino acid substitutions. The Glu residues were thus mutated
to Gln or Ala to generate the NefEE/QQ and NefEE/AA mu-
tants, respectively. These two additional mutants also bound
efficiently to b-COP, since the yeast strains expressing Gal4AD–
b-COP in combination with Gal4BD-NefEE/AA or Gal4BD-
NefEE/QQ grew on medium without His and expressed b-Gal
(Fig. 1A). Quantitative analysis of the b-Gal expression re-
vealed that the three NefEE mutants gave rise to b-Gal activ-
ities similar to or even higher than that obtained with Nefwt
(data not shown). Similarly, substitution of the Glu residues
with Ala in the context of the Nef allele from the HIV-1 NL43
isolate had no influence on b-COP binding in the yeast two-
hybrid system (data not shown).

The data obtained in the two-hybrid system were then con-
firmed by an in vitro binding assay between Nef and the car-
boxy-terminal fragment of b-COP (b-COP-Cter), as previously
reported (2, 18). Recombinant Nef proteins fused to glutathi-
one S-transferase (GST) were expressed in Escherichia coli,
and [35S]methionine-labeled b-COP-Cter was synthesized by
in vitro translation. The wt or mutated GST-Nef was immobi-
lized on glutathione-agarose beads and incubated with [35S]-
b-COP-Cter. Bound labeled proteins were then resolved by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
revealed by autoradiography. As shown in Fig. 1B, [35S]-b-
COP-Cter bound to the NefEE mutants as efficiently as Nefwt.
Similar results were obtained when the Glu residues were
mutated in the context of the Nef allele (1) from the HIV-1 R7
isolate (data not shown). These in vitro binding studies confirm
that Nef and b-COP are capable of direct physical interaction
(2, 18) but are in contradiction with the results reported by
Piguet et al. (18) regarding the EE dependence of the binding
of Nef to the C-terminal fragment of b-COP. Altogether, the
results reported in Fig. 1 demonstrate that mutation of the
di-Glu sequence contained within the disordered loop of Nef
has no negative effect on this interaction.

To determine whether the di-Glu sequence of Nef functions
in CD4 downregulation, the activity of the NefEE mutants was
analyzed by cotransfection of HeLa cells stably expressing CD4
(HeLa-CD4) with the Nef expression vector and a plasmid
expressing green fluorescent protein (GFP) (13). Wt and mu-
tated Nef proteins were expressed at similar levels, as evi-
denced by Western blot analysis of transfected cell lysates
(data not shown). The level of CD4 at the cell surface was then
measured on GFP-positive cells by fluorescence-activated cell
sorting analysis using a phycoerythrin (PE)-conjugated anti-
CD4 monoclonal antibody (MAb). Substitution of the di-Glu
sequence had no significant effect on the Nef-induced CD4
downregulation activity (Fig. 2A), and the NefEE/GG, -EE/
AA, and -EE/QQ mutants retained, respectively, 74, 83, and
88% of the activity exhibited by Nefwt (Fig. 2D). These results
are significantly different from those reported by Piguet et al.
(18), indicating that the NefEE/QQ mutant was only 25% as
active as Nefwt at downregulating the steady-state level of cell
surface CD4. In contrast, substitution of either the LL164/165
di-Leu or DD174/175 di-Asp sequence, also found in the loop
region, completely abolished the CD4 downregulation activity
(Fig. 2A and D), although the NefLL/AA and NefDD/AA
mutants were correctly expressed and interacted efficiently

with b-COP (data not shown). The di-Leu motif is involved in
the recruitment of AP complexes (3, 6), while the di-Asp se-
quence seems to be required for interaction with the catalytic
subunit of the vacuolar ATPase (14). These results indicate
that the integrity of other dipeptidic sequences within the Nef
loop is required for efficient CD4 downregulation, while the
di-Glu sequence does not play a crucial role for the mainte-
nance of this activity. All these Nef mutants, including the
three NefEE mutants, were still able to downregulate the cell
surface expression of the major histocompatibility complex
class I molecules (data not shown), confirming that Nef alters
the trafficking of major histocompatibility complex class I mol-
ecules and CD4 through distinct mechanisms (7, 12, 20).

The role of the di-Glu sequence in the Nef-induced pertur-
bations of membrane trafficking was further analyzed using
chimeras in which the wt or mutated Nef was fused to the
extracellular and transmembrane domains of the CD8 a chain.
The CD8-derived chimera that contains Nefwt as the cytoplas-
mic domain retains the ability to downregulate the surface
expression of CD4 in trans and also modulates in cis its own
level of cell surface expression due to the ability of Nef to
interact with the endocytic machinery (3, 5, 14, 15, 17, 18, 20).
Vectors for the expression of CD8 chimeras, with either Nefwt
or NefEE mutants as the cytoplasmic tail, were generated and
used to transfect HeLa-CD4 cells in combination with the GFP
expression vector (5). The surface expression of both the CD8
chimera and CD4 was then analyzed by flow cytometry on
GFP-positive cells with PE-conjugated anti-CD8 or -CD4
MAb, respectively. As observed with the native myristoylated
Nefwt and NefEE proteins, mutation of the di-Glu sequence
did not alter the CD4 downregulation efficiency of the CD8-
Nef chimera (Fig. 2B and E), confirming that this motif is not
required for CD4 downregulation. Moreover, this motif was
not required for the cis-mediated downregulation activity of
Nef, since all three CD8-NefEE mutant chimeras were ex-
pressed at the cell surface at levels identical to that of CD8-
Nefwt (Fig. 2C and F). Similarly, mutation of the Glu residues
in the context of either the HIV-1 NL43 or R7 Nef alleles did
not significantly influence the cis-downregulation activity (data
not shown). These results are again significantly different from
those reported by Piguet et al. (18), which indicated that the
NefEE/QQ mutant exhibited an intermediate phenotype and
that a CD4-NefEE/QQ chimera was expressed around five
times more efficiently on the cell surface than its Nefwt coun-
terpart. As expected, the NefLL/AA and NefDD/AA mutants
were defective for the cis-downregulation activity of Nef (Fig.
2C and F).

To confirm that mutation of the di-Glu sequence does not
disrupt the targeting of CD8-Nef to the endocytic pathway, the
cellular distribution of the chimeras was investigated by immu-
nofluorescence. HeLa cells were transfected with the CD8-Nef
constructs, and the distribution of the chimeras was examined
with fluorescein isothiocyanate-conjugated anti-CD8 MAb and
confocal microscopy analysis (5). As reported previously (5,
20), CD8-Nefwt was distributed in a punctate pattern concen-
trated in a perinuclear region (Fig. 3, left panels). Perinuclear
staining indistinguishable from that of CD8-Nefwt was also
observed inside the cells expressing the CD8-NefEE/QQ (Fig.
3) or CD8-NefEE/AA and -EE/GG chimeras (data not shown).
Examination of AP1 complexes with antibodies against the
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FIG. 3. Subcellular distribution of the CD8-Nef chimeras and AP1 complexes. HeLa cells were transfected with the CD8-Nef expression
vectors. Twenty-four hours later, cells were fixed and permeabilized. The CD8-Nef chimeras were stained with fluorescein isothiocyanate-
conjugated anti-CD8 MAb (green), and AP1 was detected with anti-g-adaptin followed by staining with a Cy3-conjugated Fab fragment
recognizing mouse immunoglobulin G (red). Images were collected using a 633 oil immersion objective.
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large g chain confirmed that CD8-Nefwt and CD8-NefEE/QQ
were distributed in a perinuclear region which also contained
concentrated AP1 complexes (Fig. 3, middle panels). In agree-
ment with the fluorescence-activated cell sorting data, CD8-
NefLL/AA was highly concentrated at the cell surface, while
the CD8-NefDD/AA was distributed both at the cell surface
and at the perinuclear region. Since the targeting of CD8-Nef
to the endocytic pathway results from the ability of Nef to
interact with the cell sorting endocytic machinery (3, 5, 14, 15,
17, 18, 20), we conclude that within the Nef C-terminal loop
region, the di-Leu and di-Asp sequences but not the di-Glu
sequence are critical for this interaction.

The present study indicates that the di-Glu sequence con-
tained in the C-terminal disordered loop of the HIV-1 Nef
protein does not contribute to the connection of Nef with the
endocytic machinery through binding to the b-COP subunit of
the COPI complex. This conclusion is supported by our results
showing that mutation of the glutamate residues in positions
154 and 155 of Nef does not significantly affect its ability (i) to
interact with b-COP, (ii) to downregulate CD4 cell surface
expression, and (iii) to address an integral resident membrane
protein to the endocytic pathway.

Substitutions of the Glu residues of both the HIV-1 Lai and
HIV-1 NL43 Nef proteins have no negative effect on Nef
binding to b-COP. These results were obtained both in the
two-hybrid system and in vitro, two experimental procedures
used to reveal and then to confirm the interaction between Nef
and b-COP (2, 18). Since the binding analysis was performed
with the Nef alleles from three different HIV-1 isolates, our
data indicate that the putative requirement for this di-Glu
sequence in Nef–b-COP association is not a general feature of
HIV-1 Nef alleles. It is therefore difficult to conclude that this
sequence is a prototypical motif which may function in a vari-
ety of cellular proteins as a lysosomal targeting signal through
binding to the b subunit of the COPI coatomer (18). More-
over, about one-third of the Nef alleles from HIV-1-infected
individuals contain a Lys in place of the second Glu residue (8,
9, 16, 22). This variation was found equally in Nef protein
sequences from infected individuals with different rates of dis-
ease progression (10), suggesting that the diacidic motif is not
crucial for the Nef functions in vivo. In comparison, the di-Leu
motif critical for CD4 downregulation is conserved in all pri-
mary Nef alleles.

Although our results are significantly different from those
reported by Piguet et al. (18) on the role of the di-Glu sequence
in the capacity of Nef to interact with b-COP and to interfere with
the endocytic machinery, we emphasize that they do not exclude
a role for b-COP in the Nef-induced perturbations of membrane
trafficking. Instead, our results indicate that additional studies are
required to characterize the residues of Nef involved in the bind-
ing to b-COP and thus to evaluate the contribution of this inter-
action to the CD4 dowregulation activity of Nef.
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