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The nef genes of human immunodeficiency virus type 1 (HIV-1) and simian immunodeficiency virus (SIV)
encode a 27- to 34-kDa myristoylated protein which induces downregulation of CD4 surface levels and
enhances virus infectivity. In adult macaques, Nef has been implicated in pathogenesis and disease progres-
sion. Both HIV-1 SF2 Nef and SIVmac239 Nef have been shown to associate with a cellular serine/threonine
kinase. We tested five functional Nef isolates to examine whether this kinase association is a property
conserved among different isolates. HIV-1 SF2 and 248 and SIVmac239 Nef proteins were found associated
with the kinase. HIV-1 NL4-3 and 233 Nef proteins were found weakly associated or not associated with the
kinase. All five Nef isolates efficiently downregulated CD4 cell surface expression, suggesting that the associ-
ation with this cellular kinase is not required for Nef to downregulate CD4. Comparison of the SF2 and NL4-3
isolates shows a differential ability of Nef to enhance infectivity that suggests a possible correlation between
kinase association and enhancement of infectivity.

Nef is encoded by an open reading frame that overlaps the
39 long terminal repeat in human immunodeficiency virus type
1 (HIV-1) and HIV-2 and simian immunodeficiency virus
(SIV) (3, 6, 32). Nef, together with Tat and Rev, is expressed
early during virus infection from several multiply spliced
mRNAs (17, 20, 26, 28). Nef expression is essential for the
maintenance of high levels of viral replication and pathogen-
esis in adult macaques infected with SIV (16). The significance
of Nef in virus replication and pathogenesis has been high-
lighted by recent findings showing that HIV isolates from some
long-term nonprogressors have deletions in the nef gene (9). A
positive effect of Nef in virus replication and pathogenesis has
also been observed in HIV-infected SCID-hu mice (2, 14). Nef
has been found to enhance replication of HIV-1 in vitro in
primary blood lymphocytes (25, 33). In addition to enhancing
viral replication, Nef possesses another important function,
i.e., to downregulate cell surface expression of CD4 (1, 4, 5, 7,
10, 11, 13, 24), the receptor for both HIV and SIV (8, 15, 19,
21, 23). Recent reports suggest that HIV and SIV Nef proteins
are associated with a cellular serine/threonine kinase (29, 30).
Interestingly, Nef itself does not appear to be phosphorylated
by this kinase (29, 30). In this report, we show that association
of Nef with the cellular serine/threonine kinase is Nef isolate
dependent and suggest a possible correlation between kinase
association and enhancement of infectivity.
Nef association with a cellular serine/threonine kinase is

isolate dependent. HIV-1 SF2, NL4-3, 233, and 248 and SIV-
mac239 Nef proteins were expressed individually in HuT 78
cells as we have described before (4, 5, 22). All five Nef pro-
teins were stably expressed at comparable levels (Fig. 1A) and
were found to be functional as indicated by their ability to
induce CD4 cell surface downregulation (Fig. 1B). NL4-3, 233,
and 248 Nef proteins have a faster mobility in sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) than
does SF2 Nef. Like the 233 and 248 Nef proteins, NL4-3 Nef

has four fewer amino acids than does SF2 Nef and also has an
alanine residue at position 54, and these factors together are
responsible for the difference in mobility (5, 27). In vitro kinase
assays were performed with immunoprecipitates from the HuT
78 cells expressing the different Nef isolates. As previously
described, HIV-1 SF2 and SIVmac239 Nef proteins associated
with the kinase (29, 30) (Fig. 2, lanes 2 and 7). The 248 primary
isolate of Nef was also found to associate with the kinase (Fig.
2, lane 5). By contrast, HIV-1 NL4-3 and 233 Nef proteins
were found to be weakly associated or not associated with the
kinase (Fig. 2, lanes 3 and 4). These results suggest that the
association of Nef with the cellular kinase is isolate dependent.
In addition, the fact that all five isolates induced cell surface
CD4 downregulation indicates that Nef’s association with the
serine/threonine kinase is not essential for this function.
Failure of NL4-3 Nef to associate with the serine/threonine

kinase is cell type independent. To determine if the failure of
NL4-3 Nef to associate with the kinase is cell type dependent,
U937 cells were transduced to express either SF2 or NL4-3
Nef. SF2 Nef and NL4-3 Nef were expressed at similar levels as
determined by Western blot (immunoblot) analysis (Fig. 3A),
and both were functional as determined by their ability to
suppress CD4 surface expression (data not shown). In vitro
kinase assays performed with SF2 Nef immunoprecipitates
clearly showed a phosphorylated band of approximately 62
kDa, whereas similar assays performed in parallel with NL4-3
Nef immunoprecipitates showed a barely detectable band (Fig.
3B). These results confirm, with a different cell type, the dif-
ferential association of SF2 and NL4-3 Nef proteins with the
cellular kinase.
Nef’s enhancement of infectivity is also viral isolate depen-

dent. To address the possible physiological relevance of our
observations, the enhancement of infectivity observed in the
presence of Nef was determined for both SF2 and NL4-3. For
this purpose, the infectivities of HIV-1 SF2 and HIV-1 NL4-3
were compared with those of similar viruses in which a frame-
shift mutation was introduced in the nef open reading frame.
While SF2 and NL4-3 had similar infectivities, for HIV-1 SF2
there was a 38-fold enhancement of infectivity in the presence
of Nef (Fig. 4). By contrast, for NL4-3 only a threefold differ-

* Corresponding author. Mailing address: Dept. of Virology and
Molecular Biology, St. Jude Children’s Research Hospital, Memphis,
TN 38101. Phone: (901) 495-2611. Fax: (901) 523-2622.

6493



ence in infectivity in the presence of Nef was observed (Fig. 4).
These results suggest that Nef’s enhancement of infectivity is
viral isolate dependent and that the association of Nef with the
serine/threonine kinase might be important for the infectivity
enhancement observed in some viruses containing Nef.
Nef has been shown to be important for virus replication and

pathogenesis (2, 12, 14, 16, 25). However, it is unclear how Nef
functions or how Nef functions are regulated. Nef has been
found associated with a cellular serine/threonine kinase (29,
30). This represented the first clear evidence that Nef physi-
cally interacts with cellular proteins and suggested how Nef
might influence viral and cellular functions. However, the cor-
relation between Nef-associated kinase activity and Nef func-
tions has not been established. Our results suggest a possible
correlation between the association of Nef with the serine/
threonine kinase and an enhancement of infectivity.
Although the identity of the Nef-associated kinase remains

to be established, it has been suggested that the association of
Nef with the kinase may be important for in vivo pathogenesis
(31). Among the five functional isolates of Nef tested, only
HIV-1 SF2 and 248 and SIVmac239 Nef proteins were found
to efficiently associate with the kinase. These results show that
under our experimental conditions the association of Nef with

FIG. 1. Expression and functional analysis of Nef isolates in HuT 78 human
T cells. Nef was expressed in HuT 78 cells via retrovirus-mediated gene transfer
essentially as previously described (4, 5). (A) Western blot analysis of Nef
expression. Equal amounts of total cellular proteins (100 mg) from HuT 78 cells
expressing different Nef isolates were separated by SDS-PAGE and analyzed by
Western blotting with a rabbit anti-HIV-1 Nef (lanes 1 to 5) or a rabbit anti-SIV
Nef (lanes 6 and 7) antiserum as previously described (4, 5). Lane 1, HuT 78/LN
(negative control); lane 2, HuT 78/LNefSN.SF2; lane 3, HuT 78/LNefSN.Nl4-3;
lane 4, HuT 78/LNefSN.233; Lane 5, HuT 78/LNefSN.248; lane 6, HuT 78/LN;
lane 7, HuT 78/LSNefSN.SIV. Molecular mass markers (in kilodaltons) are indi-
cated on the left. (B) Flow cytometric analysis of CD4 surface expression. Graph
A, HuT 78/LN cells stained with isotype-matched negative control monoclonal
antibody (dotted line) or phycoerythrin-conjugated anti-CD4 monoclonal anti-
body (solid line) (both monoclonal antibodies were purchased from Exalpha,
Boston, Mass.); graphs B to F, cells stained with phycoerythrin-conjugated anti-

FIG. 2. Nef association with a cellular serine/threonine kinase is isolate de-
pendent. Cell lysates from the HuT 78 cells (4 3 106) expressing Nef described
in the legend to Fig. 1 were immunoprecipitated in parallel with rabbit anti-
HIV-1 Nef (lanes 1 to 5) or rabbit anti-SIV Nef (lanes 6 and 7) antiserum, and
the immunoprecipitates were used for in vitro kinase assay. HuT 78/LN was used
as a negative control. Molecular mass markers (in kilodaltons) are indicated on
the left. The arrow indicates a 62-kDa protein phosphorylated by the serine/
threonine kinase associated with Nef as described by Sawai et al. (29, 30). The in
vitro kinase assay was performed essentially as previously described (29, 30). The
relative intensities of the 62-kDa phosphoprotein determined with a Phospho-
rImager (Molecular Dynamics model 425F) for lanes 1 to 7 were 1, 32, 2, 1.2, 15,
1.5, and 69, respectively.

CD4 monoclonal antibody (HuT 78/LNefSN.SF2 [graph B], HuT 78/LNef-
SN.NL4-3 [graph C], HuT 78/LNefSN.233 [graph D], HuT 78/LNefSN.248
[graph E], and HuT 78/LSNefSN.SIV [graph F]). Flow cytometric analysis was
done essentially as described before (4, 22).
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the cellular kinase is isolate dependent. However, it is also
possible that the NL4-3 and 233 Nef isolates bind to but are
unable to activate this cellular kinase in the in vitro kinase
assay.
There has been a significant amount of controversy sur-

rounding Nef function. The experimental evidence obtained
with animal models suggests an important role for Nef in
pathogenesis, disease progression, and the maintenance of
high virus loads (2, 14, 16). In contrast, there is no consensus
concerning which in vitro functions of Nef translate into the
phenotypes observed in vivo. On the basis of the results pre-
sented in this article, some of the discrepancies in the literature
can now be attributed to intrinsic functional and structural
differences between Nef isolates. In the future, broad general-
izations with respect to Nef function will benefit from a careful
analysis of several different isolates.
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