
JOURNAL OF VIROLOGY, Jan. 1995, p. 93–100 Vol. 69, No. 1
0022-538X/95/$04.0010
Copyright q 1995, American Society for Microbiology

Characterization of nef Sequences in Long-Term Survivors of
Human Immunodeficiency Virus Type 1 Infection

YAOXING HUANG, LINQI ZHANG, AND DAVID D. HO*

Aaron Diamond AIDS Research Center, New York University School of Medicine, New York, New York 10016

Received 15 July 1994/Accepted 7 October 1994

Studies with the simian immunodeficiency virus have shown that nef deletion results in a low level of viremia
and a lack of disease progression in monkeys. Given the similarity of this clinical profile to that observed in
long-term survivors of human immunodeficiency virus type 1 (HIV-1) infection, we sought to examine the nef
gene in 10 patients who are clinically healthy and immunologically normal despite 12 to 15 years of infection.
PCR and DNA sequencing were used to determine nef sequences in peripheral blood mononuclear cells
obtained from long-term survivors. We found that there is no gross deletion within nef in the cases studied;
most nef sequences (91.1%) obtained from 10 subjects contained a full-length and intact open reading frame.
In addition, at the protein level, there were no discernible differences between the Nef consensus sequences
derived from long-term survivors and those from patients with AIDS. We therefore conclude that deletion of
or gross sequence abnormality within nef is not likely to be a common explanation for the well-being of
long-term survivors of HIV-1 infection. Moreover, phylogenetic analysis of nef sequences suggests that HIV-1
strains found in our study subjects do not have a common origin.

The nef gene of human immunodeficiency virus type 1
(HIV-1), HIV-2, and simian immunodeficiency viruses (SIV) is
unique to primate lentiviruses, having no counterpart in other
animal lentiviruses. Conservation of this coding region in HIV
and SIV suggests a close evolutionary relationship between
these primate lentiviruses as well as an important role for nef
in viral infection and pathogenesis (8, 33, 39). The nef gene
product of HIV-1 is encoded by an open reading frame located
at the 39 end of the genome, overlapping the U3 region of the
39 long terminal repeat (LTR) (25, 33). Nef is expressed early
in the viral replication cycle from multiply spliced mRNA
transcripts (21, 37). Although Nef is primarily contained within
the cytoplasm, it is also partly membrane associated due to
myristylation of this 27-kDa protein at the N terminus (30, 47).
Considerable efforts have been made to understand the

functional properties of Nef in viral replication and pathogen-
esis. Initial studies described nef as a negative regulatory
factor, suppressing both viral replication and transcriptional
activity of the LTR and thereby helping to maintain viral
latency (1, 6, 25, 32). However, these results were not con-
firmed by subsequent investigations (15, 22). In fact, recent
reports have demonstrated a positive effect of nef on the rate
of HIV-1 replication in primary peripheral blood mononuclear
cells (PBMC) (11, 29, 42, 48) as well as in certain T-cell lines
(7). In addition, expression of nef in human T cells has been
shown to down-regulate surface CD4 antigen expression and
block interleukin-2 induction (13, 26, 27).
Substantial sequence polymorphism has been detected

among nef genes from various cloned isolates of HIV and SIV
(3, 10, 16, 31, 33). In most of the viruses studied, nef is intact,
whereas in others, a premature stop codon is present. An
analysis of nef sequence variation among isolates derived from
patients with AIDS has been described recently (40). On the
basis of this study, four stretches of residues have been
identified that were highly conserved not only among the nef

sequences derived from patients with AIDS but also among the
nef sequences of HIV-2 and SIV. There appears to be a strong
selective pressure in vivo for retention of these highly con-
served sequences of nef as well as for an open reading frame.
The importance of nef expression in disease pathogenesis

was convincingly demonstrated by experiments in which rhesus
monkeys were infected with a SIV containing mutated nef
sequences (20). The nef mutant containing a premature stop
codon rapidly reverted to a full open reading frame in vivo and
caused disease, whereas the nef-deleted virus replicated to only
low levels and did not produce clinical disease or pathological
changes. These findings suggested that nef can be considered a
virulence factor in the pathogenesis of primate immunodefi-
ciency virus infection, with deficiencies in nef causing viral
attenuation.
The natural history and pathogenic process of HIV-1 infec-

tion in humans are complex and variable, depending on a
multitude of viral and host factors and their interactions (19,
43–45). Host factors may result in a differential susceptibility to
viral infection and its pathogenic effects, whereas HIV-1
variation may account for differential viral virulence and
disease course. Although most HIV-1-infected persons de-
velop AIDS-related symptoms within 10 years after serocon-
version, there exists a small population of infected individuals,
termed long-term survivors, who remain clinically healthy and
immunologically normal for more than a decade (36a). Inter-
estingly, the clinical characteristics of HIV-1 infection in these
individuals are very similar to those observed in rhesus mon-
keys infected with nef-deleted SIV. Therefore, this similarity
led us to determine whether these long-term survivors are
infected with viruses that are attenuated because of defects in
nef.
In the present study, we have directly isolated and analyzed

nef alleles from clinical specimens from long-term survivors of
HIV-1 infection by nested PCR and DNA sequencing. We
have observed that there is no obvious deletion within nef in
the 10 cases studied; the vast majority of nef sequences
contained an intact nef open reading frame. In comparison
with sequences published in the database, there is also no
discernible difference between the nef consensus sequences
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obtained from patients with AIDS and those obtained from
our long-term survivors.

MATERIALS AND METHODS
Study subjects. Ten long-term survivors were chosen on the basis of their

asymptomatic status and normal CD4 cell counts despite 12 to 15 years of HIV-1
infection. Their clinical profiles have been presented elsewhere (5) and partially
summarized in Table 1.
Samples. PBMC were isolated from each subject by centrifugation of blood

through a Ficoll-Hypaque density gradient (Pharmacia). DNA was then ex-
tracted by standard methods (35) from purified PBMC. Sequential blood
samples from one subject (D) were also obtained over a 5-year period, including
June 1985, September 1988, and March 1990. Plasma samples from each
individual were also cultured for infectious HIV-1 (5).
PCR amplification of viral nef sequence and cloning. Because HIV-1 proviral

DNA is often present in low copy numbers, a nested-primer PCR amplification
method was employed to amplify proviral sequences. Two sets of primers were
designed, and the primer-binding sites flanking the HIV-1 nef gene were chosen
to be as highly conserved as possible. The primer sequences are given, with their
position in the HIV-1 clone HXB2 genome indicated in parentheses. The outer
primers were 59-GTAGCTGAAGGGACAGATAGGGTTAT-39 (8687 to 8712)
and 59-GCACTCAAGGCAAGCTTTATTGAGGC-39 (9631 to 9605); the inner
primers were 59-CGTCTAGAACATACCTAGAAGAATAAGACAGG-39 (8748
to 8768) and 59-CGGAATCCGTCCCCAGCGGAAAGTCCCTTGTA-39 (9552 to
9429). The inner primers included restriction sites forXbaI and EcoRI (underlined).
From each sample, 1 to 2 mg of template DNA was used in the first PCR. Briefly,
PCR was performed by denaturation at 948C (1 min), hybridization at 558C (1 min),
and extension at 728C (1.5 min) for 30 cycles under conditions recommended by the
manufacturer (Perkin Elmer). Subsequently, amplification reaction mixtures were
diluted 20-fold with the reaction buffer, and the second round of PCR with inner
primers was performed for another 30 cycles as described above. Amplified nef
sequences were purified with the Magic PCR Preps DNA purification system
(Promega), digested withXbaI andEcoRI, and subcloned into theM13mp18 vector.
To improve sampling, PCR products of each sample were generated from two
independent amplifications prior to cloning.
Length analysis of PCR products. To investigate length variation in nef, PCR

products from the second amplification were subjected to agarose gel electro-
phoresis. Migration distances were visualized by ethidium bromide staining of
agarose gel. CEM cells persistently infected with the HIV-1 clone HXB2 were
used as a reference size control.
Measurement of proviral load in PBMC. Proviral DNA was quantified by a

limiting-dilution and nested-PCR method described previously (41). Oligonucle-
otides corresponding to the env gene of the HIV genome were used in the
quantitation assay. Proviral DNA was initially diluted to an end point at which
less than 25% of the subsequent PCR products were positive. The number of
proviral copies was then estimated by 2ln[F], where F is the fraction of negative
reactions, assuming that the incidental appearance of a positive PCR product
follows a Poisson distribution. Positive and negative controls were included in all
quantitation assays performed.
Sequencing and sequence analysis. Cloned PCR products were sequenced by

the Sequenase protocol (United States Biochemical Corp.). Nucleotide se-
quences were aligned with the Clustal V program, which was kindly provided by
D. G. Higgins (17). Genetic distances between pairs of sequences were estimated
with the DNADIST program implemented in the PHYLIP package (version 3.4)
(12). Phylogenetic trees were constructed with several algorithms, including
neighbor joining and parsimony. Similar phylogenetic relationships were also
found in 1,000 bootstrap replicates of neighbor-joining trees (PHYLIP programs
SEQBOOT and CONSENSE).

Nucleotide sequence accession numbers. The nef sequences described in this
study have been deposited in GenBank; the accession numbers are U16863 to
U16952.

RESULTS

Characteristics of the study population. Table 1 summarizes
the characteristics of long-term survivors of HIV-1 infection,
all of whom have been seropositive for 12 years or more. None
has developed AIDS-related symptoms or CD41 T-cell decline
over the course of infection. Details of their clinical character-
istics are described by Cao et al. (5).
In addition, most subjects at the time of sample collection

demonstrated a very low viral load. By a limiting-dilution PCR
quantitation method, we were able to detect provirus in
infected individuals down to a level of single molecule per
reaction (41). The number of proviruses quantitated in this
study population ranged from 16 to 296 copies per 106 PBMC
except for the sample from subject CD, which yielded more
provirus DNA copies (1,783/106 PBMC). The number of
proviruses in subject D reflected the mean value of three
sequential samples taken over a 5-year period. Independent
determination of viral load was also carried out by quantitative
culture (5). By the routine virus isolation method, samples
from subjects DH, D, and CD were positive, whereas HIV-1
was recovered from PBMC of subject LM only after CD81

T-cell depletion. Extensive efforts to culture HIV-1 from the
other subjects were unsuccessful, and no virus was isolated
from plasma samples in this study population.
Study of the length polymorphism in the nef region of

long-term survivors.DNA was extracted from PBMC obtained
from 10 long-term survivors, and sequences spanning nef were
amplified by PCR. CEM cells persistently infected with the
HXB2 clone, which contains a full-length nef, were used as a
reference size control. PCR products from the second round of
amplification (approximately 750 bp long for the HXB2 con-
trol) were visualized by ethidium bromide staining after aga-
rose gel electrophoresis (Fig. 1). All patient samples yielded
positive results in PCR. The positive bands of samples from
subjects CD, BO, and RR migrated slightly more slowly than
that of the control HXB2 clone (Fig. 1). Nevertheless, in
general, PCR products of nef amplified from our long-term
survivors were of approximately the same length as that of the
reference HXB2 control. Thus, no gross nef deletion was
observed in this agarose gel mobility assay. In addition, in-
trasample length polymorphism was not detectable in any of
the samples examined. No length variation was seen for subject

TABLE 1. Characteristics of long-term survivors of HIV-1 infection

Subject Sex Risk factor Duration of
infection (yr)

CD4 cell count
(no./mm3)

HIV-1 DNA copies/
106 PBMC

Isolation of HIV-1 from:

PBMC Plasma

E M Homosexual 15 600–1,200 16 2 2
SF M IVDUa $12 500–700 20 2 2
LSS M Homosexual $12 560–740 21 2 2
RR M Homosexual 14 500–1,200 33 2 2
RP M IVDU $12 800–1,000 44 2 2
LM F Heterosexual $13 500–850 50 1b 2
BO M Homosexual 12 560–860 76 2 2
DH M Homosexual 15 500–700 94 1 2
D M Homosexual $14 600–1,100 296 1 2
CD M Homosexual $14 550–850 1,783 1 2

a IVDU, intravenous drug use.
b By CD8 depletion only.
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D over a 5-year period. In multiple, independent PCR ampli-
fications, these parameters remained consistent. All 10 sam-
ples were also subjected to sequence analysis (see below), the
results of which supported the conclusions derived from aga-
rose gel electrophoresis.
Nucleotide sequence variation in nef. In order to delineate

the genetic features of nef in detail, a total of 90 full-length nef
nucleotide sequences were obtained from 10 long-term survi-
vors. Seventeen clones were derived from subject D (including
sequential samples at three time points), 11 were derived from
subject E, 13 each were derived from subjects SF and RP, and
6 each were derived from subjects BO, CD, DH, LM, LSS, and
RR (sequences are not shown but have been deposited in
GenBank). Consistent with observations from the agarose gel
analysis, there were interpatient length variations, although
intrasample length polymorphism was not observed in most of
the subjects studied. Subject CD had the longest (648 bp) nef
sequences, whereas subject LSS had the shortest (618 bp) nef
sequences among the 10 subjects. The length variation is
contributed mainly by the variation in a previously defined
variable region near the 59 end of nef. Nevertheless, all the
length variations are in-frame changes and do not cause any
frameshift or premature termination. Intrasample length poly-
morphism has been observed only in subject BO; in six
sequenced clones, two were shorter by a stretch of six nucle-
otides, which resulted in the in-frame deletion of two amino
acid residues within the variable region.
The degree of intrasample sequence diversity in long-term

survivors varies from individual to individual. The upper panel
of Table 2 shows the mean intrasample diversity of nef in
long-term survivors, ranging from 0.04% in subject SF to
3.54% in subject DH. Furthermore, the intrasample sequence
variation appears to be positively correlated with the number
of distinct sequence variants observed. In other words, a
greater genetic distance is associated with a greater number of
sequence variants. For example, the genetic distance is higher
in DH (3.54%) than in SF (0.04%); accordingly, the number of
distinct sequence variants versus the total number of sequences
obtained is greater in DH (5/6) than in SF (3/13). Similar
correlations are seen for other subjects.
Temporal changes in genetic diversity within a single indi-

vidual were observed for subject D. Five sequences were
obtained from the sample collected in 1985, and six were
obtained for each of the 1988 and 1990 samples. The in-
trasample diversity was 1.7% in 1985, 2.35% in 1988, and
1.53% in 1990 (Table 2). Interestingly, the intersample dis-

tance between 1985 and 1990 (2.4%) was less than that
between 1985 and 1988 (2.75%), suggesting that the genetic
distance over time is not necessarily additive.
The degree of intrasample genetic diversity obtained from

long-term survivors was compared with those from patients
with AIDS (Table 2). In long-term survivors, the mean genetic
diversity was 1.65%, whereas in the patients with AIDS
reported by Shugars et al. (40), the overall average was 1.89%.
The differences in overall genetic distance between these two
groups are statistically insignificant, suggesting that the degree
of sequence variation in nef is not likely to be associated with
the stage of HIV-1 infection.
Phylogenetic relationship of nef sequences. Several phyloge-

netic approaches have been applied to the analysis of nef
nucleotide sequences (see Materials and Methods). Figure 2
depicts the neighbor-joining tree for nef sequences from 10
long-term survivors and from nine patients with AIDS studied
by Shugars et al. (40). For clarity and ease of generating the
tree, only those nef sequences representing the different vari-
ants of each sample from patients with AIDS and from
long-term survivors are included in the phylogenetic analysis.
Individual sequences are represented by their names at the end
of each branch, which are drawn in accordance with their
relative genetic distances.
The most obvious and consistent result from the phyloge-

netic analysis was that nucleotide sequences from long-term
survivors interdigitated with those from patients with AIDS
without apparent clustering among themselves (Fig. 2). The nef
sequences from subject SF (SF17, SF18, and SF10), for
instance, are more similar to a sequence from a patient with
AIDS (248a) than to those from long-term survivors such as
LM and CD. Furthermore, another feature of nef sequences
from long-term survivors is their tight grouping for each
sample. Although sequences obtained from subject D span 5

FIG. 1. Analysis of length polymorphism of the nef gene in the PBMC of
long-term survivors. DNA fragments from the second PCR amplification were
run on a 1.5% agarose gel and visualized by ethidium bromide staining. Lanes 1
to 9 represent the PCR products from samples from subjects DH, RR, LM, BO,
LSS, CD, SF, RP, and E, respectively. Sequential samples obtained from subject
D (D85, D88, and D90) are represented by lanes 10, 11, and 12, respectively. The
positive control (lane 1) consists of CEM cells persistently infected with the
HIV-1 clone HXB2 (containing a full-length nef). Lane M contains a 100-bp
ladder size marker (Gibco BRL).

TABLE 2. Comparison of Nef sequence variation between long-
term survivors and patients with AIDS

Group (ref.) No. of clones Mean intrasample diversity (%)a

Long-term survivors
BO 6 1.52
CD 6 1.83
D85 5 1.70
D88 6 2.35
D90 6 1.53
DH 6 3.54
E 11 1.12
LM 6 2.99
LSS 6 1.53
RP 13 0.06
RR 6 1.67
SF 13 0.04

x 5 1.65 (SD 5 1.0)

Patients with AIDS (40)
248 2 0.98
233 2 3.30
227 2 0.00
171 3 2.21
166 4 2.02
164 6 1.57
102 6 2.39
179 3 3.13
226 2 1.46

x 5 1.89 (SD 5 1.0)

a SD, standard deviation.
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years, they still group tightly in the phylogenetic tree; similar
observations can be made for the remaining subjects. The nef
sequences are all specific to an individual, without any evi-
dence for a common origin.
Features of deduced Nef amino acid sequences derived from

long-term survivors. To investigate the features of amino acid
sequences of Nef derived from long-term survivors of HIV-1
infection, 90 nef nucleotide sequences from 10 study subjects
were translated to amino acid sequences (Fig. 3). Analysis of
Nef protein sequences revealed that only eight were obviously
defective, due to either the appearance of a premature stop
codon (BO4, D85-17, DH1, E28, LSS4, RP23, and RR5) or the
lack of an initiation codon (RP17). Thus, the overall defective
rate was 8.9% in 90 nef alleles derived from long-term survi-
vors, which approximated that found in blood or pathologic
tissues of patients with AIDS (8 to 11%) (3, 40). In addition,
the location of defects in nef appeared to be randomly distrib-
uted.
It has been noted that HIV-1 Nef sequences contain several

putative functional motifs. We therefore investigated whether
specific changes occurred in these motifs within Nef derived
from long-term survivors. To this end, Nef amino acid se-
quences from each subject were optimally aligned, and a
consensus Nef sequence was derived from this alignment. The
consensus sequences derived from 10 long-term survivors were
compared with consensus Nef sequences obtained by Shugars
et al. (40) from patients with AIDS (Fig. 4). In most cases,
sequences in previously defined functional regions are highly
conserved, although a few changes have been observed in
specific regions. For instance, four of six clones in patient LM

were found to have a glycine (G)-to-serine (S) change in the
N-terminal myristylation signal sequence (amino acids 1 to 7).
Interestingly, changes from lysine (K) to glutamine (E) in the
polypurine tract (PPT) were also observed in these clones. In
patient RR, five of six clones have a glycine (G) insertion in the
middle of a highly acidic charged region (amino acids 71 to 75),
whereas in patient LSS amino acid residue changes from
threonine (T) to serine (S) were observed in the potential
protein kinase C phosphorylation region (amino acids 87 to 92)
in four of six clones. A (PxxP)3 repeat sequence that resembles
a SH3-binding site (33a) (amino acids 79 to 88) is invariant.
However, another well-conserved (PxxP) SH3-binding motif
located between residues 157 and 160 was found to be replaced
by (PxxQ) in subject RP. A predicted beta-turn motif
(GPGI/V) at position 140 to 143 is highly conserved among
Nef sequences obtained from patients with AIDS. In most Nef
sequences derived from four long-term survivors (D, DH, LM,
and RP), this motif has been replaced by GPGT, which may
still form a beta-turn (46). The functional consequences, if any,
of these observed changes in the nef sequences derived from
long-term survivors are unknown.
Four stretches of Nef sequence that were highly conserved

not only among the Nef sequences obtained directly from
patients with AIDS but also among HIV-1, HIV-2, and SIV
isolates have been identified as Nef-defining sequences (40).
Multiple consensus sequence alignment allows comparison of
this Nef-defining region with the Nef sequences derived from
the long-term survivors. As can be seen in Fig. 4, sequences in
blocks A (amino acids 71 to 98) and D (amino acids 189 to 200)
are more variable than those in blocks B (amino acids 117 to

FIG. 2. Phylogenetic relationship of nef nucleotide sequences from patients with AIDS and long-term survivors. The phylogenetic tree was constructed by the
neighbor-joining method (see Materials and Methods). Letter codes (e.g., BO) represent the sequences derived from the long-term survivors. Number codes (e.g., 248)
represent sequence data from patients with AIDS obtained from Shugars et al. (40). All branch lengths are drawn in accordance with their relative genetic distances.
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124) and C (amino acids 139 to 158). Of these four blocks,
block B is the most conserved among long-term survivors and
patients with AIDS. A similar observation has also been made
by Shugars et al. (40). The overall conservation in these four
stretches in the long-term survivors suggests that their nef
alleles are likely to be functionally equivalent.

DISCUSSION

Substantial variation in the rate of disease progression has
been observed among patients infected with HIV-1. In most
cases, the infected individual has an extended asymptomatic
period prior to the development of AIDS, whereas some
become immunosuppressed and develop opportunistic compli-
cations rapidly (2, 28). It has become evident recently from
several cohort studies (4, 36a) that a small proportion (approx-
imately 5 to 8%) of infected individuals has remained clinically
healthy and without evidence of immunodeficiency despite
prolonged infection. Although the precise definition of long-

term survivors of HIV-1 infection has varied in the literature,
these persons generally have been infected for over a decade
while lacking clinical symptoms and maintaining normal and
stable CD41 T-cell counts (14, 23, 24, 38).
Multiple factors, including host, viral, and environmental

factors, are believed to be involved in disease progression
induced by HIV-1 infection. The clinical sequela of each
infection, therefore, is dependent on the fine balance of these
multifactorial interactions. Although it has been suggested that
intrinsic host properties such as the HLA type of an infected
individual may confer a differential susceptibility to HIV-1
infection and its pathogenic effects (19, 45), our results to date
suggest that CD41 T cells from long-term survivors are not
inherently more resistant to HIV-1 infection in vitro (5).
Characterization of host immune responses in the San Fran-
cisco Clinic Cohort has revealed substantially higher levels of
HIV-1-specific antibodies and CD81 T cells in long-term
survivors (24). Our group has recently found strong HIV-1-
neutralizing antibodies and virus-suppressive CD81 T-cell

FIG. 3. Alignment of the Nef protein sequences derived from long-term survivors. Ninety clones from 10 subjects were sequenced. The deduced amino acid
sequences were aligned and are shown in the single-letter code. The consensus (Cons) sequences derived from the individual clones were placed on the top and bottom
of the figure. Gaps (2) were introduced to maximize homology. z , identical protein sequences; p, position of premature termination.
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activity in our 10 subjects (5). These findings, collectively,
suggest that some long-term survivors do well due in part to
their vigorous immune responses.
There is ample evidence to stress the importance of viral

load and phenotype in influencing disease progression to AIDS
(9, 18, 34, 36, 41, 43). Two studies, in particular, strongly
support the notion that viral characteristics play a critical role
in long-term nonprogression. First, an astute epidemiological
observation made by Learmont et al. (23) showed that six
transfusion recipients of blood from an HIV-1-infected indi-
vidual have remained clinically well and immunologically sta-
ble despite a decade of infection. Likewise, the blood donor
has remained healthy. The existence of this cluster of long-
term survivors raises the possibility that an attenuated strain of
HIV-1 may have been transmitted. Second, a set of elegant
experiments carried out by Kestler et al. (20) showed that
monkeys experimentally inoculated with nef-deleted SIV ex-
hibited no sign of disease and maintained a low viral burden
along with normal CD41 T-cell counts. These characteristics
are very similar to what we have seen in long-term survivors of
HIV-1 infection, thereby prompting us to investigate the
possibility that defects in nef may be responsible for the
well-being of our long-term survivors.
We used nested PCR to amplify nef from each of the

long-term survivors. Length polymorphism of the PCR product
was seen; however, no gross deletion was found (Fig. 1). For
the 10 subjects whose nef sequences were determined, all
contained a full-length nef, although slight length variation was
again noted. In examining the deduced amino acid sequences
(Fig. 3), eight clones (8.9%) were found to be obviously
defective due to either the presence of a premature stop codon
or the lack of an initiation codon. Nevertheless, the frequency

of gross nef defect was no different from the 8 to 11% found in
patients with AIDS (3, 40). Although nef-truncated HIV-1 has
been found by Desrosiers (11a) in a long-term survivor, our
results would suggest that nef truncation or deletion is not
likely to be a common explanation for the clinical stability of
these subjects.
Several highly conserved motifs with putative functions have

been identified in Nef. In comparing the amino acid sequences
of Nef in our subjects, few changes were found in these
regions. Therefore, we conclude that there are no major
differences between Nef sequences derived from long-term
survivors and those from patients with AIDS. It is possible that
most HIV-1 nef alleles in long-term survivors are functionally
intact. Indeed, preliminary biological functional analysis of nef
alleles obtained from patients D, RP, and SF support this
conclusion (unpublished results).
We have phylogenetically analyzed a total of 120 nef se-

quences, 30 of which were obtained from patients with AIDS
(40) and 90 of which were from the current study. The analysis
showed that, as expected, sequences from each long-term
survivor were more similar to each other than to those from
another subject or to those from a patient with AIDS. More
importantly, the nef sequences derived from different long-
term survivors were not clustered together phylogenetically;
instead, they were randomly distributed among nef sequences
obtained from patients with AIDS (Fig. 2). This finding
suggests that HIV-1 strains found in long-term survivors do not
have a common origin, as the epidemiological data had already
indicated.
In sum, our results demonstrate that most nef alleles derived

from long-term survivors in the study population are full length
with an open reading frame. At the protein level, there is no

FIG. 4. Multiple consensus sequence alignment and comparison of Nef protein sequences derived from patients with AIDS and long-term survivors. UNC.Con.
denotes the consensus Nef amino acid sequence obtained from patients with AIDS (40). Ten consensus sequences derived from long-term survivors are represented
as BO.con, CD.con, D.con, DH.con, E.con, LM.con, LSS.con, RP.con, RR.con, and SF.Con. The top consensus sequence represents an overall predicted consensus
sequence derived from this alignment. Gaps (2) were introduced to maximize alignment; z indicates amino acid identity. The location of predicted motifs of the
myristylation signal, sequence polymorphism, variable region, acidic charged residues, (PxxP) repeat sequence, putative phosphorylation site (PKC), polypurine tract
(PPT) 59 border of the 39 LTR, and beta-turn are shown above the consensus Nef protein sequence, while Nef-defining sequences, blocks A, B, C, and D, are bracketed
underneath the aligned consensus sequences.
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discernible difference in domains of putative functional impor-
tance within Nef between patients with AIDS and long-term
survivors. Moreover, our phylogenetic analysis of nef se-
quences shows that HIV-1 strains in our long-term survivors
are not linked epidemiologically and that they do not have a
common origin.
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