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Abstract: Unusual HIV-1 nef alleles were isolated from a woman and her vertically infected
child. Both patients eventually progressed to develop AIDS. The child died at age 6.5 years,
while the mother is currently alive, 13 years since her diagnosis with HIV-1. Predicted
amino acid sequences of both mother and child Nefs diverged from the HIV-1 clade B
consensus. In particular, they exhibited two separate 5-amino acid deletions bracketing a C-
terminal dileucine regulatory motif and Trp-Gly mutations at the site for cleavage by the
HIV-1 protease. The child’s Nef showed a modest ability to enhance HIV-1 infectivity in
MAGI cells, whereas the mother’s Nef did not alter HIV-1 infectivity in the assay. Both
Nefs were partially functional for CD4 down-regulation. The child’s Nef was fully
functional for MHC-1 down-regulation, while the maternal Nef was non-functional. To our
knowledge this study is the first to describe a functional divergence between Nef alleles in a

case of mother-to-child HIV-1 transmission.
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Introduction

The nef genes of human immunodeficiency (HIV-1) and simian immunodeficiency (SIV) viruses
encode 27-34 kd myristoylated proteins, which are expressed early after establishment of the provirus
in host cells [1]. Although largely dispensable for viral growth in cell culture [2], the expression of Nef
results in increased viral pathogenicity and higher viral loads both in humans [3,4] and in animal
models for HIV/SIV infection [5-7]. Correspondingly, Nef-deleted SIV exhibits reduced pathogenicity
when used to infect rhesus macaques [5]. Also, nef-deleted HIV-1 variants have been isolated from
long-term survivors (LTS) of HIV-1 infection [8-10]. A number of LTS individuals remained healthy
more than 10 years after a diagnosis of HIV-1 infection in the absence of ongoing antiretroviral
therapy [9]. For many of these patients, the lack of expression of Nef was the only observable
attenuation of the HIV-1 virus. Additionally, it was demonstrated in transgenic mouse models for HIV-
1 infection that expression of the HIV-1 nef gene increases cytotoxic and pathogenic effects [11,12].

Although the mechanism(s) for Nef’s effects on HIV-1 pathogenesis are not fully understood, a
considerable amount of information has been obtained from structural, functional and genetic analyses.
First, Nef is present in the HIV-1 viral core where it may influence core disassembly and enhance viral
entry into the cytosol [13] and may also influence the rate of proviral DNA synthesis [14,15]. Second,
production of Nef during the viral infectious cycle results in decreased expression of both the CD4
antigen [16,17] and some major histocompatibility class I (MHC-I) [18] antigens on the surface of
HIV-1-infected cells. These functions are genetically separable, as mutations have been generated that
abolish either the CD4 or MHC-I down-regulation but do not affect the infectivity enhancement
properties of Nef [19-21].

The presence of naturally occurring mutations of nef has been examined in several studies of both
pediatric and adult HIV-l-infected patients [22-24]. Results of these studies suggest that the
accumulation of short deletions in the nef gene as well as changes in individual Nef amino acids may
result in partial loss of Nef function.

We report here the characterization of two HIV-1 nef alleles from a HIV-1-positive mother and her
child who acquired the HIV-1 virus by mother-to-child transmission. These nef genes encoded 193-
amino acid (aa) Nef proteins, shorter than the 206 aa HIV-1 clade B Nef consensus sequence [25]. The
Nef proteins expressed by these HIV-1 nef alleles were shown to be stable when expressed in
mammalian cells, and retained partial function in in vitro Nef assays for HIV-1 infectivity and

regulation of CD4 and MHC-I antigens on the surface of infected cells.

Methods

Cell cultures and plasmids
293 cells were cultured in DMEM supplemented with 10% Fetal Bovine serum (FBS). MAGI cells
[26] were maintained in DMEM supplemented with 5% FBS, 0.1 mg/ml G418, 0.05 mg/ml
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Hygromycin B. J-Jurkat cells were maintained in RPMI 1640 medium supplemented with 10% FBS
and 1 mM HEPES. All media were supplemented with 0.29 mg/ml glutamine, and 100 units each of
penicillin and streptomycin. Cell culture media and supplements were obtained from Gibco/BRL (Life
Technologies, Gaithersburg MD). The full-length HIV-1yxg; and HIV-1n14.3 plasmids were obtained
through the AIDS Reagent program. The HIV-1p envelope expression plasmid, pENVIII [27], was a
gift from Dr. Eric Freed (Laboratory of Molecular Microbiology, NIAID, NIH).

PCR amplification and cloning

The nef-encoding portion of HIV-1 was amplified from proviral DNA in crude lysates of
mononuclear cells (PBMC), as described in Roth et al. [28], using a nested polymerase chain reaction
(PCR) protocol. Primers for the first round PCR were: NEF2 forward outer- 5'-TTC GCC ACA TAC
CTA GAA GAA TAA GA-3'; NEF2 reverse outer- 5'-CCG CCC AGG CCA CGC CTC CCT-3'. Each
reaction contained 20 pl of PBMC DNA (about 1 pg) in 10 mM TrisCl, pH 8.3, 50 mM KCI, 2.5 mM
MgCl2, 200 uM nucleotide triphosphates, 2 uM of each primer, and 2.5 units Taq DNA polymerase
per 100 pl reaction. Thermocycler parameters were: 95°C for 30s, 55°C for 45s, 72°C for 2 min, for a
total of 35 cycles. Five microliters of the first round reaction was used as template for a second round
PCR, with nested primers under identical reaction conditions. Inner primers were: NEF2 forward
inner- 5-TTG CTA TAA GAT GGG TGG CAA GTG-3’; NEF2 reverse inner- 5-CGG AAA GTC
CCT TGT AGC AAG CTC-3'". The Nef PCR products were resolved in 1 % agarose gels, from which
the nef-specific bands were excised, purified and cloned in the pCR3.1 vector (Invitrogen, Carlsbad,
CA). Nef clones were sequenced using fluorescent dideoxy-nucleotide terminators with ABI Prism
reagents and the ABI 377 DNA Sequencer (Applied Biosystems, Foster City, CA). The nucleotide
sequences for HIV-1 nef alleles C28B and M29 were submitted to the Genbank sequence database, and
have been assigned accession numbers AF397200 and AF397201, respectively.

The influenza hemagglutinin HA-7 epitope (YPYDVPDYASL) was introduced into each clone to
provide an additional option for detection of the expressed Nef proteins. First, synthetic
oligonucleotides were annealed to form the double-stranded HA-7 sequence with a BsiW I site at the 5'
end and a blunt 3' end. This was ligated to pCR 3.1 pre-digested with Hird III and EcoR V. The nef
alleles were then re-amplified with primers containing the appropriate sites (5' Hind III-Nef and 3'
BsiW I-HA). PCR amplicons were digested with HindIIl and BsiWI, and ligated into the HA-tagged
vector. The resulting construct expressed the HA-7 epitope at the C-terminus of the Nef peptide.

MAGI-cell HIV-1 infectivity assays
Stocks of viral particles pseudotyped with the HIV-1yp envelope and trans-complemented with
control or patient nef alleles were produced by three way transfection in HeLa cells. The HIV-1 clone

pNL4-3 KFS (Anef, Aenv) was transfected with the pENVIII envelope vector and the Nef plasmid
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clone to be tested using the Effectene reagent (Qiagen, Valencia, CA). The resulting viral particles
were infectious for a single round of replication.

MAGI cells [26] were then infected with equivalent amounts of viral particles (100 pg p24). Dishes
containing infected cells were incubated 18 h to allow the expression of proteins from plasmid clones,
at which time the supernatants were removed and assayed for HIV-1 p24. The cells were fixed and
stained with the B-galactosidase indicator substrate X-Gal (5-bromo-4-chloro-3-indolyl-p-galactoside).
The number of blue cells in each dish was enumerated as a function of the input virus. Duplicate

dishes were plated for each virus stock.

CD4 antigen assays

The assays for CD4 down-regulation were performed as described previously [19], with the
following modifications: Nef plasmids were co-transfected into 293 cells with both CD4 and IL-2
receptor o (CD25) plasmids using calcium phosphate. Control and experimental transfections were
incubated 6 h before the addition of fresh DMEM and were done in triplicate. After allowing 24-36 hr
for expression of protein from transfected DNA, the 293 cells were harvested, washed and stained with
antibodies to CD4 (CD4 tricolor, Caltag, Burlingame, CA) and CD25 (FITC-tagged, Becton-
Dickinson, San Jose, CA). Cells were analyzed by flow cytometry (FACScan, Becton-Dickinson).
CD25-positive cells were scored for relative expression of the CD4 antigen. Aliquots from each
transfection experiment were analyzed by SDS/PAGE and Western blotting to nitrocellulose
membranes. The expression of Nef was detected by incubation of blots with rabbit polyclonal anti-Nef
serum, followed by incubation with horseradish peroxidase-tagged goat anti-rabbit serum (Sigma, St.
Louis, MO). Nef bands were detected by chemiluminescence using the ECL reagents from Amersham

(Indianapolis, IN).

MHC-I antigen assays

Nef-HA constructs were subsequently transferred into the pCI vector (Promega, Madison WI) for
maximum expression in the J-Jurkat T-lymphocyte cell line. Jurkat cells were transfected with 36 pg
of each Nef clone by electroporation. As a control to monitor transfection efficiency, we co-transfected
12 ng Aequoria (jellyfish) green fluorescent protein (GFP) plasmid. This construct was made by
subcloning the Hind I1I-Not I fragment of pEGFP-1 (Clontech, Palo Alto, CA) into pCR3.1, in order to
produce pCR3.1-GFP. For transfections, log phase Jurkat cells were resuspended in RPMI (without
serum) at a concentration of 8 x 10° cells per 400 ul aliquot. The cells were mixed with plasmid DNA,
transferred into cuvettes (0.4 cm gap) and electroporated with a 0.25 kV, 960 puF capacitance pulse at a
resistance of 200 ohms (Gene Pulser, BioRad, Richmond CA). The Jurkat cells were allowed to rest
for 10 min at room temperature, transferred to a microcentrifuge tube containing 400 ul RPMI, and
centrifuged at 3000 rpm for 5 min to pellet cells. After careful removal of the medium, the cells were

resuspended in 1 ml RPMI and incubated 18 h at 37° to allow expression of Nef proteins. The Jurkat
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cells were stained with phycoerythrin (PE)-conjugated anti-MHC-I serum, (clone W6/32, DAKO,
Carpinteria, CA) at a 1:100 dilution, and analyzed by FACscan, scoring for the mean PE-labeled

fluorescence of the GFP-positive cell population.

Results

Patients and sample collection

Patient samples were originally collected in 1993-94, as part of a study of mother-to-child
transmission of HIV-1. They consisted of two blood samples for the child, taken in September 1993
(sample C28A) and January 1994 (sample C28B), and a maternal blood sample (M29), which was
obtained in September 1993, two weeks after the child’s first sample. We described sequences for the

C2-V5 region of the HIV-1 env gene in this mother-child pair in an earlier publication [28].

Isolation of nef alleles

The PCR amplification of the HIV-1 nef gene from proviral DNA samples from both mother (M29)
and child (C28B), yielded amplicons that were visibly shorter than standard nef amplicons (not
shown). We failed to amplify nef sequences from the C28A sample, possibly due to deterioration of
the PBMC lysates during long-term storage at -20° C. The nucleotide sequences for both patient alleles
revealed open reading frames of 579 nucleotides with small in-frame deletions, predicting 193 amino
acid (aa) Nef proteins, compared with the 206 aa HIV-1 subtype B Nef consensus [25]. When the
predicted patient Nef amino acid sequences were aligned with HIV-1n14.3 Nef and the HIV-1 subtype
B consensus (Figure 1), two 5-aa deletions in the C-terminal portion of the Nef protein were observed.
These short deletions flanked a conserved “dileucine” sequence motif [29] that is necessary for down-
regulation of the CD4 antigen by Nef in HIV-1-infected host cells. This sequence, (ENNSLL, residues
160-165 for the HIV-1 subtype B consensus, see Figure 1), was conserved in the maternal M29, but
was present in the child’s C28B Nef as EDNSLI. There were other areas where the patient Nef
proteins differed from the subtype B consensus, notably at the sequence at amino acid residues 57-58
(Fig. 1), which constitutes the cleavage site for the HIV-1 protease and is a potential CD4 cytoplasmic
tail interaction site [19]. This dipeptide, Trp-Leu in the consensus Nef sequence, was changed to Gly-
Leu in M29 Nef and to Gly-Val in the C28B Nef sequence.

The presence of the dileucine motif in an unusual context, together with additional mutations in the
amino acid sequences of both patient Nefs led us to examine whether their activities might be altered
in various assays of Nef function, including viral infectivity and down-regulation of cell surface CD4
and MHC-I antigens. Accordingly, the patient nef alleles were cloned in plasmid vectors suitable for
expression in mammalian cells. Because we were uncertain if polyclonal anti- Nef sera would detect
the expressed proteins, a C-terminal influenza virus hemagglutinin epitope (YPYDVPDYASL) was

added to each Nef construct.
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Figure 1. Clustal alignment of Nef sequences. Amino acid sequences for mother (M29) and child
(C28B) Nefs were aligned with HIV-1 subtype B Nef consensus (Bcons) and Nefs HIV-1x14.3 and
HIV-1yxg, using Clustal X. Dots indicate gaps inserted to facilitate alignment. Dashes indicate
homology with B consensus. The stop codon in HIV-1yxg, Nef is indicated by an asterisk.

HIV-1 infectivity

Nef -deleted HIV-1 virus particles were complemented with the patient Nefs and used to infect
MAGTI cells, HeLA-CD4 cells expressing P-galactosidase under the control of the HIV-1 LTR
promoter, thus enabling colorimetric detection and enumeration of the HIV-1 infected cells. The
infectivity of the patient Nef-complemented viruses was compared with that of intact HIV-1np4.
(Figure 2). The infectivity of intact HIV-1nr4.3 virus was arbitrarily set at 100 %. As a control for nef
complementation the same amount (based on p24 antigen concentration) of nef -deleted HIV-1xp4.3
virus complemented with HIV-1xr4.3 nef was included. This virus was 85 % as infectious as intact
HIV-1np4.3. Complementation with HIV-1yxp; Nef (which produces a truncated Nef peptide) resulted
in a viral preparation with 30 % infectivity relative to intact HIV-1yp4.3 virions. The pediatric Nef
(C28B) was capable of a moderate enhancement of the infectivity of HIV-1yr4.3 ANef virus, whereas
the maternal Nef variant M29 failed to display any activity in the assay. In addition, results of HIV-1
p24 assays on supernatants from these MAGI cell cultures were identical to, and confirmed the relative

infectivity values for these viral preparations (data not shown).

CD4 antigen regulation
In the next set of experiments, we examined the ability of the patient Nefs to regulate the expression

of the CD4 cell surface antigen. The nef clones were transiently co-transfected into 293 cells with
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Figure 2. MAGI assay of mother and child Nefs. Average number of blue cells in three separate
experiments, compared to values for intact HIV-1xnr4.3 virions (100%). Error bars indicate standard
error. From left to right: Intact NL4-3 virus, NL4-3-ANef (nef-deleted), NL4-3-ANef complemented
with Nef C28B (child), NL4-3-ANef complemented with Nef M29 (mother), NL4-3-ANef
complemented with Nef NL4-3.

plasmids expressing CD4 and CD25 antigens. This allowed us to assay for the relative expression of
the CD4 receptor in CD25-positive cells as a function of the amount of the nef plasmid introduced.
Introduction of the truncated HIV-1yxg, Nef clone (Figure 3, top; open circles) did not affect CD4
expression. Alternatively, when two different versions of the HIV-1x14.3 Nef plasmid were transfected
(Figure 3, Nef NL4-3, open squares; and Nef NL4-3HA, filled circles) the level of CD4 was decreased
in a dose-dependent fashion. Upon introduction of the patient Nefs (Figure 3, maternal Nef M29, filled
squares; child’s Nef C28B, diamonds) there was a very modest decrease in CD4 expression. At the
highest amount of transfected plasmid (4 pg), both patient Nefs exhibited significant impairment of the
ability to down-regulate CD4 (75 % of the Nef-minus control) when compared with the NL4-3 Nefs
(12-25 % of the Nef-minus control). Significantly, the levels of Nef protein expressed by the patient
alleles were either comparable (C28B) or greater (M29) than HIV-1Ixp4.3 Nef, as shown by Western
blotting with anti-Nef (Figure 3, bottom) or anti-HA sera (not shown).

MHC-I antigen regulation
As discussed above, Nef also causes down-regulation of MHC class I antigens in HIV-1-infected
cells [18,19,30]. We therefore examined the ability of the patient Nef alleles to cause decreased

expression of MHC class I antigens in J-Jurkat lymphocyte cells. Either control or patient nef plasmids
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Figure 3. CD4 down-regulation by patient Nefs. Patient nef clones were transfected with CD4 and
CD25 plasmids. Top: expression of cell surface CD4. Center: expression of cell surface CD25. HIV-
Inpa3 Nef, open squares; HIV-1n14.3 Nef-HA, filled circles; HIV-1yxg, Nef, open circles; HIV-1yer
c288 (child), diamonds; HIV-Iner m2o (mother), filled squares. Bottom: Western blot analysis of
expression of Nef in transient transfections shown at top.

were co-transfected with pCR3.1-GFP in Jurkat cells, which endogenously express MHC-I antigens.
GFP-positive cells were screened for levels of MHC-I expression on the cell surface (Figure 4). The
average of three separate experiments is reported. HIV-1yxp, nef was introduced as a non-functional
negative control, and the level of endogenous MHC-I expression in the presence of this allele was
arbitrarily set at 100%. On transfection of the HIV-1yp4.3 clone, a 23% decrease in MHC-I surface
expression was observed. The child’s Nef C28B was slightly more active, causing a 35 % decrease in
MHC-I expression. In contrast, the maternal Nef M29 was unable to cause decreased cell surface

expression of MHC-I antigens.
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Figure 4. MHC class I down-regulation by patient Nefs. Mean channel fluorescence for MHC-I was
measured in three separate experiments. MHC-I expression in the presence of HIV-1yxg, Nef was set
at 100 %. Error bars indicate the standard error in three separate experiments.

Discussion

The observation of partially deleted nef PCR amplicons from a HIV-1-positive mother-child
transmission pair led us to investigate the functions of the cloned nef alleles. Therefore, we performed
assays of Nef function using the cloned patient nef alleles, transfected and expressed in human cell
lines or used to trans-complement a nef-deleted HIV-1yp4.3 viral clone. Both maternal and child Nef
proteins showed partial activity in Nef assays (Table 1). The child’s Nef C28B exhibited 55 % of the
infectivity enhancement of HIV-1yp4.3 Nef in the MAGI-cell assay and 33 % of the CD4 down-
regulation activity of HIV-1nr4.3 Nef. Yet, though the Nef C28B was impaired in infectivity and CD4
down-regulation, there was no impairment of the MHC-I down-regulation activity. In contrast, the
maternal Nef M29 gave 35 % of the infectivity enhancement of HIV-1y14.3 Nef, which was equivalent
to the HIV-1yxp, Nef negative control. Nef M29 also retained 30 % of the CD4 down-regulation
activity of HIV-1yp4.3 Nef. Finally, the maternal Nef was non-functional for MHC-I down-regulation.

The results of these assays may yield further clues to the function of the Nef protein. Since the
maternal and child Nef sequences are 90 % homologous (Figure 1), it is not surprising that both alleles
are equally impaired for CD4 down-regulation. There are two likely explanations for this deficiency in
our patient Nefs, the first being the influence of the 5-aa deletions flanking the dileucine motif (Figure
1, residues 160-165). Deletions in this region would have the effect of shortening the C-terminal loop
in the Nef protein [31], which may alter the interaction of Nef with either the AP-2 adaptor complex or
the cytoplasmic tail of the CD4 receptor. Secondly, the amino acids Trp-56, Leu-57 and Glu-58 have
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Table 1. Activity of C28B and M29 Nefs in Functional Assays*.

Assay C28B Nef M29 Nef Nefuxg2
CD4 down-regulation 33 33 0
MAGI-cell infectivity 55 35 30
MHC-I down-regulation 110 0 0

*The activities of patient Nefs are expressed as a percentage of the activity of the functional Nef allele from HIV-1yi43,
which was arbitrarily set at 100% activity. The Nef allele from HIV-1 pxg,, expresses a truncated Nef protein which is not
stable in mammalian cells.

been shown to be required for efficient CD4 down-regulation [19,30], possibly because they contact
the cytoplasmic tail of CD4. The tryptophan residue, Trp-57, has been changed to glycine in both our
patient Nefs (Figure 1).

The differences in function between the two patient Nef alleles are noteworthy. The maternal Nef is
essentially non-functional in MHC-I and MAGI infectivity assays, whereas the pediatric Nef retains
partial MAGI-cell infectivity and is functional for MHC-1 down-regulation. As discussed above, the
MAGI-cell infectivity and MHC-I down-regulation functions of Nef can be genetically separated [21],
but we note that overlapping determinants for these phenotypes are contained within the central core
region of the Nef protein. Activity in the MAGI-cell infectivity assay requires several Nef core motifs,
including the acidic region at aa 61-65 and the polyproline domain (Pxx4), aa 69-80; as well as the
highly conserved region from aa 108-124 [32]. Mutations in the former two regions impair both
infectivity enhancement and MHC-I down-regulation, while mutations in the latter region, especially
Asp-123 [32], impair both infectivity enhancement and CD4 down-regulation. Recently it was shown
that the amino-terminal portion of Nef, particularly the helical domain from aa 16-22, is also necessary
for MHC-I down-regulation [19,21]. Mutation of Met-20 in this domain abolished the MHC-I down-
regulation activity of Nef, but did not affect either kinase binding or CD4 down-regulation activity.
[21].

As noted above, defective nef alleles were described from LTS patients [8,9], containing either
large deletions or clusters of deletions which disrupt the nef reading frame, thus preventing the
production of Nef protein. In another study, nef alleles from a LTS patient were described in which a
36-nucleotide deletion was compensated by a downstream 33-nucleotide duplication [33]. This follows
an established pattern for the repair of small deletions in nef that was also observed when nef-deleted
SIV constructs were used to infect rhesus macaques [34]. In that study, a 12-nucleotide nef deletion
was compensated by nucleotide insertions; thus, functional Nef protein synthesis was restored. This
indicates a strong selective genetic pressure for maintenance of a functional HIV-1 Nef. The
deleted/duplicated HIV-1 Nef clone from the human LTS patient [33] was partially functional in cell-

culture based assays. Our patients’ nef alleles also encode partially functional Nef proteins, although
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the maternal Nef protein was only partially functional for CD4 down-regulation and was nonfunctional
in the other Nef assays.

Since a lack of Nef function has been correlated with long-term survival of HIV-1 infection in many
patients, we re-examined the patients’ records to see if there was any indication that impairment of Nef
activity might have influenced their clinical responses to HIV-1 infection. Briefly, the mother was
diagnosed HIV-positive in 1988. She received antiretroviral treatment (ART) on an intermittent basis,
including several different nucleoside RT inhibitors. During this period her CD4+ T-lymphocyte
values ranged from 180-350 cells/mm’. This resulted in a diagnosis of AIDS, as any CD4+ value
below 200 cells/mm’ is an AIDS-defining condition. She was on ART when re-contacted in March
2000, at which time her CD4+ level was 350 cells/mm’, with a viral load of 1700 particles/mm3.
Subsequently she returned to ART with a cocktail that includes a non-nucleoside RT inhibitor. She had
not received HIV-1 protease inhibitors at last contact in July 2001. Her son was diagnosed HIV-
positive at 15 months, at which time ART was initiated. The child was diagnosed with AIDS at 18
months (28B sample), and was continued on ART (nucleosides), and was eventually deceased at 6.5
yrs of age.

Clearly the child’s clinical course is typical for many cases of pediatric HIV-1 infection. The
mother has survived for more than 12 years since her HIV-1-positive diagnosis. She has received ART,
with several interruptions due to patient non-compliance. Notably, there were periods of relatively
stable CD4+ values in the absence of ART. This patient may not be described accurately as a non-
progressor, as she had a diagnosis of AIDS. However, her continued survival in the absence of
aggressive ART raises the possibility of a role for attenuated HIV-1 replication, which may or may not
be due to changes in HIV-1 Nef function.

An examination of the mother and child patient Nef sequences (Figure 1) shows that they encode
proteins which have 78 and 75 % homology, respectively, with the fully-functional HIV-1np4.3 Nef.
The most dramatic differences have been discussed above, namely, the C-terminal deletions and the
W57G mutation at the HIV-1 protease cleavage site. The remaining differences between HIV-1np4.3
Nef and the patient Nef protein sequences result from additional mutations in their nucleotide
sequences. Notably, each of the amino acids or sequence motifs thus far identified as essential for
MHC-I down-regulation [piguet] is present in both patient Nef proteins, suggesting that there may be
additional Nef amino acid residues that influence down-regulation of MHC-I antigens.

Examination of differences in the sequences of the patient Nefs should assist us in the identification
of additional Nef elements involved in MHC-I down-regulation. There are 15 individual amino acid
differences between the C28B and M29 Nefs (Figure 1), seven of which are located in regions not
specifically identified with Nef functions [32,35]. Premkumar et al.[36] isolated a series of nef alleles
from a single LTS patient, and tested their ability to promote HIV-1 replication when substituted for
the nef gene of v npa3. They observed that patient nef alleles encoding an “extra” cysteine at

position 138 were deficient in enhancing viral replication. The M29 Nef, which is inactive in the
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MHC-I assay has cysteine at position138, while Nef C28B has threonine, identical to the Nef
consensus (Fig.1). Mutagenesis experiments are underway to test the effect of the Thr-to-Cys mutation
on MHC-I regulation.

Finally, we would like to point out that the obeservation of HIV-1 Nef deletions in a mother-child
transmission pair suggests that these particular Nef deletions were stably transmitted, at least in this
case. Similarly, we note the comparison between mother-child Nef sequences reported in this study
and those reported by Saksena et al. [37] who also described HIV-/ nef genes from a mother-child
transmission pair. There were unusual sequence features including the lack of C-terminal cyteine
residues, in the nef alleles studied. Co-culture of HIV-1-infected lymphocytes demonstrated
replication-deficient viruses, but functional studies with individual nef alleles were not done. Clearly,
in order to understand more fully the effects of Nef expression on HIV-1 pathogenesis, it will be
necessary to continue to analyze the interactions of the Nef protein with cellular proteins. Undoubtedly

the study of patient nefalleles will play an important role in that process.
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