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ABSTRACT

Most efforts to characterize sequence variation of HIV isolates has been directed toward the structural en-
velope gene. Few studies have evaluated the sequence variability of auxiliary genes such as nef. In this study
41 new HIV-1 strains, representing the majority of the described envelope subtypes of HIV-1 (A to H), were
genetically characterized in the nef region. Phylogenetic analysis showed that 34 strains could be classified in
the same subtype in nef and env, and 7 (19%) of the 41 new viruses were recombinants. For two of the seven
strains, recombination occurred upstream of the nef gene, whereas for five of the seven strains recombina-
tion occurred within the nef gene with a crossover close to the 5’ end of the LTR (long terminal repeat). The
low intersubtype distance between subtype B and D in the nef gene confirms previous observations in the pol,
env, and gag genes, which suggest a common ancestor for these subtypes. The majority of all the previously
described functional domains in the nef gene were relatively conserved among the different subtypes, with
only minor differences being observed. The myristoylation signal among the different subtypes, with only mi-
nor differences being observed. The myristoylation signal was less conserved for subtype C, with one or more
amino acid changes being observed at positions 3, 4, and 5. The highly conserved acidic region (positions 62
to 65), critical for the enhancement of viral synthesis with an increased virus growth rate, was less conserved
among the subtype G strains from our study. At least three epitopic regions of the ref gene have been defined
and each can be recognized by CTLs under a variety of HLLA restrictions; all were also relatively well con-
served between the different genetic subtypes. Despite the relatively important genetic variation in nef se-
quences obtained among the different genetic subtypes, functional domains and CTL epitopes were relatively
well conserved. In vitro and/or in vivo studies are necessary to study the relevance of the observed differences.

INTRODUCTION spite prolonged HIV-1 infection (for more than 10 years) was

found to be infected with a virus possessing deletions in the

INCE THE DEMONSTRATION THAT nef-DEFECTIVE simian im- Nef-coding sequence and the U3 region of the long terminal re-
munodeficiency virus (SIV) can cause attenuated disease in  peat (L'TR). This individual showed an exceptionally low level
rhesus macaques, the nef gene has been the subject of many of ongoing HIV-1 replication and viral load and stable high
studies. The importance of nef in the pathogenesis of human CD4" T cell counts.! More recently, an unusual cohort of HIV-
immunodeficiency virus type 1 (HIV-1) disease was revealed l-infected blood transfusion recipients was described whose
when an individual with hemophilia who remained healthy de- members, as well as the blood donor who represented the com-
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mon source of the infections, were all found to harbor nef-de-
fective viruses. These individuals showed no progression to
AIDS after 10 to 14 years of infection and, like rhesus macaques
infected with nef-defective mutants of SIV, have maintained
low viral loads and normal CD4 counts.? In addition, animals
immunized with a similar construct can be protected when chal-
lenged with a wild-type pathogenic SIV, and reversion of these
nef mutants in vivo results in regain of high virus load and rapid
disease progression.3# These results demonstrate that viral de-
fects can be responsible for, or at least can contribute to, the
absence of disease progression in SIV-infected rhesus monkeys
and HIV-1-infected humans. On the other hand, some studies
do not support a strict correlation between the structure or the
function of the nef gene and rates of disease progression,>6

Nef is a myristoylated, membrane-associated protein, and is
one of the earliest viral gene products expressed in newly in-
fected target cells. Although Nef is clearly important for viral
replication in vivo, it has been difficult to determine the basis
for this. Several claims have been made on the function of the
nef gene product, many of which have been disputed or un-
confirmed, and yet the precise role of Nef has not been com-
pletely clarified. However, several consistent consequences of
Nef expression have been defined; enhancement of viral repli-
cation, downregulation of cell surface CD4 and HLA class I
molecules, and signal transduction in cells.”13

Multiple HLA-restricted cytotoxic T lymphocyte (CTL) epi-
topes have been identified in Nef, and CTLs targeted against these
epitopes have been postulated to play a role in protection from
infection in HIV-exposed subjects.!*15 Nevertheless, impaired
CTL recognition due to genetic variations in the main immuno-
genic region of the HIV-1 Nef protein has been observed.!6:17

The genetic variability of HIV-1 is a major challenge in the
development of a globally effective vaccine. With the charac-
terization of many isolates of HIV from Africa and from other
regions of the world, numerous genetic subtypes of the virus
have been identified.!® Phylogenetic analysis revealed two
groups of HIV-1 isolates: group M, the major group with at
least 10 different genetic subtypes (A-T), and group O.!° Analy-
ses of subgenomic as well as full-length HIV-1 sequences iden-
tified a surprising number of HIV-1 strains that clustered in dif-
ferent subtypes in different parts of their genome.20-23" All
representatives of subtypes E and G that have been sequenced
to date represent mosaic genomes, with parts of the viral
genome clustering with subtype A. These mosaic viruses have
clearly established infection based on their broad geographic
spread.?1?3 The capacity for HIV subtypes to recombine is an
important parameter of viral evolution, allowing dramatic and
rapid genetic change. This genetic diversity can have implica-
tions for vaccine development, since vaccine formulations
based on only one virus strain (or subtype) would not elicit a
broad enough immune response to protect against members of
other subtypes. The impact of the genetic variation on patho-
genesis, disease progression, and virus fransmission also re-
mains to be elucidated, and the cross-reactivity of CTL epitopes
to conserved regions and to what extent their role is critical for
vaccine development must be studied further.?*

Functional epitopes and CTL epitopes in Nef play a possi-
ble role in HIV-1 pathogenesis. To examine to what extent these
sites are conserved, further in vivo sequence data must be ac-
cumulated from other HIV-1 genetic subtypes. The current data-
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base of Nef sequences contains almost exclusively subtype B
viruses, some subtype E viruses, and a limited number of sub-
type A, C, D, F, G, and H viruses. In this study we character-
ized genetically the nef genes from 41 new HIV-1 viruses rep-
resenting 7 different genetic subtypes.

MATERIALS AND METHODS

Virus strains

Forty-one new HIV-1 viruses, representing different genetic
subtypes in the envelope region, were studied: 5 A, 4 B, 18 C,
3E,4F, 5G, and 2 H. The samples were collected from var-
ious geographic locales or were obtained from patients living
in France but who became infected with HIV-1 after overseas
employment as previously described.2’ Table 1 summarizes the
origin and the env subtype of the various samples tested.

The genetic subtype of the envelope region was determined
by the heteroduplex mobility assay (HMA) as described by Del-
wart et al.?® and/or by sequencing of the C2V3 region of the
envelope as previously described.?

Amplification and sequencing of the nef gene

DNA was extracted from primary or cultured peripheral
blood mononuclear cells (PBMCs) by using the IsoQuick DNA
extraction kit (Microprobe, Garden Cove, CA). A nested poly-
merase chain reaction (PCR) was done to amplify a 770-bp frag-
ment containing the entire nef gene, using the following
primers, which were previously described in a study of nref
genes from subtype E-infected patients in Thailand®”: outer
primers outer-5-1e (5’ GTGCCTCTTCAGCTACCACCG) and
outer-3-3e (5' AGCATCTGAGGGTTAGCCACT) and inner
primers inner-5-le (5' TGGACAGAYAGGGTTATAGAA)
and inner-3-7e (5 CACCTCCCCTGGAAAGTCCCC). The
PCR reaction mixture contained a 0.2 mM concentration of each
deoxynucleoside triphosphate, 1.5 mM MgCl,, 50 mM KCl, 10
mM Tris-HCI (pH 9.0), 0.1% Triton X-100, 2.5 U of Taq poly-
merase (Promega, Madison, WI), and 25 pmol of each primer.
The two amplification rounds were identical, with an initial de-
naturation step at 92°C for 5 min, followed by 27 cycles of
94°C for 45 sec, 55°C for 30 sec, and 72°C for 1 min 30 sec
and a final extension of 5 min at 72°C.

Nucleotide sequences were obtained by direct sequencing of
the PCR products, The amplified DNA was purified, after sepa-
ration of the bands on low-melting-point agarose gels, by the use
of the Wizard DNA clean-up system (Promega). Cycle se-
quencing by the dye-terminator method with an automated DNA
sequencer (model 373 Stretch; Applied Biosystems, Foster City,
CA) was performed as recommended by the manufacturer.

GenBank accession numbers for the HIV-1 nef sequences re-
ported in this study are as follows: AJ 232956 to AJ 232996
for the 41 new HIV-1 strains and AJ 232997 to AJ 233048 for
the 52 nef sequences obtained from 14 French patients (2-8
clones per patient).

Phylogenetic analysis

Nucleotide sequences were aligned using CLUSTAL W28
with minor manual adjustments, bearing in mind the protein se-
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TaBLE 1. ORIGIN AND ENVELOPE SUBTYPE OF VARIoUs HIV-1 VIRUSES STUDIED IN nef GENE
Year of Country Country Eny subtype
sample of HIV of C2-V3 or

Number collection infection residence V3-V5 nef subtype
MP20 1995 Djibouti France A A
MP23 1995 Djibouti France A A
MP33 1995 Djibouti France A U/E
MP58 1995 CAR France A A
MP117 1995 Guyane? France A U/E
MP25 1995 Guyan France B B
MP32 1995 Tchaad France B B
MP53 1995 Djibouti France B B
MP328 1996 Djibouti France B B
MP3 1995 Diibouti France C B
MP19 1995 Djibouti France C C
MP37 1995 Djibouti France C C
MP40 1995 Djibouti France C C
MP41 1995 Djibouti France C C
MP43 1995 Djibouti France C C
MP83 1995 Djibouti France C C
MP98 1995 Djibouti France C C
MP102 1995 Djibouti France C C
MP116 1995 Djibouti France C u/G
MP129 1995 Djibouti France C C
MP130 1995 Djibouti France C c’
MP148 1995 Djibouti France C C
MP169 1995 Djibouti France C C.
MP197 1995 Djibouti France C C
MP333 1995 Djibouti France C C
MP348 1995 Djibouti France C C
LBV10-5 1989 Gabon Gabon C F/A
MP38 1995 Cambodia France E E
MP59 1995 Cambodia France E E
MP126 1995 Cambodia France E E
MP255 1995 Cameroon Cameroon F F
MP257 1995 Cameroon Cameroon F F
MP411 1996 Tchaad? France F F
MP535 1996 Cameroon Cameroon F U
ML136 1995 Mali Mali G G
ML150 1995 Mali Mali G G
IKCSW22 1996 Nigeria Nigeria G G
MACSW39 1996 Nigeria Nigeria G G
V1526 1990 Gabon Gabon G H/G
ZR21 1996 DRC DRC H H
ZR23 1996 DRC DRC H H

Abbreviations: CAR, Central African Republic; DRC, Democratic Republic of Congo (formerly Zaire); U, unknown subtype.

quences. Phylogenetic trees, created using the neighbor-joining
method, and reliability of the branching orders, determined
using the bootstrap approach, were implemented by using
CLUSTAL W. Genetic distances were calculated by the Kimura
two-parameter method.2®

Identification of viruses recombinant in the nef region was
done using the Recombinant Identification Program (RIP) from
the Los Alamos Database;C by constructing the phylogenetic

trees of 300 nucleotides, each overlapping the previous by 60
nucleotides; and by informative site analysis.>! For the infor-
mative site analysis each putative recombinant sequence was
aligned with the reference sequences. For RIP analysis, a con-
sensus sequence for each subtype was derived from the viral
epidemiology signature pattern analysis (VESPA) analysis,*?
using only those strains for which the subtype designation in
nef was unambiguous.



RESULTS

Phylogenetic analysis of nef

The nef sequences analyzed in this study encompass the en-
tire coding region of the nef gene, which is approximately 618
bp. Figure 1 shows the phylogenetic tree obtained with the var-
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ious nef sequences from our study and with representatives of
the different subtypes from the database.

Thirty-five of the 41 new HIV-1 strains studied clustered
with high bootstrap values with reference strains from the data-
base and were classified as follows: 3 A, 5B, 15C, 3E, 3F,
4 G, and 2 H (Fig. 1). The ML136 strain, which has a deletion
of 66 nucleotides, was excluded from the phylogenetic analy-
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FIG. 1. Phylogenetic tree based on 618 unambiguously aligned nucleotides of the nef gene from 40 new HIV-1 isolates and
reference strains representing the various genetic subtypes. The tree was rooted with the corresponding region of the chimpanzee
SIV cpz-gab jsolate as an outgroup. The analysis was performed as described in Materials and Methods.
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FIG. 2. Putative recombination break points within the nef gene were placed, taking into account the informative site analysis,
the phylogenetic tree analysis of overlapping fragments, and the results obtained by RIP (samples with the break point upstream

of the gene are not shown here).

sis shown in Fig. 1. Since the; phylogenetic analysis excludes
gaps in any sequence, inclusion of this sequence in the analy-
sis would result in using a shorter alignment for the analysis.
Two strains, MP535 and LBV10-5, formed each a separate sin-
gle branch, whereas MP33 and MP117 clustered together with
high bootstrap values, and formed a separate single cluster. In
addition, the VI526 strain seemed only distantly related to the
subtype G strains, and MP116 together with the IBNG refer-
ence strain formed a separate group within the subtype G
strains.

Analysis for viruses recombinant in the nef gene

For the 41 new viruses, the genetic subtype was previously
identified in the V3—V5 region of the envelope by heteroduplex
mobility assay (HMA) and/or sequencing. As shown in Table
1, 34 of the 41 HIV-1 strains had the same subtype in nef and
env. For the remaining seven strains (MP3, MP33, MP117,
MP116, MP535, V1526, and LBV10-5) the subtype assignation
in the envelope and the nef gene were different. Two of the five
env subtype A strains (MP33 and MP117) formed a separate
cluster. Three of the 18 env C samples clustered with other sub-
types: MP3 with the subtype B strains, MP116 forming a sep-
arate group within subtype G, and LBV10-5 forming a sepa-
rate single branch. MP535 (env F) formed a separate single
branch in the nef region. The VI526 strains (env G) was only
distantly related to the other G strains.

In addition, two nef sequences from the database, Z321 and
MAL, both isolated from patients originating from the Demo-
cratic Republic of Congo (formerly Zaire), did not cluster with
any of the known subtypes. The Z321 strain, which is a re-
combinant virus (gag G and env A),?? is close to subtype E in
nef, and the MAL strain, an A/D/I recombinant, 2 could not be
classified at all.

All the strains with discordant subtypes between the env and
the nef regions, and those that were only distantly related to a
particular subtype in the phylogenetic tree, were further ana-
lyzed for recombination by RIP. This analysis showed that for
two strains the recombination site is upstream of nef: the MP3
strain (env C) was entirely B in the nef region, and for the
MP535 strain (env F) the entire nef gene sequence could not be
classified. For the remaining samples, RIP analysis, followed
by phylogenetic tree and informative site analysis, revealed that
they were recombinant within the nef gene (Fig. 2). Two env
subtype C strains, MP116 and LBV10-5, were identified as U
(unknown)/G and F/A recombinants, respectively, in the nef
gene. The MP116 strain forms a separate cluster together with
the IBNG reference strain in the phylogenetic tree from the en-
tire nef gene, and RIP analysis of these latter strains showed
that MP116 and IBNG had a similar recombination pattern in
nef. The env subtype A strains MP33 and MP117 did not be-
long to any of the known subtypes in the 5’ part of the nef gene,
but belonged to subtype E in the 3’ part. This latter was sup-
ported with high bootstrap values in the phylogenetic tree of
the corresponding region. The VI526 strain, which was distantly
related to subtype G (Fig. 1), appeared to be a recombinant H/G
virus. RIP analysis of the reference strains MAL and Z321
showed recombinant A/U and G/E viruses. All subtype E strains
were in the nef gene as previously described for the reference
subtype E strains, i.e., close to subtype A in the 5’ end and to
subtype E in the 3’ end.

Inter- and intragenetic distances in nef

The genetic distances, calculated by the Kimura two-para-
meter method, are shown in Table 2. The strains that were re-
combinant in the nef gene, except for subtype E, were excluded
from the inter- and intrasubtype distance calculations. Within
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TABLE 2. INTER- AND INTRASUBTYPE DISTANCES® IN THE nef GENE, CALCULATED BY THE KiMURA Two-PARAMETER METHOD®

Subtype
Subtype A B C D E F G H
A 12.1
B 21.1 9.8
C 21.6 204 9.8
D 22.8 144 21.8 104
E 189 21.1 19.9 234 49
F 19.1 16.5 16.8 18.9 21.3 9.3
G 20.3 22.1 219 238 18.5 21.0 8.5
H 21.8 20.9 219 217 21.1 16.7 22.2 11.8
an percent.

"Distances were calculated using the same nonrecombinant nef sequences used to construct the phylogenetic tree in Fig. 1, in-
cluding 5 subtype A, 7 subtype B, 17 subtype C, 3 subtype D, 8 subtype E, 4 subtype F, 5 subtype G, and 3 subtype H sequences.

subtypes, the mean intrasubtype distance was 9.6% (4.9 to
12.1%), with the lowest diversity within subtype E samples and
the highest variation within subtype A. The mean intersubtype
distance was 20.4% (14.4 to 23.8%). The lowest intersubtype
distance (14.4%) was observed between nef sequences from
subtypes B and D.

Pattern of amino acid conservation among
Nef sequences

The 41 predicted amino acid Nef sequences were aligned,
together with 21 reference sequences from the database, with a
consensus Nef sequence derived from 52 sequences (14 French
patients, 2-8 clones per patient) from subtype B-infected pa-
tients in France (S. Saragosti and 1. Couillin, unpublished re-
sults, 1997). The consensus signature amino acids of each sub-
type, obtained using the VESPA program?? with a threshold of
0.80, and the consensus amino acid sequence from the French
B isolates, are represented in Figure 3. We examined sequences
for the presence of domains that have been shown to contain
important biological characteristics. The positions of the amino
acids correspond to the LAI sequence. The myristoylation sig-
nal (GGKWSK), residues 2 to 7, is relatively conserved among
the different genetic subtypes. The glycine at position 2, the
serine at position 6, and the lysine at position 7 were conserved
in all of the strains analyzed. Within the myristoylation signal
the highest variation was seen among subtype C samples, with
12 of the 15 samples showing 1 or more amino acid changes
at positions 3 and/or 4 and/or 5. Strain ML136, identified as
subtype G in the envelope and nef region, shows an important
deletion of 22 amino acids as compared with the consensus B
sequences, starting immediately after the myristoylation signal,
while two other strains (ZR21 and ZR23) as well as Z321 show
a small deletion (24 amino acids). Interestingly, these three
strains originate from the Democratic Republic of Congo (for-
merly Zaire), and the Z321 (collected in 1976) and ZR21 (col-
lected in 1996) strains have the same deletion.

The myristoylation signal is followed by a region of exten-
sive variability and polymorphism compared with other regions
of the Nef sequence. However, the previously described, highly
conserved glycine or glutamic acid at position 12 was conserved

among all the strains; 59 had glycine and 2 had glutamic acid
at this position. The highly conserved tryptophan at position 13
was conserved in 57 of the 61 strains from our alignment; 2
strains (JKCSW22 and C-92BR025) had an arginine at this po-
sition, strain ZR21 had a cysteine at this position, and this re-
gion is deleted in the MIL136 strain. The methionine at position
20, which has been shown to serve as a site for internal initia-
tion, was observed only in 27 of the 61 strains; it was present
in all of the subtype B strains. This methionine was replaced
by isoleucine in 23 strains and by a leucine in the LBV-10-5
strain., The potential recognition site for phosphorylation (RPM-
TYK) at positions 77 to 82 is highly conserved among the dif-
ferent subtypes. In particular, the RPM—K amino acid motif
was present in all of the aligned sequences, whereas the threo-
nine (T) was replaced by serine (S) in four strains and the ty-
rosine (Y) was replaced by phenylalanine (F) in nine strains.
The acidic region, mainly composed of glutamic acid residues
and located at positions 62 to 66, was less conserved among
subtype G strains. In subtype G strains, only two of the four
glutamic acid molecules were present; one was replaced by as-
partic acid and one by serine. The (PXXP); motif at positions
69 to 78 was highly conserved. The first three amino acids from
the GPG(I/V) pattern at positions 130 to 133, which is highly
predictive of a B turn, is conserved in all of the strains, whereas
the fourth amino acid was always hydrophobic: isoleucine for
22 samples and valine for 20 samples (including almost all of
the subtype C strains), and threonine in 14 samples. All of the
subtype E strains had a deletion of two amino acids at positions
48—49, and this deletion was also observed in the few E se-
quences from the database3* and MP20. In addition, in all sub-
type E samples a cysteine (C) was present at position 138; this
cysteine was also present in the recombinant nef strains MP33,
MP117, and Z321, which belonged to subtype E in that part of
the nef gene. In addition, the C-terminal cysteine is missing in
all subtype F sequences.

Another important feature of the Nef protein is the presence
of several epitopes recognized by CTLs. At least three epitopic
regions of the Nef protein have been defined and each can be
recognized by CTLs under a variety of HLA restrictions. The
first two epitopes are present at positions that overlap the pro-
line-rich region (PXXP); and the potential recognition site for

i
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myristylation

ConsB MGGKWSKRSVVGWPAVRERMR: RAEP -AADGV: G

#A o
#B tececeveenasasssasssesRececctcnatsssmercesnsonansacacasasanas
#C e
#D ceceeneSecnseeelueeeTleieessonesessce=TDeeecoooacecncsosnnnnsosn
#E ceeeeseSeTeeeeQueeeIKDeveaeeansssse=TPooreoescesssTEBacscensns
#F R - 7 R - PP 1 - R - N
#G e s tesesesecsaessstateevesentsat e msnesosnceerencenesnnnnes
#H eeesccsce==cseslecsaeReccesaccassse—caacconcosscneBenncacane

acidic charge (PXXP) PKC
ConsB AVSRDLEKHGAITSSNTAANNADCAWLEAQE--EEEVGFPVRPQVPLRPMTYKGALDLSH

#A o T 5 o
#B
#C eBeveeDereeliieeesPucreacavosssnsascsssscsrsossssssasessFacsl
#D eesscescsenccassacsTecncencsaeeBeSeannaconaccensacnacesVaans

#E T o T » R e T ¢ P DT
#F PR o R » T s e 5 A . WP,

#G eeeDecvenccacscencsenassnsesscsccesSecscesccascacescsascsnnssF

#H ceeacesRReVeeNeeeeeePuSeueeesaBatonsesasesoasss sssessacsFe.
CTL-epitopes

B~turn
ConsB FLKEKGGLEGLIYSQRRODILDLWVYHTQGYFPDWONYTPGPGIRYPLTFGWCFRLVPVE

#A R 1 2 »
#B
#C eecescsvsncsssscesBesasasarsrscasssssessceceVesaaaeacanansaaD
#D eeveesesecosWaKeooBevaoeaeNueeleeranasaaesaasoscacnansancsaeD
#E cecescesDeceseKeveBroeeoeelNueePooeaaorenesnnceasCorasonnasad
#F s P ]
#G T » I - S
#H ssecscacscssseRKeeeBeosaoeoNoruaoananas cevessVesosoaaaaanaan .D

CTL-epitopes CTL-epitopes

ConsB PEKVEEANEGENNCLLHPMSLHGMDDPEKEVIMWKFDSRLAFHHMARELEPEYYKDC

#A e - N R
#B D T R R R T
#C eoeBeececncccascscsncccceEBiBeccacscsaccncecRecccccoecncnes

#D ceBeieaTeveenansnselOecaBEBeeeReceeeRNeteesBiKaeoeooeFann

#E ceEiciDeKesessansnsasQuesBessRecevesascAeeRevecncnncnenone

#F T D . e 1 N S R R

#G eeBesoeceoesesSieceeCOuieeEBacveveeVeReeeSeeReeccuennnannase

#H eeBoiecacensedSeasdICQecEcEDRecccoscsccccaRaueancee P
CTL-epitopes

FIG. 3. HIV-1 Nef consensus sequences. The 41 predicted amino acid Nef sequences were aligned, together with the 21 ref-
erence sequences from the database included in the phylogenetic analysis, against a consensus Nef sequence generated from 52
subtype B sequences derived from subtype B-infected patients sampled in France in 1994 (14 French patients, 2-8 clones per
patient). Consensus sequences have been generated for each of the defined subtypes, using the VESPA program.32 Only the sig-
nature amino acids that are conserved in at least 80% of the sequences in each of the defined subtypes are indicated. Dots rep-
resent identity and dashes represent gaps as compared with the consensus B sequences.

phosphorylation and are therefore also highly conserved. The DISCUSSION

third CTL epitope, located between the 8 turn and another pro-

line-rich region, is also relatively well conserved between the Most efforts to characterize sequence variation of HIV iso-
different genetic subtypes. lates has been directed toward the structural envelope gene. Few
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studies have evaluated the sequence variability of auxiliary
genes such as nef. In this study 41 new HIV-1 strains, repre-
senting the majority of the described envelope subtypes of HIV-
1 (A to H), were genetically characterized in the nef region.
Phylogenetic analysis showed that 34 strains could be classi-
fied in the same subtype in nef and env (this was supported by
high bootstrap values), and 7 (19%) of the 41 new viruses were
recombinants. This confirms data from previous reports that
have shown that 10 to 30% of the HIV-1 sequences contained
interspersed segments of the genetic material from two or more
different genetic subtypes.29-22 For two of the seven strains, re-
combination occurred upstream of the nef gene, whereas more
detailed analysis showed that for five of the seven strains re-
combination occurred within the nef gene with a crossover close
to the 5’ end of the 3’ long terminal repeat (ILTR). In addition
to these seven recombinant strains, all of the E strains from our
study, which originate from Cambodia, clustered together with
previously described E strains from Thailand in the nef
gene. 227 All of these reference strains are known to be re-
combinant in the nef gene, with the 5’ end close to subtype A
and the second part of the nef gene, which overlaps with the
LTR, belonging to subtype E.?3

Phylogenetic analysis and calculation of the distances be-
tween the different strains from our study show a relatively im-
portant genetic variability in nef, with a mean intersubtype vari-
ation of 20.4% and an intrasubtype variation of 9.6%. It is
interesting to note the low intersubtype distance between sub-
types B and D in the nef gene. This confirms previous obser-
vations of subtype B and D strains in the pol, env, and gag
genes, suggesting a common ancestor for these subtypes.35:36

The purpose of this study was also to determine to what ex-
tent functionally important domains of the nef gene are con-
served among different subtypes. Conservation of the myris-
toylation signal was expected since the subcellular targeting of
Nef proteins to cytoplasmic membranes depends on the pres-
ence of an intact myristoylation signal. The amino acid se-
quence encoding the myristoylation signal was almost invari-
ant among our HIV-1 Nef protein sequences, except for subtype
C. The functional implications of these differences among sub-
type C strains must be further examined.

The methionine at position 20, which has been shown to
serve as a site for internal initiation, resulting in a nonmyris-
toylated and truncated 25-kDa Nef protein rather than the full-
length 27-kDa Nef protein,378 was conserved in all of the sub-
type B strains, but in the majority of the other subtype Nef
sequences it was replaced by isoleucine. The absence of this
methionine was also described for STV Nef sequences.!!

Almost all of the Nef sequences contained the highly con-
served sequence RPMTYX at positions 77 to 82, which is a po-
tential recognition site for phosphorylation by protein kinase
C‘39

The highly conserved acidic region, located at positions 62
to 65 and critical for the enhancement of viral synthesis,*0 was
less conserved among the subtype G strains from our study; the
implications for viral growth, however, must be further studied
in vitro and/or in vivo.

The proline-rich region, containing the motif (PXXP); at po-
sitions 69 to 78, was highly conserved among all of the Nef se-
quences from our study. This repeat was also highly conserved
among Nef sequences from SIV and HIV-2 isolates. Intact Nef
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PXXP motifs are dispensable for Nef-induced CD4 downregu-
lation, but are required for the higher in vitro replicative po-
tential of Neft viruses. Thus, CD4 downregulation and pro-
motion of viral growth are two distinct functions of Nef, and
the latter is mediated via SH3 binding.#! Although the signifi-
cance of this repeat sequence is not entirely understood, it is
known to correspond to a region recognized by CTLs.

The highly conserved GPG(I/V) sequence located at posi-
tions 130 to 132, which is highly predictive of a 8 tum, was
observed among all of the subtypes studied.

Zazopoulos and Haseltine*? have shown that under nonre-
ducing conditions, alternative pairing of the cysteines occurs
and that differences in the observed biological activity of nef
alleles may be attributed, at least in part, to differences in the
secondary structure of the proteins. Interestingly, all subtype E
Nef proteins have an extra cysteine that could play a role in the
biological activity of these isolates by inducing a different fold-
ing of the protein, as well as a small deletion.?” It has been sug-
gested that the presence of this cysteine may attenuate Nef func-
tion** in a long-term nonprogressor (LTNP; patient Sur25):as
well as in African green monkeys, in which no known disease
is associated with this virus in the wild. However, the presence
of a cysteine at this position in LTSs as well as in rapid-repli-
cating viruses invalidated this hypothesis.*® Interestingly, to the
best of our knowledge, the Sur25 Nef sequence is the only non-
E sequence (subtype B) that has the two subtype E signatures
(Cys-138 and the two-amino acid deletion at position 47-48),
while the Nef sequences described by Blaak et al.** for LTNP
and rapid progressors have only the Cys-138 signature.

HIV-1 viruses possessing deletions in the Nef-coding se-
quence and the U3 region of the LTR were associated with long-
term nonprogression.!+? In our study, only one strain (ML136)
shiowed an important deletion in the nef gene, i.e., that portion
encoding 22 amino acids just after the myristoylation site. No
detailed clinical information was available on this patient, but
in contrast to the nef deletion described in LTNP, the deletion
we observed was in the 5’ part of the nef gene and not in the
3' part corresponding to the 3’ LTR.12:44

Individuals infected with HIV-1 generate a great diversity of
CTLs, which are directed against several structural and regula-
tory proteins. The rapid elimination of infected cells by CTLs
directed against proteins synthesized early in infection is an im-
portant defense against viral infection. CTLs directed against
the early-expressed Nef protein of HIV could therefore provide
protection in vivo by eliminating virus-infected cells before
there is substantial increase in viral replication. Therefore a vac-
cine should elicit a broadly reactive CTL response. The previ-
ously described CTL epitopes encoded in the nef region seem
relatively conserved among the various genetic subtypes. This
is probably because they overlap with some important and con-
served functional domains in the ref gene. Several amino acid
substitutions were observed, but no pattern specific to a certain
subtype could be identified. Some studies report a lack of CTL
recognition owing to mutations in the main immunogeneic re-
gion of the Nef protein, and there is clear evidence that CTLs
exert selection pressure on the viral population, during and af-
ter seroconversion. HIV-1 variants in Nef CTL epitopes were
selected and were less or not all recognized by CTLs.!7 Fre-
quently, single or double mutations found in natural epitopes
are well tolerated and peptides bearing these substitutions could
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stimulate generation of CTL clones that had initially responded
to the wild-type form, although sometimes with reduced po-
tency. Indeed, some studies report cross-clade recognition of
CTLs directed against Gag and Env proteins, and emphasize
the importance of including some of the more conserved pro-
teins in vaccine constructs.*>—47

Although the correlates of immune protection in HIV-1 in-
fection are not known, the induction of CTL responses in ad-
dition to neutralizing antibodies would be an important com-
ponent of an effective vaccine. However, the role of CTLs could
be weakened by Nef activity. Indeed, CTLs lyse virus-infected
cells that display viral peptide epitopes in association with ma-
jor histocompatibility complex (MHC) class I molecules on the
cell surface. Nef, by downmodulating surface expression of
MHC class I molecules in infected cells, reduces epitope den-
sity on their surface, impairing lysis by cytotoxic T lympho-
cytes. 4849

In conclusion, we observed a relatively important genetic
variation among nef sequences of various genetic subtypes.
About 20% of the strains studied were recombinants, with ei-
ther a crossover point upstream of the nef gene, or a crossover
point around the 5’ end of the 3’ LTR-overlapping fragment.
Despite the important genetic variation, the majority of all of
the previously described functional domains in the nef gene
were relatively conserved among the different subtypes; only
minor differences were observed. In vitro and/or in vivo stud-
ies are necessary to determine their relevance.
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