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Analysis of the complete sequence of a human immunodeficiency virus (HIV) isolate (Ant7O) obtained from
a Cameroonian patient indicates that this virus is the most divergent strain within the HIV-1 family hitherto
described. Comparison of the Pol protein, usually highly conserved within the HIV-1 family, shows only about
73% similarity with the HIVmn isolate, whereas for the more variable proteins such as envelope, similarities
of 50% or lower are found. The principal neutralizing determinant (V3 loop) and the immunodominant region
within gp4l also contain some unusual substitutions, which may have implications for protein function as well
as for serological assays based on these regions. Phylogenetic analyses show that this isolate occupies a unique
position relative to the human HIV-1 isolates and the recently described SIVcpz virus, indicating that this
Cameroonian isolate may provide us with new insights into the origins of the HIV-1 family.

Two distinct types of the human immunodeficiency viruses
(HIV) have been described as the responsible etiologic agents
of AIDS (5, 9, 10, 21, 22, 56, 61). Although both types, HIV-1
and HIV-2, cause a dysfunction of the immune system and
induce similar clinical symptoms in infected persons, they are
genetically distinct (1 1). In addition to the three major genes-
gag, pol, and env-common to all retroviruses, genes coding for
regulatory proteins are found in the HIV genome (3, 11, 27,
45). These supplementary genes are found in both virus types
except for the double-spliced vpu and vpx open reading frames,
which are unique to HIV-1 and HIV-2, respectively.

Epidemiological studies have shown that the prevalence of
HIV-2 infection is confined mainly to West Africa (1, 4, 9, 10,
57), whereas HIV-1 infection is a worldwide health problem.
Primarily because of the severity of the disease caused by HIV,
there has been a large international effort to study the virus.
Numerous HIV-1 isolates have been obtained from diverse
geographic locations. At present, the HIV-1 family consists of
at least five sequence subtypes, depending on the coding
sequence considered (50). The variation observed in the
nucleic acid sequence is not uniformly distributed throughout
the viral genome. Some regions, such as the envelope se-
quence, are quite variable and can differ by as much as 30%
between members of the different HIV-1 subtypes, whereas
variability seems to be less pronounced in other parts of the
genome.
The closest known relative to the members of the HIV-1

family is not the HIV-2 virus type but, as recently shown, the
simian immunodeficiency virus (SIV) SIVcpz, isolated from a

chimpanzee (32, 54, 55). The overall genomic organization of
this virus is similar to that found in HIV-1, but its sequence is
more divergent than any HIV-1 sequence reported thus far.
SIVs have previously also been isolated from African green

monkeys (SIVagm), sooty mangabeys (SIVsmm), macaques
(SIVmac), and mandrills (SIVmnd) (7, 21, 66, 67). These SIVs,
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in contrast to the SIVcpz isolate, are more closely related to
the HIV-2 subtype (SIVmac, SIVsmm) or form separate
groups within the HIV-SIV group (SIVagm, SIVmnd) (50).
Recently, the isolation of still another SIV variant from
African Sykes' monkeys was described; this virus is genetically
equidistant from other primate lentiviruses (28). At present,
five known types of primate immunodeficiency viruses can thus
be distinguished (28): HIV-1 and SIVcpz making up one type;
HIV-2, SIVsmm, and SIVmac forming a second type; and
three other types designated SIVagm, SIVmnd, and SIVsyk.
The relationship between these five viral groups, based mainly
on viral gene sequence similarity, has led to the hypothesis that
AIDS viruses arose evolutionarily from a simian virus progen-
itor (19, 36) and that humans acquired HIV as a result of
transspecies infection from nonhuman primates, making
SIVcpz a candidate as a possible precursor of HIV-1. In order
to substantiate this hypothesis, it is important to continue the
search for variant HIV-1 strains that display a more pro-
nounced variability with HIV-1 reference strains and that may
be more closely related to the SIV chimpanzee isolate than to
the members of the different HIV-1 virus subtypes.

In a previous report we described the isolation of an unusual
HIV from a person of West-Central African origin (17). This
virus, designated Ant7O, was partially characterized and shown
to differ immunologically and biochemically from other HIV
isolates. Sequence analysis of the viral U3 region revealed an
unique enhancer organization not found in other HIV-1
viruses. Ant7O was shown to be more closely related to HIV-1
than to HIV-2 but clearly differed from the HIV-1 reference
strains. We now report the molecular cloning of the complete
Ant7O genome and present a detailed analysis of the sequence.
We show that the Ant7O genomic sequence is more divergent
than any HIV-1 sequence published thus far and that the virus
is equidistantly related to the HIV-1 types and to SIVcpz.

MATERIALS AND METHODS

Virus isolation and characterization. Virus was isolated by
cultivation of peripheral blood lymphocytes from two epide-
miologically related HIV-infected individuals (spouses) to-
gether with phytohemagglutinin-stimulated lymphocytes from
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healthy donors as previously described (17, 44). At the time of
virus isolation, one patient was classified in CDCII and the
other in CDCIII (17). Once virus was detected in the culture
supernatant by measuring reverse transcriptase activity and
p24 antigen, the virus was transferred to MT-4 or Molt4 (clone
8) cells by cocultivation (38). The resulting stably infected cell
lines were further used to prepare viral RNA and total
chromosomal DNA. Ant7O-NA was isolated as described for
Ant7O. Ant7O-NA is the virus isolated from the sexual partner
of the Ant7O donor.

Isolation of viral RNA and chromosomal DNA. Virus was
harvested from 1 liter of culture supernatant by centrifugation
and then disrupted in a buffer containing 6 M guanidium
chloride. RNA was pelleted through a 5.5 M CsCl cushion,
resuspended, and extracted with phenol. Oligo(dT)-primed
cDNA synthesis was performed on one-fifth of the RNA by
using a commercially available kit as specified by the manufac-
turer (Amersham Corp., Amersham, United Kingdom). Total
cellular DNA was prepared as described by Maniatis et al. (48)
from MT4 cells stably infected with Ant7O and Ant7O-NA.

Molecular cloning. Standard molecular biological tech-
niques were performed as described previously (48). Restric-
tion endonucleases were used as recommended by the manu-
facturer (Boehringer GmbH, Mannheim, Germany). The
construction of a cDNA library from Ant7O viral RNA in
pUC13 was described previously (17). The recombinant plas-
mid pNEFU3R70 containing nef and LTR information was
sequenced and subsequently used to screen a genomic library.
Chromosomal DNA prepared from MT4 cells persistently

infected with the Ant7O virus isolate was used to construct a
genomic library as described previously (71). Briefly, the DNA
was partially digested with the endonuclease Sau3AI (Boehr-
inger). Fragments between 9 and 23 kb, isolated on a 40 to
10% sucrose gradient, were partially filled in and ligated in the
commercially available lambda GEM11 vector (Promega,
Madison, Wis.) as specified by the manufacturer. The resulting
products were packaged by using the PackageneR in vitro
packaging system (Promega), and 0.5 M PFU was obtained
when plated onto Escherichia coli MB406. Plaques were trans-
ferred to Hybond-N membranes (Amersham) and screened
with the 32P-labeled EcoRI fragment of the cDNA recombi-
nant plasmid pNEFU3R70. The hybridization was performed
overnight at 65°C in 5 x SSPE (1 x SSPE is 0.18 M NaCl, 0.01
M sodium phosphate, and 0.02 M EDTA [pH 8.3])-5 x
Denhardt solution-0.5% sodium dodecyl sulfate (SDS)-100 ,ug
of denatured salmon sperm DNA per ml. Filters were subse-
quently washed four times (twice for 20 min in 2 x SSC-0.1%
SDS and twice for 20 min in 0.2 x SSC-0.1% SDS) (1 x SSC
is 0.15 M NaCl plus 0.015 M sodium citrate) at room temper-
ature and autoradiographed at - 70°C with an intensifying
screen. Clones displaying positive signals were plaque purified
and propagated on E. coli MB406. Ant7O information from two
recombinant lambda phages (GEM7OS4-16 and GEM7OS7-17)
was subcloned in the pUC12 and pUC13 vectors and further
characterized by restriction mapping.
DNA amplification. PCR (40) was used to complete the

Ant7O sequence information with the same cellular DNA
utilized to construct the genomic library. The missing part of
the genome was amplified with the HIV-1-specific primer
SE41-1 (5' GGGTTCTlTGGGAGCAGCAGGAAGCACTAT
GGGCG 3') and the Ant7O-specific primer SEN1 (5' GGATC
CAGTCCCCCCTTITTTlTrAAAAA 3') positioned in gp4l
and nef, respectively. To facilitate the subsequent cloning of
the PCR products, a BamHI restriction site was incorporated
into the SEN1 oligonucleotide. For the amplification reactions
the DNA Thermal Cycler (Perkin-Elmer Cetus, Emeryville,

Calif.) was used. The reaction mixture consisted of 10 mM
Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.001%
(wt/vol) gelatin, 200 ,u M each dNTP, 100 pmol of each
oligonucleotide primer, and 2.5 U of Taq polymerase in a final
volume of 100 ,ul. Each cycle consisted of a 1-min denaturation
step at 94°C, a 2-min annealing step at 50°C, and a 135-s
elongation step at 72°C. After 30 cycles, the samples were
extended for another 10 min at 72°C. The resulting PCR
products were detected by Southern blot hybridization with an
HIV-1 32P-labeled probe containing HIV-1 envelope informa-
tion. The DNA derived from the PCR was then chloroform
extracted, BamHI digested, purified on agarose gel, and cloned
into EcoRV- and BamHI-digested plasmid pSK+, giving
p7OTM4.
The long terminal repeat (LTR) region of Ant7O-NA was

amplified with HIV-1-specific primers SENlB (5' TTYITl1A
AAAGAAAAGGGGGGACTGGA 3') and SK30 (5' GGTCT
GAGGGATCTCTA 3'). The same reaction conditions as for
the amplification of gp41 of Ant7O were used except for the
temperatures, which were 1 min each at 95, 45, and 72°C. The
amplified product was cloned into the pUC13 vector by using
an internal HindIII restriction site of the amplified product,
giving pNALTRO.
The region of the Ant7O-NA envelope gene encompassing

the V3 loop portion was amplified by using the Ant7O-specific
primers p70S7-05 (5' ACTTGTACACATGGCATTAGGCC
3') and p70S7-11 (5' AATTGTFACATTGTYGTTGCTGC
3'), and the DNA was subsequently cloned as a blunt-ended
fragment into the SmaI-digested pSK+ vector, giving
pNAV3-4.

Sequencing and genome analysis. DNA sequencing was
performed on double-stranded DNA by using the dideoxy-
chain termination procedure (60) with a Sequenase Sequenc-
ing Kit (United States Biochemicals, Cleveland, Ohio). Part of
the genome was sequenced by subcloning the viral informa-
tion; the remainder was sequenced by using specific oligonucle-
otides to prime DNA templates. Both strands were sequenced,
and the data were processed by using a software package
(IntelliGenetics, Mountain View, Calif.). Nucleotide sequence
alignments were performed by using the PCgene software
package; protein sequences were aligned by using the ALIGN
program (version 1.01).

Phylogenetic tree analysis. Phylogenetic analyses were con-
ducted with the aid of the PAUP 3.0 (Phylogenetic Analysis
Using Parsimony; David Swofford) program for thepol and env
genes (63). The trees are the result of a heuristic search
performed by using random addition sequence with 10 repli-
cations. The MULPARS option and subtree-pruning-regraft-
ing (SPR) branch swapping were used. The maximum number
of equal length trees (MAXTREES) saved at each step was
300. SlVmndgbl was used as the outgroup.

Nucleotide sequence accession number. The complete se-
quence of the Ant70 genome was deposited at the GenBank
data base under accession number L20587. The V3 sequence
of the Ant70-NA variant has the GenBank accession number
L23119.

RESULTS

Molecular cloning of the complete Ant7O information. An
oligo(dT)-primed library was constructed starting from Ant70
viral RNA. Screening under low-stringency conditions with a
probe containing the 5'-end proviral HIV-1 sequences yielded
one cDNA clone (pNEFU3R70) which contained an insert of
900 bp corresponding to the 3' end of the Ant70 viral RNA
including the nef gene and the 3' U3 and R regions. This
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FIG. 1. Localization of different cloned fragments of the Ant7O genome relative to the standard HIV-1 genome. The positions of two lambda
clones (GEM7OS4-16 and GEM7OS7-17) as well as the positions of the cDNA clone and the PCR-amplified fragment are shown. Sizes are
indicated in kilobases.

cDNA fragment was further used to screen a lambda phage
genomic library constructed from total DNA of Ant70-infected
MT4 cells.

Five recombinant phages from this library contained viral
information which extended from the 5' LTR diversely into
gag, pol, or env. Phages GEM7OS4-16 and GEM7OS7-17 with
inserts of approximately 4,000 and 8,000 bp, respectively, were
retained for further analysis. Their information was nonover-
lapping with the cDNA clone, and the Ant7O sequence was
completed by PCR. Primers based on a conserved region were
designed in the HIV-1 env gene and on the Ant7O-specific nef
sequence. The 1144-bp amplification product was cloned in the
pBluescript SK+ plasmid, giving p7OTM4.
The complete nucleotide sequence of Ant7O was finally

obtained from lambda GEM7OS4-16 and completed for the
missing parts by sequences from lambda GEM7OS7-17,

p70TM4, and pNEFU3R70. The positions of these fragments
are shown relative to a standard HIV-1 genome in Fig. 1.
Sequence information obtained from overlapping regions of
different cloned fragments was always completely identical.

Similarity displayed by Ant7O to members of the HIV-1
group. The complete Ant7O genome is 9,785 nucleotides in
length and has the genetic organization 5' LTR gag-pol-vif-vpr-
tat-rev-vpu-env-nef LTR 3', typical for members of the HIV-1
family. The nucleic acid and protein sequence homologies
between Ant7O on the one hand, and HIV-1 (African and
North American isolates), SIVcpz, and HIV-2 on the other,
are shown in Table 1. An average overall nucleic acid sequence
similarity of 70% was found with prototype HIV-1 strains (Lai,
Mn, Eli, Mal). As is the case with all HIV-1 isolates, the gag
and pol genes of Ant7O are more conserved than the env gene
and the genes coding for regulatory proteins. The similarity

TABLE 1. Comparison of Ant70 and HIV-1/HIV2 genes and proteins

% Identical residues between Ant7O and isolate for:

Isolate Gag Pol Vif Vpr Vpu Tat Rev Env Nef

NA" AAa NA AA NA AA NA AA NA AA NA AA NA AA NA AA NA AA

North American HIV-1 isolates
HIVlai 71 68 75 74 68 62 77 77 b27 38 - 46 62 50 63 59
HIVmn 71 68 74 73 69 60 77 61 27 - 42 - 43 62 50 64 53

African HIV-1 isolates
HIVu455 68 68 74 75 70 64 76 79c 24d - 50 - 52 61 48c 65 61
HIVeli 70 67 75 74 67 60 77 82 33 45 - 48 62 52 61 60
HIVmal 72 70 75 74 68 61 74 79 28 43 - 46 61 53 61 59

Chimpanzee isolate
SIVcpz 72 70 76 77 67 61 78 78 39 46 - 51 63 53 63 59

HIV-2 isolate
HIV2Rode - 54 56- 35 - 45 - - 38- 27 - 34 - 38

" NA, nucleic acids; AA, amino acids.
b-, the similarity was either too low or not relevant (e.g., Vpu and HIV-2).
c Premature stop ignored.
d To obtain the Vpu protein, a frameshift was overruled.
e For HIV-2Rod, only the protein similarity was calculated.

GAG

LTR

ENV

LTR

J. VIROL.
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with HIV-1 proteins varies from 74% for Pol to 50% for Env
and to about 30% for Vpu (Table 1). By comparison, one of
the most divergent strains within the HIV-1 family (HIVmal)
shows average protein similarities from 90% in Pol, over 86%
in Gag, and 70% in Vpu relative to prototype strains such as
HIVlai or HIVmn. These similarities were calculated as in
Table 1. This observation leads to the conclusion that Ant7O is
a highly divergent strain within the HIV-1 family.
Most of the DNA sequence diversity in Ant7O results in

amino acid alterations of the viral proteins. The similarity
percentages obtained for the coding sequences and their
corresponding proteins are quite similar for the conserved
domains of the genome (gag, pol, and vpr) but differ for the
more variable parts (env, vif, vpu, tat, rev, and nef). The unusual
divergence of Ant7O is reflected not only in regions that are
known to be highly variable but also in the considerable
number of amino acid residues which, although normally
considered invariant within the HIV-1 strains, are found to be
different in this isolate. For the Gag and Pol proteins, up to 21
and 17%, respectively, of "invariant" residues (50) are changed
in the corresponding Ant7O proteins. This is even more
pronounced in the p17 part of the Gag protein, where 28% of
residues are changed, a percentage which is even higher than
the one obtained for the variable gpl20 protein (26%). These
results illustrate that Ant7O is the most divergent HIV-1 strain
described to date.

Analysis of individual Ant7O genes. To better appreciate the
degree of divergence displayed by Ant7O, we investigated
regulatory elements in the genome and functionally relevant
domains in Ant7O proteins.
The complete LTR region (U5, R, U3) is 664 nucleotides

long, and the sequence of the U3R region of the Ant7O viral
RNA has already been described (17). In addition to the
presence of the principal regulatory elements such as the
TATA box, the Spl-binding sites, the NF-KB-binding sites, and
the TAR region, the U3 region was shown to contain a unique
18-bp insert sequence which separates the two NF-KB sites.
This insert sequence is highly homologous to two elements
located just upstream from these two NF-KB-binding sites and
is strongly conserved. In addition to its presence in the Ant7O
viral RNA (cDNA library), as shown previously (17), it is also
found in the genomic DNA (genomic library) and in the LTR
region of the Ant7O-NA isolate.

Investigation of the untranslated region upstream from the
gag information showed that the primer-binding site is per-
fectly conserved. This untranslated domain is somewhat longer
for the Ant7O genome as a result of a 25-bp insertion found
upstream from the RNA-packaging signal sequence. A 25-bp
insert sequence is present at the same location in the SIVcpz
genome (32). The usually well-conserved RNA packaging
signal sequence AAAAAATIT`I`'GACTAGCGGA, essential
for packaging unspliced genomic RNA into infectious particles
(2, 12), is only partially conserved in the Ant7O genome as
TAAT1IlTGCTGG. This indicates that conservation of the
complete signal sequence is not absolutely required to obtain
packaging of viral RNA.
gag sequences coding for the pl7, p24, p9, and p7 proteins

are similar in length to those previously characterized in HIV-1
proviruses. Like all other HIV-1 isolates, Ant7O contains a
myristoylation site at the amino-terminal glycine of its p17
matrix protein (6). Whereas the RNA packaging signal is only
partially conserved, the zinc finger motifs (Cys-X2-Cys-X4-His-
X4-Cys) of the p7 nucleocapsid protein involved in the pack-
aging process (25) are both very well conserved, indicating that
these structural features of the p7 protein are more important

than the exact sequence conservation of the packaging se-
quence.
The overlap between the gag and pol open reading frames

starts 72 nucleotides earlier than commonly found in HIV-1.
Optimal Gag-Pol translational frameshifting in HIV depends
on the presence of an A+T-rich heptanucleotide sequence,
followed by G+C-rich inverted-repeat sequences which can
form a stem-loop structure (53). Investigation of these regions
in Ant7O shows that the frameshift site (TTlFllA) is com-
pletely conserved. The inverted-repeat sequences, however,
are shorter than usual, consisting of only 8 nucleotides instead
of the usual 11, but retain the potential to form a stem-loop
structure.
The env gene has a coding capacity for 863 amino acid

residues and shows the typical pattern of alternating constant
and hypervariable domains. The total envelope protein gpl60
contains as many as 29 potential N-linked glycosylation sites
(sequons), 15 of which are considered as being highly con-
served among HIV-1 strains (underlined in Fig. 2) (16, 42, 50).
Of these 15 sites, only 10 are conserved within the Ant7O
glycoprotein. On the other hand, four new glycosylation sites
are generated at locations not found in other HIV-1 strains
(boxed in Fig. 2). The distribution of these sites is different for
the external and the transmembrane parts of the protein. In
gpl20, only 7 of the 11 HIV-1 major conserved sites (64%) are
preserved, while in gp4l, 3 of the 4 conserved sites (75%) are
present (Fig. 2). The new sequons are all localized in gpl20.
The number of cysteine residues present in the envelope

protein also warrants some comment. The 19 cysteine residues
considered as highly conserved in the HIV-1 gpl20 protein are
also found in the Ant7O surface protein (boxed in Fig. 2). In
addition, two cysteines are found in the V4 domain, where
most other HIV-1 isolates do not contain cysteines. Since
cysteines greatly contribute to the overall structure of proteins,
the presence of these additional residues could influence the
folding and epitope structure of the viral envelope in this
region (65). On the other hand, a rather well-conserved
cysteine in the C-terminal half of the transmembrane protein is
not found in the Ant7O protein. Both cysteines enclosing the
major immunodominant site in gp4l are conserved, and two
extra cysteine residues are found further downstream in close
proximity to each other.
The amino acid residues known to be involved in gpl20-CD4

binding (marked with black dots in Fig. 2) (52) are well
conserved except at position 427, where a glycine replaces
a valine, and at position 391 where serine is replaced by
tyrosine.
The principal neutralizing determinant within the third

hypervariable region is known to be highly divergent in HIV-1
isolates with a tendency to conservation of the central part of
the loop (34). Compared with the consensus V3 sequences A,
B, and D as proposed by Myers et al. (50), the V3 sequence of
Ant7O differs in 60 to 70% of the amino acids (Fig. 3A), the
highest similarity (40%) being found with the Uganda-like
sequence (consensus D). In most HIV-1 isolates worldwide,
the central region of this domain contains a conserved se-
quence (GPGQ) (50) which is not found in Ant7O. Instead a
GPMAW motif is found here, which appears to be unique
within the HIV-1 family. Because the V3 domain is an
important target for neutralizing antibodies (33, 49, 69), and
because of the high divergence within known V3 sequences,
the principal neutralizing determinant of the related
Ant7O-NA virus was determined and compared with the V3
sequence of Ant7O (Fig. 3B). A variation of 28% was found
between the two V3 domains, situated mainly in sequences
flanking the central portion of the loop structure, whereas the
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LAI MRV - -- KEKYQHLWRWGWKWGTMLLGIL-MI SATEKLWVTVYYGVPVWKEATTTLF SDAKAYDTEVHNVWATHA 73
OYI MTA---- RGTRKNYQRLWRWGTMLLGML-MI SMENLWVTVYYGVPVWKEATTTLF SDARAYATEVHNVWATHA 72
ELI MRA---- RGIERNCQNWWKWGIMLLGIL-MTSAADNLWVTVYYGVPVWKEATTTLF SDAKSYETEAHNIWATHA 72
MAL MRV ---- REIQRNYQNWWRWGMMLLGML-MTIS IAEDLWVTVYYGVPVWKEATTTLF SDAKSYETEVHNIWATHA 72
U455 MRV----- MGIQRNYPCLWRWGTMILGLI -II~4A-QQLWVTVYYGVPVWKDAVTTLFWSDAKAYDAEVHNVWATHA 71
CPZ MKV - --- MEKKKRDWNSLSIITIITIILLTF LTSE-LWVTVYYGVPVWHDADPVLF SDAKAHSTEAHNIWATQA 72
ANT MIVTMKAMEKRNKKLW-TLYLAM -- -ALIT SLRQLYATVYAGVPVWEDATPVLF SDASEDTEKHNIWASQA 73

LAI PTDPNPQEVVLVNVTENFNMWKNDMVEQMHEDIISLWDQSLKP~ KLTPL~SLI~ DLGNATNTNSSNTNSSSGE-M 152
OYI PTDPNPQEVVLGNVTENFDMWKNNMVEQMQEDIISLWDQSLKP4 KLTP Lj4TLE4~ DVNTTSSSLRNATNTTSSSWE 152
ELI I PTDPNPQEIALENVTENFNMWKNNMVEQMHEDIISLWDQSLFKF4KLTP TL D-- -- ELRNNGTMGNNVTTEE 148
MAL I VPTDPNPQEIELENVTEGFNMWKNNMVEQMHEDIISLWDQSLKP KLTPLTL NVNGTAVNGTNAGSNRTNAEL 152
U455 ICVPTDPNPQEIDLVNVTEEFNMWKNNMVDQMHEDIISLWDQSLKP;4/KLTP 4TL I1NITINNTNNNTNITDGVREE- 147
CPZ CVPTDPSPQEVFLPNVIESFNMWKNNMVDQMHEDIISLWDQSLKP KLTP TL SKANFSOAKNLTNQTSSPPLE- 150
ANT PTDPTPYEYPLHNVTDDFNIWKNYMVEQMQEDIISLWDQSLKP QMTF QM TNIAGTTNENL ----------- 142

LAI MMEKGEIK FNISTSIRGKVQKEYAFFYKLDIIPIDN-DTTS------YTLTS TSVITQ KVSFEPIPIH P 225
OYI TMEKGEL t SFNTTTSIRDKMQEQYALFYKLDVLPIDKNDTK ------- FRLI TSTITQA KISFEPIPMHY P 225
ELI K ---- GMK FNVTTVLKDKKQQVYALFYRLDIVPIDN-DSSTNSTN--YRLI TSAITO KVSFEPIPIHY P 221
MAL KMEIGEVK FNITPVGSDKRQE-YATFYNLDLVQIDDSDNSS------YRLI VITQO KVTFDPIPIHY P 225
U455 ------MK zFNMTTELRDKKQKVYSLFYRLDIVQINKTDNNS------YRLIN STITQA 4KVSFEPIPIHYfP 218
CPZ ----- MK FNVTTELRDKKKQVYSLFYVEDVVNLGNENNT ------ YRII TTAITQ KTSFEPIPIHY P 218
ANT ---MK FNVTTVIKDKKEKKQALFYVSDLMELNETSSTNKTNSKMYTLT STITQ KVSFEPIPIHY P 216

LAI AGFAILK INKTFNGTGP JNVSTVQ rHGIRPVVSTQLLLNGSLAEEEVVIRSANFTDNAKTIIVQLNQSVEIN r 305
OYI AGFAILF ^ DKKFNGTGP NVSTV rHGIKPVVSTQLLLNGSLAEEEVIIRSSNFTNNAKIIIVQLNKSVEIN ^rRPN 305
ELI AGFAIL I4DKKFNGTGP 4NVSTv r HGIRPVVSTQLLLNGSLAEEEVIIRSENLTNNAKNIIAHLNESVKIT;kRPY 301
MAL AGFAILI44DKKFNGTEI. M~rA.TVQ HGIKPVVSTOLLLNGSLAEEEIMIRSENLTDNTKNIIVQLNETVTINI1URPG 305
U455 AGFAIL DPEFNGKGP NVSTVQIHGIKPVVSTQLLLNGSLAEREIRIRSE1E.INNAKTIIVQLVNPVKINI; RPY 298
CPZ AGFAIL DKFSGKGK"NVSTVHHGIKPVVTTQLLINGSLAEGNITVRVENKSKNTDVWIVQLVEAVSLN;iRPG 298
ANT AGYAIF S FNGTGT NjIVV HGIRPTVSTQLILNGTLSKGKIRMMAKDILEGGKNIIVTLNSTLNMT ERPQ 296

V3 DOMAIN

LAI NNTRKSIRIQRGPGRAFVT- - IGKI-GNM-RQA ISRAKWNATLKQIASK- LREQFGN KI- IIFKQSSGGDPEIVTH 379
OYI NNTRNRISI- -GPGRAFHT- -TKQIIGDI-RQA LSRATWEKTLEQIATK-LRKQF-RNA -IAFDRSSGGDPEIVMH 377
ELI QNTRQRTPI--GLGQSLYT--TR-SRSII-GQAH CkNISRAQWSKTLQQVARK-LGTLLNKTI--IKFKPSSGGDPEITTH 372
MAL NNTRRGIHF- -GPGQALYT- -TG-IVGDI-RRAYC INETEWDKTLQQVAVK-LGSLLNKTK- - IIFNSSSGGDPEITTH 376
455 NTRKNIRRYSIGSGQAFYV- -TGKIIGDI-:RQAHC iSRRDWNRTIQQVAEQ- LKKKFNN-LK- IIFASSSGGDIEITTH 372
CPZ NNTRGE- -VQIGPGMTFYN- -IENVVGDT-RSAY I?LQITWNRTVEEVKKA-LATSSR.TMAANITLNRASGGDPEVTHtH 372
ANT IDIQE--- MRIGP-MAWYSMGIGGTAGiMiRAA YNATDWGKILKQTAERYLELVNJQSINMTFNHSSGGDLEVTHL 372

LAI SFI GEFFN OLFNSTWFNSTWSTEGSNNTEGSDTITL- IKQFINMWQEVGKAMYAPPISGQI RCSLGLLL 459
OYI SF ~-GEF-LFNSTWNDTTR----ANSTEV- -TITLC IIKQIVNMWQEVGKAMYAPPISGQIFiSKITGLLL 451
ELI SF~ GEFFY TSGLFNSTWNISAWNNITESNNSTNTNITLCIIKQIIKM-VAGRKAIYAPPIERNI L|SLGLLL 451
MAL SF~RGEFF TSKLFNSTWQNNG-ARLSNSTESTGS-ITLPp IKQIINMWQKTGKAMYAPPIAGVIq4SNITGLIL 454
455 SFMGEFFGGLFNSIWNGSMSNDMGPNGT-----ITL IKQIINMWQRVGQAMYAPPIQGVI |CSUGLLL 447
CPZ MF GGEFF TSQIF -------------- TDNITNIGIIIL IRQIVSSWMRVGRGIYAPPIRGNIlSULGLLL 438
ANT HFI HGEFF TAKMFNYTF9&G-TIlSVSNVSQGNNGTL LRQVVRSWIRGQSGLYAPPIK N SLG GMIL 451

*

00 0 gp1204-, -+gp4l
LAI TRDGGNNN-NGS-EIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVV-----QREKRAVG-IGALFLGFLGAAG 532
OYI TRDGGKNTTNGI-EIFRPAGGDMRDNWRSELYKYKVVKIEPLGVAPTKARRRVV ---- QREKRAVGMLGAMFLGFLGAAG 526
ELI TRDGG--INNSTNETFRPGGGDMRDNWRSELYKYKVVQIEPLGVAPTRAKRRVV ---- EREKRAIG-LGAMFLGFLGAAG 524
MAL TRDGGNSSDNSDNETLRPGGGDMRDNWISELYKYKVVRIEPLGVAPTKAKRRVV ---- EREKRAIG-LGAMFLGFLGAAG 529
455 TRDGG--TNNTKNETFRPGGGDMRDNWKSELYKYKVVKIEPLGVAPTRAKRRVV ----EREKRAVG-LGAIFLGFLGAAG 520
CPZ TSDTP-VTNNSGNLTFRPTGGNMKDIWRSELYKYKVVRIEPLSVAPTKARRHTVARQKDRQKRAAFGLGALFLGFLGAAG 517
ANT QMDNTWNSSNN-NVTFRPIGGDMKDIWRTELFNYKVVRVKPFSVAPTRIARPVISTRTHREKRAVG-LGMLFLGVLSAAG 529

Immunodominant region
LAI STMGARSMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARILAVERYLKDQQLLGIW GKLI TA 612
OYI STMGARSMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARVLAVERYLKDQQLLGIW GKLI rTT 606
ELI STMGARSVTLTVQARQLMSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARILAVERYLKDQQLLGIW GKHI rTN 604
MAL STMGMSLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARVLAVERYLQDQRLLGMW GKHI TF 609
455 STMGAASITLTVQARQLLSGIVQQQSNLLRAIEAQQHLLKLTVWGIKQLQARVLAVERYLQDQQLLGIW GKLI TTT 600
CPZ STMGAAAVTLTVQARQLLSGIVQQQNNLLKAIEAQQHLLQLSIWGVKQLQARLLAVERYLQDQQILGLW GKAVYTT 597
ANT STMGAAATTLAVQTHTLLKGIVQQQDNLLRAIQAQQQLLRLSXWGIRQLRARLLALETLLQNQQLLSLW GKLV TS 609

FIG. 2. Alignment of several HIV-1 Env protein sequences with the Env protein of Ant7O. The putative conserved N-glycosylation sites are
underlined, and the cysteine residues are boxed.The V3 loop region is overlined, and the residues involved in CD4 binding are indicated (black
dots). In gp4l, the major antigenic site is shown. N-glycosylation sites unique to Ant7O are boxed. Numbers to the right of the sequence indicate
the number of amino acids for each isolate. In the U455 isolate, the premature stop codon was ignored and represented as X. ANT designates the
Ant7O protein, and CPZ designates the SlVcpzgab protein.

GPMAW sequence was found to be unchanged in Ant7O-NA. the disease (29, 69, 70). The general structural features of the
These results are in keeping with data obtained from studies V3 loop have been investigated by using the Chou and Fasman
on the variability in this domain, where the central part of the rules (8) (PCGENE; IntelliGenetics): a striking difference
loop has been shown to be much less susceptible to mutations emerged between the V3 loop of the well-known HIV-1
than are the flanking regions in strains isolated from sexual isolates and those of Ant7O and Ant7O-NA. Whereas the V3 of
partners or even from the same individual at different stages of most HIV-1 isolates displays a high probability for a R3-turn at1- - - - -

T 1 .
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LAI VPWNASWS-NKSLEQIWNNMTWMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWFNITNWLWYIKIFI
OYI VPWNASWS-NKSLNEIWDNMTWMOWEREIDNYTHLIYTLIEESQNQQEKNEEELLELDKWAGLWSWFSITNWLWYIRIFI
ELI VPWNSSWS-NRSLNEIWQNMTWMEWEREIDNYTGLIYSLIEESQTQQEKNEKELLELDKWASLWNWFSITQWLWYIKIFI
MAL VPWNSSWS-NRSLDDIWNNMTWMQWEKEISNYTGIIYNLIEESQIQQEKNEKELLELDKWASLWNWFSISKWLWYIRIFI
455 VPWNSSWS-NKSQEDIWNNMTWLQWEKEISSYTGIIYQLIEESQNQQEKNELDLLALDKWANLXNWFNISNWLWYIRLFV
CPZ VPWNNSWPGSNSTDDIWGNLTWQQWDKLVSNYTGKIFGLLEEAQSOQEKNERDLLELDQWASLWNWFDITKWLWYIKIFL
ANT VKWNRTWIGNES--- IWDTLTWQEWDRQISNISSTIYEEIQKAQVQQEQNEKKLLELDEWASIWNWLDITKWLWYIKIAI

LAI MIVGGLVGLRIVFAVLSIVNRVRQGYSPLSFQTHLPTPRGP-DRPEGIEEEGGERDRDRSIRLVNGSLALIWDDLRS
OYI IIVGGLVGLRIVFAVLSIVNRVRQGYSPLSFQTRLPTQRGP-DRPEGIEEEGGERDRDRSGRLVDGFLALIWDDLRS 4
ELI MIIGGLIGLRIVFAVLSLVNRVRQGYSPLSFQTLLPAPRGP-DRPEGTEEEGGERGRDRSVRLLNGFSALIWDDLRS 4
MAL IVVGGLIGLRIIFAVLSLVNRVRQGYSPLSLQTLLPTPRGPPDRPEGIEEEGGEQGRGRSIRLVNGFSALIWDDLRN 1
455 IIVGGLIGLRIVFTVLSIINRVRQGYSPLSFQTLAPIPEGL-GRPGRIEEEGGEQGKDRSIRLVSGFLAIAWDDLRNLJ.
CPZ MAVGGIIGLRIIMTVFSVVRRVRQGYSPLSLQTLIPVQREO-GRLGEIDEGGGEQDRSRSVRLVEGCLPLIWDDLRNLGI
ANT IIVGALVGVRVIMIVLNIVKNIRQGYQPLSLQ-IPNHHQEEAGTPGRTGGGGGEEGRPRWIPSPQGFLPLLYTDLRTIIL

LAI FSYHRLRDLLLIVTRIVELLGRR-------GWEALKYWW---NLLQYWSQELKNSAVSLLNATAIAVAEGTDRVIEVVQG
OYI FSYHRLRDLILIVARIVELLGRR-------GWEVLKYWW---NLLQYWSQELKNSVISLLNATAIAVAEGTDRVIEIVQR
ELI FSYHRLRDLILIAVRIVELLGRR-------GWDILKYLW---NLLQYWSQELRNSASSLFDAIAIAVAEGTDRVIEIIQR
MAL FSYHRLRDLLLIATRIVELLGRR-------GWEALKYLW---NLLQYWGQELKNSAISLLNTTAIAVAECTDRVIEIGQR
455 FSYHRLRDFALIVARAVELLGRSSLKGLRLGWEGLKYLW--- NLLLYWGRELKISAITLLDAVAVAVAGWIDRVIEIGOT
CPZ WSYQSLTSLACNVWRQLKTLGHLILHSLRLLRERLCLLG---GIIQYWGKELKISAISLLDATAIAVAEGTDRIIEAFQV
ANT WTYHLLSNLASGIQKVISYL-RLGL--WILGQKIIN RI AAVTQYWLQELQNSATSLLDTLAVAVAE JGIIAGIQR

LAI ACRAIRHIPRRIRQGLERILL
OYI AYRAFLNIPRRIRQGLERALL
ELI ACRAVLNIPRRIRQGLERSLL
MAL FGRAILHIPRRIRQGFERALL
455 IGRAILNIPRRIRQGLERALL
CPZ TLRIIRNIPRRIRQGLERALL
ANT IGTGIRNIPRRIRQGLERSLL

861
855
853
859
856
854
863

FIG. 2-Continued.

the central proline, no such configuration is predicted at this
position for the Ant7O isolates, a feature also found for some
African strains (e.g., HIVeli and some Ugandan strains) (Fig.
3C). Although these predictions have to be considered with
caution, one can nevertheless assume that an important struc-
tural difference between the two types of V3 loops is likely to
occur.
The V3 loop peptide is known to be involved in syncytium

formation by HIV in cell culture, and the computed charge of
the V3 peptide has been described as a measure of the
syncytium-inducing capacity of the virus (20). Calculations
(CHARGEPRO, PCGENE) of the V3 loop charge of both
Ant7O viruses show that for Ant7O, a small negative value
(-0.09) is found, whereas Ant7O-NA has a rather high positive
charge at pH 7 (4.91). According to the authors, this indicates
that the Ant7O virus is likely to be non-syncytium inducing and
nonmonocytotropic, whereas the Ant7O-NA isolate would have
the opposite properties. Although the monocytotropic proper-
ties of both viruses have not been studied, the syncytium-
inducing character of both viruses is exactly as predicted from
these calculations (unpublished observations).
Two unique substitutions are seen within the immunodomi-

nant epitope (WGCSGKLIC) of the transmembrane protein
(24): a lysine replaces the serine, and a valine is found instead
of the isoleucine preceding the second cysteine (Fig. 2).
The Rev-responsive element is highly divergent compared

with Rev-responsive element sequences of other HIV-1 strains
(13) since only 68% of the nucleotides are conserved. Despite
the multiple differences found in the sequence, the Rev-
responsive element of Ant7O retains the capacity to form the
complex RNA stem-loop structure (calculated AG, - 124.8
kcal [ - 522.2 kJ]) necessary for efficient transport of unspliced
mRNAs from the nuclear compartment to the cytoplasm of the
infected cell (15, 47).

Like all members of the HIV-1 group, Ant7O contains genes
encoding the regulatory proteins Vif, Vpr, Tat, Rev, Vpu, and

Nef. The deduced Vif, Vpr, and Nef proteins are comparable
in length to those of previously described HIV-1 isolates and
show no remarkable difference apart from their low similarity.
The protein encoded by the double-spliced tat gene is 10

amino acids longer than most Tat proteins owing to an
elongated second exon. The acidic and cysteine-rich domains
are both perfectly conserved. In addition to the seven cysteine
residues in the functional domain (58, 59), three extra cysteines
are found at the carboxy end of the protein. This probably has
no impact on the activity of the protein since it is known from
studies with other isolates that only the first 57 amino acids are
required for full Tat function (35). However, this domain has
recently been implicated in the regulation of a major histo-
compatibility complex class I promoter activity (31). The basic
domain of the trans-activation protein is much less arginine
rich than usual and lacks three of the six arginine residues
(RKKRGRP instead of RKKRRQRRR); the nuclear localiza-
tion signal (RKKR) is perfectly conserved (14).

In contrast to Tat, the polypeptide sequence of Rev is
shorter than usual (101 amino acids instead of 116). The
domain important for nuclear localization of the protein (14)
lacks 2 of the 10 arginine residues; however, the acidic region
is well conserved.
The most divergent among these small regulatory proteins is

undoubtedly Vpu. Despite its normal length of 85 amino acids,
the sequence shows nearly no similarity to other Vpu se-
quences (Fig. 4). This is not unusual, since this protein is
generally rather divergent within the HIV-1 group. The poor
conservation of the ERAEDSGNESEG peptide subunit in
Ant7O (EIRDDSDYESNG), a region which is highly con-
served among different HIV-1 isolates and found even in the
HIV-1-related chimpanzee virus SIVcpz, is, however, notewor-
thy (62). It should nevertheless be mentioned that the two
serine residues in this domain (underlined), which are impor-
tant sites for phosphorylation (62), are conserved. In contrast
to its high degree of divergence, the hydropathy profile (30) of
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CERPQIDIQE-MRIGP-MAWYSMGIGGTAGNSSRAAYC 36
CTRPNNNTRKSVHIGPGQAFYA---TGDIIGDIRQAHC 35
CTRPNNNTRKSIHIGPGRAFYT---TGEIIGDIRQAHC 35
CTRPYNNTRQRTHIGPGQALYT---T-RIIGDIRQAHC 34
*.* *... * *** * *.* *

FIG. 3. Comparison of the V3 loop region of the Ant7O isolate with
the V3 consensus sequences as defined by Myers et al. (50) (A) and
between Ant7O and the closely related isolate Ant7O-NA (B). Gaps
were introduced for maximum similarity. The Ant7O-specific N-glyco-
sylation site is underlined. The ,-turn probability was calculated by the
method of Chou and Fasman (8) and plotted along the peptide
sequence for Ant7O (left) and for HIVmal (right) (C). Small arrow-
heads indicate probabilities above the cutoff (dotted line).

B

V3ANT70 - CERPQIDIQEMRIGPMAWYSMGIGGTAGNSSRAAYC -36

V3ANT7ONA - CKRPAMQVQKMRIGPMAWYSMRIGSTGENSSRAAYC -36

C

4.4-

3.6- 7'

3. 6
2. r

2.45-

I- I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

CERPQID IQEMRIGPMAWYSMCIGCTACNSSRAkYCC
1 13 28 36

the Ant7O Vpu protein is quite similar to the Vpu profiles of
other HIV-1 isolates.

Phylogenetic relationship of Ant7O. Phylogenetic tree anal-
ysis for the three major genes, gag, pol, and env, was performed
to illustrate the relationship of Ant7O to previously character-
ized HIV-1 strains. Prototype HIV-2 and SIVsmm strains are
also included in the analysis. Figure 5 shows the phylogenetic
tree obtained for the pol region, but the topology of the tree
was quite similar, regardless of the gene considered. Until now,
the SIVcpz isolate branched before any of the HIV-1 strains.
The finding that Ant7O diverges more from other HIV-1
strains that the SIVcpz isolate does and thus branches before
any of these viruses is quite unexpected and relates to a
topology found for some HIV-2 strains (23).

Prevalence of Ant7O. To investigate the prevalence of Ant7O-
like isolates in different geographical areas (Central and West

LAI MQPIQI-AIAALVVAIIIA--IVVWSIVII-EYRKILRQRKIDRLIDRLI----
MAL IQPLVILAIVALVVTLIIA--IVVWTIVFI-EIRKIRRQRKIDRLIDRIR ----
ELI MQPLGIIAIAALVVAIILA- -IVVWTIVFI-EYRRIKKQRRIDCLLDRIT - --

CPZ M-TLLVGLVLILV-GLI-AWNICIWGYIIKWGYRRYKRHRLETEI-ERLNLILR
ANT MHHRDLLA-IIIISA-LLFINVILWGFILRKYLEQKEQDRKEREILERLRRI-R

I*I
LAI
MAL
ELI
CPZ
ANT

4 4
RAEDSGNESF ISA- LVEMGVEMGHHAPWDID- - DL
ERAEDSGNESE TEE- LSKL-VEMGHDAPWDVD- -DL
ERAEDSGNESE DREK-LSKL-VEMGHHAPWDID- -DL
ERAEDSGNES EEERLEOLIHNYNHNNHFANPMFDL

EEOEVMDLVL ---- SHGFDNPMFEP

46
46
47
50

51

81
80

81
88
85

FIG. 4. Alignment between Vpu proteins of different HIV-1
strains. The conserved motif as well as the important serine residues
are indicated (arrows). The Ant7O strain has a full-length Vpu protein,
unlike some other HIV-1 strains (e.g., HIVmn). ANT indicates the
Ant7O sequence, and CPZ indicates the SlVcpzgab protein. Conserved
residues are marked with an asterisk. Numbers to the right indicate the
number of amino acids in each protein.

CTRPGNNTRRGIHFGPGQALYTTG IVGDIRRAYC
1n 23 3M

Africa, Brazil, Europe), we performed a small serological study
(to be published elsewhere). A panel of 326 HIV-1-positive
serum samples were tested for their reactivity with a peptide
(QIDIQEMRIGPMAWYSMGIGG) representing the V3 do-
main of Ant7O. Only the sera obtained from the patients from
whom the Ant7O and the Ant7O-NA were isolated reacted with
the Ant7O peptide. The presence of antibodies to the V3 loop
in these sera was confirmed by using a peptide based on the
consensus V3 sequence (Fig. 3A, consB). However, the spread
of this virus subtype may presently be limited to the Cameroon
region since 5 to 10% of HIV-positive serum samples from that
geographical area were recently found to be reactive with the
Ant7O V3 peptide (51).

DISCUSSION

A detailed genetic analysis of the Ant7O isolate shows that it
is the most divergent HIV-1 strain described until now, a
conclusion based on the unusually high degree of variation
found throughout its entire genome. Moreover, this observa-
tion is not confined only to regions known to be variable in
HIV-1, since a fraction of "invariant" residues are changed as
well.
The LTR region of the HIV genome is known to regulate

viral transcription, and several transcription factors have been
shown to interact with distinct sequences within this region. A
previous analysis of the U3 and R region of the Ant7O LTR
region showed that the major regulatory elements are con-
served (17). In addition to these elements, an insert fragment
resembling two sequences situated upstream from the two
NF-KB sites was shown to be present in the U3 region of the
viral RNA genome. Investigation of this region in Ant7O
proviral DNA has confirmed the presence of this insertion.

A

Ant70
ConsA
ConsB
ConsD

J . VlIROL.
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HIVLAI

HIVSF2

5.5%

I HIVELI

HIVU455

H IVAnt7O

ndgbl

HIV2D194

- SlVmm251

SIVsmmPBJ

HIV2D205

- HIV2UC1

FIG. 5. Phylogenetic tree analysis of the HIV-1 and HIV-2/SIVpol
coding sequence. Analysis was done as described in Materials and
Methods on 1,242 sites, of which 795 were varied. Horizontal branch
lengths, indicative of single-base changes between sequences, can be
read by using the scale bar. The vertical distances are for clarity only.
This tree was congruent with similarly constructed trees for other
coding regions, with or without the Ant7O sequence. SIVmndgbl was

the designated hypothetical ancestor (63).

Analysis of the same region in Ant7O-NA, the virus isolated
from the sexual partner, shows that this triplicated sequence
was largely conserved when the virus was transmitted horizon-
tally. These results clearly indicate that the presence of this
sequence insertion is not due to a cloning artifact. The
occurrence of CTG duplications upstream from the NF-KB
sites as well as the presence of a fourth SPI site has been
described for other HIV-1 isolates (37). In fact, duplication of
this short DNA sequence has also been observed in the LTR of
the SIVcpz isolate, albeit in a somewhat different position from
that in the other HIV-1 strains (50). The insertion in Ant7O
clearly differs from these in two aspects: first, Ant7O and
Ant7O-NA contain the repeated CTG motif in triplicate in-
stead of the usual duplication; second, the third copy is
positioned between the two NF-KB sites, which is never the
case in the other isolates, where both tandem copies are found
adjacent to each other upstream from the NF-KB sites. Al-
though no regulatory role has yet been demonstrated for these
repeated motifs, the strong conservation leads us to speculate
that their presence must somehow be beneficial to the virus.
Some of the regulatory proteins of Ant7O show no striking

differences from proteins of previously described HIV-1 vi-
ruses, whereas others, such as the Tat protein, display impor-
tant differences in their primary sequence (e.g., additional

cysteine residues). The regulatory proteins Tat and Rev are
less arginine rich in their nuclear localization domains, indi-
cating that some variation can be tolerated without jeopardiz-
ing their function. This is also illustrated in the equine
infectious anemia virus, in which the basic region was also
shown to have a much lower arginine content than in HIV-1 or
HIV-2 (18).
The Vpu protein of HIV-1 isolates is known to be divergent

but normally contains a highly conserved peptide. In Ant7O,
however, this peptide is remarkably different except for both
serine residues, which are well conserved. Since these residues
are known to be phosphorylated, their conservation is indica-
tive of the importance of this posttranslational modification for
protein function. Although the role of the conserved motif in
Vpu function remains unknown, the changes observed in this
region in Ant7O may be related to changes in other proteins.
Since Vpu has been described as being involved in the matu-
ration of the viral glycoproteins (68), the variation observed in
this otherwise conserved region may be an adaptation to
alterations in the membrane proteins. In contrast to the very
variable primary sequence, the general hydropathic profile of
Vpu is maintained, preserving the putative membrane-anchor-
ing domain which has been postulated recently (46).
Among the structural proteins of Ant7O, the envelope

proteins are undoubtedly the most divergent. In particular, the
outer membrane protein shows major differences. Of the 15
highly conserved potential N-linked glycosylation sites, 4 are
missing in gpl20, while 4 of a total of 29 are rare or even
unique compared with sites in prototype HIV isolates. These
alterations in the glycosylation pattern can influence the
structure and function of this polypeptide. Indeed, mutagene-
sis experiments affecting asparagine residues in potential gly-
cosylation sites were shown to have significant effects on
envelope functions in other HIV-1 strains (42). More precisely,
the presence of an extra sequon at the C-terminal end of the
V3 loop may have profound implications for the structure and
function of this important region (see also below).

Although the envelope protein is known to be extremely
variable among HIV-1 isolates, its cysteine residues are usually
well conserved. This is also the case for the Ant7O isolate,
indicating that the overall structure of the glycoproteins prob-
ably is similar to that found for other isolates. However, the
presence of two extra cysteine residues in the V4 domain may
confer a local difference in structure, possibly by forming a
small loop upon linking both residues via a disulfide bridge,
since it is known that all cysteines within gpl20 are involved in
intramolecular bridges (43). The occurrence of extra cysteine
residues in gpl20 of SIV isolates has been described before,
but in these cases they are all localized near the first variable
domain (28). The conservation of both cysteine residues
flanking the major epitope of gp4l was expected since it has
been shown that these residues are essential for the processing
of gpl60 (64). It is remarkable that the third conserved
cysteine in gp4l is missing in the Ant7O isolate, whereas two
extra cysteines are present further downstream. Both features
are also present in the SlVcpzgab isolate.
The most striking observation is the extremely divergent

principal neutralizing determinant, which differs considerably
in the regions flanking the central region of the domain but
surprisingly also in the central tip of the loop, which usually
remains rather constant among HIV-1 isolates (GPGQAF).
This sequence is altered to GPMAW, which is, to our knowl-
edge, not found in any other HIV-1 V3 domain, except in the
related Ant7O-NA isolate. Structure predictions for the V3
region by using the Chou and Fasman rules (8) indicate that, at
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variance with most HIV-1 isolates, the tip of the Ant7O loop
has no tendency to support the formation of a 1-turn.
The degree of variation between Ant7O and Ant7O-NA V3

regions that was observed is in keeping with the variability
found in this domain between viruses isolated from sexual
partners. The sequences flanking the central domain were
more susceptible to variation, while the tip of the V3 loop was
found to remain constant (29, 69). The presence of an extra
N-glycosylation site at the C-terminal end of the V3 loop in
both isolates, as well as the aberrant sequence at the tip of the
loop, may have implications for the overall structure of this
immunologically and functionally important region.

Since the V3 loop is known to induce isolate-specific anti-
body responses in infected patients, peptide serology was used
to investigate the seroprevalence of antibodies specific for the
Ant7O V3 loop sequences in Africa and elsewhere. Several
hundred serum samples from different geographical locations
(Europe, Africa, and Brazil) were examined for their reactivity
with a peptide representing the Ant7O V3 region. Simulta-
neously, the same serum samples were analyzed for their
reactivity with the V3 consensus peptide described by LaRosa
et al. (41). The limited reactivity found with the Ant7O V3
peptide indicates that this sequence does not occur frequently
in African HIV-1 strains isolated to date. However, the spread
of this virus subtype may at present be limited to the Cam-
eroonian area, where 5 to 10% of HIV-positive sera were
recently found to be reactive with the Ant7O V3 peptide.
Moreover, during the preparation of this paper, the results of
another group were brought to our attention. These investiga-
tors isolated and characterized an HIV isolate very similar to
Ant7O and originating from the same geographical region in
Africa (25a, 26). Taken together, these data indicate that
isolates similar to Ant7O can be found in a limited geographical
area in Africa. A regular survey to monitor the prevalence and
spread of this virus is of epidemiological interest.
The immunodominant epitope localized in the gp4l protein

has been described as highly conserved in the HIV-1 group. In
particular, the sequence between both cysteine residues (CS
GKLIC) is known to be invariant, and the corresponding
peptide has been used in different serological assays for
diagnostic purposes. The observation that two residues from
this region are changed in the Ant7O isolate indicates that even
this part of the gp4l protein can accommodate sequence
changes. The implications of the observed substitutions for
serology have been investigated and will be published else-
where.

Comparative analysis of the three structural genes of the
virus shows a similar distance between Ant7O and the HIV-1
isolates on the one hand and between Ant7O and the chimpan-
zee isolate SIVcpz on the other. It is also remarkable that
Ant7O does not show a closer relationship to African isolates
than to isolates from other parts of the world. Phylogenetic
tree analysis indicates a unique position for the Ant7O isolate.
From the position of this Cameroonian isolate, one can
speculate that it could represent the closest relative to the HIV
ancestor that is presently known. In particular, the branching
of this isolate before any other HIV-1 isolate, even the SIVcpz
variant, illustrates the very special position of this Ant7O isolate
within the HIV-1 family. From these data, it may be inferred
that human and chimpanzee lentiviruses probably have a
common origin. The phylogenetic tree configuration is remi-
niscent of the topology found in the HIV-2 tree, in which some
human isolates (HIV-2D205; HIV-2UCI) branch before the
SIVmm and the SIVsmm strains (23, 39). The discovery of
viruses such as Ant7O may allow us to establish a similar
relationship between human and simian HIV-1-like isolates

and lead us to the origin of the HIV-1 family. Analysis of more
SIVcpz and other divergent human strains may well provide us
with the necessary information to achieve that goal.
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