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ABSTRACT
Human immunedeficiency virus type 1 (HIV-1) group O strains have been described as highly divergent, com-
pared with the vast majority of the viruses involved in the worldwide AIDS pandemic, classified in group M.
To gain new insights into the diversity and genetic characteristics of group O, wé have sequenced the acces-
sory gene region (from vif to vpu) of 14 isolates. Analyses of the deduced amino acid sequences for Vif, Vpr,
the first exon of Tat, and Vpu indicate that most of the functional domains of these proteins, ‘as described for
group M viruses, are highly conserved and retained among all the group O strains we have characterized.
The only difference concerns the Vif phosphorylation sites, which are absent in all of the group O isolates we
have sequenced; in contrast, they are well conserved in nearly all of the group M isolates, in which they play
critical roles in the regulation of viral replication and infectivity. As already observed for group M isolates,
the Vpu protein is also highly diverse among group O strains. Phylogenetic analyses of these sequences indi-
cate that HIV-1 group O can be separated into four different clusters, containing most of the strains we have
characterized (except one, which clusters outside of the analyzed viruses). Taking into account the criteria

i

used for clades in group M, we were not able to define group O clades definitively.

INTRODUCTION

N 1990, aN uNusuAL human immunodeficiency virus type 1

(HIV-1) strain, isolated from West—Central African patients,
was partially sequenced! and found to be highly divergent from
previously described HIV isolates. Complete sequencing of the
genome of this virus (ANT-70), and of a virus isolated more
recently (MVP5180), revealed that they share the same genomic
structure as previously characterized HIV-1 strains, as indicated
notably by the presence of the vpu gene.>> HIV-1 viruses were
then divided into two groups: group M (for major), comprising
the vast majority of strains responsible for the worldwide ATDS
pandemic, and group O (for outlier), containing highly diver-
gent HIV-1 strains, mainly found in patients of West-Central
Affican origin (Cameroon and Gabon).*> Interestingly, these
two HIV-1 groups were approximately equidistantly related to
the nonhuman primate counterparts of HIV-1 found in chim-

panzees, SIVcpz-gab® and SIVcpz-ant.” More recently, HIV-1
group M has been further divided into at least 10 distinct clades,
designated subtypes or genotypes A through J.89 Each is ap-
proximately equidistantly related in phylogenetic analyses and
is thought to have diverged from a common ancestor. These
different subtypes are not equally distributed geographically:
all of them were found in Central Africa with different preva-
Jence, the A subtypé being predominant in most African coun-
tries, whereas the B subtype was initially found mainly in de-
veloped countries (North America and Europe; for a review see
Ref. 10). Several epidemiological studies have shown that all
of the subtypes have now started to spread throughout the world;
for example, non-B subtypes have emerged in developed coun-
tries, representing an important proportion of the new cases of
heterosexual infection.!~13 Although no clear correlation be-
tween HIV-1 group M subtypes and their pathogenicity has
been established, some controversial results indicate that some
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differences could exist between the subtypes concerning their
transissibility.}4-16

The prevalence of HIV-1 group O is low compared with that
of group M, accounting for 3.3% of the HIV-1 infections in
Cameroon,” which is considered to be the country with the high-
est prevalence in Africa.l” However, even if West—Central
Affica seems to be the main reservoir for these highly diver-
gent viruses, they have been detected in several other parts of
the world, including West and East African countries,!”+!8 Fu-
rope,!®%? and the United States.” Genetic characterization of
HIV-1 group O strains, mainly in the envelope (C2V3 region)
and the gag genes, indicates that they are genetically diverse
and no phylogenetic clustering pattern similar to that of HIV-
1 group M subtypes has been found. 22426 This result could
be due to an artifact of sample size, since only a few sequence
data are available compared with group M, or could be because
the length and/or regions of the group O genomes that have
been studied are not informative enough to reveal phylogenetic
associations within these viruses.?6 ‘

Here, we report the genetic characterization of the accessory
genes region (from vif to vpu, approximately 1330 bp) for 14
HIV-1 group O strains. These gemes were copsidered as
nonessential for the pathogenicity of HIV, but their high con-
servation and data concerning their role during pathogenesis in
vitro and in vivo suggest that their role has probably been un-
derestimated.27-3% Moreover, several results have shown that
they could constitute interesting targets for antiretroviral ther-
apy. 3741

MATERIALS AND METHODS

Viruses

Most of the strains used in this study have been described
previously: BCF01, -02, -03, -06, -07, -08, and -11,2! and
BCF09, -12, and -13,*2 have been isolated from Cameroonian
patients living in France. the GAVI686 isolate is from a
Gabonese patient*3 and 95SNMP331 is from a Senegalese pa-
tient infected through sexual contact with her partner (who was
probably infected in Cameroon).”® New isolates include the
96CAMP539 strain, isolated from a Camerdonian patient by
coculture of his peripheral blood mononuclear cells (PBMCs)
with seronegative donor PBMCs as described previously,'? and
95CAMP448, which was amplified directly from uncultured
PBMCs of a Cameroonian patient. To the best of our knowl-
edge, none of the patients from whom these viruses have been
isolated are epidemiologically linked.

Polymerase chain reaction amplification
and sequencing

DNA from cultured and uncultured PBMCs was extracted
using IsoQuick (Microprobe, Garden Cove, CA) according to
the manufacturer instructions and quantified spectrophotomet-
rically. Approximately 1 pg of DNA was used for a first round
of amplification with an outer primer pair (VIF1, 5 GGGTT-
TATTACAGGGACAGCAGAG 3'; VPUL, 5" GGTTGGGG-
TCTGTGGGTACACAGG 3’) in a final volume of 100 ul of
containing 10 mM Tris-HC1 (pH 9.0), 50 mM KCl, 1.5 mM
MgClp, a 0.2 mM concentration of each deoxynucleoside
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triphosphate, 2.5 U of Tag DNA polymerase (Promega, Madi-
son, WI), and a 0.4 M concentration of each primer. Five mi-
croliters from this first round was used for a second round with
an inper primer pair (VIF2, 5 GCAAAACTACTCIG-
GAAAGGTG 3'; VPU2,5' GCWTCTTTCCACACAGGTAC-
CCC 3’; W = A or T) under the same reaction conditions. The
two rounds were run under the following cycling conditions:
94°C for 30 sec, 50°C for 30 sec, and 72°C for 2 min, for 35
cycles, preceded by a denaturation step of 3 min at 94°C and
followed by a final extension step of 7 min at 72°C. Sequenc-
ing of the amplified products was done directly after purifica~
tion by tris acetate EDTA (TAE)-low melting point agarose gel
electrophoresis, as described previously,* using an Applied
Biosystems (Foster City, CA) 373 Stretch sequencer and a Dye-
Deoxy terminator procedure (dye terminator cycle sequencing
ready reaction, with AmpliTaq DNA polymerase; Perkin-
Elmer, Norwalk, CT) as specified by the manufacturer. Inner
polymerase chain reaction (PCR) primers (VIF2 and VPU2) and
inner sequencing primers (OVIF, 5 CATATTGGGGATTG-
ATGCCAG3'; OVPU, 5' GCATYAGCGTTACTTACTGC 3;
Y = Cor T) were used. Overlapping sequences were joined us-
ing SeqEd (Applied Biosysterns) to obtain the full-length se-
quence. Because the main goal of this study was to obtain new
insights into HIV-1 group O genetic diversity, only direct se-
quencing was performed. Ambiguities observed at a limited
number of positions in some sequences were resolved when
joining the overlapping fragments.

Analyses of accessory protein sequences

Open reading frames for the different accessory proteins
(Vif, Vpr, the first exon of Tat, and Vpu) were determined and
the deduced protein sequences were aligned using CLUSTAL
W.* Consensus sequences were determined for each of them
and were manually aligned to the available corresponding con-
sensus sequences fro HIV-1 group M.? Secondary structure pre-
dictions were determined according to programs developed by
J.-F. Gibrat, J. Gamier, and B. Robson.647

Phylogenetic analyses

DNA sequences were aligned by using CLUSTAL W* with
minor manual adjustments, bearing in mind the position of the
open reading frames and the predicted amino acid sequences.
Regions with a gap in any of the sequences were excluded from
the analyses. Phylogenetic relationships between the HIV-1
group O strains were determined by the neighbor-joining
method*® with the Kimura two-parameter distance matrix.*’ Re-
liability of the branching order was estimated from 1000 boot-
strap replicates.”® These methods were implemented by using
CLUSTAL W.* Tree topologies were also inferred by the max-
imum parsimony method with repeatéd randomized input or-
der, implemented using the DNAPARS program from the
PHYLIP package.>! The results obtained by both methods were
the same in all essential aspects. Unrooted phylogenetic trees
for group O viruses were constructed by the neighbor-joining
method using SEQBOOT, DNADIST, NEIGHBOR, and CON-
SENSE, and viewed using DRAWTREE from the PHYLIP
package.’!

Deduced protein sequences for Vif, Vpr, Tat, and Vpu were
concatenated for each sequenced strain and aligned using

- ..»_.../:_ it
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CLUSTAL W. Phylogenetic relationships were determined us-
ing SEQBOOT and PROTDIST, followed by NEIGHBOR or
PROTPARS (with repeated randomized input order), and CON-
SENSE from the PHYLIP package.”!  «

Nucleotide sequence accession numbers

The sequence are available through EMBL. The accession
numbers are as follows: Y16030, BCFO1; Y16021, BCF02;
Y16022, BCF03; Y16026, BCF06; Y16029, BCF07; Y16024,
BCF08; Y16023, BCF09; Y16018, BCF11; Y16031, BCF12;
Y16020, BCF13; Y16025, 95SNMP331; Y16028,
95CAMP448; Y16007, 96CAMP539; Y16019, GAVI686.

RESULTS

Nucleic acid and protein sequences

We have successfully amplified with high efficiency (al-
lowing direct sequencing, as described in Ref. 44) all of the
HIV-1 group O viruses we have tested, either from isolated
strains or from uncultured PBMCs, using outer and imner
primers we have designed. The length of the sequenced frag-
ments varied from 1327 bp (BCF03) to 1342 bp (BCF02,
BCF0Q7, and 95CAMP448) owing to insertion of 3 nucleotides
in vpu or to deletions in vpr and fat genes (see Fig. 4). Com-
parisons of the sequences indicates that this accessory genes re-
gion is well conserved among HIV-1 group O strains, with di-
vergence ranging from 4.6 to 16.4% (mean, 11%), values that
are comparable to the divergence observed between HIV-1

TasiE 1.
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group M isolates (6.6-18.4% [mean, 12.5%]; see Table 1, foot-
note a, for group M viruses used for calculation). In this part
of the viral genome both HIV-1 O and M groups are more
closely related to SIVcpz-gab (mean divergence, 30.2 and
27.5%, respectively) than to SIVepz-ant (mean divergence, 36.5
and 36.4%, respectively). Genetic divergence was also calcu-

‘lated individually for the different accessory genes, vif, vpr, at,

and vpu (Table 1). For both HIV-1 groups, vpu is the most di-
vergent gene (mean divergence, 16 and 20.8% within group O
and M, respectively) and the mean divergence for the other
genes (Vif, vpr, and tat) is comparable (approximately 9 to 13%
for group O and M, respectively). Comparison of the two HIV-
1 groups with the viruses from chimpanzees®? confirms this
observation and also shows that vpr and tat genes from groups
O and M are more homologous to SIVcpz-gab than to SIVcpz-
ant. On the other hand, group O and M vpu genes are approx-
imately equidistant from SIVcpz-gab and SIVcpz-ant. Com-
parison of the vif genes indicates that in group M it is more
similar to SIVcpz-gab (mean, 25.5%) than to SIVcpz-ant (mean,
33.8%) while in' group O, vif is equidistant from both chim-
panzee viruses (mean, 314 and 34.8% to SIVcpz-gab and
SIVcpz-ant, respectively).

Genetic divergence was also calculated for individual pro-
tein sequences (Table 1). As for nucleic acid sequences, intra-
group divergence for group O accessory profeins is lower than
for group M, and both gronps are more closely related to
SIVcpz-gab than to SIVepz-ant. Vpu protein divergence can-
not be considered among the different lineages since it was not
possible to align these proteins correctly, except in the domain
containing the phosphorylation sites (where the SIVcpz-gab se-

PERCENT GENETIC DIVERGENCE?

Nucleic acid sequences

Amino acid sequences

Virus Genes Group O Group M Proteins Group O Group M
Group M vif 28.5 123 (6.0-14.5) Vif 36.1 18.2 (6.8-24.1)
vpr 25.1 13.0 (5.2~18.2) Vpr 24.9 17.6 (4.2-26.8)
tar 27.0 14.2 (8.2-18.3) Tat 374 22.4 (7.3-29.2)
vpu 385 20.8 (12.5-25.8) Vpu >70 31.8 (12.3-39.0)
‘GronpA o vif 10.1 (4.1-15.5) Vif 15.6 (6.8-23.4)
vpr 8.2 (3.0-13.2) Vpr 114 (3.0-17.0)
tat 9.6 (2.8-15.7) Tat 14.1 (2.8-22.6)
vpu 16.0 (6.2-23.9) Vpu 26.3 (7.8-44.0)
SIVepz-gab vif . 314 25.5 Vif 389 33.6
vpr 234 23.7 Vpr 279 225
tat 25.1 222 Tat 34.6 342
vpu 38.0 36.4 Vpu >70 >70
SIVcpz-ant vif 34.8 33.8 Vif 49.9 44.3
vpr 33.0 34.6 Vpr N/A N/A
tar 30.7 323 Tat 38.6 4.8
vpu 36.1 39.2 Vpu >75 >70

*Intra- and intergroup divergence for nucleic acid and protein sequences (determined by pairwise alignment and comparison)
for the different accessory genes and proteins Vif, Vpr, first exon of Tat, and Vpu, also compared with the corresponding genes
for the two chimpanzee viruses SIVcpz-gab and SIVcpz-ant. Group M sequences used for calculation include nonrecombinant
A (U455, 92UG037), B (LAI, WEAU, HAN, MANC), C (C2220, 92BR025), D (ELI, NDK, Z2Z6), F (93BR020), and
H (90CF056) subtype sequences available from the Los Alamos HIV database.” Mean values are indicated in boldface and

minimal and maximal values are indicated in parentheses.

Abbreviation: NJA, SIVcpz-ant Vpr is truncated by in-frame stop codons, and therefore was not included in comparisons.
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quence is identical to group M [EDSGNES] and different from
group O [DDSYES]), leading to divergence values higher than
70%. Similar to nucleic acid sequence results, group M, Vif,
Vpr, and Tat sequences are more homologous to SIVcpz-gab
than to group O or SIVcpz-ant (Table 1).

Phylogenetic analyses

Phylogenetic trees were constructed from the 14 pew se-
quences described here and the two fully characterized HIV-1
group O strains ANT70? and MPV5180,2 using SIVcpz-ant as
an outgroup. We have also included sequences available for
group M clades including nonrecombinant A, B, C, D, F, and
H subtypes,” as well as SIVcpz-gab. Neighbor-joining and max-
imum parsimony methods were used, as described in Materials
and Methods, to construct trees from nucleotide sequences; both

GAVI68S
95CAMP448 -
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| BCF02
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BCF13
BCF07 .
BCF09 ]
99 BCFO08
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87 ANT?0 ¢
100 [—————— BCF1} h
— 100 MVPS180 A
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B-CAMI
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—:A~92U6037
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FIG. 1. Phylogenetic relafionslﬁps of full-length accessory
gene sequences of the newly characterized HIV-1 group O
strains (indicated in boldface), by the neighbor-joining method.
This tree was rooted using SIVcpz-ant as an outgroup. Hori-
zontal branch lengths are drawn to scale (the scale bar repre-
sents 0.1 micleotide substitution per site), while vertical sepa-
ration is for clarity only. Values at nodes indicate the percentage
of bootstraps (1000 resamplings) in which the cluster to the

right was found (values of 80% and higher are shown). Brack-
ets at the right indicate the four group O clades a, b, ¢, and d.
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methods give consistent results and the neighbor-joining tree is
shown in Fig. 1. It is apparent that the different strains can be
split into at least four clusters (designated a, b, ¢, and d in Fig.
1), supported by bootsirap values of more than 80%. To test
the robustness of these different clusters, unrooted phylogenetic
trees were constructed for group O sequences from contiguous
overlapping (100-bp) segments of 400 bp. Resulis are shown
in Fig. 2 and’ indicate that a and d clusters are reproducibly
found along the whole accessory gene region, supported by
bootstrap values of more than 75%. The two other clusters are
not always well separated in the vif-vpr-tat region, mostly ow-
ing to uncertain branching orders of BCF09 and GAVI686 in
these genes. Rather than suggesting that these strains have a re-
combinant genome as observed for group M subtypes,” these
discrepant branching orders probably reflect independent evo-
lution since these strains tum to nonclassified strains instead of
grouping with the clusters. In each tree, the 9%6CAMP539 iso-
late is clearly distinct from the four clusters, suggesting that
other clusters may exist. Phylogenetic trees constructed from
the alignment of the concatenated protein sequences for Vif,
Vpr, Tat, and Vpu yield identical patterns for the branching or-
ders (data not shown). On the other hand, group M clades are
clearly discriminated by phylogenetic analysis of this accessory
gene region (Fig. 1), and consistent with genetic divergence
data, SIVcpz-gab clusters close to group M isolates.

To explore further these phylogenetic relationships, genetic
distances calculated according to the Kimura two-parameter
method were compared (data not shown). Mean values for in-
tra- and interclade distances for group M are 0.07 and 0.19, re-
spectively (Table 2). Similarly, the intracluster mean distance
for group O is within the same range as the group M intraclade
distance (0.08), but in contrast the intercluster distance for clus-
ters a, b, and c is also approximsately 0.1. On the other hand,
results suggest that strains grouped within these clusters (and
GAVI686) can be gathered together into the same cluster, but
on the other hand, a value of 0.11 is close to that of the group
M B/D clade division in this accessory gene region (mean ge-
netic distance of 0.12). Strain 96CAMPS39 and cluster d are
more distantly related to the a, b, and c clusters, with mean ge-
netic distances of 0.16 and 0.18, values that are close to the
group M interclade mean distance (0.19).

Comparison of deduced amino acid sequences

An alignment of the deduced amino acid sequences for each
of the different accessory proteins Vif, Vpr, the first exon of
Tat, and Vpu is shown in Fig. 3. As already noted for nucleic
acid sequences, Vpu is the most variable protein (mean diver-
gence, 26.3%; ranging from 7.8 to 44%), with important di-
versity in the N-terminal part of the protein. In group M this
region has been shown to form an a-helix structure®?; calcula-

- tion of the folding of Vpu for group O strains indicates that this

secondary structure is also found in all the isolates (data not
shown), suggesting a conserved function despite the important
variability. The other proteins (Vif, Vpr, and the first exon of
Tat), are well conserved among group O isolates and no par-
ticular features can distinguish the strains belonging to the dif-
ferent clusters defined by the phylogenetic analyses. Among
group O strains the mean divergence for Vif is 15.6%
(6.8-23.4%), for Vpr 11.4% (3-17%), and for the first exon of
Tat 14.1% (2.8-22.6%), and these values are similar to the mean
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FIG. 2. Unrooted neighbor-joining trees constructed for a 400-bp fragment moved in increments of 100 bp along the group O
sequence alignment. The four clusters a, b, ¢, and d (see Fig. 1) are identified. Branch lengths are arbitrary and do not scale. The
numbers at the nodes indicate the percentage of bootstraps (100 resamplings) supporting the adjacent cluster (vatues of 70% and
higher are shown). (A) 5’ vif; (B) 3’ vif-5' vpr; (C) vpr-5' 1ar; (D) tat-vpu.

divergence among group M isolates. The Vif protein contains
192 amino acids in all the strains analyzed, while a deletion of
3 amino acids (SNT at positions 86-88 in the consensus se-
quence) is found in the C-terminal part of Vpr in two isolates
(ANT-70 and BCF03), and a deletion of one arginine residue
at position 54 in the Tat protein is observed in strains ANT-70,
BCF01, BCF12, and BCF03.
Consensus protein sequences were deduced for each acces-
.sory protein from the global alignment (consensus sequences
for the group O clusters were almost identical) and were aligned
to the corresponding consensus sequences available for group
M genotypes A, B, and D. Alignment of the consensus se-
quences is shown in Fig. 4, where crifical residues or domains
described to be important for the accessory protein functions in
group M strains are also indicated. For most of these features,
comparison of the consensus sequences indicates that group O
accessory proteins could probably have the same functions as
in group M, since secondary structures, cysteine residues, or
domains with a particular composition are well conserved. The
only important difference that can be observed concerns the

TABLE 2. KmvUrRA Two-PARAMETER GENETIC DISTANCE?

Viral group HIV-1 subtypes or clisters Distance
Group O Intraclusters (a, b, c, d) 0.08
a versus b 0.10
a versus ¢ 0.11
b versus ¢ 0.11
a, b, ¢ versus d 0.16
a, b, ¢ versus 96CAMP539 0.16
d versus 96CAMP539 0.18
Group M Intraclade 0.07
B/D 0.12
Interclade (others) 0.19
Group O/group M - 0.48
Group O/SIVcpz-gab 045
Group M/SIVcpz-gab 0.44

2Mean genetic distance, calculated according to the Kimura
two-parameter method, between all the accessory gene regions for
group O isolates and for the HIV-1 group O clusters
(a, b, ¢, and d), compared with group M intra- and interclade di-
vergence. For comparison, group Ofgroup M, group O/SIVcpz-
gab, and group M/SIVcpz-gab mean distances are indicated.



956 BIBOLLET-RUCHE ET AL.
Vif
10 20 30 410 60 70 80 90
c MENrWQv1IvWQVDRQKVK?WNSLVKYHKYrsrka? ?W?YxHHYESrnPrvSS?VyIPvg?a? 2vvtTYWGLMPGerdehlGHGVS T eWgyKkyY?
ANT70
MVP5180
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ANT70 97
MVPS5180 100
BCF01 100
BCF11 100
BCF12 100
BCF13 100
BCF02 100
BCFO3 97
BCF06 100
BCFO07 100
BCFO08 100
BCFO09 100
9SSNMP331 100
95CAMP448 100
96CAMPS539 100
GAV1686 100

FIG. 3. Alignnfent of the deduced amino acid sequences for Vif, Vpr, the first exon of Tat, and Vpu accessory proteins of the
group O strains characterized in this study, compared with available data for ANT-70 aud MVP5180 group O isolates. Dots de-
note sequence identity with the consensus sequence (C, indicated at the top for each protein), while dashes represent gaps in-
troduced to optimize alignments. Upper-case letters refer to amino acid residues that are conserved in 100% of the sequences,
and lower-case letters represent amino acid residues covered in at least 50% of the sequences. Question marks in the consensus
sequences indicate sites at which less than 50% of the viruses share the same amino acid residue.

phosphorylation sites in Vif. Three phosphorylation sites are
found in group M isolates S144, T170, and T188), and their
recognition motifs R/KXXS/T or R/KXXXS/T are used by ser-
ine/threonine protein kinases such as cGMP-dependent protein
kinase and protein kinase C (PKC). In confrast, in group O iso-
lates, such recognition sites are not found since lysine residues
(K141 and K167) are replaced by glutamine residues (Q) in the
two phosphorylation sites at positions 144 and 170, and by a
leucine residue (L) instead of an arginine residue (R184) in the
last site at position 188. These features suggest that if phos-
phorylation in group O strains is taking place, protein kinases
other than those involved in group M viruses may be involved.

DISCUSSION

Among the two HIV-1 groups, designated M and O, the lat-
ter remains poorly studied, essentially because of the limited
availability of the isolates. Genetic characterization of the C2V3
region indicates that group M O viruses are more diverse com-
pared with group.>2123 To attain new insights into the genetic
diversity and characteristics of HIV-1 group O we have se-
quenced the accessory gene region of 14 isolates.

Our data show that most of the structural or functional do-
mains involved in the functions of accessory proteins described
for group M strains are also likely to be present in group O
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ANT70 .G.I. 85
MVP5180 .L.N. 85
BCFO1 -M.N. 85
BCF11 \L.N. 85
BCF12 MUI. 84
BCF13 -R.N. 85
BCF02 -MYI 86
BCFO03 .TYN. 85
BCF06 -IIN 85
BCF07 SM.N. 86
BCF08 M. 85
BCF09 M. 85
9SSNMP331 M 85
95CAMP448 M. 86
96CAMPS539 T, 85
GAVI686 T 85

FIG. 3. Continued.

viruses. These domains include secondary structures such as a-
helix domains in the N-terminal region of Vpr and Vpu,’253
charged domains such as acidic and basic domains of Tat>*53
and basic residues in the C-terminal end of Vpr,56 specific mo-
tifs such as SL(V/DX,YXoY at the beginning of Vif®’ and
H(S/F)RIG repeats,>® the conserved GC peptide® and leucine
zipper-like domain® in Vpr, critical residues such as cysteines
in Vif and Tat,51-63 and phosphorylation sites in Vpu.565 The
only difference that can be observed concerns the residues re-
sponsible for recognition of the phosphorylation sites in the Vif
protein (R/KXXS*/T* or R/AKXXXS*/T*), which are absent in
all group O isolates we have characterized. In group M, phos-
phorylation of these sites (probably by PKC, which has already
been shown to have several roles in HIV-1 replication®6-%8) has
been shown to play a critical role in the regulation of replica-
tion and infectivity.®® For example, removal of the first site
(S144) results in a loss of Vif activity and more than 90% in-
hibition of viral replication.®® Interestingly, these results can be
directly linked to the observation that cyclophilin A (CypA) is
required for the replication of group M strains and SIVcpz-gab
but not for group O or other primate immunodeficiency viruses
(including HIV-2, SIVmac from macaques, and SIVagm from
African green monkeys’®). Analysis of the Vif recognition
phosphorylation sites of these different viruses indicates that
the first site is absent in all of the viruses that do not require
CypA for replication and is present in group M and in SIVcpz-
gab.? CypA has been shown to be specifically incorporated into
HIV-1 virions through binding to p248287%72 and to interact
with other virally encoded proteins such as Nef, Vif, and

LN AN

£p120.73 Interestingly, the binding affinity of Vif for CypA is
similar to that of Vif for p24, indicating that this interaction is
likely to occur in vive.”® Vif has also been shown to be incor-
porated into viral particles’ and to colocalize with Gag at the
plasma membrane of infected human T cells.”> Whether a
ternary complex between p24, CypA, and phosphorylated Vif
is relevant in vivo has not been addressed, and further experi-
ments are necessary to have a better idea about the functions
of these different proteins in the regulation of viral protein as-
sembly or viral budding. Nevertheless, data presented here in-
dicate that, although the two HIV-1 lineages have evolved in-
dependently, some features are probably inherited from a
common ancestor and hence are found in both clusters. The ac-
cessory proteins seem to be a well-conserved viral feature and
could provide interesting targets for new antiretroviral thera-
pies on the basis of the high conservation of the accessory pro-
teins.

Comparison of vif genes from the two HIV-1 clusters with
the chimpanzee viruses indicates that group M is more closely
related to SIVcpz-gab (both presenting phosphorylation sites in
Vif®) than to group O, while both O and M groups are equidis-
tantly related to SIVcpz-ant (which does not have phosphory-
lation sites in Vif). Similarly, Vpr and Tat proteins from group
O and M are more related to SIVcpz-gab than to SIVcpz-ant,
and the Vpu protein is as divergent between group M, group
O, SIVcpz-gab, and SIVcpz-ant. Concerning the hypothesis of
a common ancestor for all these lineages, such observations
suggest that these genes have evolved at different rates, which
is conceivable since these different proteins play distinct roles
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during HIV replication. Vpu is involved in two independent
physiological activities: the first is its role in the release of virus
particles, which could be achieved by its ability to form cation-
selective ion channels’ through its N-terminal part (o-helix do-
main); the second involves the degradation of the CD4 mole-
cule in the endoplasmic reticulum via a phosphorylation-
dependent mechanism.”” Other viral proteins could have the
same activities, since Nef has been shown to downmodulate the
expression of CD4 at the cell surface” and Vpr has also been
shown to form cation-selection ion channels’ with the same
selectivity as Vpu channels. In fact, both known Vpu activities
could be considered as redundant with other viral protein ac-
tivities and could therefore be considered as the “most acces-
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sory” protein. To develop a more definitive view of the role of
the Vpu proteins, it will be necessary to compare their function
in the different virus lineages carrying this highly diverse pro-
tein.

Analysis of accessory gene sequences clearly discriminates
group M and group O isolates. Genetic diversity within both
groups is comparable, suggesting that these two lineages have
evolved for equivalent periods of time. Accessory genes could
be of particular interest in studying the evolution of lentiviral
genes, since they are poor targets for natural antibodies (in fact,
some antibodies have been detected but not in all patients) and
therefore aré subjected to limited pressure by antigenic selec-
tion. We cannot exclude the possibility that there may be cy-
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FIG. 4. Comparison of consensus sequences for accessory proteins for group O (Fig. 2) and M (consensus sequences for A, B,
and D subtypes according to Ref. 9). See Fig. 2 caption for additional details. For each protein Vif, Vpr, Tat, and Vpu, func-
tional domains, critical residues, specific motifs, and phosphorylation sites are indicated (see Discussion for references).
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totoxic T lymphocyte pressure on the evolution of these pro-
teins, but no observations are available concerning this. Until
such data become available, the only pressure that could gov-
emn their evolution is related to their physiological properties
during viral replication and conservation of the functional do-
mains. Few data are available concerning the accessory gene
sequences for the different group M genotypes, but phyloge-
netic analyses of the vif-vpu region can clearly discriminate sub-
types A, B, C, D, F, and H. We have further examined whether
it was possible to distinguish group O clades, using the same
criteria as for group M. Our analyses (Fig. 1) indicate that at
Ieast four clusters, supported by high bootstrap values, are ob-
served among the group O viruses; however, distances between
three of them are relatively weak (Table 2), i.e., similar to in-
traclade distances in group M, except for the mean distance be-
tween B and D subtypes. Initial subtype classification in group
M was based on partial sequences, but full-length genome se-
quences suggest now that B and D7 are probably derived from
a common ancestry. In a previous report,?! phylogenetic analy-
ses of p2457¢ (497 bp) and C2V3*™ (405 bp) sequences from
seven of the strains we have studied reproducibly detected two
group O clusters (BCF02 and BCFO7 for the first, and
MVP5180 and BCF06 for the second). Our data are in agree-
ment with these observations, that is, these two pairs of isolates
also cluster together in the accessory gene region. On the other
hand, we have found that ANT-70 and BCFO3 cluster together
in this region despite not being significantly related on the ba-
sis of either gag or env sequence. More globally, the analyses
we have performed on longer sequences (1330 bp) also fail to
reveal a subtype pattern similar to that of group M viruses. On
the basis of these observations, and also keeping in mind that

- to date, even for more distant subtypes in group M, no biolog-

ical differences have been clearly demonstrated, we have de-
cided not to assign a subtype classification for group O isolates,
opting instead to await longer (full-length) sequences.
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