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ABSTRACT: We have characterized the coding region of the surface protein, gp120, of an HIV-1
strain (HIV-1 IbNg) from Nigeria. This represents the first HIV isolate from this region of Africa.
Based on the nucleic acid sequence of the gp120 encoding region as well as the deduced amino
acid seqience of this protein, the virus has been identified to cluster with the clade A strains of HIV-1,
which have been primarily isolated from regions of Western and Central Africa. Comparison of the
deduced amino acid sequences of the HIV-1 IbNg gp120 proteins with those of other A clade strains
revealed the conservation of 19 cysteine residues among these viruses as well as the number of
potential N-linked glycosylation sites and their relative positions. Since there is very little information
on the genomic sequences of HIV-1 strains belonging to clade A, which are predominantly isolated
from areas hardest hit by the AIDS epidemic, characterization of the entire genomic sequence of
HIV-1 IbNg is important for identifying the molecular structure(s) of the viral gene(s) which may be
involved in the pathogenesis of subtype A strains as well as in the development of effective HIV-1
vaccines.
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INTRODUCTION Analysis of the envelope encoding

sequences of HIV-1 isolates taken from

A major impediment in controlling the  the major centres of the AIDS pandemic
spread of HIV-1 infection is the ability of has identified at least six distinct HIV-1
this virus to mutate, allowing it to escape ~ 9enetic clusters or clades, tentatively
the immune system of the host and survive ~ designated A, B, C, D, E and F, that are
as a quasi-species. Because of the high ~ @pproximately  equidistant ~ from ~ one
mutation rate and genetic diversity of the ~another: A - Western and Central Africa, B
envelope protein, gp120, the viral env - North and South America, Europe and
gene has been extensively studied. Thailand, C - Southern Africa and India, D
- Central Africa, E- Thailand, Central Africa

and India, and F - Brazil, Romania and

Zaire (1). Recently, new strains of HIV-1

have been identified which do not readily

*To whom correspondence should be addressed ~ cluSter in any of the six operationally
at the Department of Virology, College of defined clades, suggesting the existence
Medicine, University College Hospital, Ibadan, Of additional genetic clusters (1-3). The
Nigeria. distribution and number of genetic clusters
will therefore change in future as the
number of HIV-1 nucleotide sequences of
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isolates collected from different
geaofraphical regions of the world
increases.

To develop an effective HIV-1 vaccine, it
would be important to determine the extent
and distribution of HIV  variability
throughout the world and identify dominant
HIV-1 subtype(s) or clade(s) for specific
geographic regions. However, the present
database contains very few complete HIV
envelope sequences and most subtypes
have been identified only on the basis of
partial envelope sequences (4).

Currently, very little information is
available regarding the genetic variability
of HIV-1 within different geographical
locations of Africa. Of major concern is
the paucity of basic epidemiological
information from many developing African
countries that have been hard hit by the
HIV  epidemic. In addition, basic
immunological, virological and biological
data on HIV strains from Africa are scanty,
presumably because only a few strains of
HIV have been isolated and characterized
from this region of the world.

Recently, we reported the results of
epidemiologic studies on the
seroprevalence and distribution of HIV-1
and HIV-2 infections in Nigeria (5,6). We
have also isolated a new strain of HIV-1,
designated HIV-1..,. from the peripheral
blood mononuclear cells of an apparently
healthy, 23 year-old Nigerian male. The
details of virus isolation and biological
characterization of HIV-1,,, are as
described in the previous paper (7). We
describe here the complete nucleotide
sequence and analysis of the gpl20
encoding region of this virus. Evidence is
also presented to support the view that this
virus clusters with HIV-1 of the A subtype
or clade of strains which are predominantly
isolated from inhabitants of Central and
West Africa. This is the first report of a
strain of HIV-1 from Nigeria.

MATERIALS AND METHODS

Origin of HIV-1|bNg:

HIV-1,yq Was isolated from the
peripheral ~ blood mononuclear cells
(PBMCs) of an apparently healthy, 23
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year-old male blood donor from Ibadan,
Nigeria. Since a routine pre-transfusion
safety screening of the donated blood was
found to contain antibodies fo HIV, PBMCs
were isolated by Ficoll-Hypaque density
gradient centrifugation within 24 hours of
collection and frozen in a medium
composed of 80% heat-inactivated foetal
bovine serum, 10% RPMI-1640 and 10%
dimethyl sulphoxide (DMSO) at -700C.
The frozen cells were transported on dry
ice to the Laboratory of Viral Oncology and
AIDS Research, University of Southern
California, Los Angeles, CA.

Virus Propagation:

A mixture of HIV-1,,\,, infected cells and
culture supernatant from the initial HIV-
1IbNg isolation was used to infect
approximately 1.2 x 108 PBMCs from a
single HIV sero-negative donor pre-
stimulated with phytohaemagglutinin (5
pa/ml) (7). Cell cultures were maintained
in RPMI-1640 medium supplemented with
10% heat-inactivated foetal bovine serum,
5% interleukin-2 (IL-2), and 50 pg/mi
gentamycin. Cultures were maintained at
370C in an atmosphere of 5% CO,. Extra
PBMCs, 50. x 107, from sero-negative
donors and pre-stimulated with
phytohaemagglutinin were added on day 4
and day 6. The co-cultivated cells were
finally harvested on day 8.

RNA lIsolation:

Total cytoplasmic RNA was isolated
from approximately 1.0 x 107 infected
PBMCs 8 days post-infection. Cells were
pelleted by centrifugation at 300 x g for 10
min at 40C and then washed free of
medium in 20 ml of ice-cold phosphate
buffered saline (PBS) [137 mM NacCl, 2.7
mM KCl, 4.3 mM NapyHPO4.7H50, 1.4 mM
KHoPOy, pH 7.3]. The washed cells were
again pelleted and then resuspended in 3
ml of an ice-cold buffer containing 10 mM
Tris-HCI, pH 7.4, 10 mM NaCl, 1.5 mM
MgCl,. Cells were lysed by the addition of
0.1 volume (300 pl) of 5% (v/v) Nonidet P-
40 and 5% (v/v) deoxycholic acid (DOC).
The cellular lysates were clarified twice by
centrifugation at 300 x g for 10 min at 49C.
An equal volume of 2x proteinase-K (PK)
buffer, containing 200 mM Tris-HCI, pH
7.5, 300 mM NacCl, 25 mM EDTA and 2%



sodium dodecyl sulphate (SDS) was
added along with proteinase K to a final
concentration of 200 ug/ml. The lysates
were incubated at 37°C for 1 hr and
extracted twice with an equal volume of
phenol/chloroform/isoamyl alcohol
(25:24:1 vivlv) and once with an equal
volume of chloroform/isoamyl alcohol (24:1
vlv). Finally, 3M sodium acetate, pH 5.2
(0.1 volume) and 100% ethanol (2.5
volumes) was added to the lysates to
precipitate the RNA. RNA was stored at -
20°9C as an ethanol precipitate.

First Strand cDNA Synthesis:
Approximately 15 pg of cytoplasmic
RNA was recovered from the ethanol
precipitate by centrifugation. The RNA
pellet was resuspended in 20 pl water,
denatured at 65°C for 3 min and quenched
on ice. The first strand cDNA was made
using avian myeloblastosis virus (AMV)

reverse  transcriptase and random
hexanucleotides as primers. The
resuspended RNA was added to the

reverse transcription mixture containing 50
mM Tris-HCI, pH 8.5, 8 mM MgCl,, 30 mM
KCI, 1 mM DTT, 80 Units of human
placental ribonuclease inhibitor
(Boehringer Mannheim), 5 mM of each
dNTP and 50 Units AMV reverse
transcriptase (Boehringer Mannheim) in a
final volume of 50 pl. The mixture was
incubated at 429C for 2 hours. After the
first strand cDNA synthesis, 450 ul of 10
mM Tris-HCI, pH 7.4/ 1 mM EDTA (TE)
was added and the cDNAs were stored at -
20°cC.

Oligodeoxynucleotide Synthesis:

All oligodeoxynucleotide primers used
for PCR and DNA sequencing were
synthesized in-house using a Pharmacia
Gene Assembler Plus. After synthesis, all
oligonucleotides were desalted (NAP-10
columns, Pharmacia), eluted in 1.0 ml of
water, and quantitated by
spectrophotometry prior to use.

Gene Amplification by PCR:

Since little was known a priori about the
genomic sequence of HIV-1|bNg,
amplification primers were chosen, based
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on a comparison of the genomic
sequences of known HIV-1 strains, from
highly conserved regions of the HIV-1
genome (4). Primer pairs were chosen so
that the predicted size of the amplification

products would be kept below 4.0
kilobases. Two of the five amplification
products contained env sequences

analysed in this report. The amplification
mixtures contained Taq DNA polymerase
buffer (10 mM Tris-HCI, pH 8.3, 1.5 mM
MgCl,, 50 mM KCl and 100 ug/ml gelatin),
2.5 uM of each primer, 200 uM of each
dNTP, 5 - 10 pl of diluted first strand cDNA
and 2.5 Units of Tag DNA polymerase
(Boehringer Mannheim) in a final volume
of 50 ul. The cycling parameters of each
amplification differed according to the
primer pairs used and the sizes of the
predicted amplicons. The primer pairs
were SK-32 (sense strand primer, 5'-
ACC/TGC/CACICTGI/TAGI/TAG-3', nt, no.
4308-4325) and ENV-6661 (anti-sense
strand primer,
5'-ACT/AGT/TAG/GTT/GCT/ACT/G-3', nt.
no. 6661-6643), which were predicted to
produce an amplicon of 2,354 bp in size,
and ENV-6588 (sense strand primer, 5'-
TAA/CCC/CACITCT/GTG/TTA-3, nt. no.
6588-6605) and SK-69 (anti-sense strand
primer,
5'-CCA/GAC/TGT/GAG/TTG/CAAICAG-3/,
nt. no 7936-7916), which were predicted to
produce an amplicon of 1,349 bp in size.
The numbering system used was
according to tha of the HIV-1,yp,, strain
(GenBank acc. no. KO03455). The
conditions used for amplifications
consisted of either 30 cycles of 94°C for 1
min, 429C for 2 min and 72°C for 4 min
(SK-32 and ENV-6662 primers) or 30
cycles of 940C for 1 min, 489C for 2 min,
729C for 2.5 min (ENV-6588 and SK-69).
Samples were subjected to 72°C for 10
min to ensure complete extensions of all
amplicons.

Construction of Plasmids:

Each amplicon was subjected to
agarose gel electrophoresis and
appropriately sized amplification products
were isolated, purified and inserted into
pBlueScriptll(SK)+ (Stratagene Cloning
Systems, La Jolla, CA). The resultant



constructs were named according to the
regions of the HIV-1,,,, genome contained

in their respective inserts, e.g. plbNg
pol/env, and plbNg env.
DNA Sequencing:

Supercoiled, plasmid DNA was
sequenced by the dideoxy chain

termination method in which products were
labelled with (cx-35S)-dATP. Sequence
Version 2.0 (United States Biochemical)
was used for all sequencing reactions.
The protocol used for primer/template
annealing was a modification of that
recommended by the manufacturer (United

States Biochemical, 1993). Briefly,
plasmid DNA was purified prior to
sequencing by spin column
chromatography (CHROMA  SPIN-400,

Clontech Laboratories, Inc., Palo Alto, CA).
Approximately, 7-10 pug of plasmid DNA
was denatured at 379C for 30 min in 0.2 M
NaOH/200 pM EDTA. The denatured
plasmid DNA was then placed on ice. The
mixture was neutralized with 0.1 volume of
3M sodium acetate, pH 5.2, and the DNA
was precipitated in 3 volumes of absolute
ethanol. DNA was recovered by
centrifugation after incubation at -80°C for
30 min and pelleted DNA was washed
once with 70% ethanol. For sequencing,
the DNA pellet was resuspended in 2 ul 5X
Sequenase buffer, 7 pl water and 1 pl of 1
pmole/ul primer. The nucleic acid mixture
was incubated at 65°C for 2 min and then
immediately transferred to 37°C for 30 min
to allow the primer to anneal to the
template. Samples were placed on ice
and the manufacturer's protocol was
followed for the sequencing reactions (8).
The reaction products were separated
under denaturing conditions using gels of
6% acrylamide (19:1) and 7M urea. A
glycerol tolerant buffer was used in all gels
and running buffers (United State
Biochemical, 1993). Sequencing gels
were fixed in 15% methanol/5% glacial
acetic acid and dried under vacuum at
809C. Finally, Kodak XAR-5 film was
exposed overnight at room temperature to
the dried gels.

Sequence Analysis:

GELENTER,
GELASSEMBLE

GELMERGE
(Sequence

and
Analysis
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Software Packages, version 7.3, Genetics
Computer Group, Inc., Madison, WI) were
used to maintain and assemble the raw
sequencing data into a final HIV-1IbNg env
consensus sequence (9). PILEUP (10)
(Sequence Analysis Software Package,
version 7.3, Genetics Computer Group,
Inc., Madison, WI) was used to align the
HIV-1,,\q €NV consensus sequence at both
the genomic DNA and the deduced amino
acid levels with the envelope encoding
regions of other known strains of HIV-1
that cluster within the A clade. These
include HIV-1gr4493 (GenBank acc. no.
M66533) (11), HIV-1,,55 (GenBank acc.
no. M62320) (12), HIV-1,4,; (GenBank
acc. no. M15896) (13), and HIV-1j4
(GenBank acc. no. M98503) (14).

Phylogenetic Tree Construction:

The HIV-1 phylogenetic tree was
created using the maximum parsimony
algorithm PAUP, Phylogenetic Analysis
Using Parsimony, version 2.4.2 (David L.
Swofford), at the Los Alamos National
Laboratory, Los Alamos, NM. The
consensus nucleotide sequence of the
envelope open reading frame of HIV-1,,
along with the following HIV-1 and SI\%
strains were used to create this tree. HIV-
1grq703 (GenBank acc. no M66533), HIV-
1,455 (GenBank acc. no M62320), (12),
HIV-1,5,, (GenBank acc. no M15896),

(13), HIV-1)pcsr (GenBank acc. no
M38429), HIV-1g, (GenBank acc. no
LO7422), HIV-1,,y (GenBank acc. no
M17449), HIV-1,;,, (GenBank acc. no
J03653), HIV-1g, (GenBank acc. no
K03454), HIV-1,,,5 (GenBank acc. no
M22639), HIV-1;,43 (GenBank acc. no
L03703), HIV-1 o (GenBank acc. no

LO7426), HIV-1{j7,7, HIV-1,y,79 GenBank
acc. no M31171), (15), HIV-1,,/pe150: @Nd
SWVepzaag,  Specifically, the coding region
of the env gene which spanned from the
beginning of the V1 domain of gp120 down
to the first 76 amino acids of gp41l were
used in the original alignment of the
nucleotide sequences.



RESULTS

Nucleotide and deduced amino acid
sequence of the Hlv'lleg gpl120 protein:

Fig. 1 shows the nucleotide sequence
(1,506 base pairs) of the gpl20 coding
region of the env gene of HIV-1,,, along
with the predicted amino acid sequence
(502 amino acids) of its gpl20 protein.
The gp120 coding region of HIV-1IbNg was
contained in two different amplicons which
overlapped in sequence. The region
encoding the 5' end of gpl20 was
contained within a 2.3 kb amplification
product which was used to construct the
plasmid plbNg pol/env. The region
encoding the 3' end of gp120 as well as
the 5' end of gp41 was contained within a
1.4 kb amplification product which was
used to construct the plasmid plbNg env.
The nucleotide sequence is a consensus
listing the most frequent nucleotide found
at each position which was derived from
the env sequences of 8 clones of plbNg
pol/env and 6 clones of plbNg env. Since
both G and T nucleotide residues were
found with equal frequency at nucleotide
position no. 394 of this gene, no amino
acid residue could be assigned to position
no. 132 of the deduced gp120 protein.
However, either a valine or a
phenylalanine residue would be predicted
to be located at this position.

Identification of HIV-1,\, clade:

The predicted amino acid sequence of
the V3 loop region of the HIV-l,bNg gpl20
protein was aligned with the concensus
amino acid sequences associated with
each of five HIV-1 subtypes (A, B, C, D
and E) (4). This alighment was based on
the positions of conserved cycteine
residues of the respective gp120 proteins
and the highly conserved GPGQ motif
located at the tip of their V3 loops (Fig. 2).
A comparison of the V3 loops in this
manner revealed that HIV-1,. clustered
most closely with the A clade 0? viruses, a
group geographically associated with West
and Central Africa. Alignment of the 35
amino acid residues comprising the V3
loop of Hlv'lleg gpl120 protein and the A
clade consensus gp120 proteins indicated
that a glycine residue at position # 11 of
the consensus is substituted by a serine
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residue in HIV-1,,.. ~ Comparison of
amino acid residues  surrounding the V3
loop regions of these viruses revealed
significant differences which placed HIV-
1;png in @ distant category from other HIV-1
clades. Alignment of the V3 loops of HIV-
1pyg and the other four clades (B, C, D
and E) of HIV-1 indicated differences of
four or more amino acid residues.
Moreover, regions surrounding the V3
loops of these viruses showed more
differences than similarities.

To analyze in more detail the clustering
of HIV-1,,\4 With the clade A of viruses, a
phylogenetic tree based on the nucleic
acid sequences of the envelope coding
regions of different HIV-1 strains was
constructed. In this analysis, the nucleic
acid sequences of the entire HIV-1;,\,
gpl120 coding region, the "test" sequence,
was aligned with well characterized
"reference” or  "probe"  sequences
representing each of the five clades. The
results of this analysis also indicated that
HIV-1,,\ Clustered most closely with the A
clade of viruses (Fig. 3).

Comparison of the deduced HIV-1IbNg
gpl20 amino acid sequences with other
members of the HIV-1 A clade:

To analyze the similarites and
differences between the gp120 proteins of
HIV-1 .\ and other HIV-1 strains

belonging to the A clade, the predicted
amino acid residues of these proteins were
aligned. Results of this alignment are
shown in Fig. 4. This diagram shows the
five hypervariable regions (V1 - V5) of the
predicted gp120 proteins of each strain as
well as the invariant 19 cysteine residues
and the positions of potential N-
glycosylation sites (Asn-Xaa-(Ser or Thr) of
these proteins. The majority of amino acid
residue differences between the predicted
gpl20 proteins of these strains was
located within or near the five
hypervariable regions (V1 - V5, especially
the V4 region. In addition, the sequences
of the N-termini of these proteins were also
fairly diverse. However, the number and
positions of the cysteine residues, as well
as the number, 21 - 24, and positions of
the potential N-glycosylation sites (Asn-
Xaa-(Ser or Thr)), were highly conserved
among these five strains.



M R V M G ! Q K N Y P L L W R W G T N |
1 ATG AGA GTGATG GGG ATA CAG AAG AAT TaT CCA CTC TTA TGG AGA TGG GGT ACG AAT ATA

. F w1 Mo | C N A E Q L WV T V Y Y G V
61 TTT TGGATA ATG ATA ATT TGT AAT GCT GAA CAA TTG TGG GTC ACG GTC TAC TAT GGGGTA

P VvV WK T A E T T L F C A 8§ D A K A Y D
CCT GTG TGG AAG ACG GCA GAGACC ACC CTA TTT TGT GCA TCA GAT GTC AAA GCA TAT GAT

T E V. H N V WA T H A C V P T D P N P Q
181 ACA GAA GTA CAT AAT GTC TGG GCT ACA CAT GCC TGT GTA CCC ACA GAC CCT AAC CCA CAA

12

=

E 1 H L E N V T E K F N M W K N N M V E
241 GAA ATA CAT TTG GAa AAT GTA ACA GAA AAG TTT AAC ATG TGG AAA AAT AAC ATG GTA GAA
Q M H E D | | S L wW D Q S L K P C V K L

301 CAG ATG CAT GAA GAT ATA ATT AGT CTA TGG GAC CAA AGC CTA AAG CCA TGT GTA AAG TTA

T P L €C VvV T L D C H N X N N S Y S8 N S S8
ACC CCT CTC TGC GTT ACT TTA GAT TGT cAT AAT XTC AAC AAC AGC taC AGC AAC AGT AGC

N T L 8 D M N G E | K N D S F N | T T E
421 AAC CTA ACT AGT GaC ATG AAt GgG GAA ATA AAA AAC TGC TCT TTC AAT ATA ACC ACA GAA

V R D K K K K M H A L F Y R L D V VvV Q |
481 GTA AGA GAT AAG AAA AAG AAG ATG cAT GCACTT TTT TAT AGA CTT GAT GTA GTA CAA ATT

36

=

N E N N G 8 Q Y R L I N C N T S8 A 1| T Q
541 AAT gAA AgT AAT GgT AGT CAG TAT AGGTTA ATA AAT TGT AAT ACC TCA GCCATT ACA CAG
A C P K V 8 F E P | P H vy C A P A G F
601 GCT TGT CCA AAG GTA TCC TTT GAGCCA ATT CCC ATA CAT TAT TGT GCc CCA GCT GGT TTT
A 1 L K ¢C K D K GG F N G T G P C K N V S
661 GCGATT CTA AAG TGT AAG GAT AAA gGG TTC AAT gGA ACA GGGCCA TGC AAA AAT GTC AGC
T v Q@ C T H G I K F v v 8 T Q L L L N G
721 ACA GTA CAA TGC ACA CAT GGAATC AAG CCA GTA GTA TCA ATC CAA CTG CTG TTA AAT GGC
S L A E G E V VvV I R 8 E N | T N N A K T
781 AgT CTA GCA GAA GGA GAA GTA GTG ATC AGA TCT GAA AAT ATC ACA AAC AAT GCC AAA AcC
| | v-Q L A N P V K | N C T R P N N N T
841 ATA ATA GTA CAG TTG GCT AAT CCT GTA AAA ATT AAT TGT ACC AGA CCT AAC AAC AAT ACA
R K G V H | G P G Q A F Y A T G D I | G
901 AGA AAA GGT GTA CAT ATA GGA CCA GGG CAA GCATTC TAT GCAACA GGT GAC ATA ATA GGG
D 1 R Q A H C N V s K T E W N K T L H Q
961 GAT ATA AGA CAA GCA CAT TGT AAT GTC AGT AAA ACA GAA TGG AAT AAA acT Tta cat caG
v v T Q@ L K T Y F K N T T 1 ! F A N P L
1021gta gTt aca cAa TTA AAG ACG TAC TTT AAG AAC ACC ACA ATA ATC TTT GCT AAC CCC TTA
G G D Vv E | T T H s F N C G G E F F Y C

1081 GGA GGGGAT GTA GAA ATT ACA ACA CAT AGT TTT AAT TGT GGAGGAGAA TTT TTC TAT TGC

N T 8 K L F N 8 T WD N S N S T A N H T
1141 AAT ACA TCA AAA CTG TTT AAT ACG ACT TgG GaT AAT AGC AAT AGC ACT GCCAAC CAC ACA

G 8§ N D T | T L Q@ C R 1 K Q | vV N M W Q
1201 GGG TCA AAT GAC ACT ATA ACT CTC CAA TGC AGA ATA AAG CAA AAT GTA AAT ATG TGG CAG
K v 6. @ A M Y A P P | Q G | | R C D S8 N

1261 AAA GTA GGACAA GCA AtG TAT GCC CCT CCC ATC CAA GGAATA ATA AGA TGT GAT TCA AAC

| T 6L L L T R D G G N N S T N E T F R
1321 ATT ACA GGACTA CTA TTA ACA AGA GAT GGA GGGAAT AAT AGT ACA AAT GAA ACC TTC AGG

P G G G D MR DN WWR S E L Y K Y K Vv v
1381 CCT GGA GGA GGA GAT ATG AGG GAC AAT TGG AGA AGT GAA TTA TAT AAG TAT AAA GTA GTA

K 1 E P L G V A P T R A K R R V V E R E
1441 AAA ATT GAA CCA CTA GGT GTA GCA CCC ACC

Fig. 1: HIV-1yngq 9Enomic nucleotide sequences comprising the coding region for
the gp120 protein. The first 1,506 nucleotide sequences encoding the HIV-1 Ib”
gp120 protein is shown along with the predicted amino acid sequence for t fg
protein. Consensus nucleotide sequence of the HIV-1;,n, 9p120 coding region
(bottom). Capital letters represent total agreement betweer the various clones at
that nucleotide position; small letters represent the predominant nuclectide at that
position between the clones. Also shown is the deduced amino acid sequence,
based on the consensus nucleotide sequence of the gp120 protein (top).
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HIVSF170
A | [ HIVU465

—— HIVZ321

—
~EKIIVJRCSF
HIVSF2

~—— HIVMN

HIVJY1
HIVELI

HIVZ2Z6

—E— mviu.

—— HIVNOF

——— HIVD747

SIVCPZGAB

—o—{ "
HIVMVP65180

2% of total tree length

Fig. 3: Diagram of HIV-1 envelope tree. HIV-1 IbNg clusters with the clade A
strains of HIV-1. Shown are the five operationally defined clades of HIV-1, labelled
A - E, along with the names of the HIV-1 and SIV strains used in this analysis. The
portion of the envelope gene used to construct this tree spanned the region from the
beginning of the V1 lop down to the first 76 amino acids of gp41.
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RIV-1_ es
NIV-Lygs
RIV-1op0e
MIV-1,py,
NIV-1000,
Consensus

MIV-1, res
NIV-1y4e
RIV-10p0¢
HIV-1,,,
RIV-1,.,
Consensus

RIV-1,. .0
MIV-1,4,
RIV-1,
RIV-1,,,
HIV-1,00,
Consensus

RIV- l.l7!‘l
RIV-1gs
RIV-140,
RIV-1,5,
AIV-1,,,
Consernzas

RIV- 1"!10'
RIV-1ys
RIV-1p0
RIV-1,y,
HIV-1,0,
Consensus

NIV-1,,00s
RIV-1y
RIV-1op0¢
RIV-1,,,
HIV-1,,,
Consensus

RIV-1, e
NIV-14
RIV-1,,,
RIV-14p,
RIV-1,,,
Consensus

RIV-1, ree
RIV-Loye
RIV-Lopee
RIV-14p,
KIV-1.
Consensus

Fig. 4: Alignment of the deduced amino acid sequence of the HIV-1
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gp120 protein with

other HIV-1 clade A strains. This alignment was constructed using tg§$ILEUP program of
the Genetics Computer Group package. The gp120 consensus sequence of the clade A
strains, shown at the bottom of the diagram, was constructed from the five strains of HIV-1
identified at the left side of the diagram. A dash ( - ) represents concurrence with the clade A
consensus sequence while a period ( . ) indicates a deletion. The invariant cysteil id

and potential N-limked glycosylation sites are denoted either with an asterisk ( * ) or are

4
i

ored (_ ) tively. The positions of the five hypervariable regions (V1 - V5)

within the gp125 p;otei; as well as the putative CD4 protein-binding domain are also shown.
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DISCUSSION

We have obtained the complete
nucleotide sequence of the surface or
envelope protein (gp120) encoding region
of a new strain of HIV-1 (HIV-1,,,) from
Nigeria. This represents the first’ HIV-1
isolate from this region of Africa. Based
on the nucleic acid sequence of the gp120
encoding region, we determined that this
virus clusters with the clade A strains of
HIV-1, which have been primarily isolated
from regions of West and Central Africa
4). This conclusion was also
corroborated when the deduced amino
acid sequences of the third hyper-variable
regions, V3, of different HIV-1 gp120
proteins were analyzed.

The gpl120 protein of HIV-1 has been
shown to be an important determinant of
viral pathogenicity.  Our attention was
again drawn to the gpl120 gene of HIV-
1IbNg because of the unique biologic
characteristics of this strain (7) The
person, from whom this virus was isolated,
was asymptomatic and apparently healthy
at the time of blood donation. However, he
went on to develop AIDS within 6 months
of the initial blood donation and died after
4 months. In the previous paper (7), we
have shown that HIV-1,, replicates well
and is cytopathic in established cell lines
such as the IL-2 dependent T-cell line
CEM,, the IL-2-independent T-cell line H9,
and the monocytic cell line U937, as well
as primary PHA-stimulated PBMC and
freshly isolated monocyte/macrophage. In
general, HIV-1 isolates are restricted in
their ability to infect macrophage or T
lymphoid cell lines (16-21). Strains of HIV-
1 capable of infecting macrophages are
unable to infect lymphoid cell lines and
vice versa (22). Further, HIV-1 isolates
that have been recovered from patients
with advanced HIV disease have been
shown to be more cytopathic, display a
wider host range in vitro, and replicate with
faster kinetics than isolates obtained from
the same individual in a prior healthy state
(23,24). Although  the functional
significance  of  HIV-1, envelope
sequences is unclear, it is possible that the
broad host range and the ability of HIV-
lpng to infect macrophage, T- and
monocytoid cell lines is associated with
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conformational changes in
proteins of this virus.

Much attention has been focused on
analyzing the third hypervariable region of
the gp120 protein because of its direct or
indirect involvement in immunogenicity
and/or pathogenesis. This region has
been shown to be a determinant of cell
tropism (17, 20, 21, 25), and is required for
viral infectivity (26) and viral fusion (27). In
addition, epitopes for cytotoxic T-cells
(28,29) and helper T-cells (29,30) as well
as the principle neutralizing domain (PND)
to which neutralizing antibodies bind (27,
31-35) have all been shown to be located
within this domain.

The V3 loop is a 35 to 37 amino acid
residue structure bounded by a pair of
disulphide-bonded cysteine residues (36).
This loop is thought to form two anti-
parallel B turns with a short C-terminal, a
helix (37). The amino acid sequence of
this loop varies substantially among
different strains of HIV-1 (38). However, it
should be noted that the residue flanking
the V3 loop of strains belonging to the
same clade display more sequence
heterogeneity than those located within
their V3 loops. Analysis of the deduced
amino acid sequences of the V3 region of
the HIV-1,,, 9p120 protein revealed that it
comprised §5 amino acid residues with
only one change from the published
consensus sequence of clade A viruses
(38). This single amino acid difference,
which may be associated with
conformational changes in this protein, is a
conservative substitution from a serine
residue to a glycine. It is possible,
therefore, that some of the biological
properties of HIV-1,,, are influenced by
the conformational changes of the V3 loop
of its gp120 proteins.

Situated near the centre of the gpl120
V3 loop of HIV-1,,, is the tetrapeptide
GPGQ. The two most common peptide
motifs found at this position are GPGQ,
which is the most common motif found in
HIV-1 clades A, C, D and E, and GPGR
which is the most common motif of the B
clade strains (37). Both of these motifs
are believed to form a B-turn between two
B-sheet side regions (33). This region of
the loop may have a role in viral fusion

the gpl20



(26), and it may contain a functional
protease cleavage site (39,40).

Analysis of the deduced amino acid
sequences of the gp120 proteins of other
A clade strains revealed the strict
conservation of 19 cysteine residues.
Each of the five hyperactive regions, which
are all believed to exist as looped
structures, are flanked by these residues.
Most of these cysteines have been shown
to be involved in intra-chain bonding and
are therefore assumed to be involved in
maintaining the tertiary conformation
necessary for the proper functioning of the
HIV-1 surface proteins (36).

The role of HIV-1 envelope protein
modification by N-linked glycosylation in
the pathogenicity of HIV-1 has not been
exhaustively addressed. However, the
virulence of influenza A virus has ben
shown to be affected by the presence or
absence of just one N-linked glycosylation
site in its haemagglutinin protein (38). The
H'V‘lmNg gpl20 prot.ein ha§ 26 potential
N-linked™ glycosylation sites. The
proteolytic precursor of the gp120 protein
(gp160) of HIV-1,. is predicted to be one
of the 10 most extensively glycosylated
proteins when approximately 18,000
protein sequences in the SWISS-PROT
library were analyzed for the number of
potential N-linked glycosylation sites (38).
A comparison of the potential N-linked
glycosylation sites, also known as sequons
(38,40), of the deduced Hlv'lleg gpl20
protein with other gp120 proteins of HIV-1
A clade strains revealed that both the
number of potential sites and their relative
positions are fairly conserved within the
clade. A majority of these sites cluster
within or immediately surrounding the five
hypervariable regions, especially the V1,
V4 and V5 domains. It has been
conjectured that glycosylation may play a
role in the stabilization of the disulphide
bonds of these structures (38). Lastly, the
host cell in which HIV is replicating may
also play a role in the extent to which the
gpl20 protein is glycosylated as well as
the carbohydrate side-chain composition
of this molecule (epigenetical variability).

Complete genomic sequences of HIV-1
strains belonging to clade A are unknown.
Characterization of the entire genomic
sequence of HIV-1,,,, would, therefore, be
important  in identifying molecular
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structure(s) of the viral gene(s) involved in
the pathogenesis of subtype A strains.
These studies would also lead to a better
understanding of strategies for the
development of vaccines and other
interventions that can then be used in
regions of the world where HIV-1 strains of
the A subtype are endemic, such as West
and Central Africa.
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