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The principal neutralizing epitope of the human immunodeficiency virus type 1 (HIV-1) lies between two
invariant cysteines in the third variable region (V3) of the viral envelope (gpl20), and its amino acid sequence
varies among different HIV-1 isolates. HIV-2 carries an analogous amino acid sequence between two cysteines
of the V3 regions, but its functional similarity with the HIV-1 principal neutralizing epitope is uncertain. We
studied the degree of genetic variation of the HIV-2 V3 region in fresh blood samples from 12 HIV-2-
seropositive individuals from Guinea-Bissau. Polymerase chain reaction was used to amplify viral fragments of
465 bp containing the V3 region from cellular DNA. Nucleotide sequence analysis of the entire envelope
fragment from each patient revealed that the degree of variation among field isolates of HIV-2 is comparable
to that observed in the analogous region of HIV-1. Most of the HIV-2 isolates studied were highly related,
suggesting the existence of a limited number of different viral strains in the cohort studied. Thus, the HIV-2 and
HIV-1 V3 regions vary to a similar degree and may also have analogous functions.

Human immunodeficiency virus type 2 (HIV-2) was dis-
covered in and isolated mainly from patients of West African
origin (2, 7, 41). HIV-2 causes AIDS in humans but is far less
pathogenic than HIV-1 (29). HIV-2 is more closely related
both immunologically and genetically (6, 11, 12, 17, 20) to
simian immunodeficiency virus (SIVmac, SIVmnC, or SIVsm)
than to HIV-1. Several lines of evidence suggest that HIV-2
might have been transmitted horizontally from monkeys to
humans (21, 30). Unlike HIV-1, HIV-2 can infect macaques
and baboons; as these animals do not develop clinical
immunodeficiency (10, 13, 34, 38), they can be used to test
the protective effect of a vaccine against viral infection.
However, the usefulness of HIV-2/SIV in monkeys as a
model for HIV-1 infection of humans has been questioned
because of the apparent biological-pathologic difference be-
tween these virus groups. In particular, the failure (39) or the
low efficiency (3) of HIV-2/SIV linear V3 region peptides to
induce neutralizing antibodies compared with that of HIV-1
(16, 31, 36, 40) suggests that an additional region(s) of the
HIV-2/SIV envelope protein participates in neutralization.
In HIV-1, the principal neutralizing domain is in the V3
region, which lies between two disulfide bonds thought to
confer a loop structure (V3 loop) (28) and is subjected to a
high degree of genetic variation (18). In contrast, for SIV,
low variability within the V3 region has been reported (4, 5,
23, 35). The origin of the SIV family of viruses (SIVmac,
SIVmne, and SIVsm) is unknown, but they possibly represent
a discrete viral population that entered captive colonies in
the United States (8); if so, the degree of variability of the
SIV V3 region measured in these sibling viruses should be
low.
To investigate the spectrum of HIV-2 variability in nature,

we analyzed viral sequences in DNA obtained from the fresh
peripheral blood of healthy HIV-2-seropositive Guinea-Bis-

* Corresponding author.

HIV-2 env

GP120 GP41

nested pcr

EB4
(6792)

EB5
(7297)

cloning

sequencing

FIG. 1. Schematic representation of the polymerase chain reac-
tion strategy employed. Sequences of the primers used were as
follows: for EB3, 5' TTTGAGCGGCCGCGGTACTCAAAAGATG
TGG sense (6661 to 6677); for EB4, 5' TTTGAGCGGCCGGGATA
GTGTGCACCACCGGG sense (6792 to 6809); for EB5, 5' ACTTA
GAATTCTCCTCTGCAGTTAGTCCAC antisense (7279 to 7297).
The conditions for polymerase chain reaction analysis were as
follows. DNA (0.1 to 1 ,ug) was amplified with Taq polymerase
(Perkin-Elmer) with the reagents provided by the manufacturer.
Initial denaturation was at 94'C for 5 min; initial denaturation was
followed by 35 cycles of 1 min of denaturation at 94°C, 1 min of
annealing at 58'C, and 1 min of elongation at 72°C. Final elongation
was for 10 min at 72°C.
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FIG. 2. Amino acid sequence alignment of the entire HIV-2/SIV envelope sequences studied. Number 1 corresponds to amino acid residue
223 in the envelope sequence of HIV-2SBLJSY (11). The letters represent the single-letter amino acid code, with the exception of X, which
indicates the lack of a predominant amino acid in this position. The dashed lines represent identity of the amino acid with the consensus
sequence, whereas the dots represent amino acid deletions. The V3 region is depicted with boldface letters.

sau blood donors. As schematically represented in Fig. 1,
two oligonucleotide primers (EB3 and EB5), chosen accord-
ing to the alignment of three known viral isolates (HIV-2,sy
[11], HIV-2NIH-z [41], and HIV-2ROD [17]), were used to
amplify a fragment of 638 bp encompassing the HIV-2 V3
region. The sensitivity of the polymerase chain reaction was
increased by a second amplification of the polymerase chain
reaction product by using EB5 in conjunction with a third
internal primer, EB4. The amplified viral DNA fragments
were cloned, and the DNA sequences obtained were sub-
jected to computer analysis (Microgenie; Beckman).

Alignments of the predicted envelope amino acid se-
quences of the HIV-2 studied, the other known HIV-2
isolates (9, 11, 17, 19, 24-26, 41), and SIVmaC, SIVsm, and
SIVmne (6, 12, 20, 21, 33) are presented in Fig. 2. The overall
alignment of the amino acid sequences indicated the pres-
ence of gaps due to the insertion of six nucleotides in

HIV-2RO and HIV-2BEN and of three nucleotides in HIV-
2NIH-Z, HIV-21sy, HIV-2D194, HIV-2ST, and HIV-2GH and
HIV-20B53 from the Guinea-Bissau cohort. The highest
degree of amino acid conservation was observed at the
amino terminus of the envelope region studied. Immediately
before the first cysteine of the V3 region, a stretch of seven
amino acids showed high variability and most of the amino
acid changes were nonconservative. In contrast, the same
amino acid region among the SIV isolates was well con-
served. In HIV-1, the V3 loop crown region (GPGR) is
highly conserved among different viruses (27), and a region
with a different amino acid composition (FHSQ) in the
middle portion of the V3 region is also highly conserved
among the HIV-2/SIV isolates (14). In HIV-2, the amino
(RPGNKT) and carboxyl (QAWC) terminus regions adja-
cent to the cysteines, which delimit the V3 region, are also
highly conserved. The highest variability in both nucleotide
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1 TGTAAGAGGCCAGGAAATAAGACAGTTGTACCAATAACACTTATGTCAGGGTTAGTGTTTCACTCC CAGCCA ATCAATNNNAGACCCAGGCAAGCATGGTGC 112

HIV-2 gb12 ----G---------g------------------------------------c-g ------------ ----- ------AAA--g------------------ 112
HIV-2 gb13 1 ----G---a-----------------------------------------a--gA-A--------- -----g --t---AAA--------------------- 112
HIV-2 gb24 1 --------------g------------------------------------c-------------- ------ ------AGA--------------------- 112
HIV-2 gb25 1 --------------------------a-----------------------a-----a--------- ------ ------CGA--g------------------ 112
HIV-2 gb30 1 ---W-a-----g----------- a-------- ----------g ------AGA------------------t-- 112
HIV-2 gb35 1-------1------------------------------------------------------t--------g ------------------------- 112
HIV-2 gb48 1 ----------------------------CG---G-------------------------------t ----g ------AGA-----t-----g--------- 112
HIV-2 gb5l 1 ---------a-----------a--; C ----- T-------T-C-----a---A-A-----t--- --- --- AGA-----t--------------- 112
HIV-2 gb53 1 --------a -----------= ---------------------aG ---- -----gATC------AAA--g------------------ 115
HIV-2 gb54 1 ----------------------------CG---G-------------------t -----g -----AAA.----t-----g_-------- 112
HIV-2 gb55 1 -----a--------------------------------g------------A-T ------------ ----- -----cAGA--g------------------ 112
HIV-2 gb57 1 ----------------------------------G----------------------------t--- -----g G-----En-112------112HIV-2 nihz 1 -----------g--------------gT-----------T------------- --------- ------GTC------AAA-______---t 112
HIV-2 st 1 -----------------c------------------------c----------- ----- ------ ------AGA--------------------- 112
HIV-2 isy ----G---a-----------a--------------------c-------- cAGA -------- ---ATC.------AAA-A------------------- 115
HIV-2 d194 1 --------a----------------------------------------t_-_-----t ---GTCTA---cAAA-A---t---g--------t 115HIV-2rod1-------------g------t---@ ---s---------aE§-- ---------CA -CTA------ g ------AAA--------a------------ 118HIV-2 rod 1 --------g-----t--- -------- -- A--ATA - - Aa - 1HIV-2 ben 1 --------a------------------T---------------a--------------t ------ ----- -g--t-----g--------- 112
HIV-2 d205 1 -----------------c-----g------------- CC------ac--C-T--c--t--a -----t ----- §-------a-----t------ 112
HIV-2 gh 1 --------a--------c-----------------------c------------------------ ------ ----- ---- t--------------- 112
SIV mm142 1 ----GA--a------------------T-----G-C--cA-------t--g--t--c-----a --a--- G---- -g--a-A---g--------t 112
SIV mm239 1 ----GA--a------------------T-----G-C--cA-------t--a--g--t--c-----a --a--- ----- -g--a-A---g----t---t 112
SIV mm251 1 ----GA--a------------------T-----G-C--cA-------t--a--g--t--c-----a --aA-------- -g--a-A---g--------t 112
SIV k6w 1 ----GA--a------------------T-----G-C--cA-------t--a--g--t--c----- --aa C---C -g--a-A---g--------t 112
SIV mne 1 ----GA--a------------------T-----G-C--cA-C-----t--a--g--t--c-----a --a--- ----- -g--a-AA--g--------t 112SIV smmh4 1 ----GA--a------------------T-----G-C--cA-------------g--c--c-----g c --a ----a-AA--g--c------ 112

FIG. 3. Amino acid and nucleotide sequence alignment of the HIV-2/SIV V3 region (cysteine to cysteine). The upper lines represent the
consensus amino acid and nucleotide sequences, and number 1 corresponds to nucleotide position 7030 of the HIV-2SBL/lSy sequence (11).
Capital letters represent nucleotide substitutions that yielded conservative amino acid changes. The boxed capital letters represent
substitutions that yielded nonconservative amino acid changes. Lowercase letters represent silent nucleotide changes.

and amino acid sequences was found at the 3' end of the V3
region, as in HIV-1.

Detailed analysis of the qualitative nucleotide changes
within the V3 region (Fig. 3) indicated that more than
one-third of the nucleotide substitutions changed the amino
acid sequence and that one-half of the amino acid changes
were nonconservative. Thus, this region of HIV-2, the
equivalent of which has been shown for HIV-1 to be impor-
tant in neutralization (16, 31, 36, 40) as well as in determi-
nation of viral tropism (2), displayed high variability in vivo.
To better quantitate the degree of genetic changes within

the HIV-2 V3 region, we compared several previously
published HIV-2 DNA sequences (9, 11, 17, 19, 24-26, 41)
with those obtained from the Guinea-Bissau cohort studied
and the known SIV isolates (6, 12, 20, 21, 32). The average
divergence at both the nucleotide and amino acid levels of
the Guinea-Bissau HIV-2 isolates was twice that of SIV and
approximately one-half of the genetic variability observed
among the other known HIV-2 isolates (Fig. 4A). These
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findings are indicative of geographical variation of HIV-2
viral strains and clustering within the community studied.

High genetic variability of the V3 region has been shown
among several HIV-1 isolates (27). To ascertain whether the
HIV-1 and HIV-2 V3 regions varied to a comparable degree,
we compared sequences for each member of the two virus
families with the nucleotide consensus sequence of this
region for each family. The comparison included a total of 22
HIV-2 and 245 HIV-1 samples (27). The results, graphically
represented in Fig. 4B, showed an overall comparable
degree of genetic variation (around 14%) among the HIV-2
and HIV-1 isolates studied.
To better evaluate the existence of geographical clusters

of HIV-2 isolates, we constructed a dendrogram from the V3
region DNA sequences of the known HIV-2 isolates, SIV
isolates, and Guinea-Bissau cohort HIV-2 isolates (Fig. 5).
The SIV isolates clustered with each other and separately
from the HIV-2 isolates from Guinea-Bissau (10 of 12). A
subcluster of HIV-2 isolates was observed to contain HIV-
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FIG. 4. Diagram of the percent divergence among HIV-1/HIV-2/SIV V3 regions (cysteine to cysteine). (A) Presented on they axis is thepercent divergence in the V3 regions. The open circles represent nucleotides and the closed circles represent amino acids. The SIV group
includes SIVmac, SIVmne, and SIVsm (6, 12, 20, 21, 32). The HIV-2 Guinea-Bissau group includes the 12 viruses studied as described in thisreport. HIV-2 West Africa represents all the HIV-2 sequences known plus two of the Guinea-Bissau viruses (GB55, GB57) (9, 11, 17, 19,24-26, 41). (B) Presented on they axis is the percent nucleotide divergence in the V3 region. The open square represents the value obtainedby comparison of the known HIV-2 sequences and the samples studied as described in this report, and the closed square represents all theHIV-1 samples studied as described in reference 27.
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FIG. 5. Cluster analysis of the V3 region (cysteine to cysteine)
DNA sequences of HIV-2 and SIV isolates. The dendrogram was
unrooted. The personal computer gene sequence analysis software
(version 6.5) was used (program Clustal; Intelligenetics). The DNA
of the isolate HIV-21sy was resequenced from the original molecular
clone (11), and three nucleotide differences from the published
sequence were found at positions 6910 (A instead of C), 7043 (G
instead of A), and 7247 (G instead of A), reflecting previous
sequencing errors.

21sy, HIV-2D194, HIV-2NIH-z, and HIV-2GB52. In this anal-
ysis, HIV-2RoD, from the Cape Verde islands, appeared to
be the most divergent.

In conclusion, the genetic variability among the HIV-2
isolates analyzed in this study appeared to be comparable to
that among HIV-1 isolates. Recently, very divergent viruses
have been identified among African HIV-1 isolates (32) and
among West African HIV-2 isolates from a remote region in
Liberia (15). Thus, determination of the extent of interspe-
cies and intraspecies variability of these human lentiviruses
awaits further studies.

In monkeys experimentally inoculated with a molecular
clone of HIV-2 (13) and three independent molecular clones
of SIV (4, 5, 23, 35), variability over time in the V3 region
has been reported to be low. In those experiments, the
analysis of the proviral DNA was performed at different
lengths of time after infection, the longest being 2.5 years.
More extensive observation over time as well as the analysis
of a large number of animals might provide data that parallel
what we observed with individuals naturally infected with
HIV-2.

Epidemiological data indicate that HIV-2 is less patho-
genic than HIV-1 (29) and that HIV-2 is not readily trans-
mitted to offspring and infected patients (37). Thus, HIV-2
represents a lesser concern for public health. Clearly, it is a

higher priority to develop a vaccine against HIV-1 than it is
to develop one against HIV-2. However, since HIV-2 can be
used in an animal model for vaccine development against
HIV-1, the understanding of genetic, biological, and func-
tional analogies between these two lentiviruses is important.
Even more important is the understanding of the host

immune response to these viral agents. Recently, it has been
shown that immunization of rhesus macaques and rodents
with Salmonella typhimurium carrying HIV-2 gag and env
antigens elicited a cell-mediated immune response directed
against HIV-2 epitopes, which map at positions equivalent to
those found for HIV-1 (although the epitope sequences
differed) (1). Here we show that another important region
(V3) of the HIV-2 envelope varies in nature to a degree
equivalent to HIV-1.

In summary, we believe that these data suggest that HIV-2
and its close relative SIV represent acceptable models to
study protective immunity in vaccine trials before using
scarce chimpanzees.

Part of this work was supported by ASCOM; GVC; ICSC World
Laboratory, project MCD-2/11; and MedImmune (Gaithersburg,
Md.).
We are grateful to R. C. Gallo for support and Linda Anderson for

editorial assistance.

REFERENCES
1. Aggarwal, A., J. Sadoff, R. C. Gallo, P. D. Markham, T. Fuerst,

and G. Franchini. Submitted for publication.
2. Albert, J., U. Bredberg, F. Chiodi, B. Bottiger, E. M. Fenyo, E.

Norrby, and G. Biberfeld. 1987. A new human retrovirus isolate
of West African origin (SBL-6669) and its relationship to
HTLV-IV, LAV-Ill, and HTLV-IIIB. AIDS Res. Hum. Retro-
viruses 3:1-10.

3. Bjorling, E., K. Broliden, D. Bernardi, G. Utter, R. Thorstens-
son, F. Chiodi, and E. Norrby. 1991. Hyperimmune antisera
against synthetic peptides representing the glycoprotein of hu-
man immunodeficiency virus type 2 can mediate neutralization
and antibody-dependent cytotoxic activity. Proc. Natl. Acad.
Sci. USA 88:6082-6086.

4. Burns, D. P. W., and R. C. Desrosiers. 1990. Sequence variabil-
ity of simian immunodeficiency virus in a persistently infected
rhesus monkey. J. Med. Primatol. 19:317-326.

5. Burns, D. P. W., and R. C. Desrosiers. 1991. Selection of genetic
variants of simian immunodeficiency virus in persistently in-
fected rhesus monkey. J. Virol. 65:1843-1854.

6. Chakrabarti, L., M. Guyader, M. Alizon, M. D. Daniel, R. C.
Desrosiers, P. Tiollais, and P. Sonigo. 1987. Sequence of simian
immunodeficiency virus from macaque and its relationship to
other human and simian retroviruses. Nature (London) 328:543-
547.

7. Clavel, F., D. Guetard, F. Brun-Vezinet, S. Chamaret, M. A.
Rey, M. 0. Santos-Ferreira, A. G. Laurent, C. Dauguet, C.
Katlama, C. Rouzioux, D. Klatzmann, J. L. Champalimaud, and
L. Montagnier. 1986. Isolation of a new human retrovirus from
West African patients with AIDS. Science 233:343-346.

8. Daniel, M. D., N. L. Letvin, N. W. King, M. Kannagi, P. K.
Sehgal, R. D. Hunt, P. J. Kanki, M. Essex, and R. C. Desrosiers.
1985. Isolation of T-cell tropic HTLV-III-like retrovirus from
macaques. Science 228:1201-1204.

9. Dietrich, U., M. Adamski, R. Kreutz, A. Seipp, H. Kuhnel, and
H. Rubsamen-Waigmann. 1989. A highly divergent HIV-2-re-
lated isolate. Nature (London) 342:948-950.

10. Dormant, D., J. Livartowski, S. Chamaret, D. Guetard, D.
Henin, R. Levagueresse, P. F. van de Moortelle, B. Larke, P.
Gourmelon, R. Vazeux, H. Metivier, J. Flageat, L. Court, J. J.
Hauw, and L. Montagnier. 1989. HIV-2 in rhesus monkeys:
serological, virological and clinical results. Intervirology 30:59-
65.

11. Franchini, G., K. A. Fargnoli, F. Giombini, D. Jagodzinski, A.
DeRossi, M. Bosch, G. Biberfeld, E. M. Fenyo, J. Albert, R. C.
Gallo, and F. Wong-Staal. 1989. Molecular and biological char-
acterization of a replication competent human immunodefi-
ciency virus type 2 (HIV-2) proviral clone. Proc. Natl. Acad.
Sci. USA 86:2433-2437.

12. Franchini, G., C. Gurgo, H. G. Guo, R. C. Gallo, E. Collati,
K. A. Fargnoli, L. F. Hall, F. Wong-Staal, and M. S. Reitz, Jr.
1987. Sequence of simian immunodeficiency virus and its rela-

VOL. 66, 1992



4550 NOTES

tionship to the human immunodeficiency viruses. Nature (Lon-
don) 328:539-542.

13. Franchini, G., P. Markham, E. Gard, K. Fargnoli, S.
Keubaruwa, L. Jagodzinski, M. Robert-Guroff, P. Lusso, G.
Ford, F. Wong-Staal, and R. C. Gallo. 1990. Persistent infection
of rhesus macaques with a molecular clone of human immuno-
deficiency virus type 2: evidence of minimal genetic drift and
low pathogenetic effects. J. Virol. 64:4462-4467.

14. Franchini, G., and F. Wong-Staal. 1990. Conserved and diver-
gent features of human and simian immunodeficiency viruses, p.
107-119. In S. Putney and D. Bolognesi (ed.), AIDS vaccine
research and clinical trials. Marcel Dekker, New York.

15. Gao, F., L. Yue, A. T. White, P. G. Pappas, J. Barchue, A. P.
Hanson, B. M. Greene, P. Sharp, G. M. Shaw, and B. H. Hahn.
Unpublished data.

16. Goudsmit, J., C. Debouck, R. H. Meloen, L. Smit, M. Bakker,
D. M. Asher, A. V. Wolff, C. J. Gibbs, Jr., and D. C. Gajdusek.
1988. Human immunodeficiency virus type 1 neutralization
epitope with conserved architecture elicits early type-specific
antibodies in experimentally infected chimpanzees. Proc. Natl.
Acad. Sci. USA 85:4478-4482.

17. Guyader, M., M. Emerman, P. Sonigo, F. Clavel, L. Montagnier,
and M. Alizon. 1987. Genome organization and transactivation
of the human immunodeficiency virus type 2. Nature (London)
326:662-669.

18. Hahn, B. H., G. M. Shaw, M. E. Taylor, R. R. Redfield, P. D.
Markham, S. Z. Salahuddin, F. Wong-Staal, R. C. Gallo, E. S.
Parks, and W. P. Parks. 1986. Genetic variation in HTLV-III/
LAV over time in patients with AIDS or at risk for AIDS.
Science 232:1548-1553.

19. Haseoawa, A., H. Tsujimoto, N. Maki, K. I. Ishikawa, T. Miura,
M. Fukasawa, K. Miki, and M. Hayami. 1989. Genomic diver-
gence of HIV-2 from Ghana. AIDS Res. Hum. Retroviruses
5:593-604.

20. Hirsch, V. M., N. Riedel, and J. I. Mullins. 1987. The genome
organization of STLV-3 is similar to that of the AIDS virus
except for a truncated transmembrane protein. Cell 49:307-319.

21. Hirsch, V. M., R. A. Olmstead, M. Murphey-Corb, R. H.
Purcell, and P. R. Johnson. 1989. SIV from sooty mangabeys: an

African non-human primate lentivirus closely related to HIV-2.
Nature (London) 339:389-391.

22. Hwang, S. S., T. J. Boyle, H. K. Lyerly, and B. R. Cullen. 1991.
Identification of the envelope V3 loop as the primary determi-
nant of cell tropism in HIV-1. Science 253:71-73.

23. Johnson, P. R., T. E. Hamm, S. Goldstein, S. Kitov, and V. M.
Hirsch. 1991. The genetic fate of molecularly cloned simian
immunodeficiency virus in experimentally infected macaques.
Virology 185:217-228.

24. Kirchhoff, F., K. D. Jentsch, B. Bachmann, A. Stuke, C. Laloux,
W. Luke, C. Stahl-Hennig, J. Schneider, K. Nieselt, M. Eigen,
and G. Hunsmann. 1990. A novel proviral clone of HIV-2:
biological and phylogenetic relationship to other primate immu-
nodeficiency viruses. Virology 177:305-311.

25. Kuhnel, H., H. von Briesen, U. Dietrich, M. Adamski, D. Mix, L.
Biesert, R. Kreutz, A. Immelmann, K. Henco, C. Meichsner, R.
Andreesen, H. Gelderblom, and H. Rubsamen-Waigmann. 1989.
Molecular cloning of two West African human immunodefi-
ciency virus type 2 isolates that replicate well in macrophages:
a Gambian isolate, from a patient with neurologic acquired
immunodeficiency syndrome, and a highly divergent Ghanian
isolate. Proc. Natl. Acad. Sci. USA 86:2383-2387.

26. Kumar, P., H. Hui, J. C. Kappes, B. S. Haggarty, J. A. Hoxie,
S. K. Arya, G. M. Shaw, and B. H. Hahn. 1990. Molecular
characterization of an attenuated human immunodeficiency vi-
rus type 2 isolate. J. Virol. 64:890-901.

27. LaRosa, G. J., J. P. Kavide, K. Weinhold, J. A. Waterbury,
A. T. Profy, J. A. Lewis, A. J. Langlois, G. R. Dreesman, R. N.
Boswell, P. Shadduck, L. H. Holley, M. Karplus, D. P. Bolognesi,
T. J. Matthews, E. A. Emini, and S. D. Putney. 1990. Conserved
sequence and structural elements in the HIV-1 principal neu-

tralizing determinant. Science 249:932-935.
28. Leonard, C. K., M. W. Spellman, L. Riddle, R. J. Harris, J. N.

Thomas, and T. J. Gregory. 1990. Assignment of intrachain
disulfide bonds and characterization of potential glycosylation
sites of the type 1 recombinant human immunodeficiency virus
envelope glycoprotein (gpl20) expressed in Chinese hamster
ovary cells. J. Biol. Chem. 265:10373-10382.

29. Marlink, R. G., D. Ricard, S. M. Boup, P. J. Kanki, J. L.
Romet-Lemonne, I. N. Doye, K. Diop, M. A. Simpson, F. Greco,
M. J. Chou, V. Degruttola, C. C. Hsieh, C. Boye, F. Barin, F.
Denis, M. F. McLane, and M. Essex. 1988. Clinical, hemtologic,
and immunologic cross-sectional evaluation of individuals ex-

posed to human immunodeficiency virus type-2 (HIV-1). AIDS
Res. Hum. Retroviruses 4:137-148.

30. Marx, P. A., Y. Li, N. W. Lerche, S. Sutjipto, A. Gettie, J. A.
Yee, B. H. Brotman, A. M. Prince, A. Hanson, R. G. Webster,
and R. C. Desrosiers. 1991. Isolation of a simian immunodefi-
ciency virus related to human immunodeficiency virus type 2
from a West African pet sooty mangabey. J. Virol. 65:4480-
4485.

31. Matsushita, S., M. R. Guroff, J. Rusche, A. Koito, T. Hattori, H.
Hoshino, K. Javaherian, K. Takatsuki, and S. Putney. 1988.
Characterization of a human immunodeficiency virus neutraliz-
ing monoclonal antibody and mapping of the neutralizing
epitope. J. Virol. 62:2107-2114.

32. McCutchan, F., and J. Louwagie. (Henry M. Jackson Founda-
tion, Rockville, Md.). 1991. Personal communication.

33. Myers, G., A. B. Robson, J. A. Berzowsky, and T. F. Smith (ed.).
1990. Human retroviruses and AIDS. A compilation of nucleic
acid and amino acid sequences. Los Alamos National Labora-
tory, Los Alamos, N.Mex.

34. Nicol, I., G. Flamminio-Zola, P. Dubouch, J. Bernard, R. Snart,
R. Jouffre, B. Reveil, M. Fouchar, I. Desportes, P. Nara, R. C.
Gallo, and D. Zagury. 1989. Persistent HIV-1 infection of rhesus
macaque, baboon and mangabeys. Intervirology 30:258-267.

35. Overbaugh, J., L. M. Rudensey, M. D. Papenhausen, R. E.
Benveniste, and W. R. Morton. 1991. Variation in simian immu-
nodeficiency virus env is confined to Vl and V4 during progres-
sion to simian AIDS. J. Virol. 65:7025-7031.

36. Palker, T. J., M. E. Clark, A. J. Langlois, T. J. Matthews, K. J.
Weinhold, R. R. Randall, D. P. Bolognesi, and B. F. Haynes.
1988. Type-specific neutralization of the human immunodefi-
ciency virus with antibodies to env-encoded synthetic peptides.
Proc. Natl. Acad. Sci. USA 85:1932-1936.

37. Poulsen, A. G., P. Aaby, K. Frederiksen, B. Kvinesdal, K.
Molbak, F. Dias, and E. Lauritzen. 1989. Prevalence of and
mortality from human immunodeficiency virus type 2 in Bissau,
West Africa. Lancet i:827-830.

38. Putkonen, P., B. Bottiger, K. Warstedt, R. Thorstensson, J.
Albert, and G. Biberfeld. 1989. Experimental infection of cyno-
molgus monkeys (Macacafasciculans) with HIV-2. J. Acquired
Immune Defic. Syndr. 2:366-373.

39. Robert-Guroff, M., K. Aldrich, R. Muldoon, T. L. Stern, G. P.
Bansal, T. J. Matthews, P. D. Markham, R. C. Gallo, and G.
Franchini. 1992. Cross-neutralization of human immunodefi-
ciency virus type 1 and 2 and simian immunodeficiency virus
isolates. J. Virol. 66:3602-3608.

40. Rusche, J. R., K. Javaherian, C. McDanal, J. Petro, D. L. Lynn,
R. Grimaila, A. Langlois, R. C. Gallo, L. 0. Arthur, P. J.
Fischinger, D. P. Bolognesi, S. D. Putney, and T. J. Matthews.
1988. Antibodies that inhibit fusion of human immunodeficiency
virus-infected cells bind a 24-amino acid sequence of the viral
envelope, gpl20. Proc. Natl. Acad. Sci. USA 85:3198-3201.

41. Zagury, J. F., G. Franchini, M. Reitz, E. Collalti, B. Starchich,
L. Hall, K. Fargnoli, L. Jagodzinski, H. G. Guo, F. Laure, S. K.
Arya, S. Josephs, D. Zagury, F. Wong-Staal, and R. C. Gallo.
1988. Genetic variability between isolates of human immunode-
ficiency virus (HIV) type 2 is comparable to the variability
among HIV type 1. Proc. Natl. Acad. Sci. USA 85:5941-5945.

J. VIROL.


