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The human immunodeficiency virus type 1 strain MN (HIV-1MN) principal neutralizing determinant (PND,
V3 loop) was introduced into infectious molecular clones HIV-2KR and simian immunodeficiency virus mm239
(SIVmm239) by hybridization PCR, replacing the corresponding HIV-2 or SIV envelope cysteine loops with the
HIV-1 coding sequence. The HIV-2 chimera (HIV-2KR-MNV3) was found to be capable of infecting a number of
T-cell lymphoblastic cell lines as well as primary peripheral blood mononuclear cells. In contrast, the SIV
chimera (SIV239MNV3) was not replication competent. Envelope produced by HIV-2KR-MNV3 but not the
parental HIV-2KR was recognized by V3-specific and HIV-1-specific polyclonal antisera in radioimmunopre-
cipitation assays. HIV-2-specific antisera recognized both the chimeric and parental virus but not HIV-1MN.
The chimeric HIV-2KR-MNV3 virus proved to be exquisitely susceptible to neutralization by HIV-1-specific and
V3-specific antisera, suggesting the potential for use in animal models designed to test HIV-1 vaccine candi-
dates which target the PND.

One obstacle in the development of vaccines against human
immunodeficiency virus type 1 (HIV-1) infection has been the
lack of animal models suitable for rapid, statistically meaning-
ful, and inexpensive testing. Infection of a variety of nonhuman
primates with HIV-1 has been reported, including chimpan-
zees (Pan troglodytes) (2), gibbons (Hylobates lar) (20), and
macaques (Macaca nemestrina) (1, 8). Unfortunately, the
former two species are both endangered and expensive, all but
prohibiting conclusive studies. Macaques are more readily
available and much less expensive than chimpanzees or gib-
bons; however, models of HIV-1 infection ofM. nemestrina are
still being evaluated, and some investigators have observed
only limited replication of HIV-1 in pigtailed macaques even
after administration of large inocula (23), raising concerns
about sensitivity. Because simian immunodeficiency virus
(SIV), such as SIVmac239, readily infects macaques (9, 16, 18)
and produces disease resembling human AIDS, chimeras be-
tween SIVmac and HIV-1 (SHIV) which contain the HIV-1 env
and/or nef gene have been explored as a means of generating
viruses which are both capable of infecting macaques (cyno-
molgus species) and yet susceptible to immune responses elic-
ited by HIV-1-based vaccine candidates. Multiple HIV-2
strains have also been shown to be infectious in macaques (3,
5, 7, 23, 26) and, more recently, in baboons (5).
The V3 loop of the HIV-1 envelope continues to be an

attractive target for epitope-based vaccines, including those
currently being evaluated in phase I human trials. In chimpan-
zee models, neutralizing V3 antibodies are sufficient to protect

against homologous challenge virus (6), and V3 antibodies and
V3-based peptide vaccines have been shown to elicit broadly
neutralizing antibodies against primary isolates (10, 33, 36) in
small animals. Similarly, antisera to HIV-2 V3 peptides have
been shown to neutralize HIV-2 viruses in a type-specific fash-
ion (4), as observed (24) for HIV-1. In contrast, SIV V3 loop
peptides do not appear to elicit neutralizing antibodies (13).
An inspection of available aligned sequences (22) reveals that
the V3 loops of sequenced HIV-2 viruses are variable, though
less extensively than HIV-1 (;12 to 18% divergent for HIV-2,
compared with 14 to 40% for HIV-1). In contrast, SIV se-
quences are highly conserved in this region, suggesting that the
V3 loop of HIV-2 but not SIV may face selective pressures
similar to those faced by the V3 loop of HIV-1 in vivo. To
facilitate the development of an inexpensive nonhuman pri-
mate model for testing the ability of HIV-1 vaccine candidates
targeting the V3 region to block infectivity, the creation of a
chimera in which the HIV-2 V3 loop is replaced with that of
HIV-1 appears to be technically feasible and consistent with
the biology of these viruses.
By using the infectious HIV-2KR molecular clone (17) and

the SIVmm239 molecular clone (28), HIV-1MN V3 loop chime-
ras were constructed by hybridization PCR. The HIV-2 chi-
mera (HIV-2KR-MNV3) proved to be replication competent in a
number of T-cell lines and primary lymphocytes. In contrast,
the SIV/HIV-1 V3 chimera was not replication competent in
vitro, strengthening the suggestion that the role of the V3
region and/or tolerance for variability differs significantly be-
tween SIV and HIV-1 or HIV-2. The chimeric HIV-2 envelope
was recognized by antibodies against HIV-1MN V3 peptides
and native envelope. In addition, the HIV-2KR-MNV3 recombi-
nant virus was efficiently neutralized by HIV-1 V3-specific an-
tisera, further suggesting retention of a similar conformation
and biological function in this construct and potential utility in
vaccine models.
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MATERIALS AND METHODS

RIPA. For the radioimmunoprecipitation assay (RIPA), Molt 4/8 cells (;107)
acutely infected with HIV-2KR, HIV-2KR-MNV3, or HIV-1MN were starved for 2
h in cysteine- and methionine-free RPMI medium supplemented with 5% dia-
lyzed fetal calf serum. The cells were then metabolically labeled with 200 mCi
each of [35S]cysteine and [35S]methionine per ml for 6 h and then lysed in 4 ml
of RIPA buffer (50 mM Tris-HCl [pH 7.2], 150 mM NaCl, 0.1% sodium dodecyl
sulfate [SDS], 1% Triton X-100, 1% sodium deoxycholate, 1 mM phenylmeth-
ylsulfonyl fluoride, adjusted to pH 7.8) at 48C for 30 min. Lysates were cleared
by 20,000 3 g centrifugation in a 50 Ti rotor for 1 h. Sera used for immunopre-
cipitation included human serum from an HIV-1-infected AIDS patient, serum
from a macaque infected with HIV-2KR and HIV-2287 (21), and normal human
sera. Sera were diluted 1:100 in phosphate-buffered saline (PBS) and incubated
with washed Sepharose-protein A. From 5 3 106 to 10 3 106 Bq of each labelled
lysate per reaction was then added after washing. After they were washed four
times, precipitates were electrophoresed on a 9% polyacrylamide–SDS gel and
visualized by autoradiography.
Mutagenesis. Starting plasmids included bipartite plasmids containing the 59

(pKTM) and 39 (pRTsac) portions of the HIV-2KR provirus (32) and plasmids
p239SPE and p239SPSP (gift of R. C. Desrosiers), containing the 59 and 39
portions of the SIVmm239 provirus, respectively (28). Mutagenesis was performed
by hybridization PCR (34) (see Fig. 1) with central primers of 82 and 85 nucle-
otides covering 159 bp encoding the entire 99-bp HIV-1MN principal neutralizing
determinant (PND) and flanking HIV-2KR sequences, overlapping in the central
23 nucleotides. For HIV-2KR, the inner primers used were (59 fragment, down-
stream primer at 7798) 59-GCT-TTC-TTC-CAA-ATC-ACC-TCC-GAA-CCA-
ACA-TGT-GCT-TGG-TCT-TAT-AGT-TCC-TAT-TAT-ATT-TTT-TGT-
TGT-ATA-AAA-TGC-TGT-CCC-TGG-TCC-T-39 and (39 fragment, upstream
primer at 7652) 59-GCT-TAA-AAT-ACA-CAT-TAT-AAT-CTC-ACA-ATG-
CAT-TGT-ACA-AGA-CCC-AAC-TAC-AAT-AAA-AGA-AAA-AGG-ATA-
GGA-CCA-GGG-ACA-GCA-TTT-TAT-A-39. Outside primers used were in vpr
(upstream 59 fragment at 6329) 59-ATG-ACT-GAA-GCA-CCA-GCA-GAG-
TTT-39 and in nef (downstream, 39 fragment, 9948) 59-CAA-GAG-GGA-TAC-
CAT-TTA-GTT-AA-39. The 3.6-kb PCR product contained a 1.2-kb SpeI-EcoNI
fragment (6836 to 8094) which was cloned back into pRTsac deleted of the
corresponding SpeI-EcoNI region to generate plasmid pRT-MNV3, containing
the 39 portion of chimeric virus KR-MNV3.
An essentially identical procedure was used to substitute the HIV-1 MN V3

loop into SIVmac239 with 79- and 90-bp primers. The inside primers used were (59
fragment, downstream at 7892) 59-CCT-TCC-ATT-TTC-CTC-CAA-ACC-AAC-
AAT-GTG-CTT-GTC-TTA-TAG-TTC-CTA-TTA-TAT-TTT-TTG-TTG-TAT-
AAA-ATG-CTC-TCC-C-39 and (39 fragment, upstream 7251) 59-GTA-TTA-
TAA-TCT-AAC-AAT-GAA-ATG-TAC-AAG-ACC-CAA-CTA-CAT-ATA-
GGA-CCA-GGG-AGA-GCA-TTT-TAT-ACA-AC-39. Outside primers used
were in env (59 upstream primer at 7768) 59-CAT-CAA-CAA-CAT-CAA-CGA-
CAG- C-39 and (39 downstream primer at 8382) 59-CCC-CCA-CAG-ATG-TGA-
AGA-GGT-A-39. The 1.1-kb PCR product contained a 1.0-kb SpeI-ClaI frag-
ment (7301 to 8329) which was cloned back into p239SPE39 deleted of the
corresponding region to create p239SP-MNV3, containing the 39 portion of the
chimeric 239MNV3 virus.
Transfection. Proviral DNA for transfection was produced by cutting pKTM

and pRT-MNV3 or p239SPSP and p239SP-MNV3 with SacI, followed by cen-
trifugation through a Millipore Ultrafree-Probind column to remove the restric-
tion enzyme, and ligation with T4 DNA ligase in a total volume of 250 ml. Molt
4/8 cells were washed with RPMI 1640 medium containing 10% fetal bovine
serum, and cells were resuspended at a density of 43 105/ml. Cells (400 ml) were
mixed with 4 mg of ligated DNA and electroporated at 250 V at 500 mF with an
electroporation apparatus. The cells were then resuspended in a total volume of
10 ml in RPMI 1640 medium with 10% fetal bovine serum and incubated at 378C,
5% CO2, 95% humidity. Samples were taken periodically and assayed for p26
production with a Coulter SIV p26 antigen capture kit (32).
Titration of virus stocks. Tenfold serial dilutions in 100-ml volumes were made

in 96-well U-bottomed plates in quadruplicate with virus stocks expanded in Molt
4/8 cells after initial transfection and concentrated 200-fold by ultracentrifuga-
tion. The diluted virus was then incubated with 4 3 104 Molt 4/8 cells per well in
a total volume of 200 ml in 96-well microtiter plates. After 5 to 7 days, the number
of syncytia in each well was scored, and the virus titer was determined by the
method of Reed and Muench (27).
Neutralization assay. Serum samples were diluted 1:4 in microtiter plates in

quadruplicate and then incubated with 100 50% tissue culture infectious doses
(TCID50) of virus at 48C for 45 min and then at 208C for 20 min in a total volume
of 60 ml. Molt 4/8 cells were then added to each well at a density of 4 3 104 cells
per well in a total volume of 100 ml, and plates were incubated at 378C for 3 h.
Wells were then fed with fresh RPMI medium to a total of 200 ml per well. After
5 to 7 days, syncytia were scored, and the reduction in viral infectivity produced
by each serum was determined. Values of neutralization are expressed as the
reciprocal of the dilution necessary to give a $90% reduction in syncytium
formation. The sera used included those used for radioimmunoprecipitation as
well as a variety of monospecific polyclonal peptide antisera (including G19-9
and G18-9 MN V3 antisera, courtesy of Thomas Palker [25], and GP-06 and
GP-16 antisera, courtesy C.-Y. Wang United Biomedical Inc. [33]).

Isolation of genomic DNA for sequencing. Infected and uninfected cells (5 3
106 to 10 3 106) were collected by centrifugation and washed once with Hanks’
balanced salt solution. Pellets were resuspended in 0.25 ml of PBS and 2.25 ml
of TE to which 0.25 ml of 10% SDS was added. After gentle mixing, 50 ml of
proteinase K (10 mg/ml) was added. Lysates were then incubated at 378C for 4
h to overnight. Subsequently, 1.2 ml of 5 M NaCl was added, the mixtures were
vortexed, and precipitate was removed by centrifugation at 900 3 g for 15 min.
To precipitate DNA, 7.5 ml of ice-cold ethanol was added to the supernatants.
DNA was then spun onto a glass rod, washed once with 70% ethanol, and then
redissolved in TE.
Regions containing V3 loop and flanking sequences were then amplified from

cellular genomic DNA with primers (upstream) 59-GGT-TTA-GAT-ACT-GTG-
CAC-CAC-C-39 and (downstream) 59-CCC-CTC-CTG-AGG-ATT-GAT-TAA-
AGA-CTA-39. These primers amplify the entire 105 bp of the V3 loop, 245 bp
of flanking sequences on the 59 side of the V3, and 179 bp of flanking sequences
on the 39 side of the V3. PCR was performed in a total volume of 100 ml with 1
mg of genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 5 mMMgCl2, each
deoxynucleoside triphosphate at 0.2 mM, 100 pmol of each primer, and 1.0 U of
Taq DNA polymerase (Promega). Amplification was carried out for 35 cycles at
1 min at 948C, 1 min at 558C, and 2 min at 728C.
After visualization of PCR samples by agarose gel electrophoresis, the ampli-

fied fragments were diluted 1:100 and then cloned directly into a plasmid vector
with a T/A cloning kit from Invitrogen. Following transformation of the ligation
mixture, 10 colonies were selected at random for sequencing.
DNA sequencing. DNA sequencing was performed by the chain termination

method on double-stranded plasmid DNA with a Bio-Rad Bst DNA sequencing
kit and [a-35S]dATP.
Tissue culture. T-cell lines Molt 3, Molt 4/8, SupT1, H9, Jurkat, MT2, and

MT4 and the monocytoid line U937 were maintained in RPMI 1640 (GIBCO
Laboratories, Grand Island, N.Y.) supplemented with 10% fetal calf serum, 2
mM L-glutamine, and 100 U of penicillin and 100 mg of streptomycin per ml in
a humid atmosphere at 378C in the presence of 5% CO2.
Peripheral blood mononuclear cells (PBMC) were isolated from 15 ml of

whole blood (human or macaque) with Ficoll-Paque (Pharmacia) and resus-
pended in the above-mentioned growth medium supplemented with 5 mg of
phytohemagglutinin (PHA-P; Pharmacia) per ml. Following 48 to 72 h of stim-
ulation, the cells were washed and infected as described below. After infection,
PBMC were supplemented with 100 U of recombinant human interleukin-2
(IL-2; Genzyme) per ml, and the medium was replaced every 3 days.
Infectivity assays. For experiments to determine the cell tropism of the chi-

meric virus KR-MNV3, T-cell lines Molt 3, SupT1, H9, Molt 4/8, Jurkat, MT2,
and MT4 and the monocytoid cell line U937 were incubated overnight at a
multiplicity of infection (MOI) of 0.01 TCID50/cell with either KR or KR-
MNV3. Human PBMC stimulated with PHA-P (5 mg/ml) were inoculated with
0.1 TCID50/cell with constant mixing at 378C over 3 h. The cells were then
washed three times with Hanks’ balanced salt solution and incubated at 378C. At
intervals, samples were taken and stored at 2208C for p26 analysis with an SIV
antigen capture kit.
GenBank accession numbers. The complete nucleotide sequence of HIV-2KR

is available under GenBank accession number U22047. The complete nucleotide
sequence of SIVmac239 is available under GenBank accession numbers M33262
and M61062 to M61093. The complete nucleotide sequence of HIV-1MN is
available under GenBank accession number M17449.

RESULTS

Construction of chimeric viruses. The HIV-1MN V3 loop
was substituted for the HIV-2KR V3 loop and the SIVmm239 V3
loop by two-step hybridization PCR (Fig. 1; see Materials and
Methods). The substitutions were designed so that only se-
quences between the two cysteine residues flanking the V3
region were altered. The HIV-1MN V3 loop sequence was
chosen for creation of chimeras because the MN V3 closely
matches the North American consensus sequence for V3 loops
and is represented in the majority of V3-based peptide vac-
cines (and envelope-based vaccines) that are currently being
tested. Following mutagenesis and subcloning, the sequences
of the chimeric clones were verified by sequencing plasmid
DNA in the region spanning the V3 loop as well as the flanking
sequences amplified by PCR during construction. The chimeric
viruses were designated KR-MNV3 and SIV-MNV3, respec-
tively.
Growth of chimeric viruses. After ligation, KR-MNV3 and

SIV-MNV3 were transfected into T-cell lines highly permissive
for replication (Molt 4/8, highly permissive for HIV-1 and
HIV-2, and CEMX174 and C8166 cells, highly permissive for
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SIV). Virus production was then monitored by a p26 antigen
capture enzyme immunoassay at the times indicated (see Fig.
2). Wild-type HIV-2KR displayed a rise in antigen production
within 1 week following infection. Significant replication of the
chimeric KR-MNV3 virus was also evident by p26 production
after 2 to 3 weeks in culture, persisting until .7 weeks after
transfection. In contrast, no replication of SIV-MNV3 virus
was detected upon culture, though the initial amount of p26
produced after transfection of COS.1 cells was comparable
(not shown). Syncytium formation was also evident in HIV-
2KR- and KR-MNV3-infected cultures (not shown). For sub-
sequent experiments, concentrated stocks of HIV-2KR and
KR-MNV3 viruses were prepared by infecting large-scale Molt
4/8 cell cultures with filtered (0.2 mm) supernatants from initial
transfection experiments and concentrating of supernatants
from large-scale cultures by ultracentrifugation (see Materials
and Methods).
Expression of chimeric envelope protein. To verify that a

chimeric HIV-2 envelope protein containing the HIV-1MN V3
loop was produced, labeled lysates of acutely infected Molt 4/8
cells were analyzed by radioimmunoprecipitation (see Fig. 3).
With serum from an HIV-2-infected macaque (HIV-21), a
;115-kDa band was precipitated from protein lysates from
both KR- and KR-MNV3-infected Molt 4/8 cells (Fig. 3, lanes
H and K), but no band corresponding to HIV-2 env was de-
tected in lysates from Jurkat cells infected with HIV-1MN (Fig.
3, lane B). When pooled sera from a group of nine HIV-1-
infected patients (HIV-11) was used for immunoprecipitation,
a ;120-kDa band corresponding to env was precipitated from
lysates of HIV-1MN-infected cells (Fig. 3, lane A), and a;115-
kDa band was detected in cells infected by KR-MNV3 (Fig. 3,
lane I), but sera to HIV-1 failed to detect env in lysates of cells
infected with parental HIV-2KR virus (Fig. 3, lane G: cross-
reactive bands for gag-pol precursors were seen but are not
shown).

Neutralization of KR-MNV3. We next examined the ability
of a panel of HIV-1-specific antisera to neutralize KR-MNV3.
Each had previously been shown to neutralize wild-type HIV-
1MN. Sera G18-9 and G19-9 (gift of Thomas Palker) were
obtained from goats immunized with an MN V3 loop peptide
coupled to the T-helper epitope Sp10. The sera designated
GP06 and GP09 were raised in guinea pigs immunized with a
cocktail of octameric V3 peptides, which included MN V3
p200 (gift of United Biomedical Inc.). Serum from a stage III
HIV-1-seropositive individual was also used.
Table 1 shows the neutralizing activity of each polyclonal

serum against HIV-2KR, KR-MNV3, and HIV-1MN, expressed
as the reciprocal geometric mean titer, with a 1003 TCID50
inoculum (see Materials and Methods). None of the sera
tested displayed detectable neutralization of HIV-2KR. In con-
trast, HIV-1MN was neutralized by every HIV-1-specific serum
tested, with G19-9 being the most effective and G18-9 having
only a modest neutralizing effect. The KR-MNV3 chimera was
susceptible to neutralization by all HIV-1-specific antisera, and
titers against KR-MNV3 were higher than those against HIV-
1MN for all but one member of the antiserum panel. These
values ranged from 64-fold-greater neutralizing effect on KR-
MNV3 than on MN for the GP16 antiserum to 16-fold-greater
neutralization for G19-9 antiserum. Conversely, GP06 anti-
serum, which had a significant neutralizing effect on MN, was
not able to neutralize KR-MNV3.
Cell tropism of KR-MNV3. The V3 loop of HIV-1 has been

implicated in viral tropism, including entry into monocyte-
macrophages, as well as replication characteristics in a variety
of lymphocytoid and monocytoid cell lines (12, 30, 35). To
investigate whether substitution of the HIV-1MN V3 loop al-
tered the pattern of replication of the recombinant KR-MNV3,
we compared the infectivity of KR-MNV3 and HIV-2KR on a
variety of cell lines (see Table 2). Viral p26 production by
KR-MNV3 and HIV-2KR was assessed 18 days after infection

FIG. 1. Construction of HIV-2 and SIV V3 chimeric proviruses. HIV-2KR and SIV239 HIV-1 V3 chimera construction is detailed in Materials and Methods. Shown
are the sequences of overlapping primers (box at top) used to create a synthetic HIV-1MN V3 coding region (lowercase bases), as well as regions of HIV-2KR envelope
primed (uppercase bases). The PCR products were then annealed (bars immediately below boxed area), and internal SpeI and EcoNI sites were used after amplification
with the outer primers (next level down) to insert this fragment into pRTsac (next level, with fragment in light color and the MN V3 region shaded, with surrounding
KR sequences in black). The SacI-SalI fragment of the chimeric 39 proviral plasmid was then ligated to the 59 portion of the provirus from plasmid pKTM digested
with SacI and used for transfection. SIV chimeras were created in an essentially identical fashion (see Materials and Methods).
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of T-cell lines Molt 3, SupT1, H9, Molt 4/8, Jurkat, MT2, and
MT4 and the monocytoid cell line U937 at an MOI of 0.01
TCID50/cell. By 18 days postinfection, parental KR had estab-
lished infection in each cell line tested, while KR-MNV3
showed reduced growth in a number of the cell lines tested,
with very low production of p26 in SupT1, H9, Jurkat, and
U937 cells. By 36 days postinfection, KR-MNV3 had estab-
lished infection in all cell lines tested except the monocytoid
cell line U937, in which no infection was observed. As both
HIV-2KR and HIV-1MN are capable of monocyte infection,
KR-MNV3 represents the substitution of one monocyte-per-
missive V3 loop for another. Thus, the inability of the chimeric
virus to replicate in U937 cells was not predicted.
The ability of the chimeric virus to infect primary human

PBMC was also tested. Purified PHA-stimulated PBMC were
infected at an MOI of 0.1 TCID50/cell. At various times, sam-
ples were taken for p26 determination. The growth kinetics of
KR and KR-MNV3 are shown in Fig. 4. The data indicate that
KR-MNV3 is able to productively infect human PBMC, al-
though p26 production was delayed compared with that of
parental KR virus.

Sequence of the infectious chimeric virus. Because a long lag
was observed between transfection of the recombinant proviral
clone of the chimeric virus and productive infection, it is pos-
sible that a compensatory mutation(s) might have been re-
quired to allow generation of infectious progeny capable of
spreading in the culture, though this was made less likely by the
observation that virus preparations from passaged virus did not
display accelerated replication kinetics (not shown). To further
investigate this possibility, genomic DNA from Molt 4/8 cells
infected by KR-MNV3 was prepared, and the V3 loop and
flanking sequences were amplified by PCR. Subsequently, the
pool of amplified fragments was cloned into a T/A cloning
vector, and 10 of the resulting clones were selected for se-
quencing. No consistent amino acid change was observed in
the V3 loop or flanking sequences. Some individual clones did
show amino acid changes, but since these changes were not
present in at least two clones, these were attributed to random
changes or errors occurring during PCR amplification.

FIG. 2. Kinetics of p26 production by wild-type and chimeric viruses after
transfection. Approximately 5 mg of the ligation mixture of 59 and 39 plasmids
was used to transfect susceptible Molt 4/8 lymphoblastoid cells (SIV viruses) or
to transfect COS.1 cells followed by cocultivation with Molt 4/8 cells (HIV-2
viruses). Cells were washed and placed in culture after transfection (see Mate-
rials and Methods) and/or after cocultivation for 48 h with COS.1 cells, and the
supernatant was sampled at least weekly for 1 month. Shown are results of
transfection with wild-type HIV-2 pKTM-pRTsac ligation (KR), chimeric HIV-2
pKTM-pRT-MN V3 ligation (KR-MNV3), wild-type SIVmm239 p239SPE and
p239SPSP ligation (SIVwt), and two separate clones obtained from ligation of
p239SPE and p229SPSP-MN V3 (SV8 and SV10, respectively). Note the prompt
rise in antigen production by HIV-2KR-transfected cultures, followed by a pla-
teau and eventual tapering (cultures refed with fresh cells as well as medium to
maintain viability), in contrast to the delayed production of p26 after transfection
with KR-MNV3 and no evidence of productive infection after transfection with
SIV chimeras.

FIG. 3. Radioimmunoprecipitation of chimeric envelope proteins. Radiola-
beled cell lysates (see Materials and Methods) from cells infected with HIV-1MN
(lanes A to C), HIV-2KR (lanes G, H, and J), or HIV-2KR-MNV3 (lanes I, K, and
L) and uninfected control cultures (lanes D, E, and F) were immunoprecipitated
with pooled sera from HIV-1-seropositive individuals (lanes A, D, G, and I),
normal human serum (lanes C, F, and J), and serum from a pigtailed macaque
infected with HIV-2KR (lanes B, E, H, and K). Normal human serum does not
recognize envelope from cells infected with either HIV-1MN (C), HIV-2KR (J),
or HIV-2KR-MNV3 (L). HIV-1-positive pooled serum precipitates the expected-
size band from HIV-1MN-infected cells (A) and from HIV-2KR-MNV3-infected
cell lysates (I), but not from HIV-2KR-infected cell lysates (G). Serum from an
HIV-2KR-infected macaque precipitated envelope bands from both HIV-2KR-
and HIV-2KR-MNV3-infected cell lysates (H and K) but not from lysates of
HIV-1MN-infected cells (B). (Cross-reactivity of both HIV-1- and HIV-2-sero-
positive sera to pol and gag was seen [not shown].)

TABLE 1. Neutralization of parental and chimeric viruses
by HIV-1-specific antiseraa

Serumb
Titer

HIV-2KR HIV-1MN HIV-2KR-MNV3

G19-9 4 512 8,192
G18-9 4 16 512
GP06 4 64 4
GP16 4 64 4,096
RBC 4 64 64
NGPS 4 4 4

a Neutralizations were performed in quadruplicate on Molt 4/8 cells as de-
scribed in the text. Values shown represent the reciprocal geometric mean titers
which produced at least a 90% reduction in syncytia in the culture.
b G19-9 and G18-9, goat monospecific polyclonal antisera to the HIV-1MN V3

loop (T. Palker); GP06 and GP16, guinea pig polyclonal antisera to V3-MAP
octameric peptide mixtures (C. Y. Wang); RBC, human serum from a healthy
HIV-1-seropositive patient; and NGPS, normal guinea pig serum.
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DISCUSSION

A chimeric HIV-2KR virus containing the MN V3 loop was
constructed and found to be infectious and capable of repli-
cating in a wide variety of T-cell lines and human PBMC. A
virtually identical insertion of the HIV-1 V3 loop into the
SIVmm239 envelope led to a biologically inactive chimeric virus,
as replication of transfected provirus could not be detected in
CEMX174 cells or C8166 cells, both of which are highly per-
missive for SIV replication. Similar negative results have been
reported previously (15). The growth kinetics of the chimeric
HIV-2KR clone were affected by the substitution of the HIV-1
V3 loop in a number of cell lines, as the chimeric virus took
considerably longer to establish infection in SupT1, H9, and
Jurkat cells. Furthermore, the KR-MNV3 chimeric virus was
unable to infect the monocytoid line U937 (see Table 2), while
both wild-type parental viruses (HIV-2KR and HIV-1MN) were
capable of replication in this cell line, as well as primary mono-
cyte-macrophages (17) (not shown).
These results suggest that HIV-2 tolerates a high degree of

variability in the V3 region, in contrast to SIV (perhaps re-
flected in the overall variability of this region in available
sequences). However, the region homologous with the HIV-1
V3 has been shown to be important for SIV cell tropism as
well, and some variability appears to be tolerated (11, 14, 15).
The data demonstrate changes in the tropism and growth rate
of the chimeric HIV-2 virus, suggesting that for HIV-2, as well
as HIV-1, the V3 region is important for viral entry and es-
tablishment and maintenance of infection in a number of dif-
ferent cell types.
It is unlikely that the compatibility of HIV-2KR with the

HIV-1MN PND is due to inadvertent introduction of distant
envelope mutations or selection of such compensatory muta-
tions in culture. Note that only infrequent, minor V3 variants
were present in viral genomes sequenced in expanded cultures.
Also, note that the phenotype of the expanded chimeric virus
was stable (Table 2), as the KR-MNV3 virus consistently ex-
hibited delayed replication in diverse cell types after passage

and expansion in Molt 4/8 cells, making distant compensatory
mutations in env or other genes a less likely possibility.
Although the tropism of KR-MNV3 is altered, the V3 loop

region must take on a conformation which is similar to that of
its native form, as a number of sera which neutralize HIV-1MN
were found to display potent neutralization of the chimeric
virus. The neutralizing titers of most monospecific polyclonal
antibodies were much higher against the chimeric virus than
against HIV-1MN. Conversely, one HIV-1 V3-specific serum
which was capable of neutralizing HIV-1MN was not capable of
neutralizing the chimeric virus. Increased sensitivity of chi-
meric viruses bearing the MN V3 loop to neutralizing sera
directed against this epitope is not without precedent, as a
chimeric HIV-1HXB2 bearing the MN V3 loop was found to be
much more neutralizable than HIV-1MN itself (29), and chi-
merics of human rhinovirus type 14 expressing V3 loop
epitopes were also found to be exquisitely sensitive to the
neutralizing effects of HIV-1 V3-specific antisera (31), as
noted for this HIV-1/HIV-2 chimera. Several possibilities
might account for these observations. First, the chimeric V3
loop might be more exposed on the HIV-2 envelope protein
than on the native HIV-1 envelope. Alternatively, the chimeric
envelope might be more susceptible to the action of bound
antibody than native HIV-1 envelope, or the chimeric V3 re-
gion may be presented in a conformation more favorable for
functional antibody binding. This result also suggests that fac-
tors which influence the overall conformation of the HIV-1 V3
loop are largely similar in the context of HIV-1 and HIV-2
envelope proteins.
It should be of considerable interest to determine if HIV-

2KR-MNV3 (or other viable HIV-2/HIV-1 V3 chimeras) are
infectious in macaques and if the behavior of this virus in vivo
makes it useful as a challenge virus in V3 peptide-immunized
animals. The use of HIV-2/HIV-1 V3 chimeras may offer a less
expensive and useful alternative to the SHIV/macaque and
HIV-1/chimpanzee models for the evaluation of vaccine strat-
egies directed against the PND of HIV-1.

FIG. 4. Replication of HIV-2KR and HIV-2KR-MNV3 in primary cells. Mono-
nuclear cells were obtained from a normal volunteer donor by Ficoll-Hypaque
centrifugation. Cells were stimulated with PHA-P (5 mg/ml) for 48 h and IL-2
(200 U/ml) for 24 h before infection. PBMC (107) were infected with HIV-2KR
and HIV-2KR-MNV3 at an MOI of 0.1 TCID50/cell, as determined by prior
titration on Molt 4/8 cells. The supernatant was sampled on the first day after
infection and at days 4, 9, and 11, with replacement of the culture medium
(RPMI 1640 with 10% fetal calf serum and 200 U of IL-2 per ml). Antigen
production by HIV-2KR was detectable within 4 days of infection, whereas
HIV-2KR-MNV3 p26 production was not detectable until 7 days after infection,
while maximal p26 production was comparable.

TABLE 2. Growth of HIV-2KR-MNV3 in cell lines and primary cells
a

Cellsb
p26 production (optical density) at day postinfection:

4 7 11 18 25 36

Molt 3 0 0 0 3,057 .4,200 .4,200
SupT1 0 0 0 176 .4,200 .4,200
H9 0 0 0 349 240 .4,200
Molt 4/8 0 0 0 1,028 .4,200 .4,200
Jurkat 0 0 0 307 .4,200 .4,200
U937 0 0 0 113 167 85
MT2 0 0 0 1,251 848 .4,200
MT4 0 0 0 1,528 196 .4,200
PBMC 0 2,945 17,224 NDc ND ND

a Virus pools derived from transfection and expanded in Molt 4/8 cells (see
Fig. 2 and Materials and Methods) were used to infect a variety of lymphoid cell
lines, at an inoculum corresponding to 0.01 (for cell lines) or 0.1 (for PBMC)
TCID50/cell as determined by prior titration on Molt 4/8 cells. Shown are optical
densities representing p26 production in cultures infected with HIV-2KR-MNV3
after up to 7 weeks in culture (parental HIV-2KR p26 production was offscale in
all cell lines by the first week after infection [not shown]). The chimeric KR-
MNV3 virus appeared to be capable of slower but significant growth in all lines
tested except for U937 and showed the greatest lag in SupT1 and MT4 lympho-
blastoid cells (maximum p26 production did not occur until day 36).
bMolt 3, SupT1, H9, Molt 4/8, and Jurkat are uninfected CD41 lymphoblastic

cell lines. MT2 and MT4 are HTLV-I-transformed CD41 lymphoblastic cell
lines. U937 is a myelomonocytic line expressing very low levels of surface CD4.
PBMC are PHA-P- and IL-2-stimulated human mononuclear cells from a nor-
mal volunteer donor separated by Ficoll-Hypaque centrifugation.
c ND, not done.
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