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The bicyclams are a new class of anti-human immunodeficiency virus (anti-HIV) compounds targeted at
viral entry. From marker rescue experiments, it appears that the envelope gp120 glycoprotein plays an
important role in the anti-HIV activity of the bicyclams. Bicyclam-resistant strains contain a number of amino
acid changes scattered over the V2 to V5 region of gp120. Experiments aimed at estimating the relative
importance of particular amino acid changes with regard to the overall resistance pattern are described. The
sequences of some partially bicyclam-resistant virus strains, obtained during the resistance development
process, were analyzed, and the corresponding 50% effective concentrations were determined. Selected muta-
tions observed in bicyclam-resistant strains were introduced in the wild-type background by site-directed
mutagenesis. In addition, some amino acids were back-mutated to their wild-type counterparts in an otherwise
JM3100-resistant strain. The sensitivities of these mutant viruses to bicyclams were determined. Construction
of chimeric viruses, carrying the V3 loop of JM3100-resistant virus in a wild-type HIV type 1 HXB2 back-
ground, enabled us to investigate the importance of the mutations in the V3 loop of JM3100-resistant virus.
From the results described in the report, it can be concluded that single amino acid substitutions do not
influence the observed resistance to JM3100. Also, the mutations in the V3 loop are not sufficient to engender
even a partially resistant phenotype. We postulate that the overall conformation of gp120 determines the degree
of sensitivity or resistance of HIV strains to bicyclams.

The bicyclams are a group of potent human immunodefi-
ciency virus (HIV) inhibitors (3, 4) interfering with viral entry
(7). To investigate the molecular target of these compounds,
resistance to the prototype bicyclams JM2763 and JM3100 was
developed by using the molecular clone HIV type 1 (HIV-1)
strain NL4-3 (7). Via marker rescue experiments, particular
regions of the genome of these bicyclam-resistant strains were
exchanged for the corresponding regions in the wild-type
strain. The results obtained enabled us to delineate the gp120
region(s) that determines the observed resistance to bicyclams.
Sequence analysis revealed the presence of several mutations,
scattered over the whole gp120 glycoprotein, but primarily
clustered in the V3 loop (6). This paper describes experiments
aimed at correlating particular amino acid changes in the strain
NL4-3 gp120 with the resistant phenotype. In addition, the
results obtained with the bicyclam-resistant strains originating
from the clinical HIV-1 HE strain were analyzed and com-
pared to the results obtained with HIV-1 NL4-3.

MATERIALS AND METHODS

Compounds. The bicyclam derivatives JM2763 (1,19-propylene-bis-1,4,8,11-
tetraazacyclotetradecane octahydrochloride tetrahydrate) and JM3100 [1,19-
(1,4-phenylenebis-methylene)-bis-1,4,8,11-tetraazacyclotetradecane octahy-
drochloride dihydrate] were synthesized at Johnson Matthey, West Chester, Pa.
(1). The 8-chloro-TIBO derivative R86183 [TIBO derivative (1)-S-4,5,6,7-tet-
rahydro-8-chloro-5-methyl-6-(3-methyl-2-butenyl)-imidazo[4,5,1-jk][1,4]-benzo-
diazepin-2(1H)-thione] was provided by the Janssen Research Foundation
(Beerse, Belgium).

Cells and viruses. The origin of the MT-4 cells is described by Harada et al.
(10). The cells were propagated in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal calf serum, 0.1% sodium bicarbonate, 2 mM L-glutamine,
and 20 mg of gentamicin per ml. HIV-1 NL4-3 is a molecular clone obtained from

the National Institutes of Health (Bethesda, Md.). HIV-1 HE is a clinical strain
isolated in our laboratory.

Resistance development. HIV-1 HE was passaged in the presence of increas-
ing concentrations of JM2763, JM3100, or R86183. Starting concentrations for
JM2763 were 2.5 (five times the 50% effective concentration [EC50]), 10, and 100
mg/ml. JM3100 was supplemented at 0.02 (five times the EC50), 0.1, 0.5, and 5
mg/ml. R86183 was added at 0.04 (five times the EC50), 0.4, and 4 mg/ml. The
concentrations of the compounds were increased when fulminant virus break-
through was observed. The EC50 was determined by the cytopathic effect (CPE)–
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method
(CPE-MTT method) (13). The genomic DNA of HE-infected MT-4 cells was
isolated via the QIAamp Blood Kit (Qiagen, Chatsworth, Calif.). The gp120
glycoproteins of wild-type and bicyclam-resistant HE strains were amplified with
ULTma DNA polymerase (Perkin-Elmer Cetus, Foster City, Calif.) by using the
forward primer V3F (base pairs 7035 to 7056) and the reverse primer T5R (base
pairs 7701 to 7727). The PCR fragment was then cloned in the pCRScript SK(1)
vector (Stratagene, La Jolla, Calif.) according to the manufacturer’s instructions.
Subsequently, the sequence of the V3 to V5 region of gp120 was determined.

Analysis of intermediate passages. MT-4 cells (30 3 104/ml) were infected
with a stock of different partially resistant HIV-1 NL4-3 for which the EC50 was
known. Genomic DNA was isolated via the QIAamp Blood kit (Qiagen). The
gp120 regions of these proviruses were then amplified with the primers V3F and
T5R and cloned in the pCRScript SK(1) vector (Stratagene). The sequence was
analyzed by using the Sequenase, version 2.0, kit (United States Biochemical
Corp., Buckinghamshire, England). Marker rescue experiments were performed
as described previously (6). Briefly, 20 mg of cloned DNA excised from the
cloning vector at polylinker restriction sites was precipitated with 8 mg of restric-
tion enzyme-digested NL4-3 wild-type DNA and was transfected into MT-4 cells
by electroporation (settings, 250 V and 960 mF). The EC50s for the recombinant
viruses were determined by the CPE-MTT method. The gp120 glycoproteins of
these viruses were amplified and analyzed via fluorescent cycle sequencing with
the ABI Prism Dye Terminator cycle sequencing core kit (Perkin-Elmer Cetus).

Site-directed mutagenesis. The gp120 regions of wild-type virus and JM3100-
resistant HIV-1 NL4-3, previously cloned in pCRScript (6), were excised with the
restriction enzymes SacI and KpnI and were ligated into the pALTER-1 vector.
Oligonucleotide-directed mutagenesis was performed with the Altered Sites II in
vitro mutagenesis system (Promega, Leiden, The Netherlands). The different
mutations introduced and the oligonucleotides used are summarized in Table 1.
The mutants obtained were confirmed by sequence analysis. Subsequently, in-
fectious virus that contained the appropriate changes was isolated by the marker
rescue technique. The EC50 was determined by the CPE-MTT method. The
gp120 glycoproteins of these viruses were amplified and analyzed by fluorescent
cycle sequencing.

Construction of chimeric viruses by exchange of the V3 region. The V3 regions
of wild-type virus and JM3100-resistant HIV-1 NL4-3 were amplified with spe-
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cially designed primers containing a restriction site (5). Subsequently, the V3
region was cloned into a wild-type HXB2 background with the pJJ25-pJJ5 plas-
mid vector system (5). The resulting chimeric viruses were transfected into MT-4
cells, and the sensitivity of the resulting virus was determined by the CPE-MTT
method.

RESULTS

Analysis of intermediate passages. Specifications about the
strains chosen, the passage at which the particular strain was
isolated, and the mutations present in the clones are summa-
rized in Table 2. However, the cloning procedure implied that
one copy was selected from a heterogeneous mixture of PCR
fragments. When analyzing a strain that has been cultivated for
5 to 10 passages in the presence of a high concentration of
bicyclam, the mix probably contains only viruses carrying the
mutations necessary for this resistance. On the contrary, when
amplifying DNA from partially resistant virus from an inter-
mediate passage, a nonrepresentative sequence could be se-
lected. Proof for this possibility was given by two JM3100-
resistant clones from passage 28 that were analyzed: their
sequences differed, and one clone carried more mutations than
the other clone (Table 2). Therefore, it is possible that the
sequence of the clone is not related to the EC50 obtained for
the partially resistant virus. On the other hand, recombination
of the cloned viruses via marker rescue yields a homogeneous
population of viruses for which the EC50 can be determined,
and this EC50 can then be directly related to the sequences
obtained.

Thus, marker rescue was carried out with these clones. Since
we were not certain what level of resistance could be expected,

the recombinant viruses had to be grown without the selection
pressure of the compound. This implies the risk of selecting for
wild-type virus instead of the wanted mutant (presumably orig-
inating from trace amounts of uncleaved DNA in the prepa-
ration). This was the case for JM3100-resistant virus from
passages 28 and 42 in the experiments (data not shown). It can
be concluded that the results (Table 3) obtained by using this
approach must be interpreted with caution. The cloned
JM2763-resistant virus from passage 25 was no longer resistant
to JM2763 after marker rescue. It missed some mutations that
were probably necessary (A297T and P385L). On the other
hand, the marker rescue experiments confirmed that JM2763-
resistant virus from passage 16 was not resistant to JM2763,
even with two mutations present. Therefore, these amino acid
changes are probably not important with regard to resistance.
Nevertheless, they could be important when combined with
mutations in other regions.

Site-directed mutagenesis. Some amino acids in V3 and one
in V4 from wild-type virus were changed to their counterparts
in mutant viruses. In addition, these amino acids were back-
mutated to those of the wild type in an otherwise JM3100-
resistant virus. Furthermore, the effects of the insertion of one
amino acid in the V3 loop and the deletion of a pentapeptide
in the V4 loop of gp120 were investigated. Finally, a possibly
important combination of both A297 and P385 was evaluated.
These two amino acids are situated in the proximity of disulfide
bridges. According to Ryser et al. (14), the reduction of disul-
fide bridges by a membrane-bound protein disulfide isomerase
might be the first and necessary step in a cascade of confor-
mational changes in gp120 initiated after binding to CD41

TABLE 1. Mutations introduced and oligonucleotides used in the site-directed mutagenesis procedure

Background Original amino acid
sequence (region) Mutationa Primer sequence (59 to 39)b Position

Wild type 2NNNTR2 (V3) 2NYNSTR2 CGGATACTTTTTCTAGTACTGTTGTAGTTGGGTCTTGTACc 7101–7137
Wild type R272 (V3) T GGATACTTTTTGTTGTATTGTTG 7114–7136
JM3100 resistant T272 (V3) R GGATACTTTTTCTTGTACTGTTGTAG 7114–7136
Wild type A297 (V3) T GTTACAATGTGTTTGTCTCATATTTCC 7184–7210
JM3100 resistant T297 (V3) A GTTACAATGTGCTTGTCTCATATGTCC 7184–7210
Wild type 2FNSTWFNSTWSTEG2 (V4) FNSTWDSTEG GACCCTTCAGTACTCCAAGTACTATTAAACAGCTGTGTTGAATTACd 7368–7428
Wild type P385 (V4) L GTTTTATTCTGCATAGGAGTGTGATTG 7452–7478
JM3100 resistant L385 (V4) P TTGTTTTATTCTGCATGGGAGTGTGATTGTGTCACTTCC 7442–7480
Wild type A297/P385 (V3/V4) T/Le GTTACAATGTGTTTGTCTCATATTTCC 7184–7210

a D, deletion of five amino acids (FNSTW).
b The mutated nucleotides are indicated in boldface and italics.
c An additional ScaI restriction site was created to facilitate detection of mutant plasmid after mutagenesis.
d An additional PvuII restriction site was created to facilitate detection of mutant plasmid after mutagenesis.
e This combination of mutations was obtained by introducing the mutation A297T into a mutant plasmid already carrying the P385L mutation.

TABLE 2. Analysis of sequences of partially bicyclam-resistant NL4-3 viruses

Strain Passage
no.a

Fold resistance to
the following: Mutations detectedb

JM2763 JM3100 N269Y Insertion S R272T S274R Q278H I288V N293H A297T DV4 P385L Q410E S433P V457I

JM2763 resistant 16 2 3 0 0 0 1 1 0 0 0 0 0 0 0 0
25 200 11 0 0 0 1 1 1 0 0 1 0 0 0 0
28 200 6 0 0 0 1 1 1 0 1 1 1 0 0 0

JM3100 resistant 28 450 7 0 0 0 1 1 1 0 1 0 1 1 0 0
0 0 0 1 1 1 0 1 1 1 1 1 0

42 .740 60 0 1 1 1 1 1 1 1 1 1 1 1 1
60 .740 200 1 1 1 1 1 1 1 1 1 1 1 1 1

a One passage corresponds to 3 to 4 days.
b 0, not present; 1, present; D, deletion of five amino acids (FNSTW) in the V4 loop.
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cells. Mutation of these amino acids may result in a conforma-
tional change at the base of the loops, hindering the bracket
formation of bicyclams with sulfide anions.

Table 4 presents the EC50s obtained for the different mu-
tants recovered via marker rescue. Because the degree of re-
sistance could not be foreseen, no compound was added during
growth of the recombinant virus. As discussed earlier, in some
instances this approach resulted in the recovery of wild-type
virus instead of the mutants for which we were aiming. Fur-
thermore, recombination was sometimes not complete, result-
ing in the loss of the mutations of the V5 region. Apparently,
substitution of only one amino acid did not influence the ob-
served resistance to JM3100. Also, the combination of A297T
and P385L did not lead to alteration of the sensitivity. This
argues against the hypothesis that these amino acids would be
of paramount importance for the inhibitory activity of JM3100
(see above). Unexpectedly, the reversion of T272 to R in the
JM3100-resistant strain lowered the cross-resistance to JM2763.
This observation remains to be explained, especially because
the R272T change does not occur in JM2763-resistant virus.
Equally puzzling is the increased susceptibility of the wild-type
virus to JM2763 following the mutation of one amino acid or
the deletion in V4. The slightly decreased EC50s obtained for
the JM3100-resistant virus carrying single amino acid changes
could be due to the lack of the mutations in V5 (incomplete
recombination). However, twofold differences in EC50s are, in
general, considered not significant.

Construction of chimeric viruses by exchange of the V3
region. The V3 loop of HIV gp120 has been reported to be
very important in the fusion process. Assuming that the bicy-
clams are fusion inhibitors, the accumulation of mutations in
the V3 region of bicyclam-resistant strains makes sense. The
question is whether these mutations alone are sufficient to
confer at least partial resistance to the bicyclams.

To this end, chimeric constructs were made by using an
HIV-1 HXB2 background (pJJ25-pJJ5 plasmid vector system)
in which the V3 region of wild-type or JM3100-resistant HIV-1
was inserted. MT-4 cells were transfected with the resulting
chimeric viruses, and the sensitivity of the emerging virus was
determined. No significant difference between the EC50 of
HIV-1 HXB2 carrying wild-type V3 and that of HIV-1 HXB2
carrying JM3100-resistant V3 could be detected. The EC50s of
JM2763 and JM3100 for wild-type HIV-1 NL4-3 cloned in a
wild-type HXB-2 background were 0.39 and 0.0045 mg/ml,
respectively. Those for JM3100-resistant HIV-1 NL4-3 cloned
in a wild-type HXB-2 background were 0.64 and 0.0068 mg/ml,
respectively (1.6- and 1.5-fold resistance, respectively, com-
pared to that for wild-type virus). Consequently, the mutations
of V3 are not sufficient either to confer resistance to JM3100
or to allow for cross-resistance to JM2763.

Development of resistance to bicyclams by the clinical iso-
late HIV-1 HE. Development of resistance to JM2763 by clin-

ical isolate HIV-1 HE occurred very rapidly. Even when start-
ing at 100 mg of JM2763 per ml (200 times the EC50), a full
CPE was observed after three passages. Complete resistance
(EC50, .200 mg/ml) was obtained after four passages. In con-
trast, the addition of JM3100 at a concentration of 0.5 mg/ml
did not result in a detectable CPE. After five passages, no virus
was recovered from the supernatant, even when continuing the
culture in the absence of compound. However, when starting
with JM3100 at five times the EC50, resistant virus (EC50, .200
mg/ml) could be recovered after eight passages. At six passages,
full cross-resistance to JM2763 was observed. The develop-
ment of resistance to R86183 was included as a control. In this
case, virus growing in the presence of R86183 at 20 mg/ml (2,000
times the EC50) was recovered after five passages (Fig. 1).

Preliminary data on the sequence analysis of gp120 of wild-
type and bicyclam-resistant HIV-1 HE. The marker rescue
technique was applied to the wild-type and bicyclam-resistant
HE strains in order to find out which part of the genome is
responsible for the observed resistance. Unfortunately, the
method failed to provide recombinant viruses. A major prob-
lem that was encountered consisted of the selection of resistant
strains when growing the recombinant viruses under the pres-
sure of exposure to the compound, even when starting with
wild-type HE.

Since the marker rescue experiments carried out with HIV-1
NL4-3 pointed to the V2 to V5 region of gp120 as being impor-
tant for the observed resistance, the V3 to V5 region of the
resistant HE strains was analyzed. Preliminary experiments re-
vealed the mutations summarized in Table 5. None of the muta-
tions matched the amino acid substitutions detected in the resis-
tant NL4-3 strains. Moreover, the mutations leading to JM2763
resistance were not detected in the JM3100-resistant strain.

When comparing the sequences of the wild types of HIV-1

TABLE 3. Analysis of mutations detected in partially resistant NL4-3 strains after marker rescue

Strain Passage
no.a

Fold resistance to
the following: Mutations detectedb

JM2763 JM3100 N269Y Insertion S R272T S274R Q278H I288V N293H A297T DV4 P385L Q410E S433P V457I

JM2763 resistance 16 4 2 0 0 0 1 1 0 0 0 0 0 0 0 0
25 4 8 0 0 0 1 1 1 0 0 1 0 0 0 0
28 200 8 0 0 0 1 1 1 0 1 1 1 0 0 0

JM3100 resistant 60 .740 73 1 1 1 1 1 1 1 1 1 1 1 0 0

a One passage corresponds to 3 to 4 days.
b 0, not present; 1, present; D, deletion of five amino acids (FNSTW) in the V4 loop.

TABLE 4. Determination of EC50s for mutant viruses

Background Mutation
EC50 (mg/ml)

JM2763 JM3100

Wild type None 0.45 0.006
A297T 0.12 0.004
P385L 0.16 0.006
DV4a 0.10 0.004
Combination A297T 1

P385L
0.28 0.002

JM3100 resistance None .200 0.230
T297A .200 0.120
T272R 32.9 0.140
L385P .200 0.110

a D, deletion of five amino acids (FNSTW) in the V4 loop.
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NL4-3 and HE, a marked difference was noted. The V4 hy-
drophobic profile of wild-type HE is quite similar to that of the
bicyclam-resistant NL4-3 strains, both of which lack the second
hydrophobic peak. This could already give an indication for the
explanation of the much faster development of resistance seen
with HE. It is likely that the lack of a second hydrophobic
domain in V4 leads to a different conformation which allows
for a much easier escape from the inhibitory action of the
bicyclams. Also, the V3 loops of wild-type NL4-3 and wild-type
HE (Fig. 2) are quite distinct, which by itself may lead to a
different conformation.

DISCUSSION

Experiments were carried out to investigate the importance
of particular amino acid changes in the envelope gp120 glyco-
protein with regard to the development of resistance to bicy-
clam derivatives.

From site-directed mutagenesis of selected amino acids
likely to be involved in the development of resistance, it was
not possible to deduce which amino acids were important.
Mutagenesis studies with gp120 have mostly concentrated on
the effect of amino acid substitutions in the tip of the V3 loop
(GPGRAF) on tropism and viral entry. This region is not
altered in bicyclam-resistant strains. However, Okada and
Gurney (12) included R272 and N293 in one of their studies.
They changed R272 to S and N293 to D to investigate the effect
of these amino acids on the anti-HIV activities of polyanionic
compounds like heparin and dextran sulfate. Because S and T
both are uncharged polar amino acids, the R-to-S switch is

comparable to the R272T mutation observed in the JM3100-
resistant strain. The N-to-D mutation (D is an acidic amino acid)
is in contrast to the N293H mutation (H is a basic amino acid)
occurring in the bicyclam-resistant strains. Okada and Gurney
(12) concluded that single basic amino acid substitutions at posi-
tions 272 and 293 in the V3 domain were not sufficient to alter
the inhibitory activities of sulfated polysaccharides such as
dextran sulfate and heparin. These observations are in agree-
ment with our findings concerning the effects of substitutions
of single amino acids on the sensitivity of HIV to bicyclams.

Cloning of the V3 loop of JM3100-resistant virus into a
wild-type background did not change the phenotypic sensitivity
to bicyclams. This means that the mutations clustered in the
V3 loop do not suffice but that, instead, the whole set of amino
acid changes scattered over the whole gp120 molecule seems to
be necessary to confer reduced sensitivity to bicyclam deriva-
tives. This points to the importance of the three-dimensional
structure of gp120 and also supports the reported interactions
between several domains of gp120 (9, 11, 18). Apparently, the
changes brought about by the detected amino acid mutations
alter the conformation of gp120 in such a way that gp120 at
least partially escapes the inhibitory actions of the bicyclams.

Alternatively, some mutations may compensate others that
would otherwise lower the infectivity of the virus. This phe-
nomenon is known for protease inhibitors (15), and reports
from Willey et al. (17) have indicated that a glycosylation
site-deleting substitution in the C2 domain, which reduces HIV
infectivity, could be functionally compensated for by a rever-
sion substitution in the C1 domain. Moore and colleagues (11)
explored the topologies of the gp120 glycoproteins of the mu-
tant and revertant and found that the C2 substitution disrupted
the CD4 binding site, which was restored to its wild-type func-
tion by the C1 compensatory substitution. Furthermore, the C2
change caused an abnormal exposure of a large segment of the
C1 domain, and the segment was restored to its wild-type
conformation by the reversion substitution in C1 (11). Like-
wise, some of the mutations observed in the bicyclam-resistant
strains may not be involved in an interaction with gp120 but
might simply be required to compensate for other amino acid
changes that by themselves would disrupt the conformation
necessary for productive infection.

The data obtained in the resistance experiments with HE
provide further evidence that the conformation of gp120 is
likely to be very important in the interaction with bicyclams.
The development of resistance to bicyclams by the HE strain
occurred very rapidly. This could be due to the presence of a

FIG. 1. Rate of development of resistance to the bicyclams JM2763 and
JM3100 and to the TIBO compound R86183 by HIV-1 HE. At different passages
EC50s were determined and were compared with the wild-type EC50. The ratio
of EC50 (passage n) to EC50 (passage 0) is displayed as a function of passage n.
The arrows indicate that the EC50 was greater than 250 mg/ml. FIG. 2. V3 loops of wild-type HIV-1 NL4-3 (a) and HIV-1 HE (b).

TABLE 5. Mutations in gp120 of bicyclam-resistant HIV-1 HE

Amino acid
position
(region)a

Wild-type
HE

JM3100-resistant
HE

JM2763-resistant
HE

Codon Amino
acid Codon Amino

acid Codon Amino
acid

283 (V3) AGA R GGA G AGA R
311 (C3) AAG K AAG K AGG R
407 (C4) GUC V GUC V AUC I
408 (C4) ACA T ACA T AAU N

a Numbering refers to the corresponding position in HIV-1 NL4-3; numbering
of amino acids and domain classification is according to the NL4-3 sequence
published in the GenBank database (accession no. M19921).
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less sensitive or drug-resistant strain in the HIV-1 HE pool.
This strain would then be selected during passage in the pres-
ence of the compound. In this respect, the development of
resistance to JM3100 in peripheral blood lymphocytes starting
from a clinical isolate also required less time (70 days to obtain
300-fold less sensitive virus) than that required for NL4-3 (8).
The mutations detected in the resistant HE strains were dif-
ferent from those occurring in the resistant NL4-3 viruses. The
amino acid change in the JM3100-resistant HE strain appeared
to be located in the rather conserved tip of the V3 loop, changing
GPGRAF to GPGGAF and thereby deleting a positive charge.
This change has been linked to a switch from a syncytium-induc-
ing strain to a less syncytium inducing or a non-syncytium-induc-
ing strain. However, the phenotypic behavior of this JM3100-
resistant strain pointed to the contrary: the induced CPE was
stronger than that observed for the wild-type HE.

The mutations found in the JM2763-resistant HE strains
were also different from those found in the JM3100-resistant
HE strain. Because the charge of the amino acids was not
changed by these mutations, the possibility that they contribute
to resistance is rather low. However, the location of the two
last amino acids mutated in the C4 region is very close to the
Q-to-E change detected in JM3100-resistant NL4-3. The im-
portance of these mutations remains to be elucidated. The
interesting observation that the HE wild type possesses the
same hydrophobic profile in the V4 region of gp120 as the
bicyclam-resistant NL4-3 viruses might be related to the much
faster development of resistance for the HE strain than for the
NL4-3 strain. The sequence of gp120 of HE is quite different
from that of NL4-3, probably resulting in a somewhat different
three-dimensional conformation of the glycoprotein.

It thus appears that for the follow-up of bicyclam resistance
in patients, the whole gp120 conformation will have to be taken
into consideration. A model based on the three-dimensional
structure of gp120 should be established to predict which
amino acid changes lead to resistance. Unfortunately, our
knowledge of the three-dimensional structure of gp120 is very
limited, and it will not be easy to unravel it. Recently, a model
of the isolated V3 loop was proposed (2), but it remains to be
seen if studies on isolated regions of gp120 will reveal much
about the fundamental processes in which this glycoprotein is
involved, because the undoubtedly numerous intramolecular
interactions between the different domains may be assumed to
play an important role in the function of gp120.

After submission of the manuscript of this report, results
obtained by Schols et al. (16) demonstrated that the bicyclams
directly interact with fusin (also known as CXCR-4), a core-
ceptor for T-tropic viruses. M-tropic strains, which mainly use
CCR5 as a coreceptor, are not inhibited by the bicyclams (16).
Mutant T-tropic viruses that are selected for in the presence of
drug can escape the inhibitory action of the compound. Due to
the changes in the amino acid sequence of gp120 and the con-
comitant conformational changes in the three-dimensional
structure of gp120, the bicyclam-resistant viruses might be forced
to use another epitope of CXCR-4 or they may need less
CXCR-4 to enter the cell. Proof for these possibilities is given
by the fact that the observed resistance for the NL4-3 strain is
never complete. HIV-1 HE, on the contrary, rapidly develops
complete resistance to the bicyclams, suggesting that this virus
may use another coreceptor besides CXCR-4 to enter the
target cells (15a).
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Schacht, J. Anné, E. De Clercq, R. Datema, and G. Werner. 1996. The
molecular target of bicyclams, potent inhibitors of human immunodeficiency
virus replication. J. Virol. 70:689–696.

7. De Vreese, K., D. Reymen, P. Griffin, A. Steinkasserer, G. Werner, G.
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