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ABSTRACT  To define the role of the human immunodefi-
ciency virus type 1 (HIV-1) envelope proteins in virus infection, a
series of peptides were synthesized based on various regions of the
HIV-1 transmembrane protein gp4l. One of these peptides,
DP-178, corresponding to a region predictive of a-helical second-
ary structure (residues 643—678 of the HIV-1, 4 isolate), has been
identified as a potent antiviral agent. This peptide consistently
blocked 100% of viris-mediated cell-cell fusion at <5 ng/ml
(ICso = 1.5 ng/ml) and gave an ~10 times reduction in infectious
titer of cell-free virus at ~80 ng/ml. The inhibitory activity was
observed at peptide concentrations ~10* to 10° times lower than
those at which cytotoxicity and cytostasis were detected. Peptide-
mediated inhibition is HIV-1 specific in that ~102 to 10° times
more peptide was required for inhibition of a human immuno-
deficiency virus type 2 isolate. Further experiments showed that
DP-178 exhibited antiviral activity against both prototypic and
primary HIV-1 isolates. As shown by PCR analysis of newly
synthesized proviral DNA, DP-178 blocks an early step in the
virus life cycle prior to reverse transcription. Finally, we discuss
possible mechanisms by which DP-178 may exert its inhibitory
activity.

The transmembrane (TM) protein (gp41) of human immuno-
deficiency virus type 1 (HIV-1) plays a key role in both
virus-mediated cell—cell fusion and infection by cell-free
virus. Reports have implicated various domains of gp41 with
specific aspects of these processes (1-7). For example, the N
terminus of gp41 (residues 517-532 of HIV-1; o) serves as a
fusogenic domain whose function probably involves insertion
into and disruption of the target cell membrane (1, 4). The
membrane-spanning and cytoplasmic domains (residues 689—
710 and 711-861, respectively) affect the fusion phenotype in
HIV-1, human immunodeficiency virus type 2 (HIV-2), and
simian immunodeficiency virus (5, 8-10). Residues 558-595
model a coiled-coil (leucine zipper-like) structure that may be
critical for fusion-related conformational changes in gp4l
(11-13). Also using synthetic peptides, investigators have
described two sites within gp41 (residues 583-599 of HIV-
1gH10 and residues 651-665 of HIV-1; 41, respectively) that
may interact with putative non-CD4 cellular receptors for
HIV-1 (14, 15). In addition, a discontinuous region within
gp41 (residues 534-544 and 644-650) has been identified as an
element of gp120-gp41 association (16).

Synthetic peptides modeling specific domains within the
HIV-1 envelope display various degrees of antiviral activity
(17-19). Recently, Jiang et al. (20) reported that a gp41l-
derived synthetic peptide (termed peptide 637-666) inhibited
virus-mediated cell—cell fusion and infection by cell-free virus
at levels as low as 1 ug/ml. We have demonstrated (11) that
two peptides, DP-107 and DP-125, modeling the leucine-
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zipper-like region of gp41, exhibited stable a-helical structure
under physiological conditions and inhibited HIV-1 infection
by both cell-free virus and cell-cell fusion. Also, viruses
containing secondary-structure-disrupting mutations within
this region were severely impaired in their ability to initiate
infection (12, 13). The antiviral activity of certain of these
peptides may be due to their ability to accurately model and
interact with functional protein domains.

We have synthesized additional peptides corresponding to
linear fragments of gp41 to identify other regions of the HIV-1
TM domain that may prove useful in understanding the role
of this protein in virus infection. One of these peptides,
DP-178, was modeled after a region of gp4l that was pre-
dicted to be rich in secondary structure (Fig. 1) (22). While
this material failed to exhibit stable solution structure under
physiologic conditions (C.T.W., unpublished data), it did
prove to be a potent inhibitor of HIV-1-mediated cell-cell
fusion. We have reported (23) that DP-178 completely inhib-
ited HIV-1; a;-mediated cell—ell fusion at concentrations as
low as 1 ng/ml (=200 pM). To our knowledge, it is rare for
synthetic peptides to exhibit HIV-1-specific activity at such
low concentrations.

In this report, we evaluate the ability of DP-178 to block
infection by cell-free virus. We also assess the specificity of
the peptide’s inhibitory activity against several prototypic
and primary HIV-1 isolates and a HIV-2 isolate. Using
peptide analogs, we establish both the primary amino acid
sequence and minimum length requirements for inhibition.
Finally, we identify the point in HIV-1 replication that is
disrupted by DP-178 and discuss possible mechanisms
through which this material may exert its inhibitory activity.

MATERIALS AND METHODS

Peptide Synthesis. Peptides were synthesized, purified, and
characterized as described (11). All peptides were acetylated
at the N terminus and amidated at the C terminus. Lyophi-
lized peptides were stored desiccated and peptide solutions
were made in water or PBS at =1 mg/ml with concentrations
determined from A,z (24).

Virus. HIV-1 isolates were obtained from R. Gallo (Na-
tional Cancer Institute, Bethesda, MD), J. Levy (University
of California at San Francisco), and J. Bradac (National
Institute of Allergy and Infectious Diseases, Bethesda, MD).
HIV-2Niuz was obtained from D. Zagury and R. Gallo
(National Cancer Institute). High-titered virus stocks were
prepared in CEM cells as described (11). Infectious titers
were estimated by end-point dilution on AAS and CEM cells.

Abbreviations: HIV-1, human immunodeficiency virus type 1;

HIV-2, human immunodeficiency virus type 2; PBMC, peripheral

blood mononuclear cell; TM, transmembrane; TCID, tissue culture

infectious dose; RT, reverse transcriptase.
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Reverse transcriptase (RT) activity present in the superna-
tants was taken as criteria for successful infection. The 50%
tissue culture infection dose (TCIDs) was calculated by using
the formula of Reed and Muench (25). Primary HIV-1 isolates
596 and 598 were expanded in activated peripheral blood
mononuclear cells (PBMCs) from normal donors.

Infectivity Assay. The ability of the peptides to inhibit
infection with prototypic cell-free virus was evaluated by
incubating serial dilutions of cell-free virus with AAS or CEM
target cells containing various concentrations of peptide.
Peptides were tested against the two primary isolates and the
prototypic HIV-1y 4; isolate in a similar assay using PBMCs
as target cells. Both assays were carried out as described (11).

Cell-Cell Fusion Inhibition Assay. The ability of the peptides
to block virus-mediated cell-cell fusion was assessed (11).

PCR Analysis of Newly Synthesized Proviral DNA. Newly
synthesized HIV-1 DNA was detected by a PCR-based assay
(26). Briefly, 105 CEM cells were incubated with peptide,
Leu3A, or PBS for 30 min at 37°C. Cells were then infected
with HIV-1p a1 pretreated with DNase 1. After a 2-hr incu-
bation at 37°C, cells were extensively washed with PBS,
trypsinized, washed three more times in PBS, and incubated
in growth medium for 18 hr at 37°C. Cells were lysed
overnight at 37°C in lysis buffer. Cellular lysates (10 ul each)
were subjected to 32 cycles of PCR amplification using
primers (each at 1.5 uM) corresponding to the envelope gene
(nt 8838-8358) and the U3 region of the 3’ long terminal
repeat (nt 9533-9558). PCR amplification was performed
using Tag DNA polymerase (Promega). Each amplification
cycle consisted of denaturation for 1 min at 94°C, annealing
for 1 min at 55°C, and elongation for 1 min at 72°C.

RESULTS

Peptide Inhibition of Syncytium Formation Induced by
Infected Cells. The ability to block syncytium formation
between cells expressing HIV-1 envelope and uninfected
CD4-expressing target cells (virus-mediated cell—cell fusion)
has served as a useful screen for antiviral reagents that
interfere with virus entry (i.e., neutralizing antibodies) (27).
The DP-178 peptide proved to be an extremely potent inhib-
itor of this process when compared with other peptide
inhibitors that also block HIV-1-mediated cell-cell fusion. As
shown in the representative experiment depicted in Fig. 2,
DP-178 gave an ICq value of 1.4 ng/ml (300 pM, ICso = 0.5
ng/ml or 100 pM) against the HIV-1; 4 isolate. The peptide
gave a 90% reduction in syncytium formation at concentra-
tions =102 to 103 times lower than other tested peptide
inhibitors based on gp41 envelope sequences, including the
coiled-coil peptides DP-107 and DP-125 (11) and the peptide
637-666 (DP-219) described by Jiang et al. (20) that shares

partial sequence homology with DP-178 (discussed below).
Also, DP-180, a control peptide containing a scrambled
DP-178 sequence, failed to demonstrate antiviral activity.
These results also compare favorably with nonpeptide inhib-
itors of HIV-1-mediated fusion, as measured in the same
assay including soluble forms of CD4 (ICgy =~ 100 nM; data
not shown) and the anti-CD4 human monoclonal antibody
Leu3A (ICs = 5 nM; data not shown).

The DP-178 peptide, which is based on the HIV-1pa;
envelope sequence, exhibited similar levels of inhibition
when evaluated against a panel of prototypic HIV-1 isolates
(Table 1). These results establish that although peptide ac-
tivity varied as a function of the HIV-1 isolate (e.g., ICo for
HIV-1; o1 = 6 ng/ml and ICq for HIV-1pn = 51 ng/ml), the
degree of variability was relatively small in contrast to the
isolate-specific activity exhibited by other viral inhibitors
(e.g., soluble CD4 or neutralizing antibody) (28). Also, from
the experiment shown in Table 1, we concluded that the
inhibitory activity of DP-178 was HIV-1-specific, requiring
~103 to 10* times more peptide to obtain a similar level of
inhibitory activity against the HIV-2n1uz isolate.

Peptide Determinants Required for Antiviral Activity. To
map the peptide determinants necessary for activity, a series
of truncation and extension analogs of DP-178 were prepared
and compared with the parent compound for their ability to
block virus-mediated cell—cell fusion. The results from these
experiments are summarized in Fig. 3. Due to considerable
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F1G.2. Blockade of HIV-1; ar1-induced cell—ell fusion by several
gp41l-derived peptides. DP-219 is identical to peptide 637-666 de-
scribed by Jaing er al. (20). ND, not done.
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Table 1. DP-178 inhibition of cell—cell fusion—comparison of
activity of HIV-1 isolates and HIV-2niuz

Peptide, ng/ml

Virus ICso ICgo
HIV-1p a1 2 6
HIV-1mn 15 51
HIV-1gg 7 24
HIV-1sk 2 5

HIV-2n11z 3400 9600

sequence variability observed within the N terminus of the
DP-178 region (Fig. 1), a series of peptides corresponding to
N-terminal deletions were synthesized. Peptides containing
1- and 3-residue deletions from the N terminus, DP-211 and
DP-210, respectively, gave ICq values against HIV-1; o1 of
~17 ng/ml. While this value is nearly 10 times higher than
that required to give similar results to DP-178, these peptides
are still potent inhibitors of cell—cell fusion. In contrast,
deletion of S residues from the N terminus resulted in a
dramatic decrease in antiviral activity. This truncated pep-
tide, DP-209, gave an ICq value of 400 ng/ml or =103 times
higher than the parent compound.

Deletions at the highly conserved C terminus completely
abolished peptide-mediated antiviral activity. A 4-residue
C-terminal truncation resulted in a peptide, DP-213, that did
not block fusion even at 1 ug/ml. This result suggests a major
role for the highly conserved C-terminal region of DP-178 in
the observed antiviral activity. Interestingly, an extension of
9 residues at the N terminus, DP-207, gave a peptide with
inhibitory activity similar to the prototype. This series of
experiments demonstrates that little divergence from the
original DP-178 sequence can be tolerated if antiviral activity
in the picomolar range is to be retained. However, trunca-
tions are more readily accommodated at the N terminus than
at the C terminus, which is consistent with the relative
degrees of sequence variation within these regions of the
HIV-1 envelope (Fig. 1).

Peptide Inhibition of Infection by Cell-Free Virus. Several
experiments were performed to assess the ability of DP-178 to
block infection of CD4-expressing cells by cell-free virus. Fig.
4 shows the results from a representative experiment using the
laboratory-adapted isolates HIV-1; o1 and HIV-2N1gz. As
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v DP-211 TSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF 12.0 17.8
> DP-213 LIHSLIEESQNQQEKNEQELLELDKWASL >1000 >1000
= DP-180 SSESFTLLEQWNNWKLQLAEQWLEQINEKHYLEDIS >1000 >1000

Fi1G.3. Blockade of HIV-1par-induced cell—cell fusion by DP-178
and analogs.
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FiG. 4. Test for peptide blockade of CEM cell infection by
HIV-1; a1 and HIV-2n1iz. Serial dilutions of the two virus stocks
were treated with no peptide or with DP-178 at four concentrations
in duplicate. The virus/peptide mixtures were allowed to incubate at
room temperature in a 96-well microtiter plate for 1 hr, and then 2 X
105 CEM cells per well were added. The cultures were incubated for
8 days, with fresh medium added every other day. On day 8,
supernatant was tested for RT activity as evidence of a successful
infection. The radioactivity was estimated using a Packard Matrix
counter and used for the calculations shown in Table 2.

shown in Fig. 4, the peptide was much more active against the
HIV-1 isolate than the HIV-2 isolate. Consistent with results
from the cell-cell fusion assay, inhibition of infection by
HIV-2n11z required =102 times more peptide than was needed
to achieve the same result with HIV-1; o;. As expected, a
control peptide DP-116 (11) exhibited no inhibitory activity.
Although DP-178 proved to be an effective inhibitor of cell-free
virus infection in the HIV-1 system (V,,/V,, = 0.1 at 80 ng/mi;
where V, is the virus titer in the presence of peptide and V,, is
the virus titer in the absence of peptide), the concentration of
peptide required to achieve this result (as measured by RT
assay) was ~10 to 10? times higher than the concentration
required to give similar levels of inhibition in the cell—cell
fusion assay (compare Tables 1 and 2).

Unlike certain inhibitors of HIV-1 infection (e.g., soluble
forms of CD4) (28), the antiviral activity of DP-178 was not
limited to prototypic viruses. As shown in Table 3, compa-
rable levels of peptide inhibited both the laboratory-adapted
HIV-1.4; isolate and two primary HIV-1 isolates, HIV-159¢
and HIV-1sg. The level of peptide required for inhibition
appears to be greater in the PBMC-based assays than in
assays carried out in continuous cell lines (e.g., AAS or CEM)
for both the prototypic and primary HIV-1 isolates (compare
Table 2 and Table 3).

DP-178 Blocks a Step in Virus Replication That Occurs Prior
to Provirus Formation. A PCR-based assay adapted from the

Table 2. DP-178 concentrations required to inhibit infection with
cell-free virus

Peptide, ug/ml

Va/Vo = 0.1 IDso
Virus DP-116 DP-178 DP-116 DP-178
HIV-1p a1 >40 0.08 >40 0.09
HIV-2Nn1HZ >40 7.4 >40 26

Values were calculated from the experiment shown in Fig. 4 after
estimation of RT cpm in each position of the filter with a 8 counter.
The peptide concentrations required to reduce the infectious titer
(TCIDs) by one order of magnitude (V,/V, = 0.1) is shown. For the
IDso value, the cpm in the duplicate wells shown in Fig. 4 were
averaged and plotted against peptide concentration. The peptide
concentration that gave a 50% reduction in RT cpm was interpolated
as the IDsg value. The estimate of virus infectious titer at the virus
dilution used (1:4) for this calculation was 512 TCIDsp for HIV-1p a1
and 32 TCIDso for HIV-ZN[}{z.
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Table 3. Test for inhibition of primary HIV-1 isolate infection
of PBMCs

IDso, pg/ml
Peptide HIV-159¢ HIV-1s9g HIV-1; a1
DP-178 2.8 1.2 1.1
DP-180 >20 >20 >20

Dose of peptide yielding a 50% reduction in RT cpm is shown.
Serial dilutions of peptides were tested in replicates of five wells for
each dilution. Input virus concentration was kept constant at ~84
TCIDso for HIV-1p.a1, 187 TCIDso for HIV-1s96, and 260 TCIDso for
HIV-1s9s.

procedure described by Zack et al. (26) was utilized to
determine whether DP-178 inhibits virus infection at an early
or late stage of HIV replication. Newly synthesized proviral
DNA in virus-challenged CEM cells was assessed by PCR
amplification 18 hr after infection, thus simulating a single
round of virus replication. As shown in Fig. 5, the presence
of DP-178 during initial HIV-1; ; infection of CEM cells
dramatically reduced the levels of newly synthesized proviral
DNAs detectable by PCR amplification. The coiled-coil
peptide DP-107 and the CD4-specific Leu3A monoclonal
antibody provided similar reductions in HIV-1-specific DNA
synthesis. Pretreatment with control peptides DP-180 or
DP-121 (the Pro mutant analog of DP-107) (11) failed to
reduce provirus formation. These results indicate that DP-
178 interferes with a step in the virus life cycle that occurs
prior to provirus formation, probably during virus entry
and/or uncoating.

DISCUSSION

DP-178 exhibited remarkable potency in inhibiting both vi-
rus-mediated cell-cell fusion and infection by cell-free virus.
The peptide gave a 90% reduction in syncytium formation
and infection by cell-free HIV-1; o1 at =200 pM (1-2 ng/ml)
and 18 nM (80 ng/ml), respectively. Similar results were
obtained with other prototypic HIV-1 isolates (MN, RF, and
SF2) and two primary isolates that had not been cultured in
cell lines. The other peptide inhibitors evaluated in this study
(DP-107, DP-125, and DP-219) required concentrations =10
to 10 times higher to achieve similar effects (Fig. 2). This
antiviral activity is not due to cytotoxicity or cytostasis, as
inhibitory concentrations were at least =10* to 10° times
lower than those required to visualize toxic or cytostasis
effects in tissue culture (data not shown). Also, peptides
corresponding to analogous DP-178 sequences of the HIV-1
isolates MN, RF, and SF2 similarly blocked cell—cell fusion
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Fi1G.5. PCR analysis of newly synthesized proviral DNA in CEM
cells. Approximately 10 CEM cells were pretreated with synthetic
peptides (20 pug/ml), the human monoclonal antibody Leu3A (10
pg/ml), or PBS and then infected with HIV-1; o1 (=105 TCIDs0) for
18 hr. Cellular DNAs were prepared and analyzed by PCR amplifi-
cation using primers specific for HIV-1 and B-globin. PCR products
were visualized after electrophoresis through a 1% agarose gel.
dH-O0, distilled H>O.
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mediated by both homologous and heterologous virus (data
not shown).

DP-178 was a more potent inhibitor of cell-cell fusion than
of infection by cell-free virus (compare Tables 1 and 2). This
observation was unexpected as in our experience the con-
centration of inhibitor required to block fusion of infected
cells is usually equivalent to or, in the case of neutralizing
antisera, greater than that required to block cell-free virus
infection. Although, the reason for the reversal in potency of
DP-178 in these two assays is unclear, it may reflect differ-
ences in the two modes of infection (e.g., cell-free virus
transmission vs. cell-cell transmission).

The inhibitory activity afforded by DP-178 is specific for
HIV-1. A >10? times difference in potency was observed
against HIV-1 compared with HIV-2 in cell-cell fusion and
infectivity assays (Tables 1 and 2). Also, DP-178 failed to
inhibit syncytium formation in the related retrovirus system
human T-cell leukemia virus type I (data not shown). The
specificity of DP-178 for HIV-1 compared with HIV-2 could
be related to differences in the envelope sequences of the
corresponding regions of the two viruses. Comparison of the
TM sequences of HIV-1; 4; and HIV-2nmz (Fig. 1) revealed
that these regions have limited sequence homology, sharing
only 15 of 36 residues (a sequence homology of 42%). Also,
the control peptides DP-180 (Figs. 2 and 3) and DP-116 (Table
2) showed no detectable antiviral activity. Although DP-178
corresponds to the gp4l sequence of the LAI isolate, its
antiviral activity was not isolate-restricted, exhibiting similar
levels of activity against the heterologous HIV-1 isolates RF,
MN, and SF2 in the fusion assay (Table 1).

In the infectivity assays, differences in peptide activity as
a function of the target cell (i.e., primary PBMCs vs. trans-
formed T cells) were observed (compare Tables 2 and 3). In
the PBMC-based assay, peptide concentrations of = 1 ug/ml
were required to achieve inhibitory levels similar to that of
DP-178 at =80 ng/ml in the identical experiment with CEM
cells. We conclude that this difference is due to the target
cells rather than the virus or peptide since similar peptide
concentrations were required to inhibit infection of PBMCs
by the prototypic HIV-1; o1 and the two primary isolates
(Table 3).

Other investigators have implicated the DP-178 region of
gp4l in the fusion event. Using an envelope expression
system, Cao et al. (29) assessed the effect of various non-
conservative changes within this region of the TM domain on
fusion phenotype. While many of the mutant envelopes were
not fusion-competent, fusion in several mutants containing
changes in the DP-178 domain was significantly enhanced
over that observed with the wild-type envelope.

DP-178 contains the sequence ELDKWA (residues 662—
667), which has been identified as the target epitope for the
neutralizing human monoclonal antibody 2F5 (30). This find-
ing suggests that the epitope lies on an exposed surface of the
TM domain or that at some point the envelope undergoes a
conformational change that renders this region accessible to
neutralizing antibodies. Other reports suggest that residues
contained within the DP-178 region can influence sensitivity
to polyclonal neutralizing antisera (31) (M. Robert-Guroff,
personal communication).

Various experiments were conducted to determine the
mechanism through which DP-178 blocks virus infection. An
assay to detect newly synthesized proviral DNA was used to
determine whether an early or late stage of the virus life cycle
is inhibited by DP-178. Under conditions favoring a single
round of replication, DP-178 significantly inhibited HIV-1
provirus formation compared with the control peptide DP-
180 (Fig. 5). This result suggests that DP-178 exerts its
antiviral activity by interfering with virus entry or uncoating
(early steps that occur prior to provirus formation) rather



9774 Medical Sciences: Wild et al.

than a late step such as envelope synthesis, processing, or
assembly.

Additional ELISA-based peptide binding assays and flow
cytometric analyses were used to determine whether DP-178
exerted its antiviral activity at the cellular or virus level.
First, we evaluated the ability of DP-178 to disrupt the initial
step of virus entry, the interaction of gp120 with its high-
affinity receptor CD4 (32). Results from both assays con-
firmed that DP-178 did not disrupt this critical interaction
(data not shown). We also investigated the possible interac-
tion of the negatively charged DP-178 with the positively
charged neutralization-sensitive V3 domain of gp120. In both
the ELISA-based binding and flow cytometry assays, direct
binding of DP-178 to the V3 region of gp120 was not detected,
and peptide did not interfere with the envelope binding of the
V3-specific monoclonal antibody 0.58 (data not shown).

Other experiments conducted in our laboratory suggested
that DP-178 may inhibit virus entry by interacting with a
distal region of the gp4l ectodomain. We have isolated a
recombinant human Fab fragment that recognizes a discon-
tinuous gp41 epitope containing both the DP-178 and DP-107
regions (C.-H. Chen, personal communication). CD studies
showed that the stable a-helical structure of the DP-107
peptide was disrupted in a dose-dependent manner by addi-
tion of DP-178 (C.T.W., unpublished data), indicating a
potential interaction between these two regions of gp41. We
(11) and others (12, 13) have shown that this leucine-zipper-
like domain is critical to virus entry, and perturbation of its
structure can inhibit this process. Thus, these results suggest
that peptides derived from the C terminus of the gp4l
ectodomain (e.g., DP-178 region) may interfere with the
infection process by interacting with sequences located near
or within the leucine-zipper-like domain of the same molecule
(e.g., DP-107 region).

Jiang et al. (20) have described an overlapping synthetic
peptide referred to as peptide 637-666 that was also derived
from the HIV-1 gp4l ectodomain and exhibited significant
antiviral activity. The amino acid sequence of peptide 637—
666 contains the N-terminal 22 residues of DP-178 and
includes an additional 8 residues that are not found in DP-178
(Fig. 2). We have synthesized this peptide (DP-219) and have
confirmed the original observations (Fig. 2). Jiang et al. (20)
concluded that the antiviral activity of peptide 637-666
resulted from its interaction with the N-terminal fusion
domain (FLGFL sequence) of gp41, which disrupts insertion
of the fusogenic sequence into the target cell membrane
during virus entry. Importantly, these studies and studies
conducted by our group indicate that the target sites of
DP-178 and peptide 637-666 are not identical. In support of
this conclusion, two N-terminal residues that were found to
be critical for peptide 637-666 antiviral activity are not
present in DP-178 (Fig. 2). Also, extension of DP-178 to
include the N-terminal 8 residues of the peptide 637-666 did
not affect its activity (Fig. 3). Similarly, deletion of the
C-terminal 4 residues of DP-178 (compare DP-210 and DP-213
in Fig. 3) resulted in a biologically inactive peptide, yet these
residues are not present in peptide 637-666. Although po-
tential interactions between DP-178 and the fusion domain of
gp41 were not directly evaluated, these findings suggest that
the determinants for biological activity for the two peptides
are different.

The results presented here are consistent with the initial
observations that DP-178 is a potent specific inhibitor of
HIV-1-mediated cellcell fusion (23) and infection by cell-
free virus. However, perhaps more important than these
observations is the prospect of using DP-178 as a probe for
sites on the virus envelope or the host cell membrane that

Proc. Natl. Acad. Sci. USA 91 (199%4)

may serve as targets for antiviral development. Since virus
infection can be completely inhibited at peptide concentra-
tions in the picomolar to nanomolar range, the target site for
DP-178 would seem to be both accessible and extremely
sensitive to reagents that disrupt its role in the infection
process. Therefore, it will be important to further define the
mechanism involved in DP-178-mediated inhibition.
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