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Linear peptides derived from the HIV gp4l C-terminus NHz
(C-peptides), such as the 36-residue Fuzeon, are potent HIV fusion Bz X3 Xe¢ X9 Xz Xs Xg
inhibitors! These molecules bind to the N-peptide region of gp41  8%s pwwi-1 1w W v VoV
. . I . BXs | pwwi-2 V v v I w w
and act as dominant negative inhibitors of an intramolecular Bix Wi v v vV woow :
protein—protein interaction that powers fusion of the viral and host ¢ F*Xe gwmj w ow ' y v v
cell membraned:4 The gp41 N-peptide region contains a surface s o BWAI-1 | A w v v v

pocket~® that is less prone to mutation than other gp41 regions or
HIV enzymest This pocket is occupied in the post-fusion state by Figure 1. Sequences g§WWI-1 —4 andfWAI-1. 3*homoamino acids
threea-helical residues found near the gp41 C-terminus: Trp628, are identified by the single letter code used for the corresponutiagiino
Trp631, and lle635; together, these residues comprise the WWI acid. O signifies ornithine.

epitope3~° Simple’8 and constrain€d® a-peptides, aromatic fol-

< 20
damers! peptide-small molecule conjugatés,and small mol- g (A
ecule$? that bind this pocket inhibit gp41-mediated fusion. Here, ‘E 10
we describe a set ¢#*-decapeptidesfWWI-1 —4, in which the S gl
WWI epitope is presented on one face of a short 14-helix (Figure £ Legend
1) SWWI-1 —4 bind to a validated gp41 modiel vitro and inhibit 2 -10p
) I = o pWWI-1
gp4l-mediated fusion in cell culture. Our work suggests that W -20 0
B-peptide 14-helices, which are likely to be metabolically stable =~ = 200 210 230 250 10 107 10° 10° 10%| @ FWWI-2
. . . . . wavelength (nm) [concentration] (M)
and protease resistalit,l’ can function asn vivo inhibitors of 340 80, ® pWWI-3
intramolecular proteifprotein interactions? = @ ol ® BWWI-4
We synthesized four 53-peptides fWWI-1 —4) containing the _.Esoo_ i'é 60;’ ®l e BWAI-1
WWI epitope in both possible orientations on each available face g 260 7 40
of a 8°-decapeptid¥ possessing significant 14-helix stability in 5220: E 205-
aqueous solution due to electrostatic macrodipole stabiliZ8oml o D
side chair-side chain salt bridges:2>We also prepareffiWAI-1 180L i L -
I revious work has documented the significant 10° 107 10° 10° 10 10 1
as a.COI‘_l'[I'O, as p a g ! [concentration] (M) [concentration] (M)
_contrl'bl_Jtlo7n of th_e centra_ll Trp631 to gp4l affinity and viral Figure 2. (A) CD spectra offWWI-1 —4 and JWAI-1 at 54M in PBC
infectivity.” The circular dichroism spectra gfwWwI-1—4 and buffer. (B) Fluorescence polarization analysis of the binding of IZN17 and

PWAI-1 all display the expected minima at 214 nm (Figure (C) the inhibition of C1l4wt™Ue|ZN17 complexation by3WWI-1 —4 and
2A).142023The spectra gBWWI-1 —4, but notBWAI-1, also show PWAI-1. (D) Inhibition of syncytia formation byfWWI-1—4 and
-1 19

a transition at 227 nm, which may result from distortions in the BWAI-L.
14-helix or the presence of two tryptophan residues in close )
proximity.2* Two-dimensional NMR spectroscopy in QDH 0.75+ 0.1, 1.0+ 03, 2.4+ 0.7, and 1.5+ 0.44M, res_pectlve_ly
confirmed the presence of 14-helix structurgivWi-1; NOESY (Figure 2B). Interestingly, in this case, 1ZN17 affinity is relatively
spectra showed five of seven possiblgi— Cj(i+3) NOEs and insensitive to the orientation of the WW!I epitope relative to either
three of six possible (ki) — Cg(i+3) NOEs. No NOEs inconsistent the 14-helix macrodlpole_ or the s_alt-br_ldglng facerhe affl_nlty
with 14-helical structure were observed. of BWWI-1 —4 for IZN17 is nearly identical to that of the highest

Eachg-peptide was fluorescently labeféet the N-terminus and affinity a-peptlde of cgmparqple S'Zd?‘( - 1'.2 .”M)'lo Alsp,
used in direct fluorescence polarization (FP) experiments to /"WWI',l binds IZN17 with significantly higher affinity than it b|pds
determine its affinity for the gp41 model IZN271ZN17, which carbonic anhydrase Il Ky = 115 uM) or calmodulin
exists as a stable trimer in soluti@hcontains 24 residues of an  (Ka > 100uM), two globular proteins that recognize hydrophobic
isoleucine zippéf fused in register to 17 residues from gpa1 and/or helical moleculeS. _ _ o
containing the pocket for the WWI epitog®All four -peptides, Two experiments were performed to investigate the binding mode

PWWI-1 —4F, bound 1ZN17 well, with equilibrium affinities of of ﬁ\(VW_I-l —4. F_irst we performed competition fluorescence
polarization experiments to assess whefi&WI-1 —4 competed

D ) - with C14wt™ (suc-MTWMEWDREINNYTCW), a fluorescent
epartment of Chemistry, Yale University. ) X A o

¥ Department of Molecular, Cellular and Developmental Biology, Yale Univer- analogue of a gp41 ligaftthat binds IZN17 with an affinity of

sity. _ i

2 e School of Medicine. 4.1 uM. PWWI-1—4 competed well, with 16 values of 4.0+

8 University of Utah School of Medicine. 0.7, 4.6+ 0.4, 13+ 4.1, and 3.3t 1.4 uM, respectively (Figure
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2C). We also synthesized tjg&VWI-1 analogugWAI-1 contain-
ing alanine in place of the central tryptophan of the WWI epitope.
PWAI-1FU bound 1ZN17 with lower affinity Kq = 20 uM) than
PWWI-1 and SWAI-1 and competed poorly witlC14wt™u for
IZN17 (ICso = 72.9 + 5.0 uM).?” These data suggest that the
affinity of SWWI-1 —4 for IZN17 results from interactions between
the WWI epitope and the targeted 1ZN17 pocket.

PWWI-1 —4 were then evaluated for their ability to inhibit gp41-
mediated celt-cell fusion in an assay that accurately predicts
potency in HIV infectivity assay%HeLa cells that express CD4
and atat inducible 3-gal gené® were co-cultured in the presence
of varying concentrations ¢f-peptides with HXB2 Env-expressing
CHO cellg° that express HIV-Eny, tat, andrev. Without inhibitors,
these cells fuse and form syncytia that expyesmlactosidase and
can be detected with 5-bromo-4-chloro-3-indgyb-galactosidé®
p-PeptidegfWWI-1 —4 inhibited cell-cell fusion with EGg values
of 27 £ 2.5, 15+ 1.6, 13+ 1.9, and 5.3+ 0.5uM, respectively,
whereaspWAI-1 was inactive (Figure 2DY The EGy values
measured forpWWI-1—4 are equal if not better than those
measured for-peptides? cyclic b-peptides’, aromatic foldamerst
or small molecule$? Although less potent than Fuzeon £G=
0.11 nM) pWWI-1 —4 are one-third the size, likely metabolically

stable'® and can be optimized combinatorially. These results suggest

that molecules such g8NVWI-1 —4 could represent leads toward
inhibitors or antigens effective against HIV or other viruses, such
as SARS? Ebola, HRSV, and influenz#, that employ common
fusion mechanisms.
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