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ABSTRACT: Human monoclonal antibody (mAb) 447-52D neutralizes a broad spectrum of HIV-1 isolates,
whereas murine mAb O raised against gp120 of the X4 isolate HI\gl neutralizes this strain
specifically. Two distinct gp120 V3 peptides, Mi3and V3,z, adopt alternativg-hairpin conformations

when bound to 447-52D and @.5respectively, suggesting that the alternative conformations of this loop
play a key role in determining the coreceptor specificity of HIV-1. To test this hypothesis and to better
understand the molecular basis underlying an antibody’s breadth of neutralization, the solution structure
of the V3s peptide bound to 447-52D was determined by NMRwand V3y peptides bound to
447-52D exhibited the same N-terminal strand conformation, while the \6@ptide revealed alternative
N-terminal conformations when bound to 447-52D ang@0Gomparison of the three known V3 structures
leads to a model in which a 18@hange in the orientation of the side chains and the resulting one-
residue shift in hydrogen bonding patterns in the N-terminal strand gf-iha&rpins markedly alter the
topology of the surface that interacts with antibodies and that can potentially interact with the HIV-1
coreceptors. Predominant interactions of 447-52D with three conserved residues of the N-terminal side of
the V3 loop, K312, 1314, and 1316, can account for its broad cross reactivity, whereas the predominant
interactions of 0.8 with variable residues underlie its strain specificity.

Human immunodeficiency virus type 1 (HIVAtilizes is directly involved in the binding of gp120 to the chemokine
two membrane-bound molecules to gain entry into cells: receptorsZ, 3). Analysis of the HIV-1 genome demonstrated
CD4 and one of several types of chemokine receptors. Mostthat the V3 loop contains major determinants responsible
HIV strains can utilize either the receptor for CC chemokines, for the phenotype of the virus and its cell tropism and that
CCRS5, or the receptor for CXC chemokines, CXCR4, and the V3 sequence determines whether the virus binds to CCR5
are thus termed R5- and X4-tropic viruses, respectively. A or CXCR4 @). Results of alanine-scanning mutagenesis led
minority of HIV strains that use both of these receptors are to the conclusion that Lys305, 11307, Arg313, and Phe315
termed dual-tropic 1). The third hypervariable region of are involved in CCR5 utilization5). [These residues are
envelope glycoprotein gp120 (V3 loop, residues-3630) numbered Lys312, 1le314, Arg322, and Phe324 according

to the numbering system used in this pap@x](A single
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complementarity-determining region; M3, V3 loop peptide from the system and especially for escaping neutralization by anti
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ization resistance involves the major variable loops, V1/V2 CCRS5 ligands, RANTES, MIPd, and MIP-13 (37), while
and V3 (3—-16). the structure of the Vi peptide bound to the QFantibody
The structures of the gp120 core of both an X4 laboratory- resembles @-hairpin in the CXCR4 ligand SDF-137).
adapted virus and of an R5 primary isolate in complex with  Since, in the previous NMR studies, complexes were
a CD4 fragment and with the Fab fragment of a gp120- composed of different combinations of Fv fragments and
specific antibody have been determinetl7)( However, peptides (V@n bound to 447-52D Fv and \fg bound to
crystals could be obtained only for gp120 polypeptides 0.53 Fv), we chose to extend these studies by examining a
lacking the first three variable loops, including V3, and the complex of V3 ((TRKSIRIQRGPGRAFVTIGK?) bound
structures of V4 and V5 have not been defined. Despite to the Fv of 447-52D, and have obtained results that allow
dramatic antigenic differences between the primary R5 andan analysis of the conformation of the W3 peptide in
the laboratory-adapted X4 isolates, the structure of their complex with two different antibodies. At the same time,
gp120 core is very similard@). Thus, while being a major  comparison could be made to the structure of the,V3
accomplishment, the determination of the X-ray structure of peptide in complex with 447-52 Fv. These comparisons have
the gp120 core could not explain HIV-1 coreceptor selectiv- |ed to insights into the molecular interactions that determine
ity. As an alternative to the direct study of the V3 conforma- whether an antibody is broadly neutralizing or strain-specific
tion of intact gp120 molecules, complexes of V3 peptides for HIV-1. They also reinforce our conclusion that alternative
with antibodies elicited against gp120 or HIV-1 can be conformations are assumed by V3 loops and suggest that
investigated. these conformational variations determine the target cell
The 447-52D human mAb, derived from the cells of an selectivity of the virus.
HIV-1-infected patient, is directed against a determinant
located within the V3 loop of gp120. 447-52D binds to a MATERIALS AND METHODS
broad spectrum of highly divergent V3 peptides from six
clades (A, B, D, and FH) (19) with association constants
of 2 x 1P to 1¢® M1, the highest of which is only 1 order
of magnitude below its affinity for the corresponding gp120
protein Q.O)' 447752D neutre}hzes a broad spectrum of RS efficiency of CNBr cleavage in formic acid when a threonine
and X4 viruses, including primary isolates, which are more

resistant than laboratory-adapted strains to antibody neutral-\ri;;du:rfgc;lrlggjsi?%gogg] : lﬁh\éeﬂ?l?svgg),Ft/h\?vacsleeiviggse d
ization 21, 22). How this antibody can neutralize both R5 b 0 : b

) X in the BL21(DE3)pLysS strain as described elsewhé@. (
and X4 viruses has remained obscure. .
Murine mAb 0.3 is a potent strain-specific HIV-1- The Fv-peptide complex (28.3 kDa) was prepared by the

neutralizing antibody that was raised against the entire 120addition of a 20% molar excess of the peptide to a dilute Fv
ga y g . 9P solution ¢-0.04 mM), and the resulting Fyeptide complex
of the X4 virus HIV-15 (23). The V3 peptide P1053 .
o~ S . was concentrated to 0.5 mM by membrane filtration
(*"RKSIRIQRGPGRAFVTIG?) comprises the complete : : . ) ; .
i . ; ) using vivaspin (Vivascience) with a 10 kDa cutoff. All

0.56 epitope and binds to the antibody with almost the same . X ;

g . ; . samples contained 10 mi}-acetic acid buffer at pH 5 and
affinity as RP135, a peptide that is three residues longer thanO 05% NaN
P1053 at each en@4). Neutralization of the free virus was ' '

: : NMR Spectroscopy and Structure Calculatiolsatope-
achieved at a O/bconcentration of 100 ng/mL, whereas full : . ; !
neutralization of infected cells (measured by syncytium edited NMR spectra using a uniformiN-labeled or*C-

inhibition) required antibody concentrations of &@/mL and!®N-labeled peptide in complex with unlabeled 447-52D
23) Fv were acquired, processed, and analyzed as described
Studies of complexes of HIV-1-neutralizing antibodies previously 87). A wo-dimensional homonuclear TOCSY

with V3 loop peptides have provided unique insight into the SPECIUM (25_ms mixing time) in 4O was measured to
conformati(fnpofahe V3 loop IC::md about th?a immur?e response identify the spin systems of jche aromatic r_e_S|dut_as of the Fv.
against this important HIV-1 determinan®5-29). Our NOESY spectra were ac_quwed with a mixing time of 150
approach has been to use NMR to study V3 peptides in ms. l?Bevenp angle§ for re5|dgé§BK312— HIBI.316’”|BA323’ .
complex with antibodies elicited against native conformations and™®F324 were included in the calculations on the basis

L ; ; f the analysis of théHa, *Ca, *Cf3, and >N chemical
of the V3 loop in either gp120 or the intact viru30-33). o . ' ’ ’ .
The two antigodies thatgﬁave been studiedS0a6d 44)7_ shifts using TALOS 41). The structure was calculated using

52D, bind strongly to synthetic V3 peptides with affinities standard procedures?). Hydrogen bonds that formed_m .
comparable to those exhibited for native gp120),(34) more than 70% of the structures were used as constraints in

Since these linear peptides are unstructured when free inIater stages of refinement.

solution @5, 36), we assume that the peptides bind to such RESULTS

antibodies by an induced fit mechanism and adopt a

conformation that mimics that against which these antibodies  Solution Structure of the Antibody-Bound,¥3Peptide.

were elicited. Nearly complete backbone and side chain assignments (96
The structures of the (3 peptide bound to the Fv  and 84%, respectively) were obtained for the Fv-bounggV/3

fragment of 447-52D and of the W3 peptide bound to 0/ peptide. Side chain assignment was especially problematic

Fv (23) were determined previously using NMRB(Q, 37). for "®R318,"BP320, and"®R322 for which only the @8

Both structures arg-hairpins with two antiparallgs-strands. and H3 protons could be assigned. The structure of thgsvV3

Notably, the structure of the V& peptide was found to have  peptide bound to 447-52D Fv was determined using 370

similarities in conformation and sequencefairpins in NMR-derived distance (75 long- and medium-range), 21

Sample Preparation.The 20-residue V3 peptide
310-329p12Qs  (TRKSIRIQRGPGRAFVTIGK) was ex-
pressed as a fusion proteinfscherichia colicleaved, and
purified as previously describe®). However, since the
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Ficure 1. Solution structure of the (& peptide #12-32%gp12QG,z) bound to the 447-52D Fv. (A) Backbone superposition of the 30
lowest-energy structures. (B) Stereo representation gfsM®und to the 447-52D Fv showing hydrogen bonds within the peptide (red).
Side chains pointing out from the page are colored yellow, side chains pointing inward green, and side chains of the loop residues blue.

dihedral angle, and five hydrogen bond constraints. The Hz, typical of a -strand, were measured fdt®S313,
superposition of the 30 lowest-energy structures that satisfy'"®1314, "®R315,""81316, ""BVv325, "8 T326, and''®1327.

the experimental restraints with no NOE violations larger  The side chains of residud$ S313,""8R315, ""8\/325,
than 0.4 A is shown in Figure 1A. The bound peptide forms and!"81327 form the lower face of thé-hairpin, while the
a well-defined g-hairpin consisting of two antiparallel sjde chains of''®K312, ""81314, "®|316, ""BF324, and

B-strands made of residué8K312—-"°1316 and"®F324- BT326 form the upper face. Numerous NOE interactions
B G328. The loop region consisting of residues Q3A323 are indicative of this topology.
was not as well defined as thestrands. The root-mean- Interactions with 447-52D Fand Side Chain Topology

square deviation (rmsd) values for the entire epitope ¢ V3ie. The N-terminal segment®K312—-"81316 was
(*3%gp120) are 0.41 and 1.07 A for the backbone and o nd to contribute approximately 60% of the M3peptide
heavy atoms, respectively. The structural statistics and rmsdyOE interactions with the 447-52D Fv. The pattern of
\{alues are presented in Table 1 in the Supporting Informa- jniermolecular NOE interactions in the M3—447-52D-Fv
tion. The Ramachandran plot (not shown) of the mean ¢omplex was found to be similar to that observed previously
structure of the Vs peptide bound to 447—52_[) Fvsuggests tor the Vay peptide bound to the same antibody B7)(
that the ¢ and y angles of all peptide residues (except The dominance of the interactions of the N-terminal strand
glycines) occupy allowed regions. (residues 312316) of V3 peptides with HIV-1-neutralizing
NOE interactions characteristic offahairpin conforma- antibodies was observed also in the crystal structure of a
tion were observed between backbone atoms of the N- andV3yy—447-52D Fab complex26) and in the NMR structure
C-terminal halves of the peptide. These interactions include of a V35 —0.53 Fv complex 81). The N-terminal residues
MBR315 H'-""BV325 HY, "B|316 Ho—""BV325 HY, "BQ317 that have the most extensive interactions with 447-52D are
HN—"BF324 Hy, "BK312 Ho—""® G328 Hu, "B1314 Ho— K312, 1314, and 1316 in the g —447-52D complex and
WBT326 Ho, and"®1316 Ho—""®BF324 Hux interactions. The 1314 and 1316 in the V@gy—447-52D complex Z5). This
expected'®S313 H'—"81327 HN and"'®R315 H'-""BT326 pattern of interactions differs from that observed for they/3
Hoo NOE interactions could not be assigned because of complex with 0.8 in which R315 and Q317 are the
resonance overlaflynne coupling constants higher than 7.7 N-terminal residues interacting most extensively with the
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Table 1: Dominant N-Terminal Interacting Residues, the Postulated
Conformation, and the Actual Sequence for V3 in the Three
Complexes Studied by NMR

V38—0.58 V3us—447 V3n—447

dominant N-terminal R315 Q317 |314 316 |314 316
interacting residues

postulated conformation X4 R5 R5

actual sequence X4 X4 X4

antibody as summarized in Table 1.

The °C-separated NOESY spectrum reveals several
interactions between residues in the N-terminal strand and
the turn of the V3 peptide and aromatic residues of the
antibody Fv. The presence of aromatic residues in the binding
site is also reflected in the unusually high-field chemical shift
observed for the protons #f G319 and"®P320, caused by
local ring current fields induced by aromatic amino acid
residues. Similar NOE interactions were also observed in
V3un complexed with 447-52D, and almost identical Fv
proton chemical shifts were observed for 25% of these NOE
interactions. On the basis of this similarity, the \3peptide
is believed to interact with the same aromatic residues as
does V3. To identify the type of aromatic amino acid
involved in the interaction with the V3 peptide, according
to the spin system of the side chain, we measured a two-
dimensional homonuclear TOCSY spectrum. We found that
B1le316 and"BGly319 most likely interact with tyrosine
residues, whild'® Pro320 and'® Gly321 most likely interact
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Ficure 2: Space-filling representation of V3 peptides bound to
HIV-1-neutralizing antibodies. Views showing the surface presented
by the N-terminals-strand of (A) a V3is peptide bound to 447-

with tryptophan residues. Since there are at least six tyrosine52D FV, (B) V3is bound to 0.5 Fv (31), and (C) V3, bound to

residues (TyH%k and Tyt3?) as well as three tryptophan
residues (Trg%3, Trp-°%, and Trp) in the antibody binding

447-52D Fv 87). Views showing the surface presented by the
C-terminalg-strand of (D) V3s bound to 447-52D Fv, (E) Vi
bound to 0.8 Fv (31), and (F) V3 bound to 447-52D Fv37).

site, we cannot assign these interactions to a specific antibody

residue. Our results are consistent with the crystal structure
of 447 Fab in complex with Vigy determined recently26).
The crystal structure reveals that Pro320 and Gly321 interact
with Trp-°? and Trp% residues and lle316 interacts with
Tyrt100 and Tyk32, On the other hand, Gly319 appears to
interact with a tryptophan residue in the crystal structure,
while in NMR analysis, it interacts with a tyrosine residue.
The latter observation can be explained by the different
location of this residue in the Fv binding site resulting from
the QR insertion preceding this glycine residue in¥3

As a result of the different pattern of interactions of the
V3, peptide in complex with 447-52D and @5the
orientation of the N-terminal strand side chains differs by
18 in the two complexes (Figure 2A,B). The surface
formed by the side chains 8fK312,""®1314, and"'®1316
in the 0.5 complex is almost a mirror image of the surface
formed by the same residues in W3 in the 447-52D
complex. In contrast, the side chains of K312, 1314, and 1316
are similarly oriented in the \{ig and V3,y complexes with
447-52D (Figure 2A,C). Accordingly, in both 447-52D Fv-
bound peptides, the overall topologies of the surfaces
presented by the N-terminal strand are very similar.

Despite the difference in the N-terminal strand topology,
the surface presented by the side chains of the;gV3
C-terminalg-strand,"B32*FVTIGS28, is similar in the V3s
complexes with 0,8 and 447-52D (Figure 2D,E). The side
chain orientation of the C-terminal strand residues of%/3
in complex with both Fv's differs from that of (g in
complex with 447-52D (panels D and E of Figure 2 versus
panel F).

Hydrogen Bond Networkilhe NMR structure shows that
the B-hairpin of the V3z epitope $232§yp120) bound to
447-52D is stabilized by a network of hydrogen bonds
between the two strands (Figures 1B and 3A). Two pairs of
hydrogen bonds form betweélfS313 and"®I1327 and
betweer"® R315 and"®V325. This pattern differs from that
observed in V@s complexed with 0.8 in which "BK312,
81314, and"'®1316 form the intrapeptide hydrogen bonds
with "B1327,"B\/325, and'"® A323, respectively (Figure 3B).
Thus, a one-register shift in the hydrogen bond forming
residues is observed in the N-terminal strand ofyy8vhen
the D and 2E of the two antibodies’ complexes are compared
(Figure 3A,B).

The N-terminal strand of the \{3 peptide bound to 447-
52D, however, shows remarkable similarity in side chain
topology and hydrogen bonding to the Wa3peptide bound
to the same antibody3{). In both peptides, residues 313
and 315 form hydrogen bonds with the C-terminal strand of
the5-hairpin (Figure 3A,C). However, while in \{3 bound
to 447-52D"B1327 and"'®V325 form the hydrogen bonds
with the N-terminal strand, in \{gy bound to this antibody
residuesNT326 and"NF324 form these bonds.

Conformation of the Central Loop Linking tifeStrands.
P320 and R322 of the i3 peptide show only a small
number of interactions with 447-52D, which contrasts with
the more extensive web of intermolecular interactions of
these same residues in the crystal structure of thgyV3
447-52D Fab complex26) and in the NMR structure of the
V3,5 —0.53 Fv complex B81). The fewer interactions result
from a lack of resonance assignment for most of the side
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315

P320 < Ficure 4: Structures of the Vi peptide bound to 447-52D Fv
G319<G321 A323 p324 V325 T326 and 0.8 Fv (31) compared with the structure of th&hairpin
R322 oo -

o AP en 1327 G328 formed by strand$2 and 3 in MIP-1o. (46) and SDF-1 45).
R318 et ] i | Sy Backbone superposition of the Vg peptide in complex with the
- A 447-52D Fv (blue) or 05 Fv (yellow) N-terminal segment

P S S N (312-31¢gp120) with the corresponding segmeris PMIP-1a and

Q317 1316 R315 "S313 was 38-42SDF-1) of MIP-Jn (green) and SDF-1 (pink). The hydrogen
1314 K312 bonds between the N- and C-termini (represented by dashed lines)
A323 T327 are shown.
G321 _R322 F3247 3257326

The 447-52D-Bound (8 Structure Is Homologous to the
SB-Hairpin Linking the2 and33 Strands in CCR5 Chemo-
kines.The three-dimensional structures of SDF-1 and the
G319 1316 H315 1314 R313 K312 CCR5 chemokines (MIP¢l, MIP-13, and RANTES) are

Ficure 3: NMR structures of V3 peptides bound to HIV-1- similar, and all four manifest a hairpin structure involving

neutralizing antibodies and the hydrogen bond network in the V3 the 32 and3 strands44). The orientation of side chains of
p-hairpins. The backbone conformation and hydrogen bonds strandg3 in the CCR5 chemokines and in SDF-1 is similar,

gzegfle:?/e{]t}ﬁ% )b)d/ Qﬁfﬂ?feﬁnﬁszhr?sgﬁék 0{ éﬂg%&lﬂg :8 84;;' and the same residues form intrapeptide hydrogen beifs (
Pv (vellow) @1), and (C) Vaw bound o 447-52D Fv (redgy 40 On the other hand, strarfi? of SDF-1 and the CCR5
are shown. chemokines differ by a one-register shift in their surface
exposed residues and also in the residues involved in
hydrogen bonding, as calculated from their published struc-
chain protons of these two Vg residues. The rare QR tures @5, 46) using INSIGHT. This shift is similar to that
insertion, which does not interact with the 447-52D Fv, observed between the N-terminal strand conformations of
lengthens the loop region of Vi@ peptide, possibly disturb-  the V3,z peptide bound to 447-52D Fv and B8.5v.

ing the fit of the peptide in the antibody binding site and  gyperposition of the Vig structures in the 447-52D and
causing greater conformational flexibility leading to the o 53 complexes with the chemoking&2—433 hairpin (Figure
weaker signal. _ S 4) shows that the conformation of Vg in the 447-52D

In the NMR-derived structure, the Mg peptide in  complex is quite similar to th@-hairpin of MIP-1a, and
complex with the 447-52D Fv forms a seven-residue 100p e same hydrogen bond network is formed within the
which links the two V3 f-strands and comprises residues g hairpin (compare green and blue structures). Wheri%he
"8Q317-"®A323. This seven-residue loop is one residue |g| 42 3nd48QVCASL segments of MIP-d are superimposed
longer than the loop formed by the same peptide bound to g, the!lB314|R|316 g 1B324F\/T)|327 segments of Vigs, an
0.5. In the 0. complex, the proline was in & Cis ymngq of 1.48 A is calculated. In addition, the conformation
conformation and a type \fi-turn was formed by the RGPG ot the V3,5 peptide bound to O Fv is strikingly similar
segmentg0). This unusual turn conformation was stabilized 4 the8-hairpin of SDF-1, and both have the same hydrogen
by a hydrogen bond betwe€fiR318 and'® G321. Because  ond network (compare yellow and pink structures). The
of the rare two-residue insertion, the loops formed by the g petween Vigs bound to 0.B and SDF-1 is 0.47 A
V3ue peptide in both antibody complexes are longer than \yhen the"B312K SIRIQR3!8 and "B322RAFVT327 segments
the four-residue loop observed in the W3peptide bound of V3ys are superimposed over tH8IVARLKN % and
to 447-52D. The conformation of the V8 loop bound to 46NRQVCI! segments of SDF-1, respectivel§.
447-52D Fv is stabilized by ami + 3 hydrogen bond
between the carbonyl oxygen G319 and the amide p|SCUSSION
proton of"®BR322 (Figures 1B and 3A). Twenty of the 30
lowest-energy structures were found to adopt a typktlrn Alternative Conformations of the V3 Loop Are Formed
for the GPGR segment. The structure of the loop, however, by an Induced Fit to Neutralizing Antibodieghis study was
is not as well defined as that of tifestrands. In all accepted designed to probe the possible conformations of the V3 loop
structures, P320 was found to be in the trans conformation. of gp120 and to understand the molecular basis for the broad
The strong NOE peak betweerd"®8P320 ando''® G319, neutralizing activity of the 447-52D human monoclonal
typical for acis-proline conformation, has not been observed antibody. We compared the conformations of a¥peptide
in the NOESY spectra. Moreover, whence-proline was bound to the Fv fragments of two different antibodies, 447-
introduced into the initial templates and the proline was 52D and 0.B, and the conformation of a \® peptide bound
constrained to a cis conformation, no structures were to 447-52D Fv. In all three complexes, the V3 loop formed
accepted during the calculations. If these constraints werea $-hairpin with a central reverse turn comprising the GPG
relaxed, thecis-proline turned into the trans configuration. segment. In comparison with the C-terminal strand, the
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V311 NNTRKSIRIQRGPGRAFVTIGKIG propose that the conformation of the N-terminal strand of
V3w YNKRKRIHI--GPGRAFYTTKNIIG both V3, and V3,z bound to the Fv fragment of the
J3ren NNTRKSIHI--GPGRAFYTTGEIIG broadly neutralizing antibody 447-52D represents the “R5

FiGUrRe 5: Sequence alignment of three different V3 peptides, conformation” of the V3 loop (Table 1).

V3ug, V3un, and V3g-r, the last of which represents the  The 8283 hairpin structure of SDF-1 and the CCR5

consensus sequence of clade B R5 viruses. The residues comprisin . . “ N .
the epitope recognized by the 447-52D antibody are in bold letters. ghem()kmes is also known as the “40s loop”, a term which

is somewhat misleading since this region includes amino

N-terminal strand interacted more extensively with these @cids 3751 in SDF-1 and 3752 in RANTES, MIP-I,
antibodies 31, 37), underscoring the importance of the and MIP-13. The 52—(3 hairpin is one of the chemokine
N-terminal strand in interactions with HIV-1-neutralizing domains responsible for receptor binding. Thus, mutations
antibodies. The side chain orientation of the N-terminal in the f2—f3 hairpins of MIP-B and MIP-I cause a
strand residues of the Vi@ peptide bound to 447-52D Fv  Significant decrease in the level of receptor bindiAg ¢9).

was found to differ by approximately 18@rom that of the A RANTES peptide®SGKCSNPAVVFV*including strand
same peptide bound to @Fv. On the other hand, the side /$2 (underlined) (as well as additional peptides from the
chain orientation and the hydrogen bond pattern of the N-terminus of RANTES) was shown to bind CCRS0J.
N-terminal strand'{8312KSIRI319) of the V3, peptide bound ~ Thus, like the V3 loop, the structurally homologgta—/3

to 447-52D Fv were similar to those in a corresponding hairpin of various chemokines is involved in binding to
segment of the Vg peptide bound to 447-52D Fv, despite chemokine receptorss{, 52). Moreover, NMR studies of
the 40% difference in sequence and the two-residue insertionother chemokines in complex with N-terminal peptides of
in V3ys (Figure 5). Since the same orientation of the their corresponding receptors clearly indicate that the chemo-
N-terminal strand residues’ side chains is found in two kines’ N-terminus and N-loop as well as the 40s loop (the
different V3 peptides, Vigs and V3, bound to 447-52D  2—/3 hairpin) interact with their corresponding receptors
and a different orientation is found in the same peptide (51, 52). Since all chemokines have a similar three-
(V3u8) bound to two different antibodies, we conclude that dimensional structure, it has been suggested that other
the conformation of the antibody-bound V3 peptide is chemokines share the same mode of interac&ng2). In
dictated not merely by the sequence of the peptide but ratherview of this, it is plausible that th§2—/43 hairpin in CCR5

by an induced fit to the specific antibody. chemokines and probably also in SDF-1 is involved in

The difficulties in crystallizing the entire gp120 molecule, INteractions with CCRS and CXCR4, respectively.
coupled with the successful crystallization of gp120 mol-  The Broadly Neutralizing Antibody 447-52D Recognizes
ecules devoid of variable region V3 (as well as V1 and V2), an Exposed Surface Consisting of Conser Residues.
suggest that these regions are flexitd@ (L8). The observa-  Despite the differences in the V3 sequence of Hl\shnd
tion that 0.% and 447-52D recognizefzhairpin conforma- HIV-1un (Figure 5), antibody 447-52D neutralizes both
tion indicates that, despite the inferred flexibility of the V3 HIV-1 strains, although a 3-fold higher concentration of
loop, its secondary structure is conserved even though theantibody is needed to neutralize HIVigl (54). Unlike 447-
side chain orientation and therefore the hydrogen bond 52D, antibody 0.B specifically neutralizes HIV-ls alone
network within the loop may vary. The existence of dual- (23). To understand the molecular basis for the broad
tropic viruses suggests that interconversion between theneutralization of HIV-1 by certain antibodies, the interactions
conformations recognized by CCR5 and CXCR4 is possible. of 447-52D Fv and 0,8 Fv with the same Vg were
Thus, the flexibility of the V3 loop could facilitate conversion compared. We found that these antibodies showed different
between the two V3 conformations by an induced fit upon patterns of interactions with the N-terminal strand ofj¥3
binding to a broadly neutralizing antibody such as 447-52D 447-52D had the largest number of interactions Wit816,
(47). extensive interactions with'®1314 and "®BK312, fewer

Comparison of the structures of the V3 peptides bound to interactions with"®S313 and"®R315, and almost no
monoclonal antibodies 447-52D and B.has led us to interactions with"® Q317 which is part of the two-residue
formulate a model in which a 18@hange in the orientation ~ insertion (Table 1). In contrast, @5nteracted extensively
of the side chains and the resulting one-residue shift in the with residues'"®R315 and"®Q317, had fewer interactions
hydrogen bonding pattern in the N-terminal strand of the with "®1314, and had almost no interactions withI316
B-hairpins markedly alter the topology of the surface that (Table 1). Clearly, the two antibodies differ markedly in their
interacts with different monoclonal antibodies and, by interactions with the N-terminal strand of the Yahairpin.
extension, with different chemokine coreceptors. In effect, Comparison of the crystal structure of the \3-447-52D
this topological change creates two distinct binding sites Fv complex 25) with the NMR structure of the g —0.53
despite the essential conservation of sequence. Our past anffv complex 81) reveals that in the former complex, residues
present studies establish structural homology between the"N1314, MNI316, MNP320, andYNR322 have the largest
V3 loop of gp120 and thg2—A33 hairpins of CC and CXC  contact surface with the antibody, while in the latter complex,
chemokinesg7). Knowing that (1) antibody 0&was raised ~ ""BR315, "8Q317, "8P320, and"®R322 are the major
against gpl120 from the X4 virus HIVpk and (2) the contributors to antibodypeptide contacts. Thus, the exist-
homology between the structures of M3 bound to this ence of those structures underscores the importance of (a)
antibody and SDF-1, we suggest that the ¥ 8onformation the conserved'®™N|314 and"®MN|316 residues in V3
in the 0.8 complex resembles the “X4 conformation” of interactions with the broadly neutralizing antibody 447-52D
the V3 loop (Table 1). On the basis of the foregoing and a and (b) the dominance of variable residUé&R315 and'8-
similarity with the conformation of CCR5 chemokines, we Q317 in interactions with strain-specific antibody 6.5
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The dominant Vgg and V3, residues that interact with CONCLUSIONS
447-52D,IBMN K312 WBMN|314 and!BMN|316 (Table 1),
are conserved in clade B HIV-1 viruses and are also very
common in R5 and X4 viruses of clades A, C, and F (http://
www.hiv.lanl.gov/content/hiv-db/COMPENDIUM/1998/I11/
V3.pdf)). Isoleucine appears at positions 314 and 316 in 96 556 antihody. The existence of these alterngtiirpin
and 69% of the isolates, respectively. Isoleucine or other .qnformations explains how gp120 molecules with very
bulky hydrophobic amino acids appear in more than 99% g;mjlar V3 sequences can bind selectively to one chemokine
of the isolates at these positions. Lysine appears at positionrgceptor or another, CCR5 or CXCR4. Analysis of the
312in 83% of clade B isolates, and lysine or arginine appearsinteractions of the Vigs peptide with two different antibodies
at position 312 in 98% of the isolates. Interestingly, K312 ais0 provides a structural explanation for the difference
and 1314 were implicated in CCRS5 binding)( Thus, the  petween strain-specific and broadly neutralizing antibodies.
V3 loop of most clade B isolates could interact similarly - A broadly neutralizing antibody is characterized by dominant
with 447-52D. On the other hand, @.5nteracts strongly interactions with an N-terminal surface of V3, consisting of
with "®R315 and"®Q317. Arginine appears at position 315 highly conserved residues; indeed, a goal of anti-HIV
in only 2% of clade B isolates, and none of the isolates has immunotherapy would be a generation of human mAbs with
lysine at this position. Moreover, position 315 is one of the this desirable property. For the development of more effective
most variable in V3!"®Q317 is part of the rare two-residue  HIV-1 vaccines, our findings argue for inclusion of both R5
insertion in V3s. Thus, the V3 loop of only very few and X4 conformations of the V3 loop.
isolates could interact with 0% We therefore postulate that
it is the dominant interactions with the conserved triad of ACKNOWLEDGMENT
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with 447-52D and the possible electrostatic interactions
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CDR3 probably stabilize the observed intermoleciaheet Structural statistics and rmsd values of the structure of

between this V3 peptide and 447-52B6|. The predomi-  v/3, . (Table 1). This material is available free of charge
nance of backbonebackbone interactions between the V3  yja the Internet at http://pubs.acs.org.

peptide and the antibody2%) allows replacement of the
isoleucine with other bulky hydrophobic residues, thus REFERENCES
contributing to the broad cross reactivity of 447-52D.

Possible Role of the Consexd GPG SequencAs a result
of the two-residue insertion in i3, the RGPG segment of
this peptide, when bound to the p.8ntibody, adopts a type
VI p-turn with proline in a cis conformation. In the Vi3 Katinge o) Hi _ il antibody 2 es @
peptide bound to 447-52D Fv, the GPG segment forms a | BBCER TEEECa i FRURE P07 300 Flbo 1106,
y-turn. As noted above, in the case of \&3bound to 447- 3.Wu, L., Gerard, N. P., Wyatt, R., Choe, H., Parolin, C., Ruffing,

Two alternative conformations of the same V3 peptide are
created by an induced fit to two different kinds of VV3-specific
antibodies. A common N-terminal strand conformation is
created when two highly divergent V3 peptides bind to the

1. Berger, E. A., Murphy, P. M., and Farber, J. M. (1999) Chemokine
receptors as HIV-1 coreceptors: Roles in viral entry, tropism, and
diseaseAnnu. Re. Immunol. 17 657—700.

2. Trkola, A., Purtscher, M., Muster, T., Ballaun, C., Buchacher, A.,
Sullivan, N., Srinivasan, K., Sodroski, J., Moore, J. P., and
Katinger, H. (1996) Human monoclonal antibody 2G12 defines a

52D, the GPGR segment forms a typ@turn. The apparent
flexibility of the loop region of the V35-hairpin structure

N., Borsetti, A., Cardoso, A. A., Desjardin, E., Newman, W.,
Gerard, C., and Sodroski, J. (1996) CD4-induced interaction of
primary HIV-1 gp120 glycoproteins with the chemokine receptor

allows shifts in the hydrogen bond pattern in fhstrands CCR-5, Nature 384 179-183.

without creating strain in the reverse turn. Moreover, 4. Moore, J. P., Trkola, A, and Dragic, T. (1997) Co-receptors for
diversity in the loop conformation enables the V3 loop to 5 gl\t/-l erltryHCurrl.t_OpmwImpm;moL 9F;551L—_56K2_K 1 starcich B
accommoqlate deletigns and .insertions while gtill maintaining 'J(?SEEL‘S’ s, E.S,eD'an’ E ;,alr?cg‘élsi{i, BYaAj’ v'\/h'iieh;rrs,lcE.’ A
the B-hairpin. The ability of this loop to adopt different types Baumeister, K., et al. (1985) Complete nucleotide sequence of
of turns was also observed by crystallography, where, in four 6 3\}6 A|D\§V V'EJS'[')"LL\Ii-|'_|r' NEthe 31& 277—c123L4- I H. (1999)

: . : . wang, . K., buaek, |., ESsex, ., an ee, |. H.
different antibody complexes, ea(,:h loop had a,dlﬁerent Hypervariable region 3 residues of HIV type 1 gp120 involved
turn: type Il for GPG in complex with the 50.1 antibody, a in CCR5 coreceptor utilization: Therapeutic and prophylactic
double turn consisting of type Il and type | turns for . Bﬂpljlcatlonjs,FJ’rO% Ngtl. ﬁca% S&I. L:.S.AW9@$58—4562. VL ang

H : : . De Jong, J. J., De Ronae, A., Keulen, ., lTersmette, M., an
GPG_RAF in complex with t_he 59.1 antibody, a double tu_m Goudsmit, J. (1992) Minimal requirements for the human immu-
consisting of two consecutive type | turns for GPGRFY in nodeficiency virus type 1 V3 domain to support the syncytium-
complex with the 58.2 antibody, and type IV for GPGR in inducing phenotype: Analysis by single amino acid substitution,
complex with the 83.1 antibody. The flexibility of the GPG J. Virol. 66 6777-6780.
segment may enable the interconversion between an R5
conformation and an X4 conformation without creating a
strain in the loop, while the proline residue promotes

8. Cocchi, F., DeVico, A. L., Garzino-Demo, A., Cara, A., Gallo,
R. C., and Lusso, P. (1996) The V3 domain of the HIV-1 gp120
formation of the turn responsible for the fundamental
B-hairpin conformation.

envelope glycoprotein is critical for chemokine-mediated blockade
of infection, Nat. Med. 2 1244-1247.

9. Rusche, J. R., Javaherian, K., McDanal, C., Petro, J., Lynn, D.
L., Grimaila, R., Langlois, A., Gallo, R. C., Arthur, L. O,
Fischinger, P. J., et al. (1988) Antibodies that inhibit fusion of



Induced Fit by HIV-1 Neutralizing Antibodies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

human immunodeficiency virus-infected cells bind a 24-amino
acid sequence of the viral envelope, gplR2fyc. Natl. Acad. Sci.
U.S.A. 853198-3202.

Trkola, A., Dragic, T., Arthos, J., Binley, J. M., Olson, W. C.,
Allaway, G. P., Cheng Mayer, C., Robinson, J., Maddon, P. J.,
and Moore, J. P. (1996) CD4-dependent, antibody-sensitive
interactions between HIV-1 and its co-receptor CCRNafure
384, 184-187.

Wei, X., Decker, J. M., Wang, S., Hui, H., Kappes, J. C., Wu, X.,
Salazar-Gonzalez, J. F., Salazar, M. G., Kilby, J. M., Saag, M.
S., Komarova, N. L., Nowak, M. A., Hahn, B. H., Kwong, P. D.,
and Shaw, G. M. (2003) Antibody neutralization and escape by
HIV-1, Nature 422 307-312.

Burton, D. R., Desrosiers, R. C., Doms, R. W., Koff, W. C.,
Kwong, P. D., Moore, J. P., Nabel, G. J., Sodroski, J., Wilson, I.
A., and Wyatt, R. T. (2004) HIV vaccine design and the
neutralizing antibody probleniat. Immunol. 5233-236.

Ye, Y., Si, Z. H., Moore, J. P., and Sodroski, J. (2000) Association
of structural changes in the V2 and V3 loops of the gp120
envelope glycoprotein with acquisition of neutralization resistance
in a simian-human immunodeficiency virus passaged in wivo,
Virol. 74, 11955-11962.

Edwards, T. G., Hoffman, T. L., Baribaud, F., Wyss, S., La-
Branche, C. C., Romano, J., Adkinson, J., Sharron, M., Hoxie, J.
A., and Doms, R. W. (2001) Relationships between CDA4
independence, neutralization sensitivity, and exposure of a CD4-
induced epitope in a human immunodeficiency virus type 1
envelope protein]. Virol. 75 5230-5239.

Pinter, A., Honnen, W. J., He, Y., Gorny, M. K., Zolla-Pazner,
S., and Kayman, S. C. (2004) The V1/V2 domain of gp120 is a
global regulator of the sensitivity of primary human immuno-
deficiency virus type 1 isolates to neutralization by antibodies
commonly induced upon infectiod, Virol. 78 5205-5215.
Bouma, P., Leavitt, M., Zhang, P. F., Sidorov, I. A., Dimitrov, D.
S., and Quinnan, G. V., Jr. (2003) Multiple interactions across
the surface of the gpl20 core structure determine the global
neutralization resistance phenotype of human immunodeficiency
virus type 1,J. Virol. 77, 8061-8071.

Kwong, P. D., Wyatt, R., Robinson, J., Sweet, R. W., Sodroski,
J., and Hendrickson, W. A. (1998) Structure of an HIV gp120
envelope glycoprotein in complex with the CD4 receptor and a
neutralizing human antibodyyature 393 648-659.

Kwong, P. D., Wyatt, R., Majeed, S., Robinson, J., Sweet, R. W.,
Sodroski, J., and Hendrickson, W. A. (2000) Structures of HIV-1
gp120 envelope glycoproteins from laboratory-adapted and pri-
mary isolatesStruct. Folding Des. 81329-1339.

Nyambi, P. N., Gorny, M. K., Bastiani, L., van der Groen, G.,
Williams, C., and Zolla-Pazner, S. (1998) Mapping of epitopes
exposed on intact human immunodeficiency virus type 1 (HIV-
1) virions: A new strategy for studying the immunologic
relatedness of HIV-1). Virol. 72 9384-9391.

VanCott, T. C., Bethke, F. R., Polonis, V. R., Gorny, M. K., Zolla-
Pazner, S., Redfield, R. R., and Birx, D. L. (1994) Dissociation
rate of antibody-gp120 binding interactions is predictive of V3-
mediated neutralization of HIV-1]. Immunol. 153449-459.
Cecllia, D., KewalRamani, V. N., O’Leary, J., Volsky, B., Nyambi,
P., Burda, S., Xu, S., Littman, D. R., and Zolla-Pazner, S. (1998)
Neutralization profiles of primary human immunodeficiency virus
type 1 isolates in the context of coreceptor usageyirol. 72,
6988-6996.

Conley, A. J., Gorny, M. K., Kessler, J. A., Il, Boots, L. J., Ossorio-
Castro, M., Koenig, S., Lineberger, D. W., Emini, E. A., Williams,
C., and Zolla-Pazner, S. (1994) Neutralization of primary human
immunodeficiency virus type 1 isolates by the broadly reactive
anti-V3 monoclonal antibody, 44%52D, J. Virol. 68 6994-7000.
Matsushita, S., Robert Guroff, M., Rusche, J., Koito, A., Hattori,
T., Hoshino, H., Javaherian, K., Takatsuki, K., and Putney, S.
(1988) Characterization of a human immunodeficiency virus
neutralizing monoclonal antibody and mapping of the neutralizing
epitope,J. Virol. 62, 2107-2114.

Zvi, A., Kustanovich, I., Feigelson, D., Levy, R., Eisenstein, M.,
Matsushita, S., Richalet Secordel, P., Regenmortel, M. H., and
Anglister, J. (1995) NMR mapping of the antigenic determinant
recognized by an anti-gp120, human immunodeficiency virus
neutralizing antibodyEur. J. Biochem. 229178-187.

Stanfield, R. L., Gorny, M. K., Williams, C., Zolla-Pazner, S.,
and Wilson, I. A. (2004) Structural rationale for the broad
neutralization of HIV-1 by human monoclonal antibody 447
52D, Structure 12 193—204.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Biochemistry, Vol. 44, No. 19, 2005257

Stanfield, R. L., Ghiara, J. B., Ollmann Saphire, E., Profy, A. T.,
and Wilson, I. A. (2003) Recurring conformation of the human
immunodeficiency virus type 1 gp120 V3 loopjrology 315
159-173.

Stanfield, R., Cabezas, E., Satterthwait, A., Stura, E., Profy, A.,
and Wilson, 1. (1999) Dual conformations for the HIV-1 gp120
V3 loop in complexes with different neutralizing FalStructure
7,131-142.

Ghiara, J. B., Stura, E. A., Stanfield, R. L., Profy, A. T., and
Wilson, I. A. (1994) Crystal structure of the principal neutralization
site of HIV-1, Science 26482—85.

Rini, J. M., Stanfield, R. L., Stura, E. A., Salinas, P. A., Profy, A.
T., and Wilson, I. A. (1993) Crystal structure of a human
immunodeficiency virus type 1 neutralizing antibody, 50.1, in
complex with its V3 loop peptide antigeRyoc. Natl. Acad. Sci.
U.S.A. 90 6325-6329.

Tugarinov, V., Zvi, A., Levy, R., and Anglister, J. (1999) A cis
proline turn linking twog-hairpin strands in the solution structure
of an antibody-bound HIV-111IB V3 peptidé\at. Struct. Biol. 6
331-335.

Tugarinov, V., 2vi, A., Levy, R., Hayek, Y., Matsushita, S., and
Anglister, J. (2000) NMR structure of an anti-gp120 antibody
complex with a V3 peptide reveals a surface important for co-
receptor bindingStruct. Folding Des. 8385-395.

2vi, A., Feigelson, D. J., Hayek, Y., and Anglister, J. (1997)
Conformation of the principal neutralizing determinant of human
immunodeficiency virus type 1 in complex with an anti-gp120
virus neutralizing antibody studied by two-dimensional nuclear
magnetic resonance difference spectroscd@ipchemistry 36
8619-8627.

Zvi, A., Tugarinov, A., Faiman, G., Horovitz, A., and Anglister,
J. (2000) A Model of a gp120 V3 Peptide in Complex with an
HIV Neutralizing Antibody Based on NMR and Mutant Cycle-
Derived Constraintszur. J. Biochem. 267767—779.

Skinner, M. A, Ting, R., Langlois, A. J., Weinhold, K. J., Lyerly,
H. K., Javaherian, K., and Matthews, T. J. (1988) Characteristics
of a neutralizing monoclonal antibody to the HIV envelope
glycoprotein,AIDS Res. Hum. Retr@ruses 4 187—197.

2vi, A., Hiller, R., and Anglister, J. (1992) Solution conformation
of a peptide corresponding to the principal neutralizing determinant
of HIV-111IB: A two-dimensional NMR studyBiochemistry 31
6972-6979.

Chandrasekhar, K., Profy, A. T., and Dyson, H. J. (1991) Solution
conformational preferences of immunogenic peptides derived from
the principal neutralizing determinant of the HIV-1 envelope
glycoprotein gpl20Biochemistry 3091879194,

Sharon, M., Kessler, N., Levy, R., Zolla-Pazner, S., Gorlach, M.,
and Anglister, J. (2003) Alternative Conformations of HIV-1 V3
Loops Mimic Hairpins in Chemokines, Suggesting a Mechanism
for Coreceptor SelectivityStructure 11 225-236.

Sharon, M., Gorlach, M., Levy, R., Hayek, Y., and Anglister, J.
(2002) Expression, purification, and isotope labeling of a gp120
V3 peptide and production of a Fab from a HIV-1 neutralizing
antibody for NMR studiesProtein Expression Purif. 24374—
383.

Kaiser, R., and Metzka, L. (1999) Enhancement of Cyanogen
Bromide Cleavage Yields for Methionyl-Serine and Methionyl-
Threonine Peptide Bond#nal. Biochem. 2661—8.

Kessler, N., Zvi, A., Ji, M., Sharon, M., Rosen, O., Levy, R.,
Gorny, M., Zolla-Pazner, S., and Anglister, J. (2003) Expression,
purification, and isotope labeling of the Fv of the human HIV-1
neutralizing antibody 447-52D for NMR studid3rotein Expres-
sion Purif. 29 291-303.

Cornilescu, G., Delaglio, F., and Bax, A. (1999) Protein backbone
angle restraints from searching a database for chemical shift and
sequence homologyl, Biomol. NMR 13289-302.

MacLachlan, L. K., Middleton, D. A., Edwards, A. J., and Reid,
D. G. (1997) A case history. NMR studies of the structure of a
small proteinw-conotoxin MVIIA, Methods Mol. Biol. 60337—

362.

. Cierpicki, T., and Otlewski, J. (2001) Amide proton temperature

coefficients as hydrogen bond indicators in proteihsBiomol.
NMR 21, 249-261.

. Czaplewski, L. G., McKeating, J., Craven, C. J., Higgins, L. D.,

Appay, V., Brown, A., Dudgeon, T., Howard, L. A., Meyers, T.,
Owen, J., Palan, S. R., Tan, P., Wilson, G., Woods, N. R.,
Heyworth, C. M., Lord, B. 1., Brotherton, D., Christison, R., Craig,
S., Cribbes, S., Edwards, R. M., Evans, S. J., Gilbert, R., Morgan,
P., Hunter, M. G., et al. (1999) Identification of amino acid



7258 Biochemistry, Vol. 44, No. 19, 2005

45.

46.

47.

48.

49.

residues critical for aggregation of human CC chemokines
macrophage inflammatory protein (MIPg1l MIP-13, and
RANTES. Characterization of active disaggregated chemokine
variants,J. Biol. Chem. 27416077-16084.

Crump, M. P., Gong, J. H., Loetscher, P., Rajarathnam, K., Amara,
A., Arenzana-Seisdedos, F., Virelizier, J. L., Baggiolini, M., Sykes,
B. D., and Clark-Lewis, I. (1997) Solution structure and basis for
functional activity of stromal cell-derived factor-1; dissociation
of CXCR4 activation from binding and inhibition of HIV-1,
EMBO J. 16 6996-7007.

Lodi, P. J., Garrett, D. S., Kuszewski, J., Tsang, M. L., Weatherbee,
J. A., Leonard, W. J., Gronenborn, A. M., and Clore, G. M. (1994)
High-resolution solution structure of tiiechemokine hMIP-15

by multidimensional NMR Science 2631762-1767.

Gorny, M. K., Xu, J. Y., Karwowska, S., Buchbinder, A., and
Zolla-Pazner, S. (1993) Repertoire of neutralizing human mono-
clonal antibodies specific for the V3 domain of HIV-1 gp120,
Immunol. 150 635-643.

Graham, G. J., Wilkinson, P. C., Nibbs, R. J., Lowe, S., Kolset,
S. O., Parker, A, Freshney, M. G., Tsang, M. L., and Pragnell, I.
B. (1996) Uncoupling of stem cell inhibition from monocyte
chemoattraction in MIP-d by mutagenesis of the proteoglycan
binding site,EMBO J. 15 6506-6515.

Laurence, J. S., Blanpain, C., De Leener, A., Parmentier, M., and
LiWang, P. J. (2001) Importance of basic residues and quaternary

50.

51.

52.

54.

Rosen et al.

structure in the function of MIP/2 CCR5 binding and cell
surface sugar interactionBjochemistry 404990-4999.

Nardese, V., Longhi, R., Polo, S., Sironi, F., Arcelloni, C., Paroni,
R., DeSantis, C., Sarmientos, P., Rizzi, M., Bolognesi, M., Pavone,
V., and Lusso, P. (2001) Structural determinants of CCR5
recognition and HIV-1 blockade in RANTES®lat. Struct. Biol.

8, 611-615.

Booth, V., Keizer, D. W., Kamphuis, M. B., Clark-Lewis, I., and
Sykes, B. D. (2002) The CXCR3 binding chemokine IP-10/
CXCL10: Structure and receptor interactioBsochemistry 41
10418-10425.

Handel, T. M., and Lau, E. K. (2004) Chemokine structure and
receptor interactiongrnst Schering Res. Found. Workshf1—

124.

. Coeffier, E., Excler, J. L., Kieny, M. P., Meignier, B., Moste, C.,

Tartaglia, J., Pialoux, G., Salmon-Ceron, D., and Leclerc, C.
(1997) Restricted specificity of anti-V3 antibodies induced in
humans by HIV candidate vaccinddDS Res. Hum. Retrouses

13, 1471-1485.

Gorny, M. K., Conley, A. J., Karwowska, S., Buchbinder, A., Xu,
J. Y., Emini, E. A,, Koenig, S., and Zolla-Pazner, S. (1992)
Neutralization of diverse human immunodeficiency virus type 1
variants by an anti-V3 human monoclonal antibodyVirol. 66,
7538-7542.

BI047387T



