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ABSTRACT. To identify structural constraints and amino acid sequences important for antibody recognition
of the third variable domain (V3) of HIV-1 gp120, we have studied the solution conformation of three
35-mer circular V3 loop peptides derived from HIV-1 strains which differ in syncytium- (SI) and non-
syncytium-inducing (NSI) capacity. In addition to 2D NMR and CD analyses, fluid- and solid-phase
immunoassays were performed using V3-specific antibodies to V3 peptides and gp120 derived from
different strains of HIV-1. NMR and CD spectroscopy indicated that circular and linear V3 loops exist in
water as a dynamic ensemble of multiple conformations. Amino acid substitutions and biochemical
modifications of the V3 loop were found to affect antibody binding depending on the presentation of the
antigens. From NMR observations and immunological experiments, we provide evidence for a V3 loop
specific monoclonal antibody interaction which is directed predominantly against linear epitopes rather
than against discontinuous epitopes. The absence of a single defined solution conformation of 35-mer
circular V3 peptides should be taken into account when using V3-related peptides to investigate structural
elements in the V3 domain of the gp120 envelope protein of HIV-1 involved in biological processes of
the virus.

The third variable domain (V3) of the gp120 envelope lymphocytes, but their capacity to infect and replicate in
protein of the human immunodeficiency virus type 1 (HIV- CD4+ T-cells, macrophages and cell lines, varies substan-
1)! has been identified as the principal neutralizing domain tially. Differences are also observed between the cytopathic
of T-cell line adapted viral strains (TCLA)1( 2). The effects of different HIV-1 strains. T-cell-tropic strains are
infection of the target cell is made possible by the binding able to induce syncytium formation between infected cells
of gp120, found on the surface of the virus and its infected (SI), while macrophage-tropic strains are typically of the non-
cells, to the CD4 and chemokine receptors CXCR4 or CCRS5, syncytium-inducing (NSI) phenotyp8,(4). Cell tropism and
protein complexes present on the membrane of the targetthe syncytium-inducing capacity of HIV-1 have been ascribed
cell. All HIV-1 strains are able to replicate in peripheral blood to substitutions of positively charged or neutral amino acids

at position 11 and/or 28 in the V3 domai, (6). Further-
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Phenotype peptide Amino acid position

1 11 28 35
NSI-consensus CTRPNNNTRK 8 I-HI--GPGRAFYTTG E IIGDIRQAHC
a- pl60B-al-THI (circular 35-mer V3) A Q
b- p160B-al-THM (circular 35-mer V3) M A Q
SI-consensus MN CTRPNYNKRK R I-HI--GPGRAFYTTK N IIGT‘IRQAHC
c- ACH-Q17 (circular 35-mer V3) NI G Q N
d- SP155-MN tip-V3 (15-mer short V3) K R I-HI--GPGRAFYTTK
SI-IIIB (LAI) CTRPNNNTRK § I-RIQRGPGRAFVTIGK I -G NMRQAHC
e- SP104-IIIB tip-V3 (15-mer short V3) I-RIQRGPGRAFVTIG

Ficure 1: Amino acid sequences of the circular V3 loop peptides of HIV-1, which have been used for NMR, CD analyses, and immunological
experiments (a, b, and c). A consensus sequence for NSI and Sl variants, respectively, is alstO)isésdnell as short ‘tip of the loop’
peptides (d and e) which have been used primarily for generating mouse Mabs MN-V3-53 and 111B-31; B8 second for the application

in immunological assays. The amino acid residues at positions 11 and 28, determining the SI/NSI phenotype of HIV-1, are indicated in
boldface type g, 6).

The structural elements within the V3 loop that induce lyophilized peptides in 90%H,0 and 10%?H.,0 to a final
both strain-specific neutralizing antibodies and involvement concentration of about 1 mM (20 mM phosphate buffer, pH
in biological phenotype of the virus were analyzed using 2D 5). Dithiothreitol (DTT) was added to the sample of the linear
NMR and CD analysis. We therefore set out to determine form of V3-160B-al-IHI to ensure that no intermolecular
the solution conformation of different circular consensus disulfide bonds were formed. The 20% (v/v) trifluoroethanol/
sequences of the V3 region of both syncytium-inducing (SI) water solutions were obtained by adding the appropriate

and non-syncytium-inducing (NSI) HIV-1 isolate83—6). amount of deuterated trifluoroethanol to the water sample.
The_: ree}ctivity of these \/_3 peptide antigens with cognate For the exchange measurements, 10 mg of cV3p160B-al-
antibodies was also studied. IHI was dissolved in 20 mM phosphate buffer, pH 7 (10%

Presented here is a 2D NMR and CD study of the deuterated). Solubility of the peptides was high in all cases,
conformation of three cyclic 35-mer V3 loop peptides in the only exception being the linear p160 IHI dissolved in
water and in aqueous solutions containing TFE: cV3-Q17, TFE/water.

derived from a syncytium-inducing HIV-1 isolate and two NMR SpectroscopMR experiments were performed on

cv3 peptides; 91605'6"1 derived from a nonsy_ncyﬂu_m Bruker DRX600 and VARIAN Unity Inova 500 spectrom-
macrophagetropic HIV-1 isolate. The last two cyclic peptides eters equipped with digital phase shifting hardware. All

differ only in one amino acid residue, in whick [isoleu- experiments were carried out at %. Both pH and

Clget)iése;ew?ﬁi%gge&:]s(rl?segoﬂ'gr%eél'%?rg?_n;%ﬂ:\lestw:ﬁ/_ 1 temperature values were chosen to minimize amide exchange
Etrgins is shown in Fiqure 1q (20). Two-dimensional double quantum filtered correlated
'F19 : . . spectroscopy (DQF-COSYRQ), nuclear Overhauser en-
Complex formation between cV3 peptides and variants :
thereof with in vivo and in vitro generated V3-specific hancement spectroscopy (NOES?), and totgl correlaﬂqn
antibodies was studied in solid- and fluid-phase assays. Wetsgifgr?jgfgy g?e%i:(ezze, Z?A?X?:]a V:ﬁ;igﬁ“ifg 2?130;%'89
introduced amino acid substitutions, linearization, and cleav—rn wer pd in th Ng)ESY )? fiments. Suppression of
age of the loop to investigate the influence on V3 peptide ths H;(a)e uslf eh' db expe ef S _uplp ?_ss 0 IO
antibody interaction. Purified recombinant gp120 envelope € peabs Wads ac t'ﬁve. ytmeans 0 semelzse 920 Ive pulse
protein of HIV-1 was also used in the study to investigate seéquences based on he JuRteturn sequenc 6. 27 n
the effects of modification of the third variable domain. combination with weak continuous irradiation of the residual
water resonance. The program NMRPig8)(was used for
MATERIALS AND METHODS transformation of all data. The time domain was zero-filled

) ) o ) to the next power of 2 and multiplied by phase-shifted sine-
PeptidesThe peptides used in this work consisted of three pajs Al spectra were analyzed using the program XEASY
cyclic V3 loops and two short peptides to test the effect of 29).

amino acid substitutions on the antibody reactivity (Figure . . .
1). The peptides SP104 and SP155 were prepared as Circular Dichroism Spectroscopylhe CD spectra were
described 19). Purity was checked by analytical HPLC. The recorded on a J"?‘SCO J-715 spe_ctrometer in the-260 nm
circular V3 peptides were purchased from Zeneca (Cam- fange. The peptide concentration used wag[#0(20 mM
bridge Research Biochemicals, England) and were of greatefPhoSphate buffer, pH 7). Spectra were recorded*&.3he
than 95% purity. NMR experiments were carried out on the TFE/water solutions were obtained by adding the appropriate
cyclic and linear (only IHI) 35-mer V3 loop peptides (Figure amount of TFE to the water sample. Spectra were usually
1, a-c). The composition and sequence were checked byaccumulated 8 times. Mean residue ellipticities were calcu-
one-dimensional NMR spectroscopy. No NMR experiments 1ated for each sample by the usual meth8d)(
were carried out on the short V3 peptides SP104 and SP155 HIV-1 Glycoprotein gp120The NIH AIDS Research and
(Figure 1, d,e). Reference Program provided the recombinant gp120 protein
Preparation of Peptides for NMR and CD Spectroscopy. from HIV-1 strain MN. The recombinant gp120 from strain
Samples for NMR spectroscopy were prepared by dissolving [lIB was expressed via a baculovirus expression system in



10868 Biochemistry, Vol. 39, No. 35, 2000 Huisman et al.

insect cells, and was kindly provided by PHAGE, La Jolla, Thrombin digestion of peptides and gp120 was performed
CA. according to Clements et al.7)( After completion of
Antibodies.The mouse monoclonal antibody 11IB-V3-13, cleavage, checked by SB®AGE, thrombin activity was
produced by one of us (J.D.L., rel), was generated against inhibited by the addition of an excess of hirudin and the
SP104, a V3-loop-IlIB-related peptide (cf. Figure 1). The protease inhibitors PepStatin and PMSF (both from Sigma
antibody provided by NIH AIDS Research and Reference Chemical Co.).
Reagent Program (nr: 1727) can neutralize TCLA-HIV-1-  Biochemical Modification of V3 Peptides and gp120
I1IB (SI) in vitro. The mouse monoclonal antibody MN-V3-  Proteins. To study the effect of chaotropic agents on
53 has not been described before. Briefly, a group of three recognition by antibodies, purified V3 peptides and gp120
mice received injections of V3 peptide SP155 conjugated to were treated with urea and urea/DTT at final concentrations
BSA mixed with Specol (a water-in-oil adjuvant) subcutane- of 4 M and 4 M/25 mM, respectively. After immobilization
ously on the upper side of both hind feet. Antibody responsesto the plates, the antigens were washed extensively to remove
were monitored weekly with a lectin- and V3-peptide-EIA chaotropic agents.
(see below) on serum samples. After 4 weeks, mice received Reductior-Carboxymethylation of V3 Peptides and gp120
a booster injection with the same dose via the same route.Proteins The antigens were dissolved in guanidine hydro-
A mouse with high response was selected for fusion and chloride and dithiothreitol at final concentrations of 0.8 M
received additional injections. Four days after this second and 30 mM, respectively. Aftel h incubation on ice,
booster, the spleen was used for fusion. Fusion wasiodoacetamide was added to a final concentration of 85 mM.
performed according to a standard protoc®®)( Limiting The mixture was allowed to incubaterftd h at 4°C in the
dilution was performed for subcloning of positive clones. dark. The reduced and alkylated V3 peptides (only circular
Ascites fluid was produced in BalB/c mice. Mouse immu- V3 peptides were used) and gp120 proteins were dialyzed
noglobulins were isolated by affinity chromatography on against PBS, aliquoted, and stored-20 °C.
protein A—Sepharose beads according to the instructions of  1?4-Radiolabeling of V3 Peptides, gp120 Proteins, and
the manufacturer (Pharmacia, Uppsala, Sweden). Antibody In brief, 50uL solutions of PBS containing either
Antibody MN-V3-53 recognized homologous V3 peptides 20 ug of peptides or 5ug of protein were used for labeling
(cf. Figure 1). Mab-MN-V3-53 can neutralize TCLA-HIV-1  with Na ¥ using chloramine T for 30 s38, 39. The
strain MN in vitro. The antibody did not bind appreciably radiolabeled preparations were purified from free iodine by
to an unrelated but also highly glycosylated protein like C1- dialysis, and subsequently aliquoted in the presence of
inhibitor or to unrelated peptides. The antibody will be protease inhibitor PMSF and bovine serum albumin (fraction
described in more detail elsewhere. V, Sigma) in a final concentration of 0.1% and stored until
D0142.10 is a recombinant human Fab fragment{Fd  use at—20 °C.
light chain) and was initially rescued from a Phage Display = gp120 EIA We used a gp120 capture enzyme immun-
Library (33—35). Drs. D. R. Burton and P. W. I. Parren from  osorbent assay (EIA) for mapping studies and studying the
the Scripps Research Institute, La Jolla, CA, kindly provided effect of reductior-carboxymethylation and for the study
the M13 phage containing the Fab fragment. Fab-DO142.100f thrombin cleavage on the reactivity of antibodies with
can neutralize TCLA-HIV-1 strain MN in vitro and also gp120. Briefly 40), a lectin, Galanthus nialis agglutinin
binds to MN-like V3 peptides 35). Rabbit polyclonal (Boehringer Mannheim GmbH, Germany), was used to coat
antibodies 50112 were prepared against cV3 peptide p160B-plastic Falcon 3911-96 U-bottom well plates (Becton Dick-
al-IHI (cf. Figure 1). Briefly, a rabbit received injections of inson Labware, Franklin Lakes, NJ) at a concentration of
20 ug of cV3-pl60B-al peptide mixed with Freund’'s 0.5 ug/well in PBS. After coating for 16 h at room
adjuvants subcutaneously at four different places. Antibody temperature, the plates were washed 2 times with deminer-
responses were monitored with a V3 peptide EIA on serum alized water and subsequently blocked for 30 min at@7
samples. After 2 weeks, the rabbit received a booster with Tris-buffered saline containing 4% (w/w) nonfat milk
injection with the same dose via the same route. This was powder (Campina, Eindhoven, The Netherlands) and 0.5%
repeated 4 times. The serum taken after the final boostergelatin (Merck, Darmstadt, Germany). The plates were
was used for the experiments described here. washed with Tris-buffered saline containing 0.01% Tween-
Serum Sample&rom a large panel of HIV-positive serum  20. Native and treated recombinant gp120 were captured to
samples, we selected specimens representing different stagethe plate via preadsorbed lectin. The antigens and antibodies
of HIV-1 infection. From individual HI\VAH/W, we obtained were used at saturating concentrations or, if this was not
sequential serum samples at the time of seroconver3@)n (  possible, at the highest concentration that would allow com-
MGT is an HIV-1 positive individual without clinical  pletion of the experiments. In comparative studies of antibody
symptoms and seroconverted after infection with an HIV-1 binding in solid- and fluid-phase assays, the antibodies were
NSI phenotype at least 10 years ago. The serum containsapplied in serial dilutions. Purified antibodies were generally
moderate to high titers of neutralizing antibodies. The used between 1 and 1&/mL and diluted in Tris-HCI (pH
chimpanzee Maya was experimentally infected with HIV-1 7.5)-buffered saline containing 0.4% nonfat milk powder,
strain IlIB (37). The serum sample used in this study was 0.1% gelatin, and 0.1% TX-100 or NP-40 (Sigma Chemical
taken 7 years after infection and was kindly provided by Co.). The antibodies were allowed to react with gp120 during
Dr. John Heeny from the Biomedical Primate Research a 2 h incubation at 37C. The unbound reagents were
Centre BPRC, Rijswijk, The Netherlands. removed by washing with Tris-buffered saline containing
Thrombin DigestionThrombin (EC 3.4.21.5) from human 0.01% Tween-20. Goat antibodies conjugated with alkaline
plasma was purchased from Sigma Chemical Co. (St. Louis,phosphatase and specific for either mouse, rabbit, or human
MO). Hirudin from leeches was also obtained from Sigma. 1gG, or for human kappa light chain, were used to monitor
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the binding of antibodies. These conjugates were purchasedHenceforth, all structural considerations refer to the all-trans
from Pierce (Rockford, IL). Phosphatase substrate tabletsisomer.
were obtained from Sigma Chemical Co. Color development NMR Studies on the V3 Peptides in Water: A Dynamic
was followed at 405 nm. Chimpanzee antibody binding was Mixture of Multiple ConformationsBy means of 2D NMR
detected by rabbit antibodies specific for human IgG and CD spectroscopy, we studied the solution conformation
conjugated with horseradish peroxidase (CLB Sanquin Blood of the V3 loops derived from primary isolates of HIV-1:
Supply, Department of Inmune Reagents, Amsterdam, Thethe T-cell-tropic Q17 (SI), the macrophage-tropic p160-B-
Netherlands). Color development was initiated by addition al NSI (IHM), and the circular and linear forms of p160-B-
of the substrate tetramethylbenzidine (Merck, Darmstadt, al (IHI).
Germany) and hydrogen peroxide, and followed at 450/540 A number of our observations demonstrate that these V3
nm. loops exist in aqueous solution as a dynamic ensemble of
Peptide ElAwas performed as follows: V3-related pep- multiple conformations. The backbone and side chain chemi-
tides, RCM-V3-peptides, peptides in the presence of chao-cal shifts closely approach typical random coil valués) (
tropic reagents (see before), and thrombin-cleaved peptideqwith a spread ofAd < 0.2 ppm). Also, the WishartSykes
were solubilized in PBS at 10g/mL. The peptides were  chemical shift indexes4@) predict no regular secondary
immobilized on Falcon plates (see before) during an over- structure on the basis of the observegbroton chemical
night incubation at room temperature. The EIA was per- shifts. The observeély, couplings range between 6.3 and
formed as described above for gp120. 7.8 Hz, except for the alanine residues, again indicating
Binding of gp120 and V3 Peptides to Immobilized Antibody conformational averaging4().
(RIA Format) The binding studies of antibodies to V3 The observed NOE connectivities also confirm the disor-
peptides and gp120 proteins were performed as follows: andered state of the peptides. Diagnostic of a helical conforma-
optimal amount of antibodies or serial dilutions of antibodies tion is the presence of a stretch of NOE connectivities
or sera were mixed with an excess of proteir@epharose  between the amide protons of consecutive residiigs
beads suspended in PBS containing 0.1% bovine serum(i,i+1), supported by the presence of medium-radge
albumin and 0.05% NP-40. Afte2 h of incubation head-  (i,i+3), dun(i,i+3), anddun(i,i+4) connectivities. The diag-
over-tail, the beads were washed 4 times with phosphate-nostic NMR evidence for #-turn consists of one or more
buffered saline (PBS) containing 0.01% Tween-20. Anti- dun(i,i+1) NOEs within the turn, accompanied by a reduction
bodies bound to protein ASepharose beads were incubated in the magnitude of the correspondidgy(i,i+1) NOEs. A
head-over-tail with radiolabeled gp120 or V3 peptide (ap- dun(i,i+2) connectivity across the turn is a requirement for
proximately 100 000 cpm) in PBS containing 0.1% bovine a positive identification of the turn. Long-rangdg.(i,j) and
serum albumin and 0.05% NP-40, for 16 h at room du(i,j) NOEs are diagnostic ¢gf-sheet structures. In Figure
temperature. After washing the beads with PBS/0.01% 2, a scheme is presented illustrating the NOE connectivities
Tween-20, bound radioactivity was measured in a gammaobserved for each cV3 peptide. Although a number of the

counter. dun(i,i+1) NOEs are seen in the NOESY spectra of the NSI-
and Sl-derived V3 peptides, there is no evidencedgr
RESULTS AND DISCUSSION (i,i+3), don(i,i+3), or den(i,i+4) NOEs, which rules out the

presence of an orderaxthelix. No evidence for a defined
: ) . " [-structure is seen either. Despite the presence of stigig
Eﬁgﬂgﬁ;pg?ig}e;)d%a;g f:\?&RHIV-l with Distinct _(i,i+1) NOEs, the NOESY spectra do not show t_he expected
' interstrand NOEs characteristic gfsheet formation.
Resonance Assignments for the PeptidBse proton In short, the consistent presence of both strandi,i+1)
resonances were assigned according to established strategiemd relatively strongdwun(i,i+1) NOEs indicates that all
(20) using DQF-COSY and TOCSY spectra to recognize peptides sample a broad range of conformations, irrespective
amino acid spin systems and NOESY spectra to identify of the striking amino acid sequence variations between SI-
sequential connectivities. Low chemical shift dispersion and NSlI-derived V3 loop peptide$,(cf. Figure 1). They
resulted in extensive overlap of the resonances in bothdo not have a single, specific, conformation.
aqueous and TFE/water solutions. Nevertheless, an almost In concordance with these observations, the CD spectra
complete assignment could be achieved for all backbone and(Figure 3) of the four peptides in aqueous solution are typical
side chain proton resonances (Supporting Information). No of random-coil peptides, with a negative extremum at 196
assignment could be made for the linear p160IHI solved in nm.
20% TFE/water, due to aggregation of the sample. Figure 2 The dun(i,i+1) NOE connectivities, mainly observed in
gives a representative example of all observed sequentialthe C-terminal region of the peptides, could be indicative of
NOE connectivitiesdon(i,i+1), dsn(i,i+1), anddun(i,i+1)] nascent helix in solution4@). Further support for the
(all data are available as Supporting Information). Sequential presence of such a helix in the form of a numberdg§-
NOE connectivities of the-protons of Arg3 and Gly15 with  (i,i+2) NOEs @3) is, however, not apparent from the NMR
the d-protons of Pro4 and Prol6, respectively, evidence that spectra. The nascent helix itself consists of a population of
in all peptides both XaaPro amide bonds have the trans different conformations, in which a significant proportion
configuration in the major isomer. Signals attributable to a contains backbone conformations in theegion of ¢,y)
cis-proline residue were also observed in the spectra of thesespace in the Ramachandran pldd), rather than of any
peptides. The assignment of the signals of this minor isomer single defined solution conformation.
was not possible due to its low population and the strong Previous NMR studies on the complete V3 loop of the
overlap of its signals with those of the major all-trans isomer. MN (11, 45 [Chang Mai (3), RF (46), and NSI-macroph-

Structural Properties of Circular and Linear V3 Loop
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Ficure 2: Schematic diagrams showing the magnitude of various NOE connectivities (small, thin lines; medium, thick lines; strong, filled
boxes) observed in the NOESY spectra of the cyclic V3 peptides in water and 20% TFE/water solutions. Schematic diagrams of (A) cyclic
pl60B-al (IHI) in water, (B) cyclic p160B-al (IHI) in 20% TFE/water, (C) cyclic p160B-al (IHM) in water, (D) cyclic p160B-al (IHM) in

20% TFE/water, (E) linear p160B-al (IHI) in water, (F) cyclic Q17 in water, and (G) cyclic Q17 in 20% TFE/water.

age-tropic consensud?)] indicated the presence offaturn Wehr—— 1 71 T T T

in the conserved GPGR region. This conclusion was based L .

on the presence of éw(i,i+1) NOE between residues 17 &

and 18 and secondary structure predictibd, 49 andona £ **™ [~ 7]

combination of the above-mentiondg(i,i+1) NOE and a i L \‘ _

diagnostic NOE connectivity that establishes the presence § Y

of a turn conformation which is thé,n(i,i+2) NOE across g "0 N

the turn between the Prol6 and the Argl&,(46, 47. = L ' _
We do see al(i,i+1) NOE between the amide protons O

of Gly17 and Argl18, which is evidence for a population of 00400

conformers with backbone conformations in giturn region

of (¢,y) space. However, this peak is also typical for a
population of conformers in the-region. For the cV3-Q17 ~10e404
peptide, we could not observe the diagnostic NOE between
residues 16 and 18. For all the other peptides, a very small

peak is present, but it could not unambiguously be assigned = 2904 ————~ 5700 7200 7300 740.0
to this connectivity due to overlap of resonances. Although A (nm)

we cannot totally exclude the possibility ofgaturn in this

reglon, the _NOE is small, and all other data do not_ support Ficure 3: CD spectra of cyclic V3p160B-al (IHI) in water (solid
this conclusion. We therefore conclude that the peptides haveine), in 20% TFE/water solution (dotted line), and in 50% TFE/
multiple conformations in aqueous solution. A similar result water solution (dashed line).
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was obtained by solid-state NMR measurements on a small
peptide comprising the 24 central residues in the V3 loop of
strain IlIB. These measurements showed a heterogeneous
population of peptide conformations in the unbound form, 50
whereas an antibody-dependent conformation is adopted in
the bound statel@).

Furthermore, an 18 residue HIV-1IlIB V3 peptide in 254 ]
complex with the Fv fragment of an anti-gp120 antibody I 2
reveals an unexpected type Ytturn comprising residues Z
of the tip. The central glycine and proline of this turn are 0-
linked by a cis peptide bond48). This confirms the
hypothesis of an antibody-dependent conformation of the
bound V3 loops.

NMR Studies on the cV3 Peptide in TFE/Water Solution:
A Tendency foo-Helical Structure in the C-Terminuin a 754B I ¢p120MN
20% TFE solution, the C-terminal part of the analyzed E= gp120IIIB
peptides is predominantly helical. A groupdai(i,i+2), dun-

(1,i+2), don(i,i+3), anddu(i,i+3) NOEs (cf. Figure 2) is 50+
observed for the sequence GlyiHis34 in the NOESY

spectra of three peptides, showing clearly the helical

structures in this region of the peptides. The low intensity 251 I

751A c¢V3-Q17
[JeV3-pl60B-al
I SP104-111B

MN-V3-53[—
Hu-HIV+

DO142.10[ ]
HIB-v3-13
Chimp-HIV+]

of these NOEs indicates that the peptides are still highly

flexible. Small upfield shifts of 0.020.15 ppm are observed 0-
for all o-proton resonances in the sequence ThiR8)31

[except for Gly28 in Q17, Asp29 in cV3-p160(IHM), and

Gly28, Asp29 in cV3-p160(IHI)]. Since intrinsic changes in

the chemical shifts, ofi-protons as a function of trifluoro-

ethanol concentration in random-coil peptides, are negligible . - I I
41), these upfield shifts are consistent with a tendency to FIGURE 4. V3-specific monoclonal antibodies were applied in a
(41), p Yy radioimmunoassay to analyze their recognition pattern with ho-

form aca-helical structure in this region of the molecule upon  mologous and heterologous V3 peptides and gp120 derived from
trifluoroethanol addition2Jy, couplings were difficult to different strains of HIV-1, e.g., HIV-1 IlIB versus Q17/p160B-al/

measure, probably due to a combination of smaller coupling MN strains. The radiolabeled antigens were presented in a fluid-
constantsd-helical structure) and broader lines. A tendency PNase assay. As positive controls, a serum sample from arHIV

) individual MGT (Hu-HIV+) and a serum sample from a chimpan-
to form o-helical structure could also be observed by the ;ee experimentally infected with HIV-1 11IB (Chimp-HI¥) were

analysis of the CD spectra of the peptides in 20% and 50% used. The binding of the antibody is expressed in percent bound
TFE solutions. A representative example is given Figure 3. radiolabeled antigens calculated from the input value. Values are
Addition of TFE apparently mediates formation of helical corrected for nonspecific binding.
structures although this amounts to maximally-28% of i . ) )
the total peptide concentration (calculated from the accepted®f circular, and shorter linear V3 peptides and gp120 proteins
value of —36 000 to—40 000 deg crhdmol* at 222 nm (sge Figure 1') derived .from different HIV-1 phenotypes, in
for 100% helix). The addition of TFE results in an isodichroic fluid- and solid-phase immunoassays.
point in the CD spectra (Figure 3), a two-state equilibrium.
Finally, the presence of the NOE connectivify(i,i+2)
between thex-proton of the Pro16 and the N-proton of the
Arg18, which indicates the presence of a turn conformation, Detection of Amino Acid Sequence Based Interactions
was vaguely manifested in the NOESY spectrum of the between V3-Specific Antibodies and V3 Peptides and
peptide Q17 only. gpl120: EIA and RIATo further study the solution confor-
Although the V3 peptides have a tendency to form a better mation of circular V3 loop peptides, we compared the
defined structure in the presence of TFE, no structural binding of three V3-specific monoclonal antibodies to
differences are seen between the peptides derived fromhomologous and heterologous V3 peptides and gpl120
different phenotype HIV-1 isolates, as regards cell tropism presented in a fluid-phase assay (RIA, Figure 4) and solid-
and the cytopathic effect. phase assay (EIA, Figure 5). We used mouse Mab IIIB-V3-
In summary, the NMR studies demonstrate that under 13, raised against 11IB-V3-SP104 peptide, mouse Mab MN-
physiological conditions circular V3 peptides do not form a V3-53, raised against MN-V3-SP155 peptide, and a recom-
well-defined structure, but that they consist of a dynamic binant human Fab fragment, DO142.10, elicited in vivo
ensemble of multiple conformations. No structural differ- against HIV-1. We also used a serum sample from an HIV-
ences are seen between the V3 peptides derived froml-infected individual (MGT) and a serum sample from a
different phenotypes of HIV-1, neither in aqueous nor in chimpanzee experimentally infected with HIV-1-1lIB. We
water/TFE solutions. To further explore these observations, studied the effect of amino acid sequence variations in the
a systematic evaluation of the binding of V3-specific V3 loop and the third variable domain of gp120 on the
antibodies to the third variable domain of gp120 and V3 binding of V3 antibodies and serum samples. Figures 4 and
specific peptides was performed. We applied several series5 show that the Mabs and serum samples display sequence-

DO142.10 -
MN-V3-53 A

111B-V3-13
Hu-HIV+

Chimp-HIV+

Structural Properties of V3 Loop Peptides and Their
Interaction with V3-Specific Antibodies: Immunology
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A [ JcV3.IHI EEESP104-11B TCLA strains MN and 11IB, resp_ectl_vely. An gnexpected
34 B8 ¢V3-IHM cV3-Q17 observation was that the neutralization capacity of RP142-

59.1 for the homologous strain MN was low to moderate
but high for the heterologous strain HIV-1 1lIB. Most anti-
V3 Mabs directed against one HIV strain are completely
unreactive even with closely related strains, due to amino
acid variations in the hypervariable immunogenic tip of the
g loop (61). However, Welicky and co-workerd®) provided

0- Ak = evidence to explain the binding of RP142-59.1 to the GPGR

) [} e} + +
g 5 g E E motif (neutralization domain) of gp120-1IIB. In solid-state
3 o > 5 & NMR studies, the GPGR motif of IlIB was found to be
= = = = £ conformationally heterogeneous in the unbound state, and it
© appeared to have sufficient conformational flexibility to allow
5 B zp120MN binding of :_:mtib.ody RP142-5$_9.1 raised against a V3-I_\/I_N
34 =) ¢p12011IB peptide. This raises the question as to whether neutralizing

(GPGR-binding) antibodies raised against V3-IIIB might
E exist that would also bind to V3-MN variants of gp120. The
3 large immunogenic differences between the IlIB-type V3
“ loop and the variants lacking the Q-R insertion are further
underscored by our finding that none of several rabbit poly-
clonal antibodies raised against a variety of MN, Q17, and
pl60B-al V3 peptides bound V3-11I1B peptides in fluid-phase
binding assays (J.D.L. and J.G.H., manuscript in preparation).
The importance of primary amino acid sequence for
recognition by antibodies against V3 loops is also shown
by the finding that Fab DO142.10 does not bind to a peptide
FiGUrRe 5: V3-specific monoclonal antibodies were applied in an jn which Ile4in p160B-al (IHI) has been substituted with a

enzyme immunoassay to analyze their recognition pattern with P : : :
homologous and heterologous V3 peptides and gp120 derived frommethlonlne residue (Figure 5). From the EIA experiments

different strains of HIV-1, e.g., HIV-1 llIB versus Q17/p160B-al- (Figure 5), we suggest that serum sample MGT and mono-
(IH! or IHM)/MN strains. The peptide and protein antigens were clonal antibodies display some cross-reactivity with heter-
presented to the antibodies from a soli_d ph_ase. The same positiveplogous peptide SP104-111B which might be an assay format
control sera were used as described in Figure 4 (Hu-H&nd dependent phenomenon (see also below).

Chimp-HIVH). The antibody binding is corrected for nonspecific Detection of Amino Acid Sequence Based Interactions
binding of negative control antibodies and conjugates to the o ) : q g
immobilized antigens. between V3-Specific Antibodies and V3 Peptides and gp120
in RIA: Effects of ReductienCarboxymethylation and
determined specificity for both V3 peptides and gp120. On Cleavage by ThrombinThe effect of reductiofrcarboxy-
one hand, Mab [lIB-V3-13 and chimpanzee serum react methylation of circular V3 peptides was analyzed for Mab
exclusively with 111B-peptides/gp120, while on the other hand MN-V3-53 and serum MGT; a circular V3 peptide of IIIB
Mab MN-V3-53, Fab DO142.10, and Hi MGT bind to was not available. Figure 6 shows that the linearization of
p160B-al- and Q17/MN-related antigens only (cf. Figure 1). cV3p160B-al (IHI) resulted in a lower antibody binding
These differences are most likely related to the insertion of consistent with (partial) loss of epitopes as a result of the
amino acids Q-R before the tip residues, GPGR, in the 1lIB treatment. However, NMR analysis had previously shown
peptide, with the most profound difference with the p160B- that reduced peptides tend to aggregate (see above) which
al, MN, and Q17 sequences, although we cannot excludemight also explain the decrease in binding of the antibodies.
that amino acid variations in the N- or C-terminal part of Thrombin cleavage of cV3p160B-al, RCM-V3p160B-al, and
the peptides may contribute to the absence of binding (cf. gp120 from HIV-1 strain MN resulted in a complete loss of
18, 31). Strikingly, despite the presence of a charged amino binding of Mab MN-V3-53 and Fab DO142.10 (the latter is
acid (R) at position 11 in SP155, the immunogen for Mab not shown). Similarly, thrombin cleavage of 1lIB peptide
MN-V3-53, the antibody did bind to p160B-al-IHI (NSI) SP104 and HIV-1 gp120 strain 1lIB totally abolished binding
sequences. The HKW serum MGT (anti-NSl) and Fab of Mab IlIB-V3-13. For the thrombin-cleaved peptides,
D0142.10 (anti-NSl) also bound to both SI- and NSl-related similar results were observed for serum samples-HMGT
V3 peptides. This finding is consistent with the absence of and HIV-1-11IB chimpanzee (the latter is not shown). The
phenotype-determined solution conformations of cV3 loop sensitivity of the third variable domain of gp120 and V3
peptides. The absence of cross-reactivity in a fluid-phase peptides for the cleavage by thrombin confirms our NMR
assay of the used Mab panel is not surprising since the V3analysis that a type IB-turn centered at Pt6and G7 is
loops of both circular V3 peptides used in our study are absent in our V3 peptides. As published by Johnson et al.
conformationally heterogeneous in the unbound form and (52), a conformational rearrangement of the V3 loop for
differ significantly in primary amino acid sequences com- docking thrombin is most likely centered at the conserved
pared with I1IB. Nonetheless, an example has been reportedresidue Pr¥. For antibodies in MGT and chimpanzee serum,
of a Mab (RP142-59.1) raised against the MN variant of V3 the cleavage of gp120 by thrombin resulted in a partial
which also binds to IlIB V3 loog49, 50. Cross-reactivity decrease in binding. The effect of thrombin cleavage on the
was established by EIA and neutralization assays with HIV-1 epitopes of the V3 loop is obscured by the reactivity of this

Hu-HIV+

< n
1)0142.10['_
MN-v3.53]
[T

NIB-v3-13
Chimp-HIV+
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Ficure 6: V3 loop peptides and gp120 derived from HIV-1 strains 1lIB, MN, and p160B-al were used in a fluid-phase assay (RIA), before
(closed symbols) and after (open symbols) treatment with thrombin. The binding of serial dilutions of Mabs MN-V3-53 and IlIB-V3-13,
HIV+ human serum sample MGT (the sample contained HIV-1 isolates with NSI phenotype), and the positive control rabbit polyclonal
antibody 50112 (immunized with cV3-p160B-al) to homologous and heterologous peptides was compared cdingac® (p160B-al

IHI, v = reductior-carboxymethylated cV3 p160B-al |H® = sp104 IIIB, ® = gp120MN, anda = gp120llIB).

serum with other epitopes on gpl120. The absence ofindividual (W) taken at seroconversion and thereafter (see
reactivity of HIV-positive serum samples with thrombin- also Figure 7). We compared the antibody binding to circular
cleaved peptides and gpl20 in a fluid-phase assay isV3 peptides before and after cleavage with thrombin in a
remarkable considering that these sera contain polyclonalsolid-phase (EIA format) and fluid-phase assay (RIA format).
antibodies against HIV-1 envelope antigens. The absence ofThe results are depicted in Figure 8. The antibody responses
reactivity of serum MGT and Mab MN-V3-53 with cleaved to both intact and thrombin-cleaved circular V3 peptides
cV3 could not be ascribed to degradation of the peptide sinceincreased over time in the solid-phase assay, but again
the presence of V3-antigenic determinants could still be responses were negative for thrombin-cleaved V3 peptide if
demonstrated for rabbit serum 50112 containing antibodiespresented in the fluid-phase assay. The inability of HIV
raised against the cV3p160Ba-| peptide (Figure 6). It remainssera to bind to thrombin-digested V3 peptide, and the
to be determined whether reduced binding of antibodies to decreased binding to thrombin-cleaved gp120 as found in a
thrombin-cleaved peptides or gp120 protein occurs becausdiluid-phase assay, was also confirmed in a larger pamel (
the cleavage site is part of the epitope or whether destruction= 25) of HIV-1 positive serum samples obtained from
of conformers is responsible for loss of epitopes. To individuals at different stages of the disease (data not shown).
investigate this, thrombin-digested V3 loop peptides were A host-cell-mediated V3 loop proteolysis in the viral life
presented on solid matrixes and tested with serial dilutions cycle has not been demonstrated unequivocallyg( 52,
of the antibodies. As apparent from Figure 7, Mabs IlIB- but a role for immunophilins has been suggested to induce
V3-13, MN-V3-53, and HIVA- serum sample [MGT, Chim- a conformational cis to trans isomerization of Proa
panzee serum, and a H#Vserum sample (W) taken 12 prerequisite for cleavage by a thrombin-like proteds®.(
weeks after seroconversion] still bind, although at reduced We speculate that the inability of HH sera to bind to
levels, to thrombin-cleaved peptides in the EIA format. Thus, proteolytically cleaved V3 loop may result in an impairment
in contrast to the findings with the fluid-phase format, at of the humoral response in controlling putative V3-mediated
least part of the coatectleaved peptides still contains the steps in the entry process of the virus.
epitopes of both mouse Mabs and Hih\&era. The reduced Detection of Amino Acid Sequence Based Interaction
binding is not the result of improper binding of cleaved between V3-Specific Antibodies and V3 Peptides and
antigens to microtiter wells, since rabbit serum 50112 binds gp120: Effects of Treatment with Chaotropic Agents and
to both cV3pl60Ba-I and cleaved cV3 at the same level. Reduction-Carboxymethylation (EIA) o further investigate
The difference between the two types of assays may be duestructural constraints for antibody binding, V3 peptides and
to fixation of the solid-phase-bound peptides in a structure gp120 proteins were either treated with chaotropic agents
favorable for recognition by the antibodies. Moreover, the or subjected to reduction followed by carboxymethylation.
local concentration of immobilized peptides is higher than These experiments showed that binding of Mabs to their
the concentration of peptide in solution, thus increasing the homologous V3 peptides was not affected by either of the
binding of low-affinity antibodies. treatments (data not shown). This suggests that binding of
Binding studies similar to the ones described above werethe Mabs to V3 peptides is not sensitive to denaturation,
performed with sequential serum samples from an HIV  although we cannot rule out the possibility that the structure
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FicurRe 7: V3 loop peptides and gp120 derived from HIV-1 strains I1IB, MN, and p160B-al were used in a solid-phase assay (EIA), before
(closed symbols) and after (open symbols) treatment with thrombin. The binding of serial dilutions of Mabs MN-V3-53 and I1IB-V3-13,
HIV+ human serum samples MGT and scW (both samples contained HIV-1 isolates with NSI phenotype)clhifivbanzee serum
sample from a chimpanzee experimentally infected with HIV-1 IlIB (Chimp-tH)Yand the positive control rabbit polyclonal antibody
50112 (immunized with cV3-p160B-al) to homologous and heterologous peptides was conibarep {55 MN,A = cV3 p160B-al IHI,

and@®@ = sp104 IlIB).

of the peptides, if any, had been restored after removal of reactivity is predominantly amino acid sequence determined.
the chaotropic agents. However, together with the data from For Fab DO142.10, elicited in vivo against HIV-1, treatment
NMR studies, these results suggest that linear epitopes, whictof gp120 by reduction and carboxymethylation (RCM) has
could exhibit internal flexibility, rather than discontinuous a negative effect on antibody binding. This indicates that
epitopes, in the peptides determine the binding site for the medium- and long-range interactions in the folded gp120
antibodies. In a discontinuous epitope, the amino acids protein codetermined the binding site in the third variable
involved are not necessarily arranged in a primary sequencedomain of gp120. This is in contrast with the observations

In addition, the structure of a discontinuous epitope is obtained with peptides. Thus, V3 peptide molecules used in
sensitive for biochemical modifications, e.g., denaturing and our study only partly reflect the epitopes as present on HIV-1
proteolytic cleaving of the antigen. Figure 9 depicts the gp120.

results of studies on the reactivity of the V3-specific Mabs

and two HI\VH+ sera with RCM-gp120. Again, strain-specific CONCLUSIONS
binding is demonstrated for 11I1B-V3-13, MN-V3-53, and Fab The experiments described in this paper show that the V3
D0142.10. As with the peptides, the binding of Mab IIIB- peptides of several strains form a heterogeneous ensemble
V3-13 is resistant to reductiercarboxymethylation of  of conformations in solution. The NOE data, theoupling
gp120-111B. The binding of MN-V3-53 to MN gp120 was values, and the chemical shifts, in combination with CD
only partly affected by reductiercarboxymethylation of the ~ measurements, show that the peptides, regardless of their
protein. These findings are in agreement with the assumptionNSI or SI phenotype, are a dynamic mixture of conformers,
that peptide-induced antibody responses are mainly directedof which a very small fraction forms an-helix at the
against linear epitopes and as a consequence antibodyC-terminus and ag-turn in the GPGR region. These
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Ficure 8: Comparison of the recognition pattern of sequential 0 S =« @ + +
serum samples from an Hi individual (scW) taken shortly after I & - 2, 2
seroconversion (2 weeks) with a year follow-up to cV3 peptides = > > T =
Q17 and p160B-al (IHI), presented in a solid-phase assay (EIA) 8 é E E E‘
and!®3-radiolabeled peptides in a fluid-phase assay (RIA). TheV3- ~ S

related peptides were presented as intact peptides as well as after
treatment with thrombin. The values are not corrected for nonspe- Ficure 9: Analysis of three site-specific V3 antibodies in their
cific binding. A serum sample taken before seroconversg8) ( binding pattern to homologous and heterologous HIV-1 gp120
shows a background of 1.2% for RIA and an ODAads nmof 0.050 derived from strains 111B and MN. The gp120 proteins are presented
for EIA. on a lectin-coated EIA plate before (native, solid bars) and after
biochemical modification of the proteins by reductiecarboxym-
observations are in agreement with the conclusion of Welicky €thylation (open bars). The same positive control sera were used
et al. (8), that the GPGR motif of the V3 loop is as described in Figure 4 (Hu-H#¥ and Chimp-HIA-).
conformationally heterogeneous in the unbound form. De-
spite the fact that the peptides derived from different strains
of HIV-1 all lack defined structures in solution, the peptides
presented in the fluid-phase assay are still differentially
recognized by a number of antibodies. This shows that the
specificity of the antibody is directed against linear epitopes
rather than directed against discontinuous epitopes in V3 ACKNOWLEDGMENT
peptides. The context of the GPGR motif of Q17/MN/p160B- - )
al differs significantly from the (Q-R)GPGR motif of HIV-1 We thank Prof. Dr. S. S. Wijmenga for performing some
B (18, 31, 48, and these differences are probably preliminary NMR ana_tlyses. We.also than.k Mr. J. Hutton
responsible for the absence of binding of heterologous for support in some immunological experiments, and Mr.
antibodies. Upon cleavage with thrombin, the mixture of T. Hamn_u_arsveld _for sk_ﬂled_technlcal assistance in generating
conformations in solution becomes even more complex and V3-specific rabbit antibodies. We are gratefully to Dr. P.
abolishes antibody recognition, even for a large number of W- M. Modderman, Prof. Dr. L. Aarden, and Dr. H.
polyclonal antibodies containing serum samples from HIV- Schunemaker for helpful discussions and critical reading of
1-infected individuals. We speculate that the lack of antibody the manuscript. We thank the NIH AIDS Research and
recognition for the cleaved third variable domain of gp120 Reference Reagent Program for supplying some of the above
could have consequences for controlling an HIV-1 entry. In 9P120 proteins and V3 antibody. J.G.H. dedicates this work
a solid-phase assay, however, cleaved V3 peptides stillt0 the occasion of the 65th birthday of G.F.H.
contain sufficient antigenic structure to interact with V3- UPPORTING INFORMATION AVAILABLE
specific Mabs and sera. This suggests assay-dependen
antibody binding. This can be brought about by assuming a Tables withH resonance assignments of the following
fixation of the peptides in a solid-phase assay in a structure peptides: cV3-p160B-al (IHI) in water solution, cV3-p160B-
favorable for recognition by the antibodies. Moreover, the al (IHI) in 20% TFE solution, cV3-p160B-al (IHM) in water
local concentration of immobilized peptides is higher than solution, cV3-p160B-al (IHM) in 20% TFE solution, linear-
the concentration of peptides in solution, thus increasing theized V3-p160B-al (IHI) in water solution, cV3-Q17 in water
binding of low-affinity antibodies. From biochemical modi- solution, cV3-Q17 in 20% TFE solution (8 pages). This

fication studies of the gp120 protein, we conclude that in
solid-phase assays the recognition of the V3 loop by anti-
bodies is dependent on the presence of a linear epitope but
that some structures in the folded gp120 protein codetermined
the binding site in the third variable domain of gp120.
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