1662 Biochemistry2001,40, 1662-1670

Antibody 17b Binding at the Coreceptor Site Weakens the Kinetics of the
Interaction of Envelope Glycoprotein gp120 with CD4

Wentao Zhang,Alexis P. Godillot} Richard Wyat€ Joseph Sodroskiand Irwin Chaiken®

Department of Medicine, School of Medicine, bbsity of Pennsylania, Philadelphia, Pennsyania 19104, and
Department of Cancer Immunology and AIDS, Dana-Farber Cancer Institute, and Department of Pathology,
Harvard Medical School, Boston, Massachusetts 02115

Receied June 19, 2000; Resed Manuscript Receéd December 7, 2000

ABSTRACT. HIV-1 utilizes CD4 and the chemokine coreceptor for viral entry. The coreceptor CCR5 binding
site on gp120 partially overlaps with the binding epitope of 17b, a neutralizing antibody of HIV-1. We
designed a multicomponent biosensor assay to investigate the kinetic mechanism of interaction between
gpl120 and its receptors and the cooperative effect of the CCR5 binding site on the CD4 binding site,
using 17b as a surrogate of CCR5. The Env gp120 proteins from four viral strains (JRFL, YU2, 89.6, and
HXB2) and their corresponding C1-, V1/V2-, C5-deleted mutant¥RFL, AYU2, A89.6, andAHXB2)

were tested in this study. We found that, across the primary and lab-adapted virus strains, 17b reduced
the affinity of all four full-length Env gp120s for sCD4 by decreasing the on-rate and increasing the
off-rate. This effect of 17b on full-length gp120 binding to sCD4 contrasts with the enhancing effect of
sCD4 on gp126-17b interaction. For the corresponding loop-deleted mutants of Env gp120, the off-rates
of the gp126-sCD4 interaction were greatly reduced in the presence of 17b, resulting in higher affinities
(except for that ofAHXB2). The results suggest that, when 17b is prebound to full-length gp120, the
V1/V2 loops may be relocated to a position that partially blocks the CD4-binding site, leading to weakening
of the CD4 interaction. Given the fact that the 17b binding epitope partially overlaps with the binding site
of CCR5, the kinetic results suggest that coreceptor CCR5 binding could have a similar “release” effect
on the gp126-CD4 interaction by increasing the off-rate of the latter. The results also suggest that the
neutralizing effect of 17b may arise not only from partially blocking the CCR5 binding site but also from
reducing the CD4 binding affinity of gp120. This negative cooperative effect of 17b may provide insight
into approaches to designing antagonists for viral entry.

Human immunodeficiency virus type-1 (HIVHiinfects 18). Understanding the molecular mechanisms involved in
target cells by fusing the viral and cell membranes. The gp120-CD4—coreceptor interaction is vital to our under-
fusion process is mediated by sequential binding of virus standing of the membrane fusion process and could help in
envelope glycoprotein gp120 to the cell surface receptor CD4 the development of novel therapeutic approaches to combat-
(1—4) and to a specific chemokine receptor (including CCR5 ing the AIDS epidemic.
and CXCR4) $—9). A growing body of data suggests that e fynctional activities of HIV-1 Env gp120 are related
binding of iDﬁ tlo gp120 induces conforma'uc;nal ch_ange? directly to its molecular structure. By comparison of the
in gp120 whic ead to gfe‘?“ef exposure, or ormation, o primary amino acid sequences of gp120 proteins derived
the chemokine coreceptor binding sifé{-13). Coreceptor from different HIV-1 isolates 19), the Env gp120 can be
binding to gp120 is thought to cause further conformational seen to contain five conserved ,regions (@) and five
changes in Env that result in dissociayion_ofgplzo from the variable regions (V4V5). The conserved regions form a
gp120-gp41 complex and further activation of gpAlAC core structure, which is important for the interaction of gp120
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implicated in the formation of CD4i are located within or immediately neutralized wit 1 M Tris base. After spin
near the conserved V2 stem, V3 loops, and fourth  concentration with Centriprep 30 spin filters (Amicon),
conserved (C4) region. CD4BS epitopes are sensitive torecombinant proteins were stored-&20 °C in glycine-HCI-
changes in several conserved gpl120 regions. The mappedris buffer (pH 7.4) containing protease inhibitors. Soluble
CD4BS and CD4i epitopes overlap with the binding sites of CD4 (sCD4) was a gift from R. Sweet (SmithKline Beecham
CD4 and the chemokine receptor, respectively, as revealedPharmaceuticals).

by the crystal structure2@). The proximity of the CD4BS Optical Biosensor Binding Assaykteraction analyses
and CD4i epitopes deduced from mutagenesis and structuralyere performed on a BIA3000 optical biosensor (Biacore
data makes it possible that structural changes in one site|nc ) with simultaneous monitoring of four flow cells. Immo-
influence the structure of residues in the other. Such pjlization of ligands (sCD4 or 17b Fab) to CM5 sensor chips
interactions have been documented before USing a CrosSyygs performed fo”owing the standard amine Coup"ng proce-
competition ELISA analysis of the HXB2 strain HIV-1  dyre according to the manufacturer’s specifications. Briefly,
gp120 glycoprotein9—31). carboxyl groups on the sensor chip surface were activated
The monoclonal neutralizing human antibody, 17b, rec- by injection of 35uL of a solution containing 0.2 M EDC
ognizes the CD4i epitope that partially overlaps the chemok- and 0.05 M NHS at a flow rate of @/min. Next, the protein
ine coreceptor CCR5 binding sit&Z, 13, 32). Our previous ligand at a concentration e£50 ng/mL in pH 4.5, 10 mM
investigations have demonstrated that the rate of associatiorNaOAc buffer was passed over the chip surface at@at
of the JRFL gp120 protein with 17b is increased when CD4 a flow rate of 5uL/min until the desired number of response
is prebound to gp1203@). This increased association rate units for immobilized protein was reached. Then, after unre-
results in a higher affinity of gp120 for 17b. These results acted protein had been washed out, excess active ester groups
support the notion that CD4-induced conformational changes on the sensor surface were capped by the injection @fLl35
in gp120 enhance gp120 binding to coreceptor CCR5, sinceof 1 M ethanolamine (pH 8.0) at a flow rate of&/min. A
the CCR5 binding site partially overlaps the 17b binding reference surface with BSA immobilized was generated at
epitope, and therein facilitate virus entry into the cell. the same time under the same conditions and was used as
To further investigate the cooperativity of the 17b and CD4 background to correct for instrument and buffer artifacts.
binding sites in the gp120 envelope protein, we reversed a Binding experiments were performed at37in PBS buf-
previously configured three-component biosensor binding fer (pH 7.4) with 0.005% Tween 20. PBS contains 10 mM
assay 83). In the current work, soluble CD4 (sCD4) was phosphate and 150 mM NacCl. Association was assessed by
immobilized on the sensor surface. The sCD4 binding of passing gp120 solutions (the analyte in biosensor terminol-
gp120s from four viral strains (JRFL, YU2, 89.6, and HXB2) ogy) over the chip surface at a flow rate of @0/min for 3
was tested in the absence and presence of 17b. Correspondingiin. The concentration range for gp120 analytes was-31.2
C1-, V1/V2-, C5-deleted gp120 mutantAJRFL, AYU2, 250 nM. In the gp126:17b mixture, the molar concentration
A89.6, andAHXB2) were tested in the same assay. To of 17b or 17b Fab was kept at a 10-fold excess over the
evaluate the CD4-induced conformational rearrangementconcentration of gp120s. Excess 17b maximized the forma-
effect on these four pairs of gpl20 proteins, they were tion of the gp126-17b complex in solution. The molar
examined in the initial assay configuration, where 17b Fab concentrations of SCD4 (in the gp126CD4 mixtures) were
was immobilized on the surface and sCD4 was the effector kept at a 20-fold excess over the concentration of gp120s
in the fluid phase. As reported here, these analyses havefor the same reason. The gp1207b and gp128sCD4
allowed us to quantitate the kinetics of a downregulation of mixtures were allowed to stand at room temperature for at
CD4 binding induced by 17b in real time, a phenomenon leag 1 h before injection. Dissociation of bound analytes
which contrasts with the upregulation of 17b binding induced was monitored while washing the surface with buffer for 5
by CD4. We describe herein the data supporting these min. The remaining analytes were removed with three 15 s
regulating effects and their implications for HIV cell fusion. injections of 4.5 M MgC} at a flow rate of 10Q:L/min.

EXPERIMENTAL PROCEDURES RESULTS

Protein ProductionThe human monoclonal antibody 17b, Binding of Full-Length Glycoprotein gp120s to Im-
derived from an HIV-infected individuaB@), was purified  mobilized sCD4 in the Absence and Presence of Antibody
by protein A affinity chromatography. Fab fragments were 17b. Optical biosensor interaction analysis was used to
produced by papain digestion of monoclonal antibodies using quantitate the effect of antibody 17b binding to HIV-1 gp120
a commercial protocol (Pierce) as described previol3y.( on the subsequent interaction of gp120 with sCD4. Four

Recombinant wild-type gp120 and teC1/AV1/2/AC5 gp120 variants were tested (JRFL, YU2, 89.6, and HXB2).
mutant A82/A128—194/A492; HXBc2 numbering) were  As shown in Figure 1A, the binding assay was configured
derived from the JRFL, YU2, 89.6, and HXB2 strains and with sCD4 immobilized on the CM5 sensor chip surface.
were produced from stably transfect@bsophilaSchneider Two surface densities of sCD4, 237 and 583 RU, were
2 (S2) cell lines under the control of the metallothionein generated by direct immobilization through amine coupling.
promoter as previously describe85f. The loop-deleted  The sensorgram overlays for binding of the representative
mutant proteins are termed hereddRFL, AYU2, A89.6, case of YU2 gp120 to immobilized sCD4 (583 RU surface)
andAHXB2. Expressed recombinant proteins were purified in the absenceand presenceof 17b are shown in panels B
by passage of gp120-containing media over an F105 Maband C of Figure 1, respectively. The signal from the reference
(anti-gp120) affinity column. After extensive washing, flow cell (with BSA immobilized) was subtracted to correct
proteins were eluted with 100 mM glycine-HCI (pH 2.8) and for bulk effects and nonspecific binding to the surface. The
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Ficure 1: Effect of 17b on gp120sCD4 interaction kinetics. (A) Schematic representation of the gp1Z2b—sCD4 three-component
biosensor configuration with sCD4 immobilized on the sensor surfaceEjBSensorgram overlays for binding of YU2 Env gp120 to
immobilized sCD4. The surface density was 583 RU. The buffer was 10 mM phosphate (pH 7.4), 150 mM NaCl, and 0.005% P-20. The
flow rate was 3Q:L/min. The concentrations of gp120 proteins are shown at the right of each sensorgram. In the presence of 17b, [gp120]:

[17b] = 1:10. (B and C) Full-length YU2 and (D and E) loop-deletedU2 (B and D) in the absence of 17b and (C and E) in the presence
of 17b.

binding interaction was assessed over the concentration rangenational change model using Biaevaluation 3.1 software
of gp120 proteins of 312250 nM. The gp120:17b molar  (Biacore Inc.). The reason for employing the two-state
ratio was 1:10 when 17b was present. As a control, the conformational change model to fit this set of data is that a
gpl20-17b mixtures were also passed over a 17b-im- preponderance of the dath0-13, 32, 33), including data
mobilized surface, and no binding was detected (data notfrom this study shown in later sections, suggests that gp120
shown). This result confirms that the gp1207b complex undergoes conformational changes when it binds to sCD4.
is the predominant form in the mixture. The sensorgrams in The data fit well with the two-state conformational change
panels B and C of Figure 1 show visually that, at the same model §? < 4). One example is shown in Figure 2A. The
concentration of gp120s, there is a decrease in the level ofdata for gp120 binding to SCD4 in tipeesencef 17b were
gp120 binding to sCD4 when 17b is present as indicated by analyzed by global analysis with a simple 1:1 binding model,
the magnitude of the sensor signal. This effect is more since 17b appears to lock gp120 into a state where sCD4 no
dramatic if we consider the fact that the mass of the gp120 longer induces the conformational change that can be
17b complex is twice that of gp120 alone. observed by this type of biosensor experiment (see Effect
The data of gp120 binding to sCD4 in thbsencef 17b of 17b on Maturation of the gp126CD4 Complex for
were analyzed by global analysis with a two-state confor- details). The 1:1 binding model describes this set of data
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Ficure 2: Examples of global curve-fitting analysis of binding of gp120 proteins to immobilized sCD4 (583 RU). The symbols represent
the experimental data, and the lines represent the fitting results. (A) YU2 binding in the absence of 17b. The data were fit to the two-state
conformational change model. (B) 89.6 binding in the presence of 17b. The data were fit to the 1:1 binding model.

Table 1: Summary of Biosensor-Derived Kinetic Constants, from Global Analysis, of the ggCIM Interaction in the Absence and
Presence of 17b

without 1788 with 17F

gp120 kon (x1P M58 Ky (x1073s7Y) Ka (x1078 M) Kon (x10P M~1572) Kot (x 1073 572) Ka (x1078 M)
JRFL 0.866+ 0.02 243+ 0.24 2.81+ 0.35 0.242+ 0.004 2.33+ 0.02 9.63+ 0.2
YU2 1.01+ 0.09 0.227+ 0.04 0.225+ 0.04 0.169%+ 0.004 1.18+ 0.02 6.98+ 0.2
89.6 3.26+ 0.04 0.27% 0.1 0.0856+ 0.05 0.185+ 0.002 1.7 0.01 957+ 0.1
HXB2 1.01+0.01 0.663+ 0.2 0.657+ 0.2 0.296+ 0.005 2.0+ 0.02 6.76+ 0.12
AJRFL 0.751+ 0.004 1.24+ 0.01 1.65+ 0.02 0.748+ 0.007 0.0205k 0.005 0.0274+ 0.007
AYU2 2.61+ 0.02 0.716+ 0.02 0.274+ 0.01 0.533+ 0.004 0.0564+ 0.003 0.106£ 0.007
A89.6 0.545+ 0.002 2.28+ 0.01 4.18+ 0.02 0.320+ 0.002 0.0543t 0.002 0.17+ 0.007
AHXB2 6.95+ 0.06 1.10+ 0.05 0.158+ 0.007 0.993+ 0.007 0.584+ 0.02 0.588+ 0.02

aThe experiments were repeated three times over two surfaces with different immobilization levels. The data from the 583 RU surface are
presented here. The standard deviations were obtained from data fitting analgdbe. absence of 17b, the data were fit to a two-state conformational
change model:
ka, ka,
A+B o AB* ™y AB
wherekon = kay, kot = kdh*kdo/kae, andKg = koit/kon. ¢ In the presence of 17b, the data were fit to a 1:1 binding model:
k

A+ B AB

wherekon = kay, kot = ko, Kg = Koii/Kon.

very well (¢? < 4), as shown by one example in Figure 2B. similar to the experiments described above for the full-
The kinetic constants obtained from data analysis are length gp120 forms. The same biosensor surfaces as de-
summarized in Table 1 and plotted as bar graphs in Figurescribed above were used for these measurements. Sensor-
3. In thepresenceof 17b, the on-rates for binding of gp120 gram overlays for the representative caseAdU2-sCD4
to sCD4 are decreased dramatically (up to 17-fold) (Figure binding on the 583 RU surface are shown in panels D and
3A), while the off-rates are increased moderately (less thanE of Figure 1. In thepresenceof 17b, binding kinetics dif-
7-fold) (Figure 3B). Overall and consistently, the affinities fer from those in the absence of 17b. However, unlike the
of gp120s for sCD4 were reduced when 17b was presentcase with full-length gp120 (Figure 1B,C), affinity sup-
(up to 112-fold) (Figure 3C). pression by added 17b is not observed with the loop-deleted
Binding of C1-, ViV2-, C5-Deleted Mutant Glycoprotein  forms.
gp120s to Immobilized sCD4 in the Absence and Presence The data of allAgp120 binding to sCD4 were analyzed
of Antibody 17b.The C1-, V1/V2-, C5deleted mutants by global analysis with a simple 1:1 binding model. The data
(A82/A128-194/A492; HXBc2 numbering) are closely fit well with the model {? < 5). The resulting kinetic con-
related to the gp120 core protein in the trimolecular complex stants are summarized in Table 1 and plotted in panels D
crystal structure, except that the gp120 mutants here haveof Figure 3. The comparative data in Figure 3 show that
intact V3 loops. These mutants contain a preserved binding17b has a profound effect in reducing the off-rates of the
site for CD4 as well as CD4BS/CD4i antibody binding Agpl1206-sCD4 interaction (up to 60-fold). This resulted in
epitopes despite the sequence deleti@®s 23, 31). These an overall increase ingp120-sCD4 binding affinity with
mutants also bind 17b. However, we know from previous the exception oAHXB2. In the latter case, 17b does reduce
work that, in the deleted form of JRFL, the cooperative the off-rate for binding to sCD4 by 2-fold, but it also reduces
linkage between the CD4 and 17b binding sites is impaired the on-rate by 7-fold. This results in arB3-fold decrease in
(33). Hence, we carried out binding experiments wk@ 1, affinity.
AV1/V2, AC5 mutant glycoprotein gp120s binding to immo- To ensure that the 17b-induced changes in kinetics in the
bilized sCD4 in theabsenceandpresenceof antibody 17b, experiments described above were not due to the bivalency
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Ficure 3: Comparison of the kinetic properties of binding of gp120 to sCD4 with or without 17b prebinding to gp120. Data are plotted
for full-length (A—C) and loop-deleted (BF) gp120 proteins: white bars, in the absence of 17b; gray bars, in the presence of 17b; (A and
D) on-rate kon); (B and E) off-rate Kq); and (C and F) equilibrium dissociation constaid)(

of the mab 17b antibody used as the analyte, a set ofexperiment was designed to evaluate the relationship between
experiments with JRFL andJRFL binding to immobilized association time and off-rate in the gp2CD4 interaction.
sCD4 were performed in thabsenceand presenceof the sCD4 was directly immobilized on the sensor surface at a
Fab fragment of 17b. The results that were obtained (datalevel of 254 RU. BSA was immobilized on the reference
not shown here) were consistent with the 17b mab results,surface at 291 RU. Full-length JRFL (500 nM) was passed
suggesting that the bivalency of the 17b mab is not a factor over the surfaces at a flow rate of/&/min. Association
affecting the observed kinetics of gp120 binding to sCD4. times were varied from 9 to 29 min. Reference-subtracted
Effect of 17b on Maturation of the gp128CD4 Complex.  sensorgram overlays are shown in Figure 4A. The dissocia-
It has been postulated that the major function of CD4 is to tion starting point was set as 0 s. The data fit well with the
induce conformational changes in the Env gp120 glycopro- two-state conformational change modgt < 2). The off-
tein that contribute to the creation, or exposure, of the binding rates from the curve-fitting analysis were plotted against
site for the chemokine coreceptdt(-13, 21, 32). If the association time (Figure 4B). The differences are small, but
conformational rearrangements lead to a more stable (morethe trend is clear: longer association times result in slower
mature) complex, and if this process takes place in a off-rates in the absence of 17b. The same differential trends,
measurable time frame, the binding interaction should exhibit no Ak« with 17b-prebound gp120 versks: for maturation
a slower off-rate with a longer association time. The length with gp120 alone, were clearly observed in two independent
of the association time would induce an increasing level of experiments. Interestingly, the magnitude is similar to that
maturation (increasing level of stabilization) of the complex observed before for the binding of an antibody Fab with hen
before its dissociation in the off-process. The following egg white lysozyme3p).
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Clearly, the off-rate remains the same regardless of the
association timekiy = 1.3 x 1072 s7%). This result suggests
that the variable V1/V2 loops in gp120 are involved in the
conformational isomerization process when gp120 binds to
CD4. Repositioning V1/V2 loops, by CD4 binding, is viewed
as enhancing formation or exposure of the coreceptor binding
site, leading to higher 17b binding affinity (see the next
section). In addition to the movement of the V1/V2 loops,
CD4 binding may introduce additional structural changes in
the gp120 core. However, these would not be directly
0 detectable in this maturation biosensor assay.

000 1500 1000 500 0 <0 Binding of gp120s (Full-Length Proteins and Loop-Deleted
Mutants) to Immobilized 17b Fab in the Absence and
Time () Presence of sCD4Previously, we studied the binding of
JRFL andAJRFL to immobilized 17b Fab in thabsence
—a— JRFL and presenceof sCD4 and found that prebinding of CD4
—8— JREL+17b increases their affinity for 1718@). In the view of the data
obtained in this study (Figure 1 and Table 1) showing that
the 17b effect on gpl1206CD4 binding is not the simple
reversal of the sCD4 effect on gpl2@7b binding, we
extended the investigation of the sCD4 effect on gpi20
17b binding to include all gp120 proteins discussed above.
C 57 The loop-deleted mutants also allowed us to study the role
of the V1/V2 loops in the three-way interaction. The
=7 immobilization level of 17b Fab was 215 RU. The reference
15 4 surface was activated by NHS/EDC and blocked by etha-
nolamine. The concentrations of gp120s range from 15.6 to
250 nM in theabsenceof sCD4 and from 6.25 to 100 nM
in the presenceof sCD4. We lowered the gp120 concentra-
tion when sCD4 was present, since we expected an increase

Response (RU)
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04
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-35 4

45 1 in binding affinity. The binding experiments were carried
out at 37°C with a flow rate of 3Q.L/min. One example of
55 ' ‘ : ‘ ‘ the sensorgram overlays after background correction for 89.6
-2000 1500 -1000 -0 0 300 and A89.6 is shown in Figure 5.
Time (s)

All the data were analyzed by global fitting with a simple
FiGurRE 4: Kinetics of maturation of the gp12&6CD4 complex in 1:1 binding mode|x2 < 4). The resulting kinetic constants
the absence vs presence of 17b. (A) Sensorgram overlays of 500, symmarized in Table 2. The results are consistent with
nM JRFL gp120 binding to immobilized sCD4 with variable . findi for JREL that sCD4 h h

association time (from 9 to 29 min). (B) Plot of off-rate vs QUI Previous finding tor at s enhances the
association time. The off-rate values were from global analysis fits binding affinity of gp120s (both full-length and loop-deleted

to binding curves, where fits had a standard erroséf% in all mutants) for 17b Fab primarily by increasing the on-rates
cases. Maturation is compared for gp120 alone (sensorgram datgyp to 17-fold). Loop deletion alone has a moderate effect

in panel A) with results for gpl120 containing prebound 17b P ;
(sensorgram data not shown). (C) Sensorgram overlays of 250 nmOn gp120 binding to 17b in thebsenceof SCD4. Both the

AJRFL gp120 binding to immobilized sCD4 with variable associa- On-rate and off-rate for loop-deleted mutants are increased
tion times (from 9 to 29 min). The starting point of the dissociation (up to 6-fold) except for that foA89.6. This increase results

phase in panels A and C is set to O s. in a <3-fold increase in overall affinity. In thpresenceof

: : ) sCD4, the 17b binding affinities of full-length and loop-
_ The same experiment with 500 nM JRFL was carried 0ut yg|eted mutant gp120 are very close. These results reinforce
in the presenceof 17b ([JRFL]:[17b]= 1:10). As shownin  ne view that CD4-induced conformational changes involve

Figure 4B, there is no significant trend toward slower off- b repositioning of the V1/V2 loops and subsequent changes
rates with increasing contact times with 17b present. (The i ihe gp120 core which create, expose, or stabilize the

first point with the_shortest contact time may reflect the fact_ coreceptor binding site on gp120 and facilitate fusion.
that the association has not reached steady state.) This

indicates that the 17b antibody may lock the gp120 glyco- pSCUSSION

protein into a state in which the further CD4-induced con-

formational changes are suppressed, at least to the extent The HIV-1 envelope glycoprotein gp120 uses CD4 and

that can be detected by this type of assay. chemokine receptors such as CCR5 and CXCR4 as primary
The loop-deleted JRFL gp120 protein mutakdRFL, was receptors in the process of virus entry into target cells. Much

tested in the same time course with 246 and 349 RU of sCD4 evidence suggests that CD4 binding induces conformational

and BSA, respectively, immobilized on the sensor surface. changes, in the gp120 glycoprotein, that increase the affinity

The concentration of thAJRFL protein was 250 nM. Figure  of binding of gp120 to the chemokine coreceptt6,(11,

4C shows an overlay of the sensorgrams (after the referencel3, 22, 30, 32). The aim of this study was to gain increased

subtraction) with the dissociation starting point set to 0 s. insight into the interaction mechanism involving gp120, CD4,
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Ficure 5: Effect of sSCD4 on gpl12617b interaction kinetics. (A) Schematic representation of the gplZ0—sCD4 three-component
biosensor configuration with 17b immobilized on the sensor surfaceEjBSensorgram overlays for binding of 89.6 gp120 proteins to
immobilized 17b Fab in the presence and absence of prebound sCD4. The surface density was 215 RU. The buffer was 10 mM phosphate
(pH 7.4), 150 mM NacCl, and 0.005% P-20. The flow rate was:Bfmin. Panels B and D depict data recorded in the absence of sCDA4.

Panels C and E depict data recorded in the presence of sCD4. The concentrations of gp120 proteins are shown at the right of each sensorgram.
In the presence of sCD4, [gp120]:[sCD#]1:20.

and coreceptor binding and, furthermore, to investigate how interaction between sCD4 and 17b (data not shown). The
coreceptor binding might affect the interaction kinetics of results argue that the CD4-binding site and 17b-binding
the gp126-CD4 complex. The neutralizing gp120 antibody, epitopes (overlapping the CCR5-binding site), while spatially
17b, which binds to CD4i epitopes that partially overlap the distant in the gp120 molecule as revealed by the crystal
CCR5-binding site, was used as a surrogate of CCR5 in thisstructure 23), nonetheless influence each other with respect
study. to the interaction mechanism. The data in this current work
A major finding of this work is that 17b weakens the suggest to us the possibility that the 17b prebound form is
interaction of gp120 (both primary and lab-adapted isolates) not the same as the CD4 prebound form, which contains an
with sCD4 by decreasing the on-rate and increasing the off- upregulated 17b binding site. Since the 17b binding site is
rate. The overall 17b-induced affinity suppression of gp120 flanked by V1/V2 and V3 loops, it may be surmised that
for sCD4 has been observed before in cross-competitionreordering of those loops in the 17b-bound form may be a
ELISA analysis with the gp120 of the HXB2 isolat80]. factor in downregulating sCD4 binding. This view argues
The current data show that both on- and off-rates are alteredfor a hierarchy in recognition processes involving the HIV-1
in this process. This contrasts with the enhanced binding of envelope, at least in solution. Hence, the first binding event
gp120 to 17b when sCD4 is prebound. There is no direct appears to affect subsequent binding events, likely by
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Table 2: Summary of Biosensor-Derived Kinetic Constants, from Global Analysis, of the gAZROFab Interaction in the Absence and
Presence of sCD4

without sCD4 with sCD4

gp120 Kon (x1PM~1s7Y) Kot (x1074s7Y) Kg (x 10710 M) Kon (x10PM~1s7h) Kot (x1074s7Y) Kg (x107%0 M)
JRFL 0.2164 0.002 0.556+ 0.1 25.7+5 3.1840.02 0.645+ 0.03 2.03+0.08
YU2 0.9594 0.003 0.988+ 0.06 10.3+:0.3 4.02+ 0.03 0.51740.05 1.29+-0.1
89.6 2.68+ 0.001 2.70+0.03 10.14+0.1 20.5+0.1 1.984+ 0.05 0.965+ 0.02
HXB2 0.9264 0.003 2.39-0.03 25.8+ 0.3 9.134+0.03 2.39+ 0.04 2.62+ 0.04
AJRFL 0.798+ 0.003 1.4140.03 17.7+0.3 13.74+0.08 1.83+ 0.06 1.344+ 0.05
AYU2 1.26+ 0.004 1.45+0.03 11.5+:0.3 15.04-0.08 1.47+ 0.06 0.978+ 0.04
A89.6 0.692+ 0.002 1.44+0.02 20.8+ 0.3 13.84-0.09 1.904+ 0.0003 1.3A-0.01
AHXB2 5.684+ 0.003 6.86+ 0.06 12.1+0.1 31.1+0.2 3.60+ 0.02 1.16+ 0.02

aThe experiments were repeated two times over two surfaces with different immobilization levels. The data from the 215 RU surface are
presented here. The standard deviations were obtained from data fitting analyses. All the data were fit to the 1:1 binding model:
kay
A+B—AB
ke

wherekon = Kay, Kot = Ko, Kq = Koft/Kon.

conformational isomerization within the molecule that alters gp120-17b Fab complex, may represent a feasible approach

the position of the loops, in particular the V1/V2 loop. to further investigating the cooperative mechanism involved
The V1/V2 loop-deleted mutants of gp120 bind to CD4 in CD4—gpl120-coreceptor binding and exploring new

with higher affinity in the presence of 17b, mainly due to a structure-based HIV antagonists. Toward these ends, it will

decrease in the dissociation rate. This result is consistent withbe important to conduct future studies of HIV-feceptor

the observation that the CD4 D1Bgp120 core-17b Fab cooperativity in the context of the virion envelope glyco-

complex is stable enough to be crystallize2B)( The protein complex and the receptors on the target cell

stabilization of CD4 binding by 17b in the V1/V2 loop- membrane.

deleted gp120 forms suggests that the weaker CD4 affinity
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