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An IgG human monoclonal antibody that reacts with HIV-1/GP120, inhibits virus binding to cells, and neutralizes infection.

Effect of Antibody Valency on Interaction with Cell-Surface
Expressed HIV-1 and Viral Neutralization’
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U

nderstanding the humoral and cellular immune
response to HIV-1 infection is critical to effective development of therapeutic agents and vaccines. Despite an extensive immune response to HIV infection, the disease ultimately progresses (1). Dissection
of the immune response may identify theelements that
contribute to protection from diseaseand maintenance of a
healthy state.Components of the humoral immune response can be captured in the form of human monoclonal
antibodies (HmAb)3. These captured Abs can be used in
laboratory models to explore the impact of different facets
of the humoral response on viral neutralization or effective
immunization and define theinteractions of Abs with
virion components. F(ab) and F(ab’), fragments of a single
mAb can be used to study the impact of valency and sizeReceived for publication
cember 7, 1993.

September 2, 1993. Accepted for publication De-

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

’ Supported by NlAlD A126926 and A107387

‘Address correspondence and reprint

requests to Dr. Lisa A. Cavacini, New
England Deaconess Hospital, Research-CRI, 185Pilgrim Road, Boston, M A
02215.
Abbreviations used in this paper: HrnAb, human monoclonal antibody; sCD4, recombinant soluble CD4; CD4BS, CD4 bindingsite ofgpl20; V3ab, V3 loop antibody;
MN, H9,4iTLV-IIIMN
NIH 1984; RF, H9/HTLV-IIIR,; IIIB, H9R1TLV-111, NIH 1983;
HIVIG, IgG purified from HIV sera; MFI, mean fluorescent intensity.

Copyright 0 1994 by The American Association of Immunologists

related steric effects on affinity, binding, and neutralization
of HIV-1. While Abs reactive with a variety of viral proteins have been described, the humoral response to envelope Ags is associated with neutralizing Ab (2-4). Thus,
the study of Abs reactive with gp41 and gp120 is most
critical. We have used one HmAb, F105 (5) to examine
the effect of Ab valency and size on viral binding and
neutralization.
IgGmolecules are composed of twoidentical light
chains and two identical heavy chains that are folded into
domains by noncovalent and covalent (disulfide bonds)
interactions. Ag specificity is conferred by the interactive
combination of heavy and light chains forming the variable region, and effector functions are localized in the constant regions.Digestion of IgG at the hinge region between
constant regions 1 and 2 with papain results in the formation of two F(ab) fragments while digestion with pepsin
results in the generation of one F(ab’), fragment. Both of
these fragments retain Ag-binding capability;however, the
F(ab) fragment is univalent, whereas the F(ab’), fragment
is bivalent, as is the original IgG. However, in contrast to
IgG, neither Ab fragment retains effector function (e.g.,
complement activation and Fc receptor binding) and are of
smaller size, the F(ab) being the smallest Ab fragment.
The virion surface is covered withmultimeric gp120
that appear as “knobs” and noncovalently interact with
0022-1 767/94/$02.00
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F(ab) and F(ab’), fragments of the human mAb, F105, were compared to intact l g C l for binding tothe CD4 binding
site of HIV-l/gpl20 on the surface of infected cells and viral neutralization. F105 lgGl and F(ab’), bound to 1118,
MN, and RF infected cells and neutralized these strains in an identical fashion, whereas strain-specific differences
were observed in F(ab) activity. Although F105 F(ab) bound withequivalent affinity to IIIB-infected cells, there was
a 4- to 1 0-fold decrease in the neutralization of IllB by monovalentF(ab) compared to the bivalent molecules. F105
F(ab) demonstrated both diminished binding and neutralization of the MN strain and failed to bind or neutralize
the RF strain. When cooperativity of V3 loop antibody (V3ab) with F105 IgG and fragments was examined, the
binding of F105 IgG and F(ab’), to 1118-, MN-, or RF-infected cells was modestly enhanced by V3ab; viral neutralization was substantially enhanced by the combination of V3ab and F105 IgG and F(ab’),. The combination
of F105 F(ab)with V3ab also resulted in significant cooperative neutralization of IllB and MN, but the lack of F105
F(ab) binding and neutralization of RF was unaltered by V3ab. These results suggest that bivalent interaction may
be important in binding and neutralization of virus, and support the notion that this interaction may depend on
conformational changes in oligomeric gp120 on intact virions and cell surface rather than on affinity or steric
effects. Journal of Immunology, 1994, 152: 2538.
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Materials and Methods
Cell lines and antibodies
F105, an IgGlK HmAb, was purified from tissue culture supernatant by
protein G chromatography (Pharmacia, Piscataway, NJ). The 59.1 murine
mAb, reactive with the GPGRAF portion of the V3 loop (33), was kindly
provided by Repligen Corporation (Cambridge, MA) and was used as
purified antibody. H9/HTLV-IIIM, NIH 1984 (MN), H9/HTLV-IIIR,
(RF), and H9/HTLV-IIIB NIH 1983 (IIIB) from Dr. Robert Gallo, and
MT-2 cellsfrom Douglas Richman were provided by the AIDS Research
and Reference Reagent Program, AIDS Program, NIAID, NIH (ERC
Bioservices Corp., Rochille, MD). FDA-H9 cell line was provided by
Dr. Barbara Potts (Repligen). IgG was purified from pooled sera from
HIV-1 patients using protein G chromatography (Pharmacia). Purified
IgG was quantitated by capture ELISA and concentration determined

from a standard curve of known concentrations of human IgG (Sigma, St.
Louis, MO). This purified IgG is hereafter referred to as HIVIG.

Generation of antibody fragments
F105 was digested with insoluble papain (Sigma) to generate F(ab) fragments as follows.F105 was dialyzed into 0.1 M phosphate buffer, pH 7.5
containing EDTA (1.17g EDTAbiter buffer). After adding cysteine (Sigma) to a final concentration of 50 mM, the antibody was incubated with
papain at a ratio of 4 U of papain/lO mg of antibody for 4 h at 37°C.
Papain beads were removed by centrifugation. Undigested antibody and
Fc fragments were removed using protein G chromatography (Pharmacia) with F(ab) fragments collected in the column flow-through.
F(ab’), fragments were generated by digestion of F105 with pepsin.
F105 was dialyzed into 0.1 M sodium acetate buffer, pH 5 prior to the
addition of insoluble pepsin (Sigma) at a ratio of 25,000 units of pepsin/lO mg of antibody. After incubating at 37°C with rotation, for 6 to
8 h, the digestion was terminated by removal of the beads by centrifugation followed by addition of 400 p1 of 1 M Tris, pH 9.0110 mg of
antibody. Undigested antibody and Fc fragments were removed using
protein G chromatography (Pharmacia) with F(ab‘), fragments collected
in the column flow-through. F105 F(ab‘), fragments were further purified
from the protein G column flow-through by passage over an affinity column containinga mouse anti-idiotype antibody reactive with F105
(F20924Dcl). Bound antibody was eluted using 100 mM glycine-HCL
pH 2.5, followed by neutralization with 1 M Tris-HC1, pH 8.5. Positive
selection of F105 F(ab’), using an anti-idiotype column was necessary
due to contamination of the F(ab’)* preparation with pepsin, as evidenced
by the ability of F(ab‘), fragments prepared from HIV-1 seronegative
human IgG to neutralize virus. In the preparation of F(ab) fragments,
there was no evidence of contamination by papain.
All Ab preparations [F105 IgG, F(ab’),, F(ab)] were quantitated by
idiotype-specific ELISA. Plates were coated with F20924Dc1, and bound
Ab was detected by biotinylated goat anti-human-K chain (Fisher, Pittsburgh, PA) followed by HRP-labeled streptavidin (Caltag, San Francisco,
CA) and o-phenylenediamine (Sigma) as substrate. Known concentrations of F105 were used to generate a standard curve. It was necessary to
detect bound Ab with a reagent specific for the K light chain to correctly
quantitate the antibody fragments. Complete digestion and purity were
confirmed using SDS-PAGE analysis under reducing and nonreducing
conditions.

Flow cytometry
Direct Ab binding. F105 IgG and fragments were individually titered
for reactivity with HIV-infected cell lines using biotinylated goat antihuman K chain (Fisher) followed by FITC-conjugated streptavidin (Tago,
Burlingham, CA). Theuse of a K chain Ab limited the detection of bound
Ab to light chains, which are equivalently expressed by F(ab‘),, 2 F(ab)
molecules, and intact IgG, in contrast to the heavy chains that are digested to some degree in the generation of different Ab fragments. Normal human serum (NHS) diluted 1 5 0 was used to determine background
fluorescence.
Znterucrive effects ofAbs. Prior to examining the interaction between
HIV Abs in binding to H9 cells chronically infected with HIV-1 by flow
cytometry, F105 IgG and fragments, and 59.1 Ab were individually titered for reactivity with each HIV-infected cell line, using FITC-conjugated goat F(ab’)2 anti-human Ig (Tago) or FITC-conjugated goat antimouse IgG + IgM (Accurate Chemical and Scientific Corp., Westbury,
NY), respectively. From this titration, the concentration of Ab necessary
for 50% maximal binding was determined. To examine interactive effects
(30), infected cells were incubated with saturating concentration of 59.1
Ab for 30 min at 4°C. After washing the cells free of unbound 59.1 Ab,
cells were incubated with F105 IgG and fragments at an Ab concentration
yielding half-maximal binding for 30 min at 4°C. After incubation with
F105, cells were washed and incubated with appropriate FITC-conjugated goat anti-human Ig. As a control, cells were incubated in normal
mouse serum (1:50) followed by FITC-conjugated goat anti-human Ig.
Samples were acquired on a FACScan (Becton-Dickinson) and analyzed
using LYSYS I1 software to determine mean fluorescent intensity (MFI).
The percentage of change was determined as the difference between the
MFI obtained using F105 antibody alone and the MFI detected by F105
Ab after preincubation with 59.1 Ab divided by the MFI incubated with
F105 Ab alone.
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the transmembrane protein gp41 (6-8). The initial step in
viral infection is interaction of gp120 with cell surfaceexpressed CD4. Studies with soluble gp120
and soluble
CD4 or mAb to the CD4 binding site of gp120 have demonstrated that the regions of gp120 involved in CD4 binding are localized to several constant regions of gp120, involvingdiscontinuousstretches of aminoacids over an
extended portion of the protein (9-14). In addition to viral
binding, the interaction of CD4 with gp120 effects postbinding events such as membrane fusion, possibly by inducing conformational changes in the gp12O/gp41 oligomer. Bindingof sCD4 also inducesthe release of a fraction
of gp120 molecules from the virion surface or envelopeexpressing cells (15-18) or gp120 cleavage (19) that, in
turn, may contribute to further conformational changes in
envelope protein multimeric structure that activate fusogenic mechanisms (20-21). Of importance,while the
binding affinity of sCD4 for soluble gp120 from primary
isolates of HIV-1 is similar to laboratory isolates (22-23),
affinity of sCD4 forcellsurfaceexpressed
gp120 from
primary isolates appears to be lower than laboratory isolates (24-25). Thus, conformational changes as assessed
usingsoluble gp120 may not necessarily represent the
changes observed on oligomeric, native gp120.
F105 (5) reacts with a discontinuous epitopein the CD4
binding site (CD4BS) (13) and overlaps epitopes of several other CD4BS HmAb and rat mAbs (26-27). Recombinantgp120 and sCD4 inhibit the binding of F105 to
infected cells (5). The Ab reacts with a broad range of
laboratory isolates with affinity from 9 to 90 nM and neutralizes a range of laboratory and primary isolates (28).
F105 cooperates in additive or supra-additive viral neutralization in combination with V3ab,of either murine (29)
or human origin (27, 30), and polyclonal HIV serum antibodies from infected patients (28, 31) and vaccine recipients(32).Analysis of the interaction of F105 IgG and
fragments in viral binding and neutralization, alone and in
the presence of V3ab, should provide useful information
regarding the presentation of gp120 on the virion and cell
surface and the impact of valency on binding to native
virions on the cell surface or neutralization of free virions.
This data will contribute to the design and development of
therapeutic agents and effective vaccines.
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EFFECTS OF ANTIBODY VALENCY ON HIV-1 NEUTRALIZATION

Neutralization assay
Neutralization assays for laboratory strains of HIV were performed by a
slight modification of an MT-2 cell cytopathogenicity system (34) as
described previously (28,30-31). Serial dilutions of Abs were incubated
with appropriately diluted viral stock capable of causing 80% to 90%
cytopathic effect for 1 h at4"C, after which MT-2 cells were added. Plates
were incubated for 6 days at 37°C and viable cells measured colorirnetrically using metabolic conversion of the formazan dye M7T. The antibodies were tested in fourfold dilutions with experimental points done in
triplicate or quadruplicate. The neutralization activity of each Ab was
titered on IIIB, MN, and RF virus. To study the interactive effects of the
Abs, one Ab was maintained at a constant concentration (determined to
neutralize approximately 25% of cytopathic effect) while titering the
other Ab. Abs were added simultaneously.
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Reactivity o f F105 IgG and fragments with HIV-7
infected cells
Equimolar binding of F105 IgG and fragments to native,
oligomeric gp120 expressed on the surface of HIV-1 infected cellswas measured by flow cytometry (Fig. 1).
HIVIG was included in all experiments as a positive control and viral Ag expression varied between 30% and
>90% of the cells and was dependent upon the cell line
and day of experiment. The percentage of cells immunoreactive with saturating concentrations of F105 IgG were
within 5% of the HIVIG control in individual experiments.
F105 F(ab'), and F(ab) were appropriately diluted to
achieve Ab binding site concentrations equivalent to F105
IgG (equibinding). For F(ab'),, equibinding Ab concentration is equivalent to equimolar Ab concentration,
whereas for F(ab), equibinding concentration is double the
equimolar Ab concentration. To allow a direct comparison
of Ab binding site concentrations, results are expressed as
nanomolar Ab concentration adjusted for equibinding Ab
concentrations. For example, to achieve equibinding concentration equivalent to 40 pg/ml of F105 IgG, 29.3 pg/ml
of F(ab'), and 26.7 pg/ml of F(ab) Ab were used. This
yields an adjusted Ab concentration of 266 nM for IgG,
F(ab'), and F(ab), but actually represents 532 nM of F(ab).
Equivalent binding to IIIB-infected cells was observed for
F105 IgG and fragments. As a relative estimation of affinity for gp120 as expressed on live HIV-1-infected cells,
antibody concentration required for 50% maximal binding
to lo6 infected cells is summarized in Table I. Based on
this estimation, relative affinity of the IgG, F(ab'), and the
F(ab) for IIIB-infected cells was comparable (57 to 69
nm). A reduction in binding of F105 F(ab) to MN-infected
cells was observed while binding comparable to IgG was
observed for F(ab'), on this cell line. This reduction in
binding to MN resulted in a twofold decrease in relative
affinity from 0.24 to 0.37 p M for IgG and F(ab'), to 0.70
p M for F105 F(ab). Minimal binding of F105 F(ab) to
RF-infected cells was apparent despite comparable binding for F105 F(ab')2 and intact F105 with these cells
(46 to 69 nM).
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FIGURE 1. Binding of intact F105 and fragments to HIV-1
infected cells. Cells (1 X lo6) infected with IllB (A), MN (B)
or RF (C) were incubated with titering quantities of F105 IgG
(W), F(ab'), (O),and F(ab) (A).
Cells were washed and incubated with biotinylated goat anti-human K chain followed by
FITC-conjugated streptavidin. The percentage of positive
cells was determined after sample acquisition using a marker
set at 5% to 7% on cells incubated with normal human IgG
followed by biotinylated goat anti-human K chain and FITCconjugated Streptavidin. The percentage of positive cells is
plotted against Ab concentration (nM) necessary for equivalent number of Ag bindingsites. Results are representative of
four experiments.
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Table I.
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Relative estimation of functional antibody affinity’
Antibody Concentration (kdml) for 50% binding”

F105 IgC
F105 F(ab‘),
F105F(ab)‘

IllB

MN

RF

10.5 (69 nM)
7.3 (66 nM)
5.7 (57 n M )

36.2 (242 n M )
40.4 (368 nM)
69.9 (699 nM)

6.9 (46 n M )
7.7 (69 n M )

N R~

’ Reactivity of serial dilutions o i F105 IgG, F(ab’),, and F(ab) with HIV-1 iniected cells (1 X lO%ample) was determined by flow cytometry. F105 IgG and
fragments were all analyzed o n the same day using the same population of HIV-1 iniected cells to control for variation in viral expression that occurs i n culture.
“Antibody concentrations (pdtnl)required for 50% binding using a total of 10 to 12 antibody concentrations to generate binding curves to achieve antibody
saturation and background fluorescence. The numbers i n parentheses represent molar antibody concentration for an equivalent number of antibody bindingsites.
‘ To achieve equivalent binding sites for F(ab) fragments, twice the equimolar concentration of IgC and F(ab’), were used in these studies.
NR = Not reactive.

‘’

Neutralization of cell-free HIV-1 by F105 IgG and fragments was measured in a MT-2 cytopathogenicity assay
(Fig. 2). Despite equimolar binding of F105 IgG, F(ab‘),
and F(ab) to IIIB-infected cells, and comparable neutralization for IgG and F(ab’),, at low antibody concentrations
there is a 4- to 10-fold reduction in neutralization by F105
F(ab). This decrease in F(ab) neutralization of IIIB is in
stark contrast to equivalent binding of F(ab) to native Ag
on the surface of infected cells and was consistent in more
than six individual experiments using
three preparations
of
103
102
101
viral stock. While neutralization of MN by F105 IgG and
F(ab’), were equivalent, at the highest concentration tested
there was a fivefold reduction in neutralization by F105
F(ab). Only modest neutralization of RF is observed for
high concentrations of F105 IgG and F(ab’), with no neutralization observed for F105 F(ab) (data not shown).
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Effect of 59.1 on binding of Flu5 IgG and fragments
to HIV- 1-infected cells and neutralization of
cell-free virus

The effect of an Ab reactive with the V3 loop of gp120,
59.1, on binding of F105IgG and fragments to cells
infected with HIV-1 was measured by flow cytometry
(Table 11). IIIB-, MN-, and RF-infected cells were preincubated with 59.1 Ab using saturating antibody concentrations. After removing unbound 59.1 Ab by washing, cells were incubated with F105 IgG,
F(ab’),, and
F(ab) Ab followed by fluoresceinated goat anti-human
Ig, and the percentage of change was calculated based on
MFI. The binding of F105IgG, F(ab’),, and F(ab) to
HIV-1 infected cells (IIIB, MN, RF) was marginally increased by preincubation of the cells with 59.1 Ab.
The effect of V3ab on neutralization of cell-free virus by
F105 IgG and fragmentswasmeasured by MT-2 cytopathogenicity. For these experiments, virus was preincubated with titering concentrations of F105 IgG and fragments and constant
a
concentration
of 59.1 shown
previously to neutralize 25% to 30% of cytopathic effect.
The V3ab 59.1 consistentlyenhanced neutralization of
IIIB (Fig. 3) and MN (Fig. 4) by F105 IgG, F(ab’),, and
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FIGURE 2. Neutralization of HIV-1 by F105 IgGand fragments. Ill6 virus (1 100 TCID,dml) or M N virus (820 TCID,$
ml) was preincubated for 1 h with titering quantities of F105
IgG (W), F(ab’), (O),
and F(ab) (A)prior to addition of MT-2
cells. After 6 days, viability was determined using MTT dye.
The percentage of neutralization is plotted against Ab concentration (nM) necessary for equivalent number of Ag binding sites. Results are representative of three experiments. Ill6
was neutralized 57% and M N 70% by HlVlG at a concentration of 100 pg.

F(ab). Atlowlimitingconcentrations
of F105 IgG and
fragments, this effect was substantially supra-additive. Supra-additive neutralization wasmostdramaticfor
F105
F(ab), which alone displays diminished neutralization of
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Table II. Effect of 59.7 on F105 binding to HIV-7 infected cells“
Percentage of Changeb

Ill6

F105 IgC
F105 F(ab’),
F105 F(ab)

14.8 2 1.3
27.6 f 4.7
23.9 -C 10.7

MN

8.5 f 1.5
10.2 f 1.8
15.9 2 3.4

RF

-

28.6 f 6.7
10.6 f 4.1
8.5 f 3.1

a Reactivity of subsaturating concentrations of F105 IgC or fragments afterpreincubation of HIV-1 infected cells (1 x 1O%ample) with saturating concentrations
of 59.1 antibody (12.7 kg/tnl for 1116, 25 p.g/ml for MN and RF) was determined by flow cytometry to determine MFI.
The percentage of change was determined as the difference in M F I observed with F105 antibody alone and F105 antibody following preincubation with 59.1
antibody divided by the M F I with F105 antibody alone. Results represent the average ? SE for three experiments.

Discussion
In these studies, a HmAb, F105, reactive with a discontinuousepitopeencompassingtheCD4bindingsite
of
gp120 was used to characterize the effect of Ab valency
and size on binding to HIV-1 infected cells and neutralization of cell-freevirus.F105is
broadly reactivewith
diverse strains of HIV-1-infected cells (5, 28) and neutralizes selected laboratory and primary isolates (28, 31). The
epitope recognized by F105 has been shown to lie within
the binding site of sCD4 and overlaps the epitopes of several other HmAb and rat mAbs reactive with the CD4BS
(13, 35). Thus, F105 is an excellent model to study the
interaction of Ab and gp120 CD4BS for effective binding
and neutralization. Additionally, the effect of V3ab on this
interaction and subsequent
conformation
changes
of
gp120 CD4BS were examined as the potential importance
of synergistic neutralization by the interactive effect of
V3ab and Ab to the CD4BS has become increasingly
evident (26-30, 36, 37).
Infection of T cells withHIV-1 is initiated by binding of
gp120 to cell-surface expressed CD4. A series of events
are initiated by the association of viral gp120 and CD4,
resulting in pH independent fusion of viral and cell membranes. A number of fusion models have been proposed
for the interaction of viral and cellular components in the
fusion process (20,21). Using sCD4 to assess the effect of
CD4 binding on virus, conformationalchanges in the
structure of gp120 and gp41 have been observed upon interaction of viral gp120 with CD4. There is increased exposure of the V3 domain and gp41 epitopesfollowing
sCD4 binding to gp120 or HIV-1 envelope-expressing
cells (38). Shedding of gp120 from the virion or cell surface may or may not accompany theconformational
changes associated with theinteraction of gp120 with CD4

(15, 25, 38-40). It is postulated that the conformational
changesresultingfrominteraction
of virion expressed
gp120 with soluble and cell surface-expressed CD4 exposes the fusogenic domain of gp41, which is necessary
for virus-cell fusion to occur(40).While
these studies
have provided significant information on the interaction
of viral gp120 and CD4, they are limited by the use of
soluble CD4, and, in some cases, isolated gp120 or vacciniaexpressedenvelopeprotein
thatmay
notadequatelyrepresentthepresentation
of envelopeglycoproteins in native,oligomericform.
In additionto
potential differences in the molecular events following
theinteraction of oligomericenvelopeglycoproteins
withcellsurface-expressedCD4
rather thansoluble
CD4,othercellularproteinspotentially
maybe
involved in the interaction of envelope glycoproteins.
From the studies presented here, it is clear that the binding of Ab to free gp120 is different from that of binding to
cell-associated or virion-associated gp120. Moreover, Ab
binding does not necessarily predict effective neutralization, as shown here, and Ab valency has influential effects
on this activity and may differentiate between cell-associated and cell-free virus. Whereas univalent Ab (F(ab)) will
often effectively bind to HIV-1 infected cells, bivalent Ab
(IgG and F(ab’),) was critical for effective neutralization
of cell-free virus, This differential effect of Ab valency on
binding or viral neutralization is not a function of Ab affinity or steric effects. For example, similar affinities of
univalent and bivalent Ab for cell surface-expressed virions of the IIIB isolate was observed; however, there was
a decrease in viral neutralization by univalent Ab. These
differences in binding and viral neutralization may be
more dependent on differences in oligomeric gp120 conformation and the effects induced by bivalent Abs vs univalent F(ab). This notion issupported by the enhanced
viral neutralization that occurs with the combination of
either univalent or bivalent F105 Ab with Ab to the V3
loop (59.1), which can induce conformational changes in
gp120 (27). Consistent with the ability of univalent F105
Ab to sometimes bind as effectively as bivalent Ab, the
effect of V3ab on the binding of F105 IgG, F(ab’), and
F(ab) did not necessarily predict the cooperativity that was
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IIIB. The combination of F105 F(ab) and 59.1 Ab neutralized IIIB as well as thecombination of F105IgG or
F(ab’), and 59.1 Ab. Neutralization of MN by F105 F(ab)
and 59.1 Ab was enhanced sixfold over either Ab alone
and the neutralization by the combination of F105 F(ab)
and 59.1 was equivalent to the neutralization observed for
F105 IgG alone.
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FIGURE 3. Enhanced neutralization of IllB by F105 IgG or
fragments and V3 loop Ab. Serial fourfold dilutions of forms
of F105 (W), dilutions of F105 or fragment with V3ab (59.1)
at a constant concentration of 5 Fg/ml (O),
and 59.1 alone
(-)
were tested for neutralization of Ill6 (1 100 TCID,dml)
in a MT-2 cytopathogenicityassay. Depicted in(A)are results
obtained with F105 IgG, in (B) results for F105 F(ab‘),, and in
(C) results for F105 F(ab). The percentage of neutralization is
plotted against Ab concentration (nM) necessary for equivalent number of Ag bindingsites. Results are representative of
three experiments.

observed in viral neutralization. These results are consistent with the importance of a conformational change induced in gp120 oligomer for effective viral neutralization.
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FIGURE 4. Enhanced neutralization of MN by F105 IgG
and fragments and V3 loop Ab. Serial fourfold dilutions of
F105 (W), dilutions of F105 with V3ab (59.1) at a constant
concentration of 25 pg/ml (0)
and 59.1 alone (-)
were
tested for neutralization of MN (820 TCID,dml) in a MT-2
cytopathogenicity assay. Depicted in (A) are results obtained
with F105 IgG, in (B) results for F105 F(ab‘), and in ( C )results for F105 F(ab). The percentage of neutralization is plotted against Ab concentration (nM) necessary for equivalent
number ofAgbinding
sites.Resultsare
representative of
three experiments.

The use of the F105 HMab as a prototype CD4BS antibody to analyze the interaction of this class of antibody
with viral Ags is supported by the fact that other human
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