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BINARY EPITOPE ANTIBODIES AND B CELL SUPERANTIGEN
IMMUNE STIMULANTS

Federal Funding [ egend

This invention was produced in part using funds obtained through grants
A1058865, AI067020, AI071951 and A1062455 from the National Institutes of Health.

Consequently, the federal government has certain rights in this invention.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to the fields of immunology, virology and
medicine. Specifically, the present invention relates to binary epitope reactive antibodies to B
cell superantigenic polypeptides and to immune stimulants that induce the production of such
antibodies and to methods and reagents permitting the identification and induction of the binary
epitope reactive antibodies with the ability to catalyze the hydrolysis of the superantigenic

polypeptide or bind the polypeptide with covalent character.

Description of the Related Art

Unlike conventional antigens, B cell superantigenic polypeptides are
recognized by antibodies (immunoglobulins) present in the preimmune repertoire without the
requirement for prior exposure to the antigen. This is because the superantigen recognition
property is encoded by inherited variable (V) region genes (germline V genes) that are utilized
to synthesize the V domains of antibodies. Conventional antigen recognition by antibodies
requires adaptive sequence diversification of the V domains occurring over the course of B
cells that are stimulated with antigens. The recognition of conventional antigens occurs mainly
at the complementarity determining regions (CDRs) of the V domains. Superantigen
recognition by antibodies is thought to occur without the requirement of V domain adaptive
diversification, and the recognition process is thought to occur mainly at V domain framework
regions (FRs).

Improvement of the antigen recognition capability of antibodies is driven by
contact of the antigen with immunoglobulin expressed on the surface of B lymphocytes as a

component of the B cell receptor (BCR), which in turn drives cell division and B cell clonal
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selection. Superantigen contact with the BCR, on the other hand, can drive the B cells into the
programmed cell death pathway after a transient proliferative phase. There are no reports of
adaptive improvement of superantigen recognition by antibodies. Evidently, the immune
system i1s unable to mount protective adaptive responses to the harmful effects of
superantigenic polypeptides. The antibodies present in the preimmune immune repertoire
recognize superantigens with moderate to low affinity, and they offer only limited defense
against superantigen harmful effects.

Polypeptides that can be classified as B cell superantigens include the HIV
proteins gpl20 and Tat, the Staphylococcus aureus protein Protein A) and the Streptococcus
protein Protein L. The list of harmful B cell superantigenic polypeptides can be expected to
grow as additional antigens are studied, and immunological assay sensitivity is improved.

The HIV envelope protein gpl20 is a target for experimental vaccines that
attempt to induce the synthesis of neutralizing antibodies (Abs). Most Abs induced by
immunization with gpl20 are directed to the highly mutable regions of the protein, particularly
the third variable domain (V3 domain). These Abs neutralize the infecting viral strain.
However, the gpl120 V domains mutate over the course of infection, resulting in viral escape
mutants refractory to neutralization by the Abs. Moreover, the gp120 V domains of various
HIV strains responsible for the pandemic in different parts of the world are highly divergent,
and Abs induced by immunization with gp120 usually fail to neutralize heterologous HIV
strains. This has lead to the search for structurally conserved neutralized epitopes expressed by
gp120. Candidate epitopes are the comparatively conserved regions of gpl120 involved in HIV
binding to host cell receptors, i.e., CD4 and chemokine receptors. Regrettably, these epitopes
are poorly immunogenic. Rare monoclonal Abs (MAbs) directed to regions close to the CD4
and chemokine receptor binding sites of gpl120 have been identified using complex experimental
protocols. These MADs neutralize many but not all clade B HIV-1 strains.

The CD4 binding site (CD4bs) is thought to be a discontinuous determinant
composed of residues 256, 257, 368-370, 421-427 and 457. The CDA4bs is suggested to undergo a
conformational transition(s) when the gpl20 trimer expressed on the viral surface is shed as
soluble monomers, and Abs to the monomer CD4bs are often poorly reactive with the trimer
CD4bs. Moreover, the 421-427 peptide region of the CD4bs is an important component of the B
lymphocyte superantigen site of gpl120; gp120s,,; defined as a site to which Abs are present in
the preimmune repertoire without the requirement for adaptive sequence diversification of the
Ab variable domains). As in the case of other B cell superantigens, gpl20;,, binding to Ig
expressed as part of the B cell receptors (BCRs) is thought to induce B cell apoptosis, and there is
no evidence for adaptive amplification of gpl120SAg binding Abs in HIV infected subjects. To
the contrary, HIV infected subjects express diminished serum levels of VH3+ Igs, the VH family

2
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thought to bind gp120;,, preferentially.

No vaccine or immune therapy for HIV infection is presently available. Thus,
a recognized need is still present in the art for immune prophylactics and therapeutics to HIV.
Specifically, the prior art is deficient in antibodies with binary epitope specificity having
increased virus neutralizing activity and methods of producing the same. The present invention

fulfills this long standing need in the art.
SUMMARY OF THE INVENTION

The present invention describes a hitherto unsuspected property of certain
antibodies, the ability to recognize two distinct epitopes of gp120. This antibody property is
hereafter designated ‘binary epitope specificity’.

The present invention is also directed to a polypeptide or electrophilic analog
thereof that comprises a superantigenic epitope and at least one other epitope effective to
induce the production of antibodies with binary specificity for the corresponding epitopes on a
polypeptide antigen. In a related invention the polypeptide or electrophilic analog thereof
further comprises one or more electrophilic groups therewithin, where the electrophilic groups
effective to induce synthesis of binary specific antibodies with enhanced nucleophilic
reactivity. Conventional antibodies bind antigens reversibly by noncovalent mechanisms. Like
conventional antibodies, chemically reactive antibodies initially recognize the antigen by
noncovalent means. However, nucleophilic sites located in the V domains of chemically
reactive antibodies then proceed to recognize electrophilic reaction centers in the antigen. This
has two consequences, formation of irreversible immune complexes with covalent nucleophile-
electrophile pairing, and, if a water molecule is available at the reaction center, the hydrolysis
of the antigen by the antibody. The irreversible binding property enhances antibody potency,
because it precludes regeneration of active antigen by dissociation of the immune complexes.
Similarly, the catalytic hydrolysis step results in irreversible antigen inactivation, as the antigen
fragments do not usually express biological activity similar to the parent antigen.

The present invention also is directed to a method for producing binary epitobe
specific antibodies to a B cell polypeptide superantigen. The method comprises administering
one or both of the polypeptide construct or an electrophilic polypeptide analog thereof
described herein to a living animal. Inclusion of two epitopes in the polypeptide construct can
stimulate the production by B cells of antibodies that recognize one of the epitopes by
interactions at antibody complementarity determining regions (CDRs), and of the second
epitope, by interactions at the framework regions (FRs). Recognition of the former epitope is

driven by conventional B cell clonal selection processes. The cellular proliferative signal
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generated by interaction at the CDRs is sufficient to overcome the negative effect of
interactions of the second, superantigenic epitope at the FRs. This results in production of
antibodies that express binary epitope specificity.

[n a related invention the method comprises a further step of administering one
or more immunological adjuvants effective to stimulate T-cell independent or T-cell dependent
B cell antibody production to the living animal.

The present invention is directed further to a method for production of
antibodies recognizing the B cell superantigenic site of HIV gp120. The method comprises
administering to a living animal a combination of a dual epitope polypeptide and electrophilic
analog thereof. In a related invention the method comprises a further step of administering one
or more immunological adjuvants effective to stimulate T-cell independent or T-cell dependent
B cell antibody production to the living animal.

The present invention is directed further still to a method for stimulating
increased production of antibodies to superantigens found in the preimmune immune repertoire
of living organisms. The method comprises administering one or both of a polyclonal B cell
stimulant or an electrophilic analog thereof to an living animal.

The present invention is directed further still to the antibodies produced by the
methods described supra. A related invention is directed to methods of treating HIV infection
In a subject. The methods comprise administering an immunologically effective amount of the
antibodies described herein to the subject.

The present invention is directed further still to a method for isolating an
individual antibody or antibody fragment thereof having a unique sequence and binary epitope
specificity from an antibody repertoire. The method comprises displaying the antibody
repertoire on the surface of phage particles and screening the antibody repertoire with a
polypeptide or a polypeptide electrophilic analog thereof or a stimulant or stimulant
electrophilic analog thereof, wherein an antibody or antibody fragment thereof reacting with
the polypeptide, the stimulant or the electrophilic analogs thereof thereby isolates the binary
epitope specific antibody or antibody fragment thereof from the antibody repertoire.

The present invention is directed further still to electrophilic analogs of

polypeptides or lipids, polysaccharides and lipopolysaccharides or oligonucleotides having the
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In a polypeptide electrophilic analog L,...Lx...Lm are components defining an antigenic
determinant where Lx is a component amino acid of the antigenic determinant, L’ is a
functional group of Lx, Y’ is a molecule, a covalent bond or a linker, Y’ an optional charged
or neutral group, Y 1s an electrophilic group that reacts covalently with an antibody that binds
to said antigenic determinant, n is an integer from 1 to 1000, and m is an integer from 1 to 30.
In a lipid, polysaccharide and lipopolysaccharide electrophilic analog L,...Lx...Lm are
components defining a receptor binding determinant where Lx is a component sugar or lipid of
the receptor binding determinant, L’ is a functional group of Lx, Y’ is a molecule, a covalent
bond or a linker, Y’ an optional charged or neutral group, Y is an electrophilic group that reacts
covalently with a cellular receptor that binds to said receptor binding determinant, or an acyl
group; wherein, optionally, Y”, Y’ or Y comprises a water-binding group as a terminal or
Internal component, n is an integer from 1 to 1000, and m is an integer from 1 to 1000. In a
nucleotide electrophilic analog L,...Lx...Lm are nucleotide components defining a receptor
binding determinant where Lx is a component sugar or lipid of the receptor binding
determinant, Lx is a component nucleotide of the receptor binding determinant, L’ is a
functional group of Lx, Y’ is a molecule, a covalent bond or a linker, Y’ an optional charged
or neutral group, Y 1s an electrophilic group that reacts covalently with a cellular receptor that
binds to said receptor binding determinant, or an acyl group; wherein, optionally, Y”, Y’ or Y
comprises a water-binding group as a terminal or internal component, n is an integer from 1 to

1000, and m is an integer from 1 to 1000.
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Other and further aspects, features and advantages of the present invention will
be apparent from the following description of the presently preferred embodiments of the

invention given for the purpose of disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

So that the matter in which the above-recited features, advantages and objects

of the invention, as well as others which will become clear, are attained and can be understood
in detail, more particular descriptions and certain embodiments of the invention briefly
summarized above are illustrated in the appended drawings. These drawings form a part of the
specification. It is to be noted, however, that the appended drawings illustrate preferred
embodiments of the invention and therefore are not to be considered limiting in their scope.
Figure 1 depicts a dual epitope recognition model. Shown is a schematic
representation of proposed IgG recognition of the V3 stem (301-311) and SAg peptide region
(421-433) by, respectively, the adaptively matured CDRs and conserved FRs. Nu, nucleophilic

residue.

Figures 2A-2B show E-gpl120 immunogens. Figure 2A depicts schematic
structures of E-gp120. Electrophilic phosphonate groups were placed on Lys side chains of
gp120 using two alternate linkers. Biotin (~0.7/gp120 mol) was introduced into gp120 prior to
phosphonate introduction. Figure 2B shows streptavidin—peroxidase stained blots of SDS-gels
showing E-gp120 oligomers. Lanes 1-3 show E-gp120 preparations (incubated for 4 h in a
neutral pH buffer; biotinylated) with phosphonate/gp120 ratios of 4.4, 14.2 and 23.4,
respectively.

Figure 3 demonstrates HIV-1 neutralization by MAbs YZ18 and YZ23. IgG
CRL1689 is an isotype matched IgG. HIV strain ZA009, clade C, R5-dependent. Peripheral
blood mononuclear cell hosts. Neutralization was computed as % decrease of p24
concentrations in MADb-containing wells compared to vehicle control.

Figure 4 demonstrates inhibition of gpl20-MADb binding by gp120 fragment
peptides. ELISA assays were conducted using MAbs (5 yg/mL) in gp120 (YZ23) or E-gp120
la (YZ18) coated plates (40 ng/well) in the presence or absence of the indicated competitor
peptides. Bound MAbs were measured using anti-mouse IgG-peroxidase. Peptides 301-315
and 417-431 inhibited the binding with potency equivalent to 297-311 and 421-433,
respectively (not shown). Also shown are ELISA results using MAb SK-T03 (0.2 ug/mL) and
immobilized gpl120 in the presence or absence of peptide 465-479. A non-inhibitory control

peptide is shown in each panel.



10

15

20

25

30

35

CA 02669049 2009-05-07

WO 2008/133652 PCT/US2007/023687

Figures SA-SD demonstrate dual epitope binding by anti-E-gp120 MAbs.
Figure SA shows structures of electrophilic probes used for dual binding studies. Shown are
E-293-311, E-421-433 and electrophilic hapten probes. Control is E-VIP. Figure SB
demonstrates E-421-433 and E-293-311 binding by IgGs YZ18. Streptavidin-peroxidase
stained blot of reducing SDS-gels showing complexes formed by incubating (6 h) IgG YZ18
(0.5 uM) with E-peptide probes or E-hapten (10 xM). Figure 5C demonstrates recognition of
421-433-CRA and 293-311-CRA by IgGs YZ23. ELISA data using IgG YZ23 and
biotinylated peptide probes (immobilized on streptavidin plates; 0.4 ug/well). After incubation
with IgG, the wells were treated with PBS (total binding) or buffer containing 2% SDS (SDS-
resistant binding). An isotype-matched irrelevant lgG'(clone CRL1689) did not show
detectable binding (27 ug/mL, 0.04 £ 0.01). Figure SD depicts the ternary complexation of
[gG YZ23 with E-293-311 and E-421-433. Shown in the left panel is the time course of E-
293-311 binding by IgG YZ23. 1gG YZ23, 1 uM; E-293-311, 10 uM. The reaction mixtures
were subjected to SDS-electrophoresis and biotin content in the E-293-311/IgG complexes was
determined by densitometry of streptavidin-peroxidase stained blots. Shown in the right panel
1s E-421-433 binding by IgG YZ23-E-293-311 complexes. I1gG YZ23 was allowed to react
with E-293-311 to near saturation (3 h), then with E-421-311 (10 #«M) for 8 h. Biotin content
In the complexes was determined as in the left panel.

Figures 6A-6D demonstrate the antibody structural basis for dual epitope
recognition. Figure 6A shows residues 301-311 (yellow) and 421-433 (green) in the crystal
structure of gpl20 (PDB 2B4C). The two peptide regions are distant from each other, and
exposed on the different surface of gpl120. Figure 6B shows the alignment of VH sequences of
MAbs YZI18 and YZ23 with 4 VH3 family Abs that recognize gp120 as a superantigen.
Underlined are CDRs. Top number, linear numbering of 18/2; Botton number, linear
numbering of YZ18. Bold, putative VH residues involved in gp120 superantigen interactions
(Karray et al, JI 1998, 161, 6681). YZ18 and YZ23 residues highlighted in red represent
identities to gpl20SAg binding residues in a VH3 Ab; Highlighted in cyan, conserved changes
(following the amino acid homology definition by Karray et al.). Figure 6C shows the putative
dual binding cavities in MAb YZ23. X-ray diffraction data for the YZ23 Fab crystal were
collected from synchrotron radiation source and its structure was solved by molecular
replacement method at 2.5A resolution. The putative 301-311 antigen binding cavity (Ag
cavity; green) is formed by Ab CDRs. The 421433 binding cavity (SAg cavity; white) is
formed by the framework residues reported to be responsible for gp120 SAg binding. Figure
6D depicts a dual epitope recognition model. The V3 stem epitope (301-311) and SAg epitope
(421-433) are recognized by, respectively, the adaptively matured CDRs (Ag cavity) and
conserved FRs (5Ag cavity). Nu, nucleophilic residue. The model is feasible if two Ab binding

v
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subsites are simultaneously in register with the two gpl20 regions. Flexibility of the gpl120
region linking the V3 stem and the SAg peptide region may be important in this model. The V3
loop, particularly the crown is highly flexible. The Ab nucleophile-gp120 electrophile pairing
results in either irreversible complexation or proteolytic cleavage.

Figures 7A-7C depict the immunogen structural basis for dual epitope

recognition. Figure 7A shows the covalent oligomerization of E-gp120. Presented in the left

v

panel are silver-stained SDS electrophoresis gels showing the presence of covalent oligomers
in E-gpl20 (lane 1), the trimer enriched fraction from gel filtration chromatography on
Superose 6 (lane 2), and the control gp120 devoid of phosphonate groups (lane 3). Shown in
the right panel is gel filtration chromatogram, in which the hatched area represents the trimer
enriched fraction used for lane 2 in the left panel. Figure 7B demonstrates the inhibitory effect
of E-gp120 in HIV binding by MAbs directed to CD4 binding site (b12), V3 apex (447-52D)
and conformational carbohydrate (2G12) epitopes. MAbs (b12, 45 ng/mL; 447-52D, 0.8
ug/mL; 2G12, 7.5 ug/mL) were incubated with HIV (MN, 1.6 x 10° TCID,/mL) in the
presence or absence of gpl20, E-gp120 1a (32 phosphonate groups/gp120), EGF, or E-EGF
(0.5 uM) for 20 h. MAb-bound virions were captured in protein G-coated wells (1 pg/well;
lh), lysed with 10% Triton X100, and HIV p24 in the lysates were measured by ELISA.
Figure 7C shows E-gp120 binding by MAbs directed to CD4 binding site (b12), V3 apex (447-
52D) and conformational carbohydrate (2G12) epitopes. ELISA plates were coated with E-
gpl120 1a, trimer enriched preparation of 1a (purified by gel filtration), or control gp120
(40ng/well) and bound MADbs detected by anti-human IgG-HRP.

. Figure 8 demonstrates the neutralizing activity of dual binding and non-dual
binding MAbs. The anti-E-gp120 MAD panel (n=17) was assessed for dual epitope binding and
HIV neutralization activities. The dual binding activity was examined by the electrophoresis
assay using E-293-311 and E-421-433 as in Fig. 5B (IgG, 0.5 uM; E-peptides, 10 uM; 3 h).
MADbs positive for E-293-311 binding and E-421-433 binding were defined as those yielding
band intensities >18220 and >9110 AVU (arbitrary volume unit), respectively (mean band
intensity of control probe adducts of 17 MAbs, 1822 AVU). HIV neutralization was studied
using a clade C primary isolate ZA0O09 and PBMCs as host cells. MAbs that displayed >50%
neutralization at <30 ug/mL were considered positive.

Figures 9A-9C demonstrates irreversible gpl120 binding by anti-E-gp120
MAbs. Figure 9A depicts an ELISA showing SDS-resistant gp120 binding by anti-E-gp120
MADbs (YZ series, 75 ng/ml; SKTO3, 1 pg/ml). Three control anti-V3 MAbs (I1gG #1121, 75

pg/ml, Immunodiagnostics Inc; 257-D IV, 1 pg/ml; 268-D 1V, 15 ug/ml) and a control anti-
CD4bs MAD b12 (10 pg/ml) are also shown. Values (means of 3 replicates) represent residual
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SDS-resistant binding (plates washed with 2% SDS following MADb binding to immobilized
gp120) expressed as % of total binding (plates washed with PBS, pH7.4, following MAb
binding to gp120). 40 ng gp120/well. Figure 9B demonstrates SDS-resistant gp120-binding by

MADb SK-T03. Shown are streptavidin—peroxidase stained (lanes 1-3) and anti-mouse
[gG—peroxidase stained (lanes 4-6) blots of non-reducing SDS-electrophoresis gels showing
SDS-resistant adducts formed by treatment of gpl120 with MAb SK-T03. Lanes 1 and 4, MADb
SK-TO3 incubated with Bt-gp120; lane 2, Isotype-matched control MAb MOPC21 incubated
with Bt-gp120; lanes 3 and 5, Control Bt-gp120 alone incubated in the diluent; lane 6, MAb
SK-TO3 alone incubated in the diluent. Ab, 75 (lanes 1-3) or 15 ug/mL (lanes 4-6); Bt-gp120,
5 (lanes 1-3) or 27 ug/mL (lanes 4-6); Incubations for 17 h. Nominal molecular weights
computed by comparison with standard proteins are indicated. Figure 9C demonstrates the
stability of MADb SK-T03 immune complexes in non-denaturing solution. Immune complexes
were formed by incubating MAb SK-T03 (20 pg/mL) or MAD 268-D IV (1 ug/mL) with Bt-
gpl20 (0.2 ug/mL) for 12 h. The complexes were captured on protein G-Sepharose, free gp120
removed by washing and the resin was incubated further in the presence of gpl120 peptide
465479 (MADb SK-TO3; 10 ug/mL) or peptide 309-323 (MADb 268-D IV; 10 ug/mL). Aliquots
were withdrawn at 0, 4, 30, 73, 121 and 239 h, and the residual immune complexes were
detected using a streptavidin-peroxidase conjugate. Values are expressed relative to the
binding at the t=0 (A490 for MAb SKT-T03 and MAD 268-D 1V, respectively, 1.05 + 0.08 and
1.78 £ 0.07) and are corrected for background binding observed using an irrelevant MAb
(MOPC 21; 20 ug/mL), which was nearly constant at all of the time point studied (A490, 0.23
+ 0.01).

Figures 10A-10B depict cleavage of gpl20 by IgG YZI18. Figure 10A is a
streptavidin-peroxidase stained blot of SDS-gels showing time dependent cleavage of
biotinylated gp120 by I1gG YZ18 and lack of cleavage by [gG YZI19. IgG, | uM; Bt-gp120, 0.2
uM; 22 h incubation. OE, Overexposed lanes showing Bt-gpl120 incubated for 22 h in diluent
or IgG YZI18 IgG (1 nM). Product bands at 27 kDa and 15 kDa are visible in addition to the
major 50-55 kDa bands. Figure 10B is an anti-gpl120-peroxidase stained blot of SDS-gel
showing gpl120 incubated with diluent or IgG YZI18 IgG. IgG, 1 uM; gpl20, I uM; 24 h
incubation.

Figure 11 depicts a proposed reaction mechanism of nucleophilic Abs:
Antigen hydrolysis (top) and irreversible binding (bottom). The Ab forms the initial
noncovalent complex by conventional epitope-paratope interactions. In proteolysis, the active
site nucleophile attacks the carbonyl of the scissile bond in the antigen to form the tetrahedral

transition-state complex. The C-terminal antigen fragment is released and the acyl-Ab complex
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is formed. Hydrolysis of the acyl-Ab complex (deacylation) releases the N-terminal antigen
fragment and regenerates the catalytic Ab. In irreversible binding, accumulation of the
tetrahedral complex (IC’) or the trigonal acyl-Ab complex (IC”’, after release of the C-terminal
antigen fragment) may occur because of increased stability of the bond formed by the attacking
nucleophile or deficient support for a step(s) after completion of the nucleophile attack. NuH,
nucleophile; Ag,-NH-CH(R)-CO,H, N-terminal antigen fragment; NH,-Ag,, C-terminal antigen
fragment. |

Figure 12 shows a hypothetical representation of immune response to the dual

epitope construct.

Figures 13A-13D show dual epitope constructs. Figure 13A is (301-311)-
GMB-GGS-(E-421-433); GMB, y-maleimidobutyryl. Figure 13B is 7-(301-311)-GMB-GGS-
(E-c421-433); O, ornithine. Shown is a constrained E-421-433 variant as a component of the
dual-epitope construct. The T-epitope (7) is shown within the rectangle. Figure 13C is KLH-
(301-311)-GMB-GGS-(E-c421-433). Shown is a KLH-conjugated dual epitope construct
containing 301-311 and constrained E-421-433 (Ec421-433) connected by a GMB-GGS linker.
Figure 13D is E-HIV. Psoralen-inactivated HIV particles with phosphonates placed on Lys
residues. Figure 13K depicts a whole virus particle showing coat proteins modified to display
electrophilic phopshonate groups.

Figure 14 is a schematic diagram of natural and engineered antibody versions.
Monomer IgA and IgG are distinguished by their (black) and (grey) constant domains.
Secretory IgA is composed of dimeric and polymeric IgA stabilized by the J chain (which binds
the tail piece) and the secretory component. IgM is a disulfide-linked pentamer containing the
constant domain. Antigen binding and catalytic cleavage occurs at the variable regions of the
light and heavy chains (red and blue, respectively). The variable domains linked by a peptide
linker is referred to as a single chain Fv .

Figures 15A-15C demonstrate cleavage of biotinylated gp120 by serum and
salivary IgA from humans without HIV infection. Figure 15A shows streptavidin-peroxidase
stained blots of reducing SDS-gels showing time-dependent cleavage of Bt-gp120 (0.1 uM)
incubated with pooled polyclonal serum IgA (160 ug/ml) and salivary IgA (32 ug/ml) from 4
humans. Reaction volume, 0.02 ml. Diluent lane, gp120 incubated with diluent instead of IgA.
OE, overexposed lane showing Bt-gp120 incubated for 46 h with salivary IgA. Figure 15B
shows the comparative gp120 cleaving activity of salivary IgA (32 ug/ml) and serum IgA (144
pug/ml) from 4 humans expressed per equivalent Ab mass. Reaction conditions: 17 h, 0.1 uM
Bt-gp120. Figure 15C shows the comparative gp120 cleaving activity of serum IgA and IgG
(144 ug/ml) expressed per equivalent Ab mass. IVIG, commercial 1gG preparations (the 3 data
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points correspond to the following IVIG preparations: Intratect, Gammagard, Inveegam). Each
IgA and ng point represents Abs from a different human.

Figures 16A-16C depict EP-hapten 1 interactions with [gA. Figure 16A
shows the EP-hapten 1 structure. The control non-electrophilic phosphonic acid hapten 2 is
structurally identical to hapten 1 except for the absent phenyl groups. Figure 16B
demonstrates inhibition of catalysis and irreversible binding by EP-hapten 1. gp120 (0.1 xM)
was reacted with salivary IgA (2 pg/ml) or serum IgA (160 nug/ml) in the absence or presence
of EP-hapten 1 and control hapten 2 (1 mM) for 8 h before incubation with non-biotinylated
gp120 for 16 h. Data are from SDS-electrophoresis gels stained with peroxidase-conjugated
polyclonal anti-gp120. % Inhibition = [(100-gp120 cleaved in the presence of inhibitor)/(gp120
cleaved in the absence of inhibitor)] x 100]. Values are means of duplicates. Figure 16C
shows streptavidin-peroxidase stained blots of reducing SDS-gels showing EP-hapten 1 and
hapten 2 treated salivary IgA and serum IgA. H and L denote heavy and light chain subunit
bands, respectively.

Figure 17 demonstrates preferential cleavage of gpl20 by IgA and slgA.
Biotinylated (Bt) proteins studied are gpl120, soluble epidermal growth factor receptor
(SEGFR), bovine serum albumin (BSA), C2 domain of human coagulation factor VIII (C2),
and HIV Tat. Shown are streptavidin-peroxidase stained blots of reducing SDS-gels of the
protetns (0.1 #M) incubated (17 h) with serum IgA, salivary IgA (both 160 pg/ml) or diluent. |

Figures 18A-18C depict inhibition of gp120s,, hydrolysis and irreversible IgA
binding by EP-421-433. Figure 18A demonstrates preferential inhibition of IgA catalyzed
gpl20 cleavage by EP-421-433. Salivary IgA (16 ug/ml) or serum IgA (160 ug/ml) were
preincubated (6 h) with EP-421-433 or EP-VIP (100 #M), the reaction mixtures were incubated
further for 16 h following addition of gp120 (0.1 xM). Inhibition of gp120 cleavage determined
as in Figure 3. Figure 18B demonstrates irreversible binding of EP-421-433 by serum IgA and
salivary IgA. Shown are streptavidin-peroxidase stained blots of reducing electrophoresis gelé
of IgA (80 ug/ml) incubated with EP-421-433, EP-VIP or EP-hapten 1 (10 #M; reaction time,
21 h). H and L denote heavy chain and light chain bands. Figure 18C demonstrates inhibition
of irreversible IgA:EP-421-433 binding by gp120 peptide 421-435. Salivary IgA (80 ug/ml)
was treated with gp120 peptide 421-435 (100 uM) or diluent followed by addition of EP-421-
433 (10 M) and incubation for 21 h. EP-421-433 adducts were detected. Plotted are the
aggregate intensities of the heavy and light chain subunits determined by densitometry.

Figure 19 identifies peptide bonds cleaved by salivary IgA. Shown are the
Coomassie blue-stained SDS-gel electrophoresis lanes of gpl120 (270 ug/ml) incubated for 9 h
in diluent (lane 1) or with IgA (80 ug/ml) (lane 2). Lane 3 shows the electrophoretic profile of
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the gp120-IgA reaction mixture following more prolonged digestion (46 h). The yields of the
indicated amino acid were 0.3 - 1.5 pmol. A mixture of PTH-amino acids (2 pmol each;
Applied Biosystems) was employed as standard (sensitivity of detection of individual amino
acids, 0.04 -0.10 pmol).

Figures 20A-20C demonstrate HIV neutralization by Abs from HIV-
seronegative humans. Figure 20A shows neutralizing potency of IgA and IgG Abs purified
from pooled serum or saliva of 4 human subjects. IVIG, Gammagard S/D. HIV-1 strain,
97TZA0Q09; host cells, phytohemagglutinin-stimulated PBMCs. Abs were incubated with the
virus for 24 h. Values are expressed as percent reduction of p24 concentrations in test cultures
compared to cultures that received diluent instead of the Abs (means + s.d. of 4 replicates).
Figure 20B shows inhibition of IgA neutralizing activity (pooled from 34 donors) by EP-421-
433. IgA purified from human serum (2 yg/ml) was preincubated (0.5 h) with EP-421-433 (100
uM), control EP-VIP or diluent, and the neutralizing activity was determined as in panel A.
Figure 20C demonstrates time-dependent HIV neutralizing activity. HIV was preincubated
with the salivary or serum IgA for 1 h and the neutralizing activity measured as in Figure 20A.

Figure 21 shows gp120 cleavage activity of Abs from mice immunized with
KLH conjugated E-421-433. Mice were immunized with KLH-E-421-433 intraperitoneally
with RIBI adjuvant or intranasally with IL12/CTB adjuvant or LTm adjuvant. Gp120 cleavage
activity of purified Abs was determined by the electrophoresis assay using Bt-gp120 (0.1 M)
as a substrate.

Figures 22A-22D illustrate binding, catalytic and neutralizing response to
intranasal immunization with KLH conjugated E-421-433. Figure 22A shows the catalytic
response. Shown 1s specific gpl20 cleaving activity (nM/h/ug Ig) of Abs purified from serum,
saliva, and vaginal wash of preimmune mice and mice immunized nasally with E421-433 KLH
conjugate (LTm adjuvant; 4 nasal immunizations, samples obtained 1 wk thereafter). Inset,
streptavidin-peroxidase stained blots of SDS-gels showing Bt-gp120 (0.1 M) incubated in the
presence or absence of hyperimmune vaginal IgA (3 ug/mL) for 17 h. Figure 22B shows the
binding response. ELISA values for E-421-433 binding by purified Abs from preimmune and
hyperimmune mice (nasal immunization, same samples as in Figure 22A) detected by
peroxidase conjugates of anti-mouse IgG, IgM, or IgA. Figure 22C shows the IgM
neutralizing response. IgMs purified from serum of preimmune and E-421-433-immunized
mice (intraperitoneal or nasal immunizations in the indicated adjuvants) were analyzed for HIV
neutralizing activity using the clade C primary isolate ZA009 and PBMC hosts. Figure 22D
shows the IgG and IgA neutralizing responses. 1gGs and IgAs are purified from serum of

preimmune and E-421-433-immunized mice (nasal immunizations with LTm as adjuvant) were
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analyzed for HIV neutralizing activity using the clade C primary isolate ZA009 and PBMC

hosts.

Figures 23A-23B illustrate the binding and catalytic response to systemic
immunization with KLH conjugated E-421-433. Figure 23A shows the binding and catalytic
response in salivary IgA and vaginal IgA. Left axis of each panel shows gpl120 cleaving
activity (nM/h/ug) of affinity purified IgAs from mice immunized intraperitoneally with E-421-
433 KLH conjugate (RIBI as adjuvant). IgA, 3 ug/ml, Bt-gp120 0.1 M, 16h. Right axis
shows ELISA values for E-421-433 binding of IgA from saliva (1:8) and vaginal wash (1:10)
recovered from the same mice detected by peroxidase conjugates of anti-mouse IgA. Arrows

indicate injections schedule. Figure 23B shows the binding response in serum. ELISA values

for E-421-433 binding by sera IgG (1:5000), IgM (1:1000) and IgA (1:100) from mice

~immunized intraperitoneally with E-421-433 KLLH conjugate (RIBI as adjuvant) detected by

peroxidase conjugates of anti-mouse 1gG, IgM, or IgA. Arrows indicate injections schedule.

Figures 24A-24C demonstrates stimulation of gp120 binding 1gM synthesis by
Protein A. Figure 24A shows induction of gp120-binding IgM in mice stimulated with Protein
A. Shown are serum IgM titers in preimmune mice and Protein A-stimulated mice (day 30; 1
mg Protein A 1.v. on days indicated by arrows in panel B; 1:1000 dlution) determined using
gp120 coated plates (0.2 ug/well). Bound I1gM was detected with biotinylated anti-mouse IgM
(k-chain specific; 1:1000) and peroxidase-conjugated streptavidin (1:1000). Identical assays
without gpl120 coating yielded A490 values of 0.046 + 0.002 (day 0) and 0.027 = 0.001 (day
30). Figure 24B is a time course of gpl120-binding [gM response in Protein A-stimulated mice.
Protein A (1 mg, 1.p. in PBS) administered on days indicated by arrows. Shown are ELISA data
for sera obtained at various time points. Bound IgG and IgM were detected, respectively, with
peroxidase-conjugated goat anti-mouse 1gG (Fc specific; 1:500) and goat anti-mouse IgM (_-
chain speciﬁc; 1:500).

Figures 25A-25C demonstrate specificity of gp120-binding IgM induced by
protein A stimulation. Figure 25A shows inhibition of gp120-IgM binding by gp120. Shown
are gpl20-binding ELISA data in the presence and absence of gpl120 (0.5 uM). Sera: day 35,
1:100 dilution in 1% skim milk/PBST. Other conditions are as in Figure 2B. Figure 25B
shows specific E-421-433 binding by IgM. Shown are streptavidin-peroxidase-stained reducing
SDS-gels of IgM incubated with E-gp120,,,.43; (1ane 1), a control electrophilic probe containing
shuffled sequence of gpl120,,,.4; (lane 2) and E-hapten (lane 3). 1gM, 56 ug/mL; E-gp120421-
433 and control probes, 1 uM; 37°C, 1 h. In addition to the 70-kDa u-chain band and the 25-

kDa x/A band, a 50 kDa band was evident in lane 1, identified previously as a u-chain fragment
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based on staining with anti- antibody (36). Figure 25C depicts the structures of probes used
in Figure 25BB. LC, aminohexanoyl linker.

Figures 26A-26B depict the shared structural basis for B cell superantigenic
properties of Staphylococcal Protein A and HIV gpl120. Figure 26A is a schematic
representation of the complex between Staphylococcus Protein A domain D (SpA-D) and Fab
2A2 from a human IgM (PDB IDEE). Shown is a zoom-in view of the interface of SpA-D
(line ribbon) and Fab 2A2 (solid ribbon). Antibody amino acids reported to interact with SpA
[Graille M, et al, 2000] or gp120 [Karray S, et al, 1998] are shown in the Corey, Pauling and
Koltun (CPK) style --- red CPK residues represent amino acids interacting with both gp120 and
SpA-D; blue, amino acids interacting with gp120 only; green, amino acids contacting with
SpA-D only. Figure 26B is a schematic representation of superimposed SpA-D and gp120
residues 421-433. Shown is a gp120 residues 421-433 in helix form (green ribbon; an energy-
minimized structure obtained by CHARMm/DS modeling 1.7 (Accerelys)) superimposed on
SpA-D helix II (light gray ribbon; extracted from the crystal structure, PDB 1DEE), where
amino acids that interact with gpl120-contacting amino acids of Fab 2A2 are clustered (shown
in ball and stick style; a blue ball represents a nitrogen atom; red, oxygen atom; carbon atoms
and bonds are shown in backbone colors). RMSD, 0.88 A.

Figure 27 depicts E-Protein A. The E-Protein A stimulant contains the
electrophilic phosphonate groups on Lys side chain amino groups.

Figures 28A-28B are an.example of non-BCR-utilizing polyclonal B cell
stimulants. Figure 28A shows E-LPS. Shown is E-LPS derived from E. coli Re LPS. Two
elctrophilic groups are placed on the carboxylic group of 2-keto-3-deoxyoctolusonic acid
residues. Figure 28B is E-CpG. Shown is E-CpG derived from CpG ODN2006, TCG TCG
TTT TGT CGT TTT GTC GTT linked by phosphorothioate bonds. Electrophilic groups are
placed via 4'-aminomethyl-4,5',8-trimethylpsoralen (AMT), which preferentially react with
thymidine (T) residues. The primary site of thymidine-AMT attachment is between the 5,6
double bond of thymidine in CpG and the psoralen 4',5' double bonds (arrow a). Further
reaction with another thymidine (arrow b) is possible to occur, forming an inter- or intra-strand
cross-link. The electrophilic group di(4-nitrophenyl) suberoylamino(4-

amidinophenyl)methanephosphonate is linked to the amino group of AMT (T-PsP unit).

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “a” or “an”, when used in conjunction with the term
“comprising” in the claims and/or the specification, may refer to “one”, but it is also consistent

with the meaning of “one or more”, “at least one”, and “one or more than one”. Some
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embodiments of the invention may consist of or consist essentially of one or more elements,
method steps, and/or methods of the invention. It 1s contemplated that any compound,
composition, or method described herein can be implemented with respect to any other device,

compound, composition, or method described herein.

As used herein, the term “or” in the claims refers to “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or”.

As used herein the term “animal” refers to a mammal, preterably a human.

As used herein the term “‘subject” refers to any recipient of a binary epitope

| specific antibody administered to treat HIV.

In one embodiment of the present invention, there i1s provided a polypeptide or
electrophilic analog thereof comprising a superantigenic epitope and at least one other epitope
effective to induce the production of antibodies with binary specificity for the epitopes on a
polypeptide antigen. In a further embodiment one or both epitopes further comprise one or
more electrophilic groups therewithin where the electrophilic groups etfective to induce
synthesis of the binary specific antibodies.

In both embodiments the electrophilic analog may be covalently oligomerized
epl20. Also, the polypeptiae or electrophilic analog thereof may comprise superantigenic
gpl20 epitope linked to another gpl20 epitope by a peptide linker. Particularly, the
superantigen epitope may comprise amino acid residues 421-433 of gpl20 and the other
epitope may comprise amino acid residues 301-311 of gpl120. Also, the peptide linker has a
sufficient number of amino acids such that the linker length approximates the distance between
the two epitopes 1n native gp120.

Also in both embodiments one or both of the epitopes comprising the

electrophilic analog has the structural formula:
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where L,...Lx...Lm are components defining an antigenic determinant; Lx is a
component amino acid of the antigenic determinant; L’ is a functional group of Lx; Y’ is a
molecule, a covalent bond or a linker; Y’ an optional charged or neutral group; Y is an
electrophilic group that reacts covalently with an antibody that binds to said antigenic
determinant; n is an integer from 1 to 1000; and m is an integer from 4 to 30. Furthermore, in
both embodiments the Y’’, Y’ or Y further may comprise a water-binding group as a terminal
or internal component. Particularly, the water-binding group binds a metal ion that chelates
one or more water molecules. Examples of the metal binding group are -(His), -, where n=2 or
more or -Cys-X-Cys-Cys- or -Cys-X-Cys-, where X is an amino acid residue, ethylene diamine
tetraacetic acid or diaminomethyl pyridine. Examples of the metal are the metal is zinc,
copper, nickel, cobalt, calcium, or magnesium.

In another embodiment of the present invention there is provided a method for
producing binary epitope specific antibodies to a B cell polypeptide antigen, comprising
administering one or more of the polypeptide constructs of described supra or one or more of
an electrophilic polypeptide analog thereof to a living animal. Further to this embodiment the
method comprises administering one or more immunological adjuvants effective to stimulate
T-cell independent or T-cell dependent B cell antibody production to the living animal.

In both embodiments the polypeptide antigen may be HIV gp120, Tat, Protein
A, or Protein L. Also, the antibodies may recognize amino acid residues 421-433 and residues

301-311 of HIV gpl20 epitopes. In addition, the binary epitope specific antibodies catalyze the
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hydrolysis of the native polypeptide antigen or covalently bind the native polypeptide antigen,
e.g., gpl120 expressed on the surface of HIV, thereby neutralizing HIV.

In a related embodiment there is provided an antibody with binary specificity
to a B cell polypeptide antigen produced by the method described supra. In another related
embodiment there is provided a method for treating HIV in a subject, comprising administering
an immunologically effective amount of the antibody described supra to the subject.

In yet another embodiment of the present invention there is provided a method

for increasing production of antibodies recognizing the B cell superantigenic site of HIV
gpl20, comprising administering one or both of a polyclonal B cell stimulant or an
electrophilic analog thereof to an living animal. Further to this embodiment the method
comprises administering one or more immunological adjuvants effective to stimulate T cell-
independent B cell antibody production to the living animal.

In both embodiments the polyclonal B cell stimulant may be one or more of
pokeweed mitogen, lipopolysaccharide, phytohemagglutinin, or CpG. Also, the the polyclonal
B cell stimulant may be Staphylococcal Protein A. Particularly, the polyclonal B cell stimulant
may be a superantigenic domain of Protein A, an oligomer of the superantigenic domain of
Protein A or Protein A labeled with iodine. In addition the stimulant further may comprise
electrophilic groups that stimulate production of antibodies effective to catalyze the hydrolysis
of gp120 or to covalently bind gpl120. Furthermore, the electrophilic analog of the polyclonal
B cell stimulant having one or more epitopes may have the structure as described supra.

In a related embodiment there is provided an antibody recognizing the B cell
superantigenic site of HIV gp120 produced by the method described supra. In another related
embodiment there is provided a method for treating HIV in a subject, comprising administering
an immunologically effective amount of the antibody described supra to the subject.

In yet another embodiment of the present invention there is provided a method
for stimulating increased production of antibodies comprising administering to a living animal
a combination of a dual epitope polypeptide and electrophilic analog thereof with an
electrophilic analog of a polyclonal B cell stimulant.

In yet another embodiment of the present invention there is provided a method
for isolating an individual antibody or antibody fragment thereof having a unique sequence and
binary epitope specificity from an antibody repertoire, comprising displaying the antibody
repertoire on the surface of phage particles; and screening the antibody repertoire with a
polypeptide or a polypeptide electrophilic analog thereof, wherein an antibody or antibody
fragment thereof reacting with the polypeptide or the electrophilic analogs thereof thereby
1solates the binary epitope specific antibody or antibody fragment thereof from the antibody

repertoire.
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In yet another embodiment of the present invention there are provided
electrophilic analogs of a lipid, a polysaccharide or a lipopolysaccharide having the general
polypeptide electrophilic analog structure as described supra where L,...Lx...Lm are
components defining a receptor binding determinant; where Lx is a component sugar or lipid of
the receptor binding determinant; L’ is a functional group of Lx; Y'’ is a molecule, a covalent
bond or a linker; Y’ an optional charged or neutral group; Y is an electrophilic group that reacts
covalently with a cellular receptor that binds to said receptor binding determinant, or an acyl
group; wherein, optionally, Y”, Y’ or Y comprises a water-binding group as a terminal or
internal component; n is an integer from 1 to 1000; and m is from 1 to 1000.

In yet another embodiment of the present invention there is provided
electrophilic analogs of a nucleotide having the general polypeptide electrophilic analog
structure as described supra where L,...Lx...Lm are L,...Lx...Lm are nucleotide components
defining a receptor binding determinant; Lx is a component nucleotide of the receptor binding
determinant; L.’ is a functional group of Lx; Y’ is a molecule, a covalent bond or a linker; Y’
an optional charged or neutral group; Y is an electrophilic group that reacts covalently with a
cellular receptor that binds to said receptor binding determinant, wherein, optionally, Y”, Y’ or
Y contains a water-binding group as a terminal or internal component; n is an integer from 1 to
1000; and m is from 1 to 1000.

The present invention describes means to overcome the barriers that limit
adaptive antibody responses capable of protecting against the effects of superantigenic
polypeptides, for example, but not limited to, the HIV coat protein gp120. The superantigenic
site of HIV gp120 is relatively conserved and contributes amino acids that are critical for virus
binding to CD4 receptors on host cells and the infection thereof. Consequently, it is
contemplated that antibodies to this site are effective to neutralize diverse HIV isolates
belonging to different clades.

The present invention also describes a hitherto unsuspected property of certain
antibodies, 1.e., the ability to recognize two distinct epitopes of gp120. This antibody property,
designated ‘binary epitope specificity’, results in neutralization of the HIV infection as tested in
tissue culture. In addition, the ability of various polypeptide constructs to induce the synthesis
of antibodies with the binary epitope specificity and HIV neutralizing activity is disclosed. It is
demonstrated herein how inclusion of two epitopes in the polypeptide construct can stimulate
the production by B cells of antibodies that recognize one of the epitopes by interactions at the
CDRs, and of the second epitope, by interactions at the FRs. Recognition of the former epitope
in the present invention is driven by conventional B cell clonal selection processes. The
cellular proliferative signal generated by interaction at the CDRs is sufficient to overcome the

negative effect of interactions of the second, superantigenic epitope at the FRs, resulting in
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production of antibodies that express binary epitope specificity. These considerations are
tmportant for designing an effective HIV vaccine that induces protective antibodies to the virus
with binary epitope specificity.

Also provided herein are methods to generate antibodies with binary epitope
specificity with increased virus neutralizing activity. The increase in virus neutralizing activity
Is dertved from the chemical 'reactivity of the antibodies. Conventional antibodies bind
antigens reversibly by noncovalent mechanisms. Like conventional antibodies, chemically
reactive antibodies initially recognize the antigen by noncovalent means. However,
nucleophilic sites located in the V domains of chemically reactive antibodies can then proceed

to recognize electrophilic reaction centers in the antigen.

This has two consequences, formation of irreversible immune complexes with
covalent nucleophile-electrophile pairing, and, if a water molecule is available at the reaction
center, the hydrolysis of the antigen by the antibody. The irreversible binding property
enhances antibody potency, because it precludes regeneration of active antigen by dissociation
of the immune complexes. Similarly, the catalytic hydrolysis step results in irreversible antigen
Inactivation, as the antigen fragments do not usually express biological activity similar to the
parent antigen. The invention discloses dual epitope polypeptide constructs in which strongly
electrophilic groups are incorporated by chemical means. The electrophilic groups induce
adaptive strengthening of antibody nucleophilic reactivity, and thus increase the ability of the
polypeptide constructs to induce the synthesis of protective antibodies with binary epitope
specificity.

Thus, the dual epitope polypeptide constructs provided herein may be
employed as a prophylactic or immunotherapeutic vaccine. In the case of HIV, for example, a
polypeptide or an electrophilic analog thereof containing at least the two epitopes of gpl20 may
be administered repeatedly to a living organism to induce the synthesis of protective antibodies,
including antibodies produced by memory B cells.

Particularly, the electrophilic analog of a dual epitope polypeptide where one

or both of the epitopes may have the structure
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In this structure L,...Lx...Lm are components defining an antigenic
determinant where Lx is a component amino acid of the antigenic determinant, L’ is a
functional group of Lx, Y’ is a molecule, a covalent bond or a linker, Y’ an optional charged
or neutral group, Y 1s an electrophilic group that reacts covalently with an antibody that binds
to said antigenic determinant, n is an integer from 1 to 1000, and m is an integer from 4 to 30.
Optionally, any of Y’’, Y’ or Y further may comprise a water-binding group as a terminal or
internal component effective to bind a water molecule(s) chelating metal, such as, zinc, copper,
nickel, cobalt, or magnesium. The metal binding groups may be a poly histidine, -(His),-,
where n=2 or more. Alternatively, the metal binding groups may be -Cys-X-Cys-Cys- or -Cys-
X-Cys-, where X 1s an amino acid residue, ethylene diamine tetraacetic acid (EDTA) or
diaminomethyl pyridine. Also, provided is an electrophilic analog of a polysaccharide or a
lipopolysaccharide having the same general structure where L,...Lx...Lm are components
defining a receptor binding determinant, Lx is a component sugar or lipid of the receptor
binding determinant and m is an integer from 1 to 1000. In addition, provided is an
electrophilic analog of an oligonucleotide where L,...Lx...Lm are nucleotide components
defining a receptor binding determinant, Lx is a component nucleotide of the receptor binding
determinant and m is an integer from 1 to 1000.

The administration of the vaccine can be conducted by any route that is
effective, for example, the intramuscular, intravenous, intraperitoneal and mucosal routes. HIV
1s often tramsitted across the mucosal route. Therefore, mucosal vaccination is a preferred

embodiment of the invention, as this route maximizes the production of protective IgA
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antibodies at mucosal surfaces. Also, the dose or dosage of antibodies administered is easily
determined by one of ordinary skill in the art. Additionally, it is well established to administer
the antibodies in an immunogenic composition comprising adjuvants and/or diluents known in
the art.

The present invention also demonstrates the unexpected ability of another
superantigen, Protein A, to stimulate the synthesis of antibodies to HIV gp120. Although the
sequences of the superantigenic sites of Protein A and gp120 are divergent, there is sufficient
conformational similarity that cross-reactive antibody synthesis is permissible. It is
contemplated that the anti-gp120 antibody production is permissible regardless of whether
synthesis of antibodies to Protein A itself occurs. Based on this unexpected finding, it can be
anticipated that administration of Protein A may be useful to direct the initial B cell response
towards the superantigenic site of gpl20. Also, the administration of Protein A can be
combined with gp120 or the foregoing dual epitope polypeptide constructs to overcome the
natural barriers limiting antibody synthesis to the gpl120 superantigenic site.

In addition, the present invention provides methods using appropriate
polyclonal B cell stimulators or activators alone or in conjunction with the dual epitope
polypeptide constructs for induction of the protective antibodies to HIV. Such activators
interact with non-BCR receptors to induce activation and proliferation of multiple B cell
subpopulations regardless of their antigenic specificity. Non-limiting examples are
lipopolysaccaharide, heat labile E. coli enterotoxin, cholera toxin B, various interleukins,
cytokines, CpG and the like. As synthesis of neutralizing antibodies to the gpl120
superantigenic site is a B cell property that does not require their adaptive maturation driven by
the superantigen, polyclonal B cell activation may result in enhanced protective antibody
production. When polyclonal B cell activator is administered combined with a suitable
immunogen, It 1s contemplated that the adaptive immune process may improve antibody
specificity and antibody chemical reactivity.

Synthesis of antibodies with binary epitope specificity was observed in
response to immunization of experimental animals with an electrophilic analog of full-length
gpl120 in the present invention. Monoclonal antibodies and fragments thereof can be prepared
readily from the spleen or other lymphoid tissues of experimental animals by routine methods
well known and available in the art, e.g., hybridoma technology and phage display technology.
Similarly monoconal antibodies and fragments thereof can be prepared from the B cells of
humans immunized with the dual epitope polypeptide constructs or electrophilic gpl120
provided herein. Thus, the present invention provides methods for passive immunization of
humans with HIV infection using monoclonal antibodies or fragments thereof with binary

epitope specificity and HIV neutralizing activity.
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The present invention further demonstrates that full-length gp120 expressed on
the surface of the virus induces the synthesis of protective antibodies with binary epitope
specificity, albeit only rarely and preferentially in HIV infected individuals with a natural
immune resistance to HIV. It also is contemplated that humans with prolonged HIV infection
and no progression to acquired immune deficiency syndrome (AIDS) produce increased
catalytic antibodies to the superantigenic site of gp120. Furthermore, as presented herein,
antibodies with binary epitope specificity are isolated from such infected subjects using
hybridoma methods, immortalization of B cells using Epstein Barr virus and construction of
libraries of antibodies or their fragments from the expressed B cell repertoire. These methods
are routine in the art. In these methods, the dual reactive polypeptide constructs are utilized to
identify the subpopulation of B cells or antibodies displayed on a suitable vector, e.g., a phage
display vector, that express the binary epitope specificity. It is contemplated that such
antibodies are useful for passive immunotherapy of humans with HIV infection.

The following example(s) are given for the purpose of illustrating various

embodiments of the invention and are not meant to limit the present invention in any fashion.

EXAMPLE 1

Binary epitope specificity of nucleophilic MAbs raised by immunization with electrophilic

analogs of HIVgp120
The HIV envelope protein gpl20 is a target for experimental vaccines that

attempt to induce the synthesis of neutralizing antibodies (Abs) (1, 2). Most Abs induced by
immunization with gp120 are directed to the highly mutable regions of the protein, particularly
the third variable domain (V3 domain) (3). These Abs neutralize the infecting viral strain (4).
However, the gpl20 V domains mutate over the course of infection, resulting in viral escape
mutants refractory to neutralization by the Abs (5). Moreover, the gp120 V domains of various
HIV strains responsible for the pandemic in different parts of the world are highly divergent,
and Abs induced by immunization with gp120 usually fail to neutralize heterologous HIV
strains (6). This has lead to the search for structurally conserved neutralized epitopes expressed
by gpl120. Candidate epitopes are the comparatively conserved regions of gp120 involved in
HIV binding to host cell receptors, i.e., CD4 and chemokine receptors. Regrettably, these
epitopes are poorly immunogenic. Rare monoclonal Abs (MAbs) directed to regions close to the
CD4 and chemokine receptor binding sites of gpl20 have been identified using complex
experimental protocols (7-9). These MAbs neutralize many but not all clade B HIV-1 strains (10).

The CD4 binding site (CD4bs) is thought to be a discontinuous determinant
composed of residues 256, 257, 368-370, 421-427 and 457 (11-14). The CD4bs is suggested to

undergo a conformational transition(s) when the gpl20 trimer expressed on the viral surface is
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shed as soluble monomers, and Abs to the monomer CD4bs are often poorly reactive with the
trimer CD4bs (15). Moreover, the 421-427 peptide region of the CD4bs is an important
component of the B lymphocyte superantigen site of gp120 (16) (gp120s,,; defined as a site to
which Abs are present in the preimmune repertoire without the requirement for adaptive
sequence diversification of the Ab variable domains). As in the case of other B cell
superantigens, gpl20g,, binding to immunoglobulin (Ig) expressed as part of the B cell receptors
(BCRs) 1s thought to induce B cell apoptosis (17-19), and there is no evidence for adaptive
amplification of gpl120s,, binding Abs in HIV infected subjects. To the contrary, HIV infected
subjects express diminished serum levels of VH3+ Igs, the VH family thought to bind gp120s,,
preterentially (20). Despite evident difficulties, powerful arguments supporting targeting of the
CD4bs remain. These are: (@) The binding of gpl120g,, by IgG class Abs in humans without
infection is correlated with the reduced incidence of subsequent HIV infection (21); (b)
Moderate affinity IgA and IgM class Abs in uninfected humans catalyze the hydrolysis of
gpl120, with specificity of the reaction deriving from recognition of the 421-433 region (22,
23), a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>