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7) ABSTRACT

The present invention provides an antibody to human immu-
nodeficiency virus (HIV) envelope glycoprotein that can rec-
ognize one or more strains of HIV, wherein the epitope of HIV
recognized by the antibody is inducible, and wherein the
antibody binding to the epitope is enhanced by the presence of
CD4 and the HIV co-receptor, and related fusion proteins,
conjugates, nucleic acids, vectors, host cells, compositions
and methods of use to inhibit an infection of a human at risk
of becoming infected with HIV, to reduce the severity of an
infection of a human infected with HIV, and to treat an infec-
tion of a human with HIV.
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X5 scFy mutagenesis phage library
'L Preabsorption on pre-washed M-280 streptavidin beads

¢ Depletion with sCD4
¢ 1% round of panning (rp) against 30 nM biotinylated gp140g0 6-sCD4

1% yound panned library
47 Preabsorption on pre-washed M-280 streptavidin beads

# Depletion with sCD4
'L 2™ 1 against 10 nM biotinylated gp140ge ¢-sCD4 complexes

2™ round panned library
Preabsorption on pre-washed M-280 streptavidin beads

¢ 3% rp agaiost 2 aM biotinylated gp1403y6-sCD4 complexes

3" yound panned library
l’ 4% yp against 2 aM biotinylated gpl40pxp2-sCD4 complexes

4% yound panned library
sereen individual clones from 4% 5% and 6% round panned libraries by
l phage ELISA using gp120/140g0 s and gp120 reyand their
complexes with sCD4 as antigens

selection of clones with highest binding activity to all antigens

FIGURE 1



me-aa_scFv
X5-as_so¥Fv
mé ~aa_seFv

mo-aa_ SCFvV
R5~aa_BUFV
mé~aa_ BeFV

mo-aa SCEV
X5-aa scEFv
mé~aa_gckFv

mo-aa_sckFv
X5-aa_schv
mé-aa_scFv

mg-aa_scFv
X5-aa_scFv
me-aa_scFv

w9-aa_scFv
A5-aa_scFv
m6-aa_scFv
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1

VLTQSPGTLS
VLTQSPETLS
VLTQSPGTLS

51

STRATGIFDR
STRATEIPDR
STRATGIPDR

10L

TKLEIKRTGG
TKLEIKRTGG
TKLEIKRIGE

151

TESMYGEFNWY
TRESMYGFNWY
TESMYGVNWV

201

TAYMELTNLR
TAYMELTNLR
TAYMELTNLR

251

7,SAGERATLS CRASQSVSSCE
7,8AGERATLS CRASQSVESSG
TLEAGERATLS CRASQSEVSSG

FSGSGSEIDF TLTIGRLEPE
FSEBESETDF TLITGRLERE
FSGSGSEIDF TLILGRLEPE

GESGEEESAE GRSVQLLEQS
CESGOGESEE GASVQLLEQRS
GESSGEEASEE GESVRLLEQS

ROAPGHGLEW MGGIIPIFGT
ROAPCHGLEW MEGIIPIFGT
ROAPGHGLEW MGGIIPIFGT

SDDTAVYYCA RDFGFDWEGG
SDDTAVYYCA RDFGPDWEDG
SDDTAVYYCA RDFGPDWEDG

NVSE (SEQ ID NO: 1)
Tvss (SEQ ID NO: 3)
Tvss (SEQ ID NO: 2)

FIGURE 2
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50
SLAWYQQOXPG QAPRLLIYGA
SLAWYQQKPG QAPRLLIVGA
SLAWYOOKPG QAPRLLIYGA

100
DLAVEYCOOY GTSFYTFGRE
DLAVYYCQQY GISPVIFGQE
DLAVYYCQQY GTSPYTFEQE

150
GAEVKKPASS VQVSCKASEE
GAEVEKPGSS VOVSCKASGE
GAEVKKPGSS VQVSCKASGE

200
TIYAQKFRGR VIHFTADQATS
SNYAQKFRGR VIFTADQATS
SNYAQKFRGR VIFTADQATS

250
DSYDESGRGF FDFWGQGTLV
DSYDASGRGF FDFWGQGTLY
DSYDGSGRGF FDFWGQGTLV

US 2009/0291493 A1
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OmpA signal FR1

MKKTAIAIAVALAGFATVAQ AAELVLTQS?
GTLSLSA

CDR1 FR2

ERATLSCRASQSVSSGSLAWYQ QKPGQAP
LLIYGA

CDR2 FR3

PDRFSGSGSGTDFTLTIGRLEPED

CDR3 FR4

YT FGQGTKLEIKRTVAAPSVFI FPP
S

CLLNNFYPREAKVQWKVDNALQSG

STYSLGS TLTLSKADYEKHKVYA

LSSPVTKSFNRGE C (SEQIDNO:4)
FIGURE 3
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PelB Signal FRI

MKYLLPTAAAGL LLLAAQPAMAEVQLLEQS
GA EVKK

CDR1 FR2

SVQVSCKASGGTF SMYGFNWVRQAPGH

CDR2 FR3

NYAQKFRGRVT FTADQATSTAY

A

CDR3

YCARDFGPDWEDGDS YDGSGRG

FR4

VTV SSASTKGPSVFPLAPSSKST SGGTA
CLV

PEPVTVSWNSGALTSGVHTFPAVLQ S
SLS

VVTVPSSSLGT QTYICNVNHKPSNTKVDK
VEPKS

DK TS (SEQIDNO:5)
FIGURE 4
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atgaaccggggagtcccttttaggcacttgcttctggtgctgcaactggcgctcctcccagcagccactcagggaaagaaagt
ggtgotgggcaaaaaaggggatacagtggaactgacctgtacagcttcccagaagaagagcatacaattcoaotggaaaaa
ctccaaccagataaagattctgggaaatcagggctccttcttaactaaaggtccatcoaagctgaatgatcgcgctgactcaag
aagaagcctttgggaccaaggaaantttcccctgatcatcaagaatcttaagatagaagactcagatacttacatctgtgaagtg
gaggaccagaaggaggaggtgcaattgctagtgttcggattgactgccaactotgacacccacctgcttcaggggcagagc
ctgaccctgaccttggagagcccccctggtagtagcccctcagtgcaatgtaggagtccaaggggﬁaaamatacagggg
gggaagaccctotccgtgtctcagctggagctccaggatagtggcacctggaoatgcactgtcﬁgcagaaccagaagaag
gtggagttcaaaatagmatcgtggtgctagct (SEQ IDNO: 6)

{ MNRGVPFRHL LLVLQLALLP AATQGKKVVL GKXGDTVELT

CTASQKKSIQ
51 FHWKNSNQIK ILGNQGSFLT KGPSKLNDRA DSRRSLWDQG NFPLIKNLK

{01 IEDSDTYICE VEDQKEEVQL LVFGLTANSD THLILQGQSLT LTLESPPGSS

151 PSVQCRSPRG KNIQGGKTLS VSQLELQDSG TWTCTVLQNQ
KKVEFKIDIV

201 VLA (SEQ IDNO: 7)

FIGURE 5
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VLTQSPGTLSLSAGERATLSCRASQSVSSGSLAWYQQKPGQAPRLLIYGASTRA
TG]PDRFSGSGSG’T‘DFTLTIGRLEPEDLAVYYCQQYGTSPYTFGQGTKLEIKRTG
GGGSSGGASGGGGSVRLLEQSGAEVI{KPGSSVQVSCKASGGTFSMYGVNWV
RQAPGHGLEWMGGIIPIF GTSNYAQKFRGRVTFTADQATSTAYMBLTNLRSDD
TAVYYCARDF GPDWEDGDSYDGSGRGFFDFWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSGGGGSGGGGSMNRGVPFRI«ELLVLQLALLPAATQ

GKKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQU{ILGNQGSFLTKGPSKLN

DRADSRRSLWDQGNFPLI[KNLKIEDSDTYICEVEDQKEEVQLLVFGLTAN SDT
HLLQGQSLTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQLELQDSGTWTCT

VLQNQKKVEFKIDIVVLA (SEQIDNO: 8)

FIGURE 6
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HUMAN IMMUNODEFICIENCY
VIRUS-NEUTRALIZING ANTIBODIES WITH
IMPROVED BREADTH AND POTENCY

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to antibodies, in par-
ticular monoclonal antibodies, specifically cross-reactive
human immunodeficiency virus (HIV) neutralizing antibod-
ies, and related fusion proteins, conjugates, nucleic acids,
vectors, host cells, compositions, and methods of use.

BACKGROUND OF THE INVENTION

[0002] Binding of the HIV-1 envelope glycoprotein (Env,
gp120-gp41) to CD4 and coreceptors initiates a series of
conformational changes that are the heart of the fusion
machinery leading to viral entry’. The elucidation of the
nature of the Env conformational changes is not only a clue to
the mechanism of HIV type 1 (HIV-1) entry but may also
provide new tools for the development of inhibitors and vac-
cines.”” It has been proposed that the interaction of corecep-
tor molecules with the Env-CD4 complex leads to interme-
diate Env conformations that may include structures
conserved among various HIV 1 isolates that could be used as
vaccines™. Of the four known potent broadly neutralizing
antibodies (b127, 2F5%° 2G12*°, and 4E10/Z13"), none has
a receptor-inducible epitope.

[0003] No single broadly cross-reactive monoclonal anti-
body with potent neutralization activity for all primary HIV
isolates has been isolated and characterized. Typically, mono-
clonal antibodies against CD4-inducible epitopes, such as
17b and CG10, are only weakly neutralizing against primary
isolates'®, suggesting that CD4-inducible epitopes on gp120
may not serve as targets for potent broadly neutralizing anti-
bodies.

[0004] It is an object of the present invention to provide
antibodies to receptor-inducible epitopes, wherein the anti-
bodies exhibit high affinity of binding of HIV and neutraliz-
ing activity. The antibodies can be used, alone or in combi-
nation with other active agents or as fusion proteins or
conjugates with other active agents, to inhibit HIV and as
tools to dissect mechanisms of HIV cellular entry. This and
other objects and advantages of the present invention, as well
as additional inventive features, will become apparent from
the detailed description provided herein.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides an isolated or puri-
fied nucleic acid molecule comprising the nucleotide
sequence encoding the amino acid sequence of SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 8 or a variant of any of the
foregoing, wherein the variant retains the ability to bind to the
same epitope as that of SEQ ID NO: 1, 2 or 8 respectively, to
a greater or lesser extent. Also provided are a vector compris-
ing such a nucleic acid molecule, a composition coniprising
the nucleic acid molecule, optionally in the form of a vector,
and a host cell comprising the nucleic acid molecule, option-
ally in the form of a vector.

[0006] The present invention further provides an antibody
to HIV envelope glycoprotein that can recognize one or more
strains of HIV, wherein the epitope of HIV recognized by the
antibody is inducible, and wherein the antibody binding to the
epitope is enhanced by the presence of CD4 and the HIV
co-receptor. Also provided are a composition comprising the
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antibody, a fusion protein or conjugate comprising the anti-
body, and a composition comprising the fusion protein or
conjugate.

[0007] The presentinvention still further provides methods
of using the above nucleic acid molecules, vectors, host cells,
antibodies, fusion proteins and conjugates. In one embodi-
ment, the present invention provides a method of inhibiting an
infection of a human at risk of becoming infected with HIV. In
another embodiment, the present invention provides amethod
of reducing the severity of an infection of a human infected
with HIV. In yet another embodiment, the present invention
provides a method of treating an infection of a human with
HIV. The methods comprise administering to the human an
isolated or purified nucleic acid molecule encoding an above-
described antibody; optionally as part of a fusion protein,
wherein the nucleic acid molecule is optionally in the form of
a vector and/or optionally contained within a cell, or the
antibody, itself, optionally as part of a fusion protein or con-
jugate.

BRIEF DESCRIPTION OF THE FIGURES

[0008] FIG.1is a flow chart of sequential panning (m6 and
m9).

[0009] FIG. 2 is the scFv amino acid sequence alignment,
in which the mutated amino acids are indicated in bold (SEQ
ID NOS: 1-3).

[0010] FIG. 3 is the amino acid sequence of the X5 light
chain (SEQ ID NO: 4).

[0011] FIG. 4 is the amino acid sequence of the X5 heavy
chain (SEQ ID NO: 5).

[0012] FIG. 5 is the DNA (SEQ ID NO: 6) and amino acid
(SEQ ID NO: 7) sequences of domain 2 of CD4.

[0013] FIG. 6 is the amino acid sequence of an ScFv-CD4
fusion protein comprising from the amino terminus to the
carboxy terminus (read from left to right and top to bottom)
m6, linker and domain 2 of CD4 (SEQ ID NO: 8).

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0014] The present invention may be understood more
readily by reference to the following detailed description of
preferred embodiments of the invention and the Examples
included therein and to the Figures and their previous and
following description.

[0015] Before the present compounds, compositions, and/
or methods are disclosed and described, it is to be understood
that this invention is not limited to specific synthetic methods,
specific recombinant biotechnology methods unless other-
wise specified, or to particular reagents, pharmaceutical for-
mulations or administration regimens unless otherwise speci-
fied, as such may, of course, vary. It is also to be understood
that the terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting,

[0016] Itmustbe noted that, as used in the specification and
the appended claims, the singular forms “a,” “an” and “the”
can include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a compound”
includes mixtures of compounds, reference to “a pharmaceu-
tical carrier” includes mixtures of two or more such carriers,
and the like.
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[0017] In this specification and in the claims which follow,
reference will be made to a number of terms, which shall be
defined to have the following meanings:

[0018] Herein the term “sequential antigen panning”’ refers
to a method of producing an antibody or antibodies compris-
ing isolating the antibody or antibodies by screening a phage
display library for antibodies that can bind to an antigen,
wherein the isolation is continued by screening the binding
antibodies for the ability to bind the antigen at a lower con-
centration or to bind an additional antigen, wherein this pro-
cess can continue for two or more cycles, wherein the anti-
body or antibodies that bind on the last cycle are selected.
[0019] Herein the term “screening” refers to a method of
isolating an antibody or antibodies from other antibodies,
based on the level of binding activity to an antigen. An
example of a screening method is a phage ELISA.

[0020] Herein the term “selecting” refers to a method of
isolating an antibody or antibodies from other antibodies
based on the ability to bind an antigen.

[0021] Inview of the foregoing, the present invention pro-
vides an isolated or purified nucleic acid molecule compris-
ing the nucleotide sequence encoding the amino acid
sequence of SEQ IDNO: 1, SEQ ID NO: 2, SEQ ID NO: 8 or
a variant of any of the foregoing, wherein the variant retains
the ability to bind to the same epitope as that of SEQ ID NO:
1, 2 or 8, respectively, to a greater or lesser extent.

[0022] The term “isolated” as used herein means having
been removed from its natural environment. The term “puri-
fied” as used herein means having been increased in purity,
wherein “purity” is a relative term, and not to be construed as
absolute purity. The term “nucleic acid molecule” as used
herein means a polymer of DNA or RNA, (i.e.. a polynucle-
otide), which can be single-stranded or double-stranded, syn-
thesized or obtained from natural sources, and which can
contain natural, non-natural or altered nucleotides. Such
nucleic acid molecules can be synthesized in accordance with
methods well-known in the art.

[0023] The nucleic acid molecule encoding a variant can
comprise one or more mutations. By “mutation” is meant any
insertion, deletion, substitution and/or inversion in a given
oligonucleotide. Such mutated oligonucleotides and frag-
ments thereof can be obtained from naturally occurring
sources or generated using methods known in the art. For
instance, site-specific mutations can be introduced by ligating
into an expression vector a synthesized oligonucleotide com-
prising the mutation(s). Alternately, oligonucleotide-directed
site-specific mutagenesis procedures can be used, such as
disclosed in Walder et al., Gene 42: 133 (1986); Baver et al.,
Gene 37: 73 (1985); Craik, Biotechniques, 12-19 (January
1995); and U.S. Pat. Nos. 4,518,584 and 4,737,462. A pre-
ferred means for introducing mutations is the QuikChange
Site-Directed Mutagenesis Kit (Stratagene, LaJolla, Calif.).
While the above-described mutated oligonucleotides and
fragments thereof can be generated in vivo and then isolated
or purified, alternatively, they can be synthesized. A variety of
techniques used to synthesize the oligonucleotides and frag-
ments thereof of the present invention are known in the art.
See, for example, Lemaitre etal., Proceedings of the National
Academy of the Sciences 84: 648-652 (1987) and the refer-
ences cited herein under “EXAMPLES.” The oligonucle-
otides and fragments thereof of the present invention can
alternatively be synthesized by companies, such as Eurogen-
tec, Belgium. Preferably, the nucleotides encoding CDRH3
remain unchanged or are only slightly changed, such as by
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conservative or neutral amino acid substitution(s) (see, e.g.,
FIGS. 2 and 3). Mutations can be tolerated elsewhere. Activ-
ity of the encoded antibody can be assess in vitro under
physiological conditions.

[0024] A vector comprising any of the above-described
isolated or purified nucleic acid molecules, or fragments
thereof, is further provided by the present invention. Any of
the above nucleic acid molecules, or fragments thereof, can
be cloned into any suitable vector and can be used to trans-
form or transfect any suitable host. The selection of vectors
and methods to construct them are commonly known to per-
sons of ordinary skill in the art and are described in general
technical references (see, in general, “Recombinant DNA
PartD,” Methods in Enzymology, Vol. 153, Wuand Grossman,
eds., Academic Press (1987)). Desirably, the vector com-
prises regulatory sequences, such as transcription and trans-
lation initiation and termination codons, which are specific to
the type ofhost (e.g., bacterium, fungus, plant or animal) into
which the vector s to be introduced, as appropriate and taking
into consideration whether the vector is DNA or RNA. Pref-
erably, the vector comprises regulatory sequences that are
specific to the genus of the host. Most preferably, the vector
comprises regulatory sequences that are specific to the spe-
cies of the host.

[0025] Constructs of vectors, which are circular or linear,
can be prepared to contain an entire nucleic acid sequence as
described above or a portion thereof ligated to a replication
system functional in a prokaryotic or eukaryotic host cell.
Replication systems can be derived from ColE1, 2 mu plas-
mid, A, SV40, bovine papilloma virus, and the like.

[0026] Inadditionto the replication system and the inserted
nucleic acid, the construct can include one or more marker
genes, which allow for selection of transformed or transfected
hosts. Marker genes include biocide resistance, e.g., resis-
tance to antibiotics, heavy metals, etc., complementation in
an auxotrophic host to provide prototrophy, and the like.
[0027] Suitable vectors include those designed for propa-
gation and expansion or for expression or both. A preferred
cloning vector is selected from the group consisting of the
pUC series, the pBluescript series (Stratagene, Lalolla,
Calif.), the pET series (Novagen, Madison, Wis.), the pGEX
series (Pharmacia Biotech, Uppsala, Sweden), and the pEX
series (Clontech, Palo Alto, Calif'). Bacteriophage vectors,
such as AGT10, AGT11, Mapll (Stratagene ), A EMBL4, and
». NM1149, also can be used. Examples of plant expression
vectors include pB101, pBI101.2, pBI101.3, pBI121 and
pBIN19 (Clontech). Examples of animal expression vectors
include pEUK-C1, pMAM and pMAMneo (Clontech). The
TOPO cloning system (Invitrogen, Carlsbad, Calif.) also can
be used in accordance with the manufacturer’s recommenda-
tions.

[0028] An expression vector can comprise a native or not-
mative promoter operably linked to an isolated or purified
nucleic acid molecule as described above. The selection of
promoters, e.g., strong, weak, inducible, tissue-specific and
developmental-specific, is within the skill in the art. Simi-
larly, the combining of a nucleic acid molecule, or fragment
thereof, as described above with a promoter is also within the
skill in the art.

[0029] Suitable viral vectors include, for example, retrovi-
ral vectors, parvovirus-based vectors, e.g., adeno-associated
virus (AAV)-based vectors, AAV-adenoviral chimeric vec-
tors, and adenovirus-based vectors, and lentiviral vectors,
such as Herpes simplex (HSV)-based vectors. These viral
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vectors can be prepared using standard recombinant DNA
techniques described in, for example, Sambrook et al.,
Molecular Cloning, a Laboratory Manual, 2d edition, Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (1989); and
Ausubel et al., Current Protocols in Molecular Biology,
Geene Publishing Associates and John Wiley & Sons, New
York, N.Y. (1994).

[0030] A retroviral vector is derived from a retrovirus. Ret-
rovirus is an RNA virus capable of infecting a wide variety of
host cells. Upon infection, the retroviral genome integrates
into the genome of its host cell and is replicated along with
host cell DNA, thereby constantly producing viral RNA and
any nucleic acid sequence incorporated into the retroviral
genome. As such, long-term expression of a therapeutic factor
(s)is achievable when using retrovirus. Retroviruses contem-
plated for use in gene therapy are relatively non-pathogenic,
although pathogenic retroviruses exist. When employing
pathogenic retroviruses, e.g., human immunodeficiency virus
(HIV) or human T-cell lymphotrophic viruses (HITLV), care
must be taken in altering the viral genome to eliminate tox-
icity to the host. A retroviral vector additionally can be
manipulated to render the virus replication-deficient. As such,
retroviral vectors are considered particularly useful for stable
gene transfer in vivo. Lentiviral vectors, such as H[V-based
vectors, are exemplary of retroviral vectors used for gene
delivery. Unlike other retroviruses, HIV-based vectors are
known to incorporate their passenger genes into non-dividing
cells and, therefore, can be of use in treating persistent forms
of disease.

[0031] AAV vectors are viral vectors of particular interest
for use in gene therapy protocols. AAV is a DNA virus, which
is not known to cause human disease. The AAV genome is
comprised of two genes, rep and cap, flanked by inverted
terminal repeats (ITRs), which contain recognition signals
for DNA replication and packaging of the virus. AAV requires
co-infection with a helper virus (i.e., an adenovirus or a Her-
pes simplex virus), or expression of helper genes, for efficient
replication. AAV can be propagated in a wide array of host
cells including human, simian, and rodent cells, depending on
the helper virus employed. An AAV vector used for adminis-
tration of a nucleic acid sequence typically has approximately
96% of the parental genome deleted, such that only the ITRs
remain. This eliminates immunologic or toxic side effects due
to expression of viral genes. If desired, the AAV rep protein
can be co-administered with the AAV vector to enable inte-
gration of the AAV vector into the host cell genome. Host
cells comprising an integrated AAV genome*show no change
in cell growth or morphology (see, e.g., U.S. Pat. No. 4,797,
368). As such, prolonged expression of therapeutic factors
from AAV vectors can be useful in treating persistent and
chronic diseases.

[0032] Optionally, theisolated or purified nucleic acid mol-
ecule, or fragment thereof, upon linkage with another nucleic
acid molecule, can encode a fusion protein. The generation of
fusion proteins is within the ordinary skill in the art and can
involve the use of restriction enzyme or recombinational
cloning techniques (see, e.g., Gateway™ (Invitrogen)). See,
also, U.S. Pat. No. 5,314,995.

[0033] In view of the foregoing, the present invention also
provides a composition comprising an above-described iso-
lated or purified nucleic acid molecule, optionally in the form
of a vector. The composition can comprise other components
as described further herein.
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[0034] Also in view of the above, the present invention
provides a host cell comprising an above-described isolated
or purified nucleic acid molecule, optionally in the form of a
vector. It is most preferable that the cell of the present inven-
tion expresses the vector, such that the oligonucleotide, or
fragment thereof, is both transcribed and translated efficiently
by the cell. Examples of cells include, but are not limited to,
a human cell, a human cell line, E. coli (e.g., E. coli TB-1,
TG-2, DHSa, XL-Blue MRF’ (Stratagene), SA2821 and
Y1090), B. subtilis, P. aerugenosa, S. cerevisiae, N. crassa,
insect cells (e.g., Sf9, Ea4) and others set forth herein below.
The host cell can be present in a host, which can be an animal,
such as a mammal, in particular a human.

[0035] An antibody to human immunodeficiency virus
(HIV) envelope glycoprotein that can recognize one or more
strains of HIV, wherein the epitope of HIV recognized by the
antibody is inducible, and wherein the antibody binding to the
epitope is enhanced by the presence of CD4 and the HIV
co-receptor, e.g., CXCR4 or CCRS, is also provided by the
present invention. Preferably, the antibody is a neutralizing
scFv antibody or an Fab fragment. Preferably, the antibody
can bind more than one clade of HIV. Preferably, the antibody
comprises SEQ ID NO.: 1 or a variant thereof or SEQ ID NO:
2 or a variant thereof. Preferably, the variant retains the ability
to bind to the same epitope as that of SEQ ID NO: 1 or 2,
respectively, to a greater or lesser extent. While variants can
be isolated from naturally occurring sources or be recombi-
nantly produced, such variants also can be synthesized using
standard peptide synthesizing techniques well-known to
those of ordinary skill in the art (e.g., as summarized in
Bodanszky, Principles of Peptide Synthesis, (Springer-Ver-
lag, Heidelberg: 1984)). In particular, the polypeptide can be
synthesized using the procedure of solid-phase synthesis
(see. e.g.. Merrifield, J. Am. Chem. Soc. 85: 2149-54 (1963);
Barany et al., Int. J. Peptide Protein Res. 30: 705-739 (1987);
and U.S. Pat. No. 5,424,398). If desired, this can be done
using an automated peptide synthesizer. Removal of the t-bu-
tyloxycarbonyl (t-BOC) or 9-fluorenylmethyloxycarbonyl
(Fmoc) amino acid blocking groups and separation of the
polypeptide from the resin can be accomplished by, for
example, acid treatment at reduced temperature. The
polypeptide-containing mixture can then be extracted, for
instance, with dimethyl ether, to remove non-peptidic organic
compounds, and the synthesized polypeptide can be extracted
from the resin powder (e.g., with about 25% w/v acetic acid).
Following the synthesis of the polypeptide, further purifica-
tion (e.g., using high performance liquid chromatography
(HPLC)) optionally can be done in order to eliminate any
incomplete polypeptides or free amino acids. Amino acid
and/or HPLC analysis can be performed on the synthesized
polypeptide to validate its identity. For other applications
according to the invention, it may be preferable to produce the
polypeptide as part of a larger fusion protein, such as by the
methods described herein or other genetic means, or as part of
a larger conjugate, such as through physical or chemical
conjugation, as known to those of ordinary skill in the art and
described herein.

[0036] The term “antibodies” is used herein in a broad
sense and includes both polyclonal and monoclonal antibod-
ies. In addition to intact immunoglobulin molecules, also
included in the term “antibodies” are fragments or polymers
of those immunoglobulin molecules, and human or human-
ized versions of immunoglobulin molecules or fragments
thereof, as long as they are chosen for their ability to interact
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with the proteins disclosed herein. The antibodies can be
tested for their desired activity using the in vitro assays
described herein, or by analogous methods, after which their
in vivo therapeutic and/or prophylactic activities are tested
according to known clinical testing methods.

[0037] The term “monoclonal antibody” as used herein
refers to an antibody obtained from a substantially homoge-
neous population of antibodies, i.e., the individual antibodies
within the population are identical except for possible natu-
rally occurring mutations that may be present in a small
subset of the antibody molecules. The monoclonal antibodies
herein specifically include “chimeric” antibodies in which a
portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies
derived from a particular species or belonging to a particular
antibody class or subclass, while the remainder of the chain(s)
is identical with or homologous to corresponding sequences
in antibodies derived from another species or belonging to
another antibody class or subclass, as well as fragments of
such antibodies, as long as they exhibit the desired antago-
nistic activity (See, U.S. Pat. No. 4,816,567, and Morrison et
al., Proc. Natl. Acad. Sci. USA 81: 6851-6855 (1984)).
[0038] The present inventive monoclonal antibodies can be
made using any procedure which produces monoclonal anti-
bodies. For example, monoclonal antibodies of the invention
can be prepared using hybridoma methods, such as those
described by Kohler and Milstein, Nature, 256:495 (1975). In
a hybridoma method, a mouse or other appropriate host ani-
mal is typically immunized with an immunizing agent to
elicit lymphocytes that produce antibodies that will specifi-
cally bind to the immunizing agent.

[0039] The monoclonal antibodies also can be made by
recombinant DNA methods, such as those described in U.S.
Pat. No. 4,816,567 (Cabilly et al.). DNA encoding the dis-
closed monoclonal antibodies can be readily isolated and
sequenced using conventional procedures (e.g.. by using oli-
gonucleotide probes that are capable of binding specifically
to genes encoding the heavy and light chains of antibodies).
Libraries of antibodies or active antibody fragments also can
be generated and screened using phage display techniques,
e.g., as described in U.S. Pat. No. 5,804,440 to Burton et al.
and U.S, Pat. No. 6,096,551 to Barbas et al.

[0040] In vitro methods are also suitable for preparing
monovalent antibodies. Digestion of antibodies to produce
fragments thereof, particularly, Fab fragments, can be accom-
plished using routine techniques known in the art. For
instance, digestion can be performed using papain. Examples
of papain digestion are described in International Patent
Application Publication No. WO 94/29348, published Dec.
22, 1994, and U.S. Pat. No. 4,342,566. Papain digestion of
antibodies typically produces two identical antigen binding
fragments, called Fab fragments, each with a single antigen
binding site, and a residual Fc fragment. Pepsin treatment
yields a fragment that has two antigen combining sites and is
still capable of cross-linking antigen.

[0041] As used herein, the term “antibody or fragments
thereof” encompasses chimeric antibodies and hybrid anti-
bodies, with dual or multiple antigen or epitope specificities,
single chain antibodies and fragments, such as F(ab')2, Fab',
Fab, scFv and the like, including hybrid fragments. Thus,
fragments of the antibodies that retain the ability to bind their
specific antigens are provided. For example, fragments of
antibodies which maintain HIV gp120 binding activity are
included within the meaning of the term “antibody or frag-
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ment thereof”” Such antibodies and fragments can be made by
techniques known in the art and can be screened for specific-
ity and activity according to the methods set forth in the
Examples and in general methods for producing antibodies
and screening antibodies for specificity and activity (See
Harlow and Lane. Antibodies, A Laboratory Manual. Cold
Spring Harbor Publications, New York (1988)). Also included
within the meaning of “antibody or fragments thereof” are
conjugates of antibody fragments and antigen binding pro-
teins (single chain antibodies) as described, for example, in
U.S. Pat. No. 4,704,692, the contents of which are hereby
incorporated by reference.

[0042] The fragments, whether attached to other sequences
or not, can also include insertions, deletions, substitutions, or
other selected modifications of particular regions or specific
amino acids residues, provided the activity of the antibody or
antibody fragment is not significantly altered or impaired
compared to the non-modified antibody or antibody frag-
ment. These modifications can provide for some additional
property, such as to remove/add amino acids capable of dis-
ulfide bonding, to increase bio-longevity, to alter secretory
characteristics; etc. In any case, the antibody or antibody
fragment must possess a bioactive property, such as specific
binding to its cognate antigen. Functional or active regions of
the antibody or antibody fragment can be identified by
mutagenesis of a specific region of the protein, followed by
expression and testing of the expressed polypeptide. Such
methods are readily apparent to a skilled practitioner in the art
and can include site-specific mutagenesis of the nucleic acid
encoding the antibody or antibody fragment (Zoller, M. J.
Curr. Opin. Biotechnol. 3: 348-354 (1992)).

[0043] As used herein, the term “antibody” or “antibodies”
can also refer to a human antibody and/or a humanized anti-
body. Many non-human antibodies (e.g., those derived from
mice, rats, or rabbits) are naturally antigenic in humans, and
thus can give rise to undesirable immune responses when
administered to humans. Therefore, the use of human or
humanized antibodies in the methods of the invention serves
to lessen the chance that an antibody administered to a human
will evoke an undesirable immune response.

[0044] Human antibodies also can be prepared using any
other technique. Examples of techniques for human mono-
clonal antibody production include those described by Cole et
al. (Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, p. 77 (1985)) and by Boerner et al. (J. Immunol. 147(1):
86-95 (1991)). Human antibodies (and fragments thereof)
also can be produced using phage display libraries (Hoogen-
boometal.,J. Mol. Biol. 227: 381 (1991); Marks et al., J. Mol.
Biol. 222: 581 (1991)).

[0045] Human antibodies also can be obtained from trans-
genic animals. For example, transgenic, mutant mice that can
produce a full repertoire of human antibodies in response to
immunization have been described (see, e.g., Jakobovits et
al., Proc. Natl. Acad. Sci. USA 90: 2551-255 (1993); Jakobo-
vits et al., Nature 362: 255-258 (1993); and Bruggermann et
al., Year in Immunol. 7: 33 (1993)). Specifically, the homozy-
gous deletion of the antibody heavy chain joining region
(I(H)) gene in these chimeric and germ-line mutant mice
results in complete inhibition of endogenous antibody pro-
duction, and the successful transfer of the human germ-line
antibody gene array into such germ-line mutant mice results
in the production of human antibodies upon antigen chal-
lenge.
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[0046] Antibody humanization techniques generally
involve the use of recombinant DNA technology to manipu-
late the DNA sequence encoding one or more polypeptide
chains of an antibody molecule. Accordingly, a humanized
form of a non-human antibody (or a fragment thereof) is a
chimeric antibody or antibody chain (or a fragment thereof,
such as an Fv, Fab, Fab', or other antigen-binding portion of
an antibody) which contains a portion of an antigen binding
site from a non-human (donor) antibody integrated into the
framework of a human (recipient) antibody.

[0047] To generate a humanized antibody, residues from
one or more complementarity determining regions (CDRs) of
a recipient (human) antibody molecule are replaced by resi-
dues from one or more CDRs of a donor (non-human) anti-
body molecule that is known to have desired antigen binding
characteristics (e.g., a certain level of specificity and affinity
for the target antigen). In some instances, Fv framework (FR)
residues of the human antibody are replaced by correspond-
ing non-human residues. Humanized antibodies may also
contain residues which are found neither in the recipient
antibody nor in the imported CDR or framework sequences.
Generally, a humanized antibody has one or more amino acid
residues introduced into it from a source which is non-human.
In practice, humanized antibodies are typically human anti-
bodies in which some CDR residues and possibly some FR
residues are substituted by residues from analogous sites in
rodent antibodies. Humanized antibodies generally contain at
least a portion of an antibody constant region (Fc), typically
that of a human antibody (Jones et al., Nature 321: 522-525
(1986); Reichmann et al., Nature 332: 323-327 (1988); and
Presta, Curr. Opin. Struct. Biol. 2: 593-596 (1992)).

[0048] Methods for humanizing non-human antibodies are
well-known in the art. For example, humanized antibodies
can be generated according to the methods of Winter and
co-workers (Jones et al., Nature 321: 522-525 (1986); Riech-
mann et al., Nature 332: 323-327 (1988); and Verhoeyen et
al., Science 239: 1534-1536 (1988)), by substituting rodent
CDRs or CDR sequences for the corresponding sequences of
a human antibody. Methods that can be used to produce
humanized antibodies are also described in U.S. Pat. No.
4,816,567 (Cabilly et al.), U.S. Pat. No. 5,565,332 (Hoogen-
boom et al.), U.S. Pat. No. 5,721,367 (Kay et al.), U.S, Pat.
No. 5,837,243 (Deo et al.), U.S. Pat. No. 5,939,598
(Kucherlapati et al.), U.S. Pat. No. 6,130,364 (Jakobovits et
al.), and U.S. Pat. No. 6,180,377 (Morgan et al.).

[0049] A fusion protein or conjugate (conjugate produced
by chemical or physical means) comprising an above-de-
scribed antibody is also provided. The fusion protein or con-
jugate can comprise an other antibody that binds to an epitope
of HIV, such as an antibody to HIV envelope glycoprotein
that can recognize one or more strains of HIV, wherein the
epitope of HIV recognized by the antibody is inducible, and
wherein the antibody binding to the epitope is enhanced by
the presence of CD4 and the HIV co-receptor. The other
antibody can be a neutralizing scFv antibody fragment or an
Fab fragment. Alternatively, the fusion protein or conjugate
can comprise CD4, in which case the fusion protein can
comprise the amino acid sequence of SEQ ID NO: 7 or a
variant thereof, wherein the variant retains the ability to bind
to the same epitope as that of SEQ ID NO: 7 to a greater or
lesser extent. As another alternative, the fusion protein or
conjugate can comprise a toxin.

[0050] Toxins are poisonous substances produced by
plants, animals, or microorganisms that, in sufficient dose, are
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often lethal. A preferred toxin is Pseudomonas toxin. Diph-
theria toxin is a substance produced by Corynebacterium
diphtheria, which can be used therapeutically. This toxin
consists of an o subunit and a § subunit, which, under proper
conditions, can be separated. Another example of a toxin is
tetanus toxoid, which is produced by Clostridium tetani. Lec-
tins are proteins, usually isolated from plant material, which
bind to specific sugar moieties. Many lectins are also able to
agglutinate cells and stimulate lymphocytes. However, ricin
is a toxic lectin, which has been used immunotherapeutically.
This is accomplished by binding the alpha-peptide chain of
ricin, which is responsible for toxicity, to the antibody mol-
ecule to enable site-specific delivery of the toxic effect. Other
therapeutic agents, which can be coupled to the antibodies,
are known, or can be easily ascertained, by those of ordinary
skill in the art.

[0051] Many peptide toxins have a generalized eukaryotic
receptor binding domain; in these instances the toxin must be
modified to prevent intoxication of cells not bearing the tar-
geted receptor (e.g., to prevent intoxication of cells not bear-
ing the “X” receptor but having a receptor for the unmodified
toxin). Any such modifications must be made in a manner
which preserves the cytotoxic functions of the molecule.
Potentially useful toxins include, but are not limited to: chol-
era toxin, ricin, Shiga-like toxin (SLT-I, SLT-II, SLT-ITV), LT
toxin, C3 toxin, Shiga toxin, pertussis toxin, tetanus toxin,
Pseudomonas exotoxin, alorin, saporin, modeccin, and gela-
nin. Diphtheria toxin can be used to produce molecules useful
as described herein. Diphtheria toxin, whose sequence is
known, and hybrid molecules thereof, are described in detail
in U.S. Pat. No. 4,675,382 to Murphy. The natural diphtheria
toxin molecule secreted by Coryrebacterium diphtheriae
consists of several functional domains which can be charac-
terized, starting at the amino terminal end of the molecule, as
enzymatically-active Fragment A (amino acids Glyl-Arg193)
and Fragment B (amino acids Ser194-Ser535), which
includes a translocation domain and a generalized cell bind-
ing domain (amino acid residues 475 through 535). The pro-
cess by which diphtheria toxin intoxicates sensitive eukary-
otic cells involves at least the following steps: (i) the binding
domain of diphtheria toxin binds to specific receptors on the
surface of a sensitive cell; (ii) while bound to its receptor, the
toxin molecule is internalized into an endocytic vesicle; (iii)
either prior to internalization, or within the endocytic vesicle,
the toxin molecule undergoes a proteolytic cleavage between
fragments A and B; (iv) as the pH of the endocytic vesicle
decreases to below 6, the toxin crosses the endosomal mem-
brane, facilitating the delivery of Fragment A into the cytosol;
(v) the catalytic activity of Fragment A (i.e., the nicotinamide
adenine dinucleotide-dependent adenosine diphosphate
(ADP) ribosylation of the eukaryotic protein synthesis factor
termed “Elongation Factor 2”) causes the death of the intoxi-
cated cell. A single molecule of Fragment A introduced into
the cytosol is sufficient to inhibit the cell’s protein synthesis
machinery and kill the cell. The mechanism of cell killing by
Pseudomonas exotoxin A, and possibly by certain other natu-
rally-occurring toxins, is very similar.

[0052] A mixed toxin molecule is a molecule derived from
two different polypeptide toxins. Generally, as discussed
above in connection with diphtheria toxin, polypeptide toxins
have, in addition to the domain responsible for generalized
eukaryotic cell binding, an enzymatically active domain and
a translocation domain. The binding and translocation
domains are required for cell recognition and toxin entry
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respectively. Naturally-occurring proteins which are known
to have a translocation domain include diphtheria toxin,
Pseudomonas exotoxin A, and possibly other peptide toxins.
The translocation domains of diphtheria toxin and
Pseudomonas exotoxin A are well characterized (see, e.g.,
Hoch et al., Proc. Natl. Acad. Sci. USA 82:1692, 1985;
Colombatti et al., J. Biol. Chem. 261: 3030 (1986); and Del-
eers et al., FEBS Lett. 160: 82 (1983)), and the existence and
location of such a domain in other molecules may be deter-
mined by methods such as those employed by Hwang et al.
(Cell 48:129 (1987)); and Gray et al. (PNAS US4 81: 2645
(1984)). A useful mixed toxin hybrid molecule can be formed
by fusing the enzymatically active A subunit of . co/i Shiga-
like toxin (Calderwood et al., PNAS USA 84: 4364 (1987)) to
the translocation domain (amino acid residues 202 through
460) of diphtheria toxin, and to a molecule targeting a par-
ticular cell type, as described in U.S. Pat. No. 5,906,820 to
Bacha. The targeting portion of the three-part hybrid causes
the molecule to attach specifically to the targeted cells, and
the diphtheria toxin translocation portion acts to insert the
enzymatically active A subunit of the Shiga-like toxin into the
targeted cell. The enzymatically active portion of Shiga-like
toxin, like diphtheria toxin, acts on the protein synthesis
machinery of the cell to prevent protein synthesis, thus killing
the cell.

[0053] The targeting molecule (for example, the antibody),
and the cytotoxin can be linked in several ways. If the hybrid
molecule is produced by expression of a fused gene, a peptide
bond serves as the link between the cytotoxin and the anti-
body or antibody fragment. Alternatively, the toxin and the
binding ligand can be produced separately and later coupled
by means of a non-peptide covalent bond. For example, the
covalent linkage may take the form of a disulfide bond. In this
case, the DNA encoding the antibody can be engineered to
contain an extra cysteine codon. The cysteine must be posi-
tioned so as to not interfere with the binding activity of the
molecule. The toxin molecule must be derivatized with a
sulthydryl group reactive with the cysteine of the modified
antibody. In the case of a peptide toxin this can be accom-
plished by inserting a cysteine codon into the DNA sequernce
encoding the toxin. Alternatively, a sulthydryl group, either
by itself or as part of a cysteine residue, can be introduced
using solid phase polypeptide techniques. For example, the
introduction of sulthydryl groups into peptides is described
by Hiskey (Peptides 3: 137 (1981)). The introduction of sulf-
hydryl groups into proteins is described in Maasen et al. (Fur.
J. Biochem. 134: 32 (1983)). Once the correct sulthydryl
groups are present, the cytotoxin and antibody are purified,
both sulfur groups are reduced; cytotoxin and ligand are
mixed; (in a ratio of about 1:5 to 1:20) and disulfide bond
formation is allowed to proceed to completion (generally 20
to 30 minutes) at room temperature. The mixture is then
dialyzed against phosphate buffered saline or chromato-
graphed in a resin such as Sephadex to remove unreacted
ligand and toxin molecules.

[0054] Numerous types of cytotoxic compounds can be
joined to proteins through the use of a reactive group on the
cytotoxic compound or through the use of a cross-linking
agent. A common reactive group that will form a stable cova-
lent bond in vivo with an amine is isothiocyanate (Means et
al., Chemical Modifications of Proteins, Holden-Day, San
Francisco (1971), pp. 105-110). This group preferentially
reacts with the e-amine group of lysine. Maleimide is a com-
monly used reactive group to form a stable in vivo covalent
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bond with the sulfhydryl group on cysteine (Ji, Methods
Enzymol. 91: 580-609 (1983)). Monoclonal antibodies are
incapable of forming covalent bonds with radiometal ions,
butthey can be attached to the antibody indirectly through the
use of chelating agents that are covalently linked to the anti-
bodies. Chelating agents can be attached through amines
(Meares et al., Anal Biochem. 142: 68-78 (1984)) and sulthy-
dryl groups (Koyama, Chem. Abstr. 120: 217262t (1994)) of
amino acid residues and also through carbohydrate groups
(Rodwell et al., Proc. Natl. Acad. Sci. 83: 2632-2636 (1986);
Quadri et al., Nucl. Med. Biol. 20: 559-570 (1993)). Since
these chelating agents contain two types of functional groups,
one to bind metal ions and the other to joining the chelate to
the antibody, they are commonly referred as bifunctional
chelating agents (Sundberg et al, Nature 250: 587-588
(1974)).

[0055] Crosslinking agents have two reactive functional
groups and are classified as being homo or heterobifunc-
tional. Examples of homobifunctional crosslinking agents
include bismaleimidohexane (BMH), which is reactive with
sulthydryl groups (Chen et al., J. Biol Chem. 266: 18237-
18243 (1991)), and ethylene glycolbis[succinimidylsucciate]
(EGS), which 1s reactive with amino groups (Browning et al.,
J. Immunol. 143: 1859-1867 (1989)). An example of a het-
erobifunctional crosslinker is m-maleimidobenzoyl-N-hy-
droxysuccinimide ester (MBS) (Myers et al., J Immunol
Meth. 121:129-142 (1989)). These methodologies are simple
and are commonly employed.

[0056] The above nucleic acid molecules, vectors, host
cells, antibodies, fusion proteins and conjugtes are preferably
administered to a subject as a composition, such as one com-
prising a pharmaceutically acceptable carrier. By “pharma-
ceutically acceptable” is meant a material that is not biologi-
cally or otherwise undesirable, i.e., the material can be
administered to a subject without causing any undesirable
biological effects or interacting in a deleterious manner with
any of the other components of the pharmaceutical composi-
tion in which it is contained. The carrier is selected to mini-
mize any degradation of the active ingredient and to minimize
any adverse side effects in the subject. Suitable carriers and
their formulations are described in Remington: The Science
and Practice of Pharmacy (19th ed.), A. R. Gennaro, ed.,
Mack Publishing Company, Easton, Pa. (1995), and include
carriers, thickeners, diluents, buffers, preservatives, surface-
active agents, and the like, in addition to the active agent. The
pharmaceutical composition also can comprise one or more
active ingredients, such as antimicrobial agents, anti-inflam-
matory agents, anesthetics, and the like. Typically, an appro-
priate amount of a pharmaceutically acceptable salt is used in
the formulation to render the formulation isotonic. Examples
of pharmaceutically acceptable carriers include, but are not
limited to, saline, Ringer’s solution and dextrose solution.
The pH of the solution is preferably from about 5 to about 8,
and more preferably from about 7 to about 7.5. Further car-
riers include sustained-release preparations, such as semiper-
meable matrices of solid hydrophobic polymers containing
the antibody, which matrices are in the form of shaped
articles, e.g., films, liposomes or microparticles. It will be
apparent to those persons skilled in the art that certain carriers
can be preferable depending upon, for instance, the route of
administration and concentration of antibody being adminis-
tered.

[0057] The above nucleic acid molecules, vectors, host
cells, antibodies, fusion proteins and conjugates can be
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administered to a human or a collection of cells by injection
(e.g., transdermal, intravenous, intraperitoneal. subcutane-
ous, intramuscular), or by other methods, such as infusion,
that ensure delivery to the bloodstream in an effective form.
Local or intravenous injection is preferred. Other methods
include topical, such as topical intranasal administration or
administration by inhalant, vaginal, rectal, ophthalmic, oral,
intravenous drop, subcutaneous, and the like.

[0058] As used herein, “topical intranasal administration”
means delivery of the compositions into the nose and nasal
passages through one or both of the nares and can comprise
delivery by a spraying mechanism or droplet mechanism, or
through aerosolization. Delivery also can be directly to any
area of the respiratory system (e.g., lungs) via intubation.
[0059] Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, and
emulsions. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emul-
sions or suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ring-
er’s dextrose, dextrose and sodium chloride, lactated Ring-
er’s, or fixed oils. Intravenous vehicles include fluid and nutri-
ent replenishers, electrolyte replenishers (such as those based
on Ringer’s dextrose), and the like. Preservatives and other
additives also can be present such as, for example, antimicro-
bials, anti-oxidants, chelating agents, inert gases and the like.
[0060] Parenteral administration of the composition, if
used, is generally characterized by injection. Injectables can
be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution of suspen-
sion in liquid prior to injection, or as emulsions. A more
recently revised approach for parenteral administration
involves the use of a slow-release or sustained-release system
such that a constant dosage is maintained. See, e.g., U.S. Pat.
No. 3,610,795, which is incorporated by reference herein.
[0061] The composition (for example, incorporated into
microparticles, liposomes, or cells) can be targeted to a par-
ticular cell type via antibodies, receptors, or receptor ligands.
The following references are examples of the use of this
technology to target specific proteins to tumor tissue (Senter
et al., Bioconjugate Chem. 2: 447-451 (1991); Bagshawe, Br.
J. Cancer 60: 275-281 (1989); Bagshawe et al., Br. J. Cancer
58: 700-703 (1988); Senter et al., Bioconjugate Chem. 4:3-9
(1993); Battelli et al., Cancer Immunol. Immunother. 35:
421-425 (1992); Pietersz and McKenzie, Immunolog.
Reviews 129: 57-80 (1992); and Roffler et al., Biochem. Phar-
macol 42: 2062-2065 (1991)). Vehicles, such as “stealth” and
other antibody-conjugated liposomes (including lipid-medi-
ated drug targeting), receptor-mediated targeting of DNA
through cell specific ligands, lymphocyte-directed tumor tar-
geting, and highly specific therapeutic retroviral targeting of
cells in vivo, can be used. The following references are
examples of the use of this technology to target specific
proteins to tissue (Hughes et al., Cancer Research 49: 6214-
6220 (1989); and Litzinger and Huang, Biochimica et Bio-
physica Acta 1104: 179-187 (1992)). In general, receptors are
involved in pathways of endocytosis, either constitutive or
ligand induced. These receptors cluster in clathrin-coated
pits, enter the cell via clathrin-coated vesicles, pass through
an acidified endosome in which the receptors are sorted, and
then either recycle to the cell surface, become stored intrac-
ellularly. or are degraded in lysosomes. The internalization
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pathways servea variety of functions, such as nutrient uptake,
removal of activated proteins, clearance of macromolecules,
opportunistic entry of viruses and toxins, dissociation and
degradation of ligand, and receptor-level regulation. Many
receptors follow more than one intracellular pathway,
depending on the cell type, receptor concentration, type of
ligand, ligand valency, and ligand concentration. Molecular
and cellular mechanisms of receptor-mediated endocytosis
have been reviewed (Brown and Greene, DNA and Cell Biol-
ogy 10(6): 399-409 (1991)).

[0062] Formulations for topical administration may
include ointments, lotions, creams, gels, drops, suppositories,
sprays, liquids and powders. Conventional pharmaceutical
carriers, aqueous, powder or oily bases, thickeners and the
like can be necessary or desirable.

[0063] Compositions for oral administration include pow-
ders or granules, suspensions or solutions in water or non-
aqueous media, capsules, sachets, or tablets. Thickeners, fla-
vorings, diluents, emulsifiers, dispersing aids or binders can
be desirable. Some of the compositions potentially can be
administered as a pharmaceutically acceptable acid- or base-
addition salt, formed by reaction with inorganic acids, such as
hydrochloric acid, hydrobromic acid, perchloric acid, nitric
acid, thiocyanic acid, sulfuric acid, and phosphoric acid, and
organic acids such as formic acid, acetic acid, propionic acid,
glycolic acid, lactic acid, pyruvic acid, oxalic acid, malonic
acid, succinic acid, maleic acid, and fumaric acid, or by
reaction with an inorganic base, such as sodium hydroxide,
ammonium hydroxide, and potassium hydroxide, and organic
bases, such as mono-, di-, trialkyl and aryl amines and sub-
stituted ethanolamines.

[0064] Effective dosages and schedules for administering
the above nucleic acid molecules, vectors, host cells, antibod-
ies, and fusion proteins can be determined empirically, and
making such determinations is within the skill in the art.
Those skilled in the art will understand that the dosage that
must be administered will vary depending on, for example,
the subject, the route of administration, whether a nucleic
acid molecule, vector, host cell, antibody, fusion protein or
conjugate is being administered, and whether other drugs
being administered, not to mention the age, condition, and
gender of the human and the extent of disease. Guidance in
selecting appropriate doses for antibodies (or fusion proteins
comprising same) is found in the literature on therapeutic
uses of antibodies, e.g., Handbook of Monoclonal Antibod-
ies, Ferrone et al., eds., Noges Publications, Park Ridge, N.J.
(1985), Ch. 12 and pp. 303-357; Smith et al., Antibodies in
Human Diagnosis and Therapy, Haber et al., eds., Raven
Press, New York (1977), pp. 365-389. A typical daily dosage
of the antibody used alone can range from about 1 pg/kg up to
about 100 mg/kg of body weight or more per day, depending
on the factors mentioned above. For example, the range can
be from about 100 mg to one gram per dose. Nucleic acids,
vectors and host cells should be administered so as to result in
comparable levels of production of antibodies or fusion pro-
teins thereof.

[0065] Following administration of a nucleic acid mol-
ecule, vector, host cell, antibody, fusion protein or conjugate
for treating, inhibiting, or reducing the severity of an HIV
infection, the efficacy of the therapeutic agent can be assessed
in various ways well-known to the skilled practitioner. For
instance, one of ordinary skill in the art will understand that an
antibody of the invention is efficacious in treating or inhibit-
ing an HIV infection in a subject by observing that the anti-
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body reduces viral load or prevents a further increase in viral
load. Viral loads can be measured by methods that are known
in the art, for example, using polymerase chain reaction
assays to detect the presence of HIV nucleic acid or antibody
assays to detect the presence of HIV protein in a sample (e.g.,
but not limited to, blood) from a subject or patient, or by
measuring the level of circulating anti-HIV antibody levels in
the patient. Efficacy of the antibody treatment also can be
determined by measuring the number of CD4* T cells in the
HIV-infected subject. An antibody treatment that inhibits an
initial or further decrease in CD4™" T cells in an HIV-positive
subject or patient, or that results in an increase in the number
of CD4* T cells in the HTV-positive subject, is an efficacious
antibody treatment.

[0066] The nucleic acid molecules, vectors, host cells, anti-
bodies, fusion proteins and/or conjugates of the invention can
be administered prophylactically to patients or subjects who
are at risk for being exposed to HIV or who have been newly
exposed to HIV. In subjects who have been newly exposed to
HIV but who have not yet displayed the presence of the virus
(as measured by PCR or other assays for detecting the virus)
in blood or other body fluid, efficacious treatment with an
antibody of the invention partially or completely inhibits the
appearance of the virus in the blood or other body fluid.
[0067] Thenucleic acid molecules, vectors, host cells, anti-
bodies, fusion proteins and/or conjugates of the invention can
be combined with other well-known therapies and prophy-
lactic vaccines already in use. Such combinations can gener-
ate an additive or a synergistic effect with current treatments.
The nucleic acid molecules, vectors, hsot cells, antibodies
and/or conjugates of the invention can be combined with HIV
and AIDS therapies and vaccines such as highly active anti-
retroviral therapy (HAART), AZT, structured treatment inter-
ruptions of HAART, cytokine immune enhancement therapy
(IL-2, IL-12, CD40L+ IL-12, IL-7, IFNGs), cell replacement
therapy, recombinant viral vector vaccines, DNA vaccines,
inactivated virus preparations, and immunosuppressive
agents, such as Cyclosporin A. Such therapies can be admin-
istered in the manner already in use for the known treatment
providing a therapeutic or prophylactic effect (Silvestri and
Feinberg “Immune Intervention in AIDS.” In Immunology of
Infectious Disease. H. E. Kauffman, A. Sher, and R. Ahmed
eds., ASM Press. Washington D.C. (2002)).

[0068] As described above, the compositions can be admin-
istered in a pharmaceutically acceptable carrier and can be
delivered to the subject’s cells in vivo and/or ex vivo by a
variety of mechanisms well-known in the art (e.g., uptake of
naked DNA, liposome fusion, intramuscular injection of
DNA via a gene gun, endocytosis and the like).

[0069] Ifex vivomethodsare employed, cells ortissues can
be removed and maintained outside the body according to
standard protocols well-known in the art. Compositions com-
prising a nucleic acid, optionally in the form of a vector
encoding the antibody or fusion protein comprising same, can
be introduced into the cells via any gene transfer mechanism,
suchas, for example, calcium phosphate mediated gene deliv-
ery, electroporation, microinjection or proteoliposomes. The
transduced cells then can be infused (e.g., in a pharmaceuti-
cally acceptable carrier) or homotopically transplanted back
into the subject per standard methods for the cell or tissue
type. Standard methods are known for transplantation or infu-
sion of various cells into a subject.

[0070] Thus, in view of the above, the present invention
provides a method of inhibiting an infection of a human at risk
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of becoming infected with HIV. The method comprises
administering to the human an infection-inhibiting amount of
an above-described nucleic acid, vector, host cell, antibody or
fusion protein, whereupon the infection of the human is inhib-
ited. The HIV can be HIV-1 or HIV-2. One of ordinary skill in
the art will appreciate that, in the context of HIV infection and
AIDS, any degree of inhibition of infection can be beneficial.
Preferably, the infection is inhibited to such a degree that the
human does not evidence the signs and symptoms of infection
and preferably does not develop AIDS.

[0071] Also in view of the above, the present invention
provides a method of reducing the severity of an infection of
a human infected with HIV, such as HIV-1 or HIV-2. The
method comprises administering to the human a severity of
infection-reducing amount of an above-described nucleic
acid, vector, host cell, antibody or fusion protein, whereupon
the severity of the infection of the human is reduced. One of
ordinary skill in the art will appreciate that, in the context of
HIV infection and AIDS, any degree of reduction in the
severity of infection can be beneficial. Preferably, the reduc-
tion in the severity of infection is to such a degree that the
human does not evidence the signs and symptoms of infection
and preferably does not develop AIDS or, in the event that the
human already has been diagnosed with AIDS, preferably the
human does not experience an increase in the severity of
AIDS.

[0072] Still also in view of the above, the present invention
provides a method of treating an infection, such as a chronic
infection, of a human with HIV, such as HIV-1 or HIV-2. The
method comprises administering to the human an infection-
treating amount of an above-described nucleic acid, vector,
host cell, antibody or fusion protein, whereupon the infection
of the human s treated. One of ordinary skill in the art will
appreciate that, in the context of HIV infection and AIDS, any
inhibition or amelioration of infection is beneficial. Prefer-
ably, the infection is treated to such a degree that the human
does not evidence a worsening of the signs and symptoms of
infection and preferably does not develop AIDS or, in the
event that the human already has been diagnosed with AIDS,
preferably the human does not experience an increase in the
severity of AIDS. Also preferably, if the human is infected but
has not yet developed AIDS, the human/s condition improves
such that he/she becomes essentially asymptomatic and does
not evidence signs of infection.

EXAMPLE

[0073] The following example serves to illustrate the
present invention and is not intended to limit its scope in any
way.

[0074] Selectionoftwo phage scFvs (m6 and m9) with high
affinity for different Env-CD4 complexes by SAP.

[0075] Wehypothesized that, by sequential antigens during
panning of phage display libraries and by screening the
enriched libraries using different antigens, the selected phage
will display scFvs against conserved epitopes shared among
all antigens used during the entire selection process. Com-
plexes of two different recombinant soluble Envs (gp140,, 4
and gp140,,.) with two-domain soluble CD4 (sCD4) were
used as antigens for phage library panning as described in the
Experimental Protocol. Screening of individual phage clones
after panning was performed in phage ELISA with gp140g, 4,
2p120 1 z7, 21405, and their complexes with sCD4. Two
phage clones, designated m6 and m9, bound significantly to
all antigens and were selected for her characterization.
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Phagemid DNA of m6 and m9 was prepared and sequenced.
The two clones exhibited differences in the amino acid com-
position.

[0076] Binding of soluble Fab m6 and Fabm9to gp120 and
gpl40 from different isolates is significantly increased by
CD4.

[0077] m6 bound gp120 from the primary isolate §9.6 with
a high affinity (nM), which was significantly increased after
binding of sCD4 to gp120 as measured by an ELISA assay.
Interestingly, although the affinity of m6 to gp120 alone was
comparable to that of X5, the affinity to the 120-sCD4 was
significantly increased.

[0078] Inhibition of Env-Mediated Membrane Fusion.
[0079] To determine the breadth and potency of HIV neu-
tralization by m6 we measured the ability to inhibit cell-cell
fusion mediated by Envs of primary isolates from different
clades in comparison with the potent broadly HIV neutraliz-
ing Fab X5 (Table 1). m6 inhibited cell-cell fusion mediated
by Envs of primary isolates from different clades with a
potency comparable (3 isolates), worse (2 isolates) or better
(6 isolates) than X5 as measured by a cell fusion assay. These
results suggest that m6 is a potent broadly HIV-1 neutralizing
scFv antibody.

[0080] Experimental Protocol.
[0081] Construction of the X5 scFv Library.
[0082] The XS5 scFv library was generated using standard

approaches. Briefly, the X5 variable regions of heavy chain
(7H) and light chain (VL) were amplified by PCR using two
pairs of primer: VL5Sac and VL3Link for VL; VH5Link and
VH3Spe for VH. X5 scFv resulted from SOE-PCR of VL and
VH. PCR products were gel-purified, digested with Sac [ and
Spe I and gel-purified again. Purified fragment was then
cloned to phagemid pComb3X linearized by Sac I and Spe I.
To introduce point mutations to X5 scFv construct, we did
DNA random mutagenesis with the GeneMorph PCR
Mutagenesis Kit (Stratagene, La Jolla, Calif.) according to
manufacture’s instruction for high range mutation frequency
with slight modification. The 1% PCR reaction was carried out
in atotal volume of 50 ul by adding 10 pg of scFv DNA (60 pg
of the recombinant phagemid DNA), 20 pmol of primer
VL58ac and VH3Spe and 2.5 units of mutazyme under the
following conditions: an initial denaturation for 5 min at 94°
C. followed by 30 cycles at 94° C. for 1 min, 55° C. for 1 min,
72°C. for 1 min and a filling cycle of 72° C. for 10 min. The
1°* PCR products were gel-purified and 25 ng of purified 1*
PCR products were used as templates in the 2°¢ PCR ampli-
fication under the same conditions as described above. The
products from the 2°¢ PCR amplification were gel-purified
and digested with Sac I and Spe 1. The pComb3X containing
the Fab X5 insert was digested with the same enzymes, and
the resulting linearized vector was purified by agarose gel
electrophoresis. The vector backbone was excised from the
gel. The purified vector DNA was ligated with purified scFv
fragments, and the ligation products were electroporated into
electrocompetent £. coli XLL1-blue cells to create an scFv
mutagenesis library. Four separated ligations and transforma-
tions were pooled to increase the library diversity. The effi-
ciency of this transformation with a total of 320 ng of purified
scFv fragments yielded 1.2x10° independent transformants.
Forty individual clones were randomly selected, and plasmid
DNA was prepared and sequenced. The average mutation rate
of 40 clones was 6 bases per kb DNA.

[0083] An scFv phage library was prepared from initial
transformations upon infection with the replication-defective
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helper phage M13KO7. The phage titer was determined by
the addition of dilutions to exponentially growing E. coli
XL1-blue cells.

[0084] Sequential Antigen Panning of the scFv Mutagen-
esis Library.

[0085] Phage (5x10"* cfu/ml) were preabsorbed on strepta-
vidin-M280-Dynabeads in PBS for 1 h at room temperature
(RT) followed by depletion in an immunotube (Nunc, Den-
mark) coated with 10 ug/m1sCD4 for 1 hat37° C. A depleted
phage library was incubated with 50 nM biotinylated
gp140,,  complexed with sCD4 in solution (molar ratio of
gp140,, ¢ to sCD4=1:1) for 2 h at RT with gentle agitation.
Phage binding to biotinylated Env were separated from the
phage library using streptavidin-M280-Dynabeads and a
magnetic separator (Dynal). The beads were washed 20 times
with 1 ml of PBS containing 0.1% Tween-20 and another 20
times with 1 ml of PBS. Bound phage were eluted by incu-
bation at RT for 10 min with 1 ml of 100 mM TEA, followed
by neutralization with 0.5 ml of 1 M, pH 7.5, Tris-HCI. Eluted
phage were rescued by infection of E. coli TG1 cells, and a
phage library was prepared for the next round of panning. For
the 2" round of panning, 10 nM (2 nM for the 3" round) of
biotinylated gp140,, , complexed with sCD4 (1:1 on molar
level) was used as antigen. For the 4 round of panning, 2 nM
ofbiotinylated gp140,,,,; complexed with sCD4 (1:1 on molar
level) was used as antigen. After the 3" and 4" rounds of
panning, 20 individual clones were screened by phage ELISA
for binding to gp140, ¢, 20120 5. 20140, and their com-
plexes with sCD4 as follows. Single colonies were inoculated
into 1 ml of 2xYT medium containing 100 pg/ml ampicillin
and 2% glucose in 12-ml falcon tubes. The tubes were incu-
bated overnight at 37° C./250 rpm. Ten pl of overnight culture
from each tube were inoculated into 1 ml of 2xYT medium
containing 100 pg/ml ampicillin, 2% glucose and about
4x10° cfo/ml of M,;,KQ, in 12-ml falcon tubes. The phage
tubes were incubated at 37° C./250 rpm for 2 h and centri-
fuged at 4,000 rpm for 10 min at RT. The supernatant was
removed and the cells were suspended in 1 ml of 2xYT
medium with 100 pg/ml ampicillin and 50 pg/ml kanamycin.
The tubes were then incubated overnight at 30° C./250 rpm.
After 16 h, the tubes were centrifuged at 4,000 rpm for 10 min
at 4° C. The supernatant was used for phage ELISA.

[0086] Phage ELISA.

[0087] Phage ELISA was performed by using 96-well
Nunc-Immuno™ Maxisorp™ surface plates (Nalge Nunc
International, Denmark), which were coated overnight at 4°
C. with 100 ul of gp120/140 (1 ug/ml in sodium bicarbonate
buffer, pH 8.3) or gp120/140-sCD4 complex (100 pg/ml
gp120/140 in PBS were premixed with an equal volume of
100 pg/ml sCD4). After incubation at RT for 30 min, the
mixture was diluted to 1 pg/ml in PBS, and blocked in 100 pul
of 4% non-fat drv milk in PBS for 1 hour at 37° C. After 4
washes with 0.05% Tween20/PBS washing buffer (WB),
wells were incubated with 100 pl of phage supernatant for 2
hour at 37° C. Bound phage were detected by using horse-
radish peroxidase (HRP) conjugated anti-M13 monoclonal
antibody (Pharmacia) with incubation for 1 h at 37° C. and
revealed by adding ready-to-use ABTs substrate (Pharmacia).
Color development was performed at RT for 15 min and
monitored at 405 nm.

[0088] Preparation of Soluble scFv Fragments.

[0089] The pComb3X phagemids containing mé6 and m9
scFv genes were prepared and transformed to E. coli Top 10.
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His 6-tagged soluble scFvs were expressed and purified by
IMAC using Ni-NTA resin according to manufacturer’s pro-
tocols.

[0090] Enzyme-Linked Immunosorbent Assays (ELISAs).
[0091] ELISA was performed by using 96-well Nunc-Im-
muno™ Maxisorp™ surface plates. Coating of antigen and
washing and blocking steps were the same as described for
phage ELISA. For scFv binding assay, microplate wells were
incubated with 100 pl two-fold serially diluted biotinylated
soluble scFv for 2 hours at 37° C. After 4 washes with WB,
100 wl of a 1:2,500 dilution of HIP-streptavidin were added
and incubated for 1 hour at 37° C. Following 4 washes with
WB, the assay was developed at 37° C. for 15-30 minutes with
ready-to-use ABTs substrate and monitored at 405 nm. For
competition ELISA, 50 pl of two-fold serially diluted com-
peting scFv hmAbs (m6, m9 or scFv X5) were added to the
blocked and washed wells, immediately followed by addition
of 50 pl of Fab or IgG hmAbs (X5, IgG 17b, IgG b12)
previously determined to result in an ELISA signal that was
50 to 75% of maximum without competitor. After incubation
for2hat37° C., the wells were washed as above, probed with
aHRP-conjugated anti-human IgG F(ab'), conjugate (Pierce)
diluted 1:2,500 in PBS containing 2% non-fat dry milk and
detected as above.

[0092] Cell-Cell Fusion Assay.

[0093] Cells (10> 293 cells) transfected with plasmids
encoding various Envs under the control of the T7 promoter
and infected with recombinant vaceinia virus encoding the T7
polymerase gene, were preincubated with m6 or X5 at 50
pg/ml for 30 min at 37° C., and then mixed with 10° CEM-
CCRS cells. The extent of cell fusion was quantified by count-
ing the number of syncytia 12 h later. The data are shown on
Table 1, in which the data are averages of duplicate samples
and presented as % of fusion inhibition.

TABLE 1
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luciferase and f-galactosidase both driven by the HIV-1 LTR
(a kind gift of Tranzyme Inc. Birmingham Ala.). These cas-
settes allow detection of HIV-1 infection (tat production) by
measuring either luciferase activity with a luminometer or by
counting blue foci after staining the cells with X-gal. The
JC53-BL cells are maintained in c-DMEM, which is DMEM
supplemented with 10% fetal calf serum (Hyclone), 2 mM
glutamine (Gibco), 100 units per ml penicillin G, and 100
ug/ml streptomycin (Gibeo). The viral titers are determined
by adding serial dilutions of the virus stocks in C-DMEM
media containing 40 pg/ml DEAE-dextran to 20,000 JC53-
BL cells per well in duplicate in 96 well plates. Following a 48
hour incubation at 37° C. in a 5% CO, incubator, the cells are
fixed and stained. Blue foci are counted using a standard light
microscope, and the titers are expressed as infectious units or
blue foci units per ml. From the infectious unit data, MOI
values are determined for the inhibition assays.

[0095] The neutralizing activities of the antibodies in this
assay were determined as follows. The JC53-BL cells were
removed from T-150 flasks using 0.017M PBS, 0.1 mM
EDTA at a pH of 7.4 approximately 18 hours prior to starting
the inhibition assays and were plated at a density of 20,000
cells per well in white 96 well plates in 50 pl of C-DMEM.
Viral stocks (MOI range of 0.009 to 0.65) were pre-incubated
with different concentrations of the mAbs (final concentra-
tions of 100-0.05 ug/ml) for 1 hour, prior to addition to the
cells in media containing 40 pg/ml DEAE-dextran to give a
final volume of 200 pl per well. The plates were incubated in
a 37° C., 5% CO, incubator for 48 hour incubation, and
luciferase activity was measured using the Steady-Glo
Luciferase Assay System (Promega, Madison, Wis.) follow-
ing the manufacturer’s lysis protocol. The light intensity was
measured using a Tecan luminometer with Magellan software
(Tecan, Research Triangle Park, N.C.), and values were cal-

Inhibition of cell fusion mediated by Envs from various clades by m6 and X3.

UGO RWO US7 HIS USO NL BRO THO
Env 37.8 205 156 931 0511 89.6 43 259 224

BRO
194

uGo
75.10

Clade A A B B B B B C EA
moé 66 56 27 50 83 98 100 57 72
X5 34 45 56 27 72 93 8 71 43

G
48
19

Infectious Virus Neutralization Assay.

[0094] This HIV-1 neutralization assay is based on the use
of infectious virus and a reporter-gene cell line BC-53. Pri-
mary HIV-1 isolates were either isolated from Institutional
Review Board-approved CDC Studies or obtained from the
NIH Research and Reference Reagent Program through the
WHO collaborative network. The detailed characteristics of
various isolates, including subtype determination based on
the envelope region and coreceptor usage using GHOST cell
lines has been previously described (15-17). Viral stocks were
generated by infection of CD8 depleted normal human
peripheral blood mononuclear cells as previously described
(15, 16). Viral stocks were filtered through 0.22 um filters,
aliquoted and maintained at -70° C. prior to use. A reporter
gene based viral replication assay was used to read out the
viral replication (18). Briefly, JC53-BL, an HIV-1 indicator
cell line derived from HeLa cells that express high levels of
CD4, CXCR4 and CCRS, contains reporter cassettes for

culated as relative light units (RLU). Percent inhibition was
calculated by the following formula 1-((average RLU of
mAb containing wells/average RLU of virus only wells)x
100=% inhibition. All assays were performed in duplicates
and some in triplicates. The data are presented in Table 2.

TABLE 2

Neutralization of diverse HIV-1 isclates by m6, m9 and scFv X5.

Core- Inhibition (%)

Subtype cep- mé m9 scFv X5
Virus® gag/env tor 50ug/ml  S0ug/ml 50 ug/ml
92US714 /B RS 94 94 60
9208727 /B RS 22 24 73
92BR023 C/B RS 82 100 57
92HT593 /B R5X4 85 88 63
9308151 /B R5X4 100 100 69
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TABLE 3

Neutralization of diverse HIV-1 isolates by m6é, m9 and scFv X5.

Neutralizing activity of m6, m9 and scFv X5 for selected
HIV-1 isolates measured by an assay based on pseudovirus.

Core- Inhibition (%)
mé m9 schv X§
Subtype cep- mé m9 scFv X5
Virus® gag/env tor 50ug/ml  50ugml 50 ug/ml Virus 1C50 1C90 1C50 1C90 1C50 1C9%0
9208076 /B RSX4 47 52 28 HxB2 1 6 1 5 1 7
920G031 A/A RS 76 79 29 JRCSF 5 30 3 15 5 30
92UG037 A/A RS 13 44 65 YU2 3 100 2 2 50 >100
9TUSSN54 A/A RS 11 11 6 89.6 2 26 0.1 5 4 8
92RW024 D/A RS 45 74 42
92RW009 C/A R3X4 81 95 57
9724003 C/C RS 67 72 25
93CNL0G CC RS 92 96 M PBMC-Based Assay for Neutralization of Infectious HIV.
98INO17 C X4 91 93 30
gggggé Z E g ig gi fg [0097] The PBMC-based neutralization assay was per-
93 THOGO WE RS 58 0 e formgd as fol]owg. Serial two-fold di]utigns of Ab; ip 50l
HM16 AE X4 100 9 nd were incubated with an equal volume of virus containing 100
HM14 AE X4 81 45 52 TCIDs, for 1hat37°C. and added to 100 ul of PHA -activated
(9:31\]/[3[1}{8189 A@: Egm 25 1(7)8 22 PBMC (5x10°/ml). The calculated neutralization titers refer
03BROI0 BE RS sg 4 0 to the Ab concentration present during this 1ncubat19n step.
93BRO20 FF R5X4 39 19 25 After overnight incubation, the cells were washed twice with
V1083 /G RS 42 29 22 tissue culture medium. On day 4, 100 ul of medium were
%\;Gé G / GN Eg 3 i gg }j replaced with fresh tissue culture medium. Triplicate samples
-2 P ] y . 0/ .
BCF-01 GpO RS 10 0 0 were taken on days 4 and 7, treated with 1 % Emplgen (Cal-
BCF-02 GmpO RS 32 7 46 biochem) and tested for p24 Ag content using an in-house
BCF-03 Grp O RS 0 0 3 ELISA. When the values for the p24 concentration at the day
3084/5-83 B RS 70 8 3 7 were saturated, data for day 4 were used for analysis. The
5084/10-86AIDS§ B R5X4 71 87 18 .
S048/7-82 B RS 51 %3 0 data are presented in Table 4.
5048/3-91 AIDS§ B R3X4 96 100 45

“HIV-1 isolates. Their subtypes were determination based on the envelope
region and coreceptor usage using GHOST cell lines (1-5). nd—not deter-
mined

§virus isolated from rapid progressor (5084) or late progressor (5048) wit-
dates of isolations and disease status stated. Both patients had switch in their
corecepter usage over time.

Inhibition of Pseudovirus Entry Assay.

[0096] Inthisassay format single-round infectious molecu-
lar clones, produced by envelope complementation, were
used. The degree of virus neutralization by antibody was
achieved by measuring luciferase activity. Briefly, 2x10*
U87.CD4.CCR5.CXCR4 cells in 100 pl of medium (DMEM
containing 15% FBS, 1 pg of puromycin/ml, 300 ug of G418/
ml, glutamine, and penicillin-streptomycin) were added to
microplate wells (96-well flat-bottom; Corning Inc., Corning,
N.Y.) and incubated for 24 h at 37° C. in 5% CO,. One
hundred microliters of medium containing an amount of virus
previously determined to yield ~100,000 counts was mixed
with various amounts of antibody, incubated for 1 hat37° C,,
added to the cells, and incubated for a filter 3 days. The wells
were aspirated and washed once with PBS, and 60 pl of
luciferase cell culture lysis reagent (Promega, Madison, Wis.)
were added. The wells were scraped and the lysate was mixed
by pipetting, 50 pl were transferred to a round-bottom plate
(Corning), and the plate was centrifuged at 1,800xg for 10
min at 4° C. Twenty microliters were transferred to an opaque
assay plate (Corning), and the luciferase activity was mea-
sured on a luminometer (EG&G Berthold LB 96V; Perkin
Elmer, Gaithersburg, Md.) by using luciferase assay reagent
(Promega). The data are presented in Table 3.

TABLE 4

Standard p24 PBMC assay

1C90s in pg/ml

Virus IgGXS Fab X5 scFv X3 mé m9
89.6 >300 >100 12 18 6
93BRO20 >300 >100 >50 >50 25
Jresf >300 100 12 8 4

[0098] The data are the average of two experiments done in
triplicate.

[0099] Throughout this application, various publications
are referenced. The disclosures of these publications in their
entireties are hereby incorporated by reference into this appli-
cation in order to more fully describe the state of the art to
which this invention pertains. The references disclosed are
also individually and specifically incorporated by reference
herein for the material contained in them that is discussed in
the sentence in which the reference is relied upon. If the
number designation is not associated with a particular num-
ber it will be clear to one of skill which reference is being
referred to by the context the reference is relied upon and by
areview of the various possible references. The examples all
refer to a particular set of references, and thus do not have a
letter designation associated with individual numbers.
[0100] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope or spirit of
the invention. It will also be apparent to those skilled in the art
that nucleic acid sequences are disclosed by the disclosure of
the amino acid sequences as one skilled in the art will know
what nucleic acids comprise an amino acid. Other embodi-
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ments of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with a true
scope and spirit of the invention being indicated by the fol-
lowing claims.

REFERENCES

[0101] 1. Dimitrov, Cell biology of virus entry. Cel/ 101:
697-702 (2000).

[0102] 2. Chanetal., HIV entry and its inhibition. Cell 93:
681-684 (1998).

[0103] 3. Sodroski, HIV-1 entry inhibitors in the side
pocket. Cell 99: 243-246 (1999).

[0104] 4. Dimitrov et al., A place for HIV-1 and T4 cells to
meet. Identifying the coreceptor mediating HIV-1 entry
raises new hopes in the treatment of AIDS. Nature Medi-
cine 2: 640-641 (1996).

[0105] 5.LaCasseetal., Fusion-competent vaccines: broad
neutralization of primary isolates of HIV. Science 283:
357-362 (1999).

[0106] 6. Moulard et al., Broadly cross-reactive HIV-1 neu-
tralizing human monoclonal antibody selected for binding
to gpl120-CD4-CCR5 complexes. PNAS US4, 99(10):
6913-6918 (2002).

[0107] 7. Burton et al., Efficient neutralization of primary
isolates of HIV-1 by a recombinant human monoclonal
antibody. Science 266: 1024-1027 (1994).

[0108] 8.Muster et al., A conserved neutralizing epitope on
gp41 of human immunodeficiency virus type 1. J. Firol. 67:
6642-6647 (1993).

[0109] 9. Conley et al., Neutralization of divergent human
immunodeficiency virus type 1 variants and primary iso-
lates by IAM-41-2F5, an anti-gp41 human monoclonal
antibody. PNAS USA 91: 3348-3352 (1994).

[0110] 10.Trkola et al.. Human monoclonal antibody 2G12
defines a distinctive neutralization epitope on the gp120
glycoprotein of human immunodeficiency virus type 1. J.
Virol. 70: 1100-1108 (1996).

[0111] 11. Zwick et al., Broadly Neutralizing Antibodies
Targeted to the Membrane-Proximal External Region of
Human Immunodeficiency Virus Type 1 Glycoprotein
gp4l. J. Firol. 75: 10892-10905 (2001).

[0112] 12. Celada et al., Antibody raised against soluble
CD4-rgp120 complex recognizes the CD4 moiety and
blocks membrane fusion without inhibiting CD4-gp120
binding. J. Exp. Med. 172: 1143-1150 (1990).

[0113] 13. Gershoni et al., HIV binding to its receptor cre-
ates specific epitopes for the CD4/gp120 complex. FASEB
J. 70 1185-7 (1993).

[0114] 14. Kang et al., Immunization with a soluble CD4-
gp120 complex preferentially induces neutralizing anti-
human immunodeficiency virus type 1 antibodies directed
to conformation-dependent epitopes of gp120. J. Virol. 68:
5854-5862 (1994).

[0115] 15.Devicoetal., Covalently crosslinked complexes
of human immunodeficiency virus type 1 (HIV-1) gp120
and CD4 receptor elicit a neutralizing immune response
that includes antibodies selective for primary virus iso-
lates. Virology 218: 258-263 (1996).

[0116] 16. Sullivan et al., CD4-Induced conformational
changes in the human immunodeficiency virus type 1
gp120 glycoprotein: consequences for virus entry and neu-
tralization. J. Virol. 72: 4694-4703 (1998).

[0117] 17. Nussbaum et al., Fusogenic mechanisms of
enveloped-virus glycoproteins analyzed by a novel recom-
binant vaccinia virus-based assay quantitating cell fusion-
dependent reporter gene activation. J. Virol. 68: 5411-5422
(1994).

[0118] 18.Barbas etal., Phage Display: A Laboratory Man-
nual. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor (2001).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 254

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic
<400> SEQUENCE: 1
Val Leu Thr Gln Ser
1 5

Pro Gly Thr Leu Ser Leu Ser Ala

10
Ala Thr

Ala Gln

25

Ser Ser

20

Leu Cys Arg Ser Val Ser Ser

Ala Gln Gln Gln Ala Leu

45

Trp Tyr Pro Pro

35

Lys Gly

40

Arg

Gly Ala

50

Thr Ala Thr

55

Ser Arg Gly Ile Pro Asp Arg Phe

60

Gly
65

Thr Phe

70

Ser Gly Asp Thr Leu Thr Ile Gly Leu

75

Arg

Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Thr Ser

Glu
15

Gly Arg

Gly Ser Leu

30
Ile

Leu Tyr

Ser Gly Ser

Glu Glu

80

Pro

Pro Tyr Thr
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-continued

85 90 95

Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Gly Gly Gly Gly
100 105 110

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Val Gln Leu Leu Glu
115 120 125

Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Gln Val Ser
130 135 140

Cys Lys Ala Ser Gly Gly Thr Phe Ser Met Tyr Gly Phe Asn Trp Val
145 150 155 160

Arg Gln Ala Pro Gly Hisg Gly Leu Glu Trp Met Gly Gly Ile Ile Pro
165 170 175

Ile Phe Gly Thr Thr Asn Tyr Ala Gln Lys Phe Arg Gly Arg Val Thr
180 185 190

Phe Thr Ala Asp Gln Ala Thr Ser Thr Ala Tyr Met Glu Leu Thr Asn
195 200 205

Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly
210 215 220

Pro Asp Trp Glu Gly Gly Asp Ser Tyr Asp Gly Ser Gly Arg Gly Phe
225 230 235 240

Phe Asp Phe Trp Gly Gln Gly Thr Leu Val Asn Val Ser Ser
245 250

<210> SEQ ID NO 2

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Ala Gly Glu Arg
1 5 10 15

Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Gly Ser Leu
20 25 30

Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile Tyr
35 40 45

Gly Ala Ser Thr Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Gly Arg Leu Glu Pro Glu
65 70 75 80

Agp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Thr Ser Pro Tyr Thr
85 90 95

Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Gly Gly Gly Gly
100 105 110

Ser Ser Gly Gly Ala Ser Gly Gly Gly Gly Ser Val Arg Leu Leu Glu
115 120 125

Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Gln Val Ser
130 135 140

Cys Lys Ala Ser Gly Gly Thr Phe Ser Met Tyr Gly Val Asn Trp Val
145 150 155 160

Arg Gln Ala Pro Gly His Gly Leu Glu Trp Met Gly Gly Ile Ile Pro
165 170 175

Ile Phe Gly Thr Ser Asn Tyr 2Ala Gln Lys Phe Arg Gly Arg Val Thr
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-continued

180 185 190

Phe Thr Ala Asp Gln Ala Thr Ser Thr Ala Tyr Met Glu Leu Thr Asn
195 200 205

Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly
210 215 220

Pro Asp Trp Glu Asp Gly Asp Ser Tyr Asp Gly Ser Gly Arg Gly Phe
225 230 235 240

Phe Asp Phe Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
245 250

<210> SEQ ID NO 3

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATICN: Synthetic

<400> SEQUENCE: 3

Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Ala Gly Glu Arg
1 5 10 15

Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Gly Ser Leu
20 25 30

Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile Tyr
35 40 45

Gly Ala Ser Thr Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Gly Arg Leu Glu Pro Glu
65 70 75 80

Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Thr Ser Pro Tyr Thr
85 90 95

Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Gly Gly Gly Gly
100 105 110

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Val Gln Leu Leu Glu
115 120 125

Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Gln Val Ser
130 135 140

Cys Lys Ala Ser Gly Gly Thr Phe Ser Met Tyr Gly Phe Asn Trp Val
145 150 155 160

Arg Gln Ala Pro Gly His Gly Leu Glu Trp Met Gly Gly Ile Ile Pro
165 170 175

Ile Phe Gly Thr Ser Asn Tyr Ala Gln Lys Phe Arg Gly Arg Val Thr
180 185 190

Phe Thr Ala Asp Gln Ala Thr Ser Thr Ala Tyr Met Glu Leu Thr Asn
195 200 205

Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly
210 215 220

Pro Asp Trp Glu Asp Gly Asp Ser Tyr Asp Gly Ser Gly Arg Gly Phe
225 230 235 240

Phe Asp Phe Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
245 250

<210> SEQ ID NO 4
<211> LENGTH: 237
<212> TYPE: PRT
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-continued

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 4

Met Lys Lys Thr Ala Ile Ala Ile Ala Val Ala Leu Ala Gly Phe Ala
1 5 10 15

Thr Val Ala Gln Ala Ala Glu Leu Val Leu Thr Gln Ser Pro Gly Thr
20 25 30

Leu Ser Leu Ser Ala Gly Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser
35 40 45

Gln Ser Val Ser Ser Gly Ser Leu Ala Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Gln Ala Pro Arg Leu Leu Ile Tyr Gly Ala Ser Thr Arg Ala Thr Gly
65 70 75 80

Ile Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Thr Ile Gly Arg Leu Glu Pro Glu Asp Leu Ala Val Tyr Tyr Cys Gln
100 105 110

Gln Tyr Gly Thr Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu
115 120 125

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser
130 135 140

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn
145 150 155 160

Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala
165 170 175

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu His Asp Ser Arg
180 185 190

Agp Ser Thr Tyr Ser Leu Gly Ser Thr Leu Thr Leu Ser Lys Ala Asp
195 200 205

Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu
210 215 220

Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210> SEQ ID NO 5

<211> LENGTH: 261

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 5

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala
1 5 10 15

Ala Gln Pro Ala Met Ala Glu Val Gln Leu Leu Glu Gln Ser Gly Ala
20 25 30

Glu Val Lys Lys Pro Gly Ser Ser Val Gln Val Ser Cys Lys Ala Ser
35 40 45

Gly Gly Thr Phe Ser Met Tyr Gly Phe Asn Trp Val Arg Gln Ala Pro
50 55 60

Gly His Gly Leu Glu Trp Met Gly Gly Ile Ile Pro Ile Phe Gly Thr
65 70 75 80
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Ser Asn Tyr Ala Gln Lys Phe 2rg Gly Arg Val Thr Phe Thr Ala Asp
85 90 95

Gln Ala Thr Ser Thr Ala Tyr Met Glu Leu Thr Asn Leu Arg Ser Asp
100 105 110

Agp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly Pro Asp Trp Glu
115 120 125

Asp Gly Asp Ser Tyr Asp Gly Ser Gly Arg Gly Phe Phe Asp Phe Trp
130 135 140

Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
145 150 155 160

Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
165 170 175

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
180 185 190

Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro
195 200 205

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
210 215 220

Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn
225 230 235 240

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
245 250 255

Cys Asp Lys Thr Ser
260

<210> SEQ ID NO 6

<211> LENGTH: 60¢

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 6
atgaaccggy gagteecttt taggcacttyg cttetggtge tgeaactgge getectececa 60

gcagccacte agggaaagaa agtggtgetyg ggcaaaaaag gggatacagt ggaactgacce 120

tgtacagctt cccagaagaa gagcatacaa ttccactgga aaaactccaa ccagataaag 180
attctgggaa atcagggete cttcttaact aaaggtccat ccaagctgaa tgatcgeget 240
gactcaagaa gaagcectttg ggaccaagga aactttcccc tgatcatcaa gaatcttaag 300

atagaagact cagatactta catctgtgaa gtggaggacc agaaggagga ggtgcaattg 360
ctagtgttcg gattgactge caactctgac acccacctge ttcaggggca gagectgace 420

ctgaccttygy agageccceee tggtagtage cectcagtge aatgtaggag tecaaggggt 480

aaaaacatac agggggggaa gaccctctce gtgtctcage tggagctcca ggatagtgge 540
acctggacat gcactgtectt gcagaaccag aagaaggtgg agttcaaaat agacatcgtg 600
gtgctaget 609

<210> SEQ ID NO 7

<211> LENGTH: 203

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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-continued

<400> SEQUENCE: 7

Met Asn Arg Gly Val Pro Phe Arg His Leu Leu Leu Val Leu Gln Leu
1 5 10 15

Ala Leu Leu Pro Ala Ala Thr Gln Gly Lys Lys Val Val Leu Gly Lys
20 25 30

Lys Gly Asp Thr Val Glu Leu Thr Cys Thr Ala Ser Gln Lys Lys Ser
35 40 45

Ile Gln Phe His Trp Lys Asn Ser 2Asn Gln Ile Lys Ile Leu Gly Asn
50 55 60

Gln Gly Ser Phe Leu Thr Lys Gly Pro Ser Lys Leu Asn Asp Arg Ala
65 70 75 80

Asp Ser Arg Arg Ser Leu Trp Asp Gln Gly Asn Phe Pro Leu Ile Ile
85 90 95

Lys Asn Leu Lys Ile Glu Asp Ser Asp Thr Tyr Ile Cys Glu Val Glu
100 105 110

Agp Gln Lys Glu Glu Val Gln Leu Leu Val Phe Gly Leu Thr Ala Asn
115 120 125

Ser Asp Thr His Leu Leu Gln Gly Gln Ser Leu Thr Leu Thr Leu Glu
130 135 140

Ser Pro Pro Gly Ser Ser Pro Ser Val Gln Cys Arg Ser Pro Arg Gly
145 150 155 160

Lys Asn Ile Gln Gly Gly Lys Thr Leu Ser Val Ser Gln Leu Glu Leu
165 170 175

Gln Asp Ser Gly Thr Trp Thr Cys Thr Val Leu Gln Asn Gln Lys Lys
180 185 190

Val Glu Phe Lys Ile Asp Ile Val Val Leu Ala
195 200

<210> SEQ ID NO 8

<211l> LENGTH: 487

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATICN: Synthetic

<400> SEQUENCE: 8

Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Ala Gly Glu Arg
1 5 10 15

Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Gly Ser Leu
20 25 30

Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile Tyr
35 40 45

Gly Ala Ser Thr Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Gly Arg Leu Glu Pro Glu
65 70 75 80

Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Thr Ser Pro Tyr Thr
85 90 95

Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Gly Gly Gly Gly
100 105 110

Ser Ser Gly Gly Ala Ser Gly Gly Gly Gly Ser Val Arg Leu Leu Glu
115 120 125

Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Gln Val Ser
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-continued

130 135 140

Cys Lys Ala Ser Gly Gly Thr Phe Ser Met Tyr Gly Val Asn Trp Val
145 150 155 160

Arg Gln Ala Pro Gly His Gly Leu Glu Trp Met Gly Gly Ile Ile Pro
165 170 175

Ile Phe Gly Thr Ser Asn Tyr Ala Gln Lys Phe Arg Gly Arg Val Thr
180 185 190

Phe Thr Ala Asp Gln Ala Thr Ser Thr Ala Tyr Met Glu Leu Thr Asn
195 200 205

Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly
210 215 220

Pro Asp Trp Glu Asp Gly Asp Ser Tyr Asp Gly Ser Gly Arg Gly Phe
225 230 235 240

Phe Asp Phe Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Gly Gly
245 250 255

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly
260 265 270

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Met Asn Arg Gly
275 280 285

Val Pro Phe Arg His Leu Leu Leu Val Leu Gln Leu Ala Leu Leu Pro
290 295 300

Ala Ala Thr Gln Gly Lys Lys Val Val Leu Gly Lys Lys Gly Asp Thr
305 310 315 320

Val Glu Leu Thr Cys Thr Ala Ser Gln Lys Lys Ser Ile Gln Phe His
325 330 335

Trp Lys Asn Ser Asn Gln Ile Lys Ile Leu Gly Asn Gln Gly Ser Phe
340 345 350

Leu Thr Lys Gly Pro Ser Lys Leu Asn Asp Arg Ala Asp Ser Arg Arg
355 360 365

Ser Leu Trp Asp Gln Gly Asn Phe Pro Leu Ile Ile Lys Asn Leu Lys
370 375 380

Ile Glu Asp Ser Asp Thr Tyr Ile Cys Glu Val Glu Asp Gln Lys Glu
385 390 395 400

Glu Val Gln Leu Leu Val Phe Gly Leu Thr Ala Asn Ser Asp Thr His
405 410 415

Leu Leu Gln Gly Gln Ser Leu Thr Leu Thr Leu Glu Ser Pro Pro Gly
420 425 430

Ser Ser Pro Ser Val Gln Cys Arg Ser Pro Arg Gly Lys Asn Ile Gln
435 440 445

Gly Gly Lys Thr Leu Ser Val Ser Gln Leu Glu Leu Gln Asp Ser Gly
450 455 460

Thr Trp Thr Cys Thr Val Leu Gln 2Asn Gln Lys Lys Val Glu Phe Lys
465 470 475 480

Ile Asp Ile Val Val Leu 2Ala
485
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1. Anisolated or purified nucleic acid molecule comprising
the nucleotide sequence encoding the amino acid sequence of
SEQIDNO: 10r SEQIDNO: 2, or a variant thereof, wherein
the variant retains the ability to bind to the same epitope as
that of SEQ ID NO: 1 or SEQ ID NO: 2, respectively.

2. A vector comprising the isolated or purified nucleic acid
molecule of claim 1.

3. A composition comprising the isolated or purified
nucleic acid molecule of claim 1, optionally in the form of a
vector.

4. An isolated host cell comprising the isolated or purified
nucleic acid molecule of claim 1, wherein the nucleic acid
molecule is optionally in the form of a vector.

5.-94. (canceled)

95. The nucleic acid molecule of claim 1, wherein the
nucleic acid sequence encodes the amino acid sequence of
SEQIDNO: 8.

96. An isolated or purified nucleic acid molecule compris-
ing a nucleotide sequence encoding an antibody or antibody
fragment to human immunodeficiency virus (HIV) envelope
glycoprotein that binds with one or more strains of HIV,
wherein the antibody or antibody fragment comptises the

Nov. 26, 2009

amino acid sequence of SEQ ID NO: 1, SEQ ID NQO: 2, ora
variant thereof that retains the complementarity determining
regions (CDRs) of SEQ ID NO: 1 or SEQ ID NO: 2, respec-
tively, and the ability to bind to the same epitope.

97. A vector comprising the nucleic acid molecule of claim
96.

98. A composition comprising the nucleic acid molecule of
claim 96, optionally in the form of a vector.

98. An isolated host cell comprising the nucleic acid mol-
ecule of claim 96, wherein the nucleic acid molecule is
optionally in the form of a vector.

99. The cell of claim 98, wherein the cell expresses the
antibody or antibody fragment comprising the amino acid
sequence of SEQ ID NO: 1, SEQ ID NO: 2, or a variant
thereof that retains the CDRs of SEQ ID NO: 1 or SEQ ID
NO: 2, respectively, and the ability to bind to the same
epitope.

100. The cell of claim 98, wherein the cell expresses the
antibody or antibody fragment comprising the amino acid
sequence of SEQ ID NO: 1 or SEQ ID NO: 2.

ok sk ok 3k



