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NEUTRALIZING ANTIBODIES TO HIV-1 AND THEIR USE

CROSS REFERENCE TO RELATED APPLICATIONS
This claims the benefit of U.S. Provisional Application No. 61/698,452, filed on September 7, 2012,
U.S. Provisiona Application No. 61/613,431, filed March 20, 2012, and U.S. Provisional Application No.
61/568,520, filed December 8, 2011; all of these prior applications are incorporated by reference in their
entirety.

FIELD OF THE DISCLOSURE
Monoclonal neutralizing antibodies are disclosed that bind to HIV-1 gpl20, aswell astheir

identification and use.

BACKGROUND

Human Immunodeficiency Virus (HIV) infection, and the resulting Acquired Immunodeficiency
Syndrome (AIDS) remain threats to global public health, despite extensive efforts to develop anti-HIV
therapeutic agents. Some HIV-infected individuals eventually develop broadly neutralizing antibodies
(bNADbs), which neutralize alarge panel of HIV viruses. These individuals show delayed development of
AIDS, even in the absence of any treatment for HIV infection.

One previously characterized HIV-1neutralizing mAb, called bl2, can bind to asite on gpl20 that is
required for viral attachment to its primary cellular receptor, CD4. mAb bl2 was derived from aphage
display library, aprocess which makes it impossible to know if the antibody was naturally present in an
infected person, or was the result of alaboratory combination of antibody heavy and light chains. bl2 can
neutralize about 75% of clade B strains of HIV-1 (those most common in North America), but it neutralizes
less than 50% of other strains of HIV-1found worldwide. Therefore, there is a need to develop additional
neutralizing antibodies for HIV-1.

SUMMARY OF THE DISCLOSURE

Disclosed herein isthe identification of the VRC0O7 monoclonal antibody, which specifically binds
to the CD4 binding site of the gpl20 protein of HIV, and isneutralizing. VRCO7 isaVRCOI-like
monoclonal antibody, and includes anovel heavy chain ("VRCO07 heavy chain"). This heavy chain can
cross-complement with the light chain of the VRCOI monoclonal antibody. VRCO7 heavy chain is aclonal
variant of the VRCOI heavy chain. An antibody including the VRCO7 heavy chain cross complemented
with the VRCOI light chain has increased binding affinity for gpl20 and does not have significantly
increased self-reactivity compared to VRCOI. Further disclosed herein are variants of the VRCO7 heavy
chain and the VRCOI light chain, and cross-complemented monoclonal antibodies including such variants
that have increased binding affinity for gpl20 and are not self-reactive, or have only low self reactivity, for

example, compared to VRCOI. In several embodiments, the disclosed variants of the VRCO7 heavy chain
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and the VRCOI light chain include framework region amino acid substitutions (compared to VRCO7 heavy
chain or VRCOI light chain), but only include up to two amino acid substitutions in the CDRs (compared to
VRCO7 heavy chain or VRCOI light chain). Thus, disclosed herein is aclass of monoclonal antibodies that
have increased binding affinity for gpl20, and are not self-reactive or have low self reactivity. In some
embodiments, the disclosed antibodies further are not immunogenic, or have low immunogenicity.

Accordingly, isolated monoclona neutralizing antibodies that specifically bind HIV-1 gpl20 are
provided herein. In certain examples, the binding and/or neutralization ability of these antibodies has been
optimized. Also disclosed are compositions including these antibodies that specifically bind gpl20, nucleic
acids encoding these antibodies, expression vectors comprising the nucleic acids, and isolated host cells that
express the nucleic acids. The antibodies can be fully human. In several embodiments, the antibodies
include aheavy chain variable domain and alight chain variable domain.

In some embodiments, the isolated monoclona antibody includes aheavy chain variable domain
comprising amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 40, wherein the
antibody specifically binds gpl20 of HIV-1, wherein the antibody is neutralizing. In specific non-limiting
examples, the isolated monoclonal antibody includes aheavy chain variable domain comprising (a) amino
acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDRS3) of SEQ ID NO: 40, wherein X,isG; or (b) amino
acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of SEQ ID NO: 40, wherein X,isH, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

In some embodiments, the heavy chain variable domain of the antibody comprises SEQ ID NO: 40.
In some embodiments, the heavy chain variable domain of the antibody comprises one of SEQ ID NO: 32,
SEQ ID NO: 258, SEQ ID NO: 259, or SEQ ID NO: 260.

In additional embodiments, the light chain variable domain of the antibody comprises amino acids
27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238. In specific non-limiting examples,
the isolated monoclonal antibody includes alight chain variable domain comprising (a) amino 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isD (VRCOI light chain CDRs
with F97D), (b) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein
Xn isK (VRCOI light chain CDRs with F97K), (c) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 238, wherein X;; is S (VRCOI light chain CDRs with F97S); or (d) amino acids 27-
30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X, isH (VRCOI light chain
CDRs with FI7H).

In some embodiments, the light chain variable domain of the antibody comprises SEQ ID NO: 238.
In some embodiments, the light chain variable domain of the antibody comprises one of SEQ ID NO: 9,
SEQ ID NO: 219, SEQ ID NO: 220, SEQ ID NO: 221, SEQ ID NO: 222, SEQ ID NO: 223, SEQ ID NO:
224, SEQ ID NO: 225, SEQ ID NO: 226, SEQ ID NO: 227, SEQ ID NO: 228, SEQ ID NO: 229, SEQ ID
NO: 230, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO: 233, SEQ ID NO: 234, SEQ ID NO: 235, SEQ
ID NO: 236, or SEQ ID NO: 237.
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In several embodiments, adisclosed monoclonal antibody that specifically binds to gpl20 includes a
light chain including adisclosed light chain variable domain cross-complemented with aheavy chain
including adisclosed heavy chain variable domain.

The antibodies and compositions disclosed herein can be used for avariety of purposes, such asfor
detecting an HIV-1 infection or diagnosing AIDS in a subject. These methods can include contacting a
sample from the subject diagnosed with HIV-1 or AIDS with ahuman monoclonal antibody that specifically
binds gpl20, and detecting binding of the antibody to the sample. An increase in binding of the antibody to
the sample relative to binding of the antibody to a control sample confirms that the subject has an HIV-1
infection and/or AIDS. In some embodiments, the methods further comprise contacting a second antibody
that specifically binds gpl20 with the sample, and detecting binding of the second antibody. In some non-
limiting examples an increase in binding of the antibody to the sample relative to a control sample detects
HIV-1 in the subject. In some non-limiting examples, the antibody specifically binds soluble gpl20 in the
sample. In some embodiments, the methods further comprise contacting a second antibody that specifically
recognizes the gpl20 specific antibody with the sasmple and detecting binding of the second antibody.

In additional embodiments, amethod isdisclosed for treating a subject with or at risk of an HIV
infection, such as, but not limited to, an HIV seropositive subject or a subject with AIDS, or aperson who
has been exposed to potential HIV infection but not yet seroconverted. The methods include administering a
therapeutically effective amount of one or more of the monoclonal antibodies, antigen binding fragment
thereof, or nucleic acid encoding antibody or antigen binding fragment, disclosed herein.

The foregoing and other features and advantages of this disclosure will become more apparent from
the following detailed description of a severa embodiments which proceeds with reference to the

accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGs. 1A and | B are aset of dot plots illustrating results of isolation of individual memory B cells
producing anti-gpl20 antibodies by cell sorting. About twenty million peripheral blood mononuclear cells
(PBMC) from donor 45 that were incubated with biotin-labeled RSC3 and ARSC3 complexed with SA-APC
and SA-PE respectively, prior to addition to cells. Asillustrated in the figure, fifty memory B cells with the
phenotype of CD3-, CD8-, agua blue-, CD14-, CD19+, CD20+, 1gG+, IgM-, RSC3+ and ARSC3- were
sorted using illustrated strategy into individual wells of a96-well PCR plate containing lysis buffer. The
VRCO7b and VRCO7c antibodies were identified from these sorted cells.

FIG. 2isaprotein sequence alignment showing the alignment of the heavy chain sequences of the
VRCOI (SEQ ID NO: 5), VRC02 (SEQ ID NO: 197), VRCO7 (SEQ ID NO: 2), VRCO7b (SEQ ID NO: 3),
VRCO7c (SEQ ID NO: 4) and NIH4546 (SEQ ID NO: 196) monoclona antibodies and the IGHVI-2*02
germline sequence (SEQ ID NO: 195). The framework (FR) and complementarity determining region
(CDR) positions are shown.

FIGs. 3A-3B are aprotein and nucleotide sequence alignment showing the alignment of the heavy
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chain protein sequences of the VRCOI (SEQ ID NO: 5), VRC02 (SEQ ID NO: 197), VRCO7 (SEQ ID NO:
2), VRCO7b (SEQ ID NO: 3), VRCO7c (SEQ ID NO: 4) and NIH4546 (SEQ ID NO: 196) heavy chain
variable domains and the corresponding nucleotide sequence encoding the VRCO7 heavy chain variable
domain (SEQ ID NO: 10) as well asthe nucleotide residues that differ from the VRCO7 nucleotide sequence.

FIG. 4 shows the alignment of the nucleotide sequences encoding the heavy chains of the VRCOI
(SEQ ID NO: 13), VRCO02 (SEQ ID NO: 197), VRCO7 (SEQ ID NO: 10), VRCO7b (SEQ ID NO: 11),
VRCO7¢ (SEQ ID NO: 12) and NIH4546 (SEQ ID NO: 196) monoclonal antibodies.

FIG. Sisaprotein sequence alignment showing the alignment of the light chain variable domain
sequences of the VRCOI (SEQ ID NO: 9), VRCO7b (SEQ ID NO: 7) and VRCO7c (SEQ ID NO: 8)
monoclonal antibodies. The IMGT CDR1, CDR2 and CDR3 sequences of each light chain sequence are
underlined.

FIG. 6isatable showing the results of antibody neutralization assays performed using the VRCOI ,
VRCO03, VRC-PG04 and VRCO7 monaoclonal antibodies. The VRCO7 antibody included the VRCO7 heavy
chain variable domain and the VRCOI light chain variable domain. Neutralization was measured using
HIV-1 Env-pseudo viruses (expressing HIV Env from the indicated HIV isotypes) to infect TZM47?1 cells as
described previously (see, e.g., PCT Pub. WO201 1/038290) and luciferase assay was used as the output
indicator. The virus input was set at amultiplicity of infection of approximately 0.01, which generally
results in 100,000 to 400,000 relative light units (RLU) in aluciferase assay (Bright Glo, Promega, Madison,
WI). The antibody concentrations were defined at the point of incubation with virus supernatant.
Neutralization curves were fit by nonlinear regression using a 5-parameter hill slope equation. The 50% and
80% inhibitory concentrations (IC50 and IC80) are listed in the table and were reported as the antibody
concentrations required to inhibit infection by 50% and 80% respectively.

FIGs. 7A-D are a set of tables showing the results of antibody neutralization assays performed using
the VRCOI , VRCO03, VRC-PG04, VRC-CH3 1, 4E10 and VRCO7 monoclona antibodies. The VRCO7
antibody included the VRCO7 heavy chain variable domain (SEQ ID NO: 2) and the VRCOI light chain
variable domain (SEQ ID NO: 9). Neutralization was measured as described in Example 2.

FIGs. 8A-8F show sequence alignments and tables concerning the VRCO7 heavy chain variable
domain and the VRCOI light chain variable domain. FIGs. 8A and 8B show protein sequence alignments of
the heavy chain variable domain sequences of the VRCOI (SEQ ID NO: 5), VRCO02 (SEQ ID NO: 197),
VRCO7 (SEQ ID NO: 2), VRCO7b (SEQ ID NO: 3), VRCO7c (SEQ ID NO: 4) and NIH4546 (SEQ ID NO:
196) monoclonal antibodies. The FR and CDR positions are shown using the IMGT (FIG. 8B) and Kabat
(FIG. 8A) numbering schemes. FIG. 8C shows the protein sequence of the VRCOI light chain (SEQ ID NO:
9), with the Kabat and IMGT CDRs indicated. FIGs. 8D-8F show atable indicating the linear and Kabat
positioning of the amino acids of the VRCO7 heavy chain variable domain and the VRCOI light chain
variable domain.

FIG. 9illustrates one strategy used to optimize the VRCO7 monoclona antibody.

FIG. 10 isaseries of digital images illustrating the protein structure of VRCO7 (with the indicated
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amino acid substitutions) binding to gpl 20, and also a series of graphs showing results of surface plasma
resonance experiments concerning the binding of the VRCO7 (with the indicated amino acid substitutions) to
gpl 20.

FIG. 11 shows the protein sequence alignment of the heavy chain variable domains of the VRCOI
(SEQ ID NO: 5), VRCO7 (SEQ ID NO: 2), VRCO07 G54W, BOQ (SEQ ID NO: 24), VRC07 G54W, BOR
(SEQ ID NO: 25), VRCO7 G54W, S58N (SEQ ID NO: 26) monoclonal antibodies. The FR and CDR
positions as determined using the IMGT and Kabat numbering schemes are shown.

FIGs. 12A-12B are a series of graphs illustrating the results of ELISA measurements of binding of
the indicated monoclonal antibodies to the indicated gpl20 proteins. Tested monoclonal antibodies include
antibodies with VRC07, VRC07(G54W), VRC07(G54W, BOQ), VRC07(G54W, BOR) and VRCO7(G54W,
S58N) heavy chains, each complemented with the VRCOI light chain.

FIGs 13A-13D are a series of graphs illustrating the results of ELISA measurements of binding of
the indicated monoclonal antibodies to the indicated gpl20 proteins.

FIG. 14 isaset of tables showing the results of HIV- 1 neutralization assays performed using
monoclonal antibodies including the VRCO7, vl_v7h3 m03_G54W, vl v7h3 m02_G54W,
VRCO07(G54W), VRCO7(G54W, BOQ), VRCO7(G54W, BOR) or VRCO7(G54W, S58N) heavy chains, each
complemented with the VRCOI light chain. Neutralization was measured using the methods described
Example 2.

FIGs. 15A-15L L are aseries of graphs illustrating the results of ELISA measurements of binding of
the indicated monoclonal antibodies to the indicated gpl20 proteins ("con™ stands for consensus sequence).
The heavy and light chains for each antibody are listed on top of each graph. The y-axisis OD at 450nm
and the x-axis is antibody concentration in pg/ml. The assay was performed in duplicate and values shown
are an average. Antibody heavy and light chain pairings chosen for further neutralization studies are
underlined. For FIGs. 15V-15W, "07" is an abbreviation for "VRCO7" and al heavy chains were paired
with VRCOI light chain). For FIGs. 15X-15EE, "07" is an abbreviation for "VRCO7ghv," "OIL" isan
abbreviation for VRCOI light chain, and if no light chain is listed, VRCOI light chain was the light chain
used.

FIGs. 16A-16B are a set of tables showing the results of HIV- 1 neutralization assays performed
using monaoclonal antibodies formed from the indicated heavy and light chains.

FIG. 17 shows a sequence alignment illustrating the partial germline reversion and mutants of heavy
chains variable domains. The sequence of the following heavy chain variable domains is shown:
VRCOIgVH (SEQ ID NO: 198), VRCO01ghvH03 (SEQ ID NO: 199), VRCOIsVH (SEQ ID NO: 5),
NIH4546ghvHOL1 (SEQ ID NO: 200), NIH4546ghvH02 (SEQ ID NO: 201) NIH4546sVH (SEQ ID NO:
196), VRCO7gVH (SEQ ID NO: 202), VRC07ghvHO1 (SEQ ID NO: 203), VRCO07ghvH02 (SEQ ID NO:
204), VRC0O7ghvH04.1 (SEQ ID NO: 205), VRC07ghvH04.2 (SEQ ID NO: 206), VRCOghvHO5 (SEQ ID
NO: 207), and VRCO7sVH (VRCO07; SEQ ID NO: 2). The sequence of the following light chain variable
domains is shown: VRCOIgVL (SEQ ID NO: 208), VRCOIghvLOI (SEQ ID NO: 209), VRCO1ghvL 02
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(SEQ ID NO: 210), VRC01ghvL04 (SEQ ID NO: 211), VRCOIN72T (SEQ ID NO: 212), VRC01ghvL05
(SEQ ID NO: 213), VRCOIsVL (VRCOI; SEQ ID NO: 9), NIH4546glvL01 (SEQ ID NO: 214), and
NIH4546sVL (NIH4546; SEQ ID NO: 215).

FIG. 18 shows a sequence and athree dimensional structure illustrating the gpl20 binding surface
of the VRCOI monoclonal antibody and the residues of the VRCOI heavy and light chains that were selected
for alanine scanning mutagenesis. VRCOI binding energy hot spots. (A) Amino acid sequence of VRCOI
heavy chain variable domain (SEQ ID NO: 5). Bold letters indicate VRCOI residues contacting gpl20.
Single dot, double dot and triple dot below the amino acid sequence indicates positions that when mutated to
alanine resulted in asignificant decrease in affinity for gpl20. Reduction in binding K, - single dot >
double dot > triple dot. Alanine mutation at Kabat position G54 of the VRCOI heavy chain resulted in
amost four times increase in affinity of VRCOI to gpl20 protein. (B) Structural mapping of important
contact residues on VRCOI-heavy and light chains. Light to medium grey indicates areduction in binding
affinity. White indicates no change in binding. Dark grey indicates an increase in binding Kp,.

FIGs. 19A-19C are a series of tables presenting affinity measurements for VRCOI monoclonal
antibody (containing the indicated alanine substitution) binding to gpl20 anayte RSC3 (FIG. 19A), gpl20
from HIV-1 strain YU2 (FIG. 19B), and gpl20 from HIV-1 strain ZM109 (FIG. 19C). The calculated Kyis
indicated.

FIG. 20 isaset of bar graphs of an ELISA for VRCO7 G54 heavy chain variants (the VRC07 G54
variant was complemented with VRCOI light chain). In addition to G54F, G54R, G54W, and G54Y, which
showed improved binding to clade A gpl20s, G54A, G54H, G54K, G54M, and G54Q showed enhanced
binding to two clade A viruses tested; among them, G54H showed most improved biding to the gpl20s.

FIG. 21 isaset of bar graphs of an ELISA for VRCO7 G54 heavy chain variants (the VRC07 G54
variant was complemented with VRCOI light chain). In addition to G54F, G54R, G54W, and G54Y, which
showed improved binding to clade B gpl20s, G54A, G54H, G54K, G54M, G54Q, and G54V showed
enhanced binding to aclade B or aclade C virus.

FIG. 22 isabar graph of an ELISA for VRCO7 G54 heavy chain variants (the VRC07 G54 variant
was complemented with VRCOI light chain). In addition to G54F, G54R, G54W, and G54Y, which showed
improved binding to Dul72 gpl20s, G54A, G54H, G54K, G54M, and G54Q showed enhanced binding to
the virus. Among them, G54H showed most improved biding to the gpl20 that isresistant to VRCOI.

FIG. 23 is atable showing results from anti-cardiolipin assays of the indicated monoclonal
antibodies. Anti-cardiolipin assays are used to indicate if an antibody is self-reactive. VRCO7 heavy chain
and the indicated variant VRCO7 heavy chains were complemented with VRCOI light chain to form
functional antibodies. The results indicate that amonoclonal antibody including the VRCO7 G54H heavy
chain variable domain and the VRCOI light chain variable domain is not autoreactive.

FIG. 24 isaset of tables showing results of neutralization experiments using antibodies including
the indicated heavy and light chain variable domains. The results indicate that an antibody including the
VRCO07 G54H variant heavy chain complemented with VRCOI light chain increased neutralization potency
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>2 fold compared to VRCO7 heavy chain complemented with VRCOI light chain. Thus, in aTZM-hl
neutralization assay, VRCO7 G54H neutralizes the selected viruses more potently than VRCO7. The
estimated fold improvement over VRCO7 is about 2.3 and 2.5 fold when their geometric means of 1C50 and
IC80, respectively, are compared.

FIG. 25 shows anucleic acid sequence encoding the VRCO7 G54H heavy chain variable domain
(SEQ ID NO: 37) and the amino acid sequence of the VRCO07 G54H heavy chain variable domain (SEQ ID
NO: 32).

FIG. 26 is aschematic diagram showing design of partially-reverted antibody variants.

FIG. 27 is aschematic diagram showing the design of partially-reverted antibody variants by CDR
grafting.

FIG. 28 shows the sequences of partial revertants of VRCO7 heavy chain and VRCOI light chain.
The sequence of the following heavy chain variable domains is shown: VRCOIgVH (SEQ ID NO: 198),
VRCO7gVH (SEQ ID NO: 202), VRCO7ghvHO1 (SEQ ID NO: 203), VRC07ghvHO02 (SEQ ID NO: 204),
VRCO07ghvH04.1 (SEQ ID NO: 205), VRC07ghvH04.2 (SEQ ID NO: 206), VRCO7ghvHO5 (SEQ ID NO:
207), VRC07ghvHO05.1 (SEQ ID NO: 216), VRC07ghvHO05.2 (SEQ ID NO: 217), VRC07ghvH05.3 (SEQ
ID NO: 218), and VRCO7sVH (SEQ ID NO: 2). The sequence of the following light chain variable domains
isshown: VRCOIgVL (SEQ ID NO: 208), VRCOIghvLOI (SEQ ID NO: 209), VRCO1ghvL02 (SEQ ID
NO: 210), VRC01ghvL04 (SEQ ID NO: 211), VRCO1 _N72T (SEQ ID NO: 212), VRC01ghvL05 (SEQ ID
NO: 213), and VRCOIsVL (VRCOI; SEQ ID NO: 9).

FIG. 29 isatable showing results of neutralization experiments using antibodies including the
indicated heavy and light chains. VRCO07ghvH05.3 refers to VRCO7 heavy chain with R3Q, 137V, and
T93A amino acid substitutions. VRCO07ghvH05.3.1 refers to VRCO7 heavy chain with 137C andT93A
amino acid substitutions. VRCOI-EI-ddl refers to VRCOI light chain with the first two amino acids (El and
12) deleted.

FIG. 30 isaribbon diagram of VRC07ghvH05.3 showing the R3Q, 137V, and T93A amino acid
substitutions

FIG. 31 isaschematic diagram illustrating the deletion of the first two amino acids from the VRCOI
light chain.

FIG. 32 isatablelisting the VRCOI/O7 light chain variants.

FIG. 33 isatable showing results of neutralization experiments using antibodies including the
indicated heavy and light chains. The results indicate the increased potency achieved with deletion of the
first two amino acids of the light chain variable domain.

FIG. 34 isatable showing results of neutralization experiments using antibodies including the
indicated heavy and light chains. The results indicate the increased potency achieved with deletion of the

first two amino acids of the light chain variable domain.
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SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accompanying sequence listing are shown using
standard letter abbreviations for nucleotide bases, and three letter code for amino acids, as defined in 37
C.F.R. 1.822. Only one strand of each nucleic acid sequence is shown, but the complementary strand is
understood asincluded by any reference to the displayed strand. The Sequence Listing is submitted as an
ASCII text file in the form of the file named "Sequence.txt" (-750 kb), which was created on December 10,
2012, which isincorporated by reference herein. Inthe accompanying sequence listing:

SEQ ID NO: 1isthe amino acid sequence of the consensus heavy chain variable domain of the
VRCO07, VRCO7b and VRCO7c gpl20 specific monoclonal antibodies with and without certain amino acid
substitutions at positions 130, G54 and S58 (Kabat numbering).

QVRLSQSGGQXi [Il ]KKPGDSMRISCRASGY X ,[28]FX ,,[30]NCPINWIRLAPGX3[43]RPEWMGWX ,[51

JKPRX 15[55]GAVX 5[59] Y ARQX 4[64]QGRVTMTRDX ,[74]Y SX 5[ 77] TAFLELRX ,[85]LTSDDTAVYFCTR

GKYCTARDYYNWDFEHWGXio [117]GTXii [120]VTVSS, wherein XiisM or V,X,isE or D, X3isK or

R,X,isM or V,XsisN or S, XgisL or F,X,isM or V,XgisE or D, Xyis S, A or P, X ,isQor Rand Xy, is

PorL,Xpisl,Ror QX isA,H,K,M,Q,V,G,F,R,Y or W.

SEQ ID NO: 2 isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7.

SEQ ID NO: 3isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7b.

SEQ ID NO: 4 isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7c.

SEQ ID NO: 5isthe amino acid sequence of the heavy chain variable domain of gp-120 specific
antibody VRCO1.

SEQ ID NO: 6 isthe amino acid sequence of the consensus light chain variable domain of the
VRCOI, VRCO7b and VRCO7c gpl20-specific antibodies.

EIVLTQSPXi [9]TLSLSPGEX ,[18]AIX 3[21]SCRTX ,[26]QY GSLAWY QQRPGQAPRLVIYX 5[48]GSTRAX

6[53]GIPDRFSGSRWGX ,X5[68]YNLTISNLESX 4[79]DFGVYYCQQYEFFGQGTKVQVDIK, wherein Xiis

Aor G, X,isRor T,Xgislor L, X, is Sor T,Xsis Sor A, XgisAor T,X;isAor P,XgisE or D,and X4is

Eor G.

SEQ ID NO: 7 isthe amino acid sequence of the light chain variable domain of gpl20-specific
antibody VRCO7b.

SEQ ID NO: 8isthe amino acid sequence of the light chain variable domain of gpl20-specific
antibody VRCO7c.

SEQ ID NO: 9isthe amino acid sequence of the light chain variable domain of gpl20-specific
antibody VRCOI.

SEQ ID NO: 10isan exemplary nucleic acid sequence encoding the heavy chain variable domain
of gpl20-specific antibody VRCO7.
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SEQ ID NO: 1lisan exemplary nucleic acid sequence encoding the heavy chain variable domain
of gpl20-specific antibody VRCO7b.

SEQ ID NO: 12 isan exemplary nucleic acid sequence encoding the heavy chain variable domain
of gpl20-specific antibody VRCO7c.

SEQ ID NO: 13 an exemplary nucleic acid sequence encoding the heavy chain variable domain of
gp-120 specific antibody VRCOL.

SEQ ID NO: 14 isan exemplary nucleic acid sequence encoding the light chain variable domain of
gpl20-specific antibody VRCO7b.

SEQ ID NO: 15isan exemplary nucleic acid sequence encoding the light chain variable domain of
gpl20-specific antibody VRCO7c.

SEQ ID NO: 16 isan exemplary nucleic acid sequence encoding the light chain variable domain of
gpl20-specific antibody VRCOL.

SEQ ID NO: 17 isthe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 18isthe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 19isthe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 20 isthe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 21listhe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 22 isthe nucleic acid sequence of anucleic acid primer.

SEQ ID NO: 23 isthe amino acid sequence of the consensus heavy chain variable domain for
VRCO7 gpl20 specific monoclonal antibodies with certain amino acid substitutions at positions 130, G54
and S58 (Kabat numbering).

QVRLSQSGGQMKKPGDSMRISCRASGYEFX,[30]NCPINWIRLAPGKRPEWM GWMK PRX,[55]GAV X 4

[59)YARQLQGRVTMTRDMYSETAFLELRSLTSDDTAVYFCTRGKYCTARDYYNWDFEHWGQGTPV

TVSS, wherein X, isl, RorQ, X, isG,F,R,Y or W and X3isSor N.

SEQ ID NO: 24 isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7 G54W, 130Q.

SEQ ID NO: 25isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7 G54W, I30R.

SEQ ID NO: 26 isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7 G54W, S58N.

SEQ ID NO: 27 isthe amino acid sequence of the light chain variable domain of the gpl20-specific
antibody VRCOI N72A.

SEQ ID NO: 28isthe amino acid sequence of the heavy chain variable domain of gpl20-specific
antibody VRCO7 G54W.

SEQ ID NO: 29 isthe amino acid sequence of the consensus heavy chain of the VRC07, VRCO7b
and VRCO7c gpl20 specific antibodies.

QVRL SQSGGQXI[Il]KK PGDSMRISCRASGY X ,[28]FINCPINWIRLAPGX4[43]RPEWM GWX ,[51]K PR
GGAVX;[59] Y ARQX ¢ [64]QGRVTM TRDX,[74] Y SX §[77] TAFL ELRX,[85]L TSDDTAVYFCTRGK YCTA

9
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RDYYNWDFEHWGX ,[117]GTX;[120]VTVSS, wherein X ; isM or V, X, isEor D, X;isK or R, X ,isM

orV,XsisN or S, X4 isL or F, X;isM or V, XgisEor D, X, isS,A or P, X isQor Rand X, isPorL.

SEQ ID NO: 30isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRCO7 with aA,F,H,K,M,Q,R,V,W,or Y amino acid substitution at Kabat position
G54.

SEQ ID NO: 31listhe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC0O7 G54A.

SEQ ID NO: 32isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC07 G54H.

SEQ ID NO: 33isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC07 G54K.

SEQ ID NO: 34 isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC07 G54M.

SEQ ID NO: 35isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC0O7 G54Q.

SEQ ID NO: 36 isthe amino acid sequence of the heavy chain variable domain of the gpl20
specific antibody VRC0O7 G54V.

SEQ ID NO: 37isanucleic acid sequence encoding VRCO07 G54H (see FIG. 25).

SEQ ID NO: 38isthe amino acid sequence of aconsensus VRCO7 heavy chain with partial
germline reversions.

SEQ ID NO: 39isthe amino acid sequence of VRCO7 heavy chain with three amino acids reverted
to the germline.

SEQ ID NO: 40 isthe consensus amino acid sequence of aheavy chain of VRC07 with amino acid
substitutions at one or more of positions 137, G54, S58, and T93 (Kabat numbering).

SEQ ID NO: 41listhe amino acid sequence of aconsensus VRCO7 light chain.
X XVLTQSPGTLSLSPGETAX 5ISCRTSQY GSLAWY QQRPGQAPRLVIY SGSTRAAGIPDRFSGSRX JGPDYX (LT
ISNLESGDFGVYYCQQYEFFGQGTKVQX(DX K

wherein X | isE or no amino acid, X, is| or no amino acid, wherein X ;isT or I, X, isW or S, X5isN or T, X
isVorQ,andX;isl orN.

SEQ ID NO: 42 isthe amino acid sequence of aconsensus VRCO7 light chain.
X XXX, TQSPGTLSL SPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY SGSTRAAGIPDRFSGSRWGPDY X T
ISNLESGDFGVYYCQQYEFFGQGTKVQVDIK

wherein Xi isg, G, A or no amino acid, X,isl, G, A, or no amino acid, X5isV, G, A or no amino acid, X, is
L, G, A or no amino acid and X5 isN,For T.

SEQ ID NO: 43 isthe consensus amino acid sequence of alight chain variable domain.

SEQ ID NO: 44 isthe consensus amino acid sequence of alight chain variable domain.

SEQ ID NO: 45isthe amino acid sequence of apeptide.

10
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

46 isthe amino acid sequence of apeptide.

47 isthe amino acid sequence of a peptide.

48 isthe amino acid sequence of apeptide linker.

49 isthe nucleotide sequence of an oligonuclectide.

50 isthe amino acid sequence of the VRCO1hpL 02 light chain variable domain.

51 isthe amino acid sequence of the VRC0O1ghvL 05 light chain variable domain.

53 isthe amino acid sequence of the VRCOI light chain variable domain with deletion

of the El and 12 amino acids.

SEQ ID NO:

54 isthe amino acid sequence of the VRCOI light chain variable domain with deletion

of the El and 12 amino acids, and aN72T amino acid substitution.

SEQ ID NO:
SEQ ID NO:

55 is the amino acid sequence of the VRCO1hpL 02 light chain variable domain.
56 isthe amino acid sequence of the VRCO1hpL 02 light chain variable domain with

deletion of the El and 12 amino acids..

SEQ ID NOs: 57-100 are the nucleotide sequences of plasmids and plasmid inserts encoding
VRCO7 heavy chain variants, asindicated in Table 2.

SEQ ID NOs: 101-108 are the nucleotide and protein sequences of VRCO07 heavy chain variants, as

indicated in Table 3.

SEQ ID NOs: 109-194 are the nucleotide sequences of plasmids and plasmid inserts encoding
VRCO7 heavy chain and VRCOI light chain variants, asindicated in Table 2.

SEQ ID NO
SEQ ID NO

SEQ ID NO:
SEQ ID NO:

(VRCOL_gVH).

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

195 isthe amino acid sequence of IGHVI-2*02 germline.
196 is the amino acid sequence of the heavy chain variable domain of VRC4546.
197 isthe amino acid sequence of the heavy chain variable domain of VRCO02.

198 isthe amino acid sequence of VRCOI heavy chain germline sequence

199 isthe amino acid sequence of the VRC01_ghvHO3 heavy chain variable domain.
200 is the amino acid sequence of the VRC4546ghvHOL heavy chain variable domain.
201 isthe amino acid sequence of the VRC4546ghvH02 heavy chain variable domain.
202 isthe amino acid sequence of the VRCO07_gVH germline sequence.

203 isthe amino acid sequence of the VRCO7ghvHO1 heavy chain variable domain.
204 isthe amino acid sequence of the VRCO07ghvHO02 heavy chain variable domain.
205 isthe amino acid sequence of the VRCO07ghvHO04. 1 heavy chain variable domain.
206 isthe amino acid sequence of the VRCO7ghvH04.2 heavy chain variable domain.
207 isthe amino acid sequence of the VRCO7ghvHO05 heavy chain variable domain.
208 isthe amino acid seguence of the VRCOIgVL germline.

209 isthe amino acid sequence of the VRCOI ghvLOlI light chain variable domain.
210 isthe amino acid sequence of the VRCOI ghvL02 light chain variable domain.

211 isthe amino acid sequence of the VRCOI ghvL 04 light chain variable domain.

11
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domain.

domain.

domain.

domain.

domain.

domain.

domain.

domain.

domain.

domain.

SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ 1D NO:

SEQ ID NO:

SEQ 1D NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ 1D NO:

SEQ ID NO:

SEQ ID NO:

variable domain.

SEQ ID NO:

variable domain.

domain.

SEQ ID NO:

PCT/US2012/068827

212 isthe amino acid sequence of the VRCOIN72T light chain variable domain.

213 isthe amino acid sequence of the VRCO1ghvL 05 light chain variable domain.

214 isthe amino acid sequence of the VRC4546ghvL01 light chain variable domain.

215 isthe amino acid sequence of the VRC4546L light chain variable domain.

216 isthe amino acid sequence of the VRCO07ghvH05.1 heavy chain variable domain.

217 isthe amino acid sequence of the VRCO7ghvH05.2 heavy chain variable domain.

218 isthe amino acid sequence of the VRCO07ghvH05.3 heavy chain variable domain.

219 isthe amino acid sequence of the VRCOI El/I2del

220 isthe amino acid sequence of the VRCOI El/I2del

221 isthe amino acid sequence of the VRCOI El/I2del

222 isthe amino acid sequence of the VRCOI El/I2del

223 isthe amino acid sequence of the VRCOI El/I2del

224 isthe amino acid sequence of the VRCOI El/I2del

225 isthe amino acid sequence of the VRCOI El/I2del

226 isthe amino acid sequence of the VRCOI El/I2del

227 isthe amino acid sequence of the VRCOI El/I2del

V3E light chain variable

V3K light chain variable

V3Slight chain variable

FO7D light chain variable

FO7K light chain variable

FO7S light chain variable

FO7H light chain variable

V3E/F97S light chain variable

V3E/F97H light chain variable

228 isthe amino acid sequence of the VRCO1hpL 03 light chain variable domain.

229 isthe amino acid sequence of the VRCO1hpL 04 light chain variable domain.

230 isthe amino acid sequence of the VRCO1hpL 05 light chain variable domain.

231 isthe amino acid sequence of the VRCO1hpL 06 light chain variable domain.
232 isthe amino acid sequence of the VRCO1hpL02 El/12del V3S light chain variable

233 isthe amino acid sequence of the VRCOI hpL03 El/I2del V3S light chain

234 isthe amino acid sequence of the VRCOI hpL04 El/12del V3S light chain

235 isthe amino acid sequence of the VRCO1hpL 05 El/I2del V3S light chain variable

12
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SEQ 1D NO: 236 isthe amino acid sequence of the VRC0O1hpL06 El/I2del V3S light chain variable
domain.

SEQ 1D NO: 237 isthe amino acid sequence of the VRCO01hpL04 El/I2del V3E light chain variable
domain.

SEQ ID NO: 238 isaconsensus amino acid sequence of the VRCOI light chain variable domain
with one or more amino acid substitutions or deletions.

SEQ ID NO: 239 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del V3E light chain variable domain.

SEQ ID NO: 240 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del V3K light chain variable domain.

SEQ ID NO: 241 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del V3S light chain variable domain.

SEQ ID NO: 242 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del F97D light chain variable domain.

SEQ ID NO: 243 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del F97K light chain variable domain.

SEQ ID NO: 244 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del F97S light chain variable domain.

SEQ ID NO: 245 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del F97H light chain variable domain.

SEQ ID NO: 246 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del V3E/FI7S light chain variable domain.

SEQ ID NO: 247 isthe amino acid sequence of an antibody light chain including the VRCOI
El/12del V3E/FI7H light chain variable domain.

SEQ ID NO: 248 isthe amino acid sequence of an antibody light chain including the VRCO01hpL03
light chain variable domain.

SEQ ID NO: 249 isthe amino acid sequence of an antibody light chain including the VRC01hpL 04
light chain variable domain.

SEQ ID NO: 250 isthe amino acid sequence of an antibody light chain including the VRCO01hpL 05
light chain variable domain.

SEQ ID NO: 251 isthe amino acid sequence of an antibody light chain including the VRC01hpL 06
light chain variable domain.

SEQ ID NO: 252 isthe amino acid sequence of an antibody light chain including the VRCO01hpL 02
El/12del V3S light chain variable domain.

SEQ ID NO: 253 isthe amino acid sequence of an antibody light chain including the VRCO01hpL03
El/12del V3S light chain variable domain.

SEQ ID NO: 254 isthe amino acid sequence of an antibody light chain including the VRCO01hpL 04

13
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El/12del V3S light chain variable domain.

SEQ ID NO: 255 isthe amino acid sequence of an antibody light chain including the VRC01hpL 05
El/12del V3S light chain variable domain.

SEQ ID NO: 256 isthe amino acid sequence of an antibody light chain including the VRCO01hpL 06
El/12del V3S light chain variable domain.

SEQ ID NO: 257 isthe amino acid sequence of an antibody light chain including the VRCO01hpL 04
El/12del V3E light chain variable domain.

SEQ ID NO: 258 isthe amino acid sequence of the VRC0O7 G54H S58N heavy chain variable
domain.

SEQ ID NO: 259 isthe amino acid sequence of the VRCO7 137V G54H T93A heavy chain variable
domain.

SEQ ID NO: 260 isthe amino acid sequence of the VRCO7 137V G54H S58N T93A heavy chain

variable domain.

DETAILED DESCRIPTION

Broadly neutralizing HIV-1 antibodies (bNAbs), antibodies that can block infection of diverse HIV-
1strains, represent important but underdeveloped therapeutics for the prevention and treatment of AIDS.
bNADbs target conserved sites of vulnerability on the HIV-1 envelope (env) such as the CD4 binding site
(CD4bs). Thebl2 monoclonal antibody was for many years considered the prototype and optimal CD4bs
bNADb, athough it was only able to neutralize -40% of HIV-1 strains. In 2010, anew group of CD4bs
antibodies named VRCOI, VRCO02, and VRCO03 was disclosed. Of these, VRCOI was the most potent and
broad. In alarge neutralization panel (190 viruses), VRCOI neutralized 91% of viruses with an I1C, less than
50 pg/ml and 72% of viruses with an IC, less than 1 pg/ml (Wu et ah, Science, 329(5993):856-861, 2010).
Structural analyses have explained VRCOI 'shigh potency and breadth: VRCOI partially mimics the CD4
interaction with gpl20. Specifically, the mgjority of the gpl20 areatargeted by VRCOI is the highly
conserved site of initial CD4 attachment in the outer domain of gpl20, which allows VRCOI to bypass
conformational and glycan masking that impaired previously identified CD4bs bNAbs. Both the heavy and
light chain of VRCOI contribute to the binding of gpl20, with the CDRH2 providing the primary
interaction, and CDRL1, CDRL3, CDRH1, and CDRH3 providing additional contact points. It has been
shown that passive transfer of VRCOI protects against intrarectal or intravaginal simian-HIV (SHIV)
challenge in non-human primates.

Despite the success of VRCOI, thereis aneed for additional broadly neutralizing antibodies that can
inhibit HIV infection, particularly broadly neutralizing antibodies that have increased affinity for gpl20, but
not increase reactivity towards self antigens, compared to VRCOI.

Disclosed herein isthe identification of the VC07 monoclonal antibody, which specifically binds to
the CD4 binding site of the gpl20 protein of HIV, and is neutralizing. VRCO7 is aVVRCOI-like monoclonal

antibody, and includes anovel heavy chain ("VRCO07 heavy chain") cross complemented with the light chain
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of the VRCOI monoclonal antibody. VRCO7 has increased binding affinity for gpl 20, but does not have
significantly increased self-reactivity, for example, compared to VRCOI. Further disclosed herein are
variants of the VRCO7 heavy chain and the VRCOI light chain, and cross-complemented monoclonal
antibodies including such variants that have increased binding affinity for gpl20, but are not self-reactive or
have low self reactivity compared to acontrol. In severa embodiments, the disclosed variants of the
VRCO07 heavy chain and the VRCOI light chain include framework region amino acid substitutions
(compared to VRCO7 heavy chain or VRCOI light chain), but only include up to two amino acid
substitutions in the CDRs (compared to VRCO7 heavy chain or VRCOI light chain). Thus, disclosed herein
is aclass of monoclonal antibodies that have increased binding affinity for gpl20, and are not self-reactive
or have low self reactivity. In some embodiments, the disclosed antibodies further are not immunogenic, or
have low immunogenicity.

The person of ordinary skill in the art will appreciate that the disclosed antibodies have utility, for

example, astherapeutic agents for treatment and prevention of HIV infection

/. Terms

Unless otherwise noted, technical terms are used according to conventional usage. Definitions of
common terms in molecular biology can be found in Benjamin Lewin, Genes VII, published by Oxford
University Press, 1999; Kendrew et al. (eds.), The Encyclopedia d Molecular Biology, published by
Blackwell Science Ltd., 1994; and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a
Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995; and other similar references.

Asused herein, the term "comprises” means "includes.” Thus, "comprising an antigen” means
"including an antigen" without excluding other elements.

It isfurther to be understood that any and all base sizes or amino acid sizes, and all molecular
weight or molecular mass values, given for nucleic acids or polypeptides are approximate, and are provided
for descriptive purposes, unless otherwise indicated. Although many methods and materials similar or
eguivalent to those described herein can be used, particular suitable methods and materials are described
below. In case of conflict, the present specification, including explanations of terms, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to be limiting.

To facilitate review of the various embodiments, the following explanations of terms are provided:

Administration: The introduction of acomposition into a subject by achosen route. Administration
can belocal or systemic. For example, if the chosen route isintravenous, the composition is administered by
introducing the composition into avein of the subject. In some examples adisclosed antibody specific for
an HIV protein or polypeptide, or anucleic acid encoding the antibody, is administered to a subject.

Agent: Any substance or any combination of substances that isuseful for achieving an end or
result; for example, a substance or combination of substances useful for inhibiting HIV infection in a subject.
Agents include proteins, nucleic acid molecules, compounds, small molecules, organic compounds,

inorganic compounds, or other molecules of interest. An agent can include atherapeutic agent (such as an
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anti-retroviral agent), adiagnostic agent or a pharmaceutical agent. In some embodiments, the agentisa
polypeptide agent (such as aHIV-neutralizing antibody), or an anti-viral agent. The skilled artisan will
understand that particular agents may be useful to achieve more than one result.

Amino acid substitution: The replacement of one amino acid in apolypeptide with a different
amino acid.

Amplification: A technigue that increases the number of copies of anucleic acid molecule (such as
an RNA or DNA). Anexample of amplification isthe polymerase chain reaction, in which abiological
sample is contacted with apair of oligonucleotide primers, under conditions that allow for the hybridization
of the primers to anucleic acid template in the sample. The primers are extended under suitable conditions,
dissociated from the template, and then re-annealed, extended, and dissociated to amplify the number of
copies of the nucleic acid. The product of amplification can be characterized by electrophoresis, restriction
endonuclease cleavage patterns, oligonucleotide hybridization or ligation, and/or nucleic acid sequencing
using standard techniques. Other examples of amplification include strand displacement amplification, as
disclosed in U.S. Patent No. 5,744,311, transcription-free isothermal amplification, asdisclosed in U.S.
Patent No. 6,033,881, repair chain reaction amplification, as disclosed in WO 90/01069; ligase chain
reaction amplification, asdisclosed in EP-A-320 308; gap filling ligase chain reaction amplification, as
disclosed in U.S. Patent No. 5,427,930; and NASBA™ RNA transcription-free amplification, asdisclosed in
U.S. Patent No. 6,025,134.

Animal: Living multi-cellular vertebrate organisms, acategory that includes, for example, mammals
and birds. The term mammal includes both human and non-human mammals. Similarly, the term "subject"
includes both human and veterinary subjects.

Antibody: A polypeptide substantially encoded by an immunoglobulin gene or immunoglobulin
genes, or antigen binding fragments thereof, which specifically binds and recognizes an analyte (antigen)
such as gpl20 or an antigenic fragment of gpl20. Immunoglobulin genes include the kappa, lambda, alpha,
gamma, delta, epsilon and mu constant region genes, as well as the myriad immunoglobulin variable domain
genes.

Antibodies exist, for example as intact immunoglobulins and as antigen binding fragments produced
by digestion with various peptidases. For instance, Fabs, Fvs, and single-chain Fvs (scFvs) that specifically
bind to gpl20 or fragments of gpl20 (that include the epitope bound by the originating antibody) would be
gpl20-specific binding agents. A scFv protein isafusion protein in which alight chain variable domain of
an immunoglobulin and aheavy chain variable domain of an immunoglobulin are bound by alinker, while
in dsFvs, the chains have been mutated to introduce adisulfide bond to stabilize the association of the
chains. The term also includes genetically engineered forms such as chimeric antibodies (such as humanized
murine antibodies), heteroconjugate antibodies such as bispecific antibodies). See also, Pierce Catalog and
Handbook, 1994-1995 (Pierce Chemica Co., Rockford, IL); Kuby, J., Immunology, 39 Ed., W.H. Freeman
& Co., New York, 1997.
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Examples of antigen-binding antibody fragments include: (1) Fab, the fragment which contains a
monovalent antigen-binding fragment of an antibody molecule produced by digestion of whole antibody
with the enzyme papain to yield an intact light chain and a portion of one heavy chain; (2) Fab', the fragment
of an antibody molecule obtained by treating whole antibody with pepsin, followed by reduction, to yield an
intact light chain and aportion of the heavy chain; two Fab' fragments are obtained per antibody molecule;
(3) (Fab),, the fragment of the antibody obtained by treating whole antibody with the enzyme pepsin
without subsequent reduction; (4) F(ab'),, adimer of two Fab' fragments held together by two disulfide
bonds; (5) Fv, agenetically engineered fragment containing the variable domain of the light chain and the
variable domain of the heavy chain expressed astwo chains; and (6) single chain antibody ("SCA"), a
genetically engineered molecule containing the variable domain of the light chain, the variable domain of the
heavy chain, linked by a suitable polypeptide linker as a genetically fused single chain molecule. The term
"antibody," as used herein, also includes antibody fragments either produced by the modification of whole
antibodies or those synthesized de novo using recombinant DNA methodologies.

Typicaly, anaturaly occurring immunoglobulin has heavy (H) chains and light (L) chains
interconnected by disulfide bonds. There are two types of light chain, lambda (A) and kappa (k). There are
five main heavy chain classes (or isotypes) which determine the functional activity of an antibody molecule:
IgM, IgD, IgG, IgA and IgE.

Each heavy and light chain contains a constant region and avariable region, (the regions are aso
known as "domains"). In several embodiments, the heavy and the light chain variable domains combine to
specifically bind the antigen. In additional embodiments, only the heavy chain variable domain isrequired.
For example, naturally occurring camelid antibodies consisting of aheavy chain only are functional and
stable in the absence of light chain (see, e.g., Hamers-Casterman et al, Nature, 363:446-448, 1993; Sheriff
etal, Nat. Sruct. Biol, 3:733-736, 1996). Light and heavy chain variable domains contain a "framework"
region interrupted by three hypervariable regions, aso caled "complementarity-determining regions' or
"CDRS' (seg, e.g., Kabat et al., Sequences d Proteins d Immunological Interest, U.S. Department of Health
and Human Services, 1991). The sequences of the framework regions of different light or heavy chains are
relatively conserved within a species. The framework region of an antibody, that is the combined
framework regions of the constituent light and heavy chains, serves to position and align the CDRs in three-
dimensional space.

The CDRs are primarily responsible for binding to an epitope of an antigen. The amino acid
seguence boundaries of agiven CDR can be readily determined using any of anumber of well-known
schemes, including those described by Kabat et a. ("Sequences of Proteins of Immunological Interest,” 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, MD, 1991; "Kabat" numbering scheme),
Al-Lazikani et a., (IMB 273,927-948, 1997; "Chothia' numbering scheme), and Lefranc et a. ("EVICT
unique numbering for immunoglobulin and T cell receptor variable domains and Ig superfamily V-like

domains,” Dev. Comp. Immunol., 27:55-77, 2003; "EVICT" numbering scheme).
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The CDRs of each chain are typically referred to as CDR1, CDR2, and CDR3 (from the N-terminus
to C-terminus), and are also typically identified by the chain in which the particular CDR islocated. Thus, a
V| CDR3 isthe CDR3 from the variable domain of the heavy chain of the antibody in which it isfound,
whereas aV| CDRL1 isthe CDR1 from the variable domain of the light chain of the antibody in whichitis
found. Light chain CDRs are sometimes referred to as LCDR1, LCDR2, and LCDR3. Heavy chain CDRs
are sometimes referred to as LCDR1, LCDR2, and LCDRS3.

References to "V " or "VH" refer to the variable domain of an immunoglobulin heavy chain,
including that of an antibody fragment, such as Fv, scFv, dsFv or Fab. References to "V, " or "VL" refer to
the variable domain of an immunoglobulin light chain, including that of an Fv, scFv, dsFv or Fab.

A "monoclonal antibody" is an antibody produced by a single clone of B-lymphocytes or by acell
into which the light and heavy chain genes of a single antibody have been transfected. Monoclonal
antibodies are produced by methods known to those of skill in the art, for instance by making hybrid
antibody-forming cells from afusion of myeloma cells with immune spleen cells. These fused cells and their
progeny are termed "hybridomas." Monoclonal antibodies include humanized and fully human monoclonal
antibodies. In some examples monaoclonal antibodies are isolated from a subject. The amino acid sequences
of such isolated monoclona antibodies can be determined.

A "humanized" immunoglobulin is an immunoglobulin including a human framework region and
one or more CDRs from a non-human (such as amouse, rat, or synthetic) immunoglobulin. The non-human
immunoglobulin providing the CDRs istermed a"donor," and the human immunoglobulin providing the
framework istermed an "acceptor." In one embodiment, all the CDRs are from the donor immunoglobulin in
ahumanized immunoglobulin. Constant regions need not be present, but if they are, they must be
substantially identical to human immunoglobulin constant regions, such as at least about 85-90%, such as
about 95% or more identical. Hence, all parts of ahumanized immunoglobulin, except possibly the CDRs,
are substantially identical to corresponding parts of natural human immunoglobulin sequences. A
"humanized antibody" is an antibody including a humanized light chain and a humanized heavy chain
immunoglobulin. A humanized antibody binds to the same antigen as the donor antibody that provides the
CDRs. The acceptor framework of ahumanized immunoglobulin or antibody may have alimited number of
substitutions by amino acids taken from the donor framework. Humanized or other monoclonal antibodies
can have additional conservative amino acid substitutions, such asin the framework region, which have
substantially no effect on antigen binding or other immunoglobulin functions. Humanized immunoglobulins
can be constructed by means of genetic engineering (for example, see U.S. Patent No. 5,585,089).

Antibody Scaffold: Refersto aheterologous protein that is engrafted with one or more CDRs from
an antibody of interest on its surface. Transplantation of the CDRs can performed computationally in a
manner that preserves itsrelevant structure and conformation. Mutations within the acceptor scaffold are
made in order to accommodate the CDR graft.

Antibody Immunogenicity: A property of an antibody, whereby the antibody generates an immune

response when administered to a subject, such as ahuman subject. In several embodiments, adisclosed
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antibody is not immunogenic or has low immunogenicity, for example, a disclosed antibody is not
significantly more immunogenic compared to a standard control, or areference antibody. Methods of
determining the immunogenicity of an antibody are known to the person of ordinary skill in the art (seg, eg.,
Krieckaert et al, Current Opin Rheumatol., 24:306-311, 2012; Stas and Lasters, IDrugs, 12:169-173, 2009).
In one non-limiting example, immunogenicity can be determined by assaying plasma or serum from atest
subject using an ELISA against the antibody of interest.

Antibody self-reactivity or autoreactivity: A property of an antibody, whereby the antibody reacts
with self-epitopes, that is epitopes of proteins and/or lipids that are produced by the subject. An antibody
that does not have self-reactivity does not substantially bind to epitopes or lipids present on the membrane of
acell from asubject. Methods of determining if an antibody reacts with self epitopes are known to the
person of ordinary skill in the art and described herein (for example, in Examples 1and 8). In one example,
antibody self reactivity isevaluated using an anti-cardiolipin assay or an anti-nuclear antigen (ANA) assay.
The anti-ANA assay can include an anti-ANA LUMINEX® assay or an ANA cell-staining assay, for
example. In severa embodiments, adisclosed antibody is not self-reactive (or autoreactive), or is minimally
self-reactive. In one non-limiting example, adisclosed antibody is not significantly more self-reactive
compared to the VRCOI antibody, for example as measured using an anti-ANA LUMINEX® assay or an
ANA cell-staining assay. In another non-limiting example, adisclosed antibody noes not have self reactivity
above background levels, for example, as measured using an anti-ANA LUMINEX® assay or an ANA cdll-
staining assay.

Antigen: A polypeptide that can stimulate the production of antibodies or aT cell response in an
animal, including polypeptides that are injected or absorbed into an animal. An antigen reacts with the
products of specific humoral or cellular immunity, including those induced by heterologous antigens, such as
the disclosed antigens. "Epitope" or "antigenic determinant” refers to the region of an antigen to which B
and/or T cellsrespond. In one embodiment, T cells respond to the epitope, when the epitope is presented in
conjunction with an MHC molecule. Epitopes can be formed both from contiguous amino acids or
noncontiguous amino acidsjuxtaposed by tertiary folding of aprotein. Epitopes formed from contiguous
amino acids are typically retained on exposure to denaturing solvents whereas epitopes formed by tertiary
folding are typically lost on treatment with denaturing solvents. An epitope typically includes at least 3, and
more usually, at least 5, about 9, or about 8-10 amino acids in aunique spatial conformation. Methods of
determining spatial conformation of epitopes include, for example, x-ray crystallography and nuclear
magnetic resonance.

Immunogenic polypeptides and immunogenic peptides are non-limiting examples of antigens. In
some examples, antigens include polypeptides derived from apathogen of interest, such asavirus. An
antigen that can stimulate the production of antibodies or aT cell response in a subject to a polypeptide
expressed by avirusisavira antigen. An"HIV antigen" can stimulate the production of antibodies or aT
cell response in asubject to apolypeptide expressed by HIV. In some embodiments, an HIV antigenis a
polypeptide expressed by HIV, such asHIV ENV, or afragment thereof, such as gpl20.
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A "target epitope” is aspecific epitope on an antigen that specifically binds an antibody of interest,
such as amonoclona antibody. In some examples, atarget epitope includes the amino acid residues that
contact the antibody of interest, such that the target epitope can be selected by the amino acid residues
determined to be in contact with the antibody of interest.

Antigenic surface: A surface of amolecule, for example aprotein such asagpl20 protein or
polypeptide, capable of eliciting an immune response. An antigenic surface includes the defining features of
that surface, for example the three-dimensional shape and the surface charge. An antigenic surface includes
both surfaces that occur on gpl20 polypeptides as well as surfaces of compounds that mimic the surface of a
gpl20 polypeptide (Mimetics). In some examples, an antigenic surface includes al or part of the surface of
gpl20 that binds to the CD4 receptor.

Anti-retroviral agent: An agent that specifically inhibits aretrovirus from replicating or infecting
cells. Non-limiting examples of antiretroviral drugs include entry inhibitors (e.g. , enfuvirtide), CCR5
receptor antagonists (e.g. , aplaviroc, vicriviroc, maraviroc), reverse transcriptase inhibitors (e.g. , lamivudine,
zidovudine, abacavir, tenofovir, emtricitabine, efavirenz), protease inhibitors (e.g. , lopivar, ritonavir,
raltegravir, darunavir, atazanavir), maturation inhibitors (e.g. , alphainterferon, bevirimat and vivecon).

Anti-retroviral therapy (ART): A therapeutic treatment for HIV infection involving
administration of at least one anti-retroviral agents (e.g. , one, two, three or four anti-retroviral agents) to an
HIV infected individual during acourse of treatment. Non-limiting examples of antiretroviral agents include
entry inhibitors (e.g. , enfuvirtide), CCRS5 receptor antagonists (e.g. , aplaviroc, vicriviroc, maraviroc), reverse
transcriptase inhibitors (e.g. , lamivudine, zidovudine, abacavir, tenofovir, emtricitabine, efavirenz), protease
inhibitors (e.g. , lopivar, ritonavir, raltegravir, darunavir, atazanavir), maturation inhibitors (e.g. , apha
interferon, bevirimat and vivecon). One example of an ART regimen includes treatment with a combination
of tenofovir, emtricitabine and efavirenz. In some examples, ART includes Highly Active Anti-Retroviral
Therapy (HAART).

Atomic Coordinates or Structure coordinates: Mathematical coordinates derived from
mathematical equations related to the patterns obtained on diffraction of a monochromatic beam of X-rays
by the atoms (scattering centers) such as an antigen, or an antigen in complex with an antibody. In some
examples that antigen can be gpl20, agp120:antibody complex, or combinations thereof in acrystal. The
diffraction data are used to calculate an electron density map of the repeating unit of the crystal. The electron
density maps are used to establish the positions of the individual atoms within the unit cell of the crystal. In
one example, the term "structure coordinates’ refers to Cartesian coordinates derived from mathematical
equations related to the patterns obtained on diffraction of amonochromatic beam of X-rays, such asby the
atoms of agp120in crystal form.

Those of ordinary skill in the art understand that a set of structure coordinates determined by X-ray
crystallography is not without standard error. For the purpose of this disclosure, any set of structure
coordinates that have aroot mean square deviation of protein backbone atoms (N, Ca, C and 0) of less than

about 1.0 Angstroms when superimposed, such as about 0.75, or about 0.5, or about 0.25 Angstroms, using
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backbone atoms, shall (in the absence of an explicit statement to the contrary) be considered identical.

Binding affinity: Affinity of an antibody or antigen binding fragment thereof for an antigen. In one
embodiment, affinity is calculated by amodification of the Scatchard method described by Frankel et dl.,
Mol. Immunol., 16:101-106, 1979. In another embodiment, binding affinity is measured by an
antigen/antibody dissociation rate. In yet another embodiment, ahigh binding affinity is measured by a
competition radioimmunoassay. In several examples, ahigh binding affinity isat least about 1x 10® M. In
other embodiments, ahigh binding affinity is at least about 1.0 x 10+, at least about 5.0 x 1078, at least about
1.0 X 109, at least about 1.5 x 107, at least about 2.0 x 107, at least about 2.5 x 10, or at least about 3.0 x
10°°.

Bispecific antibody: A recombinant molecule composed of two different antigen binding domains
that consequently bind to two different antigenic epitopes. Bispecific antibodies include chemically or
genetically linked molecules of two antigen-binding domains. The antigen binding domains can be linked
using alinker. The antigen binding domains can be monoclonal antibodies, antigen-binding fragments (e.g.,
Fab, scFv), eAds, bispecific single chain antibodies or combinations thereof. A bispecific antibody can
include one or more constant domains, but does not necessarily include a constant domain. An example of a
bispecific antibody is abispecific single chain antibody including a scFv that specifically binds to gpl20
joined (via apeptide linker) to ascFv that specifically binds to an antigen other than gpl20. Another
example is abispecific antibody including a Fab that specifically binds to gp120joined to a scFv that
specifically binds to an antigen other than gpl 20.

CD4: Cluster of differentiation factor 4 polypeptide; a T-cell surface protein that mediates
interaction with the MHC class || molecule. CD4 also serves as the primary receptor site for HIV on T-cdlls
during HIV infection. CD4 isknown to bind to gpl20 from HIV. The known sequence of the CD4 precursor
has ahydrophobic signal peptide, an extracellular region of approximately 370 amino acids, ahighly
hydrophobic stretch with significant identity to the membrane-spanning domain of the class || MHC beta
chain, and ahighly charged intracellular sequence of 40 resides (Maddon, Cell 42:93, 1985).

The term "CD4" includes polypeptide molecules that are derived from CD4 include fragments of
CD4, generated either by chemical (for example enzymatic) digestion or genetic engineering means. Such a
fragment may be one or more entire CD4 protein domains. The extracellular domain of CD4 consists of four
contiguous immunoglobulin-like regions (DI, D2, D3, and D4, see Sakihama et al, Proc. Natl. Acad. ci.
92:6444, 1995; U.S. Patent No. 6,117,655), and amino acids 1to 183 have been shown to beinvolved in
gpl20 binding. For instance, abinding molecule or binding domain derived from CD4 would include a
sufficient portion of the CD4 protein to mediate specific and functional interaction between the binding
fragment and a native or viral binding site of CD4. One such binding fragment includes both the DI and D2
extracellular domains of CD4 (D1D2 is also afragment of soluble CD4 or sCD4 which is comprised of DI
D2 D3 and D4), although smaller fragments may also provide specific and functional CD4-like binding. The
gpl20-binding site has been mapped to DI of CDA4.
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CD4 polypeptides also include "CD4-derived molecules” which encompasses analogs (non-protein
organic molecules), derivatives (chemically functionalized protein molecules obtained starting with the
disclosed protein sequences) or mimetics (three-dimensionally similar chemicals) of the native CD4
structure, aswell as proteins sequence variants or genetic alleles that maintain the ability to functionally bind
to atarget molecule.

CD4 binding site (CD4BS) antibodies: Antibodies that bind to or substantially overlap the CD4
binding surface of agpl20 polypeptide. The antibodies interfere with or prevent CD4 from binding to a
gpl20 polypeptide.

Chimeric antibody: An antibody which includes sequences derived from two different antibodies,
such as from different species. In some examples, achimeric antibody includes one or more CDRs and/or
framework regions from one human antibody and CDRs and/or framework regions from another human
antibody.

Clonal variant: Any sequence, which differs by one or more nucleotides or amino acids, in
presence of V region with identical mutations compared to the germline, identical VDJ or VJ gene usage,
and identical D and Jlength. The "germline” sequence isintended to be the sequence coding for the
antibody/immunoglobulin (or of any fragment thereof) deprived of mutations, for example somatic
mutations. The percentage of homology represents an indication of the mutational events which any type of
heavy chain portion undergoes after contact with an antigen.

Conjugate: A complex of two molecules linked together, for example, linked together by a
covalent bond. In one embodiment, an antibody islinked to an effector molecule; for example, an antibody
that specifically binds to gpl20 covalently linked to an effector molecule or to atoxin. The linkage can be
by chemical or recombinant means. In one embodiment, the linkage is chemical, wherein areaction
between the antibody moiety and the effector molecule has produced acovalent bond formed between the
two molecules to form one molecule. A peptide linker (short peptide sequence) can optionally be included
between the antibody and the effector molecule. Because conjugates can be prepared from two molecules
with separate functionalities, such as an antibody and an effector molecule, they are also sometimes referred
to as "chimeric molecules." In one embodiment, an antibody linked to an effector molecule is further joined
to alipid or other molecule to aprotein or peptide to increase its half-life in the body.

Contacting: Placement in direct physical association; includes both in solid and liquid form, which
can take place either in vivo or in vitro. Contacting includes contact between one molecule and another
molecule, for example the amino acid on the surface of one polypeptide, such as an antigen, that contacts
another polypeptide, such as an antibody. Contacting can also include contacting acell for example by
placing an antibody in direct physical association with acell.

Control: A reference standard. In some embodiments, the control is a negative control, such as
sample obtained from ahealthy patient not infected with HIV. In other embodiments, the control isa
positive control, such as atissue sample obtained from apatient diagnosed with HIV infection. In still other

embodiments, the control is ahistorical control or standard reference value or range of values (such as a
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previously tested control sample, such as agroup of HIV patients with known prognosis or outcome, or
group of samples that represent basdline or normal values).

A difference between atest sample and acontrol can be an increase or conversely adecrease. The
difference can be aqualitative difference or a quantitative difference, for example a statistically significant
difference. In some examples, adifference isan increase or decrease, relative to acontrol, of at least about
5%, such as at least about 10%, at least about 20%, at |east about 30%, at |east about 40%, at |east about
50%, at least about 60%, at |east about 70%, at least about 80%, at |east about 90%, at |east about 100%, at
|east about 150%, at |east about 200%, at least about 250%, at least about 300%, at least about 350%, at |east
about 400%, or at least about 500%.

Cross complementation: Formation of an antibody including aheavy and light chain variable
domains using aheavy chain variable domain of an antibody that specifically binds an epitope of an antigen
of interest from first antibody and alight chain variable domain of an antibody that specifically binds the
same epitope from a second antibody, wherein the antibody that is formed from the heavy chain variable
domain and the light chain variable domain retains its ability to bind the epitope and wherein the first and
the second antibodies are different antibodies. Thus, in cross complementation, the light chain variable
domains and the heavy chain variable domains that form an antibody are from different sources, but the
chimeric antibody that isformed still binds the epitope. In one embodiment, the antigen is gpl20. In one
embodiment an antibody that specifically binds to gpl20 includes aheavy chain cross-complemented with a
light chain, wherein the heavy chain includes the heavy chain variable domain of VRCO07 (SEQ ID NO: 2)
and the light chain includes the light chain variable domain of VRCOI (SEQ ID NO: 9).

Cytotoxicity: The toxicity of amolecule, such as an immunotoxin, to the cells intended to be
targeted, as opposed to the cells of the rest of an organism. In one embodiment, in contrast, the term
"toxicity" refers to toxicity of an immunotoxin to cells other than those that are the cells intended to be
targeted by the targeting moiety of the immunotoxin, and the term "animal toxicity" refers to toxicity of the
immunotoxin to an animal by toxicity of the immunotoxin to cells other than those intended to be targeted
by the immunotoxin.

Detectable marker: A detectable molecule (also known as alabel) that is conjugated directly or
indirectly to a second molecule, such as an antibody, to facilitate detection of the second molecule. For
example, the detectable marker can be capable of detection by ELISA, spectrophotometry, flow cytometry,
microscopy or diagnostic imaging techniques (such as CT scans, MRIs, ultrasound, fiberoptic examination,
and laparoscopic examination). Specific, non-limiting examples of detectable markers include fluorophores,
fluorescent proteins, chemiluminescent agents, enzymatic linkages, radioactive isotopes and heavy metals or
compounds (for example super paramagnetic iron oxide nanocrystals for detection by MRI). Inone
example, a"labeled antibody" refers to incorporation of another molecule in the antibody. For example, the
label is adetectable marker, such as the incorporation of aradiolabeled amino acid or attachment to a
polypeptide of biotinyl moieties that can be detected by marked avidin (for example, streptavidin containing

afluorescent marker or enzymatic activity that can be detected by optical or colorimetric methods). Various
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methods of labeling polypeptides and glycoproteins are known in the art and may be used. Examples of
labels for polypeptides include, but are not limited to, the following: radioisotopes or radionuclides (such as
35S or 1), fluorescent labels (such as fluorescein isothiocyanate (FITC), rhodamine, lanthanide phosphors),
enzymatic labels (such as horseradish peroxidase, beta-galactosidase, luciferase, alkaline phosphatase),
chemiluminescent markers, biotinyl groups, predetermined polypeptide epitopes recognized by a secondary
reporter (such as aleucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags), or magnetic agents, such as gadolinium chelates. In some embodiments, labels are
attached by spacer arms of various lengths to reduce potential steric hindrance. Methods for using
detectable markers and guidance in the choice of detectable markers appropriate for various purposes are
discussed for example in Sambrook et al. (Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,
New York, 1989) and Ausubel et al. (In Current Protocols in Molecular Biology, John Wiley & Sons, New
York, 1998).

Detecting: To identify the existence, presence, or fact of something. General methods of detecting
are known to the skilled artisan and may be supplemented with the protocols and reagents disclosed herein.
For example, included herein are methods of detecting acell that expresses gpl20 in a subject.

DNA sequencing: The process of determining the nucleotide order of agiven DNA molecule. The
general characteristics of " deep sequencing” are that genetic material is amplified, such asby polymerase
chain reaction, and then the amplified products are ligated to a solid surface. The sequence of the amplified
target genetic material isthen performed in parallel and the sequence information is captured by a computer.
Generaly, the sequencing can be performed using automated Sanger sequencing (AB 13730x1 genome
analyzer), pyrosegquencing on asolid support (454 sequencing, Roche), sequencing-by-synthesis with
reversible terminations (ILLUMINA® Genome Anayzer), sequencing-by-ligation (ABI SOLiD®) or
sequencing-by-synthesis with virtual terminators (HELISCOPE®). .

In some embodiments, DNA sequencing isperformed using achain termination method developed
by Frederick Sanger, and thus termed "Sanger based sequencing” or "SBS." This technique uses sequence-
specific termination of a DNA synthesis reaction using modified nucleotide substrates. Extension isinitiated
at a specific site on the template DNA by using a short oligonucleotide primer complementary to the
template at that region. The oligonuclectide primer isextended using DNA polymerase in the presence of
the four deoxynucleotide bases (DNA building blocks), aong with alow concentration of achain
terminating nucleotide (most commonly a di-deoxynucleotide). Limited incorporation of the chain
terminating nucleotide by the DNA polymerase results in aseries of related DNA fragments that are
terminated only at positions where that particular nucleotide ispresent. The fragments are then size-
separated by electrophoresis apolyacrylamide gel, or in anarrow glass tube (capillary) filled with aviscous
polymer. An alternative to using alabeled primer isto use labeled terminators instead; this method is
commonly called "dye terminator sequencing."

"Pyrosequencing” isan array based method, which has been commercialized by 454 Life Sciences
(Branford, CT). In some embodiments of the array-based methods, single-stranded DNA is annealed to
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beads and amplified via EmMPCR®. These DNA-bound beads are then placed into wells on afiber-optic chip
along with enzymes that produce light in the presence of ATP. When free nucleotides are washed over this
chip, light is produced asthe PCR amplification occurs and ATP is generated when nucleotides join with
their complementary base pairs. Addition of one (or more) nucleotide(s) results in areaction that generates a
light signal that is recorded, such as by the charge coupled device (CCD) camera, within the instrument. The
signal strength isproportional to the number of nucleotides, for example, homopolymer stretches,
incorporated in a single nucleotide flow.

Effector molecule: The portion of achimeric molecule that isintended to have a desired effect on a
cell or protein to which the chimeric molecule istargeted. Effector molecule is also known as an effector
moiety, therapeutic agent, or diagnostic agent, or similar terms.

Epitope: An antigenic determinant. These are particular chemical groups or peptide sequences on a
molecule that are antigenic, i.e. that elicit a specific immune response. An antibody specifically binds a
particular antigenic epitope on apolypeptide. In some examples adisclosed antibody specifically binds to an
epitope on the surface of gpl20 from HIV.

Epitope Scaffold: Refers to aheterologous protein that is engrafted with aforeign epitope of
interest on its surface. Transplantation of the epitope isperformed computationally in a manner that
preserves its relevant structure and conformation. Mutations within the acceptor scaffold are made in order
to accommodate the epitope graft. The graft can be modified to represent the sequences of different clades
and strains.

Fc polypeptide: The polypeptide including the constant region of an antibody excluding the first
constant region immunoglobulin domain. Fc region generally refers to the last two constant region
immunoglobulin domains of IgA, IgD, and 1gG, and the last three constant region immunoglobulin domains
of IgE and IgM. An Fc region may also include part or al of the flexible hinge N-terminal to these domains.
For IgA and IgM, an Fc region may or may not include the tailpiece, and may or may not be bound by the J
chain. For IgG, the Fc region includes immunoglobulin domains Cgamma2 and Cgamma3 (Cy2 and Cy3)
and the lower part of the hinge between Cgammal (Cyl) and Cy2. Although the boundaries of the Fc region
may vary, the human IgG heavy chain Fc region is usually defined to include residues C226 or P230 to its
carboxyl-terminus, wherein the numbering is according to the EU index asin Kabat. For IgA, the Fc region
includes immunoglobulin domains Calpha2 and Calpha3 (Ca2 and Ca3) and the lower part of the hinge
between Calphal (Cal) and Ca2. Encompassed within the definition of the Fc region are functionally
equivalent analogs and variants of the Fc region. A functionally equivalent analog of the Fc region may be a
variant Fc region, including one or more amino acid modifications relative to the wild-type or naturally
existing Fc region. Variant Fc regions will possess at least 50% homology with anaturally existing Fc
region, such as about 80%, and about 90%, or at least about 95% homology. Functionally equivalent analogs
of the Fc region may include one or more amino acid residues added to or deleted from the N- or C-termini
of the protein, such as no more than 30 or no more than 10 additions and/or deletions. Functionally

equivalent analogs of the Fc region include Fc regions operably linked to afusion partner. Functionally
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equivalent analogs of the Fc region must include the majority of al of the Ig domains that compose Fc
region as defined above; for example IgG and IgA Fc regions as defined herein must include the magjority of
the sequence encoding CH,, and the majority of the sequence encoding CH,. Thus, the CH,domain on its
own, or the CH5 domain on its own, are not considered Fc region. The Fc region may refer to this region in
isolation, or thisregion in the context of an Fc fusion polypeptide (immunoadhesin, see below).

Framework Region: Amino acid sequences interposed between CDRs. Includes variable light and
variable heavy framework regions. The framework regions serve to hold the CDRs in an appropriate
orientation for antigen binding.

gpl20: An envelope protein from Human Immunodeficiency Virus (HIV). This envelope protein is
initially synthesized as alonger precursor protein of 845-870 amino acids in size, designated gpl60. gpl60
iscleaved by acellular protease into gpl20 and gp4l. gpl20 contains most of the external, surface-exposed,
domains of the HIV envelope glycoprotein complex, and it is gpl20 which binds both to cellular CD4
receptors and to cellular chemokine receptors (such as CCR5).

The mature gpl20 wildtype polypeptides have about 500 amino acids in the primary sequence.
gpl20 isheavily N-glycosylated giving rise to an apparent molecular weight of 120 kD. The polypeptide is
comprised of five conserved regions (C1-C5) and five regions of high variability (V1-V5). Exemplary
sequence of wt gpl20 polypeptides are shown on GENBANK®, for example accession numbers AAB05604
and AAD12142 (as available on October 16, 2009), incorporated by reference herein. It isunderstood that
there are numerous variation in the sequence of gpl20 from what is given in GENBANK®, for example
accession numbers AAB05604 and AAD12142, and that these variants are skill recognized in the art as
gpl 20.

The gpl20 core has amolecular structure, which includes two domains. an "inner" domain (which
faces gp41) and an "outer" domain (which ismostly exposed on the surface of the oligomeric envelope
glycoprotein complex). The two gpl20 domains are separated by a "bridging sheet" that is not part of either
domain. The gpl20 core includes 25 beta strands, 5 alphahelices, and 10 defined loop segments.

The third variable domain referred to herein asthe V3 loop is aloop of about 35 amino acids critical
for the binding of the co-receptor and determination of which of the co-receptors will bind. In certain
examples the V 3 loop includes residues 296-331.

HIV Enveope protein (Env): The HIV envelope protein isinitially synthesized as alonger
precursor protein of 845-870 amino acids in size, designated gpl60. gpl60 forms ahomotrimer and
undergoes glycosylation within the Golgi apparatus. In vivo, it isthen cleaved by acellular protease into
gpl20 and gp4l. gpl20 contains most of the external, surface-exposed, domains of the HIV envelope
glycoprotein complex, and it is gpl20 which binds both to cellular CD4 receptors and to cellular chemokine
receptors (such as CCR5). gp4l contains atransmembrane domain and remains in atrimeric configuration;
it interacts with gp 120 in anon-covalent manner.

Host cells: Cdllsin which avector can be propagated and its DNA expressed, for example a
disclosed antibody can be expressed in ahost cell. The cell may be prokaryotic or eukaryotic. The term also

26



WO 2013/086533 PCT/US2012/068827

includes any progeny of the subject host cell. It isunderstood that all progeny may not be identical to the
parental cell since there may be mutations that occur during replication. However, such progeny are
included when the term "host cell” isused.

Human Immunodeficiency Virus (HIV): A retrovirus that causes immunosuppression in humans
(HIV disease), and leads to a disease complex known as the acquired immunodeficiency syndrome (AIDS).
"HIV disease" refers to awell-recognized constellation of signs and symptoms (including the development
of opportunistic infections) in persons who are infected by an HIV virus, as determined by antibody or
western blot studies. Laboratory findings associated with this disease include aprogressive decline in T
cells. HIV includes HIV type 1 (HIV-1) and HIV type 2 (HIV-2). Related viruses that are used as animal
models include simian immunodeficiency virus (SIV), and feline immunodeficiency virus (FIV). Treatment
of HIV-1 with HAART has been effective inreducing the viral burden and ameliorating the effects of HIV-1
infection in infected individuals.

HXB2 numbering system: A reference numbering system for HIV protein and nucleic acid
sequences, using HIV-1 HXB2 strain sequences as areference for all other HIV strain sequences. The
person of ordinary skill in the art isfamiliar with the HXB2 numbering system, and this system is set forth in
"Numbering Positions in HIV Relative to HXB2CG," Bette Korber et al, Human Retroviruses and AIDS
1998: A Compilation and Analysis of Nucleic Acid and Amino Acid Sequences. Korber B, Kuiken CL,
Foley B, Hahn B, McCutchan F, Mellors W, and Sodroski J, Eds. Theoretical Biology and Biophysics
Group, Los Alamos National Laboratory, Los Alamos, NM, which isincorporated by reference herein in its
entirety. HXB2 is aso known as: HXBc2, for HXB clone 2; HXB2R, in the Los Alamos HIV database,
with the R for revised, asit was dightly revised relative to the original HXB 2 sequence; and HXB2CG in
GENBANK™  for HXB2 complete genome. The numbering used in gpl20 polypeptides disclosed herein is
relative to the HXB2 numbering scheme.

IgA: A polypeptide belonging to the class of antibodies that are substantially encoded by a
recognized immunoglobulin apha gene. In humans, this class or isotype includes IgAi and IgA,. 1gA
antibodies can exist as monomers, polymers (referred to as plgA) of predominantly dimeric form, and
secretory IgA. The constant chain of wild-type IgA contains an 18-amino-acid extension at its C-terminus
called the tail piece (tp). Polymeric IgA is secreted by plasma cells with a 15-kDa peptide called the J chain
linking two monomers of IgA through the conserved cysteine residue in the tail piece.

1gG: A polypeptide belonging to the class or isotype of antibodies that are substantially encoded by
arecognized immunoglobulin gamma gene. In humans, this class includes IgGi, 19G,, 1G5, and 1gG,. In
mice, this class includes 1gGi, 19G,,, 19Gx, 19G3.

Immune complex: The binding of antibody to a soluble antigen forms an immune complex. The
formation of an immune complex can be detected through conventional methods known to the skilled
artisan, for instance immunohistochemistry, immunoprecipitation, flow cytometry, immunofluorescence

microscopy, ELISA, immunoblotting (for example, Western blot), magnetic resonance imaging, CT scans,
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X-ray and affinity chromatography. Immunological binding properties of selected antibodies may be
guantified using methods well known in the art.

Immunoadhesin: A molecular fusion of aprotein with the Fc region of an immunoglobulin,
wherein the immunoglobulin retains specific properties, such as Fc receptor binding and increased half-life.
An Fc fusion combines the Fc region of an immunoglobulin with afusion partner, which in general can be
any protein, polypeptide, peptide, or small molecule. In one example, and immunoadhesin includes the
hinge, CH,, and CHzdomains of the immunoglobulin gamma 1 heavy chain constant region. In another
example, the immunoadhesin includes the CH,, and CHzdomains of an IgG.

Immunogen: A compound, composition, or substance (for example, aprotein or aportion thereof)
that is capable of inducing an immune response in amammal, such as amammal infected or at risk of
infection with apathogen. Administration of an immunogen can lead to protective immunity and/or
proactive immunity against apathogen of interest. In some examples, an immunogen isan HIV antigen.
Examples of immunogens include, but are not limited to, peptides, lipids, polysaccharides, combinations
thereof, and nucleic acids containing antigenic determinants, such as those recognized by an immune cell. In
some examples, immunogens include peptides derived from a pathogen of interest. Exemplary pathogens
include bacteria, fungi, viruses and parasites. In specific examples, an immunogen is derived from HIV, such
as agp 120 polypeptide derived from HIV or antigenic fragment thereof.

Immunological Probe: A molecule that can be used for selection of antibodies from sera which are
directed against a specific epitope, including from human patient sera. The epitope scaffolds, along with
related point mutants, can be used asimmunological probes in both positive and negative selection of
antibodies against the epitope graft. 1n some examples immunological probes are engineered variants of
gpl 20.

Immunologically reactive conditions: Includes reference to conditions which allow an antibody
raised against aparticular epitope to bind to that epitope to adetectably greater degree than, and/or to the
substantial exclusion of, binding to substantially all other epitopes. Immunologically reactive conditions are
dependent upon the format of the antibody binding reaction and typically are those utilized in immunoassay
protocols or those conditions encountered in vivo. See Harlow & Lane, supra, for adescription of
immunoassay formats and conditions. The immunologically reactive conditions employed in the methods
are "physiological conditions' which include reference to conditions (e.g., temperature, osmolarity, pH) that
aretypical inside aliving mammal or amammalian cell. While it isrecognized that some organs are subject
to extreme conditions, the intra-organismal and intracellular environment normally lies around pH 7 (e.g.,
from pH 6.0 to pH 8.0, more typically pH 6.5 to 7.5), contains water as the predominant solvent, and exists
at atemperature above 0°C and below 50°C. Osmolarity iswithin the range that is supportive of cell
viability and proliferation.

Inhibiting or treating a disease: Inhibiting the full development of adisease or condition, for
example, in asubject who is at risk for adisease such as acquired immunodeficiency syndrome (AIDS).

"Treatment" refers to atherapeutic intervention that ameliorates a sign or symptom of a disease or
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pathological condition after it has begun to develop. The term "ameliorating," with reference to a disease or
pathological condition, refers to any observable beneficial effect of the treatment. The beneficial effect can
be evidenced, for example, by adelayed onset of clinical symptoms of the disease in a susceptible subject, a
reduction in severity of some or all clinical symptoms of the disease, a slower progression of the disease, a
reduction in the viral load, an improvement in the overall health or well-being of the subject, or by other
parameters well known in the art that are specific to the particular disease. A "prophylactic" treatment isa
treatment administered to a subject who does not exhibit signs of adisease or exhibits only early signs for
the purpose of decreasing the risk of developing pathology.

Isolated: An "isolated" biological component (such as acell, for example aB cell, anucleic acid,
peptide, protein or antibody) has been substantially separated, produced apart from, or purified away from
other biological components in the cell of the organism in which the component naturally occurs, such as,
other chromosomal and extrachromosoma DNA and RNA, and proteins. Nucleic acids, peptides and
proteins which have been "isolated" thus include nucleic acids and proteins purified by standard purification
methods. The term also embraces nucleic acids, peptides, and proteins prepared by recombinant expression
in ahost cell aswell as chemically synthesized nucleic acids. In some examples an antibody, such as an
antibody specific for gpl20 can be isolated, for example isolated from a subject infected with HIV.

K 4 The dissociation constant for agiven interaction, such as apolypeptide ligand interaction or an
antibody antigen interaction. For example, for the bimolecular interaction of an antibody (such as VRCO7 or
variant thereof as disclosed herein) and an antigen (such as gpl20) it isthe concentration of the individual
components of the bimolecular interaction divided by the concentration of the complex.

Label: A detectable compound or composition that is conjugated directly or indirectly to another
molecule, such as an antibody or aprotein, to facilitate detection of that molecule. Specific, non-limiting
examples of labels include fluorescent tags, enzymatic linkages, and radioactive isotopes. In some
examples, adisclosed antibody is labeled.

Linker: A bi-functional molecule that can be used to link two molecules into one contiguous
molecule, for example, to link an effector molecule to an antibody. In some embodiments, a conjugate
includes alinker between the effector molecule or detectable marker and an antibody. In some
embodiments, the linker is cleavable under intracellular conditions, such that cleavage of the linker releases
the effector molecule or detectable marker from the antibody in the intracellular environment. In yet other
embodiments, the linker is not cleavable and the effector molecule or detectable marker can be released, for
example, by antibody degradation. In some cases, alinker is apeptide within an antibody binding fragment
(such as an Fv fragment) which serves to indirectly bond the variable heavy chain to the variable light chain.

joining,

In several embodiments, the terms "conjugating, bonding" or "linking" refer to making
two polypeptides into one contiguous polypeptide molecule, to covaently attaching aradionuclide or other
molecule to apolypeptide, such as an antibody that specifically binds gpl20, or an antibody binding
fragment thereof. In the specific context, the terms include reference tojoining aligand, such as an antibody

moiety, to an effector molecule. The linkage can be either by chemical or recombinant means. "Chemical
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means' refers to areaction between the antibody moiety and the effector molecule such that thereisa
covaent bond formed between the two molecules to form one molecule.

Neutralizing antibody: An antibody which reduces the infectious titer of an infectious agent by
binding to a specific antigen on the infectious agent. In some examples the infectious agent isavirus. In
some examples, an antibody that is specific for gpl20 neutralizes the infectious titer of HIV. A "broadly
neutralizing antibody" is an antibody that binds to and inhibits the function of related antigens, such as
antigens that share at least 85%, 90%, 95%, 96%, 97%, 98% or 99% identity with antigenic surface of the
antigen. With regard to an antigen from a pathogen, such as avirus, the antibody can bind to and inhibit the
function of an antigen from more than one class and/or subclass of the pathogen. For example, with regard
to ahuman immunodeficiency virus, the antibody can bind to and inhibit the function of an antigen, such as
gpl20 from more than one clade. In one embodiment, broadly neutralizing antibodies to HIV are distinct
from other antibodies to HIV in that they neutralize a high percentage of the many types of HIV in
circulation.

Nucleic acid: A polymer composed of nucleotide units (ribonucleotides, deoxyribonucleotides,
related naturally occurring structural variants, and synthetic non-naturally occurring analogs thereof) linked
via phosphodiester bonds, related naturally occurring structural variants, and synthetic non-naturally
occurring analogs thereof. Thus, the term includes nucleotide polymers in which the nucleotides and the
linkages between them include non-naturally occurring synthetic analogs, such as, for example and without
limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-0-
methyl ribonuclectides, peptide-nucleic acids (PNAS), and the like. Such polynucleotides can be
synthesized, for example, using an automated DNA synthesizer. The term "oligonuclectide”" typically refers
to short polynucleotides, generally no greater than about 50 nucleotides. It will be understood that when a
nucleotide sequence isrepresented by a DNA sequence (i.e., A, T, G, C), this also includes an RNA
sequence (i.e., A, U, G, C) in which "U" replaces "T. "

Conventional notation isused herein to describe nucleotide sequences: the left-hand end of asingle-
stranded nucleotide sequence is the 5'-end; the left-hand direction of a double-stranded nucleotide sequence
isreferred to as the 5'-direction. The direction of 5'to 3' addition of nucleotides to nascent RNA transcripts
isreferred to as the transcription direction. The DNA strand having the same sequence as an mRNA is
referred to as the "coding strand;" sequences on the DNA strand having the same sequence as an mRNA
transcribed from that DNA and which are located 5' to the 5'-end of the RNA transcript arereferred to as
"upstream sequences;" sequences on the DNA strand having the same sequence as the RNA and which are 3'
to the 3' end of the coding RNA transcript are referred to as "downstream sequences.”

"cDNA" refers to aDNA that is complementary or identical to an mRNA, in either single stranded
or double stranded form.

"Encoding" refers to the inherent property of specific sequences of nucleotides in apolynucleotide,
such as agene, acDNA, or an mRNA, to serve as templates for synthesis of other polymers and

macromolecules in biological processes having either adefined sequence of nucleotides (i.e.,, rRNA, tRNA
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and mRNA) or adefined sequence of amino acids and the biological properties resulting therefrom. Thus, a
gene encodes aprotein if transcription and translation of mMRNA produced by that gene produces the protein
inacell or other biological system. Both the coding strand, the nucleotide sequence of which isidentical to
the mMRNA sequence and isusually provided in sequence listings, and non-coding strand, used as the
template for transcription, of agene or cDNA can bereferred to as encoding the protein or other product of
that gene or cDNA. Unless otherwise specified, a"nucleotide sequence encoding an amino acid sequence”
includes al nucleotide sequences that are degenerate versions of each other and that encode the same amino
acid sequence. Nucleotide sequences that encode proteins and RNA may include introns.

"Recombinant nucleic acid" refers to anucleic acid having nucleotide sequences that are not
naturally joined together. his includes nucleic acid vectors including an amplified or assembled nucleic acid
which can be used to transform a suitable host cell. A host cell that includes the recombinant nucleic acid is
referred to as a'"recombinant host cell." The gene isthen expressed in the recombinant host cell to produce,
e.g., a"recombinant polypeptide.” A recombinant nucleic acid may serve anon-coding function (e.g.,
promoter, origin of replication, ribosome-binding site, etc.) aswell.

A first sequence is an "antisense” with respect to a second sequence if apolynucleotide whose
sequence isthe first sequence specificaly hybridizes with apolynucleotide whose sequence isthe second
sequence.

Terms used to describe sequence relationships between two or more nucleotide sequences or amino

acid sequences include "reference sequence,” "selected from,” "comparison window," "identical,"

"percentage of sequence identity,” "substantialy identical,” "complementary,” and "substantially
complementary.”

For sequence comparison of nucleic acid sequences, typically one sequence acts as areference
sequence, to which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into acomputer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. Default program parameters are used. Methods of
alignment of sequences for comparison are well known in the art. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology algorithm of Smith & Waterman, Adv. Appl.
Math. 2:482, 1981, by the homology alignment algorithm of Needleman & Wunsch, J. Mal. Biol. 48:443,
1970, by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444, 1988,
by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA inthe
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by
manual alignment and visual inspection (see, e.g., Current Protocols in Molecular Biology (Ausubel et al.,
eds 1995 supplement)).

One example of auseful algorithm is PILEUP. PILEUP uses a simplification of the progressive
alignment method of Feng & Daoalittle, J. Mol. Evol. 35:351-360, 1987. The method used is similar to the
method described by Higgins & Sharp, CABIOS 5:151-153, 1989. Using PILEUP, areference sequenceis

compared to other test sequences to determine the percent sequence identity relationship using the following
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parameters. default gap weight (3.00), default gap length weight (0.10), and weighted end gaps. PILEUP can
be obtained from the GCG sequence analysis software package, e.g., version 7.0 (Devereaux et al., Nuc.
Acids Res. 12:387-395, 1984.

Another example of algorithms that are suitable for determining percent sequence identity and
sequence similarity are the BLAST and the BLAST 2.0 algorithm, which are described in Altschul et al., J.
Mol. Biol. 215:403-410, 1990 and Altschul et a., Nucleic Acids Res. 25:3389-3402, 1977. Software for
performing BLAST analyses ispublicly available through the National Center for Biotechnology
Information (ncbi.nim.nih.gov). The BLASTN program (for nucleotide sequences) uses as defaults aword
length (W) of 11, alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands.
The BLASTP program (for amino acid sequences) uses as defaults aword length (W) of 3, and expectation
(E) of 10, and the BLOSUM®62 scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA
89:10915, 1989). An oligonucleotide isalinear polynucleotide sequence of up to about 100 nucleotide
bases in length.

A polynucleotide or nucleic acid sequence refers to a polymeric form of nucleotide at least 10 bases
inlength. A recombinant polynucleotide includes apolynucleotide that isnot immediately contiguous with
both of the coding sequences with which it isimmediately contiguous (one on the 5' end and one on the 3'
end) in the naturally occurring genome of the organism from which it is derived. The term therefore
includes, for example, arecombinant DNA which isincorporated into avector; into an autonomously
replicating plasmid or virus; or into the genomic DNA of aprokaryote or eukaryote, or which exists as a
separate molecule (e.g., acDNA) independent of other sequences. The nucleotides can be ribonucleotides,
deoxyribonucleotides, or modified forms of either nucleotide. The term includes single- and double-
stranded forms of DNA. A gpl20 polynucleotide is anucleic acid encoding agpl20 polypeptide.

Operably linked: A first nucleic acid sequence isoperably linked with a second nucleic acid
sequence when the first nucleic acid sequence is placed in afunctional relationship with the second nucleic
acid sequence. For instance, apromoter, such asthe CMV promoter, isoperably linked to acoding sequence
if the promoter affects the transcription or expression of the coding sequence. Generaly, operably linked
DNA sequences are contiguous and, where necessary tojoin two protein-coding regions, in the same reading
frame.

Phar maceutically acceptable carriers: The pharmaceutically acceptable carriers of use are
conventional. Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton, PA,
19th Edition, 1995, describes compositions and formulations suitable for pharmaceutical delivery of the
disclosed antibodies.

In general, the nature of the carrier will depend on the particular mode of administration being
employed. For instance, parenteral formulations usually include injectable fluids that include
pharmaceutically and physiologically acceptable fluids such as water, physiological saline, balanced salt
solutions, agueous dextrose, glycerol or the like as avehicle. For solid compositions (e.g., powder, pill,

tablet, or capsule forms), conventional non-toxic solid carriers can include, for example, pharmaceutical
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grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically neutral carriers,
pharmaceutical compositions to be administered can contain minor amounts of non-toxic auxiliary
substances, such as wetting or emulsifying agents, preservatives, and pH buffering agents and the like, for
example sodium acetate or sorbitan monolaurate.

Phar maceutical agent: A chemical compound or composition capable of inducing a desired
therapeutic or prophylactic effect when properly administered to a subject or acell. In some examples a
pharmaceutical agent includes one or more of the disclosed antibodies.

Polypeptide: Any chain of amino acids, regardless of length or post-trandational modification (e.g.,
glycosylation or phosphorylation). In one embodiment, the polypeptide is gpl20 polypeptide. In one
embodiment, the polypeptide isadisclosed antibody or afragment thereof. A "residue’ refers to an amino
acid or amino acid mimetic incorporated in apolypeptide by an amide bond or amide bond mimetic. A
polypeptide has an amino terminal (N-terminal) end and a carboxy-terminal end.

Promoter: A promoter isan array of nucleic acid control sequences that directs transcription of a
nucleic acid. A promoter includes necessary nucleic acid sequences near the start site of transcription, for
example, in the case of apolymerase |1 type promoter, aTATA element. A promoter also optionally
includes distal enhancer or repressor elements which can be located as much as several thousand base pairs
from the start site of transcription. Both constitutive and inducible promoters are included (see for example,
Bitter et al, Methods in Enzymology 153:516-544, 1987).

Specific, non-limiting examples of promoters include promoters derived from the genome of
mammalian cells (such as the metallothionein promoter) or from mammalian viruses (such as the retrovirus
long terminal repeat; the adenovirus late promoter; the vaccinia virus 7.5K promoter) may be used.
Promoters produced by recombinant DNA or synthetic techniques may also be used. A polynucleotide can
be inserted into an expression vector that contains apromoter sequence which facilitates the efficient
transcription of the inserted genetic sequence of the host. The expression vector typically contains an origin
of replication, apromoter, as well as specific nucleic acid sequences that allow phenotypic selection of the
transformed cells.

Purified: The term purified does not require absolute purity; rather, it isintended as arelative term.
Thus, for example, apurified peptide preparation is one in which the peptide or protein (such as an antibody)
ismore enriched than the peptide or protein isin its natural environment within acell. In one embodiment, a
preparation ispurified such that the protein or peptide represents at least 50% of the total peptide or protein
content of the preparation.

Recombinant: A recombinant nucleic acid is one that has a sequence that is not naturally occurring
or has a sequence that is made by an artificial combination of two otherwise separated segments of sequence.
This artificial combination is often accomplished by chemical synthesis or, more commonly, by the artificia
manipulation of isolated segments of nucleic acids, e.g., by genetic engineering techniques.

Sequence identity: The similarity between amino acid sequences is expressed in terms of the

similarity between the sequences, otherwise referred to as sequence identity. Sequence identity isfrequently
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measured in terms of percentage identity (or similarity or homology); the higher the percentage, the more
similar the two sequences are. Homologs or variants of apolypeptide will possess arelatively high degree of
sequence identity when aligned using standard methods.

Methods of alignment of sequences for comparison are well known in the art. Various programs and
alignment algorithms are described in; Smith and Waterman, Adv. Appl. Math. 2:482, 1981; Needleman and
Wunsch, J. Mol. Biol. 48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. U.SA. 85:2444, 1988;
Higgins and Sharp, Gene 73:237, 1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpet et al., Nucleic
Acids Research 16:10881, 1988; and Pearson and Lipman, Proc. Natl. Acad. Sci. U.SA. 85:2444, 1988.
Altschul et al., Nature Genet. 6:119, 1994, presents adetailed consideration of sequence alignment methods
and homology calculations.

The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J. Mol. Biol. 215:403,
1990) is available from several sources, including the National Center for Biotechnology Information
(NCBI, Bethesda, MD) and on the internet, for use in connection with the sequence analysis programs
blastp, blastn, blastx, tblastn and tblastx. A description of how to determine sequence identity using this
program is available on the NCBI website on the internet.

Homologs and variants of aV, or aV of an antibody that specifically binds apolypeptide are
typically characterized by possession of at least about 75%, for example at least about 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity counted over the full length
alignment with the amino acid sequence of interest. Proteins with even greater similarity to the reference
sequences will show increasing percentage identities when assessed by this method, such as at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence identity. When less than the
entire sequence isbeing compared for sequence identity, homologs and variants will typically possess at
least 80% sequence identity over short windows of 10-20 amino acids, and may possess sequence identities
of at least 85% or at least 90% or 95% depending on their similarity to the reference sequence. Methods for
determining sequence identity over such short windows are available at the NCBI website on the internet.
One of skill inthe art will appreciate that these sequence identity ranges are provided for guidance only; itis
entirely possible that strongly significant homologs could be obtained that fall outside of the ranges
provided.

Specifically bind: When referring to an antibody, refers to abinding reaction which determines the
presence of atarget protein, peptide, or polysaccharide in the presence of aheterogeneous population of
proteins and other biologies. Thus, under designated conditions, an antibody binds preferentially to a
particular target protein, peptide or polysaccharide (such as an antigen present on the surface of apathogen,
for example gpl20) and does not bind in asignificant amount to other proteins or polysaccharides present in
the sample or subject. Specific binding can be determined by methods known in the art. With reference to an
antibody antigen complex, specific binding of the antigen and antibody has a K of less than about 107

Molar, such as less than about 10 Molar, 107 Molar, 10 Molar, 10, or even less than about 10 Molar.
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T Cell: A white blood cell critical to the immune response. T cells include, but are not limited to,
CD4* T cells and CD8* T cells. A CD4* T Ilymphocyte is an immune cell that carries amarker on its surface
known as "cluster of differentiation 4" (CD4). These cells, also known ashelper T cells, help orchestrate the
immune response, including antibody responses as well askiller T cell responses. CD8* T cells carry the
"cluster of differentiation 8" (CD8) marker. In one embodiment, aCD8 T cellsis acytotoxic T lymphocytes.
In another embodiment, aCD8 cell isa suppressor T cell.

Therapeutic agent: Used in ageneric sense, it includes treating agents, prophylactic agents, and
replacement agents. A therapeutic agent isused to ameliorate a specific set of conditions in a subject with a
disease or adisorder.

Therapeutically effective amount: A quantity of a specific substance, such as adisclosed antibody,
sufficient to achieve adesired effect in asubject being treated. For instance, this can be the amount
necessary to inhibit HIV replication or treat HIV infection. In severa embodiments, atherapeutically
effective amount is the amount necessary to reduce a sign or symptom of HIV infection, and/or to decrease
vira titer in a subject. When administered to a subject, a dosage will generally beused that will achieve
target tissue concentrations that has been shown to achieve adesired in vitro effect.

Toxin: An effector molecule that induces cytotoxicity when it contacts acell. Specific, non-
limiting examples of toxins include, but are not limited to, abrin, ricin, auristatins (such as monomethyl
auristatin E (MMAE; see for example, Francisco et al., Blood, 102: 1458-1465, 2003)) and monomethyl
auristatin F (MMAF; see, for example, Doronina et al, BioConjugate Chem., 17: 114-124, 2006),
maytansinoids (such as DM1; see, for example, Phillips et al., Cancer Res., 68:9280-9290, 2008),
Pseudomonas exotoxin (PE, such as PE35, PE37, PE38, and PE40), diphtheria toxin (DT), botulinum toxin,
saporin, restrictocin or gelonin, or modified toxins thereof, or other toxic agents that directly or indirectly
inhibit cell growth or kill cells. For example, PE and DT are highly toxic compounds that typically bring
about death through liver toxicity. PE and DT, however, can be modified into aform for use as an
immunotoxin by removing the native targeting component of the toxin (such as the domain la of PE and the
B chain of DT) and replacing it with a different targeting moiety, such as an antibody.

Under conditions sufficient for: A phrase that isused to describe any environment that permits a
desired activity. In one example the desired activity isformation of an immune complex. In particular
examples the desired activity istreatment of HIV infection.

Vector: A nucleic acid molecule asintroduced into ahost cell, thereby producing atransformed host
cell. A vector may include nucleic acid sequences that permit it to replicate in ahost cell, such as an origin
of replication. A vector may also include one or more selectable marker genes and other genetic elements
known in the art.

Virus: Microscopic infectious organism that reproduces inside living cells. A virus consists
essentialy of acore of asingle nucleic acid surrounded by aprotein coat, and has the ability to replicate
only inside aliving cell. "Viral replication” isthe production of additional virus by the occurrence of at least

one viral life cycle. A virus may subvert the host cells normal functions, causing the cell to behave in a
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manner determined by the virus. For example, aviral infection may result in acell producing acytokine, or
responding to a cytokine, when the uninfected cell does not normally do so.

"Retroviruses' are RNA viruses wherein the viral genome is RNA. When ahost cdll isinfected
with aretrovirus, the genomic RNA isreverse transcribed into aDNA intermediate which isintegrated very
efficiently into the chromosomal DNA of infected cells. The integrated DNA intermediate isreferred to asa
provirus. Theterm "lentivirus' isused in its conventional sense to describe a genus of viruses containing
reverse transcriptase. The lentiviruses include the "immunodeficiency viruses' which include human
immunodeficiency virus (HIV) type 1and type 2 (HIV-l and HIV-II), simian immunodeficiency virus (SIV),
and feline immunodeficiency virus (FIV).

VRCOI: A monoclonal antibody that specifically binds to gpl20 and is neutralizes abroad range of
HIV viruses, wherein the sequences of the heavy and light chain variable domains of VRCOI are set forth
herein as SEQ ID NO: 5 and SEQ ID NO: 9, respectively. See also, Wu et al, Science, 329(5993):856-861,
2010, and PCT publication WO2012/154312, incorporated by reference herein in its entirety.

VRCOI-like antibody, heavy chain or light chain: A VRCOI-like antibody or aheavy chain or
light chain that can complement with acorresponding heavy chain or light chain from VRCOI, as
specifically defined herein. VRCOI-like antibodies, and methods for identifying and producing these
antibodies, are disclosed herein. Generally, these antibodies bind to the CD4 binding surface of gpl20 in
substantially the same orientation as VRCOI, and are broadly neutralizing. VRCOI-like antibodies mimic the
binding of CD4 to gpl20 with severa of the important contacts between CD4 and gpl20 mimicked by the
VRCOI-like antibodies.

In some embodiments, aVRC0O7 or VRCO7 variant heavy chain variable domain disclosed herein
can be included on aheavy chain and cross-complemented with alight chain including avariable domain of
aVRCOI like antibody, such as VRC-PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-
CH33, VRC-CH34, VRCOI, VRC02, VRC03, NIH4546, NIH4546 G54W, 3BNC60, 3BNC117, 12A12,
12A21, INC9, 1B2530, BANC131 or BANC134, and maintain high binding affinity for gpl20. In further
embodiments, a VRCOI variant light chain variable domain disclosed herein can be included on alight chain
and cross- complemented with aheavy chain including avariable domain of aVRCOI like antibody, such
as VRC-PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-CH33, VRC-CH34, VRCOI,
VRCO02, VRCO03, NIH4546, NIH4546 G54W, 3BNC60, 3BNC117, 12A12, 12A21, INC9, 1B2530,
8ANC131 or 8ANC134, and maintain high binding affinity for gpl20.

Several VRCOI-like antibodies are available, including:

VRCOI-like antibodies, heavy chains and light chains disclosed in PCT International Application
No. PCT/US2010/050295, filed September 24, 2010, which isincorporated by reference herein and Wu et
al, "Rational design of envelope identifies broadly neutralizing human monoclonal antibodies to HIV-1,"
Science, 329(5993):856-861, 2010, which isincorporated by reference herein. These include heavy and
light chains of the VRCOI, VRCO02 and VRCO03

VRCOI-like antibodies, heavy chains and light chains disclosed in Scheid et al, "Sequence and
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structural convergence of broad and potent HIV antibodies that mimic CD4 binding,” Science,

333(6049): 1633-1637, 2011, incorporated by reference herein. These include the heavy and light chains of
the 3BBNC117, 3BNC60, 12A12, 12A21, NIH4546, 8ANC131, 8ANC134, 1B2530, 1INC9 antibodies
(corresponding Accession Nos. shown in Table 1, below, and disclosed in WIPO Pub. No. WO 2012/158948
Al, which isincorporated by reference herein) and up to 567 other clonal related antibodies, including those
listed in Figures S3, S13, S14 and Table S8 of Scheid et al., which are specificaly incorporated by reference
herein.

Certain VRCOI-like antibodies, heavy chains and light chains disclosed in Wu et al, "Focused
evolution of HIV-1 neutralizing antibodies revealed by structures and deep sequencing,” Science,
333(6049): 1593-1602, 2011, incorporated herein by reference. These certain VRCOI-like antibodies, heavy
chains and light chains include the heavy and light chains of the VRC-PG04 and VRC-PG04b antibodies
(GENBANK® Accession Nos. IN159464 to JIN159467, respectively), VRC-CH30, VRC-CH31, and VRC-
CH32 antibodies (GENBANK® Accession Nos. IN159434 to IN159439, respectively), and VRC-CH33 and
VRC-CH34 antibodies (GENBANK® Accession Nos. IN159470 to 159473, respectively) (corresponding
SEQ ID NOs for the heavy and light chains of these antibodies are shown in Table 1). These certain
VRCOI-like antibodies, heavy chains and light chains also include 24 heavy chains from donor 74, 2008
(GENBANK® Accession Nos. JN159440 to JN159463), two heavy chains from donor 45, 2008
(GENBANK® Accession Nos. JN159474 and JN159475) and two light chains from donor 45, 2001
(GENBANK® Accession Nos. JN159468 and JN159469). These certain VRCOI-like antibodies, heavy
chains and light chains aso include 1561 unique sequences associated with neutralizing CDR H3
distributions with at least one low divergent member shown in Fig. 6B and Fig. S16 of Wu et al, Science,
333(6049): 1593-1602, 2011 (GENBANK® Accession Nos. IN157873 to IN159433, respectively).

VRCOI-like antibodies, heavy chains and light chains disclosed in Diskin et al, "Increasing the
potency and breadth of an HIV antibody by using structure-based rational design,” Science,

334(6060): 1289-93, 2011, incorporated by reference herein and U.S. Pat. App. Pub No. 2012/0288502 Al,
incorporated by reference herein. These include the heavy and light chains of the NIH4546 antibody with a
G54W amino acid substitution (Kabat numbering) in the heavy chain variable domain.

All the Accession Nos. discussed in this definition of "VRCOI-like antibody, heavy chain or light
chain,” are incorporated by reference as available on December 6, 2012, examples of such Accession
Numbers are shown in Table 1.

Table 1. VRCOI-like antibody heavy and light chains

Antibody Heavy chain AA Light chain AA

3BNC117 EMBL Acc. No. HE584537 EMBL Acc. No. HE584538
3BNC60 EMBL Acc. No. HE584535 EMBL Acc. No. HE584536
12A12 EMBL Acc. No. HE584539 EMBL Acc. No. HE584540
12A21 EMBL Acc. No. HE584541 EMBL Acc. No. HE584542
NIH4546 EMBL Acc. No. HE584543 EMBL Acc. No. HE584544
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8ANC131 EMBL Acc. No. HE584540 EMBL Acc. No. HE584550
8ANC134 EMBL Acc. No. HE584551 EMBL Acc. No. HE584552
1B2530 EMBL Acc. No. HE584545 EMBL Acc. No. HE584546
INC9 EMBL Acc. No. HE584547 EMBL Acc. No. HE584548

1. Description d Several Embodiments
A. Neutralizing Monoclonal Antibodies

Isolated monoclonal antibodies that specifically bind gpl20 are disclosed herein. The antibodies can
be fully human. Also disclosed herein are compositions including these monoclonal antibodies and a
pharmaceutically acceptable carrier. Nucleic acids encoding these antibodies, expression vectors including
these nucleic acids, and isolated host cells that express the nucleic acids are also provided.

Compositions including the monoclonal antibodies specific for gpl20 can be used for research,
diagnostic and therapeutic purposes. For example, the monoclonal antibodies disclosed herein can be used to
diagnose or treat a subject having an HIV-1 infection and/or AIDS. For example, the antibodies can be used
to determine HIV-1 titer in a subject. The antibodies disclosed herein also can be used to study the biology
of the human immunodeficiency virus.

The discussion of monoclonal antibodies below refers to isolated monoclonal antibodies that include
heavy and light chain variable domains including a CDRI, CDR2 and CDR3 with reference to the IMGT or
Kabat numbering scheme (unless the context indicates otherwise). The person of ordinary skill in the art
will understand that various CDR numbering schemes (such as the Kabat, Chothia or IMGT numbering
schemes) can be used to determine CDR positions.

Disclosed herein isthe identification of the VRCO7 monoclonal antibody, which specifically binds
to the CD4 binding site of the gpl20 protein of HIV, and is neutralizing. VRCO7 isaVRCOI-like
monoclonal antibody, and includes anovel heavy chain ("VRCO7 heavy chain") cross complemented with
the light chain of the VRCOI monoclonal antibody. VRCO7 heavy chain isaclonal variant of the VRCOI
heavy chain. Asdescribed inthe Examples section, VRCO7 has increased binding affinity for gpl20, but
does not have increased self-reactivity, compared to VRCOI. Further disclosed herein are variants of the
VRCO07 heavy chain and the VRCOI light chain, and cross-complemented monoclonal antibodies including
such variants that have increased binding affinity for gpl20, but do not have increased self-reactivity
compared to VRCOI.

The CDR positions of the VRC07 monoclona antibody heavy chain according to the Kabat and
IMGT numbering schemes are shown in FIG. 8. The CDR positions of the VRCOI light chain variable
domain according to the Kabat and IMGT numbering schemes are shown in FIG. 8. In several
embodiments, reference to particular amino acid substitutions in the heavy or light chains of the disclosed
antibodies is made according to the Kabat numbering schemes. For example, the VRCO7 heavy chain
substitution G54H referenced herein refers to the Kabat numbering scheme. The person of ordinary skill in

the art will appreciate that Kabat position G54 of the VRCO07 heavy chain variable domain corresponds to
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position 55 of the linear sequence of the VRCO7 heavy chain variable domain (set forth as SEQ ID NO: 2).
The linear and Kabat positions of the VRCO7 heavy chain variable domain and the VRCOI light chain
variable domain are shown in FIG. 8. The person of skill in the art will readily understand use of various
CDR and variable domain numbering schemes when referencing particular amino acids of the antibodies

disclosed herein.

1. Exemplary Monoclonal Antibodies
a. Exemplary Heavy chains

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein heavy chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 2 (VRCO7 heavy chain variable domain), and further includes one or more amino acid substitutions
at Kabat positions 137, G54, S58, and T93. Asdisclosed herein, SEQ ID NO: 40 isaconsensus amino acid
sequence of the heavy chain variable domain of VRCO7 with amino acid substitutions at one, two, three,
four, or none of positions 137, G54, S58, and T93 (Kabat numbering):
QVRLSQSGGQMKKPGDSMRISCRASGYEFINCPINWX  ;RLAPGKRPEWMGWMKPRX ,GAVX3YAR
QLQGRVTMTRDMY SETAFLELRSLTSDDTAVYFCX ,RGKYCTARDYYNWDFEHWGQGTPVTVSS,
wherein X, islorV;X,isGor H; X;isSor N;and X,isT or A.

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes the HCDR1, HCD2 and/or HCD3 of
SEQ ID NO: 40, as defined using the Kabat or IMGT CDR positions wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing. In some embodiments, the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the heavy chain variable domain includes the
HCDR1, HCDR2 and HCDR3 of SEQ ID NO: 40, as defined using the Kabat or IMGT CDR positions
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. The person of
ordinary skill inthe art isfamiliar with the Kabat and IMGT CDR positioning in an antibody variable
domain sequence.

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes the HCDR1, HCD2 and/or HCD3 of
SEQ ID NO: 2, as defined using the Kabat or IMGT CDR positions, and further includes a FRI having at
least 85%, at least 90%, at least 95%, at least 98%, at least 99% sequence identity with the FRI (IMGT or
Kabat) of SEQ ID NO: 2, aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least 99%
sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2, aFRI having at least 85%, at least 90%,
at least 95%, at least 98%, at least 99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2,
aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least 99% sequence identity with the
FRI (IMGT or Kabat) of SEQ ID NO: 2, wherein the antibody specifically binds gpl20, and wherein the
antibody is neutralizing.

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
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variable domain, wherein the heavy chain variable domain includes the HCDR1, HCD2 and/or HCD3 of
SEQ ID NO: 2, as defined using the Kabat or IMGT CDR positions, and further includes a G54H
substitution, and further includes aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least
99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2, aFRI having at least 85%, at least
90%, at least 95%, at least 98%, at least 99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID
NO: 2, aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least 99% sequence identity
with the FRI (IMGT or Kabat) of SEQ ID NO: 2, aFRI having at least 85%, at least 90%, at least 95%, at
least 98%, at least 99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2, wherein the
antibody specifically binds gpl20, and wherein the antibody is neutralizing.

For example, in some embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDR1), 51-58
(CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 40 (IMGT), wherein the antibody specifically binds gpl20,
and wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the heavy chain variable domain includes amino
acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40 (IMGT), wherein the antibody
specifically binds gpl20, and wherein the antibody is neutralizing. In some embodiments, the antibody
includes aheavy chain variable domain and alight chain variable domain, wherein the heavy chain variable
domain includes amino acids 31-35 (CDR1), 50-66 (CDR2) and/or 99-114 (CDR3) of SEQ ID NO: 40
(Kabat), wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In
additional embodiments, the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDR1), 50-66 (CDR2) and
99-114 (CDR3) of SEQ ID NO: 40 (Kabat), wherein the antibody specifically binds gpl20, and wherein the
antibody is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-
reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDR1), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the antibody specifically
binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the heavy chain variable domain
includes amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 40 (IMGT),
wherein X, is H, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In
additional embodiments, the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDR1), 50-66 (CDR2) and
99-114 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X,is G and X 3is S, wherein the antibody specifically
binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the heavy chain variable domain
includes amino acids 31-35 (CDR1), 50-66 (CDR2) and 99-114 (CDR3) of SEQ ID NO: 40 (Kabat),
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wherein X,isH and X3is S, wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X,is G and X3isN, wherein the antibody
specifically binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody
includes aheavy chain variable domain and alight chain variable domain, wherein the heavy chain variable
domain includes amino acids 31-35 (CDRI), 50-66 (CDR2) and 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat),
wherein X,isH and X3isN, wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing. In several embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO:
40, wherein Xiisl, X,isH, XzisSand X,is T (VRC07 G54H; SEQ ID NO: 32), wherein the antibody
specifically binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody
includes aheavy chain variable domain and alight chain variable domain, wherein the heavy chain variable
domain includes the amino acid sequence of SEQ ID NO: 40, wherein Xiisl, X,isH, X3isN and X,isT
(VRCO7 G54H, S58N; SEQ ID NO: 258), wherein the antibody specificaly binds gpl20, and wherein the
antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the heavy chain variable domain includes the amino acid
sequence of SEQ ID NO: 40, wherein X | isV,X,isH, XzisSand X,isA (VRCO7 137V, G54H, T93A;
SEQ ID NO: 259), wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing.
In additional embodiments, the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 40,
wherein XiisV,X,isH,X3zisN and X,isA (VRCO7 137V, G54H, S58N, T93A; SEQ ID NO: 260),
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In severa
embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

The disclosed heavy chain variable domains can be included on aheavy chain that is complemented
with aVRCOI light chain or any of the VRCOI light chain variants disclosed herein (such asthe antibody
light chains described in the next section) to generate a monoclona antibody that specifically binds to gpl20
and is neutralizing. In some embodiments, the heavy chain can be complemented with the light chain of a
known VRCOI-like antibody (for example the light chain of VRCOI or NIH4546,) to generate a monoclona
antibody that specifically binds to gpl20 and is neutralizing.

VRCOI-like heavy chains with G54H substitution

The person of ordinary skill in the art will appreciate that the histidine substitution at Kabat position
54 of the VRCO7 heavy chain variable domain disclosed herein can be included on other VRCOI-like
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antibodies, to generate a monoclonal antibody with improved binding affinity of gpl20, but which isnot
self-reactive and/or has low self-reactivity. For example, in several embodiments, the histidine substitution
at Kabat position 54 of can beincluded on the heavy chain variable domain of aVRCOI-like antibody, to
generate amonaoclona antibody with improved binding affinity of gpl20, but which isnot self-reactive
and/or has low self-reactivity, for example, compared to the VRCOI-like antibody in the absence of the
histidine substitution at Kabat position 54.

Accordingly, in some embodiments, an isolated VRCOI-like monoclonal antibody is provided,
wherein the antibody includes aVRCOI-like heavy chain and aVVRCOI-like light chain, wherein the heavy
chain further includes substitution of ahistidine residue for the residue at position 54 (Kabat numbering) of
the heavy chain, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. 1n some embodiments, the amino acid substitution is a G54H substitution. Non-limiting
examples of VRCOI-like monoclonal antibody heavy chain variable domains that can be modified with the
histidine substitution at Kabat position 54 include the heavy chain variable domains of the VRCOI, VRCO02,
VRCO03, NIH4546, VRC-PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-CH33, VRC-
CH34, 3BNC60, 3BNC117, 12A12, 12A21, INC9, 1B2530, SANC131 or BANC134 monoclonal antibodies.
The sequence of accession numbers of the heavy chain variable domains of these antibodies are familiar to
the person of ordinary skill inthe art and provided herein.

For example, in some embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDR1), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 196 (NIH4546 heavy chain variable domain, IMGT CDRYy),
further including aglycine to histidine substitution at Kabat position 54 (a G54H substitution), wherein the
antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the
antibody includes aheavy chain variable domain and alight chain variable domain, wherein the heavy chain
variable domain includes amino acids 31-35 (CDRL1), 50-66 (CDR2) and 99-1 14 (CDR3) of SEQ ID NO:
196 (NIH4546 heavy chain variable domain, IMGT CDRs), further including aglycine to histidine
substitution at Kabat position 54 (a G54H substitution), wherein the antibody specifically binds gpl20, and
wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the heavy chain variable domain includes the
amino acid sequence set forth as SEQ ID NO: 196, and further including aglycine to histidine substitution at
Kabat position 54 (a G54H substitution), wherein the antibody specifically binds gpl20, and wherein the
antibody isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody isnot immunogenic and/or has low immunogenicity.

b. Exemplary Light Chains
Asdisclosed herein, SEQ ID NO: 238 isaconsensus amino acid sequence of aVRCOI-like light
chain variable domain with amino acid substitutions at one or more of positions El, 12, V3, 120, S63, S65,
W67, D70, N72, T74, F97, V106, and 1108 (Kabat numbering) compared to the light chain variable domain
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of

VRCOI: X X,X3L TQSPGTLSLSPGETAX 4 SCRTSQY GSLAWY QQRPGQAPRLVIY SGSTRAAGIPDRF
XAGXARXAGPXAY XALXAMSNLESGDFGVY Y CQQY EXuFGQGTKVQXiiDX 13K (SEQ ID NO: 238),
wherein X, is E or no amino acid; X,is| or no amino acid; X5isV,E, K, or S; X,isl, Q,E,or T; XgisSor
K;XgisSor E; X;isW,S,Nor E; X8isDor E; XgisN, TorR; X jisTorR; X, isF,D,K,SorH; X, is
VorQ;X,islorN.

In some embodiments, the antibody includes a VRCOI -like heavy chain variable domain as
disclosed herein and alight chain variable domain, wherein the light chain variable domain includes the
LCDR1, LCD2 and/or LCD3 of SEQ ID NO: 238, as defined using the Kabat or IMGT CDR positions,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In some
embodiments, the antibody includes a heavy chain variable domain and alight chain variable domain,
wherein the light chain variable domain includes the LCDR1, LCDR2 and LCDR3 of SEQ ID NO: 238, as
defined using the Kabat or IMGT CDR positions, wherein the antibody specifically binds gpl20, and
wherein the antibody is neutralizing.

In some embodiments, the antibody includes alight chain variable domain and alight chain variable
domain, wherein the light chain variable domain includes the LCDR1, LCD2 and/or LCD3 of SEQ ID NO:
9, as defined using the Kabat or IMGT CDR positions, and further includes aFRI having at least 85%, at
least 90%, at least 95%, at least 98%, at |east 99% sequence identity with the FRI (IMGT or Kabat) of SEQ
ID NO: 9, aFRI having at least 85%, at |east 90%, at least 95%, at least 98%, at least 99% sequence identity
withthe FRI (IMGT or Kabat) of SEQ ID NO: 9, aFRI having at least 85%, at |east 90%, at least 95%, at
least 98%, at least 99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 9, aFRI having at
least 85%, at least 90%, at least 95%, at |east 98%, at least 99% sequence identity with the FRI (IMGT or
Kabat) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing.

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes the HCDR1, HCD2 and/or HCD3 of
SEQ ID NO: 2, as defined using the Kabat or IMGT CDR positions, and further includes an amino acid
substitution at Kabat position F97 (such as aF97D, FI7K, F97S, FO7H), and further includes aFRI having
at least 85%, at least 90%, at least 95%, at least 98%, at least 99% sequence identity with the FRI (IMGT or
Kabat) of SEQ ID NO: 2, aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least 99%
sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2, aFRI having at |east 85%, at |east 90%,
at least 95%, at least 98%, at least 99% sequence identity with the FRI (IMGT or Kabat) of SEQ ID NO: 2,
aFRI having at least 85%, at least 90%, at least 95%, at least 98%, at least 99% sequence identity with the
FRI (IMGT or Kabat) of SEQ ID NO: 2, wherein the antibody specifically binds gpl20, and wherein the
antibody is neutralizing.

For example, in some embodiments the antibody includes aheavy chain variable domain and alight

chain variable domain, wherein the light chain variable domain includes amino acids 24-32 (CDR1), 48-54
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(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 238 (Kabat). In some embodiments the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the light chain variable domain
includes amino acids 24-32 (CDRI), 48-54 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238 (Kabat). In
additional embodiments the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the light chain variable domain includes amino acids 27-30 (CDRI), 48-50 (CDR2) and/or
87-91 (CDR3) of SEQ ID NO: 238 (IMGT). In some embodiments the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the light chain variable domain includes amino
acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238 (IMGT). In severa
embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In some examples the light chain of the antibody includes the LCDR1, LCDR2, and/or LCD3 of
SEQ ID NO: 238, and further includes an amino acid substitution at Kabat position F97, which isincluded
inthe LCDR3 of SEQ ID NO: 238 using either Kabat or IMGT positioning. For example, in some
embodiments the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 238, wherein X, is F (VRCOI light chain Kabat CDRs with F97), wherein the
antibody specifically binds gpl20, and wherein the antibody is neutralizing. In some embodiments the
antibody includes aheavy chain variable domain and alight chain variable domain, wherein the light chain
variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and 87-91 (CDR3) of SEQ ID NO:
238, wherein X,; isD (VRCOI light chain Kabat CDRs with FO7D), wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing. In additional embodiments the antibody includes a heavy
chain variable domain and alight chain variable domain, wherein the light chain variable domain includes
amino acids 24-32 (CDRI), 48-54 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X,; isK
(VRCOI light chain Kabat CDRs with F97K), wherein the antibody specifically binds gpl20, and wherein
the antibody is neutralizing. In additional embodiments the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the light chain variable domain includes amino acids 24-32
(CDRI), 48-54 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, is S (VRCOI light chain Kabat
CDRs with F97S), wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing.
In additional embodiments the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and
87-91 (CDR3) of SEQ ID NO: 238, wherein Xn isH (VRCOI light chain Kabat CDRs with F97H), wherein
the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In severa embodiments, the
antibody is not self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not
immunogenic and/or has low immunogenicity.

In additional embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes amino acids 27-30 (CDRI), 48-50
(CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X, isF (VRCOI light chain IMGT CDRs with
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F97), wherein the antibody specifically binds gpl 20, and wherein the antibody is neutralizing. In additional
embodiments the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the light chain variable domain includes amino acids 27-30 (CDR1), 48-50 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 238, wherein X, isD (VRCOI light chain IMGT CDRs with F97D), wherein the
antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional embodiments the
antibody includes aheavy chain variable domain and alight chain variable domain, wherein the light chain
variable domain includes amino acids 27-30 (CDR1), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO:
238, wherein X,; is K (VRCOI light chain IMGT CDRs with F97K), wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing. In additional embodiments the antibody includes a heavy
chain variable domain and alight chain variable domain, wherein the light chain variable domain includes
amino acids 27-30 (CDR1), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isS
(VRCOI light chain IMGT CDRs with F97S), wherein the antibody specifically binds gpl20, and wherein
the antibody is neutralizing. In additional embodiments the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the light chain variable domain includes amino acids 27-30
(CDR1), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isH (VRCOI light chain
IMGT CDRs with F97H), wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In

additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X | isE; X,isl; X3isV; X, isl; X5isS; X4isS; X7isW; X8isD; XgisN; X isT;
XnisF; X, isV;X;5is| (VRCOI light chain; SEQ ID NO: 9). The light chain can be complemented with
any of the VRCO7 heavy chain variants disclosed herein (such as the antibody heavy chains described in the
above section) to generate amonoclonal antibody that specifically binds to gpl20 and isneutralizing. In
several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional

embodiments, the antibody isnot immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, V3E

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3iSE; X,isl; X5isS; X4isS; X;isW; X8
isD; XgisN; X ,isT; X, isF; X ,isV; X, isl (VRCO1L V3E light chain; SEQ ID NO: 219). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such asthe antibody heavy chains described in the above section) to generate amonoclonal antibody

that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
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complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOLL EI/12 deletion, V3K

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isK; X,isl; XgisS; Xeis S; X;isW; X8
isD; XgiSN; X;pisT; X isF;X ,isV; X;5is| (VRCO1L V3K light chain; SEQ ID NO: 220). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOLL EI/12 deletion, V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X; isno amino acid; X,isno amino acid;, X3isS; X,isl; Xgis S; Xgis S; X7isW; X8
isD; XgiSN; X ,,isT; X, isF; X ,isV; X ,isl (VRCOIL V3Slight chain; SEQ ID NO: 221). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, F97D

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X | isno amino acid; X,isno amino acid; X3isV;X,isl; XgisS; X4is S; X7isW; X8
isD; XgiSN; X ,,isT; X, isD; X ,,isV;X ,isl (VRCOIL FI7D light chain; SEQ ID NO: 222). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
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herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, FO7K

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isV;X,isl; XgisS; X4is S; X;isW; X8
isD; XgiSN; X;pisT; X isK; X ,isV; X,5is| (VRCOIL FO7K light chain; SEQ ID NO: 223). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, F97S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isV;X,isl; XgisS; X4is S; X;isW; X8
isD; XgisN; X;qisT; X, isS; X;,isV; X,5is| (VRCOLL FI7S light chain; SEQ ID NO: 224). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, F97H
In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ

ID NO: 238, wherein X; isno amino acid; X,isno amino acid; X3isV; X isl; XgisS; Xgis S; X;isW; X8
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isD; XgiSN; X ,,isT; X isH; X, isV;X ,isl (VRCOIL FO7H light chain; SEQ ID NO: 225). The light
chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed
herein (such as the antibody heavy chains described in the above section) to generate a monoclona antibody
that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, V3E/FI7S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3iSE; X,isl; XgisS; X4isS; X;isW; X8
isD; XgiSN; X;pisT; X1 isS; X;5isV; X;5isl (VRCOIL V3E/FI7S light chain; SEQ ID NO:226). The
light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants
disclosed herein (such as the antibody heavy chains described in the above section) to generate a monoclonal
antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion, V3E/FO7H

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3iSE; X,isl; XgisS; X4isS; X;isW; X8
isD; XgisN; X;qisT; X isH; X ,isV; X;5is| (VRCOLL V3E/F97H light chain, SEQ ID NO: 227). The
light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants
disclosed herein (such as the antibody heavy chains described in the above section) to generate a monoclonal
antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be
complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of
VRCOI, NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20
and is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity.

In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL03

In some embodiments the antibody includes aheavy chain variable domain and alight chain
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variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X isE; X,is|; X3isV; X isl; Xg5isS; Xsi8S; X718 S; XgisD; XqisT; X, isT; Xy,
isF; X,isV; X, is| (VRCO1hpLO3 light chain; SEQ ID NO: 228). The light chain can be complemented
with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed herein (such as the antibody
heavy chains described in the above section) to generate amonoclonal antibody that specifically binds to
gpl20 and isneutraizing. In some embodiments, the light chain can be complemented with the heavy chain
of aknown VRCOI-like antibody (for example the heavy chain of VRCOI, NIH4546, or NIH4546 G54W) to
generate amonoclonal antibody that specifically binds to gpl20 and is neutralizing. In several embodiments,
the antibody is not self-reactive, and/or has low self-reactivity. In additiona embodiments, the antibody is

not immunogenic and/or has |low immunogenicity.

VRCO1hpL04

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X isE; X,is1; X3isV;X,isQ; Xgis S; XgisS; X7isN; XgisD; XqisT; X, isT;
XnisF; X, isV;X,is| (VRCO1hpLO4 light chain; SEQ ID NO: 229). The light chain can be
complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed herein (such as
the antibody heavy chains described in the above section) to generate amonaoclonal antibody that
specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be complemented
with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of VRCOI, NIH4546,
or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20 and is neutralizing.
In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional

embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRC01hpL 05

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein Xi isE; X,is1; X3isV;X,isQ; XgisS; XgisS; X7isN; XgisD; XqisT; X, isT;
XnisF; X, isQ; X, is N (VRCO1hpLO5 light chain; SEQ ID NO: 230). The light chain can be
complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed herein (such as
the antibody heavy chains described in the above section) to generate amonaoclonal antibody that
specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be complemented
with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of VRCOI, NIH4546,
or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20 and is neutralizing.
In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional

embodiments, the antibody is not immunogenic and/or has low immunogenicity.
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VRCO01hpL06

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein XiisE; X,isl; X3isV; X,isE; XgisK; XgisE; X7isE; XgisE; XgisR; X ) isR;
Xii isF; X ,isQ; X, is N (VRCO1hpLO6 light chain; SEQ ID NO: 231). The light chain can be
complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain variants disclosed herein (such as
the antibody heavy chains described in the above section) to generate amonaoclonal antibody that
specifically binds to gpl20 and is neutralizing. In some embodiments, the light chain can be complemented
with the heavy chain of aknown VRCOI-like antibody (for example the heavy chain of VRCOI, NIH4546,
or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to gpl20 and is neutralizing.
In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional

embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL02 EI/12 deletion/V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X; isno amino acid; X,isno amino acid; X3isS; X,isT; Xgis S; Xgis S; X7isS; X8
isD; XgisT; X, isT; X, isF; X, isQ; X, isN (VRCO1hpL02 EI/12 deletion/V3S light chain; SEQ ID
NO: 232). The light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light
chain can be complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy
chain of VRCOI, NIH4546, or NIH4546 G54W) to generate a monoclonal antibody that specifically binds to
gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO01hpL03 EI/12 deletion/V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isS; X,isl; Xgis S; XsisS; X;isS; Xy is
D;XgisT; X, isT; Xy, isF; X, isV;X;5is| (VRCO1hpLO3 EI/12 deletion/V3S light chain; SEQ ID NO:
233). Thelight chain can be complemented with VRCO7 heavy chain or any of the VRCOQ7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light
chain can be complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy
chain of VRCOI, NIH4546, or NIH4546 G54W) to generate a monoclonal antibody that specifically binds to

gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-
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reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL04 EI/12 deletion/V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isS; X,isQ; Xgis S; X¢is S; X,isN; X,
isD; XgisT; X ,,isT; Xy isF; X ,isV; X,5is| (VRCO1hpLO4 EI/12 deletion/V3S light chain; SEQ ID
NO: 234). The light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light
chain can be complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy
chain of VRCOI , NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to
gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL 05 EI/12 deletion/V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X,isQ; Xgis S; Xgis S; X4isN; X,
isD; XgisT; X ,,isT; Xy isF; X, isQ; X, isN (VRCO1hpLO05 EI/12 deletion/V3S light chain; SEQ ID
NO: 235). The light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light
chain can be complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy
chain of VRCOI , NIH4546, or NIH4546 G54W) to generate amonoclonal antibody that specifically binds to
gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL06 EI/12 deletion/V3S

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isS; X,isE; XgisK; X4isE; X;iSE; X;
ISE; XgisR; X ,isR; Xy, isF; X ,,isQ; X, isN (VRCO1hpL06 EI/12 deletion/V3S light chain; SEQ ID
NO: 236). The light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light

chain can be complemented with the heavy chain of aknown VRCOI-like antibody (for example the heavy
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chain of VRCOI, NIH4546, or NIH4546 G54W) to generate a monoclonal antibody that specifically binds to
gpl20 and isneutraizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO1hpL04 EI/12 deletion/V3E

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3iSE; X,is Q; X5isS; X4isS; X7isN; Xy
isD; XgqisT; X ,,isT; Xy isF; X ,isV;X,5isl (VRCO1hpL04 EI/12 deletion/V3E light chain; SEQ ID
NO: 237). The light chain can be complemented with VRCO7 heavy chain or any of the VRCO7 heavy chain
variants disclosed herein (such as the antibody heavy chains described in the above section) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing. In some embodiments, the light
chain can be complemented with the heavy chain of aknown VRCOI -like antibody (for example the heavy
chain of VRCOI, NIH4546, or NIH4546 G54W) to generate a monoclonal antibody that specifically binds to
gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCOIL EI/12 deletion

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X | isno amino acid; X,isno amino acid; X3isV;X,isl; XgisS; X4is S; X;isW; X8
isD; XgisN; X ,,isT; X, isF; X, isV; X ,isl (VRCOIL EI/12 deletion; SEQ ID NO: 53). The light chain
can be complemented with any of the VRCO7 heavy chain variants disclosed herein (such as the antibody
heavy chains described in the above section) to generate a monoclonal antibody that specifically binds to
gpl20 and isneutralizing. In several embodiments, the antibody is not self-reactive, and/or has low self-

reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

VRCO01hpL02

In some embodiments the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the light chain variable domain includes the amino acid sequence set forth as SEQ
ID NO: 238, wherein X | isE; X,is1; X3isS; X,isT; X5is S; XgisS; X4i8S; X8isD; XgisT; X ,isT; Xy;
isF;X ,isQ; X, isN (VRCO1hpL02; SEQ ID NO: 50). The light chain can be complemented with VRCO7
heavy chain or any of the VRCO7 heavy chain variants disclosed herein (such asthe antibody heavy chains
described in the above section) to generate a monoclonal antibody that specifically binds to gpl20 andis
neutralizing. In some embodiments, the light chain can be complemented with the heavy chain of aknown
VRCOI-like antibody (for example the heavy chain of VRCOI, NIH4546, or NIH4546 G54W) to generate a
monoclonal antibody that specifically binds to gpl20 and is neutralizing.
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VRCOI-like light chains with EL/E2 deletion

The person of ordinary skill in the art will appreciate that deletion of the first two amino acids of the
VRCO7 light chain variable domain disclosed herein can be included on other VRCOI-like antibodies, to
generate amonoclona antibody with improved binding affinity of gpl20, but which does not have increased
self-reactivity, compared to the VRCOI-like antibody in the absence of the deletion of the first two amino
acids of the light chain. Accordingly, in some embodiments, an isolated VRCOI-like monoclona antibody
is provided, wherein the antibody includes aVRCOI-like heavy chain and aVRCOI-like light chain, wherein
the light chain further includes deletion of the first two amino acids of the light chain, wherein the antibody
specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In some embodiments, the
deletion includes and El, 12 deletion. Non-limiting examples of VRCOI-like monoclonal antibody light
chain variable domains that can be modified with the deletion of the first two amino acids of the light chain
include the light chain variable domains of the VRCOI, VRC02, VRCO03, NIH4546, NIH4546 G54W, VRC-
PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-CH33, VRC-CH34, 3BNC60, 3BNC117,
12A12, 12A21, INC9, 1B2530, 8ANC131 or 8ANC134 monoclonal antibodies. The sequence of accession
numbers of the heavy chain variable domains of these antibodies are familiar to the person of ordinary skill

in the art and provided herein.

c. Exemplary Combinations d Heavy and Light Chains

The person of ordinary skill in the art will appreciate that the disclosed heavy and light chain
variable domains can be included on heavy and light chains and cross-complemented to generate a
monoclona antibody that specificaly binds to gpl20 and is neutralizing. In several embodiments, the
disclosed antibodies have increased binding affinity for gpl20 compared to VRCOI, but are not self-reactive,
and/or have low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

For example, in some embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing, wherein the heavy chain variable domain includes amino acids 31-35 (CDR1), 50-66 (CDR2)
and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat), and the light chain variable domain of the antibody
includes amino acids 24-32 (CDR1), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 238 (Kabat). In
some embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing, wherein the heavy
chain variable domain includes amino acids 31-35 (CDR1), 50-66 (CDR2) and 99-1 14 (CDR3) of SEQ ID
NO: 40 (Kabat), and the light chain variable domain of the antibody includes amino acids 24-32 (CDR1),
48-54 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238 (Kabat).

In some embodiments, the antibody includes aheavy chain variable domain and alight chain

variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
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wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), and the light chain variable domain of the antibody includes amino
acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 238 (IMGT). In some
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing, wherein the heavy
chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID
NO: 40 (IMGT), and the light chain variable domain of the antibody includes amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238 (IMGT). In several embodiments, the antibody is not
self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not immunogenic
and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the light chain variable
domain includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238,
wherein X,; isF, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing.
In additional embodiments, the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and
97-114 (CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the light chain variable domain
includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X ; is
D, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isK,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, is S,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is G, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isH,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In severa
embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In additional embodiments,

the antibody is not immunogenic and/or has low immunogenicity.
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In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is H, wherein the light chain variable
domain includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238,
wherein X,; isF, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing.
In additional embodiments, the antibody includes aheavy chain variable domain and alight chain variable
domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and
97-114 (CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is H, wherein the light chain variable domain
includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X ; is
D, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is H, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, isK,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is H, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein X, is S,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In additional
embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 40 (IMGT), wherein X, is H, wherein the light chain variable domain includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 238, wherein Xn isH,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing. In severa
embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,is G and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X n isF, wherein the antibody specifically binds gpl20, and wherein the
antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35
(CDRI), 50-66 (CDR2) and/or 99-114 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X, is G and X3is S,
wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 238 (Kabat), wherein X n isD, wherein the antibody specificaly binds gpl20, and
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wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the heavy chain variable domain includes amino
acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X,is G and
X3is'S, wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or
87-91 (CDR3) of SEQ ID NO: 238 (Kabat), wherein X ; isK, wherein the antibody specificaly binds
gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy
chain variable domain and alight chain variable domain, wherein the heavy chain variable domain includes
amino acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,is
G and X3is S, wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 238 (Kabat), wherein X, is S, wherein the antibody specifically
binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the heavy chain variable domain
includes amino acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat),
wherein X, is G and X 3is S, wherein the light chain variable domain includes amino acids 24-32 (CDRI),
48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 238 (Kabat), wherein X, is H, wherein the antibody
specifically binds gpl20, and wherein the antibody is neutralizing. In several embodiments, the antibody is
not self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not
immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, is F, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X n is D, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X n is K, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
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NO: 238 (Kabat), wherein X, is S, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X;is S, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, is H, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutraizing. In severa embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,is G and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, isF, wherein the antibody specifically binds gpl20, and wherein the
antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35
(CDRI), 50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X,is G and X3isN,
wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 238 (Kabat), wherein X n isD, wherein the antibody specificaly binds gpl20, and
wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy chain
variable domain and alight chain variable domain, wherein the heavy chain variable domain includes amino
acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat), wherein X,is G and
X3isN, wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or
87-91 (CDR3) of SEQ ID NO: 238 (Kabat), wherein X, isK, wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes aheavy
chain variable domain and alight chain variable domain, wherein the heavy chain variable domain includes
amino acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,is
G and X3is N, wherein the light chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 238 (Kabat), wherein X n is S, wherein the antibody specifically
binds gpl20, and wherein the antibody is neutralizing. In additional embodiments, the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the heavy chain variable domain
includes amino acids 31-35 (CDRI), 50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 40 (Kabat),
wherein X, is G and X3isN, wherein the light chain variable domain includes amino acids 24-32 (CDRI),
48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 238 (Kabat), wherein X, is H, wherein the antibody
specifically binds gpl20, and wherein the antibody is neutralizing. In several embodiments, the antibody is
not self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not
immunogenic and/or has low immunogenicity.

In additional embodiments, the antibody includes aheavy chain variable domain and alight chain
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variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, is F, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, is D, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X, is K, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein Xn is S, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In additional embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDRI), 50-66
(CDR2) and/or 99-1 14 (CDRS3) of SEQ ID NO: 40 (Kabat), wherein X,isH and X5is N, wherein the light
chain variable domain includes amino acids 24-32 (CDRI), 48-54 (CDR2) and/or 87-91 (CDR3) of SEQ ID
NO: 238 (Kabat), wherein X n is H, wherein the antibody specifically binds gpl20, and wherein the antibody
isneutralizing. In severa embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.

For example, in some embodiments, the antibody includes aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 196 (NIH4546 heavy chain variable domain, IMGT CDRs),
further including aglycine to histidine substitution at Kabat position 54 (a G54H substitution), and wherein
the light chain variable domain includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of
SEQ ID NO: 215 (IMGT), wherein the antibody specifically binds gpl20, and wherein the antibody is
neutralizing. 1n some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the heavy chain variable domain includes amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 196 (NIH4546 heavy chain variable domain, IMGT CDRs),
further including aglycine to histidine substitution at Kabat position 54 (a G54H substitution), and wherein
the light chain variable domain includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of
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SEQ ID NO: 215 (IMGT), wherein the antibody specificaly binds gpl20, and wherein the antibody is
neutralizing. For example, in some embodiments, the antibody includes aheavy chain variable domain and
alight chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDR1),
50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 196 (NIH4546 heavy chain variable domain, Kabat
CDRs), further including aglycine to histidine substitution at Kabat position 54 (a G54H substitution), and
wherein the light chain variable domain includes amino acids 24-32 (CDR1), 48-54 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 215 (Kabat), wherein the antibody specificaly binds gpl20, and wherein the
antibody is neutralizing. In some embodiments, the antibody includes aheavy chain variable domain and a
light chain variable domain, wherein the heavy chain variable domain includes amino acids 31-35 (CDR1),
50-66 (CDR2) and/or 99-1 14 (CDR3) of SEQ ID NO: 196 (NIH4546 heavy chain variable domain, Kabat
CDRs), further including aglycine to histidine substitution at Kabat position 54 (a G54H substitution), and
wherein the light chain variable domain includes amino acids 24-32 (CDR1), 48-54 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 215 (Kabat), wherein the antibody specificaly binds gpl20, and wherein the
antibody is neutralizing. In further embodiments, the antibody includes aheavy chain variable domain and a
light chain variable domain, wherein the heavy chain variable domain includes the amino acid sequence set
forth as SEQ ID NO: 196 (NIH4546 heavy chain variable domain), further including aglycine to histidine
substitution at Kabat position 54 (a G54H substitution), and wherein the light chain variable domain includes
the amino acid sequence set forth as SEQ ID NO: 215 (Kabat), wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive,
and/or has low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 40, wherein X i
isl,X,isH,XzisSand X,is T (VRCO7 G54H; SEQ ID NO: 32) and wherein the light chain variable
domain includes alight chain variable domain as described herein, or aknown VRCOI-like light chain
variable domain. In severa embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity. For example, in
some embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing, wherein the heavy
chain variable domain of the antibody includes SEQ ID NO: 40, wherein Xiisl, X,isH, X3isSand X,isT
(VRCO7 G54H; SEQ ID NO: 32), and the light chain of the antibody includes:

(@ SEQ ID NO: 238, wherein X | isE; X,isl; X3isV; X isl; X5isS; Xgis S; X,isW; X8isD; Xq
iSN; Xio isT; X, isF; X ,isV;X ,isl (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X47isW; X8isD;XgisN;X ,,isT; X, isF; X ,isV;and X, is| (VRCOIL El/I2del-V3E; SEQ ID
NO: 219);
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(c) SEQ ID NO: 238, wherein X i is no amino acid; X, isno amino acid; X5isK; X isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X,,isT; X, isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isl; X5isS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein Xi is no amino acid; X, isno amino acid; XgisV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT; X;;isD; X, isV;and X, is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein Xiisno amino acid; X,isno amino acid; X5isV;X,isl; X5iSS; X4
isS; X;isW; X8isD; XqisN; X;pisT; Xy, isK; X, isV;and X, is| (VRCOLL El/I2del F97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X,
isS; X;isW; X8isD; XqisN; X;pisT; XnisS; X;,isV;and X, is| (VRCOIL El/I2del FI7S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV; X, isl; X5isS;Xe
isS; X;isS; XgisD; XqisT; X, isT; XnisF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS;Xe
isS; X;isN; XgisD; XgisT; X, isT; XnisF; X, isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT; XnisF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X;isE; XgisE; XqisR; X, isR; X, isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3is S; X, isT; Xgis S; Xg
isS;X;isS;X8isD; XqisT; X, isT; X, isF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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isS; X7isS; XgisD; XgisT; x ,,isT;x ;isF; X ,isV;and X, is| (VRCO1hpL03 El/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; Xg
isS; X7isN; XgisD; XgisT;x ,isT; X, isF; X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5is S; X,isQ; X5iSS; X4
isS; X7isN; XgisD; XgisT;x ,,isT;x ; isF;x ,,isQ;and x ,, isN (VRCO1hpL05 EI/12 deletion/V3S,
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein x i isno amino acid; X,is no amino acid; X3isS; X,isE; X5isK; Xg
ISE; X;iSE; XgisE; XgisR;Xx isR;x ; isF;x ,,isQ;andx ., isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isE; X,isQ; X5isS;X e
isS; X7isN; XgisD; XgisT;x ,,isT;xn isF;x ,isV;andx , is| (VRCO1hpL04 El/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X7isW;X8isD; XqisN;x ,,isT; X, isF;x ,isV;andx ,is| (VRCOI El/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; XzisV;X,isT;XgisS; Xg
isS;X;isS;X8isD; XgisT; x ,,isT; X, isF;x ,,isQ;and x ,, isN (VRCO1hpL02; SEQ ID NO: 50).

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 40, wherein X,
isl,X5isH,XzisN and X,isT (VRCO7 G54H, S58N), and wherein the light chain variable domain
includes alight chain variable domain as described herein, or aknown VRCOI -like light chain variable
domain. In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity. For example, in
some embodiments, the antibody includes aheavy chain variable domain and alight chain variable domain,
wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing, wherein the heavy
chain variable domain of the antibody includes SEQ ID NO: 40, wherein x i isl, X,isH, XgisN and X, isT
(VRCO7 G54H, S58N; SEQ ID NO: 258), and the light chain of the antibody includes:

(@ SEQ ID NO: 238, wherein x i isE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
isN;xio isT;xn isF;x ,,isV;X,3is| (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X7isW;X8isD; XqisN;x ,,isT; X, isF;x ,isV;andx ,,is| (VRCOIL El/I2del-V3E; SEQID
NO: 219);

61



WO 2013/086533 PCT/US2012/068827

(c) SEQ ID NO: 238, wherein X i is no amino acid; X, isno amino acid; X5isK; X isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X,,isT; X, isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isl; X5isS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein Xi is no amino acid; X, isno amino acid; XgisV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT; X;;isD; X, isV;and X, is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein Xiisno amino acid; X,isno amino acid; X5isV;X,isl; X5iSS; X4
isS; X;isW; X8isD; XqisN; X;pisT; Xy, isK; X, isV;and X, is| (VRCOLL El/I2del F97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X,
isS; X;isW; X8isD; XqisN; X;pisT; XnisS; X;,isV;and X, is| (VRCOIL El/I2del FI7S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV; X, isl; X5isS;Xe
isS; X;isS; XgisD; XqisT; X, isT; XnisF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS;Xe
isS; X;isN; XgisD; XgisT; X, isT; XnisF; X, isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT; XnisF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X;isE; XgisE; XqisR; X, isR; X, isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3is S; X, isT; Xgis S; Xg
isS;X;isS;X8isD; XqisT; X, isT; X, isF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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isS; X7isS; XgisD; XqisT; X isT; X, isF; X ,isV;and X, is| (VRCO1hpL03 El/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; Xg
isS; X7isN; XgisD; XqisT; X isT; X, isF; X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3is S; X,is Q; X5iSS; X
isS; X7isN; XgisD; XqisT; X, isT; Xy, isF; X ,isQ; and X, isN (VRCO1hpL05 EI/12 deletion/V3S,
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3isS; X,isE; X5isK; Xg
ISE; X5iSE; XgisE; XgisR; X isR; X, isF; X, isQ;and X ; isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3iSE; X,isQ; XgisS; Xe
isS; X7isN; XgisD; XgisT; X jisT; XnisF; X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCOI El/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; XzisV;X,isT;XgisS; Xg
isS; X;isS;X8isD; XgisT; X,,isT; X, isF; X,,isQ;and X, isN (VRCO1hpL02; SEQ ID NO: 50).

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 40, wherein X,
isV,X,isH, XzisSand X,isA (VRCO7 137V, G54H, T93A; SEQ ID NO: 259), and wherein the light
chain variable domain includes alight chain variable domain as described herein, or aknown VRCOI -like
light chain variable domain. In severa embodiments, the antibody is not self-reactive, and/or has low self-
reactivity. In additional embodiments, the antibody is not immunogenic and/or has low immunogenicity.
For example, in some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain of the antibody includes SEQ ID NO: 40, wherein XiisV,X,isH,
XgisSand X,isA (VRCO7 137V, G54H, T93A; SEQ ID NO: 259), and the light chain of the antibody
includes:

(@ SEQ ID NO: 238, wherein XiisE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
isN; XioisT; Xy, isF; X, isV; X, isl (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCOIL El/I2del-V3E; SEQID
NO: 219);
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(c) SEQ ID NO: 238, wherein x i is no amino acid; X, is no amino acid; X5isK; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X,,isT; X, isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isl; X5isS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein x i is no amino acid; X, isno amino acid; X5isV;X,isl; X5isS;X e
isS; X7isW;X8isD; XqisN; X,4isT;x ;isD; X, isV;and X, is| (VRCOIL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isV;X,isl; X5iSS;X ¢
isS; X7isW;X8isD; XqisN; X,qisT:x j; isk; X, isv;and X, is| (VRCOIL El/I2del F97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X ¢
isS; X7isW;X8isD; XqisN; X,4isT;xn isS; X;5isV;and X, is| (VRCOIL El/I2del F97S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

() SEQ ID NO: 238, wherein x i isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; X3isV;X,isl; XgisS;x e
isS; X;isS; XgisD; XqisT; X, isT;xn isF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS;xe
isS; X;isN; XgisD; XgisT; X, isT;xn isF; X ,isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT;x n isF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X;isE; XgisE; XqisR; X, isR; X, isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3is S; X, isT; Xgis S; Xg
isS;X;isS;X8isD; XqisT; X, isT; X, isF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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isS; X7isS; XgisD; XgisT;x ,,isT;x ;isF; X ,isV;and X, is| (VRCO1hpL03 El/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; Xg
isS; X7isN; XgisD; XgisT;x ,,isT; X, isF; X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X3is S; X,is Q; X5iSS; X
isS; X7isN; XgisD; XgisT;x ,,isT;x ; isF;x ,,isQ;and x ,, isN (VRCO1hpL05 EI/12 deletion/V3S,
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein x i isno amino acid; X,is no amino acid; X3isS; X,isE; X5isK; Xg
ISE; X5iSE; XgisE; XgisR;x isR;x ; isF;x ,,isQ;andx ., isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X3iSE; X,isQ; XgisS; X e
isS; X7isN; XgisD; XgisT;x ,,isT;xn isF;x ,isV;andx , is| (VRCO1hpL04 El/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X7isW;X8isD; XqisN;x ,,isT; X, isF;x ,isV;andx ,is| (VRCOI El/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; XzisV;X,isT;XgisS; Xg
isS; X;isS;X8isD; XgisT; x ,,isT; X, isF;x ,,isQ;and x ,,isN (VRCO1hpL02; SEQ ID NO: 50).

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 40, wherein X,
isV,X,isH, XzisN and X,is A (VRCO7 137V, G54H, S58N, T93A; SEQ ID NO: 260), and wherein the
light chain variable domain includes alight chain variable domain as described herein, or aknown VRCOI -
like light chain variable domain. In several embodiments, the antibody is not self-reactive, and/or has low
self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity. For example, in some embodiments, the antibody includes aheavy chain variable domain
and alight chain variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody
is neutralizing, wherein the heavy chain variable domain of the antibody includes SEQ ID NO: 40, wherein
xiisV,X,isH,X5isNand X,isA (VRCO7 137V, G54H, S58N, T93A; SEQ ID NO: 260), and the light
chain of the antibody includes:

(@ SEQ ID NO: 238, wherein x i isE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
isN;xio isT; X, isF;x ,isV;x ,isl (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X7isW;X8isD; XqisN;x ,,isT; X, isF;x ,isV;andx ,,is| (VRCOIL El/I2del-V3E; SEQID
NO: 219);
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(c) SEQ ID NO: 238, wherein x i is no amino acid; X, is no amino acid; X5isK; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X,,isT; X, isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isl; X5isS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein x i is no amino acid; X, isno amino acid; X5isV;X,isl; X5isS;X e
isS; X7isW;X8isD; XqisN; X,4isT;x ;isD; X, isV;and X, is| (VRCOIL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isV;X,isl; X5iSS;X ¢
isS; X7isW;X8isD; XqisN; X,qisT:x j; isk; X, isv;and X, is| (VRCOIL El/I2del F97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X ¢
isS; X7isW;X8isD; XqisN; X,4isT;xn isS; X;5isV;and X, is| (VRCOIL El/I2del F97S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

() SEQ ID NO: 238, wherein x i isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; X3isV;X,isl; XgisS;x e
isS; X;isS; XgisD; XqisT; X, isT;xn isF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS;xe
isS; X;isN; XgisD; XgisT; X, isT;xn isF; X ,isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT;x n isF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein x i is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X;isE; XgisE; XqisR; X, isR; X, isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3is S; X, isT; Xgis S; Xg
isS;X;isS;X8isD; XqisT; X, isT; X, isF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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isS; X7isS; XgisD; XqisT; X isT; X, isF; X ,isV;and X, is| (VRCO1hpL03 El/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; Xg
isS; X7isN; XgisD; XqisT; X isT; X, isF; X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X3is S; X,isQ; X5iSS; X4
isS; X7isN; XgisD; XgisT; X ,isT; X isF; X ,isQ; and X, isN (VRCO1hpL05 EI/12 deletion/V3S,
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein x i isno amino acid; X,is no amino acid; X3isS; X,isE; X5isK; Xg
ISE; X5iSE; XgisE; XgisR; X isR;x ; isF; X, isQ;and X ; isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein x i isno amino acid; X,isno amino acid; X5isE; X,isQ; X5isS;X e
isS; X7isN; XgisD; XgisT; X jisT;xn isF; X ,isv;and X, is| (VRCO1hpL04 El/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCOI El/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; XzisV;X,isT;XgisS; Xg
isS; X;isS;X8isD; XgisT; X,,isT; X, isF; X,,isQ;and X, isN (VRCO1hpL02; SEQ ID NO: 50).

In some embodiments, the antibody includes aheavy chain variable domain and alight chain
variable domain, wherein the antibody specifically binds gpl20, and wherein the antibody is neutralizing,
wherein the heavy chain variable domain includes the amino acid sequence of SEQ ID NO: 196 (NIH4546
heavy chain variable domain), further including a glycine to histidine substitution at Kabat position 54 (a
G54H substitution), and wherein the light chain variable domain includes alight chain variable domain as
described herein, or aknown VRCOI-like light chain variable domain. In severa embodiments, the
antibody is not self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not
immunogenic and/or has low immunogenicity. For example, in some embodiments, the antibody includes a
heavy chain variable domain and alight chain variable domain, wherein the antibody specifically binds
gpl20, and wherein the antibody is neutralizing, wherein the heavy chain variable domain of the antibody
includes SEQ ID NO: 196 (NIH4546 heavy chain variable domain), further including a glycine to histidine
substitution at Kabat position 54 (a G54H substitution), and the light chain of the antibody includes:

(@ SEQ ID NO: 238, wherein x i isE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
isN;xio isT; X, isF; X, isV;X ,isl (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCOIL El/I2del-V3E; SEQID
NO: 219);
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(c) SEQ ID NO: 238, wherein X i is no amino acid; X, isno amino acid; X5isK; X isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X,,isT; X, isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isl; X5isS; Xg
isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein Xi is no amino acid; X, isno amino acid; XgisV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT; X;;isD; X, isV;and X, is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein Xiisno amino acid; X,isno amino acid; X5isV;X,isl; X5iSS; X4
isS; X;isW; X8isD; XqisN; X;pisT; Xy, isK; X, isV;and X, is| (VRCOLL El/I2del F97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X,
isS; X;isW; X8isD; XqisN; X;pisT; XnisS; X;,isV;and X, is| (VRCOIL El/I2del FI7S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV; X, isl; X5isS;Xe
isS; X;isS; XgisD; XqisT; X, isT; XnisF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS;Xe
isS; X;isN; XgisD; XgisT; X, isT; XnisF; X, isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT; XnisF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X;isE; XgisE; XqisR; X, isR; X, isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3is S; X, isT; Xgis S; Xg
isS;X;isS;X8isD; XqisT; X, isT; X, isF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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iSS; X4isS; XgisD; XqisT; X, isT; X, isF; X ,isV;and X, is| (VRCO1hpL03 El/12 deletion/V3S,
SEQ ID NO: 233);

() SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X;3isS; X,isQ; X5is S; Xg
iSS; X4iSN; XgisD; XgisT; X ,isT; Xy isF; X, isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; X,
iSS; X7iSN; XgisD; XgisT; X ,isT; Xy isF; X, isQ; and X, isN (VRCO1hpL0S5 El/12 deletion/V3S,
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isS; X,isE; XgisK; Xg
iISE; X;isE; XgisE; XgisR; X jisR; Xy, isF; X ,isQ; and X, isN (VRCO1hpLO6 EI/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isE; X,isQ; X5isS; Xe
isS; X4isN; XgisD; XgisT; X ,isT; XnisF; X ,isV;and X, is| (VRCO1hpL04 EI/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X5isV; X, isl; XgisS; Xg
isS; X47isW; X8isD;XgisN; X, isT; X, isF; X ,isV;and X, is| (VRCOI EI/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X5isV;X,isT; XgisS; Xg
iSS; X4isS; X8isD; XgisT; X, isT; X, isF; X ,isQ; and X, isN (VRCO1hpL02; SEQ ID NO: 50).

2. Additional Exemplary Antibodies

In some embodiments, the isolated monoclonal antibody specifically binds gpl20, and includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of
SEQ ID NO: 1, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. 1n some embodiments, the isolated monoclona antibody specifically binds gpl20, and
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14
(CDR3) of SEQ ID NO: 29, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In additional embodiments, the heavy chain variable domain of the monoclonal
antibody includes amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 2,
wherein the antibody specifically binds gpl20 and wherein the antibody is neutralizing. In other
embodiments, the heavy chain variable domain of the monoclonal antibody includes amino acids 26-33
(CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 3 and wherein the antibody specificaly
binds gpl20 and wherein the antibody is neutralizing. In further embodiments, the heavy chain variable
domain of the monoclona antibody includes amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14
(CDR3) of SEQ ID NO: 4 and wherein the antibody specifically binds gpl20 wherein the antibody is

neutralizing.
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In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 1, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In some embodiments,
the isolated monoclonal antibody specifically binds gpl20, and includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 29, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In additional
embodiments, the heavy chain variable domain of the monoclona antibody includes amino acids 26-33
(CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 2, wherein the antibody specifically binds
gpl20 and wherein the antibody is neutralizing. In other embodiments, the heavy chain variable domain of
the monoclonal antibody includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDRS3) of SEQ
ID NO: 3 and wherein the antibody specifically binds gpl20 and wherein the antibody is neutralizing. In
further embodiments, the heavy chain variable domain of the monoclonal antibody includes amino acids 26-
33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 4 and wherein the antibody specifically
binds gpl20 wherein the antibody is neutralizing.

In further embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In specific non-
limiting examples, the isolated monoclona antibody includes aheavy chain variable domain including
amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of one of SEQ ID NOs. 31-36, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In several
embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 30, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In specific non-
limiting examples, the isolated monoclona antibody includes aheavy chain variable domain including
amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of one of SEQ ID NOs. 31-36, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

In additional embodiments, the isolated monoclonal antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 38,
wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In
specific non-limiting examples, the monoclonal antibody includes aheavy chain variable domain including
amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38, wherein X is Q; X
isVorlandX,isAorT. Inother specific non-limiting examples, the monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
SEQ ID NO: 38, wherein XisisQor R; X s isV and X, isA or T. In more specific non-limiting examples,

the monoclonal antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-
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58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38, wherein X ,isQor R; X isVorland X ,isA. In
further specific non-limiting examples, the monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 38, wherein
XidsQ; X sisV and X, isA or T. Inyet other specific non limiting examples, the monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114
(CDR3) of SEQ ID NO: 38, wherein Xisis Qor R; X;5isV and X;,isA. In different specific non-limiting
examples, the monoclona antibody includes aheavy chain variable domain including amino acids 26-33
(CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38, wherein X,5isQ; X cisV or | and X , is
A. In additional embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 39, wherein the
antibody specifically binds gpl20 of HIV-1.

In additional embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 38,
wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In other
specific non-limiting examples, the monoclonal antibody includes aheavy chain variable domain including
amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38, wherein X ,isQ or R;
xi6 isV and X, isA or T. In more specific non-limiting examples, the monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of
SEQ ID NO: 38, wherein x15is Qor R; X cisV or | and X , isA. In further specific non-limiting examples,
the monoclonal antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-
58 (CDR2) and 97-1 14 (CDRS3) of SEQ ID NO: 38, wherein X isQ; X ,isV and X ,isAor T. Inyet
other specific non limiting examples, the monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 38, wherein X . is
Qor R; X gisV and X;,isA. Indifferent specific non-limiting examples, the monoclonal antibody includes
aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of
SEQ ID NO: 38, wherein x151s Q; X;gisV or | and X;,isA. In additional embodiments, the isolated
monoclonal antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 39, wherein the antibody specifically binds gpl20 of HIV-1.

In some embodiments, the monoclona antibody includes aheavy chain variable domain including
SEQ ID NO: lor SEQ ID NO: 29. Specific, non-limiting examples are antibodies that include aheavy
chain variable domain that includes an amino acid sequence set forth as SEQ ID NO: 2, SEQ ID NO: 3 or
SEQ ID NO: 4.

In some embodiments, the isolated monoclonal antibody specifically binds gpl20, and includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
SEQ ID NO: 23, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. In additional embodiments, the heavy chain variable domain of the monoclonal antibody
includes amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 24, wherein the
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antibody specifically binds gpl 20 and wherein the antibody is neutralizing. In another embodiment, the
heavy chain variable domain of the monoclonal antibody includes amino acids 26-33 (CDR1), 51-58
(CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 25 and wherein the antibody specifically binds gpl20 and
wherein the antibody is neutralizing. In further embodiments, the heavy chain variable domain of the
monoclonal antibody includes amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID
NO: 26 and wherein the antibody specifically binds gpl20 wherein the antibody is neutralizing.

In some embodiments, the isolated monoclona antibody includes aheavy chain variable domain
including amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-114 (CDRS3) of SEQ ID NO: 23, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In additional
embodiments, the heavy chain variable domain of the monoclonal antibody includes amino acids 26-33
(CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 24, wherein the antibody specifically binds
gpl20 and wherein the antibody is neutralizing. In another embodiment, the heavy chain variable domain of
the monoclonal antibody includes amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ
ID NO: 25 and wherein the antibody specifically binds gpl20 and wherein the antibody is neutralizing. In
further embodiments, the heavy chain variable domain of the monoclonal antibody includes amino acids 26-
33 (CDR1), 51-58 (CDR2) and 97-114 (CDRS3) of SEQ ID NO: 26 and wherein the antibody specifically
binds gpl20 wherein the antibody is neutralizing.

In some embodiments, the monoclonal antibody includes aheavy chain variable domain including
SEQ ID NO: 23. Specific, non-limiting examples are antibodies that include aheavy chain variable domain
that includes an amino acid sequence set forth as SEQ ID NO: 24, SEQ ID NO: 25, or SEQ ID NO: 26.

In additional embodiments, the monoclonal antibody includes aheavy chain variable domain
including the amino acid sequence set forth as SEQ ID NO: 30. Specific, non-limiting examples are
antibodies that include aheavy chain variable domain that includes an amino acid sequence set forth as SEQ
ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35 or SEQ ID NO: 36.

In more embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including the amino acid sequence set forth as SEQ ID NO: 38. In specific non-limiting examples, the
monoclonal antibody includes aheavy chain variable domain including the amino acid sequence set forth as
SEQ ID NO: 38, wherein Xisis Q; X;gisV or | and X;,isA or T. In other specific non-limiting examples,
the monoclonal antibody includes aheavy chain variable domain including the amino acid sequence set forth
as SEQ ID NO: 38, wherein x151s Q or R; X,gisV and X;,isA or T. In more specific non-limiting
examples, the monoclona antibody includes aheavy chain variable domain including the amino acid
sequence set forth as SEQ ID NO: 38, wherein x15is Qor R; X;gisV or | and X;,isA. In further specific
non-limiting examples, the monoclonal antibody includes aheavy chain variable domain the amino acid
sequence set forth as SEQ ID NO: 38, wherein X151s Q; X s isV and X, isA or T. In yet other specific non
limiting examples, the monoclonal antibody includes aheavy chain variable domain including the amino
acid sequence set forth as SEQ ID NO: 38, wherein x15is Qor R; X ¢ isV and X, isA. In different specific

non-limiting examples, the monoclonal antibody includes aheavy chain variable domain including the
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amino acid sequence set forth as SEQ ID NO: 38, wherein x151S Q; X s isV or | and X, isA. In additional
embodiments, the isolated monoclonal antibody includes aheavy chain variable domain the amino acid
sequence set forth as SEQ ID NO: 39.

In additional embodiments, the light chain of the isolated human monoclonal antibody includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 6 wherein the antibody
specifically binds gpl20 and wherein the antibody is neutralizing. In further embodiments, the light chain of
the isolated human monoclona antibody includes amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 7, wherein the antibody specificaly binds gpl20 and wherein the antibody is
neutralizing. 1n some embodiments, the light chain of the isolated human monoclonal antibody includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody
specifically binds gpl20 and wherein the antibody is neutralizing. In other embodiments, the light chain of
the isolated human monoclona antibody includes amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 9, wherein the antibody specificaly binds gpl20 and wherein the antibody is
neutralizing. In further embodiments, the light chain of the isolated human monoclonal antibody includes
amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody
specifically binds gpl20 and wherein the antibody is neutralizing.

In further embodiments, the light chain of the isolated human monoclona antibody includes amino
acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 6 wherein the antibody specifically
binds gpl20 and wherein the antibody is neutralizing. In further embodiments, the light chain of the isolated
human monoclonal antibody includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ
ID NO: 7 wherein the antibody specifically binds gpl20 and wherein the antibody isneutralizing. In some
embodiments, the light chain of the isolated human monoclonal antibody includes amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 8 wherein the antibody specifically binds gpl20
and wherein the antibody is neutralizing. In other embodiments, the light chain of the isolated human
monoclona antibody includes amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID
NO: 9 wherein the antibody specifically binds gpl20 and wherein the antibody isneutralizing. In further
embodiments, the light chain of the isolated human monoclonal antibody includes amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds
gpl20 and wherein the antibody is neutralizing.

In some embodiments, the monoclona antibody includes alight chain variable domain including
SEQ ID NO: 6. Specific, non-limiting examples are antibodies that include alight chain variable domain
that includes an amino acid sequence set forth as SEQ ID NO: 7 or SEQ ID NO: 8. In other embodiments,
the monoclonal antibody includes alight chain variable domain including SEQ ID NO: 9. In still other
embodiments, the monoclona antibody includes alight chain variable domain including as SEQ ID NO: 27.

In some embodiments the light chain variable domain of the antibody includes amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 41. In additional embodiments, the light chain
variable domain of the antibody includes SEQ ID NO: 41, wherein XiisE, X,isl, X5isl, X,isW,XgisN,
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XgisV, and X,is| [VRCOI]. In more embodiments, the light chain variable domain includes SEQ ID NO:
41, wherein X ; isno amino acid, X,isno amino acid, X5is!, X,isW, XgisN, XgisV, and X,is| [VRCOI
El/12 deletion]. In yet other embodiments, the light chain variable domain includes SEQ ID NO: 41,
wherein X ; isno amino acid, X,isno amino acid, ,Xisl, X,isW,XgisT, X4isV, and X,is| [VRCOI
El/12 deletion N72T] . In some embodiments, the light chain variable domain includes SEQ ID NO: 41,
wherein XiisE, X,isl,,X3isT,X,isS,x5isT, XgisQ, and X, isN. In additional embodiments, the light
chain variable domain includes SEQ ID NO: 41, wherein X i isno amino acid, X,isno amino acid, X5isT,
X,4isS,x5isT,XgisQ, and X, isN. Inall of these embodiments, the antibody specifically binds gpl20,
and wherein the antibody is neutralizing

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 40, and alight
chain variable domain including amino acids 27-30 (CDRL1), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ
ID NO: 41, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. In additional embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRL1), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 40,
wherein Xiisl, X,isH,X3isSand X,isT, and alight chain variable domain including amino acids 27-30
(CDRL1), 48-50 (CDR2) and/or 87-91 (CDRS3) of SEQ ID NO: 41, wherein the antibody specifically binds
gpl20 of HIV-1, and wherein the antibody is neutralizing. In other embodiments, the isolated monaoclonal
antibody includes aheavy chain variable domain including amino acids 26-33 (CDR1), 51-58 (CDR2)
and/or 97-1 14 (CDRS3) of SEQ ID NO: 40, wherein X isl, X,isH,XzisN and X,isT, and alight chain
variable domain including amino acids 27-30 (CDRL1), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO:
41, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including SEQ ID NO: 40, and alight chain variable domain including SEQ ID NO: 41. In some
embodiments, the heavy chain variable domain of the antibody includes one of: (a) SEQ ID NO: 40, wherein
Xiisl,X,isH,X3isSand X,isT; (b) SEQ ID NO: 40, wherein Xiisl, X,isH, X3isN and X,isT; (c)
SEQ ID NO: 40, wherein XiisV,X,isH,XzisSand X,isA; or (d) SEQ ID NO: 40, wherein XiisV, X,
isH, X3isN and X, is A and the light chain variable domain includes SEQ ID NO: 41. In further
embodiments, the heavy chain variable domain of the antibody includes one of: (a) SEQ ID NO: 40, wherein
Xiisl,X,isH,XzisSand X,isT; (b) SEQ ID NO: 40, wherein Xiisl, X,isH, X3isN and X,isT; (c)
SEQ ID NO: 40, wherein XiisV,X,isH,X3zisSand X,isA; or (d) SEQ ID NO: 40, wherein XiisV, X,
isH,X3isN and X, isV; and the light chain variable domain includes one of (€) SEQ ID NO: 41, wherein
XiisE, X,isl, Xgisl, X,isW, XgisN, XgisV,and X7is| [VRCOI]; (f) SEQ ID NO: 41, wherein Xi is
no amino acid, X,isno amino acid, X5isl, X,isW,XgisN,X6isV, and X7is| [VRCOI EI/12 deletion] ;
(9) SEQ ID NO: 41, wherein X ; isno amino acid, X,isno amino acid, , X3isl, X,isW, XgisT,X6isV,
and X7isl [VRCOI EI/12 deletion N72T] ; (h) SEQ ID NO: 41, wherein XiisE, X,isl,,X3isT,X,isS,
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XgisT,X6isQ,and X7 isN;or (i) SEQ ID NO: 41, wherein X i isE, X,isno amino acid, X5is T, X,isS,
XgisT,X6isQ,and X7 isN.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 1, and includes
alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDRS3) of
SEQ ID NO: 6, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. In further embodiments, the isolated monoclonal antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 2, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In additional embodiments, the heavy chain variable domain of the monoclonal
antibody includes amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 3, and
the light chain variable domain and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 7, wherein the antibody specifically binds
gpl20 and wherein the antibody is neutralizing. In yet other embodiments, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14
(CDR?3) of SEQ ID NO: 4, and includes alight chain variable domain including amino acids 27-30 (CDRI),
48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 of
HIV-1, and wherein the antibody is neutralizing.

In additional embodiments, the isolated monoclonal antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 1, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 6, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In further embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
2, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In additional embodiments, the heavy chain variable domain of the monoclonal
antibody includes amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 3, and the
light chain variable domain and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20
and wherein the antibody is neutralizing. In yet other embodiments, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 4, and includes alight chain variable domain including amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 of HIV-

1, and wherein the antibody is neutralizing.

75



WO 2013/086533 PCT/US2012/068827

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 1, and includes a
light chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ
ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.
In additional embodiments, the heavy chain variable domain of the monoclonal antibody includes amino
acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 3, and the light chain variable
domain and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and
87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 and wherein the antibody is
neutralizing. In yet other embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 4, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing.

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 6, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In specific non-limiting examples, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of
SEQ ID NO: 30, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and 87-91 (CDR3) of SEQ ID NO: 6, wherein the antibody specifically binds gpl20 of HIV-1, and
wherein the antibody is neutralizing. In additional non-limiting examples, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114
(CDR3) of one of SEQ ID NOs: 31-36, and includes alight chain variable domain including amino acids
27-30 (CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 6, wherein the antibody specifically
binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In more non-limiting examples, the
isolated monoclonal antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI),
51-58 (CDR2) and 97-114 (CDR3) of one of SEQ ID NOs: 31-36, and includes alight chain variable
domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6, wherein
the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In severd
embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In further embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 7, wherein the antibody specificaly binds gpl20 and wherein the antibody is

neutralizing. In specific non-limiting examples, the isolated monoclona antibody includes aheavy chain
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variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
30, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20 and wherein the antibody is
neutralizing. In additional non-limiting examples, the isolated monoclona antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of one of SEQ
ID NOs:. 31-36, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20 and wherein
the antibody is neutralizing. In more non-limiting examples, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of
one of SEQ ID NOs:. 31-36, and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20
and wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive, and/or
has low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 8, wherein the antibody specificaly binds gpl20 and wherein the antibody is
neutralizing. 1n some non-limiting examples, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
30, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 and wherein the antibody is
neutralizing. In additional non-limiting examples, the isolated monoclona antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of one of SEQ
ID NOs:. 31-36, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 and wherein
the antibody is neutralizing. In more non-limiting examples, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of
one of SEQ ID NOs:. 31-36, and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20
and wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive, and/or
has low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
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antibody is neutralizing. In some non-limiting examples, the isolated monoclonal antibody includes a heavy
chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID
NO: 30, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2)
and 87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein
the antibody is neutralizing. In specific non-limiting examples, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
one of SEQ ID NOs. 31-36, and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds
gpl20 of HIV-1, and wherein the antibody is neutralizing. In more non-limiting examples, the isolated
monoclona antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of one of SEQ ID NOs. 31-36, and includes alight chain variable domain
including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9, wherein the
antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In severd
embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 and wherein the antibody is
neutralizing. 1n some non-limiting examples, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
30, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 27, wherein the antibody specificaly binds gpl20 and wherein the antibody is
neutralizing. In additional non-limiting examples, the isolated monoclona antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of one of SEQ
ID NOs:. 31-36, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specificaly binds gpl20 and
wherein the antibody is neutralizing. In more non-limiting examples, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of one of SEQ ID NOs: 31-36, and includes alight chain variable domain including amino acids 27-
30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds
gpl20 and wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive,
and/or has low self-reactivity. In additiona embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

In several examples, the monoclona antibody includes aheavy chain variable domain including
SEQ ID NO: 30 and alight chain variable domain including SEQ ID NO: 6. In other examples, the

monoclona antibody includes aheavy chain variable domain including SEQ ID NO: 30 and alight chain
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variable domain including SEQ ID NO: 7. Inyet other examples, the monoclonal antibody includes aheavy
chain variable domain including SEQ ID NO: 30 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 30 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 30 and alight chain variable
domain including SEQ ID NO: 27.

In further examples, the monoclonal antibody includes aheavy chain variable domain including
SEQ ID NO: 31 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 31 and alight chain
variable domain including SEQ ID NO: 7. Inyet other examples, the monoclonal antibody includes aheavy
chain variable domain including SEQ ID NO: 31 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 31 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 31 and alight chain variable
domain including SEQ ID NO: 27.

In more examples, the monoclonal antibody includes aheavy chain variable domain including SEQ
ID NO: 32 and alight chain variable domain including SEQ ID NO: 6. In other examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 32 and alight chain variable
domain including SEQ ID NO: 7. In yet other examples, the monoclonal antibody includes aheavy chain
variable domain including SEQ ID NO: 32 and alight chain variable domain including SEQ ID NO: 8. In
additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ 1D
NO: 32 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 32 and alight chain variable
domain including SEQ ID NO: 27.

In yet other examples, the monoclonal antibody includes a heavy chain variable domain including
SEQ ID NO: 33 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 33 and alight chain
variable domain including SEQ ID NO: 7. In yet other examples, the monoclonal antibody includes aheavy
chain variable domain including SEQ ID NO: 33 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 33 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 33 and alight chain variable
domain including SEQ ID NO: 27.

In some examples, the monoclona antibody includes aheavy chain variable domain including SEQ
ID NO: 34 and alight chain variable domain including SEQ ID NO: 6. In other examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 34 and alight chain variable
domain including SEQ ID NO: 7. In yet other examples, the monoclonal antibody includes aheavy chain
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variable domain including SEQ ID NO: 34 and alight chain variable domain including SEQ ID NO: 8. In
additional examples, the monoclona antibody includes aheavy chain variable domain including SEQ ID
NO: 34 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 34 and alight chain variable
domain including SEQ ID NO: 27.

In additional examples, the monoclona antibody includes aheavy chain variable domain including
SEQ ID NO: 35 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclona antibody includes aheavy chain variable domain including SEQ ID NO: 35 and alight chain
variable domain including SEQ ID NO: 7. Inyet other examples, the monoclona antibody includes aheavy
chain variable domain including SEQ ID NO: 35 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 35 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 35 and alight chain variable
domain including SEQ ID NO: 27.

In further examples, the monoclona antibody includes aheavy chain variable domain including
SEQ ID NO: 36 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclona antibody includes aheavy chain variable domain including SEQ ID NO: 36 and alight chain
variable domain including SEQ ID NO: 7. Inyet other examples, the monoclona antibody includes aheavy
chain variable domain including SEQ ID NO: 36 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 36 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 36 and alight chain variable
domain including SEQ ID NO: 27.

In yet other embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38 or SEQ ID
NO: 39, and includes alight chain variable domain including amino acids 27-30 (CDR1), 48-50 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 6, wherein the antibody specifically binds gpl20 of HIV-1, and
wherein the antibody is neutralizing. In specific non-limiting examples, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 38 or SEQ ID NO: 39, and includes alight chain variable domain including amino
acids 27-30 (CDR1), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6, wherein the antibody specifically
binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In several embodiments, the antibody is not
self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not immunogenic
and/or has low immunogenicity.

In further embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38 or SEQ ID
NO: 39, and includes alight chain variable domain including amino acids 27-30 (CDRL1), 48-50 (CDR2)
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and/or 87-91 (CDRS3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20 and wherein the
antibody is neutralizing. In specific non-limiting examples, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of
SEQ ID NO: 38 or SEQ ID NO: 39, and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 7, wherein the antibody specifically binds gpl20
and wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive, and/or
has low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 38 or SEQ ID
NO: 39, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 and wherein the
antibody is neutralizing. In some non-limiting examples, the isolated monoclonal antibody includes a heavy
chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID
NO: 38 or SEQ ID NO: 39, and includes alight chain variable domain including amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8, wherein the antibody specifically binds gpl20 and
wherein the antibody is neutralizing. In several embodiments, the antibody is not self-reactive, and/or has
low self-reactivity. In additional embodiments, the antibody is not immunogenic and/or has low
immunogenicity. In yet other embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID
NO: 38 or SEQ ID NO: 39, and includes alight chain variable domain including amino acids 27-30
(CDRI), 48-50 (CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds
gpl20 of HIV-1, and wherein the antibody is neutralizing. In some non-limiting examples, the isolated
monoclona antibody includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58
(CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 38 or SEQ ID NO: 39, and includes alight chain variable
domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9, wherein
the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In severd
embodiments, the antibody isnot self-reactive, and/or has low self-reactivity. In additional embodiments,
the antibody is not immunogenic and/or has low immunogenicity.

In additional embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 38 or
SEQ ID NO: 39, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specificaly binds gpl20 and
wherein the antibody is neutralizing. In some non-limiting examples, the isolated monoclonal antibody
includes aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114
(CDR3) of SEQ ID NO: 38 or SEQ ID NO: 39, and includes alight chain variable domain including amino
acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 27, wherein the antibody
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specifically binds gpl20 and wherein the antibody is neutralizing. In several embodiments, the antibody is
not self-reactive, and/or has low self-reactivity. In additional embodiments, the antibody is not
immunogenic and/or has low immunogenicity.

In several examples, the monoclonal antibody includes aheavy chain variable domain including
SEQ ID NO: 38 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 38 and alight chain
variable domain including SEQ ID NO: 7. Inyet other examples, the monoclonal antibody includes a heavy
chain variable domain including SEQ ID NO: 38 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes a heavy chain variable domain including SEQ ID
NO: 38 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 38 and alight chain variable
domain including SEQ ID NO: 27.

In further examples, the monoclona antibody includes aheavy chain variable domain including
SEQ ID NO: 39 and alight chain variable domain including SEQ ID NO: 6. In other examples, the
monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 39 and alight chain
variable domain including SEQ ID NO: 7. Inyet other examples, the monoclonal antibody includes a heavy
chain variable domain including SEQ ID NO: 39 and alight chain variable domain including SEQ ID NO: 8.
In additional examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 39 and alight chain variable domain including SEQ ID NO: 9. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 39 and alight chain variable
domain including SEQ ID NO: 27.

In some examples, the monoclonal antibody includes aheavy chain variable domain including SEQ
ID NO: 1and alight chain variable domain including SEQ ID NO: 6. In other examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 2 and alight chain variable domain
including SEQ ID NO: 9. In yet other examples, the monoclonal antibody includes aheavy chain variable
domain including SEQ ID NO: 3 and alight chain variable domain including SEQ ID NO: 7. In additional
examples, examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID
NO: 4 and alight chain variable domain including SEQ ID NO: 8. In more examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 3 and alight chain variable domain
including SEQ ID NO: 9. In additional examples, examples, the monoclonal antibody includes aheavy
chain variable domain including SEQ ID NO: 4 and alight chain variable domain including SEQ ID NO: 9.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 23, and
includes alight chain variable domain including amino acids 27-30 (CDR1), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID
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NO: 24, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and
wherein the antibody is neutralizing. In some embodiments, the isolated monoclona antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
SEQ ID NO: 25 and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1,
and wherein the antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes
aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3)
of SEQ ID NO: 26, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1,
and wherein the antibody is neutralizing.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 23, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and/or 87-91
(CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID
NO: 24, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2)
and/or 87-91 (CDRS3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1, and
wherein the antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes a
heavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
SEQ ID NO: 25 and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1,
and wherein the antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes
aheavy chain variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3)
of SEQ ID NO: 26, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1,
and wherein the antibody is neutralizing.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 23, and includes a
light chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ
ID NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.
In some embodiments, the isolated monoclona antibody includes aheavy chain variable domain including
amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 24, and includes alight
chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID
NO: 9, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In

some embodiments, the isolated monoclona antibody includes aheavy chain variable domain including
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amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 25 and includes alight chain
variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9,
wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing. In some
embodiments, the isolated monoclonal antibody includes aheavy chain variable domain including amino
acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 26, and includes alight chain
variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 9,
wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

In some embodiments, the isolated monoclonal antibody includes aheavy chain variable domain
including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 23, and includes a
light chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDRS3) of SEQ
ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is
neutralizing. In some embodiments, the isolated monoclona antibody includes aheavy chain variable
domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 24, and
includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91
(CDR3) of SEQ ID NO: 27, wherein the antibody specifically binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
25 and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 27, wherein the antibody specificaly binds gpl20 of HIV-1, and wherein the
antibody is neutralizing. In some embodiments, the isolated monoclonal antibody includes aheavy chain
variable domain including amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
26, and includes alight chain variable domain including amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-
91 (CDR3) of SEQ ID NO: 27, wherein the antibody specificaly binds gpl20 of HIV-1, and wherein the
antibody is neutralizing.

In some examples, the monoclona antibody includes aheavy chain variable domain including SEQ
ID NO: 23 and alight chain variable domain including SEQ ID NO: 9. In some examples, the monoclonal
antibody includes aheavy chain variable domain including SEQ ID NO: 24 and alight chain variable
domain including SEQ ID NO: 9. In some examples, the monoclona antibody includes aheavy chain
variable domain including SEQ ID NO: 25 and alight chain variable domain including SEQ ID NO: 9. In
some examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 26
and alight chain variable domain including SEQ ID NO: 9. In some examples, the monoclonal antibody
includes aheavy chain variable domain including SEQ ID NO: 23 and alight chain variable domain
including SEQ ID NO: 27. In some examples, the monoclona antibody includes aheavy chain variable
domain including SEQ ID NO: 24 and alight chain variable domain including SEQ ID NO: 27. In some
examples, the monoclonal antibody includes aheavy chain variable domain including SEQ ID NO: 25 and a

light chain variable domain including SEQ ID NO: 27. In some examples, the monoclona antibody includes
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aheavy chain variable domain including SEQ ID NO: 26 and alight chain variable domain including SEQ
ID NO: 27.

In several embodiments, the monoclonal antibody includes the HCDR1, HCDR2 and/or HCDR3 or
the LCDR1, LCDR2 and/or LCDRS3 of one of the monoclonal antibody heavy or light chains encoded by
one of the nucleic acid molecules listed in Table 2 or Table 3. In several embodiments, the monoclonal
antibody includes the HCDR1, HCDR2 and HCDR3 or the LCDR1, LCDR2 and LCDRS3 of one of the
monoclonal antibody heavy or light chains encoded by one of the nucleic acid molecules listed in Table 2 or
Table 3. In additional embodiments, the monoclonal antibody includes aheavy chain variable domain or a
light chain variable domain of one of the heavy or light chains encoded by one of the nucleic acid molecules
listed in Table 2 or Table 3. In further embodiments, the monoclonal antibody includes aheavy chain or a
light chain of one of the heavy or light chains encoded by one of the nucleic acid molecules listed in Table 2
or Table 3.

3. Additional Description d Monoclonal Antibodies

In some embodiments, the heavy chain of the antibody includes at least 1 (such as at least 2, at least
3,atleast 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, or at least
13) amino acid substitutions compared to the amino acid sequence set forth as SEQ ID NO: 5 (VRCOI heavy
chain variable domain). In some embodiments, the light chain of the antibody includes at least 1 (such as at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least
12, or at least 13) amino acid substitutions compared to the amino acid sequence set forth as SEQ ID NO: 9
(VRCOI light chain variable domain). In some embodiments, the heavy chain of the antibody includes at
least 1(such asat least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10,
at least 11, at least 12, or at least 13) amino acid substitutions compared to the amino acid sequence set forth
as SEQ ID NO: 2 (VRCO7 heavy chain variable domain).

In some examples, the disclosed monoclonal antibodies have ahigh affinity for gpl20, such asaKy
of <3 nM for the antigenic epitope of gpl20. In some embodiments, the VRCO7 or variants of VRCO07
compete with CD4 for binding to gpl 20.

Those of skill in the art will understand that a set of structure coordinates for the antibody or
portions thereof in complex with gp 120 or aportion thereof, is arelative set of points that define a shapein
three dimensions. Thus, it ispossible that an entirely different set of coordinates could define asimilar or
identical shape. Moreover, slight variations in the individual coordinates will have little effect on overall
shape. The variations in coordinates discussed above may be generated because of mathematical
manipulations of the structure coordinates.

In several embodiments, the antibody is not self-reactive, and/or has low self-reactivity. In
additional embodiments, the antibody is not immunogenic and/or has low immunogenicity. In several
embodiments, the disclosed monoclonal antibodies specifically bind to the CD4 binding site on gpl20 with
an affinity greater than that of VRCOI, but are less immunogenic than VRCOI when administered to a
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subject. In additional embodiments, the disclosed monoclonal antibodies specifically bind to the CD4
binding site on gpl20 with an affinity greater than that of VRCOI, but are less self-reactive than VRCOL.

In some non-limiting examples, adisclosed antibody that is not self-reactive, or has low self
reactivity, completes competes poorly with an equal molar or less amount of acontrol antibody that is
known to bind to self antigens. For example, the antibody can licit about 50% or less inhibition, such as
about 40%, 30%, 20% or 10% inhibition, of control antibody binding to anti-nuclear antigen and/or to
cardiolipin. In additional non-limiting examples, the antibody has afive-fold or less, such as about six-fold,
seven-fold, eight fold, nine-fold, or ten-fold less affinity for cardiolipin and/or nuclear antigen as compared
to acontrol, such as a standard value or the affinity of the control antibody to cardiolipin and/or nuclear
antigen, respectively.

In several embodiments, to optimize in vivo half-life, an LS mutation can be added to the FcRn
receptor binding region of an antibody. This mutation has no effect on neutralization breadth or potency, but
increases the half-life of the antibody by 2- to 3-fold in both humanized mice and non-human primates.
Additional the LS mutation to amonoclonal antibody isknown to the person of skill in the art (see, e.g.,
Zaevsky, et al, Nature Biotechnology, 28:157-159, 2010).

The monoclonal antibodies disclosed herein can be of any isotype. The monoclonal antibody can be,
for example, an IgM or an 1gG antibody, such aslgGior an 1gG,. The class of an antibody that specifically
binds gpl20 can be switched with another. In one aspect, anucleic acid molecule encoding V| or Vis
isolated using methods well-known in the art, such that it does not include any nucleic acid sequences
encoding the constant region of the light or heavy chain, respectively.

The nucleic acid molecule encoding V| or V,isthen operatively linked to anucleic acid sequence
encoding aC or C, from adifferent class of immunoglobulin molecule. This can be achieved using a vector
or nucleic acid molecule that includes aC, or Cy, chain, as known in the art. For example, an antibody that
specifically binds gpl20 that was originally IgM may be class switched to an IgG.. Class switching can be
used to convert one 1gG subclass to another, such asfrom IgGi to IgG..

In some examples, the disclosed antibodies are oligomers of antibodies, such as dimers trimers,
tetramers, pentamers, hexamers, septamers, octomers and so on. In some examples, the antibodies are
pentamers. The antibodies can also be included in abi-specific antibody.

Antibody fragments of the antibodies disclosed herein are provided, which include aheavy chain
and light chain variable domain and specifically bind gpl20. These antibody fragments retain the ability to
selectively bind with the antigen and are "antigen-binding" fragments. These fragments include, but are not
limited to:

(@) Fab, the fragment which contains a monovalent antigen-binding fragment of an antibody
molecule, can be produced by digestion of whole antibody with the enzyme papain to yield an intact light

chain and aportion of one heavy chain;
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(2 Fab', the fragment of an antibody molecule can be obtained by treating whole antibody with
pepsin, followed by reduction, to yield an intact light chain and aportion of the heavy chain; two Fab'
fragments are obtained per antibody molecule;

(3) (Fab),, the fragment of the antibody that can be obtained by treating whole antibody with
the enzyme pepsin without subsequent reduction; F(ab'),is adimer of two Fab' fragments held together by
two disulfide bonds;

4 Fv, agenetically engineered fragment containing the variable domain of the light chain and
the variable domain of the heavy chain expressed astwo chains; and

(5) Single chain antibody (such as scFv), defined as a genetically engineered molecule
containing the variable domain of the light chain, the variable domain of the heavy chain, linked by a
suitable polypeptide linker as a genetically fused single chain molecule.

(6) A dimer of asingle chain antibody (scFV ), defined as adimer of ascFV. This has aso been
termed a "miniantibody."

Methods of making these fragments are known in the art (see for example, Harlow and Lane,
Antibodies. A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988). In several examples,
the variable domain included in the antibody isthe variable domain of m912.

In afurther group of embodiments, the antibodies are Fv antibodies, which are typically about 25
kDa and contain a complete antigen-binding site with three CDRs per each heavy chain and each light chain.
To produce these antibodies, the V, and the V| can be expressed from two individual nucleic acid constructs
in ahost cell. In particular examples, the V, amino acid sequence includes the CDRs from one of SEQ ID
NOs: 1-4, 23-26, 30-36, 38-40, 199-201, 203-207, 216-218, or 258-260. In other examples, the V| amino
acid sequence includes the CDRs from SEQ ID NOs:; 6-9 or 27, 41-44, 50-55, 209-215, or 219-257. In
additional examples, the V', amino acid sequence includes the amino acid sequence set forth as one of SEQ
ID NOs: 1-4, 23-26, 30-36, 38-40, 199-201, 203-207, 216-218, or 258-260. In other examples, the V| amino
acid sequence includes the amino acid sequence set forth as one of SEQ ID NOs; 6-9 or 27, 41-44, 50-55,
209-215, or 219-257.

If the V|, and the V| are expressed non-contiguously, the chains of the Fv antibody are typically held
together by noncovalent interactions. However, these chains tend to dissociate upon dilution, so methods
have been developed to crosslink the chains through glutaraldehyde, intermolecular disulfides, or a peptide
linker. Thus, in one example, the Fv can be a disulfide stabilized Fv (dsFv), wherein the heavy chain
variable domain and the light chain variable domain are chemically linked by disulfide bonds.

In an additional example, the Fv fragments include V, and V| chains connected by a peptide linker.
These single-chain antigen binding proteins (scFv) are prepared by constructing a structural gene including
DNA sequences encoding the V, and V| domains connected by an oligonucleotide. The structural geneis
inserted into an expression vector, which is subsequently introduced into ahost cell such asE. coli. The
recombinant host cells synthesize asingle polypeptide chain with alinker peptide bridging the two V

domains. Methods for producing scFvs are known in the art (see Whitlow et al., Methods: a Companion to
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Methods in Enzymology, Vol. 2, page 97, 1991; Bird et al, Science 242:423, 1988; U.S. Patent No.
4,946,778; Pack et al, Bio/Technology 11:1271, 1993; and Sandhu, supra). Dimers of asingle chain
antibody (scFV,), are also contemplated.

Antibody fragments can be prepared by proteolytic hydrolysis of the antibody or by expression inE.
coli of DNA encoding the fragment. Antibody fragments can be obtained by pepsin or papain digestion of
whole antibodies by conventional methods. For example, antibody fragments can be produced by enzymatic
cleavage of antibodies with pepsin to provide a5S fragment denoted F(ab'),. This fragment can be further
cleaved using athiol reducing agent, and optionally ablocking group for the sulfhydryl groups resulting
from cleavage of disulfide linkages, to produce 3.5S Fab' monovalent fragments. Alternatively, an enzymatic
cleavage using pepsin produces two monovalent Fab' fragments and an Fc fragment directly (see U.S. Patent
No. 4,036,945 and U.S. Patent No. 4,331,647, and references contained therein; Nisonhoff et al., Arch.
Biochem. Biophys. 89:230, 1960; Porter, Biochem. J. 73:119, 1959; Edelman et al., Methods in Enzymology,
Vol. 1, page 422, Academic Press, 1967; and Coligan et al. at sections 2.8.1-2.8.10 and 2.10.1-2.10.4).

Other methods of cleaving antibodies, such as separation of heavy chains to form monovalent light-
heavy chain fragments, further cleavage of fragments, or other enzymatic, chemical, or genetic techniques
may also be used, so long as the fragments bind to the antigen that is recognized by the intact antibody.

One of skill will realize that conservative variants of the antibodies can be produced. Such
conservative variants employed in antibody fragments, such as dsFv fragments or in scFv fragments, will
retain critical amino acid residues necessary for correct folding and stabilizing between the V, and the V|
regions, and will retain the charge characteristics of the residues in order to preserve the low pi and low
toxicity of the molecules. Amino acid substitutions (such as at most one, at most two, at most three, at most
four, or a most five amino acid substitutions) can be made in the V, and the V| regions to increase yield. In
particular examples, the V|, sequence is SEQ ID NOs: 1-4, 23-26, 30-36, 38-40, 199-201, 203-207, 216-218,
or 258-260. In other examples, the V| sequence is SEQ ID NOs: 6-9 or 27, 41-44, 50-55, 209-215, or 219-
257. Conservative amino acid substitution tables providing functionally similar amino acids are well known
to one of ordinary skill in the art. The following six groups are examples of amino acids that are considered
to be conservative substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Agparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V); and
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

The antibodies or antibody fragments disclosed herein can be derivatized or linked to another
molecule (such as another peptide or protein). In general, the antibody or portion thereof is derivatized such
that the binding to gpl20 is not affected adversely by the derivatization or labeling. For example, the

antibody can be functionally linked (by chemical coupling, genetic fusion, noncovalent association or
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otherwise) to one or more other molecular entities, such as another antibody (for example, abispecific
antibody or adiabody), adetection agent, apharmaceutical agent, and/or aprotein or peptide that can
mediate associate of the antibody or antibody portion with another molecule (such as a streptavidin core
region or apolyhistidine tag).

One type of derivatized antibody is produced by cross-linking two or more antibodies (of the same
type or of different types, such asto create bispecific antibodies). Suitable crosslinkers include those that are
heterobifunctional, having two distinctly reactive groups separated by an appropriate spacer (such as m-
mal ei midobenzoyl-N-hydroxysuccinimide ester) or homobifunctional (such as disuccinimidyl suberate).
Such linkers are available from Pierce Chemical Company (Rockford, IL).

An antibody that specifically binds gpl20 can be labeled with a detectable moiety. Useful detection
agents include fluorescent compounds, including fluorescein, fluorescein isothiocyanate, rhodamine, 5-
dimethylamine-l-napthalenesulfonyl chloride, phycoerythrin, lanthanide phosphors and the like.
Bioluminescent markers are also of use, such asluciferase, Green fluorescent protein, Yellow fluorescent
protein. An antibody can aso be labeled with enzymes that are useful for detection, such as horseradish
peroxidase, - galactosidase, luciferase, akaline phosphatase, glucose oxidase and the like. When an
antibody islabeled with adetectable enzyme, it can be detected by adding additional reagents that the
enzyme uses to produce areaction product that can be discerned. For example, when the agent horseradish
peroxidase ispresent the addition of hydrogen peroxide and diaminobenzidine leads to a colored reaction
product, which isvisually detectable. An antibody may also be labeled with biotin, and detected through
indirect measurement of avidin or streptavidin binding. It should be noted that the avidin itself can be
labeled with an enzyme or afluorescent label.

An antibody may be labeled with a magnetic agent, such as gadolinium. Antibodies can also be
labeled with lanthanides (such as europium and dysprosium), and manganese. Paramagnetic particles such as
superparamagnetic iron oxide are also of use aslabels. An antibody may also be labeled with a
predetermined polypeptide epitopes recognized by a secondary reporter (such asleucine zipper pair
sequences, binding sites for secondary antibodies, metal binding domains, epitope tags). In some
embodiments, labels are attached by spacer arms of various lengths to reduce potential steric hindrance.

An antibody can also be labeled with aradiolabeled amino acid. The radiolabel may be used for both
diagnostic and therapeutic purposes. Examples of labels for polypeptides include, but are not limited to, the
following radioisotopes or radionucleotides: 3H, “C, N, 35S, oY, “Tc, !!!|n, 125, 13|,

An antibody can also be derivatized with achemica group such as polyethylene glycol (PEG), a
methyl or ethyl group, or acarbohydrate group. These groups may be useful to improve the biological
characteristics of the antibody, such asto increase serum half -life or to increase tissue binding.

Means of detecting such labels are well known to those of skill in the art. Thus, for example,
radiolabels may be detected using photographic film or scintillation counters, fluorescent markers may be

detected using aphotodetector to detect emitted illumination. Enzymatic labels are typically detected by
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providing the enzyme with a substrate and detecting the reaction product produced by the action of the

enzyme on the substrate, and colorimetric labels are detected by simply visualizing the colored label.

B. Polynucleotides and Expression

Nucleic acid molecules (also referred to as polynucleotides) encoding the polypeptides provided
herein (including, but not limited to antibodies) can readily be produced by one of skill in the art. For
example, these nucleic acids can be produced using the amino acid sequences provided herein (such asthe
CDR sequences, heavy chain and light chain sequences), sequences available in the art (such as framework
sequences), and the genetic code.

Exemplary V, nucleic acid sequences are set forth as SEQ ID NOs: 10-13, 37, 57-101, 103, 105,
107-140, 145-156, 161-164, and 177-194, and include degenerate variants, exemplary V| nucleic acid
sequences are set forth as SEQ ID NOs: 14-16, 141-144, 157-160, and 165-176, and include degenerate
variants thereof. One of skill in the art can readily use the genetic code to construct avariety of functionally
equivalent nucleic acids, such as nucleic acids which differ in sequence but which encode the same antibody
seguence, or encode a conjugate or fusion protein including the V| and/or V nucleic acid sequence.

Nucleic acid sequences encoding the antibodies that specifically bind gpl20 can be prepared by any
suitable method including, for example, cloning of appropriate sequences or by direct chemica synthesis by
methods such as the phosphotriester method of Narang et al, Meth. Enzymol. 68:90-99, 1979; the
phosphodiester method of Brown et al, Meth. Enzymol. 68:109-151, 1979; the diethylphosphoramidite
method of Beaucage et al, Tetra. Lett. 22:1859-1862, 1981; the solid phase phosphoramidite triester method
described by Beaucage & Caruthers, Tetra. Letts. 22(20): 1859- 1862, 1981, for example, using an automated
synthesizer as described in, for example, Needham-VanDevanter et al, Nucl. Acids Res. 12:6159-6168,
1984; and, the solid support method of U.S. Patent No. 4,458,066. Chemical synthesis produces asingle
stranded oligonuclectide. This can be converted into double stranded DNA by hybridization with a
complementary sequence or by polymerization with aDNA polymerase using the single strand as a
template. One of skill would recognize that while chemical synthesis of DNA isgeneraly limited to
sequences of about 100 bases, longer sequences may be obtained by the ligation of shorter sequences.

Exemplary nucleic acids can be prepared by cloning techniques. Examples of appropriate cloning
and sequencing techniques, and instructions sufficient to direct persons of skill through many cloning
exercises are found in Sambrook et al., supra, Berger and Kimmel (eds.), supra, and Ausubel, supra.
Product information from manufacturers of biological reagents and experimental equipment also provide
useful information. Such manufacturers include the SSIGMA™ Chemical Company (Saint Louis, MO), R&D
Systems™ (Minneapolis, MN), Pharmacia Amersham (Piscataway, NJ), CLONTECH™ Laboratories, Inc.
(Palo Alto, CA), Chem Genes Corp., Aldrich Chemical Company (Milwaukee, WI), Glen Research, Inc.,
GIBCO™ BRL Life Technologies, Inc. (Gaithersburg, MD), Fluka Chemica-Biochemika Analytika (Fluka
Chemie AG, Buchs, Switzerland), INVITROGEN™ (Carlsbad, CA), and Applied Biosystems (Foster City,

CA), aswell as many other commercial sources known to one of skill.
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Nucleic acids can also be prepared by amplification methods. Amplification methods include
polymerase chain reaction (PCR), the ligase chain reaction (LCR), the transcription-based amplification
system (TAYS), the self-sustained sequence replication system (3SR). A wide variety of cloning methods,
host cells, and in vitro amplification methodologies are well known to persons of skill.

Any of the nucleic acids encoding any of the antibodies, V, and/or V|, disclosed herein (or fragment
thereof) can be expressed in arecombinantly engineered cell such as bacteria, plant, yeast, insect and
mammalian cells. These antibodies can be expressed as individual V, and/or V| chain, or can be expressed
as afusion protein. Aninimunoadhesin can aso be expressed. Thus, in some examples, nucleic acids
encoding aV, and V|, and inimunoadhesin are provided. The nucleic acid sequences can optionally encode
aleader sequence.

To create asingle chain antibody, (scFv) the V- and V| -encoding DNA fragments are operatively
linked to another fragment encoding aflexible linker, e.g., encoding the amino acid sequence (Gly,-Ser) 5
(SEQ ID NO: 48), such that the V|, and V| sequences can be expressed as a contiguous single-chain protein,
with the V| and V|, domainsjoined by the flexible linker (see, e.g., Bird et al., Science 242:423-426, 1988;
Huston et al., Proc. Natl. Acad. Sci. USA 85:5879-5883, 1988; McCafferty et a., Nature 348:552-554,
1990). Optionally, acleavage site can be included in alinker, such as afurin cleavage site.

The nucleic acid encoding the V and/or the V| optionally can encode an Fc domain
(immunoadhesin). The Fc domain can be an IgA, IgM or 1gG Fc domain. The Fc domain can be an
optimized Fc domain, as described in U.S. Published Patent Application No. 20100/093979, incorporated
herein by reference. In one example, the immunoadhesin isan 1gGi Fc.

The single chain antibody may be monovalent, if only asingle Vi, and V| are used, bivalent, if two
Vyand V, areused, or polyvalent, if more than two V, and V, are used. Bispecific or polyvalent antibodies
may be generated that bind specifically to gpl20 and another antigen, such as, but not limited to gp41, or
that bind two different gpl20 epitopes. The encoded V and V| optionally can include afurin cleavage site
between the V; and V| domains.

It is expected that those of skill in the art are knowledgeable in the numerous expression systems
available for expression of proteins including E. coli, other bacterial hosts, yeast, and various higher
eukaryotic cells such as the COS, CHO, HeLa and myeloma cell lines.

The host cell can be agram positive bacteria including, but not limited to, Bacillus, Streptococcus,
Sreptomyces, Staphylococcus, Enterococcus, Lactobacillus, Lactococcus, Clostridium, Geobacillus, and
Oceanobacillus. Methods for expressing protein in gram positive bacteria, such as Lactobaccillus are well
known in the art, see for example, U.S. Published Patent Application No. 20100/080774. Expression vectors
for lactobacillus are described, for example in U.S. Pat. No. 6,100,388, and U.S. Patent No. 5,728,571.
Leader sequences can be included for expression in Lactobacillus. Gram negative bacteria include, but not
limited to, E. coli, Pseudomonas, Salmonella, Campylobacter, Helicobacter, Flavobacterium,

Fusobacterium, Ilyobacter, Neisseria, and Ureaplasma.
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One or more DNA sequences encoding the antibody or fragment thereof can be expressed in vitro by
DNA transfer into a suitable host cell. The cell may be prokaryotic or eukaryotic. The term also includes any
progeny of the subject host cell. It isunderstood that all progeny may not be identical to the parental cell
since there may be mutations that occur during replication. Methods of stable transfer, meaning that the
foreign DNA is continuously maintained in the host, are known in the art. Hybridomas expressing the
antibodies of interest are also encompassed by this disclosure.

The expression of nucleic acids encoding the isolated proteins described herein can be achieved by
operably linking the DNA or cDNA to apromoter (which is either constitutive or inducible), followed by
incorporation into an expression cassette. The promoter can be any promoter of interest, including a
cytomegalovirus promoter and ahuman T cell lymphotrophic virus promoter (HTLV)-l. Optionally, an
enhancer, such as acytomegalovirus enhancer, isincluded in the construct. The cassettes can be suitable for
replication and integration in either prokaryotes or eukaryotes. Typical expression cassettes contain specific
sequences useful for regulation of the expression of the DNA encoding the protein. For example, the
expression cassettes can include appropriate promoters, enhancers, transcription and translation terminators,
initiation sequences, a start codon (i.e., ATG) in front of aprotein-encoding gene, splicing signal for introns,
seguences for the maintenance of the correct reading frame of that gene to permit proper translation of
mMRNA, and stop codons. The vector can encode a selectable marker, such as a marker encoding drug
resistance (for example, ampicillin or tetracycline resistance).

To obtain high level expression of acloned gene, it isdesirable to construct expression cassettes
which contain, at the minimum, a strong promoter to direct transcription, aribosome binding site for
trandational initiation (internal ribosomal binding sequences), and atranscription/tranglation terminator. For
E. coli, this includes apromoter such asthe T7, trp, lac, or lambda promoters, aribosome binding site, and
preferably atranscription termination signal. For eukaryotic cells, the control sequences can include a
promoter and/or an enhancer derived from, for example, an immunoglobulin gene, HTLV, SV40 or
cytomegalovirus, and apolyadenylation sequence, and can further include splice donor and/or acceptor
sequences (for example, CMV and/or HTLV splice acceptor and donor sequences). The cassettes can be
transferred into the chosen host cell by well-known methods such as transformation or electroporation for E.
coli and calcium phosphate treatment, electroporation or lipofection for mammalian cells. Cells transformed
by the cassettes can be selected by resistance to antibiotics conferred by genes contained in the cassettes,
such as the amp, gpt, neo and hyg genes.

When the host is a eukaryote, such methods of transfection of DNA as calcium phosphate
coprecipitates, conventional mechanical procedures such as microinjection, electroporation, insertion of a
plasmid encased in liposomes, or virus vectors may be used. Eukaryotic cells can also be cotransformed with
polynucleotide sequences encoding the antibody, labeled antibody, or functional fragment thereof, and a
second foreign DNA molecule encoding a selectable phenotype, such as the herpes simplex thymidine
kinase gene. Another method isto use aeukaryotic viral vector, such as simian virus 40 (SV40) or bovine

papilloma virus, to transiently infect or transform eukaryotic cells and express the protein (see for example,
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Eukaryotic Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 1982). One of skill in the art can
readily use an expression systems such as plasmids and vectors of use in producing proteins in cells
including higher eukaryotic cells such as the COS, CHO, HelLa and myeloma cell lines.

Modifications can be made to anucleic acid encoding apolypeptide described herein without
diminishing its biological activity. Some modifications can be made to facilitate the cloning, expression, or
incorporation of the targeting molecule into afusion protein. Such modifications are well known to those of
skill in the art and include, for example, termination codons, a methionine added at the amino terminus to
provide an initiation, site, additional amino acids placed on either terminus to create conveniently located
restriction sites, or additional amino acids (such as poly His) to aid in purification steps. In addition to
recombinant methods, the immunoconjugates, effector moieties, and antibodies of the present disclosure can
also be constructed in whole or in part using standard peptide synthesis well known in the art.

Once expressed, the recombinant immunoconjugates, antibodies, and/or effector molecules can be
purified according to standard procedures of the art, including ammonium sulfate precipitation, affinity
columns, column chromatography, and the like (see, generaly, R. Scopes, PROTEIN PURIFICATION,
Springer-Verlag, N.Y., 1982). The antibodies, immunoconjugates and effector molecules need not be 100%
pure. Once purified, partially or to homogeneity as desired, if to be used therapeutically, the polypeptides
should be substantially free of endotoxin.

Methods for expression of antibodies and/or refolding to an appropriate active form, including single
chain antibodies, from bacteria such asE. coli have been described and are well-known and are applicable to
the antibodies disclosed herein. See, Buchner et al., Anal. Biochem. 205:263-270, 1992; Pluckthun,
Biotechnology 9:545, 1991; Huse et al, Science 246:1275, 1989 and Ward et al, Nature 341:544, 1989.

Often, functional heterologous proteins from E. coli or other bacteria are isolated from inclusion
bodies and require solubilization using strong denaturants, and subsequent refolding. During the
solubilization step, asiswell known in the art, areducing agent must be present to separate disulfide bonds.
An exemplary buffer with areducing agent is: 0.1 M TrispH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE
(dithioerythritol). Reoxidation of the disulfide bonds can occur in the presence of low molecular weight thiol
reagents in reduced and oxidized form, as described in Saxena et al., Biochemistry 9: 5015-5021, 1970, and
especially as described by Buchner et al., supra.

Renaturation istypically accomplished by dilution (for example, 100-fold) of the denatured and
reduced protein into refolding buffer. An exemplary buffer is0.1 M Tris, pH 8.0, 0.5 M L-arginine, 8 mM
oxidized glutathione (GSSG), and 2 mM EDTA.

Asamoaodification to the two chain antibody purification protocol, the heavy and light chain regions
are separately solubilized and reduced and then combined in the refolding solution. An exemplary yield is
obtained when these two proteins are mixed in amolar ratio such that a5-fold molar excess of one protein
over the other isnot exceeded. Excess oxidized glutathione or other oxidizing low molecular weight

compounds can be added to the refolding solution after the redox-shuffling is completed.
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In addition to recombinant methods, the antibodies, labeled antibodies and functional fragments
thereof that are disclosed herein can aso be constructed in whole or in part using standard peptide synthesis.
Solid phase synthesis of the polypeptides of less than about 50 amino acids in length can be accomplished by
attaching the C-terminal amino acid of the sequence to an insoluble support followed by sequentia addition
of the remaining amino acids in the sequence. Techniques for solid phase synthesis are described by Barany
& Merrifield, The Peptides: Analysis, Synthesis, Biology. Vol. 2: Special Methods in Peptide Synthesis, Part
A.pp. 3-284; Merrifield etal, J. Am. Chem. Soc. 85:2149-2156, 1963, and Stewart et al, Solid Phase
Peptide Synthesis, 2nd ed., Pierce Chem. Co., Rockford, 111, 1984. Proteins of greater length may be
synthesized by condensation of the amino and carboxyl termini of shorter fragments. Methods of forming
peptide bonds by activation of acarboxyl terminal end (such as by the use of the coupling reagent N, N'-

dicylohexylcarbodimide) are well known in the art.

B. Compositions and Therapeutic Methods

Methods are disclosed herein for the prevention or treatment of an HIV infection, such as an HIV-1
infection. Prevention can include inhibition of infection with HIV-1. The methods include contacting a cell
with atherapeutically effective amount of the human monoclonal antibodies or antigen binding fragment
thereof disclosed herein that specifically binds gpl20, or an nucleic acid encoding such antibodies or antigen
binding fragments. The method can aso include administering to asubject atherapeuticaly effective
amount of the human monoclonal antibodies or antigen binding fragments to a subject, or an nucleic acid
encoding such antibodies or antigen binding fragments thereof. In some examples, the antibodies, or an
antigen binding fragment or an nucleic acid encoding such antibodies or antigen binding fragments, can be
used pre-exposure (for example, to prevent or inhibit HIV infection). In some examples, the antibodies, or
an antigen binding fragment or an nucleic acid encoding such antibodies or antigen binding thereof, can be
used in post-exposure prophylaxis. In some examples, antibodies or antigen binding fragment or an nucleic
acid encoding such antibodies or antigen binding fragment, can be used to eliminate or reduce the viral
reservoir of HIV in asubject. For example atherapeuticaly effective amount of an antibody or antigen
binding fragment or an nucleic acid encoding such antibodies or antibody binding fragments can be
administered to a subject being treated with anti-viral therapy. In some examples the antibodies, or an
antibody binding fragment ismodified such that it isdirectly cytotoxic to infected cells, or uses natural
defenses such as complement, antibody dependent cellular cytotoxicity (ADCC), or phagocytosis by
macrophages.

Methods to assay for neutralization activity include, but are not limited to, a single-cycle infection
assay as described in Martin et al. (2003) Nature Biotechnology 21:71-76. In this assay, the level of viral
activity ismeasured via a selectable marker whose activity isreflective of the amount of viable virus in the
sample, and the IC50 isdetermined. In other assays, acute infection can be monitored in the PMI cell line or
inprimary cells (norma PBMC). In this assay, the level of viral activity can be monitored by determining
the p24 concentrations using ELISA. See, for example, Martin etal. (2003) Nature Biotechnology 21:71-76.
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HIV infection does not need to be completely eliminated for the composition to be effective. For
example, acomposition can decrease HIV infection by adesired amount, for example by at least 10%, at
least 20%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, or
even at least 100% (elimination of detectable HIV infected cells), as compared to HIV infection in the
absence of the composition. In some embodiments, the cell is also contacted with atherapeutically effective
amount of an additional agent, such as anti-viral agent. The cell can be in vivo or in vitro. The methods can
include administration of one on more additional agents known inthe art. In additional embodiments, HIV
replication can bereduced or inhibited by similar methods. HIV replication does not need to be completely
eliminated for the composition to be effective. For example, a composition can decrease HIV replication by
adesired amount, for example by at least 10%, at least 20%, at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, at least 95%, at least 98%, or even at least 100% (elimination of detectable HIV), as
compared to HIV replication in the absence of the composition. In one example, the cell is also contacted
with atherapeutically effective amount of an additional agent, such as anti-viral agent. The cell can bein
Vivo or in vitro.

Compositions are provided that include one or more of the antibodies that specifically bind gpl20,
or binding fragment thereof or anucleic acid encoding such antibodies or antigen binding fragments, that are
disclosed herein in acarrier. The compositions can be prepared in unit dosage forms for administration to a
subject. The amount and timing of administration are at the discretion of the treating physician to achieve the
desired purposes. The antibody can be formulated for systemic or local administration. In one example, the
antibody that specifically binds gpl20, or an antigen binding fragment thereof or anucleic acid encoding
such antibodies or antigen binding fragments, isformulated for parenteral administration, such as
intravenous administration.

The compositions for administration can include a solution of the antibody that specifically binds
gpl20, or an antigen binding fragment thereof or an nucleic acid encoding such antibodies or antibody
binding fragments, dissolved in apharmaceutically acceptable carrier, such as an aqueous carrier. A variety
of aqueous carriers can be used, for example, buffered saline and the like. These solutions are sterile and
generally free of undesirable matter. These compositions may be sterilized by conventional, well known
sterilization techniques. The compositions may contain pharmaceutically acceptable auxiliary substances as
required to approximate physiological conditions such aspH adjusting and buffering agents, toxicity
adjusting agents and the like, for example, sodium acetate, sodium chloride, potassium chloride, calcium
chloride, sodium lactate and the like. The concentration of antibody in these formulations can vary widely,
and will be selected primarily based on fluid volumes, viscosities, body weight and the like in accordance
with the particular mode of administration selected and the subject’'s needs.

A typical pharmaceutical composition for intravenous administration includes about 0.1 to 10 mg of
antibody per subject per day. Dosages from 0.1 up to about 100 mg per subject per day may be used,
particularly if the agent is administered to a secluded site and not into the circulatory or lymph system, such

asinto abody cavity or into alumen of an organ. Actual methods for preparing administrable compositions
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will be known or apparent to those skilled in the art and are described in more detail in such publications as
Remington's Pharmaceutical Science, 19th ed., Mack Publishing Company, Easton, PA (1995).

Antibodies, or an antigen binding fragment thereof or an nucleic acid encoding such an antibodies or
antigen binding fragments, may be provided in lyophilized form and rehydrated with sterile water before
administration, although they are also provided in sterile solutions of known concentration. The antibody
solution, or an antigen binding fragment or an nucleic acid encoding such antibodies or antibody binding
fragments, isthen added to an infusion bag containing 0.9% sodium chloride, USP, and typically
administered at adosage of from 0.5 to 15 mg/kg of body weight. Considerable experience is available in the
art in the administration of antibody drugs, which have been marketed in the U.S. since the approval of
RITUXAN® in 1997. Antibodies, or an antigen binding fragment thereof or an nucleic acid encoding such
antibodies or antigen binding fragments, can be administered by slow infusion, rather than in an intravenous
push or bolus. In one example, ahigher loading dose is administered, with subsequent, maintenance doses
being administered at alower level. For example, an initial loading dose of 4 mg/kg may be infused over a
period of some 90 minutes, followed by weekly maintenance doses for 4-8 weeks of 2 mg/kg infused over a
30 minute period if the previous dose was well tolerated.

A therapeutically effective amount of a gpl20-specific antibody, or an antigen binding fragment
thereof or an nucleic acid encoding such antibodies or antibody binding fragments, will depend upon the
severity of the disease and/or infection and the general state of the patient's health. A therapeutically
effective amount of the antibody is that which provides either subjective relief of a symptom(s) or an
objectively identifiable improvement as noted by the clinician or other qualified observer. These
compositions can be administered in conjunction with another therapeutic agent, either simultaneously or
sequentially.

In one embodiment, administration of the antibody, or antibody binding fragment or an nucleic acid
encoding such antibodies or antibody binding fragments, results in areduction in the establishment of HIV
infection and/or reducing subsequent HIV disease progression in a subject. A reduction in the establishment
of HIV infection and/or areduction in subsequent HIV disease progression encompass any statistically
significant reduction in HIV activity. In some embodiments, methods are disclosed for treating a subject
with an HIV-1 infection. These methods include administering to the subject atherapeutically effective
amount of an antibody, or anucleic acid encoding the antibody, thereby preventing or treating the HIV-1
infection.

Studies have shown that the rate of HIV transmission from mother to infant isreduced significantly
when zidovudine is administered to HIV-infected women during pregnancy and delivery and to the offspring
after birth (Connor et al., 1994 Pediatr Infect DisJ 14: 536-541). Several studies of mother-to-infant
transmission of HIV have demonstrated a correlation between the maternal virus load at delivery and risk of
HIV transmission tothe child. The present disclosure provides isolated human monoclonal antibodies that
are of use in decreasing HIV -transmission from mother to infant. Thus, in some examples, atherapeutically

effective amount of ahuman gpl20-specific antibody or antigen binding fragment thereof or nucleic acid
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encoding such antibodies or antibody antigen binding fragments, is administered in order to prevent
transmission of HIV, or decrease the risk of transmission of HIV, from amother to an infant. In some
examples, atherapeutically effective amount of the antibody, or an antibody binding fragment or nucleic
acid encoding such antibodies or antigen binding fragment, is administered to mother and/or to the child at
childbirth. In other examples, atherapeuticaly effective amount of the antibody, antigen binding fragment,
or nucleic acid encoding the antibody or antigen binding fragment i s administered to the mother and/or
infant prior to breast feeding in order to prevent viral transmission to the infant or decrease the risk of viral
transmission to the infant. In some embodiments, both atherapeutically effective amount of the antibody,
antigen binding fragment, or nucleic acid encoding the antibody or antigen binding fragment and a
therapeutically effective amount of another agent, such as zidovudine, is administered to the mother and/or
infant.

For any application, the antibody, antigen binding fragment, or nucleic acid encoding the antibody
or antigen binding fragment can be combined with anti-retroviral therapy. Antiretroviral drugs are broadly
classified by the phase of the retrovirus life-cycle that the drug inhibits. The disclosed antibodies can be
administered in conjunction with nucleoside analog reverse-transcriptase inhibitors (such as zidovudine,
didanosine, zalcitabine, stavudine, lamivudine, abacavir, emtricitabine, entecavir, and apricitabine),
nucleotide reverse transcriptase inhibitors (such as tenofovir and adefovir), non-nucleoside reverse
transcriptase inhibitors (such as efavirenz, nevirapine, delavirdine, etravirine, and rilpiviring), protease
inhibitors (such as saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, lopinavir, fosamprenavir,
atazanavir, tipranavir, and darunavir), entry or fusion inhibitors (such as maraviroc and enfuvirtide),
maturation inhibitors, (such asbevirimat and vivecon), or abroad spectrum inhibitors, such as natural
antivirals. In some examples, adisclosed antibody or active fragment thereof or nucleic acids encoding such
is administered in conjunction with IL-15, or conjugated to IL-15.

In some examples, a subject isfurther administered one or more additional antibodies that bind HIV
glycoproteins, such as gpl20 and gp4l. Examples of neutralizing antibodies that can be administered in
conjunction with the disclosed antibodies can be found in International Patent Publication No. WO
201 1/038290, published March 31, 201 1, which is specifically incorporated herein by reference in its
entirety.

Single or multiple administrations of the compositions including the antibody, antigen binding
fragment, or nucleic acid encoding the antibody or antigen binding fragment, that are disclosed herein, are
administered depending on the dosage and frequency as required and tolerated by the patient. In any event,
the composition should provide a sufficient quantity of at least one of the antibodies disclosed herein to
effectively treat the patient. The dosage can be administered once, but may be applied periodically until
either atherapeutic result is achieved or until side effects warrant discontinuation of therapy. In one
example, adose of the antibody is infused for thirty minutes every other day. In this example, about one to
about ten doses can be administered, such asthree or six doses can be administered every other day. In a

further example, a continuous infusion is administered for about five to about ten days. The subject can be
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treated at regular intervals, such as monthly, until adesired therapeutic result is achieved. Generally, the
dose is sufficient to treat or ameliorate symptoms or signs of disease without producing unacceptable
toxicity to the patient.

Controlled-release parenteral formulations can be made as implants, oily injections, or as particulate
systems. For abroad overview of protein delivery systems see, Banga, A.J., Therapeutic Peptides and
Proteins. Formulation, Processing, and Delivery Systems, Technomic Publishing Company, Inc., Lancaster,
PA, (1995). Particulate systems include microspheres, microparticles, microcapsules, nanocapsules,
nanospheres, and nanoparticles. Microcapsules contain the therapeutic protein, such as a cytotoxin or adrug,
as acentral core. In microspheres the therapeutic is dispersed throughout the particle. Particles,
microspheres, and microcapsules smaller than about 1 un are generally referred to as nanoparticles,
nanospheres, and nanocapsules, respectively. Capillaries have adiameter of approximately 5 pin so that only
nanoparticles are administered intravenously. Microparticles are typically around 100 pin in diameter and
are administered subcutaneously or intramuscularly. See, for example, Kreuter, J., Colloidal Drug Delivery
Systems, J. Kreuter, ed., Marcel Dekker, Inc., New York, NY, pp. 219-342 (1994); and Tice & Tabihi,
Treatise on Controlled Drug Dédlivery, A. Kydonieus, ed., Marcel Dekker, Inc. New York, NY, pp. 315-339,
(1992).

Polymers can be used for ion-controlled release of the antibody compositions disclosed herein.
Various degradable and nondegradable polymeric matrices for use in controlled drug delivery are known in
the art (Langer, Accounts Chem. Res. 26:537-542, 1993). For example, the block copolymer, polaxamer 407,
exists as aviscous yet mobile liquid at low temperatures but forms a semisolid gel at body temperature. It
has been shown to be an effective vehicle for formulation and sustained delivery of recombinant interleukin-
2 and urease (Johnston et al, Pharm. Res. 9:425-434, 1992; and Pec et al, J. Parent. Sci. Tech. 44(2):58-65,
1990). Alternatively, hydroxyapatite has been used as amicrocarrier for controlled release of proteins
(Ijntemaet al, Int. J. Pharm. 112:215-224, 1994). In yet another aspect, liposomes are used for controlled
release as well as drug targeting of the lipid-capsulated drug (Betageri et al, Liposome Drug Delivery
Systems, Technomic Publishing Co., Inc., Lancaster, PA (1993)). Numerous additional systems for
controlled delivery of therapeutic proteins are known (see U.S. Patent No. 5,055,303; U.S. Patent No.
5,188,837; U.S. Patent No. 4,235,871; U.S. Patent No. 4,501,728; U.S. Patent No. 4,837,028; U.S. Patent
No. 4,957,735; U.S. Patent No. 5,019,369; U.S. Patent No. 5,055,303; U.S. Patent No. 5,514,670; U.S.
Patent No. 5,413,797; U.S. Patent No. 5,268,164; U.S. Patent No. 5,004,697; U.S. Patent No. 4,902,505;
U.S. Patent No. 5,506,206; U.S. Patent No. 5,271,961; U.S. Patent No. 5,254,342 and U.S. Patent No.
5,534,496).

In some examples, asubject is administered the DNA encoding the antibody or antigen binding
fragments thereof, or one or more of the CDRs grafted onto aprotein scaffold, to provide in vivo antibody
production, for example using the cellular machinery of the subject. Immunization by nucleic acid constructs
iswell known in the art and taught, for example, in U.S. Patent No. 5,643,578, and U.S. Patent No.
5,593,972 and U.S. Patent No. 5,817,637. U.S. Patent No. 5,880,103 describes several methods of delivery
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of nucleic acids encoding to an organism. The methods include liposomal delivery of the nucleic acids. Such
methods can be applied to the production of an antibody, or antibody binding fragments thereof, by one of
ordinary skill inthe art.

One approach to administration of nucleic acids isdirect administration with plasmid DNA, such as
with amammalian expression plasmid. The nucleotide sequence encoding the disclosed antibody, or
antibody binding fragments thereof, can be placed under the control of apromoter to increase expression.

In another approach to using nucleic acids, adisclosed antibody, or antibody binding fragments
thereof can also be expressed by attenuated viral hosts or vectors or bacterial vectors. Recombinant vaccinia
virus, adeno-associated virus (AAV), herpes virus, retrovirus, cytomegalovirus or other viral vectors can be
used to express the antibody. For example, vaccinia vectors and methods useful protocols are described in
U.S. Patent No. 4,722,848. BCG (Bacillus Camette Guerin) provides another vector for expression of the
disclosed antibodies (see Stover, Nature 351:456-460, 1991).

In one embodiment, anucleic acid encoding adisclosed antibody, or antibody binding fragments
thereof, isintroduced directly into cells. For example, the nucleic acid can be loaded onto gold microspheres
by standard methods and introduced into the skin by a device such as Bio-Rad's HELIOS™ Gene Gun. The
nucleic acids can be "naked," consisting of plasmids under control of astrong promoter.

Typically, the DNA isinjected into muscle, although it can also be injected directly into other sites.
Dosages for injection are usually around 0.5 I-tg/kg to about 50 mg/kg, and typically are about 0.005 mg/kg
to about 5 mg/kg (see, e.g., U.S. Patent No. 5,589,466).

c. Diagnostic Methods and Kits

A method isprovided herein for the detection of the expression of gpl20 in vitro or invivo. In one
example, expression of gpl20 isdetected in abiological sample, and can be used to detect HIV-1 infection
as the presence of HIV-1 in asample. The sample can be any sample, including, but not limited to, tissue
from biopsies, autopsies and pathology specimens. Biological samples aso include sections of tissues, for
example, frozen sections taken for histological purposes. Biological samples further include body fluids,
such asblood, serum, plasma, sputum, spina fluid or urine.

In several embodiments, amethod isprovided for detecting AIDS and/or an HIV-1 infection in a
subject. The disclosure provides amethod for detecting HIV-1 in abiologica sample, wherein the method
includes contacting ahbiological sample with the antibody under conditions conducive to the formation of an
immune complex, and detecting the immune complex, to detect the gpl20 in the biological sample. In one
example, the detection of gpl20 in the sample indicates that the subject has an HIV infection. In another
example, the detection of gpl20 in the sample indicates that the subject has AIDS. In another example,
detection of gpl20 in the sample confirms adiagnosis of AIDS and/or an HIV-1 infection in a subject.

In some embodiments, the disclosed antibodies are used to test vaccines. For example to test if a
vaccine composition assumes the same conformation asagpl20 peptide. Thus provided herein is a method

for testing avaccine, wherein the method includes contacting a sample containing the vaccine, such as a
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gp! 20 immunogen, with the antibody under conditions conducive to the formation of an immune complex,
and detecting the immune complex, to detect the vaccine in the sample. In one example, the detection of the
immune complex in the sample indicates that vaccine component, such as such as agpl20 immunogen
assumes a conformation capable of binding the antibody.

In one embodiment, the antibody is directly labeled with a detectable label. In another embodiment,
the antibody that binds gpl20 (the first antibody) isunlabeled and a second antibody or other molecule that
can bind the antibody that binds gpl20 isutilized. Asiswell known to one of skill in the art, a second
antibody is chosen that is able to specifically bind the specific species and class of the first antibody. For
example, if the first antibody is ahuman IgG, then the secondary antibody may be an anti-human-1gG. Other
molecules that can bind to antibodies include, without limitation, Protein A and Protein G, both of which are
available commercially.

Suitable labels for the antibody or secondary antibody are described above, and include various
enzymes, prosthetic groups, fluorescent materials, luminescent materials, magnetic agents and radioactive
materials. Non-limiting examples of suitable enzymes include horseradish peroxidase, alkaline phosphatase,
beta-galactosidase, or acetylcholinesterase. Non-limiting examples of suitable prosthetic group complexes
include streptavidin/biotin and avidin/biotin. Non-limiting examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein,
dansyl chloride or phycoerythrin. A non-limiting exemplary luminescent material isluminol; anon-limiting
exemplary amagnetic agent is gadolinium, and non-limiting exemplary radioactive labels include 1251, 131,
BSor3H.

The immunoassays and methods disclosed herein can be used for a number of purposes. Kits for
detecting a polypeptide will typically include an antibody that binds gpl20, such as any of the antibodies
disclosed herein. In some embodiments, an antibody fragment, such as an Fv fragment or a Fab isincluded
in the kit. In afurther embodiment, the antibody islabeled (for example, with afluorescent, radioactive, or
an enzymatic label).

In one embodiment, akit includes instructional materials disclosing means of use. The instructional
materials may be written, in an electronic form (such as acomputer diskette or compact disk) or may be
visual (such as video files). The kits may also include additional components to facilitate the particular
application for which the kit is designed. Thus, for example, the kit may additionally contain means of
detecting alabel (such as enzyme substrates for enzymatic labels, filter sets to detect fluorescent labels,
appropriate secondary labels such as a secondary antibody, or the like). The kits may additionally include
buffers and other reagents routinely used for the practice of aparticular method. Such kits and appropriate
contents are well known to those of skill in the art.

In one embodiment, the diagnostic kit includes an immunoassay. Although the details of the
immunoassays may vary with the particular format employed, the method of detecting gpl20 in abiological
sample generally includes the steps of contacting the biological sample with an antibody which specifically

reacts, under immunologically reactive conditions, to gpl20. The antibody is allowed to specifically bind

100



WO 2013/086533 PCT/US2012/068827

under immunologically reactive conditions to form an immune complex, and the presence of the immune

complex (bound antibody) is detected directly or indirectly.

D. Exemplary Embodiments d the Disclosure

Clause 1. Anisolated monoclonal antibody, comprising aheavy chain variable domain and alight
chain variable domain, wherein aheavy chain variable domain of the antibody comprises amino acids 26-33
(CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 1, and wherein the antibody specifically
binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

Clause 2. The isolated monoclonal antibody of clause 1, wherein the heavy chain variable domain
comprises one of:

(@ amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 2;

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 3;

(c) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 4;

(d) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 30; or

(e) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 38.

Clause 3. The isolated human monoclona antibody of clause 1, wherein the heavy chain domain of
the antibody comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 1.

Clause 4. The isolated monoclonal antibody of clause 1, wherein the heavy chain variable domain
comprises one of:

(@ amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 2;

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDRS3) of SEQ ID NO: 3;

(c) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 4;

(d) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 30; or

(e) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 38.

Clause 5. The isolated monoclonal antibody of any one of clauses 1-4, wherein the heavy chain
variable domain of the antibody comprises SEQ ID NO: 1.

Clause 6. The isolated monoclonal antibody of any one of clauses 1-5, wherein the heavy chain
variable domain of the antibody comprises one of SEQ ID NO: 2-4.

Clause 7. The isolated monoclonal antibody of clause 1, wherein the heavy chain variable domain
of the antibody comprises one of:

(@ amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 31;

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 32;

(© amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 33;

(d) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 34

(e amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 35; or

(e amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 36.
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Clause 8. The isolated monoclonal antibody of clause 7, wherein the heavy chain variable domain
of the antibody comprises one of:

(a) amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 31;

(b) amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 32;

(0) amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 33;

(d) amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 34

(e amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 35; or

(e amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 36.

Clause 9. The isolated monoclonal antibody of any one of clauses 7-8, wherein the heavy chain
variable domain of the antibody comprises one of:

(@  SEQID NO: 31;

()  SEQID NO: 32

(0  SEQID NO: 33;

(d) SEQ ID NO: 34

(¢  SEQID NO: 35; or

(e  SEQID NO: 36.

Clause 10. The isolated monoclonal antibody of clause 1, wherein the heavy chain variable domain
comprises one of

@ amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-114 (CDRS3) of SEQ ID NO: 38,
wherein Xisis Q; X gisV orl and X ;isAor T;

(b) amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38,
wherein X151s Qor R; X cisV and X, isAor T,

() amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38,
wherein Xisis Qor R; X;gisV or I and X;;isA;

(d) amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38,
wherein Xisis Q; X,,isV and X;;isAor T,

(e amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38,
wherein Xisis Qor R; X;5isV and X;,isA;

) amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDRS3) of SEQ ID NO: 38,
wherein Xisis Q; X,,isV or | and X,;;isA;or

(9 amino acids 26-33 (CDR1), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 39.

Clause 11. The isolated monoclona antibody of clause 10, wherein the heavy chain variable
domain comprises one of

@ amino acids 26-33 (CDR1), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 38,
wherein X151s Q; X gisV or l and X ;isA or T;

(b) amino acids 26-33 (CDRL1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 38, wherein
XisisQorR; X cisVand X, isAor T,
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(© amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 38, wherein
XigsQorR; X cisVorland X, isA;

(d) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 38, wherein
XidsQ; X gisVad X ,isAorT,

(e amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 38, wherein
XisisQor R; X;sisV and X;,isA;

f) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 38, wherein
Xisis Q; xi6 isV or | and X;;isA;or

(9) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 39.

Clause 12. The isolated monoclonal antibody of clause 10 or clause 11, wherein the heavy
chain variable domain comprises:

(@ the amino acid sequence set forth as SEQ ID NO: 38, wherein x151S Q; X,gisV or | and X,
iSAorT;

(b) the amino acid sequence set forth as SEQ ID NO: 38, wherein x15is Q or R; X;4isV and

X, isAorT,

(© the amino acid sequence set forth as SEQ ID NO: 38, wherein x15i1s Qor R; X ¢ isV or |
and X, isA;

(d) the amino acid sequence set forth as SEQ ID NO: 38, wherein X151s Q; X s isV and X, isA
orT,

(e the amino acid sequence set forth as SEQ ID NO: 38, wherein x151s Qor R; X ¢ isV and
X.,iSA;
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) the amino acid sequence set forth as SEQ ID NO: 38, wherein X151s Q; X zisV or [ and X ,
iSA;or

(9) the amino acid sequence set forth as SEQ ID NO: 39.

Clause 13. Anisolated monoclona antibody, comprising aheavy chain variable domain and a
light chain variable domain, wherein aheavy chain variable domain of the antibody comprises amino acids
26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 23, and wherein the antibody
specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

Clause 14. The isolated monoclona antibody of clause 13, wherein the heavy chain variable
domain comprises one of:

(@ amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 24;

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 25; or

(c) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 26.

Clause 15. The isolated human monaoclonal antibody of clause 13, wherein the heavy chain domain
of the antibody comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO:
23.

Clause 16. The isolated monoclona antibody of clause 14, wherein the heavy chain variable
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domain comprises one of:

(@ amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 24;

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-114 (CDR3) of SEQ ID NO: 25; or

(c) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 26.

Clause 17. The isolated monoclona antibody of any one of clauses 2-6 or 13-15, wherein the heavy
chain variable domain of the antibody comprises SEQ ID NO: 23.

Clause 18. The isolated monoclona antibody of any one of 13-15, wherein the heavy chain variable
domain of the antibody comprises one of SEQ ID NOs. 24-26.

Clause 19. The isolated monoclona antibody of any one of clauses 1-18, wherein in the light chain
variable domain of the isolated human monoclonal antibody includes amino acids 27-30 (CDRI), 48-50
(CDR2) and 87-91 (CDR3) of SEQ ID NO: 6.

Clause 20. The isolated monoclona antibody of any one of clauses 1-18, wherein the light chain
variable domain of the antibody comprises one of:

(@ amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(b) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8.

Clause 21. The isolated monoclona antibody of any one of clauses 1-1, wherein in the light chain
variable domain of the isolated human monoclonal antibody includes amino acids 27-30 (CDRI), 48-50
(CDR2) and 87-91 (CDR3) of SEQ ID NO: 9.

Clause 22. The isolated monoclona antibody of any one of clauses 1-18, wherein in the light chain
variable domain of the isolated human monoclonal antibody includes amino acids 27-30 (CDRI), 48-50
(CDR2) and 87-91 (CDR3) of SEQ ID NO: 27.

Clause 23. The isolated monoclona antibody of any one of clauses 1-18, wherein the light chain
variable domain of the antibody comprises SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9 or
SEQ ID NO: 27.

Clause 24. The isolated monoclonal antibody of clause 1, wherein

(&) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 1, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(b) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 2 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(c) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:3 and the light chain variable domain comprises amino acids 27-30 (CDRI), 48-
50 (CDR2) and 87-91 (CDRS3) of SEQ ID NO: 7; or

(d) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 4 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8.
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Clause 25. The isolated monoclonal antibody of clause 13, wherein

(& theheavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 23 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(b) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 24 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(c) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 25 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(d) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 26 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(e) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 23 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(f) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 24 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(g) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 25 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27; or

(h) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 26 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27.

Clause 26. The isolated monoclonal antibody of any one of clauses 7-9, wherein

(&) theheavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 30, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(b) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 30 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(c) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO:30 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(d) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 30 and the light chain variable domain comprises amino acids 27-30 (CDRI),
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48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

(e) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 30 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(f) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 31, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(g) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 31 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(h) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 31 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(i) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 31 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

() the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 31 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(k) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 32, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(1) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 32 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(m) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:32 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(n) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 32 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

(o) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 32 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(p) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 33, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;
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(q) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 33 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(r) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO:33 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(s) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 33 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

(t) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 33 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(v) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 34, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(w) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 34 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(x) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:34 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(y) theheavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 34 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

(2) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 34 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(aa) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 35, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(bb) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 35 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(cc) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:35 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(dd) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
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114 (CDR3) of SEQ ID NO: 35 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8;

(ee) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 35 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27;

(ff) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 36, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(gg) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 36 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(hh) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:36 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(i) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 36 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 8; or

(i) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 37 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 27.

Clause 27. The isolated monoclona antibody of any one of clauses 7-9 or 22, wherein the isolated
monoclonal antibody has reduced autoreactivity as compared to amonoclonal antibody that includes a heavy
chain variable domain that comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of
SEQ ID NO: 2, and includes alight chain variable domain comprising amino acids 27-30 (CDRI), 48-50
(CDR2) and/or 87-91 (CDR3) of SEQ ID NO: 6, wherein an antibody that includes the heavy chain variable
domain specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

Clause 28. The isolated monoclona antibody of clauses 10-12, wherein

(&) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 38, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 6;

(b) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 38 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 9;

(c) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO:38 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 7;

(d) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
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114 (CDR3) of SEQ ID NO: 38 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 8;

(e) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 38 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 27;

(f) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 39, and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 6;

(g) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 39 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 9;

(h) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 39 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 7;

(i) the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDR3) of SEQ ID NO: 39 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 8;

() the heavy chain variable domain comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-
114 (CDRS3) of SEQ ID NO: 39 and the light chain variable domain comprises amino acids 27-30 (CDRI),
48-50 (CDR?2) and 87-91 (CDR3) of SEQ ID NO: 27;

Clause 29. Anisolated monoclona antibody, comprising aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain of the antibody comprises amino acids 26-
33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 40, wherein the antibody specifically
binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

Clause 30. The isolated human monoclona antibody of claim 3, wherein the heavy chain domain of
the antibody comprises amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40.

Clause 31. The isolated monoclona antibody of claim 1, wherein the heavy chain variable domain
comprises one of:

(a) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-1 14 (CDR3) of SEQ ID NO: 40, wherein
Xiisl,X,isH,X3isSand X,isT ;or

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and/or 97-114 (CDR3) of SEQ ID NO: 40, wherein
Xiisl,X,isH,XzisNand X,isT.

Clause 32. The isolated monoclona antibody of claim 1, wherein the heavy chain variable domain
comprises one of:

(a) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, wherein X,
isl,X,isH,XzisSand X,isT; or
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(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, wherein X i
isl,X,isH,XzisNand X,isT.

Clause 33. The isolated monoclona antibody of any one of claims 1-4, wherein the heavy chain
variable domain of the antibody comprises SEQ ID NO: 40.

Clause 34. The isolated monoclona antibody of any one of claims 1-5, wherein the heavy chain
variable domain of the antibody comprises one of:

(@ SEQ ID NO: 40, wherein Xiisl, X,isH, XzisSand X,isT;

(b) SEQ ID NO: 40, wherein Xiisl, X,isH,XzisN and X,isT;

(c) SEQ ID NO: 40, wherein X iisV,X,isH,XzisSand X,isA;or

(d) SEQ ID NO: 40, wherein XiisV,X,isH,XzisN and X isA.

Clause 35. The isolated monoclona antibody of any one of claims 1-18, wherein the light chain
variable domain of the antibody comprises amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of
SEQ ID NO: 41, wherein X i isE or no amino acid, X,is | or no amino acid, wherein X;isT or I,X,isW or
S,XgisNorT,XgisV or Q,and X,islor N.

Clause 36. The isolated monoclona antibody of any one of claims 1-7, wherein the light chain
variable domain of the antibody comprises one of:

(@ SEQ ID NO: 41, wherein X | isE, X,isl, X3isl, X,isW, XgisN, XgisV, and X-isl

(b) SEQID NO: 41, wherein X i isno amino acid, X,isno amino acid, Xisl, X,isW,XgisN, Xg
isV,and X-isl

(c) SEQ ID NO: 41, wherein X i isno amino acid, X,isno amino acid, , X5isl, X,isW, XgisT, X,
isV,and X-isl ;

(d) SEQ ID NO: 41, wherein X isE, X,isl, ,X3isT,X,isS, X5isT,X6isQ,and X, isN ;

(e) SEQ ID NO: 41, wherein X i isE, X,isno amino acid, X5is T, X,is S, Xg5isT, X4isQ, and X7

isN;

(f) SEQ ID NO: 42;

(g) SEQ ID NO: 43; or

(h) SEQ ID NO: 44.

Clause 37. The isolated monoclona antibody of any of clauses 1-36, wherein the antibody is an
1gG, IgM or IgA.

Clause 38. The isolated monoclona antibody of any one of clauses 1-36, wherein the antibody is
human.

Clause 39. Anisolated antigen binding fragment of the isolated monoclonal antibody of any of
clauses 1-38.

Clause 40. The isolated antigen binding fragment of clause 39, wherein the fragment is aFab
fragment, aFab' fragment, aF(ab)', fragment, asingle chain Fv protein (scFv), or adisulfide stabilized Fv
protein (dsFv).
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Clause 41. The isolated antigen binding fragment of clause 40, wherein the antigen binding
fragment isaFab or an scFv fragment.

Clause 42. The isolated monoclona antibody of any of clauses 1-41, or an antigen binding fragment
thereof, wherein the antibody or antigen binding fragment is labeled.

Clause 43. The isolated monoclona antibody or antigen binding fragment of clause 42, wherein the
label is afluorescent, enzymatic, or radioactive label.

Clause 44. A composition comprising atherapeuticaly effective amount of the antibody of clauses
1-38, or an antigen binding fragment thereof, and a pharmaceutically acceptable carrier.

Clause 45. Anisolated nucleic acid molecule encoding the monoclonal antibody of any of clauses
1-38 or encoding an antigen binding fragment of the monoclonal antibody.

Clause 46. The isolated nucleic acid molecule of clause 32, comprising anucleic acid sequence set
forth as SEQ ID NO: 11-16 or 37, anucleic acid sequence set forth in Table 2 or Table 3, or aportion
thereof.

Clause 47. The isolated nucleic acid molecule of one of clause 45 or clause 46, operably linked to a
promoter.

Clause 48. An expression vector comprising the isolated nucleic acid molecule of any one of
clauses 45-47.

Clause 49. Anisolated host cell transformed with the nucleic acid molecule or vector of any one of
clauses 45-48.

Clause 50. A method of detecting ahuman immunodeficiency virus (HIV)-| infection in a subject
comprising:

contacting abiological sample from the subject with at least one isolated monoclonal antibody of
clauses 1- 37 or an antigen binding fragment thereof; and

detecting antibody bound to the sample,

wherein the presence of antibody bound to the sample indicates that the subject has an HIV -1
infection.

Clause 51. The method of clause 50, wherein the isolated human monoclona antibody is directly
labeled.

Clause 52. The method of clause 50 or 51, further comprising:

contacting the sample with a second antibody that specifically binds the isolated human monaoclonal
antibody; and

detecting the binding of the second antibody,

wherein an increase in binding of the second antibody to the sample as compared to binding of the
second antibody to a control sample detects the presence of an HIV -1linfection the subject.

Clause 53. A method for preventing or treating an human immunodeficiency virus (HIV)-|
infection in asubject, comprising administering to the subject atherapeutically effective amount of at least

one antibody of any one of clauses 1-38, an antigen binding fragment thereof, anucleic acid encoding the
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antibody, and/or anucleic acid encoding the antigen binding fragment, thereby preventing or treating the
HIV-1 infection.

Clause 54. The method of clause 53, wherein the method is a method for treating an HIV-1
infection, and wherein the subject has acquired immune deficiency syndrome (AIDS).

Clause 55. The method of clause 53 or 54, further comprising administering to the subject an anti-
vira agent.

Clause 56. The method of any one of clauses 53-55, further comprising measuring HIV-1 viral titer
in the subject.

Clause 57. A composition comprising atherapeutically effective amount of the nucleic acid of

clauses 44-47, or the vector of clause 48 and apharmaceutically acceptable carrier.

The following examples are provided to illustrate certain particular features and/or embodiments.
These examples should not be construed to limit the disclosure to the particular features or embodiments

described.

EXAMPLES
Example 1 - Summary of Methods and Results
1. Theidentification d VRCO7.

VRCOI was cloned from patient 45, atreatment naive slow progressor from North America. It was
hypothesized that this patient's blood could contain related but more potent antibodies. To further explore
the antibodyome, deep sequencing (454 pyrosequencing) was used to amplify and analyze the variable
domains of both heavy and light chains of Immunoglobulin G (IgG). VRCO7 heavy chain was identified,
which appeared to be aclona-relative of VRCOI but differed by 16 amino acids and contained a4 amino
acid insertion in the CDRH3. The natura light chain of VRCO7 was not known, as heavy and light chains
were sequenced en masse from peripheral blood mononuclear cells (PBMCs). Thus, VRCO7 was tested
paired with the VRCOI light chain. Initial neutralization screening showed VRCO7 was more potent than
VRCOI and was able to neutralize anumber of VRCOI -resistant strains. On a 181 virus screen that included
aset of 18 VRCOI resistant viruses, VRCO7 was able to neutralize 91% of viruses with an IC, less than 50
pg/ml and 72% of viruses with in IC, less than 1 ug/ml. VRCO7 had amean IC, of 0.11 pg/ml, a2.8-fold

improvement over its predecessor, and was able to neutralize anumber of VRCOI -resistant strains.

2. Rational structure-based optimizations.

Initial optimizations: increasing contact area with gpl20. Although VRCO7 wildtype was highly
potent and represented a significant increase above VRCOI, studies were then performed to engineer VRCO7
to have at least a 10-fold improvement in neutralization potential over VRCOI. Biochemica and
structure/function approaches were both used to improve VRCO7.

Alanine screening of all gpl20 contact residues revealed one clear hot spot: mutation of heavy chain
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Gly54 to Ala resulted in a7-fold increase inbinding to gpl20. A large, hydrophobic or charged residue
(Arg, Trp, Phe, Tyr) was substituted into position 54, in VRCO7. All increased neutralization breadth and
potency, and the Gly54 . cTrp mutation increased neutralization potency by 4.8 fold over VRCO7 (~13-fold
increase over VRCOI). Diskin etal. {Science 201 1) found a Gly54 ,cTrp mutation in a VRCOI-related
antibody (NIH4546) increased potency ~10-fold. Replacing Gly with alarger, hydrophobic residue allows
the CDRH2 of the antibody to enter into acavity on gpl20, increasing the overall contact area between the
molecules and thus increasing the strength of the overall interaction.

For administration to humans, antibodies should not be auto-reactive {i.e., not bind to human
antigens). A number of assays are available to test for auto-reactivity invitro, including an ELISA-based
anti-cardiolipin assay, alLuminex -based anti-nuclear antigen (ANA) assay, and an ANA cell-staining assay,
which is considered the gold standard. Unfortunately, VRCO7 Gly54 ,cTrp proved to be highly auto-reactive
in al three assays. Infact, al four tested G54, c variants (Trp, Arg, Tyr, Phe) were highly auto-reactive,
indicating that these were not preferred for human use, but could be used as diagnostics.

Additional structure-guided heavy chain optimizations. First, the structure of VRC07 in complex
with gpl20 was solved. The structures of VRCOI, VRCO07, and the biochemical data from alanine screening
were used to identify key resides for experimental manipulation.

Because of the potential importance of position 54,cinincreasing contact area with gpl20, it was
decided to fully saturate this residue and test every possible amino acid substitution. Since it had been
determined that anumber of G54,c resides were highly auto-reactive (see above), each resulting antibody
was screened for auto-reactivity. A His at position 54 increased neutralization by -2.5 fold over VRCO7
(~7-fold over VRCOI) and was not auto-reactive ininitial analyses.

Position 58 in the heavy chain was also of interest. Ininitial analyses, mutation of Ser58,c to Asn
increased neutralization potential by 1.5 fold (-4.2 over VRCOI). InVRCOI, VRCO03, and NIH4546 (all
clonal relatives of VRCOI and VRCO07) residue 58,cis an Asn, but in VRCO7 position 58,cis a Ser.

Light chain structure-guided optimizations: N-terminal modifications. An alanine screen of the light
chain gpl20-contact residues showed that mutating Val3 cto Ala resulted in a4-fold increase in binding.
Additionally, the solved crystal structures of VRCOI and VRCO7 lacked resolution of the N-terminal most 2
residues (VRCOI) or lresidue (VRCO7) of the light chain, suggesting these residues do not make critical
contact within the antibody or with gpl20. The NH,-terminal domain of VRCOI light chain was modified,
including deletions and Ala and Gly substitutions of amino acids #1L.C-4LC- A two amino acid deletion

resulted in anincreased potency of ~2.5-fold (~7 fold increase over VRCOI).

3. Additional optimizations.

Germline reversions to reduce immunogenicity. VRCOI, VRC07, and related antibodies are highly
somatically mutated. It was determined that VRCO7 could be reverted towards its germline while
maintaining potency and breadth. Reducing somatic mutations may reduce the in vivo immunogenicity of

the molecules. The somatic mutations were reduced by one half (44% to 22%) in the heavy chain and one
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third (29% to 19%) in the light chain and mature residues were iteratively added back. All back mutations
were in the framework regions. Most germline reversions were able to maintain basic functions, such as
gpl20 binding, although they were not as potent and/or broad as the mature VRCO7. Interestingly, three
germline mutations were identified in the heavy chain (Arg3,cGIn, 11€37 cVal, Thr93,cAla) that increased
potency by 1.2-fold (-3.3 fold over VRCOI). It isof note that Ser58,,cAsn, which increases potency by
~1.5-fold, isalso agermline reversion mutation.

Light/heavy interface optimizations. Strengthening the interactions between the light and heavy
chains can increase the stability of the molecule, which may increase neutralization potency. Using rational
structure-based design and bioinformatic approaches, four light chain mutants were designed to increase
binding with the heavy chain. While these light chains increased neutralization potency, they were auto-
reactive, and were not developed. This demonstrates that it is often not predictable which rational design
and bioinformatics approaches will be successful.

Optimization d solubility and elimination d glycans. In addition to mutations designed solely to
increase neutralization potential, parameters were optimized that affect large-scale protein production. Two
areas were addressed: increasing solubility and decreasing glycans. Glycosylation leads to more
heterogeneous products, which while not necessarily detrimental to production, does complicate purity
analysis. Surprisingly, it was found that deleting the N-linked glycosylation site at position 72, .
(Asn72 - Thr mutation) on the light chain increased potency 1.2-fold. The solubility mutant light chain
(VRCO1hpL02), which contained 4 mutated residues on solvent exposed surfaces (hydrophobic to
hydrophilic mutations) and the same deletion of the N-linked glycosylation site at position 72, ., aso
increased neutralization ~1.2-fold (-3.3 fold over VRCOI).

Mutations to increase half-life. In order to optimize in vivo half-life, an LS mutation to was added
to the FcRn receptor binding region (Zalevsky, et al, Nature Biotechnology 2010). This mutation has no
effect on neutralization breadth or potency, but increases the half -life of the antibody by 2- to 3-fold in both

humanized mice and non-human primates.

4. Combining mutations.

Over 200 engineered VRCO7 variants have been tested. Most were analyzed for neutralization
potential on panels of 6-12 viruses and a subset were tested for auto-reactivity. Based on these results, four
heavy chains and five light chains were identified asbeing of specific interest. For the heavy chains,
combinations of the Ser58, cAsn mutation, two germline mutations (11e37,cVa and Thr93,cAla), and the
Gly54,cHis mutation were identified. A combination of these mutations can increase potency up to 4.5-fold
over the VRCO7 wild type (~12.5-fold over VRCOI).

Additionally, mutations have been combined on the light chain, including combinations of the
substitutions at position of Phe97, ., solubility substitutions (VRCO1hpL02, VRCO01hpL03, VRCO1hpL 04,
VRCO01hpL05), VRCO1hpL06) and glycan mutants (Asn72, .Thr) with the N-terminal modifications

(deletion of Glul |, le3 . substitution of Va3, ;). These mutations can contribute a 3-fold increase in
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potency (~8.5-fold increase over VRCOI).
A combination can yield see an increase of ~ 5-fold over the parental VRCO7, which is an
increase of ~15-fold over VRCOI. The VRCO7 heavy chains are:

1. VRCO07 G54H: QVRLSQSGGQMKKPGDSMRISCRASGY EFINCPINWIRLAPGKRPEWM
GWMKPRHGAVSYARQLQGRVTMTRDMY SETAFLELRSLTSDDTAVYFCTRGKYC
TARDYYNWDFEHWGQGTPVTVSS (SEQ ID NO: 32)

2. VRCO07 G54H, S58N: QVRLSQSGGQMKKPGDSMRISCRASGY EFINCPINWIRLAPGKRP
EWMGWMKPRHGAVNYARQLQGRVTMTRDMY SETAFLELRSLTSDDTAVYFCTR
GKYCTARDYYNWDFEHWGQGTPVTVSS (SEQ ID NO: 258)

3. VRCO7 137V, G54H, T93A: QVRLSQSGGQMKKPGDSMRISCRASGY EFINCPINWVRLA
PGKRPEWMGWMKPRHGAVSYARQLQGRVTMTRDMY SETAFLELRSLTSDDTAVY
FCARGKYCTARDYYNWDFEHWGQGTPVTVSS (SEQ ID NO: 259)

4. VRCO7 137V, G54H, S58N, T93A: QVRLSQSGGQMKKPGDSMRISCRASGY EFINCPINW
VRLAPGKRPEWMGWMKPRHGAVNYARQLQGRVTMTRDMY SETAFLELRSLTSD
DTAVYFCARGKYCTARDYYNWDFEHWGQGTPVTVSS (SEQ ID NO: 260)

The light chain variable domains for pairing with the VRCO7 heavy chain include:

1. VRCOIl: EIVLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIYSGSTRAAG
IPDRFSGSRWGPDYNLTISNLESGDFGVY Y CQQYEFFGQGTKVQVDIK  (SEQ ID NO:
9)

2. VRCOI El/I2del V3E: ELTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIYS
GSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQY EFFGQGTKVQVDIK
(SEQ ID NO: 219)

3. VRCOI El/1I2del V3K: KLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVY Y CQQY EFFGQGTKVQVDIK
(SEQ ID NO: 220)

4. VRCOI El/l2dd V3S: SLTQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPGQAPRLVIYS
GSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQY EFFGQGTKVQVDIK
(SEQ ID NO: 221)

5. VRCOI El/I2del F97D: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQY EDFGQGTKVQVDIK
(SEQ ID NO: 222)

6. VRCOI El/I2del FI7K: VLTQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVY'Y CQQY EKFGQGTKVQVDIK
(SEQ ID NO: 223)
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

VRCO El/I2del F97S: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDY NL TISNLESGDFGVY Y CQQY ESFGQGTKVQVDIK
(SEQ ID NO: 224)

VRCO ElfI2del F97H: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDY NLTISNLESGDFGVY Y CQQY EHFGQGTKVQVDIK
(SEQ ID NO: 225)

VRCO El/I2del V3E, F97S; ELTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPR
LVIY SGSTRAAGIPDRFSGSRWGPDY NLTISNLESGDFGVY Y CQQYESFGQGTKVQ
VDIK (SEQ ID NO: 226)

VRCO ElfI2del V3E, FO7H: ELTQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPGQAPR
LVIY SGSTRAAGIPDRFSGSRWGPDY NLTISNLESGDFGVY Y CQQY EHFGQGTKVQ
VDIK (SEQ ID NO: 227)

VRCO1hpL03: EIVLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY SGST
RAAGIPDRFSGSRSGPDY TLTISNLESGDFGVY Y CQQYEFFGQGTKVQVDIK (SEQ
ID NO: 228)

VRCO1hpL04: EIVLTQSPGTLSLSPGETAQISCRTSQYGSLAWY QQRPGQAPRLVIY SGS
TRAAGIPDRFSGSRNGPDY TLTISNLESGDFGVY Y CQQY EFFGQGTKVQVDIK (SEQ
ID NO: 229)

VRCO1hpLO5: EIVLTQSPGTLSLSPGETAQISCRTSQY GSLAWY QQRPGQAPRLVIY SGS
TRAAGIPDRFSGSRNGPDY TLTISNLESGDFGVY Y CQQY EFFGQGTKVQQDNK
(SEQ ID NO: 230)

VRCO1hpL06: EIVLTQSPGTLSLSPGETAEISCRTSQY GSLAWY QQRPGQAPRLVIY SGST
RAAGIPDRFK GEREGPEY RLRISNLESGDFGVYY CQQY EFFGQGTKVQQDNK  (SEQ
ID NO: 231)

VRCO1hpL 02 El/12-deletion, V3S: SLTQSPGTLSLSPGETATISCRTSQYGSLAWY QQRPG
QAPRLVIY SGSTRAAGIPDRFSGSRSGPDY TL TISNLESGDFGVY Y CQQY EFFGQGT
KVQQDNK (SEQ ID NO: 232)

VRCO1LhpL 03 El/I2-deletion, V3S: SLTQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPG
QAPRLVIY SGSTRAAGIPDRFSGSRSGPDY TL TISNLESGDFGVY Y CQQY EFFGQGT
KVQVDIK (SEQ ID NO: 233)

VRCO1LhpL04 El/12-deletion, V3S: SLTQSPGTLSLSPGETAQISCRTSQY GSLAWY QQRP
GQAPRLVIY SGSTRAAGIPDRFSGSRNGPDY TLTISNLESGDFGVY Y CQQY EFFGQG
TKVQVDIK (SEQ ID NO: 234)

VRCO1LhpL 05 EI/12 deletion, V3S; SLTQSPGTLSLSPGETAQISCRTSQY GSLAWY QQRP
GQAPRLVIY SGSTRAAGIPDRFSGSRNGPDY TLTISNLESGDFGVY Y CQQY EFFGQG
TKVQQDNK (SEQ ID NO: 235)
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19. VRCO1LhpL06 El/I2-deletion, V3S: SLTQSPGTLSLSPGETAEISCRTSQY GSLAWY QQRP
GQAPRLVIY SGSTRAAGIPDRFK GEREGPEY RLRISNLESGDFGVY'Y CQQY EFFGQG
TKVQQDNK (SEQ ID NO: 236)

20. VRCO1LhpL 04 El/I2-deletion, V3E: ELTQSPGTLSLSPGETAQISCRTSQY GSLAWY QQRP
GQAPRLVIY SGSTRAAGIPDRFSGSRNGPDY TLTISNLESGDFGVYY CQQY EFFGQG
TKVQVDIK (SEQ ID NO: 237)

21. VRCOI EI/12 deletion: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIY
SGSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQY EFFGQGTKVQVDIK
(SEQ ID NO: 53)

22. VRCO1hpL02: EIVLTQSPGTLSLSPGETATISCRTSQYGSLAWY QQRPGQAPRLVIY SGST
RAAGIPDRFSGSRSGPDYTLTISNLESGDFGVYY CQQY EFFGQGTKVQQDNK (SEQ
ID NO: 50)

Thus, rational, structure/function-based designs were used to engineer antibodies that are 10-fold
more potent than VRCOI. A combination of binding mutations and germline reversions increases heavy
chain potency, such as by up to 4.5-fold over VRCO7. NH-terminal modifications coupled with glycan
deletions and solubility mutations increase light chain potency by 3-fold over VRCO7. Since VRCO07 is 2.8
fold more potent than VRCOI, this can result in more than a 10-fold threshold for an increase over VRCOI
potency (a 38-fold calcul ated).

Many manipulations of antibodies result in auto-reactivity. In general, it was found that many of the
most potent modifications including Gly54,cTrp and light-heavy interface mutations result in auto-
reactivity. There isno established method to predict auto-reactivity by bioinformatics, so auto-reactivity
must be determined empirically. An antibody with increased auto-reactivity can be used in diagnostic
assays, but likely will not be used as atherapetic.

All antibodies can be tested in three auto-reactivity assays early in development. The predicted
increases in potency discussed above include mutations shown not to be auto-reactive. The disclosed
antibodies can be used in combination with other antibodies, in order to increase potency and breadth, hence

efficacy, while minimizing the possibility of virus escape.

Example 2 - Identification of human monoclonal HIV-1 gpl20 specific neutralizing antibodies
The following methods were used to isolate VRCO7, VRCO7b, and VRCO07c human monoclonal
antibodies (See FIGs. 1-5). The heavy chain of the VRCO07 antibody and the heavy and light chains of the
VRCO07b and VRCO7c antibodies were isolated.
As described in the following methods, the potency and breadth of neutralization of the VRCO7
antibody (VRCO07 heavy chain (SEQ ID NO: 2) paired with VRCOI light chain (SEQ ID NO: 9) and algG
constant domain) was assessed on a comprehensive panel of Env pseudoviruses (see FIGS. 6 and 7). These

190 viral strains represented all major circulating HIV-1 genetic subtypes (clades) and included viruses
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derived from acute and chronic stages of HIV-1 infection. As shown in FIG. 7, VRCO7 neutralized 92% of

these pseudoviruses with ageometric mean 1C50 value of 0.1 14 ug/ml.

Materials and Methods

Human specimens. Peripheral blood mononuclear cells (PBMCs) of donor 45, from whom
monoclonal antibodies (mAbs) VRCOI, VRC02, VRCO03 were isolated, were infected with an HIV-1 clade
B virus. The donor has been HIV-1 infected with aclade B virus for more than 15 years andis a slow
progressor with CD4 T-cell counts over 500 cell</ i, plasma HIV-1 RNA values less than 15,000 copies/ml.
He has been chronically infected and had not initiated antiretroviral treatment at the time of PBMC
sampling. All human samples were collected with informed consent under clinical protocols approved by the
appropriate institutional review board (IRB).

Sample preparation for 454 pyrosequencing. Briefly, mRNA was extracted from 20 million
PBMC into 200 i of elution buffer (Oligotex kit, Qiagen), then concentrated to 10-30 pi by centrifuging the
elution through a 30 kD micron filter (Millipore). The reverse-transcription was performed in one or
multiple 35 pi-reactions, each composed of 13 pi of mMRNA, 3 i of oligo(dT)12-18 (SEQ ID NO: 49) at 0.5
ug/ul (Invitrogen), 7 i of 5x first strand buffer (Invitrogen), 3 pi of RNase Out (Invitrogen), 3 i of 0.1M
DTT, 3 i of dNTP mix, each at 10 mM, and 3 i of Superscript 11 (Invitrogen). The reactions were
incubated at 42°C for 2 hours. The cDNAs from each sample were combined, cleaned up and €luted in 20 pi
of elution buffer (NucleoSpin Extract 11 kit, Clontech). In thisway, 1 ui cDNA was roughly equivalent of
transcripts from 1 million PBMC. The immunoglobulin gene-specific PCRs were set up using 5 i cDNA as
template (equivalent of transcripts from 5 million PBMC), using the Platinum Tag DNA Polymerase High
Fidelity system (Invitrogen) in atotal volume of 50 pi. The reaction mix was composed of water, 5 pi of 10x
buffer, 2 ui of ANTP mix, each at 10 mM, 2 i of MgS0 , at 25 pM, 1 i of each primer at 25 pM , and 1 i
of platinum Tag DNA polymerase high fidelity. The forward primers for VH1 gene amplification were 5'L-
VH1, 5’ACAGGTGCCCACTCCCAGGTGCAGS3"' (SEQ ID NO: 17); 5'L-VH1#2,
5'GCAGCCACAGGTGCCCACTCC3 (SEQID NO: 18); 5'L-VHI-24,
5'CAGCAGCTACAGGCACCCACGC3 (SEQID NO: 19); 5'L-VHI-69,
5'GGCAGCAGCTACAGGTGTCCAGTCCS' (SEQ ID NO: 20); the reverse primers were 3'Cy-CHI,
5'GGGGGAAGACCGATGGGCCCTTGGTGG3 ' (SEQ ID NO: 21), and 3' Cu-CH1,
5'GGGAATTCTCACAGGAGACGA3' (SEQ ID NO: 22). The PCR was initiated at 95°C for 2 min,
followed by 25 cycles of 95°C for 30 sec, 58°C for 30 sec, and 72°C for 1 min, followed by 72°C for 10 min.
The PCR products at the expected size (450-500bp) were gel purified (Qiagen), followed by
phenol/chloroform extraction.

454 library preparation and pyrosequencing. PCR products were quantified using Qubit™ (Life
Technologies, Carlsbad, CA). Following end repair 454 adapters were added by ligation. Library
concentrations were determined using the KAPA Biosystems qPCR system (Woburn, MA) with 454
standards provided in the KAPA system. 454 pyrosequencing of the PCR products was performed on aGS
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FLX sequencing instrument (Roche-454 Life Sciences, Bradford, CT) using the manufacturer's suggested
methods and reagents. Initial image collection was performed on the GS FLX instrument and subsequent
signal processing, quality filtering, and generation of nuclectide sequence and quality scores were performed
on an off-instrument linux cluster using 454 application software (version 2.5.3). The amplicon quality
filtering parameters were adjusted based on the manufacturer's recommendations (Roche-454 Life Sciences
Application Brief No. 001-2010). Quality scores were assigned to each nucleotide using methodologies
incorporated into the 454 application software to convert flowgram intensity values to Phred-based quality
scores. The quality of each run was assessed by analysis of internal control sequences included in the 454
seguencing reagents. Reports were generated for each region of the PicoTiterPlate (PTP) for both the
internal controls and the samples.

Bioinformatics analysis of 454-pyr osequencing-deter mined antibodyomes. A general
bioinformatics pipeline has been developed to process and analyze 454 pyrosegquencing-determined
antibodyomes. The information generated in each step of the process was used to characterize the basic
features of antibodyomes aswell asto identify potential neutralizing antibody sequences for functional
validation. Specifically, each sequence read was (1) reformatted and labeled with aunique index number; (2)
assigned to variable (V) gene family and allele using IgBLAST, and sequences with E-value > 1073 were
rejected; (3) compared with the germline V-gene and known VRCOI-like antibodies using nucleotide
seguences and aglobal alignment module implemented in CLUSTALW2,which provides the basis for
identity/divergence-grid analysis (VRCO7 heavy chain sequence was identified from the identity/divergence
plot); (4) subjected to atemplate-based error correction scheme where 454 homopolymer errors in V gene
were detected and corrected based on the alignment to germline sequence; (5) translated to amino acid
sequence, which was further compared with known VRCOI-like antibodies; (6) filtered using characteristic
seguence motifs in variable domain sequence such as QVQ (or other possible triplets) at the N-terminus,
CAR (or other possible triplets) at the end of V region, WGXG at the end of CDR H3, and VSS (or other
possible triplets) at the C-terminus of variable domain. As an optional step, the structural compatibility of a
454-pyrosequencing-derived heavy- or light-chain sequence with known VRCOI-like antibody/gpl20
complex structures can be evaluated by threading.

I solation of antigen-specific memory B cells by fluor escence activated cell sorting (FACS). The
Avi-tagged RSC3 and RSC3 were expressed, purified, and biotinylated using the biotin ligase Bir A
(Avidity, Denver, CO). The proteins were then conjugated with the streptavidin-fluorochrome reagents,
streptavidin-allophycocyanin (SA-APC) (Invitrogen) for RSC3 and streptavidin-phycoerythrin (SA-PE)
(Sigma) for ARSC3. About 20 million donor PBMC were stained with RSC3-APC, ARSC3-PE, and an
antibody cocktail consisting of anti-CD3-APC-Cy7 (BD Pharmingen), CD8-Qdot705 (VRC), CD19-
Qdot585 (VRC), CD20-Pacific Blue (VRC), CD27-APC-AlexaFluor700 (Beckman Coulter), CD14-
Qdot800 (VRC), IgG-FITC (BD Pharmingen) and IgM-PE-Cy5 (BD Pharmingen). In addition, aquablue
(Invitrogen) was used to exclude dead cells. The stained PBMC were washed with PBS, then analyzed and
sorted using amodified 3-laser FACSAria cell sorter using the FACSDiva software (BD Biosciences).
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Single cells with the phenotype of CD3-, CD8-, aqua blue-, CD14-, CD19+, CD20+, 1gG+, IgM-, RSC3+
and ARSC3- were sorted into 96-well PCR plates containing 20 pi of lysis buffer per well. The lysis buffer
contained 0.5 i of RNase Out (Invitrogen), 5 ui of 5x first strand buffer (Invitrogen), 1.25 pi of 0.1M DTT
(Invitrogen) and 0.0625 i of Igepal (Sigma). The PCR plates with sorted cells were stored at -80°C. The
total content of the donor PBMC sample passing through the sorter was saved in FCS files for further
analysis with FlowJo software (TreeStar, Cupertino, CA). The VRCO7b and VRCO7c¢ antibodies were
isolated using the RSC3+ single B cell sort.

Single B-cell immunoglobulin gene amplification and cloning. The frozen plates with single B-
cell RNA were thawed at room temperature, and the reverse-transcription was carried out by adding 3 pi of
random hexamers (Gene Link, Hawthorne, NY) at 150 ng/pi, 2 ui of dNTP mix, each at 10 mM, and 1 pi of
Superscript 111 (Invitrogen) into each well. The thermocycle for reverse-transcription was 42°C for 10 min,
25°C for 10 min, 50°C for 60 min and 94°C for 5 min. The cDNA plates were stored at -20°C, and the IgH,
IgK and Igj. variable domain genes were amplified independently by nested PCR starting from 5 i of cDNA
as template. All PCRs were performed in 96-well PCR plates in atotal volume of 50 pi containing water, 5
pi of 10x buffer, 1 pi of ANTP mix, each a 10 mM, 1 ui of MgCl, a 25 mM (Qiagen, Valencia, CA) for 1¢
round PCR or 10 pi 5x Q-SOLUTION™ (Qiagen) for 2" round PCR, 1 ui of primer or primer mix for each
direction at 25 pM , and 0.4 pi of HOTSTAR™ Tag DNA polymerase (Qiagen). Each round of PCR was
initiated at 94°C for 5 min, followed by 50 cycles of 94°C for 30 sec, 58°C for IgH and I1gK or 60°C for IgX
for 30 sec, and 72°C for 1 min, followed by 72°C for 10 min. The positive 2 round PCR products were
cherry-picked for direct sequencing with both forward and reverse PCR primers. PCR products that gave a
productive IgH, 1gk or Igk rearranged sequence were re-amplified from the 1%t round PCR using custom
primers containing unigue restriction digest sites and subsequently cloned into the corresponding Igyl, 1gK
and Igj, expression vectors. The full-length 1gGl was expressed by co-transfection of 293F cells with equal
amount of the paired heavy and light chain plasmids, and purified using arecombinant protein-A column
(GE Healthcare).

I1gG gene family analysis. The IgG heavy and light chain nucleotide sequences of the variable
domain were analyzed with the JOINSOLVER® analysis package (available from the National Institute of
Allergy and Infectious Disease, Bethesda, MD) and IMGT/V-Quest (INTERNATIONAL
IMMUNOGENETICS INFORMATION SYSTEM®, Brochet, et al., Nucl. Acids Res., 36:W503-508,
2008)). The VRC mAb V gene use was determined by homology to germline genes in the major 2pl | .2
IGK locus. The VRC mAb D gene use was determined by homology to genes in the magjor 14932.33 IGH
locus. A combination of consecutive matching length with a+1/-2.02 scoring algorithm in the context of the
V to Jdistance was applied for determining IGHD alignments and VD and DJjunctions in mutated
sequences. Immunoglobulin rearrangements were grouped into classes based upon the VDJ gene use,
similarity of replacement and silent mutations and the CDR3 identity.

Antibody expression and purification. Genes encoding the heavy and light chain of the VRCO7b

and VRCO7c¢ and the VRCO7 heavy chain were each synthesized and cloned (Genelmmune, Gaithersburg,
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MD) into the CMV/R expression vector containing the constant regions of IgGl. The VRCO7 heavy chain
was paired with the VRCOI light chain. The VRCO7b and VRCO7c¢ heavy chains were paired with the
corresponding VRCO7b or VRCO7c light chains. Full-length 1gGs were produced by transient transfection
using 293fectin (Invitrogen, Carlsbad, CA) in 293F cells (Invitrogen) maintained in serum-free free-style
medium (Invitrogen). Culture supernatants were harvested 5-6 days after transfection, filtered through a0.22
win filter, then followed by IgGl purification using arecombinant protein-A column (GE Healthcare).

Neutralization assays. Neutralization assays were performed substantially as previously described
(see, e.g., PCT Pub. No. WO2011/038290). Briefly, HIV-1 Env-pseudoviruses were prepared by
transfecting 293T cells (6 x 106 cellsin 50 ml growth medium in a T-175 culture flask) with 10 pg of revienv
expression plasmid and 30 pg of an exv-deficient HIV-1 backbone vector (pSG3AEnvelope), using Fugene 6
transfection reagents (Invitrogen). Pseudovirus-containing culture supernatants were harvested two days
after transfection, filtered (0.45 wn), and stored at -80°C or in the vapor 11 phase of liquid nitrogen.
Neutralization was measured using HIV-1 Env-pseudoviruses to infect TZM-bl cells as described previously
(see, e.g., PCT. Pub. No. WO201 1/038290). Virus was incubated for 30 min at 37°C with 10 i of serid
diluted antibody in duplicate wells of a96-well flat bottom culture plate. To keep assay conditions constant,
sham media was used in place of antibody in specified control wells. The virus input was set at amultiplicity
of infection of approximately 0.01, which generally results in 100,000 to 400,000 relative light units (RLU)
in aluciferase assay (Bright Glo, Promega, Madison, WI). The antibody concentrations were defined at the
point of incubation with virus supernatant. Neutralization curves were fit by nonlinear regression using a5-
parameter hill slope equation. The 50% and 80% inhibitory concentrations (1C50 and 1C80) were reported as
the antibody concentrations required to inhibit infection by 50% and 80% respectively.

Example 3 - Optimization of gpl20 specific monoclonal antibodies

Structure-based analysis was used to identify modifications that increase the potency and breadth of
VRCO7 antibody (See FIG. 9). Crysta structure analysis of the VRCO7 heavy chain complemented with the
VRCOI light chain (VRCO7H/VRCO1L) was used to identify amino acid substitutions that potentially
optimized gpl20 affinity and neutralization (see FIG. 10). Based on this analysis, several amino acid
substitutions were generated and tested for the VRCO7 heavy chain, including G54L, G54F, G54R, G54W,
and G54Y substitutions (referring to Kabat positioning; see FIG. 11). Double substitutions were aso tested
by additionally incorporating the 130Q, 130R or S58N substitutions (see FIG. 11). The modified VRCO7
heavy chains were complemented with VRCOI light chain and new antibodies were expressed, purified, and
tested for affinities to HIV-1 gpl20 proteins by surface plasma resonance (FIG. 10) and ELISA (FIG. 12A-
12B) assays. Additional ELISA assays were also performed to examine gpl20 binding of several different
VRCO7 heavy chain modifications complemented with VRCOI or VRCO7 light chains (see FIG. 13;
sequence information for the proteins indicated in FIG. 13 can be found herein, See Tables 2 and 3).
Among the tested modifications, VRCO7H (G54W) with I30R, 130Q, or/and S58N mutations showed
affinities at least comparable or better than that of VRCO7H (G54W) alone. The ability of antibodies
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containing these particular VRCO7H/VRCOLL modifications to neutralize the panel of HIV-1viruses was
also tested (See FIG. 14). The ELISA and neutralization assays were performed as described in Example 1.
These findings indicated that certain VRCO7 heavy chain amino acid substitutions increase the potency and

breadth of this monoclonal antibody against the panel of tested HIV-1 viruses.

Example 4 - gpl20 binding and HIV-1 neutralization

A series of monoclonal antibodies was tested for binding to various gpl20 isoforms aswell as for
neutralization of apanel of HIV-1 viruses. The particular monoclonal antibodies are indicated in FIGs.15,
16 and 17. Binding to gpl20 proteins by the series of monoclonal antibodies was first examined by ELISA
(see FIG. 15A-15LL). Additionally, the ability of these monoclonal antibodies to neutralize HIV viruses
was tested (see FIG 16). The ELISA and neutralization assays were performed as described in Example 1.

Design and construction of partial germline reversions. Heavy and light chains based on
VRCOI, NIH4546, and VRCO7 were designed using CDR grafting and partial germline reversion mutations.
Structure/function analyses and an iterative testing approach were used to determine which resides to revert
to germline while maintaining gpl20 binding. Different heavy and light chains were combined to create
recombinant 1gG molecules. Briefly, heavy and light chains were transfected into 293F cells. After 6 days,
antibodies were harvested from the cell supernatant, purified using Protein G, and tested for gpl20 binding
in ELISAs. Select antibodies were chosen for neutralization analysis against apanel of 7-12 HIV-Is (see
FIG. 16).

Neutralization of HIV-1 by optimized, partially reverted VRCOI, NIH4546, and VRCO7
antibodies. Select antibodies were tested for neutralization against apanel of 7-12 HIVs (see FIG. 16).
Antibodies, the percent divergence from germline for the heavy and light chains, the IC50 values ~g/ml),
the breadth, and the potency are all listed. The neutralization potency is compared to VRCOI. Three
optimization strategies were selected: (A) Mutations at position 54 in the heavy chain have been shown to
increase binding and neutralization breadth and potency. G54F/W/Y mutations were tested in select
antibodies. These mutations universally improved potency and/or breadth compared to wild type antibodies.
For example, mature VRCO7 G54W is over twice as potent as VRCO7 and over 8times as potent as mature
VRCOI. When the G54F/W/Y mutation was added to partial germline reversion antibodies, in 13 of 15
antibodies tested potency was above that of mature VRCOI. (B) VRCOI light chain contains an N-linked
glycosylation site. Glycosylation can cause heterogeneous products, which should be avoided in clinical-
grade preparations. Five light chain mutants (N72E/F/S/IT and T74l) were tested with the VRC07 G54W
heavy chain. VRCO1L N72F had the highest potency of the mutants. (C) The introduction of the G54
mutation to VRCO7 decreased solubility of the protein. A panel of mutants to increase solubility
(VRCO7_hp_HO01, VRCO7_hp_L01 and VRCO7_hp_L02) was designed. VRC07 G54W and
VRCO7_hp_L02 increased potency over the parental VRCO07 G54W antibody.
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Example 5 - Alanine Scan of VRCOI heavy chain

Structure based analysis was used to select VRCOI heavy or light chain amino acid residues for
alanine substitution to interrogate the relevance of the corresponding amino acid for VRCOI binding to
gpl20 (See FIG. 18). Based on this analysis, expression vectors encoding the selected VRCOI alanine
mutants (indicated in Figure 19A-19C with reference to Kabat numbering) were generated using standard
molecular biology techniques. The modified VRCOI heavy and light chains were complemented with the
corresponding heavy or light chain (unmodified) and new antibodies were expressed, purified, and tested for
binding affinity to the indicated HIV-1 gpl20 proteins. The technology isbased by BioLayer Interferometry
Technology (BLI) using ausing FORTEBIO OCTET RED384™ system. The results illustrate that
modification of specific VRCOI heavy and light chain residues can alter the binding affinity of VRCOI for
gpl20. In particular, the G54A substitution in the VRCOI heavy chain increased VRCOI bhinding affinity for
gpl20 by approximately one order of magnitude.

Example 6 - HIV-1 monoclonal neutralizing antibodies specific
to gpl20 for detecting HIV-1in asubject

This example describes the use of HIV-1 monoclonal neutralizing antibodies specific to gpl20 for
the detection of HIV-1 in asubject. This example further describes the use of these antibodies to confirm the
diagnosis of HIV-1in a subject.

A biological sample, such as ablood sample is obtained from the patient diagnosed with, or
suspected of having an HIV-1 infection. A blood sample taken from apatient who is not infected is used as a
control. An ELISA isperformed to detect the presence of HIV-1 in the blood sample. Proteins present in the
blood samples (the patient sample and control sample) are immobilized on a solid support, such as a 96-well
plate, according to methods well known in the art (see, for example, Robinson et al, Lancet 362:1612-1616,
2003, incorporated herein by reference). Following immabilization, HIV-1 monoclonal neutralizing
antibodies specific to gpl20 that is directly labeled with afluorescent marker is applied to the protein-
immobilized plate. The plate iswashed in an appropriate buffer, such as PBS, to remove any unbound
antibody and to minimize non-specific binding of antibody. Fluorescence can be detected using a
fluorometric plate reader according to standard methods. An increase in fluorescence intensity of the patient
sample, relative to the control sample, indicates the anti-gpl20 antibody specifically bound proteins from the
blood sample, thus detecting the presence of HIV-1 protein in the sample. Detection of HIV-1 protein in the

patient sample indicates the patient has HIV-1, or confirms diagnosis of HIV-1 in the subject.

Example 7 - HIV-1 monoclonal neutralizing antibodies specific to gpl20 for the treatment of HIV-1
This example describes aparticular method that can be used to treat HIV in ahuman subject by
administration of one or more gpl20 specific human neutralizing mAbs. Although particular methods,
dosages, and modes of administrations are provided, one skilled in the art will appreciate that variations can

be made without substantially affecting the treatment.
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Based upon the teaching disclosed herein HIV-1 can be treated by administering atherapeutically
effective amount of one or more of the neutralizing mAbs described herein, thereby reducing or eliminating
HIV infection.

Screening subjects. In particular examples, the subject is first screened to determine if they have
HIV. Examples of methods that can be used to screen for HIV include acombination of measuring a
subject's CD4+ T cell count and the level of HIV in serum blood levels. Additional methods using the
gpl 20-specific mAbs disclosed herein can also be used to screen for HIV.

In some examples, HIV testing consists of initial screening with an enzyme-linked immunosorbent
assay (ELISA) to detect antibodies to HIV, such asto HIV-1. Specimens with a nonreactive result from the
initial ELISA are considered HIV -negative unless new exposure to an infected partner or partner of
unknown HIV status has occurred. Specimens with areactive ELISA result are retested in duplicate. If the
result of either duplicate test isreactive, the specimen isreported as repeatedly reactive and undergoes
confirmatory testing with a more specific supplemental test (e.g., Western blot or an immunofluorescence
assay (IFA)). Specimens that are repeatedly reactive by ELISA and positive by IFA or reactive by Western
blot are considered HIV-positive and indicative of HIV infection. Specimens that are repeatedly ELISA-
reactive occasionally provide an indeterminate Western blot result, which may be either an incomplete
antibody response to HIV in an infected person, or nonspecific reactions in an uninfected person. IFA can be
used to confirm infection in these ambiguous cases. In some instances, a second specimen will be collected
more than amonth later and retested for subjects with indeterminate Western blot results. In additional
examples, nucleic acid testing (e.g., viral RNA or provird DNA amplification method) can also help
diagnosis in certain situations.

The detection of HIV in asubject's blood isindicative that the subject has HIV and is a candidate
for receiving the therapeutic compositions disclosed herein. Moreover, detection of aCD4+ T cell count
below 350 per microliter, such as 200 cells per microliter, is also indicative that the subject islikely to have
HIV.

Pre-screening is not required prior to administration of the therapeutic compositions disclosed
herein.

Pre-treatment d subjects. In particular examples, the subject istreated prior to administration of a
therapeutic agent that includes one or more antiretroviral therapies known to those of skill in the art.
However, such pre-treatment is not always required, and can be determined by a skilled clinician.

Administration d therapeutic compositions. Following subject selection, atherapeutically effective
dose of agpl20 specific neutralizing mAb described herein is administered to the subject (such as an adult
human or anewborn infant either at risk for contracting HIV or known to be infected with HIV). Additiona
agents, such as anti-viral agents, can aso be administered to the subject simultaneously or prior to or
following administration of the disclosed agents. Administration can be achieved by any method known in

the art, such asoral administration, inhalation, intravenous, intramuscular, intraperitoneal, or subcutaneous.
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The amount of the composition administered to prevent, reduce, inhibit, and/or treat HIV or a
condition associated with it depends on the subject being treated, the severity of the disorder, and the manner
of administration of the therapeutic composition. Ideally, atherapeutically effective amount of an agent is
the amount sufficient to prevent, reduce, and/or inhibit, and/or treat the condition (e.g., HIV) in a subject
without causing a substantial cytotoxic effect in the subject. A therapeutically effective amount can be
readily determined by one skilled in the art, for example using routine trials establishing dose response
curves. As such, these compositions may be formulated with an inert diluent or with an pharmaceutically
acceptable carrier.

In one specific example, antibodies are administered at 5 mg per kg every two weeks or 10 mg per
kg every two weeks depending upon the particular stage of HIV. In an example, the antibodies are
administered continuously. In another example, antibodies or antibody fragments are administered at 50 ug
per kg given twice aweek for 2 to 3 weeks. Administration of the therapeutic compositions can be taken
long term (for example over aperiod of months or years).

Assessment.  Following the administration of one or more therapies, subjects having HIV can be
monitored for reductions in HIV levels, increases in a subjects CD4+ T cell count, or reductions in one or
more clinical symptoms associated with HIV. In particular examples, subjects are analyzed one or more
times, starting 7 days following treatment. Subjects can be monitored using any method known in the art.
For example, biological samples from the subject, including blood, can be obtained and alterations in HIV or
CD4+ T cell levels evaluated.

Additional treatments. In particular examples, if subjects are stable or have a minor, mixed or
partial response to treatment, they can be re-treated after re-evaluation with the same schedule and
preparation of agents that they previously received for the desired amount of time, including the duration of
asubject's lifetime. A partial response is areduction, such as at least a 10%, at least 20%, at least 30%, at
least 40%, at least 50%, or at least 70% in HIV infection, HIV replication or combination thereof. A partial

response may also be an increase in CD4+ T cell count such as at least 350 T cells per microliter.

Example 8 - VRCO07 G54 mutants

Materials and Methods

Generating the mutants: Position G54 was mutated to each possible amino acid (A, C,D, E, F, H,
U,K,L,M,N,P,Q,R,S,T,V,W,and Y). Eachheavy chain was transiently transfected with the VRCOI
light chain into 293F cells. Supernatants were harvested 5-6 days later and 1gG was purified with Protein A
or Protein Gresin.

ELISA (see Figs. 20-22): Each resulting antibody was tested for binding by ELISA to apanel of
gpl20s. Recombinant gpl20 was coated onto ELISA plates at 2ug/ml overnight. Plates were washed 3-5
times with PBS-T, blocked with a 1%FBS and 5% milk solution, and washed again. VRC07 G54 mutants
were tested at 0.4 ug/ml with aone hour incubation period. Plates were washed, and a secondary HRP-
conjugated goat anti-human IgG antibody was added at a 1:5000 dilution. Following a one hour incubation,
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plates were washed and developed with TMB. The reaction was stopped with 1M H2S04, and optical
density was read at 450nm.

Anti-cardiolipin Assay (ACA) (Fig 23): Auto-reactivity of each VRC07 G54X mutant was analyzed
with the QUANTA-LITE® ACA 1gG Il kit (INOVA Diagnostics™), an ELISA-based kit used clinically to
diagnose autoimmune disorders. Each antibody was tested in serial three-fold dilutions starting at 100
ug/ml. Assay conditions were per manufacturer' sprotocol.

Neutralization (Fig 24): The antibodies with the highest binding the ELISA assays were tested in
the TZM-bl neutralization assay, as described elsewhere in the patent.

Results

ELISA binding results for each VRC07 G54X mutant is shown for apand of gpl20s. Clade Al and
A2 consensus gpl20s (Fig. 20); consensus sequences for clade B and C (Fig. 21); and gpl20 Dul72, a
VRCOI -resistant strain (Figure 22). For comparison, VRCOI, wild type VRCO07 (G54), and ahuman IgGl
negative control are shown. All antibodies were also tested for auto reactivity using the ACA (Figure 23).

Autoreactive antibodies (e.g., antibodies that bind to human antigens such as cardiolipin, a
component of mitochondrial membranes) may not be safe for in vivo use. Four G54 mutants (A, H, L, and
Q) had both high ELISA binding and were negative on the ACA assay. These antibodies were tested in a
six-virus neutralization panel. The G54H mutation improved neutralization over the wildtype by 2.3-2.5
fold (IC50 and 1C80 values, respectively) (Figure 24). The sequence of this mutant is shown in Figure 25.

Example 9 - Partial Germline Reversions Can Increase VRCO7 Potency and Breadth

VRCOI and related antibodies target the CD4 binding site (CD4bs) of gpl20, are broadly
neutralizing and highly potent, and have undergone high levels of somatic hypermutation. To optimize such
antibodies for passive immunization and to further understand antibody development, antibodies were
reverted towards their putative germlines and the effects on breadth and potency were analyzed.

VRCOI, VRCO07, and related antibodies are highly somatically mutated and their germline
antibodies fail to bind gpl20 or neutralize HIV-1. Key germline reversion mutations were also generated
that increased neutralization potential. Reducing somatic mutations can also reduce the in vivo
immunogenicity of the antibodies.

Structure/function-based analyses were used to design partially reverted heavy and light chains
based on the mature and germline sequences of VRCO07. Mature CDRs were maintained and framework
regions were back-mutated to germline sequence. The design strategy is shown in Figs. 26 and 27. Fig. 28
shows the mature VRCO7 sequence (sHV), and germline sequence (gHV) and a number of partial germline
mutations (VRC07ghvHOX.X). Three non-limiting germline reversion positions of interest are outlined in
boxes (FIG. 28). Similar nomenclature is used for the light chain, which is also shown in FIG. 28.
Neutralization against apanel of tier 2 HIV-1 pseudotyped viruses was determined for select antibodies
(FIG. 29).

126



WO 2013/086533 PCT/US2012/068827

The somatic mutations were reduced by one half (44% to 19%) in the heavy chain and one third
(29% to 19%) in the light chain, and mature residues were iteratively added back. All back mutations were
in the framework regions (Fig. 28). Most germline reversions were able to maintain basic functions, such as
gpl20 binding. Three germline mutations were identified in the heavy chain (Arg3Gln, 1le37Val, Thro3Ala)
that increased potency by 1.3-fold (Fig. 29). The locations of these three mutations are shown in the VRCO7
crystal structure in Figure 30.

Example 10 - N-terminal modifications of light chains

An alanine screen of the light chain gpl20-contact residues showed that mutating Val3 to Ala on the
light chain resulted in a4-fold increase inbinding (FIG. 19A). Additionally, the solved crystal structures of
VRCOI and VRCO7 lacked resolution of the two most N-terminal residues (VRCOI) or 1residue (VRCO07),
suggesting these residues did not make critical contact within the antibody or with gpl20 (FIG. 31). The N-
terminal domain of VRCOI light chain, including deletions and Ala and Gly substitutions of amino acids #1-
4isshownin FIG. 32. Thelight chains presented below can paired with any of the heavy chains disclosed
herein.

Generating the mutants: Mutations were introduced into the plasmids using site-directed
mutagenesis. Each resulting light chain was transfected with a VRCO7 variant heavy chain into 293F cells.
Supernatants were harvested 5-6 days later and 1gG was purified with Protein A or Protein Gresin.

Neutralization: All antibodies were tested in the TZM-bl assay as described previously (see, e.g.,
PCT Pub. WO201 1/038290).

Results. A two amino acid deletion on anumber of different of light chains resulted in an increased
potency of ~2.5-fold (FIG. 33). Other N-terminal modifications increased neutralization potency up to 2.8
fold (FIG. 34).

Light Chain consensus for N-term modifications:

X XXX TQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPGQAPRLVIYSGSTRAAGIPDRFS
GSRWGPDY XL TISNLESGDFGVYYCQQYEFFGQGTKVQVDIK (SEQ ID NO: 42), wherein X .- E, G,
A, deletion; X=1, G, A, deletion; X=V, G, A, deletion; X,=L, G, A, deletion; Xg=N,For T
Exemplary combinations:

(A) 4different deletions (del-1-V-L; del-del-V-L; del-del-del-L; del-del-del-del, corresponding to

i) SEQ ID NO: 42, wherein Xi is no amino acid; X,isl; X3isV;X,isL;and X5isN, For
T;

i) SEQ ID NO: 42, wherein X is no amino acid; X, isno amino acid; XgisV;X,isL;and
XgisN,ForT;

iii) SEQ ID NO: 42, wherein X isno amino acid; X, isno amino acid; X zisno amino acid;

XyisL;and XgisN,For T;
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iv) SEQ ID NO: 42, wherein X i is no amino acid; X,isno amino acid; X5isV;X,isno
amino acid; and XgisN, For T;
(B) 4 aanine substitutions (same four combinations as above, but substitute Ala for deletion)
i) SEQ ID NO: 42, wherein X | isA; X,isl; X5isV; X isL; and XgisN,For T;
i) SEQ ID NO: 42, wherein XiisA; X,isA; X5isV;X,isL;and XgisN,For T;
iii) SEQ ID NO: 42, wherein XiisA; X,isA; X3isA; X, isL;and XgisN,For T,
iv) SEQ ID NO: 42, wherein XiisA; X,isA; X3isV;X,isA;and XgisN,For T;
(C) 4 glycine substitution (same four combinations as above, but substitute Gly for Del)
i) SEQ ID NO: 42, wherein Xiis G; X,isl; X5isV; X, isL;and XgisN,For T;
i) SEQ ID NO: 42, wherein Xi is G; X,isG; X5isV; X,isL; and XgisN,For T;
iii) SEQ ID NO: 42, wherein XiisG; X,is G; X3isG; X isL;and Xg5isN,For T;
iv) SEQ ID NO: 42, wherein XiisG; X,isG; X3is G; X,isG; and Xg5isN,For T;
(D) Del-del-V3A, i) SEQ ID NO: 42, wherein Xiisno amino acid; X,isno amino acid; X5isA; X,
isL;and Xg5isN,ForT,
(E) Del-Del-V3G, SEQ ID NO: 42, wherein Xi isno amino acid; X,isno amino acid; X3isV; X, is
L;and XgisN,ForT.

Additionally, the two amino acid deletion (EI/12 deletion) plus (D) and (E) above were combined
with additional amino acid substitutions to generate the following consensus light chain sequence:
XiXaXL TQSPGTLSLSPGETAX ,J/SCRTSQY GSLAWY QQRPGQAPRLVIY SGSTRAAGIPDRFSGSRX 5
GPDY X34L TISNLESGDFGVY Y CQQY EFFGQGTKVQX (DX-K (SEQ ID NO: 43, wherein X ; is no amino
acidor E, X,isnoamino acid or I, X5isV,Aor G, X,isT or |, XgisSor W; XgisV or Q, X,isNor | and
XgisN or F). Specific sequences were complemented with VRCO7 heavy chain and tested for binding to
gpl20, neutralization potency and self-reactivity, including:
EIVLTQSPGTLSLSPGETATISCRTSQY GSLAWY QQRPGQAPRLV1Y SGSTRAAGIPDRFSGSRSGPD
YTLTISNLESGDFGVYY CQQYEFFGQGTKVQQDNK (SEQ ID NO: 50; VRCO1 hp-L02; SEQ ID NO:
43, wherein XiisE, X,isl, X5isV,X,isT, Xgis S, Xgis Q,X7isN and Xgis T); aswell as SEQ ID NO:
43, wherein Xi isno amino acid, X,isno amino acid, X5isA, X,isT XgisS,X4isQ, X7isN and Xz isN
or F; and SEQ ID NO: 43, wherein Xi isno amino acid, X,isno amino acid, X5is G, X,isT XgisS, X¢is
Q,X;isN, and XgisN or F.

In some embodiments the light chain variable domain of the antibody includes:
Xi2"X L TQSPGTLSLSPGEX :AXsISCRTSQY GSLAWY QQX .PGQAPRLVI1Y SGSTRAAGIPDRFSGSR
X,GPDY X,LTISX,LESGDFGVYY CQQYEFFGX;,GTKVQVDIK (SEQ ID NO: 44, wherein X ; isno
amino acid or E, X,isno amino acid or I, X5isV,A or G, X, isRor T; XgisTor I, XsisK or R, X,isSor
W, XgisT or N,XgisSor N, and X, isPor Q). Specific sequences were complemented with VRCO7
heavy chain and tested for binding to gpl20, neutralization potency and self-reactivity, including:
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EIVLTQSPGTLSLSPGERAHSCRTSQY GSLAWY QQKPGQAPRLVIY SGSTRAAGIPDRFSGSRSGPD
YTLTISSLESGDFGVYYCQQYEFFGPGTKVQVDIK (SEQ ID NO: 51; VRC07ghvL05, which is SEQ ID
NO: 44, wherein X, isE, X,isl, X3isV,X,isR; XgisT, XgisK, XisS, XgisT, Xq4is S, and X, isP);
SEQ ID NO: 44, wherein Xi isno amino acid, X,isno amino acid, X5is A, X,isR; XgisT, X4 isK, X;is
S, XgisT,Xgis S, and X, is P; and SEQ ID NO: 44, wherein Xi isno amino acid, X,isno amino acid, X

isG, X,isR; XgisT, XgisK, X;isS, XgisT, Xgis S, and Xigis P

In additional embodiments the light chain variable domain includes one of:

1. VRCO1L: EIVLTQSPGTLSLSPGETAIISCRTSQYGSLAWY QQRPGQAPRLVIY SGSTRAA

GIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQY EFFGQGTKVQVDIK (SEQ ID NO: 9)

2. VRCO1-El/12-deletion: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPRLVIYS

GSTRAAGIPDRFSGSRWGPDYNLTISNLESGDFGVYY CQQYEFFGQGTKVQVDIK (SEQID

NO: 53)

3. VRCO1-N72T-El/I2-deletion: VLTQSPGTLSLSPGETAIISCRTSQY GSLAWY QQRPGQAPR
LVIY SGSTRAAGIPDRFSGSRWGPDY TLTISNLESGDFGVY Y CQQY EFFGQGTKVQVDIK (SEQ ID
NO: 54)

4. VRCO1lhpLO2: EIVLTQSPGTLSLSPGETAHSCRTSQYGSLAWY QQRPGQAPRLVIY SGST
RAAGIPDRFSGSRSGPDY TLTISNLESGDFGVY Y CQQYEFFGQGTKVQQDNK (SEQ ID NO: 50)

5. VRCO1hpL02-El/12-deletion: VLTQSPGTLSLSPGETATISCRTSQY GSLAWY QQRPGQAPR
LVIY SGSTRAAGIPDRFSGSRSGPDY TLTISNLESGDFGVYY CQQY EFFGQGTKVQQDNK (SEQ ID
NO: 56)

Example 11 - Plasmids and plasmid inserts
The following are the names and corresponding SEQ ID NOs of the nucleotide sequence of plasmid
inserts for expression of variant VRCO7 heavy chains;

Table 2: Plasmid names and Sequences

Heavy or Light Chain Insert Plasmid
Name SEQ ID NO SEQ ID NO
VRCO7 S58N 57 58
VRC07ghvHO05.1 59 60
VRC07ghvH05.2 61 62
VRC07ghvHO05.3 63 64
VRC07ghvH05.3.1 65 66
VRC07ghvH05.3.2 67 68
VRC07ghvHO05.3.3 69 70
VRC07ghvH05.3.4 71 72
VRC07ghvHO05.3.5 73 74
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VRCO07ghvH05.3.6 75 76
VRCO7ghvH05.4 77 78
VRCO07ghvH05.4.1 79 80
VRC07ghvH05.4.2 81 82
VRC07ghvH05.4.3 83 84
VRCO07ghvH05.4.4 85 86
VRCO07ghvH05.4.5 87 88
VRCO07ghvH05.4.6 89 90
VIv7h3m02G54W 91 92
VIv7h3m03G54W 93 94
VRCO7H G54W 130Q 95 96
VRCO7H G54W BOR 97 98
VRCO7H G54W S58N 99 100
VRCO07ghvH05 109 110
VRCO1ghvL05 111 112
VRCO07chHO1 113 114
VRCOIchLOl 115 116
VRCO7hpHO1 117 118
VRCOIhpLOl 119 120
VRCO01hpL 02 121 122
VRCO01ghvHO3 123 124
NIH4546H 125 126
NIH4546ghvH01 127 128
NIH4546ghvHO02 129 130
VRC07ghvHO1 131 132
VRCO07ghvH02 133 134
VRCO1ghvL02 135 136
VRCO01ghvL04 137 138
VRCO1-L-N72T 139 140
NIH4546L 141 142
NIH4546ghvL 01 143 144
VRC07ghvH04.1 145 146
VRCO07ghvH04.2 147 148
VRCO7CDRH2.M1 149 150
VRCO7CDRH2.M2 151 152
NIH4546H G54F 153 154
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NIH4546H G54W 155 156
VRCO01ghvL02 157 158
VRCO1ghvL04 159 160
VRCO1H G54F 161 162
VRCO1H G54W 163 164
VRCO1ghvL02 165 166
VRCO01ghvL04 167 168
VRCO1L N72E 169 170
VRCO1L N72F 171 172
VRCO1L N72S 173 174
VRCOLL T74l 175 176
VRC07 CDRH2.M1 G54F 177 178
VRCO07 CDRH2.M1 G54W 179 180
VRCO07 CDRH2.M1 G54Y 181 182
VRCO7ghvHO04.1 G54F 183 184
VRCO07ghvHO04.1 G54W 185 186
VRC07ghvHO04.1 G54Y 187 188
VRCO7ghvH04.2 G54F 189 190
VRCO7ghvHO04.1 G54Y 191 192
VRCO7ghvH04.2 G54F 193 194

Additional nucleotide and protein sequences for plasmid inserts for expression of variant VRCO7
heavy chains:

Table 3: Plasmid names and Sequences

Heavy Chain Name Insert nucleotide Insert protein
SEQ ID NO SEQ ID NO
VRCO7 H G54F 101 102
VRCO7 H G54R 103 104
VRCO7 H G54W 105 106
VRCO7 H G54Y 107 108

In view of the many possible embodiments to which the principles of the disclosure may be applied,
it should berecognized that illustrated embodiments are only examples and should not be considered a
limitation on the scope of the claims. We therefore claim all that comes within the scope and spirit of these

claims.
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We claim:

1 Anisolated monoclonal antibody, comprising aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain of the antibody comprises amino acids 26-
33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, and the light chain variable domain of
the antibody comprises amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238,
wherein the antibody specifically binds gpl20 of HIV- 1, and wherein the antibody is neutralizing.

2. The isolated monoclona antibody of claim 1, wherein the heavy chain variable domain
comprises one of:

(&) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, wherein X,
isG;or

(b) amino acids 26-33 (CDRI), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, wherein X,
isH.

3. The isolated monoclona antibody of any one of claims 1-2, wherein the heavy chain

variable domain of the antibody comprises SEQ ID NO: 40.

4, The isolated monoclona antibody of any one of claims 1-3, wherein the heavy chain
variable domain of the antibody comprises one of:

(@ SEQ ID NO: 40, wherein X | isl, X,isG, XzisSand X,is T (VRCO7;, SEQ ID NO: 2);

(b) SEQ ID NO: 40, wherein X ; isl, X,isH, Xzis Sand X,is T (VRCO7 G54H; SEQ ID NO: 32);

(c) SEQ ID NO: 40, wherein X | is1, X,isH, X3isN and X, is T (VRCO7 G54H, S58N; SEQ ID
NO: 258);

(d) SEQ ID NO: 40, wherein XiisV,X,isH,XzisSand X,isA (VRCO7 137V, G54H, T93A;
SEQ ID NO: 259); or

(e) SEQ ID NO: 40, wherein XiisV,X,isH, X3zisN and X,isA (VRCO7 137V, G54H, S58N,
T93A; SEQ ID NO: 260).

5. The isolated monoclona antibody of any one of claims 1-4, wherein the light chain variable
domain comprises one of:

(a) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X ;
isF (VRCOI light chain CDRs);

(b) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X,
isD (VRCOI light chain CDRs with F97D);

(c) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X ;
isK (VRCOI light chain CDRs with F97K)

(d) amino acids 27-30 (CDRI), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein X,
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is S (VRCOI light chain CDRs with F97S); or
(e) amino acids 27-30 (CDRL1), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID No: 238, wherein X |,
isH (VRCOI light chain CDRs with F97H).

6. The isolated monoclonal antibody of any one of claims 1-5, wherein the light chain variable

domain of the antibody comprises SEQ ID NO: 238.

7. The isolated monoclona antibody of any one of claims 1-6, wherein the light chain variable
domain of the antibody comprises one of:

(@ SEQ ID NO: 238, wherein X i isE; X,isl; X3isV; X isl; X5isS; Xgis S; X4isW; X8isD; Xq
iISN; Xio isT; X isF; X ,isV; X;5is| (VRCOI light chain; SEQ ID NO: 9);

(b) SEQID NO: 238, wherein X i isno amino acid; X,isno amino acid; X5isE; X,isl; XgisS; Xe
isS; X;isW;X8isD; XgisN; X;qisT; Xy isF; X ,isV;and X , is| (VRCOLL El/I2del-V3E; SEQ ID
NO: 219);

(c) SEQ ID NO: 238, wherein X ; is no amino acid; X,isno amino acid; X3isK; X,isl; X5isS; Xg
isS; X47isW; X8isD;XgisN; X ,,isT; X, isF; X ,isV;and X, isl| (VRCOLL V3K light chain; SEQ ID
NO: 220);

(d) SEQID NO: 238, wherein X | isno amino acid; X,isno amino acid; X5isS; X,isl; X5isS; Xg
isS; X47isW; X8isD;XgisN; X ,,isT; X, isF; X ,isV;and X, is| (VRCOIL El/I2del V3Slight chain,
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein X ; is no amino acid; X,isno amino acid; X3isV; X, isl; X5isS; Xg
isS; X;isW;X8isD; XqisN; X ,,isT; X, isD;X ,isV;and X, is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(f) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XgisN; X;pisT;Xn isK; X ,,isV;and X ,is| (VRCOLL El/I2del FI97K; SEQ ID
NO: 223);

(9) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X5isV; X, isl; X5isS; X
isS; X;isW;X8isD; XgisN; X;qisT;Xn isS; X;,isV;and X ,,is| (VRCOIL El/I2del F97S; SEQ ID
NO: 224);

(h) SEQID NO: 238, wherein X i isno amino acid; X,isno amino acid; X5isV; X, isl; XgisS; Xe
isS; X;isW;X8isD; XgisN; X;pisT;Xn isH; X ,,isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X5isE; X,isl; X5isS; Xg
isS; X;isW;X8isD; XgisN; X ,,isT; X, isS;X ,isV;and X ,,is| (VRCOLL El/I2del V3E/FI7S; SEQ
ID NO: 226);

(j) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isE; X,isl; X5isS; Xg
isS; X;isW;X8isD; XqisN; X ,,isT; X, isH;X ,isV;and X , is| (VRCOLL El/I2del V3E/F97H; SEQ
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ID NO: 227);

(k) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X5isV;X,is1; X5isS; Xg
isS; X7isS; XgisD; XgisT; X isT; X, isF; X, isV;and X, isl (VRCO1hpL03; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ;Xgis S; Xg
isS; X;isN; XgisD; XgisT; X, isT; X, isF; X, isV;and X, is1 (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isQ; X5is S;
XgisS; X7isN; XgisD; XgisT; X, isT; Xy isF; X, isQ; and X, isN (VRCO1hpL05; SEQ ID NO:

230);

(n) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; XzisV;X,isE; XgisK;
XgisE; X4isE; XgisE; XqisR; X, isR; Xy isF; X ,isQ; and X;;isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isS; X, isT; X5isS;Xe
isS;X;isS; X8isD; XgisT; X, isT; XnisF; X, isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isS; X, isI; X5isS;Xe
iISS;X;isS; X3isD; XqisT; X, isT; X, isF; X ,isV;and X, is! (VRCO1hpLO3 EI/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3isS; X, isQ; X5is S; Xg
isS; X;isN; XgisD; XgisT; X, isT; X, isF; X, isV;and X, is| (VRCO1hpL04 EI/12 deletion/V3S;
SEQ ID NO: 234);

(r) SEQ 1D NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,isQ; X5is S; Xg
isS; X;isN; XgisD; XgisT; X,,isT; X, isF; X,,isQ;and X, isN (VRCO1hpL05 EI/12 deletion/V3S;
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3isS; X, isE; XgisK; Xy
ISE; X5iSE; X5isE; XgisR; X isR; XnisF; X ,isQ;and X, isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isE; X, isQ; X5is S; X
isS; X;isN; XgisD; XgisT; X, isT; XnisF; X, isV;and X, is| (VRCO1hpL04 EI/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; XgisV;X,isI; X5isS;Xe
isS; X7isW;X8isD; XqisN; X,qisT; XnisF; X ,isV;and X ,isl (VRCOI El/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isT;XgisS;Xe
isS;X;isS;X8isD; XgisT; X,,isT; X, isF; X,,isQ;and X, isN (VRCO1hpL02; SEQ ID NO: 50).

8. The isolated monoclonal antibody of claim 1, wherein the heavy chain variable domain of
the antibody comprises SEQ ID NO: 40, wherein X ; is1, X,isH, X3is Sand X,is T (VRCO7 G54H; SEQ

ID NO: 32), and the light chain of the antibody comprises:
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(@ SEQ ID NO: 238, wherein X | isE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
isN; XioisT; Xy, isF; X, isV; X, isl (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3isE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del-V3E; SEQ ID
NO: 219);

(c) SEQ ID NO: 238, wherein Xi is no amino acid; X,is no amino acid; X5isK; X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT; Xy isF; X ,isV;and X, is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3is S; X,is1; X5isS; X
isS; X7isW;X8isD; XqisN; X,qisT; Xy isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; X5isV; X, isl; X5iSS; X4
isS; X;isW; X8isD; XqisN; X;pisT;XnisD; X, isV;and X , is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X5isV; X, isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isK; X, isV;and X , is| (VRCOLL El/I2del FI7K; SEQID
NO: 223);

(9) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X;isW;X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCOIL El/I2del FI7S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isW;X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isE; X, isl; Xg5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT;XnisS; X;,isV;and X, is| (VRCO1L El/l2del V3E/FO7S; SEQ
ID NO: 226);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3iSE; X, isl; Xg5isS; Xe
isS; X;isW; X8isD; XqisN; X;pisT;XnisH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS;Xe
isS; X;isS; XgisD; XqisT; X, isT; XnisF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ; XgisS;Xe
isS; X;isN; XgisD; XgisT; X,,isT; X, isF; X ,isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X5isV;X,isQ; X5isS;
XgisS; X7isN; XgisD; XgisT; X, isT; X, isF; X,,isQ; and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; XzisV;X,isE; XgisK;
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XgisE; X4isE; XgisE; XgisR; X ,,isR; X isF; X ,isQ;and X, isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3isS; X,isT; X5is S; Xg
isS; X7isS; X8isD; XqisT; X ,,isT; X isF; X ,isQ;and X, isN (VRCO1hpL02 El/12 deletion/V3S,
SEQ ID No: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X,isl; X5isS; Xg
isS; X7isS; XgisD; XgisT; X ,,isT; X isF;X ,isV;and X, is| (VRCO1hpLO3 El/12 deletion/V3S,
SEQ ID No: 233);

(q) SEQ ID NO: 238, wherein X i is no amino acid; X,isno amino acid; X3isS; X,isQ; X5is S; Xe
isS; X7isN; XgisD; XgisT; X ,,isT; X, isF;X ,isV;and X, is| (VRCO1hpL04 El/12 deletion/V3S,
SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3is S; X,isQ; X5isS; Xe
isS; X7isN; XgisD; XqisT; X ,,isT;Xn isF;X ,isQ;and X ,, isN (VRCO1hpLO05 EI/12 deletion/V3S;
SEQ ID No: 235);

() SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isS; X, isE; XgisK; Xg
ISE; X;iSE; XgisE; XgisR; X ,isR; X, isF; X ,,isQ;and X ,;isN (VRCO1hpL06 El/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein X i isno amino acid; X,isno amino acid; X3isE; X,isQ; X5is S; Xg
isS; X7isN; XgisD; XgisT; X ,isT; X, isF;X ,isV;and X , is| (VRCO1hpL04 EI/12 deletion/V3E;
SEQ ID No: 237);

(u) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; XgisS; Xg
isS; X7isW;X8isD; XqisN; X ,,isT; X, isF;X ,isV;andX ,;is| (VRCOI ElI/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV;X,isT;XgisS; Xg
isS;X;isS;X8isD; XgisT; X ,,isT;XnisF; X ,isQ;and X ,,isN (VRCO1hpL02; SEQ ID NO: 50).

9. The isolated monoclonal antibody of claim 1, wherein the heavy chain variable domain of
the antibody comprises SEQ ID NO: 40, wherein X i isV, X,isH, XzisSand X,isA (VRCO7 137V, G54H,
T93A; SEQ ID NO: 259), and the light chain of the antibody comprises:

(@ SEQ ID NO: 238, wherein X i isE; X,isl; X5isV; X isl; XgisS; Xgis S; X7isW; X8isD; Xg
iISN; Xio isT;Xn isF; X ,isV;X,5is| (VRCOI light chain; SEQ ID NO: 9);

(b) SEQ ID NO: 238, wherein X i is no amino acid; X,isno amino acid; X3isE; X, isl; XgisS; X,
isS; X;isW; X8isD; XgisN; X;pisT;Xn isF; X ,isV;and X ,, is| (VRCOIL El/I2del-V3E; SEQ ID
NO: 219);

(c) SEQ ID NoO: 238, wherein X, is no amino acid; X, is no amino acid; X5isK; X isl; X5isS; Xg
isS; X;isW;X8isD; XqisN; X ,,isT; X, isF;X ,isV;and X ,,is| (VRCO1L V3K light chain; SEQ ID
NO: 220);

(d) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
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isS; X7isW;X8isD; XqisN; X isT; X, isF; X ,isV;and X, is| (VRCO1L El/I2del V3S light chain;
SEQ ID NO: 221);

(e) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isD; X, isV;and X , is| (VRCOLL El/I2del F97D; SEQ ID
NO: 222);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;pisT; Xy isK; X, isV;and X, is| (VRCOLL El/I2del FI7K; SEQID
NO: 223);

(9) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isl; X5isS;Xe
isS; X;isW; X8isD; XqisN; X;qisT; Xy, isS; X;,isV;and X, is| (VRCOIL El/I2del FI7S; SEQ ID
NO: 224);

(h) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV;X,isl; Xg5isS; X,
isS; X;isW;X8isD; XqisN; X;pisT;XnisH; X, isV;and X , is| (VRCOLL El/I2del F97H; SEQ ID
NO: 225);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isE; X,isl; X5isS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isS; X ,isV;and X, is| (VRCO1L El/l2del V3E/FI7S; SEQ
ID NO: 226);

(i) SEQ ID NO: 238, wherein Xi isno amino acid; X,is no amino acid; X3iSE; X,isl; XgisS; Xg
isS; X;isW; X8isD; XqisN; X, isT; X, isH; X, isV;and X , is| (VRCOLL El/I2del V3E/FI7H; SEQ
ID NO: 227);

(k) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isV; X, isl; Xg5isS; Xg
isS; X;isS; XgisD; XqisT; X, isT; X, isF; X ,isV;and X, is| (VRCO1hpLO3; SEQ ID NO: 228);

(1) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isV;X,isQ;XgisS; Xg
isS; X;isN; XgisD; XgisT; X, isT; XnisF; X, isV;and X, is| (VRCO1hpL04; SEQ ID NO: 229);

(m) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isQ; X5is S;
XgisS; X7isN; XgisD; XgisT; X, isT; XnisF; X,,isQ;and X, isN (VRCO1hpL05; SEQ ID NO:
230);

(n) SEQ ID NO: 238, wherein Xi is no amino acid; X,isno amino acid; XzisV; X, isE; XgisK;
XgisE; X4isE; XgisE; XgisR; X, isR; XnisF; X ,isQ;and X;;isN (VRCO1hpL06; SEQ ID NO: 231);

(0) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X3isS; X, isT; X5isS;Xe
isS;X;isS;X8isD; XgisT; X, isT; XnisF; X ,isQ;and X, isN (VRCO1hpL02 EI/12 deletion/V3S,
SEQ ID NO: 232);

(p) SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X, isl; X5isS; Xg
isS;X;isS; X3isD; XqisT; X, isT; X, isF; X ,isV;and X, is| (VRCO1hpLO3 EI/12 deletion/V3S,
SEQ ID NO: 233);

(q) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X, isQ; X5is S; Xg
isS; X;isN; XgisD; XgisT; X,,isT; X, isF; X, isV;and X, is| (VRCO1hpL04 EI/12 deletion/V3S;
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SEQ ID NO: 234);

(r) SEQ ID NO: 238, wherein X, isno amino acid; X,isno amino acid; X3is S; X,4isQ; X5is S; Xg
iSS; X4iSN; XgisD; XgisT; X ,isT; Xy isF; X, isQ;and X, isN (VRCO1hpLO5 El/12 deletion/V3S;
SEQ ID NO: 235);

() SEQ ID NO: 238, wherein X isno amino acid; X,isno amino acid; X3isS; X,isE; XgisK; X
ISE; X;isE; XgisE; XgisR; X isR; X, isF; X ,isQ; and X, isN (VRCO1hpLO6 EI/12 deletion/V3S,
SEQ ID NO: 236);

(t) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isE; X,isQ; X5isS; Xe
iSS; X4iSN; XgisD; XgisT; X ,isT; Xy isF; X, isV;and X, is| (VRCO1hpL04 EI/12 deletion/V3E;
SEQ ID NO: 237);

(u) SEQ ID NO: 238, wherein Xiisno amino acid; X,isno amino acid; X5isV;X,isl; XgisS;Xe
isS; X47isW; X8isD;XgisN; X,qisT; XnisF; X ,isV;and X, is| (VRCOI EI/12 deletion; SEQ ID NO:
53); or

(v) SEQ ID NO: 238, wherein Xi isno amino acid; X,isno amino acid; X5isV;X,isT;XgisS; X4
iSS; X4isS; X8isD; XgisT; X,,isT; X, isF; X ,isQ; and X, isN (VRCO1hpL02; SEQ ID NO: 50).

10. Anisolated monoclonal antibody, comprising aheavy chain variable domain and alight
chain variable domain, wherein the heavy chain variable domain of the antibody comprises amino acids 26-
33 (CDR1), 51-58 (CDR2) and 97-1 14 (CDR3) of SEQ ID NO: 40, and the light chain variable domain
comprises alight chain variable domain from aVRCOI -like monoclonal antibody, wherein the antibody

specificaly binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

11 The isolated monoclona antibody of claim 10, wherein the light chain variable domain
comprises alight chain variable domain from one of VRC02, VRCO03, NIH4546, VRC-PG04, VRC-PG04b,
VRC-CH30, VRC-CH3 1, VRC-CH32, VRC-CH33, VRC-CH34, 3BNC60, 3BNC117, 12A12, 12A21,
INC9, 1B2530, BANC131, or BANC134 monoclonal antibodies.

12. The isolated monoclona antibody of claim 10 or claim 11, wherein the light chain

comprises alight chain variable domain of aclonal variant of VRCOI .

13. Anisolated monoclonal antibody, comprising aheavy chain variable domain and alight
chain variable domain, wherein the light chain variable domain of the antibody comprises amino acids 27-30
(CDR1), 48-50 (CDR2) and 87-91 (CDR3) of SEQ ID NO: 238, wherein the light chain variable domain
comprises at least one amino acid substitution compared to SEQ ID NO: 9 (VRCOI light chain variable
domain), wherein the heavy chain variable domain is aheavy chain variable domain from a VRCOI -like
monoclonal antibody, wherein the antibody specifically binds gpl20 of HIV- 1, and wherein the antibody is

neutralizing.
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14. The isolated monoclonal antibody of claim 13, wherein the heavy chain variable domain
comprises aheavy chain variable domain from one of VRC02, VRCO03, NIH4546, NIH4546 G54W, VRC-
PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-CH33, VRC-CH34, 3BNC60, 3BNC117,
12A12, 12A21, INC9, 1B2530, BANC131 or BANC134 monoclonal antibodies.

15. The isolated monoclonal antibody of claim 13 or claim 14, wherein the heavy chain

comprises aheavy chain variable domain of aclonal variant of VRCOL1.

16. Anisolated VRCOI-like monaclonal antibody, comprising a VRCOI-like heavy chain and a
VRCOI-like light chain, wherein the heavy chain further comprises substitution of ahistidine residue for the
residue at position 54 (Kabat humbering) of the heavy chain, wherein the antibody specifically binds gpl20

of HIV-1, and wherein the antibody is neutralizing.

17. The isolated VRCOI-like monoclonal antibody of claim 16, wherein the amino acid
substitution is a G54H substitution.

18. Anisolated VRCOI-like monaclonal antibody, comprising a VRCOI-like heavy chain and a
VRCOI-like light chain, further comprising deletion of the first two amino acids of the light chain wherein
the antibody specifically binds gpl20 of HIV-1, and wherein the antibody is neutralizing.

19. The isolated VRCOI-like monoclonal antibody of any one of claims 16-18, wherein the
VRCOI-like monoclonal antibody isone of VRCOI, VRC02, VRCO03, NIH4546, NIH4546 G54W, VRC-
PG04, VRC-PG04b, VRC-CH30, VRC-CH31, VRC-CH32, VRC-CH33, VRC-CH34, 3BNC60, 3BNC117,
12A12, 12A21, INC9, 1B2530, BANC131 or BANC134 monoclonal antibodies.

20. The isolated antibody of any one of claims 1-19, wherein the antibody is not self-reactive.

21. The isolated monoclonal antibody of any of claims 1-20, wherein the antibody isan 19G,
IgM or IgA.

22, Anisolated antigen binding fragment of the isolated monoclonal antibody of any of claims
1-20.

23. The isolated antigen binding fragment of claim 22, wherein the fragment is a Fab fragment,
aFab' fragment, aF(ab)', fragment, asingle chain Fv protein (scFv), or adisulfide stabilized Fv protein

(dsFv).
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24, The isolated antigen binding fragment of claim 23, wherein the antigen binding fragment is

aFab or an scFv fragment.

25. The isolated human monoclonal antibody or antigen binding fragment of any one of claims

1-24, linked to an effector moiety.

26. The isolated human monoclonal antibody or antigen binding fragment of claim 25, wherein

the effector moiety is atoxin or adetectable label.

27. The isolated monoclonal antibody or antigen binding fragment of claim 26, wherein the

detectable label is afluorescent, enzymatic, or radioactive label.

28. A scaffold protein comprising the antigen binding fragment of any one of claims 22-24.

29. Anisolated nucleic acid molecule encoding the monoclona antibody of any one of claims

1-21, the antigen binding fragment of any one of claims 22-24, or the scaffold protein of claim 28.

30. The isolated nucleic acid molecule of claim 29, operably linked to a promoter.

3L An expression vector comprising the isolated nucleic acid molecule of claim 29 or claim 30.

32. Anisolated host cell transformed with the nucleic acid molecule or vector of any one of
claims 29-30.
33. A composition comprising atherapeutically effective amount of the antibody of any one of

claims 1-21, the antigen binding fragment of any one of claims 22-24, the scaffold protein of claim 28, the
nucleic acid molecule of claim 29 or claim 30 or the expression vector of claim 31, and a pharmaceutically

acceptable carrier.

34. A method of detecting ahuman immunodeficiency virus (HIV)-I infection in a subject,
comprising:

contacting abiological sample from the subject with the isolated human monoclona antibody of any
one of claims 1-21, the antigen binding fragment of any one of claims 22-24, or the scaffold protein of claim
28, under conditions sufficient to form an immune complex; and

detecting the presence of the immune complex on the sample from the subject, wherein the presence

of the immune complex on the sample from the subject
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indicates that the subject has an HIV-1 infection.

35. The method of claim 34, wherein the isolated human monoclonal antibody is directly
labeled.

36. The method of claim 34, wherein the contacting is in vivo.

37. The method of claim 34, wherein the contacting is in vitro.

38. The method of any one of claims 34-37, further comprising:

contacting the sample with a second antibody that specifically binds the isolated human monoclonal
antibody or antigen binding fragment; and

detecting the binding of the second antibody to the sample;

wherein an increase in binding of the second antibody to the sample as compared to binding of the

second antibody to a control sample detects the presence of an HIV-1 infection the subject.

40. A method for preventing or treating a human immunodeficiency virus (HIV)-l infectionina
subject, comprising administering to the subject atherapeutically effective amount of the composition of

claim 33, thereby preventing or treating the HIV-1 infection.

41. The method of claim 40, wherein the method is a method for treating aHIV-1 infection, and

wherein the subject has acquired immune deficiency syndrome (AIDS).

42, The method of claim 40 or claim 41, further comprising administering to the subject an

additional anti-viral agent.

43, The method of claim 42 wherein the additional antiviral agent comprises anucleoside
analog reverse-transcriptase inhibitor, a nucleotide reverse transcriptase inhibitor, a non-nucleoside reverse
transcriptase inhibitor, aprotease inhibitor, an entry or fusion inhibitor, a maturation inhibitor, or abroad

spectrum inhibitor or acombination thereof.
44, The method of any one of claims 40-43, further comprising administering to the subject one
or more additional antibodies, or nucleic acids encoding such antibodies, wherein the additional antibodies

specifically bind gpl20 and/or gp41.

45, The method of any one of claims 40-44, further comprising administering to the subject an

effective amount of 1L-15.
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46. The method of any one of claims 40-44, further comprising measuring HIV-1 viral titer in
the subject.
47. A method for testing a potential immunogen, comprising contacting the potential

immunogen with the antibody of any one of claims 1-21, the antigen binding fragment of any one of claims
22-24, or the scaffold protein of claim 28, and detecting the binding of the antibody, antigen binding
fragment or scaffold protein to the immunogen, thereby determining that the immunogen as being of use to

produce an immune response to ahuman immunodeficiency virus.

48, A kit comprising:

(a) the antibody of any one of claims 1-21, the antigen binding fragment of any one of claims 22-24,
the scaffold protein of claim 28, the nucleic acid molecule of claim 29 or claim 30, the expression vector of
claim 30, the composition of claim 33, or acombination of two or more thereof; and

(b) instructions for using the kit.

49, Use of the isolated monoclonal antibody of any one of claims 1-21, the antigen binding
fragment of any one of claims 22-24, the scaffold protein of claim 28, the nucleic acid molecule of claim 29
or claim 30, the expression vector of claim 30, the composition of claim 33, or acombination of two or more

thereof, to inhibit or prevent Human Immunodeficiency Virus type linfection in a subject.
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Virus iD HIVIG

0260v5.c36] A | 0872 | (.508 2840 | 0.52¢ | 0.319
330v4c3] A | »50 | 0.083 6860 | 1070 | 1367 0.064 | 0043
043008011 A | 0224 | 0141 | 0095 | 8240 | >80 | 2083 | 0.052 | 0153
33652020 A | 2260 | 0066 | 0021 | 1380 | >50 | 1168 0.059
3415vicl] A | 0033 | 0199 | 0081 | 11500 | 160 | 1595 | 0.092 | 0422
371803011) A | =50 >50 | 0094 | 855 =50 | >5000 0218 | 0.100
3D8-F1 F6 201 A | 0171 | 0048 | 0039 | 0784 | 2690 | 143 | 0.058 | 0.058
BB201B42] A | 24600 | 0105 | 0034 | 2190 | 0456 | 589 0.343 | 0185
BEEI92B13] A | 10400 | 1410 | >50 | 0712 | »50 282 1 0.094 | 0031
Bi360.9Al A | »50 | 0052 | 0031 | 1360 | 1740 | 374 0149 | 0.09
BS20BR1] A | 0263 | 0029 | 0013 | 0518 | 8D 145 1 0028 | 0015
KER200812| A | 0435 | 0335 | 0170 | 1280 | 2890 | 253 0563 | 0387
KER2018.11] A | 0415 | 0592 | 0513 | 846D | =>50 | 3332 | 0.07¢ | 0.501
KNH1209.18] A | 2070 | 0081 | 0068 | 163 | 1100 | 288 0.087 | 0.086
MB2OTATL A | 50 | 0089 | 004D | 2210 | >5D 344 | 0257 | 0173
MB3302B7] A | 50 | 0582 | 0260 | 2170 | >50 | »5000 0544 | 0386
MIZBOAS| A | >50 | 0076 | 0033 | 2880 | 3970 | 1192 | 0162 | 0.144
MSZO8A1L A | =50 | 0073 | 0032 | 1560 | »50 | 1196 0.147 | 0.11
Qie8a2] A | 3080 | 0082 | 0038 | 18700 | >80 | 2148 | 0140 | 0095
Qz3.17] A | 0041 | 0028 | 0023 | 0432 | >80 369 0.086 | 0.024
Q253471 A | 0021 | »580 | 4310 | 10200 | >50 741 | 0.051 | 0.038
Q461e2] A | »50 | 0342 | 0159 | 5530 | =50 | >5000 0410 0.3
7B9.dz2l A | 0020 | 0038 | 04038 | 173 =50 310§ 0.015 6.0
Q76305 A | 0025 | 0020 | 0015 | 1170 | >80 321 0.014 | 0019
Qs4azd12l A | >50 | 0418 | 0007 | 8890 | >50 568 | 0.006 | 0014
QH209. 14MAZ] A T 50 | 0.046 | 0030 | 5930 | =50 414 0.024 | 0038
RWOZ021 A | »50 | 0411 | 0024 | 8210 | >8D 451 1 0303 | 0.134
UGo37.8] A | 50 | 0063 | 0O47 | 0504 | >50 | 1087 | 0.035 | 0.053
3301VI.024] AC | 0098 | 0034 | 0023 | 8640 | =80 | 1140 0084 | 0.023
3589V1.C41 AC | »50 >50 | 0374 | 194D 2.2 | 0073 | 0036
8540.vA.c1] AC | =80 >50 =50 | 14.300 | 5D 1237 | =50 =5
8545 V3.C131 AC | 50 >50 >50 | 070 | >80 361 >50
6545V4.C1) AC | >50 =50 >50 12.5 550 | 4507 | >50 >50
0815.V3.C31ACD | 0043 | 0081 | 0042 | 1880 | >80 533 0036 | 0042
§095.V1.C10] ACD| >50 | 0704 | 0228 | 0004 | 50 349 | 0484 | 0.080
3468.V1.C120 AD T »50 | 0038 | 0023 | 0964 | »50 | 1100 0.040 | 0023
620345.c1] AE | >50 >50 >50 | 0469 | >80 106 | >50 >50
C1080.c3] AE | =80 | 1.780 | 1270 | 0588 | =50 280 | 150 | 0547
Coipicll AE | 50 | 0435 | 0430 | 25 50 403 1 0097 | 0225
C3347.c11] AE | 0877 | =8 0049 | 04161 | >50 | 464 | 0.037 | 0057
C4118.09] AE | »>50 | 0121 | 0184 | 5280 | >50 g6 | 0.110 | 0.089
CNE3| AE | =80 >50 =50 | 2230 | 5D 508 | 3.56 3.33
CNES| AE | 8580 | 0385 | 0948 | 299 50 |1 0228 | 0.144
CNESS| AE | 0748 | 0096 | 0042 | 0801 | >80 | 1 0292 | 0.135
CNESS| AE | >50 | 0535 | 0447 | 0207 | »50 335 | 0442 | 0.299
CNESS| AE | >80 | 0315 | 0220 | 0042 | =50 157 | 0516 | 0.262
Mp2138l AE | >80 | 0385 | 0693 | 0451 | >80 433 1 0.742 0.3
R1166.c1] AE | >50 | 1260 | 0310 | 2890 | >80 | 1081 | 1771 1.520
R2184.04] AE | 0.054 | 0054 | 0045 | 3790 | =50 | 4354 | 0.052 0.1
R3265.06] AE | =80 >50 | 0402 | 15600 | >80 431 | 0.731 | 0.233
THI6A.8] AE | 50 | 0227 | 0177 | 0079 | >80 208 | 0.331 | 0.163

9/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533 PCT/US2012/068827

5 5 VRS- VRC- 5 :
Virus iD Clade VRCOZ = PGO4  CH31 7 4BI8 2612 | HVIG

VRODY | VRCOT

TH78.47] AE | >50 | 0023 | 023 | 0213 | >50 164 0086 | 0102
23547] AG | 0540 | C.0D8 | 0005 | 0802 | D88 212 0043 | 001
242-141 AG | >80 >50 >50 >50 >50 1071 | [ s8¢ | 2380
263-8] AG | 0018 | 00 00 1 0319 | 2180 | 175 | | 0119 | 0039
269-12] AG | »50 >50 | 0041 | 0133 | >80 A7 | | 0163 | 0.032
271-111 AG | >50 | 0063 | 6044 | 3110 | >80 890 | 0.052 | 0.043
928-28] AG | >50 | 3700 | 0041 | 0009 | =50 103 | 0378 | 001
DJ2658] AG | >80 | 3420 | 0417 | 0081 | 0023 | 992 | 0.072 1 0.030
725040 AG | >5D >50 »50 | 0381 | 22800 | 457 | >50 >50
T251-180 AG | >S50 1 0877 | 471 | 8420 | 1070 | >5000 | 358 | 1.200
T253-11) AG | >50 | 0476 | 0431 | 0755 | 50 | 1 0.265 0.2
To85-341 AG 1 >80 | 1300 | 0031 | 0023 | w50 | 1 0252 | 0.089
T257-310 AG | »50 | 0573 | 0165 | 2000 | >50 | 2052 | 168 | 0.259
T266-80] AG | >50 0.1 0.1 4740 | >50 | 2500 | 0353 | 0247
T278-50{ AG | >50 >50 >50 | 347 >50 FEO >50 >50
T280-5] AG | 0027 | G014 | 0022 | G726 | »ED 154 | 0.017 1 0.008
T33-70 AG | »50 | 0.003 | 0001 2.9 >50 751 0.023 | 0.001
3986251 B | 3870 | 06757 | B0 | 1370 | 0780 | 242 | 2140 | 0411
5763.04] B | 0578 | 0285 | 1.030 | 15000 | 3070 | 244 | 0089 | C.110
8101.10] B | 0.047 | 0433 | 0319 | 0.381 17 1296 | 0.104 | 003
65353 B | 1320 | 0774 | =50 | 0458 | 170 | 887 | 216 | 0.208
716518 B | >80 >50 >50 | 0885 | 0393 | 260 | | >80 | 8.270
806DG] B | 0188 | 0106 | 0098 | 1020 | 027 | 476 | 0460 | 0240

AC10291 B | >50 >50 | 46,100 | 0408 | 50 gia | 143 | 0419
ADADGI B | 0126 | 0408 | 0285 | 0656 | 11400 | @91 | 0424 | 0158
Bai01l 8 | »50 | 0121 | 0123 | 6740 | 3270 | 174 | 9102 | 0.031
Bal.26! B | 2810 | 0426 | 0044 | 2700 | 0945 | 101 | 0.047 | 0015

BG1168.01] B | 50 | 0.882 | OB14 | 3340 | »50 | 2352 | 0449 | 0345

BLOTDG] B | >80 >50 S50 | 4880 | 47 1327 1 50 >50

BRO7.DG| B | 3.230 | 1770 | 1340 | 2010 | 2240 | 248 | 167 | 0477
BXUBAS] B | 010 | 02362 | 0914 | 0469 | 7690 | 434 | 0281 | C.086

CAANAZI B | 8990 | 1440 | >50 | 8490 | »50 | 1197 | 108 | 0.389
CNE1D! B | 0269 | ©399 | 0198 | 6307 | 0089 | 681 | 0776 | D114
CNEi2] B | 0459 | 0258 | 0538 | 1410 | >50 267 | 9785 | 0161
CNE14] B | 0322 | 50 | 0388 | 2520 | >50 228 | 0389 | 010
CNE4] B | 0420 | 0488 | 1150 | 04 | 15200 | 482 | 0871 | 0.150
CNES7! B | 0078 | 0120 | 0085 | 0156 | >80 | 284 | 0.535 | 0163
HOS68I B | >80 >50 >50 0.34 >50 148 | >50 >50
HT893.1] B | 0185 | 0230 | 0202 | 0397 | 2180 | 122 | D438 | 0112

MXB2DG] B | 0.044 | 0030 | 0127 | 0043 | 0247 | 130 | 0040 | 002

JRCSFUBL B | 045 | 0077 | 0430 | 4120 | 039 | €38 | 0234 | 0.083
JRFLJBI B | 0007 | 0072 | 0012 | 54 | 0360 | 212 | | 0033 | 0.009
MNGL B | 0026 | =80 | 0478 | 0018 | >S50 || 0.033 | C.006
PVOo4] B | 0713 | 0.392 | 0188 | 1990 | 1320 | 441 | 0.386 | 0.080

QHO51501] B | 020 | 0476 | 0099 | 2000 | 00 306 | 052 | 0597

QHORYZ42{ B | 0A71 | 1920 | 0844 | 1600 | 58 | | 116 | 1.240

REJOS7] B 00 | 0035 | ©040 | 0167 | >50 331 | 0.045 | 0.023
RHPA7I B | 320 | 0055 | 0132 | 13.300 | >50 728 | 0.047 | 0.042

5C4228] B | 0036 | 0045 | 0143 | 1490 | 35 519 | 0.132 | 0.089

SF162.S| B | 0023 | 0055 | 0.079 | 0412 | 09 243 | 1 0237 | 0043

$S1196.01) B | 0022 | 0.068 | 0110 | 0686 | 9860 | 302 | 0276 | 0071
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S

Virus 1D Ciadeg VRCO3 = PGO4 | CH3 4E10 2612 HVIG YRCO1 §VRC{37§

THRO.18] B | >80 >50 137900 | 1.770 | >80 | >5000 | 442 | 3.360
TRIOSE] 8 | 0040 | 0403 | 0216 | 8750 | >80 787 | 0079 | 0072
TROAH] B | 0068 | 0072 | 0042 | 0.599 | 051 313 | 0.343 | 0.124
WITO.33] B | >50 | 0333 | 0086 | 1200 | 0583 | 251 | 0.112 | 0.048
YU2DG] B | 0043 | 0099 | 04129 | 16000 | =50 | 1030 0055 | 0.048
CHO38.12] RC | »50 | 0237 | »>50 | 457 | D406 | 1242 0.379 | 0.208
CcHo7DAl 8C | >80 | 0435 112300 | 21400 | >80 | 2562 | | 187 | 0448
CHi174] BC | €12 | 0022 | >50 | 0343 | >50 481 | 0.059 | 0.052
CH181.12] RC | 8080 | 0315 | 0215 | 5450 | =50 | 1838 | 0540 | 0.216
CNE15] BC | 0422 | 0421 | 3270 | 3360 | »50 | | 0080 | 0.028
CNE4D] BC | 0206 | 0341 | 0131 | 0003 | >80 284 | 0.425 | 0.045
CNEY] BC | 05 5D | 50 1 0425 | 50 802 0540 | 0077
286.38] © | 12800 | 0341 | 0353 | 099 =50 | 1148 0,103 | 0152
288.38] C | 0291 | 0467 | 0071 | 0456 | 1210 | 511 | | 152 | 0253
00130952111 € | 0359 | 0064 | 1070 | 0078 | =50 148 | 0.142 | 0.010
001428-2420 ¢ | 0006 | 0019 | 0009 | 9100 | >50 845 | 0023 | 001
0077 V1.C18] © | 50 =50 >80 | 0.886 | >50 109 | 104 | 0088
00836-25] C | 0012 | >80 =50 | 1430 | 50 432 1 0128 | 0.004
0921V2.C14] C | 0833 | 0286 | »50 | 5830 | =50 | | 0.105
16055-23] C | 0076 | »50 | 0219 | 4120 | >80 | 2500 | 0.105 | 0.058
16845-2221 € | >80 | 40700 | 6430 | 0459 | >80 | 1747 | 241 | 2080
16936-221] C | 0041 | 0035 | 0362 | 1790 | »50 940 | 0109 | 0.046
25710-243] C | 0073 | 0243 | 07162 | 0376 | >80 549 | 0.545 | 0.163
25711241 € | 0958 | 041 056 | 6.240 | »50 | 2087 | 0712 | 0.30
259252220 C | 0138 | 0297 | 0284 | 2230 | >50 | 1884 | 0559 | 0108
26191-248] C | »50 | 0148 | 0096 | 4200 | =50 | 2091 | 0.195 | 0.083
3168V4.C10] C | 0072 | 0473 | 0482 | 283C | =50 | | 0131 | 0.118
3637.V5.C3] © | >80 =50 | 1160 | 3510 | >80 | 1 409 | 0918
3673V1.C24] C | 0585 | 0494 | 34800 | 308 >80 | 1 0.054 | 0.358
322V4CH C | 250 50 =50 | 7.950 | »50 | 4219 | >50 | 0.721
B471VI.C168] C | 5D >50 »50 | 23400 | »50 | >5000 | >50 =50
8831.V3.0100 © | >80 >50 50 >50 50 780 | >50 | 8710
8644 V2.C33] C | 0482 | 0455 | >80 | 0781 | >50 806 | 0.164 | 0.077
§785MV5.C14] C | 0422 | 0350 | 0397 | 1980 | =50 1 1 0332 | 0276
8936V1.C35] C | 1550 | 0427 | 3690 | 1660 | >80 522 | 0.143
962MB51.02] © | >80 | 2850 | 1260 | 0413 | >80 400 | 0525 | 0.088
BRO256] C | >80 | 7290 | 233G | 3.730 | 045 168 | 0.271 | 0027
CAP210.E8] C | »50 50 =50 | 4000 | »50 | 3806 | >50 >50
CAP244.03] € | »50 | 0245 | 0167 | 1.98C | >80 | 3318 | 0.857 | 0.501
CAP45G3| ¢ | >80 >50 >50 | 2380 | >80 109 | g47 | 0277
CNE3G] © | >80 | 1360 | 0519 1.7 >80 | 1 0027 | 042
CNE31] € | 0629 | 0678 | 0928 | 3120 | =50 | 1 0962 | 0.148
CNES3] C | 7.720 | 0060 | 0046 | 0032 | =50 892 | 6,108 | 0.002
CNEs8] € | 5040 | 0879 | 0052 | 0870 | >80 186 | 0.124 | 008
DUi2306] C | >80 =50 >80 | 0343 | >50 a2 | 1386 | 0430
DU15102] C | »50 | 0102 | 0038 | 2970 | =50 | 1561 | 770 | 1.350
DU1EE12] C | »80 | 0057 | 3180 | 0.023 | »50 139 | 0.082 | 0.023
DU172170 ¢ | >80 | 0232 | 0275 | 0023 | >80 484 >50 | 0.124
DU422011 C | >80 =50 >50 | 1650 | >80 | 14688 | >50 >50
MWOR5.26] C | 430 | 0086 | 1.830 | 0.025 | 50 596 | | 0.038 | 0.039
3018.18] € | 0154 | 0087 | 0190 | B.79C | =50 834 | 0071 | 0043
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: T 4B :
=50 >50 >50 1.8950 8.2 1088 >50 >50

TZA25.17
TZ8D.02
£A012.29
ZM108.9

>50 >50 >50 0.431 >5

2.280 0.117 ¢.15 2.320 >50 1318 0.072 (.038

17.700 | 0.187 0.05 5.800 =5 3

(.138 (.234 2.580 1610 >50 3588 (.248 0.189
>

c
c
c
c
c
ZM1094] © | >80 | 0023 | 0031 | 0.708 50 995 | 0.134 | 0.050
ZM13510al C | >80 =50 | 0355 | 0034 | >50 1771 128 | 0054
ZMi7E86] C | 003 | 0429 | 0.028 | 0863 | =50 424 1 0.038 | 0.016
ZM1677] © | 175 | 1500 | 0605 | 0425 | >80 704 | 0624 | 0259
ZV214.15] © | >80 | 0412 | 0.147 | 1450 | >80 765 | 0881 | 0.121
ZM2158] C | >80 | 0047 | 0424 | 0641 | >80 555 | 0276 | 0.039
IM2336] C | >80 | 6030 | »50 | 206 >50 570 | 425 | 0218
ZM2494] C | =50 | 0044 | 0038 | 2750 | >80 981 | 0.082 | 0.061
ZMERA2] © | 9930 | 1290 | 2640 | 4520 | >80 | 2547 | 0.R38 | 0.2RS
IMES 28a] € | >80 | 0455 | 0883 | 8790 | >50 | 4933 0144 | 0.077
3328VACE] O | %D >50 =80 | 1.930 | 8D 149 6.073 | 0.036
3337V2.C6] CD | »50 | 0040 | 0885 | 1910 | >80 255 1 0063 | 0057
3817 2.050] C0 | >80 | 46830 | 0.560 | 4.78 57 | 3614 -5 3.210
231965 01 39500 | 0114 | 1070 | 21700 | »50 | »5000 | 0487 | 0.067
247-23 >50 =50 >50 | 2370 | »50 | 1327 242 >50
301B.6.¢A5 >50 =50 550 | 4800 | 50 | 3385 | 0111 | 0247
57128.wel15

=50 >50 | 45100 | 1930 | 2.030 | 469 >50 | 3530
>80 | 0903 | 0.204 | 3920 | 9350 | 1408 | 263 | 0548

1.450 3.120 >50 867 4.68 3.270

84084 034
AD3349M1.wreda

v
n
)
ES
5]
N
o

NKL3006 601 0083 | 0490 | 0441 | 5830 550 | w5000 | 0506 | 0.751

UG021.16 >50 >50 0426 | 0198 | 8740 | 247 0266 | 0073
UG024.2 =50 0471 | 0864 | D.DY1 | 016 417 6.108 6.1
X2088.09 S50 >50 5 >50) >50) 3943 | >5() »50)
Sihimac251.30.9G3] NA | >50 >80 >50 >80 50 | »5000 | >50 >50
50 =50 >50 =50 S50 | »2800 | 50

SVAMLVI NA > 5 >2500 >80 > 5

_____________________________________ PR S .l e 0 .0 S 8 S8 o8
. TotalVs Neubralized N o T T T T —

€50 <30ugimt & 18 21 27 8 23 28
ICs0<fugmi 3 0 14 . 18 8 1 8 21

% VS Neutralized
IC50 <50ugimi
IC50 <Tugimi

Median IC50. 2015 0487 0385 2068 697 - pass 042

Geometric Mean, 1340 0302 08386 173 328 6378  8.185
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Lineay sequence Kabat Numbering VRCO1L Linear sequence Kabat Numbering VRCOTH
AA. AA,

i 1 £ 1 1 Q
2 2 { 2 2 Y
3 3 ¥ 3 3 R
4 4 L 4 4 {
5 5 T 5 5 S
6 6 & 3 Q
7 i S 7 7 3
B S P 8 3 G
8 G 3 9 @
18 10 T ig 18
113 11 L i1 11 Y]
i2 12 S 12 12 K
i3 13 L 13 13 K
14 14 S i4 14 P
i3 15 & 15 15 G
is 1% G 16 16 ]
17 17 £ i7 17 5
18 18 T i8 18 M
is 19 A 18 19 R
20 20 { 20 20 i
23 21 { 21 21 3
22 22 22 22 C
23 23 C 23 23 R
24 24 R 24 24 A
25 25 T 25 25 S
28 26 S 286 286 G
27 27 Q 27 27 Y
28 28 Y 28 28 E
2% 29 S 28 238 F
30 30 S 30 20 i
33 33 L 31 31 N
32 34 A 32 32 C
33 3s W 33 33 P
34 35 Y 34 34 i
335 37 Q 35 35 N
38 38 O 36 36 W
37 338 R 37 37 i
38 40 4 38 38 R
38 41 a 38 33 L
40 42 Q 4 4G A
43 43 A {3 41 P
&2 44 P 42 42 G
43 45 R 43 43
) 45 L 44 44 R
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Linear sequence Kabat Numbering VRCO1L Linear sequence Kabat Numbering VRCOTH
AA. ALA.

4% 47 vV 45 45 P
48 48 | 44 46 £
&7 43 Y 47 47 W
48 50 3 48 48 M
45 51 G 438 49 G
50 52 S 50 50 WY
531 53 f 51 51 M
52 L4 R 52 52 K
53 55 A 53 524 P
54 56 A 54 53 R
55 57 3 58 54 e}
586 58 | 56 55 G
87 59 P 57 56 A
58 80 2 58 57 v
58 el R 58 58 S
586 G2 F 50 58 Y
87 63 S &1 &0 A
58 54 G 82 61 R
59 &h g 83 52 Q
[ 66 R B4 63 L
61 67 W &5 64 83
62 58 G &6 65 5]
&3 &9 P &7 56 R
&4 70 ] B8 &7 \Y
65 71 Y (34 68 T
&6 72 N Fidl 69 M
&7 73 L 71 70 T
&8 4 T 72 71
68 75 i 73 72 D
70 [43) 3 74 73 M
71 77 N 75 74 Y
72 78 i 76 75 S
73 9 E 7 75
74 &¢ N 78 77 T
75 81 G 78 78 A
78 82 9] &0 79 F
77 83 F 81 &0 L
7R &4 G 82 81 £
78 85 Ay 83 a2 {
88 35 Y 84 B2A R
81 87 Y 85 828 S
B2 88 C 85 82C L
83 89 G 87 33 i
84 80 Q 88 &4 5
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Linear sequence | Kabal Numbering VRCO1LL Linear sequence Kabat Numbering VREGTH
AA, AA
85 91 ¥ 28 25 O
86 22 E 30 86 8]
87 93 ¢ 81 87 T
88 94 E a3 28 A
89 a5 G 3 29 Y
20 96 a 84 50 Y
g1 g7 G 8% g1 F
82 95 T a6 92 C
93 a9 K 97 a3 T
94 100 ¥ 48 94 R
a5 101 Q a3 g5
86 102 v 160 96 K
97 163 B 101 897 Y
98 104 162 98 C
a5 105 K 103 94 T
164 160 A
105 1004 R
1436 1008 D
197 100C Y
108 1060 Y
108 100k N
110 100F W
111 100G o
112 1004 F
313 101 E
114 102 H
115 103 W
11% 104 G
117 05 2
118 106 G
118 107 T
120 108 3
123 10% v
122 119 T
123 11t v
124 112 S
125 113 5
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VRCO1-H with various light chains
VRCO1L and VRCO1L-N72T
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VRCO1ghvHO3 with various light chains

VRCO1ghvHO3 and VRCO1L-N72T
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NiH4546-H with various light chains

NIH4546-H and VRCO1L-N72T
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FIG. 15H

NIH4546ghvHO1 with various light chains

NIH45-46ghvHO1 and VRCO1L-N72T
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FiG. 15]

NIH4546ghvH02 with various light chains
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FiG. 15L
VRCO7-H with various light chains

VRC07-H and VRCO1L-N72T

swwezol120 ConAl

sidweg 120 ConA2
sapegp 120 conB
w20 conl
siwegpd20 DUl72.17
wwiiwegp 120 Dud22.1
sssgpl20 TV-1
sssmwgpl40 BLIO
+gp120 JRCSF

0.0i £.001

swwegol20 Condl
Rl 20 ConAlZ
ssgpegpl20 conB
w120 conC
ssieegpl20 Bul72.17

N saiimegpl20 Dud2 1
\&%&\\\\\X\@\\ : fzzzo TV-1
r FETTTRRTTTRE : e

0.1 p.01 0.001
Ab {ug/mi)

wwennegn 140 BLIO

39/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

{tw/dn) gy {s/3n) gy
0TIROVIGBm 0 100 10 T 0t 0TIB0VT R a0 100 10 1 ot
- s, Trrreeereereeee m.\\‘.\\\\ P Y H s \%\\ . - o s s P Py P i
1-AL07 T Bammaians \\§W§\§\§®N\\\\\\\ ; G T-AL0T T umsin \§§§%§§ m o
T72eNa0T B s Y T ZEPNaO7TUR P,y g
LT TLINCOT TS B LT LLTNCOT B T
3007 TS m.. OB T Bt 5
QUo7 T4 Beiten Z w guod)7TO s
AL SN TARSED P72 57 ZUODOT LB
IYUOD0T TOB sy £ TYUO30Z T 0Bt £
5'g SE
TOTAYSIPSPHIN Pue TOHAYSLODHA T-9STHIN PUB TOHAYSL0DYA
fiw/f8a} gy {pu/8n) gy
FoA L 2P B P S B S _ i P )
TALOTTAR . = R T-ALO7TEE -
7 e T UG gy § . 50 ; w\w\\\\\\\\\\\ §§\ .
I AS A AR §§ \“\\\\\\\\\\\ & 17 ynanT T S \\\\&\\\\\\\ \\\\\\\\\\\\\\\\\N\\“\\\\\\\ 50
LU TLINQOT T B ’ ¢ 7LINA0T 18w I
ke
B lecirader -3 WIOI0E TS wmm §1
+a
BUOIQZ T B -4 Q0007 1Bt i 4
\\\\\\\\\\\\
[astewhilateti Y0007 TdBwttyn . 4
TYUeDNZT 08w TYUOI0T OB £
5 f 5

TOTAUSTODUA Pu TOHAYSLODUA T-TODHA pue TOHAUSLODHA

AST D4 suleyo 3ys1| snoteA Uum TOHAYSL0DYA

0sP sUv

40/87

nst sqe

SUBSTITUTE SHEET (RULE 26)



OD {450nm}

WO 2013/086533

FiG. 15N

PCT/US2012/068827

VRCO7ghvHO1 with various light chains

VRCO7ghvHO1 and VRCO1L-N72T

Abs 450

N Y

1 0.1
Ab {ug/ml)

Q\\\\\\\\\

0.01

0.001

ssdwgel20 ConAl
w120 ConAl
ssipwpp 120 conB
swwwegp 120 con
ssswegp120 Dul72.17
swiaegp120 Dud22.1
smsngp 120 TV-1

sswnngp 140 BLLG

VRCO07ghvH0O1 and VRCO1ghvL04

p 3
15
1 g

S

0.1
Ab {ug/ml}

swiwga 120 ConAl
g 120 ConA2
s gp120 conB
awwweani20 cond
ssiwegp 120 Duly2.17

e gpd20 Dudd2. 1

0.01

0.001

gpl20Tv-1
sewangp 140 BLIG

41/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533

FiG. 150

PCT/US2012/068827

VRCO7ghvHO1 with various light chains

VRCO7ghvHO1 and VRCO1L-N72T

2.5
o]
g 2,
15,
1 N
0.5 § \

0.1

0.01
Ab {ug/mi)

S

1

0.001

10

swwweo 120 ConAl
~Nwgp12Q ConA2
sefpegp120 conb
s 120 con
wieegp120 DU172.17
swfaegp 120 Dudld2. 1
wangp120 TV-1
swwegp 140 BL1O

VRCO7ghvHO1 and VRCO1ghvi04

swwego 120 ConAl
swgp120 ConA2
wyipegpl0 conB
swwwen 120 contC
swiwegp120 Dul72.17
waivegpl120 Dud22.1

R R \“33\ \‘_«_
0.1 0.01
Ab {ug/ml)

10 0.001

1

42/87

gpl20 TV-1
sewegn 140 BLIO

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

‘ (1wi/30) oy
0T190P T8 . ) . 1 o1

T-ALOT TCS i S e O
1 72rNa0T a8y - =

£1°7LINAOT TGSz

QT TUBwmmpen ST
AUCOQ7 TABusis Lo 7
7RUOD0T TSty 4
TYRONT TCBwtonm €

SE
TOTIAYSIYSYHIN PUe ZOHAYSZ0DHA
(/30 ay
OT 0T BB 10 T o1

pA RS TARS RS

LV 2LIOQE T Bt
307 T8
quadQ7 T8 w50

YUOGE T AE

T

YO TOF

COTAUSTOOUA PUE ZOHAUSZ0DUA

d&1 "9Did

05t 54y

0sv sqy

{1/3n) gy
01180y T d8 s oo 100 10 I
i

T-ALOTT U8 msemstossen
i
Vi, Y

% 27

7 g

\\\\\\\\\
U,

T ZEpnQ0T 0B

LT TLT0A0Z TS Bmitioms C\ I
O Z T AB st 57
QuodQ 7 T8 it 4

VA S S T AN L 5T
TYULI0E T DBt 3
5t

T-9VSTHIN Pue ZOHAYSL0DHA

{nu/an) qv
DUEoYIdBassE  pang g o
T-ALOTT43 \\\\w\\\\\\\u\m\\\\\\\\\
T Tyna0 1B o,

LT ELINANT T B
30207 148
guoanz A3

TPUCINE TSy

TYUCD)T TOS marten

T-TOJHA pue ZOHAYS/0DHA

suteyd y31| snoueA Yim ZOHAYSL0DHA

&0
1

0S¥y sqy

0S¥ sqy

43/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533

PCT/US2012/068827

FiG. 150

VRCO7ghvHO2 with various light chains

VRCO1ghvHO2 and VRCO1L-N72T

Abs 450

ﬂ 01
Ab (ug/ml}

0.001

swawgo128 ConAl
wwgn120 ConA2
waiegn 120 con8
sswwen 1280 conC
asiwseppl20 Dul72.17
seieng1 20 Dud22.1
swienegpl20 TV-1
=ugp 140 BL1O

R

VRCO1ghvHO2 and VRCO1glviD4

0D {4500m)

xb\\\\\ ,,,,, \\\t\\\\\\\

wwiwepnl 20 ConAl
~Nidwgpl20 ConA2
sagipegp 120 conB
sswwee 120 conC
asiwwgpl20 Dul72.17
seiingn1 20 Dud22.1
gpl20TV-1

1 b O 1
Ab {ug/ml)

0.01

0.001

44/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

1000 100 o T 0t
45044 ) ~ o .
O g 1 e - ¥
T L .
1L EpDdomion: w
.. ;u.
LT LI
‘ 7
YOyt ¢
QUO Yy
- &
FA L
-
IOty ?
¥
L]
POIAYSTOOHA pue TINZHYAD-L0JHA
SN 1000 00 0 1
4521 Ht Cvvvrrerverseseseasens 2, P S o
O G Mty i / .
DTG s L \\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\ g
.. y, Z gy, 2
TS omesess BT \\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\ \\\\\\\\\x\\v ;
TGt \\\\\A, L,

T 2T

11T E TN Qs LV LTt

DUyt MOt .
Uy BuOyui: (o £
Ly PA SR e e ettt w
LU Ymtiomn LUy .

LZLN-TTODUA PUB TN ZHYAD-L0DYA T-TOJUA PUe TIN'ZHYAD-L0OHA

YET "Dl SUIBYD 1Y8i| SNOLBA YUM TIN-ZHYAD-L0DYUA

0

ot

o~

]

45/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

=

109 o ot

Ty
v
g

Q171G wesesics g,
Pty
s

T AL e

T E NGt
LU TLNO it
RO ywmrpapers
GOy i
TYNC Yy

Ty UC ot

1ZLN-TIODHA Pue ZIN'CHHAD-L0JHA

a1 'Ol

100°C 00 10 T 01
, w4 o o i,

S

e,

T it
4

45041
O Yoo

T\ waepiesie
TNy
LT TLINQumis
YOyt

e

GUO Y

TN

Pt b

POTINYSTODUA pue ZIN'ZTHYAD-L0DYA

1000 W0 10 1 o1
Ui K ity G o
Py, AR
T-ALsssnsss

T e o0
LT T LT Qe
O e
GuO e
N

IO

T-TOJHA PUE ZINTHYAD-LOOYA

Suieyd 18| SNOLEA YUM ZIN-ZHYAD-L0DYA

46/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

1000 100 0
Cvvvrccerreiecrocerrice F e, /

b
O 5 wasamisss >

T-A\ Lt

T ey essiions:
LT LT NQuper
Sltiagt g
QUOy i
TARles L

TN QO Yy

LZLN-TTOJUA pue T'POHAYSLODYUA

151 "BDid

3574l

QT T wemm
PPN

T ETenQ i
LU LA
WD Yo
UL Yotttz
7Ot

T WDy aesstorss

0o 0 1 o7

.
7 \\\\\ e s \\q\\ P77

Uty
Py,
“,

2 :
o\\\\\\\\\\\\\\\\

3

"y
Yttty

AR g

45D4f

OT g

IR AR
{1 T LN Quaittnss
O Ytz
GUOTG i

A e 7

YO

100 10

\\\\\\\\\\ §\§\ G A

P,

G,
7 &\\\\\\\\\\\\\\\

<
Mty
it

ey, - \\\\\\\\\\\

P, \Y
Ty, e, ..\\.\\

T-TOJHA Pue T'yOHAYSLODYA

suieyd 3y3i| snoueA YUm T'yOHAYSL0DYA

47187

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

60 00 g P gt

IS i A s ) T
07 TG Dty =
|12 7 \\\\\\\v\“«\ \\\\\\\\\\\ s 77 5D
i %
T-AJ s .
T Ty
ST
LU L gy )
£
v
5T
QU
s, £

I UC g Qe

U wtinn.

- 0070 0o 10 I 01
4504 e i . e sl s
O T VG \\\\§ =" - T Vo .
iy, Attt
-4 ] % “A L L3
I-AL % - T Lsmaesss \\\\\\\\\\\\\\\\\ 1
T 7 TNt ’ i, _— [Rrdasla oy
(T TLING 11, LT TG “L,
iy T Y, T
VY Yt , . YUY tits kB
\\\\\\\\\ e , 4
QU Y s ¢ QUO e \\\\\\\\\\\\
; e, i Y, o>
2Oyl e . YO Yl \\\\\\\\\\\\\\\\W\MMWM\\\\\\\ \M_
© G ) “ S
f&ritey T T ymeiorr

1ZZN-TTODHA pue Z'vOHAY3L0DHA T-TOJHA pue Z°yOHAYSLOJUA

W@MM nwmum mcwmﬁu H_\_w__ mzccm_? &H_g N.WOI\»I@NOUK\/

48/87
SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

NGRS L{yptn
APSD L0

Va0 LQwtym

£ Qomesiomen

MIYSDY Lt

AVSD LG

4659 LA

o5t

Lot

AST "Bl

{iw /3n) oy

4959 L0ty

£ (Jpoonn

Juo 0z1d3 quod gez1d3

{ru/8n) gy fjw/3n} qv

<

7
§\ .
L \\\\\\\\\\\\\\\\\
s,

oD MAYSD [Qwn

1
Yty -
# — o7 AYSO Lol

L [y

Z

s

noom
o

Zyuod 0z1d8 Tvuo) gzids

suleyd 1ygi| sNoLeA YUMm stueInl (AMYIFSO H-LODYA

49/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

Y S L0l

PN

MESQ [ Qwprn

APSD L
4555 Lot

1 Qpaigons

{pu/8n
100°0 00 T8

5 S5 ;,

jav

G s
Wi O

i ity s

g X

7
- 91

Z
q'¢

£
5'¢

0119 0Z1d3
{ru/an} qv
1000 100 e i 01

Yty G0

cLing

SuieYd 1431j SNoteA Yum siueinui {AMH

MET "D

AR5 Lty

Lt

YSD LCuptnn

ApSS L0
V8D Lty

[ (oot

{nw/an} gy
0 T 01

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

R4

¢
€
SE
o
gp
T
St
4
| 57
i,
S'¢
Loy

48D4r oetd3

7S H-LODYA

50/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

LTLNTIO {iu/3n) ay
[ APSY T'VOH fQmmmme 1000 00 0 ¥ 01
LTLNTIO o

/3059 TY0H [ Qun

ApSS TP0H L0+

7SO T'YOH Lo

TVYOH  [Qwetnen

R

Juod gz1ds
I7LNTIO {teu/8n) gy
] AVSD T'0H [Qmme 1000 00 10 1 a1
: \\\“\\\\\ > 5 W
LZINTIO . \

/A0SO T pOM L Qutmn

AYSS TPOH L0

YS9 TYOH Lt

T YO LQwtzm

yuod gz1dd

®5T 'Ol

H
H

H

H
5
H

H

H

H

H

H

H

H
I
H

H

H

H

H

H

H

H
4.
H

H

H

H

H

H

H
.

0

{iu/3n) gy

LZINTTO o . . i .
/ MPSS TYOH L0wases 700 0 oo o I ot
v
1ZENTT0 A ]
/4959 TYOH  LOwpmmn 5
1
AVSS TYOH 20 1 -
195D TYOH' Lom A i
$2
UEOH L Qmdigms .
gt
quod gz1d3
(1w/3n) gy

LZINTIIO
 APSD TPOM’ [ Qo

My,

LTLNTLG
{059 UVvOH Qi

@\\\\\
P 7
\\\\\\\u\\\\\\\\\\\\

APSS T'90H L0

4959 T YOM  LQwlne

TYOM LGtz TYuo) 0z1ds

sujeyd 1y3i snouea yum syueint (AMY)975D T vOHAYSL0DHA

51/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

{ru/8n) gy
LTLNTTO 1060 woe 10 1 ah
1 AYSO T pOH' (O 7 s G

- 457 P .
«««««««««««««««««««««« §\§§ \§\ \.§§

- e “ ot

LELNTIO
/YS9 T 00H" L Qwtion
APSO TH0OH L
IS L YOH LQwdn
VYO LQwtin
0119 0oZ1d3
{jw/an) gy

10070 00 10 1 o1

1ZINTT0
/ AYSD TPOH L0

LELNTIO
7 A0S LYOH Lo

APSD THPOHLO

455D TvOH L0 s

THQH" Ly

zL1InQ 07108

AST "BDid

0

-850

1

[an]

LZLNTTO
JAYSD TYOH (e 100D

LTENTITO
{ 49SE T EOH LQwsmrn

AVSD TYOHLO
APSD VPO L

VYOH L0wwiznn

1ZINTIO
JAVSS) T00H [0mmm 100D

«««««««« §\§

(/8n) ay
TG0 0

s S

LZANTITO
/ 3YS9 TOH' LOwmen

AYSO TPOH L0

559 TvOH Ll

TYOH Lt

- T
91
-7
- 9
- £
-5
Zevng ozrds
{1ns/8n) qv
00 0 I ot
o , . ‘S
50
- T
- 41
i, . \\\\\\\\\\\\N\\\ .
4

4524r 0g1ds

suleyd Y43y snopea yim siueinw (AMI)rSO T vOHAYSL0DUA

52/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

otigs

O e

7

QUOmmi

011

ity o

£

QUO ez

251 "'Bid

{iu/an} gy
o

Z

Y
L Z
§\\§\\\\ r

22 2
7

£

1Z/N TTO0DHA MPSD T ¥OHAYSLODYA

{1w/3n) qv

Z

§§ S7
e

(251 s

Loe

1T0DHA MPSD TPOHAYSL0DUA

suteyd 148y snoLiea Yyum spueinut (AM4)rS9 TvOHAYSL0DYA

53/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

LZANTED {iw/3n} gy
[ BAGSD THOH L0 togg 00 o T o1
LZENTITIO : £ ) : ; o
1 ¢ if* e \\.\\
/ ABSD TOOH £ &M\\\\\w\\\\\v\u\w\\\\@ o
LZINTED M,
] 4955 TYOH LOwm \\\\\\\\ \w\\ - 1
\\\\\\\\\\\\\\w«\m\\\m\\\\\\\\\ 5l
% . o
RAESD T YOH LOmtom W Y, .
KPS T YO LG 1, 5
3059 T YOH L0 ce
T YO Lyt Juol gz1ds
1ZL0NTI0 {ru/fan} gy
LZINTTTO T— v ‘ )
f AGSD T HOM L Qi Mt . \\\\u\\\\m\ iy <o
e W, i i 3
LTZNTT0 \%\\&\\\\\\\\§

{ 3959 TYOH Lo
MPST T VO £ Qe
MG EOH L
AVSD TYOH L mditpr

U POH LGt

a1 "Bl

L

Zyuod gzTds

i o1

7

1ZLNTITO
/ PAPSD TYOM L

1ZINTTIO
/ AGSD TYOH LOwsi

1TLMTTI0
/355D TY0H L Qmpinn
MYSD Cv0H Lot
AVSD TYOH Lt

V5D CYOH L0t

CGOH Ltz

LCEANTLG
! MYSS T P0M" L O

ATANTTED
J AVSE TYOH Qs
LZINTIO
/A5 U0 Lt
MPSD TyOH Qs
AFSD TR0 L Qi

19590 TYOH L O

CYOH LDt

{t/3n) ge
1600 100 10 T 01
.

o
\\\\\.ﬁ..\ %

“, s

quod gz1ds
{iwi/80) qy

1000 100 o 1

&

Tvuo) gz1d3

suieyd 3y3i| snoleA yum syueinw (AM4)5SD 2 7OHAYSL0DYA

4§

Rt
- T

ST

- Z

R4

- £

© Gt

54/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

LZLNTIO
/ AVED T vOH O

MAFSD 2 ¥ 0H LOwamn

AVED T YOH" (Dwiiig

45D 7 Y0H Lot

L YOH L Qoo

LTLNTTIO

[ ANTSD T Y0 £
IZINTID

{ APSS TYOH' £ Qe
1TLNTITO

! 455D TVOH [ i

MEED T r0H LOwin

AVSD T POH £ kit

VSO TYOH Loty

T QM L Owtirm

g49571 "9id

{pu/3n} gy
1000 00 10 T 01
S - % b | T L s s
- 50
1
[
Z
57
- £
%3
0119 02103
fiuaf3n} qy
10070 00 10 1 01
Srrrrrrrrssssnees G resannnnns eennanes B By
i i :
g,
5 B, 51
g,

ZL1INnq oT1ds

LTLNTTO
/ MESD T YOH L s

LTENTTIG
{AVSD TP0H L0

LTENTTG
{ A¥SD T 0N (i

MPSD T V0H  Lwmm:

APSD THOH L0k

PS8 TYOH Lol

UYOR LQuion:

LTLNTIO

/ PESD TPOH Lo
LTENTITO

[ AUSS T 0N £ Qi
ATINTTIO

£ VS TYOH £ Qe

MPSD 7 50H [ s

APSS T YOH £ Qo

4vSD Ev0 L

CYOH' LOwnton

00

44f.

{pufan) gy

0 T

% G

o7

zeyna oz1do

{iu/30) v
o1
Ay, i,
ks e
W,
\\\\\ Y
\\\\\\\\\\\\\\\\\ 2

4SD4r 0z1d3

suieyd 13y snouea yim siueinw (AMM4IYSD 7 rOHAUSZ0DHA

55/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

LCANTITO
{ MBS TIN THYGD £ Qs 1000

LZLNTTTD
/A5 TW ZHRQD" L0
LTINTIO
/3859 T ZHYQD 0w
PP ST TN THYQLY L Qe
AYSO T THYOD L mditns

3559 TN THYAD Lo

TN THYQD LDwdpor

LZINTTG
/ MARSDTIN THEAD (0= 1000

1ELNTTO
JAFSO TW THYAY LOmdinm
LZLNTITO
[ AYSD TW THEQY LQwin
MYSD TN THYGD L Qwerzrn
ARSD TN ZHYAD L0

759 VW CHYQD L

T THBGD [Qwtnn

2351 "Bl

100

|

4

D

\}‘F

R
S

oo X
S
SN
S

S

5%
JU0D gzTd3
tiw/2n) qy
100 10 1 o1
.
9’1
o g
» MN
¢
-5t

Zvuod oz1d3

N
[ OAYSD TN THYQD Qs

1ZLNTI0
J ATSD TN ZHNAY L
1728710
/Y50 TN THEAD L0msme
MESD TN THEADY Lot
AVSD TN THYQD £ Do

8D TN THYQD LOwdlym

TN THYQD (O

1IN0
/ MPSD TN THYQD (s

ITINTTD

} AVSS TN THYQD £ Qwsiion
LZINTTED

/405D TN THYGD 0w

MGSE TN THYQD L Qwtn

AFSS TIN THEQD 1D

4759 TN THEAD L0

TN THAEGD LOwtrr

100 10

%

{r/2n) qv

fand

o1

guos gz1ds3

fiui/8n) gy
0 )

57 2

i
My
\\\\\.\\V\\\\\\\\\ i

Tvuo) 0z1d3

suieyo Y3y snouea yum saueint (AMAIrSO TIN-ZHYAD-L0DHA

56/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

LZLN1T0 {ru/f3n) gy LTLNTITO {nu/an) gy
[ ARESS T THEOD L 100 100 70 I o1 / PATSD TN THYOD (Dss 107 100 o . o1
1zZNT10 S il il i O LZLNTED : T D P
f APSD T THYOD L0 . S 50 / APSE T THYQD (0w P \\\\\\\v\\\\w\ <o
LZ4NTTD LTINTED -
/ AVSD T RN L - 1 / APSD TN THYQD [ Queistn 1
51 - 5T
MPSD TN ZHNQD L0, i MPSD T ZHYAD LOmamm ” .
R
AVSD TIA ZHYQDY [ Qi - 57 AVSS T THYQD (i 7
& N E * f [y : &
359 T THYY L0ttt - P50 TN THYGY Lmatime e
TN THYQD L 01149 0z1d3 T THEOD (0wt Zzyng oz1d3
1TENTITD {rufan} qv 2TOLT LTLNTID {jw/3a) gy
7 NS TN THYAD £ Qs 1000 100 0 1 o1 / MESE TN THYO D L Qs 1000 : 70
LZLNTTID S— S ; ;0 LZLNTIO . ‘
/ APSS TN THYEAD L0t : \\\\&“\\\\\N&QS\\\ oo/ MSOTWTHEOY 0w
LZLNTTO . W, 1TLNTTO
/ V5D TN THYQD Lo & S\% T 305D TN THEGY Lt
P 6
MYSS TN THRYEAD LD 2 MPSD TN CHYQY LQwtns
AVSD TN THEQY £ Do LR APSS T THYOD (O
45
A5SD T EHUAD Lol . VSO TN THYOD Lo .
TV ZHYGY L0 ZLIng 07Tds T ZHEOD Lyt 4S24r 0Z1d3

QasT 'oid  suleyd 3ydi| snouea yim siueinw (AMIIPSS TIN-ZHHAD-L0DYA

57/87
SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

(iwf3n} gy

AU
0
018
DOl
MO 0, 1 ST
iy,
€
I7LL1TODHA PUE MPSD LODHA
(1u/8n} gy
1000 0
: 0
0t1g: 50
IO Y 1
et ey - 5T

\\\\\\w\xx\v\\\\\\\\\\\\\K 4

s

LN TLOOHA PUB MPSD LOOUA

3347 "Bid

{nu/gn} gy
000 k 10
4 B
m,, -y
o1 Pt .
i, :
SOy 0, %, T
D
5 .
QU st \\\\\\\\\ 51
7 &
.tt\\\\ \\\\\
% s
2 e,

2

STLN TT0JUA PUE MPSH LODHA

{1uf3n} qy

000

‘
;50
5
:
;L 1
pilet 72 :
:
-
QUES Ywwetionns 5T
5
:
. :

sy ..

P2

FCINTI00UA PUB MPSD LOOUA

‘uteyo AABSH MBSO L0DHA Yum padied ||y
"91S UOH1BJASOJA|Z PaYjij-N UB 1IN0 o0uWy 03 uol1eINW YHM T-TODHA

58/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

{1 /8n} gy

1S (e

TN WOtz

?t\\\\\\\\\\\\\\\\\

4CLN TT0OUA PUB MY SDL00HA

‘ureyd AABsH MSD L0DYA Yum padied ||y
‘911S uoejASOOA|8 paYi|-N UB 1n0 }o0uUs} 03 uolleinu Yum 1-TODHA

44571 "Bl

58/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

T-Al

ASDY{ wpe

LN SO warpens

fw/an) qy
1o T 01

JRERE 0o

b

T,

< el

Yy, . iy,
A

1-TOOUA PUE 415D HOPSTHIN

5951 "Bid

{jur/an} oy

Aty

7RO

7

i

7
\\\\\\\\\\\ s
L

Ty

{(1m/8n) ay
1000

T-Ad

A8

PATA IR

g v
.\.\.\.\\\\\\\\\\\\\\\\\.

1-9PSTHIN PUB 4H5D HOPSPHIN

SWEInW $5H HI9PSYHIN

60/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

IS DYt

L8Oz

{nu/8n) gy

K77

4

77

1-TO2UA PUg pApSD SPSYHIN

HHST "Dl

Y

Fdrition 7 27

1St

e

Oty

{pu/dn) gy

000

5L

€

Y

Y, 't

1-9PSHHIN PUE MEPSD 9PSTHIN

SEINW SO HOPSTHIN

61/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

(1u/8n} qv
3
S0
T-Al T-AL:
gilenr7 72 AL T
QUODwtsn GUCAemdymen 51
F
Q7
£
(a/3n} gy
100°0 0
% g D
S0
AL A
OOz . VIO i
fo5557 iy : ‘
QUCI w0 %, \\\\\\\\\\\\ ST QuDDwmtins ” ¢y
\\\\\\\\\\ ) I Sttty i 7 » \\\\\\\\\v\w\\\\\\\\\\\\\ .
\\\\\\\\\\\\\ ) G \\\\\\\\\\\\\\\ ) G
. W aa ¢ kK 20 . &
£ £

¢01-AyY-L0 Pue MPSD LODHA T071-0Y-£L0 PUe MPSO L0DYA

H5T "Did
sjueInW AYIgNIos 174N TT0JUA/MPSD HLODYHA

62/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

1000
T-AL
WOl \\\w\“
T,

§ . oy \\\

QuUOdmI \\\\\\\\M\\@\\ 51
Uy
%

¢01-0y-£0 pue TOH-AY-£0

syuenw AJpgnjos 1zZN TT0DHA/MPSO HLZODHA

(751 "2l

63/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

{lwfan] ay

ﬁx\ﬂ. *
o g T
QUDD st
{uf3n) gy .
. T ;
T00°0 100 At
2
AL \\\\\\\\\\\\\\ % \\\\\\\\\\\\\\\
. Y \,

\\\\\\..\\\\\\\ 2 \s\\\\\\\\\\\\\\\\\\\\\\ ~
SO i \\\\\\\\\\\\\\\\\\\\\ o \\\\\\\\\\\\\\\ s
QUOIwwtins

YOIAYSTODUA PUE QOHAYSLODYA

YHST "Bl

]

ot
o

&~

D!

o
)

{i/dn) gy

L%

.:\\\\\\\\\\\\\&%\\\\\\\\\\\\\t\ ¢
-5
AYS/0DUA
TTODHA PUB SOHAY
{ra/30) gy ,
00 to ' #
1000 :
.
i,
2

4

s

iy, 0
%,
%,

"y,

My,
et
3

SOTAYSTODHA pue GOHAYSLOJYA

' SOHAYBLODYA
SUOISIDARL 2ulwiid jeinied GOTAYSTODHA pPue SoHAY

64/87
SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

{iw/an) qv
1000 100 10

AL 3 ﬁ
“ .
Wl
"y s
K %,
K . 7 ¥
7
%, e )
“\w\t\\ “\\ )
2555 7 .m

SOYSTODYA PUB APSD CPOHAYSLODYA

{jurf3n) gy
10

000 100

T-AL :

-1
WIC s

e 51
QUODwmimn

- 2

\\
Uy ;

2 oind

/ \\\\\\\\\\\\\x\\\\\\\\\\\\\w 5T

q'¢

xSOTIAYSTOIHA PUB MPSD HLZODUA

{iw f3n) gy
100°0 160 10

T-Ads

'
IO wn

beT
BUOD wesdses

P

I it & T

St
SOTAUSTODEA PUB MPSD T #0T1AYSLODHA
{pu/3n) qv
10
. ‘5
&0
T-AL
T
Bitlantrr 2 A )
i My, © 5t
GUO o \\\\\\\\\\ H\\\\\\\\\\\\\\ Mttty i \
N i, s iy
%7
v g
S'E

JCLN TTO0DHA PUE SOHAYSLO0DYA

SUOISIBASI auljwiad [eiied SOTAUSTODHA PuUe SOHAYSZ0DYHA

TI5T "Bid

65/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

D) Zhig | B9t i< EP 85< 5 05< el 6000 3506 567 906 %li PUR %Y 2B LA PUR EOHASBLADMHA
e ZViL os< ag= 3LL ou< [ o5< zis L 5840 99 8710 GG BUE YEE

gy 473 424 05< 560 5 85< §1E 35 2100 7L Yoz ge1e L2 PUE G2 LZINTLODHA PUE ZOHAUBODEA
391 Z4i§ ) 05« i 85< 5 512 5030 S000>  iB00 592 Y00 %8Z PUL %pE TLOTHA PUR ZOHAUBLODNA
B Zi% | Go% 8t [ BZa §i< [ 85< BPEE) EEDE ZE06 %Lt PUE %8 ZGTAUBLOTEA PUE LOHAUBLODNA
661 ZhiL 55< 05 %6 65< 85« 05« ?85°0 S0 LIV %84 pue POIAUBLODHA PUE LOHAUBL0ONA
7! Y] 197 o5« 766G 6G< S iz a3 8L00 2310 y OO PUB LOHAUB0DNA
894 A 9%L o5c [ 9g7 £G4 S< ek 7L L0 LFQ0 “%Ez pue TLO0kA PUR L0HAUBOINA
750 7wl | eeL : < T T 500 il PUE % ZOVAUG LODMA PUT H-1038A
460 473 gl ‘5 5460 1800 %L PUE % YOIAUGLODMA PUR H-G DA
590 ZuuL § 98Y'0 ] 5460 190°0 %iZ BUZ % LTIN TLOOMA PUR H-LOTUA
30 £4Z'0 & F00 0 366 ¢ Tabe PUE by FLEaMA PUE H-LOTHA,
£E°0 7610 6 pue FLOTHA PUE JAPESY HOTEUHIG
5860 . o SEEPHIN D08 AADTD HOFSPHIN
LT LG OHA PUE JpED HUEETHIN
4]

¥OE LEZ 30T %6t P PEIAUBLOTEA PR COHAUBIPSVHIN
13z Lz 6510 % LT pUe 9 LZIN TLOTEA PUE ZOHAUBSPSRHIN
£5'% Le 3500 %6% pue TN PUR ZOHAUTIPSPHIN
5y Z Gl puE UELOTNA BUE LOHAUDSTEYRIN
52 P VOTRUSL BN A PUE LOHABIFSEHIN
5z YL Pue LOHAUBEYL TN
Ve [ [N %K IEHE A 2010 98 PUE T LGSRiA BUE LQHAYBERSPHIN
g8 07z Tl BUE : ZOIAUB L DMA BUE H-SP5PHIG
ey 1l PADE RS HE YOTAUS LEOMA PUE H-BPSPHIN
Lyt 695 Y LY PUE % U LZEN TTLODHA PUE HopLTHIN
7yt GiZpuE iy giitjens; Gp-GTHIN
55¢ PUE g PGIAUBLODHA PUE COHAUELQONA
sve LELN TLO0HA PUE CorABLOTA
e -1 0ONA PUE EOHAUBLOSHA
P EGIAUB LODMA PUE F-L0D8A
%zT ; PEIAUBLOTUA PUE H- LODMA
[ AT % 2% pe : LELN TLUCRIA BUE H-LOTHA
Sy 2666 Tabe BUE g d SIAYELL LG5HA
L s 8916 GH MAYSD L008A
B0 6520 %HEZ PUE by siie; 10384
g0 8870 %EZ PUB Ubt gimei LODMA]
[T 2 A %GE PUE %pY asmpets; Lo%A
386 8ZTG 6T PUE by EMp 1654A|
ErA T %HEZ PUE by same 20384
350 9ELe %EZ PUR Ubk i FLECY
SEL pECG Yol DUE % 1F BIMEIL GE-SYHIN
Py L0 AT PUE %1 BB SE-SPHIN

JAnt ATl

(425

B PUR %4IY

LOINA

1L ZEEQ  ZLB AT LOTHA
SEL L1z I8 o5 %G BUE %2y 212D DI0 LODHA
n - juyon Y LAVZAMG! GZLAL | VEEGHZ [E07LEING 8ESSLL | 62OLOY | BT | DOTNA z - TSI J0 SHAL
e}« fniaul, pEsiy ¥ ZH90HD O : SMMA
fousped fousyod! iR uoRENY
: FESLAN] EEDL R CELVAN)

Y91 "Bid

66/87

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

BTG ¥WTQ Lik b W\WE'G L8610 oM yAZ% an b 1256 FAZE
VELo 1EL0 PAE on ZLLG BLLG oN £ 1] M on LG Pr4E1] rE ey U _eI CERT ATy
JA2 3 AT ] Lid it 5958 €600 faid i1 N it ARl PG eu 2071 9y LQIBA BUE PAFSY HAGOUA
5310 5510 Lik b 693G 210 oM 2010 an b LG 2100 i 107 35 J00MA PUT JAPSD HIODUA
$8T0 98L0 /. oM 90LG B0 oM 80 3] oM JEZTEN 2808 WG BUE T LS DTN PUE SAYST H IO
AviG AEe TG oo 22F0 VEZ'0 %= 3¥4] £40°6> (x4 FAS LY CIZ e\)mw PUE % 941 THLGDBA PYUR MAPCE HUIBDMA
L4 TA I A ] Lik it Bi5% faA it S N it a1t ’ Y7 U Y S7/0 TTLODNA BUL AP HLOOUA
$ELG LD Zik) JAZ N SOV'e veLo 03< VETO AR 500 £LEe HT e ,T,K\awe STIN TLO0HA PUE PSS HL00MA
B¥LG BTG Aid s 2180 580 s 320] anN O pranky [4a 1] e\)mw RUE %y 240 TTLODHA PUR P0G HABDMA
PATL R B A%+ K R A VA 4E0°9 Z £19°0 4= Y'Y BH0L 0> L0909 Lafe oG A L 44 S720 TLODNA BUE MAFSD HLODHA
[£4% B A4 1] P47 oM pEEg B0 oM LELo M oM LEWE gl HT BUE T wmrz It ..5&5 PUE AR PGSy chom}
LI I K R A TS AN 2920 ewio %= fATa] £40°6> £i0°0 gign Zire
Te BTG Lik b §2P°G L2z'Q b TiVe an feii] B R Pag
98O0 SO Zi) 500 167°¢ Zi1'0 05< #L0°0 SU0 L [42 1 Le GO0 & =\9\;N BHE . ht 9 AL 0T PUE MPOS HLO0MA
280 2810 [ 815'¢ PELG [ 5110 an an prik] SZ0°¢ WZT PUE WYk (e 7] CYTRUB L5 5dh PYE FAPGE HA0 oA,
AT FETE AN 16} Qi< £65°0 ECEd [ 7L HIUE BGLH YLD ¥6i'e Tl pUB B4 OHDd LZIN TTLODNA YR ATSD LN ZHEAD LO0DHA
A WEZo L 686 [43 24] 5% on @8I0 240 VER'G GZN'g LG BT PUR BU D% TLODUAPUR AvGT LZHMAD 0TS
BTG BELO LURE e (179 £92°6% £Th an £40 o> LE0Q £0% &10°¢ Wi7 PUB B 9 LODHA PUE PGS LI ZHEG I 1000A
810 B0 bt BEL'H it EVE0 [4%:31 it mnw [ £0U°¢ BGYH a1t HERH HEE pue ey OHDd TEOOUA DU MPSD LN CHEADLO0UA
8310 B30 Lkl 5190 ¥iz 80°0 Ein4 on #10 2400 e LG 2vK] AT PUR BU D EZLN TLOOMA PUE J¥ED LN THNQD L0308
BLTH  ¥8VO LY 8520 98= o V27 N 5280 £40 o> pE0Q £56°¢ 1Z%6 BT, PUB B S TEOTHA PUR 4905 LI THEAD L00MA
€81 6LLG g 495G [323 £4'e 254 G4 5 VUG Hov'H CLYPG Z0U°¢ YlZ PUE E7 OHDd AZINTLODUA PUE MPSD TROHAUR L00UA
$EFE WYO Zik we [ZE 3] 3%:21] 03< 86°0 pAS ] &0 £EL°e [ Z47% 1] WG BHUE 6T O¥Dd - L QDA PUE AAYSS 2TH0RAUB L00A
380°% 29570 £iB (179 %8G aM an vReG aM an LG 760G LT PUE W 9BT TS 5571ANE LODHA PUT AYES T éxi_m\.oom}
SUEG SHe LDt Q< 5620 LTLG it 850 £o0 o> vous REGRT (241X LTLH TL6THA PUE APED 7 7eHMB L0 TdA
9eEe #rT0 Zunl g y55'9 [15:a] 03< vreo (45 AN $oL°e BUh TLOIBA UL AVSD TOORAUBLOIMA
TR 599°0 7eg< 99} [ g4 T'6E= L 020G 670 298¢ 89T°¢ AZANTLOTUA PUB AVES THOHAUEL0DNA
QULY  5LFQ BEL 28LQ (7414 4= 80 Ve b 910 9Le G867 ppue BOEM PR APED 7 pirAnB L0 A
$0T0 Wo g BLLO Piza] VeSO SU0 i A7 £5U°¢ vol YT BUE Sl T O¥Sd 17N TL00BA BUE LPSE (HORAYBILHA
(222 I TN g&< L8TG 631°¢ jxal] £40°0> £e0o pAS L SENS BT PUE %IZ \Sum}. “.:m AFESD F.vmx :m...oom\_,
S0G0 5060 Lik 44 e N eRz'Q N it (437 GLU'G YTl PUE LY
[ir4 IR VI 4 1431 808°¢ VETO LEGY ] S9g% 580°0 £LU'G apeh YoLT PME LT
BTE BRVG T 19670 fepANG] 2810 8910 £40°0> £P00 LSGD G20
L7452 B A 1 N S T 1) Q5< ¥ZeQ 18870 BT 200°¢ BEOG 306 256°¢
H8L0  H8L'0 L) Si BOC'D SLL L BLE 2008 0 §30°¢ [ Ry =\omN pue TK\RN ¥ TLOONA pUR 4 vw@ L yORAuB 200
SPLG GE00 ZUi) 9040 4970 S50°¢ 200G 00 G160 §i0°G 96T PUT %y [} T LOTHA YR PSS HAODNA
1534 Heg £i9 g&< 590 TN Weo TN N VBED 8ZL'0 =%8T PUR %D 2TIN Poom\, PUE G :mroom\_,
T6G'T SETE 19 Q5< [ an &7 L an b 1876 Yo dT PUR UL
4284 Pt A Gg= [N M #e9°9 M on G0C°¢ G A\aww pue %eg oA u:n max\.gagcm}
AV 90 £i9 g&< 1920 TN BETG TN s 19570 1Y %hEL PUR %ET Fo1u8L00MA PUE GoHAYEL0DMA
LPoE LPoE ik VT2 7270 an Iree an b 516 B50°¢ HhIT PUE TER SOTAUBLODYA PUR SOHAB LODYUA
e LL4G [ G5= [ Qi< 05< BLEG 080G £L5°0 631L°¢ 0905 bl pue e PEANE (GTE M PUE L ZHSUD Z00RA
bEL LY ZLig pu= Qi< 2190 5 pux SLG'Q DH'G 460°0 [ x4 %] 634°¢ HET pue wu TLOONA PUR L THEOD-LODUA
8§'L 189°G TG 3T Q5< 60 (179 %< £52°0 GL00 prAN] PG YL PUR %EZ PR LOONA PUE 27 BHAB 0T A
9L L2970 (473 8%'L G5= £96'% Qi< 05< 9049 S10°% +Z21'0 5903 PoHT PUE %6 LOTHA PUE CEORAYE00NA
s 39EY Tiig [ Qi< €EL0 (13 pu= 8EG'Q 9L'g L0 L85°C Y6 puE L LZ VO IAuB 1003 A pUe | yitiAE LO0UA]
BENS 625°0 TG 2LT Q5< Wk (179 %< 674 Prénk] HAN] VLT OuR Y L7 LZIN TLODMA PUE L 90HAUB 10TUA
25} 4EY'0 (4743 UL G5= ST') Qi< 05< 0L (7451 545 - L OOHN PUE L GEHAGS J0TRin
pyon  pln L LVZAMIGY GZTAAL | ATESHZ 2N DATLaNg BTOLOY ! BPENC | DOTINA 4 B LN SPEIN 0 adA g,
., Droup, prodg FIOGOHD suuIes -~

fouapod fouawnd VIO UCHBIN iR .

2 HEOYID & 091D e {

8971 "9l

ﬁ?ig?

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

,.....,..ni..:..q:.l.ﬂm..5..... ..E.. \4.,\\
e o 3 ERECVID A ol v e o
< o3 AETE A Py
SET I 1

Cemme e

[

u_. .
E

Aoz o
e z

veega CLrge et Teggrrggea , aawt iyt Rt
sz B R R PR N e SAToE ceegg erpens a0
R B AR R T sare QAT S S g e e g
szt B AT LR PPN e Seegge e 3
fange ceran B A LR CR R seerea s SAT RS A IR 3o
oz o CnoqEs, vpegr e L

Ceezs 3 s v renssaran e ey

ILTEDN

AL

T

Lo,

B4 By

3

~

[

sel

i

1

<y

1

]
ap

wpoen

[T

%ET - LT
9Y-§PHIN

YA AN Il <74
1O2HA

foen
e
g
o3
Lo

wWie-6l <Py
L0348

%IT-9T ¢ Tp

GY-SPHIN

HEL LY
LOTYA

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

STATAILTEDMEEICANAADNADILDH LAY

BL Oid

AN M

m.,@a./,Sug_z.ﬁ%mﬁH.

TOOMA Apoqpue uo sumue

a5 JUIUe

v

AHADETHDT M H

0

SANANCDDSOATD

NG HTOOH

69/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533 PCT/US2012/068827

FIG. 19A Analyte [REBC3

VRCO1-WT 2.23E-08
130A 2.19E-08
T33A 7.12E-08
WaTA 1.62E-07
W50A 1.88E-07
K52A 5.19E-08
R53A 1.43E-08
G54A 2.64E-00
G55A 1.80E-07
V57A 2.10E-07
= N58A 4.14E-07
Y59A 5 47E-08
R61A 115E-07
PE2A 2.05E-08
QB4A 1.25E-08
MB9A 5 31E-08
R71A 3.37E-07
V73A 1.34E-07
Y74A 1,58E-08
DISA 2.43E-08
Y100A 2.34E-07
N100AA 1.41E-07
W100BA 3.64E-05
V3A 6.09E-09
Q27A 1.50E-08
Y284 1.13E-07
S30A 1.73E-08
YS1A 5.33E-07
E9BA 1.97E-07
FG7A 9.16E-08

70/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533

FiG. 198

251E48

34 1B
T334 2 ReEL8
WiT& 3.36E-08
Wstd 3.THE-DE
Ksaa 140E-48
B53A 1.84E08

1.

YFTA

+.83E08

Hs3A

Y5ed

1.85E-08

o514

2TaELs

Pezd

ZHIEGS

RedA

1.7RE-08

Masad

1.83E-08

BFia

$ TR

Y73a

21aEm

¥TaA

1.84E-08

2 88E08

Y1004

244E08

HiDGAR

148808

Wias

1.85E-47

Yah

[ITA

37eE-DE

¥aad

3.35E-Ga

308

1.33E-08

YO1A

TH2E08

Easd

TATELR

FTa

147E-08

71/87

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/068827



WO 2013/086533

FiG. 18C

Analyie

L8108 FL

VRCOT-WT

130A 5.35E-08

Tazh §.23E.08

WATA {HELT

W50A 8.85E-08

K528 1.19E-67

R534 §.38E-08

G54A 7.60E-08

GS3A B.34E-08
VETA 5.53E-07
N5SA 1.08E-87
- 'ER 5.66E-08
Re1A 7 J4E-08
PE2A 5.05E-08
OB4A 5.64E-08
MBGA §.23E-08

R7 1A 1.26E-07

Vidh B8.5BE-08

Y737 5.93E-08

DSSA 5.23E-08

Y100A % ABE-07

N100AA 1A5E-07

VIA 5.47E-08

QITA 7 .O0E-08

Y284 1.57E-07
S30A 5.21E-0R
VoA 1.38E-07
EGBA 1. 82E07

FOTA 5.62E-08

72/87

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/068827



WO 2013/086533

Fiz. 20

PCT/US2012/068827

Antibody 0.4ug-gp120A2

RSN

s

: LN
S\
N SO THZOHA

EJ

3.9

L A R B

P o T o S e T T o S v B

TH% ueIny

APSE HLODYA
MFSED T HLODHA
APSD HZODHA
LS5 HADDYA
SHSO HLODYA

VIS HLOIYA
dP5D HZ0DUA
NTED HLODUA
INTSD HL0DYA
SO THZODYA
GO HLOIHA
65 HLZOIHA
HESD HZODYA
PS5O HLODYA
IP5D HLOTHA
AtSD HL0DHA
3PSO HZOOHA
YH50 HAODYA
FEO HLODHA
HTO2YA

Antibody 0.4ug-gp120 Al

E N

: : : w

L

{198 uewiny

AVSE HLDDYA
MPSD HLODHA
APSD HLOIYA
1P HLODUA
5D HLOA

YFGD HLOOYA
DYSD HLODYA
dP59 HLODYA
N#ED HLODYA
INPSD HLZODYA
TG HLODHA

PSS HLODUA
I¥55 HLADYA

HESD HL0IUA
IS0 HLODHA

IS HLODYA
P89 HLOYA
D HLOIMA

PO HLOMA

PO THZOMA

: HEQOHA

73/87

SUBSTITUTE SHEET (RULE 26)




WO 2013/086533

Fita. 21

PCT/US2012/068827

antibody 0.4ug-gpl120C

bbb { 198uewny

o

Vo 3 &\\\\\\\\\\\\f\\\\\\\\\\\f‘

ATSS HZODYA
MPED HLODYA
APSO THZODYA
L6 HAODYA
SPED HAUDYA
HPEO HLODHA
OrED HLOYA
dPE O HLOTHA
NTSH HLZODUA
WP HADDYA
T HLORA
WFED HLODYA
55 HAODYA
HESE HA0DYA
659 HLODYA
5D HLOJHA
QrsE HL0DYA
59 HLONA
YHEO HAODMA
P95 HZOMA
HTOJUA

* \

Antibody 0.4ug-gp120 B

;
X

| o aaw

- . d s @@ '

HTOYA

To8 uewrny
APGD HZOOHA
MPEOTHZODYA
AFSD HLZ02UA
LFGD HAODHA
SPSD HLZODYA
HPSO HLODYA
DFSD HLODHA
dPSD HLODYA
NESD HLODYA
WTSD HZOTYA
P59 HAUDYA
AP HLDA
P55 HLODYA
HEYSD HLODYA
175D HZOTUA
8D HLODYA
AtsH HLODYA
D HLDIHA
YEED HZ0JHA
FSO HLODNA

7487

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068827

WO 2013/086533

FiG. 22

Antibody 0.4ug-gp120 Dul72

V

L

. To8 uelUNK

AFSED HAODHA
MDD HLODYA
APSD HLODHA
LSO THAODHA
STGD HAOIYA
HPSD HLODYA
VPO HLODUA
diSD HLODYA
NFESD HLOIUA
WSO HLODYA
TS HLODYA

APPSO THLODHA
1959 HLZODYA

HPS 9 HLDDHA
A5 D HADIYUA
A5O HLODYA
Ar5D HLODUA
IVED THLODYA
Y5O HLODHA
PGSO HLODYA

i HIODYA

75/87

SUBSTITUTE SHEET (RULE 26)



WO 2013/086533 PCT/US2012/068827

FIG. 23
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FIG. 25

(]
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CAGGTGCGACTGTCGCAGTCTGGAGOTCAGATCGAAGAAGCCTGGCGACTCGA
TCAGAATTTCTTGTCGGGUTTCGGUATACGAATTTATTAATTGTCCAATAAAT
TGGATTCGGCTGGCCCCCOUGAAAAAGGCCTCAGTOGGATGGGATGGATCGAAGC
CTAGGLALGOGOCCOTCAGTTACGCACGTCAACTTCAGGGCAGAGTGACCAT
GACTCGAGACATGTATTCCGAGACAGCCTTTTTGGAGCTCCGTTCCTTGACAT
CCGACGACACGGCCCGTCTATTITTITCTACTCGGGGAAAATATTGCACTGCGCGC

GACTATTATAATTGGGACTTCGAACACTGGGGCCAGGGCACCCCGGTCACCG

TCTCGTCA
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FIG. 29
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Continuation of: Box Il

" This International Application does not comply with the requirements of unity of invention because it does
not relate to one invention or to a group of inventions so linked asto form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the
claims into distinct groups:

e Group |.Claims 1-12 (in full) and 19-49 (in part) are directed to an isolated monoclonal antibody
comprising the CDRs or full length sequence of the heavy chain variable region SEQ ID NO:40 and the
CDRs or full length sequence of the light chain variable region SEQ ID NO: 238. The feature of the heavy
chain and CDRs defined by SEQ 1D NO:40 is specific to this group of claims.

e Group Il. Claims 13-15 (in full) and 19-49 (in part) are directed to an isolated monoclonal antibody

- comprising aheavy chain and a light chain wherein the light chain variable domain comprises the CDRs
of SEQ ID NO: 238 with at least one amino acid substitution compared to SEQ ID NO: 9 and wherein the
heavy chain variable domain is from aVRCOI-like monoclonal antibody. The feature of the light chain a
heavy chain from a VRCOI-like monoclonal antibody is specific to this group of claims.

* Group Ill. Claims 16-17 (in full) and 19-49 (in part) are directed to an isolated VRCOI-like monoclonal
antibody, comprising a VRCOI-like heavy chain and a VRCOI-like light chain, wherein the heavy chain
further comprises substitution of a histidine residue at position 54 of the heavy chain. The feature of the
histidine substitution at position 54 is specific to this group of claims.

e Group IV. Claim 18 (in full) and 19-49 (in part)are directed to an isolated VRCOI-like monoclonal
antibody comprising a VRCOI-like heavy chain and a VRCOI-like light chain, further comprising deletion
of the first two amino acids of the light chain. The feature of the deletion of the first two amino acids of
the light chain is specific to this group of claims. '

PCT Rule 13.2, first sentence, states that unity of invention isonly fulfilled when there is atechnical
relationship among the claimed inventions involving one or more of the same or corresponding special
technical features. PCT Rule 13.2" second sentence, defines a special technical feature as afeature which
makes a contribution over the prior art.

When there isno special technical feature common to al the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the
prior art but are not common to al the claimed inventions and therefore cannot provide the required technical
relationship. The only feature common to al of the claimed inventions and which provides atechnical
relationship among them is the light chain and CDRs defined by SEQ ID NO: 238 in the case of inventions |
and |1 and VRCOI-like: monoclonal antibodies in the case of inventions II, Il and 1V.

However this feature does not make a contribution over the prior art because it is disclosed in:

Citation DI. DI discloses a monoclonal antibody comprising a light chain falling within the scdpe of SEQ ID
NO:238 aswell as VRCOI-like antibodies such as VRC02 and VRCO03.
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Therefore in the light of this document this common feature cannot be a special technical feature. Therefore
there is no special technical feature common to all the claimed inventions and the requirements for unity of
invention are consequently not satisfied aposteriori.
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