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BROADLY NEUTRALIZING ANTIBODY AND
USES THEREOFK

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS AND
INCORPORAITION BY REFERENCE

This application is a broadening reissue of U.S. Pat. No.
10,093,720, issued Oct. 9, 2018 from U.S. patent application
Ser. No. 14/731,621 filed Jun. 5, 2016, which claims benefit
of and prionity to U.S. provisional patent application Ser.
No. 62/010,852 filed Jun. 11, 2014 and 62/074,963 filed
Nov. 4, 2014.

The {foregoing applications, and all documents cited
therein or during their prosecution (“appln cited docu-
ments™”) and all documents cited or referenced in the appln
cited documents, and all documents cited or referenced
herein (“herein cited documents™), and all documents cited
or referenced 1n herein cited documents, together with any
manufacturer’s mstructions, descriptions, product specifica-
tions, and product sheets for any products mentioned herein
or 1n any document incorporated by reference herein, are
hereby 1incorporated herein by reference, and may be
employed 1n the practice of the invention. More specifically,
all referenced documents are incorporated by reference to
the same extent as i each individual document was specifi-
cally and individually indicated to be incorporated by ret-
erence.

FEDERAL FUNDING LEGEND

This 1nvention was made with government support under
NIH RO1 AI033292, NIH RO1 AI8481°7, NIH R37 AI36082
and NIH Interdisciplinary Training Program in Immunology
ST32AI1007606-10 awarded by the NIH. This invention was
made with government support under USAID Cooperative
Agreement No. AID-OAA-A-11-00020 awarded by the

USAID. The government has certain rights 1n the invention.

FIELD OF THE INVENTION

The present invention relates to an exceptionally broad
and potent neutralizing antibody with cross-clade neutraliz-
ing coverage of, for example, 83% at a median IC, of 0.003
ug/ml, and uses thereof.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted electronically in ASCII format and 1s

hereby 1incorporated by reference 1n its entirety. Said ASCII
copy, created on [Jun. 22, 2015] Dec. 23, 2019, is named

[43094.02.2029_SL.txt] 6765.0700_Sequence_Listing.txt
and 1s [34,017] 34,127 bytes in size.

BACKGROUND OF THE INVENTION

Efforts towards an eflective HIV wvaccine have been
greatly hampered by the high antigenic variability of the
HIV envelope spike (Env). Despite this variability, an
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2

increasing number of monoclonal antibodies (mAbs) that are
capable of recognizing a diversity ol cross-clade 1solates,
termed broadly neutralizing antibodies (bnAbs), have been

1solated from chronically infected donors (Walker, L. M. et
al. Science 326, 285-289 (2009); Dona-Rose, N. A. et al.

Nature (2014) doi1:10.1038/nature13036; Kwong, P. D. &
Mascola, J. R. Immunity 37, 412-425 (2012); Walker, L. M.
et al. Nature 477, 466-470 (2011); Bonsignori, M. et al. ]
Virol 85, 9998-10009 (2011); Burton, D. R. et al. Cell Host
Microbe 12, 396-407 (2012); Wu, X. et al. Science 329,
856-861 (2010); Huang, J. et al. Nature 491, 406-412
(2012); Scheid, J. F. et al. Science 333, 1633-16377 (2011);
Mouquet, H. et al. Proc Natl Acad Sci1 USA 109, E3268-77
(2012); Klemn, F. et al. J Exp Med 209, 1469-1479 (2012);
Falkowska, E. et al. Immunity (2014) doi1:10.1016/7.1m-
muni.2014.04.009; Blattner, C. et al. Immunity (2014) doa:
10.1016/1.1mmuni.2014.04.008). However, even for a family
of bnAbs targeting the same epitope region, substantial
differences 1n potency and breadth are found, which likely
reflect fine details in epitope recognition. The 1solation of
families of bnAbs with different neutralization profiles
against each site then serves as powertul tools to decipher
the epitope features that are most important for neutraliza-
tion breadth and potency.

Multiple methods have been developed to 1solate bnAbs.
Hybridoma and phage display techmiques were used to
1solate the first generation of bnAbs including 2F5, bl2,
2G12, 4E10 and Z13 (Burton, D. R. et al. Science 266,
1024-1027 (1994); Muster, T. et al. J Virol 68, 4031-4034
(1994); Burton, D. R. et al. Proc Natl Acad Sc1 USA 88,
10134-10137 (1991); Zwick, M. B. et al. J Virol 735, 10892-
10905 (2001); Barbas, C. F. et al. Proc Natl Acad Sc1 USA
89, 9339-9343 (1992); Trkola, A. etal. J Virol 70, 1100-1108
(1996); Conley, A. J. et al. Proc Natl Acad Sc1 USA 91,
3348-3352 (1994); Buchacher, A. et al. AIDS Res Hum
Retroviruses 10, 359-369 (1994)). These antibodies exhibit
a range ol neutralization breadth against primary isolates
from 30-90%, but have moderate neutralization potency
(median IC., of ~2-4 ug/mlL), suggesting that the elicitation
of relatively high serum titers would be required to afford
sterilizing immunity 1n vivo, given the observed relationship
between neutralization 1 vitro and protection in vivo (Par-

ren, P. W. et al. J Virol 75, 8340-8347 (2001); Hessell, A. J.
et al. PLoS Pathog 35, €1000433 (2009); Mascola, J. R. et al.
I Virol 73, 4009-4018 (1999)). Access to infected donors
who have high serum titers of bnAbs (Simek, M. D. et al. ]
Virol 83, 7337-7348 (2009); Gray, E. S. et al. J Virol 85,
4828-4840 (2011)) and the availability of newer approaches
for 1solating human mAbs have recently enabled the dis-
covery of a new generation of more potent bnAbs (Walker,
L. M. et al. Science 326, 285-289 (2009); Doria-Rose, N. A.
et al. Nature (2014) do1:10.1038/nature13036; Walker, L. M.
et al. Nature 477, 466-470 (2011); Bonsignori, M. et al. ]
Virol 85, 9998-10009 (2011); Wu, X. et al. Science 329,
856-861 (2010); Huang, J. et al. Nature 491, 406-412
(2012); Scheid, J. F. et al. Science 333, 1633-1637 (2011)).

The first of these newer approaches involves the sorting
and activation of large numbers of memory B cells using
cytokine-secreting feeder cells and the subsequent high
throughput screening of supernatants for neutralization. This
method led to the i1dentification and characterization of the

first of this new generation of bnAbs, PG9 and PG16
(Walker, L. M. et al. Science 326, 285-289 (2009)), and has
since revealed several new sites of vulnerability to bnAb

recognition on Env (Walker, L. M. et al. Science 326,
285-289 (2009); Dorna-Rose, N. A. et al. Nature (2014)

do1:10.1038/nature13036; Walker, .. M. et al. Nature 477,
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466-470 (2011); Bonsignori, M. et al. J Virol 85, 9998-
10009 (2011); Wu, X. et al. Science 329, 856-861 (2010);
Huang, J. et al. Nature 491, 406-412 (2012)). One of these
sites, targeted by the bnAbs PGY9/PG16, PGT141-143,
CHO1-04, and CAP256-VR(C26.01-12, 1s situated at the
trimer apex and 1s centered around the glycan at position 160
on Env (Walker, L. M. et al. Science 326, 285-289 (2009);
Doria-Rose, N. A. et al. Nature (2014) do1:10.1038/na-
ture13036; Walker, L. M. et al. Nature 477, 466-470 (2011);
Bonsignori, M. et al. J Virol 85, 9998-10009 (2011); Julien,
J.-P. et al. Proc Natl Acad Sc1 USA 110, 4351-4356 (2013)).
Indeed, recent structural analyses have revealed that these
bnAbs bind to a conserved [3-sheet structure located at the
trimer apex, mainly 1n the V2 region, but also spanming V1
and V3 (Julien, J.-P. et al. Proc Natl Acad Sc1 USA 110,
4351-4356 (2013); Julien, J.-P. et al. Science (2013) doa:
10.1126/science.1245625; McLellan, J. S. et al. Nature 480,
336-343 (2011); Pancera, M. et al. Nat Struct Mol Biol 20,
804-813 (2013)). In light of these new structural findings,
Applicants henceforth refer to the V2-glycan bnAbs as
trimer-apex glycan-dependent bnAbs. Using this screening,
method, bnAbs targeting other sites of vulnerability on Env
were found, including the PGT121-137 antibodies, which
target the high-mannose patch epitope centered around the
glycan at position N332 (Walker, L. M. et al. Nature 477,
466-470 (2011); Mouquet, H. et al. Proc Natl Acad Sc1 USA
109, E3268-77 (2012); Julien, J.-P. et al. Science (2013)
do1:10.1126/science.1245625; Pejchal, R. et al. Science 334,
1097-1103 (2011); Kong, L. et al. Nat Struct Mol Biol
(2013) do1:10.1038/nsmb.2594; Sok, D. et al. PLoS Pathog
9, €1003754 (2013)), the antlbody 10E8, which targets the
MPER site (Huang, J. et al. Nature 491, 406-412 (2012)),
and finally the PGT131-158 antlbodles which target a

region at the interface of gp41 and gpl20 (Falkowska, E. et

al. Immunity (2014) doi1:10.1016/7.1mmuni.2014.04.009;
Blattner, C. et al. Immunity (2014) do1:10.1016/1.1m-
muni.2014.04.008).

An alternative method for bnAb 1solation 1involves the use
of soluble Env molecules or scaflold proteins as baits to
select single IgG+ memory B cells of interest by cell sorting
(Wardemann, H. et al. Science 301, 1374-1377 (2003);
Scheid, J. F. et al. Nature 458, 636-640 (2009)). This method
has cost advantages and does not demand the automated
procedures associated with direct neutralization screening.
Indeed, this antigen selection method successiully 1solated a
number of bnAbs from various donors against the CD4bs
and the supersite surrounding the N332 glycan (Wu, X. et al.
Science 329, 856-861 (2010); Scheid, I. F. et al. Science
333, 1633-1637 (2011); Mouquet, H. et al. Proc Natl Acad
Sci USA 109, E3268-77 (2012)). Soluble baits have not,
however, been successiul at isolating antibody responses
targeting quaternary epitopes, including the site surrounding,
the N160 glycan, as the protein constructs used to date have
not properly mimicked native Env trimers. To address this
problem, GFP-labeled 293T cells that express cell surface
Env for sorting, called GFP-293T”%*, have been used
recently to 1solate antibodies 3BC176 and 3BC315 (Klein, F.
et al. J Exp Med 209, 1469-1479 (2012); Gaebler, C. et al.
J Immunol Methods 397, 47-54 (2013)). These antibodies do
not bind soluble monomeric gp120 but do bind Env trimer,
demonstrating utility of the approach, but the method was

described to be methcient compared to the use of soluble
protein baits (Klemn, F. et al. J Exp Med 209, 1469-14779

(2012); Gaebler, C. et al. J Immunol Methods 397, 47-34

(2013)).
The recently developed soluble BG505 SOSIP.664 gp140

trimer 1s a largely faithful antigenic mimic of native Env, as
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indicated by the strong binding of multiple bnAbs, including
to quaternary-structure epitopes, and the very weak or absent

binding of non-neutralizing antibodies (Sanders, R. W. et al.
PLoS Pathog 9, €¢1003618 (2013)). The favorable antigenic
profile of these trimers opens the possibility of their use for
1solating quaternary-specific antibodies by single-cell sort-
ing.

Citation or identification of any document 1n this appli-
cation 1s not an admission that such document 1s available as
prior art to the present invention.

SUMMARY OF THE

INVENTION

Applicants have used BG305 SOSIP.664 to select for
memory B cells from a donor from whom Applicants
previously 1solated the trimer-specific bnAbs PGT141-145
(Walker, L. M. et al. Nature 477, 466-470 (2011); Simek, M.
D. et al. J Virol 83, 7337-7348 (2009)). This approach
resulted in the i1solation of novel somatic variants that are
highly divergent from the PGT145 antibody family and
display a range of neutralization breadth and potency, with
some bemng more broad and potent than the previously
described PGT145 family members. Overall, the results
describe a mosaic of antibody responses against the trimer-
apex site of vulnerability that have important implications
for immunogen design 1n general, as well as for the future
optimization of BG505 SOSIP.664 and related native-like
trimers as vaccine candidates.

The present 1nvention relates to an 1solated fully human
ant1-HIV-1 monoclonal antibody, designated PGDM 1400,

PGDM 1401, PGDM 1402, PGDM 1403, PGDM 1404,
PGDM 1405, PGDM 1406, PGDM 1407, PGDM 1408,
PGDM 1409, PGDM 1410, PGDM 1411 or PGDM 1412. In
an advantageous embodiment, the antibody 1s PGDM 1400.

The present mnvention relates to compositions which may
comprise the above antibodies, including pharmaceutical
compositions which may comprise pharmaceutical accept-
able carriers.

The present mvention also relates to a method of 1hib-
iting HIV 1 a host which may comprise administering
PGDM 1400, PGDM 1401, PGDM 1402, PGDM 1403,
PGDM 1404, PGDM 1405, PGDM 1406, PGDM 1407,
PGDM 1408, PGDM 1409, PGDM 1410, PGDM 1411 or
PGDM 1412 to the host, combinations thereof, or a com-
position which may comprise the same.

The present invention also relates to an expression vector
that encodes and stably expresses i vivo an antibody which

may comprise each of a heavy chain sequence of PG.
1400, PGDM 1401, PGDM 1402, PGDM 1403, PG.

1404, PGDM 1405, PGDM 1406, PGDM 1407, PG
1408, PGDM 1409, PGDM 1410, PGDM 1411 or PG
1412 and a light chaln sequence of PGDM 1400, PG.
1401, PGDM 1402, PGDM 1403, PGDM 1404, PG
1405j PGDM 1406, PGDM 1407, PGDM 1408, PG.
1409, PGDM 1410, PGDM 1411 or PGDM 1412.

The present invention relates to compositions which may
comprise the above expression vectors, including pharma-
ceutical compositions which may comprise pharmaceutical
acceptable carriers. The expression vector may comprise a
viral based vector or the vector may be viral based. In an
advantageous embodiment, the virus may be an adeno-
associated virus (AAV).

The present mvention also relates to a method of 1hib-
iting HIV 1n a host which may comprise administering an
expression vector expressing PGDM 1400, PGDM 1401,
PGDM 1402, PGDM 1403, PGDM 1404, PGDM 1405,
PGDM 1406, PGDM 1407, PGDM 1408, PGDM 1409,
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PGDM 1410, PGDM 1411 or PGDM 1412 to the host,
combinations thereotf, or a composition which may comprise

the same.

Accordingly, 1t 1s an object of the nvention not to
encompass within the invention any previously known prod-
uct, process of making the product, or method of using the
product such that Applicants reserve the right and hereby
disclose a disclaimer of any previously known product,
process, or method. It 1s further noted that the invention does
not itend to encompass within the scope of the mvention
any product, process, or making of the product or method of
using the product, which does not meet the written descrip-
tion and enablement requirements of the USPTO (35 U.S.C.
§ 112, first paragraph) or the EPO (Article 83 of the EPC),
such that Applicants reserve the right and hereby disclose a
disclaimer of any previously described product, process of
making the product, or method of using the product. It may
be advantageous in the practice of the invention to be in
compliance with Art. 53(¢) EPC and Rule 28(b) and (c¢) EPC.
Nothing herein 1s to be construed as a promise.

It 1s noted that 1n this disclosure and particularly in the
claims and/or paragraphs, terms such as “comprises”, “com-
prised”, “comprising” and the like can have the meaning
attributed to 1t mm U.S. Patent law; e.g., they can mean
“includes™, “included”, “including”, and the like; and that
terms such as “consisting essentially of” and *“consists
essentially of” have the meaning ascribed to them i U.S.
Patent law, e.g., they allow for elements not explicitly
recited, but exclude elements that are found in the prior art
or that aflect a basic or novel characteristic of the invention.

These and other embodiments are disclosed or are obvi-
ous from and encompassed by, the following Detailed
Description.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee.

The following detailed description, given by way of
example, but not intended to limit the invention solely to the
specific embodiments described, may best be understood 1n

conjunction with the accompanying drawings.
FIGS. 1A-D. BG505 SOSIP.664-AviB selects memory B

cells expressing bnAbs from the PBMCs of the PGT141-145
donor. FIG. 1A—PBMCs from the PGT141-145 donor were
sorted using BG505 SOSIP.664-AviB and JR-CSF gpl120-
AviB. Events that are BG505 SOSIP.664-AviB positive are
labeled red and events that are JR-CSF gp120-AviB positive
are labeled blue. FIG. 1B—A total of 62 productive heavy
chain sequences were obtained, with a large enrichment of
the PGT145 antibody gene family V,1-8. A total of 158
productive light chain sequences were obtained, with a large
enrichment for the PGT145 antibody gene family V 2-28.
FIG. 1C—The heavy chain sequences that were obtained are
heavily mutated, with the majority having a mutation fre-
quency of 20-30% {from the inferred germline. FIG.
1D—The light chains are also mutated, with the majority
having a mutation frequency of 10-20% from the inferred
germline.

FIGS. 2A-C. Newly selected PGDM somatic variants
display a range of neutralization breadth and potencies. FIG.
2A—Heavy chain phylogenetic tree of newly 1solated
somatic variants rooted at the V,1-8 germline gene. New
broadly neutralizing somatic variants cluster separately from
the PGT141-145 antibodies, and form four clusters distinct
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from the PGT141-145 cluster. FIG. 2B—Kappa chain phy-
logenetic tree of 1solated somatic varnants rooted at the
V:2-28 germline gene. The new somatic variants cluster
separately from the PGT141-145 antibodies and match the
clusters formed by the heavy chain sequences shown 1n (A).
Phylogenetic trees were generated using Clustal Omega
(Sievers F et al. (2011) Mol Syst Biol 7:539). FIG. 2C—Per-
cent neutralization breadth and median IC., values of
somatic variants PGDM1400-1406 against a 77-virus panel
are listed by clade and colored according to the legend. PG9
and the previously reported somatic variants PG1143 and
PGT145 are listed for comparison. Somatic variants
PGDM1402, PGDM1407-PGDM1412 were not included
because of low antibody yield.

FIGS. 3A-D. PGDMI1400 shows exceptional neutraliza-
tion breadth and potency. FIG. 3A—Percent neutralization
breadth values on a cross-clade 106-virus panel at different
IC., cut-ofls are listed for somatic variants PGDM1400 and
PGDM1401 in comparison to previously reported bnAbs.
Neutralization breadth and potency of a combination of
PGDM14004+PGT121 was experimentally evaluated to
show coverage obtained by targeting two diflerent sites of
vulnerability on Env. Listed percent breadth values are
colored according to the listed legend. FIG. 3B—Crystal
structure of the PGDM1400 Fab. CDRH2, H3 (yellow) and
.1 (green) are shown as a secondary structure cartoon with
side chains depicted as sticks. The 2Fo-Fc electron density
map 1s a blue mesh contoured at 1.0 o. The figure was made
using Pymol (Schrodinger, LLC (2010) The PyMOL
Molecular Graphics System, Version 1.3rl1). FIG.
3C—Comparison between the elongated 3-hairpin CDRH3s
of PGDM1400 and PGT145. Key residues, including sul-
fated tyrosines, are shown as sticks. The transparent surface

1s colored as electrostatic potential according to Coulomb’s
law 1n UCSF Chimera (Pettersen E F et al. (2004) J Comput

Chem 235:1605-1612). The CDRH3 onentations result from
the structures being aligned on the entire Fab. FIG.
3D—Reference-free 2D class averages of PGDM1400 Fab
in complex with BG505 SOSIP.664. PG9 Fab found to
BG505 SOSIP.664 was mcluded for comparison. The region
corresponding to the trimer and Fab are colored in blue and
yellow, respectively.

FIGS. 4A-E. Despite differences 1n neutralization, new

somatic variants bind to the same region on Env. FIG.
4A—The somatic variants PGDM1400-1407 all bind to the

BG505 SOSIP.664-AviB construct by ELISA. With the
exception of PGDM1401, and to a lesser extent PGDM140

and PGDM1405, the same somatic variants do not bind
BG505 SOSIP.664-AviB produced with kifunensine (SO-
SIP+katf), or to BG505 gpl20 produced recombinantly 1n
293F cells (r_gp120) or to BG305 gpl120 monomers from
lysed wvirions (lv_gpl120). The bnAbs PGT145, PG9Y,
VRCO1, PGT121, and F425 were included for comparison.
Antibodies PGDM1408-1412 were not included because of
low vield. FIG. 4B-Viruses that are potently neutralized by
the somatic variants PGDM1400-1406 were tested for bind-
ing by ELISA to corresponding gp120 monomers from lysed
virions. Values represent neutralization IC., or binding EC.,
in ug/ml and colored according to the legend. PGDM1402
was excluded because of low yield. FIG. 4C—The somatic
variants PGDM1400, 1401, 1405, and 1403 were evaluated
for competition with PGDM1400-1407 (PGDM1402 was
excluded because of low vield) for binding to BG305
SOSIP.664 trimers 1n competition binding ELISAs. Listed
values are percent maximum competition as measured by
ELISA and colored according to the legend. Antibodies
targeting the trimer apex (PGT145, PG9, PG16) and those
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that do not (PGT121, PGT151, 2G12, and VRCO1) were
included for comparison. FIG. 4D—Somatic variants
PGDM1400-1407 (PGDM1402 was excluded because of
low yield) were tested for neutralization against the T250-4
1solate, 1T250-4 N160K, and T250-4+kifunensine. PG9 and
PGT128 were included for comparison. FIG. 4E—Antibod-
1es PGT145, PGDM1400, and PGDM1403 were measured
for binding to BG505 SOSIP.664-AviB by Octet. Black
curves represent measured data points and red curves rep-
resent best-fit lines following analysis.

FIGS. 5A-E. BG505 SOSIP.664-AviB 1s an approprate
probe for bnAbs. FIG. 5A-C—Biotinylated BGS505
SOSIP.664-Avi (BG505 SOSIP.664-AviB) was tested 1n a
streptavidin-capture ELISA against trimer-dependent bnAbs
(A); CD4bs, CD41, and V3/V4-glycan bnAbs (B); and
MPER and non-bnAbs (C). FIG. SD—Binding of BG505
SOSIP.664-AviB and JR-CSF gpl120-AviB to PGT128 and
PGT145 WEHI mouse B-cell lines (Ota T, et al. (2012) ]
Immunol 189(10):4816-4824.) was detected via tlow cytom-
ctry using streptavidin-PE and streptavidin-Alexa 488,
respectively. Values are presented in mean fluorescence
intensity (MFI). FIG. SE—PBMCs from HIV-seronegative
donors were 1solated by Ficoll gradient, and IgG+ memory
B cells were stamned with BG505 SOSIP.664-AviB and
streptavidin-PE to evaluate the extent of nonspecific trimer
binding.

FIG. 6. Summary of mutation frequency and gene family
of newly 1solated somatic variants. PGDM1400-1412 were
analyzed for germline gene, CDRH3 length, CDRH3
sequence, percent identity (in nucleotides), and possible

isertions or deletions. Genetic analyses were performed
using the IMGT system (Lefranc M-P, et al. (2009) Nucleic
Acids Res 37(Database 1ssue):D1006-D1012). Figure dis-
closes SEQ ID NOS 40-75, respectively, 1n order of appear-
ance.

FIGS. 7A-B. Newly 1solated somatic variants are highly
divergent from the PGT141-145 sequences. A sequence
identity matrix was created using the somatic variants
PGDM1400-1412 and PGT141-145. Values listed are FIG.
7A: nucleotide percent identity and FIG. 7B: amino acid
percent 1dentity colored according to the key. Sequence
identities were calculated using Clustal Omega (Sievers F, et
al. (2011) Mol Syst Biol 7:539).

FIG. 8. Sequences of the newly 1solated somatic variants
can be found 1n a next-generation sequencing (NGS) dataset.
Heavy-chain and light-chain sequences of the newly 1solated
somatic variants were queried in a previously published
NGS dataset (Zhu 1, et al.; NISC Comparative Sequencing,
Program (2013) Miming the antibodyome for HIV-1-neutral-
1zing antibodies with next-generation sequencing and phy-
logenetic pairing of heavy/light chains. Proc Natl Acad Sci
USA 110(16):6470-64775). The frequency of sequences 1s
plotted 1n terms of percent identity to the listed antibody
sequence and percent divergence from the germline gene.
The number of sequences 1s colored according to the key.

FIG. 9. Neutralization breadth and potency of somatic
variants compared with other HIV-1 broadly neutralizing
antibodies. Somatic variants were tested on a cross-clade
pseudovirus panel. Neutralization 1C30 values are colored
from highly potent (red) to less potent (green). L1, viruses
for which there were low titers; ND, not determined.

FIG. 10. PGDM1400 neutralizes viruses to completion as
much as PGT121. MPNs were determined for PGDM1400
on a 106-virus panel (FIG. 9). For comparison, PGT151,
which was reported to exhibit incomplete neutralization
activity (Falkowska E, et al. (2014) Broadly neutralizing
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prefusion conformation of gp41 on cleaved envelope trim-
ers. Immunity 40(5):657-668), and PGT121 and 12A12,

which have been shown to achieve generally complete
neutralization for the majority of viruses, were measured in
parallel. Each data point represents a different virus on a
cross-clade 106-virus panel (FIG. 9). The median MPN with
interquartile range 1s shown for each antibody.

FIGS. 11A-B. Somatic variants bind to cell-surface
BG505 Env despite not neutralizing the BG305 pseudovirus.
FIG. 11A—Somatic variants were tested for binding to
BG505 Env expressed on the surface of 293T cells. Anti-
body PGT151, which binds specifically to cleaved Env, and
antibody b6, which binds to uncleaved Env, were included
for comparison. FIG. 11B—Antibodies also were tested for
neutralization against the BG505 pseudovirus. Values shown
are neutralization IC30 1n micrograms per milliliter.

FIG. 12. Among the newly 1solated somatic variants, only
PGDM1401 1s autoreactive by the HEp2 assay. Somatic
variants were tested for autoreactivity using the HEp2 cell
assay kit according to the manufacturer’s protocol. 4E10
was 1ncluded as a positive control.

FIG. 13. Binding of mAbs to BG505 SOSIP.664-aviB by
Octet. Antibodies PGT145, PGDM1400, PGDMI1401,
PGDM1403, PGDM1405, and PGDM1407 were analyzed
for binding to BG505 SOSIP.664-AviB by Octet. Black
curves represent measured data points; red curves represent
best-fit lines following analysis.

(L]

DETAILED DESCRIPTION OF TH.
INVENTION

Broadly neutralizing antibodies (bnAbs) targeting the
trimer apex of HIV envelope (Env) are favored candidates
for vaccine design and immunotherapy because of their high
neutralization breadth and potency. Methods to isolate
bnAbs against this site, however, have been limited due to
the quaternary nature of the epitope region. Here Applicants
report the use of a recombinant HIV envelope trimer, BG505
SOSIP.664 gpl140, as an athnity reagent to 1solate quater-
nary-dependent bnAbs from the peripheral blood of a
chronically infected donor. - bnAbs, named

The new
PGDM1400-1412, show a wide range of neutralization
breadth and potency. One of these vanants, PGDM1400, 1s
exceptionally broad and potent with cross-clade neutraliza-
tion coverage of 83% at a median IC50 of 0.003 ug/mlL.
Overall, Applicants’ results highlight the utility of BG305
SOSIP.664 gp140 as a tool for the 1solation of quaternary-
dependent antibodies and reveal a mosaic of antibody
responses against the trimer apex within a clonal family.
Broadly neutralization antibodies (bnAbs) are widely
considered a critical component of an HIV vaccine. Indeed,
much progress has been made 1n the 1solation of these bnAbs
and the characterization of their epitopes has revealed poten-
tial advantages and disadvantages of different sites of vul-
nerability on the envelope spike (Env). One of the more
promising epitopes targeted by bnAbs 1s situated at the
trimer apex of Env. Antibodies targeting this region are
typically less somatically hypermutated than bnAbs target-
ing other sites, which favors their elicitability through vac-
cination. Moreover, among broadly neutralizing antibody
responses 1n chronically infected cohorts, antibodies target-
ing the trimer apex emerge more frequently, emerge rela-
tively more quickly, and generally are both broad and highly
potent 1n neutralization compared to bnAbs targeting other
sites. The major difliculty 1n 1solating additional antibodies
of this class 1s the quaternary nature of their epitope, which
has been exceptionally diflicult to mimic until recently. The
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development of a native-like Env trimer, the BG305
SOSIP.664 gpl40, 1s a major breakthrough in the HIV
vaccine field (Sanders, et al. Plos Pathogens, 2013). Recent
structural and biochemical analyses have provided critical
insight mto understanding different epitopes on Env for
immunogen design (Julien, et al., Lyumkis et al., Science
2013). The impressive antigenicity of this protein construct
also suggests that, for the first time, the 1solation of quater-
nary-specific bnAbs from chronically infected donors by
antigen selection may be capable.

To this end, Applicants have demonstrated the utility
BG505 SOSIP.644 to efliciently 1solate new somatic variants
of the PGT141-145 antibody family (Walker et al, Nature,
2012), which target a quaternary epitope at the trimer apex.
These new vanants display a range of neutralization breadth
and potencies, providing insight into the diversity of anti-
body response that are capable through natural infection.
These new antibodies subsequently provide tools for the
design of immunogens that would selectively elicit the
antibodies with the most favorable neutralization profiles
while limiting the elicitation of related variants with more
limited activity. Additionally, Applicants have 1solated a new
bnAb, which Applicants have called PGDM1400, that dem-
onstrates 83% breadth with an exceptional neutralization
potency of 3 ng/mL 1n median IC.,, which 1s the most potent
activity among bnAbs Applicants have observed at this level
ol neutralization breadth. Indeed, Applicants have demon-
strated the utility of PGT121, which 1s over 70% broad with
a median IC., of 30 ng/mL., to potently protect against SHIV
challenge 1n macaques (Moldt, et al. PNAS, 2013) and to
dramatically reduce viral load when delivered to macaques
chronically infected with SHIV (Barouch, et al. Nature,
2013). The greater neutralization breadth and 10-fold higher
neutralization potency for PGDMI1400 favors 1ts use in
many future therapeutic and protection studies against more
resistant 1solates of HIV. Indeed, PGDM1400 1s capable of
neutralizing up to 82% of clade C transmitted viruses, while
PGT121 1s only capable of neutralizing up to 57%, which
favors its elicitation and use i predominately clade C
endemic regions.

Applicants finally note the potential of BG505 SOSIP.644
op140 to 1solate not only quaternary-specific bnAbs target-
ing the timer apex, but quaternary-specific bnAbs targeting
other sites. Indeed, quaternary-specific epitopes have been
mapped as a predominate response among elite neutralizers
of various cohorts, but 30-50% of these quaternary-specific
responses are not confirmed to target the trimer apex. One of
these new quaternary-specific sites, targeted by bnAbs
PGT151-138, has been mapped to the gpl20-gp41 interface
(Falkowska, et al., Blattner, et al., Immunity, 2014 ). Thus site
1s both present and accessible on the BG305 SOSIP.664
op140 construct as demonstrated by high-athnity binding of
PGT1351, which therefore highlights the potential utility of
this construct to 1solate additional members of this new class
of bnAbs. If other yet to be defined quaternary-specific sites
on Env are present, sorting with BG505 SOSIP.664 gp140
would still serve as a potential approach for fishing out these
antibodies, as other engineered baits have not been shown to
tully recapitulate quaternary epitopes. The 1solation of new
bnAbs to fully define broadly neutralizing epitopes and to
characterize new sites of vulnerability will continue to
contribute 1mmeasurable value to HIV vaccine design
cllorts.

The present invention relates to broadly neutralizing

epitopes PGDM1400, PGDM1401, PGDM1402,
PGDM1403, PGDM1404, PGDMI1405, PGDMI1406,
PGDM1407, PGDMI1408, PGDMI1409, PGDMI1410,
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PGDM1411 and PGDM1412. The amino acid sequences of
the heavy and light chains, mutation frequency and gene
family are presented in FIG. 6.

The nucleotide sequences of the heavy chains of the

PGDM1400, PGDM1401, PGDMI1402, PGDMI1403,
PGDM1404, PGDM1405, PGDMI1406, PGDMI1407,
PGDM1408, PGDM1409, PGDM1410, PGDM1411 and
PGDM1412, n are:

PGDM 1400 HC

(SEQ ID NO: 1)
CAGGTGCATCTCACGCACGTCTGGEGCCTCGAGGTCGAGGAAGCCTEGGGACCTC
CGTAAAGGTCTCCTGCAAGGCCCCTGCAAACACATTGAAGACTTATGATC
TACACTGGGTGCGCAGCETCCCTGRACAAGGCCTTCAGTCGATGCCATAG
ATAAGCCATGAGCCGCCACAAGAAGETCATTCTGGAAAGATTCAAGGCCAA
AGTCACCATTGATTGCGACAGGTCCACCAATACGGCCTATCTCCAACTGA
GCGGCCTCACATCTEGCCGACACGECCATCTATTATTCTGCGARARAGGCTCA
AAACACAGGCTGCCGAGATTACGCTCTCTACCGACGACGACGGCGCATTGAA
TTGGCCTGTCGATETTGACTACCTTTCGAACTTGCAATTCTGCGEGCCAAG
GCGACCGCCETCACCETCTCTTCA
PGDM 1401 HC

(SEQ ID NO: 2)
CAGGCGCAACTCGGTGCAGTCTGGEGCCTGAGATGAGGAAACCTGEEGECCTC
CGTAAAGGTCTCCTGCAAGGCCCCTGCGAAATACATTGAAGAATCATGATC
TACACTGGGTGCGCAACGTCCCTGCACAGGGECTTGAGTCGETEEEAETAG
GTGAGTCACGAGGGCGACAAAAAGGTCATTGTAGAGAAATTCAAGGCCAG
CGTCACCATTGATTGGCACAGGTCCCTGAATACGECCTATCTTCAACTGC
GCGGCCTCAGGTCTCGAAGACACGCECCATCTATTATTGTGCGAGAGGGTCA
AAACACAGGCTGCCGAGACTACGTTATGTACGACGACTACGGCGCATTGCA
GTGGECTGTCTATGTTGACTATCTTTCGAACTTCGCGACGTCTGERECCAAG
GGACCGCCETCACCETCTCTCCA
PGDM 1402 HC

(SEQ ID NO: 3)
CAGGTGCAACTCEGCECAGTCTEGEGCCTCACGGTCGAGGAAGCCTEGEERECCTC
CGTAAAGGTCTCCTGCAAGGCCCCTGCGAAATACATTGAAGACTTATGATC
TACACTGGGTGCGAGACGTCCCTGCACAGGGCCTGCAGTCGATGGGATEG
GTGAGCCACGAGGGCGACAAGAAGGTCATTGTGGAGAGATTCAAGGCCAA
AGTCAGCATTGATTGGGACAGGTCCACAAATACGGCCTATCTACAACTGA
GCGGCCTCACATCTCGAAGACACGGCCATCTATTATTGTGCGAAAGGCTCA
AAACACAGGCTGCCAGACTACGCTCTGTACCGACGACATCEGCGCATTGCA
ATGGGCTETCCATGTTGACTACCTTTCGACCTTEGAATTTTGGGGCCAAG
GGACCGCCETCACCETCTCTTCA
PGDM 1403 HC

(SEQ ID NO: 4)
GAGGTGCTTCTGGAGCAGTCCECCCETCGAAGTCGAAGCAGCCTEGERCCTC
AGTGAAGATCTCCTGCAAAGCCTCTGCGATTCAATTT TAACAATGAAGATG

TGCACTGGGETGCGACAGGCCGCTGGACAAGGT CTGGAGTGGATGGCATGG

TCGARAACATGACGATCAARAATGT TTTGTATGCACAAGAATTTAAGGACAG
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-continued -continued
GOTCACCETCACCGAGCCACACCECCRCARATACACTCTACATTCACATCA

CCGGTCTGACATCTGAAGACACGGCCCGATATTATTGTGTGAAAGGTCAA
CCGGTCTGAGATTTGAAGACACGGCCCTCTATTATTGTGTTAAGGGCTCA

AAGTTTCGGCTGACAGAGTGGGCTGACTATAATGAATTCGGCCTGGTGRC
AAGTTTAGGCTGAGGCAGTGGGCTGATTACAATGAATGGGGCCTAGTTTC 5

GGCTGAAAAAGGAGACTACGTGACACAACTGGACGTCTGGGGCCAGGGGA
GGCTCAACATGGAGACTACGTGACGCAGTTGGCGCATCTGGGGCCAGGGGA

CCGCGATCATCGTCTCGTCA
CCGCGATCTACGTCTCGTCA

PGDM 1408 HC
PGDM 1404 HC 10 (SEQ ID NO: 9}

(SEQ ID NO: 5) CAGGCGCAACTGGTACAGTCTGEGCCTGAGATGAGCAGTCCTEGGGGCCTC

CAGGTGTTTTTGGAACAGTCTGGGGGTGAGGTGAGCGAGGCCTEGGGGCCTC

CGTARAGGTCTCCTGCAAGGCCCCTGGARATACATTGAAGAAT CATGATC
AGTGAAGGTCTCCTGCAAGGCCACTGGATTCACCTTCCGTAATGATGATG

TACACTGGGTGCGCAACGTCCCTGGACAGEGECTTGAGTCGGTCEGCTGG

15
GTGAGT CACGAGGGCGACAAARAACGT CATTATAGAGAAATTCAAGGCCAG

TTCACTGGGETGCGACAGGCCACTGGCCAAGGGCCTGAGTGCETGGCT TG

ATGAAGCATGACGATCAAAGTACAGTCTTTCCAAAGAAGTTCCAGGGCAG
AGTCACCATTGATTGGGACAGGTCCCTGAATACGGCCTATCTGCAACTGC
AGTCATCGTGACAACGGACACCTCCGCAACAACAGTCTACATGGAGATGG
GCGGCCTCAGGTCTGAGGACACGGCCGTCTATTATTGTGCGAGAGGGTCA
GGGGCCTGATGCCTGAAGACACGGCCATTTATTACTGTGTAAGAGGCGCA
20 ARACACAAGCTGCGAGACTACGTTATGTACGACGACTATGGCGCATTGCA
AAATTTCGGTTGAGACATGACGCCACTTATGATTACTGGAACGACTTACT
GTGGGCTGTTTATGTTGACTATCTTTCGAACTTGGACGTCTGGGGCCAGG
TTGGGCTGACGACCGTGACTACGTGACGCAGTTAGACCTTTGGGGCCCAG
GGACCGCCGTCACCGTCTCTCCA
GGACCGCTATCATTGTCTCCGCA
25 PGDM 1409 HC
PGDM 1405 HC (SEQ ID NO: 10)
(SEQ ID NO: 6) CAGGTGTTTTTGGAACAATCTGGGGGTGAAGTAAAGAGGCCTGGGGCCTC
CAGGTGTTTTTGGAACAATCTGGGGGTGAAATAAAGAGGCCTGGGGCCTC
AGTGAAGGTCTCCTGCAAGGCCACTGGATTCACCTTCCGTCAAAATGATG
AGTGAAGGTCTCCTGCAAGGCCACTGGATTCACCTTCCATCACGATGATG
30 TTCACTGGGTGCGACAGGCCACTGGCCAAGGGCCTGAGTGCGTGGCTTGG
TTCACTGGGTGCGACAGGCCACTGGCCAAGGGCCTGAGTGCGTGGCTTGG
ATGAAACATGACGATCAAAGTACAGTCCTTCCACAGAAGTTCCAGGGCAG
ATGAAACATGACGATCAAAGTACAGTCTATCCACAGAAGTTCCAGGGCAG
AGTCACCGTGACAAGCGACACCTCCGCTACAACAGTCTATATGGAGATGG
AGTCACCGTGACAAGCGACACCTCCGGTACAACAGTCTATATGGAGATGG
35 GGGGACTGATGCCTGAAGACACGGCCATTTATTACTGTGTCAGAGGCGCA
GGGGACTGATGCCTGAAGACACGGCCATTTATTACTGTGT CAGAGGCGCA
AAGTTCAGGTTGAGACATGACGCAACATATGATTACTGGAATGACTTGCT
AAGTTCAGGTTGAGACATGACGCAACATATGATTACTACAATGACTTGCT
TTGGGCTGACGACCGTGACTACGTGACGCAGT TGGACCTTTGGGGCCAAG
TTGGGCTGACGACCGTGACTACGTGACGCAGTTGGACCTTTGGGGCCAAG
A0 GGACCGCGATCATCGTCTCCGC
PGDM 1410 HC
PGDM 1406 HC (SEQ ID NO: 11)
(SEQ ID NO: 7) CAGGTGTTTTTGGAGCAGT CTGGGGGTGAGGTGAGGAGGCCTGGGGCCTC
CAAGTCCAGGTGGACCAGT CCGGGGGTGAGGTGAAGAAGCCTGGGGCCTC

GGACCGCGATCATCGTCTCCGCA

AGTAAACGTCTCCTGCAAGGC CACTGGATTCACCTTCCATCATCATGATG
AGTGAGGGTCTCCTGCAAGGCCT CGGGATTCTCTTTTAAGAGTGAAGATA 45

TTCATTGGEETGCGACAGGCCACTGGCCAAGGGCCTGAGTGTGTGGCGETGG
TGCACTGGGETGCGACAGGCCGCTGGACGAGGGCTGGAGTGGATGGCATGG

ATGAAACATGACGATCAAAGTACAGTCTTTCCACAGAAGTTCCAGGGCAG
GTAAAACATGACAGTGATGAAATATTATATTCAGAAAAGTTTAAGGACAG

AGTCACCGTGACAAGGGACACCTCCGCTAARAATAGT TTATATGCAGATGG
GGTCATCGTGACCAGGAACACCGCCTCAAACACAATCTCCATGGACATGA 50

GGGGACTGATGCCTGAAGACACGGCCATATATTATTGTGTGAGAGGCTCA
CCGGETCTGACAT CTGAAGACACGGCCCGATATTATTGTGTGAAAGGCCAA

ARATTTAGGT TGAGAAATGACGC TATCTACGATTATTGGAACGACTTACT
AAGTTCAGGCTGACAGAGTGGGCTGACTACAATGAATTCGGCCTAGTGGC

TTGGGCTGACGACGGTGACTACGTGACGAAGT TGGACCTTTGGGGCCATG

55
GGACCGCGATCATCGETCTCCTCA

GGCTCAAAAAGGAGACTACGTGACACAGCTGGACGT CTGGGEECCAGGGGA

CCGACATCATCGTCTCGTCA
PGDM 1411 HC
PGDM 1407 HC (SEQ ID NO: 12)
(SEQ ID NO: 8) CAGGTGCAATTGGTGCAGTCTGGAGCCGAGGTGAGGAAGCCTGGGACCTC
CAAGTCAAGT TGGACCAGTCCGGGGGTGAGGTGAAGAAGCCTGGGGCCTC
00 AGTGAAAATCTCCTGCACGACCTCTGGATATTCTTTCAACAGTCATCATA
AGTGACGGTCTCCTGCAAGGCCTCTGGATTTAGT TT TGGAAGTGAAGATG
TCCACTGGGTGCGACACGGCACCGGACAAGGACTTGAGTGGATTGGGTGG
TACACTGGGTGCGACAGGCCECTAGGGGAGGGCTGGACTGGATGGCATGG
GTGGACCCARATAATGGTAATACAGGATATACACCAAAATTCAAGGACAG
GTGAAACATGACAGTCATGAAATTT TATACGCACAGAAATTTAAGGGCAG

65 AGTCACCTTTGTCAAGAATACCTCCACACAGACGGTGTTCATGGAAGTGA
GGTCACCGTGACCAGGAACACCGCCTCAAACACAGTCTTCATGGAGATGA
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-continued

13

-continued
CCACTCTAAAAT CTCACCACACCECCCTCTAT TATTOTCCCACGACGCACA

PGDM 1403 KC
GAAAAACAACTGAGAGCAGAGTATGTTCTGGACCAAGAAGACGGCTTTTA (SEQ ID NO: 17)
AAAATTGCGTTGACTCAGTCTCCACTCTCCCTGGCCGTCACCCCTGGAGA
TCGTGAAGAGGCCATTTACAT CACAGTCCTGGACGTCTGGGGCCAAGGGA 5

GCCGGCCTCCATTTCCTGCAGGTCAAGTCAGAGCCTCCTTTATAAGAATG
CCGCGGTCGCCETCTCCTCA

AACACAATGATGCATATATCGAATATACCTTCTTGAGTTGGTATCTGCAG
PGDM 1412 HC

(SEQ ID NO: 13) AGGCCAGGCCAGTCTCCACAACTCCTGATCTATTTGGGTTCTAAGCGGGC

CAGGTACATCTGGAGCAGT CCGGGEGTGAGGTGAAGAAGCCTGGGGCGTC 10

CTCCGGGGTCCCTGGCAGGTT CAGTGGCGGTGGATCAGGCACAGATTTCA
GGTGAAGGTCTCCTGCAAGGCCTCTGGATTCACT TTTAGTAGTGATGATA

CACTGAAAAT CAGCAGAGTGGAGGCTGACGATGTGGGCACATATTACTGC
TGCACTGGGTGCGACAGGCCGCTGGACAAGGGCTGGAGTGGATGTCATGG

ATGCAAGGTCTACAAAGTCCCACGACGTTCGGCCAAGGGACCAAGTTGCA

15
GATCAAAL

GTGAAACATGACAGTCATGAAATATTGGETTGGACAALAAGT TTAAGGACCG

GGTCATCGTGACCAGGAACACCGCCGCAAACACAGTCTACTTGGAAATGA

PGDM 1404 KC
CCOGGETCTGAGAT CTGAAGACACGGCCACATATTATTGTGTAAAAGGTCTA (SEQ ID NO: 18)
GATGTTGTGCTGACTCAATCTCCACTGTCCCTGTCCGTCAGTCCTGGAGA
AAATTTAGGCTGAGAGAGT GG TCAGACTATAATGAATTCGGCCTAGTGGC

20 GCCGGCCTCTATCTCCTGCAGGTCCAGT CAGAGTCTCCTGTGGAGTAAGG

GGCTCAACATGGAGACTACGTGACACAAATGGAGGET CTGGGGC CAGGGGA

ATGACACAAGATATGACTT TT TGGGATGGTAT TTGCAGAAGCCTGGGCAG
CCGCGATCAGCGTCTCCTCA

CCTCCACGACTCCTCATCTATTTGGGTTCTCGTCOGGGCCTCCGGEEETCCC

The nucleotide sequences of the light chains of

PGDM1400, PGDM1401, PGDM1402, PGDM1403, PGDM1404, 25 TGACAGGTTCAGCGCCAGTGGATCAGGCACAGACTTCACACTGAGAATTA
PGDM1405, PGDM1406, PGDM1407, PGDM1408, PGDM1409,
PGDM1410, PGDM1411 and PGDM1412 are: ACAGAGTGGAGGCTGCCGATT TCGGAACTTAT TACTGCATGCAAGGGCGA

PGDM 1400 KC
(SEQ ID NO: 14)
GATTTTGTCCTGACTCAGTCTCCACACTCTCTGTCCGTCACCCCTGGAGA

CACATTCCCTTGACGTTCGGCCAAGGGACCAGGGTGGAAATCAAT

30 PGDM 1405 KC
GTCGGCCTCCATCTCCTGCAAGTCTAGTCACAGCCTCATTCATGGTGATA (SEQ ID NO: 19)
GATGTTGTGCTGACTCAATCTCCACTCTCCCTGTCCGTTAGCCCTGGAGA
GGAACAATTATTTGGCTTGGTACGTACAGAAGCCAGGGCGGTCTCCACAA
GCCGGCCTCEATCTCCTGCAGGTCCAGTCAGAGTCTCCTGTGGACTAAAG
CTCCTGATCTATTTGGCTTCCAGTCGGGCCTCCGGGETCCCTGACAGGTT
45 ACCATCAAAGTTATAACTTTCTGGGATGGTATTTGCAGAAGCCTGGGCAG
CAGTGGCAGTGGATCGGACAAAGATTTTACAC TGAAGATCAGCAGAGTGG
CCTCCACGATTCCTAATTTCTTTGGGTTCTCETCGGECCAACGGEGTCCC
AGACTGAGGATGTTGGGACGTATTACTGCATGCAAGGT CGAGAAAGTCCC
TGTCAGGT TCAGCGCCAGTGGATCAGGCACAGATTTCACACTGAAAATTA

TGGACGTTCGGCCAAGGGACCAAGGTGGACATCAAA

40 GCAGAGTGCAGACTGACGATGTTGGAATTTACTACTGCATGCAAGGTCGA

CACATTCCCTTGACCTTCGGCCAAGGGACCAAGGTGGAAATCAAT

PGDM 1401 KC
(SEQ ID NO: 15)

GATTTTGTCCTGACTCAGTCTCCACACTCTCTATCCGTCACCCCGGGAGA
PGDM 1406 KC

(SEQ ID NO: 20)

GAAATCGOTGCTGACTCAGTCTCCACTCTCCCTGOGGECETCTCCCCTOGGEAGA
45

GGECGEGCCTCCATCTCCTGCAGGTCTAATCAGGACCTCTTGTATAAGAATG

GCCGGCCTCCATCTCCTGCAGGTCTAGTCAGAGCCTCCTTCATGGTGATA

AARACAACTATTTGGCT TGGTAT CTCCAGAAGCCAGGGCACTCTCCACAA

CTGCTGATCTATATGGCTTCTAGTCGGCCCTCAGGGGTCCCTGACAGGTT
CAGTGGCAGTGGCT COGGGCACACAT TTTACACTGAAAATCAGTAGAGTGG
AGACTGAAGATGTTGGGATGTACTACTGCATGCAAGGTCGAGAAAGTCCC
TGGACGTTTGGCCAAGGGACCAAGGTGGAAATCALA
PGDM 1402 KC

(SEQ ID NO:
GACTTTGTCCTGACTCAGTCTCCACACTCTCTGTCCGTCACCCCTGGAGA
GCCGGCCTCCATCTCCTGCAAGT CTAGTCACAGCCTCATTCATGGTGATA
AGAACAACTATTTGGCT TGGTACGT TCAGAAGCCAGGGCGGTCTCCACALA
CTCCTGATCTATTTGGCTTCCAGTCOGGGCCTCCGLGGLTCCCTGACAGGTT
CAGTGGCAGTGGAT CGGACAAAGAT TTTACACTGAAGATCAGCAGAGTGG

AGACTGAGGATGTTGGGACCTAT TACTGCATGCAAGGT CGAGAAAGTCCC

TGGACGTTCGGCCAGGGGACCAAGGTGGAAATCALA

16}
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60
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ACCACAATCAGGTTTATAAGCGAATACACCTTTGTGAGTTGETACGTGCAG
AGGCCGGECCAGTCTCCACAACTCCTCGATCTATTTEGCTTCTCAGCGGGEC
CGCCOGAETCCCTCACAGGTTCAGTGECGCTEGCATCAGGCACAAATTTCA
CTCTAAAGATCAACAAACGTGGAGGCTCGACCGATCTGGGCATTTACTACTGC
ATGCAAGGTCTGCCGAACTCCCATGACGTTCEGCCGAGCGGACCAAGCGTGGA
CATCAGG
PGDM 1407 KC

(SEQ ID NO: 21)
GAGATCGETCCTGACTCAGTCTCCGCTCTCCCTAGGCEGTCTCCCCTCGAGA
GACGGCCACCATCTCCTGCAGGTCTAATCAGGACCTCTTGTATAAGAATA

ACCACAACCAGGT ITTATAGGGAGTACACCTTTGTGAGTTGGTACCTGCAG

AGGCCGGELECCAGTCTCCACAACTCCTGATCTATTTGGCTTCTACGCGGGC

CGCCGLGGETCCCTGACAGGTT CAGTGGCGGETGGATCAGGCACAAATTTCA
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-continued
CTCTAARAAATCAACAACGCTCCACGCCTCACCACCTERGCATTTACTACTGEC

ATGCAAGGTCTACGAACTCCCATGACGTTCGGCCGAGRGACCCAGCTGGA
CATCAGG
PGDM 1408 KC

(SEQ ID NO: 22)
GATTTTGTCCTGACTCAGTCTCCACATTCTCTATCCETCACCCCECGAGA
GCCGRCCTCCATCTCCTECAGGTCTAGTCAGAGCCTCCTTCATGETGATA
AAAACAACTATTTGGCTTGGTATCTCCAGAAGCCAGGGCACTCTCCACAR
CTGCTGATCTATATGGCTTCTAGTCGGCCCTCAGGEGTCCCTGACAGGTT
CAGTGGCAGTGECTCGGGCACACATTTTACACTGAAAATCAGTAGAGTGG
AGACTGAAGATGTTGGGATGTACTACTGCATGCAAGGTCGAGAAAGTCCC
TGGACGTTTGGCCAAGGGACCAAGGTGGAAATCAAA
PGDM 1409 KC

(SEQ ID NO: 23)
GATGTTGTGCTGACTCAATCTCCACTCTCCCTETCCETTAGCCCTCGGAGA
GCCGRCCTCGATCTCCTRTAGGTCCAGTCAGAGTCTCCTGTGCACTAAAG
ACCATCAAAGTTATAACTTTC TGGGATGCTATTTGCAGAAGCCTGGRCAG
CCTCCACGATTCCTAATCTCTTTGRGTTCTCATCEGGCCTCCEGAGTCCC
TGACAGGTTCAGCGCCAGTGGCTCAGGCACAGATTTCACACTGAAAATTA
GCAGAGTGCAGACTGACCGATCTTGGAACTTATTACTGCATGCAAGETCGA
CACATTCCCTTGACGTTCGGCCAAGGCGACCAAGGTGGAAATCAAG
PGDM 1410 KC

(SEQ ID NO: 24)
GATGTTGTGATGACTCAGTCTCCACTCTCCCTETCCGTCACCCCTEGAGA
GCCGRCCTCTATCTCCTGCAGGTCCAGTCAGAGCCTCCTGTGCGAATAAGG
GTGATCAAAGATATAATTTTCTGGGATGGTATTTGCAGAAGCCTERGGCAG
CCTCCACGACTCCTAATGTATTTGGCTTCCAGTCEEGCCTCCEEEATCCC
TGACAGGTTCAGCEGGCAGAGGATCAGECACAGACTTCACACTGAAAATTA
ACAGAGTGGAGGCTGACCGATETCGCGAACTTATTACTGCTTCCAAGGTCGA
CACACTCCCTTCGACGTTCEGCCAAGGCACCAAGGTGGAAATCAAT
PGDM 1411 KC

(SEQ ID NO: 25)
CAGACTGTTCTCGACTCAGTCGCCACTCTCCCTGRCCATCACCCCTEGCGA
GCCGRCCTCCATCTCCTRTAAGTEGTTCTCAGAACTTAAACGTTCAGGGAT
ACGATTTTGTGAGTTGGTATGTACAGAAACCAGGCCAATCTCCACGTCTC
CTGATGTACTCETCTTCCCTGCEGRECCTCCGEGETCCCTCGACAGATTTAG
TGGCAGTGGATCCGECCACATCTTTTACACTTAAAATCAAGAGAGT CGAGC
CGGAAGATCTGEGGACTTATTACTGCATGGACACTCTACGCCCTCCCTAC
GCCTTCGGCCAGGGCACCAAGCTGGAGATCAGA
PGDM 1412 KC

(SEQ ID NO: 26)
GAGATTGTGCTGAGTCAGTCTCCACTCTCCCTEGCCETCACCCCTEGAGA
GCCGRCCTCCATCTCCTRCAGGTCTAGCCAGAGCCTCCTCTATAAGAATG

AACACAATGOGTGTGTACAAAGAATATACCTTTTTGAGCTGGTACTTGCAG

AAGCCAGGCCAGTCCCCACAACT CCTGATGTATTTGGGTTCTACGCGGGC

GTCCGGLGTCCCTGGCAGGTTCAGTGGCGLTGGATCAGGCACAGATTTCA
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-continued

CACTGAARAATCAGCAGAGTGGAGGCTGACGATGTGGGCACTTATTTCTGC
ATGCAAGGTCTTCAGGT TCCCATGACGT TCGGCCAAGGGACCAAGGTGGA

GATCAAA

In a particularly advantageous embodiment, the neutral-

1izing antibody of the present immvention have about 73%,
bout 76%, about 77%, about 78%, about 79%, about 80%,

bout 81%, about 82%, about 83%, about 84%, about 85%,
bout 86%, about 87%, about 88%, about 89%, about 90%,

bout 91%, about 92%, about 93%, about 94%, about 95%,

about 96%, about 97%, about 98%, about 99% or about

100% sequence identity to the nucleic acid and/or amino
acid sequences of the present invention.

The present invention also encompasses combinations of
broadly neutralizing antibodies. Other broadly neutralizing
antibodies include, but are not limited to, PGl6, PG20,
PGG14, PGC14, PGY, PGT-121, PGT-122, PGT-123, PGT-
125, PGT-126, PGT-127, PGT—128 PGT-130, PGT-131,
PGT-135, PGT-136, PGT-141, PGT-137, PGT-142, PGT-
143, PGT—144,, PGT-143, PGT—124 PGT-133, PGT-134,
PGT-132, PGT-138, PGT-139, PGT-151, PGT-152, PGT-
153, PGT-1534, PGT-155, PGT-156, PGT-157 and PGT-138.

In an advantageous embodiment, the combination 1is
PGT121 and PGDM 1400.

O D D D

PGT121 and PGDM 1400 together

PGT121 PGDM1400 PGT121 + PGDM1400

0.005
80

0.007
98

Median IC30, pg/ml
% breadth

0.015
03

In another embodiment of the present invention, the
neutralizing antibody of the present invention may be crys-
tallized 1n the combination with a soluble BG505 SOSIP.664
op140 trimer or with any other HIV trimer to determine the
exact molecular surface where the neutralizing antibody
binds to the trimer to design novel HIV-1 immunogens.

Crystals of the invention may be obtained by conventional
means as are well-known 1n the art of protein crystallogra-
phy, including batch, liquid bridge, dialysis, vapor diffusion
and hanging drop methods (see, e.g., Johnson et al., Bio-
chemistry. 1982 Sep. 28; 21(20):4839-43; Brayer &
McPherson, J Biol Chem. 1982 Apr. 10; 257(7):3359-61;
McPherson & Weickmann, J Biomol Struct Dyn. 1990 April;
7(5):1053-60; and Koszelak et al., ] Mol Biol. 1989 Sep. 20;
209(2):323-3; Weber et al., Acta Crystallogr B. 1991 Feb. 1;
47 (Pt 1):116-27 and Weber, Methods Enzymol. 1991;
202:727-41).

Generally, the crystals of the mmvention are grown by
dissolving a substantially pure neutralizing antibody and
trimer 1n an aqueous builer containing a precipitant at a
concentration just below that necessary to precipitate the
protein. Water 1s removed by controlled evaporation to
produce precipitating conditions, which are maintained until
crystal growth ceases.

The crystals of the invention, and particularly the atomic
structure co-ordinates obtained theretrom, have a wide vari-
ety of uses. The crystals and structure co-ordinates are
particularly useful for identitying compounds that bind to
the neutralizing antibody and thus are useful to elicit anti-
HIV antibodies. Such compounds may be useful 1n eliciting
clade B and C anti-HIV antibodies, however variants may be
usetul 1n eliciting clade A, D or E anti-HIV antibodies.
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The structure co-ordinates may be used as phasing models
in determining the crystal structures the neutralizing anti-
body as well as the structures of co-crystals of such domains
with ligands.

The provision of the crystal structure of a neutralizing
antibody complexed with a trimer provide the skilled artisan
with a detailed insight into the mechanisms of action of a
neutralizing antibody. This insight provides a means to
design compounds that bind to a neutralizing antibody and
thus to certain anti-HIV antibodies, and therefore com-
pounds that elicit anti-HIV antibodies, which are useful in
diagnosis, treatment, or prevention of HIV 1n an individual
in need thereof.

The provision of the crystal structure of a neutralizing
antibody complexed with a trimer allows a novel approach
for drug or compound discovery, 1dentification, and design
for compounds that bind to a neutralizing antibody and thus
to anti-HIV antibodies, and therefore compounds that elicit
ant1-HIV antibodies, which are useful in diagnosis, treat-
ment, or prevention of HIV 1n an individual 1n need thereof.
Accordingly, the invention provides a computer-based
method of rational drug or compound design or 1dentifica-
tion which comprises: providing the structure of a neutral-
1zing antibody complex as defined by the co-ordinates or the
identifying co-ordinates, providing a structure of a candidate
compound; and fitting the structure of the candidate to the
structure of a neutralizing antibody.

In an alternative aspect, the method may use the co-
ordinates of atoms of interest of a neutralizing antibody
which are 1n the vicinity of the active site or binding region
in order to model the pocket 1n which the substrate or ligand
binds. These co-ordinates may be used to define a space
which 1s then screened “in silico” against a candidate
molecule. Thus, the mvention provides a computer-based
method of rational drug or compound design or 1dentifica-
tion which comprises: providing the co-ordinates of at least
selected co-ordinates; providing the structure of a candidate
compound; and fitting the structure of the candidate to the
selected co-ordinates.

In practice, 1t may be desirable to model a suilicient
number of atoms of a neutralizing antibody as defined by its
co-ordinates which represent the active site or binding
region. Thus, there can be provided the co-ordinates of at
least 5, advantageously at least 10, more advantageously at
least 50 and even more advantageously at least 100 atoms of
the structure.

Accordingly, the methods of the invention can employ a
sub-domain of interest ol a neutralizing antibody which 1s 1n
the vicinity of the active site or binding region, and the
invention can provide a computer-based method for identi-
tying or rationally designing a compound or drug which
comprises: providing the coordinates of at least a sub-
domain of; providing the structure of a candidate modulator
or mnhibitor of a neutralizing antibody and fitting the struc-
ture of the candidate to the co-ordinates of the sub-domain
provided.

The mvention further provides a method for determining,
the structure of a binder of a neutralizing antibody bound to
a neutralizing antibody comprising: providing a crystal of a
neutralizing antibody e.g., according to the invention, soak-
ing the crystal with the binder, and determining the structure
of the neutralizing antibody-binder complex. Alternatively
or additionally the neutralizing antibody and the binder may
be co-crystallized.

The i1nvention also provides a method of analyzing a
complex of a neutralizing antibody and a potential binder
comprising: employing X-ray crystallographic difiraction
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data from the complex and a three-dimensional structure of
a neutralizing antibody or at least a sub-domain thereot, to
generate a different Fourier electron density map of the
complex; advantageously, the three-dimensional structure
being as defined by its atomic co-ordinate data.

Such complexes can be crystallized and analyzed using
X-ray diflraction methods, e.g., according to the approaches
described by Greer et al., 1994, and difference Fourier
clectron density maps can be calculated based on X-ray
diffraction patterns of soaked or co-crystallized neutralizing
antibody, and the solved structure of an uncomplexed neu-
tralizing antibody. These maps can then be used to determine
whether and where a particular potential binder binds to a
neutralizing antibody and/or changes the conformation of a
neutralizing antibody. Electron density maps can be calcu-
lated using programs such as those from the CCP4 computer
package (Collaborative Computing Project, No. 4. The
CCP4 Suite: Programs for Protein Crystallography, Acta
Crystallographica, D30, 1994, 760-763). For map visualiza-
tion and model bulding programs such as “QUANTA”

(1994, San Diego, Calif.: Molecular Simulations, Jones et
al., 1991) can be used.

Determination of the 3D structure of a neutralizing anti-
body provides important information about the likely active/
binding site(s) of a neutralizing antibody. This information
may be used for rational design of neutralizing antibody
binders, e.g., by computational techniques that identily
possible binding ligands for the active site(s), by enabling
linked-fragment approaches to drug design, and by enabling
the 1dentification and location of bound ligands using analy-
ses such as X-ray crystallographic analysis.

The terms “protemn”, “peptide”, “polypeptide”, and
“amino acid sequence” are used interchangeably herein to
refer to polymers of amino acid residues of any length. The
polymer may be linear or branched, 1t may comprise modi-
fled amino acids or amino acid analogs, and 1t may be
interrupted by chemical moieties other than amino acids.
The terms also encompass an amino acid polymer that has
been modified naturally or by intervention; for example
disulfide bond formation, glycosylation, lipidation, acety-
lation, phosphorylation, or any other manipulation or modi-
fication, such as conjugation with a labeling or bioactive
component.

As used herein, the terms “antigen” or “immunogen’ are
used interchangeably to refer to a substance, typically a
protein, which 1s capable of inducing an immune response in
a subject. The term also refers to proteins that are 1immu-
nologically active in the sense that once administered to a
subject (either directly or by admimistering to the subject a
nucleotide sequence or vector that encodes the protein) 1s
able to evoke an immune response of the humoral and/or
cellular type directed against that protein.

The term “antibody” includes intact molecules as well as
fragments thereol, such as Fab, F(ab'),, Fv and scFv which
are capable of binding the epitope determinant. These anti-
body fragments retain some ability to selectively bind with
its antigen or receptor and include, for example:

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 1ntact light chain and a portion of one heavy chain;

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 a portion of
the heavy chain; two Fab' fragments are obtained per anti-
body molecule;
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F(ab'),, the fragment of the antibody that can be obtained
by treating whole antibody with the enzyme pepsin without
subsequent reduction; F(ab'), 1s a dimer of two Fab' frag-
ments held together by two disulfide bonds;

scFv, including a genetically engineered fragment con-
taining the variable region of a heavy and a light chain as a
tused single chain molecule.

General 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), which 1s incorporated herein by reference).

A “neutralizing antibody” may inhibit the entry of HIV-1
virus F with a neutralization index >1.5 or >2.0. Broad and
potent neutralizing antibodies may neutralize greater than
about 50% of HIV-1 viruses (from diverse clades and
different strains within a clade) 1n a neutralization assay. The
inhibitory concentration of the monoclonal antibody may be
less than about 25 mg/ml to neutralize about 50% of the
input virus in the neutralization assay.

It should be understood that the proteins, including the
antibodies of the invention may differ from the exact
sequences 1llustrated and described herein. Thus, the inven-
tion contemplates deletions, additions and substitutions to
the sequences shown, so long as the sequences function in
accordance with the methods of the invention. In this regard,
particularly preferred substitutions are generally be conser-
vative 1n nature, 1.e., those substitutions that take place
within a family of amino acids. For example, amino acids
are generally divided into four families: (1) acidic—aspar-
tate and glutamate; (2) basic—Ilysine, arginine, histidine; (3)
non-polar—alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan; and (4) uncharged
polar—glycine, asparagine, glutamine, cysteine, serine
threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine
are sometimes classified as aromatic amino acids. It 1s
reasonably predictable that an 1solated replacement of leu-
cine with isoleucine or valine, or vice versa; an aspartate
with a glutamate or vice versa; a threonine with a serine or
vice versa; or a similar conservative replacement of an
amino acid with a structurally related amino acid, will not
have a major eflect on the biological activity. Proteins
having substantially the same amino acid sequence as the
sequences 1llustrated and described but possessing minor
amino acid substitutions that do not substantially affect the
immunogenicity of the protein are, therefore, within the
scope of the mvention.

As used herein the terms “nucleotide sequences” and
“nucleic acid sequences” refer to deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA) sequences, including,
without limitation, messenger RNA (mRNA), DNA/RNA
hybrids, or synthetic nucleic acids. The nucleic acid can be
single-stranded, or partially or completely double-stranded
(duplex). Duplex nucleic acids can be homoduplex or het-
croduplex.

As used herein the term “transgene™ may be used to refer
to “recombinant” nucleotide sequences that may be derived
from any of the nucleotide sequences encoding the proteins
of the present mmvention. The term “recombinant” means a
nucleotide sequence that has been manipulated “by man”
and which does not occur 1n nature, or 1s linked to another
nucleotide sequence or found in a different arrangement in
nature. It 1s understood that manipulated “by man” means
manipulated by some artificial means, including by use of
machines, codon optimization, restriction enzymes, efc.

For example, in one embodiment the nucleotide
sequences may be mutated such that the activity of the
encoded proteins 1 vivo 1s abrogated. In another embodi-
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ment the nucleotide sequences may be codon optimized, for
example the codons may be optimized for human use. In
preferred embodiments the nucleotide sequences of the
invention are both mutated to abrogate the normal 1n vivo
function of the encoded proteins, and codon optimized for
human use. For example, each of the Gag, Pol, Env, Nef, RT,
and Int sequences of the invention may be altered in these
ways.

As regards codon optimization, the nucleic acid mol-
ecules of the mvention have a nucleotide sequence that
encodes the antibodies of the invention and can be designed
to employ codons that are used 1n the genes of the subject in
which the antibody 1s to be produced. Many viruses, includ-
ing HIV and other lentiviruses, use a large number of rare
codons and, by altering these codons to correspond to
codons commonly used in the desired subject, enhanced
expression of the antigens can be achieved. In a preferred
embodiment, the codons used are “humanized” codons, 1.e.,
the codons are those that appear frequently in highly
expressed human genes (Andre et al., J. Virol. 72:1497-
1503, 1998) instead of those codons that are frequently used
by HIV. Such codon usage provides for eflicient expression
of the antibodies in human cells. Any suitable method of
codon optimization may be used. Such methods, and the
selection of such methods, are well known to those of skill
in the art. In addition, there are several companies that will
optimize codons of sequences, such as Geneart
(geneart.com). Thus, the nucleotide sequences of the mnven-
tion can readily be codon optimized.

The mvention further encompasses nucleotide sequences
encoding functionally equivalent variants and derivatives of
the antibodies of the mvention and functionally equivalent
fragments thereof. These functionally equivalent varants,
derivatives, and fragments display the ability to retain anti-
body activity. For instance, changes 1n a DNA sequence that
do not change the encoded amino acid sequence, as well as
those that result 1n conservative substitutions of amino acid
residues, one or a few amino acid deletions or additions, and
substitution of amino acid residues by amino acid analogs
are those which will not significantly affect properties of the
encoded polypeptide. Conservative amino acid substitutions
are glycine/alanine; valine/isoleucine/leucine; asparagine/
glutamine; aspartic acid/glutamic acid; serine/threonine/me-
thionine; lysine/arginine; and phenylalanmine/tyrosine/trypto-
phan. In one embodiment, the variants have at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
02%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98% or at least 99% homology or
identity to the antigen, epitope, immunogen, peptide or
polypeptide of interest.

For the purposes of the present invention, sequence i1den-
tity or homology 1s determined by comparing the sequences
when aligned so as to maximize overlap and i1dentity while
minimizing sequence gaps. In particular, sequence i1dentity
may be determined using any of a number of mathematical
algorithms. A nonlimiting example of a mathematical algo-
rithm used for comparison of two sequences 1s the algorithm
of Karlin & Altschul, Proc. Natl. Acad. Sc1. USA 1990; 87:
2264-2268, modified as 1n Karlin & Altschul, Proc. Natl.
Acad. Sci. USA 1993; 90: 5873-5877.

Another example of a mathematical algorithm used for
comparison of sequences 1s the algorithm of Myers & Miller,
CABIOS 1988; 4: 11-17. Such an algorithm 1s incorporated
into the ALIGN program (version 2.0) which 1s part of the
GCG sequence alignment software package. When utilizing




US RE49,037 E

21

the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12,
and a gap penalty of 4 can be used. Yet another useful
algornithm for identifying regions of local sequence similar-
ity and alignment 1s the FASTA algorithm as described 1n

Pearson & Lipman, Proc. Natl. Acad. Sci. USA 1988; 83:
2444-2448.

Advantageous for use according to the present invention
1s the WU-BLAST (Washington University BLAST) version
2.0 software. WU-BLAST version 2.0 executable programs
for several UNIX platforms can be downloaded from ftp://
blast.wustl.edu/blast/executables. This program is based on
WU-BLAST version 1.4, which 1n turn 1s based on the
public domain NCBI-BLAST version 1.4 (Altschul & Gish,
1996, Local alignment statistics, Doolittle ed., Methods 1n
Enzymology 266: 460-480; Altschul et al., Journal of
Molecular Biology 1990; 215: 403-410; Gish & States,
1993; Nature Genetics 3: 266-272; Karlin & Altschul, 1993;
Proc. Natl. Acad. Sci. USA 90: 5873-5877; all of which are
incorporated by reference herein).

The various recombinant nucleotide sequences and anti-
bodies of the invention are made using standard recombinant
DNA and cloning techniques. Such techniques are well
known to those of skill in the art. See for example, “Molecu-
lar Cloning: A Laboratory Manual”, second edition (Sam-
brook et al. 1989).

The nucleotide sequences of the present invention may be
inserted 1nto “vectors.” The term “vector™ 1s widely used and
understood by those of skill 1n the art, and as used herein the
term “vector” 1s used consistent with 1ts meaning to those of
skill 1n the art. For example, the term “vector” 1s commonly
used by those skilled in the art to refer to a vehicle that
allows or facilitates the transfer of nucleic acid molecules
from one environment to another or that allows or facilitates
the manipulation of a nucleic acid molecule.

Any vector that allows expression of the antibodies of the
present invention may be used in accordance with the
present invention. In certain embodiments, the antigens
and/or antibodies of the present invention may be used 1n
vitro (such as using cell-free expression systems) and/or in
cultured cells grown 1n vitro 1n order to produce the encoded
HIV-antigens and/or antibodies which may then be used for
various applications such as in the production of proteina-
ceous vaccines. For such applications, any vector that allows
expression of the antigens and/or antibodies 1n vitro and/or
in cultured cells may be used.

For applications where it 1s desired that the antibodies be
expressed 1n vivo, for example when the transgenes of the
invention are used 1n DNA or DNA-containing vaccines,
any vector that allows for the expression of the antibodies of
the present invention and 1s safe for use in vivo may be used.
In preferred embodiments the vectors used are safe for use
in humans, mammals and/or laboratory amimals.

“Vector’ 1ncludes shuttle and expression vectors. Typi-
cally, the plasmid construct will also include an origin of
replication (e.g., the ColEl ongin of replication) and a
selectable marker (e.g., ampicillin or tetracycline resis-
tance), for replication and selection, respectively, of the
plasmids 1n bacteria. An ‘expression vector® refers to a
vector that contains the necessary control sequences or
regulatory elements for expression of the antibodies 1nclud-
ing antibody fragment of the invention, in bacterial or
cukaryotic cells. Suitable vectors are disclosed below.

A number of viral-based expression systems are available
for mammalian expression of polypeptides. For example, 1n
cases where an adenovirus 1s used as an expression vector,
sequences encoding a polypeptide of interest may be ligated
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into an adenovirus transcription/translation complex con-
sisting of the late promoter and tripartite leader sequence.
Insertion 1 a non-essential E1 or E3 region of the viral
genome may be used to obtain a viable virus that 1s capable
ol expressing the polypeptide 1n infected host cells (Logan,
J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81:3655-

3659). In addition, transcription enhancers, such as the Rous
sarcoma virus (RSV) enhancer, may be used to increase
expression 1n mammalian host cells.

A variety of expression vector/host systems are utilized to
contain and express polynucleotide sequences. These
include, but are not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage, plas-
mid, or cosmid DNA expression vectors; yeast transformed
with yeast expression vectors; insect cell systems infected
with virus expression vectors (e.g., baculovirus); plant cell
systems transformed with virus expression vectors (e.g.,
cauliflower mosaic virus, CaMV; tobacco mosaic virus,
TMV) or with bactenal expression vectors (e.g., T1 or
pBR322 plasmids); or animal cell systems.

For long-term, high-yield production of recombinant pro-
teins, stable expression i1s generally preferred.

For the antibodies of the present invention to be
expressed, the protein coding sequence should be “operably
linked” to regulatory or nucleic acid control sequences that
direct transcription and translation of the protein. As used
herein, a coding sequence and a nucleic acid control
sequence or promoter are said to be “operably linked” when
they are covalently linked 1n such a way as to place the
expression or transcription and/or translation of the coding
sequence under the influence or control of the nucleic acid
control sequence. The “nucleic acid control sequence” can
be any nucleic acid element, such as, but not limited to
promoters, enhancers, IRES, introns, and other elements
described herein that direct the expression of a nucleic acid
sequence or coding sequence that 1s operably linked thereto.
The term “promoter” will be used herein to refer to a group
of transcriptional control modules that are clustered around
the initiation site for RNA polymerase II and that when
operationally linked to the protein coding sequences of the
invention lead to the expression of the encoded protein. The
expression of the transgenes of the present invention can be
under the control of a constitutive promoter or of an induc-
ible promoter, which 1initiates transcription only when
exposed to some particular external stimulus, such as, with-
out limitation, antibiotics such as tetracycline, hormones
such as ecdysone, or heavy metals. The promoter can also be
specific to a particular cell-type, tissue or organ. Many
suitable promoters and enhancers are known 1n the art, and
any such suitable promoter or enhancer may be used for
expression of the transgenes of the invention. For example,
suitable promoters and/or enhancers can be selected from
the Eukaryotic Promoter Database (EPDB).

The vectors used 1n accordance with the present invention
should typically be chosen such that they contain a suitable
gene regulatory region, such as a promoter or enhancer, such
that the antibodies of the mnvention can be expressed.

For example, when the aim 1s to express the antibodies of
the mmvention 1n vitro, or 1n cultured cells, or 1n any pro-
karyotic or eukaryotic system for the purpose of producing
the protein(s) encoded by that antibody, then any suitable
vector can be used depending on the application. For
example, plasmids, viral vectors, bacterial vectors, protozoal
vectors, insect vectors, baculovirus expression vectors, yeast
vectors, mammalian cell vectors, and the like, can be used.
Suitable vectors can be selected by the skilled artisan taking




US RE49,037 E

23

into consideration the characteristics of the vector and the
requirements for expressing the antibodies under the 1den-
tified circumstances.

When the aim 1s to express the antibodies of the invention
in vivo 1n a subject, for example in order to generate an
immune response against an HIV-1 antigen and/or protective
immunity against HIV-1, expression vectors that are suitable
for expression on that subject, and that are safe for use 1n
vivo, should be chosen. For example, in some embodiments
it may be desired to express the antibodies of the mnvention
in a laboratory animal, such as for pre-clinical testing of the
HIV-1 immunogenic compositions and vaccines of the
invention. In other embodiments, 1t will be desirable to
express the antibodies of the invention in human subjects,
such as 1n clinical trials and for actual clinical use of the
immunogenic compositions and vaccine of the invention.
Any vectors that are suitable for such uses can be employed,
and 1t 1s well within the capabilities of the skilled artisan to
select a suitable vector. In some embodiments it may be
preferred that the vectors used for these 1n vivo applications
are attenuated to vector from amplifying in the subject. For
example, 1I plasmid vectors are used, preferably they will
lack an origin of replication that functions in the subject so
as to enhance safety for in vivo use in the subject. If viral
vectors are used, preferably they are attenuated or replica-
tion-defective in the subject, again, so as to enhance safety
for 1n vivo use in the subject.

In preferred embodiments of the present invention viral
vectors are used. Viral expression vectors are well known to
those skilled in the art and 1include, for example, viruses such
as adenoviruses, adeno-associated viruses (AAV), alphavi-
ruses, herpesviruses, retroviruses and poxviruses, including
avipox viruses, attenuated poxviruses, vaccinia viruses, and
particularly, the modified vaccimia Ankara virus (MVA;
ATCC Accession No. VR-1566). Such viruses, when used as
expression vectors are 1innately non-pathogenic in the
selected subjects such as humans or have been modified to
render them non-pathogenic 1n the selected subjects. For
example, replication-defective adenoviruses and alphavi-
ruses are well known and can be used as gene delivery
vectors.

The nucleotide sequences and vectors of the invention can
be delivered to cells, for example 1f aim 1s to express and the
HIV-1 antigens 1n cells 1n order to produce and isolate the
expressed proteins, such as from cells grown in culture. For
expressing the antibodies 1n cells any suitable transiection,
transformation, or gene delivery methods can be used. Such
methods are well known by those skilled in the art, and one
of skill in the art would readily be able to select a suitable
method depending on the nature of the nucleotide
sequences, vectors, and cell types used. For example, trans-
fection, transformation, microinjection, ifection, electropo-
ration, lipofection, or liposome-mediated delivery could be
used. Expression of the antibodies can be carried out 1n any
suitable type of host cells, such as bacterial cells, yeast,
imsect cells, and mammalian cells. The antibodies of the
invention can also be expressed using including i vitro
transcription/translation systems. All of such methods are
well known by those skilled 1n the art, and one of skill in the
art would readily be able to select a suitable method depend-
ing on the nature of the nucleotide sequences, vectors, and
cell types used.

The present invention also relates to ex vivo activation
and expansion of lymphocytes. In particular, B cells express-
ing the antibodies of the present antibody may be expanded
by binding to an antigen, such as, but not limited to, the

BG505 SOSIP.664 gp140 trimer. The amplified B cells may
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be amplified and introduced to a subject 1n need thereof. To
clicit a robust neutralizing antibody response to HIV-1, an
understanding of B-cell biology 1s required. Immunogens
must engage the appropnate naive B-cell receptors to induce
antibodies of the appropriate specificity. In addition, autore-
active B cells will be eliminated by clonal deletion, and the
process of immumzation likely must drive somatic muta-
tions that are required for aflinity maturation and develop-
ment of high-athmity antibodies with the appropriate speci-
ficity. Critical to the success of rational vaccine design is the
ability to take advantage of these factors and address the
basic aspects of B-cell development that control antibody
specificity and synthesis. For example, immunogens will
need to engage the low-aflinity germline precursors 1n a way
that facilitates the development of high-aflinity antibodies
(see, e.g., Kwong P D et al., Cold Spring Harb Perspect Med
2011; 1:a007278).

In preferred embodiments, the nucleotide sequences, anti-
bodies of the invention are administered 1n vivo, for example
where the aim 1s to produce an immunogenic response 1n a
subject. A “subject” 1n the context of the present invention
may be any animal. For example, 1n some embodiments 1t
may be desired to express the transgenes of the invention in
a laboratory animal, such as for pre-clinical testing of the
HIV-1 immunogenic compositions and vaccines of the
invention. In other embodiments, 1t will be desirable to
express the antibodies of the imnvention 1n human subjects,
such as 1n clinical trials and for actual clinical use of the
immunogenic compositions and vaccine of the mvention. In
preferred embodiments the subject 1s a human, for example
a human that 1s infected with, or 1s at risk of infection with,
HIV-1.

For such i vivo applications the nucleotide sequences,
antibodies of the invention are preferably administered as a
component of an iImmunogenic composition comprising the
nucleotide sequences and/or antigens of the invention in
admixture with a pharmaceutically acceptable carrier. The
immunogenic compositions of the invention are useful to
stimulate an 1mmune response against HIV-1 and may be
used as one or more components ol a prophylactic or
therapeutic vaccine against HIV-1 for the prevention, ame-
lioration or treatment of AIDS. The nucleic acids and vectors
of the invention are particularly usetul for providing genetic
vaccines, 1.€. vaccines for delivering the nucleic acids
encoding the antibodies of the invention to a subject, such as
a human, such that the antibodies are then expressed 1n the
subject to elicit an immune response.

The compositions of the invention may be injectable
suspensions, solutions, sprays, lyophilized powders, syrups,
clixirs and the like. Any suitable form of composition may
be used. To prepare such a composition, a nucleic acid or
vector of the invention, having the desired degree of purity,
1s mixed with one or more pharmaceutically acceptable
carriers and/or excipients. The carriers and excipients must
be “acceptable” 1n the sense of being compatible with the
other mngredients of the composition. Acceptable carriers,
excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and include, but are
not limited to, water, saline, phosphate buflered saline,
dextrose, glycerol, ethanol, or combinations thereof, bufllers
such as phosphate, citrate, and other organic acids; antioxi-
dants including ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammonium chloride; hex-
amethonium chloride; benzalkonium chloride, benzetho-
nium chloride; phenol, butyl or benzyl alcohol; alkyl para-
bens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular
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weight (less than about 10 residues) polypeptide; proteins,
such as serum albumin, gelatin, or immunoglobulins; hydro-
philic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, histidine, arginine,
or lysine; monosaccharides, disaccharides, and other carbo-
hydrates imncluding glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol,
trechalose or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/

or non-ionic surfactants such as TWEEN™, P[LURON-
ICS™ or polyethylene glycol (PEG).

An immunogenic or immunological composition can also
be formulated 1n the form of an oil-in-water emulsion. The
oil-in-water emulsion can be based, for example, on light
liquid parathn o1l (European Pharmacopea type); 1soprenoid
o1l such as squalane, squalene, EICOSANE™ or tetratetra-
contane; o1l resulting from the oligomerization of alkene(s),
¢.g., 1sobutene or decene; esters of acids or of alcohols
contaiming a linear alkyl group, such as plant oils, ethyl
oleate, propylene glycol di(caprylate/caprate), glyceryl tri
(caprylate/caprate) or propylene glycol dioleate; esters of
branched fatty acids or alcohols, e.g., 1sostearic acid esters.
The o1l advantageously 1s used in combination with emul-
sifiers to form the emulsion. The emulsifiers can be nonionic
surfactants, such as esters of sorbitan, mannide (e.g., anhy-
dromannitol oleate), glycerol, polyglycerol, propylene gly-
col, and oleic, 1sostearic, ricinoleic, or hydroxystearic acid,
which are optionally ethoxylated, and polyoxypropylene-
polyoxyethylene copolymer blocks, such as the Pluronic®
products, e.g., L121. The adjuvant can be a mixture of
emulsifier(s), micelle-forming agent, and o1l such as that
which 1s commercially available under the name Provax®
(IDEC Pharmaceuticals, San Diego, Calif.).

The mmmunogenic compositions of the ivention can
contain additional substances, such as wetting or emulsity-
ing agents, bullering agents, or adjuvants to enhance the
cellectiveness of the vaccines (Remington’s Pharmaceutical
Sciences, 18th edition, Mack Publishing Company, (ed.)
1980).

Adjuvants may also be included. Adjuvants include, but
are not limited to, mineral salts (e.g., AIK(SO,),, AINa(SQO,)
», AINH(SO,),, silica, alum, AI(OH),, Ca,(PO,),, kaolin, or
carbon), polynucleotides with or without immune stimulat-

ing complexes (ISCOMs) (e.g., CpG oligonucleotides, such
as those described i Chuang, T. H. et al, (2002) J. Leuk.

Biol. 71(3): 538-44; Ahmad-Nejad, P. et al (2002) Eur. J.
Immunol. 32(7): 1958-68; poly IC or poly AU acids, pol-
yarginine with or without CpG (also known 1n the art as
IC31; see Schellack, C. et al (2003) Proceedings of the 34"
Annual Meeting of the German Society of Immunology;
Lingnau, K. et al (2002) Vaccine 20(29-30): 3498-508),
JuvaVax™ (U.S. Pat. No. 6,693,086), certain natural sub-
stances (e.g., wax D from Mycobactertum tuberculosis,
substances found in Cornyebacterium parvum, Bordetella

pertussis, or members of the genus Brucella), flagellin
(Toll-like receptor 5 ligand; see McSorley, S. 1. et al (2002)

J. Immunol. 169(7): 3914-9), saponins such as QS21, QS17,
and QS7 (U.S. Pat. Nos. 5,057,540; 5,650,398; 6,524,584;
6,645,495), monophosphoryl lipid A, 1n particular, 3-de-O-
acylated monophosphoryl lipid A (3D-MPL), imiqumod
(also known 1n the art as IQM and commercially available
as Aldara®; U.S. Pat. Nos. 4,689,338: 5,238,944 Zuber, A.
K. et al (2004) 22(13-14): 1791-8), and the CCR3S 1nhibitor
CMPD167 (see Veazey, R. S. et al (2003) J. Exp. Med. 198:
1551-1562).

Aluminum hydroxide or phosphate (alum) are commonly
used at 0.05 to 0.1% solution in phosphate buflered saline.
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Other adjuvants that can be used, especially with DNA
vaccines, are cholera toxin, especially CTAI-DD/ISCOMs
(see Mowat, A. M. et al (2001) J. Immunol. 167(6): 3398-
405), polyphosphazenes (Allcock, H. R. (1998) App. Orga-
nometallic Chem. 12(10-11): 639-666; Payne, L. G. et al
(1993) Pharm. Biotechnol. 6: 473-93), cytokines such as, but
not limited to, IL-2, IL-4, GM-CSF, 1L-12, IL-15 IGF-1,
IFN-a, IFN-p, and IFN-y (Boyer et al., (2002) J. Liposome
Res. 121:137-142; WO01/095919), immunoregulatory pro-
temns such as CD40L (ADX40; see, for example, WO03/
063899), and the CD1a ligand of natural killer cells (also
known as CRONY or a-galactosyl ceramide; see Green, T.
D. et al, (2003) I. Virol. 77(3): 2046-20355), immunostimu-
latory fusion proteins such as I1L-2 fused to the Fc fragment
of immunoglobulins (Barouch et al., Science 290:486-492,
2000) and co-stimulatory molecules B7.1 and B7.2 (Boyer),
all of which can be administered either as proteins or in the
form of DNA, on the same expression vectors as those
encoding the antigens of the invention or on separate expres-
s10n vectors.

In an advantageous embodiment, the adjuvants may be
lecithin combined with an acrylic polymer (Adjuplex-LAP),
lecithin coated o1l droplets in an oil-in-water emulsion
(Adjuplex-LE) or lecithin and acrylic polymer 1n an oil-1n-
water emulsion (Adjuplex-LAO) (Advanced BioAdjuvants
(ABA)).

The immunogenic compositions can be designed to intro-
duce the nucleic acids or expression vectors to a desired site
of action and release 1t at an appropriate and controllable
rate. Methods of preparing controlled-release formulations
are known 1n the art. For example, controlled release prepa-
rations can be produced by the use of polymers to complex
or absorb the immunogen and/or immunogenic composition.
A controlled-release formulation can be prepared using
appropriate  macromolecules (for example, polyesters,
polyamino acids, polyvinyl, pyrrolidone, ethylenevinylac-
ctate, methylcellulose, carboxymethylcellulose, or pro-
tamine sulfate) known to provide the desired controlled
release characteristics or release profile. Another possible
method to control the duration of action by a controlled-
release preparation 1s to incorporate the active ingredients
into particles of a polymeric material such as, for example,
polyesters, polyamino acids, hydrogels, polylactic acid,
polyglycolic acid, copolymers of these acids, or ethylene
vinylacetate copolymers. Alternatively, 1nstead of 1ncorpo-
rating these active ingredients into polymeric particles, it 1s
possible to entrap these materials 1to microcapsules pre-
pared, for example, by coacervation techniques or by inter-
tacial polymerization, for example, hydroxymethylcellulose
or gelatin-microcapsule and poly-(methylmethacrylate)
microcapsule, respectively, 1n colloidal drug delivery sys-
tems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in New
Trends and Developments 1n Vaccines, Voller et al. (eds.),
University Park Press, Baltimore, Md., 1978 and Reming-
ton’s Pharmaceutical Sciences, 16th edition.

Suitable dosages of the nucleic acids and expression
vectors of the mvention (collectively, the immunogens) in
the 1mmunogenic composition of the mmvention can be
readily determined by those of skill in the art. For example,
the dosage of the immunogens can vary depending on the
route of administration and the size of the subject. Suitable
doses can be determined by those of skill in the art, for
example by measuring the immune response ol a subject,
such as a laboratory animal, using conventional immuno-
logical techmiques, and adjusting the dosages as appropriate.
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Such techniques for measuring the immune response of the
subject include but are not limited to, chromium release
assays, tetramer binding assays, IFN-y ELISPOT assays,
IL-2 ELISPOT assays, intracellular cytokine assays, and
other immunological detection assays, €.g., as detailed 1n the
text “Antibodies: A Laboratory Manual” by Ed Harlow and
David Lane.

When provided prophylactically, the immunogenic com-
positions of the invention are ideally administered to a
subject 1n advance of HIV infection, or evidence of HIV
infection, or 1 advance of any symptom due to AIDS,
especially 1 high-risk subjects. The prophylactic adminis-
tration of the immunogenic compositions can serve to pro-
vide protective immunity of a subject against HIV-1 infec-
tion or to prevent or attenuate the progression of AIDS 1n a
subject already infected with HIV-1. When provided thera-
peutically, the immunogenic compositions can serve to
ameliorate and treat AIDS symptoms and are advanta-
geously used as soon after infection as possible, preferably
before appearance of any symptoms of AIDS but may also
be used at (or after) the onset of the disease symptoms.

The immunogenic compositions can be administered
using any suitable delivery method including, but not lim-
ited to, intramuscular, intravenous, intradermal, mucosal,
and topical delivery. Such techniques are well known to
those of skill in the art. More specific examples of delivery
methods are intramuscular 1njection, intradermal 1njection,
and subcutaneous 1njection. However, delivery need not be
limited to imjection methods. Further, delivery of DNA to
amimal tissue has been achieved by cationic liposomes

(Watanabe et al., (1994) Mol. Reprod. Dev. 38:268-274; and
WO 96/20013), direct injection of naked DNA into animal
muscle tissue (Robinson et al., (1993) Vaccine 11:957-960;
Hoflman et al., (1994) Vaccine 12: 1529-1533; Xiang et al.,
(1994) Virology 199: 132-140; Webster et al., (1994) Vac-
cine 12: 1495-1498; Davis et al., (1994) Vaccine 12: 13503-
1509; and Davis et al., (1993) Hum. Mol. Gen. 2: 1847-
1831), or mtradermal injection of DNA using “gene gun”
technology (Johnston et al., (1994) Meth. Cell Biol. 43:353-
363). Alternatively, delivery routes can be oral, intranasal or
by any other suitable route. Delivery also be accomplished
via a mucosal surface such as the anal, vaginal or oral
mucosa.

Immunization schedules (or regimens) are well known for
amimals (including humans) and can be readily determined
for the particular subject and 1mmunogenic composition.
Hence, the immunogens can be administered one or more
times to the subject. Preferably, there 1s a set time interval
between separate administrations of the immunogenic com-
position. While this interval varies for every subject, typi-
cally 1t ranges from 10 days to several weeks, and 1s often
2,4, 6 or 8 weeks. For humans, the interval 1s typically from
2 to 6 weeks. The immunization regimes typically have from
1 to 6 administrations of the immunogenic composition, but
may have as few as one or two or four. The methods of
inducing an immune response can also imnclude administra-
tion of an adjuvant with the immunogens. In some 1nstances,
annual, biannual or other long interval (5-10 years) booster
immunization can supplement the nitial immunization pro-
tocol.

The present methods also include a variety of prime-boost
regimens, for example DNA prime-Adenovirus boost regi-
mens. In these methods, one or more priming immunizations
are followed by one or more boosting immunizations. The
actual immunogenic composition can be the same or difler-
ent for each immunization and the type of immunogenic
composition (e.g., containing protein or expression vector),
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the route, and formulation of the immunogens can also be
varied. For example, 11 an expression vector 1s used for the
priming and boosting steps, it can either be of the same or
different type (e.g., DNA or bactenial or viral expression
vector). One useful prime-boost regimen provides for two
priming immunizations, four weeks apart, followed by two
boosting i1mmunizations at 4 and 8 weeks after the last
priming immunization. It should also be readily apparent to
one of skill in the art that there are several permutations and
combinations that are encompassed using the DNA, bacte-
rial and viral expression vectors of the invention to provide
priming and boosting regimens.

A specific embodiment of the invention provides methods
of inducing an immune response against HIV 1n a subject by
administering an immunogenic composition of the inven-
tion, preferably comprising an adenovirus vector containing
DNA encoding one or more of the epitopes of the invention,
one or more times to a subject wherein the epitopes are
expressed at a level suflicient to mnduce a specific immune
response 1n the subject. Such immunizations can be repeated
multiple times at time intervals of at least 2, 4 or 6 weeks (or
more) 1 accordance with a desired immunization regime.

The immunogenic compositions of the invention can be
administered alone, or can be co-administered, or sequen-
tially administered, with other HIV immunogens and/or HIV
Immunogenic compositions, €.g., with “other” immunologi-
cal, antigenic or vaccine or therapeutic compositions thereby
providing multivalent or “cocktail” or combination compo-
sitions of the mvention and methods of employing them.
Again, the ingredients and manner (sequential or co-admin-
istration) of administration, as well as dosages can be
determined taking into consideration such factors as the age,
sex, weight, species and condition of the particular subject,
and the route of administration.

When used in combination, the other HIV immunogens
can be administered at the same time or at different times as
part of an overall immunization regime, €.g., as part of a
prime-boost regimen or other immumzation protocol. In an
advantageous embodiment, the other HIV immunogen 1is
env, preferably the HIV env trimer.

Many other HIV immunogens are known 1n the art, one
such preferred immunogen 1s HIVA (described in WO
01/47955), which can be administered as a protein, on a
plasmid (e.g., pTHr.HIVA) or 1n a viral vector (e.g., MVA-
HIVA). Another such HIV mmmunogen 1s RENTA (de-
scribed in PCT/US2004/03°7699), which can also be admin-
istered as a protein, on a plasmid (e.g., pTHr. RENTA) or 1n
a viral vector (e.g., MVA.RENTA).

For example, one method of inducing an immune
response against HIV 1n a human subject may comprise
administering at least one priming dose of an HIV immu-
nogen and at least one boosting dose of an HIV immunogen,
wherein the immunogen in each dose can be the same or
different, provided that at least one of the immunogens 1s an
epitope of the present invention, a nucleic acid encoding an
epitope of the invention or an expression vector, preferably
a VSV vector, encoding an epitope of the invention, and
wherein the immunogens are administered 1n an amount or
expressed at a level suflicient to induce an HIV-specific
immune response 1n the subject. The HIV-specific immune
response can include an HIV-specific T-cell immune
response or an HIV-specific B-cell immune response. Such
immunizations can be done at intervals, preferably of at least
2-6 or more weeks.

Although the present invention and 1ts advantages have
been described in detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
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without departing from the spirit and scope of the mnvention
as defined 1n the appended claims.

The present mvention will be further illustrated in the
following Examples which are given for illustration pur-
poses only and are not intended to limait the invention in any
way.

EXAMPLES

Example 1

A Recombinant HIV Envelope Trimer Selects for
Quaternary-Dependent Antibodies Targeting the
Trimer Apex

Broadly neutralizing antibodies (bnAbs) targeting the
trimer apex of HIV envelope (Env) are favored candidates
for vaccine design and immunotherapy because of their
great neutralization breadth and potency. Methods to 1solate
bnAbs against this site, however, have been limited due to
the quaternary nature of the epitope region. Here Applicants
report the use of a recombinant HIV envelope trimer, BG5035
SOSIP.664 gpl140, as an aflinity reagent to 1solate quater-
nary-dependent bnAbs from the PBMCs of a chronically
infected donor. The new bnAbs, named PGDM1400-1412,
show a wide range of neutralization breadth and potency.
One of these vanants, PGDM1400, 1s exceptionally broad
and potent with cross-clade neutralization coverage of 83%
at a median IC., of 0.003 pg/mlL. Overall, Applicants’
results highlight the utility of BG305 SOSIP.664 gp140 as a
tool for the 1solation of quaternary-dependent antibodies and
reveal a mosaic of antibody responses against the trimer
apex within a clonal family.

Despite the high antigenic diversity of HIV envelope
(Env), broadly neutralizing antibodies (bnAbs) have 1denti-
fied conserved regions that serve as targets for vaccine
design. One of these regions 1s located at the apex of the
trimer and 1s only fully expressed in the context of the
correctly folded trimer. This work describes the 1solation of
novel bnAbs that target the trimer apex using a recombinant
native-like Env trimer as an aflinity reagent to sort specific
antibody-producing cells. Characterization of these antibod-
1ies reveals a highly diverse antibody response against the
trimer apex and provides molecular information that will be
useful 1 the design of immunogens to elicit bnAbs to the
apex region of Env.

Multiple methods have been developed to 1solate HIV
broadly neutralizing antibodies (bnAbs) (1-12). Hybridoma
and phage display techniques were used to 1solate the first
generation of bnAbs including b12, 2F5, 2G12, 4E10 and
713 (13-20). These antibodies exhibit a range of neutraliza-
tion breadth against primary isolates from 30-90%, but have
moderate neutralization potency (median IC., of ~2-4
ug/mL). Access to mfected donors who have high serum
titers of bnAbs (21, 22) and the availability of newer
approaches for 1solating human mAbs have recently enabled
the discovery of a new generation of more potent bnAbs
(1-4, 6-8).

One of the newer approaches involves the sorting and
activation of large numbers of memory B cells using cyto-
kine-secreting feeder cells and the subsequent high-through-

put screening ol supernatants for neutralization. This
method led to the identification and characterization of the
first of the new generation of bnAbs, PG9 and PG16 (1), and
has since revealed several new sites of vulnerability to bnAb
recognition on Env (1-4, 6, 7). An alternative method for
bnAb 1solation involves the use of soluble Env molecules or
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scaflold proteins as baits to select single IgG+ memory B
cells of interest by cell sorting (6, 8, 9, 23, 24). Soluble baits
have not, however, been successiul at i1solating antibody
responses targeting quaternary epitopes, including the
trimer-apex site surrounding the N160 glycan, as the protein
constructs used to date have not properly mimicked native
Env trimers. To address this problem, GFP-labeled 293T
cells that express cell surface Env for sorting, called GFP-
293T7%", were used recently to isolate antibodies 3BC176
and 3BC315 (10, 25). These antibodies do not bind soluble
monomeric gpl120 but do bind Env trimer, demonstrating the
utility of the approach, but the method was described to be
inefhicient compared to the use of soluble protein baits (10,
25).

The favorable antigenic profile of the soluble BGS505
SOSIP.664 gpl140 trimer opens the possibility of 1ts use for
1solating quaternary-specific antibodies by single-cell sort-
ing (26). To this end, Applicants used BG505 SOSIP.664
op140 to select for memory B cells from a donor from whom
Applicants previously 1solated the trimer-specific bnAbs
PGT141-145 (3, 21). Applicants describe the 1solation of
novel somatic variants that are highly divergent from the
PGT145 antibody family and display a range of neutraliza-
tion breadth and potency, with some being more broad and
potent than the previously described PGT145 family mem-
bers. Overall, the results reveal a mosaic of antibody
responses against the trimer-apex site of vulnerability that
have important implications for immunogen design 1n gen-
cral, as well as for the future optimization of BGS05
SOSIP.664 and related native-like trimers as vaccine candi-
dates.

Isolation of PGT145 Antibody Vanants by Single-Cell
Sorting. A variant of the BG505 SOSIP.664 gpl140 trimer
(26) bearing an Avi-tag sequence at the C-terminus was
designed for site-specific biotinylation (BG505 SOSIP.664-
AviB) and subsequent conjugation to streptavidin-fluoro-
phores. After confirming that antigenicity was not aflfected
tollowing biotinylation (FIG. 5), Applicants used the BG305
SOSIP.664-AviB protein as bait to capture antigen-specific
memory B cells from the PBMCs of IAVI Protocol G donor
84, who 1s the elite neutralizer from whom the bnAbs
PGT141-145 were 1solated (3). The PBMCs were from the
same time point used for 1solation of PGT141-145. As for
previously established methods (6, 8), Applicants first
excluded unwanted cell populations (CD3-/CD8-/CD14-)
followed by positive selection for IgG memory B cells
(CD19+/CD20+/1gG+/IgM~/1gD-). The memory popula-
tion was simultaneously sorted for binding to BGS505
SOSIP.664-AviB and lack of binding to biotinylated mono-
meric JR-CSF gpl20 (JR-CSF gpl120-AviB) (FIG. 1A).
JR-CSF gpl120 was included as a negative bait to select
against antibodies binding non-functional trimers or mono-
mers and was used 1n place of monomeric BG505 gpl120
because this latter construct has been shown to bind to some
quaternary trimer-apex prelerring antibodies to some
degree, specifically PG9 (26). The cells of interest were
singly sorted into lysis bufler, and mRNA was reverse
transcribed and amplified by single-cell polymerase chain
reaction (PCR) to generate immunoglobulin G (IgG) heavy
and light chain V genes (Table S2) (6, 27).

On average, one vial of 10 million PBMCs yielded
approximately 100 cells that bound to BG305 SOSIP.664-
AviB but not to JR-CSF gpl20-AviB. From two wvials,
Applicants were able to obtain a total of 62 (31% recovery)
heavy and 158 (83% recovery) kappa chain sequences (FIG.
1B). As shown 1 FIG. 1B, Applicants’ sorting strategy
strongly enriched for B cells that closely mimic PGT141-
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145 (42% of the 1solated heavy chain repertoire) 1n that they
have extraordinarily long CDRH3s (33-34aa) and a mutation
frequency of 21-27% from the V,1-8 germline gene and
11-22% from the V 2-28 germline gene (FIG. 1C and FIG.
1D and FIG. 6). While Applicants were also able to 1solate
antibodies deriving from other germline genes, Applicants
chose to focus exclusively on those from the V,1-8 gene
with long CDRH3s.

Although Applicants noted considerable enrichment for
PGT141-145-like heavy and light chain sequences, Appli-
cants chose to clone and characterize only those sequences
tor which Applicants were able to amplily a heavy and light
chain pair. Thus from 26 heavy chain and 35 light chain
sequences, Applicants obtained 13 new somatic variants of
the PGT145 antibody family that Applicants have named
PGDM1400-1412 (FIG. 6). The new variants are highly
divergent from the previously 1solated PGT141-145 anti-
bodies; they are only 49-67% similar by amino acid
sequence (FIG. 7), but nevertheless are members of this
tamily as judged by gene usage, CDRH3 length and CDRH?3
sequence (FIG. 6). Interestingly, the somatic variants
PGDM1403-1407 and PGDM1409-1412 appear to have
developed nsertions and deletions (indels) that are not
present in the other somatic variants (FIG. 6). The sequences
segregate 1nto distinct clusters based on the overall sequence
identity (FIG. 7), which 1s also evident when represented as
phylogenetic trees for both heavy chain (FIG. 2A) and light
chain (FIG. 2B). To corroborate their findings, Applicants
were able to identily similar sequences i a previously
published next-generation sequencing data set from the
same donor for both heavy and light chain variants (FIG. 8)
(28).

New Somatic Variants from the PGT145 Antibody Family
Vary 1n their Neutralization Breadth and Potency. The new
somatic variants PGDM1400-PGDM1406 were next tested
on a cross-clade 77-pseudovirus panel and the neutralization
breadths and median IC., values are presented by clade
(FIG. 2C and FI1G. 9). PG9 and the somatic variants PGT145
and PGT143 were included for comparison. Strikingly,
despite sharing similar long CDRH3s and mutation frequen-
cies, the new vanants display a wide range of both neutral-
1zation breadth, from 83% to 6% coverage (IC., cut-off of 2
ug/mL due to low production of some variants), and potency,
from 0.003 to 0.173 pg/mL 1n median IC.,. These results
highlight the enormous range of neutralization breadth and
potency that can be observed 1n a single family of related
nAbs from a single donor.

Somatic Variant PGDM1400 1s More Broad and Potent
than Previously Reported bnAbs. Among the somatic vari-
ants characterized, the bnAb PGDM1400 stood out as hav-
ing particularly broad and exceptionally potent neutraliza-
tion activity. For a better comparison with previously
described bnAbs, Applicants measured neutralization
breadth and potency on a 106-virus panel (FIG. 9) and
calculated neutralization breadth at different 1C., cut-oils
(FIG. 3A). These analyses confirmed that PGDM1400 1s
exceptionally potent; 1ts median IC., of 0.003 ug/mL 1s
markedly superior to PGT121 (3), PGT128 (3) or PGT151
(11, 12), which are among the most potent bnAbs described
to date (FIG. 3A). Furthermore, PGDM1400 also possesses
high neutralization breadth with 83% coverage (F1G. 3A). In
addition, the combined neutralization coverage of
PGDM1400 with PGT121 reaches an extremely high neu-
tralization breadth and potency with 98% breadth at a
median 1C., of 0.007 ug/mlL, demonstrating the protective
potential of a vaccine designed to elicit antibodies against
two epitopes (FIG. 3A). Finally, given the mncomplete neu-
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tralization noted for other trimer-dependent antibodies like
PGT151 and PG9, Applicants evaluated the maximum per-
cent neutralization (MPN) of PGDM1400 1n comparison to
PGT121, PGT151, PGY, and 12A12. The results show that
PGDM1400 exhibits complete neutralization for more
viruses than PGT131 and 1s comparable to MPN levels of
PGTI121 (FIG. 10).

Applicants next wanted to compare possible structural
differences between PGDM1400 and the previously 1solated
somatic variant PGT145 (3, 29). The structure of the
PGDM1400 Fab determined at 3.1 A resolution revealed
that the 34-residue CDRH3 protrudes approximately 25 A
above the other residues and adopts an extended [3-hairpin
conformation similar to the CDRH3 of PGT145 (FIG. 3B)
(29). CDR loops L1 and H2 appear to play a critical role 1n
stabilizing the base of the elongated CDRH3 through an
extensive network of H-bonding interactions (FIG. 3B).
Sulfation 1s clearly observed in the electron density map for
tyrosine at position 100F (Tys100F) (FIG. 3B). Unlike
PGT145, which has two sulfated tyrosines exposed to sol-
vent at the tip of the Q-hairpin, sulfated Tysl100F in
PGDM1400 makes salt bridge interactions with Argl00A,
evidently providing internal stability to the kinked p-hairpin
structure (FIG. 3B). Amajor diflerence between PGDM1400
and PGT145 residues occurs at the tip of the CDRH3 1n the
100G to 100R residue range, where only two out of 12
residues are 1dentical. A triad of aspartic acid residues
provides a highly amionic potential to the tip of the
PGDM1400 CDRH3 (FIG. 3C), which likely interacts with
cationic residues in the gp120 V1/V2, as seen for PG9 and
PG16 (29, 30). The 2D-class averages of the PGDM1400
Fab-BG505 SOSIP gpl40 trimer complex obtained by
single-particle negative-stain electron microscopy revealed
that only a single Fab 1s bound at the trimer apex and binds
predominantly along the 3-fold axis compared to the shal-

lower binding angle described for PG9 (FIG. 3D).
PGDM1400, like other trimer-apex targeted bnAbs, such as
PG9 (31) and CAP256-VRC26 (2), therefore targets the Env
trimer with a stoichiometry of 1. Uncovering the atomic
details of this interaction will be illuminating to decipher
why PGDMI1400 has such exceptional neutralization
potency and breadth.

Despite Differences in Neutralization Activity, New
Somatic Variants Recognize a Similar Epitope. Considering
the range of neutralization breadth and potency and the large
sequence divergence between these clusters of somatic
variants, Applicants next determined whether they all bound
to the same Env region. First, Applicants tested binding to
BG505 SOSIP-AviB by ELISA and found that all the
somatic variants bound with varying athnities and that this

binding was sensitive to the presence of particular glyco-
tforms (FIG. 4A). Strikingly, despite binding to BG305

SOSIP-AviB by ELISA (FIG. 4A) and to cell surface BG505
Env (FIG. 11), some of the new somatic variants did not
neutralize the pseudovirus (FIG. 11), suggesting there may
be a subset of functional Env on virions that are not targeted
by these somatic variants. To determine 1f the variants are
still quaternary-specific, Applicants then tested binding to
monomeric gpl20. With one exception, PGDM1401, the
somatic variants failed to bind to monomeric BG305 gp120
derived from lysed virions (Iv_gpl120) (FIG. 4A) or made as

a recombinant protein 1 293F cells (r_gpl120) (FIG. 4A).
This trimer binding preference was further corroborated for
other 1solates (FIG. 4B). Hence, Applicants conclude that
the somatic variants, regardless ol neutralization breadth,
have a strong or absolute preference for Env trimers over
opl20 monomers.
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To turther probe the epitopes of the new somatic variants,
Applicants performed competition ELISAs and confirmed
that all the somatic vaniants competed strongly with one
another, except for PGDM 1406, which did not compete with
any of the tested antibodies (FIG 4C) It 15 posmble that this
antibody has a trimer binding aflinity that i1s too weak to
compete with the other somatic vanants (FIG. 4A). When
the most broad and potent somatic variants, PGDM1400 and
PGDM1401, were also tested against a wider range of
bnAbs, they competed only with those targeting the trimer-
apex glycan epitope (FIG. 4C). Finally, as described for
PGT141-145, Applicants confirmed that all of the new
somatic variants are dependent on the N160 glycan for
neutralization and showed reduced potency or loss of neu-
tralization against pseudoviruses produced 1n the presence of
kifunensine (FIG. 4D). Hence, despite differences in their
neutralization activity, the overall data pattern strongly sug-
gests that all somatic variants bind to the trimer-apex glycan
epitope. Because of their N-linked glycan-dependency,
Applicants also tested these new somatic variants for autore-
activity in a HEp2 assay (FIG. 12). With the exception of
PGDM1401, none showed evidence of autoreactivity.

Less Broadly Neutralizing Variants have Diflerent Bind-
ing Kinetics than Broadly Neutralizing Variants. To test for
possible explanations for neutralization diflerences observed
between broadly neutralizing and non-broadly neutralizing
variants, Applicants performed kinetic binding experiments
by Octet (FIG. 4E and FIG. 13). Despite differences in
neutralization of BG505 pseudovirus (FIG. 11), the results
confirmed binding of both broadly neutralizing (PGT145
and PGDMI1400) and non-broadly  neutralizing
(PGDM1403) antibodies to the BG305 SOSIP.664-AviB
construct (FIG. 4E). Interestingly, although these three anti-
bodies show similar overall binding aflinities, Applicants
measured a faster off-rate for PGDMI1403 compared to
PGT145 and PGDM1400. These diflerences in binding
kinetics may play a role in differences observed in the
neutralization of the BG505 1solate (32).

Broadly neutralizing antibodies are critical for revealing
sites of vulnerability on HIV Env, especially in the context
of vaccine design. Indeed, a finite number of these sites have
been 1dentified and 1t 1s becoming apparent that subtle
differences 1n epitope recognition define an antibody’s neu-
tralization breadth and potency (33, 34, 35, 36). The results
outlined here now present a clear example of fine epitope
specificity for the trimer-apex glycan epitope with somatic
variants deriving from a common ancestor that yield neu-
tralizing antibodies with breadths that range from excep-
tional (PGDM1400, 83%) to very limited (PGDM1406,
6%). The neutralization properties of PGDM1400 and espe-
cially the combination of PGDM1400 with PGT121 also
highlight 1ts potential for delivery as a therapeutic antibody.

Applicants and others have shown positive correlations
between the level of somatic hypermutation and neutraliza-
tion breadth in a number of cases (2, 37, 38). Strikingly, in
this case, there 1s little correlation between the breadth of
antibody neutralization and the degree of somatic hypermus-
tation (SHM) among the somatic vanants described (FIG. 2
and FIG. 6). The two somatic variants PGDM1400 and
PGDM1406, for example, show similar mutation levels
from germline, but show demonstrably different neutraliza-
tion profiles for breadth and potency. It would appear that
they have undergone maturation along diflerent pathways.
The maturation of PGDM1400 towards great breadth of
neutralization 1s understandable 1f the antibody 1s mutating,
in response to neutralization escape variants and maintains
positive mteractions with conserved regions while accom-
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modating potentially obstructive variable regions (37),
PGDM1406, on the other hand, likely diverged early from
PGDM1400 during athnity maturation in response to escape
and at some point responded to a particular virus 1n a way
that lost breadth; this antigen must be distinct from classical
HIV viral debris because PGDM1406 remains quaternary-
specific. Indeed, such a loss of neutralization breadth over
the course of infection has also been described previously in
the evolution of trimer-apex bnAbs (2).

Overall, these results suggest that antibodies take some-
thing of a “random walk” in response to natural infection
that can lead either to great breadth of neutralization pr to
very limited neutralization. Guiding antibody evolution in
the right direction through vaccination may be very diflicult
through simple mimicry of natural infection: one may need
to take a more reductionist approach in which clearly
defined stages along the maturation pathway are targeted
through the design of specific immunogens and proceed
along a more caretully planned route.

The antibodies described here represent the first time that
a soluble trimeric Env molecule (BG505 SOSIP.664 gp140)
has been used to select quaternary-specific antibodies. Strik-
ingly, antigen sorting with BG505 SOSIP.664 gp140 appears
more effective than B cell culturing methods both 1n recov-
ering higher numbers of bnAbs and also in recovering
bnAbs with greater potency. This difference 1s likely due to
the limitations of each approach: antigen sorting 1s limited
by aflinity to antigen, while B cell culturing methods are
limited by the capacity of memory B cells to secrete sutli-
cient antibody concentrations for functional assays. Indeed,
Applicants have seen wide variability i the expression
levels of these somatic variants as recombinant antibodies.
Low-expression antibodies would likely be missed during
screening following B cell culturing methods. In contrast,
these same somatic variants can be recovered by antigen
sorting provided they have suflicient aflinity for the BG505
SOSIP.664 gp140 antigen bait. In addition to 1solating new
bnAbs to the trimer apex, BG505 SOSIP.664 gpl40 can
potentially be used to 1solate bnAbs targeting other quater-
nary epitopes (11, 12, 39). Indeed, quaternary epitopes have
been described as a major response among elite neutralizers
of various cohorts, but 30-50% of these responses are not
confirmed to target the trimer apex (21, 40, 41). The 1sola-
tion of new bnAbs to fully define old and new broadly
neutralizing epitopes may continue to facilitate HIV vaccine
design eflorts.

Single-Cell Sorting by Flow Cytometry. Sorting was
performed as described previously (6, 27). In brief, donor
PBMCs were stained with primary tluorophore-conjugated

antibodies to human CD3, CDS8, CDI14, CD19, CD20,
CD27, IgG and IgM (BD Pharmigen) and 50 nM of BG305
SOSIP-AviB and 350 nM of JR-CSF gpl120-AviB coupled to
Streptavidin-PE and Streptavidin-APC (Life Technologies)
in equimolar ratios, respectively. Staining was performed for
1 hat4®° C. 1n PBS with 1 mM EDTA and 1% FBS. In their
gating strategy, Applicants first excluded unwanted cell
populations (CD3—/CD8-/CD14-) followed by selection on
BG505 SOSIP-Avi specific memory B cells (CD19+/
CD20+/1gG+/I1gM—-/BG505 SOSIP.664+/JR-CSF gpl120-).
Cells of interest were single-cell sorted 1nto 96 well plates
containing lysis bufler on a BD FACSAna III sorter and
immediately stored at —-80° C. (6, 27).

Pseudovirus Production and Neutralization Assays. To
produce pseudoviruses, plasmids encoding Env were co-
transiected with an Env-deficient genomic backbone plas-
mid (pSG3AEnv) 1n a 1:2 ratio with the transfection reagent
Fugene 6 (Promega). Pseudoviruses were harvested 72 h
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post transfection for use in neutralization assays. Neutraliz-
ing activity was assessed using a single round of replication
pseudovirus assay and TZM-bl target cells, as described
previously (3, 42). Kifunensine-treated pseudoviruses were
produced by treating 29371 cells with 25 uM kifunensine
(TOSCO) on the day of transiection.
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Example 2

Supporting Information

Antibody Nomenclature. The previously 1solated PGT
antibodies from the Protocol G cohort were 1solated through
Theraclone screening, and thus were named “PGT.” To
distinguish between antibodies 1solated from Theraclone (by
B-cell culture) and antibodies isolated by investigators of
this study (by antigen selection), Applicants have named the
newly i1solated variants “PGDM.” Applicants start the series
with “14” to indicate that they are related to the PGT140
series, but Applicants have added an extra digit to the end of
the name because Applicants have >10 antibodies. The
somatic variants therefore are named PGDM1400-1412.

Human Specimens. PBMCs were obtained from donor
84, an HIV-1-infected donor from the IAVI Protocol G
cohort (1). All human samples were collected with written
informed consent under climical protocols approved by the
Republic of Rwanda National Ethics Commuttee, the Emory
University Institutional Review Board, the University of
Zambia Research Fthics Committee, the Charing Cross
Research Ethics Committee, the Uganda Virus Research
Institute Science and Ethics Committee, the University of
New South Wales Research Fthics Commuittee, St. Vincent’s
Hospital and Eastern Sydney Area Health Service, Kenyatta
National Hospital Ethics and Research Committee, Univer-
sity of Cape Town Research Ethics Committee, the Inter-
national Institutional Review Board, the Mahidol University
Ethics Committee, the Walter Reed Army Institute of
Research Institutional Review Board, and the Ivory Coast
Comité National d’Ethique des Sciences de la Vie et de la
Sante.

Data and Materials Availability. Gene sequences of the
reported antibodies have been deposited in GenBank under
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the accession numbers KP006370-KP006382 for heavy-
chain sequences and KP006383-KP006395 for kappa-chain
sequences.

Construct Design. For this study, a variant of the recom-
binant envelope protein BG505 SOSIP.664 gp140 trimer (2)
bearing an avi tag at the C terminus of the gp41 ectodomain
(gp41ECTO) was made by adding the amino acid sequence
GSGLNDIFEAQKIEWHE (SEQ ID NO: 27) after residue
664 1 gp4lECTO and preceding the stop codon. This
protein 1s designated “SOSIP.664-Avi gp140.” A monomeric
BG505 gpl20 with a sequence identical to the gpl20
components of the gp140 trimer also was constructed with
an avi tag, designated “BG5035-av1” and includes the L111A
substitution to decrease gpl20 dimer formation (3, 4).
BG505 SOSIP.664 containing a polyhistidine tag (BGS05
SOSIP.664-His gp140) was used as described previously (2).

Recombinant Env Trimer Expression. The recombinant
envelope proteins BG505 SOSIP.664-avi gpl140, BG305
SOSIP.664-His gpl40, and BG505-avi gpl20 were
expressed in HEK293F cells (Invitrogen) as described pre-
viously (2). Briefly, HEK293F cells were maintained in
FreeStyle medium (Invitrogen). For gpl140 trimer produc-
tion, HEK293F cells were seeded at a density of 0.5x10°/
mL. After 24 h, cells were transtected with 1 mg of 293Fec-
tin (Invitrogen) with 300 ug of Env plasmid and 75 ug of
furin plasmid 1n Opti-MEM (Life Technologies) according
to the manufacturer’s protocol. Kifunensine-treated proteins
were produced by adding kifunensine (Tocris) to HEK293F
cells at a final concentration of 25 uM on the day of
transiection. Cultur supernatants were harvested 6-7 d after
transiection. SDS/PAGE and Blue Native-PAGE were per-
formed as described previously (2).

Recombinant Env  Trimer Purification. BGS505
SOSIP.664-avi gpl40 and BG505 SOSIP.664-His gpl40
were purified by aflimity chromatography using a 2G12
column as described previously (2). BG505-avi gpl120 pro-
teins were purified using a Galanthus nivalis lectin (Vector
Labs) column (2). Briefly, transiection supernatants were
vacuum-iiltered through 0.2-um filters and then passed over
the column at a 0.5-1 mL/min flow rate. The 2G12 column
was made from cyanogen bromide-activated Sepharose 4B
beads (GE Healthcare) coupled to the bnAb 2G12 (Polymun
Sciences). Purification using this column was performed as
follows: The beads were washed with two column volumes
of butler [0.5 M NaC(Cl, 20 mM Tris (pH 8.0)] before eluting
bound Env proteins using one column volume of 3 M Mg(Cl,
into one column volume of 75 mM NaCl, 10 mM Trs (pH
8.0). The eluted Env proteins were concentrated using
Vivaspin columns with a 100-kDa cut off (GE Healthcare).
The athnity-purified Env proteins were purified further to
s1ze homogeneity using size exclusion chromatography on a
Superose 6 10/300 GL column (GE Healthcare) in PBS. The
trimer Iractions were collected and pooled, and protein
concentrations were determined using either a bicinchonic
acid-based assay (Thermo Scientific) or UV280 absorbance
using theoretical extinction coeflicients (5). The Env pro-
teins were biotinylated in vitro using the BirA enzyme
(Aviditiy) according to the manufacturer’s protocol.

ELISA for Monomeric and Trimeric BG305 Env Proteins.
ELISAs were performed as described previously (2) with
minor modifications. Microlon 96-well plates (Corning)
were coated overmght with streptavidin (Thermo Scientific),
anti-biotin antibody (Roche), or anti-His antibody (Thermo
Scientific) at 2.5 ug/mL i PBS (50 ut, per well). After
washing and blocking with 3% BSA for 1 h at room
temperature, biotinylated BG505 SOSIP.664-Avi gpl140,
BG505 SOSIP.664-His gp140, or BG305-avi gpl20 proteins
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were added at 1 ug/mL mm PBS/1% BSA for 2 h at 37° C.
Unbound Env proteins were washed away, and serially
diluted mAbs 1n PBS/1% BSA then were added for 2 h at

room temperature. Unbound mAbs were washed away, and
alkaline phosphataselabeled goat anti-human IgG (Jackson 2
ImmunoResearch) was added for 1 h at a 1:1,000 dilution
(final concentration 0.33 ug/mL) 1n PBS/1% BSA at room
temperature. After washing, absorption was measured at 405
nm. For binding to gpl20 extracted from lysed virions,
plates were coated with 5 ng/ulL of sheep D7324 anti-gp120
antibody (Aalto Bioreagents). Virus supernatants were lysed
using a final concentration of 1% Nonidet P-40 and incu-
bated on coated plates for 2 h at 37° C. Detection was
measured using goat anti-human IgG F(ab'), conjugated to
alkaline phosphatase (Pierce). Antibody concentration was
calculated by linear regression using a standard concentra-
tion curve of purified IgG protein.

Competition ELISA. For competition ELISA experi-
ments, competing antibodies were biotinylated using an 20
antibody biotinylation kit (Thermo Scientific). Plates were
coated with an anti-His antibody (Roche) at 5 ng/ml over-
night. After washing, plates were blocked with 3% BSA for
1 h at room temperature. BG5035 SOSIP.664-His gp120 then
was captured at 2.5 ug/mL 1 PBS (50 ulL. per well) for 2 h 25
at 37° C. After washing, serially diluted antibodies in
PBS/1% BSA were added for 30 min. The biotinylated

antibody was added at a constant EC70 concentration for 1
h. Plates were washed, and detection was measured using,
alkaline phosphatase-conjugated streptavidin (Pierce) at 1:1,

000 for 1 h at room temperature. Absorption was measured
at 405 nm.

Flow Cytometry Staiming of WEHI B-Cell Lines. Previ-
ously described mouse B-cell WEHI cell lines (6), which
express cell-surface bnAbs, were used 1n flow cytometric
binding assays to evaluate the antigenicity of BGS5035
SOSIP-AviB trimers. The bnAb expressing cells were
induced by overnight incubation with doxycycline (1
ug/ml) as described previously (6). Cells (1x10°) were aq
stained simultaneously with 50 nM of BG505 SOSIP-AviB
conjugated to streptavidin-PE (Invitrogen) and 50 nM of

JRCSF gpl120-AviB conjugated to streptavidin-APC (Invit-
rogen). Staining was performed 1n a final volume of 100 uL
at 4° C. 1n 1xPBS with 1 mM EDTA and 1% FBS, before 45
washing and was analyzed on a BD LSR II FACS machine.
Single B-Cell RT-PCR, Gene Amplification, and Cloning.
Reverse transcription and subsequent PCR amplification
of heavy- and light-chain variable genes were performed
according to previous protocols (7, 8). All PCR reactions 50
were performed 1 a 25-ul volume with 2.5 ulL of cDNA
transcript using HotStar Tag DNA polymerase master mix
(Qiagen). Previous primer mixes were supplemented with
additional specific VHI1-8 primers and VK2-28 primers:
heavy-chain PCR 1 (ATGGACTGGATTTGGAGGAT) 55
(SEQ ID NO: 28), heavy-chain PCR 2 (ATGGACTGGAT-
TTGGAGGATCCTCTTCTTGG) (SEQ ID NO: 29), kappa-
chain PCR 1 (ATGAGGCTCCCTGCTGC-
CATCCTGGGGCTGCTAATGC) (SEQ ID NO: 30), and
kappa-chain PCR 2 60
(GCTCCTGGGGCTGCTAATGCTCTGGGTCTCTGG)
(SEQ ID NO: 31). Amplified IgG heavy- and light-chain
variable regions were sequenced and analyzed using the
international ImMunoGeneTics information system (IMGT)
V-quest webserver (www.IMGT.org) (9). Wells for which 65
heavy-chain (VHI1-8 gene) and light-chain (VK2-28)
sequences were deemed productive rearrangements by
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IMGT analysis were selected for cloning into corresponding
Igvl, Igk, and IgA expression vectors as previously
described (7).

Antibody Production. Heavy- and light-chain plasmids
were cotransiected (1:1 ratio) in either HEK 293T or 293
FreeStyle cells using Fugene 6 (Promega) or 293fectin
(Invitrogen), respectively. Transfections were performed
according to the manufacturer’s protocol, and antibody
supernatants were harvested 4 d after transfection. Antibod-
ies produced 1n 29371 cells were quantified by ELISA and
used directly 1n neutralization assays. Antibodies produced
in 293 freestyle cells were purified over a protein A column
as described previously (10).

Cell Surface-Binding Assays. Titrating amounts of mAbs
were added to HIV-1 Env-transiected 29371 cells and were
incubated for 1 h at 4° C. 1n 1xPBS. After washing, cells
were fixed with 2% paraformaldehyde (PolySciences) for 20
min at room temperature. The cells then were washed and
stained with a 1:200 dilution of PE-conjugated goat anti-
human IgG F(ab'), (Jackson) for 1 h at room temperature.
Binding was analyzed using flow cytometry. Binding com-
petitions were performed by titrating amounts of competitor
mAbs before adding biotinylated antibody at the concentra-
tion required to achieve IC., and then measuring binding
with PE-labeled streptavidin (Invitrogen). FlowlJo software
was used for data interpretation.

Autoreactivity Assays. Antibodies were assayed at 100
ug/mL for autoreactivity to HEp-2 cells (Aesku Diagnostics)
by immunofluorescence according to the manufacturer’s
instructions. Briefly, 2.5 ug or 25 ulL of 100 ng/mlL mAb was
incubated on HEP-2 slides 1n a moist chamber at room
temperature for 30 min. The shides then were placed n
staining dishes and washed with PBS. FITC-conjugated goat
anti-human IgG (20 ulL) was applied to each well, and slides
were incubated for another 30 min. After washing, slides
were photographed on an EVOS 1l fluorescence microscope
at a 250-ms exposure with 70% intensity. Reactivity to
HIV-1-human epithelial HEp-2 cells was interpreted by the
staining patterns. Positive and negative control sera were
provided by the vendor. ELISAs were performed as
described previously (11). Briefly, human placental dsDNA
(S1gma) and ganglioside GD1a (Sigma) 1n 96% ethanol were
coated at 37° C. overnight onto ELISA wells. BSA (Sigma),
ovalbumin (Sigma), apo transierrin, and histone (Sigma)
were resuspended 1n PBS and coated overnight at 4° C. All
antigens were coated at 50 ng per well. Then the wells were
washed and blocked for 1 h at room temperature with 3%
BSA. Sernial dilutions of antibodies were added for 1 h at
room temperature. After washing, bound antibody was
detected by using an alkaline phosphatase-conjugated goat
anti-human IgG F(ab'), antibody (Pierce) diluted 1:1,000 1n
1% BSA/PBS.

Octet Measurements. Binding curves were determined by
bio-layer interferometry using an Octet RED instrument
(ForteBi1o, Inc.) as previously described (12, 13). Briefly,
IgG antibodies were immobilized onto anti-human IgG Fc
biosensors. Varying concentrations ol BG305-SOSIP.664-
AviB were flowed as analyte in solution. Binding-atlinity
constants (K,,; on-rate, k_; off-rate, k,) were determined
using Octet Analysis version 7 soitware (ForteBio; Pall Life
Sciences).

Determination of PGDM1400 Fab Crystal Structure.
Expression and purification of the PGDM1400 Fab was
executed following a protocol similar to that previously
described (14). Brefly, the Fab was produced by cotrans-
tection of the heavy- and light-chain genes into HEK 293F
cells. Six days after transfection, the supernatant was recov-
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ered and flowed over an anti-human kappa light-chain
aflinity matrix (CaptureSelect Fab k; BAC). The eluted
fraction containing the Fab was purified further by MonoS
cation exchange chromatography (GE Healthcare).
PGDM1400 Fab at a concentration of 6 mg/mL 1n 20 mM
sodium acetate (pH 5.6) was crystallized from nonbuilered

mother liquor containing 0.04 M potassium dihydrogen
phosphate, 16% (wt/vol) polyethylene glycol 8000, and 20%

(vol/vol) glycerol. Crystals were flash cooled in liquid
nitrogen, and data were collected at the Stanford Synchro-
tron Radiation Lightsource (SSRL) beamline 11-1. Statistics
for data collection and data processing in XDS (15) are
summarized i Table 1. The monoclinic space group P21 and

the structure was solved by molecular replacement using the
program Phaser (16) with the PGT145 Fab structure (PDB

ID code 3U1S) as a search model. Refinement of three Fab
copies 1 the asymmetric unit was performed using a com-
bination of Phenix (17) and Coot (18). Final refinement
statistics are reported in Table 1.

Electron Microscopy. Sample grids were prepared as
described previously (19). Data were collected on an FEI
Tecnar T12 electron microscope operating at 120 keV
coupled with a 4x4 k Tietz TemCam-F416 camera. Images
were taken using the LEGINON interface (20). The imaging,
magnification was 52,000x with a pixel size of 2.05 A at the
specimen plane. The data were collected using an electron
dose of ~30 e-/A2. Particles were picked using DoG picker
in the Appion interface (21, 22), and class averages were
generated using the SPARX software package (23).

TABLE 1

Primers (SEQ ID NOS 32-39, regpectively, 1n
order of appearance} used for amplification of
variable heavy- and light-chain genes

Nested PCR reaction 5' to 3' seguence

Heavy chain (V;1-8)

PCR 1 Forward ATGGACTGGATTTGGAGGAT

PCR 1 Reverse GGAAGGTGTGCACGCCGCTGGTC

PCR 2 Forward ATGGACTGGATTTGGAGGATCCTCTTCT
TGG

PCR 2 Reverse GTTCGGGGAAGTAGTCCTTGAC

Light chain (V, 2-28)

PCR 1 Forward ATGAGGCTCCCTGCTCAGCTCCTGGGEGC
TGCTAATGC

PCR 1 Reverse GTTTCTCGTAGTCTGCTTTGCTCA

PCR 2 Forward GCTCCTGGGGCTGCTAATGCTCTGGGTC
TCTGG

PCR 2 Reverse GTGCTGTCCTTGCTGTCCTGCT

TABLE 2

Data collection and refinement statistics for SSRL 11-1

Data collection

Wavelength, A 0.97947
Space group P2,

Unit cell a, b, ¢, A 55.7, 149.2, 109.9
a, B, vy, © 90, 100.9, 90

Resolution (A)* 40-3.1 (3.2-3.1)
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TABLE 2-continued

Data collection and refinement statistics for SSRIL 11-1

Completeness™ 96.7 (98.6)
Redundancy* 3.4 (3.5)
No. total reflections 108,438
No. unique reflections 30,950
[/o* 6.8 (1.7)
R perge™! 16.7 (58.4)
R ™ 10.4 (35.7)
CC, %> 97.4 (50.1)
Refinement statistics

Resolution, A 40-3.1
No. reflections total/Rg.. 30,926/1,544
R stV Reo) 22.1/25.3
Rmsd bond length, A 0.003
Rmsd bond angles, °© 0.8
Protein atoms 10,427
Wilson B-value, A? 57.7
B-value overall, A? 61.5
Ramachandran favored, % 95.4
Ramachandran allowed, % 99.9
Molprobity all-atom clashscore 7.8
PDB ID code 4RQQ)

*Values 1n parentheses are for the highest resolution shell.

TRmerge = 2|l - <[=|/2<I=, where I 1s the observed intensity, and <[> 1s the average
intensity of multiple observations of related relections.

iRpim = 2hkl (L’(hn — 1)Y2 21 | Thkl, 1 — <Ihkl= [/Zhkl 21 IThkl, I, where Ihkl, 1 1s the scaled
infensity of the i”¥ measurement of reflection h, k, 1, <Ihkl = is the average intensity for that
reflection, and n 1s the redundancy.

§CC1;2 = correlation coefficient of half-datasets (1).

"R ryse = Zhkll[Fobs| — [Fealell/ZhklFobs.
”Rﬁ"ee calculated as for R, but for 5% of the reflections excluded from refinement.

(1) Karplus P A, Diederichs K (2012) Linking crystallographic model and data quality.
Science 336(6084): 1030-1033.
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The invention 1s further described by the following num-
bered paragraphs:

1. An 1solated fully human anti-HIV-1 monoclonal anti-
body, designated PGDM 1400, PGDM 1401, PGDM 1402,

PGDM 1403, PGDM 1404, PGDM 1405, PGDM 1406,
PGDM 1407, PGDM 1408, PGDM 1409, PGDM 1410,
PGDM 1411 or PGDM 1412, comprising a heavy chain
sequence and a light chain sequence, each corresponding to

PGDM 1400, PGDM 1401, PGDM 1402, PGDM 1403,

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 75
<210>
<211>
«212>
<213>
220>

<223>

SEQ ID NO 1

LENGTH: 423

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

polynucleotide

<400> SEQUENCE: 1

caggtgcatc tgacgcagtc tgggcctgag gtgaggaagce ctgggacctce cgtaaaggtce

tcctgcaagg ccoccctggaaa cacattgaag acttatgatce tacactgggt gegcagegtce
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OTHER INFORMATION: Desgcription of Artificial Sequence:
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PGDM 1404, PGDM 1405, PGDM 1406, PGDM 1407,
PGDM 1408, PGDM 1409, PGDM 1410, PGDM 1411 or
PGDM 1412.

2. The 1solated fully human anti-HIV-1 monoclonal anti-
body of paragraph 1, wherein the antibody 1s PGDM 1400.

3. A composition comprising the antibody of paragraph 1
or 2.

4. A pharmaceutical composition comprising the antibody

of paragraph 1 or 2 and a pharmaceutically acceptable
carriet.

5. A method of imhibiting HIV 1n a host comprising
administering to the host an antibody as in paragraphs 1 or
2, or a composition as 1n paragraphs 3 or 4.

6. An expression vector that encodes and stably expresses
in vivo an antibody comprising each of a heavy chain
sequence of PGDM 1400, PGDM 1401, PGDM 1402,
PGDM 1403, PGDM 1404, PGDM 1405, PGDM 1406,
PGDM 1407, PGDM 1408, PGDM 1409, PGDM 1410,
PGDM 1411 or PGDM 1412 and a light chain sequence of
PGDM 1400, PGDM 1401, PGDM 1402, PGDM 1403,
PGDM 1404, PGDM 1405, PGDM 1406, PGDM 1407,
PGDM 1408, PGDM 1409, PGDM 1410, PGDM 1411 or
PGDM 1412.

7. The expression vector of paragraph 6 wherein the
vector contains and expresses 1n vivo an antibody compris-
ing a heavy chain sequence of PGDM 1400 and a light chain
sequence of PGDM 1400.

8. A composition comprising the expression vector of
paragraph 6 or 7.

9. A pharmaceutical composition comprising the expres-
sion vector of paragraph 6 or 7 and a pharmaceutically
acceptable carrier.

10. The expression vector of paragraph 6 or 7 wherein the
expression vector comprises a viral based vector.

11. The composition of paragraph 10 wherein the vector
1s viral based.

12. The pharmaceutical composition of paragraph 9
wherein the vector 1s viral based.

13. The vector, composition or pharmaceutical composi-
tion of paragraph 10, 11 or 12, wherein the virus 1s an
adeno-associated virus (AAV).

14. A method of inhibiting HIV 1in a host comprising
administering to the host the expression vector as 1n para-
graph 6, 7, 10, 12 or 13 under conditions whereby the vector
expresses the antibody.

Having thus described 1n detail preferred embodiments of
the present invention, 1t 1s to be understood that the mven-
tion defined by the above paragraphs 1s not to be limited to
particular details set forth 1n the above description as many
apparent variations thereol are possible without departing
from the spirit or scope of the present invention.

Synthetic

60

120



cctggacaag
gtggaaagat
ctccaactga
aaacacaggc
gatgttgact

tca

gccttcagty

tcaaggccaa

gcggcectcac

tgcgagatta

acctttcgaa

<210> SEQ ID NO Z

<«211> LENGTH:
<212> TYPE:

423
DNA

45

gatgggatgg

agtcaccatt
atctggcgac
cgctcectcectac

cttggaattc

ataagccatg

gattgggaca

acggccgtcet

gacgacgacyg

tggggccaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 2

caggcgcaac

tcctgcaagy

cctggacagy

gtagagaaat

Cttcaactgc

aaacacaggc

tatgttgact

cca

tggtgcagtc

ccectggaaa

ggcttgagtg

tcaaggccag

gcggcoctcag

tgcgagacta

atctttcgaa

<«210> SEQ ID NO 3

<211> LENGTH:
<212> TYPERE:

423
DNA

tgggcctgag
tacattgaag
ggtggggtgyg
cgtcaccatt
gtctgaagac
cgttatgtac

cttggacgtc

atgaggaaac

aatcatgatc

gtgagtcacyg

gattgggaca

acggccgtcet

gacgactacg

tggggccaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 3

caggtgcaac

tcctgcaagy

cctggacagy
gtggagagat
ctacaactga
aaacacaggc
gatgttgact

tcCca

tggcgcagtc
ccectggaaa
gcctgcagtyg
tcaaggccaa
gcggcectcac
tgcgagacta

acctttcgac

<210> SEQ ID NO 4

<«211> LENGTH:
: DNA

«212> TYPE

420

tgggcctgag
tacattgaag
gatgggatgg
agtcagcatt
atctgaagac
cgctcectgtac

cttggaattt

gtgaggaagc

acttatgatc

gtgagccacy

gattgggaca

acggccgtcet

gacgacatcg

tggggccaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 4

US RE49,037 E
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agggcgacaa gaaggtcatt 180
ggtccaccaa tacggcctat 240
attattgtgc gaaaggctca 300
gcgcattgaa ttgggctgtce 360
ggaccgcecgt caccgtcectct 420
423

Synthetic
ctggggcctce cgtaaaggtc 60
tacactgggt gcgcaacgtc 120
agggcgacaa aaaggtcatt 180
ggtccctgaa tacggcctat 240
attattgtgc gagagggtca 300
gcgcattgca gtgggetgtce 360
ggaccgecgt caccgtcectcet 420
423

Synthetic
ctggggcctc cgtaaaggtc 60
tacactgggt gcgagacgtc 120
agggcgacaa gaaggtcatt 180
ggtccacaaa tacggcctat 240
attattgtgc gaaaggctca 300
gcgcattgca atgggctgtce 360
ggaccgcegt caccgtcectcet 420
423

Synthetic
60

gaggtgcttce tggagcagtc cgggggtgaa gtgaagcagce ctggggcctce agtgaagatce

46



tcctgcaaag

gctggacaag
gcacaagaat

attcagatga

aagtttaggc

ggagactacg

cctetggatt

gtctggagtyg
ttaaggacag
ccggtcectgag
tgagggagtyg

tgacgcagtt

<210> SEQ ID NO b5

<«211> LENGTH:
<212> TYPE:

423
DNA

47

caattttaac

gatggcatgg

ggtcaccgtyg

atttgaagac

ggctgattac

gggcatctgg

aatgaagatyg
tcgaaacatyg

acgagggaca

acggccctcet

aatgaatggyg

ggccagggyg4a

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: b5

caggtgtttt

tcctgcaagy

actggccaag

ccaaagaagt

atggagatgg

aaatttcggt

gaccgtgact

gca

tggaacagtc
ccactggatt
ggcctgagtg
tccagggcag
ggggcctgat
tgagacatga

acgtgacgca

«<210> SEQ ID NO 6

<211> LENGTH:
<212> TYPERE:

423
DNA

tgggggtgag
caccttccgt
cgtggcettgg
agtcatcgtyg
gcctgaagac
cgccacttat

gttagacctt

gtgaggaggc
aatgatgatyg
atgaagcatyg
acaacggaca

acggccattt

gattactgga

tggggcccag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 6

caggtgtttt

tcctgcaagy

actggccaag

ccacagaagt

atggagatgg

aagttcaggt

gaccgtgact

gca

tggaacaatc
ccactggatt
ggcctgagty
tccagggcag
ggggactgat
tgagacatga

acgtgacgca

<210> SEQ ID NO 7

<«211> LENGTH:
: DNA

«212> TYPE

420

tgggggtgaa
caccttccat
cgtggcttgg
agtcaccgtg
gcctgaagac
cgcaacatat

gttggacctt

ataaagaggc
cacgatgatyg
atgaaacatyg
acaagcgaca
acggccattt

gattactaca

tggggccaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 7

US RE49,037 E

-contilnued

tgcactgggt gcgacaggcc 120
acgatcaaaa tgttttgtat 180
ccgceccecgcaaa tacagtctac 240
attattgtgt taagggctca 300
gcecctagttte ggctcaacat 360
ccgecgatcta cgtctegtcea 420

Synthetic
ctggggcctc agtgaaggtc 60
ttcactgggt gcgacaggcc 120
acgatcaaag tacagtcttt 180
cctecegcaac aacagtctac 240
attactgtgt aagaggcgca 300
acgacttact ttgggctgac 360
ggaccgctat cattgtctcecc 420
423

Synthetic
ctggggcctc agtgaaggtc 60
ttcactgggt gcgacaggcc 120
acgatcaaag tacagtctat 180
ccteceggtac aacagtctat 240
attactgtgt cagaggcgca 300
atgacttgect ttgggctgac 360
ggaccgcgat catcgtctcc 420
423

Synthetic
60

caagtccagg tggaccagtce cgggggtgag gtgaagaagce ctggggcectce agtgagggtc
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tcctgcaagy
gctggacgag
tcagaaaagt
atggacatga

aagttcaggc

ggagactacg

cctegggatt

ggctggagtyg

ttaaggacag

ccggtetgac

tgacagagtyg

tgacacagct

<210> SEQ ID NO 8

<«211> LENGTH:
<212> TYPE:

420
DNA

49

ctcttttaag
gatggcatgyg
ggtcatcgtyg
atctgaagac

ggctgactac

ggacgtctgg

agtgaagata
gtaaaacatg
accaggaaca
acggcccgat

aatgaattcyg

ggccagggyg4a

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 8

caagtcaagt

tcctgcaagy

gctaggggag

gcacagaaat

atggagatga

aagtttcggc

ggagactacg

tggaccagtc

cctetggatt

ggctggactg

ttaagggcag

ccggtetgac

tgacagagtyg

tgacacaact

<210> SEQ ID NO 9

<211> LENGTH:
«212> TYPERE:

423
DNA

cgggggtgag
tagttttgga
gatggcatgg

ggtcaccgtyg

atctgaagac

ggctgactat

ggacgtctgg

gtgaagaagc
agtgaagatyg
gtgaaacatg
accaggaaca

acggcccgat

aatgaattcyg

ggccagggyga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: ©

caggcgcaac
tcctgcaagy
cctggacagyg
atagagaaat
ctgcaactgc
aaacacaagc
tatgttgact

cCca

tggtacagtc

ccectggaaa

ggcttgagtg

tcaaggccag

gcggcectcecag
tgcgagacta

atctttcgaa

<210> SEQ ID NO 10

<211> LENGTH:

422

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 10

tgggcctgag

tacattgaag

ggtgggdgtgyg

agtcaccatt
gtctgaggac
cgttatgtac

cttggacgtc

atgaggagtc
aatcatgatc
gtgagtcacg
gattgggaca
acggccgtcet

gacgactatg

tggggccagyg

US RE49,037 E

caggtgtttt tggaacaatc tgggggtgaa gtaaagaggc ctggggcectce agtgaaggtc

-contilnued

tgcactgggt gcgacaggcc 120
acagtgatga aatattatat 180
ccgcecctcaaa cacaatctcec 240
attattgtgt gaaaggccaa 300
gcctagtggce ggctcaaaaa 360
ccgacatcat cgtctcecgtcea 420

Synthetic
ctggggcctc agtgacggtc 60
tacactgggt gcgacaggcc 120
acagtcatga aattttatac 180
ccgcectcaaa cacagtcettce 240
attattgtgt gaaaggtcaa 300
gcetggtgge ggctgaaaaa 360
ccgcgatcat cgtctcgtca 420

Synthetic
ctggggcctc cgtaaaggtc 60
tacactgggt gcgcaacgtc 120
agggcgacaa aaacgtcatt 180
ggtccctgaa tacggcecctat 240
attattgtgc gagagggtca 300
gcgcattgca gtgggcetgtt 360
ggaccgcegt caccgtcectcet 420
423

Synthetic
60
120

tcctgcaagg ccactggatt cacctteccgt caaaatgatg ttcactgggt gcgacaggcec
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actggccaag

ccacagaagt

atggagatgg

aagttcaggt

gaccgtgact

gcC

ggcctgagtyg
tccagggcag
ggggactgat
tgagacatga

acgtgacgca

<210> SEQ ID NO 11

<«211> LENGTH:
<212> TYPE:

423
DNA
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cgtggcettgg
agtcaccgtg
gcctgaagac
cgcaacatat

gttggacctt

atgaaacatg
acaagcgaca
acggccattt

gattactgga

tggggccaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 11

caggtgtttt

tcctgcaagy

actggccaag

ccacagaagt

atgcagatgyg

aaatttaggt

gacggtgact

tcCca

tggagcagtc
ccactggatt
ggcctgagtg
tccagggcag
ggggactgat
tgagaaatga

acgtgacgaa

<210> SEQ ID NO 12

<211> LENGTH:
<212> TYPERE:

420
DNA

tgggggtgag
caccttccat
tgtggcgtgyg
agtcaccgtyg
gcctgaagac
cgctatctac

gttggacctt

gtgaggaggc
catcatgatyg
atgaaacatyg
acaagggaca

acggccatat

gattattgga

tggggccatg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 12

caggtgcaat

tcctgcacga

accggacaag

acaccaaaat

atggaagtga

gddaaddadcadac

gccatttaca

tggtgcagtc
cctcectggata
gacttgagtg
tcaaggacag
ccagtctaaa
tgagagcaga

tcacagtcct

<210> SEQ ID NO 13

<211> LENGTH:
: DNA

<212> TYPERE

420

tggagccgag
CCLctttcaac
gattgggtgyg
agtcaccttt

atctgaggac

gtatgttctg

ggacgtctgg

gtgaggaagc
agtcatcata
gtggacccaa
gtcaagaata

acgggcgtcet

gaccaagaag

ggccaagdda

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 13

US RE49,037 E

caggtacatc tggagcagtc cgggggtgag gtgaagaagce ctggggcegtce ggtgaaggtc

-contilnued

acgatcaaag tacagtcctt 180
cctecegectac aacagtctat 240
attactgtgt cagaggcgca 300
atgacttgct ttgggctgac 360
ggaccgcgat catcgtctcc 420
422

Synthetic
ctggggcctc agtaaacgtc 60
ttcattgggt gcgacaggcc 120
acgatcaaag tacagtcttt 180
cctecegectaa aatagtttat 240
attattgtgt gagaggctca 300
acgacttact ttgggctgac 360
ggaccgecgat catcgtctcec 420
423

Synthetic
ctgggacctc agtgaaaatc 60
tccactgggt gcgacacggc 120
ataatggtaa tacaggatat 180
cctceccacaca gacggtgttce 240
attattgtgc gagacggaca 300
acggctttta tcgtgaagag 360
ccgeggtege cgtcectectcea 420

Synthetic
60
120

tcctgcaagg cctectggatt cacttttagt agtgatgata tgcactgggt gcecgacaggcec
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gctggacaag

ggacaaaagt
ttggaaatga

aaatttaggc

ggagactacg

ggctggagtyg

ttaaggaccyg

ccggtetgag

tgagagagtyg

tgacacaaat

<210> SEQ ID NO 14

<211> LENGTH:
<212> TYPE:

336
DNA

53

gatgtcatgy
ggtcatcgtyg
atctgaagac

gtcagactat

ggaggtctgg

gtgaaacatyg

accaggaaca

acggccacat

aatgaattcyg

ggccagggga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 14

gattttgtcc

atctcctgca

tacgtacaga

tcecggggtcec

agcagagtgg

tggacgttcyg

tgactcagtc

agtctagtca

adgccagdyycy

ctgacaggtt

agactgagga

gccaagggac

«<210> SEQ ID NO 15

<211> LENGTH:
«212> TYPE:

336
DNA

tccacactct

cagcctcatt

gtctccacaa

cagtggcagt

tgttgggacg

caaggtggac

ctgtccecgtca

catggtgata

ctcctgatcet

ggatcggaca

tattactgca

atcaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 15

gattttgtcce

atctcecctgca

tatctccaga

tcaggggtcc

agtagagtgyg

tggacgttty

tgactcagtc

ggtctagtca

agccagggca

ctgacaggtt

agactgaaga

gccaagggac

<210> SEQ ID NO 16

<211> LENGTH:
<212> TYPE:

336
DNA

tccacactct

gagcctectt

ctctccacaa

cagtggcagt

tgttgggatg

caaggtggaa

ctatccgtca

catggtgata

ctgctgatct

ggctcgggca

tactactgca

atcaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 16

gactttgtcc

atctcctgca

tacgttcaga

tceggggtec

agcagagtgg

tggacgttcyg

tgactcagtc

agtctagtca

agccagddyycdy

ctgacaggtt

agactgagga

gccaqgyyyac

tccacactct

cagcctcatt

gtctccacaa

cagtggcagt

tgttgggacc

caaggtggaa

ctgtccecgtcea

catggtgata

ctcctgatcet

ggatcggaca

tattactgca

atcaaa

US RE49,037 E

-contilnued

acagtcatga aatattggtt 180
ccgceccgcaaa cacagtcectac 240
attattgtgt aaaaggtcta 300
gcecctagtgge ggctcaacat 360
ccgcgatcag cgtctcecctca 420

Synthetic
ccecectggaga gtcecggectcec 60
ggaacaatta tttggcttgg 120
atttggcttc cagtcgggcec 180
aagattttac actgaagatc 240
tgcaaggtcg agaaagtccc 300
336

Synthetic
ccecegggaga gceccggectec 60
aaaacaacta tttggcttgyg 120
atatggcttc tagtcggccc 180
cacattttac actgaaaatc 240
tgcaaggtcg agaaagtccc 300
336

Synthetic
ccecetggaga gceccggectec 60
agaacaacta tttggcttgg 120
atttggcttc cagtcgggcc 180
aagattttac actgaagatc 240
tgcaaggtcg agaaagtccc 300
336
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<«210> SEQ ID NO 17

<211> LENGTH:
<212> TYPERE:

357
DNA

3

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 17

aaaattgcgt

atttcctgca

gaatatacct

tatttgggtt

acagatttca

atgcaaggtc

tgactcagtc

ggtcaagtca

tcttgagttyg

ctaagcgggc

cactgaaaat

tacaaagtcc

<210> SEQ ID NO 18

<«211> LENGTH:
<212> TYPE:

345
DNA

tccactcectec
gagcctectt

gtatctgcag

ctccggggtc
cagcagagtyg

cacgacgttc

ctggccgtcea

tataagaatg

aggccaggcc

cctggcaggt

gaggctgacyg

gyccaagdygda

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 18

gatgttgtgc

atctcctgca

ttgggatggt

cgtcecgggect

ctgagaatta

cacattcccect

tgactcaatc
ggtccagtca

atttgcagaa

ccggggtocc

acagagtgga

tgacgttcgy

«210> SEQ ID NO 19

<211> LENGTH:
«212> TYPERE:

345
DNA

tccactgtcc

gagtctcctg

gcctgggcag

tgacaggttc

ggctgccgat

ccaagggacc

ctgtccecgtca

tggagtaagg

cctccacgac

agcgccagtyg

ttcggaactt

agggtggaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 19

gatgttgtgce

atctcecctgca

ctgggatggt

cgtegggceca

ctgaaaatta

cacattcccect

tgactcaatc
ggtccagtca

atttgcagaa

acggggtccc

gcagagtgca

tgaccttcgy

«<210> SEQ ID NO 20

<211> LENGTH:
<212> TYPE:

357
DNA

tccactctcec

gagtctcectyg

gcctgggcecag

tgtcaggttc

gactgacgat

ccaagggacc

ctgtcecgtta

tggactaaag

cctccacgat

agcgccagty

gttggaattt

aaggtggaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

US RE49,037 E

-continued

ccectggaga

aacacaatga

agtctccaca

tcagtggcgyg

atgtgggcac

ccaagttgca

gtcctggaga
atgacacaag
tcctecatcta
gatcaggcac
attactgcat

tcaat

gccctggaga
accatcaaag

tcctaatttce

gatcaggcac

actactgcat

tcaat

Synthetic
gceceggectec 60
tgcatatatc 120
actcctgatc 180
tggatcaggc 240
atattactgc 300
gatcaaa 357

Synthetic
gcececggectcet 60
atatgacttt 120
tttgggttct 180
agacttcaca 240
gcaagggcga 300

345

Synthetic
gccocggectcyg 60
ttataacttt 120
tttgggttct 180
agatttcaca 240
gcaaggtcga 300

345

Synthetic
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-contilnued
<400> SEQUENCE: 20
gaaatcgtgce tgactcagtc tceccactcectece ctgggcegtcet cceccecctggaga ggceggoctcec 60
atctcctgca ggtctaatca ggacctettg tataagaatg accacaatca ggtttataag 120
gaatacacct ttgtgagttg gtacgtgcag aggccgggcece agtctccaca actcecctgatc 180
tatttggctt ctcagcecgggce cgcecggggtce cctgacaggt tcagtggcegg tggatcaggce 240
acaaatttca ctctaaagat caacaaagtg gaggctgacg atgtgggcat ttactactgce 300
atgcaaggtc tgcgaactcce catgacgttce ggccgaggga ccaaggtgga catcagg 357
<210> SEQ ID NO 21
<211> LENGTH: 357
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 21
gagatcgtcce tgactcagtce tceccgectcectece ctaggcegtcet cceccecctggaga gacggcocacc 60
atctcctgca ggtctaatca ggacctcecttg tataagaata accacaacca ggtttatagg 120
gagtacacct ttgtgagttg gtacctgcag aggccgggcece agtctceccaca actcecctgatc 180
tatttggctt ctacgcgggce cgccggggtce cctgacaggt tcagtggcegg tggatcaggc 240
acaaatttca ctctaaaaat caacaaggtg gaggctgacg acgtgggcat ttactactgc 300
atgcaaggtc tacgaactcc catgacgttce ggccgaggga cccagcectgga catcagg 357
<210> SEQ ID NO 22
<211> LENGTH: 336
<212> TYPE: DHNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 22
gattttgtcc tgactcagtc tceccacattct ctatccgtca ccccecgggaga gecggcectcec 60
atctcctgca ggtctagtca gagcectectt catggtgata aaaacaacta tttggcettgg 120
tatctccaga agccagggca ctcectceccacag ctgctgatcet atatggettce tagtceggcecc 180
tcaggggtcce ctgacaggtt cagtggcagt ggctcgggca cacattttac actgaaaatc 240
agtagagtgg agactgaaga tgttgggatg tactactgca tgcaaggtcg agaaagtccc 300
tggacgtttg gccaagggac caaggtggaa atcaaa 336
<210> SEQ ID NO 23
<211> LENGTH: 345
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 23
gatgttgtgc tgactcaatc tccactctece ctgtecegtta gececctggaga goececggcoctcag 60
atctcctgta ggtccagtca gagtctectg tggactaaag accatcaaag ttataacttt 120
ctgggatggt atttgcagaa gcctgggcag cctccacgat tcectaatcte tttgggttet 180
catcgggcct ccggagtccce tgacaggttce agegceccagtg gcectcaggcac agatttcaca 240
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-continued
ctgaaaatta gcagagtgca gactgacgat gttggaactt attactgcat gcaaggtcga 300
cacattcecct tgacgttcgg ccaagggacc aaggtggaaa tcaag 345
<210> SEQ ID NO 24
<211l> LENGTH: 345
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 24
gatgttgtga tgactcagtc tccactctee ctgteccecgtca cceccecctggaga gecggectet 60
atctcctgca ggtccagtca gagcectectg tggaataagg gtgatcaaag atataatttt 120
ctgggatggt atttgcagaa gcctgggcag cctceccacgac tcectaatgta tttggettec 180
agtcgggcct ccggggtceccce tgacaggttce agecggcagag gatcaggcac agacttcaca 240
ctgaaaatta acagagtgga ggctgacgat gtcggaactt attactgctt ccaaggtcga 300
cacactccct tgacgttcgg ccaagggacce aaggtggaaa tcaat 345
<210> SEQ ID NO 25
<211> LENGTH: 333
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 25
cagactgttc tgactcagtc gccactctcecce ctggcecgtca cccctggcega gecggcectec 60
atctcctgta agtgttctca gaacttaaac gttcagggat acgattttgt gagttggtat 120
gtacagaaac caggccaatc tccacgtctce ctgatgtact cgtcecttceccecct gecgggectcec 180
ggggtccctyg acagatttag tggcagtgga tccgceccacat cttttacact taaaatcaag 240
agagtcgagce cggaagatct ggggacttat tactgcatgg acactctacg ccctcecctac 300
gecetteggee aggggaccaa gcectggagate aga 333
<210> SEQ ID NO 26
<211> LENGTH: 357
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 26
gagattgtgce tgagtcagtc tccactcectcece ctggcecgtca cceccecctggaga gececggectcec 60
atctcctgca ggtctagcecca gagcectecte tataagaatg aacacaatgg tgtgtacaaa 120
gaatatacct ttttgagctg gtacttgcag aagccaggcece agtccccaca actcectgatg 180
tatttgggtt ctacgcgggce gtceccecggggtce cctggcaggt tcagtggecgg tggatcaggc 240
acagatttca cactgaaaat cagcagagtg gaggctgacg atgtgggcac ttatttctgce 300
atgcaaggtc ttcaggttcc catgacgttc ggccaaggga ccaaggtgga gatcaaa 357
<210> SEQ ID NO 27
<211> LENGTH: 17
<212> TYPRE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

«223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 27

Gly Ser Gly Leu Asn Asp Ile Phe Glu Ala Gln Lys Ile Glu Trp His
1 5 10 15

Glu

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 28

atggactgga tttggaggat 20

<210> SEQ ID NO 29

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 29

atggactgga tttggaggat cctcttcttg g 31

<210> SEQ ID NO 30

<211l> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 30

atgaggctcc ctgctgceccat cctggggcetg ctaatgc 37

<210> SEQ ID NO 31

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 31

gcteectgggg ctgctaatgce tectgggtctce tgg 33

<210> SEQ ID NO 32
<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 32
atggactgga tttggaggat 20
«210> SEQ ID NO 33

<211> LENGTH: 23
«212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 33

ggaaggtgtg cacgccgctg gtce

<210> SEQ ID NO 34

<211> LENGTH: 31

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 34

atggactgga tttggaggat cctcttcttg g

<210> SEQ ID NO 35

<211l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 35

gttcggggaa gtagtccttg ac

<210> SEQ ID NO 36

<211l> LENGTH: 37

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 36

atgaggctcc ctgctcagcet cctggggectg ctaatgc

<210> SEQ ID NO 37

<211> LENGTH: 24

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 37

gtttctcgta gtctgetttg ctceca

<210> SEQ ID NO 38
<«211> LENGTH: 33
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 38

gctcctgggg ctgctaatge tcectgggtcecte tgg

<210> SEQ ID NO 39

<211l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

Synthetic

23

Synthetic

31

Synthetic

22

Synthetic

37

Synthetic

24

Synthetic

33
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<220> FEATURE:
<223> QOTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 39

gtgctgtcct tgctgtectg ct 22

<210> SEQ ID NO 40

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 40

Cys Ala Lys Gly Ser Lys His Arg Leu Arg Asp Tyr Ala Leu Tyr Asp
1 5 10 15

Asp Asp Gly Ala Leu Asn Trp Ala Val Asp Val Asp Tyr Leu Ser Asn
20 25 30

Leu Glu Phe Trp
35

<210> SEQ ID NO 41

<211l> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 41

Cys Ala Arg Gly Ser Lys His Arg Leu Arg Asp Tyr Val Met Tyr Asp
1 5 10 15

Asp Tyr Gly Ala Leu Gln Trp Ala Val Tyr Val Asp Tyr Leu Ser Asn
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO 42

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 42

Cys Ala Lys Gly Ser Lys His Arg Leu Arg Asp Tyr Ala Leu Tyr Asp
1 5 10 15

Asp Ile Gly Ala Leu Gln Trp Ala Val Asp Val Asp Tyr Leu Ser Thr
20 25 30

Leu Glu Phe Trp
35

<210> SEQ ID NO 43

<211> LENGTH: 35

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 43

06
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Cys Val Lys Gly Ser Lys Phe Arg Leu Arg Glu Trp Ala Asp Tyr Asn
1 5 10 15

Glu Trp Gly Leu Val Ser Ala Gln His Gly Asp Tyr Val Thr Gln Leu
20 25 30

Gly Ile Trp
35

<210> SEQ ID NO 44

<211l> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 44

Cys Val Arg Gly Ala Lys Phe Arg Leu Arg His Agsp Ala Thr Tyr Asp
1 5 10 15

Tyr Trp Asn Asp Leu Leu Trp Ala Asp Asp Arg Asp Tyr Val Thr Gln
20 25 30

Leu Asp Leu Trp
35

<210> SEQ ID NO 45

<211> LENGTH: 36

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 45

Cys Val Arg Gly Ala Lys Phe Arg Leu Arg His Asp Ala Thr Tyr Asp
1 5 10 15

Tyr Tyr Asn Asp Leu Leu Trp Ala Asp Asp Arg Asp Tyr Val Thr Gln
20 25 30

Leu Asp Leu Trp
35

<210> SEQ ID NO 46

<211> LENGTH: 35

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 46

Cys Val Lys Gly Gln Lys Phe Arg Leu Thr Glu Trp Ala Asp Tyr Asn
1 5 10 15

Glu Phe Gly Leu Val Ala Ala Gln Lys Gly Asp Tyr Val Thr Gln Leu
20 25 30

Asp Val Trp
35

<210> SEQ ID NO 47

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

<400> SEQUENCE: 47

08
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Cys Val Lys Gly Gln Lys Phe Arg Leu Thr Glu Trp Ala Asp Tvyr Asn
1 5 10 15

Glu Phe Gly Leu Val Ala Ala Glu Lys Gly Asp Tyr Val Thr Gln Leu
20 25 30

Asp Val Trp
35

<210> SEQ ID NO 48

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 48

Cys Ala Arg Gly Ser Lys His Lys Leu Arg Asp Tyr Val Met Tyr Asp
1 5 10 15

Asp Tyr Gly Ala Leu Gln Trp Ala Val Tyr Val Asp Tyr Leu Ser Asn
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO 49

<211l> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 49

Cys Val Arg Gly Ala Lys Phe Arg Leu Arg His Agp Ala Thr Tyr Asp
1 5 10 15

Tyr Trp Asn Asp Leu Leu Trp Ala Asp Asp Arg Asp Tyr Val Thr Gln
20 25 30

Leu Asp Leu Trp
35

<210> SEQ ID NO 50O

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 50

Cys Val Arg Gly Ser Lys Phe Arg Leu Arg Asn Asp Ala Ile Tyr Asp
1 5 10 15

Tyr Trp Asn Asp Leu Leu Trp Ala Asp Asp Gly Asp Tyr Val Thr Lys
20 25 30

Leu Asp Leu Trp
35

<210> SEQ ID NO 51

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

70
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<400> SEQUENCE: 51

Cys Ala Arg Arg Thr Glu Lys Gln Leu Arg Ala Glu Tyr Val Leu Asp
1 5 10 15

Gln Glu Asp Gly Phe Tyr Arg Glu Glu Ala Ile Tyr Ile Thr Val Leu
20 25 30

Asp Val Trp
35

<210> SEQ ID NO b2

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 52

Cys Val Lys Gly Leu Lys Phe Arg Leu Arg Glu Trp Ser Asp Tyr Asn
1 5 10 15

Glu Phe Gly Leu Val Ala Ala Gln His Gly Asp Tyr Val Thr Gln Met
20 25 30

Glu Val Trp
35

<210> SEQ ID NO 53

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 53

Cys Thr Arg Gly Ser Lys His Arg Leu Arg Asp Tyr Val Leu Tyr Asp
1 5 10 15

Asp Tyr Gly Leu Ile Asn Tyr Gln Glu Trp Asn Asp Tyr Leu Glu Phe
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO 54

<211> LENGTH: 36

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 54

Cys Thr Arg Gly Ser Lys His Arg Leu Arg Asp Tyr Val Leu Tyr Asp
1 5 10 15

Asp Tyr Gly Leu Ile Asn Tyr Gln Glu Trp Asn Asp Tyr Leu Glu Phe
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO bb

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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<400> SEQUENCE: 55

Cys Thr Arg Gly Ser Lys His Arg Leu Arg Asp Tyr Val Leu Tyr Asp
1 5 10 15

Asp Tyr Gly Leu Ile Asn Tyr Gln Glu Trp Asn Asp Tyr Leu Glu Phe
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO 56

<211> LENGTH: 36

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 56

Cys Thr Gly Gly Ser Lys His Arg Leu Arg Asp Tyr Val Leu Tyr Asp
1 5 10 15

Asp Tyr Gly Leu Ile Asn Gln Gln Glu Trp Asn Asp Tyr Leu Glu Phe
20 25 30

Leu Asp Val Trp
35

<210> SEQ ID NO b7

<211> LENGTH: 35

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 57

Cys Leu Thr Gly Ser Lys His Arg Leu Arg Asp Tyr Phe Leu Tyr Asn
1 5 10 15

Glu Tyr Gly Pro Asn Tyr Glu Glu Trp Gly Asp Tyr Leu Ala Thr Leu
20 25 30

Asp Val Trp
35

<210> SEQ ID NO 58

<211l> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 58

Cys Met Gln Gly Arg Glu Ser Pro Trp Thr Phe
1 5 10

<210> SEQ ID NO 59

<211l> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 59

Cys Met Gln Gly Arg Glu Ser Pro Trp Thr Phe
1 5 10
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<210> SEQ ID NO 60

<211> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 60

Cys Met Gln Gly Arg Glu Ser Pro Trp Thr Phe
1 5 10

<210> SEQ ID NO 61

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 61

Cys Met Gln Gly Leu Gln Ser Pro Thr Thr Phe
1 5 10

<210> SEQ ID NO 62

<211> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

peptide
<400> SEQUENCE: 62

Cys Met Gln Gly Arg His Ile Pro Leu Thr Phe
1 5 10

<210> SEQ ID NO 63

<211l> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 623

Cys Met Gln Gly Arg His Ile Pro Leu Thr Phe
1 5 10

<210> SEQ ID NO 64

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 64

Cys Met Gln Gly Leu Arg Thr Pro Met Thr Phe
1 5 10

<210> SEQ ID NO 65

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<400> SEQUENCE: 65

Cys Met Gln Gly Leu Arg Thr Pro Met Thr Phe
1 5 10

<210> SEQ ID NO 66

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:

peptide
<400> SEQUENCE: 66

Cys Met Gln Gly Arg Glu Ser Pro Trp Thr Phe
1 5 10

<210> SEQ ID NO 67

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 67

Cys Met Gln Gly Arg His Ile Pro Leu Thr Phe
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 68

Cys Phe Gln Gly Arg His Thr Pro Leu Thr Phe
1 5 10

<210> SEQ ID NO 69

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 69

Cys Met Asp Thr Leu Arg Pro Pro Tyr Ala Phe
1 5 10

<210> SEQ ID NO 70
<211> LENGTH: 11

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 70

Cys Met Gln Gly Leu Gln Val Pro Met Thr Phe
1 5 10

<210> SEQ ID NO 71
«211> LENGTH: 11

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<212 >
<213>
<220>
<223>

TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 71
Cys Met Gln Gly Leu Asn Arg Pro Trp Thr Phe
1 5 10

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO 72

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 72
Cys Met Gln Gly Leu Asn Arg Pro Trp Thr Phe
1 5 10

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 73

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 73
Cys Met Gln Gly Leu Asn Arg Pro Trp Thr Phe
1 5 10

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO 74

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 74
Cys Met Gln Gly Leu Asn Arg Pro Trp Thr Phe
1 5 10

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 75

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 75

Cys Met Gln Gly Leu His Ser Pro Trp Thr Phe
1 5 10

What 1s claimed 1s:
1. A non-naturally occurring anti-HIV-1 monoclonal anti-

body or antigen binding portion thereof, comprising (a) a
heavy chain sequence comprising an amino acid sequence

encoded by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, or SEQ ID NO: 13 and (b) a light
chain sequence comprising an amino acid sequence encoded
by SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ 1D NO:
20, SEQ 1D NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ
%0 1D NO: 24, SEQ ID NO: 25, or SEQ ID NO: 26.

2. The non-naturally occurring anti-HIV-1 monoclonal

antibody or antigen binding portion of claim 1, wherein the

heavy chain sequence 1s encoded by SEQ ID NO: 1 and the
«s light chain sequence is encoded by SEQ ID NO: 14.

3. A composition comprising the antibody or antigen
binding portion of claim 1.
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4. A pharmaceutical composition comprising the antibody
or antigen binding portion of claim 1 and a pharmaceuti-
cally acceptable carrier.

5. The antibody or antigen binding portion of claim 1,
wherein the heavy chain sequence comprises a third comple-
mentarity determining region (CDRE3) of 33 to 34 amino
acid residues.

6. The antibody or antigen binding portion of claim 5,
wherein a triad of aspartic acid residues at the tip of CDRH3
provides an anionic potential to the CDRH3.

7. A non-naturally occurring anti-HIV-1 monoclonal anti-
body or antigen binding portion therveof, comprising

(a) the heavy chain CDRs of a heavy chain sequence

encoded by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
IDNO: 7, SEQID NO: 8§, SEQID NO: 9, SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, or SEQ ID NO:
13, and
(b) the light chain CDRs of a light chain sequence
encoded by SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16, SEQID NO: 17, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, or
SEQ ID NO: 26.
8. The antibody or antigen binding portion of claim 7
comprising the heavy chain CDR3 of any one of SEQ ID
NO: 40-52 and the light chain CDR3 of any one of SEQ 1D

NO: 58-70.
9. The antibody or antigen binding portion of claim 7,

wherein the heavy chain CDR3 comprises the amino acid
sequence of SEQ ID NO: 40, and the light chain CDR3
comprises the amino acid sequence of SEQ ID NO: 58.

10. The antibody or antigen binding portion of claim 8,
wherein a triad of aspartic acid vesidues at the tip of heavy
chain CDR3 provides an anionic potential to the heavy
chain CDR3.

11. A nomn-naturally occurring anti-HIV-1 monoclonal
antibody or antigen binding portion therveof comprising

(a) a heavy chain variable region comprising an amino

acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO:1, and

(D) a light chain variable vegion comprising an amino

acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO: 4.

[2. The antibody or antigen binding portion of claim 11,
wherein the heavy chain CDR3 comprises the amino acid
sequence of SEQ ID NO: 40, and the light chain CDR3
comprises the amino acid sequence of SEQ ID NO: 58.

[3. The antibody or antigen binding portion of claim 11,
wherein the heavy chain variable rvegion comprises an
amino acid sequence with at least 95% identity to the amino
acid sequence encoded by SEQ ID NO: I, and the light chain
variable vegion comprises an amino acid sequence with at
least 95% identity to the amino acid sequence encoded by
SEQ ID NO: 14.

14. A non-naturally occurving anti-HIV-1 monoclonal
antibody or antigen binding portion therveof comprising

(a) a heavy chain variable region comprising an amino

acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO:1, and

(D) a light chain variable vegion comprising an amino

acid sequence with at least 90% identity to the amino

acid sequence encoded by SEQ ID NO: 14,

10

15

20

25

30

35

40

45

50

55

60

32

wherein the antibody interacts with HIV gpl20 VI1/V2
domain of BG50).

15. The antibody or antigen binding portion of claim 14,
wherein the heavy chain variable vegion comprises an
amino acid sequence with at least 95% identity to the amino

acid sequence encoded by SEQ ID NO: 1, and the light chain
variable vegion comprises an amino acid sequence with at
least 95% identity to the amino acid sequence encoded by
SEQ ID NO: 14.

16. The antibody or antigen binding portion of claim 14,
wherein the heavy chain CDR3 comprises the amino acid
sequence of SEQ ID NO: 40, and the light chain CDR3
comprises the amino acid sequence of SEQ ID NO: 58.

17. A non-naturally occurring anti-HIV-1 monoclonal
antibody or antigen binding portion theveof comprising

(a) a heavy chain variable region comprising an amino

acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO:1, and
(b) a light chain variable rvegion comprising an amino
acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO: 14,

wherein the antibody has a minimal crvoss-clade neutral-
ization coverage of 80% on the 106-virus panel shown
in FIG. 9.
18. The antibody or antigen binding portion of claim 17,
wherein the heavy chain variable vegion comprises an
amino acid sequence with at least 95% identity to the amino
acid sequence encoded by SEQ ID NO: 1, and the light chain
variable vegion comprises an amino acid sequence with at
least 95% identity to the amino acid sequence encoded by
SEQ ID NO: 14.
19. The antibody or antigen binding portion of claim 17,
wherein the heavy chain CDR3 comprises the amino acid
sequence of SEQ ID NO: 40, and the light chain CDR3
comprises the amino acid sequence of SEQ ID NO: 58.
20. A nomn-naturally occurring anti-HIV-1 monoclonal
antibody or antigen binding portion thereof comprising
(a) a heavy chain variable region comprising an amino
acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO: I, wherein the
heavy chain CDR3 comprises the amino acid sequence
of SEQ ID NO: 40, and
(b) a light chain variable vegion comprising an amino
acid sequence with at least 90% identity to the amino
acid sequence encoded by SEQ ID NO: 14, wherein the
light chain CDR3 comprises the amino acid sequence
of SEQ ID NO: 56,

wherein the antibody interacts with HIV gpl20 VI/V2
domain of BG505, and has a minimal cross-clade
neutralization coverage of 80% on the 106-virus panel
shown in FIG. 9, and

wherein a triad of aspartic acid residues at the tip of the

heavy chain CDR3 provides an anionic potential to the
heavy chain CDR3.

21. A pharmaceutical composition comprising the anti-
body or antigen binding portion of claim 7 and a pharma-
ceutically acceptable carrier.

22. A pharmaceutical composition comprising the anti-
body or antigen binding portion of claim 11 and a pharma-
ceutically acceptable carrier.

23. An isolated polypeptide comprising the amino acid
sequence of any one of SEQ ID NO: 40-52.
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