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ABSTRACT 

Antibodies that specifically bind influenza virus hemaggluti­
nin A (HA), and antigen binding fragments thereof are dis­
closed herein. In several embodiments, these antibodies are 
broadly neutralizing. Nucleic acids encoding these mono­
clonal antibodies, vectors including these nucleic acids, and 
host cells transformed with these vectors are also disclosed. 
Compositions are disclosed that include these antibodies, 
antigen binding fragments, nucleic acids, vectors and host 
cells. Method of using these antibodies, and antigen binding 
fragments, nucleic acids, vectors and host cells, such as for 
diagnosis and treatment of an influenza virus infection are 
also provided. 
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V-REG!ON (1) FR1- CDRl- FR2- CDR2- FR3- COR3- i Sequence Translated FR4-
!MGT !MGT !MGT !MGT !MGT lMGT ; Sequence (V- !MGT 

f. i REGtON) ----------------------
QVQLVQSGP QVQL GYTFS iTWVR ISAYNG NSAQK ARDR : caggtgcagctggtgcagtctggacctgag QVQLVQSGPE VVGQ 
EVKKPGASIK VQSG NYG OAPGQ HT FQGRV RDLLT ' gtgaagaagcctggggcctcaattaaggtct VKKPGASIKVS GTLV 
VSCRASGYT PEVK ! (SEQ ID GLEWM (SEQ ID TMTTD GSLG cctgcagggcttcaggatacaccttttccaatt CRA.SGYTFSN TVSS 
FSNYGITV\fV KPGA 'NO: 3) GW NO: 5) TSTSTA DY atggaatcacctgggtgcgacaggcccctg YGITWVRQAP (SEQ 
RQAPGQGLE SIKVS (SEQ ID YMEVR {SEQ gacaagggcttgagtggatgggctggatca GQGLEVVMG\/111 !D 
WMGWlSAYN CRAS NO: 4) SLRSD !DNO: gcgcttacaatggtcacacaaattctgcaca , SAYNGHTNSA NO: 
GHTNSAQKF (SEQ ! DTAVY 7) gaagttccaggggagagtcaccatgacca . QKFOGRVTMT 10) 
QGRVTMTTD lD YC cagacacatccacgagcacggcctacatg TOTSTSTAYME 
TSTSTAYME NO: 2) (SEQ ID gaggtgaggagcctcagatctgacgacac VRSLRSDDTAV 

• VRSLRSDDT NO: 6) ggccgtatattactgtgcgagagacagaag YYCARORRDU_ 
· AVYYCAR , ggatcttttgactggttcgttgggggactactg TGSLGDYiJVGQ 

(SEQ ID NO: j gggccagggaaccc!ggtcaccgtctcctc GTLVTVSS 
1 l ! _4 __ 9_g,.(SEQ lD NO·_~L ........ (SEQ ID NO: 9) 

-----+-------------------
DVVMTQSPL 'DVVM RGLLYl ' LNWFQ NVS ! NRDSG MQGT ! gatgttgtgatgactcagtdccactctccctg D\NMTQSPLSL FGQG 
SLPVTLGQP TQSP DGNTY QRPGQ (SEQ !D VPDRF YWPF ' cccgtcs.cccttggacagccggcctccatct PVTLGQPASlS TKVEI 
ASISCRSSF~G LSLP {SEQ ID SPRRU NO: 15) SGSGS T(SEO cctgcaggtctagtcgaggcctcctttatattg CRSSRGLL YID K 
LLYIDGNTYL VTLG NO: 13) H(SEQ RTDFTL IDNO: atgg aaacacctacttg aattggtUcaacag GNTYLNWFQQ (SEQ 
NVVFQQRPG QP/-\S !ONO: KISRVE 17) aggccaggccaatctccaaggcgcctaatt RPGQSPRRUH . ID 
QSPRRLIHNV lSCR 14) AEDVG cataacgtttctaacagggactctggggtccc NVSNRDSGVP NO; 
SNRDSGVPD ss VYYC agacagattcagcggcagtgggtcacgca DRFSGSGSRT 20) 
RFSGSGSRT (SEQ (SEQ ID ctgatttcacadgaaaatcagcagggtgga DFTLKISRVEA 
DFTLKISRVE ID NO: 16) ggctgaagatgttggggtttattactgcatgca EDVGVYYCMQ 
AEDVGVYYC NO: aggtacatactggccgttcacttttggccagg GTYVVPFTFGQ 
MQGTYW 12) ggaccaaggtggaaatcaaac (SEQ ID GTKVE!K (SEQ 
(SEQ !D NO: NO: 18) ID NO: 19) 
11) I _,,,,,u; ------------------------------~ 
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A G H I j K ll !M 
[ Row Name V-REGlON (1} FR1- CDR1- FR2- CDR2~ FR3- CDR3-
; !MGT IMGT !MGT IMGT !MGT !MGT 

4 009- QVQLVQSGA ! QVQL GGSFT ISWVR V!P!FAT , KYAOK ASPDL 
2A06H EVKRPGSSV VQSG SFV OAPGQ P(SEQ FQGRL TMVFV 

TvSCKASGG AEVK {SEQ ID GLEWM !ONO: TITADK PHTG 
SFTSFVISWV RPGS NO: 23} GG 25) STNTA PL.DF 

! 
RQ;\PGQGLE SVTV (SEQ ID ! YMELT (SEQ 
WMGGVIP!Ft-. SCKA NO: 24) : SLRSE !DNO: 
TPKYAQKFQ s DTAMY 27) 
GRLTITADKS (SEQ YC 
TNTAYMELT lD (SEQ lD 
SLRSEDTAM NO: NO 26) 
YYCA(SEQ 22) 
ID NO: 21) 

I : ' : 

j5 009- DIQMTQSPS ---1 D!OM OS!DN LAWYQ KAS - I SLRSG QHYD 
' 2A06L TLSASVGDR TQSP VV (SEQ QKPGK (SEQ lD ! VPSRF TYSGT i 

! VTITCRASQS • STLS !ONO: APNLU NO: 35) ! SGSGS (SEQ 
lDNVVLAWYQ ASVG 33) Y(SEQ GTEFTL !D NO: 
QKPGKAPNL DRVT lDNO· i TISSLQ 37) 
UYKASSLRS ITCR 34) PDDFA 
GVPSRFSGS AS TYYC 
GSGTEFTL. Tl (SEQ 

(SEQ ID t I 
I SSLQPODFA ID NO: 36) ' U_ TYYCQHYOT NO 

Y(SEQ!D 32) 
__ 1'JO 31) 

••••-•rrrr : -----· -------

... --
N 
Sequr,ince 

caggtgcagdggtgcagtctggggctgag 
glgaagaggccggggtcctcggtgacggtc 
tccigcaaggcttctggaggctcctlcaccag 
ctttgttatcagctgggtgcgacaggcccdg 

! gacaagggcttgagtggatgggagggglc 
atc,,.:ctatttttgctacaccaaagtacgcaca 
gaagttccagggcagactcaccattaccgc 
ggacaagtccacaaatacagcctacatgg 
agctgaccagcctgagatctgaggacacg 
gccatgtattactgtgcgagtccggacttgac 
tatggtattcgtgccgcacaccggaccadtg 
acttctggggccagggaaccctggtcaccgt 
ctcctcag (SEQ ID NO 28) 

---
gacatccagatgacccagtctccgtccaccc 
tgtctgcatctgtcg gag acagagtcaccatc 
acttgccgggccagtcagagcattgataact 
ggttggcctggtatcagcagaaaccaggga 
aagcccccaacctcc!.gatctataaggcgtc 
tagtttacgaagtggg•~tcccatcaaggttca 
gcggcagtggatctggcacagagttcactct 
caccatcagcag cctgcagccggatg atttt 
gctacttattactgccaacattatgatacttattc 
ggggacgttcggccaagggaccaaggtgg 
aaatcaaac (SEQ ID NO: 38) 

0 p" ··-·-

Translated FR4-
Sequence (\/- !MGT 
REGION) 
QVQLVQSGAE WGQ 
VKRPGSSVTVS GTLV 
CKASGGSFTSF TVSS ; 
ViSWVROAPG (SEQ 
QGLEWMGGV! lD 
PIFATPKYAQK NO: 
FOGRL TiTADK 30) 
STNTAYMEL TS 
LRSEDTAMYY 
CA,SPDL TMVFV 
PHTGPLDFWG 
QGTLVTVSS 
(SEQ !D NO: 
29) 
DIQMTQSPSTL FGQG 
SP..SVGDRVT!T TKVEI 
CRASQSIDNVl/l K ; .AWYQQKPGKA (SEQ 
PNLLlYKASSLR ! lD 
SGVPSRFSGS NO: 
GSGTEFTL T!S 40) 
Sl.QPDDFATYY 
CQHYDTYSGT 
FGQGTKVElK: 
{SEQ ID NO. 
39) 

-------
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c---.-1 Ac--------,-i-,:-G----,-! -H --,---! -, ----,1 -J ----,-1 -K __ .. ! L I M ··········rf.:r···········-· 0 ! p 

Row I Name ! V-REGION ('.\} l FRt- j CDR1- I FR2- I CDR2- ·1 FR3· j CDR3- I Sequence I Tran. slated FR4-
!MGT 1 IMGT !MGT !MGT !MGT J iMGT Sequence f'J· lMGT 

REGION) 
6 009-

, 3A01H 
! 

-, 
I 009-

i 3AOlL 

RLQLQESGP RLQL 
GLVKPSETLS QESG 
L TCTVSGGS! PGLV 
TSNTYYVVG KPSE 
WiRQPPGKG TL.SL 
LESIGS!SFS TCTV 

·1 GRTYYSPSL S 
• KSRVTMSVD (SEQ 
. TSKNQFSLKL . ID 
! SSVTAADTAF I NO: 

YYCAR (SEQ 42) 
ID NO: 41) 

D!QMTQSPS 
TLSASVGOR 
VTITCRASQS 
!GSWLAWYQ 
QKPGKA.PKL 
LIYKASTLES 
GVPSRFSGS 
GSGTEFTLT! 
SSLQPDDLA 
TYYCQQHNS 
Y(SEQID 
NO: 51) 

DIQM 
TOSP 
STLS 
ASVG 
DRVT 
ffCR 
AS 
(SEO 

! !D 
i NO: 

52) 

GGSlTS 
NTYY 
{SEQ ID 
NO: 43) 

QSIGS 
W(SEQ 
IDNO: 
53) 

WGVViR 
QPPGK 
GLESIG 
S (SEQ 
IDNO: 
44) 

LAWYQ 
QKPGK 
APKLU 
Y(SEQ 
IONO 
54) 

ISFSGR 
l(SEQ 
!ONO: 
45} 

YYSPS 
LKSRV 
TMSVD 
TSKNQ 
FSLKLS 
SVTAA 
DTAFY 
YC 
(SEQlD 
N0:46) 

ARQLT 
GMVY 
Aill.PS 
YFDF 
(SEQ 
!D NO 
47) 

KAS ! TLESG QQHN 
(SEQ !D 1· VPSRF SYSG 
NO; 55) SGSGS A (SEQ 

GTEFTL lD NO: 
.• TISSLQ 57) 

I ~YYDD;::A ' 
: V 

(SEQ ID 
NO 56) 

cggclgcagctgcaggagtcgggcccagg 
actggtgaagccttcggagaccctgtccctc 
acctgcactgtctctggtggctccatcaccag 
taacacttactactggggctggatccgccag 
cccccagggaaggggctggagtcgattgg 
gagtatctcttt!agtgggagaacctactaca 
gcccgtccctcaagagtcgagtcaccatgtc 
agtagacacgtccaagaaccagttctccctg 
aagctgagctctgtgaccgccgcggacacg 
g ccttttattactgtgcgagacagttaacagg 
gatggtttatgctattctcttaccgtcctactttga 
cttctggggccagggcaccctggtcaccgtc 
tcctcag (SEQ !D NO: 48) 

cagglgcagctggtgcagtctggggctgag 
gtgaagaggccggggtcctcggtgacggtc 
!cctgcaaggcttctggaggctccttcaccag 
cHtgttatcagctgggtgcgacaggcccctg 
gacaagggcttgagtggatgggaggggtc 
atccctattt!tgctacaccaaagtacgcaca 
gaagttccagggcagactcaccattaccgc 
ggacaagtccacaaatacagcctacatgg 
agctgaccagcctgagatctgaggacacg 
gccatgtattactgtgcgagtccggacttgac 
latggtatlcgtgccgcacaccggaccacttg 
acttctggggccagggaaccctggtcaccgt 
ctcctcag (SEQ ID NO: 58) 

RLQLQESGPG WGQ 
LVKPSETLSLT GT~✓ 
CTVSGGSITSN TVSS 
TYYWGWIRQP {SEQ 
PGKGLESIGSIS iD 
FSGRTYYSPSL NO: 
KSRVTMSVDT 50) 
SKNQFSLKLSS 
\JTAADTAFYYC 
Ar\QL TGMVYAl 
LLPSYFDFWG 
QGTLVTVSS 

i;~Q ID NO: t ,! 

i QVQLVQSG.A.E···· ·~ 
VKRPGSSVTVS , TKVEI 
CK/\SGGSFTSF ' K 
VISVI/VRQAPG (SEQ 
QGLEWMGGVI lD 

, PIFATPKYAOK NO: 
i FQGRL T!TADK 60) 

STNTAYMEL TS 
LRSEDTAMYY 
CASPDL TMVFV 
PHTGPLDFVVG 
QGTLVTVSS 
(SEQ lD NO: 
59'' '----'------'----·---~-~~--~······•···--~,. ..... __ _j_ __ ___l ____ .:....... ___________ ______J__:,:;..1---___ ___,_ __ __, 

""O 
~ ..... 
('D 

= ..... 
t 
"e -.... (') 
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I iA I G H 

I Row INarne V-REGION (1} FRi-
lMGT 

r 
8 005;,, QVQLVESGA OVOL 

tcom. EVKKPGSSV VESG 
• RVSCKLSGG AEVK 
• TFSTHG!NW KPGS 

VRQAPGQGL SVRV 
EWMGG!IP!F SCKL 

I GSAKYAQKF s i 
! QDRVT!TADE (SEQ 

STRTAYMEV !D 
TRLRSEDTAT NO. 
!YCA (SEQ !D 62) 
NO: 61) 

l 
; 

9 005- DIVMTQTPLS Di\/M 
1G01L LPVTPGEPA TQTP 

S!SCRSSQSL ! LSLP 
XDSDDGNTS VTPG 
LDV\/YLQKAG EPAS! 
QSPQUJYTL SCRS 
SYRASGVPD s 
RFSGSGSGT (SEQ 
DFTLKISRVE ID 
AEDVGVYYC NO: 
MQR!AF 72) 
(SEQ ID NO: 
71) 

···-
lL lM I I i .J K 

FIG. 'i 2 (P_a._ge 4 of 75) 
~-- 0 p ···---) 

CDR1- i FR2" CDR2· FR3- CDR3- Sequence Translated fR4--
!MGT IMGT IMGT !MGT !MGT Sequence (V- !MGT 

REGlON) 
GGTFS INVVVR !!PiFGS KY AciK . T)i.GG s caggtgcagctggtggagtctggggctgag QVQlVESGAE VI/GO 
THG QAPGQ A(SEO FQDRV j DOHA gtgaagaagcctgggtcctcggtgagggtct VKKPGSSVRV GTPV 
{SEQ !O GLEWM lDNO: TffADE WGSF cctgcaaactttctggaggcaccttcagcac . SCKLSGGTFST WSS 
NO: 63) GG 65} STRTA Y(SEQ ccatggtatcaactgggtgcgacaggcccc i HGINWVRQAP (SEQ 

(SEQ ID YMEVT !ONO cggacaagggc!tgagtggatgggaggga ' GQGL.EWMGGU ID 
NO: 64} RLRSE 67) tcatccctatttltggttcagcaaagtatgcac PIFGSAKYAQK NO: 

DTATlY agaagttccaggacagagtcacgattaccg FODRVTITADE 70) 
C (SEf1 cggacgaatccacgaggacagcciacat.g STRTAYME\JTR 
!ONO: gaggtgacccgcctgagatclgaggacac LRSEDTATIYC 

! 66) ggccacgatttattgtgcgggggggagcgat AGGSDDHAWG 

' gatcacgcttgggggagtttttactggggcca SFYWGQGTPV 
gggaaccccggtcaccgtttcctcagcctcc TVSS(SEQlD I 
ace a agggcccatcggtcttccccctgg cac NO 69) 
cctcctccaggagcacctctgggggcacag 
cggccctgggctgcctggtcaaggactactt 
ccccgaaccggtgacggtgkg (SEQ ID 
NO: 68) 

QSLXD YRASG i".MQRIA 
••••••---•u,, 

O!VMTo'TPLSC'"" FGQG LDWYL TLS gatattgtga!gacccagactccactctccct 
SODGN . QKAGQ (SEO ID VPDRF i FPFT gcccgtcacccctggagagccggcctccat PVTPGEPASiS TKLEl 
TS \ SPQLU NO: 75} 1 SGSGS {SEQ , ctcctgcaggtctagtcagagcctctn ggata CRSSQSLXDS K 
(SEQ lD Y(SEQ GTDFT lD NO: ' gtgatgatggaaacacctctttggactggtac DDGNTSLD\/>lY {SEQ 
NO: 73) IDNO LKISRV T1) ctgcagaaggcagg9cagtctccacagctc LQKAGQSPOLL . ID 

74) EAEDV ctgatctatacgctttcct:itcgggcctctgga IYTL.SYRASGV ! NO: 

' GVYYC gtcccagacaggttc.agtggcagtgggtca PDRFSGSGSG 80) 
j i {SEQ ID ggcactgatttcacactgaaaatcagcagg TDFTLK!SRVEA 

NO 76) gtggaggctgaggatgttggagtttattattgc EDVGVYYCMQ 
atgcaacgtatagcatttccgttcacttttggcc RIAFPFTFGQG 

I 
\ 

aggggaccaagctggagatcaaacgaact TKLE!K {SEQ ID 
[ glggctgcaccatctgtcttcatcttcccgccat NO: 79) 
! ctg atgagcagttgaaatctg gaacig cctct 

_J gttgtgtgcctgctgaataacttctatcccaga 

~ 
; gaggccaaagtacagtggaaggtggataa 
i cgc::c;_c::tce:aa_(~_§Q ID NO 78) 
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IL M 

FIG, 12 (Page 5 of 75) 
\ --~--

Row Name l V~REGION{1} ! FR1- CDR1- FR2- . GOR2- FR3- CDR3-
I f iMGT lMGT !MGT • 1MGT !MGT !MGT 
J t 

iO 005- QVQLVQSGA 'QVQL EYTFTA VGWVR !CPGDS KYSPS RHVA 
1D03H EVKKPGESL VQSG FC QMPGT DL. FQGQV SHVI/G 

K.!SCRAYEYT AEVK (SEQ JO GLEWM (SEQ !D T!SAm~ DYYG 
FTAFCVGWJ KPGE NO: 83) GI (SEQ NO: 85) SITTAY MDL 
RQMPGTGLE SLKlS !ONO: LQWSS (SEQ 
WMGl!CPGD CRAY 84) LKASO lDNO: 
SDLKYSPSF (SEQ TATYY 87} 
QGQVTISA.D ID C(SEQ 
KSITTAYLQW NO:. !ONO: 
SSL.KASOTAT 82) 86) 
VYCAR(SEQ 
ID NO: 84) 

SAS - - -! TRAIGI 1i 005- E!VLTQSPGT EIVLT QSVTR lAWVQ QQYN 
1D03L lSVSPGf.:RV QSPG N(SEQ ORPGQ (SEQ ID ! PVRFS D\NLG 

TLSCRA.SQS TLSV !ONO: APRLL! NO: 95) i GRGSG GT 
vrRNLAVVYQ SPGE 93) Y(SEQ i TDFTLS (SEQ 
QRPGQAPRL R.VTL !DNO: i 1SSLQS IONO: 
LIYSASTRA!G SCRA 94) i EDSAV 97) 
IPVRFSGRGS s YYC 
GTDFTLS!SS (SEQ (SEQ !D 
LQSEDSA\/Y !D NO: 96) 
YCQOYNDW NO: 
(SEQ ID NO: 92) 
91) 

l 

N 0 
Sequence Translated 

Sequence {V-
REGION) 

caggtgcagctggtgcagtctggggcagaa QVQLVQSGAE 
gtgaaaaagcccggggagtdctgaegatc VKKPGESLK!S 
t cctgtagggcttatg aatacaccttcaccg c CRAYEYTFTAF 
cttctgcgtcggctgggtgcgccagatgccc CVGWVRQMP 
ggcacaggcclggagtggatggggatcatc GTGLEWMG!!C 
tgtcct g gtgactctg atctcaaatacagtccg PGDSDLKYSPS 
tccttccaagg ccag g1caccatc!cagccg FQGQVT!S.A.DK 
acaagtccatcaccaccgcctacctgcagtg SITT A YLQ\NSS 
gagcagcctgaaggcctcggacaccgcca LKASDTATYYC 
catattactgtgcgagacatgtggcaagtca ARHVASHWGD 
ctggggcgactattacggtatggacctctgg YYGMDLVVGQ 
ggccaaggacctcggtcagcgtctcgtcag GPRSASRQHP 
cacccaccaaggctccggatgtgttccccat PRlRMCSPSY 
catatcagggtgcagacacacctctggggg QGADTPLGAQ 
cacag cggccctgg gctg cctggtcaag ga F?.PWP,.AWSRH 
ctacttccccgaaccggtga (SEQ ID SPNR (SEQ ID 
NO 88} NO: 89} 
gaaattgtgttgacgcagtctccaggcaccct E!Vl TQSPGTL 
gtc1gtgtctccaggagaaagagtcacactc SVSPGERVTLS 
tcctgcagggccagccagagtgttaccaga CRASQSVTRN 
aacttagcctggtaccaacagagacctggc • lAWYOORPGQ 
caggctcccaggctcctcatctatagtgcatc . APRLUYSASTR 
caccagggccattggtatcccagtcaggttc A!GIPVR.FSGR 
agtggccgggggtctgggacagacttcact GSGTDFTLSIS 
ctcagca,cagcagcctgcagtctgaagatt SLQSEDSAVYY 
c!gcagtttattattgtcagcagtataalgactg CQQYI\JDWLGG 
get cg ggg gg accttcggccaggg gacca TFGQGTKVEIK 
aag1ggaaattaaacgaactgtggctgcac (SEQ iD NO: 
catctgtcttcatcttcccgccatctgatgagc 99) 
agttgaaaldggaactgcctctgttgtgtgcc 
lgctg aataacltctatcccagagag gccaa 
agtacagtggaaggtggataacgccctcca 
atcgggtaactcccag (SEQ !.D NO 

: 98) ........... .,, ... 

\P 
FR4-
!MGT 

WGQ 
GTSV 
svss 
(SEQ 
ID 
NO: 
90) 

I 

....... J 
FGQG ! 
TKVEI ! 
K ! 
(SEO l 
!D 1 

NO: i 

100) 
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1, />., 
,.... F!G.J_?(P9ge 6 of _ _I~5)~---

G jH jl IL U< IL IM N 10 ,p 
Row l Name V-REG!ON {1) j FR1- 1- CDR1~ I fR2- i CDR2- I FR3· I GDR3- I Sequence l Translated FR4• 

!MGT 

12 I 005- ! QVOLQQSGP 
1006H ' GLVKPSQTL 

SLRCTISGDS 
VTSATYYVVT 
WIRQRPGKG 
LEWIGNlFKG 
GNTNYNPSL 
KSRVA!SVDT 
STNQFSLTLR 
SVTAADAAV 
YF'CAR (SEQ 
lD NO. 101) 

13 \ 005- I AIQLTQSPSS 
1DOOL VSASVGDRV 

TITCRASQEI 
NYALAWYLQ 
KPGKPPKVU 
YNASTMKNG 
VPSRFGGNG 
SGPDFTLTIN 
NLQPEDFGT 
YYCQQFNSF 
(SEQ ID NO: 
11 i) 

IMGT -!MGT !MGT 1 !MGT !MGT lMGT 
~ 

QVQL . GDSVT I WTW!R ' !FKGGN NYNPS ARGLE 
QQS SA.TYY QRPGK T (SEQ LKSRV G!TVG 
GPGL (SEQ lD ! GLEW! !D NO: .AISVDT AYYFD 
VKPS NO; i GN 105) STNQF F (SEQ 
QTLS 103) I (SEQ!D SLTLRS IDNO: 
LRCTl l NO: VTAA.D 107) 
s I ,o., .A.AVYF 
(SEO C(SEQ 
iD IDNO: 
NO: 106) 
102) 

j Sequence (V­
. REGION} 

caggtacagctgcagcagtcaggtccagg QVQ LQQ SG PG 
actggtgaagccttcacagaccctgtccctc LVKPSQTLSLR 
agatgcactatttcgggtgactccgtcaccag CT!SGDSVTSA 
tgcgacttactactggacctggatccgccag TYY\JVTWIRQR 
cgcccagggaagggcctggagtggattgg PG KGLEW!GN I 
gaacatctttaaaggtgggaacaccaacta f K GGNTNYN P 
caacccgtccctgaagagtcgagttgccata SLKS RV Al SVD 
tcagtggacacgtctacgaaccagttctccct TSTNOFSLTLR 
gactctgaggtctgtgacggccgcggacgc SVT AA DAAVYF 
ggccgtg!atttttgtgcgagaggccttgagg C.1\RGLEGlTVG 
gcataacagtgggcgcctactattttgacttct AYYFDFV\JGQG 
ggggccagggagcccttgtcaccgtctcctc ALWJSS {SEQ 
agcctccaccaagggcccatcggtcttcccc ID NO: Hl9) 

WGQ 
GALV 
1VSS 
(SEQ 
!D 
NO: 
110) 

A!OL T I ClEINY A. LAVv'YL i NAS·--- TMKNG 

::;iggcaccctcctccaagagcacctctgggg 
gcac.agcggccctgggctgcctggtcaagg 

-1------1--,_-_-_____ ~..j......~:.:::.:~~icttccccgaaccgg (SEQ iD NO; I ________ _ _ _j_ 
gccatccagttgacccagtctccatcctccgt ! .A!QL TQSPSSV , FGGG 

QSPS (SEQ !D QKPGK I (SEO ID 
SVSA NO: PPKVU j NO: 
SVGD [ 113) Y {SEQ I 1'15} 
RVflT i IDNO 
CRAS 114) 
(SEQ 
!D 
NO: 
i 12) 

VPSRF 
GGNGS 
GPDFT 
LT!NNL 
OPEDF 
GTYYC 
(SEQ!D 
NO: 
116) 

QQFN 
SFPLT 
(SEQ 
.!D NO 
1 i7) 

gtctgcatctgtaggagacagagtcaccatc ' SASVGDRVTIT TRVD 
acttgccgggcaagtcaggaaattaac1atg CRASQEINYAL IR 
ctttagcctggtatdgcaaaaaccaggaaa AWYLQKPGKP (SEO 
acctccaaaggtcctgatcta!aatgcctcca PKVLIYNASTM I ID 
ccatgaaaaatggggtccca1caaggticg KNGVPSRFGG NO: 
gcggcaatggatctgggccaga1ttcacictc NGSGPDFTLTI 120} 
accatcaacaacctgcagcctgaagactttg NNLQPEDFGT 
gaacttattactgtcaacagtttaatagtttccc YYCQQFNSFPL 
gctcactttcggcggggggaccagggtgga TfGGGTRVDlR 
cattagacgaactgtggctgcaccatctgtctt i (SEQ !D NO: 
catcttcccgccalctgatgagcagttgaaat · 119) 
ctggaactgcctctgttgtgtgcctgctgaata 

I I I I - -------------..... _ 

acttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggta 
actcccaggagagtgtcacagagcaggac 
agcaaggacagcacctacagcctcagcag 
caccctgacgctgagcaaagcagactacg 
aqaaaca (SEQ ID NO""•_: _1 _18'---'') ___ '--------~'------
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F!G. 12 (Page 7 of 75) 

t Row j ~ame I ~-R~~;~~~-~~-; I ~R1- ! 6oR1- --~R2- ~DR2- ~R3- --- ~DR3- 1 

~equen~:-· --$ranslated ~R4-

!MGT I !MGT lMGT !MGT lMGT !MGT Sequence (V- IMGT 
1 REGtON} 

· 14 005- QVQLQESGP ·oVOL ! GDSVS WT\I\JlR IFNSGS NYNPS -ARGLE caggtgcagctgcaggagtcgggcccagg QVOLQESGPG WGQ 
1F02H GLVKPSOTL QESG SATYY QRPGK T {SEQ LKSRV G!TVG actggtgaagccttcacagaccctgtccctc LVf<PSQTLSL T GTLV 

SL TCTlSGDS PGLV (SEO ID GLEW! ID NO: A!SVDT WYC acctgcactatctcaggtgactccgtcagca CTISGDSVSSA TVSS 
VSSATYYWT KPSQ NO: GN 125) SRNQF OF gtgcgacttactactggacdggatccgcca TY'rV\/T'vVIRQR (SEQ 
WIRQRPGKG TLSL 123) (SEQ ID SLTLNS {SEQ gcgcccagggaagggcctggagtggattg PGKGLE\NIGNi lD 
LEWIGNIFNS TCT!S NO: L TAADT ID NO: ggaacatcttlaacagtgggagtaccaacta FN-SGSTNYNP NO: 
GSTNYNPSL (SEQ 124) AVYFC 127) caacccg!ccctcaagagtcgagttgccata SLKSRVAISVD 130} 
KSRVA!SVDT iD (SEQ lD tcagtggacacgtctaggaaccagttctccct TSRNQFSL TLN 
SRNQFSL TL NO: NO gactctgaatlctctgac-tgccgcggacacg SL TAADTAVYF 
NSL TAADTAV 122) 126) gccg!gtatttltgtgcgagaggcdtgaggg CARGLEG!T\/G 
YFCAR (SEQ cataacagtgggggtctactattgtgacttctg VYYCDFVVGQG 
ID NO: 121} I gggccagggaaccctggtcaccgtctcctc i TLV1VSS (SEQ 

agcdccaccaagggcccatcggtcttcccc ! ID NO: 129) 
ctggcaccctcctccaggagcacctctgggg 
gcacagcggccctgggctgcctggtcaagg 

l--~·ir·····1 005. A!QMTQSPS AIQM ··oE!NYA LAWYL NAS 
iF02L SVSASVGDR TQSP (SEQ ID QKPGK 

VT!TCRASQE SSVS , NO, PPKVU 
!NYALA.WYLQ ASVG -,· 133) Y (SEQ 
KPGKPPKVU DRVT !D NO: 
YNASTLKNG fTCR 1.34) 
VPSRFGGDG AS 
SGPDFTl TIS (SEQ 
NLQPEDFGT JD 
YYCQQFNSY NO: 
(SEQ ID NO: 132) 
131) 

(SEQ !D 
NO: 
135) 

! actacrtccccgaaccggt (SEO ID NO: 
i 12~ 
1"'°TLKNG QQFN gcc.,a~t-c-ca_g_a-tg_a_c_c_c_agtctccatcctccgt AiQMTQSPSSV 

i VPSRF SYPL T gtctgcatctgtaggagacagagtcaccatc SASVGDRVT!T 
i GGDGS (SEQ acttgccgggcaagtcaggaaattaactatg CRASQE!NYAL 
j GPDFT iD NO: ctttagcctggtatctgcaaaaaccaggaaa AVI/YLQKPGf<.P 
i L TISNL 137} acctccaaaggtcctgatctataatgcctcca PKVUYNASTLK 
i OPEDF ccHgaaaaatggggtcccatcaaggttcgg NGVPSRFGGD 
, GTYYC cggcgatggatctgggccagatltcactctca GSGPDFTLT!S 

iSEQ !D ccatcagcaacctgcagcctgaagactttgg NLQPEDFGTYY 
NO: i aadtattactgtcaacagtttaatagttaccc COQFNSYPL TF 
136) gctcactttcggcggggggaccaaggtgga GGGTKVDlR 

cattagacgaactgtggctgcaccatctgtctt (SEQ ID NO: 
catcttcccgccatctgatgagcagttgaaat 139} 
ctggaactgcctctgttgtgtgcctgctgaata 
acUctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggta 
actcccaggaga (SEQ iQ_N_0_:_1_3~8)~----

FGGG 
TK\/01 
R 
(SEQ 
ID 
NO: 
140) 
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F!G. 12 (Page 8 of 75) 
A !G H I I J K L M 

Row Name 'V-REGlON (1} FR1- CDR1- FR2- CDR2- FR3· CDR3~ 
IMGT !MGT !MGT l!VlGT l.MGT lMGT 

16 009- QVQLVQSGA QVQL GGTFN INWVR lNPSFG NYAQR ASPAY 
2A-04H EVKKPGSSV VQSG TY! QAPGO sv FQGRV NSGF 

KVSCKASGG AEVK (SEQtD GLEWM (SEQ ID TlTADN ALLH 
TFNTYIINWI/ KPGS NO GR NO sxxxx (SEQ 
RQAPGQGLE SVKV 143) (SEO !D ·145) XXELN ID NO 
VJMGR!NPSF SCKA NO: SLRSE 147) 
GSVNYAQRF s "144) DTJWY 
QGRVTITA.DN (SEO YC 
SXXXXXXEl !D (SEQ ID 
NSL..RSEDTA NO: ~JO: 
VYYCA(SEQ 142) 146) 
ID NO: 141) 

~ 
17 000- D!VMTQSPD D!VM QSVLY LAWFQ WAS TRASG QQYY 

2A04L SLGVSlGER TOSP TSNNK OKPGO (SEQ ID VPDRF SNSM 
AT!NCKSSQS OSLG NY PPKLU NO: SGSGS YT 
VLYTSNM<N VSLG (SEQ ID Y(SEQ 155) GTDFT (SEQ 
YLA.WFQQKP ERATI NO: IDNO: LT!SSL IDNO 
GQPPKLLIYW NCKS 153) 154) QAEDV ~57) 
ASTRASGVP s AVYYC 
DRFSGSGSG (SEQ (SEQ!D 
TDFTLTISSL ID NO 
QAEDVAVYY NO: 156) 
CQQYYS 152) 
(SEQ ID NO 
151) 

i 

N 0 
Sequence ! Translated 

l Sequence (V. 
i REGION) 

caggtgcagctggtgcagtctggggctgaa I QVQLVQSGAE 
gtgaagaagcctgggtcgtcggtgaaggtct VKKPGSSVKVS 
cctgtaaggcttctggaggcaccttcaacac CKASGGTFNT 
dataitataaattgggtgcgacaggcccctg Yi!NV\/VRQAPG 
gacaagggcttgagtggatgggaaggatc QGLEWMGR!N 
aaccctagctttggltcagtaaactacgcaca PSFGSVNYAQ 
gaggtttcagggcagagtcacgatcaccgc RFQGRVT!TAD 
ggacaactccannnnnnnnr,nnnrmntg NSXXXXXXEL..N 
gagttgaacagcctgagatctgaggacacg SLRSEDTAVYY 
gccgtglattactgtgcgagccccgcataca CASPAYNSGF 
attctggtttcgcg1tacttcactggggccag9 ALLHVVGQGTl 
gaaccctg gtcaccgtctcctcag cgtcg ac VTVSS(SEQID 
caagggcccatcggtcttccccctggcaccc NO; 149) 
tcctccaagagcacdctgggggcacagcg 
gccctgggctgcctggtcaaggactacttcc 
ccgaacctgtgacggtctcgtgg (SEQ !D 
NO: 148) 
gacatcgtga!gacccagtctccagactccc DIVMTQSPDSL 
tgggtgtgtctctgggcgagagggccaccat GVSlGERAT!N 
caactgcaagtccagccagagtgttttatac CKSSQSVL YTS 
acctccaacaataagaactacttagcttggtt NNKNYLAWFO 
ccagcagaaaccaggacagcctcctaagc QKPGQPPKLLI 
tgctcatttactgggcatctacccgggcatcc YWASTRASGV 
ggagtccctgaccgattcagtggcagcggg PDRFSGSGSG 
tctgggacagacttcactctcaccatcagca TDFTL TISSLQA 
gcctgcaggctgaagatgtggcagtttattac EDVAVYYCQQ 
tgtcaacaatattatagtaattccatgtacactt YYSNSMYTFG 
!tggccaggggaccaaggtggagatcaaa QGTKVEIK 
cgtacggtggctgcaccatctgtcttcatcttc (SEQ ID NO: 
ccgccatctgatgagcagttgaaatctggaa 159} 
ctgcctctgttgtgigcctgctgaataacttctat 
cccagagaggccaaagtacagtggaaggt 

-99.ataacqccct (SEO ID NO: 158) 

p 
FR4-
IMGT 

WGQ 
GTLV 
TVSS 
(SEO 
lD 
NO: 
150) 

! 

FGQG 
TKVEI 
K 
(SEQ 
ID 
NO: 
16D) 

j 
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~ ..... .... 
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-
A A G G H H j j 

Row Name Name V-REG!ON (1) V-REG!ON (1) FR1-FR1- CDR1~ CDR1~ 
IMGT IMGT lMGT lMGT 

____________ ( ---
18 ! oos~ I QVOLOESGP QVQL GGS!SS oas~ I QVOLOESGP QVQL GGS!SS 

2G01H \ 2G01H GLVKPSETLS GLVKPSETLS OESG OESG yy yy 
I LTCSVSGGSl PGLV (SEQ ID i 

SSYYWTW!R KPSE NO 
LTCSVSGGSl PGLV (SEQ ID 
SSYYWTW!R KPSE NO 
QPPGKGLEW QPPGKGLEW TLSL TLSL 163) 163) 
IGNIYYSGST IGNIYYSGST TCSV TCSV 
YYSPSLKSR YYSPSLKSR s s 

i VTISIDTSKN (SEQ 
QFSLKLNSVT ID 
VTISIDTSKN (SEQ 
QFSLKLNSVT ID 
TADTA.VYYC TADTA.VYYC NO: NO: 
A (SEQ ID A (SEQ ID 162) 162) 
NO: 161) NO: 161) 

~ ~ 
I ' rn 009-009- EIVLTQSPAT EIVLTQSPAT EIVLT EIVLT QRLTS QRLTS 

2GOil 2GOil LSLSPGERAT LSLSPGERAT QSPA QSPA S(SEQ S(SEQ 

l LSCR.~SQRL TLSL lONO: 
TSSLSVVYQQ SPGE 173) 

I KPGQAPRLLI RATL 
f 

Y,AASNRATG SCRA 

LSCR.~SQRL TLSL !ONO: 
TSSLSVVYQQ SPGE 173) 
KPGQAPRLLI RATL 
Y,AASNRATG SCRA 
VPARFSGSG VPARFSGSG s s 
SGTDFTLTIS SGTDFTLTIS (SEQ (SEQ 
SLEPEDFAVY SLEPEDFAVY iD iD 
YCQYRSHV\/P YCQYRSHV\/P NO: NO: 
(SEQ !D NO: (SEQ !D NO: 172} 172} 
171) 171) 

F!G, 12 (Page 9 of 75) 
' ._, ' K L !M !N ._, 

--
FR2-FR2- CDR2- FR3- ;·coR3- Sequence 
IMGT IMGT !MGT IMGT l !MGT 

J ' --- ..... ---~.-~~-

\/i/TVV!R WTVV!R IYYSGS YYSPS · ARDC caggtgcagctgcaggagtcgggcccagg 
QPPGK QPPGK T(SEO L.KSRV SG,0 E actggtgaagccttcggagaccctgtccctc 
GLEWI GLEWI IDNO: T!SIDTS DMDS acctgcagtgtctctggtggctccatcagtagt 
GN GN i65} KNQFS FYYFM tactactggacctggatcc9acagccccca 
(SEQ ID (SEQ ID LKLNSV DV gggaaggggctggagtggattgggaacat 
NO NO TTADT (SEQ ctattacagtgggagc.acgtactacagcccc 
164) 164) AVYYC !DNO tccctcaagagtcgagtcaccatatcaatag 

(SEQ ID 167) acacgtccaagaaccaa!tctccctgaaact 
NO: aaactctgtgaccactgcggacacggccgtt 
166) tattactgtgcgagggactgtagtggct!cga 

agacatggactccitctactacttcatggacgt 
ctggggcaaaggggccacggtcaccgtctc 
ctcagcgtcgaccaagggcccatcggtcttc 
cccctggca ccctcctccaagagcacctctg 
ggggcacagcggccctgggctgcctggtca 
aggactacttccccgaa (SEQ !D NO: 

... ~--~--•+••-·" __ 168) ·-------------------
LSWYQ LSWYQ AAS NRATG QYR.S :ct 
QKPGC QKPGO (SEQ ID VPARF HWPP tct 
APRLU APRLU NO~ SGSGS AVT tc 
Y{SEO Y{SEO 175) GTDFT (SEQ ag 
!D NO; !D NO; LTISSL IDNO: ac 
174) 174) EPEDF 177) ]l 

AVYYC I :a 
{SEQ ID lC 
NO JC 
176) :a 

I ' ac 
I C 

:c 
la 

i 
~----'--------"-----'-I .c..ac.:ctc..,_gg"""gtaactc (SEO ID NO 178) 

:a 

0 p ; 
FR4- i Translated 

Sequence (V- lMGT l 
REGION} 
QVQLQESGPG WGK 
LVKPSETLSLT GATV 
CSVSGGSISSY TVSS 
YWTVV!RQPPG (SEQ 
KGLEWiGNIYY ID 
SGSTYYSPSLK NO: 
SRVT!SIDTSKN 170) 
QFSLKLNSVTT 
ADTAVYYCAR 
DCSGFEDMDS 
FYYFMDVWGK 
GATVTVSS 
(SEQ ID NO 
169) 

' j 
i 

EiVL TQSPATLS FGGG ! 
LSPGERATLSC TKVEi 
RASQRL.TSSLS K 
WYQQKPGQAP (SEQ 
RLUYAASNRA ID 
TGVPARFSGS NO: 
GSGTDFTLTlS 480) 
SLEPEDFAVYY 
CQYRSHWPPA 
VTFGGGTKVEI 
K{SEQ !D NO: 
179) 

_. •••• ---!. 
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j~ A i I G H 
Row Name V-REGlON {i} FR1- i CDR1· 

!MGT I lMGT 

20 009- RLQLQESGP RLQL GGSiTS 
3M1H GLVKPSETLS QESG NTYY 

LTCTVSGGS! PGLV (SEQ!D 
l TSNTYYVVG KPSE NO: 

\/VIRQPPGKG TLSL 183) 
LESIGS!SFS TCTV 
GRTYYSPSL s 
KSRVTMSVO {SEQ 
TSKNOFSLKL lD 
SSVTN\DTAF NO: 
YYCAR(SEQ 182) 
1D NO '181) 

21 009-- ··oTOMTQSPS DIQM QSIGS 
3A01L TLSASVGDR TQSP VV (SEQ 

VTITCRASQS STLS ID NO: 
IGSWLAWYQ AS\/G 193) 
OKPGKAPKL DRVT 

I LIYK.A.STLES !TCR 
I GVPSRFSGS AS 

GSGTEFTLTl , (SEQ 
SSLQPODLA. i lD : 

TYYCOQHNS NO: 
Y{SE.O1D 192) 
NO: 194) 

FIG_ 12 (Page 10 of 75) 
,,_ __ 

J K L M ~~ 

FR2- CDR2- FR3- CDR3~ .. Sequence 
lMGT !MGT tMGT !MGT 

WGVVIR ISFSGR YYSPS AROLT cggctgcagctgcaggagtcgggcccagg 
QPPGK T{SEQ L,KSHV GMVY actggtgaagccttcggagaccctgtccctc 
GLESIG ID NO: TMSVD AIU.PS acctgcactgtctctggtggctccatcaccag 
S (SEQ 185) TSKNQ YFDF taacacttactactggggciggatccgccag 
!DNO: FSLKLS {SEQ cccccagggaaggggctggagtcgattgg 
184) SVTAA IDNO: gagtatctcttttagtgggagaacctactaca 

DTAFY 187) gcccgtccctcaagagtcgagtcaccatgtc 
YC agtagacacgtccaagaaccagHctccctg 
(SEQID aagctgagctctgtgaccgccgcggacacg 
NO g ccttttattactgtg cg ag acagttaacagg 
186) gatggtttatgcta!:tdcttaccgtcctactttga 

cttctggg.gccagggcaccctggtcaccgtc 
tcctcagcgtcgaccaagggcccatcggtc! 
tccccctggcaccctcctccaagagcacctc 
tgggggcacagcggccctgggctgcclgg! 
caaggactacttccc (SEQ !D NO: 

LAWYQ KAS i TLESG 
18?.L. 

QQHN gaca1ccagatgacccagtctccttccacgct 
QKPGK (SEQ lD VPSRF SYSG gtctgcatctgtaggagacagagtcaccatc 
APKLU NO: SGSGS A(SEQ acttgccgggccagtcagagtattggtagct 
Y(SEQ 195) GTEFTL lDNO ggttggcctggtatcagcagaaaccaggga 
IDNO TISSL.Q 197) aagcccciaagctcctaatctataaggcgtct 
194) PDDLA actttagaaagtggggtcccatcaaggttca 

TYYC gcggcagtggatctgggacagaattcactct 
(SEO ID caccatcagcagcctgcagcctgatgatctt 
NO: gcaacttattactgccaacagcataatagtta 
196) ttcgggggcgttcggccaagggaccaaggt 

gg aaatcaaacgtacggtg gctgcaccatc 
tgtcttcatcttcccgccalctgatgagcagttg 
aaatctgg aactgcctctgttgtgtgcctgctg 

I 

aataacttctatcccagagaggccaaagta 
cagtggaaggtggataacgccctccaatcg 
ggtaactcccaggag (SEQ ID NO: 
198) , __ , ___ ,, ___ 

········-··--'--

0 
Translated 
Sequence 01-
REGION) 
RLQLOESGPG 
LVKPSETLSLT 
CTVSGGSITSN 
TYYWGWIRQP 
PGKGLESIGSiS 
FSGRTYYSPSL 
KSRVTMSVDT 
SKNQFSLKLSS 
VfAADT,1..FYYC 
ARQLTGM\/YAI 
LLPSYFDF\IVG 
QGTLV1VSS 
(SEQ ID NO: 
489) 

DIQMTQSPSTL 
SASVGDRVT!T 
CRASQSiGSWL 
AWYQQKPGKA 
PKLUYKASTLE 
SGVPSRFSGS 
GSGTEFTL TIS 
SLQPDDLATYY 
COOHNSYSGA 
FGQGTKVE!K 
(SEQ !D NO: 
199) 

! 
i 

p 

FR4-
IMGT 

WGQ 
GTLV 
TVSS 
(SEQ 
ID 
NO: 
i90) 

FGQG 
TKVEI 
K 
{SEQ 
lD 
NO: 
200) 
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FIG. i2 (Pa e i 1 of 75) 
A G H l I J K L M N 

Row Name V 0REGlON (1) FR1- CDR1- FR2- CDR2- FR3- CDR3- Sequ€ince 

' !MGT lMGT IMGT lMGT IMGT !MGT 

EVQL I GFTflS ' (•./I.S1M}R · 1sos-~YYADS AKDRi-" i. 22 l 009- I EVQLLESGG gaggtgcagctgttggagtctgggggaggcl 
3A02H GL VQPGGSL LESG YA QAPGK GAR VKGRF LPYOT tggtgcagccgggggggtccctgagactctc 

RLSCEASGF GGL\/ (SEQ ID GL.EVW (SEQ ID TiSRDN DAFDl ctgtgaagcctctggattcacctttatcagttat 
TF!SYAMSW OPG NO sv NO: SKNTL (SEQ gccatgagttgggtccgccaggctccaggg 
VROAPGKGL GSLR 203) (SEQ ID 205) YLEMN IDNO: aaggggctggagtgggtctcagttattagtg 
EVVVSV!SGS LSGE NO· NVRAE 207) ggagcggtg gtgccagatactacgcag act 
GGARYYADS AS 204) DTAVY ccgtgaagggccggttcnccatctccngag 
VKGRFT!SRD (SEQ FC acaattccaagaacaccctatatctggaaat 
NSKNTLYLE ID (SEQ!D gaacaacgtgagagccgaagacacggcc 
MNNVF{AEDT NO: NO giatatttttgtgcgaaagatcgaattctcccat 
AVYFCAK 202) 206) atgacaccgatg cctttgacatctggggcca 
(SEQ ID NO: agggacaatggtcaccgtctcttcagcgto;;i 
201) I. 

accaagggcccatcggtcttccccctggcac 
cctcctccaagagcacctctgggggcacag 
cggccctgggctgcctggtcaaggactactt 
ccccgaacctgtgacg (SEQ ID NO: 
208) 

23 I 009- I DIQMTQSPS·"- ESVSV i TLESG QEYH DIQM L.AWYQ KA.S gacatccagatgacccag!ctccttccaccct 
3A02L . TLSASVGDR TQSP S(SEQ QKPGK (SEQ lD I VPPRF TSSRV gtctgcgtctgtgggagacagaritcaccatc 

\fT!TCRASES STLS IDNO f\PKLLI NO: SGSGS T(.SEQ acttgcc,,;iggccagtgagagtgttag!gtctc 
VSVSLAWYO ASVG 213) Y(SEQ 2'15) GTEFTL IDNO: gttggcctggla!cagcagaaaccgggcaa 
QKPGKAPKL DRVT IDNO: T!SSLQ 217) agcccctaaactcctaatctataaggcgtcta 
UYKASTLES iTCR 2~4) PNDFA cHtagaaagt.ggcgtcccacccaggttcag 
GVPPR.FSGS AS ·· TYYC cggcagtggatctgggacagaattcactctc 
GSGTEFTLTI (SEQ I (SEQID accattagcagcctgcagcctaatgactttgc 
SSLQPNDFA ID 'NO: gact!attactgccaagaatatcacacttcttc 
TYYCQEYHT NO: 216} gcgggtcactttcggccctgggaccaaagtg 
S(SEQ!D 212) gatatcaaacgtacggtggc:tgcaccatctg 
NO· 211) i tcttcatcttcccgccatctgatgagcagttga 

aatctggaactgcctctgttgtgtgcctgctga 
ataacttctatcccagagaggccaaaglac 
agtggaaggtggataacgccctccaatcgg 
gtaactcccag(SEQ ID NO: 2181 

----------------~ 

'0 p 
Transiated FR4• 
Sequence N· {MGT 
REGION) 
EVQLLESGGGL i WGQ 
VQPGGSLRLS GTMV 
CEASGFTFISY TVSS 
AMSWVRQAPG . (SEO 
KGLEW✓SVISG l ID 
SGGARYYADS i NO: 
VKGRFT!SRDN [ 210) 
SKNTL YLEMNN 
VRAEDTAVYFC 
AKDRILPYDTD 
AFDIWGQGTM 
VTVSS(SEQlD i 
NO· 200) ; 

. • V \ 

DIQMTOSPSTL FGPG 1 
SASVGDRVTlT TKVDl •. 
CRASESVSVSL K 
AWYQQKPGKA (SEQ 
PKl.UYKl"'\STLE !D 
SGVPPRFSGS NO 
GSGTEFTLT!S 220) 
SLQPNDFATYY 
COEYHTSSRV 
TFGPGTKVD!K 
(SEQ ID NO: 
219) 

I 
\ 

! ___ J ... ,. 
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FIG. 12 (Page 12 of 75) 
~rA 
! Row I Name 

f 
24 r oos-

13004H 

I 

G H ! I ... 
V-REGION (1) FRl• CDR1-

!ri.l!GT lMGT 

EVQLLESGG : EVQL GFSFK 
GLVQPGASL ! LESG ! OYA 
RLSCMSGF GGLV ! (SEQ !D 
SFKDYALSW QPGA. NO: 
VRQAPGKGL SLRL 
EW\/SHlSGS -SCP.A 
GLSTYYADS , S 
VKGRFTJSRD I (SEQ 
NSKNTVYLQ j ID 
MNSLRAED'f 
AVYFCAK 

NO: 
222) 

223) 

,) K 
FR2- CDR2· 
lMGT !MGT 

LSWVR !SGSGL 
QAPGK ST 
GLEWV (SEQID 
SH NO: 
(SEQ !D 225) 
NO: 
224) 

I 

~~~~IONO I J -
,_2_5-'r-O_O_g __ ............i--E'!VMTOSPA~, 1 ·E!VM j QSV_N_s-+-'1-L\J1_0_iY_Q--+-~GAS--

3D04l VSVSPGERA TQSP , D (SEO , QKPGQ (SEQ 10 
! TLSCRASQS ATVS ID NO. I A.PRU..! NO: 
I VNSDLV\IVYQ . VSPG 233) I Y (SEO 235} 

QKPGQAPRL , ERAT lD NO: 
UYGASlRAT '! LSCR 234} 
GiPARFSGS I AS 
GSGTEFTLTI I (SEQ 
SS\QSEDFAV !D 
YYCQQYNN i NO 
WP {SEQ ID j 232) 
NO: 231) ' 

----~ 
jl ·, M N 0 p 

! FR3- I CDR3· Sequence Translated FR4• 
!MGT ,. tMGT Sequence 01- fMGT 

REGION\ 
YYADS AKDR gaggtgcagctgttggagtctgggggaggc , EVOLLESGGGL , WGQ j 
VKGRF VVGH ctggtgcagcdggggcgtccctgagactct VQPGASLRLSC ' GTLV : 
TISRDN 
SKNTV 
YLQMN 
SLRA.E 
DTAVY 
FC 
(SEQ ID 
NO: 
226) 

PWEY cctgtgcagcctctggattcagctttaaggact 
SLDF / atgccctgagctgggtccgccaggctccag 
(SEQ , ggaaggggctggagtgggtctcacatattag 
ID NO· i tggtagtggtcttagtacatactacgcagact 
227) I ccgtcaagggccggttcaccatctccagag 

· acaattccaagaacaccgtgtatttgcaaat 
gaacagcttgagagccgaggacacggcc 
gtgtatttctgtgcgaaagatcgggtagtagg 
tcgcccctgggagtactcccttgacttctggg 
gccagggaaccctggtcaccgtctcctcagc 
gtcgaccaagggcccatcggtcttccccctg 

. gcaccctcctccaagagcacctctgggggc 

, tacttccccgaacctgtg (SEQ ID NO: 

MSGFSFKOYA 
LSWVROAPGK 
GLEWVSH!SGS 
GLSTYYAOSVK 
GRFT1S RDNSK 
NTVYLQMNSL 
RAEDT/l.VYFC,~. : 
KDRVVGRPWE 
YSLDFWGQGT 
LVTVSS (SEQ 
ID NO 229) 

TVSS 
(SEQ 
ID 
NO: 
230) 

,L·.~ acagcggccctgggctgcdggtcaaggac 

k~ 22s) ___ ------+--------+~----< 
! IR.ATGI ! QQYN gaaatagtgatgacgcagtctccagccacc ElVMTQSPATV FGGG I 
! PARFS NWPP , gtgtctgtgtctccaggggaaagagccaccc SVSPGERATLS TKVE! 
! GSGSG LT tctcttgcagggccagtcagagtgttaacag CRASQSVNSD K. 
I TEFTL T (SEQ cgacctcgtatgglaccagcagaaacctgg L.WJYQQKPGQ (SEQ 

I 
iSS!QS !D NO: ccaggctcccagactcclcatttatggagcgt APRLUYGASIR , to 

, EDFAV 237) ccattagggccactggtatcccagccaggtt ! ATG!PARFSGS I NO: 
! YYC cagtggcagtgggtctgggacagagttcact / GSGTEFTL TlS 240) 
j (SEQ !D ctcaccatcagcagcattcagtctgaagatttt SIQSEDFAVYY 
' NO: gcagtt!attactgtcagcagtataataactgg CQOYNNVv'PPL 

236) ; cctccgctc?.c!ttcggcggagggaccaag TFGGGTKVE!K 
1 

gtggaaatcaaacgt?.c,ggtggctgcacca {SEQ ID NO: 
tctgtcttcatcttcccgccatctgatgagcagt ! 239) 
tgaaatctggaactgcctctgttgtgtgcctgc ! 
tgaataacttctatcccagagaggccaaagt / I I /· ! 1· / I I acagtgg·a· aggtgga!aacgccctccaatc 

L _ 1 _ I _ , i gggtaae:tcccagJSEQ !D NO· 238 

! 
.....____.,_ _ _J 
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[.. A G IH 
Row l Name V-REGION {t; ! fR1-

1MGT 

26 

27 

009- j EVQLVESGG 
3E06H j GLVQPGGSL 

R.LSCAASGF 
SVSSNFMSW 
VRQTPGKGL 
EVWSVLYSG 
GATFYA.DSV 
KGFffTISRDN 
SKNTLYLQM 
DSLRVEDTG 
VYYCA(SEQ 
ID NO 241) 

EVQL 
VESG 
GGLV 
QPG 
GSLR 
LSCA 
AS 
(SEQ 
ID 

i NO: 
' 242) 

009-
3EOOL 

.. DVVf'JITQSPL j' DVVM 
SLPVTLGQP ' TQSP 
ASISCRSSQS LSLP 
LVHSDGNTY VTLG 
LNWFQQRPG QPAS 
QSLRRUYKV JSCR 
SNRDSGVPD SS 
RFSGSGSGT (SEQ 
DFTLKiSRVE ,

1

. 10 
AEDVGVYYC NO: 
MQGTHW 252) 
(SEQ ID NO: 
251) 

i I 
CDR1.­
!MGT 

GFSVS 
SNF 
(SEQ ID 

, NO: 
'243} 

QSLVH 
SDGNT 
Y (SEQ 
IDNO 
253) 

FIG. 12 (Page 13 of 75) 
+-~R2- i ~R3- -~~-F~,3_·-:"--· ~-e-qu_e.nce I ~rans!ated -- 1. ;R4·; i 

·· r· 
,J 

FR2-
!MGT 

MSVVVR 
QTPGK 
GlEV'.fV 
SV 
(SEQiD 
NO: 
244) 

L.NWFQ 
QRPGQ 
SLRr-tU 
Y(SEQ 
IDNO: 
254) 

!MGT J !MGT !MGT Sequenr.e 0/- 1 lMGT 
REGION 

LYSGG 
AT 
(SEQ !D 
NO: 
245) 

KVS 
(SEQ ID 

: NO: l 255) 

FYADS 
VKGRF 
T!SRDN 
SKNTL 
YLQMD 
SLRVE 
DTGVY 
YC 
{SEQ iD 
NO 
246) 

ASRH 
YNYD 
ODY 
(SEQ 
IDNO: 
247} 

NRDSG i MQGT 
VPDRF ' HINFf 
SGSGS (SEQ 
GTDFT ID NO 
LKISRV 257) 
EAEDV 
GVYYC 
(SEQlD 
NO: 
256) 

gaggtgcagctggtggagtctgggggaggc 
ttggtccagcctggggggtccctgagactctc 
ctgtgcag cctctgg attcagcgtcagtagca 
acttcatgagttgggtccg ccag actccagg 
gaaggggctggagtgggtctcagttctttata 
g cggtggtg ccacattctacgcag actccgt 
gaagggcagattcaccatctccagagaca 
aitcgaagaacacgctgtatcttcaaatgga 
cagcctg agagtC·J agg acacgg glgtgta 
ttac1gtgcgagcagacactacaattacgac 
gatgactacgggggccagggaacactggt 
caccgtctcctcagcgtcgaccaagggccc 
atcggtdtccccctggcaccctcctccaaga 
gcacctctgggggcacagcggccc!gggct 
gcctggtcaaggactacttccccgaacctgt 

EVQLVESGGG i GGQ 
L VQPGGSLRLS 

I 
GTLV 

CAASGFSVSS TVSS 
NFMSVVVROTP (SEQ 
GKGLEV\fl/SVL lD 
YSGGATFYAD NO: 
SVKGRFT!SRD 250) 

. gacggtctcgtggaactca (SEQ ID 
j NO: 248} 

NSKNTLYLQM 
DSLRVEDTGVY 
YCASRHYNYD 
DDYGGQGTLV 
TVSS(SEQiD 
NO: 249) 

j gatgttgtgatgactcagtctccactctccctg DWMTQSPLSL 
' cccgtcacccttggacagccggcctccatct PVTLGQPASlS 

cctgcaggtctagtcaaagcclcgtacacag CRSSQSL\/HS 
tgatggaaacacctacttgaattggtttcagc DGNTY!..NVVF Q 
ag agg ccag gccaatctctaaggcgcctaa QRPGQ S LRRL ! 

! tttataaggtttctaaccgggactctggggtcc YKVSNRDSGV 
l cagacagattcagcggcagtgggtcaggc PDRFSGSGSG 
! actgacttcacactgaaaatcagcagggtg TDFTLK!SRVEA 

gaggctgaggatgttggggtttattactgcat EDVGVYYCMQ 
gcaaggtacacactggcccaccttcggcca GT HWPTFG QG 
agggacacgactggagattaaacgtacggt TRLEIK (SEQ 

, ggctgcaccatctgtctlcatcttcccgccatct lD NO: 259) 
gatgagcagttgaaatctggaactgcctctgt 
tgtgtgcctgctgaataacttctatcccagag 
aggccaaagtacagtggaaggtggataac 
gccctccaatcgggt (SEQ ID NO: 
258) . 

FGQG 
TRLE! 
K 
(SEQ 
ID 
NO 
260) 
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A G H l -- . J K il M N O P ! 
Row Name V-REGION (1} FR1- COR1- FR2N CDR.2- i FR.3- CDR3- Sequence ~------ ,,,,_____ translated FR4-

F!G. 12 _(P-9ge 14 of 75) 

lMGT !MGT lMGi' !MGT t !MGT lMGT - Sequence NN !MGT 
.___,___ __ ,_ _ _ I REGION) 

28 009- EVQLVESGG EVQL EYTFR MSV\t'VR lNQDG j YYVDS ARAG gaggtgcagctggtggagtctgggggaacc EVQLVE~S_G_G~T-1-I-N_G_R_____,; 
3F05H TVVOPGGSL VESG NYW QAPGK SEK i VKGR~:- SYGD glggtccagccgggggggtccctgagactct WQPGGSLRL GTLV ' 

RLSCVASEY GTVV (SEQ lD GLEWV (SEQ ID T!SRDN YRP!N cctgtgtagcctctgaatataccttcaggaatt SCVASEYTFRN TVSS 
TFRNYVVMS QPG NO: ! GN NO: AENSL NVVFD altggatgagctgggtccgccaggctccag WVMSVWROA (SEO 
VVVRQAPGK GSLR 263) ' (SEQ lD 265) FLQMN P (SEQ ggaaggggctggagtgggtgggcaacata PGKGLEWVGN ID 
GLEWVGNlN LSCV NO: SLRVA ID NO aatcaagatggaagtgagaagtactatgtg !NQDGSEKYYV NO: 
QDGSEKYYV AS 264) DTA\/Y 267) gactctgtgaagggccgattcacca1ctcca DSVKGRFTISR 270) 
DSVKGRFT!S (SEQ YC gagacaacgccgagaactccctatttctgca DNAENSLFLQ 
RDNAENSLF iD , (SEQ ID aatgaacagcctgagagtcgcggacacgg MNSl.RVADTA 
LQMNSLRVA NO: NO: ctgtttattactgtgcgagagcggggagttac , \/YYCARAGSY 
DTAVYYCAR 262) 266) ' ggtgactacaggccgataaacaactggttc j GDYRP!NNWF 
(SEQ !D NO: gacccctggggccggggaaccctggtcac ' DPWGRGTLVT 
261) cgtctcctcagcgtcgaccaaggg:cccatcg VSS (SEQ !D 

gtcttccccctggcaccdcctccaagagca NO; 269) 
cctctggggg cacag cggccctgagctg cc 
tggtcaaggactacttccccgaacctgtgac . . 

! ggtctcgtggaactcaggcgccctgaccag i i 
cggcgtgcacaccttcccggctgtcctacagt 

i __ ,__ __ __,_ ___ ~---------- _cctca-9_gac (SEQ ID NO: 268) I 
29 009~ DlQMTOSPS D!QM QS!SFS l..A.'/<JYQ QTS NLKSG QHYS t DIQMTQSPSTL FGQG ' 

3F05L TLSASVGGR TQSP (SEQ ID QKPGK (SEQ lD VPSRF NYSYT SASVGGRVT!T TKVEI 
i VTITCRASQS STLS NO: APELVI NO: SGSGS (SEO CRASQS!SFSL K 
. ISFSLAVVYQ ASVG 273) Y {SEO 275) GTQFT !D NO: 1 AWYQQKPG!<A (SEQ 

QKPGKAPEL GRVT , ID NO L T!SSL 277) : PELVIYQTSNL !D 
V!YQTSNLKS lTCR ! 274} QPEDF KSGVPSRFSG NO: 
GVPSRFSGS AS i /'>..TYYC SGSGTQFTLT! 280) 
GSGTQFTl.T! (SEQ : (SEQ !D SSLQPEDFATY 
SSLQPEDFA : ID NO: YCQHYSNYSY 
TYYCOHYSN ! NO: 276) ! TFGQGTK\/EIK 
Y (SEQ ID 272) ' (SEO ID NO: 
NO: 271) : 279) 

J I :::,,ggaaggtggataacgccctccaatcggg 
taactcccaggagag (SEQ ID NO: : 

! 278) ---------~-----~·-·-·----L----------· 
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----
iG rH j ! A 

Row Name ! V-REG!Ol'-i"{1) ! FR1~ CDR.1• 
! ; !MGT !MGT 
I 

30 009- l QVQLVESGG QVQL GFTFR! 
3G0iH GWQPGRSL VESG YA 

RLSCAASGF GGVV (SEQ ID 
TFR!YArv'lHW QPGR NO 
VRQAPGKGL SLRL 283) 

i EWVAVlSNE SCAA 
I 

GTNKYYADS s ! 
I VKGHFTISRD {SEQ I 

NSKNTLYLQ ID 
MNSLRPEOI\ NO: 
AVYYCAR 282) 
(SEQ ID NO i 
281) 

31 009- E!Vl.TQSPGT EIVLT ESVSS 
3G01L LSLSPGERAT QSPG Y(SEQ 

LSCRASESV ; TLS' ID NO: 
SSYLAVv'YQK i SP(tE 293) 
KPGQAPRLLI RATL 
YDASHRATGI SCRA 

· PARFSGSGS s 
GTDFTLT!SS {SEQ 
LESEDFGVY ID 
YCQQRSNW NO: 
P(SEQID 292) 
NO: 291} 

LL_ 

·-";·----
j K iL M N 0 

FIG. 12 (P 15 of 75) 

FR2- .°cDR2~. 
IMGT iMGT 

MHVVV ISNEGT 
RQAPG, NK 
KGLEW ' (SEQ !D 
VAV NO: 
(SEQ ID 285) 
NO 
284) 

----~ ~-.,,,, 

LAINYQ DAS 
KKPGQ (SEQ iD 
APRLLI N{'l V, 

Y(SEQ 295) 
lD NO: 
29-4} 

uun .-.. -.... --• 

FR3- CDR3- Sequence Trans!ated 
IMGT !MGT Sequence 0/·· 

HEGIOM 
YYADS ARDP caggtgcagctggtggagtc!gggggtggc QVQLVESGGG 
VKGRF SNPP gtggtccagcctgggaggtccctgagactct ' WQPGRSLRLS 
TISRDN HWGN cctgtgcagcctctggattcaccttcagaatct 
SKNTL FDS atgctatgcactgggtccggcaggctccagg 
YLQMN (SEQ caaggggctggagtgggtggcagttatatca 
SLRPE !ONO: aatgaaggaactaataaatactacgcagac 
DAAVY 281) tccgtgaagggccgattcaccatttccagag 
YC acaattccaagaacacgttgtatttgcaaatg 
(SEQ ID aatagcctgagacctgaggacgcggctgtg 
NO: tattactgtgcgagagatccctctaatccccc 
286) gcactgggggaactttg<1ctcHggggccag 

ggaaccctggtcaccgtctcctcagcgtcga 
ccaagggcccatcggtcttccccctggcacc 
ctcctccaagagcacctctgggggcacagc 
ggccctgggctgcctggtcaaggactacttc 
cccgaacctgtgacg (SEQ lD NO 
288) ________ 

HRATGI QQRS c:ct 
PARFS i N'NPPI i 
GSGSG i T (SEQ i 

:tc 

TDFTLT !DNO: 
!SSLES 297) 
EDFGV 
YYC i 

(SEO ID i 
NO: 
296) 

atcgggtaactcccag (SEQ iD NO: 
, 2982 

1ct 
cc 
cc 
ttc 
;tc 
:ttt 
;tg 
cg 
;c 
:a 
ct 
,a 
ca 

CAASGFTFRIY 
AMHVVVROAPG 
KGLEWVAVISN 
EGTNKYYADS 
VKGRFTISRDN 
SKNTL YLQMNS 
LRPEDAAVYYC 
AEDPSNPPHW 
GNFDSWGQGT 
LVTVSS(SEQ 
ID NO: 289) 

E!VL TQSPGTL 
SLSPGERATLS 
CR.t\SESVSSYL 
AWYQKKPGQA 
PRLUYDASHR 
ATG!PARFSGS 
GSGTDFTLTI.S 
SLESEDFGVYY 
CQQRSNVVPPI 
TFGQGTRLEIK 
{SEQ ID NO: 
299) 

iP 
'FR4-
· lMGT 

WGQ 
GTLV 
TVSS 
(SEQ 
ID 
NO: 
290) 

FGQi3 
TRLE! 
K 
(SEQ 
ID 
NO: 
300) 

' 
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! 
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,., ---- -··········-·------
A G H I J !K .. 

Row Name V-REGION (1} FR1- CORi• FR2- CDR2-
lMGT lMGT !MGT !MGT 

32 009~ EVQLLESGG EVQL AFTFN MNVI/V ISGSGL 
3G03H GUQPGGSLR LESG KYA RQAPG ST 

LSCAASAFTF GGU (SEQ ID KGLEW {SEQ ID 
NKYAMN\/1.IV QPG NO: VSH NO: 
RQAPGKGLE GSLR 303) {SEQ ID 305) 
VVVSHISGSG LSCA NO: 
LSTYYADSVK AS 304) 
GRFT!SRDNS (SEO 
KNTLYLQMN ID 
SLRAEDT1W j\/0: 
YYCAK(SEQ 302) 
ID NO: 301) 

'33 009- EIVLTQSPAT EIVLT QSVNN LA',NYd"'' ··oAS 

3G03L LSLSPGERAT QSPA Y(SEQ EKPGO {SEO !D 
LSCRASQSV TLSL !ONO: APRLLI NO: 
NNYLAVVYQE SPGE 313) Y {SEQ 315) 
KPGQAPf~LLI RATL lDNO· 
YDASNRATGI SCRA 314) 
Pfl.RFSGSGS s 

•· GTDFTL TISS (SEQ 
1 LEPEOFAVYY ID 

CQQRSNWP NO: 
(SEQ ID NO: 312) 

i 311) 

1 
,. i 

\_, ______ .. ,,_,, ___ 

L M N 
FR3- CDR3- Sequence 
IMGT !MGT 

YYADS AKDLA gaggtgcagctgttggagtctgggggaggct 
VKGRF VTPPA tgatacagccgggggg9tccctgagactctc 
TlSR.DN QGYL dgtg cagcctctg cattcacattta acaaata 
SKt'JTL DR tgccatgaactgggtccgccaggctccagg 
YLQMN (SEO gaaggggctggagtgggtctcgcatattagt 
SLRAE !ONO ggcagtggtcttagcacatactacgcagact 
DTAVY 307) ccgtgaagggccggttcaccatctccagag 
YC acaat!ccaagaacacgctgtatctgcaaat 
(SEQ lO gaacagcctgagagccgaggacacggcc 
NO: gtctactactgtgcgaaagatctcgco:;ittac 
306) accacctgcccagggttacttggaccgctgg 

ggccagggaaccdggtcaccgtctcctca 
g cgtcgaccaagg gcccatcggtcttccccc 
tggcaccctcctccaagagcacctctgggg 
gcacagcggc;cctgggctgcctggtcaagg 
actacttccccgaacctgtga (SEQ lD 

' 
NO: 308\ 

! NP-ATGI QQRS gaaattgtgttgacacagtctccagccaccct 
PARFS NWPPI gtctttgtctccaggggaaagagccaccctct 
GSGSG T(SEO cctgcagggccagtcagagtgttaacaact 
TOFTLT !ONO: acttagcctggtaccaagagaagcctggcc 
!SSLEP 3: 7) aggctcccaggctcctcatctatgatgcatcc 
EDFAV aacagggccactggcatcccagccaggttc 
YYC agtggcagtgggtctgggacagacttcactc 
(SEQ ID !caccatcag cagcctagaacdgaag atttt 
NO gcagtttattactg tcagcagcgtag caactg 
316) gcctccgatcaccttcggccaagggacacg 

actggagattaaacgtacggtggctgcacc 
atctgtcttcatcttcccgccatctgatgagca 
gUgaaatctggaactgcdctgt!gtgtgcct 
gctgaataacttctatcccagagaggccaa 
agtacaglggaaggtggataacgcccicca 
atcgggtaactcccagga (SEQ ID NO 
318) .. ---------------

0 
Translated 
Sequencef'J• 
REGlON) 
EVQLLESGGGL 
IQPGGSLRLSC 
AASAFTFNKYA 
MNV\JVRQAPGK 
GLEWVSHISGS 
GLSTYYADSVK 
GRFTISRDNSK 
NTLYLQMNSLR 
AEDTAVYYCAK 
DLAVTPPAQGY 
LDRV\IGQGTL.V 
1\/SS(SEQID 
NO: 309) 

EfVL TQSPATLS 
LSPGERATLSC 
Rfa-SQSVNNYL 
AVVYQEKPGQA 
PRLL.IYDASNR 
ATG!PARFSGS 
GSGTDFTLTIS 
SLEPEDFAVYY 
CQQRSNWPP! 
TFGQGTRLE!K 
(SEQ !D NO: 
319) 

p 

FR4-
IMGT 

\NGQ 
GTLV 
Tv'SS 
(SEQ 
ID 
NO: 
310) 

FGQG 
TRLE.I 
K 
(SEQ 
ID 
NO 
320) 

i 
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FIG. i 2 (Page 17 of 75) 
A iG H I ' K L M " 

Row Name V-REG!ON (1} FR1- CDRi- FR2· GDR2- FR3- CDR3• 
!MGT !MGT !MGT lMGT !MGT !MGT 

34 015- QVQLVQSGA QVQI_ GGTFG FNVV\/R IFPLLG NYAQR ARDD 
, 1A01H EVRKPGSSV \IQSG I SYG QAPGQ TA FQGRV YMTV 

KVSCTTSGG AEVR ! (SEQ ID GLEVVM (SEQ ID TiTADK DROY 
TFGSYGFNW KPGS , NO: GR NO: STTTAY YYMD 
VROAPGQGL SVKV 323) (SEQ !D 325) MEL.SR V(SEQ 
EVVMGRIFPL SCTT NO: LTSEDT !ONO. 
LGT.A.NYAOR s 324) AVYYC 327\ 
FQGRVTlTAD (SEQ (SEQ 10 
KSTTTAYMEL lD I NO: 
SRL TSEOTAV NO: 326) 
YYCAR(SEQ 32.2) 
ID NO 321) 

i 
i 

-------------------··· 
35 015- EIVLTQSPAT EiVLT QS!STN ! LAWYQ GAS TRATGI i QQYN 

1A01l I..S\/SPGERA QSPA (SEQ !D . QKPGQ (SEO !D PARFS i NWPP 
TLSCRASQSi TLSV NO: APRLU NO: GSGSG LFS 
STNLP,WYQQ SPGE 333) Y{SEQ 335) TEFTLT (SEQ 
KPGQAPRLU RATL IDNO: VSSLQ iDNO: 
YGASTRATGI SCRA 334) SEDFA 337) 
PARFSGSGS Is VYYC 
GTEFTL TI/SS I (SEQ (SEQID 
LQSEDFAVY ID NO: 
YCQQYf'-lNVv NO 336) 
P(SEQlD 332) 
NO: 331) 

N 0 
Sequence Translated 

Sequence (V. 
REGION) 

caggtccagctggtgcagtctggggctgag QVQLVQSGAE 
gtgzggaagcctggglcctcggtgaaggkt VRKPGSSVKV 
cctgtacgacctctggaggcaccttcggcag SCTTSGGTFG 
ttatggttttaattgggtgcr~acaggcccctgg SYGFNWVRQ.A 
acaagggcttgagtggatgggaagg atcttc PGOGLEWMG 
cctctcctggggactgcaaactatgcacagc RIFPLLGT ANY 
gcttccagggcagagtcacgat+..accgcgg AQRFQGRVT!T 
acaaatccacgaccacagcctacatggag A.DKSTTTAYME 
ctgagcaggctgacatctgaggacacggcc LSRLTSEDTAV 
gtgtattattgtgcgagagatgactatatgac YYCARDDYMT 
agtggaccgagactactactacatggacgt . VDRDYYYMDV 
ctggggcaaagggacctcggtcaccgtctc ! WGKGTSVTVS 
ctcag cctccaccaaggg ccca1cgg!cttc S (SEQ iO NO: 
cccctggcaccctcctccaggagcacctctg 329) 
ggggcacagcggccctgggctgcctggtca 
aggactacttccccgaaccggtgacggtgtc 
gtggaactcaggcgccctgaccagcggcgt 
gcacaccttcccggctgtcctacagtcdcag 
qactctac !SEQ ID NO: 328) 
gaaatigtgctgacacagtclccagccaccc EIVLTOSPATLS 
tgtctgtgtctccaggggaaagagccaccct VSPGERATLSC 
ctcctgcagggccagtcagagtattagcacc RASQS!STNLA 
aacttagcctggtaccagcaaaaacctggc \i\!YQQKPGQAP 
caggdcccaggctcctcatctatggtgcgtc RLLlYGASTR/'I. 
gaccagggccactggtatcccagccaggtt TGiPARFSGSG 
cagtggcagtgggtctgggaca,,Jagttcact SGTEf-TLTVSS 
ctcaccgtcagcagcctgcagtctgaagact LQSEDFAVYYC 
ttgcagtttatiactgtcagcagtataataattg QQYNNWPPLF 
gcclcccctattcagtttcggccctgggacca SFGPGTKI/DIK 
aagtggatatcaaacgaactgtggc!gcac (SEQ ID NO: 
catctgtcttcatcttcccgccatdgatgag c 339) 
agttgaaalctg ga actg cctctgttgtgtgcc 
tgctgaataacltctatcccagagaggccaa 
zgtacagtggaaggtggataacgccctcca 
atcaaataactccc (SEQ ID NO: 338) 

p 
FR4-
!MGT 

WGK 
GTS\/ 
TVSS 
(SEQ 
ID 
NO: 
330) 

FGPG 
TKVDI 
K 
(SEQ 
ID 
NO: 
340) 
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FIG. 12 (Page 18 of 75) 
~~i-A------~---·-·--·--

G H i .J K l --r!i.f ....... TN 
Row I Name V~REG!ON (1) FR1-

!MGT 
GDRi· 
IMGT 

FR2-
tMGT 

CDR2· j' FR3-
!MGT !MGT 

CDR.3'- I Sequence 
tMGT 

Translated 
Sequence (V­
REG!ON} 

FR4::·-­

IMGT 

36 

37 

015-
iA03H 

EVQLVESGR 
GLVHPGGSL 
RL.SC.AASGF 
TFSSYSMSW 
VRQAPGKGL 
EWL.ATINKEG 
SENHHVDYA 
KGRFTiSRDN 
AKNTLYLQM 
NSLRAEDTA 
\/'(YCAR 
(SEQ ID NO 
341) 

EVOL i GFTFS 
VESG. SYS 
RGLV (SEQ !D 
HPGG NO: 
SLRL , 343) 
SCAA. ' 
s 
(SEO 
ID 
NO: 
342) 

MSWVR 
OAPGK 
GLEVVl. 
AT 
(SEQ!D 
NO: 
344) 

~ 
INKEGS HHVDY 
EN AKGRF 
(SEQ ID TISRDN 
NO: AKNTL 
345) YLQMN 

SLRAE 
DTA\/Y 
YC 
(SEQ ID 
NO: 
346) 

ARVS 
REEW 
ATVDD 
PHDY 
YYMD 
V(SEQ 
!ONO: 
347) 

E\/QL.VESGRG 
LVHPGGSLRLS 
C.t1ASGFTFSSY 
SMSWI/RQAPG 
KGLEWLATlNK 
EGSENHHVDY 
AKGRFTISRDN 
fa,KNTLYL,QMNS 
LRAEDTAVYYC 
ARVSREEWAT 
VDDPHDYYYM 
D\M/GOGTTVf 

gaggtgcagctggtggagtctgg9agaggc 
ttggtccaccctggggggtccctgagactctc 
ctgtgcagcctctggattcacctttagtagttatt 
cgatgagttgggtccgccaggctccaggga 
aggggctggagtggctggccaccataaac 
aaagagggaagtgaaaaccaccatgtgga 
ctacgcg aagggccg gttcactatctccaga 
gacaatgccaagaataccctgtatctacaa 
atga atagtcig ag agccgag gacacggct 
gtgtattattgtgcgagagtctccagggaaga 
gtgggcgacagttgacgaccctcacgacta 
ctactacatggacgtatgg gg ccaagggac 
cacggtcaccgtctcctcagcctccaccaag 
ggcccatcggtcttccccctggcaccctcctc 

i VSS (SEQ !D 
NO 349) 

caagagcacctctgggggcacagc9gccc 
tgggctgcctggtcaaggactacttccccga 
accggtgacggtgtcgtggaactcaggcgc I' 

cctgaccagcggcgtgcacaccttcccggct 
tcctaca !SEQ ID NO: 348 

'NGQ 
GTTV 
TVSS 
(SEQ 
10 
NO: 
350) 

015- rnOMTQSPS D!QM QRISNY l.NVVYO KAY i NLERG QQNY gacatccagatgacccagtctccatcctccct DIQMTQSPSSL FGGG 
'\A03L SLSASVGOR TQSP (SEQ ID ONPGR (SEQ !D VPSRF NPLFT gtctgcatctgtgggagacagagtcaccatc SASVGDRVTIT TKVEl 

\/TlTCP.ASQR SSLS NO: APKLU NO SGSGS (SEQ acttgccgggcaaglcagaggattagcaac CRASQRISNYL K 
lSNYLNVVYQ ASVG 353) Y {SEQ 355} GTDFT 10 NO: tacttaaattggtatcagcagaacccaggca NWYQQNPGRA (SEQ 
QNPGRI\PKL DRVT !D NO: LTISTL 357) gagcccclaaactcc-tgatctataaagcata PKI..LIYKAYNLE !D 
UYKA.YNLER ITCR 354) QPEDF caatltagaaaggggagtcccgtcaaggttc RGVPSRFSGS NO: 
GVPSRFSGS AS GTYYC agtggcagtggatctgggacagat1tcactct GSGTDFTL T!S 360) 
GSGTDFTL Tl (SEQ (SEQ ID caccatcagcactctgcaacctgaagattttg TLQPEOFGTYY 
STLOPEDFG ID . NO: gtacttactactgtcaacagaattacaatccc CQQNYNPLFTF 
TYYCQQNYN NO j 356) ctgttcactttcggcggggggaccaaggtag GGGTKVE!K 
P (SEQ ID 352) ! agatcaaacgaactgtggctgcaccatctgt (SEQ lD NO: 
NO 351) ! cttcatcttcccgccatctgatgagcagttgaa 359) 

atctggaactgcctctgttgtgtgcctgctgaa 
taacttctatcccagagaggccaaagtaca 
gtggaaggtggataacgccctccaatcggg 
taactcccaggaga (SEQ ID NO 

L.......---'-----'---------'-----'----~-----'------'---~ .. !............. 358,) 
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A G H I 
Row j Name V-REGlON (1) FR1- GDR1-

I tMGT !MGT 
~ --

38 '0'15- EVQLVQSGG EVQL GFTFS 
1A04H GLVQPGGSL VQSG SYA 

RLSCAASGF GGLV (SEQ!D 
TFSSYAMSW OPG NO: 
VRQAPGKGP GSLR 363) 
QWVANIKKE LSCA 
GGEKQEMD AS 
HVKGRFTISR (SEO 
DNAKNTLYL !D 
QMNSLRVED NO: 
TA.VYYCVR 362) 
(SEQ !D NO. 
36"1) i 

1 

' ~..... ....... .•u~.•-•••••• ••••••••••••••••••••••••••• ------------------- ----------------------
39 015- D!QMTQSPS DIQM ORISNY 

1A04L SLSASVGOR TQSP (SEQ !D 
' VTITCRASQR SSLS NO: 

ISNYLNWYQ A.SVG 373) 
QKPGKAPKl DRVT 
UYNt--.NlLEN ITCR. 
GVPSRFSGG AS 
GSGTDFTLSl {SEO 
SGLQPEDFG ID 
TYYCQQSYN NO 
S{SEQID 372) 
NO: 371) 

.. - ---

FIG. 12 (Page 19 of 75) 
J K L !M iN 
FR2- CDR2- FR.3- CDR3- ' Sequence 
lMGT !MGT !MGT !MGT 

-MSWVR !KKEGG QEMDH VRVS gaggtgcagctggtgcagtctgggggaggc 
QAPGK EK VKGRF REEW ttggtccagccgggggggtccctgagactct 
GPQINV (SEQ ID TlSRDN AD/DD cctgtgcagcctctggattcacgtttagtagtt 
AN NO: AKNTL PHDY acgcgatgagttgggtccgccaggdccag 
(SEQ lD 365) YLQMN YYMD ggaaggggccgcagtgggtggccaatata 
NO SLRVE V(SEQ aagaaagaaggcggtgaaaagcaggaa 
364) DTAVY ID NO atggaccatgtgaagggccggrtcactatct 

YC 367) ccagagacaacgccaagaatacactgtatc 
(SEQIO tgcaaatgaatagtctgagagtcgaggaca 
NO·. cggctgtgtattactgtgtgagagtctccagg 

I 366) gaagagtgggcgacagttgacgaccctca 
cgactactactacatggacgtctggggccaa 

; 
gggt (SEQ lD NO: 368) 

LNVVYQ NAN llENGV QQSY gacatccagatgacgcagtctccatcctccct 
QKPGK (SEQ 10 PSRFS NSLFT gtctgcatctglaggagacagagtcaccatc 
APKLLI NO: GGGSG (SEQ adtgtcggg caagtca gaggattag ca act 
Y(SEQ 375) TDFTLS !DNO: acttaaattggtatcagcaaaaaccaggca 
!ONO: ISGLQP 377} aagcccctaaactcc!gatctataacgcaaa 
374) EDFGT cattttagag aatg gg gtcccatcaagg ttca 

YYC i gtggcggtgggtctgggacagatttcactctc 
(SEQ!D · tccatcagcggtdgcaacctgaagattttgg 
NO tacttactactgtcaacagagttacaattccct 
376) gttcactttcggcggggggaccaaggtaga 

gatcaaacgaactgtggctgcaccatctgtct 
tcatcttcccgccatctgatgagcagttgaaat 
ctggaactgcctctgttgtgtgcctgctgaata 
adtcta!cccagagaggccaaagtacagt 
gg.:,aggtgg ataacg ccctccaatcgg gta 
adcccaooa2ag (SEQ_ID __ NO: 378) 

0 
Trans.lated 
Sequence fl/-
REGION} 
EVOL.VQSGGG 
LVQPGGSLRLS 
CAASGFTFSSY 
AMSWVROAPG 
KGPQWVANIK 
KEGGEKQEMD 
HVKGRFT!SRD 
NAKNTLYLQM 
NSLRVEDTAVY 
YCVRVSREEW , 
ATVDDPHDYY 
YMDVWGQG 
(SEQ ID NO: 
369) 
DIQMTQSPSSL. 
SASVGDRVT!T 
CRASQR!SNYL 
NWYQQKPGKA 
PKLUYNAN!LE 
NGVPSRFSGG 
GSGTDFTLS!S 
GLQPEDFGTY 
YCQQSYNSLFT 
F-GGGTKVE!K 
(SEO ID NO: 
379) 

p 

FR4- j 
IMGT ' 

WGQ 
r., 
\..;1 

(SEQ 
ID 
NO: 
370) 

FGGG 
TKVEI 
K 
(SEQ 
ID 
NO. 
380) 
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FlG_ 12 (Page 20 of 75) 
~ ..... 
('D 

IA -<; --
' 

----------
jL 

- - ... N-- -----~ = H I ✓ K M 0 p ..... 
!Row l Name V~REG!ON (i) FR1- CDR1- FR2- I. CDR2· FR3- CDR3- sequence 

••••••••••n~• 

--Translated FR4-
·- > "e !MGT lMGT !MGT IMGT !MGT !MGT Sequence 01· IMGT "e 

REGJON -.... ~' 
EVQL VESGG ; EV6C i M"l.\/\JVR DHVGY i ARVS i gaggtgcagctggtggagtctgggggaggc EVQLVESGGG 

(') 

! 40 I 015-
GFTFS !EK1;;GS WGQ ~ ..... 

i 2A01H GLVQPGGSL VESG SYS QAPGK EK VKGRF REEW ! ttggtccagcctggggggtccctgaggctctc LVQPGGSLRLS GTTV .... 
0 

RLSCAASGF GGLV (SEQ 10 GLEWV (SEO lD , TISRDN ATVDD ctgtgcagcctctggatlcacctt!:agtagUatl C,l\;\SGFTFSSY TVSS = ' : 
TFSSYSMTW QPG NO: AN NO: ! AKSTLY PHDY cgatgacctggg!ccgccaggctccaggga SMT>J'lts/ROAPG (SEO ""O 
VRQAPGKGL GSL_R 383) (SEQID 385) LOMNS YYMD aggggctggagtgggtggccaatatagag KGLEVWANIEK I ID = O" 

i EWVANIEKE . LSCA . NO: LSAED V(SEQ aaagaaggaagtgagaaagaccatgtgg EGSEKDHVGY NO: -.... GSEKDHVGY iAS 1384) TAVYY !DNO gctatgtgaagggccgattcactatctccag VKGRFT!SRDN 390) 
(') 

~ 
VKGRFT!SRD i (SEQ , C (SEQ ~~87) agacaacgccaagagtacactgtatctgca AKSTLYLQMNS ..... .... 

' ' 0 NAKSTLYLQ ID j !DNO aatgaatagtctgagcgccgaggacacgg LSAEDTAVYYC = MNSLS,AEDT NO: ! 386) ctgtgtattactgtgcgagagtctccagggaa ARVSREEWAT 
AVYYCAR 382) 

i 
gagtgggcgacagttgacgaccctcacgac . VDDPHDYYYM 

(SEQ ID NO, tactactacatgg acgtctgggg ccaaggg D\/WGQGTTVT z 
381) accacggtcaccgtctcctcagcgtcgacca VSS(SEQID 0 

~ 

l~~S-
agggcccatcggtcttccccctggcaccdc NO 389) 

N 

I ctccaagag cacctctgggg gcacagcgg 
I ~--:i 

ccctgggctgcctggtcaagg (SEQ ID N ; 
NO: 388) ! 0 

D!QMTQSPF DIQM QR!SNY LNWYQ i-NAN I TLQG-G i QQSY gacatccagatgacccagtctccgttctccct i DIQl'JlTQSPFSL i FGGG 
.... 
.i;.._ 

• 1 2A01L SLSASVGDR TQSP (SEQ lD , OKPGK I {SEQ !D . VPL_RF i NRL.FT . gtctgcatctgtgggagacagagtcaccatc ' S~SVGDRVTlT TKVEI 
rJJ VTlTCRAGQf~ FSLS NO: I APKLU NO: l SGSGS (SEQ · acttgccgggcaggtcagaggattagcaac CRAGQRISNYL K =-!SNYLNWYQ ASVG 393) Y (SEQ , 395) ! GTDFT 10 NO ' tacttaaattggtatcagcagaagccaggca NWYQQKPGKA (SEQ ('D 
('D 

QKPGKAPKL DRVT lD NO j LTlSSL 397) aagcccctaaactgctgatctataacgcaaa PKLLlYNANTLQ !D ..... 
LIYN.L\NTLQG ITCR 394) l QPEDS cactttacaagglggggtcccattaaggttca GGVPLRFSGS NO: ~ .... 
GVPLRFSGS AG GTYYC 9tggcagtggatctgggacagatttcactctc GSGTDFTL TtS 400) 0 
GSGTDFTLTI (SEQ (SEQID accatcagcagtctgcaacctgaagattctg SLQPEDSGTYY I .... 

1,0 
SSLQPEDSG ID NO: . gtacttactactgtcaacagagttacaatngg CQQSYNRLFTF 0 
TYYCQQSYN NO: 396) I ctgttcactttcggcggggggaccaagg!gg GGGTKVE!K 
(SEQ ID NO: 392) agatcaaacgtacggtggctgcaccatctgt (SEQ !D NO: 
391) cttcatcttcccgccatctgatgagcagttgaa 399) 

I 
i c 1 

atctggaadgcctctgltglgtgcctgctgaa rJJ 
taacttctatcccagagaggccaaagtaca N 

t~ 
0 

gtggaaggtggataacgccctccaatcggg .... 
.i;.._ 

!aadcccaggagagtgtcacagagcagg ---acagcaaggacagcacctacagcctcagc 0 
~ 

f agcaccc!gacgctgagcaaagcagacta .i;.._ 
QO 

' '. cgaga (SE_Q Ip NO: 398) -·------------ .... QO 
Ul .... 
> .... 



FIG. 12 (Page 27 of 75) 
' A G H j ! J i K L .. M N -- ··--··· 0 P---l 

Ra\~:-- ·Name V-REG!ON (1) FR1- - CDR1- FR2. CDR2- ! FR3- CDR3- Sequence -- 1· 1.·ra .. nslated FR4-
!MGT l !MGT iMGT lMGT 1 tMGT fMGT Sequence (V- IMGT 

' ---;-' ..,,R_E_G_IO..._,N,_,_cc--+--~-c---! 
42 015- QVQLVQSGA QVQL GYIFSG 10\NVR \ INPKTG NYAQK AHDF caggtgcagctggtgcagtctggggctgag QVQLVOSGAE WGQ 

2A06H EVKKPGTSV . VQSG SY QAPGQ : NT FQGRV DYGO i gtaaagaagcctgggacctcagtgaaagtc VKKPGTSVKVS GAMV 
. KVSCKJ\SGYI AEVK (SEQ ID GLEVVM (SEQ ID TMTRD YRGS \ tcclgcaaggcttctggatacatcttctccggc CKP-.SGYIFSGS TVSS 
! FSGSYIQWV KPGT . NO: , GR NO: i MS!STA AFDI tcctatatccagtgggtacgacaggcccctg Y!QWVROAPG (SEQ 

RQAPGQGLE SVKv 403) (SEQ lD 405) i YMEL T (SEQ ggcaagggcttgagtggatgggaaggatc QGLEWMGR!N !D 
WMGR!NPKT SCKA NO: I RLSSD , lD NO: aaccctaagactggtaatacaaattatgcac PKTGNTNYAQ NO: 
GNTNYAQKF i S 404) I OTA.VY '407) agaagtttcagggcagggtcaccatgacca KFOGRVTMTR 410) 
QGRVTMTRD · (SEQ I YC • gggacatgtccat.cagcacagcctacatgg DMSlSTAYMEL 
MS!STAYMEL ID (SEQ lD agctgactaggctgagctctgacgacacgg TRLSSDDTAVY . 
TRLSSDDTA NO: 1 NO: ccgtgtattactgtgcgagagactttgattacg YCARDFDYGD ! 
VYYCAR 402) 1· 406) gtgactaccgcggctctgcttttgatatctgg.g YRGSAFDIWG 
(SEQ ID NO: gccaaggggcaatggtcaccgtctcitcagc QGAMVTVSS 
40i) , . gtcgaccaagggcccatcggtcttccccctg (SEO !ONO: 

, I ' gcaccctcciccaagagcacctc!gggggc 409} 

\ ~'f acagcggccctgggctgcctggtcaaggac 

L / tacttccccgaacctgtg (SEQ !D NO: 
: . : ~8) 

, 43 015- .DIQMTQSPS -,--DlQ~jj"- 1 QDFSN ... iNWYQ-- DTS NLETG • QQLN. , gacatccagatgacccagtctccatcctccct DIQMTQSPSSL 1· FGPG 
i 2A06l. SLSASVGDR . TQSP Y (SEQ QKPGK (SEQ ID 1 VPSRF T (SEQ \ gktgcatctgttggtgacagagtcaccatca SASVGDRVTIT TKVDl 
' VT!TCQPSQD SSLS !D NO: ' APKLU NO: ! SGSGA ID NO ' cttgccagccgagtcaggactttagcaadat CQPSQDFSNY K 

FSNYLNVVYQ ASVG 413) Y (SEQ 415) ' GTHFT 417) ttaaattggtatcagcaga.aaccagggaaa LN\IVYQQKPGK \ (SEQ 
QKPGKAPKL DRVT ID NO LTINSL gcccctaagctcctgatctacgatacatcca APKLUYDTSNL ' ID 
UYDTSNLET ff CO 4 4 4} QPED!A atttggaaacaggggtcccatcaagaHcag ETGVPSRFSG NO: 
GVPSRFSGS PS . : TYYC i tggaagtggggctgggacacattttactctca SGAGTHFTL Tl 420) 
GAGTHFTLTI (SEQ i i (SEQ lD / ccatcaacagcctgcagcctgaagacattg NSLQPEDIATY 
NSLQPEDlAT ID \ NO: . caacatattactgtcaacagttaaataccttc YCOQLNTFGP 
YYCQQ (SEQ NO; 418) ggccctgggaccaaagtggatatcaaacgt , GTKVDlK (SEQ 
ID NO 411) 412) acggtggctgcaccatctgtctlcakttcccg 'ID NO: 419) 

ccatctgatgagcagt\gaaatctggaacig 
cctctgttgtgtgcctgctgaataacttctatcc 

i L. J • cagagaggccaaagtacagtggaaggtgg 

l
: i I ataacgccctccaatcggg!aactcccagg u· I 

i : agagtgtcacagagc (SEQ ID NO: ; I 41s) , ...___~!--·--~-----~--~----~--~--~ -- - ------~ ~--------
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A !G H ! I 
Row Name V-REGION {1) FR1- I COR1-

IMGT I !MGT 
! 

, 44 016-- QVQLVQSGA QVQL GFTLN 
2804H EVKRPGASV VQSG Nl..Y 

KVSCKAAGF AEVK (SEQ ID 
TLNNLYIHVVV RPGA. NO: 
RQAPGQGLE SVK'V 423} 
WMGRINPNS SCKA 
GITKYADKFR A 
GRVTLTRDT (SEQ 
SVNTAYMEV !D 
ARLRSDDTA NO: 
VYYCAR 422) 
(SEQ !D NO: 
421) 

45 015~ DfQMTQSPS DIQM ODFSN 
2B04L SLSASVGDR TQSP Y(SEQ 

VTITCQASQD SSLS !ONO 
FSNYLNWYQ ASVG 433} 
QKPGRAPKL DRVT 
UYDASKLAT lTCQ 
GVPSRFSGH AS 
KSGADYTFTi (SEQ 
TSLQPEDlAT lD 
YYCQQ (SEQ NO· 
!D NO: 43'1) 432) 

FIG. 12 (Page 22 of 75) 
j .. R IL M N 
FR2- CDR2-- FR3- CDR3- Sequence 
IMGT IMGT !MGT tMGT 

iHV\iVR INPNSG KYADK ARDID caggtgcagctggtgcagtct9gggctgag 
QAPGQ IT (SEQ FRGRV TGDY gtgaagaggcccggggcctcagtgaaggt 
GLEWM IDNO: TL TROT RGAD ctcctgcaaggctgcgggattcacgttgaac 
GH 425) SVNTA VLQM aacctc!acatacactg ggtgcg acaggcc 
(SEQ!D YMEVA (SEQ cctggacagggacttgagtggatgggacgg 
NO: RLRSD IDNO atcaaccctaacagtggaatcacaaagtat 
424) DTAVY 427) gcagacaagtttcggggcagggtcacgttg 

YC accagggacacgtccgtcaacactgcctat 
(SEQ iD atggaggtggcgcggctgcgatctgacgac 
NO: acggccgtctattattgtgcgcgagacat.tga 
426) caccggtgactaccgcggcgctgatgttctc 

caaatgtggggtcaagggacaatggtcacc 
gtctcttcagcgtcgaccaa ggg cccatcg g 
tcttccccctggcaccctcctccaagagcac 
ctctgggggcacagcggccctgggctgcct 

! ggtcaaggactacttccccga.acc (SEQ 
1 !D NO: 428) 

LNV\/YQ DA.S KLATG QQLYT gacatccagatgacccagtctccatcctccct 
QKPGR (SEQ ID VPSRF (SEQ gtctgcatctgtgggagacagagtcaccatc 
APKLLI NO SGHKS IDNO acttgccaggcgagtcaagacttcagtaatt 
Y(SEQ 435) GADYT 437) atctaaattggtatcaacagaaacctgggag 
lDNO: FTiTSL agcccctaagctcctcatctacgatgcttcca 
434) QPED!/1. aattggcaacaggggtcccatcgaggHca 

TYYC gtggacataaatctggggcagatta!accttc 
(SEO lD accatcaccagcctg cagcctgaag atattg 
NO: caacatattactgtcaacagttgtatactttcg 
436) gccctgggaccaaagtggatatcaaacgta 

cggtggc!gcaccatctgtcttcatcttcccgc 
catctgatgagcagttgaaatctggaactgc 
ctctgttgtgtgcc\gctgaataacttctatccc 
agagaggccaaagtacagtggaaggtgg 
ataacgccctccaatcgggtaactcccagg I 
agagtgtcacagagca (SEQ ID NO: 
438) 

0 
Translated 
Sequencefv-
REGION) 
QVQLVQSGAE 
VKRPGASVKV 
SGKAAGFTLNN 
L Y!HV\/VRQAPG 
OGLEWMGR!N 
PNSGITKYADK 
FRGRVTLTRDT 
SVNTAYMEVA 
RLRSDOTAVYY 
CARD!DTGDYR 
GADVLQMWG 
QGTM\/TVSS 
(SEQ !D NO: 
429) 

DIQMTQSPSSL 
SASVGDRVT!T 
CQASQDFSNY 
LNWYQQKPGR 
APKLUYDASKI.. 
ATGVPSRFSG 
HKSGADYTFTl 
TSL.QPEDIATY 
YCOQL YTFGP 
GTKVDIK (SEQ 
!D NO: 439) 

p i 
FR4- ] 
lMGT 

WGQ 
GTMV 
TVSS 
{SEO 
ID 
NO: 
430) 

FGPG 
TKVD! 
K ' 
(SEO i 
ID 

I 

NO: 
440) 
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~me 
G H l 
V-REG!ON {i) FR1- CDR1-

! lMGT !MGT 
i 

46 015- EVQLVESGG EVQL GFTFS 
2G03H GLVOPGGSL VESG SYS 

RLSCf..ASGF- GGLV (SEQ lD 
TFSSYSMSW QPG NO: 
VRQAPGKGL GSLR 443} 
EVVVAN!NKE LSCA 
GSEKNHVDF AS 
VKGRFT!SRD (SEO 
NAKNTLSL.Q ID 
MNSLAAEDS NO: 
A.VYYCAR 442) 
{SEQ ID NO: 
444) 

47 0'15- DIQMTQSP,S OIQM QRISNY 
2C03L SLSA.SVGOR TQSP (SEQ!D 

VT!TCR.A.SQR SSLS NO. 
ISNYLNWYQ ASVG 453) 
QRPGEAPKL DRVT 
UYNAYTLES !TCR 
GVPSRFSGS AS 
GSGTDFTLT! (SEQ 
SSL.QPEDFA HJ 
TYYCOOSYIT NO: 
(SEQ ID NO: 452) 
451) 

i 

FlG. i 2 (Page 23 of 75) 
·······----------------
J K L M N 

--FR2- CDR2- FR3- CDR3- Sfiquence 
- --------

IMGT IMGT lMGT iMGT 

MSV\NR INKEGS NHVDF ARVS gaggtgcagctggtggagtctgggggaggc 
QA.PGK EK VKGRF REEW ttggtccagcctggggggtccctgagactctc 
GLEWV (SEQ !D TISRDN AT\/DD ctgtg cag cctctggattcacctttagtagttatt 
AN NO AKNTL PHDY cgatgagctgggkcgccaggc!ccaggga 
(SEQ ID 445} SLQMN YYMD aggggctggagtgggtggccaatataaata 
NO: SLRAE V (SEQ aagaaggaagtgaaaagaaccatgtgga 
444} DSAVY !DNO: ctttgtgaagggccggttcactatctccagag 

YC 447) acaacgccaagaatacactgtcgctgcaaa 
(SEO lD tgaatagtctgagagccgaagattcggctgt 
NO: gtattactgtgcgagagtctccagggaagag 
446) tgggcgacagttgacgaccctcacgactact 

actacatggacgtctggggccaagggacc 
acggtcaccgtctcctcagcgtcgaccaag 
ggcccatcggtcttccccctggcaccctcclc 
caagagcacctctgggggcacagcggccc 
tgggctgcctggtcaagg (SEQ ID NO: 
448) 

-------
LNWYQ NAY TLESG QQSYl gacatccagatgacccagtctccglcctccct 
QRPGE (SEQ !D VPSRF TLFT gtctgcatctgtaggagacagagtcaccatc 
APKLU NO: SGSGS (SEQ acttgccgggcaagtcagaggattagcaac 
Y{SEQ 455} GTDFT !D NO: tacttgaattggtatcagcagagaccaggcg 
IDNO LT!SSL 457) aagcccctaaactcctgatctataacgcata 
454) QPEDF cactttagaaagtggggtcccatcaaggttc 

ATYYC agtgg cagtggatctgg gacagatttcactct 
(SEQ!D caccatcagcagtctgcaacctgaggattttg 
NO: ctacttactactgtcaacagagttacattaccc 
456) tgttcactt!cggcggggggaccaaggtgga 

gatcaaacgtacggtggctgcaccaidglct 
tcatcttcccgccatctgatgagcagttgaaat 

! dggaactgcctctgttgt.gtgcctgctgaata 
! acttclatcccagagaggccaaagtacagt 

ggaaggtggataacgccctccaatcgggta 
actcccaggagagtgtcacagagcaggac 

--------

agcaaggacagcacctacagcctcagcag 
caccctgacgctgagcaaagcagactacg i 
aoaa (SEQ ID NO 458) 

0 
. Translated 
Sequence {V· 
REGION} 
EVQLVESGGG 
L VQPGGSLRLS 
CAASGFTFSSY 
SMSWVRQA.PG 
KGLEVVVANlNK 
EGSEKNHVDF 
VKGRFTISRDN 
AKNTLSLOMNS 
lRAEDSAVYYC 
ARVSREEWAT 
VDDPHDYYY:•J! 
DVWGQGTTVT 
VSS (SEQ ID 
NO: 449) 

D!QMTQSPSSL 
SASVGDRVT!T 
CRASQF{!SNYL 
NWYQQRPGEA. 
PKLLIYNA YTLE 
SGVPSRFSGS 
GSGTDFTLTIS 
SLQPEDFATYY 
CQQSY!TLFTF 
GGGTKVE!K 
(SEQ ID NO 
458) 

p 
FR4-
!MGT 

WGQ 
GTTV 
1VSS 
(SEQ 
!D 
NO 
450) 

FGGG 
TKVE! 
K 
(SEQ 
ID 
NO: 
460) 
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A G !H i 
Row Na.me V-REGlON (1) FR1- CDR1-

IMGi !MGT 

48 015- EVQLLESGG EVQL GFTFS 
2C04H ALLQPGGSL LESG SYA 

RLSCAA.SGF GALL (SEQ ID 
TFSSYAMSW QPG NO: 
VRQPPGKGL GSLR 463) 
QWI/S!MSGR LSC.A. 
GDTMQYADS AS 
VKGRFTISRD (SEQ 
NSKNTLYLQ !D 
MNSLRAEDT NO: 
AiYYCAR 462) 
(SEQ ID NO: 
461) 

49 015- DiQMTQSPS DiQM QSISVY 
2G04L SLSASVGDR TQSP (SEQ !D 

VT!TCRASQS SSLS NO 
ISVYLNVv'YQ ASVG 473) 
QKPGKAPKL ORVT 
UYGASNLQS !TCR 
GVPSF~FSGS AS 
GSETDFTLTl (SEQ 
SSLQPEDFA ID 
TYYCQRSYIT NO: 
(SEO !D NO: 472) 
471) 

l 

FIG. 12 (Page 24 of 75) 
j K L 1M !N 0 p 
FR2- c::bR2~ FR3- CDR3- I Sequence Translated fR4-
lMGT iMGT lMGT IMGT I Sequence {V • tMGT 

l REGION) ' MSIJ\f1/R MSGRG QYADS AREEF -gaggtgcagctgttggagtctgggggagcct EVQLLESGGAL '·NGQ 
QPPGK DTM VKGRF TOTE tgctacagccgggggggtccctgagactctc LQPGGSLRL,SC GTLV 
GLQWV (SEQ lD TlSRDN MTITQ ctgtgcagcctctgg altcacctttag cag eta AASGFTFSSYA. TVSS 
SI (SEQ NO: SKNTL GDFG tgccatgagctgggtccgccagcdccagg MSWVROPPGK (SEQ 
lD NO: 465) YLQMN Y(SEQ gaagggtctgcagtgggtctcaattatgagtg GLQVVVSIMSG !D 
464) SLRA.E !ONO: gtaggggtgataccatgcagtacgcagact RGDTMQYADS NO: 

DTAIYY 467) ccgtgaagggccggttcaccatctccagag VKGRFTISRON 470) 
C(SEQ acaattccaag aacacactttat ctgcaaat SKNTLYLQMNS 
IDNO: ,gaacagcctgagagccgaggacacggcc LRA.EDTAfYYC 
466) atttattactgtgcgagagaggagtttaccga AF{EEFTDTEMT 

cacagagatgactataacccaaggggactt !TQGDFGYWG 
tggctactggggccagggcaccctggtcac QGTL\/fVSS 
cgtctcctcagcgtcgaccaagggcccatcg (SEQ !D NO: 
,;itcttccccdggcaccdcctccaagagca 469) 
cctctggg ggcacagcg gccctgg gctg cc 
tggtcaaggactacttcccc (SEQ !D 
NO 468) 

LNVVYQ GAS NLQSG QRSYI gacatccagatgacccagtctccatcctccct D!QMTQSPSSL ! FGPG 
QKPGK {SEQ !D VPSRF TPFT 9tct9catdgtaggagacagagtcacca!c SASVG0RVTlT ! TKVDI 
APKLLI NO: SGSGS (SEQ acttgccgggcaagtcagagcattagtgtct CRASQSlSVYL K 
Y(SEQ 475) ETDHL IDNO: attlaaattgg tatcaacaaaaaccaggg aa NWYQQKPGKA (SEQ 
lD NO. T!SSLQ 477) agcccctaagctcctgatctatggtgcatcca PKLUYGASNL !D 
474) PEDFA att!gcaaagtggtgtcccatcaaggttcagt QSGVPSRFSG NO: 

TYYC ggcagtggatccgagacagatttcadctca SGSETDFTL TIS 480) 
(SEQ!D ccatcagcagtctgcaacctgaagattttgca SLQPEDFATYY 
NO: acttactadgtcaacgcagttacatcactcc CQRSY!TPFTF 

i 476) attcactttcggccctgggaccaaagtggat GPGTKVDIK 
atcaaacgtacggtggctgcaccatctgtctt (SEQ lD NO 
catcttcccgccatdgatgagcagttgaaat 479) 
ctggaactgcctctgtlgtgtgcctgctgaata 
ac!:tctatcccagagaggccaaagtacagl 
ggaagglggataacgccctccaatcgggta 
actcccaggagag_ (SEO_!D_NO:_ 478)_ ................................. 
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A G iH ! 
f Row Name V-REG!ON(1} FR1- CDR1· 
[ !MGT 1MGT 

50 015- OVQLVQSGS QVQL GFTFT 
2C06H EVRKPGt-1SV VQSG DCF 

KVSCKASGF SEVH (SEO ID 
TFTOCF!HWV KPG.A. NO: 
RQAPGQGLE SVKV 483) 
WMGRINPSR SCKA 
GTTKYAEKF s 
RGRVSMTRD (SEQ 
MA!NTAYMD ID 
MSRLClSDDT NO 
AVYYCAR 482) 
(SEQ ID NO: 
481) 

I 

51 015- DIQMTQS-PS D!QM QDFSN 
2C06L SLSASLGDR TQSP Y(SEO 

VTiTCQASQD SSLS IDNO: 
FSNYLN'•NYQ ASL.G 493) 
QKPGf<APKL DRVT 
LIYDASNLET ITCO 
GVPSRFSGS AS 
GSGTEYTLTl (SEQ 
SSLQPEOS/~ ID 
TYYCQQ NO: 
(SEQ ID NO: 492) 
491) 

~ 

______ ., ______ 

FIG. i2 (Page 25 of 75) 
j K !L M N 
FR2- CDR2· 1 FR3- CDR3- Sequence 
!MGT !MGT I !MGT !MGT 

l 
!HWVR INPSFW I KYAEK ARDID caggtgcagctggtgcagtctgggtctgagg 
QAPGQ TT FRGRV SGDY tgaggaagcctggggcctcagtgaaggtct 
GLEWM (SEQ ID SMTRD RAAD cctgcaaggcttclggattcacattcaccgac 
GR NO MA!NTA VFQi tgctttatacactgggtgcgacaggcccctgg 
(SEQ !D 485) YMOMS (SEQ acagggacttgagtggatgggtcggatcaat 
NO: RLQSD lDNO: cctagtagaggaaccacaaaatatgcaga 
484) DTAVY 487} gaaatttcggggccgggtctcgatgacccg 

YC ggacatggccatcaacacagcciacatgga 
(SEO ID catgagcaggctgcaatctgacgacacggc 
NO: cgtgtattaclgtgcgagagacattgaclccg 
486) gtgactaccgcgccgctgatgUUccaga!ct 

gg ggccaag ggacaatggtcaccgtctcttc 
agcgtcgaccaagggcccatcggtcttcccc 
clggcaccctcctccaagagcacc!ctgggg 
gcacagcggccctgggctgcctggtcaagg 
actacttccccgaacc (SEQ ID NO 

_488) ___ 
LN\l'VYQ DAS NlETG QQLTT gacatccagatgacccagtctccatcctccct 
OKPGK (SEQ ID VPSRF (SEQ gtctgcgtctctaggagacagagtcaccatc 
APKLU NO SGSGS ID NO: actlgccaggcgagtcaggactttagcaact 
Y(SEQ 495) GTEYT 497) a!ltaaattggiatcagcagaaaccagggaa 
!ONO: LT!SSL agcccctaagctcdgatctacgatgcatcc 
494) QPEDS aattlggaaacaggggtcccatcaagattca 

ATYYC gtggaagtggatctgggacagaatalactH 
(SEQ lD aaccatcagcagcctgcagcctgaagattct 
NO: gcaacatattactglcaacagtlgactacgtt 
496) egg ccctg ggaccaaagtgg atatcaaac 

gtacggtggctgcaccatctgtct!catcticc 
cgccatctgatgagcagttgaaaldggaac 
tgcctctgttgtgtgcctgctgaataacttctatc 
ccagagaggccaaaglacagtggaaggtg 
gataacgccctccaatcgggtaactcccag 
gagagtgtcacagagc (SEQ ID NO 
498) 

,, .... 

0 
Translated 
Sequence tv-
REQl9Hl_. ___ 
QVQLVQSGSE. 
VRKPGASVKV 
SCKASGFTFTD 
CFIHWVRQAP 
GQGLEVVMGR! 
NPSRGTTKYAE 
KFRGRVSMTR 
DMAINTAYMD 
MSRLQSDDTA 
VYYCARD!DSG 
DYRAADVFQIW 
GQGTMVTVSS 
(SEQ ID NO: 
489) 

OiQMTQSPSSL 
SASLGDRVT!T 
CQASQDFSNY 
LNWYQQKPGK 
APKLUYDASNL 
ETGVPSRFSG 
SGSGTEYTL Tl 
SSLQPEDSATY 
YCQQLTTFGP 
GTKVDIK {SEQ 
!D NO 499) 

p 
FR4-
!MGT 

'NGO 
GTMV 
TVSS 
(SEO 
ID 
NO: 
490) 

FGP<3 ... 
TKVD! 
K 
(SEO 
lD 
NO: 
500) 
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FIG. 12 (Page 26 of 75) 
------------

A G H I ,J K !L M 
Row! Name V-REGION ('l) FR1- CDR1- FR2- CDR2- FR3- CDR3-

!MGT IMGT JMGT IMGT lMGT IMGT 

52 Oi 5- QVQLVQSGA QVQL GFRFS IHV\JVR !NPTRG KYAEK ARDID 
2D02H EVKKPGA.S\/ VQSG Dl.Y QAPGQ TT Fl.GRV SGDY 

KVSCKASGF AEVK {SEQ ID GLEWM (SEQ!D SMTRD RAAD 
R.FSDLY!HWV KPGA NO: GR NO: TA!STA VFQ! 
RQAPGQGLE SVKV 503) {SEQ ID 505) YLDVT (SEO 
WMGRINPTR SCKA NO RLQSD ID NO: 
GTTKYAEKFL s 504) DTALY 507) 
GRVSMTHOT (SEQ YC 
AISTAYLDVT ID (SEQ!D 
RLQSDDTAL NO: ~✓ O. 

YYCAR(SEQ 502} 506) 
ID NO: 501) 

I 

53 015- D!QMTQSPS ! D!QM QDFSN Ll'JWYQ DAS NLETG QQU\T 
2D02L SLSASVGDR 1 TQSP Y(SEQ QKPGK (SEQ 10 VPSRF (SEQ 

VT!TCOASQD ! SSLS lDNO: APKLLI NO: SGSGS IDNO: 
FSNYLNWYQ i ASVG 513) Y(SEO 515) GTEYT 517} 
QKPGKAPKL i DRVT IDNO: LTISSL 
UYDASNLET ! lTCQ 514) QPEDF 
GVPSRFSGS ! AS ATYYC 
GSGTEYTL.. T! ! (SEQ (SEQ lD 
SSLQPEDFA ! iD NO: 
TYYCQQ ! NO: 516) 
(SEQ ID NO: ! 5i2) 
511) I 

1 
i 

i ___ J ______ 

... 
N 0 
Sequence Translated 

Sequence 01-
REGlO~) 

caggtgcagctggtg cagt ctgg g gctgag QVQLVOSGAE 
gtgaagaagcctggggcctcaglgaaggtc VKKPGASVKVS 
tcctgcaaggcttctggattcaggttcagcga CKASGFRFSDL 
ct!gtatatacactgggtgcgacaggcccctg Y!HWVRQAPG 
gacaggggcttgagtggatgggtcggalca QGLEWMGR!N 
atcctaccagaggaaccacaaaatatgca PTRGTTKYAEK 
gagaaatuctgggccgggtctcgatgacca FLGRVSMTRD 
gggacacggccatcagcacagcctatt!gg TA!STAYLDVT'R 
acgtgaccaggctgcaatctgacgacacgg LQSDDTALYYC 
ccctttattactgtgcgcgagacattgactccg P..RDIDSGDYRA 
gtgactaccgcgccgctgatgtttttcagatct AOVFQ!VVGQG 
ggggccaagggacaa1ggkaccgtctcttc TMVTVSS (SEQ 
agcgtcgaccaagggcccatcggtcttcccc ID NO: 509) 
dggcaccc:tcciccaagagcacctctgggg 
gcacagcggccctgggctgcctggtcaagg 
actacttccccgaacc (SEQ ID NO: 
508) 
gacatccagatgacccagtctcca!cctccct DIQMTQSPSSL 
gt.ctgcgtctgtaggagacagagtcaccatc SASVGDRVTiT 
acttgccaggcgagtcaggacttlagcaact CQASQDFSNY 
atttaaattgg!atcagca,,:iaaaccagggaa LNWYOQKPGK 
agcccctaagctcctgatctacgatgcatcc APKLL!YDASNL 
a atttg g aaacaggggtcccal caagattca ETGVPSHFSG 
gtggaag!ggatctgggacagaatatacttt SGSGTEYTLTI 
aaccatcagcagcctgcagcctgaagatttt SSLQPEDFATY 
gcaacatattactgtcaacagttggctactttc YCQQLATFGP 
ggccclgggaccaaagtggat;,tcaaacgt GTKVD!K (SEQ 
acggtg9ctgcaccatctgtcttcatcttcccg !D NO 519) 
ccatctgatgagcagttgaaatctggaactg 
cctctgttg tgtgc ctgctg aataacttctatcc 
cagagaggccaaagtacagtggaaggtgg 
ataacgccctccaatcg g gtaactcccagg 
agagtgtcacagagc (SEQ ID NO: 
518) ; 

p 

FR4-
!MGf 

WGQ 
GTMV 
lVSS 
(SEQ 
ID 
NO 
510) 

FGPG 
TKVDI 
K 
(SEQ 
ID 
NO 
520) 

: 
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Row 

54 

' : 
! 

! 

I 
55 

A 
Name 

015-
2EOiH 

015-
2E01L 

FIG, 12 (Page 27 of 75) ~-+~ 
G H ! J K L M N 0 p 
V-REG!ON (1) FR1~ CDR1- FR2- CDR2~ FR3· COR:f~ 

--
Sequence Translated FR4-

!MGT !MGT !MGT !MGT lMGT !MGT Sequence (V- !MGT 
REGION) 

QVQLVQSGS QVQL 'GFTFT IH\NVR !NPSRG KY.A.EK ARDID s~ '- WGQ 
EVRKPGASV VQSG DCF QAPGQ TT FRGRV SGDY ~ : (V GTMV 
KVSCf(ASGF SEVR (SEQ ID GPEW (SEQ ID SMTRD RAAD 'TD TVSS 
TFTDCFlH'vW KPGA NO MGR NO: TA!NTA \/FQt I.P (SEQ 
RQAPGQGPE SVKV 523) (SEQ ID 525) Y!v'lDVS (SEQ ;Rl ID 
WMGR!NPSR SCKA NO ! RLQSD !ONO 
GTTKYAEKF s 524} I OTA.VY 527) 

rAE , NO: 

RGRVSMTRD (SEQ 
TAJNTAYMDV ID 
SRLQSDDTA NO 
VYYCAR 522) 
(SEQ ID NO 
521) 

i 

'YC 
(SEQID 
NO: 
526) 

i 

tcagcgtcgaccaagggcccatcggtcttcc 
ccctggcaccctcctccaagagcacctctgg 
gggcacagcggccctgggctgcctggtcaa 
ggactacttccccgaacclgtgacggtclcgt 
ggaactcaggcgccc!gaccagcggcglg 
cacaccttcccggctgtcctacagtcctcagg 

\ 

fR 
DV 
WY 
,DY 
!G 
3 

1SEQ lD NO. 
529) 

I 1 
actct (SEQ ID NO: 528_L· ------'~-----

DIQMTQSPS D!QM QDFSN LNWYO DAS NLETG I o·QLTT ___ gacatccagatgacccagtciccatcc\ccct DlQMTQSPSSt:· 
SLSASLGDR TQSP Y (SEQ QKPGK (SEQ ID VPSRF i (SEQ glctgcgtctctaggagacagagtcaccatc SASLGDRVT!T 
VT!TCQASQD SSLS !D NO: APKLLI NO: SGSGS ID NO ac!tgccaggcgagtcaggactttagcaact CQASQDFSNY 

1 FSNYLNV'JYQ ASLG 533) Y (SEQ 535} GTEYT 537) atttaaattggtatcagcagaaaccagggaa LN\IVYQQKPGK 
QKPGKAPKL DRVT ID NO L TISSL agcccctaagctcctgatctacgatgcatcc APKLLIYDASNL 
UYDASNLET !TCQ 534) QPEDS aatttggaaacaggggtcccatcaagattca ETGVPSRFSG 
GVPSRFSGS AS ATYYC gtggaagtggatctgggacagaatatacttt SGSGTEYTL Tl 
GSGTEYTLTI (SEQ (SEQ !D aaccatcagcagcctgcagcctgaagattct SSLOPEDS.ATY 
SSLQPEDSA ID NO. , gcaacatattactgtcaacagttgadacgtt YCQQL TTFGP 
TYYCQQ NO: 536) i cggccctgggaccaaagtggatatcaaac GTKVDIK (SEQ 

, (SEO ID NO: 532) , · gtacggtggctgcacca.tdgtcttcatcttcc I iO NO: 539) 

1
531) : cgccatctgatgagcagttgaaatctggaac 

, ' tgcctctgttgtgtgcctgctgaataacttctatc 
i ccagagaggccaaagtacagtggaaggtg 

530) 

FGPG 
TKVDl 
K 
(SEQ 
ID 
NO: 
540) 

: 
: 
! 
i 
I 

I 

\ , I gataacgccctccaatcggg!aactcccag 

L____ i I _L _____ ,,,~'----~-- Ji~) gtgtcaca_g_a_g_c_(s_E_--o_i_o_N_o_: _ __;__ ______ __, __ __, 
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I A G H ! ! 
Row Name V-REG!ON {1) ---FR1;· ·coR1-

!MGT !MGT 

56 0Hj¥. EVQLVESGG EVQL GFTFS 
2E06H GLVQPGGSL VESG SYS 

RLSCAASGF GGLV (SEQ !D 
TFSSYSMSW QPG NO: 
VHQAPGKGL GSLR 543) 
EVWANMMKE LSCA 
GGEKNHVDY AS 
VKGRFTISRD {SEQ 
NAKSTLYLQ ID ! 

MNSLRAEDT NO: ' 
AVYYCAR 542) 
(SEQ ID NO: 

i S4i) 

57 ! 015- DlQMTOSPS D!QM QRlSNY 
2E06L SLSASVGGG TQSP (SEQ !D 

\/TITCRASQR SSLS NO: 
lSNYLNWYH ASVG 553) 
QQPGKAPKL GGVT 
L!YNAYTLQS ITCR 
GVPSRFSGT AS 
GSGTDFTLTI (SEQ 
SSLQPEDFG ID 
TFYCQQSYN NO: 
S(SEQID 552) 
NO: 551} 

FIG. 12 (Page 28 of 75) 
---

J K L M !N 
• FR2- GDR2- FR3- CDR3- Seqw,mce 
• ¾MGT !MOT iMGT JMGT 

MSWVR MNKEG NHVDY ARVS gaggtgcagctggtggagtctgggggaggc 
QAPGK GEK VKGRF REEV\i ttggtccagcctggggggtccctgagactctc 
GLEWV (SEQ !O T!SRDN ATVDD ctgcgcagcctctggattcacctttagtagttat 
AN NO: AKSTLY PHDY tcgatgagctgggtccgccaggctccaggg 
(SEQ iD 545) LOMNS YYMD aaggggctggagtgggtggccaatatgaac 
NO: LRAED V(SEO aaagagggaggtgaaaaaaaccatgtgg 
544) TAVYY iDNO actatgtgaagggccgattcadatctccag 

C(SEO 547) agacaacgccaag agtacactgtatctg ca 
IDNO: aatg aatagtctgag ag ccgaggacacgg 
546) cggtgtattactgtgcgagagtctccaggga 

agagtgggcgacagitgacgaccctcacg 
actactattacatggacgtctggggccaagg 
gaccacggtcaccgtctcctcagcgtcgacc 
aagggcccatcggtcttccccctggcaccct 
cctccaagagcacctctgggggcacagcg 
gccctgggctgcctggtcaagg (SEQ lD 
NO: 548) 

LNVVYH NAY ! TLQSG QQSY gacatccagatgacccagtctccatcctccct 
QQPGK (SEQ ID i VPSRF NSLFT gtc1gcatctgtgggaggcggagtcaccatc 
APKLU NO: SGTGS (SEQ acttg ccgggcaagtcag ag gattagcaac 
Y(SEQ 555) GTDFT !ONO tacttaaattggtatcaccaacaaccaggca 
!ONO: LTlSSL 557) aagcccctaaactcctgatctataacgcata 
554) QPEDF cactttacagagiggggtcccatcaaggttc 

GTFYC agtggcactggatctgggacagatttcactct 
(SEQ ID caccatcagcagtdgcaacctgaagattttg 
NO gtactttcta ctgtcaacag agttacaatagc 
556) ctgttcactttcggcggggggaccaaggtgg 

agatcaaacgtacggtggctgcaccatctgt 
cttcatcttcccgccatctgatgagcagttgaa 
atctggaactgcctctgttgtgtgcctgc!gaa 
taacltctatcccagagaggccaaagtaca 
giggaaggtggataacgccctccaatcggg 

' taactcccaoaaq {SEQ !D NO 55m 

0 
Translated 
Sequence f,J~ 
REGION) 
EVOLVESGGG 
lVQPGGSLRLS 
CAASGFTFSSY 
SMSWVRQAPG 
KGLEWVANMN 
KEGGEKNHVD 
YVKGRFT!SRD 
NAKSTL YLQMN 
SLRAEDTAVYY 
CARVSREE1NA 
TVDDPHDYYY 
MDWVGQGTTV 
TVSS (SEQ ID 
NO: 549) 

DIQMTQSPSSL 
SASVGGGVTIT 
CRASQR!SNYL 
NWYHQQPGKA 
PKLL!YNA YTLQ 
SGVPSRFSGT 
GSGTDFTLTIS 
SLQPEDFGTFY 
CQQSYNSLFTF 
GGGTKVEIK 
{SEQ ID NO: 
559) 

p 

FR4"' 
!MGT 

WGQ 
GTTV 
TVSS 
(SEQ 
ID 
NO 
550) 

FGGG 
TKVEl 
K 
(SEQ 
ID 
NO 
560} 
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A G H ! I 
Row Name V-REG!ON (1) FR1- CDR1-

!MGT !MOT 
~~-- ....... 
58 015- OVOLVQSGA QVQL GYTFT 

2F01H EVKKPGASV VQSG SY/\ 
KVSCKASGY AEVK (SEQ ID 
TFTSYA!S\/VV KPGA NO: 
RQAPGQGLE SVKV 563) 
WMGWISTYN SCKA 
GNSYYAQKL s 
QDRVTMTTD (SEQ 
TSTNT.A,YME ID 
LRSLRSDDT NO: 
AVYFCAR 562) 

\ 
(SEQ ID NO: 
561) 

: 

59 r 015· j EIVL TQSPGT EIVIT QSLSS 
2F01L I LSLSPGERAT QSPG XY 

LSCRASQSL TLSL (SEO ID 
SSXYU-\WYQ SPGE NO: 
QKPGQAPRL RATL 573) 
UYGASSRA.T SCP.A 
GIPDRFSGS s 
GSGTDFTLTI (SEQ 
TRLEPEDSA !D 

I VYYCHQYGS NO: 
S{SEQJD 572) 
NO: 571) 

FIG. 12 (Page 29 of 75) 
j K L M 

-----N--
0 p 

FR2- CDR2- FR3- CDR3-
IMGT IMGT IMGT fMGT 

!S'IIVVR ISTYNG YYAQK AREG 
QAPGQ NS LQDRV YDHL 
GLEWM (SEQ !D TMTTD 1NGTY 
GW NO: TSTNT ; RFEA! 
(SEQ lD 565) AYMEL 'DYYYT 
NO: HSLRS DV 
564) DDTAV (SEQ 

YFC !DNO 
(SEQID 567} 
NO 
566) 

LAWYQ GAS SRATGI HQYG 
QKPGQ (SEO ID PDRFS SSTGT 
APRLU NO: GSGSG (SEQ 
Y(SEQ 575) TDFTLT IDNO: 
lDNO: !TRLEP 1 577) 
574) EDSAV 

YYC 
(SEQ ID 
NO 
576) 

---- -----.--. --
Sequence Translated FR4-

Sequer,ce (V~ IMGT 
REGlON'1 ---------

gctgglgcagtctggagctgag QVQLVQSGAE WGQ 
gcctggggcctcagtgaaggtc VKKPGASVKVS GTTV 
1gcttctgggtacacctttaccagt CKASGYTFTSY wss 
igclgggtgcgacaggcccctg AISWVRQAPG (SEQ 
Jcttgagtggatgggatggatca QGLEWMGV\/1S ID 
1atg gtaactcatactatgcaca TYNGNSYYAQ . NO: 
aagacagagtcaccatgacca KLQDRVTMTT ! 570) 
1tccacgaacacagcctacatg DTSTNTAYMEL i 
gagcdgaga!ctgacgacac RSLRSDDTAVY J 

1tttttgtgcgagagagggatatg FCAREGYOHL 
1ggggacttatcgctttgaggcg WGTYRFEAlDY 
:tactacacggacgtctggggcc YYTDV'vVGQGT 
;acggtcaccgtctcctcagcgt 'TVT'✓SS (SEQ 
1ggcccatcggtcttccccctggc ID NO 569) 
caagagcacctctgggggcac I 
:tgggctgcc!ggtc (SEO !D 

NO 568} 
gaaaltgtgttgacgcagtdccaggcaccct i EIVL TQSPGTL 
gtctttgtctccaggggaaagagccaccctct 
ccigcagggccagtcagagtcttagcagcn 
r:ntacttagcctggtaccagcagaaacctg 

SLSPGERATLS 
CR.A.SQSLSSXY 
LAWYQQKPGQ 

gccaggctcccaggctcctcatatatggtgc APRLUYGASS 
ato;agcagggccaccggcatcccagaca RA TGIPDRFSG 
ggttcagtggcagtgggtctgggacagactt SGSGTDFTL Ti 

1 cactctcaccatcaccagactggagcdga TR.LEPEDSAVY 
' agat!ctgcagtgtattattgtcaccagta!ggt 

a gctcaacggga acgitcgg ccaaggg ac 
caaggtggaaatcaaacgfacggtggctgc 
accatctgtcttcatcttcccgccatctgatga 
gcsgttgaaatctggaactgccic!gttgtgtg 
cctgctgaataacttcta!cccagagaggcc 

YCHQYGSSTG 
TFGQGTKVEH< 
{SEQ ID NO_ 
579) 

FGQG 
TKVEI 
K 
(SEQ 
ID 
NO: 
580) 

caatcggglaactcccaggagagtgtcaca , 

gcdcagcagcaccctgacgctgagcaaa • 

aaagtacag!ggaaggiggataacgccctc L .. 1-
gagcagga. cagcaaggacagcacctaca .·! 

~-~----'-------'----~---__c.__ __ _____J -----'----"-------'-"-'2?_9_elC::Jacgil __ (SEQ !D NO: 5~_@L.... .. i 
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FIG, 12 (Page 30 of 75) 
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A G ~ 'I 
H i I j K L M 

Row Name V•REG!ON (1} FR1-- CDR1- FR2- CDR2- FR3· CDR3-
IMGT IMGT !MGT lMGT IMGT IMGi 

l 
60 I 015- QVQLVQSGA QVQL GFSFS IHWVR LNPK.R KYAGH ARD!D 

2F02H EVKRPGASV VQSG DTY QAPGQ GTT FQGRL FGDY 
NVSCRASGF AEVK (SEQ !D GLEWM {SEQ ID TLTRD RI\A.D 
SFSDTY!HWV RPGA ~m: GR NO: ASINTA VFHI 
RQAPGQGLE SVNV 583) (SEQ !D 585) YMELS (SEQ 
WMGRLNPK SCRA NO: RLGTG IDNO: 
RGTTKYAGH s 584) DTAVY 587} 
FQGRLTLTR {SEQ YC 
DASINTAYME ID (SEQID 
LSRLGTGDT NO· NO: 
AVYYCAR 582) 585) 
(SEQ lD NO: 
581) 

I 

N !O 
Sequence Translated 

Sequence0f-
REGION) 

" 

caggtgcagctggtgcagtctggggctgag QVQLVQSGAE 
gtgaagaggcctggggcctcagtgaacgtc VKRPGASVNV 
tcctgcagggcttctggattcagtttcagcgac SCRASGFSFS 
acctatatacactgggtgcgacaggctcctg DTYIHWVRQAP 
ggcaggggctagagtggatgggacgactc GQGLEWMGF{L 
aatcctaagagaggaaccacaaaatatgc NPKRGTTKYA 
agggcactttcagggcaggctcac1~ttgacc GHFQGRLTLTR 
agggacgcgtccatcaacacagcctacatg DASINTAYMEL 
gagttgagcaggctggggactggcgacac SRLGTGDTAVY 
ggccgtctattactgcgcgcgagacattgact YCARDI.DFGDY 
tcggtgactaccgcgccgctgatgtttttcatat RAADVFHIWG 
atggggccaggggacaatggtcaccgtctc QGTMVTVSS 
ttcagcgtcgaccaagggcccatcggtcttc (SEQ ID NO: 
cccctggcaccctcctccaagagcacctctg 589) 
ggggcacagcggccctgggctgcctggtca 
agg actacttccccg aacctgtgacggtctc 
gtggaactcaggcgccctgaccagcggcgt 
gcacaccttcccggctgtcctacagtcctcag 
cactc (SEQ ID NO: 5881 

p 
FR4-
!MGT 

WGQ 
GTMV 
TVSS 
{SEQ 
JD 
NO: 
590) 
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!A G !H j 1K !L 

----~---,---------------. 
M N 0 p 

Row Name V-REG!ON (1) FR1- CDR1- l=R2- I CDR2- FR3- CDR3- Sequence Translated 
Sequence (V­
REGION' 

FR4-
IMGT 

61 

lMGT lMGT IMGT lMGT lMGT !MGT 

015~ ?!~~,.HOSP$ O!QM 9'DFSN LNWYQ DA? NLET~ 1 QQL!) gacatccagatgacccagtctccatcctccct. D!QMTQ.SPSSL ' -
2F02L SLSASVGDR TQSP t- (SEQ QR.PGK (SEQ ID VPSRr- T {SEQ gtctgcatctg!aggagacagagtcaccatc SASVGDRVTff 

VT!TCQASQD SSLS !D NO: APKLL! NO: SGRKS ID NO: actlgccaggcgagtcaggactttagtaatttt CQASQDFSNF 
FSNFLNWYQ ASVG 593) Y (SEQ 595) GAHYT 597) cttaattggtatcaacagagacctgggaaag LNWYOQRPGK 
QRPGKAPKL DRVT !D NO: LTiSSL ! cccctaaactcctgatctacgatgcatccaat APKLLIYDASNL 

H3PG 
TKVDI 
K 
(SEQ 
ID 

LIYDASNLET ITCQ 594) QAEDIA ! ttggagacaggggtcccatcaaggttcagtg ETGVPSRFSG 
GVPSRFSGR AS TYYC i gaagaaaatctggggcacactatactctca RKSGAHYTLT! 
KSGAHYTL T! (SEO (SEQ !O ccatcagcagcctgcaggctgaagatattgc SSLQAED!ATY 
SSLQAEDIAT lD NO aacatattattgtcaacag\tggatactttcgg YCQQLDTFGP 
YYCQQ (SEQ NO: 596) ccctgggaccaaagtggatatcaaacgtac GTKVDlK (SEQ 
10 NO: 591) 592) , ggtggctgcaccatctgtcttcatcttcccgcc ID NO 599) 

i atc:tgatgagcagttgaaatctggaactgcct 
· ctgtlgtgtgcctgdgaataacttctatcccag 

agaggccaaagtacagtggaaggtggata 
acg ccctccaatcgg gtaactcccaggaga 
gtgtcacagagcaggacagcaaggacag 
cacctacagcc1cag ca gcaccctgacgd 
gagcaaagcagactacgagaaacacaaa 

NO: 
600) 

~-~--~-----~--~---~--~---~---~------- , gtctacg (SEQ lD NO: 598) I I I 
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A r·· v H I 
Row Name V-REGION {1) FR1- CDR1-· 

!MGT fMGT 

62 015- QVQLVQSGA. Q\/QL GYIFSG 
2F04H EVKKPGTSV VQSG SY 

KVSCKASGY! AEVK (SEQ !D 
FSGSYIUWV KPGT NO 
ROAPGQGLE SV'f0/ 603) 
WMGR!NPKT SCf<A 
GGTNYPQKF s 
QGRVTMTRD (SEO 
MSISTAYMEL ID 
SRLISDDTAV NO: 
YYCAR(SEQ 602) 
ID NO: 601) 

--------- . , ....••.••..•..•. L. 

F!G. 12 (Page 32 of 75) 
-····· ········-· 

j !K ,L. J•J! N 
FR:2- CDR2· I FR3· -CDR3- Sequence 
!MGT lMGT · 1MGT IMGT 

lQWVR INPKTG I NYPQK ARDF caggtgcagctggtgcagtctggggctgag 
QAPGQ GT I FQGRV DYGD gtaaagaagcctgggacctcagtgaaagtc 
GLEWM {SEQ ID TMTRD YRGS tcctgcaaggcttctggatacaicttctccggc 
GR NO: MS!STA AFDl tcctatattcaatgggtacgacaggcccctgg 
(SEQ !D 605) YMELS {SEQ acaagggcttgagtggatgggaaggatca 
NO: RUSDD IDNO: accctaagactggtggcacaaattatccaca 
604) TAVYY 607) gaagtttcagggcagggtca,:;calg,;1ccag 

C{SEQ ggacatgtccatcagcacagcctatatgga 
ID NO: gctgagtaggctgatctctgacgacacggcc 
606) , gtgtaUactgtg cgagaga cttcg attacg gt 

' gactaccgcggctctgcttttgatatctggggc 
caaggggcaatggtcaccgtctcttcagcgt 
cgaccaagggccca!cggtcttccccctggc 
accclcctccaag agcacctctgggggcac 
agcggccctgggctgcctggtcaaggacta 
cttccccgaacctgtgacggtctcgtggaact 
caggcgccctgaccagcggcgtgcacacct 
tcccggctgtcctacagtcctc:aggactctac:t 

------u- cc {SEQ !D NO: §,Q'.8) 

0 
Translated 
Sequen.ce 01-
REGION) 
QVQLVQSGAE 
VKKPGTSVKVS 
CKASGY!FSGS 
YIQIM/RQAPG 
QGL.EWMGRlN 
PKTGGTNYPQ 
KFQGRVTMTR 
DMSISTAYMEL 
SRUSDDTAVY 
YCARDFDYGD 
YRGSAFDIVVG 
QGAMVTVSS 
(SEQ ID NO: 
609) 

p 
FR4,. 
IMGT 

WGQ 
GAMV 
TVSS i 
(SEQ 

, ID 
'NO: 

610) 

i 
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!A G H I 
Row Name V-REG!ON {1} FR1- CDR1-

!MGT 1MGT 
rrrrUU•h ,--,-, ' •••• 

63 015- DIQMTQSPS DIQM QDFSN 
I ! 2F04L SLSASVGDR TQSP Y(SEO 
I 

I \/TITCQTSQD SSLS iONO: 
' FSNYLNWYO ASVG 613) 

OKPGKAPKL. ORVT 
UHDTSKLET lTCQ 

i GVPSRFSGG TS 
GAGTYFTLTI {SEQ 
NGLQPEDIAT !O 
YWCQQ NO. 
(SEQ ID NO: 612) 
61~} 

: 
; 

F!G. 12 (Page 33 of 75) 
········-· 

J K L M N 
FR2- CDR2- FR3- CDR3· Sequence 
!MGT lMGT lMGT 1MGT 

LN\IVYQ 1 DTS KLETG QQLN gacatccagatgacccagtctccatcctccct 
QKPGK (SEQ ID VPSRF T (SEQ gtctgcatctgttggtgacagagtcaccatca 
APKLLI NO: ,SGGGA ID NO: dtg ccag acgag icag gactttagcaattat 
H(SEQ 615) I GTYFTL 6!7) ttaaattggtatcagcagaaaccaggaaaa 
ID NO: TINGLQ gcccctaaact.cctgatccacgatacatcca 
614} PEDIAT agttggaaacaggggtcccatcaagattca 

YI/VC : gtggaggtggggccgggacatattttactctc 
{SEQ 10 accatcaacggcctgcagcctga2gacatt 
NO: gcaacatattggtgtcaacagttgaatacctt 
616) cggtcctgg gaccaa agtgg atatcaaa cg 

tacggtggctgcaccatctgtcttcatcttccc 
gccatctgatgagcagttgaaatc!ggaact 
gcctctgttgtgtgcctgctgaataacttctatc 
ccagagaggccaaagtacagtggaaggtg 
gataacgccctccaatcgggtaactcccag 
gag agtgtcacagagcag gacag caagg 
acagcacctacagcctcagcagcaccctga 
cgctgagcaaagcagactacgagaaaca 
caaagtctac rSEQ rD NO: 6"18) 

--

0 p 
Translated FR4-
Sequence (V- !MGT 
REGION) 
D!QMTQSPSSL. FGPG 
SA-SVGDRVT!T TKVD! 
GQTSQDFSNY K 
LNWYQQKPGK (SEO 
APKLLIHDTSKL ID 
ETGVPSRFSG NO: 
GGAGTYFTLTI 620) 
NGLQPEDIATY 
WCQQLNTFGP 
GTKVD!K (SEQ 
10 NO: 619) 
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.... -~. . . ------
1 />s G H I 

How Name v~REG1ON (1) FR1- CDR1~ 
lMGT !MGT 

64 015~ EVOLLESGG EVQL GFIFRS 
2F06H DLVQPGGSL LESG YA 

f~LSCP1ASGF! GDLV (SEQ ID 
FRSYAMSVVV QPG NO: 
ROAPGKGLE GSLR 623) 
WVSMISGSS LSCA 
EDTHYADSV AS 
KGRFT!SRDN , (SEQ 
SKNTVYLRM ! lD 
NNLRAEDTA NO: 
FYYCAR 622) 
(SEQ ID NO 
621) 

FlG. i 2 (Page 34 of 75) 
---t : 

1 ... , !K L M !N 0 ;p 

FR2- CDR2- FR3- CDR3- Sequence Translated FR4-
IMGT I.MGT IMGT !MGT Sequence 01· IMGT 

RE"~IQNL . _. -----· ---------------
MSWvR !SGSSE HYADS AREEF gaggtgcag ctgttgg agtctg ggg gaga ct EVQLLESGGDL ! 'NGH 
QAPGK OT VKGRF TOTE tg gtacag ccgg gg gggtccctgagactctc VQPGGSLRLS ! GTLV 
GLEWV (SEQ ID TISRON MT!NQ ctgtgcagcctctggattcatctttagaagttat CAASGFfFRSY ! TVSS 
SM NO: SKNTV GDFA gccatgagctgggtccgccaggctccaggg AMSWVRQAPG ' (SEQ 
{SEQ ID 625) YLF~.MN Y(SEQ aaggglctggagtgggtctcaatgattagtg KGLEWVSMIS ID 
NO: NLRAE lDNO· gtagcagtgaagata ca cactacgcag act GSSEDTHYAD NO 
624) DTAFY 627) ccgtgaagggccggttcaccatctccagag SVKGRFTISRD 630) 

YC acaattccaagaacaccgtttatctgcgcatg i NSKNTVYLRM 
(SEQ !D aataatctgagagccgaggacacggcctttt · NNLRA.EDTAFY 
NO attactgtgcgagagaggagttiaccgacac YCAREEFTDTE 
626} agagat g actataaa ccaaggggactttgc f•J!TINOGDF AY 

ctactggggccacggcaccctggtcaccgtc WGHGTLVTVS 
tcctcagcgtcgaccaagggcccatcggtct S (SEQ !D NO: 
tccccctggcaccctcctccaagag cacctc 5r1ai 

$~<.,/11 

tgggggcacagcggccctgggctgcctggt 
caaggactacttccccgaacctgtgacggtc 
tcgtggaactcaggcgccctgaccagcggc _ 
gtgcacaccttcccggctgtcctacagtcctc i 

I aQg__(SEQ_ID_NO 628'1 ! 
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FIG. 12 (Page 35 of 75) 
!A G 

T-••••- .. 
H I J K L M 

How Name V-REGION. (i} FR1- CDR1- FR2- COR2- FR3- CDR3-
!MGT IMGT !MGT lMGT IMGT IMGT 

65 015- DIQMTQSPS D!QM QSISVY LNWYQ J GAS !LQSGV --cfR:'SFI 
2F06L SLSASVGDT TQSP (SEQ !D QKPGK (SEQ ID PSRFS TPFT 

VTITCRASQS SSLS ! NO: APKLU NO; GlGSG (SEQ 
IS\/YLNW'r'Q ASVG ! 633) Y{SEQ 635} TDFTLT iDNO: 
QKPGKAPKL DTVTl IDNO: ISSLQP 637) 
UYGASILQS TCRA 634) EDFAT 
GVPSRFSG! s YYC 
GSGTDFfLT! (SEQ '(SEQ lD 
SSLQPEDFA !D NO: 
TYYCQRSFIT NO: 636) 

! (SEQ ID NO: 6:32) 
631) 

I 
I 
I 
i -----

··----
N !O p 
Sequence Translated . FR4--

~quence fY· !MOT 
REGlON} 

gacatccagatgacccagtctccatcctccct DIQM l QSPSSL FGPG 
gtctgcatctgtaggagacacagtcaccatc SASVGDTVTIT TKVD! 
acttgccgggcaagtcagagcattagtgtct CRASQSISVYL K 
atttaaattggtatcaacaaaaaccaggg aa NVVYOQKPGKA (SEQ 
agcccctaagctcctgatctatggtgcatcca PKLUYGAS!LQ !D 
ttttgcaaagtggtgtcccgtcaaggttcagtg SGVPSRFSGIG NO: 
gcattggatccgggacagaittcactctcacc SGTDFTLTISSL 640) 
atcagcagtctgcaacctgaagatttcgcaa QPEDFATYYC 
cttactactgtcaacggagtttcatcactccatt QRSFITPFTFG 
cactttcggccdgggaccaaagtggatatc PGTKVO!K 

\ aaacgtacggtggctgcaccatdgtcttcat (SEO !D NO: 
dtcccgccatctgatgagcagttgaaatctg 639) 

I gaactgcctctgttgtgtgcctgctgaataact 
tctatcccagagaggccaaagtacagtgga ! i 
aggtggataacgccctccaatcgggtaactc ! 

I ccaggagagtgtcacagagcaggacagc 
aaggaca gcacctacag cctcagcag cac 

J_ _______ cctgacgctgagcaaagcagactacgaga 
aaca (SEQ ID NO: 638) 
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, A G H , _jJ K L. M N O P 
· Row -Name ---- V-REGION {1} FR1- CDR1- I FR2- ·coR2- FR3:_:· -· --C6Rj=-- Sequence -- Translated FR4-

lMGT iMGT , lMGT lMGT IMGT IMGT Sequence (V- IMGT 
I REGION) 

66 015- QVQLVQSGA QVQl. GY\/FS I IQWVR !NPKTG NFA.QK ARDF caggtgcagctggtgcagictggggctgag QVQLVQSGAE ! WGQ 
2G04H EVKKPGTSV VQSG □SY ' QAPGQ GT FQGRV DYGD gtaaagaagcctgggacctcagtgaaagtc VKKPGTSVKVS ' GAMV 

KVSCKASGY AEVK (SEQ lD GLEWM (SEQ ID TMTRD YRGS lcctgcaaggctlctggatacglcttclccgac ! CKASGYVFSD TVSS 
VFSDSY!QW KPGT NO; GR NO: MSISTA AFDI tcctatat!caatgggtacgacaggcccctgg ' SY!Q'v\'VROAP (SEQ 
VRQAPGQGL SVKV 643} (SEQ ID 645) YMOLS (SEQ acaagggcttgagtggatgggaaggatca GQGLEWMGRI ID 
EWMGRINPK SCKA ! NO: RLISDD ID NO: accctaagactggtggcacaaattttgcaca NPKTGGTNFA NO: 
TGGTNFAQK S i 644) TAVYY 647) gaagtttcagggcagggtcaccatgaccag QKFQGRVTMT 650) 
FQGRVTMTR {SEQ C (SEQ ggacatg!ccatcagcacagcctatatggac RDMS!STAYMD 
DMS!STAYM iD ID NO: ctgagtaggctgatctctgacgacacggccg LSRLISDDTAV 
DLSRUSDDT NO 646) tataUactgtgcgagagacttcgattacggtg YYCARDFDYG 
AVYYCAR 642) ac!accgcggctctgcttttgatatctggggcc DYRGSAFDIW 
(SEQ ID NO: aaggggcaatggtcaccgtctcttcagcgtc GQGAMVTVSS 
64 4} gaccaagggcccatcggtcttccccctggca (SEO !O NO 

ccctcctccaagagcacctctgggggcaca 649) 
gcggccctgggctgcctggtcaaggactact 
tccccgaacclgtgacggtctcgtggaactc 
aggcgccctgaccagcggcgtgcacacctt 
cccg gctgtcctacagtcctcagg actctact . 

• (SEQ tD NO 648) i 
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A 
Row l Name 

67 015-
12G04L 
.1 

I 

!G 
I V-REGION (1) 

D!OMTOSPS 
SLSASVGDR 
VTITCQTSOD 
FSNYLN'vVYQ 
QKPGKAPKL 
UHDTSKLET 
GVPSRFSGG 
GA.GTYFTLTI 
NGLQPED!AT 
Y'NCQQ 
{SEQ ID NO: 
65·1) 

H ! I 
FRi- CDR1-
!MGT !MGT 

DlQM QDFSN 
TOSP Y(SEQ 
SSLS !ONO: 
ASVG 653) 
DRVT 
lTCQ 
TS 
(SEQ 
lD 
NO: 
652) 

F!G. 12 Pa e 37 of 75 
J 
FR2·• 
IMGT 

LNWYQ 
QKPGK 
APKLLI 
H(SEQ 
IDNO: 
654) 

K 
CDR2-
!MGT 

DTS 
{SEQ ID 
NO: 
655) 

L 
FRS-
!MGT 

KLETG 
VPSRF 
SGGGA 
GTYFTL 
T!NGLQ 
PEDIAT 
YWC 
(SEQ !D 
NO: 
656) 

M N 
CDR3- . Sequence 
IMGT 

QQLN 
T(SEQ 
lDNO: 
657) 

gacatccagatgacccagtclccatcctccct 
gtctgcatctgttggtgacagagtcaccatca 
cttgccaga cgagtcagg actttag caattat 
ttaaattggtatcagcagaaaccaggaaaa 
gcccctaaactcctgatccacgatacatcca 
agttggaaacaggggtcccalcaagattca 
gtggaggtggggccgggacatattttactctc 
accatcaacggcctgcagcctgaagaca\t 
gcaacatattg gtgtcaacagHg aatacctt 
cggccctgggaccaaagtggatatcaaac 

j gtacggtggctgcaccatctgtcttcatcttcc 
I cgccatctgatgagcagttgaaatctggaac 
! tgcctctgttgtgtgcctgctgaataacttctatc 

i gataacgccctccaatcgggtaactcccag 
gag agtgtcacagag cagg acagcaagg 

0 IP 
Translated 
Sequence (',/­
REGION) 

FR4-
IMGT 

D!QMTQSPSSL FGPG 
SASVGDR\/TlT TKVDI 
CQTSQDFSNY K 
LNVVYQQKPGK (SEQ 
APKLLIHDTSKL !D 
ETGVPSRFSG NO 
GGAGTYFTL Tl 660} 
NGLQPEDIATY 
WCQQLNTFGP 

, GTKVDIK {SEQ 
i ID NO 659) 

. 1· ccagagaggccaaagtacagtggaaggtg 

a ... c .. a. gcacctacagcctcagcagcaccctga 
cgctgagcaaagcagactacgagaaaca 

'----'-----''------......--J.---~! ---~---~-'------I·-··----···· caaagtdac (SEQ lD NO: 658) I I I 
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~-Raw··i--tame·----l~:RtGf6i·:f<W+~Ri;·--· ~DR1- --·l·}R2; l{oR2:: l ~R3- I ~OR~ r ~equence .... ·t·¥rinsTate(r··--·--····•+;R4;·----1 
• i j ~ IMGT IMGT i JMGT ! IMGT lMGT j lMGT ! Sequence. (V- j lMGT f 
• ; • . . . . . * . . ! . -1 . . ! . . • REGION) . l t ~~• ••u~••4 .. , ... -• ..... • 0 ,,h~.-u.-,••,7,., _ _,.., __ 4y _ _.,.,_,._.. ___ 0. ______ •• ".~'.• . ..,,_,_ -«~•- :"""'--"V, ..,,fa •.• .............. d: .... A:. __ ,.,._,pAAA..._. _____ _.,._,,.__..,.,.,..,.,.,.,.,._._.,.,._.,._,._,_,._.,._.,._.,._._._._.,._.,._.,.,._,,._._._,._,._._,.,.._,_,._,_,._,._,_.,.,.;_./ ,._,,.._,._,.•_n,_,_,_,_,;t_._,,.,_,._,_,_,_,,,_,.l'-.n•.J ._,,._,_.,.,.,._,,._,_,._,,._,..,..,i 

• 68 i 018- l QVQL\/ESGG f QVQL GFNFF ! MHWV ! ITYDGS i YYADS ! ARDO caggtgcagctggtggagtctgggggaggc ! QVQLVESGGG 1 'vVGQ ! 
. ) 1801H 1 GLVQPGRSL ! VESG NYP j RQAPG DK i VKGRF j ELWL ttggtccagcctgggaggtccctgagactctc • LVQPGRSLRL.S ! GTLV ! 

•· RLSCVASGF ! GGLV (SEQ ID i KGLEW (SEQ ID ! TISRDN i YYFDF ctgtgtagcctctggattcaactictttaattatc • CVASGFNFFNY ! TVS$ i 
•• NFFNYPMH\JV I QPGR NO: ! VAV NO: i SKDTL ! (SEQ ccatgcaclgggtccgccaggdccaggca • PIVlH\1\/VRGAPG i (SEO \ 
• VRQAPGKGL i SLRL j 663) ] (SEQ ID 665) i YLEMN !, ID NO: aggggcttg;.=;gtgggtggctgtcataacatat • KGLE\tv'VAVITY i ID 
: EVWAV!TYD i SCVA j i NO: I NLRSE i 667) gatggaagtgataaatactat9cagactccg • _DGSDKYYADS 'I NO. 
, GSDKYYADS ! S j ! 664) i DTALY ! tgaagggccgattcaccatttccagagaca • \/KGRFTISRDN 670) 
• VKGRFTISRD i (SEQ l ! i YC ! actccaaggacacactgtatttggagatgaa l Si<.OTLYLEMNN 
• NSKDTLYLE i ID l I i (SEQ ID I caacctgagatcggaggacacggctcttiat i LRSEDTALYYC 
' MNNLRSEOT NO. \ I i NO: ' tattgcgcgagagatcaggaactggtggtcc i ARDOELVVLYY 
• ,t,,LYYCAR 662) I I I 666) tttattauttgacttctggggccagggaaccct · FDFWGQGTLV 
; (SEQ ID NO: 1 , \ ggtcaccglctcctcagcgtcgaccaaggg ·17'/SS (SEQ ID 
f 661) ~ l cccatcggtcticcccctgg·ca.ccct(:ctcca N(Y 669J 
i 1 [ agagcacdctgggggcacagcggccctg 
i j i ggctgcctggtcaaggactacttccccgaac 
[ , 1 i ctgtgacggtctcgtggaacicaggcgccct 
i i , I i g-·,-caQ''99''g!nrar"'C"t'r"-rggr·tglr· ~ j j i : c,,_, .... \., 'v .:::: :..> ,_.o_ 'W ... ...,l,,_,. ._.. > .. ,_.. 

~-~--~
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""O 
~ ..... 
('D 

= ..... 
t 
"e -.... (') 

~ ..... .... 
0 = 
""O = O" -.... (') 

~ ..... .... 
0 = 
z 
0 
~ 
N 

~--.J 
N 
0 .... 
.i;... 

rJJ 
=­('D 
('D ..... 
.i;... 
1,0 

0 .... 
1,0 
0 

c 
rJJ 
N 
0 .... 
.i;... 

---0 
~ 
.i;... 
QO 
QO 
Ul .... 
> .... 



, , .. _ .. .. .. _ .......................... ,,..... FIG. 12 ( 1: .. ~.9.~---~-~~_g_f_,Z,~J .......................... . 
!Row 1l,~ame .. }~-REGION {1} l ~R1~· ·J 6bR1'- .. ·i ~R2-·· .... t ~DR2- .... Jl.~R3- J ~DR3- ; ~quence ........ "' .... ,, ...... ,,, .. ,,,,•··-······ tfranslated --·----·--·l ;R4-
, l lMGT ••· IMGT i lMGT j lMGT IMGT i IMGT 1 j Sequence (V- i IMGT 

, _ 1 i. : : 1 i REGION} ! 
,.,;,,,,;J_,,, _ _,,_ _ _,------------~, .,.,__.,,_,_,.,_,.,,_,_,.,.,,,_,_,_,..,,,_,.V~ ._,.,._.,,_,,,_,_.,,_,_.,..,.-. ---;~ A,,,, "'--"---'"""'_.,..,,, "u, u,, - n .•»•·., •n••.,·••nn •• .............. _n __ mm••••"•'"••rr .. ,rr-.","rn-.".-.,..__. ......... ~•• .. •,..y;, ---,....~-~•+-"..,. _ _,_,_,~_,_,_,....,_,,n,"•--•: 

69 j 018- SYELTQPPS SYEL ! NIGSKN ! VHWYQ ! DTS ! DRPSGI ! QVYD ! tcctatgagctgacacagccaccctcggtgt SYEL TQPPSVS ! FGGG 
I 1B0iL VY,VA~GQT(\ ·:opp i (SEQID 

1 
QRPGQ ·• (SEQ ID i PERFS i NSVD [ cagtggccccaggccagacggccaggttg VAPGQTARLTC i TKLT 

I RLTCGGNM ::NSV ; NO: I APVLV : NO: • GSSSE • HAV ; acctgtgggggaaacaacattggaagtaaa GGNNIGSKNV j VL 
j GS~f\JVHVVY APGQ j 673) j VY i 675) • NTATLT j (SEQ j aatgtgcactggtatcagcagaggccaggc HWYQQRPGQ ·• (SEQ 
. (lQRPbQAPV TARL f , (SEQ ID , ISGVQ i ID NO: ! cag.gcccctgttctggtcgtctatgatactagc APVLVVYDTSD I ID 

L'>~V:YDT~DR TCGG f I NO: i • GGDEA 1677) ! gaccggccctcagggatccctgagcgattct RPSGIPERFSG I NO: 
PSC,rPERFSG N 674) i ; DYSC l ctggctccagctctgagaacacggccaccct SSSENTATLTIS I 680) 
SSSENTATLT (SEQ ! ! (SEQ ID , 'gaccatcagcggggtccaaggcggagatg GVQGGDEADY ' 
ISGVOGGDt ID I i i NO I aggccgactactcctgtcaggtttatgataat SCQVYDNSVD 
ADYSCQVYD NO l i 676) 'I agtgttgatcatgcggtcttcggcggaggga HAVFGGGTKL T [ 
NSVDH (SEO 672} / ! ccaagctgaccgtcctaggtcagcccaagg _ VL (SEQ ID NO: I 
ID ND. 671) ! 'I I , ctgccccctcg.gtcactctgttcccgccctcg • 679) i 

70 I. 018-·------.. l EVQLLESGG ... 'i"EVQL 
! 1B03H GLVQPGGSl 'LESG 
! . RLSCAASGF GGL V 

I ~~~:I}~ ~if: 
I GDATSYADS AS 
j VKGRFTISRD (SEQ 

I ~~~~~~~~ i ~O: 

! ! agtgaggagcttcaagccaacaaggccac 
l ' actggtgtgtctcataagtgacttctacccgg 

l I gagccgtgacagtggcctggaaggcagat 
l I agcagccccgtcaaggcgggagtggaga 
l I ccaccacaccctccaaacaaagcaacaac 

i acgcctgagcagtgg (SEQ ID NO: , 

1 

! aagtacgcggccagcagctatctgagcctg, 

........ ,,,,,,,,,,, .. ,,, ,,_,,,_,,,,_,.,,, . ..!., .................. _ 678) ................ ____ ,_,,,,,,".J............................. . ·-·· .............. .... 
GFPFS i MSWVR ISGGG ! SYADS i AKEPY gaggtgcagctgttggagtc(gggggaggct I EVQLLESGGGL WGQ 

!, QSPGK ! DAT ! VKGRF ! RDYL tggtacagcctggggggtccclgagactctc I VQPGGSLRLS ' GTLV SF/\ 
(SEQ ID i GLQWV ! (SEO 1D I TISRDN i Gr'✓V\iP ctgtgcggcctctggattcccctttagcagcttt I CAASGFPFSSF • TVSS 

i SS i NO.' 1 SKNTL i DP gccatgagctgggtccgccagtctccaggg I AMSWVRQSPG ' (SEQ NO: 
683) i (SEQ ID I 685) I YLQMN (SEQ aaggggctacaatgggtctcgtctattagtgg l KGLQWVSSISG I ID 

' NO: I SLRAE lD NO: aggtggagatgccacatcctacgcagactc l GGDATSYADS i NO. 
684) l DTAVY 687) cgtgaagggccgattcaccatctccaggga i VKGRFTISRDN ! 690) 

I YC caattccaagaacacgctalatctgcagatg · SKNTL YLQMNS ! 
l (SEQ ID aacagcctgagagccgaggacacggccgt LRAEDTAVYYC I 
1 NO: gtattactgtgcgaaagagccataccgtgac AKEPYRDYLG ! 

686) tacctggggaactggcccgacccctggggc NWPDPWGQG i 
cagggaaccctggtcaccgtctcctcagcgt TL VTVSS {SEO I l AVYYCAK i 682) 

! (SEO ID NO: ! . 

· ! _ r,) _J __ "'----·t ......... I ................. •----·-·-
cgaccaagggcccatcggtcttccccctggc ID NO; 689) . 
accctcctccaag.agcacctctggg ggcac 1 

agcggccctgggctgcctggtcaaggacta 
cttccccgaacctgtgacg (SEQ ID NO: 
688} 
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L_.,,[)\__J._C3 ................ J:-~(. 11 ___________ : __ r· ..... --.l~ .... ,,, .. J.L .... __ LM ........... JN ....... -----···--····-------- ....... ~o ····· _____ J.P ........ : 
; Row ! Name 1 VMREGION (1} ! FR.1° j CDR1- j FR2- l CDR2- jFR3- .( CDR3- ; Sequence I Translated \ FR4- \ 
i J f lM~T • IMGT ; IMGT 1 IMGT l IMGT i IMGT ; 1 Sequence 0/· i IMGT i 
I l 1 • i i i • l i REGION' i l 
1··,i'uu~••~•.·•~•., _,-,v.,Nn,?.fu ... •::- -r.11,,0~•-'-" • • _.,.-., .................. ;.,. __ ,.,,._,.,.,.n,.,,. '. ,,u,u.,,,__•. J . ._ . .............,._,.nn,nuu_.,~~-•• --1- •,.,._,..,,,.,,.;., ___ .,,.,,,, ....... ___ _,..,..,,._.,.,..,.,•~.._ .... _. ____ ,_}.. . .Nnnu,'~ --Tro'F~ 

1 7'l i 018- J DIVMTQSPD : DIVM I QSVLY : L TWYQ : 'lJP.B i TRESG j HQHY i gacatcgtgatgacccagtctccagactccc i DIVMTQSPDSL i FGPG i 
j .I 1803L SLAVSLGER : TQSP • NSNNK ; OKPGQ • (SEQ ID I VPDRF j TJPPT I tggctgtgtctctgggcgagagggccaccgt I AVSLGERATVN I TKVEI j 
1 i ATVNCRASQ • DSLA : NY ' SPKLLI \ NO ! SGSGS j (SEQ I caactgcagggccagccagagtgtgttata CRASQSVLYN j K j 

i SVL YNSNNK j VSLG ) (SEQ ID I Y {SEQ i 895) i GTDFT I ID NO: . caactccaataataagaactacttaacttggt ! SNNKNYL TWY I (SEQ 1 

l NYL TWYQQK • ERAT • NO: j ID NO: I .i L TISSL 697) j accagcagaaaccagggcagtctcctaagt , QQKPG()SPKL I ID 
j PGQSPKLLIY ' VNCR : 693) ! 694) i 1 QAEDV i tgctcatttactgggcatctacccgggaatcc j LIYWASTRESG NO: 

l WASTRESGV ! AS i i I AVYYC I ggggtccctgaccgattcagtggcagcggg ! VPDRFSGSGS I 700) 
PDRFSGSGS j (SEQ i I 1 (SEQ ID i tctgggacagacttcactctcaccatcagca j GTDFTLTISSLQ j 

! GTDFTLTISS ! ID l I I NO ! gcctgcaggctgaagatgtggcaglttattac 1 AEDVAVYYCH I 
l LOAEOVAVY I NO: l l \ 696) I tgtcaccaacaltatactattccccccactttcg I QHYTIPPTFGP j 

YCHQHYTIP I 692) I i i j gccctgggaccaaggtggaaatcaaacgt I C,TKVEIK (SEQ I 
(SEQ ID NO: j , ! ! acggtggdgcaccatctgtcttcatcttcccg : ID NO: 699} I 
691) j I I j ccatctgatgagcagttgaaatctggaactg '.I i 

! ! ' cctctgttgtgtgcctgctgaataacttctatcc I ! 
I i , ! cagagaggccaaagtacagtggaaggtgg I ' 

1 I j j i ataacgccctccaatcgggtaactcccagg I 
1 i ; j ; agagtgtcacagagcaggacagcaagga j 

L ..... ~---------- ,,,,, .. .,.,,, ____ ~J ................ 1 ....................... ! __ ,, _____ .... J ....................... ,, ... .,, .... ~~~-----u--l~~~ic:;~~~c;6~~c~~~a~~:)ccctg1....................... . .... ! ... . ..... J 
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~Raw·]·~a.me I ~~REGION(1) '~R.1~ ·rl 6DR1 .. ~··· ·tR2~·· ·····rr;.brti~···+H-··~-D-R-j-~.~ ... .-i .. ~-e-.q-'i:i-Eic'n-. c-e ................. ,....... i~rans1ate."ct l ;R4,-
' •, , '/ ~ I ! ] • , ! f l i IMGT IMGT IMGT ! iMGT j !MGT j lMGT j Sequence 01- j IMGT 
i i 1 1 ! l ! i REGION'1 1 , .............. ., ....... ,. ............... 1 ......................... , . ., ..... ., .... ,,, .. .,.............. ....... . .~,,.-- .,,,,,,.,,.,,,,.,,,,,,. • . ........,~ 
! 72 i 018- i QVQLVOSGA ! QVQL GDTSS ITWVR ! HPLTGK j IYAQNF I ARRQ ! caggtgcagctggtgcagtctggggctgag • QVQLVQSGAE ! WGQ 
: j 1C01H / EVKKPGSSV ! VQSG , TYA QAPGQ j D (SEQ ! QGRVS I VATY ! gtgaagaagcctgggtcctcggtcaaggtct i VKKPGSSVKVS j GTLV 

l i KVSCKPSGD I AEVK i (SEQ ID GLEWM ID NO: ! ITADES I WFDP ! cctgcaagccttctggagacacctccagcac [ CKPSGDTSSTY I TVSS 
[ TSSTYAITWV I KPGS j NO: GO 705) j TNTVY j (SEQ j ctatgctatcacctgggtgcgacaggcccct ! AITWVRQAPG , (SEQ 
i RQAPGQGLE ' SVKV I 70:31 (SEQ ID ! MDL TG j ID NO: I ggacaaggccttgagtggatgggacagatc l QGLEWMGQllP ID 
! WMGQIIPL TG SCKP j , NO j L TSDD ! 707) ! atccctctcaccggaaaagacatctacgca ! L TGKDIYAQNF NO: 
• KDlYAQNFQ S I 704) I TAVYF I I cagaacttccagggcagagtctcgattaccg l QGRVSITADES 710) 
i GRVSITADES (SEQ I i C (SEQ i 1 cggacgaatccacgaacacagtctacatgg •. TNTVYMDL TGL 
I TNTVYMDLT ID · ! ID NO; ! acctgaccggcctgacatctgatgacacgg • TSDDTAVYFCA 
I GL TSDDTAV NO [ \ 706) ! ccgtctatttctgtgcgagaagacaggtggct RRQVATYWFD 
j YFCAR (SEQ 702.) ' l ! ! acatattggtttgacccctggggccagggaa PWGQGTL VTV 
' ID NO. 701) I i i ccctggtcaccglctcctcagcgtcgaccaa SS (SEQ ID NO: 

gggcccatcggtcttccccctggcaccctcct 709) 
ccaagagcacctctgggggcacagcggcc : 
ctgggctgcctggtcaaggactacttccccg ! ! 
aacctgtgacggtctcgtggaactcaggcgc I ! 

, 

1 

cctga.ccagcggcgtgcacaccttcccggct ! • 
j gtcctacagtcctcaggactctactccctcag : • ;.,, ...... ]~·· ! .............................. ) .. . 

' 73 ! 018- j SYEL TOPPS • SYEL 
1C01L j VSVAPGQTA • TOPP 

I TCTCGGDDI ! svsv 
j GSKTVHWYQ f APGQ 

DIGSKT 
(SEQ ID 
NO: 
713) 

... •..................! ..... L ................ J. ca~~9½l9 :SEO ID NO: 708 ! .............. )., ........................... ,,, ...... , . 
VHWYQ • DDS ! ARPSGi • QVWD i tcctatgagctgacacagcctccttcggtgtc i SYEL TQPPSVS • FGSG 
QRPGQ ! (SEO ID i PARFS • SNSG ! agtggcccccggacagacggccacctgta ! VAPGQTATCT j TKVT 
APVLVI / NO: i GSNSR ! HFV i cctgtgggggagacgacattggatccaaaa 1 CGGDDIGSKTV i VL 

1 ~I~~~~::~~ i i~6~ 
I GIPARFSGSN ID 
! SRNTATLTIS ! (SEQ 
' SVEAGDEAD I ID 
YFCOVWDSN I NO: 
SGH (SEQ ID 712) 
ND: 711) 

S (SEQ : 715) I NTATLT • (SEQ I clgtgcactggtaccagcagaggccaggcc ! HWYQQRPGQ ! (SEQ 
ID NO ! ! !SS\/U\ • ID NO: i aggcccctgttctggtcatcagtgatgatagt i APVLVISDDSA ! ID 
714) \ i GDEAD • 717) ! gcccggccctcagggatccctgcacgattct I RPSGIPARFSG i NO; 

' 'YFC i 1 ctggctccaattct8ggaacacggccaccct 'SNSRNTATLTI ! 720) 
(SEO !D i • gaccatcagcagtgtcgaagccggggatg SSVEAGDEAD ! 

, NO i • aggccgactatttctgtcaggtgtgggacagt YFCQVWDSNS I 
! 7·, 6) I • aacagtggtcattttgtcttcggatctgggacc GHFVFGSGTK I 
I i • aaggtcaccgtcctaagtcagcccaaggcc VTVL (SEQ ID j 
! I • aaccccactgtcactctgttcccgccctcgag NO: 719) ( 
! I • tgaggagcttcaagccaacaaggccacact \ 
l • i • ggtgtgtctcataagtgacttctacccgggag j 
i ! 1 ! ccgtgacagtggcctggaaggcagatagc '! 
f ! i • agccccgtcaaggcggga (SEQ ID , 

............................. L. •. --~---L ... ,, ......... ,,,,l .... . .... l............. i ...... LNO:: 718) .... ,, ........................................ -... .......................... ! ~~~~~~~.J 
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t.Row--· ··~ame···--·l··~~REGiO~f{1fTtiri"~--·--rhotff:'.""". ~R2~ l ~DR2- \ ~R3- - : ~OR3;. ~equence . .,,,.,,,,,.,,,, .. ,, ..... ,,,. __ ~ranslated l{R4- ----·1 

j lMGT i tMGT IMGT j lMGT f lMGT j IMGT Sequence {V- j lMGT i 
i . . i 1 l ! REGION) . ! i 

74 l 018;. EVQLLESGG ........ f,76--C"TGFTFS ...... ; MVWVR I lGGSY YYADS ATSPA. gaggtgcagctgttggagtctgggggaggct ... EvoILESGGGC'twffcf .. 
j 1D04H GLVQPGGSL LESG i NYP ! QAPGK I GGS VKGRF TSGW tggtacagcctggggggtccctgagactctc VQPGGSLRLS i GTLV 
I RLSCVASGF I GGI..V • (SEQ ID ! GLEWV I (SEQ ID TISRDN WNAY gtgtgtagcctctggattcacttttagcaactat CVASGFTFSNY _• T\/SS 
I TFSNYPM\f\N • QPG NO· ! SI (SEQ i NO: SKNTL (SEO cccatggtctgggtccgccaggctccaggg PMVWVRQAPG \ (SEQ 
! VRQAPGKGL ·• GSLR. 72.3) i ID NO~ i 725) YLQMD ID NO: aaggggctggagtgggtctcaattattggtg KGLEWVSIIGG • ID 
I EWVSIIGGSY i LSCV i 724) ' NLRVE 727) gtagttatgggggctcatattacgcagactcc SYGGSYYADS • NO; 
! GGSYYADSV i AS i DTAVY gtgaagggccggttcaccatctccagagac VKGRFTISRDN • 730) 
i KGRFTISRDN • (SEQ i YC i aattccaagaacaccctgtatctccaaatgg SKNTLYLQMD 
) SKNTL YLQM • ID i i (SEQ ID i acaacctgagagfcgaggacacggccgtct NLRVEDTAVYY 
] DNLRVEDTA i NO - NO: j attadgtgcgacaagccccgcaaccagtg CATSPATSGW 
! VYYCA (SEQ i 722) , ! 726) i gctggtggtgggcctactggggccagggaa \/W/AYWGQGT 
! , ID NO: 721) : i I i ccctggtcaccgtctcctcagcgtcgaccaa LVTVSS (SEQ 
! l i ! ! ! gggcccatcggtcttccccctggcaccctcct ID NO: 729) 
i ! i ! i ! ! ccaagagcacctctgggggcacagcggcc 
I I ! ! ! i i 1 ctgggctgcctggtcaaggactacttccccg 
i i ! i i i ! ! aacctgtgacggtctcg (SEQ ID NO: i ! , 

,. ..... ,,,,.! _,,,.,. l .............. ,, .. ,, ...... ,, .. J .. ,, .. ,, .. ,, .. ,,J,, .. ,, ...... ,, ..... .J ................ ,,.J ................... l ... ,,_ + .. C --- ! 728L __ , -- --- --- --- --- -- ---·--- --- . i ,, .. ,, ,, __ ! ,,,,,,,,,_ ; 
! 75 i 018~ i EIVLTQSPAIL i EIVLT i QSVGR i LAWYQ i GAS ! SRATG • HQYDI • gaaattgtgttgacg.cagtctccagccatcct ! EIVLTQSPAILS i FGQG ' 

I to04L l SLSPGERATL ! QSPA : NY ! XKPGQ i (SEQ ID ! TPDRF • PPQT i gtctttgtctccaggggaaagagccaccctct i LSPGERATLSC i TKVEI 
' i SCRASQSVG f ILSLS i (SEQ ID ! APRVLI i NO: ! SGXGS • (SEQ ! cctgcagggccagtcagagtgttggcagaa i RASQSVGRNY i K 

i RNYLAWYQX ! PGER ! NO: ! Y (SEQ l 735} ! GTDFT • ID NO; ! attacttagcctggtaccagnagaaacctgg ! LAWYQXKPGQ i (SEQ 
j KPGQAPRVLI l ATLS i 733) ! ID NO:. l i LTISRL 737) i ccaggctcccagggtcctcatttatggtgcat i APRVLIYGASS i ID 
i YGASSRATG ( CRAS ! ! 734) ! ! EPEDF" • ccagcagggccactggcaccccagacag i RATGTPDRFS ! NO: 
i TPDRFSGXG l (SEQ ! f ! AVYYC • gttcagtggcngtgggtctgggacagacttc i GXGSGTDFTL T ! 740) 
i SGTDFTL TIS j ID ! f i (SEQ lJ • acgctcaccatcagcagactggagcctgaa i ISRLEPEDFAV ! 
i RLEPEDFAV ! NO: ! i : NO: • gattttgcggtgtattactgtcatcagtatgatat i YYCHQYDIPPQ ! 
: YYCHQYDIPP ( 732) ! ! ! 736) • cccacctcagacttttggccaggggaccaa : TFGQGTKVEIK ! 
! (SEQ ID NO: i ! i ·l ggtggaaatcaaacgtacggtggctgcacc ! (SEQ ID NO: ! 
i 731) ! ! ! • atctgtcttcatcttcccgccatctgatgagca ! 739) ! 

l l l • gttgaaatctggaactgcctctgttgtgtgcct ! ! 
j I j • gctgaataacttctatcccagagaggccaa I I 
l ! l • agtacagtggaaggtggataacgccctcca ! j 
j ! j • atcgggtaactcccaggagagtgtcacaga ! ! ! 
! ! 1 , ! • gcaggacagcaaggacagcacctacagc i ! ! 

, :I ! I ! • ! • ctcagcagcaccctgacgctgagcaaagc ! [ I 
, ......... ,.! .. ,, . .,,.,,,.,, .. .,, ,,,, .. ,,.,,.,,! ,.,,,.,,,.! .,,.,,,.,.,, j _____________ ....................... ' ..................... r ................. ".' afiactaq~a .£SEO.ID. NO·. 738"l ___ -·-[ _ _ ______ j __________ _j 
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...... .,,,..J A .......... ,.,,. .,G_,.,.,.,,.,.,.,.,. ..... .,.,..,.n:r···:···~:rr·.,···············r~r········· ···:J .. K ..... . . ..... TT . ., ...... ··::::TfA _ 1/ • ·:, N .,, ............... ,, ............... ,,......... ..... . . . . T ~5 . . . .. . .... Tr· ...... ., .. : 
Rew l Name V-REGION {1) FR1- [ COR1- i FR2- l CDR2- ! FR3~ 1 CDR3- ! Secuence Translated ! FR4- i 

j IMGT t IMGT ! IMGT : !MGT ! fMGT l !MOT i Sequenc~ 0,/- i IMGT '· 
............. ; .. .... .. .. .. .. .... .. . .. . ·' .......... '. ..................... , ....................... · ..................... ) .................. ,,, ,,,,,,. REGlON , 
76 I Ot8- EVQLLESGG EVQL f GFTLG MTWVR IRKSG ! FYTDS j ARPTP i gaggtgcagctgttggagtctgggggaggct EVQLLESGGGL WGQ 

I 2805H GLVQPGGSL LESG [ DYS QAPGK GOT • VKGRF i YGTT i tggtacagcctggggggtccctgagactctc VQPGGSLRLS GTLV 
RLSCAASGF GGLV j (SEQ ID GLEWV (SEQ ID ! TISRDT 1NFGR i ctgtgcagcctctggattcacccttggagact CAASGFTLGDY TVSS 
TLGDYSMT\N ! QPG i NO: SS NO: • Pf<.:NTLF \/OS ! attccatgacctgggtccgccaggctccagg SMTWVRQAPG (SEQ 
VRQAPGKGL I GSLR f 743) (SEQ lD , 745) • LQMNS {SEQ ! gaaggggctggagtgggtctcaagtattag KGLEWVSSIRK ID 
EWVSSIRKS LSCA \ NO'. • • L.RGED ID NO· j gaaaagtggcggtgacacattctacacaga SGGDTFYTDS NO: 
GGDTFYTDS , AS ! 744) ' • TAVYF 747) ! ctccgtgaagggccggttcaccatctccaga l VKGRFTISRDT 750) 
VKGRFTISRD I (SEQ j · ! • C (SEQ ! gacactcccaagaacacactgtttctgcaaa j PKNTLFLQMNS 
TPKNTLFLQ j ID ' • j ID NO: j tgaacagcctgagaggcgaggacacggc I LRGEDTAVYFC 
MNSLRGEDT i NO: [ 746) \ cgtatatttctgtgcgagaccaaccccgtatg I ARPTPYGTTVV : , 

j AVYFCA I 742) ; 'gcaccacttggtttgggcgggttgactcctgg I FGRVOSWGQG i i 
i (SEQ ID NO. l ; , ggccagggaaccctggtcaccgtctcctca I TLVTVSS (SEQ : i 

' I 7 41) i : I gcgtcgaccaagggcccatcggtcttccccc i ID NO: 7 49) I i 
, .... -. .. .,,,. _ ,..,,..,.,. j .... .,., .... ,. . ,.,.,,.,,,,,., .,,,,,,.,,.,,,.,, .,, .... ,, .,,,, . .,, ................. J ..... .,,.,,,,,.,.,,_,. _ -'••··"··.. .. l .,, ...... -'••··· (SEQ ID NO,.7481 ... ,, .... .,,,,, ....... _,,,_,,,,,. ;_ ... .,,.,, .......... ,. ... ,,,,.,,,,, i ,,,,,,,,_,,,,,,,,J 

, Ti . 018~ i DIQMTQSPS DIQM QSISNY i LNWYQ i ATS ! SLHSG I C!QJ'{ gacatccagatgacccagtctccatcctccct DIOMTQSPSSL 1 FGPG 1 
· 2805L l SLSASLGDR , TQSP (SEQ ID i QKPGK I {SEG ID I VPSRF I RTPIT gtctgcatctcttggagacagagtcaccatca SASLGDRVTIT I TKVDI I 
' j VTITCRTSQS ! SSLS NO: l APKLLI i ~JO SGSGS l (.SEO cttgccggacaagtcaaagcattagtaacta CRTSQSISNYL i K i 

j ISNYLNWYQ 1 ASLG 753) ! Y (SEQ i 755) GTDFT j ID MO , cttgaattggtatcagcagaaaccagggaa NWYQQKPGKA i (SEQ 
1 QKPGKAPKL i DRVT 1 ID NO: i L TISSL ! 757} I agcccctaaactcctgatctatgctacatcca PKLLIYATSSLH i ID 
j UYATSSLHS ! ITCRT ! 754) I ! QPEDF j I gcttgcatagtggggtcccatcaagattcagt SGVPSRFSGS I NO 
i GVPSRFSGS i S j i I ASYYC 1 i ggcagtggatctgggacagatttcactctca GSGTDFTL TIS 760) 
I GSGTDFTLTI 1 (SEQ i 1 I (SEQ ID I I ccatcagcagtctgcaacctgaagattttgca SLQPEDFASYY 
i SSLQPEDFA l ID j ! ! NO: ! i agttattactgtcaacagacttacaggacccc CQQTYRTPITF 
I SYYCQQTYR i NO: i i i 756) I I aatcactttcggccctgggaccaaagtggat i GPGTKVDIK 
I T (SEQ JD I 752) l I i i I atcaaacgtacggtggctgcaccatctgtct! 1 (SEQ LO NO: 
I NO: 751) i i i I I I catcttcccgccatctgatgagcagttgaaat j 759) . 
· I l I I i I ctggaactgcctctgttgtgtgcctgctgaata I j 

l I I i I I acttctatcccagagaggccaaagtacagt : 1 

-
J I 1 ; I I ggaaggtggataacgccctccaatcgggta : i 

I I I I I actcccaggagagtgtcacagagcaggac I 1 
i I ; I I agcaaggacagcacctacagcctcagcag I , I 

~-~--~---- .... ·--·····J· ···--·············· L _______________________ . __________________ _: ________ ----·----- __ J _____________ . I ~:~~;(~i~9
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i TA ~ G .. . lH ; ! i .J .•.. K .• L ,, M ' N 1 0 .. 7"'p ..• r R.ow i Name""l V-REGTON {l} ·-r FR 1- . 1 CDRi _ ..... l FR2~F::oR2.-iFR3- .. ' CDR3- I Sequence· ............. __ .. ,,, .. ~,,, ·· 1 Translated. ········· ...... lF« i 

I 78 ~ 01Ee-1 cvOGjo~C,sl :: +;Y::T -1-::::e4 ~::D l :v::s I ~:::F I gaagtgcagctggtQci~ctggagcagaQ '1 i&i~E l :: 1 
I j 2tHJ1H I EVKKPGESL : VQSG : c:iSV~' I Qf<..Jl.GK 1 :::. YP _ : FQGHV ! YDVDL I' gtgaaaaagcccggggagtctctgaggatc VKKPGESLRIS 1 GTTV ( 
, j , RlSCKASGYS : AEVK j (SEQ lO ' GLE.WM ] (SEQ ID : TISADN \ SSFY tcctgtaaggcttctggatacagctttaccagt ! CKASGYSFTSS •· TVSS 
l ! ! FTSSVv'INWV ! KPGE j NO. • GR ! NO: • SVTTA i MDV l tcctggatcaactgggtgcgccagaaggcc i, WINWVRQKAG • (SEQ 
I ! j R.QK1\GKG~E \ SLRIS 1763) • (SEQ. ID ! 765) •• YLQWS • (SEQ ! gggaaaggcctggagtggatggggaggct i KGLEWMGRLN j ID 

, ! WMGRLNPS i CKAS , ! NO: i • SLKAS / ID NO ! taatcctagtgactcttaccccaactacagcc I PSDSYPNYSPS ! NO: 
I DSYPNYSPS 1 (SEQ ! f 764) 'I ! DTAIYY \ 767) ! cgtccttccaaggccacgtcaccatctcagct I FQGHVTISADN j 770) 
i FOGHVTISAD 1 ID ! I' , ! C (SEQ j ! gacaactccgtcaccactgcctacctgcagt ; SVTTAYLQWS l 
l NSVTTAYLQ j NO: i I i ID NO: , i ggagcagcctgaaggcctcggacaccgcc ! SLKASDTAIYY I 
) VvSSLKt\SDT I 762) J , i / 766) j l atatattactgtacaagagattccttttacgatg • CTRDSFYDVDL ! 
: AIYYCTR ! \ j 'I j ! 1 tggacctgtcctccttctacatggacgtctggg ! SSFYMDVWGK ' 
l (SEO ID N(Y i i ! , j 1 gcaaagggaccacggtcaccgtctcctcag i GTTVTVSS 
'I 76"1) \ i ; ! : ! cgtcgaccaagggcccatcggtcttccccct_ ! (SEQ ID NO: l 

J l j i • ; j ggcaccctcctccaagagcacctctggggg 1 769} / : 
l , ) '1, ! ! I [ cac.agcggccctgggctgcctggtcaagga I I ! 
j I ! , / i i I ctac,ttccccgaacctg (SEQ ID NO: / i l 

! 79 ...... 018- 1 EIVLTQSPGT l ENLT jQSLSN ·· 1 LAWYQ+GAS ,, ..... j NRATGl+QQYG-1·i"~~~ttglgttgacgcagtctccaggcaccct t·EIVLTC1SPGTLI FGOff I 
[ 2D01l ! LSLSPGERAT 1

1 

QSPG I SY ! QKPGQ I (SEQ ID I PDRFS I SSRHT \ gtctttgtctccaggggaaagagccaccctct \ SLSPGERATLS I TKVEI I 
! i LSCRASQSL ; TLSL _ : (SEQ 1D 1· APRLU j NO: j GSGSG l (SEQ j cctgcagggccagtcagagtcttagcaaca / CRASOSLSMS i K_ _ I ! ! SNSYLAWYQ i SPGE i NO: Y (SEQ I 775) I TDFTL T i ID NO: i gctacttagcctggtatcagcagaaacctgg , YLAWYQOKPG l (SEQ 
, QKPGQAPRL 1 RATL l 773) \ ID NO i I lSRlEP ; 777) j ccaggctcccaggctcctcatctatggtgcat I QAPR.LLIYGP1S • ID 
i j LIYGASNRAT i SCRA i ( 774) j EDFAV ! j ccaacagggccactggcatcccagacagg I, M'\P1TGIPDRFS ! NO 
I j GIPDRFSGS IS I : i FYC I '. ttcagtggcagtgggtctgggacagacttca I GSGSC;TDFTLT I 780) 

! GSGTDFTL Tf i (SEQ I i j • (SEQ ID / [ ctctcaccatcagcagactggagcctgaag / ISRLEPEDFAV l 
I s_RLEPEDFA ,, ID j i I : NO: i i at.tttgcggtgttttactgtcagcaatatggttcg• ( F. YCQ(.,n:o.ssR i_ 

, VFYCOQYGS NO: i 1 I : 776) j ! tcacggcacacttttggccaggggaccaag , H'.F~?G 1 KVU 1 
j S (SEO ID , 772) i j I ! l t gtggagatcaaacgtacggtggctgcacca ! K \SEU ID NO: 
i NO: 771) l I ; , / ; j tctgtcttcatcttcccgccatctgatgagcagt • ?79} 

· ' · l I l tgaaatctggaactgcctctgttgtgtgcctgc 
, , 1 i 1 tgaataacttctatcccagagaggccaaagt , 
[ • I j i • ! acagtggaaggtggataacgccctccaatc 1 , 

,, ..... ,,~ .................... ,~....J.,,. ............ ' .............. __ :., ........... ; __ ,. .. __ ,,..,L .... ,~ .. .!. ......... ,,,~actcccaq,(SEQID N0;77ALL ................. ,,. 1.,.,,..,,,,. .. . 
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h~ow -i. ~~~e ::.,,1 ~-REGION (t} T~R1- : :T 6oR 1-""'1,:{R2-"-4 6. D.P2~ : ·:::: ~R3- ,,.,,: ... 1: ~DR3-: l ~equence :::: ---==::::.. .. ····-·:::::::-i, ~rans lated ...... ······j . ~R4- l 
j 1 l ( IMGT 1· IMGT · !MGT i !MGT l lMGT IMGT L' 1 Sequence {V- i IMGT ; 

l ...... . .: . ... . . ~ ........ _ .............. ,,. L .. ,,,_ ,,,,, .. i ... _ ... ,,.. .I j ... .,,,,, ... , .. -.L .. .,,,, . ' . · ........... · ·······'""·-------··" .. -•.-·.J. REGJOJ:iL ,,,,_.L -··-···· .) 
I 80 f 018- I OVQLVQSGG i QVQL j GYTFT \ ISWVR i ISVYNG j NYAQK ! ARDRI i caggtgcagctggtgcagtctggaggtgag . QVQLVOSGGE j WGQ j l 2D03H ! EVKKPGA.SV I VQSG j SHG. ! QAPGQ j OT I VQORL ii DYVVY i, gtgaagaagcctggggcctcagtgaaggtc VKKPGASVKVS I GTMV ! 

1 

1

, KVSCKASGY. !. GE'·\/·K '(SEQ ID I GLEWL ; (SEQ ID i TVTTDT , OAFDI j tcctgcaaggcttctggttacacctttaccagt : CKASGYT. FTSH '. TVSS 1 
j TFTSHGISWV i KPGA. j NO-. \ GW 1 NO:. I STSTV j (SEQ j catggtattagttgggtgcgoacaggcccctg i GISWVRQAPG l (SEQ j 

j l RQAPGOGLE l SVKV -

1

. 783) i (SEQ. ID [ 785) / YMELR ! ID NO ; gacaagggcttgagtggttgggatggatca : QGLEWLGWIS. • ID 
i / V\/LGWISVYN , SCKA • NO i t SLRSD . 787) : gcgtttacaatggtgacacaaactatgcaca , VYNGDTNYAQ i NO: 
1 1 GDTNYAQKV [ S I i 784) \ 1 DTAVY : • gaaggtccaagacagactcaccgtgacca j KVODRLTVTTD i 790) 

j O~~~~TVTTD l (SEQ j ; I i YC ! 1 cagacacgtccacgagcacagtttacatgg I TSTSTVYMELR j 
1 TSf~TVYMEL 1 ID ,

1 

I , : (SEO 1D I ! agctgaggagcctgagatctgacgacacg ! SLRSDDTAVYY · 
/ R.Sl.RSDDTA / N~_: I 1 l NO: / I gccgtgtattactgtgcgagagatagaattga 1 CARDRIDYWY 
• VY{CAR : 78:0:) j I [ i 786) I , ctatgtggtgtatgatgcttttgatatctggggc • DAFOIWGQGT 
; (SEQ ID NO : i , 1 l · i caagggacaatggtcaccgtctcttcagcgt 1 MVfVSS (SEQ 

I
I 78"1) j ! i ' ! i ! cgaccaagggcccatcggtcttccccctggc \ ID NO. 789) , 

l [ i • \ : accctcctccaagagcacctctgggggcac ! I 
, . l l , : I 1 agcggccctgggctgcctggtcaaggacta l ! 

, j I ! ! i , i ~tt~,~ccgaacctgtgacg {SEQ ID NO: I I , 
' ••• ••c.,....,~.,,.,..,.,,._,.,.-,-,., '-~,--un,n •••••U•}_.., - •,-, '--•-• ••• •• . ., 1-• ,.,_, •••J____,.,.,_,,,_ I••••••••-•• www+.-• . _ .... J.1.801 ___ ,,.~_.~n~-N,TUV.,., . ....... •••uu., 1y. •r,n.-n··•--• . .... , • L.••--~) 
: 81 'I 018- i OIQMTQSPS I DIOM \ QRISG j LAWYO j RAS I ILESGV j QLYD ! gacatccagatg~cccagtctccttccaccct • DIOMTQSP$TL i FGQG ! 
! , 2D03L ; TLSASVGDR I TQSP [ W (SEO ,

1
, QKPGK / (SEQ ID i SSRFS / DFRT j gtc'.g,:atctgtaggagacagagtcaccat~ i ~ASVGDRY!IT I TKVEl I 

, i 
1

, VTITCRASQR '. STLS : ID NO , APKLLI j NO: j GSGSG i (SEO I act1.gccgggccagtcagaggattagtggu i LRASOR!SGW 1 K. I ! \ ISGWLAWYQ j ASVG i 793} \ H (SEQ j 795) ! TEFTL T \ ID NO I ggtt;Jgcctggtatcagcagaaaccaggga I LAWYQQKPGK ' (SEO ' 
i i j QKPGKAPKL l DRVT 1· ! ID NO: i j lSSLQP : 797) i aagcccctaaacldtgatccatagggcatc I AP~LLIHRASIL ; iD 
! i 1 LIHRASILESG : ITCR : 794) ; i DDSAT i i aattttagagagtggggtctcakaaggttca I ES<.3VSSRFSG ! NO: 
i ' i VSSRFSGSG / AS 1· / i •• YYC f ! gcggcagtgt1atctgggacagaaUcadct / SGSGTE:FTLTI f BOD) 
i J SGTEFTLTIS j (SEQ ! I • (SEO ID i i 1Jaccatcagcagcctgcagcctgatgattcl I SSLOPDDSATY ! 

, SLQPDDSAT / ID i i 1 ! NO l ! gcaacttattactgtcaactgtatgatgatttcc j YCQLYDDFRTF , 
j YYCOL YOO ! NO: I l ( i 796) ! i ggacgttcggce:aaf1ggac.caaggtggaa \ GQGTKVElK. .. ,I 
1 

, j - · ' ' · (c·Ec 10 NO , (SEQ ID NO· 1 792) ! i l I l atcaaac:g.tacggtgg. ctgcaccatctgtctt , ,.-, .: 2 ' . 1 

; 791} ' l , i l I l c:atcttcccgccatctgatgagcagttgaaat : 799) 
i i , I j l ctgg~actgcctctgttgtgigcdgctgaata · 
! ; : i ; / : i acttctatcccagagaggccaaagtacagt 

I j i \ • ; i [ ggaag. gtggataacgccctccaalcgggta 

1
. 

I ' ' · • ' ' a"tcr:"a"ga·g~gt· 10EO !D "-'O· i ~ I l l 1 ; ~ ;-, .. ,,..... ~ dt •· \. V -- ' ; ·1 - . ~ ~ l 
. , ,, .. ,,,~ .. ,,,. .... ......... ,, .. ,,.,) ........ l ............. -----.,.. . .. , ,,,. .. ,.,,. ······--'······---.. ! ............. ,.' 7'-"t•/.,,,, ..... _ ..... ,,,, ............... , ______ ,.,,.1 ......................... - ....... L. ....... _.) 
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i Row r~=1{i~~~i~~(i}t:J~ r~==1r:~~ ~~r~ i~:~~~r ~equeOce-- '. ~~~== fV~ Ir~ 7 

; 82 ... ~ 018- <"·l1§\76LVESGG [ EVQL i GFTFR j MHVVV 

1 

INNDG. 1 RYAt5s"···l:,\RG□-----t-·g;;;ggtgcagctggtggagtccgggggagg""""~~~~~~GGG ,_ -WGR,_ ... 

j 2E03H ; GLVQPGGSL 'VESG SYW . ROVPG_ SS_S I VKGRF ! LVSTA cttagttcagccgggggggtccctgacactgt • LVQPGGSL TLS GTLV 
i i TLSCAASGFT GGLV (SEQ ID KGPVv\1 (St:Q ID / FITRDS j NFDY cctgtgcagcctctggattcaccttcaggagc , CAASGFTFRSY TVSS 
\ [ FRSYWMHW QPG NO: LSR NO· ! AKNTV j (SEQ tactggatgcactgggtccgccaagttccag f WMHWVRQVP (SEQ 
i • VRQVPGKGP GSL T 803) (SEQ ID 805) i FLQLN i 1D NO: gcaaggggccggtgtggctctcacgtattaa . GKGPVWLSRIN ID 

I
. • VWLSRINND LSCA . NO , j SLRVE 807) caatgatggcagtagctcgaggtacgcgga NDGSSSRYAD NO: 

j GSSSRYADS • AS 804) j \ DTAIYY , ctccgtgaagggccgcttcttcatcaccaga SVKGRFFITRD \ 810) 
i i VKGRFFITRD i (SEQ i ! C (SEQ gatagcgccaagaacacggtgttcctccaa SAKNTVFLQLN 
j ' SAKNTVFLQL ! ID . I i ID NO. ctgaacagtctcagagtcgaggacacggcc I SLRVEDTAIYY 
! NSLRVEDTAI ! NO· ! j ! 806) atttattactgtgcaagaggagatttagtctcta ! CARGDLVSTA 
! YYCAR (SEQ ] 802) i ! ! , cggccaactttgactactggggccggggaa ! NFDYWGRGTL 
j ID NO: 801) • ' ! I j i ccctggtcaccgtctcclcagcgtcgaccaa j VTVSS (SEQ 10: 
i ! i 1 ! i gggcccatcggtctlccccctggcaccctcct i. NO·. 809) 
I ! [ · 1 l ccaagagcacctctgggggcacagcggcc I 
I ! ! ! • I ctgggctgcctggtcaaggactacttccccg 
I l • i i I aacctgtgacggtctcg (SEQ ID NO: 

' ............ J.,,,,,,,,, ...... ,,,,, ................ L .......... , .......... L_., ........... 1 • ,,,,,,,,,,, i 808) . ························ ........................... ,, .. ,,,, 
83 , 018- EIVLTQSPGT ' EIVL T · QRVDR UW1/YR 'I GTS : TRAPG! QQYE gaaattgtgttgacgcagtctccaggcaccct 

j 2E03L LSLSPGERAT QSPG SY QKPGQ (SEQ ID • ADRF!G NSQH i gtctttgtctccaggggaaagagccaccctct 
. LSCR:ASQR\~ TLSL (SEQ ID APSLLi i NO: • s0.:~.~T ?SSP • cctgcagggccagtcagagagttgacagg 

DR.SY LAWYF: SPCsE NO: S (SEQ 8"15) i DF ! L f I , PYT i agctacttagcctggtaccgccaaaaacctg 
Q,<;PGQAPSL R.t>_TL , 813) 'ID NO'. i SGI.EP '(SEQ i gccaggctcccagcctcctcatctccgggac 
I.ISGTSTRAP , SCFA l 814) ! EDFAV ID NO ! atccaccagggcccctggcalcgccgacag 
G!ADRFIGSG J S ! ! '(YC 817) I attcatlggcagtgggtctgggacagacttca 
SGTDFTLTIS ! (SEQ ! (SEC: !D i ctctcaccatcagcggactggagcctgaag 
GLEPEDFA.V ' ID ) NO. altttgcagtatattactgtcagcagtatgaaa 
YYCQQYEN NO: , '816) attcgcaacatggaagttcacccccgtacac 
(SEQ ID NO 812) j ttttggccaggggaccaaggtggagatcaa 

! 811) , i acgtacggtggctgcaccatctgtcttcatctt 
j ! cccgccatctgatgagcagttgaaatctgga 
! ! actgcctctgtlgtgtgcctgctgaataacttct 
! i atcccagagaggccaaagtacagtggaag 
! l I I gtggataacgccctccaatcgggtaactccc 
I [ j · ·• j aggagagtgtcacagagcaggacagcaa 

ElVL TOSPGTL 
SLSPGERATLS 
CRASORVDRS 
YLAWYRQKPG 
QAPSLUSGTS 
TRAPGIADRFI 
GSGSGTDFTL T 
ISGLEPEDFAV 
YYCQQYENSQ 
HGSSPPYTFG 
QGTKVEIK 
(SEQ ID NO 
819) 

FGQ(;" 
TKVEI 
K 
(SEQ 
ID 
NO; 
820) 

i i i i i ggacagcacctacagcctcagcagcaccct 

............. .l. ____ __._ ___ ,,,,,,,,,,,,,, ... L. ............. J. ............................................ "'-----......,_,,,,,,,,,,,,,,,,,, .. ,,,,,,,,,,, ... , ....... 1 gacgc (SEQ ID NQ: 81$) ............... ~---·------
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t:=~.:::J:l~::::::::::::::12:::::::::::::::::::=::::::::::r:B::::::::=:=:: :r:=::::::::::::.-.. :,-.. :.-~.,---~. __ --: K' .,,,, • ., •••• TT···•·"·"·"··"·rr;f=:::::::::::nL::::::::::=:::: ... ········· .............. to. .............. :::::::::::Tr.:.. . 
1 Row i Name j V~REG!ON(1) f FR1- CDR1- : FR2- [ CDR2- l FR3- l CDR3- j Sequence. .. . j Translated ! FR4-.... ·; 

1 
1 

j [ IMGT IMGT ! IMGT ! lMGT ; IMGT \ IMGT l ~------- j Sequence (V- [ IMGT ; 
l 1 , t , ; , i 1 REGION'! f ! 

: 84 019- 1 EVQLVESGG l EVOL
1
.i GFTF .• s i MHwv····· \° INSAGs· ., · SYADs""',· ARDH ..... ,.. gaggtgcagctggtggagtccgggggaaa .,. · EVOLVESGGK !WGL ' 

' 1804H ! KWQPGGSL ) VESG ! SS\N i RQAPG SK VKGRF i DYGD : ggtcgttcagccgggggggtccctgagactc WQPGGSLRL ! GTMV 
i RLSCAASGF GKW ! (SEQ ID f QGLVW (SEQ ID T!SRDN i YRGN ! tcctgtgcagcclctggattcaccttcagtagtt SCAASGFTFSS ! TVSS 
TFSSSWMH QPG 1 NO: [ VSR NO: Ai'\.NTL ! AFDM ! cctggatgcactgggtccgccaagctccag SWMHWVRQA '(SEQ 
WVRQAPGQ GSLR ! 823) ' (SEQ ID 825) , YiJJM~✓ ! (SEC1 ! ggcaggggctggtgtgggtctcacgtattaa . PGQGLVWVSR ID 
GlVWVSRIN LSCA ! NO· i SL.RGE ! ID NO· ! cagtgctgggagtagcaaaagctacgcgg l INSAGSSKSYA NO: 
SAGSSKSYA AS i 824) i ! DTAVY i 827) ! actccgtgaagggccgattcaccatctccag . DSVKGRFTISR 830) 

i DSVKGRFTIS l (SEQ I \ YC: . \ agacaacgccaagaacacgctgtatctgca : DNAKNTL YLQ 
! RDNAKNTLY a ID i i (St:.O !D aatgaacagtctgagaggcgaggacacgg • MNSLRGEDTA 
i LQMNSLRGE I NO. , 1 l NO ctgtgtattactgtgcaagagatcatgactac • VYYCARDHDY 

l I DTAVYYCAR I 822) j ! l 826) ggtgactacagagggaacgcttttgatatgtg [ GDYRGNAFDM 
j 1 (SEQ ID NO: i l I l l gggcctagggacaatggtcaccgtctcttca i WGLGTMVTVS 
l i 821) ' 1 I I l , gcgtcgaccaagggcccatcggtcttccccc ! S (SEQ ID NO; 
! ! . j ! l I j tggcaccctcctccaagagcacctctgggg ! 829) 

I i ! i ! i ! I I gcacagcggccctgggctgcctggtcaagg i 
I l i : ' , 1 : I actacttccccgaacctgt (SEQ ID ND: I 
l·ss .... , .. ·o.19- ·· f·rnoMTQSPs·.·--f-:::;10M • ODISNY--i·LNWY◊-·J.·°DAS ........... t-KLETG. J QQLH i ~;~~tccagatgacccagtctcc:a.tcctccct" ·01QMTOSPSSL ... i FGGG l 
i 1B04L [ SLSASVGDR i TQSP i (SEQ ID i QKPGK i (SEQ ID '. VPSRF • T (SEQ ! gtctgcatctgtgggagacagagtcaccatc SASVGDRVT!T j TKVEI ' 
i , 

1

, VTfTCOASQD ! SSLS ! NO: : APKLU i NO: • SGRQS ID NO: ! acttgccaggcgagtcaggacattagcaac C:QASQDISNYL ; K 
i j. ISNYLN',NYQ ' ASVG / 833) j Y (SEQ i 835) • GTDYT 837} ! tatttaaattggtatcagcagaaaccaggga NWYQQKPGKA ' (SEQ 

l QKPGKAPKL OR\/T i ! ID NO: • FTISSL i aagcccctaagctcctgatctacgatgcatc PKLLIYDASKLE ID 
UYDASKL..ET ITCO f \ 834} • QPEDF i caaattggaaacaggggtcccatcaaggtt TG\/PSRFSGF~ NO: 
GVPSRFSGR AS !. • • ATYFC . j cagtggaagacaatctgggacagattatact QSGTDYTFTIS 840) 
OSGTDYTFTI {SEQ l • • (SEQ ID ! : ttcaccatcagcagcctgcagcctgaagattt SLQPEDFATYF 
SSLQPEDFA ID i • i NO: i i tgcaacatatttctgtcaacagctlcatactttc CQQLHTFGGG 
TYFCQQ ! NO i i ! 836) i i ggcggagggaccaaggtggagatcaaac TKVE!K (SEO 
(SEO ID ~~O i 832) ' ! l ' / gtacggtggclgcaccatctgtcttcatcttcc ID NO: 839) 

l 831) i ! : ' cgccatctgatgagcagttgaaatctggaac 
l l , i ! tgcctctgttgtgtgcctgctgaataacttctatc 

!_ I _____ ... II J __ J I____ ... _ .. ~~~~=~~~~~n~~~~~~~: j____l _I 
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!....... l A ... ~.··-·-.-: cf···•,m•-----•m------ ! .J:l,, .... , ........ o:::::::: .... U .................. .. 
!Row 1Name .. tV-REG!ON(1) 'IFR1- lCDR1- iFR2-
i J } IMGT ! IMGT 1 IMGT 
: ......... t ................. L, .. ___ j, ___ -- L i. 

~it l ~g:;--m g,;::r~:~~==-- - ---~=~~--1 E~~=.~= It~ I 
................ L~_,, ..... L .... =,,:--l,--_ ... ,..---········~-··· ........ , .... ,,,,, l.REGtQNL_·-·,J ... ~ 
j lSTYNG NYAQR I ARRG ! caggtgcagctm1\JGagiclggagctgag f QVQLVQSG!-1E 1 WGQ l 
l YT LQGRV I DYGD ! gfgaagaggcctggggcctcactgaaggtc : VKF{PGASLKVS j GTMV I 
l (SEQ ID TMTTD I YRGD I tcctgcaaggcctc!ggttacagctttaccac • CKASGYSFTTY j T\/SS i 

. 86 l 019- i QVQLVQSGA ! QVQL ! GYSFT i lTWVR 
l 2A02H 1 EVKRPGASL ! VQSG i TYG I QAPGQ 
; l KVSCKASGY ! AEVK l (SEQ ID I GLEWM 
; SFTTYGITVVV ) RPGA ! NO: I GW 
1 RQAPGQGLE I SLKV 843) (SEQ ID 

' NO: TSTGT \ AFDI ctacgggatcacctgggtgc~facaggcccc \ GITWVRQAPC l (SEQ \ 
845) AYLELR ! (SEQ tggacaagggcttgagtggatgggatggat ! QGLEVVMGW!S I ID i 

i WMGWISTYN I SCKA NO: 
. GYTNYAQRL IS 844) 

QGRVTMTTD ! (SEQ 

SL TYD ID NO: cagcacttac-a,,t~Jgttac:aca3ac,a!gca i TYNGYTNYA.Q I NO: 
DTAVY 847) , cagagactccagggcagagtcaccatgac i RLOGRVTMTT I 850) 

l TSTGTAYLEL l ID 
YC 1 cacagc1wcatccaclg~19acagcctactt \ DTSTGTAYLEL 1 

l RSL TYDDTA i NO: 
(SEQ ID ; ggagdgaggagcctgacatatgacgaca ! F{SLTYDDTAVY 

VYYCAR l 842) 
NO: i cggccgtctattattgtgcgagacgtgggga i YCARRGDYGD 

(SEQ ID NO: 1 
846) i ctacgglgadaccgg9gtgatgcattt,;is-1t,1 I YR(iDAFDfWC 

841) . 

L ....... L ..... , ........... !. ................... __ .J.,,,,,,,,,,,,.,.,.l l. .. . ,·~·.J... .... . .. 
j 87 1019'- I DIQMTQSPS i DIQM t QDVSN [ LNVJYQ j DTS NLETG 
! 1 2A02L SLSASVGDR i TOSP i Y (SEO . OKPGK ! (SEQ ID i VPSRF 
! l VTITCQASQD i SSLS ! ID NO. APKLU ! NO: \ SGTGS 
\ l vsr·•-NLNVVYG 1 ASVG ·• 853) : Y tSEO ! 855) \ GTDFT 
i ·1 Qf<PGKAPKL j DRVT • • ID NO i ! FTISSL 
1 LIYDTSNLET : ITCQ • 854: i i QPEDV 
I 1 GVPSRFSGT 'AS • , ! ! ATYFC 
'· \ GSGTDFTFTI • (SEQ • ' j (SEQ ID 
I i SSLOPEOVA ! ID j j NO 

'I ! TYFCQQ ! NO: I 1 856) 
[ (SE~ ID NO: i 852) I , 1 

j tctggggccE,aggg;;;caatg.gtcaccgtctc ! QGTMVTVSS 
i ftcagcgtcgaccaagmJCceatcggtct\c I (SEQ ID NO: 
I cccctggcaccctcctccaacagcacctcta I 849): 
i ggggcacaocq9ccctqc,,.;~tgcctqgtc; i 
• $99~Gtacrt~riccgaac,:tgt {SEiJ.ID 

1 

............. J.NO: 848) ............... ,,,,,,,,,, .. , ............ ,....._ _______ ,._ ......... ! .. . 
QOVF 
1(SEQ 
IDNO: 
81;7, 

,, I /. 

: gacatccagatgacccagtctcc;::i1(;(tccd DIOMTOSPSSL : FGPG 
: gtcigcatc.igtagg.cgacagagtcaccatc SAS\/GDRVT!T : TKVDI 
! acligccaggcgagtcagg;;qJttagcaac COASQDVSNY ! K 
) tatttaaattggtatcagcagaaaccaggga i UN\iYQOKPGK • (SEQ 
I aagccc:claaaclcctgatctacgatacatc i APKLUYDTS~,lL • ID 
I caatuggaaacagg~Jg!ccc:atcaaggtic i ETGVPSRFSGT • NO: 
I agtggaactggatctgggact:gatttlactttc ! GSGTDFTFTJS • 860). 
\ accatcagcagcctga:::agcctgaagatgltg l SU)PEDVATY;:: 
1 caacatatttctgtc3acwJgitt!cactttcqg ! CQOVFTFGPG 
! ccc!gggacCBaagtggat.atcaaacgt;c i TKVDIK (SEO 
! ggtggctgcaccatdgtdtc;,;kttcccgcc ! ID NO: 859) 
·1 atctgatgagcagttgaaaktgga.actgccl ', 

I 
t I ! 

851

) i I i I l 
L .~ ...... , ....... _l__l_ ........... ...1_1. J. 

clgttgtgtgcdgctgaata,K:UCL:1lcCCc1g j 

! agac,igccaaagt;;,cagtggaaggtggata • 
[ acgccdcciiatcggg!aactcccagi;1aga i 
i gtgtcacaga,gc {:3EO.!D.N0:)158) _J ______ _ ....... .J 
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Row I ta'rrie ...... f ·-8::RE°i:'M◊-NTf) . ~R1·= l 6oRt- I tR2:· i ~DR2- i ~R3:··········l··~5R3: .. ·-f-~equen·ce··· ...................... ,,.,, .. ,. .. ~,, ~rans!~;~:- --=1 .. :R4·~ .... ··1 
' ·•· IMGT ! IMGT j IMGT lMGT IMGT j lMGT , Sequence (V- j lMGT j 

. . , ' r l REGION' l l ..------+-----+--••-~-.. -,,,-.-. ,..,_g_.-...,:•."""-C"'.••4••-.h#.,C __ ,.J,.,._.,._,._,._,._,.,._,.,.,_,_,_,_,_,,,.,,_,,,. . ...;..... __ ......,; _____ ••••••• .. • .... •.f,,,,,.,,,,, •••••••• ••••••••••••••••••• •••••••,- •••••,-u,-,-,-n,-,-,-,-rr,-,-,-,-,.,-,.,.,.,.,.,-,.,.,.._ •• ,._._._....,~_.uu,,-.-,,__.,,.,.,..,.,.,,.J 

88 f 019- EVQLVESGG , EVQL l GFIFSD ! MNWV ISSYSG YYADS ! AKDR gagglgcagctggtggagtctgggggaggc EVQLVESGGG • SGQ 
! 2A05H GLVKPGGSL • VESG i YT I RQVPG YI (SEQ VKGRF I VRDG ctggtcaagcctggggggtccctgagactgt LVKPGGSLRLS • GTMV 
I RLSCAASGFI • GGLV I (SEQ ID I KGLEW ID NO: TLSRD I □NOW cttgtgcagcctctggattcalaUcagtgact CMSGFIFSDY • TVSS 
j FSDYTM~~i/V\i KPGG i NO l VSS 865) NAKKS j DSVD ataccatgaattgggtccgccaggttccagg TMNWVRQVPG l {SEQ 
! ROVPGKGLE SLRL • 863) j (SEQ ID LYLOM j ATYW gaagggcctggagtgggtctcaagtattagt KGLEWVSSISS • ID 
j VWSSISSYS SCM j f NO·. NNLP.A 1 GYGV agttacagtggttacatatactacgcagactc YSGYIYYADSV • NO: 
! GYIYYADSVK S l ; 864) EDTAV j FDT agtgaagggccgctlcaG1i.cUtccagagac KGRFTLSRDNA i 870) 
! GRfTLSRDN (SEQ ! ; YYC I (SEQ aacgccaag:aagtcactgtatctgcaaatg KKSL YLQMNNL 
j AKK~LYLOM ID I j (SEQ 10 j ID NO: aacaacctgagag.ccgaggacacggctgt RAEDTAVYYCA 
! NNLKJ\EDTA NO: , l I NO: l 867) ctattactgtgcgaaagatagggtgcgagat KDRVRDGDND 
) VYYCAK 862) \ j 866) i ggcgacaatgactgggattcagtggacgcc WDSVDA TYWG 
! (SEO !D NO: I j j acttactggggttacggtgtttttgatacctcgg YGVFDTSGQG 
j !361) ! I I gccaagggacaatggtcaccgtctcttcagc TMVTVSS (SEQ 
! ! \ I gtcgaccaagggcccatcggtcttccccctg I ID NO 869) 
I l 1 j gcaccctcctccaagagcacctctgggggc 
i · l . ! ! acagcggccctgggc (SEQ ID NO: 

! .. -.. ............. _________ ·-- ~ L ................. J ....................... 1 ....................... 1 1 86~2..,. .................................................................. _ ....................................... _ ........... . 
89 i 019- _ DIVMTQSPD DIVM i QSVLY ! FAWYQ j WAS I TRESG I OOHY gacatcgtgatgacccagtctccagactccc DIVMTQSPDSL • FGQG 

i 2A05L SLAVSLGER TQSP I GSNNK I QKPGQ I (SEQ ID I VPDRF RIPQT tggctgtgtctctgggcgagagggccaccat AVSLGERATIN • TKVEI 
!, AT1NCKSSQS DSLA i NY i PPKMLI I NO: i SGSGS (SEQ caactgcaagtccagccagagtgttttatac CKSSOSVL YG i K 
i VLYGSN~JKN VSLG • (SEQ ID i Y (SEQ I 875) ! GTDFT ID NO: ggctccaacaataagaactactttgcttggta SNNKNYFAWY j (SEQ 
j YFA'NYOQKP ERATI i NO: ! ID NO: ! ! L TISSL 877) ccagcagaaaccaggacagcctcctaaga QQKPGQPPKM • JO 
1 GQPPKML!Y NCKS I 873) I 874) ! I OAEDV tgctcatttactgggcatctacccgggaatcc UYWASTRESG • NO: 
j WASTf-?.ESGV S . I I I AVYYC ! ggggtccctgaccgcttcagtggcagcgggt VPDRFSGSGS i 880) 
j PDRFSGSGS (SEQ · I i (SEQ ID I ctgggacagatttcactctcaccatcagcag GTDFTL TISSLQ • 
! GTDFTLTISS ID I i NO: 1 cctgcaggctgaagatgtggcagtttattact AEDVAVYYCO • 
! LQAEDVAVY NO: I i 876) i gtcagcaacattatagaattcctcagacgttc QHYRIPQTFGQ 1 
· YCQOHYRIP 872) j i 1 ggccaagggaccaaggtggaaatcaaac GTKVEIK (SEQ 

(SEQ ID MO: I I i gtacggtggctgcaccatctgtcttcatcttcc ID NO: 879) 
871) I i i cgccatctgatgagcagttgaaatctggaac 

! l tgcctctgttgtgtgcctgctgaataacttctatc 
, ! ; ccagagaggccaaagtacagtggaaggtg 
I ! ! gataacgccctccaatcgggtaactcccag 
I ! j gagagtgtcacagagcaggacagcaagg 
i i , ! acagcacctacagcctcagcagcaccctga , 

L ...... J. .............. : ········'··-······ .. ·······J· ....... ...... ......: ..... .. .... ,J ............ L01ct$af; csEQ_1□.No: 878i ................ L ............. -----'-----' 
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FIG. 12 (Page 50 of 75) 
1 A G - - - • H l I l J ! I{ i L TM 1 N --~: 0 i P i 

"Raw"T'riiame·"··rv~REGiON°dfTf-'f~J:······1 CDR.1-· 1 fR2-·----<'·c5'tfa., ! FR3- I CDR3- f Sequence-~·------··················· rtrans'iatect'"'""''"''"'"T'i=R4:······ 
j : : iMGT j IMGT j lMGT IMGT ! IMGT j IMGT j [ Sequence 01- 1 IMGT 

., . .,.,, __ l,,,,,,,,,,,,,,,,,, .. L .... ,,,,,,, • 1 j .,,,,.,..,.,. . ., ......• ,, ..•........•. J ... ······· .. .... ) .............. J ............. _._ ....... _ .. ., ....... ,,........................................ f REGION} ! ..... . 
90 ( 019° •• EVQLVESGG : EVQL 1 GFSFS MHWV INNDGT i TYADS VRDN I gaggtgcagctggtggagtccgggggagg i EVQLVESGGG : WGQ 

i 2A06H : GLVQPGGSL i VESG SFW RQVPG FT j VKGRF DYGD I cttagttcagccgggggggtccctgagactct ! LVQPGGSLRLS : GTMV 
[ : RLSCAASGF i Gc.;LV (SEQ ID KGLLW (SEQ ID i TISRDN YRGN i cctgtgcagcctctggattctccttcagtagttt i CAASGFSFSSF : TVSS 
f i SFSSFWMH 1 QPG NO: VAR NO: i AKNTL AFDI I ctggatgcactgggtccgccaagttccaggg i WMHWVRQVP j (SEQ 
1 ·' VVVF!.QVPGK i GSLF~ 883) (SEQ ID 885) j NLHMS (SEQ I aagggactgctgtgggtcgcacgtattaaca ! GKGLLWVARIN j ID 
[ GLLWVAR!N [ LSGA NO.: j NLRVE ID NO: i acgatgggactttcacaacctacgcggactc 1 NDGTFTTYADS j NO. 
1 NDGTFlTYA ! AS 884) j DSAL Y 887) I tgtgaagggccgattcaccatctccagagac ! VKGRFTISRDN : 890) 
\ DSVKGNFTIS ! (SEQ i FC I aacgccaagaatacgctgaatctgcacatg i AKNTLNLHMSN j 
j RDNAKNTLN j H) i (SEQ ID I agcaatctcagagtcgaggattcggdctgt i LRVEDSAL YFC i 
1 L.HMSNLR.VE j NO j NO: I atttctgtgtaagagataatgactacggcgac ! VRDNDYGDYR ! 
[ DSAL YFCVR i 882) i 886) I tacagagggaacgcttttgatatttggggcca i GNAFDIWGQG i 
j (SEQ. ID NO: i l ! ggggacaatggtcaccgtctcttcagcgtcg i TMVTVSS (SEQ j 
1 88"1) i 1 i accaagggcccatcggtcttccccctggcac ! ID NO· 889} · 
j : I ! cctcctccaagagcacctctgggggcacag i 
i ! I 1 cggccctgggctgcctggtcaaggactactt ! 

i 1 : 1 i cccc,.:iaacckrt.r1 (SEQ ID NO: 888) ! , , 
["itir····nrfa:········risi'oMtosPs QDMSN I.NVVYQ DTS ---rKLEAG-·--·•·EQLH"r"fg"acattcag;tg;;ccagtctccatcctccct i DIQMTQSPSSL ";°FGGG···i 
[ j 2A06L i SLSASVGDR j TQSP Y (SEO Cif<SGK (SEQ HJ I VPSRF (SEQ i gtctgcatctgtaggagacagagtcaccatc i SASVGDRVTIT i TKVEI I 

. VTITCQASQD : SSLS ID NO: APKLLl NO; i SGSGF ID NO: i acftgccaggcgagtcaggacatgagcaa i CQASQDMSNY i K ! 
MSNYLNWYQ i ASVG 893) Y (SEQ 895) i GTHYV 897). j ctatttaaattggtatcagcaaaaatcaggga i LNWYQQKSGK j (SEQ 
QKSGKAPKL j DRVT ID NO. j LSITSL I aagcccctaagctcctgatttacgatacttcc ! APKLLIYDTSKL i ID 
LIYDTSKLEA : ITCQ 894) I QPEDIA i aaattggaagcaggggtcccatcaaggttc i EAGVPSRFSG i NO: 
GVPSRFSGS i AS I TYYC I agtggcagtggatttgggacacattatgtttta ! SGFGTHYVLSI ; 900) 
GFGTHYVLSI i (SEQ j (SEQ ID I agcatcaccagtctacagcctgaagatattg i TSLQPEDIATY ! 
TSLQPEDIAT i ID 1 NO: I caacatattactgtgaacagcttcatactttcg i YCEQLHTFGG 
YYCEQ (SEQ 1 NO; l 896) I gcggagggaccaaggtggagatcaaacgt ! GTKVEIK (SEQ 
ID NO· 891) : 892) l I acggtggctgcaccatctgtcttcatcttcccg ! ID NO: 899): 

· l I ccalctgatgagcagttgaaatctggaactg i 
l I cctctgttgtgtgcctgctgaataacttctatcc i 
I I I cagagaggccaaagtacagtggaaggtgg ! 
l I I ataacgccctccaatcgggtaadcccagg ! 
l I l agagtgtcacagagcaggacagcaagga ! 
1 I I cagcacctacagcctcagcagcaccctgac ! 

_ l I l gctgagcaaagcagactacgagaaacac t 
I 1 I I aaadctac fSEO ID NO: 898i i 
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FIG .. 12 (Page 51 of 75) 
I .......... L.~ ............... L~~--,,, . . r H ! I l_;!_,,,,,,,,,,,,,,,t~;,,,,,,,,,,,,,,,,,,,,,,\-;,,,,,,,,,,,,,,,,,,1,¥ ...... r{.. . . .. . .. . .. IO ····1e:::::::,::::::] 
! Row ! Name j \M'..1HHON P) I FR1- _ j CDR1- i FR2-. [ COR2, ! FR~- l CDR3- Sequence 1 Translated i FR4- i 
J i j ! IMGT i IMGT j IMGT t iMGT ; lMGT j IMGT l Sequence 0/- j IMGT i 
, . i j I l I l ! j l REGIONJ I i ,,,,,, _ __, _____ --+--------+------+-----------·---------'f-----~~~--~-----·--·"·····----···--··--···----···---·--·-----·-·~----·----·----·--·----·----·----·"·""""""""·""J""""""·"·"·• 

92 l 019-. ! EVQLVESGG I EVDL j GFTFS I MNWV ! ISSRSG I YYADS I ARDR gag,;Jtgcagctggtggagtctgggggaggc • EVQLVESGGG i CGH ! 
[ 2F05H j GLVKPGGSL ! VESG l DYT I RQAPG ; YI (SEQ I VKGRF I VRDG ctgglc&lfJcctgm1gggiccclaagaatcl • LVKPGGSLRIS i GTMV j 
j j RISCSSSGFT I GGLV j (SEQ ID i KGLEW ! ID NO: ' TISRDN i D!'JYW catgjtcatcclctggaltcaccttcagtgacta • CSSSGFTFSDY I TVSS j 
l j FSDYTMNWV · KPGG j NO ! VSS '905) AKNSL ! DSVD taccdgaatigggtccgccaggctccaggg TMNWVRQAPG i (SEQ j 
j j RQAPGKGLE SLR.IS l 903) !, (SEQ ID YI..QMN !, .ATYVV i aamrngctggagtrmgtctcatccattagta KGLEWVSSISS ! ID 
! i WVSSISSRS CSSS I ! NO: SLRAE I GYGA j gtagaagtggttatatatactacgcsgactca RSGYIYYADSV ! NO: 
1 j GYIYYADSVK (SEQ I ! 904) DTAVY I FDI I gtgm,gggccgattcaccatctccagagac KGRFTISRDNA i 910) 
j [ GRFTISRDNA ID ! ! YC i, (SEQ 1 aacgccaagaactcactgtatttgcaaatga KNSL YLQMNSL 
l i KNSLYLQMN NO· i j , {SEQ ID i ID NO: ! acagc:cigagagccgaggacacggctgict RAEDTAWYCA 
l [ SLRAEDTAV '30-2) [ ! I NO: i 907) ! aftacts1fgcgagagatagg9tgcgagatg RDRVRDGDNY 
I [ YYCAR (SEQ [ I I 906) I i. gcgacaattactgggattcagtg-gacgcca WDSVDATYWG 
. ! ID NO. 901) ' I i cttactmmgttacmit.ndtttfjatatctgr.:g~} YGAFDICGHGT 

! • I i ccacgggacaatggtcaccgtctcttcagcg MVTVSS (SEQ 
! [ I ! tcgacc:aagggcccatcg9tcttccccctgg ID NO: 909) 
, ' t I caccctcciccaagaacacctctgagggca 

. i i \ I cagcggc<:ctggg,~ (SEO. ID NO , , 
---.. L 1 :; ·····--····~------· ·------------·--·--.J _ 90s 1 ------------·--,----·------------·--------------------------------- __ , ____________ , _______________________ J _________J . ! DIVMTQSPD DIVM ; QSVl Y FAWYQ \\/AS [ TRESG ' QQHF gacatcgtgatgacccaglctccagactccc DIVMTQSPDSL j FGQG 

i SLAVSLGER TQSP : SSNNK ORPGQ (SEQ ID ! VPDRF TTPQT tg~Jd9tf;lci<:trn~gcga~Ja;Jggccaccat AVSLGERATIN l TKVEI 
'ATINCKSSQS DSLA ! NY PPKLLI NO: j SGSGS (SEQ caacigcaagtccagccagagtgttttatac CKSSQSVLYSS i K 

VLYSSNNKN VSLG ! (SEQ ID Y (SEQ 9i5) i GTDFT ID NO: agctcca;;1crn,ltaagaactactttgdlggta NNKNYFAWYQ i (SEQ 
YFAWYOQRP ERA Tl : NO: ID NO:· ! L. TISGL 917) ccagcagagaccaggacagcctcctaaac QRPGQPPKLLI ! ID 
GQPPKLLIYW NCKS : 913) 914) ! QAEDV tgctcatitacigggcaictauxgggaatcc YWASTRESGV I NO: 
ASTRESGVP S ; i AVYYC i ggggtccctgaccgfttcagtggcagcgggt PDRFSGSGSG ! 920) 
DRFSGSGSG (SEQ ! ! (SEQ ID ' ctgggacagatucacgctcaccdcagc9g TDFTL TISGLQA j 
TDFTL TISGL ID ! ! MD cctgcaggctgaagatgtggcagtttatiact EDVAVYYCQQ . 

1 QAEDVAVYY NO: i ! 916) gtcagcaacatttta:tactcctcagacgttcg HFTTPQTFGQ 
! CQQHFTTP 912) i ! gccaagggaccaaggtggaaatcaaacgl GTKVEIK (SEQ 
f (SEQ ID NO: i ! acggt9gctgcaccatctgtcttcat.cttcccg , ID NO: 919) 
j 911} l ! ccatctgaigagcagttgaaatctggaal-ig i 
j ) ! cctclg!tgtgtgcctgctgastaacitctatcc 
j ! ! cagagar::1gccaaa,;it;;1c<1f:1tQtJaagritfln 
j [ ! ataacgccctccaa (SEO ID NO·. 

............. ...1 ·- .,,_,,,.,,,, l ,,,,,,,,,,,,,,,l.,.,.,,.,,,,,,,,,,..,.,,,.,,,.,,,,,,.,,,,,,,.,, __ ~_:l.@J ................................................................. 1 ........................................ .1. ............ ., .... : 
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l··Row··j·~ame'·''··t··?:RE·o·1c5N··(·ty···1··r:ci~··••.•1···f ~~~··:.······1t~r·········r· ~GRi- "''tt~~······ 1--~~~r~f ~eq:Jen= . ···············--·--·····--·---l !:~:sl~:;~ ........ f :J~:·J 
l i . i i l l l i j l REGION) • 
~ ;. . . . •• __ ;,_., ,-,_;..:,,_ ;~ •' •• • ---;'f-~ • :;..• -.1_,.:;,_,.;4'_,_•_•_...:..-_._• ·•,,..,...;..-_..,+;..,,._.._,.._..~.,._,.,._,_,._.._.._,,..,_,_., _.._,,h_,.,,_,_,,,..,_,_,,.,_,_,._..n_,.n-"_..~-"_,.n_,._,.,,._,._,.n_,.n_,.n_,.n,rr),,,.n_,._,.n_,.n .... .,.n•n•_,.n_..;,.,._,., ' , J., _ _, _ _,.,..,..,,_,,-),~,_.,,_,,,,,._,., 

! 94 i 019° i QLQLQESGP • QLQL i GDSITC I WGWIR MYYSG j NYNPS ARLFG cagctgcagctgcaggagtcgggcccagg [ QLQLQESGPG : WGL 
j ! 4A01H i GLVKPSETLS : OESG i SSCY I QPPGK RT l LKSRV ELVGY actggtgaagccttcggag:accctgtccctc i LVKPSETLSL T i GTMV 
! j i LTCSVSGDSl • PGLV i (SEQ ID I GLEWI (SEQ ID j TISVDT GAFD acctgcagtgtctctggtgactccattacttgta i CSVSGDSITCS • TVSS 
! i i TCSSCYWG : KPSE i NO· I GS NO: j SKSQV V (SEQ gtagttgctactggggctggatccgccagcc i SCYWGWIRQP ! (SEQ 
! i WIRQPPGKG I TLSL ! 923) ! (SEQ ID 925) j SLKLRS fD NO; cccagggaaggggctggagtggattggtlct i PGKGLEWIGS : ID 
! LEWIGSMYY • TCSV ! ·' NO: 1 VTAAD 927} atgtattacagtgggagaaccaactacaatc i MYYSGRTNYN • NO: 
j SGRTNYNPS • S i 924) j AAVYY cgtccctcaagagtcgagtcaccatatccgt i PSLKSRVTISV • 930) 
! LKSRVTISVD I (SEQ i j C (SEQ agacacgtccaagagccaggtgtccctgaa ! DTSKSQVSLKL . 
! TSKSQVSLKL : ID ! j ID NO: gttgcgctctgtgaccgccgcagatgcggct ! RSVTAADAAVY 
i RSVTAADAA : NO: I j 926) gtctattactgtgcgagactattcggggagttg I YCARLFGELVG 
i VYYCAR ! 922) i j gtcggttatcaggcttttgatgtctggggccta ! YQAFDVWGLG 
1 (SEQ ID NO: i ! j ggg:acaatggtcaccgtctcttcagcgtcga i TMVTVSS tSEQ 
i l 921) i ! ! ccaagggcccatcggtcttccccctggcacc i ID NO·. 929) . 
I 1 ! I I ctcctccaagagcacctctgggggcacagc I : 
i l i ! I ggccctgggctgcctggtcaaggactacttc ! ! 
I 1 I ! . ,,I ... ,, __ ,,,_. __ .. ,.,_,,, .. cccgaacctgtaa.(SEO.ID.N0:.928) .L .. ~ ..... ~ ................... ..!. , 
I 95 i 019· OSVLTQP;.-·s i QSVL ! SSNIGS VNWYO SNI I ERPSG : AAWD cagtctgtgctgacgcagccaccctcagcg.t i OSVLTQPPSAS ! FGTG 
i j 4A01L ASGTPGm::::v : TQPP i NT QLPGT /SEQ lD I VPDRF ! DSLN ctgggacccccgggcagagggtcaccatct j GTPGQRVTISC I TKVT 
i j TISCSGSSSN i S/\.SG i (SEQ ID APKLLI NO I SGSKS : GYV cttgttctggaagcagctccaacatcggaag I SGSSSNIGSNT i VL 
i l IGSNTVNWY i TPGQ ! NO: Y (SEQ 935) I GTSAS : (SEQ taatactgtgaactggtaccagcagctccca 'VNWYQQLPGT i (SEQ 
i i OQL PGTAPK \ RVTIS j 933) ID NO: I L.A.ISGi. I ID NO: ggaacggcccccaaactcctcatctatagta APKLLIYSNIER i ID 
i i LLIYSN!ERPS \ CSGS . 934) I QSEDE : 937) atattgagcggccctcaggggtccctgaccg PSGVPDRFSG i NO: 
i j GVPDRFSGS \ (SEQ I ADYYC i attctctggctccaagtctggcacctcagcgt SKSGTSASLAI \ 940) 
i l KSGTSASL .. AJ j ID • I (SEQ ID j ccctggccatcagtgggctccagtctgagga SGLQSEDEAD I 
i i SGI..QSEDEA \ NO • I NO: i tgaggctgattattactgtgcagcctgggalg YYCAAWDDSL ! 
i l DYYGAAWDD i 932) ! I 836) ' acagcctgaatggttatgtcttcggaactggg NGYVFGTGTK I 
i l SLNG (SEO ! ! accaaggtcaccgtcctaggtcagc:ccaag VTVL (SEQ ID 1 
i l ID NO. 931) j i I gccaaccccactgtcactctgttcccgccctc NO: 939) ! 
i L i i I gagtgaggagcttcaagccaacaaggcca l 
i i I I cactggtgtgtctcataagtgactlctacccgg i 

i j I I gagccgtgacagtggcctggaaggcagat i 
i i ! I agcagccccgtcaaggc (SEQ ID NO: ! 
1 i I I 938) , l :A,,.,.,.,.,.,.,~.,.,.,., ._..,_____ . .,.,.,.,.,.,,., ___ ~.--,...._,,,--www-www __ .........._, __ ........_. ___ .......;.... ___ .....,;..;...-c..•--www-www-wwwwwwwwwwww---'-~.-.-,,.,....,u,u.-v,..,.,,.-.,.,,.,....,,.,.,.,_........,._, 
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A G 1 H --· ···r1·-- J -----------··1 f{ ------------ 1 c···~-~· ·rM···········TN··· ·················· --·--------·--··---------. o p 

Row Name V-REGION (1} FR1- 1 CDR1- FR2- CDR2- I FR3- ! CDR3- 1 Sequence l Translated FR4-
IMGT ) IMGT IMGT !MGT \ IMGT \ IMGT I Sequence (V- lMGT 

;-----+-----+--~----··-············ ·········--··J _L,. ... ,. ..... J. ........................................................................................... J.131=.QIQl'-JJ .................................. ) 
96 019- QVQLQESGP OVOL l GDSINS WTVVIR ISYNGK i QFNPS ! ARELG caggtgcagctgcag.gagtcgggcccagg I QVQLQESGPG i WGQ 

97 

4C01H GLVKPSQTL QESG : GGFS QHPGK I (SEQ : LKSRLS : DYPYY actggtgaagccttcacagaccctgtccctc I LVKPSQTLSL T j GTTV 
SLTCSVSGD PGLV • (SEQ ID GLEWI ID NO ! MSVDT • YAMD acctgctctgtctctggtgactccatcaacagt , CSVSGDSINSG i TVSS 

019-
4C01L 

SINSGGFSW KPSQ • NO: GS 945) ! SKNQF j V (SEQ ggtggtttctcttggacctggatccgccagca I GFSWT\1\/IRQH 1 (SEQ 
TWIRQHPGK TLSL • 943) (SEQ ID ! SLKMS ! ID NO· cccagggaagggcctggagtggattggttc PGKGLEWIGSI t ID 
GLEWIGSISY TCSV [ NO ! SVTGA [ 947) catctcttataatggcaaaattcaattcaaccc I SYNGKIQFNPS j NO: 
NGKIOFNPSL S ! 944) ! DTAVY gtccctcaagagtcggctttccatgtcagtgg , LKSRLSMSVDT I 950) 
KSRLSMSVD (SEQ l ! FC acacgtcaaagaaccagttctccctgaaaat I SKNQFSLKMS . 
TSKNQFSLK ID ! ! (SEQ lD •• gagctcagtaactggcgcagacacggccgt I SVTGADTAVYF 
MSSVTGADT NO: l ' NO: l tlactlttgtgcgagagaacttggcgactatcc I CARELGDYPY 
AVYFCAR 942) [ 946) : \ ctattactacgcaatggacgtctggggccag 'YYAMDVWGQ 

1 (SEQ ID NO: j j gggaccacggtcaccgtctcctcagcgtcg GTTVTVSS 
l 941} I i accaagggcccatcggtcttccccctggcac (SEQ ID NO: 
' , cctcctccaagagcacctctgggggcacag 949) 

1 cggccctgggctgcctggtcaaggactactt 
; [ • ccccgaacctgtgac (SEQ ID NO: 

.... J .................. , .... .L. ............... , ... )..~1.?.2.. ........ ,,,,,,,,,.,,,,.,,,,,,,,,,,,,, _ ; ! 
[ SLQTG [ QQVIT • gacatccagatgacccagtctccatccttcct DIQMTQSPSFL ! FGQG 
! VPSRF l FPRT • gtctgcatctgtgggagacagaglcaccatc SASVGDRVTIT ! TKVEI ~~~~J~6fT~6~,.1·~~1;~f ~~f I ~E8a ID 

~~;~~~~G I!~~~ , ~~) ! ~~~~~v I ~~) i SGGGS i (SEQ • acttgccgggccagtcagggcattgccagttt CRASQGIASFL ! K 
i GTEFTL [ ID NO: • tttagcctggtatcaaca.aa.a.gcca.ggga.g AWYQQKPGRA ! (SEQ 
i TINSLQ i 957) • agcccctaacctcctggtctatgctgcgtcctc PNLLVYMSSL ; ID 
i PEDFA i • tttgcaaactggggtcccatcaaggttcagc OTGVPSRFSG '! NO: 

TYYC ! • ggcggtggatclgggacagagttcactctca GGSGTEFTLH 960) 
(SEQ ID i : caatcaacagcctacagcctgaagattttgc NSLQPEDFATY 
NO. ! : cacttattactgtcaacaggtcattactttccct YCQQVITFPR.T 
956) i l cgga.cgttcggccaagggaccaaggtgga FGQGTKVEIK 

i i aatcaaacgtacggtggctgcaccatctgtct (SEQ ID NO: 
i : tcatcttcccgccatctgatgagcagttgaaat 959) 
! l ctggaaclgcctctgttgtgtgcctgctgaata 
! ! acttctatcccagagaggccaaagtacagt ' . ! i ggaaggtggataacgccctccaatcgggla 
! i actcccaggagagtgtcacagagcaggac 
1 ! agcaaggacagcacctacagcctcagcag• 
1 i caccctgacgctgagcaaagcagactacg , 
i ! agaaa,.{SEQ ID N0:.958) .......... ,, ... J ...... _____ ......., __ , 

1 QKPGRAPNL ! DRVT i [ ID NO: ! LVYMSSLQT f ITCR j f 954) 
i GVPSRFSGG j AS ! 
j GSGTEFTL Tl ! (SEO i 
I ~~~g~~~~;F I ~O: I 
' P (SEQ ID ! 952) i 
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r:;;~:,:lrc:· r ~~;~~N~(1-) 'I ~-R~ci-,.-.... ~t-,l~0-:-;~--_,,_-,-f-:~i-,.-~i· ~i-=f ~~~=1:~;1:·:= ~:;:::-===··==:= =:t ~~=:_·--; ~:t; 
[.,w ••- •-- • ,mm,,,, J = - --- - _._ ..... ! --_j ~---, 1,_ µ - ,, -- i •-·-w w- [ • • - .. , ,. • • J,B.g~gt,JJ_, .... _. , ., , , _ , .. ,. 
! 98 l 019- I QLQLQESGP QLQL i GGSMR I WGWIR j MYYSG YYSPS ! ARRVJ • cagctgcagctgcaggagtcgggcccagg I QLQLQESGPG ! WGQ 

j 4C02H I GLVKPSETLS QESG j SSSYY ; QPPGK ! ST LKRRV ! FGELD ! actggtgaagccttcggagaccctgtccctc , LVKPSETLSL T i GTTV 
1 LTCAVSGGS PGLV i (SEQ ID ! GLEWI (SEQ ID T!SVDT ! YVGS • acctgcgctgtctctgggggctccatgagga CAVSGGSMRS j TVSS 

MRSSSYYW KPSE i NO: I GG NO: SENHF I DV i gtagtagttactactggggctggatccgcca SSYYWGWIRQ i (SEQ 
GWIRQPPGK TLSL t 963) 1 (SEQ ID 965) SLKl TS i (SEQ i gcccccagggaagggactggagtggattg PPGKGLEWIG f ID 
GLEWIGGMY TCAV I \ NO: VTAAD 11.D NO ! ggggtatgtattatagtgggagcacctactac GMYYSGSTYY l! NO: 
YSGSTYYSP S ! 964) TAVYY , 967) ! agcccgtccctcaagaggcgagtcaccata SPSLKRRVTIS 970) 
SLKRRVTISV (SEQ i C (SEQ [ ! tccgtagacacgtccgagaaccacttctccct VDTSENHFSLK 
DTSENHFSL ID ! ID NO: j ! gaagttgacctctgtgaccgccgcagacac LTSVTAADTAV 
KLTSVTAADT NO: i . 966) , i ggctgtctattactgtgcgagacgatggttcg YYCARRWFGE 
AVYYCAR 962) I ! ! gggagctagactactacggttcggacgtctg , LDYYGSDVWG 
(SEQ ID NO'. , ! ! ! gggccaagggaccacggtcaccgtctcctc ! QGTTVTVSS 
961) l I i I I agcgtcgaccaagggcccatcggtcttcccc j (SEQ ID NO: 

ctggcacccfcctccaagagcacctctgggg I 969) 
gcacagcggccctgggctgcctggtcaagg l 
actacttccccgaacctgt (SEQ ID NO: ! 

_____ __,,,, ___ - ; ,,,,, ________ --------------------- ! ·--------· l ______________ , ___ ./ .,,,_.. ----L----------. 968) .,,,,,,,,. - ·--- ·--- ·-·- I -- ..... , .. ___ ,,,,,, .... _.l ,, __ ,,, ...... J 
019- QLVLTQSPS I QLVL SGXSS j IAWHX I VNXDG j YKEDGI j QTWG cagcttgtgctgactcaatcgccctctgcctct I QLVLTQSPSAS I FGGG I 99 
4C02l ASASLGTSV ! TQSP SP I QQPEK I SH I PDRFS I TDXQ gcctccctgggaacctcggtcaagctcacct ' ASLGTSVKL TC I TKL T ! 

KL TCTLSSGX I SASA (SEQ !D i GPRFL I (SEQ ID j GSXSG j V (SEQ gcactctgagcagcgggnacagcagctcc TLSSGXSSSPI I VL 
SSSPIAWHX I SLGT NO· j MK \ NO j SERYL i ID NO: cccatcgcatggcatcngcagcagccgga AWHXQQPEKG i (SEO 
QQPEKGPRF SVKL 973) I (SEQ ID i 975) I TISNLQ I 977) , gaagggccctcggttcttgatgaaggttaac PRFLMKVNXD • ID 
LMKVNXDGS TCTL I NO: I j SEDEA I j antgatggcagtcactacaaagaagacgg GSHYKEDGIPD • NO 
HYKEDGIPD S I 974) i j DYYC I j gatccctgatcgcttctcgggctccnagtctg RFSGSXSGSE • 980) 
RFSGSXSGS (SEQ I I i (SEQ ID I i ggtctgagcgctacctcaccatctccaacctc RYLTISNLOSE . 
ERYL TISNLQ ID I i I NO: ! I cagtccgaggatgaggctgattattactgtca DEADYYCOTW 
SEDEADYYC NO: I i i 976) I i gacctggggcactgacnttcaggtaftcggc GTDXQVFGGG 
QTWGTDX 972) I I I I I ggagggaccaagctgaccgtcctgggtca TKL TVL (SEO 
(SEQ ID NO: I i ! I ! gcccaaggctgccccctcggtcactctgttcc ID NO: 979) 
971) I i l I I cgccctcgagtgaggagcttcaagccaaca 

I ! i I i aggccacactggtgtgtctcataagtgacttc 
I I I I l tacccgggagccgtgacagtggcctggaa 
I i I I I ggcagatagcagccccgtcaa (SEQ ID 

"-'-'--~----~~-~--.... J ....................... L ................... l .................... J ................. LNQ; .. ~.?.?.) .... ,,, ........ ______ ~! __ ~ .......... , ..... , __ ,, .. ) ..... __ , ______ _j 
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FIG. 12 (Page 55 of 75) F=l~e -e.R~,;-;;~;;;~i~ __ ~-R-6_i-____ ~t--~-DG-RT_1 __ ,,-, .. ~,-t-~-,.-:::1~i{~=rr:tT=1~:,,::p::::=:::::::====tr=~~~ CV- ; r.:i~, 
f .... ,.,.,,,,,.l .. ., , ............... , ....... ., ........ ., ... .,,,, .......... ., ...... ! . ., .......................................... ! ............. ., .... J..... l ... ,.. !.---·"" . . ~-.~--.,. ·---·--· l. REGION} . ..,,,,,,.,,,,,,,.., 
: 100 ! 018· QVQLQESRP QVQL i GGSMR WSWIR ! VYYSG ! EYNPS ARGV ! caggtgcagctgcaggagtcgcgtccagg QVQLQESRPG WGK 

f 4C05H GLVKPSETLS QESR i SYY QSPGK I GT i LKSRVII SALVS i actggtgaagccttcggagaccctgtccctc LVKPSETLSLS GTTV 

101 019-
4C05L. 

_ LSCTVSGGS PGLV i (SEQ ID GLEWI I (SEQ ID i SVDTS VDYYY i agctgcactgtctctggtggctccatgagaa CTVSGGSMRS TVSS 
1 MRSYYWSWI KPSE i NO: GY I NO: j KNQFS YYMD i gttactactggagctggatccggcagtcccc YYWSWIRQSP (SEQ 
i RQSPGKGLE TLSL 983) (SEQ ID ! 985) l LNlSSV V (SEQ i aggaaaaggactggagtggattggctatgt GKGLEWIGYVY ID 
I WIGYVYYSG l SCTV NO: ! I SAADT ID NO: i ctattatagtgggggcaccgagtacaacccc YSGGTEYNPSL NO: 
I GTEYNPSLK l S 984) ] I AVYYC . 987) l tccctcaagagtcgagtaatcatatcagtag KSRVIISVDTSK 990) 
I SRVtlSVDTS j (SEQ i j (SEQ ID l acacgtccaagaaccagttctccctgaacct NQFSLNLSSVS 
! KNQFSLNLS I ID , i ! NO. l gagctctgtgagcgctgcggacacggccgtt AADTAVYYCAR 
1 SVSAADTAV I NO: i i '986) j tattactgtgcgagaggggtatcagctcttgttt GVSALVSVDYY 
-• YYCAR (SEQ I 982) ! i I ccglggactactactactactacatggacgtc YYYMDVWGKG 
• ID NO: 981) I, ! I tggggcaaagggaccacggtcaccgtctcc TTVTVSS (SEQ 
l ! i I tcagcgtcgaccaagggcccatcggtcttcc ID NO: 989) 
i ! i i I ccctggcaccctcctccaagagcacctctgg 
l l ! I 1 , gggcacagcggccctgggctgcctggtcaa 
l ! · I l ggactacttccccgaac (SEQ ID NO: 

.L _ .... _ ····················-······ _ ··--·- ........ ,., .............. _ ............. ,, .. _ .. _ .. ··-·-........... .l. .. . .. ., _ ! 988) ---·---- _ l , ... ,.,, ..................... J .................. . 
i SYEL TOPPS • SYEl ! NIGSKS • VQWYQ YNR. 1 DRPSGI QVWD j tcctatgagctgacacagccaccctcagtgt ! SYEL TQPPSVS l FGTG 
j VSVAPGKTAI f TQPP ! (SEQ ID f RKPGQ (SEQ JD f PERFS RNIDP I cagtggccccaggaaagacggccataatt f VAPGKTAIITCG [ TEVT 
i ITCGGNNIGS ! SVSV i NO: ! APVLVI NO. GSNSG H l acctgtgggggaaacaacattggaaglaag i GNNIGSKSVQ • VL 
! KSVQWYQRK l APGK i 993) l Y (SEQ 895) NTATLT (SEO I agtgtgcagtggtatcagcggaagccaggc l WYORKPGQAP • (SEO 
i PGQAPVLVIY • TAIIT • ID NO: ISRVEA ID NO: I caggcccctgtgttggtcatctattataatagg VLVIYYNRDRP l ID 
l YNRDRPSGI • CGG ! 994) GDEAD 997) ' gaccggccctcagggatccctgagcgattct SGlPERFSGSN • NO: 
l PERFSGSNS • N : YYC ctggctccaactctgggaacacggccaccct SGNTATLTISR i 1000) 
l GNTATLTISR ; (SEQ i (SEQ ID gaccatcagcagggtcgaggccggggatg VEAGDEADYY 
! VEAGDEADY ! ID i NO aggccgactattactgtcaggtgtgggatag CQ'vWDRNIDP 
' YCQ'vWDRNI i NO: ! 996) gaacattgatccccacttcggaactgggacc HFGTGTEVTVL 

D (SEQ ID [ 992) i gaggtcaccgtcctaggtcagcccaaggcc (SEQ ID NO 
NO: 991) 1 i aaccccaclgtcactctgttcccaccctcgag , 999) 

tgaggagcttcaagccaacaaggccacact I 
ggtgtgtctcataagtgacttctacccgggag ! 

• , . • ccgtgacaglggcctggaaggcagatagc ! 
• • i. • agccccgtcaaggcgggagtgg (SEQ ! 

C.......-"--.. ,, .... ,,,,,,~ .............. ,,,,,. __ _____._ __ ,,,,.,, ____ .... __ ,,., ......................... L ...... ., ............ L.. ..1.P.:.t:JQ: .. $.~.8-:1.............. J ...... ~---~~---
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. ,,,,,,, ..... TA . 1 _~'.,, ' .,,., ............. T.ff'"'"''"'Tf'""'"""'" I ,J . .. "K ................ .... c ..... ....... , .. '( ·M····=·· ··rj,r··· ........................ ,,,,,,,,. .,,,,,, .. ,,, ............... ns--·· .......... :············· . ····1 p. . """l 
\ Row j Name V-REGION (1} FR1,, l CDRt- \ FR2- CDR2- ·• FR3- [ CDR3~ } Sequence j Translated ! FR4- . 
i i !MOT j IMGT jlMGT lMGT • IMGT } IMGT t i Sequence 0/· ! IMGT 
; .· ... .!, .,,.,,,,,,,_ ,,,,,,,,,,,,,, •·. ,----- j ... -~. J .L. -- ,,,,,,,,,,,,,, ,,,,,,,,,,,, i ... ., .... ..!. ....................................... .,.,.., __ ,,,,,,,,,,,,,,,,,,,,,,.. ! REGION)-1. ......... ,, .. ,, ..• 
j 102 i 019- QVQLQESGP QVQL I GGSIST I WTWIR VYYTG EYNSS i ARAVS i caggtgcagctgcaggagtcgggcccagg i QVQLQESGPG i WGK 
· j 4D01H GLVKPSETLS 

1 
QESG I YY I QSPGK GT LKSRV I TLVSV i actggtgaagccttcggagaccctgtccctc ! LVKPSETLSLT I GTTV 

I l.TCTVSGGSl I PGLV I (SEQ ID I GLEWI (SEQ ID TISVDT I DYYFY I acctgcactgtctctggtggctccatcagtact i ClVSGGSISTY I TVSS 
STYYV\/TVVIR.. l KPSE I NO: i GY NO: SKNQF i YIDV I tactactggacctggatccgacagtccccag i YW1VVIRQSPG I (SEO 

, OSPGKGLEW j TLSL j 10wo,,1 ! (SEQ ID 1005) SLKLNS t (SEQ 1 ggaagggactggagtggattggttatgtctat ! KGLEWIGYVYY ! ID 
j IGYVYYTGGT I TCT\/ I I NO: ATAAD I ID NO · tacactgggggcaccgagtacaactcctcc i TGGTEYNSSLK I NO: 
I EYNSSLKSR: IS I I 1004) TAVYY I 1007) ctcaagagtcgagtcaccatttcagtagaca j SRVTISVDTSK I 1010) 
I VT!SVOTSKN 1 {SEQ I i C (SEQ I cgtccaagaatcagttctccctgaagttgaac j NQFSLKLNSAT l 
i QFSLKLNSAT l ID i i ID NO. i tccgccaccgctgcggacacggccgtttatt i AADTAVYYCAR i 
j /.'.ADTAVYYC l NO: ! l 1006) : actgtgcgagagcagtttcgactcttgtttcag ! AVSTLVSVDYY l 
! AR (SEQ ID l 1002) ! l i tggactattacttctactacatagacgtctggg i FYYIDVWGKGT [ 
j NO 1001) l i j [ gcaaagggaccacggtcaccgtctcctcag j TVTVSS (SEQ f 
j i i 1 i cgtcgaccaagggcccatcggtcttccccct ! ID NO: i 009) i 
j l ! i ggcaccctcctccaagagcacctctggggg : ! 
l l l ' cacagcggccctgggctgcctggtcaagga i ! 

L,,-~.........,---+1---·----·-··J·· ................................ : __ ! ____________ +---------------------~--.----- ____ ~~ai:tcccgaacc (-~-~~-~-~ .. ~~'. ............. ] ....................................... ! .......... . 
i l 03 019-- SYEL TOPPS i SYEL NIGSKS • VHWYQ HNN l NRPTGI • QVWD tcctatgagctgacacagccaccctcagtgt i SYEL TQPPSVS ! FGTG 

4D01L VSLAPGKTAT I TOPP (SEQ ID • QKPGQ j (SEQ ID ! PERFS • RNND cactggccccaggaaagacggccacgatt j LAPGKTATITC j TKVT 
ITCGGNNIGS • SVSL NO: • APVLVI • NO; ! GSNSG • PL acctgtgggggaaataacattggaagtaaa j GGNNIGSKSVH j VL 
KSVHWYQQK j APGK i 10'!3) •• Y (SEQ j 1015) i NTATLT •• (SEQ agtgtgcactggtatcagcagaagccaggc j WYQQKPGQAP l (SEQ 
PGQAPVLVlY • TATIT j • ID NO· · ; ISRAAA • ID NO: ! caggcccctgtcctggtcatctatcataataat I VLVlYHNNNRP i ID 
HNNNRPTGI • CGG j • 10i4) ! GDEAE • 1017) ! aatcggcccacagggatccctgagcgattct I TGIPERFSGSN ! NO: 
PERFSGSNS • N j j YFC ! ctggctccaactctgggaacacggccaccct i SGNTATLTISR i 1020) 

i GNiATLtlSR • (SEQ ! i (SEQ ID i gaccatcagcagggccgcagccggggafg j AAAGDEAEYF ! 
I AAAGDEAEY • ID ! i NO: i aggccgagtacttctgtcaggtttgggatagg i CQVWDRNNDP . 

FCQVWDRN I NO: i j t016) j aataatgatcccctcttcggaactgggacca l LFGTGTKV1VL 
ND (SEQ ID i 1012) i 1 aggtcaccgtcctaagtcagcccaaggcca ! (SEQ ID NO' 
NO· 1011) i i i accccactgtcactctgttcccaccctcgagt i 1019) 

! · i gaggagcttcaagccaacaaggccacact ! 
j . , I ggtgtgtctcataagtgacttctacccgggag i 
l • I j I ccgfgacagtggcctggaaggcagatagc I 
l \ i ·: I I I agccccgtcaaggcgggagtgga (SEO I 

.......... _....,__ __ ~-·-··•-·o,··~····· .......... J ...................................... L ............... i ····················· !· __ -- _l , .... ,, ......... i_lD,N0:_10·18} ,.,._,_,_ i i_···-··········_j 
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1 i A i G I H Ti ..... J i K . , L --i M .. . .. r N . .. , O -~- ' p· , 

f't~ow j Name ..... hJ:RI~'G.;t6Ki'.Ttrl.FR1- i CDR,=--· "FR2- - TcoR2: [ FR'.!- -] CDR3:- i SequOOCS ..... - •• -··- i T rans,ai,. d ....... ·.· 'r=.'f5-~r:--·--·i 
! ] l ) IMGT [ IMGT IMGT r IMGT i IMGT IMGT l j Sequence (V- !MGT i 
1······- J~··· .. ·--i---~ ..... -·-~-----1.. I .................................. -.l .... .,,. ; ,............ . ........ _._ .... L ....... ,. . . ... . ----· j R[:f.Q.!9.NL ............... ,,_ ... ,.., .. .,,J 
· 104 i Ot9- QVQLQESGP QVQL t GGSlR ! VJS\IVIR • VYYTG • EYNPS \ ARGV j caggtgcagctgcaggagtcgggcccagg QVOLOESGPG WGK j 

j 4O02H GLVKPSETLS QESG i SYY ! QPPGK • GT i LKSRVH ! SALVS : actgg!g~1agccttcggagaccctgtccctc LVKPSETLSLT GTTV i 
j LTCTVSGGSI PGLV ! (SEQ ID i GLEWI I (SEQ ID i SVDTS : VDYYY ! acctgcactgtctctggtggctccatcagaag CTVSGGSIRSY TVSS i 
j RSYYWSWIR KPSE , NO: i GY I NO: j KNQFS i YYMD ! ttactactggagttggatccggcagccccca YVVSVVIRQPPG {SEO ! 
j QPPGK?.LEV: !LSL 1023) i (S~Q ID ! 1025). j LNLSSV j V(SEQ \ ggaaaaggactggaglggattgg.ctatgtct \ ~GLEWIGYVYY ID ' 

iGYVYYfGG, tCTV • NO. i I TAADT • IDNO. i attatactgggggcaccgaglacaa1ccclc I iGGTEYNPSLK NO: 
EYNPSLKSR S , i Hl24) 1 I AVYYC • 1027) i cctcaagagtcgag!aatcatatcagtagac i SRVIISVOTSKN 1030) 
VIISVDTSKN (SEQ i j j (SEQ ID i acgtccaagaaccagttctccctgaacctga i QFSI..NLSSVTA 
QFSHJLSSVT lD i I l NO: j gctctgtgaccgctgcggacacggccgtttal I ADTA.VYYCAR 
AADTAVYYC NO. i i j 1026) I tactgtgcgagaggggtatcagctcttgtllcc ! GVSALVSVDYY 
AR(SEO ID 7022) ; i I gtggadactadactactacatggacgt<:tg i YYYMDVWGKG 
NO rn21} I l I I gggcaaag~;gaccacggtct'lccgtctcctc ! TTv'TVSS (SEO 

i l I I agcgtcgaccaagggcccatcgqtcttcc:cc l ID NO:. 'l029) 
I ' I ' • ' ' 

I l i I ctggcaccdcctccaagagcacctctg.ggg [ 
j g<:acagcggccctgggctgi;;ctggtcaaiJg i I 

i f l actactt,:cccgaac (SEQ ID NO: • I 
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! 112 j 019- QVQLVESGG \ QVQL [ GFTFS . IHWAR • ISYDGY • YYADS I AK!~S j caggtIJrngctggtggagtctgggggaggc j QVQLVESGGG I WGQ ! 

i 4G01H GWOPGRSL j VESG ! SYG i RVPGK •• NK • VKGRFI i Vi/QOL i g!ggk:cagcctggr1aggtccctgagactct i VVClPGRSLRLS j GTTV 
1 I RLSCAASGF i GGW [ (SEQ ID i GLEWV I (SEQ ID i ISRCNS i DYYYY j cctgtgca9cctctggattcaccttcagttcc.t I CAASGHFSSY I TVSS 

1 , TFSSYGIHW i QPGR i NO; ! AL l NO. i RNRVD i AMDV i atggcatccadgggcccgccgggttccag i GIHVVARR.VPG , (SEO 
j ) ARRVPGKGL ! SLRL • 1103) • (SEQ ID ; 1105) I LQMNS ! (SEQ • gcaagggactggagtgggtggcacttatatc KGLEWVAUSY / ID 
l f EWVALISYD ! SCAA • i NO: i j LRAED j ID NO: i atatgatggatataataaatatt21tgcagact DGYNKYYADS ! NO: 
! ! GYNKYYADS ! S ! ; 1104) \ ; f"!'-VYY [ 1107) [ ccgtgaagggcr.,gatlcatcatdccagaga VKGRFUSRDN j 1110) 
/ 1 VKGRFIISRD . (S.EQ , 

1

, ! ! C (SEQ i caactccaggacscagag. tgat.dgcaaat SRNRVDLQMN , 
! 1 NSRNRVDLQ • ID i ! l lD NO i I gar1cagcctgagagctgaggacgcggctg SLRAEDAP,VYY 
i l MNSLRAEDA i NO; i i j 1"106) i I tgtattactgtgcgar,aatcttttcttggcagca CAKIFS\NQQLD 
l. l AVYY. CA i 1102) '1 i ! l ! I gctcgactactatiattacgctatggacgtctg YYYYAr>JlD\/WG 
f ! (SEQ ID NO: I l i [ j ! gggcca1:1gggaccacggtcaccgtctcctc QGTT\/TVSS 
i l 1101) l ! 'I f f l 'I aqcgtcgaccaagg;;1cccatcggtcttcccc (SEO iD NO 
j l ' ! i ! j ctggcaccctcctccaagagcacctctqygg 1109) • -ljS'JL1 i , I ' ! gcacagcggccctm~gctgcctggtcaagg j 
• 1 ' ' ' , .,~tacttcr::u·a~a (SEO ID NO· ; l 1 ! 1· l ~ r .:.-11-,- .-:: _-' • • ,., ,,. •·c~ -M -... .. • - ~ • l ~ 

1·-13 ) 019-- • QSVL TQPPs"'"i QSqsSNVG···· hrHV\IY(Y I SOR ORPSE···+AAWD ---l ~~~t~)tgtgctgacgcagccaccctcggcg(/ OSVL TOPPSAs·+ FGGG"I 
i 4G01L i ASGTPGQTV [ TOPP I SHP I QLPGT ! (SEQ ID VPGRF i DSLD i G!gggacccccggccagacggtc:cccatct l GTPGOTVPISC ! TKL T ! 
! j PISCSGSSSN \ SASG I (S·E·Q ID i 1\P,<~.U i NO'. SGSKS i GW r dtgttctggaancag!lccaacgtcggaagt. l S.GS.SSNVGSH j VL I 
I ! VGSHPV.HWY i TPGO , NO: • Y (St-.. 0 i 1115) GTSAS 1 (SEQ c. a!G.ctgtacactggtaccagcaac!cccag I PVHWYOQLPG i (SE.Q 

1 ! QQLPGTAPK i TVPIS ! 1113) • ID NO l LRISGL r ID NO: gaacggcccccaaactcctcatttatagtga.t TAPKLLIY$DR i ID . 
j ' LUYSDRQRP i CSGS i l 1':t4) ' QSDDE ' 1117) 1:gtcagcgcccctcagaggtcGd~lgccgat ! QRPSEVPGRF i NO. j 
[ SEVPGRFSG • (SEQ i i GDYYC i k:ictggctccaagtct9gcacctcagcctcc ! SGSKSGTSASL 1 1120) ' 
/ SKSGTSASL i ID j ) (SEQ ID ! ctr,iagaatcagtgggctcca.gtctgecgatg j RISGLQSDDEG i 
I RISGLQSDDE ! NO: • j j NO: ' agggtga,tattattr.~tgca9calgggacga.c:. l DYYCAAWDDS 
; , GDYYCAAWD; 1112) ·1 I 1116) agcctggai@agtggtcttcggcggggg9 ! LDGWFG. GGT 
; j DSLD (SEQ I . ; accaaactgaccgtcctagf1tcagccc?.ag I KL1VL (SEQ ID 
j [ ID NO: 1111) ·1 j l j , , gctgcccc:ctcg~tcadctgttcccgccctc · NO: 1119) 
! . ! 1 i ! 1 gagtgaggagc,fcaagccaBt.aaggcca I 

1 I I ~ : : ; r-• ,._ + .. ,-.+ -..-, ... ,,.. . c-,{- :-.,.-,. ~. I ! ! i i I ! i v>:l•.)ggtg,gk-,cdaagtgac,tctm.,,!_.gg ! 
l .• i I I , l 1 gagccgtgacagtggcctggaa,;;igc3gul ; 1 
, ,' •' , , i , ag~agc,-~rgtcaag !SEQ lD NO· ' , ' 
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~
r~ame :·.::::·~-;~.-~;~~(') if iT j. ~;;_::i fa_ ! ~G~: i r.i=: 1 ::r:[ct:~~·:~~e"""'" . . .. _ ..... _ ..... _1~~~-s~~-~- l f i:-: 
l. ..... , ............... , ....... _ ..... ,,,, __ ic--• ,,,.,, ...... --.L ..... _ .. ,, .... J .. , .. __ ..,.l,, _,, __ , __ ,,,,,,,, . .;,.i ___ j ..... ,,,....... .... ,,,,,,,,,, ______ ............... . .. J.R§_IO_Nt,._,,,,,,,,.,,..1 __ .....,; 
I 019~ j EVQLVESGG l EVQL • GFlFS '! MHWV l lNSGG 'KYADS I ARDH gaggtgcagctggtggagtcggggggaga l EVQLVESGGD j WGQ ' 

l 1

1

. 4G05H l DLVQPGGSL ' VESG :, SSW RQAPG j NFK ! VRGRF DYGD I cttagttcagccgggggggtccctgagactct ' LVOPGGSLRLS 1 GTMV I 
i I RLSCAGSGF GDLV i (SEQ ID KGLVW i (SEQ ID I TISRDN , YRGN I cctgtgcaggctctg.gattcaccttcagtagtt CAGSGFTFSSS I TVSS I 
I , i TFSSSWMH QPG I NO: I VSR ! NO: I TRNTL I AYDI j cctggatgcactgggtccgccaagctccag WMHWVRQAP · (SEQ l 
I l ! VVVRQAPGK I GSLR j 1123) I (SEQ ID ·i 1125) I YLHMS \ (SEQ 1 gg.aaggggctggtgtgggtctcacgtattaat ! G.KGLVWVSRIN ID j 
; , i GLVWVSRIN , LSCA , , NO: ! SLRHE i ID NO· i agtggtgggaatttcaaaaaatacgcggact i SGGNFKKYAD NO: 1 

! l i SGGNFKKYA ! GS ' / 1124) ! DTAL Y ! 1127) I ccgtgaggggccgattcaccatctccagag i SVRGRFTISRD 1.130) 
' l i DSVRGRFTIS \ (SEQ j j I YC I I acaacaccaggaacaccctatatctgcatat \ NTRNTL YLHMS 

f j RDNTRNTLY I ID I \ I (SEQ !D I gagcagtctgagacacgaggacacggctc : SLRHEDTALYY 
( i LHMSSLRHE I NO: I ! i NO; i tltattactgtgcaagagatcatgactacggtg : CARDHDYGDY 
' j DTALYYCAR \ 1122} ' \ '1126) ' actacagagggaacgcgtatgatatctggg : RGNAYDIWGQ 

l (SEO ID NO: l ! , gccaagggacaatggtcaccgtctcttcagc : GTMVTVSS 
· 1121) I ! I i j gtcgaccaagggcccatcggtcttccccctg ! (SEQ ID NO: 

·1 1 \ \ , \ gcaccctcctccaagagcacctctgggggc j 1129) 
! , ! ' , ! acagcggccctgggctg.cctggtcaaggac 1 

! ! ! . . ! : tacttccccgaacctgtg (SEQ ID NO: I - , I 1 1 i • •. ; 1112s·, i 
t· 4 t( j ◊19~- ..... --~!QMTQSPS rDIQM --·r· oDISNY ; FNWYQ .. ?"rs .,, ...... ,,! .. KLETG :· QQLD .... t gacat~cagatgacccagtctccatcctcc-ct~',-..,o-1~0MTQSPSSL- ( FGGG- j 

! 4G05L j SL-SA.SVGDR j TQSP ; (SEQ ID QKPGK i 1.SEG ID I VPSRF i S (SEQ i gtctgcatctgtggg.agacagagtcaccatc SASVGDRVTIT i TKVEI 
\ l VT!TCQASQD 1 SSLS \ NO: APKLLI '• NO: I SGRQS ', ID NO: '; acttgccaggcgagtcaggacattagcaac CQASODISNYF \ K 
! I !SNY.Fl✓VVYQ : ASVG I 1133) F {SEQ : 1135} l GTDYT ! 1137) i tatttcaattggtatcagcagaaaccaggga NWYQQKPGKA : (SEQ 
! i QKPGK1WKL i DRVT ! ID NO: : / FTISSL i i aag.cccctaagctcctaatcttcgatacatcc PKLLIFDTSKLE • ID 
j \ LIFDTSK.l.t=T ; ITCQ l 1134) \ j QPEDIA i I aagttggaaacaggggtcccatcaaggttc TGVPSRFSGR , NO: 
i i GVPSFtFSGR i AS / , i i TYFC I j agtggaagacaatctgggacagattatacttt QSGTDYTFTIS 1140} 
i .! QSGTDYTFT! i (S.EQ 'I j ! 1 (SEQ ID l j caccatcagcagc .. ctgcagcctgaagat.att SLOPED. IATYF , 
i j SSLQPEDlfa,T j ID j \ j NO· j ! gcaacatatttctgtcagcagcttgatagtttc CQQLDSFGGG I 
' i YFCQQ (SEQ / NO: , i i ! 1136) I i ggcggagggaccaaggtggagatcaaac TKVEfK (SEQ ! 

j lD NO 1 'i 3·:) j 1132) .! ! i [ , f gtacggtggctgcaccatctgtcttcatcttcc , ID NO: 1139) 'I 
· i ; I , l i cgccatctgatgagcagttgaaatctggaac , 

! ! ! ! [ i tgcctctgttgtgtgcctgctgaataacttctatc j i 
j [ i ! [ [ ccagagaggccaaagtacagtggaaggtg, j j 

1 l j 'I •• i i gataacgccctccaatcgggtaactcccag j j 
i ! I i ! • ; ~~~:rgtcacagagc (SEQ ID NO: j I l 
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FIG. 12 (Page 63 of 75) r------------,--;;;--·------·--·Tc;--- , H· I. ..1 .. r·· .............. Ti·{· ............... TL .................. l.'i\if ........... TN'------·--·---------·--·--·----•--w,-,-,,,,,,,,,,, j o n5 .............. \ 

. Row i Name l \'~EGto'i:fdT .. h;R·1:: ...... ·cbrH~ ...... p::ru: ........ lcfi"R2:----·--; FR3- fCDR3:·-- Sequence . ··--·------··--·--···rtransfat.ed ! FR4:· ! 
i 1 . 1 !MGT tMGT l IMGT ! lMGT j IMGT j lMGT ) Sequence 01- j fMGT t 
i i l l i . . l •• RE6!0N'i l l •-•-•-•-••-••-•-•-•-•-•-••_;,,,.,-.~,-----... ,y-,.,.,.,.,,.,.,._,.,._.,.,._. _ _,,_,.,_,_n,_,.n_,_,_,_,_,,._,_,.,,.,.n . .<,......--__,__ ___ ....._ _________ _,_,,.,...,.,.,,.,...,._.y,,,.,;,;,4d,..,,..,,,.,;.,.,u .. ••••••••••••••••••••••••••••••••••••••••••••••• ~ • ' ~~~,v~,vv~ 

116 i 020- 1 QLQLQESGP \ QLQL GGSIS j V\fT\IVIR ! IYYSGN l YYNPS I ARHR cagctgcagctgcaggagtcgggcccagg • QLQLQE:SGPG I VVGQ 
i 2C05H l GLVKPSETLS l QESG NNIYY l QPPGK ! I (SEQ 1 LKSRV I VGTG actggtgaagccttcggagaccctgtccck • LVKPSET!.Sl.T I GTLV 

j L TCTVSGGSI I PGLV (SEQ ID j GlEWI ! ID NO: 1 TISVDT I PEVG acd:Jcactgtdctggtggctccaicagcaa • CT\/SGGSISNN I TVSS 
1 SNNIYYWTWI I KPSE NO: j GS ! 1145) l SKNQF I DWFD taatatttactadggacctggatccgccagc • !YYWT,/\/IRQPP I (SEQ 
I RQPPGKGLE I TLSL 1143) l (SEQ ID i l SLKLRS I P (SEQ ccccagggaaggggctggagtggattggg • GKGLEV\/IGS1Y I ID 
; WIGSIYYSGN I TCTV j NO~ i \ VTAAD I 10 NO; agtatctattatagtgggaacatctactacaa • YSCMIYYNPSL I NO: 
\ IYYNPSLKSR Is J 1'144) i j TAWY I 1147) t:ccgtccctcaag.agtc.gagtc:accatatcc ! KSR\/TISVDTS I "1150) 
i VTISVDTSKN I (SEQ j i l C (SEQ I gtagacacgtccaagaaccaattctccctga [ KNC!FSLKLRSV 
j QFSLKLRSVT I ID j i ID NO. I agctgaggtctgtgaccgccgcagacacgg : Tt✓>,DTAVYYCJ\ 
; AADTAWYC I NO: j i 1146} I d(Jtgtattactgtgcfpgacatagg~1tg9gc ! RHRVGTGPEV 
i AR (SEQ ID I 1142) j i I adggccccgaagttggggadggttcgacc ! GDWFDPWGQ 
i NO. 1141) I j i I cctgggg.ccagggaaccctggtcaccgtct ! GTLVTVSS 
· ' ' ' I cctcagcgtcg.accaagggcccatcggtctt ! (SEQ ID NO: ., : , I I ccccctggcaccctcdccaagagr:acctd ! , 149) 

I [ • • i I gggggcacagcggccctg~19c1gcctggk ! 
1 '' ' ' I 1 '""'gr0-•,.,,,_,,ttc(·crga-·•--·tr1tgar-gc1tr•;- i ! :· : ! j -aa dc,L=~-o.v '""' ..,. · ch.••_,,:::, .._. .:::, ...,.., : 

I ! • • I /';QtQ<'! !SEO ID NO· " 1481 i 
~,,.,u,.,,,..,.,,..,.u~,-,.,.,.,..,..,,.~,._,.-?"-",..,.•L.,.-,,•,-.~r••••••••••••••••••, •••••,,),,. ..•..• ,. .. ..,..,~ . ...,. : ,,,, ,f :.;,i ' • h'T,,_.,.,,,),..,.,!~ur~•n-,};,,,.,,,,,uuuuuru,!,,,n. •• ~•, -:--..__,....,...,,.,._,. ......... ., ••••••••••••••.• 

1117 :• 020- .. EIVMTQSPAT • EIVM j QSVSS I LAWYQ ' DAS TRATGI i QQYN gaa.afagtgaigacgcagtctccagccacc [ EIVMTQSPATL i FGQG 
'! ! 2C05L LSVSPGERA • TQSP j N (SEQ I QKPGQ (SEQ ID PARFS I SWPP ctgtctgtgtctccaggggaaag.·agccaccc ! ~VSPGERATLS • TKVEI 

i TLSCRASQS • ATLS i ID NO: 1 APRLLI NO: GSGSG I MYT tc1ccrgcagggccagtcagagrgttagcag ! CRJ\SQSVSSN • K 
I ! VSSNLAVVYQ • VSPG i 1153) I Y (SEQ ·1155) 1 TEFTL T I (SEQ caacttagcctggt,-,ccagcag1-3aacctgg ! LAVVYOQKPGQ • (SEQ 
i ! QKPGQAPRL .• ERAT i I ID NO: ISSLQS ! ID NO: ccaggctcccaggdcd.catcta.tgatgcat ! APRU .. IYDAST i ID 

I 
! UYDASTR.AT LSCR j I 1154) EDf=AV I 1157) ccaccagggccactggtatcccggccaggt i RA.TGIPARFSG • NO, 
l GlPARFSGS AS 1 j YYC I tcagtggc.agfgggtctgggacagagttcac i SGSGTEFTLTI : i 160} 

I i ., GSGTH'TLT! (SEQ l I (SEQ ID i kkaccatcaqcaqcctgcagtc!gaagatt ! SSLQSE:DFAVY 
I ! • SSl.OSEDFA ID l I NO: I ttgcagtt1att;;dgfcar,1cagtataata~1ctg ! YCOQYNSVVPP 
I i • \NYCQQYNS NO: \ I 1156) i gcctcccatgtacacltttgg,x:;,1gggg<="1ct i MYTFGQGTKV 
I l • \NP (SEQ ID 1152i i I I aaggtggagatcaaacgtacggtggctgca i E!K (SEO fD 

l 
!. NO· 'i i 51) ! I I ccatctgtcttcatcttcccgccatctgatgagc ! NO ·1159) . 
f , i I I aottaaaatctggaactgcctctgttgiotgcc ! 
I , : 1 i 1 I , tg~igaa,aa~ttctatc;caciagaqr,;::;aa i 
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c:::::=:::J};::::::::::::I.9::=:::==·······~···--··T·J, _ 1 -~~·· --r------------::J __ ts .. ,, .............. t--~--·--·· 1 M --p,r--······:::::::::::::::::::::: ..... --·--------------:::::::::::::I.ti:::::::::--:.::.~:.:::::· --· --" __ r·--····1 
l Row f Name ( V-REG!ON {1} l FR1-- CDR1- FR2- j CDR2- ; FR3- j CDR3· l Sequence · · · ······ · · i i'"rawilated · 1 f"."R4--

! l 1 IMGT IMGT IMGT 1 IMGT I IMGT l lMGT l ! Sequence 01. 1 IMGT 
. ., . ., ... .., .. L .................. J .................................. J.................. ................. f _._ ....... ! ,,,.,,,.,,,.,,,,J,,,..,.,,,,.,,,,.,,,.L,,,,,,,.,,,,,,,,,., ·: REGION) ....... , . .J ....... ,, ........ . 
1i8 i 020- l EVOLLESGG I EVQt. GFTFS l MSWVR i ISGRG l YYADS I AKDH l gaggtgcagctgttggagtctgggggaggct ! EVQLLESGGGL 'NGO 

! 3804H j GLVQPGGSL I LESG OYA j QAPGK ! DST j VKGRF I RG j tggtacagcctggggggtccctgagactctc ! VQPGGSLRL.S GTLV 
i j RLSC/lASGF I GGLV (SEQ ID l GLEWV ! (SEQ ID ' TISRDN I (SEQ l ctgtgcagcctctggattcacctttagtgactat ! CAASGFTFSDY TI/S.S 
1 l TFSDYAMSW I QPG NO: j SG ! NO: SONTL I ID NO: 1 gccatga~1ctgggtccgccaggctccaggg ! AMSVVVRQAPG (SEQ 
j l VRQAPGKGL I GSLR 1163) j (SEQ ID ! i 165) YLQMIS I 1167} l aaggggctggagtgggtctcaggtattagtg ! KGLEVVVSGISG ID 
) l EWVSGISGR I LSCA. j NO'. ! LRAED I l gtcgtggtgatagcacatactatgcagactc ! r-{GOSTYYADS ~~D: 
i l GDSTYYADS I AS l 1164) i TAEYY I j cgtgaagggccggttcaccatctccagaga ! VKGRFTISRDN '!HD) 
! 1 VKGHFTISf·<D I (SEQ , l i C (SEQ I j caattcccagaacacgctgtatctgcaaatg I SONTLYLOMIS 
! i NSOMTLYLO . ID i j i ID NO: ! I atcagcct.gagagccgaggacacggccga ! LRAEDTAEYYC 
i ; MlSLRAEDTA NO: l j ! 1166) I I atattactgtgcgaaagatcataggggctgg i AKDHRGVVGQ 

, i • EYYCAK 1162) l I I I goccagge1aaccctg,J!caccg1ctcdca i GiL\/iVSS 
I i • /SEQ ID NO: l I I I g~dccac~aaggocccatcqgtcttccccc ! (SEQ ID NO: 
I I • 1°611· i I 1 I tgg,'ar-cdrctr,'.-.i,·gagr·,;ci-t--tngng· ! 116!'.i\ ! ~ : · ... · f l ~ 1 i .. ..... .., .., ._, ..,.,...,. ,;! ..,, • .,. I,._,. ~ .,;,• : : • .... / 

I I : i I ' : I gracaqcgqr•rctgg {SEO ID !\JO· i I 1 _ _ __ _ :, .... .,,, .. , ......... , .. ., ........ .,, .......... .,, ... J .,... .. .. ! ....... ,, _____ ....... ,,I .,,,,,.,. ...... J _ _!:1:;6s,~ .- __ ..... · · ,_, ., .. ,,,, .. ,,· ...... -__ .. ,,.J ................. ,,,, .. , ........ , .. , .... -~--.. 
j 11 9 j 020- ! DIQMTQSPS DIQM i QDISNY ; LNWYQ DAS 1 NLDTG QQFD I gaca1ccogatgacccagtctccatcctecct : DiQMTQSP&SL • FGQG 
l I 3B04L ! SLSASVGDR TQSP I (SEQ ID I QKSGK (SEQ ID j VPSRF KFPW I gtctgcatctgtaggagacagagtcaccatc ! SASVC3DRVTIT • TKVE! 
! l ! VT!.TCQASQD SSLS i NO: I APKLU NO: ( SGSGS T (SEQ I acttgccaggcgagtcaggacattagcaac ! CQASQDISNYL : K 
j j [ !SNYLNWYQ ASVG ! 1173) ! Y (SEQ 1175) 1 GTDFT ID NO: I tatttaaattgglatcagcagaaakaggga i NVVYQQKSGK/.1 ' {SEQ 
j j ! OKSGKAPKL DRVT ! I ID NO: 1 FTISSL 1177) I aagcccctaagctcctgatctacgatgcatc i PKlUYDASNLD • iD 
! j : LIYDASNLDT ITCQ i i 1174) j QPEDF ! caattlggal.acaggggtcccatcaagg!tc ! TGVPSF.::FSGS • NO: 
j , [ G\/PSRFSGS AS i j ATYYC I agtggaaglggatctgggacag.attttactttc i GSGTDFTFTIS : 1180) 
I t GSGTDFTFT! (SEQ ! 1 (SEQ ID j accatrngcafrcctgcagc:ctgaagattttg i SLQPEDFATYY , 
i ! SSLQPEDFA ID ! 1 NO I caacataltactgtcaacagtttgataaaitcc i CQQFDKFPWT 
j ! TYYCQQFDK r..io: I j 1176) ! cttggacgtlcggcc;aag9gaccaaggtgg ! FGQGTK\/ElK 
i • FP (SEC! ID i 172) i 1 I aaatcaaacciaactaiggctgcaccatctgt i (SEQ ID NO: 
! ! f'JO: 1-171) ! 1 I cttcatcttccZaccatctgatqagcagttgaa ! 1179) 
i • i 1 1 a•c•gg:aactg~·c•"tgrtgtatg,~ctgr·tgaa ! · , , 
1 i l l ...... ,,,,,,, ............ ,J t~a~t_tSEQ,ID,~lo'~_ 1,hay _____ -, ...... J ................................ ,, ... J ...... , ........ J 
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i 1A -- i G --·······--··"'""''"' l ~{_,, ........ ( 1·------mmm•-1 J .... ,,,,,,,,,,m 1',.::: .................. : .. L ,,,,,,,,,,,,,,,,,f M-------------- ! N .......................................................................... :· 0 ............................... f P ........... 1 
1 Row 1Name V-REGION (1} j FR1- , CDR1- .· FR2- i CDR2- l FR3- ~ CDR3=,,,rseque'nce~""""mmmm , j Translated ! FR4- l 
i i \ fMGT IMGT 1· lMGT f 1MGT l lMGT j IMGT i i Sequence 0/~ 1 tMGT . 
i , i 1 • i i i REGION' 1 l : .: ~ · ~ i ; t ·! 
•••••••••••••••••••. ••••.••••••••• .. ••••• ••••••••••••••.•••••••••••••••••••••••1'""•••••••.,,.,., ,,.,.,,,,.,,.,.,-,..,,,, ............... ,. ...... .,,,.•••••• ................ L,,,.,,. ............... ?,,.,,,_,,.,.,,.,,r,.,,.~ •• .,,.,,..,,.,.,,.,,,,.,Hr,nr,,,..,.,.,,.,,.,,,orerr,.,,,._,,._.,.,,ru,r,rr,1ur,;.,r .. •,,.,,.,,r,ruu,.),• .......... .,.,,.,.,.,,..,.,,,,.,.,,,., 

I 120 i 020-- j OLQLOESGP j QLClL 1 GGSISE:i I WGWIR l LYYSG ! DFNPS j ARHA \ cagctgcagctgcaggagtcgggcccagg j QLQLQESGPG I WGQ 
i 3:BOOH : Gl.VKPSETLS I QESG ) STYY ' QPPGK i ST I LKSRV I KAPDS j actggtgaagccttcggagaccctgtccctc : LVKPSETLSL T GTLVI 
\ j L TCSVSGGSI I PGL V l (SEQ ID GLEWI (SEQ ID I TISVDT i FGGA i, acctgctctgtctctggtggctccalcagcag i CSVSGGSISSS VSS 
l ! SSSTYYWG i KPSE j NO: GS NO: i SNNRV i EYFDY i cagtacttactactggggctggatccgccag j TYYWGWIRQP (SEQ 
i : WlRQPPGKG 'TLSL 1118.3) (SEQ ID 1185) I SLKLRS I (SEQ i cccccagggaaggggctggagtggattgg ! PGKGLEWIGSL ID 
i ! LEWIGSLYYS TCSV j NO I VTAAD 'ID NO: i gagtctctactatagtgggagcaccgacttc 1 YYSGSTDFNPS NO: 
l !GSTDFNPSL S I 1184) ITAVYY 1187) iaacccgtccctcaagagtcgagtcaccatat LKSRVTISVDT 1190} 
1 ! KSRVTISVDT {SEO I · IC (SEQ ! ccgtagacacgtccaacaaccgggtctccct SNNRVSLKLRS 
l ! SNNFNSLKL ID ! 1 ID NO: gaagctgaggtctgtgaccgccgcagatac VTAADTAVYYC 
· [ RSVTAADTA _ NO: 11186) ggctgtgtattactgtgcgagacacgcgaaa ARHAKAPDSF 

i : VYYCAR ( 1182) , 
1 

gcacccgattcgtttgggggagctgagtactt GGAEYFDYWG 
i [ (SEQ ID NO l i 1 1 tgactactggggccagggaaccctggtcatc QGTLVIVSS 
i , 1 '1181) j · j ! gtctcctcagcctccaccaagggcccatcgg (SEQ ID NO: 
i j l ! l ! tcttccccctggcac (SEQ ID NO: 1189) . . 
! i l ! , i ! , 1188) 1 : : 
'"•hn.-,.-.-,..-u,3/ ._..,....,.,n,,,.,,,.,.,.,,.,, ,.,,.n,,n.-,,.,,,.,._,.,,.u,,.,.,.,.,.,,.,,.,,, f ,n_,,,.,.,,,.,.,.,,,., • uuu1,,uununuu ruuuuurrrrruuur~ruuu, ' • •~•••r•rrr•••~••••••••'""'•-'h';nr,rhrn;,,;,,;rhr;,,;,,;,,rrhnr,,Ynnduu;uu;nunuuuuuuuuu; .uu;uuuuu;u;, 

. t21 i 020· EIVMTQSPAT j EIVM : QSVSS lAWYQ I DAS TRATG l QQYN gaaatagtgatgacgcagtctccagccacc I EIVMTQSPATL • FGQG ! 
I 3806L LSVSPGEGA l TQSP ! N (SEQ QRPGQ I (SEO ID VPARF j EWPP ctgtctgtgtctccaggggaaggagccaccc I SVSPGEGATLS • TKLEI ' 
I TLSCRASQS • ATLS i ID NO APRLU ! NO: SGSGS i MYT tctcctgcagggccagtcagagtgttagcag I CRASQSVSSN • K 
i VSSNLAWYQ ; VSPG : 1193) Y (SEQ ! 1195) GTEFTL j (SEQ caacttagcctggtatcagcagagacctggc i, lAWYQQRPGQ • (SEQ 
! QRPGQAPRL EGAT ! ID NO'. ' TISSLQ i ID NO caggctcccaggctcctcatctatgatgcatc I APRLLIYDAST ! ID 
j UYDASTRAT LSCR i 1194) SEDFA 

1 
1197) caccagggccactggtgtcccagccaggtt I RATGVPARFS ! NO· 

i GVPARFSGS AS j • VYYC cagtggcagtgggtctgggacagagttcact I GSGSGTEFTLT ! 1200) 
I . GSGTEFTLTI (SEQ j i ; {SEQ ID ctcaccatcagcagcctgcagtctgaagattt I !SSLQSEDFAV ! 
I I SSLQSEDFA ID i ! I NO: tgcagtttattactgtcagcagtataatgagtg I YYCQQYNEWP ! , I . . , . , . , . . 

i I I VYYCQQYNE NO: ! , ! 1196) gcctcctatgtacacttttggccaggggacca ! PMYTFGQGTK ! , 
I I I WP (SEQ ID , 1192) i . ; agctggagatcaaacgaactgtggctgcac I LEIK (SEQ ID ! J' 
) ! ' NO: 1191) i ·1 j i catctgtcttcatcttcccgccatctgatgagc I NO: 1199) I 
j j ! . : ! agttgaaatctggaactgcctctgttgtgtgcc ! j 
L .......... i l ....................... ,-.L___ ! ,,.,,,,,, ........ '. .............. ,,,,,,,,,,,,..,,,,,,- . ····---- . t~t}!<i.JSEQ I Q__t~{) :.J1 $§}. ........... J .. __ .. ,., . ,,,..,,.,,,,,,, ___ _ _l_ __ --"-~ 
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i A l G . .... .... i H I ·-j-J-.. --. -:-K i L i M IN . . . i O ! P 
f"i::/ow Name ! V-REGION (tf'['i'Ef-H- CDR1- 'JR:2-.:·····. fcbEt~~··---- .. F°Ffa~········TcbR3;····; Sequence ----------mm ! Transiitted o~'i'{4: ; 
! j j lMGT IMGT lMGT [ lMGT IMGT j lMGT l ! Sequence 01- ) IMGT I 
i . . I 1 . . . ! l I i REGION', l I ("~----..,_--.-.,.- ,....,,~- ,,,.,.;-...-_.-_.._._.,,,_.,__,.,.,._,_,,.,,,_~,..,,,.,,_:,_,.'-",,_,.,.,.,_,._,.,.,h.n.n•,....C.-4------!-------7"':"r."••.,_.,,.,,,,,,,.,1,,,,,,,,,,.,.,,;,,;,;,r,;;hh•.,••·••••••••••••••••·•• ____ _ ____ <· .,..,..,._,..,..,._,..,..,,.;,,: 4 

! 122 020- j QVQLVESGG j QVQL GFSFS IHWVR i ISHTGS i YYADS ). ATLGG I caggtgcagctggtggagtctgggggaggc i QVQLVESGGG j WGQ I 
I 3F04H j GWQPGRSL 1 VESG NYG I OAQGK INK VKGRF I DIVLE I gtggtccagcctgggaggtccctgagactct ; WQPGRSLRLS i GTTV I 
! 1 RLSCAASGF j GGW (SEQ ID 1

1 
GLEWV i (SEQ ID TISRDN i PGTR i cctgtgcagcctctggattcagtttcagtaatt i CAASGFSFSNY , TVSS • 

! 1 SFSNYGIHW i QPGR NO·. . AV i NO SKNML I SDYYY j atggcatacactgggtccgccaggctcaag i GIHWVRQAQG (SEQ 
i j VRQAQGKGL ! SLRL 1203) 

1
1 (SEQ ID i 1205) I YLQMN 1 GLDV I gcaaggggctggagtgggtggcagttatatc ; KGLEWVAVISH ID 

1 EWVAVISHT i SCAA NO: i j SLRVE I (SEQ i acacactggaagtaataaatattatgcagac i TGSNKYYADS NO: 
! GSNKYYADS i S I 1204) I I DTAVY I 1D NO: ! tccgtgaa.gggccgattcaccatctccagag i VKGRFTISRDN 1210) 
! VKGRFTISRD i (SEO I I ! YC I 1207) acaattccaagaacatgttgtatctgcaaatg SKNMLYLQMN 
l NSKNMLYLO i ID I ! i (SEQ ID I aacagcctgagagttgaggacacggctgtg SLRVEDTAVYY 
j MNSLRVEDT i NO: \ I i NO· I tattactgtgcgacactgggtggggacattgtt CATLGGDIVLE 
l AVYYCA ! 1202) I i i 1206) I ctagaaccaggtactaggtcggactactact PGTRSDYYYG 
j : / i ' : 
l (SEQ ID NO: i ) i i ! acggtttggacgtctggggccaagggacca : LDVWGQGTTV 
I 1201) ! I I ! cggtcaccgtctcctcagcatccccgaccag . TVSS (SEQ ID 
~ : : I ~ • , 

i-123"--':'◊20-""" I □rOMTQSPS ,,! DIQM···· ·os,sr ...... ·LAWYo'--·h~As···········l SLKsG·lQoYY_,,,,,~~~~~~fJ!~~d;~c~~~t~~~t:~~~ict",. ~~J~~9
~PSTL ·rso(; 1 

I ! 3-F04L ! TLSASVGDR i TQSP W (SEQ : QKPGK I (SEQ ID I VPSRF I TNSR gtcngcatctgtaggggacagagtcaccat ' SASVGDRVTIT lKVEI 
! · I VTITCRASQS j STLS ID NO:· 'I APNLLI I NO. I SGSGS IM cacttgccgggccagtcagagtattagtacct i CRASQSISTWL K 
i j ISTWLAWYQ i ASVG 1213) Y (SEQ I 1215) I GTDFT I (SEQ ggttggcctggtatcagcagaaaccaggga • AWYOOKPGKA (SEQ 

I QKPGKAPNL i DRVT . ID NO: i i L TISSL ! ID NO: aagcccctaacctcctgatctataaggcgtc • PNLLIYKASSLK ID 
! LIYKASSLKS i ITCR I t214) I i QPDDF I 1217) cagtttaaaaagtggggtcccatcacgtttca • SGVPSRFSGS NO: 
l GVPSRFSGS ! AS i i ATYYC I gcggcagtggatctgggacagacttcactct • GSGTDFTLTIS 1220) 
! GSGTDFTLil I (SEQ I l (SEQ ID I caccatcagca.gcctgcagcctgatgattttg • SLQPDDFATYY 
l SSLQPDDFA i ID i i NO: ! caacttattactgccaacaatattatactaatt • CQQYYTNSRM 
! TYYCQQYYT i NO: I i 1216) I ctaggatgttcggccaagggaccaaggtgg • FGQGTKVEIK 
l NS (SEQ ID i 1212) I i ! aaatcaaacgaactgtggctgcaccatctgt • (SEQ ID NO: 
! NO: 1211) l I I i j cttcatcttcccgccatctgatgagcagttgaa • 1219} 
l i I i I I atctggaactgcctctgttgtgtgcctgctgaa· 
l I l I ! I l taacttctatcccagagaggccaaagtaca 

i f l' I i I i , I gtggaaggtggataacgccctccaatcggg 
l ! i i I ! • I taactcccaggagagtgtcacagagcag 1 ! 
: .............. : ............ ~ . i ...... J ................... \ .................. ..1. ...................... : ..................... L .... ·-············(SEQ.10.NO:J2t8L __ ..... ,,,,,,,,l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,) .,,,,,,,,,,,,. 
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l .. ,,, ... ,,,J.~.: .. ::.::::.::.:::: JL::::.::.::.::.::::::::;:::.::::1:E::::::.::.:::u::.::::::::::.::::.J_L······· ......... k ····················c··· ·-· M ·············rN:::..... . ...... ::·::·~::·::·:·::·::::·::·--:··:···1 _C) . . .. , . :: :.::.:·.:r.r:i:· :· :.::.:J 
i Row i Name V~REG!ON{i} FR1- CDR1- FR2- CDR2- ; FR3- CDR3- Sequence Translated I FR4- i 
'· \ j lMGT IMGr lMGT IMGT [ IMGT IMGT l Sequence (V- l 1MGT j 
, l 1 . . . i i ___ i REGION) 1 1 
'·124 t 020- QVQLVESGG I QVQL GFNFS MSWIR • !SSSGD i LYADS ! ARASA caggtgcagctggtggagtctgggggaggc ·: QVOLVESGGG., f WG0 .... 1 

i 3G06H GLVKPGGSL I VESG DYY QAPGK : NT l MRGRF I YYYDS ttggtcaagcctggagggtccctgagactctc 1 LVKPGGSLRLS I GTRV l 
· RLSCAASGF I GGLV (SEQ ID RLEVW i (SEQ !D i TISRDN I SGRA gtgtgcagcctctggattcaacttcagtgact ! CAASGFNFSD I TVSS 

NFSDYYMSW I KPGG NO· SY [ NO: l AKKSL I AAFDI actacatgagctggatccgccaggctccag t YYMSWIRQAP i (SEO 
IRQAPGKRLE I. SLRL 1223) I (SEQ ID [ 1225) i YLQLS I (S.EQ ggaagcggctggagtgggtttcatacattag [ GKRLEVWSYIS 

1110 
VWSYISSSG I SCAA j NO: ! [ SLRAE I ID NO I cagtagtggtgataacacactctacgcaga [ SSGDNTLYADS NO: 
DNTLYADSM \ S I 1224) [ I DTAVF I 1227) I ctctatgaggggccgtltcaccatctccaggg I MRGRFTISRDN 1230) 
RGRFTISRDN i (SEQ I i ,

1 
YC i j acaacgccaagaagtcactgtatttgcaatt ! AKKSLYLQLSS 

AKKSLYLQLS i ID I \ , (SEQ !D ! l gagcagcctgagagccgaggacacggcc i LRAEDTAVFYC 
. . SLRAEDTAVF I NO. I I I NO: ! I gtgttttactgtgcgagagcctccgcgtattatt i ARASAYYYDSS 
• I YCAR (SEQ I i222} i I I 1226) j I atga!agtagtggccgggcggctgcttttgat : GRAAAFDIWG 
• \ lD NO: i221) I l I ' ! I atctggggccaagggacaagggtcaccgt ! QGTRVTVSS 
• i ! j ! i I ctcttcagcctccaccaagggcccatcggtct i (SEQ ID NO. 

~ 125 .. I 020-,.,,, .. f rnvMTQSPLs· t DIVM,, .. , QSLLH.] LEWYV .. , ,LGS_,,..,.I NRASG :-MQVL,,, .. l g~~~~;~~~:~~r!~~~c~~t~~~~tJl ~~~~TQSPLSL .. t FGPGI 
i 3G06L •• LPVTPGEPA TQSP I SNGYN QKPGQ (SEQ ID I VPDRF I QTPLF 1 cccgtcacccctggagagccggcctccatct ! PVTPGEPASIS I TKVDI I 
i .i SISCRSSQSL LSLP I Y (SEQ SPQLLI NO: i SGSGS I T (SEQ i cctgcaggtctagtcagagcctcctgcatagt i CRSSQSLLHSN i K ' 
I • LHSNGYNYL VTPG I 10 NO: Y (SEQ 1235) I GRDFT I 10 NO~ I aatggatacaactatttggagtggtacgtgca i GYNYLEWYVQ I (SEQ 
j • EWYVOKPG EPASI I 1233) ID NO; I LKISRV i 1237) I gaagccaggacagtctccacagctcctgat i KPGQSPQLLIY ! ID 
i • QSPQLLIYLG SCRS j 1234) I EAEDV I I ctatttgggttctaatcgggcctccggggtccc I LGSNRASGVP I NO 
i • SNRASGVPD S I I GVYYG ! I tgacaggttcagtggcagtggatcaggcag j DRFSGSGSGR ; 1240) 
i • RFSGSGSGR (SEQ i , I (SEQ ID ! agattttacactgaaaatcagcagagtggag l DFTLKISRVEA j 

! j ! DFTLKISRVE ID I I NO I gctgaggatgtaggggtuattactgcatgca ! EDVGVYYCMQ \ 
i j : AEDVGVYYC NO: I I 1236} I agttctacaaactcctctattcactttcggccct \ VLQTPLFTFGP ; 
I j • MQVLQTP 1232) I I I gggaccaaagtggatatcaaacgaactgtg i GTKVDIK (SEQ l 
i I • (SEQ ID NO: ! I ! gctgcaccatctgtctccatcttcccgccatct [ ID NO: 1239) j 
I i I 1231) I I I gatgagcagttgaaatctggaactgcctctgt I i 
I i I I I I tgtgtgcctgctgaataacttctatcccagag ! j 
i i : l I I aggccaaagtacagtggaaggtggataac i l 
I i ' I I I gccctccaatcgggtaactcccag (SEQ j ; 1 

i j , i I I i ID NO: 1238) i i I 
• ............ ,,,<,,.,.,,,,,,_.,,,,.,,,.,,,• ,,,,,,,.,,,,.,.,,,, •••••••--------••-•• ! ••••----•--•-•--•--•-•,L. _______ .,_~~JJ~~JJ~J•..;._..---~.,.~J~JJnuunnhnnunuJunuJnnn1nnNNuNNn.;n.;n.;nn.;n;_._.._._..,._._.._._..,..,.,..,._..,.n;n;_.r,.,_..,..,._..,._._..,._..,..,._..,._..,..,._..,._._..,._..,..,._..,._._..,._..,..,._..,._._..,. . .,.,_._..,..,..,._..,..,._..,._..,..,._..,.n/ 
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~. ·.~ .• A ..... ,, .. ,,.,,.':' G,,,,., .....................•.. H. :············ .••. ·1.·· .. •--,--1 j---------'i'K,_ ........ .,.,_rl·················M·,,··· .. ···.....,C......· N--...... .,., .. .,., .. ,. ................. ,,., ....... ««••·1. ·o . l p 
! P,pw ~ Name .... TV-REGTbNT1f·rF·ffi·:······1··cbR1::---·tFR2-. 'CDR2- ! FR3~· ... ····;··cbR:f~ "': Sequence ,.,..,..,..,,.._,,.,..,._, . .., .. ,..,ffr.ansiatedy l FR4-

~;,s~h,~JQVQLQESGP ! :v:L i :ss , ::~,R 1 ~:;cr~J
1

::TPs ! ::~.-Lca1ccag;.g,cccagtctccatctgCCBi+iit~G l ::-1 
! I 2A04H GLVKPSQILS 1 QESG r GSYY : QPAGK I TT : LK~~\j GDYG i gtctgcatctgtaggagacagagtcaccatc ! LVKPSQILSLSC I GTLV \ 

I LSCNVSGGSI PGL V r (SEQ ID ; GLEW! ! (SEQ ID : 1 M0VD GGAN acttgtcgggcgagtcagggcattagcaatt ; NVSGGSISSGS i TVSS · 
! SSGSYYWS 

I 
KPSQ 1 NO: GR • NO· ! TSKNO I WFDP atttagcctggtttcagcagaaaccagggaa ! YYWSWIRQPA 

1 
(SEQ 

/ WIRQPAGKG i ILSLS 1243) (SEQ ID j 1245) ) FSl..KLS i (SEQ agtccctaagcgcctgatctattctgcatcca • GKGLEWIGRLY ID 
• l LEWIGRL YTS I CNVS NO·. i ! SVTAA. ! ID NO ctttgcaaagtggggtcccatcaaggttcag [ TSGTTNYNPSL NO: 

GTTNYNPSL j (SEQ I 1244) i ! 0TAVY ! 1247) cggcagtggatctgggacagaattcactctc i KSRVTMSVDT 1250) 
KSRVTMSVD ! ID , ! \ I YC . I acaatcagcagcctgcagcctgaagattttg i SKNQFSLKLSS 
TSKNQFSLKL ! NO: l i · I (SEQ ID ' caacttattactgtctacagcataatagttacc • VTAADTAVYYC 
SSVTAADTA . 1242) ] i I NO: ctctcactttcggcggagggaccaaggtgg ARGIKGDYGG 
VYYCAR : i 1 "1246) aaatcaaac (SEQ ID NO: 1248) GANWFDPWG 
(SEQ ID NO: i I ' : . QGTL VTVSS 

! l 1241) l : ! l 1 I (SEO,IDNO· • 
i••••••••••••••>••••• .. ,.-----····--•--•--·~ ~··--' ••••••••••••••••••--'-•••,.,,•,.•••····•• l •• 4.,., ... • ... J --•••--+~--•"·",.,.,.,..,.,, ········•·••••••••••••••••••••••••••••••• .. •m .. 1249, v·····,.,..,.:.,.,,., • .,.,.,., 

\ 127 j 014- . EiVMTOSPAT i EIVM i QSVSS i LAWYQ j RAS j TRATGI ; QQYN \ caggtgcagctgcaggagtcgggcccagg EIVMTQSPATL : FGQG i 
. j 2A04t. LSVSPGEP..A i TOSP i N (SEQ I OKPGQ i (SEQ ID ! PARFS i NWPP I actggtgaagccttcggagaccctgtccctc SVSPGERATLS i TKVEI 

i TLSCRASQS • ATLS / ID NO· i APRLLI • NO: j GSGSG • YT I acctgcactgtctctacttactccatcagcagt CRASQSVSSN j K 
j VSSNLAWYO. V. SPG. 

1

, 1253) ! Y (SEQ [ 1255) ! TEFTLT ! (SEQ i ggtta.ctactggggc.tggat.ccggcagcccc LAWY. QQK. P.GQ i (SEQ 
i , QKPGQAPRL • ERAT • ID NO. i ! ISSLQS [ ID NO • cagggaaggggctggagtggattfjgaagt APRLLIYRAST ID 
i l L!YRASTRAl i LSCR 1 : 1254) : j EDFAV i 1257) : atctatcatagtgggaccacctactacaacc RAlGIPARFSG NO: , 
, . <jiPARFS<3.S / AS j i ' • YYC j j cgtccctcaagagtcgaatcaccacatcagt SGSGTEFTL Tl . 1260) I 

GSGTEFTLTI I (SEQ I i • (SEQ ID j i agacacgtccaagaaccagttctccctgaa SSLQSEDFAVY I I 
SSLQSEDF/.\ i ID j i [ NO: ' i actgacctctgfgaccgccgcagacacggc YCQQYNNWPP I ! 
VYYCOOYNN NO· 1 1 ! i 256} i cgtgtattattgtgcgaggtatatagtgtctacg YTFGQGTKVEI I j 
WP (SEO ID 1252) I / l atcaactactttgacgactggggccaggga K (SEQ ID NO: I l 
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\ Row 1 Name !\t-REGION (1) F.R1- CDR1- , FR2- - T CbR2-1 FR3- \cbf<J- I &,quern:e -,-fiarniiciiod" ___ [·-FR4.::· .. --
• J $ . ~ ',Y : ' 

1. . !MCff IMGT I IMGT t~.~~~... !MGT 1'..~~~ ....... L ................................................................. ,,,,,,,,,,,: ~~~~i~} N- lMGT 
128 t 014- 'I QVQLQESGP OVOL i GGSISS I WSWIR f IYTSGS j NYNPS j ARARF I gaaattgtgttgacgcagtctccaggcaccct : QVQLO:FSGPG WGQ 

! 2803H GLVKPSQTL QESG i GN'{Y I QPAGK l T (SEQ I LKSRIT j FGISN I glctltgtctccaggggaaagagccaccctct j LVKPSQTI .. Sl.T GTLV 
SL TCTVSGG PGLV l (SEQ ID I GLEWI ! ID NO: i MSVDM ! WFDP ! cctgcagggccagtcagagtgtgaacagc : CTVS(3GSISSG TVSS 

) SISSGNYYW KPSO i !'JO I GR i 1265) I SKNQF i (SEO ! atctacttagcctggtaccagcagaaacctg : NYY\NS\!VIRC1P (SEQ 
I SWIRQPAGK Ti.Si.. l 1263) I (SEQ ID \ I SLKLSS ! ID NO. I gccaggctcccagggtcctcatctatggtac i AGKGLElNIGRI ID 
l GLEWIGRIYT TCTV j I NO: l I LT MDT ! 1267) I atccagcagggccactggcatcccagaca j YTSGSTNYNPS NO: 
i SGSTNYNPS S I j 1264) j I AVYYC ! I ggttcagtggcagtgggtctgggacagactt l LKSRITMSVDM 1270) 
l LKSRITMSVD (SEO I : I i {SEQ ID i ! cactctcaccattagcagactggagcctgaa i SKNOi-:SLKLSS 
j MSKNQFSLK !D j i ! i NO: i ! gattttgcagtgtattactgtcagctgtatggtg i LTAADTA\/YYC 
i LSSLTAADTA NO· 1 i ! 1266) ! gctcacctttattcgctttcggccctgggacca j ft.RA.RFFGISNW 
! VYYCA (SEQ ·12G2l I ! I I, aagtggatatcaaac (SEQ ID NO: i l'.'.DPVVGOGTLV 
i 10 NO: 1261) . I i I ! 1268) i TVSS (SEQ iD 

. , . i , i I i i NO 1269) , . 
!129 i 014- i D!QMTQSPS DIQM i QTISSY LNWYQ GAS · I SLQSG QQSY i gagglgcagctgttggagtctgggggaggct : D!QMTQSPSSL i FGQG I 
i l 2B03L i SLSASVGDR TQSP ! (SEQ ID QKPGK (SEQ ID ! VPSRV SAPL T ! tggtacagcctggggggtccctgagactctc j SASVGDRVTlT j TKVEI I 
i ' i vnTCRASOT SSLS ' NO: APKLLI NO: i SGSGS (SEQ i ctgtgcagcctctggattcacctttagcagcta : CF~ASQTISSYL i K 
! ! ISSYLNVVYQ ASVG 1273) Y (SEQ 1275) i GTDFT ID NO: I tgccatgagttgggtccgccaggctcaagg NWYQQKPGKA ! (SEQ 
i i OKPGKAPKL. DRVT ID NO: i L TISSL 1277} i gaaggggctggagtgggtctcaactattagt PKLLIYGAGSL ! iD 
I I UVG.t,SSLQS I ITCR 1274) : QPEDF i gggagtggtggtagcacatactacgcagac OSG\/PSRVSG I NO. 
i j GVPSRVSGS i AS i A TYYC , tccgtgaagggccggttcaccatctccagag SGSGTDFTL Tl I '1280) 
i i GSGTDFTLTl i (SEQ ! , i (SEQ ID l acaattctaagaacacgttatatctgcaaatg SSLQPEDF/\ TY ! 

! SSLQPEDFP., i ID i i j I NO: l aacagcdgaaagccgaggacacggccgt YCQQSYSAPLT ; 
! TYYGGlQSYS i NO: i ! 1 i 1276) j atactactgtgcgaaagatccccgtagtagt FGQGTKVEJK 
l .AP (SEQ ID : 1272) : ! l ! i gtcccctgggtggcctactggggccaggga (SEQ !D NO: 
l NO: i27i\ · ! i \ ! l accctggtcaccgtctcctcag (SEQ ID 1279) 
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1 

\. Row·.: ~arne .... + ~;.REC,IOr,!' (i) .. : . ~Rf_ ...... 6DR1-... i·~R2~ ........ J.~DR2-·l1· ~R3_ ......... 1 ... ~DR3-.. + ~equence .................................................... t ~ranslatec( ............ :. ~R4- .... . 

[ ) i lMGT · IMGT j lMGT IMGT , lMGT ! fMGT l f Sequence (\/- i tMGT 
f : : i l : j I REGION'! ! ,..,,., ......... +_,....., .......... ,...., • .,.. ...... .,...,..., ......... ., .............................. ,,.,.,.,.,.,., ..:..,___.............;.,.,.,_,.,_,_.,._,.....,_....,., ...... 4 .................. _________ ,....:...... __ -+--___________ ....,__.:..;;.;..,..:,_;_;..;.;;_ ____ --< 

130 [ 014- l VQLVQSGDE l VQLV i GSTFS I !SWVR IIPIVGT j NY/\OK l ARVG I ttgtgatgactcagtccccactctccctgcccg VOLVQSGDEV ! WGQ 
[ 2806H i VKKPGSSVR l QSGD i TYP I QAPGQ A (SEQ l FODRV i GAUR: 

1 
tcacccttggacagccggcctccatctcctgc KKPGSSVRVS ! GTLV 

[ ! VSCKTSGST l EVKK i (SEQ ID i GLEWM ID NO: l AITADQ ! SSGS aggtctagtcaaagcctcgtacacagtgatg CKTSGSTFSTY ! TVSS 
) i FSTYPISWVR : PGSS l NO: ! GG 1285) l STSTA l DY gaaacacctacttgaattggtttcagcagag PISWVRQAPG i (SEQ 
j ! QAPGQGLE i VRVS i 1283) ! (SEQ ID i l YMDL T I (SEQ gccaggccaatctccaaggcgcctaatttat QGLEWMGGHP : ID 
! WMGGilPfVG ! CKTS i l NO: l I SLRSE l !D NO: aaggtttctaaccgggactctggggtcccag IVGTANYAQKF i NO: 
! TANYAQKFQ i (SEQ ! 1284) l I DTAVY i 1287) acagattcagcggcagtgggtcaggcactg QDRVAITADQS i 1290) 
l DRVAITADQS : ID l i I YC ! atttcacactgaaaatcagcagggtggagg TSTAYMDL TSL I 
' , TSTAYMDLT i NO i l I (SEQ lD i ctgaggatgttggggtttattactgcatgcagg RSEDTAVYYCA · 

f SLRSEDTAV ! 1282) l i ! ~JO: ! . gtacacactggcctccgtacacttttggccag RVGGALIRSSG 
\ YYCAR (SEQ \ i ! 1286) : • gggaccaaggtggagatcaaac (SEQ SDYWGQGTLV 
j ID NO: 1281) j i I ; j ! ID NO: 1288) , TVSS (SEQ ID 

L., ........ J; w,,,,,,,,,,, ,. , ~ ., ... ,,,, j L ......... ,.J.',,. ....... ,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,.; .,,,,,,,,,,,,, .... L. ,,,.,.,.......... ............. , ............... ••····-·l..NO: 1289) ·.·-···1 ·-·············. 
i 131 l 014- 1QMTQSPSA IQMT QGISN ! LAWFQ .• SAS • TLQSG • LOHN : gaggtgcagctgttggagtctgggggaggct I IOMTQSPSAMS FGGG l 

j 2806l MSASVGDRV QSPS Y {SEQ ! QKPGK • {SEQ ID • VPSRF i SYPL T : tggtacagccaggggggtccctgagactctc I ASVGDRVTITC i TKVEI i 
l TITCRASQGI AMSA ID NO: 1 VPKRLI • NO: l SGSGS , (SEQ j ctgtgcagcctctggattcacatttagcaacta I RASQGISNYLA I K ! 
l SNYLAWFQO SVGD 1293) : Y (SEQ i 1295) : GTEFTL ID NO: 1 tgccatgagctgggtccgccaggctccagg I WFQQKPGKVP I (SEQ i 
I KPGKVPKRLI RVTIT i ID NO.: ! ! TISSLQ ·1297) ! gaaggggctggagtgggtctcaggtattagt I KRUYSASTLQ I 1 □ i 
l YSASTLQSG GRAS \ 1294) ' : PEDFA l gctggtggtagtaacaaatactacgcagact I SGVPSRFSGS I NO: ! 
I VPSRFSGSG (SEQ j ! TYYG ' ccgtgaagggccggttcaccgtctccagag GSGTEFTL TIS I 1300) j 
. SGTEFTL TIS l ID . j (SEQ ID acaattccaagaacacgctgtttctgcaaat SLQPEDFATYY ! ! 

SLOPEDFAT j NO. • NO gaacagcctgagagtcgaggacacggcc CLQHNSYPL TF i ' 
, YYCLOHNSY j 1292) [ 1296) gtatattattgtgcgaatcggatgggactacg GGGTKVEIK Ji J 
l P (SEQ ID I i gccggactactttgactactggggccaggg (SEQ ID NO: l 
l NO: 1291) I i aaccctggtcaccgtctcctcag (SEQ ID 1299) ! 
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1 

How ·.'1
1 

~ame. J·.i~~-REG!ON (1)··1··rr~1~· r·h~~~~·.·····1.·I;;;.··········.r~~~~·~······r~~;·········r·~~~;~·--1 ~equence,_.,, ................ ,,............. . ..... 1-~ranslat. ed :-~R4- i 
1 

• • !MGT j lMGT j 1MGT ...• IMGT tMGT j lMGT j J Sequence (V- j IMGT i 

I . • l ·•• i i 1 REGION) . i l 
.,.fii" .. .. of§: .. ., ..... i .. ciVo'CotsGP .• QVQL TYSISS : WGWIR •. IYHSGT i YYNPS · ARYfv""rgaaattgtgTtgacgcagtctccaggcaccct J ovoT'aE·scw"c;-rwGQ····1 

2F03H ·' GLVKPSETLS • QESG GYY ! QPPGK • T (SEQ ; LKSRIT STINY ! gtctttgtctccaggggaaagagccaccctct ! LVKPSETLSL T i GTLV ; 
j LTCTVSTYSI • PGLV (SEQ ID .• GLEW! . ID NO: i TSVDT FDD ! cctgcagggccagtcagagtgttagcagca i CTVSTYSISSG i TVSS j 
l SSGYYWGWI i KPSE NO: • GS 1305) i SKNOF (SEQ ·• gctccttagcctggtaccagcagaaacctgg I YYWGWIROPP ! (SEQ I 
I RQPPGKGLE i TLSL 1303) • (SEQ ID ! SLKL TS ID NO: • ccaggctcccaggctcctcatctatgatgcat I GKGLEWIGSIY I ID ' 
, WIGSIYHSGT / TCTV / NO / VTAAD 1307) • ccagcagggccactggcatcccagacagg 'HSGTTYYNPSL I NO: 

TYYNPSLKS IS 1 ! 1304) . I TAVYY • ttcagtggcagtgggtctgggacagacttca KSRITTSVDTS ( 1310) 
RITTSVDTSK I (SEQ I I I i C (SEQ ! ctctcaccatcagcagactggagcctgagg KNQFSLKL TSV l 

! NQFSLKL TSV I ID I I ! • ID NO· I attttgcagtgtattactgtcagcagtatggtac TAADTAVYYCA i 

•... L_ I ~t<~~ar I ~?a2)J 1.1 11306) __ I ~~~~~~=,~~'.:g&~9,9J~a;aa l til~~6;r.~ I ___ J 
• 133 \ 015• EIVLTQSPGT EIVL T i QSVNSI L,\WYQ i GTS i SRA TGI QLYG i gaggtgcagctgttggagtctgggggaggct j EIVL TQSPGTL j FGPG j 

i 2F03L LSLSPGERAT i QSPG Y (SEQ QKPGO i (SEQ ID i PDRFS GSPLF tggtacagcctggggggtccctgagaclctc i SLSPGERATLS I TKVDI 1 
i LSCRASQSV ; TLSL ID NO: APRVU i r-.JO: i GSGSG A (SEQ ctgtgcagcctctggattcacctttagcagcta i CRASQSVNSIY i K i 
! NSIYLAWYQ. 1 SPGE 1313) Y (SEQ j 1315) \ TDFTLT i ID NO: tgccatgaactgggtccgccaggctccagg i LAWYQQKPGQ I (SEQ I 

QKPGQAPRV i RATL ID NO: I i ISRLEP j 1317) gaaggggctggagtgggtctcagctattagt APRVLIYGTSS i ID i 

LIYGTSSRAT j SCRA , 1314) ! j EDFAV j 1 ggtagtggtggtagcacatactacgcagac RATG1PDRFSG ! NO 
GIPDRFSGS I S . l ! j YYC I l tccgtgaagggccggttcaccatttccagag SGSGTDFTL Tl i 1320) 
GSGTDFTLTI i (SEQ j i 1 (SEQ ID i j acaattccaagaacacgctgtatctgcaaat • SRLEPEDFAVY 
SRLEPEDFA ! ID i i l NO: I l gagcagcctgagagccgaggacacggcc • YCQLYGGSPLF i 

) VYYCQLYGG ! NO: ! J_J' j 1316) I I gtatattactgtgcgaaatccccggcgagca ! AFGPGTKVDIK 
[ SP (SEQ ID i 1312) i 1 I i gctggtactttgaccactggggccagggaa i (SEQ ID NO: 
[ NOi 1311) i i l i I ccctggtcaccgtctcctcag (SEQ ID : 1319) ; ; 
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l ............. '.A, ............. 1.0 ........ Y ••••••••••••••••• } H.~y-- J 1 _ .. _ ..... 1 J ............ LK ............. L•y•• ... .J .. M ............ f N _______ .,,.,............... ··1 o· ........................ r 
[ Row i Name V-REGION (1) FR1- ! CDR1- 1 FR2- ! CDR2- [ FR3- CDR3- j Sequence j Translated FR4, 
i j IMGT j IMGT 1MGT l lMGT i IMGT IMGT j I Sequence (V- IMGT 
1 i ___ i l r I l REGION; i r .. fa4·····;··5:xo:········· ... EVQLLE SG G .... ···Evo L 1. G FTF s M swvR·r TsGsG····TWADS .. ., .AKDP,,,.,r g aaatagtgatgacgcagtctccagcca cc l EVQ LL ESffG-GL f "'wGo .. •·j 
i i 2A04H GLVQPGGSL LESG i SYA QAQGK / GST ! VKGRF RSSVP i ctgtctgtgtctccaggggaaagagccaccc i VQPGGSLRLS I GTLV 
I RLSCAASGF GGLV j (SEQ ID GLEWV ) (SEQ ID ! TISRDN WVAY ! tctcctgcagggccagtcagagtgttagcag I CAASGFTFSSY j TVSS ' I TFSSYAMSW QPG i NO: ST ! NO: ! SKNTL (SEQ ! caacttagcctggtaccagcagaaacctgg I AMSWVRQAQ j (SEQ 

. VRQAQGKGl.. GSLR i 1323) (SEQ ID I 1325) i YLQMN ID NO: i ccaggctcccaggctcgtcatctatggtgcat i GKGLEWVSTIS I ID 
i EWVSTISGS LSCA i NO: i : SLKAE 1327) \ ccaccagggccactggtatcccagccaggt i GSGGSTYY AD I NO 
! GGSTYYADS AS ! 1324) ! ! DTAVY l tcagtggcagtgggtctgggacagagttcac SVKGRFTISRD I 1330) 

! l VKGRFTISRD (SEQ [ ! [ YC · tctcaccatcagcagcctgcagtctgaagatt NSKNTL YLOM I 
, : j NSKNTL YLQ ID i ! j (SEQ ID j ttgcagtttattactgtcagcaagataataact NSLKAEDTAVY I , 
j : l MNSLKAEDT l NO: i ! 1 NO: l ggcccacgtggacgttcggccaagggacc YCAKDPRSSV I i 
j ! j AVYYCAK l 1322) i j j "!326) j aaggtggaaatcaaac (SEQ ID NO. PWVAYWGQG I i 
i : l (SEQ ID NO J i j I l 1328) TLVTVSS (SEQ •• i 
i ! l 1321) J i i i 1 , ID NO: 1329) I i .,,..,....,.,,,...n .. •.,.uo,· •,•rr, . .,,,,,.,,.,.,,,.,,,,,,1,,,- • • ,,. • • • •• ,,,. • ,. •,• • •n •,~u,u.,1,,uuu,,un,•,;,~n-3/u,uuu,u,,u,,uu, ,,uuu,,,,,,,,,,,u,,,u,.{ •,uuuuuu,uu, 5.,,,,,,,,,,u,,,,,,,,,,,u,,,,,,u,,,,,,,u,,,,,,,,,,,u,,, u,,,,,,,u,,,,,,,u,,,,,,,,,,,u,,,,,,u,,,,,,u,,,,,,,,,,u,,,,,,u,,,,,,,u,,,,,,,,,,,u,,,,,,,,u,uuuuuunuun,,uuu,un,,uuu ·t'uuur,ru ,~-- ••u,; 

135 ! 020~ l VMTOSPLSL l VMTQ OSl.VH LNWFQ i KVS l NRDSG I MQGT gaggtgcagctgttggagtctgggggaggct • VMTQSPLSLPV FGQG · 
i 2A04L i PVTLGQPASI I SPLS SDGNT QRPGQ i (SEQ ID i VPDRF I HWPP tggtacagcctggggggtccctgagactctc • TLGQPASISCR TKVEl 
' I SCRSSQSLV I LPVT Y {SEO SPRRU i NO l SGSGS I YT ctgtgcagcctctggattcacatctaatagcttt • SSQSLVHSDG K 

j HSDGNTYLN j LGQP lD hiO: · Y (SEQ i 1335) [ GTDFT I (SEQ gtcatgaattgggtccgccaggctccaggg i NTYLNWFQQR (SEQ 
j WFQQRPGQ I ASIS 1333) ID NO: i ' LKISRV I ID NO: aaggggctggagtgggtctcggctattaagg [ PGQSPRRLIYK ID 
j SPRRLIYKVS I CRS$ i 1334) i EAEDV I 1337) gtactgtaaatagtacattctacgcagattcc i VSNRbSGVPD NO: 
i NRDSGVPDR I (SEO l ! GVYYC ! gtgaagggccgcttcaccatctccagagac i RFSGSGSGTD 1340) 
i FSGSGSGTD I ID l i (SEQ ID i aattctaagaacacggtgtatctgcaaatga i FTLKISRVEAE 
j FTLKISRVEA I NO; j ' NO ! l gcagcctgagagtcgaggacacggccattt i DVGVYYCMQG 
i EDVGVYYCM I 1332) l 1336) i l attactgccgcgggtggttcggggagggaat ! THWPPYTFGQ 
! QGTHWP ! i i I caacggttgggacgtctggggccaaggga i GTKVEIK (SEQ 
• (SEQ ID NO: 1 i , ! I ccacggtcaccgtctcctca (SEQ ID i ID NO: 1339) 

•• 1331L ............. L ............ .,.. . L . J ······- .. L LNQ:J338; , 
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I·· Row ··l··~ame·····r~-REG!ON .{1 )··-c~R1~······l··koR1~ ..... i·· ~R2- ·······f ·~DR2·----·+- ~R3- .. .-..... :-. ~DR3····1 ~equence .. .-........... ~--........ ,, .. .,,.., ....... ., .. J ~ranslated "'"T ~R4- 1 
j l . j !MGT i IMGT f IMGT j lMGT ! lMGT i IMGT i Sequence(;,/- ! IMGT 1 
I ! . . 1 i i i ! i i REGfON·, .··. j' i ._...,..,,,..,,.,..,._,...,..,..,.,~_,_,............,._,.,...,..,,..,..,,..,_..,,.,. .,.,. .... .,., ...... _,..,._,_,_,._,_,._,n,.,._,.,._,..,.,_,..,,,,_,_,._,._,_,_,_,.,._,._,._,..,.,._,..,.,.,..,.,._,._,_,_,_,._,_,.,, _,._,._,_,,._,_,.,_,,., .. ., .. ., .. .,._,,,_-;( • .,,.,._,._,..,.,..,._,._,.,,.,..,_,.,h,.,ft;,.,..,_,.,.h,,.,.,._,._,,..,_,._,.,.,..,..,.,.,,.,.,.,. __ ____....,.._ ______________ .,.,.,.,,.,.,,_,_.~,.:/,.cv-~✓.....,._.,. ~~---

136 j 020- EVOLLESGG EVOL ! GFTFS j MSWVR i ISAGGS • YYADS ANRM gatattgtgatgactcagtctccgctctccctg EVOLLESGGGL ' WGQ . 
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FIG. 148 

05-1 D03H IGHV5-51 *01 IGHJ6*02 IGHD4-23*01 CARHVASHWGDYYGMDLW 
05-1 D03L IGKV3-15*01 IGKJ1*01 CQQYNDWLGGTF 
05-1 D06H IGHV4-31*06 IGHJ4*02 IGHD6-19*01 CARGLEGITVGAYYFDFW 
05-1 D06L IGKV1-13*02 IGKJ4*01 CQQFNSFPL TF 
05-1 F02H IGHV4-31*06 IGHJ4*02 IGHD6-19*01 CARGLEGITVGVYYCDFW 
05-1F02L IGKV1-13*02 IGKJ4*01 COOFNSYPL TF 

18-1B01H 
IGHV3-30*03 or 

IGHJ4*02 IGHD2-8*02 CARDQELVVLYYFDFW 
IGHV3-30*18 

18-1B01L IGLV3-21 *02 
IGLJ2*01 

CQVYDNSVDHAVF or IGLJ3*01 
18-1 B03H IGHV3-23*01 IGHJ5*02 IGHD4-17*01 CAKEPYRDYLGNWPDPW 
18-1 B03L IGKV4-1*01 IGKJ3*01 CHQHYTIPPTF 
18-1C01H IGHV1-69*01 IGHJ5*02 IGHD5-24*01 CARRQVATYWFDPW 
18-1C01L IGLV3-21 *02 IGLJ1*01 CQVWDSNSGHFVF 
18-1 D04H IGHV3-23*01 IGHJ4*02 IGHD6-19*01 CATSPATSGWWWAYW 
18-1 D04L IGKV3-20*01 IGKJ2*01 CHQYDIPPQTF 
18-2B05H IGHV3-23*01 IGHJ4*02 IGHD6-13*01 CARPTPYGTTWFGRVDSW 

18-2B05L 
IGKV1-39*01 or 

IGKJ3*01 CQQTYRTPITF IGKV1 D-39*01 

18-2E03H 
IGHV3-74*01 or 

IGHJ4*02 IGHD5-12*01 CARGDLVSTANFDYW 
IGHV3-74*03 

18-2E03L IGKV3-20*01 IGKJ2*01 CQQYENSQHGSSPPYTF 
19-1 B04H IGHV3-74*01 IGHJ3*02 IGHD4-17*01 CARDHDYGDYRGNAFDMW 

19-1 B04L 
IGKV1-33*01 or 

IGKJ4*01 CQQLHTF 
IGKV1 D-33*01 

19-4A01 H IGHV4-39*01 IGHJ3*01 IGHD3-10*01 CARLFGELVGYQAFDVW 
19-4A01L IGLV1-44*01 IGLJ1*01 CAAWDDSLNGYVF 
19-4C01 H IGHV4-31 *03 IGHJ6*02 IGHD2-21 *02 CARELGDYPYYYAMDVW 
19-4C01L IGKV1-9*01 IGKJ1*01 CQQVITFPRTF 
19-4C02H IGHV4-39*02 IGHJ6*02 IGHD3-10*01 CARRWFGELDYYGSDVW 

19-4C02L IGL V4-69*01 
IGLJ2*01 or 

CQTWGTDXQVF 
IGLJ3*01 

19-4C05H IGHV4-59*01 IGHJ6*03 IGHD5-18*01 CARGVSALVSVDYYYYYMDVW 
19-4C05L IGLV3-21*01 IGLJ1*01 CQVWDRNIDPHF 
19-4D02H IGHV4-59*01 IGHJ6*03 IGHD5-18*01 CARGVSALVSVDYYYYYMDVW 
19-4D02L IGLV3-21 *01 IGLJ1*01 CQVWDRNIDPHF 

19-4E01 H 
IGHV4-59*01 or 

IGHJ6*02 IGHD4-17*01 VYYCVRADGDSEGFGYHYGMDVW 
IGHV4-59*03 

19-4E01 L IGKV1-17*01 IGKJ1*01 CLQHNDYPL TF 
19-4E03H IGHV1-69*01 IGHJ3*02 IGHD4-11 *01 CARAARL YOQAYDIW 
19-4E03L IGKV1-13*02 IGKJ3*01 CQQFHSYPLFTF 

19-4F03H IGHV4-39*01 
IGHJ3*01 or 

IGHD3-10*02 CARLFGELVGYQAFDFW 
IGHJ3*02 

19-4F03L IGLV1-44*01 IGLJ1*01 CAAWDDSLDGYVF 

19-4G01 H 
IGHV3-30*03 or 

IGHJ6*02 IGHD6-13*01 CAKIFSWQOLDYYYYAMDVW 
IGHV3-30*18 

19-4G01L IGLV1-44*01 
IGLJ2*01 or 

CAAWDDSLDGVVF 
IGLJ3*01 

20-3B04H IGHV3-23*01 IGHJ4*02 IGHD7-27*01 CAKDHRGW 

20-3B04L 
IGKV1-33*01 or 

IGKJ1*01 CQQFDKFPWTF 
IGKV1 D-33*01 

20-3B06H IGHV4-39*01 IGHJ4*02 IGHD3-16*01 CARHAKAPDSFGGAEYFDYW 
20-3B06L IGKV3-15*01 IGKJ2*01 CQQYNEWPPMYTF 
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ANTIBODIES DIRECTED AGAINST 
INFLUENZA 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This claims the benefit of U.S. Provisional Applica­
tion No. 61/548,704, filed Oct. 18, 2011 and U.S. Provisional 
Application No. 61/603,895, filed Feb. 27, 2012. Both of the 
prior provisional applications are incorporated herein by ref­
erence in their entirety. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

[0002] This invention was made with govermnent support 
under AI057266, HHSN266200700006C and RR025008 
awarded by The National Institutes of Health. The govern­
ment has certain rights in the invention. 

FIELD 

[0003] This relates the field of influenza viruses, specifi­
cally to monoclonal antibodies, and antigen binding frag­
ments thereof, that specifically bind an influenza virus pro­
tein. 

PARTIES TO JOINT RESEARCH AGREEMENT 

[0004] There is a joint research agreement between Emory 
University and The University of Chicago. 

SEQUENCE LISTING 

[0005] The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Oct. 18, 2012 is named 69758888.txt and is 
611,150 bytes in size. 

BACKGROUND 

[0006] Influenza is the seventh leading cause of death in the 
United States (Beige! JH (2008), Crit Care Med 36(9):2660-
2666). The elderly, the very young, pregnant women and 
otherwise immune-compromised populations account for 
over 90% of influenza-related deaths. The pandemic HlNl 
influenza virus strain is immunologically distinct from other 
influenza viruses, leaving large population groups susceptible 
to infection (Brockwell-Staats et al., Influenza Other Respi 
Viruses 3:207-21, 2009; Dawood et al., N Engl J Med 360: 
2605-2615, 2009; Garten et al., Science 325:197-201, 2009; 
Hancock K, et al. (2009) N EnglJ Med361(20):1945-1952). 
The Center for Disease Control (CDC) reports that the 2009 
HlNl pandemic strain caused an estimated 60 million cases 
and 256,000 hospitalizations.An unusually high frequency of 
severe disease occurred in younger and otherwise healthy 
patients (Hancock et al., 2009, supra). In addition, rare infec­
tions with avian H5Nl influenza strains in humans had close 
to a 50% mortality rate (Subbarao and Joseph, 2007, Nat Rev 
Immunol 7:267-278). Emergence of a zoonotic or antigeni­
cally distinct strain that combined even a fraction of the 
morbidity and mortality of the pandemic HlNl and H5Nl 
viruses would have dire consequences. 
[0007] Antibodies play a key role in protection against 
influenza infection in vivo (Gerhard et al., 1997; Immuno­
logical reviews 159:95-103; Luke et al., 2006, Annals of 
internal medicine 145:599-609; Puck et al., 1980, Journal of 
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infectious diseases 142:844-849; Simmons et al., 2007, PloS 
Medicine 4:el 78). The fact that there was little or no pre­
existing antibody titers present prior to the emergence of this 
pandemic virus, and that the virus atypically caused such 
severe disease in young adults illustrates the importance of 
comprehensively understanding the B cell responses and anti­
body specificities induced by infection with this influenza 
virus. A need remains for reagents to treat and diagnose an 
influenza virus infection in a subject. 

SUMMARY 

[0008] Antibodies that specifically bind influenza virus 
hemagglutinA (HA), and antigen binding fragments thereof 
are disclosed herein. In some embodiments, these antibodies 
are broadly cross reactive. In additional embodiments, the 
antibodies inhibit hemmagglutination activity and neutralize 
more than one ofHlNl, H5Nl and H3N2. In some embodi­
ments, the antibody specifically binds HlNl and H5Nl. In 
other embodiments, the antibody specifically binds HlNl 
and H3N2. In yet other embodiments, the antibody specifi­
cally binds HlNl, H5Nl and H3N2. In further embodiments, 
the antibody specifically binds HA of one or more of Pan­
demic (HlNl) 2009; A/Brevig mission/1/18(H1Nl) 1918; 
and A/Brisbane/59/07(H1Nl) 2007 A/Indonesia/5/05 
(H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. The antibody 
can bind the HA globular head and or the HA stalk. In some 
embodiments, the antibody specifically binds a complex of 
HAI andHA2. 

[0009] In several embodiments, nucleic acids encoding 
these monoclonal antibodies, vectors including these nucleic 
acids, and host cells transformed with these vectors are also 
disclosed. Compositions are disclosed that include these anti­
bodies, antigen binding fragments, nucleic acids, vectors and 
host cells. 

[0010] Methods of using these antibodies, and antigen 
binding fragments, nucleic acids, vectors and host cells, such 
as for diagnosis and treatment of an influenza virus infection 
are also provided. In some embodiments, these antibodies 
and antigen binding fragments are used to diagnose an influ­
enza virus infection is provided. In other embodiments, these 
antibodies, antigen binding fragments, nucleic acids, vectors, 
or host cells are used for the treatment and or prevention of an 
influenza virus. 

[0011] The foregoing and other objects, features, and 
advantages of the invention will become more apparent from 
the following detailed description, which proceeds with ref­
erence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. lA-lD. Rapid and potent plasmablast and 
serological responses after vaccination with the monovalent 
pandemic HlNl 2009 vaccine. Healthy adult volunteers were 
vaccinated with the pandemic HlNl 2009 monovalent vac­
cine. A control group was vaccinated with the 2008/09 TIV in 
2008. (A) Fold change in serum antibody titers between day 
0 and day 28 were determined by HAI. (B) The number of 
vaccine-specific IgG-producing plasmablasts were deter­
mined by ELISPOT at 0, 7, 14 and 28 days post-vaccination. 
(C) The number of vaccine-specific plasmablasts correlates 
with improved serum antibody titers by HAI (Spearman's 
rank correlation). (D) The numbers of vaccine-specific IgG-, 
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IgA-, and IgM-producing plasmablasts at day 7 after vacci­
nation as determined by ELISPOT. Dotted lines=limit of 
detection. 
[0013] FIGS. 2A-2D. Stem-binding antibodies are induced 
following pandemic HlNl 2009 vaccination. Human mAbs 
were generated from plasmablasts isolated from individuals 
vaccinated with the pandemic HlNl 2009 vaccine. (A) Bind­
ing to the pandemic HlNl 2009 virus by ELISA. (B) Binding 
to pandemic HlNl 2009 HA by ELISA. (C)All HA-binding 
mAbs were tested for HAI and neutralization activity. Three 
putative stem-binding mAbs are highlighted in blue. Dotted 
lines represent the highest concentration of mAb tested. Data 
are representative of2-4 repeat experiments. (D) The 3 puta­
tive stem-binding mAbs were tested by competition ELISA 
with 2 known stem-binding mAbs (70-1F02 and 70-5B03) 
(8). Percentage inhibition is the ratio of binding with or with­
out competitor. The reciprocal stem-binding mAb for each 
assay in the pair was used as a positive control and EM4C04 
which binds the HA head was used as a negative control. Bars 
represent means+/-SEM for three repeats. The V H gene usage 
of the individual stem-binding mAbs is indicated on the right. 
[0014] FIGS. 3A-3C. The pandemic HlNl 2009 vaccine 
induces highly cross-reactive HA-specific antibodies. (A) 
Twenty-eight pandemic HlNl HA-binding mAbs were 
tested for binding to HAs from the indicated influenza strains 
by ELISA. (B) Twenty-five HA head-binding mAbs were 
tested for neutralizing activity against the indicated panel of 
HlNl virus strains. Two mAbs (20-3G06 and 15-1A03) 
expressed poorly and were not tested for cross-reactivity 
(ND). (C) Three stem-binding mAbs were tested for neutral­
izing activity against various influenza virus strains. Influ­
enza strains are arranged from left to right in order of 
sequence similarity to the pandemic Hl Nl 2009. Monoclonal 
antibodies are arranged according to degree of binding by 
ELISA to pandemic HlNl 2009 HA and grouped according 
to cross-reactivity by ELISA (blue: stem-binders, bind all 
HlNl, H5Nl and H3N2; black: bind all HlNl; red: bind 
A/California/04/09 and A/Brevig Mission/1/18; green: bind 
A/California/04/09 only). Dotted lines represent limits of 
detection. Data are representative of 2-4 repeats. 
[0015] FIGS. 4A-4B. Monoclonal antibodies induced fol­
lowing the pandemic HlNl 2009 vaccine display high levels 
of somatic hypermutation consistent with a recall response. 
Variable genes from plasma blasts induced following the pan­
demic HlNl 2009 vaccine were amplified by single-cell RT­
PCR and scored for numbers of somatic mutations. (A) The 
number of mutations per V H gene following pandemic Hl Nl 
2009 vaccination are compared with previously published 
data (12, 27-29). The red line shows the mean (p-values are 
from Student's t-tests). (B) The number of mutations per V H 

gene in HA-specific mAbs only. Colors represent the degree 
of cross-reactivity as in FIG. 3. 

[0016] FIGS. SA-SB. Memory B cells reactive to the pan­
demic HlNl 2009 influenza are detectable even prior to the 
emergence of the pandemic strain. PBMCs obtained prior to 
vaccination were tested for the presence of memory B cells 
reactive against the pandemic HlNl 2009 HA by polyclonal 
activation followed by detection using ELISPOT. The per­
centage oflgG-secreting memory B cells compared with total 
IgG-secreting cells is shown in subjects from (A) the year that 
the pandemic HlNl 2009 emerged (2009/10) and (B) the 
previous year (2008/09). 
[0017] FIG. 6. A model contrasting the antibody response 
induced after vaccination with seasonal versus pandemic 
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influenza vaccines. The pre-existing influenza-specific B cell 
pool primarily consists of memory cells that recognize 
epitopes in the globular head of HA from recent seasonal 
strains that undergo antigenic drift and thus change relatively 
little year to year (shown in green). These are highly 
expanded due to recurrent stimulation over several winter 
seasons while memory B cells specific for epitopes in the 
stem of HA (shown in red) are crowded out. Following an 
infection or vaccination with drifted seasonal influenza 
strains, the large numbers ofimmunodominant head-reactive 
memory B cells undergo re-expansion while those against 
conserved epitopes cannot compete. In a pandemic strain, 
many epitopes in the HA head are replaced while conserved 
epitopes in the stem and head remain. Cross-reactive memory 
B cells specific for the conserved epitopes now have a greater 
chance of being recruited into the response. 
[0018] FIG. 7. The 2008/09 trivalent inactivated influenza 
vaccine induces a rapid plasmablast response. Healthy adult 
volunteers were vaccinated with the 2008/09 TIV. PBMCs 
were taken at 0, 7, 14 and 28 days post-vaccination and the 
number of vaccine-specific IgG-producing plasmablasts 
were determined by ELISPOT. Dotted lines represent the 
limits of detection for each assay. 
[0019] FIG. 8. Sequence homology of HAs from HlNl 
strains. HA sequences were obtained from GENBANK® 
(ncbi.nlm.nih.gov/protein/). Sequences were aligned using 
ClustalW2 and displayed as a phylogenetic tree. Numbers in 
brackets represent pairwise alignment scores. Correlation 
analysis was done using Spearman's rank correlation and 
comparison between groups using Student's t-test. 
[0020] FIGS. 9A-9D. Plasmablasts induced by the 
monovalent (HlNl) 2009 vaccine cross-react with the 2009/ 
10 seasonal TIV. Healthy adult volunteers were vaccinated 
with pandemic (HlNl) 2009 vaccine. (A) The numbers of 
IgG-producing plasmablasts in day 7 PBMCs that reacted 
against pandemic (HlNl) 2009 virus or the 2009/10 TIV 
(which contained the A/Brisbane/59/07 HlNl strain) were 
determined by ELISPOT. (B) Example ofplasmablast isola­
tion by flow cytometry. (C) Representative ELISPOT images 
showing total IgG-producing plasma blasts and those reactive 
against indicated HA proteins. (D) ELISPOT scoring of 
sorted plasmablasts reactive against HA derived from the 
indicated viruses. ELISPOT for 1 donor is not shown due to 
insufficient plasmablast numbers post-sort. 
[0021] FIGS. l0A-lOC. Patterns ofcrossreactivity among 
HA specific vaccine-induced monoclonal antibodies. The 28 
HA specific monoclonal antibodies were analyzed by ELISA 
for their binding to HA proteins derived from either the pan­
demic HlNl 2009 or the Brisbane HlNl (A/Brisbane/59/07 
(HlNl)) influenza strains. The antibodies showed binding 
patterns that conformed to three distinct categories. One cat­
egory (9/28 antibodies) showed very similar binding to both 
HAs (A). Another category (14/28) showed better binding to 
the pandemic HlNl HA, likely representing ongoing adap­
tation through affinity maturation (B), while the last category 
(5/28) bound better to the Brisbane HA (C), consistent with 
OAS (original antigenic sin). 
[0022] FIG. 11. Cross-reactivity of HA-specific mono­
clonal antibodies by HAI. Twenty-eight pandemic (HlNl) 
HA-binding mAbs were tested for neutralizing activity 
against a panel of HlNl virus strains. Influenza strains are 
arranged in order of sequence similarity to the pandemic 
(HlNl) 2009 and mAbs are arranged according to cross­
reactivity and degree of binding to pandemic (HlNl) 2009 
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HA. Dotted lines represent limits of detection. Data are rep­
resentative of 2-4 repeat experiments. 
[0023] FIG.12 (Table 1 ).Amino acid sequence information 
for HlNl binding antibodies. Table 1 provides detailed infor­
mation, including sequence information, about each of the 
antibodies that were confirmed to bind influenza. Each anti­
body is identified in Col. A by antibody name and an indica­
tion of whether the heavy or light chain is being described. 
Heavy chains are indicated by Hand light chains are indicated 
by Lat the end of the identifier in Col. A. For example, line 2 
of Table 1 discloses 005-2G02H, which is a heavy chain for 
one of the cloned antibodies, and line 3 of Table 1 discloses 
005-2G02L, which is the light chain for the same antibody. 
Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11, 
12/13, 14/15, 16/17, 18/19, 20/21, 22/23, 24/25, 26/27, 28/29, 
30/31, 32/33, 34/35, 36/37, 38/39, 40/41, 42/43, 44/45, 46/47, 
48/49, 50/51, 52/53, 54/55, 56/57, 58/59, 60/61, 62/63, 64/65, 
66/67, 68/69, 70/71, 72/73, 74/75, 76/77, 78/79, 80/81, 82/83, 
84/85, 86/87, 88/89, 90/91, 92/93, 94/95, 96/97, 98/99, 100/ 
101, 102/103, 104/105, 106/107, 108/109, 110/111, 112/113, 
114/115, 116/117, 118/119, 120/121, 122/123, 124/125, 126/ 
127, 128/129, 130/131, 132/133, 134/135, 136/137, 138/139, 
and 140/ 141) represent paired heavy and light chains from a 
cloned human antibody. Col. G provides the V region amino 
acid sequence. Col. H provides the FRI amino acid sequence. 
Col. I provides the CDRl amino acid sequence. Col. J pro­
vides the FR2 amino acid sequence. Col. K provides the 
CDR2 amino acid sequence. Col. L provides the FR3 amino 
acid sequence. Col. M provides the CDR3 amino acid 
sequence. Col. N provides the nucleotide sequence. Col. 0 
provides the translated V region amino acid sequence. Col­
unm P provides the FR4 amino acid sequence. 
[0024] FIG.13. Clinical characteristics of study and control 
groups (Table 2). Number of subjects, age, gender and time 
interval between receiving pandemic (HlNl) 2009 vaccine 
and 2009/10 TIV are shown. Age and interval between vac­
cinations are expressed as median and range. 
[0025] FIGS. 14A and 14B. Sequence, mutation and 
V-gene rearrangement data for pandemic (Hl Nl) 2009 virus­
specific mAbs (Table 3). Variable genes were amplified from 
plasmablasts stimulated by pandemic (HlNl) 2009 vaccine 
by single-cell RT-PCR and then determined using in-house 
analysis software compared with the Immunogentics V gene 
dataset and the IMGT search engine. FIG.14A discloses SEQ 
ID NOS 1401-1478, residues 2-28 of SEQ ID NO: 1479 and 
SEQ ID NOS 1480-1498, respectively, in order of appear­
ance, and FIG. 14B discloses SEQ ID NOS 1499-1540, 
respectively, in order of appearance. 

DETAILED DESCRIPTION 

[0026] Influenza viruses are segmented negative-strand 
RNA viruses that belong to the Orthomyxoviridae family. 
There are three types oflnfluenza viruses, A, Band C. Influ­
enza A viruses infect a wide variety of birds and mammals, 
including humans, horses, marine mammals, pigs, ferrets, 
and chickens. In animals, most influenza A viruses cause 
localized infections of the respiratory and intestinal tract. 
Animals infected with influenza A often act as a reservoir for 
the influenza viruses and certain subtypes have been shown to 
cross the species barrier to humans. 
[0027] The influenza A virus genome encodes nine struc­
tural proteins and one nonstructural (NS 1) protein with regu­
latory functions. The influenza virus segmented genome con­
tains eight negative-sense RNA (nsRNA) gene segments 
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(PB2, PB!, PA, NP, M, NS, HA and NA) that encode at least 
ten polypeptides, including RNA-directed RNA polymerase 
proteins (PB2, PB 1 and PA), nucleoprotein (NP), neuramini­
dase (NA), hemagglutinin (subunits HAI and HA2), the 
matrix proteins (Ml and M2) and the non-structural proteins 
(NS! and NS2) (Krug et al., In "The Influenza Viruses," R. M. 
Krug, ed., Plenum Press, N.Y., 1989, pp. 89 152). 
[0028] HA is a viral surface glycoprotein generally com­
prising approximately 560 amino acids and representing 25% 
of the total virus protein. It is responsible for adhesion of the 
viral particle to, and its penetration into, a host cell in the early 
stages of infection. Cleavage of the virus HAO precursor into 
the HAI and HA2 sub-fragments is a necessary step in order 
for the virus to infect a cell. Thus, cleavage is required in order 
to convert new virus particles in a host cell into virions 
capable of infecting new cells. Cleavage is known to occur 
during transport of the integral HAO membrane protein from 
the endoplasmic reticulum of the infected cell to the plasma 
membrane. In the course of transport, hemagglutinin under­
goes a series of co- and post-translational modifications 
including proteolytic cleavage of the precursor HA into the 
amino-terminal fragment HAI and the carboxy terminal 
HA2. 
[0029] Antibodies, including human and/or humanized 
forms, as well as fragment, derivatives/conjugates and com­
positions thereof that bind to an HA domain ofinfluenza A are 
provided herein. Methods of using these antibodies are also 
provided. 
[0030] In several embodiments, these antibodies are 
broadly cross reactive. In additional embodiments, the anti­
bodies inhibit hemmagglutination activity and neutralize 
more than one ofHlNl, H5Nl and H3N2. In some embodi­
ments, the antibody specifically binds HlNl and H3N2. In 
further embodiments, the antibody specifically binds HA of 
one or more of Pandemic (HlNl) 2009; A/Brevig mission/I/ 
18 (HlNl) 1918; andA/Brisbane/59/07(H1Nl) 2007 A/Indo­
nesia/5/05 (H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. 
The antibody can bind the HA globular head and or the HA 
stalk. In some embodiments the antibodies are broadly cross­
reactive and provide heterosubtypic protection. 

Terms 

[0031] Unless otherwise noted, technical terms are used 
according to conventional usage. 
[0032] Definitions of common terms in molecular biology 
can be found in Benjamin Lewin, Genes V, published by 
Oxford University Press, 1994 (ISBN 0-19-854287-9); Ken­
drew et al. ( eds.), The Encyclopedia of Molecular Biology, 
published by Blackwell Science Ltd., 1994 (ISBN 0-632-
02182-9); and Robert A. Meyers (ed.), Molecular Biology 
and Biotechnology: a Comprehensive Desk Reference, pub­
lished by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8). 
Terms describing protein structure and structural elements of 
proteins can be found in Creighton, Proteins, Structures and 
Molecular Properties, W.H. Freeman & Co., New York, 1993 
(ISBN 0-717-7030) which is incorporated by reference 
herein in its entirety. 
[0033] Unless otherwise explained, all technical and scien­
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms "a," "an," and "the" 
include plural referents unless context clearly indicates oth­
erwise. Similarly, the word "or" is intended to include A, B or 
both unless the context clearly indicates otherwise. 
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[0034] It is further to be understood that all base sizes or 
amino acid sizes, and all molecular weight or molecular mass 
values, given for nucleic acids or polypeptides are approxi­
mate, and are provided for descriptive purposes, unless oth­
erwise indicated. Although many methods and materials 
similar or equivalent to those described herein can be used, 
particular suitable methods and materials are described 
below. In case of conflict, the present specification, including 
explanations of terms, will control. In addition, the materials, 
methods, and examples are illustrative only and not intended 
to be limiting. 
[0035] To facilitate review of the various embodiments of 
this disclosure, the following explanations of terms are pro­
vided: 
[0036] Administration: The introduction of a composition 
into a subject by a chosen route. Administration can be local 
or systemic. For example, if the chosen route is intravenous, 
the composition is administered by introducing the composi­
tion into a vein of the subject. In some examples a disclosed 
antibody that specifically binds HA, or a nucleic acid encod­
ing the antibody, is administered to a subject. 
[0037] Amino acid substitution: The replacement of one 
amino acid in peptide with a different amino acid. 
[0038] Amplification: A technique that increases the num­
ber of copies of a nucleic acid molecule (such as an RNA or 
DNA). An example of amplification is the polymerase chain 
reaction, in which a biological sample is contacted with a pair 
of oligonucleotide primers, under conditions that allow for 
the hybridization of the primers to a nucleic acid template in 
the sample. The primers are extended under suitable condi­
tions, dissociated from the template, and then re-annealed, 
extended, and dissociated to amplify the number of copies of 
the nucleic acid. The product of amplification can be charac­
terized by electrophoresis, restriction endonuclease cleavage 
patterns, oligonucleotide hybridization or ligation, and/or 
nucleic acid sequencing using standard techniques. Other 
examples of amplification include strand displacement 
amplification, as disclosed in U.S. Pat. No. 5,744,311; tran­
scription-free isothermal amplification, as disclosed in U.S. 
Pat. No. 6,033,881; repair chain reaction amplification, as 
disclosed in PCT Publication No. WO 90/01069; ligase chain 
reaction amplification, as disclosed in EP-A-320 308; gap 
filling ligase chain reaction amplification, as disclosed in U.S. 
Pat. No. 5,427,930; and NASBA™ RNA transcription-free 
amplification, as disclosed in U.S. Pat. No. 6,025,134. 
[0039] Animal: Living multi-cellular vertebrate organisms, 
a category that includes, for example, marmnals and birds. 
The term mammal includes both human and non-human 
mammals. Similarly, the term "subject" includes both human 
and veterinary subjects. 
[0040] Antibody: A polypeptide substantially encoded by 
an immunoglobulin gene or immunoglobulin genes, or anti­
gen binding fragments thereof, which specifically binds and 
recognizes an analyte (antigen) such as HA or an antigenic 
fragment of HA, such as a conserved domain from the stalk or 
head of the HA protein. Immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon and mu constant 
region genes, as well as the myriad immunoglobulin variable 
region genes. encompass monoclonal antibodies (including 
full-length monoclonal antibodies), polyclonal antibodies, 
multispecific antibodies formed from at least two different 
epitope binding fragments (e.g., bispecific antibodies), 
human antibodies, humanized antibodies, camelised antibod­
ies, chimeric antibodies, single-chain Fvs (scFv), single-
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chain antibodies, single domain antibodies, domain antibod­
ies, Fab fragments, F(ab')2 fragments, antibody fragments 
that exhibit the desired biological activity (e.g. the antigen 
binding portion), disulfide-linked Fvs (dsFv), and anti-idio­
typic (anti-Id) antibodies (including, e.g., anti-Id antibodies 
to antibodies of the invention), intrabodies, and epitope-bind­
ing fragments of any of the above. In particular, antibodies 
include immunoglobulin molecules and immunologically 
active fragments of immunoglobulin molecules, i.e., mol­
ecules that contain at least one antigen-binding site. Immu­
noglobulin molecules can be of any isotype, for example, 
IgG, IgE, IgM, IgD, IgA and IgY), subisotype (e.g., IgG1 , 

IgG2 , IgG3 , IgG4 , IgAl and IgA2) or allotype (e.g., Gm, e.g., 
Glm(f, z, a or x), G2m(n), G3m(g, b, or c), Am, Em, and 
Km(l, 2 or 3). Antibodies can be derived from any mammal, 
including, but not limited to, humans, monkeys, pigs, horses, 
rabbits, dogs, cats, mice, etc., or other animals such as birds 
(e.g. chickens). 

[0041] Native antibodies are usually heterotetrameric gly­
coproteins of about 150,000 daltons, composed of two iden­
tical light (L) chains and two identical heavy (H) chains. Each 
light chain is linked to a heavy chain by one covalent disulfide 
bond, while the number of disulfide linkages varies between 
the heavy chains of different immunoglobulin isotypes. Each 
heavy and light chain also has regularly spaced intrachain 
disulfide bridges. Each heavy chain has at one end a variable 
domain (V H) followed by a number of constant domains 
(CH). Each light chain has a variable domain at one end (V L) 
and a constant domain (CL) at its other end; the constant 
domain of the light chain is aligned with the first constant 
domain of the heavy chain, and the light chain variable 
domain is aligned with the variable domain of the heavy 
chain. References to "V El' or "VH" refer to the variable 
region of an immunoglobulin heavy chain, including that of 
an antibody fragment, such as Fv, scFv, dsFv or Fab. Refer­
ences to "V L" or "VL" refer to the variable region of an 
immunoglobulin light chain, including that of an Fv, scFv, 
dsFv or Fab. Light chains are classified as either lambda 
chains or kappa chains based on the amino acid sequence of 
the light chain constant region. The variable domain of a 
kappa light chain may also be denoted herein as V K· 

[0042] Light and heavy chain variable domains contain a 
"framework" region interrupted by three hypervariable 
regions, also called "complementarity-determining regions" 
or "CD Rs." The CD Rs are primarily responsible for binding 
to an epitope of an antigen. The precise amino acid sequence 
boundaries of a given CDR can be readily determined using 
any of a number of well-known schemes, including those 
described by Kabat et al. ("Sequences of Proteins oflmmu­
nological Interest," 5th Ed. Public Health Service, National 
Institutes of Health, Bethesda, Md., 1991; "Kabat" number­
ing scheme), Al-Lazikani et al., (JMB 273,927-948, 1997; 
"Chothia" numbering scheme), and Lefranc, et al. ("IMGT 
unique numbering for immunoglobulin and T cell receptor 
variable domains and lg superfamily V-like domains," Dev. 
Comp. Immunol., 27:55-77, 2003; "IMGT" numbering 
scheme). The CD Rs of each chain are typically referred to as 
CDRl, CDR2, and CDR3, numbered sequentially starting 
from the N-terminus, and are also typically identified by the 
chain in which the particular CDR is located. Thus, a V H 

CDR3 is located in the variable domain of the heavy chain of 
the antibody in which it is found, whereas a VL CDRl is the 
CDRl from the variable domain of the light chain of the 
antibody in which it is found. Light chain CDRs are some-
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times referred to as CDR Ll, CDR L2, and CDR L3. Heavy 
chain CD Rs are sometimes referred to as CDR Hl, CDR H2, 
and CDR H3. The location of the framework region and 
CD Rs readily can be identified (see, Kabat et al., Sequences of 
Proteins of Immunological Interest, U.S. Department of 
Health and Human Services, 1991, which is hereby incorpo­
rated by reference in its entirety). Thus one of ordinary skill in 
the art will recognize the numbering of the residues in the 
disclosed antibodies when made with reference to the Kabat 
convention; the Kabat database is now maintained online. 
The sequences of the framework regions of different light or 
heavy chains are relatively conserved within a species. The 
framework region of an antibody, that is the combined frame­
work regions of the constituent light and heavy chains, serves 
to position and align the CDRs in three-dimensional space. 

[0043] A "monoclonal antibody" is an antibody produced 
by a single clone ofB-lymphocytes or by a cell into which the 
light and heavy chain genes of a single antibody have been 
transfected. Monoclonal antibodies are produced by methods 
known to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma cells 
with immune spleen cells. These fused cells and their progeny 
are termed "hybridomas." Monoclonal antibodies include 
humanized and fully human monoclonal antibodies. In some 
examples monoclonal antibodies are isolated from a subject. 
The amino acid sequences of such isolated monoclonal anti­
bodies can be determined. 
[0044] A "humanized" immunoglobulin is an immunoglo­
bulin including a human framework region and one or more 
CD Rs from a non-human ( such as a mouse, rat, or synthetic) 
immunoglobulin. The non-human immunoglobulin provid­
ing the CDRs is termed a "donor," and the human immuno­
globulin providing the framework is termed an "acceptor." In 
one embodiment, all the CDRs are from the donor immuno­
globulin in a humanized immunoglobulin. Constant regions 
need not be present, but if they are, they must be substantially 
identical to human immunoglobulin constant regions, such as 
at least about 85-90%, such as about 95% or more identical. 
Hence, all parts of a humanized immunoglobulin, except 
possibly the CD Rs, are substantially identical to correspond­
ing parts of natural human immunoglobulin sequences. A 
"humanized antibody" is an antibody comprising a human­
ized light chain and a humanized heavy chain immunoglobu­
lin. A humanized antibody binds to the same antigen as the 
donor antibody that provides the CD Rs. The acceptor frame­
work of a humanized immunoglobulin or antibody may have 
a limited number of substitutions by amino acids taken from 
the donor framework. Humanized or other monoclonal anti­
bodies can have additional conservative amino acid substitu­
tions, such as in the framework region, which have substan­
tially no effect on antigen binding or other immunoglobulin 
functions. Humanized immunoglobulins can be constructed 
by means of genetic engineering (for example, see U.S. Pat. 
No. 5,585,089). 

[0045] Antigen: A compound, composition, or substance 
that can stimulate the production of antibodies or a T cell 
response in an animal, including compositions that are 
injected or absorbed into an animal. An antigen reacts with 
the products of specific humoral and/or cellular immunity, 
including those induced by heterologous antigens, such as the 
disclosed antigens. "Epitope" or "antigenic determinant" 
refers to the region of an antigen to which B and/or T cells 
respond. In one embodiment, T cells respond to the epitope, 
when the epitope is presented in conjunction with an MHC 
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molecule. Epitopes can be formed both from contiguous 
amino acids or noncontiguous amino acids juxtaposed by 
tertiary folding of a protein. Epitopes formed from contigu­
ous amino acids are typically retained on exposure to dena­
turing solvents whereas epitopes formed by tertiary folding 
are typically lost on treatment with denaturing solvents. An 
epitope typically includes at least 3, and more usually, at least 
5, about 9, or about 8-10 amino acids in a unique spatial 
conformation. Methods of determining spatial conformation 
of epitopes include, for example, x-ray crystallography and 
nuclear magnetic resonance. 
[0046] Examples of antigens include, but are not limited to, 
peptides, lipids, polysaccharides, and nucleic acids contain­
ing antigenic determinants, such as those recognized by an 
immune cell. In some examples, antigens include peptides 
derived from a pathogen of interest. Exemplary pathogens 
include bacteria, fungi, viruses and parasites. In specific 
examples, an antigen is derived from influenza, such as HA or 
antigenic fragment thereof, such as the HA stalk or globular 
domain. 
[0047] A "target epitope" is a specific epitope on an antigen 
that specifically binds an antibody of interest, such as a mono­
clonal antibody. In some examples, a target epitope includes 
the amino acid residues that contact the antibody of interest, 
such that the target epitope can be selected by the amino acid 
residues determined to be in contact with the antibody of 
interest. 
[0048] Binding affinity: Affinity of an antibody or antigen 
binding fragment thereof for an antigen. An antibody specifi­
cally binds its target epitope. In one embodiment, affinity is 
calculated by a modification of the Scatchard method 
described by Frankel et al., Mal. Immunol., 16:101-106, 
197 9. In another embodiment, binding affinity is measured by 
an antigen/antibody dissociation rate. In yet another embodi­
ment, a high binding affinity is measured by a competition 
radioimmunoassay. In several examples, a high binding affin­
ity is at least about lxl0- 8 M. In other embodiments, a high 
binding affinity is at least about 1.5xl0-8

, at least about 
2.0xl0-8

, at least about 2.5x10-8, at least about 3.0xl0-8, at 
least about 3.5xl0-8

, at least about 4.0xl0-8
, at least about 

4.5xl0-8
, or at least about 5.0xl0-8 M. 

[0049] Chimeric antibody: An antibody which includes 
sequences derived from two different antibodies, which typi­
cally are of different species. In some examples, a chimeric 
antibody includes one or more CDRs and/or framework 
regions from one human antibody and CDRs and/or frame­
work regions from another human antibody. In other 
examples, a chimeric antibody includes one or more CDRs 
and/or framework regions from one human antibody and 
CDRs and/or framework regions from a chimpanzee anti­
body. 
[0050] Contacting: Placement in direct physical associa­
tion; includes both in solid and liquid form, which can take 
place either in vivo or in vitro. Contacting includes contact 
between one molecule and another molecule, for example the 
amino acid on the surface of one polypeptide, such as an 
antigen, that contacts another polypeptide, such as an anti­
body. Contacting can also include contacting a cell for 
example by placing an antibody in direct physical association 
with a cell. 
[0051] Epitope: A protein determinant that is specifically 
bound by an antibody. Epitopes usually consist of chemically 
active surface groupings of molecules such as amino acids or 
sugar side chains and usually have specific three dimensional 
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structural characteristics, as well as specific charge charac­
teristics. Conformational and non-conformational epitopes 
are distinguished in that the binding to the former but not the 
latter is lost in the presence of denaturing solvents. 

[0052] Framework Region: Amino acid sequences inter­
posed between CDRs. Includes variable light and variable 
heavy framework regions. The framework regions serve to 
hold the CD Rs in an appropriate orientation for antigen bind­
ing. 

[0053] Fe polypeptide: The polypeptide comprising the 
constant region of an antibody excluding the first constant 
region immunoglobulin domain. Fe region generally refers to 
the last two constant region immunoglobulin domains oflgA, 
IgD, and IgG, and the last three constant region immunoglo­
bulin domains oflgE and IgM. An Fe region may also include 
part or all of the flexible hinge N-terminal to these domains. 
For IgA and IgM, an Fe region may or may not comprise the 
tailpiece, and may or may not be bound by the J chain. For 
IgG, the Fe region comprises immunoglobulin domains 
Cgamma2 and Cgamma3 (Cy2 and Cy3) and the lower part of 
the hinge between Cgammal (Cyl) and Cy2. Although the 
boundaries of the Fe region may vary, the human IgG heavy 
chain Fe region is usually defined to comprise residues C226 
or P230 to its carboxyl-terminus, wherein the numbering is 
according to the EU index as in Kabat. For IgA, the Fe region 
comprises immunoglobulin domains Calpha2 and Calpha3 
(Ca2 and Ca3) and the lower part of the hinge between 
Calphal (Cal) and Ca2. Encompassed within the definition 
of the Fe region are functionally equivalent analogs and vari­
ants of the Fe region. A functionally equivalent analog of the 
Fe region may be a variant Fe region, comprising one or more 
amino acid modifications relative to the wild-type or naturally 
existing Fe region. Variant Fe regions will possess at least 
50% homology with a naturally existing Fe region, such as 
about 80%, and about 90%, or at least about 95% homology. 
Functionally equivalent analogs of the Fe region may com­
prise one or more amino acid residues added to or deleted 
from the N- or C-termini of the protein, such as no more than 
30 or no more than 10 additions and/or deletions. Function­
ally equivalent analogs of the Fe region include Fe regions 
operably linked to a fusion partner. Functionally equivalent 
analogs of the Fe region must comprise the majority of all of 
the lg domains that compose Fe region as defined above; for 
example IgG and IgA Fe regions as defined herein must 
comprise the majority of the sequence encoding CH2 and the 
majority of the sequence encoding CH3 . Thus, the CH2 

domain on its own, or the CH3 domain on its own, are not 
considered Fe region. The Fe region may refer to this region 
in isolation, or this region in the context of an Fe fusion 
polypeptide (such as an immunoadhesin) 

[0054] Hemagglutinin (HA): An influenza virus surface 
glycoprotein that is a homotrimeric integral membrane gly­
coprotein. HA mediates binding of the virus particle to a host 
cells and subsequent entry of the virus into the host cell. The 
nucleotide and amino acid sequences of numerous influenza 
HA proteins are known in the art and are publically available, 
such as through the NCBI Influenza Virus Resource database 
(Bao et al., J Virol 82:596-601, 2008). HA (along with NA) is 
one of the two major influenza virus antigenic determinants. 
The crystal structure of hemagglutinin is deposited as PDB 
code 5 hmg. The three identical monomers that constitute HA 
are constructed into a central a helix coil; three spherical 
heads contain the sialic acid binding sites. In nature, HA 
monomers are synthesized as precursors that are then glyco-
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sylated and cleaved into two smaller polypeptides: the HAI 
and HA2 subunits. Each HA monomer consists of a long, 
helical chain anchored in the membrane by HA2 and topped 
by a large HAI globular head which contains the sialic acid 
receptor binding sites. The HA2 protein chain facilitates 
membrane fusion; the C-terminal end of the protein is embed­
ded in the viral membrane. The stalk of HA is comprised of 
portions ofHAl and HA2. 

[0055] Host cells: Cells in which a vector can be propagated 
and its DNA expressed, for example a disclosed antibody can 
be expressed in a host cell. The cell may be prokaryotic or 
eukaryotic. The term also includes any progeny of the subject 
host cell. It is understood that all progeny may not be identical 
to the parental cell since there may be mutations that occur 
during replication. However, such progeny are included when 
the term "host cell" is used. 

[0056] Immunoadhesin: A molecular fusion of a protein 
with the Fe region of an immunoglobulin, wherein the immu­
noglobulin retains specific properties, such as Fe receptor 
binding and increased half-life. An F c fusion combines the F c 
region of an immunoglobulin with a fusion partner, which in 
general can be any protein, polypeptide, peptide, or small 
molecule. In one example, and immunoadhesin includes the 
hinge, CH2 , and CH3 domains of the immunoglobulingamma 
1 heavy chain constant region. In another example, the immu­
noadhesin includes the CH2 , and CH3 domains of an IgG. 

[0057] Immunologically reactive conditions: Includes ref­
erence to conditions which allow an antibody raised against a 
particular epitope to specifically bind to that epitope to a 
detectably greater degree than, and/or to the substantial 
exclusion of, binding to substantially all other epitopes. 
Immunologically reactive conditions are dependent upon the 
format of the antibody binding reaction and typically are 
those utilized in immunoassay protocols or those conditions 
encountered in vivo. See Harlow & Lane, supra, for a descrip­
tion of immunoassay formats and conditions. The immuno­
logically reactive conditions employed in the methods are 
"physiological conditions" which include reference to condi­
tions ( e.g., temperature, osmolarity, pH) that are typical 
inside a living mammal or a mammalian cell. While it is 
recognized that some organs are subject to extreme condi­
tions, the intra-organismal and intracellular environment nor­
mally lies around pH 7 (e.g., from pH 6.0 to pH 8.0, more 
typically pH 6.5 to 7.5), contains water as the predominant 
solvent, and exists at a temperature above 0° C. and below 50° 
C. Osmolarity is within the range that is supportive of cell 
viability and proliferation. 

[0058] IgA: A polypeptide belonging to the class of anti­
bodies that are substantially encoded by a recognized immu­
noglobulin alpha gene. In humans, this class or isotype com­
prises IgA1 and IgA2 . IgA antibodies can exist as monomers, 
polymers (referred to as plgA) of predominantly dimeric 
form, and secretory IgA. The constant chain of wild-type IgA 
contains an 18-amino-acid extension at its C-terminus called 
the tail piece (tp). Polymeric IgA is secreted by plasma cells 
with a 15-kDa peptide called the J chain linking two mono­
mers oflgA through the conserved cysteine residue in the tail 
piece. 

[0059] IgG: A polypeptide belonging to the class or isotype 
of antibodies that are substantially encoded by a recognized 
immunoglobulin gamma gene. In humans, this class com­
prises IgGi, IgG2 , IgG3 , and IgG4 . In mice, this class com­
prises IgGi, IgG2 a, IgG26, IgG3 . 
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[0060] Influenza virus: A segmented negative-strand RNA 
virus that belongs to the Orthomyxoviridae family. There are 
three types of influenza viruses, A, B and C. Influenza A 
viruses infect a wide variety of birds and marmnals, including 
humans, horses, marine mammals, pigs, ferrets, and chick­
ens. In animals, most influenza A viruses cause mild localized 
infections of the respiratory and intestinal tract. However, 
highly pathogenic influenza A strains, such as H5Nl, cause 
systemic infections in poultry in which mortality may reach 
100%. In 2009, HlNl influenza was the most common cause 
of human influenza. A new strain of swine-origin HlNl 
emerged in 2009 and was declared pandemic by the World 
Health Organization. This strain was referred to as "swine 
flu." HlNl influenza A viruses were also responsible for the 
Spanish flu pandemic in 1918, the Fort Dix outbreak in 1976, 
and the Russian flu epidemic in 1977-1978. Influenza A 
viruses are categorized into subtypes based on the type of two 
proteins, hemagglutinin (H) and neuraminidase (N) that are 
on the surface of the viral envelope. Different influenza 
viruses encode for different hemagglutinin and neuramini­
dase proteins. Influenza A viruses include the following sub­
types: HlNl (Spanish flu or Swine flu), H2N2 (Asian flu), 
H3N2 (Hong Kong flu), H5Nl (bird flu), H7N7, H1N2, 
H9N2, H7N2, H7N3 and H1 0N7. An antibody that is 
"broadly neutralizing" or "broadly crossreactive," specifi­
cally binds to a polypeptide on more than one subtype and/or 
strain and inhibits viral entry and/or replication. For example, 
a broadly neutralizing antibody can specifically bind HA 
from at least two ofHlNl (Spanish flu or Swine flu), H2N2 
(Asian flu), H3N2 (Hong Kong flu), H5Nl (bird flu), H7N7, 
H1N2, H9N2, H7N2, H7N3 and H10N7. 

[0061] Inhibiting or treating a disease/infection: Inhibiting 
the full development of a disease or condition, for example, in 
a subject who is at risk for a disease such as an influenza 
infection. "Treatment" refers to a therapeutic intervention 
that ameliorates a sign or symptom of an infection or patho­
logical condition (such as the flu) after it has begun to 
develop. The term "ameliorating," with reference to a disease/ 
infection or pathological condition, refers to any observable 
beneficial effect of the treatment. The beneficial effect can be 
evidenced, for example, by a delayed onset of clinical symp­
toms of the disease in a susceptible subject, a reduction in 
severity of some or all clinical symptoms of the disease, a 
slower progression of the disease, a reduction in the viral 
load, an improvement in the overall health or well-being of 
the subject, or by other parameters well known in the art that 
are specific to the particular disease. A "prophylactic" treat­
ment is a treatment administered to a subject who does not 
exhibit signs of a disease/infection or exhibits only early signs 
for the purpose of decreasing the risk of developing pathol­
ogy. 

[0062] Isolated: An "isolated" biological component (such 
as a cell, for example a B cell, a nucleic acid, peptide, protein 
or antibody) has been substantially separated, produced apart 
from, or purified away from other biological components in 
the cell of the organism in which the component naturally 
occurs, such as, other chromosomal and extrachromosomal 
DNA and RNA, and proteins. Nucleic acids, peptides and 
proteins which have been "isolated" thus include nucleic 
acids and proteins purified by standard purification methods. 
The term also embraces nucleic acids, peptides, and proteins 
prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids. In some examples an 
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antibody, such as an antibody specific for HA can be isolated, 
for example isolated from a subject infected with an influenza 
virus. 
[0063] Kd: The dissociation constant for a given interac­
tion, such as a polypeptide ligand interaction or an antibody 
antigen interaction. For example, for the bimolecular interac­
tion of an antibody (suchas05-2G02, 09-2A06, and09-3A01) 
and an antigen (such as HA) it is the concentration of the 
individual components of the bimolecular interaction divided 
by the concentration of the complex. 
[0064] Label: A detectable compound or composition that 
is conjugated directly or indirectly to another molecule, such 
as an antibody or a protein, to facilitate detection of that 
molecule. Specific, non-limiting examples of labels include 
fluorescent tags, enzymatic linkages, and radioactive iso­
topes. In some examples, a disclosed antibody as labeled. 
[0065] Neuraminidase (NA): An influenza virus membrane 
glycoprotein. NA is involved in the destruction of the cellular 
receptor for the viral HA by cleaving terminal sialic acid 
residues from carbohydrate moieties on the surfaces of 
infected cells. NA also cleaves sialic acid residues from viral 
proteins, preventing aggregation of viruses. NA (along with 
HA) is one of the two major influenza virus antigenic deter­
minants. 
[0066] Neutralizing antibody: An antibody which reduces 
the infectious titer of an infectious agent by binding to a 
specific antigen on the infectious agent. In some examples the 
infectious agent is a virus. In some examples, an antibody that 
is specific for HA reduces the infectious titer of influenza 
virus. 
[0067] Nucleic acid: A polymer composed of nucleotide 
units (ribonucleotides, deoxyribonucleotides, related natu­
rally occurring structural variants, and synthetic non-natu­
rally occurring analogs thereof) linked via phosphodiester 
bonds, related naturally occurring structural variants, and 
synthetic non-naturally occurring analogs thereof. Thus, the 
term includes nucleotide polymers in which the nucleotides 
and the linkages between them include non-naturally occur­
ring synthetic analogs, such as, for example and without 
limitation, phosphorothioates, phosphoramidates, methyl 
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribo­
nucleotides, peptide-nucleic acids (PNAs ), and the like. Such 
polynucleotides can be synthesized, for example, using an 
automated DNA synthesizer. The term "oligonucleotide" 
typically refers to short polynucleotides, generally no greater 
than about 50 nucleotides. It will be understood that when a 
nucleotide sequence is represented by a DNA sequence (i.e., 
A, T, G, C), this also includes an RNA sequence (i.e., A, U, G, 
C) in which "U" replaces "T." 
[0068] Conventional notation is used herein to describe 
nucleotide sequences: the left-hand end of a single-stranded 
nucleotide sequence is the 5'-end; the left-hand direction of a 
double-stranded nucleotide sequence is referred to as the 
5'-direction. The direction of 5' to 3' addition of nucleotides to 
nascent RNA transcripts is referred to as the transcription 
direction. The DNA strand having the same sequence as an 
mRNA is referred to as the "coding strand;" sequences on the 
DNA strand having the same sequence as an mRNA tran­
scribed from that DNA and which are located 5' to the 5'-end 
of the RNA transcript are referred to as "upstream 
sequences;" sequences on the DNA strand having the same 
sequence as the RNA and which are 3' to the 3' end of the 
coding RNA transcript are referred to as "downstream 
sequences." 
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[0069] "cDNA" refers to a DNA that is complementary or 
identical to an mRNA, in either single stranded or double 
stranded form. 

[0070] "Encoding" refers to the inherent property of spe­
cific sequences of nucleotides in a polynucleotide, such as a 
gene, a cDNA, or an mRNA, to serve as templates for syn­
thesis of other polymers and macromolecules in biological 
processes having either a defined sequence of nucleotides 
(i.e., rRNA, tRNA and mRNA) or a defined sequence of 
amino acids and the biological properties resulting therefrom. 
Thus, a gene encodes a protein if transcription and translation 
of mRNA produced by that gene produces the protein in a cell 
or other biological system. Both the coding strand, the nucle­
otide sequence of which is identical to the mRNA sequence 
and is usually provided in sequence listings, and non-coding 
strand, used as the template for transcription, of a gene or 
cDNA can be referred to as encoding the protein or other 
product of that gene or cDNA. Unless otherwise specified, a 
"nucleotide sequence encoding an amino acid sequence" 
includes all nucleotide sequences that are degenerate versions 
of each other and that encode the same amino acid sequence. 
Nucleotide sequences that encode proteins and RNA may 
include intrans. 

[0071] "Recombinant nucleic acid" refers to a nucleic acid 
having nucleotide sequences that are not naturally joined 
together. This includes nucleic acid vectors comprising an 
amplified or assembled nucleic acid which can be used to 
transform a suitable host cell. A host cell that comprises the 
recombinant nucleic acid is referred to as a "recombinant host 
cell." The gene is then expressed in the recombinant host cell 
to produce, e.g., a "recombinant polypeptide." A recombinant 
nucleic acid may serve a non-coding function ( e.g., promoter, 
origin ofreplication, ribosome-binding site, etc.) as well. 

[0072] A first sequence is an "antisense" with respect to a 
second sequence if a polynucleotide whose sequence is the 
first sequence specifically hybridizes with a polynucleotide 
whose sequence is the second sequence. 

[0073] Terms used to describe sequence relationships 
between two or more nucleotide sequences or amino acid 
sequences include "reference sequence," "selected from," 
"comparison window," "identical," "percentage of sequence 
identity," "substantially identical," "complementary," and 
"substantially complementary." 

[007 4] For sequence comparison of nucleic acid sequences, 
typically one sequence acts as a reference sequence, to which 
test sequences are compared. When using a sequence com­
parison algorithm, test and reference sequences are entered 
into a computer, subsequence coordinates are designated, if 
necessary, and sequence algorithm program parameters are 
designated. Default program parameters are used. Methods of 
alignment of sequences for comparison are well known in the 
art. Optimal alignment of sequences for comparison can be 
conducted, e.g., by the local homology algorithm of Smith & 
Waterman, Adv. Appl. Math. 2:482, 1981, by the homology 
alignment algorithm of Needleman & Wunsch, J. Mal. Biol. 
48:443, 1970, by the search for similarity method of Pearson 
& Lipman, Proc. Nat'!. Acad. Sci. USA 85:2444, 1988, by 
computerized implementations of these algorithms (GAP, 
BESTFIT, PASTA, and TFASTA in the Wisconsin Genetics 
Software Package, Genetics Computer Group, 575 Science 
Dr., Madison, Wis.), or by manual alignment and visual 
inspection (see, e.g., Current Protocols in Molecular Biology 
(Ausubel et al., eds 1995 supplement)). 
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[0075] One example of a useful algorithm is PILEUP. 
PILEUP uses a simplification of the progressive alignment 
method of Peng & Doolittle, J. Mal. Evol. 35:351-360, 1987. 
The method used is similar to the method described by Hig­
gins & Sharp, CABIOS 5:151-153, 1989. Using PILEUP, a 
reference sequence is compared to other test sequences to 
determine the percent sequence identity relationship using 
the following parameters: default gap weight (3.00), default 
gap length weight (0.10), and weighted end gaps. PILEUP 
can be obtained from the GCG sequence analysis software 
package, e.g., version 7 .0 (Devereaux et al., Nuc. Acids Res. 
12:387-395, 1984. 

[0076] Another example of algorithms that are suitable for 
determining percent sequence identity and sequence similar­
ity are the BLAST and the BLAST 2.0 algorithm, which are 
described inAltschul et al., J. Mal. Biol. 215:403-410, 1990 
and Altschul et al., Nucleic Acids Res. 25:3389-3402, 1977. 
Software for performing BLAST analyses is publicly avail­
able through the National Center for Biotechnology Informa­
tion (ncbi.nlm.nih.gov). The BLASTN program (for nucle­
otide sequences) uses as defaults a word length (W) of 11, 
alignments (B) of 50, expectation (E) ofl0, M=5, N=-4, and 
a comparison of both strands. An oligonucleotide is a linear 
polynucleotide sequence of up to about 100 nucleotide bases 
in length. 
[0077] A polynucleotide or nucleic acid sequence refers to 
a polymeric form of nucleotide at least 10 bases in length. A 
recombinant polynucleotide includes a polynucleotide that is 
not immediately contiguous with both of the coding 
sequences with which it is immediately contiguous ( one on 
the 5' end and one on the 3' end) in the naturally occurring 
genome of the organism from which it is derived. The term 
therefore includes, for example, a recombinant DNA which is 
incorporated into a vector; into an autonomously replicating 
plasmid or virus; or into the genomic DNA of a prokaryote or 
eukaryote, or which exists as a separate molecule ( e.g., a 
cDNA) independent of other sequences. The nucleotides can 
be ribonucleotides, deoxyribonucleotides, or modified forms 
of either nucleotide. The term includes single- and double­
stranded forms of DNA. An HA polynucleotide is a nucleic 
acid encoding a HA polypeptide; and an HA antibody poly­
nucleotide is a nucleic acid encoding an antibody that spe­
cifically binds HA. 
[0078] Pharmaceutically acceptable carriers: The pharma­
ceutically acceptable carriers of use are conventional. Rem­
ington's Pharmaceutical Sciences, by E. W. Martin, Mack 
Publishing Co., Easton, Pa., 19th Edition, 1995, describes 
compositions and formulations suitable for pharmaceutical 
delivery of the disclosed antibodies. 
[0079] In general, the nature of the carrier will depend on 
the particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
fluids that include pharmaceutically and physiologically 
acceptable fluids such as water, physiological saline, bal­
anced salt solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For solid compositions ( e.g., powder, pill, tablet, or 
capsule forms), conventional non-toxic solid carriers can 
include, for example, pharmaceutical grades of mannitol, 
lactose, starch, or magnesium stearate. In addition to biologi­
cally neutral carriers, pharmaceutical compositions to be 
administered can contain minor amounts of non-toxic auxil­
iary substances, such as wetting or emulsifying agents, pre­
servatives, and pH buffering agents and the like, for example 
sodium acetate or sorbitan monolaurate. 
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[0080] Pharmaceutical agent: A chemical compound or 
composition capable of inducing a desired therapeutic or 
prophylactic effect when properly administered to a subject 
or a cell. In some examples a pharmaceutical agent includes 
one or more of the disclosed antibodies. 
[0081] Polypeptide: Any chain of amino acids, regardless 
of length or post-translational modification ( e.g., glycosyla­
tionorphosphorylation). In one embodiment, the polypeptide 
is an HA polypeptide. In one embodiment, the polypeptide is 
a disclosed antibody or a fragment thereof. A "residue" refers 
to an amino acid or amino acid mimetic incorporated in a 
polypeptide by an amide bond or amide bond mimetic. A 
polypeptide has an amino terminal (N-terminal) end and a 
carboxy terminal end. 
[0082] Purified: The term purified does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a purified peptide preparation is one in which the 
peptide or protein ( such as an antibody) is more enriched than 
the peptide or protein is in its natural environment within a 
cell. For example, other molecules, e.g. polypeptide, nucleic 
acid molecules that have been identified and separated and/or 
recovered from a component of its natural environment. In 
some examples, purified antibodies have been separated from 
one or more components of their natural environment In one 
embodiment, a preparation is purified such that the protein or 
peptide represents at least 50% of the total peptide or protein 
content of the preparation. 
[0083] The antibodies that specifically bind HA as dis­
closed herien can be purified by any of the means known in 
the art. See for example Guide to Protein Purification, ed. 
Deutscher, Meth. Enzymol. 185, Academic Press, San Diego, 
1990; and Scopes, Protein Purification: Principles and Prac­
tice, Springer Verlag, New York, 1982. Substantial purifica­
tion denotes purification from other proteins, antibodies, or 
cellular components. A substantially purified protein is at 
least 60%, 70%, 80%, 90%, 95% or 98% pure. Thus, in one 
specific, non-limiting example, a substantially purified pro­
tein is 90% free of other proteins or cellular components. 
[0084] Outbreak: As used herein, an influenza virus "out­
break" refers to a collection of virus isolates from within a 
single country in a given year. 
[0085] Recombinant: A recombinant nucleic acid is one 
that has a sequence that is not naturally occurring or has a 
sequence that is made by an artificial combination of two 
otherwise separated segments of sequence. This artificial 
combination is often accomplished by chemical synthesis or, 
more commonly, by the artificial manipulation of isolated 
segments of nucleic acids, e.g., by genetic engineering tech­
niques. 
[0086] Sequence identity: The similarity between amino 
acid sequences is expressed in terms of the similarity between 
the sequences, otherwise referred to as sequence identity. 
Sequence identity is frequently measured in terms of percent­
age identity (or similarity or homology); the higher the per­
centage, the more similar the two sequences are. Homo logs or 
variants of a polypeptide will possess a relatively high degree 
of sequence identity when aligned using standard methods. 
[0087] Methods of alignment of sequences for comparison 
are well known in the art. Various programs and alignment 
algorithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mal. Biol. 
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. 
U.S.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237, 
1988; Higgins and Sharp, CABIOS 5:151, 1989; Carpet et al., 
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Nucleic Acids Research 16:10881, 1988; and Pearson and 
Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988. Alts­
chul et al., Nature Genet. 6:119, 1994, presents a detailed 
consideration of sequence alignment methods and homology 
calculations. 
[0088] The NCBI Basic Local Alignment Search Tool 
(BLAST) (Altschul et al., J. Mal. Biol. 215:403, 1990) is 
available from several sources, including the National Center 
for Biotechnology Information (NCBI, Bethesda, Md.) and 
on the internet, for use in connection with the sequence analy­
sis programs blastp, blastn, blastx, tblastn and tblastx. A 
description of how to determine sequence identity using this 
program is available on the NCBI website on the internet. The 
BLASTP program (for amino acid sequences) uses as 
defaults a word length (W) of 3, and expectation (E) ofl 0, and 
the BLOSUM62 scoring matrix (see Henikoff & Henikoff, 
Proc. Natl. Acad. Sci. USA 89:10915, 1989). 
[0089] Homo logs and variants of a V L or a V Hof an anti­
body that specifically binds a polypeptide are typically char­
acterized by possession of at least about 7 5%, for example at 
least about 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 
96%, 97%, 98% or 99% sequence identity counted over the 
full length alignment with the amino acid sequence of inter­
est. Proteins with even greater similarity to the reference 
sequences will show increasing percentage identities when 
assessed by this method, such as at least 80%, at least 85%, at 
least 90%, at least 95%, at least 98%, or at least 99% sequence 
identity. When less than the entire sequence is being com­
pared for sequence identity, homologs and variants will typi­
cally possess at least 80% sequence identity over short win­
dows of 10-20 amino acids, and may possess sequence 
identities of at least 85% or at least 90% or 95% depending on 
their similarity to the reference sequence. Methods for deter­
mining sequence identity over such short windows are avail­
able at the NCBI website on the internet. One of skill in the art 
will appreciate that these sequence identity ranges are pro­
vided for guidance only; it is entirely possible that strongly 
significant homologs could be obtained that fall outside of the 
ranges provided. 
[0090] Specifically bind: When referring to an antibody, 
refers to a binding reaction which determines the presence of 
a target protein, peptide, or polysaccharide in the presence of 
a heterogeneous population of proteins and other biologics. 
Thus, under designated conditions, an antibody binds prefer­
entially to a particular target protein, peptide or polysaccha­
ride (such as an antigen of a pathogen, for example HA) and 
do not bind in a significant amount to other proteins or 
polysaccharides present in the sample or subject. Specific 
binding can be determined by methods known in the art. With 
reference to an antibody antigen complex, specific binding of 
the antigen and antibody has a Kd of less than about 1 o-6 

Molar, 10-7 Molar, 10-s Molar, 10-9
, or even less than about 

10-10 Molar. Generally, an antibody specifically binds the 
target antigen with a Kd of is less than 1 o-s Molar. 
[0091] Therapeutic agent: Used in a generic sense, it 
includes treating agents, prophylactic agents, and replace­
ment agents. A therapeutic agent is used to ameliorate a 
specific set of conditions in a subject with a disease or a 
disorder. 
[0092] Therapeutically effective amount: A quantity of a 
specific substance, such as a disclosed antibody, sufficient to 
achieve a desired effect in a subject being treated. For 
instance, this can be the amount necessary to inhibit influenza 
virus replication or treat the flu. In several embodiments, a 
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therapeutically effective amount is the amount necessary to 
reduce a sign or symptom of the flu, and/or to decrease viral 
titer in a subject. When administered to a subject, a dosage 
will generally be used that will achieve target tissue concen­
trations that has been shown to achieve a desired in vitro 
effect. 
[0093] Vector: A nucleic acid molecule as introduced into a 
host cell, thereby producing a transformed host cell. A vector 
may include nucleic acid sequences that permit it to replicate 
in a host cell, such as an origin of replication. A vector may 
also include one or more selectable marker genes and other 
genetic elements known in the art. 
[0094] Virus: Microscopic infectious organism that repro­
duces inside living cells. A virus consists essentially of a core 
of a single nucleic acid surrounded by a protein coat, and has 
the ability to replicate only inside a living cell. "Viral repli­
cation" is the production of additional virus by the occurrence 
of at least one viral life cycle. A virus may subvert the host 
cells' normal functions, causing the cell to behave in a manner 
determined by the virus. For example, a viral infection may 
result in a cell producing a cytokine, or responding to a 
cytokine, when the uninfected cell does not normally do so. 

Antibodies that Specifically Bind Influenza HA 

[0095] Antibodies and antigen binding fragments of these 
antibodies are disclosed herein that specifically bind HA of 
influenza virus. In some embodiments, the antibody or anti­
gen binding fragment specifically binds to HA ofHlNl influ­
enza. In some embodiments, it specifically binds the HA of 
H5Nl influenza. In some embodiments, the antibody or anti­
gen binding fragment specifically binds the HA ofboth Hl Nl 
and H5Nl. In some embodiments, the antibody or antigen 
binding fragment also specifically binds to the HA ofH3N2. 
In further embodiments, the antibody specifically binds 
HlNl, H5Nl and/or H3N2. Thus, in some embodiments, the 
antibody, antibody fragment binds to the HA domain of two 
or more different subclasses of influenza A, such as HlNl, 
H5Nl and/or H3N2. These antibodies are broadly cross reac­
tive. In some embodiments, the antibodies bind the stem of 
HA. 
[0096] The antibody, antibody fragment can cross-react 
with two different influenza strains/subtypes (e.g., two or 
more different strains of HlNl such as the 2009 pandemic 
strain or the 1918 pandemic strain). In some cases, the anti­
body, antibody fragment or peptide may cross-react with 
three or more, five or more or ten or more different influenza 
strains and/or subtypes. Thus, the antibody, antibody frag­
ment binds to the HA domain ( and in some cases can neutral­
ize) two or more of the following HlNl strains: Pandemic 
(HlNl) 2009; A/Brevig mission/1/18(H1Nl) 1918; and 
A/Brisbane/59/07(H1Nl) 2007. Some antibodies, antibody 
fragments immunospecifically bind to a particular type of 
influenza, e.g., HlNl or H5Nl. In some cases the antibody, 
antibody fragment immunospecifically binds to an influenza 
virus, e.g., influenza A, HA domain. In some cases the anti­
body, antibody fragment or peptide binds or binds and neu­
tralizes a HlNl strain and/or subtype and an H1N5 strain 
and/or subtype. In some non-limiting examples, the purified 
antibody or antibody fragment binds to at least three Hl 
influenza strains selected from the strains in panel A of FIG. 
3. 
[0097] In specific non-limiting embodiments, the isolated 
antibody binds the HA stalk. The HA stalk includes portions 
of the HAI and HA2 subunits of HA. Thus, the antibody can 
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bind epitopes on HAL epitopes on HA2, or an epitope found 
on a complex ofHAl and HA2. 
[0098] In other non-limiting embodiments, the isolated 
antibody binds the HA globular head. In further non-limiting 
embodiments, the strain and/or subtype antibody neutralizes 
one or more strains and/or subtypes ofHlNl influenza, one or 
more strains and/or subtypes of H5Nl influenza or one or 
more strains and/or subtypes of both HlNl and H5Nl influ­
enza. In yet other non-limiting embodiments, the antibody 
has hemagglutination inhibition activity. In additional 
embodiments, the antibody binds one (e.g., 2, 3, 4 or 5) or 
more of: Pandemic (HlNl) 2009; A/Brevig mission/1/18 
(HlNl) 1918; andA/Brisbane/59/07(H1Nl) 2007A/Indone­
sia/5/05 (H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. 
[0099] In other embodiments, the antibody is an IgG anti­
body; such an IgG 1 antibody; is an IgG 1, kappa antibody; is 
an IgGl, lambda antibody, or a IgM, IgA, IgD or IgE anti­
body. The antibody can be a humanized antibody or a fully 
human antibody. Antigen binding fragments of these antibod­
ies are also provided herein. In some embodiments, that anti­
gen binding is selected from a Fab, a F(ab')2 fragment, a Fd 
fragment, an Fv fragment, a scFv, and a domain antibody 
( dAb) fragment. 
[0100] Generally, an anti-influenza antibody immunospe­
cifically bind an epitope specific to an HA domain of an 
influenza A virus and does not specifically bind to other 
polypeptides. Isolated monoclonal antibodies that specifi­
cally bind HA are disclosed herein. Also disclosed herein are 
compositions including these monoclonal antibodies and a 
pharmaceutically acceptable carrier. Nucleic acids encoding 
these antibodies, expression vectors comprising these nucleic 
acids, and isolated host cells that express the nucleic acids are 
also provided. 
[0101] Compositions comprising the monoclonal antibod­
ies specific for HA can be used for research, diagnostic and 
therapeutic purposes. In one embodiment, the monoclonal 
antibodies disclosed herein can be used to diagnose or treat a 
subject having an influenza infection. In another embodi­
ment, the antibodies can be used to determine viral titer in a 
subject. The antibodies disclosed herein also can be used to 
study the biology of the human immunodeficiency virus. 
[0102] Naturally-occurring antibodies are immunoglobu­
lin molecules comprised of four polypeptide chains, two 
heavy (H) chains and two light (L) chains inter-connected by 
disulfide bonds. Each heavy chain is comprised of a heavy 
chain variable region (VH) and a heavy chain constant region. 
The heavy chain constant region is comprised of three 
domains, CHI, CH2 and CH3. Each light chain is comprised 
of a light chain variable region (VL) and a light chain constant 
region. The light chain constant region is comprised of one 
domain, CL. The VH and VL regions can be further subdi­
vided into regions ofhypervariability, called complementar­
ity determining regions (CDR), interspersed with regions that 
are more conserved, called framework regions (FR). Each VH 
and VL is composed of three CDRs and four FRs, arranged 
from amino-terminus to carboxy-terminus in the following 
order: FRI, CDRl, FR2, CDR2, FR3, CDR3, FR4. CD Rs and 
FRs may be defined according to Kabat or IMGT. Thus, 
antibodies are provided herein that include the CDRs of the 
variable domains presented in FIG. 12. Antibodies are also 
provided herein that include the CD Rs presented in FIG. 12. 
[0103] Each CDR can include amino acid residues from a 
complementarity determining region as defined by Kabat (i.e. 
about residues 24-34 (CDR-Ll), 50-56 (CDR-L2) and 89-97 
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(CDR-L3) in the light chain variable domain (SEQ ID NOS 
11,31,51,71,91,111,131,151,171,191,211,231,251,271, 
291,311,331,351,371,391,411,431,451,471,491,511, 
531,551,571,591,611,631,651,671,691,711,731,751, 
771,791,811,831,851,871,891,911,931,951,971,991, 
1011, 1031, 1051, 1071, 1091, 1111, 1131, 1151, 1171, 1191, 
1211, 1231, 1251, 1271, 1291, 1311, 1331, 1351, 1371, and 
1391) and 31-35 (CDR-Hl), 50-65 (CDR-H2) and 95-102 
(CDR-H3) in the heavy chain variable domain (SEQ ID NOS 
1,21,41,61,81,101, 121,141,161,181,201,221,241,261, 
281,301,321,341,361,381,401,421,441,461,481,501, 
521,541,561,581,601,621,641,661,681,701,721,741, 
761,781,801,821,841,861,881,901,921,941,961,981, 
1001,1021,1041,1061,1081,1101,1121,1141,1161,1181, 
1201, and 1221, 1241, 1261, 1281, 1301, 1321, 1341, 1361, 
and 1381) (Kabat et al., (1991) Sequences of Proteins of 
Immunological Interest, 5th Edition, U.S. Department of 
Health and Human Services, Public Health Service, National 
Institutes of Health, Bethesda, Md. (NIH Publication No. 
91-3242, which is specifically incorporated herein by refer­
ence in its entirety). In some embodiments, the antibody 
includes those residues from a hypervariable loop (i.e. about 
residues 26-32 (CDR-Ll), 50-52 (CDR-L2) and 91-96 
(CDR-L3) in the light chain variable domain (SEQ ID NO:1) 
and 26-32 (CDR-Hl), 53-55 (CDR-H2) and 96-101 (CDR­
H3) in the heavy chain variable domain (SEQ ID NO:2), see 
Chothia andLesk J. Mo!. Biol. 196:901-917 (1987)). In some 
instances, a complementarity determining region can include 
amino acids from both a CDR region defined according to 
Kabat and a hypervariable loop. 

[0104] Framework regions are those variable domain resi­
dues other than the CDR residues. Each variable domain 
typically has four FRs identified as FRI, FR2, FR3 and FR4. 
If the CD Rs are defined according to Kabat, the light chain FR 
residues are positioned at about residues 1-23 (LCFRl), 
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) of 
SEQ ID NO:1) and the heavy chain FR residues are posi­
tioned about at residues 1-30 (HCFRl), 36-49 (HCFR2), 
66-94 (HCFR3), and 103-113 (HCFR4) of SEQ ID NO:2. If 
the CD Rs comprise amino acid residues from hypervariable 
loops, the light chain FR residues are positioned about at 
residues 1-25 (LCFRl), 33-49 (LCFR2), 53-90 (LCFR3), 
and 97-107 (LCFR4) in the light chain (SEQ ID NO:1) and 
the heavy chain FR residues are positioned about at residues 
1-25 (HCFRl), 33-52 (HCFR2), 56-95 (HCFR3), and 102-
113 (HCFR4) in the heavy chain (SEQ ID NO:2). In some 
instances, when the CDR comprises amino acids from both a 
CDR as defined by Kabat and those of a hypervariable loop, 
the FR residues will be adjusted accordingly. 

[0105] The monoclonal antibodies can also include heavy 
and light chain variable domains including a CDRl, CDR2 
and CDR3 with reference to the IMGT numbering scheme 
(unless the context indicates otherwise). The person of ordi­
nary skill in the art will understand that various CDR num­
bering schemes (such as the Kabat, Chothia or IMGT num­
bering schemes) can be used to determine CDR positions. 
This numbering also can be used in reference to the heavy and 
light chains sequences disclosed herein. FIG. 12 provides the 
CDRs and framework regions according to the IMGT num­
bering scheme. 

[0106] In certain embodiments, the anti-influenza antibod­
ies are isolated and/or purified and/or pyrogen free antibod­
ies. The present anti-influenza antibodies include at least one 
antigen binding domain that comprises at least one comple-
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mentarity determining region (CDRl, CDR2 and CDR3). In 
one embodiment, the anti-influenza antibodies or antigen 
binding fragments thereof include a V H that includes at least 
one V H CDR (e.g., CDR-Hl, CDR-H2 or CDR-H3). In 
another embodiment, the anti-influenza antibodies include a 
VL that comprises at least one VL CDR (e.g., CDR-Ll, CDR­
L2 or CDR-L3). In further embodiments the anti-influenza 
antibodies or antigen binding fragments thereof include three 
V HCDRs (e.g., CDR-Hl, CDR-H2 orCDR-H3) and or three 
VL CDRs (e.g., CDR-Ll, CDR-L2 or CDR-L3) 

[0107] Disclosed herein are antibodies, antibody (antigen­
binding) fragments wherein the antibody or the antibody 
fragment or the peptide binds to an HA domain of influenza 
(e.g., HlNl, H5Nl, H3N2 or two or more of HlNl, H5Nl 
and H3N2) virus and comprises: (a) a V H CDRl comprising 
or consisting of an amino acid sequence identical to or having 
1, 2, or 3 amino acid residue substitutions or deletions relative 
to a V H CDRl in colunm I of Table 1 (FIG. 12); (b) a V H 

CDR2 comprising or consisting of an amino acid sequence 
identical to or having 1, 2, or 3 amino acid residue substitu­
tions or deletions relative to a V HCDR2 in colunm K of Table 
1 (FIG. 12); (c) a V H CDR3 comprising or consisting of an 
amino acid sequence identical to or having 1, 2, or 3 amino 
acid residue substitutions or deletions relative to a V H CDR3 
in colunm M ofTable 1 (FIG. 12); ( d) a V L CDRl comprising 
or consisting of an amino acid sequence identical to or having 
1, 2, or 3 amino acid residue substitutions or deletions relative 
to a VL CDRl incolunmI ofTable 1 (FIG.12); (e) a VL CDR2 
comprising or consisting of an amino acid sequence identical 
to or having 1, 2, or 3 amino acid residue substitutions or 
deletions relative to a V L CDR2 in colunm K of Table 1 (FIG. 
12); and (f) a V L CDR3 comprising or consisting of an amino 
acid sequence identical to or having 1, 2, or 3 amino acid 
residue substitutions or deletions relative to a VL CDR3 in 
column M of Table 1 (FIG. 12). In certain embodiments the 
V Hand VL CD Rs are all from the same antibody in Table 1 
(FIG. 12). In certain embodiments, the anti-influenza anti­
bodies or antigen binding fragments comprise a V H CDRl 
having an amino acid sequence identical to or comprising 1, 
2, or3 amino acid residue substitutions relative to a V HCDRl 
in colunm I ofTable 1 (FIG. 12), a V HCDR2 having an amino 
acid sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a V H CDR2 in colunm K of 
Table 1 (FIG. 12) and a V H CDR3 having an amino acid 
sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a V H CDR3 in column M of 
Table 1 (FIG. 12). In another embodiment, the anti-influenza 
antibodies comprise a VL CDRl having an amino acid 
sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a VL CDRl in colunm I of 
Table 1 (FIG. 12), a V L CDR2 having an amino acid sequence 
identical to or comprising 1, 2, or 3 amino acid residue sub­
stitutions relative to a V L CDR2 in colunm K of Table 1 (FIG. 
12), and a V L CDR3 having an amino acid sequence identical 
to or comprising 1, 2, or 3 amino acid residue substitutions 
relative to a VL CDR3 in colunm M of Table 1 (FIG. 12). In 
certain embodiments, the anti-influenza antibodies or antigen 
binding fragments thereof comprise a V H CDRl having an 
amino acid sequence identical to a V H CDRl in colunm I of 
Table 1 (FIG. 12), a V HCDR2 having an amino acid sequence 
identical to a V HCDR2 in colunm K of Table 1 (FIG. 12) and 
a V H CDR3 having an amino acid sequence identical to a V H 

CDR3 in colunm M of Table 1 (FIG. 12). In another embodi­
ment, the anti-influenza antibodies comprise a V L CDRl hav-
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ing an amino acid sequence identical to a V L CDRl in column 
I of Table 1 (FIG. 12), a VL CDR2 having an amino acid 
sequence identical to a V L CDR2 incolunmK ofTable 1 (FIG. 
12); and a V L CDR3 having an amino acid sequence identical 
to a VL CDR3 in colunm M of Table 1 (FIG. 12). In certain 
embodiments the V Hand VL CDRs are all from the same 
antibody in Table 1 (FIG. 12). 
[ 0108] In some embodiments, the antibody or antibody ( an­
tigen binding) fragment comprises a CDRl, CDR2 and 
CDR3 (V Hor V L) having 1, 2, or 3 amino acid residue sub­
stitutions or deletions relative in Table 1 (FIG. 12) to a CDRl, 
CDR2 or CDR3 Table 1, wherein the substitutions are con­
servative. In some embodiments, a CDR contains 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 contiguous 
amino acids of a CDR depicted in Table 1. In certain embodi­
ments, the anti-influenza antibodies comprise a heavy chain 
V-region having an amino acid sequence identical to or hav­
ing 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions 
relative to a heavy chain V-region in colunm G or O of Table 
1 (FIG. 12) and/or a light chain V-regionhaving an amino acid 
sequence identical to or having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 
amino acid substitutions relative to a light chain V-region in 
colunm G or O of Table 1 (FIG. 12). In other embodiments, 
the antibody or antibody ( antigen binding) fragment includes 
a deletion, such as a deletion of contiguous amino acids, such 
as at the amino or carboxy terminus. 

[0109] In some embodiments, the isolated antibody or the 
antibody (antigen binding) fragment: (i) comprises a V H 

domain comprising three CD Rs and a V L domain comprising 
three CD Rs; and (ii) binds an HA domain of influenza virus 
(such as HlNl, H5Nl or both; or such as HlNl, H5Nl, 
H3 N2 or two or more of H 1 Nl, H5Nl and H3 N2) wherein the 
three CDRs of the V H domain comprise: (a) a V H CDRl 
comprising the amino acid sequence ofa V HCDRl in column 
I of Table 1 (FIG. 12); (b) a V H CDR2 comprising the amino 
acid sequence of a V H CDR2 in colunm K of Table 1 (FIG. 
12); and ( c) a V H CDR3 comprising the amino acid sequence 
ofa V HCDR3 incolunmMofTable 1 (FIG.12). In additional 
embodiments, the isolated antibody or antibody (antigen 
binding) fragment: (i) comprises a V H chain domain compris­
ing three CDRs and a VL chain domain comprising three 
CD Rs; and (ii) binds an HA domain of influenza virus ( e.g., 
HlNl, H5Nl or both) wherein the three CD Rs of the V L chain 
domain comprise: (a) a VL CDRl comprising the amino acid 
sequence ofV L CDRl in colunm I of Table 1 (FIG. 12); (b) a 
V L CDR2 comprising the amino acid sequence of a V L CDR2 
in colunm K of Table 1 (FIG. 12); and (c) a VL CDR3 com­
prising the amino acid sequence of a V L CDR3 in column M 
of Table 1 (FIG. 12). In certain embodiments the V Hand VL 
CDRs are all from the same antibody in Table 1 (FIG. 12). 
[011 OJ An antibody or antibody ( antigen binding) fragment 
can optionally comprise: (a) a V H FRI having the amino acid 
sequence of a V H FRI shown in Table 1 (FIG. 12) (b) a V H 

FR2 having the amino acid sequence of a V H FR2 shown in 
Table 1 (FIG. 12); (c) a V H FR3 having the amino acid 
sequence of a V H FR3 shown in Table 1 (FIG. 12); ( d) a V H 

FR4 having the amino acid sequence of a V H FR4 shown in 
Table 1 (FIG. 12); (e) a VL FRI having the amino acid 
sequence ofV L FRI shown in Table 1 (FIG. 12)1; (f) a V L FR2 
having the amino acid sequence of a V L FR2 shown in Table 
1 (FIG. 12); (g) a V L FR3 having the amino acid sequence of 
a VLFR3 shown in Table 1 (FIG.12); and(h)a VLFR4having 
the amino acid sequence of a VL FR4 in shown in Table 1 
(FIG. 12). 
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[0111] In additional embodiments an antibody or antibody 
( antigen binding) fragment is disclosed, wherein the antibody 
or the fragment binds HAofaninfluenzaA virus (e.g., HlNl, 
H5Nl or two of more ofHlNl, H5Nl and H3N2) and com­
prises a heavy chain variable domain having an amino acid 
sequence identical to or comprising up to 10 ( e.g., up to 9, 8, 
7, 6, 5, 4, 3, 2 or 1) amino acid residue substitutions relative to 
the amino acid sequence of the heavy chain variable domain 
( colunm G or 0) of a selected antibody in Table 1 (FIG. 12) 
and comprises a light chain variable domain having an amino 
acid sequence identical to or comprising up to 10 ( e.g., up to 
9, 8, 7, 6, 5, 4, 3, 2 or 1) amino acid residue substitutions 
relative to the amino acid sequence of the light chain variable 
domain (colunm G or 0) of the selected antibody in Table 1 
(FIG. 12). In certain embodiments the heavy chain variable 
domain and the light chain variable domain are from the same 
antibody in Table 1 (FIG. 12). In additional embodiments, 
disclosed is a purified antibody or antibody ( antigen binding) 
fragment, wherein the antibody or the fragment binds HA of 
influenza virus (e.g., HlNl, H5Nl or two of more ofHlNl, 
H5Nl and H3N2) and comprises a heavy chain variable 
domain having at least 90% or 95% identity to the amino acid 
sequence of the heavy chain variable domain ( colunm G or 0) 
of a selected antibody in Table 1 (FIG. 12) and comprises a 
light chain variable domain having at least 90% or 95% iden­
tity to the amino acid sequence of the light chain variable 
domain (colunm G or 0) of the selected antibody in Table 1 
(FIG. 12). In certain embodiments the heavy chain variable 
domain and the light chain variable domain are from the same 
antibody in Table 1 (FIG.12). In some examples, the antibody 
or antibody ( antigen binding) fragment binds HA of influenza 
virus (e.g., HlNl, H5Nl two of more ofHlNl, H5Nl and 
H3N2) and includes a heavy chain variable domain having the 
amino acid sequence of the heavy chain variable domain 
sequence ( colunm G or 0) of a selected antibody in Table 1 
(FIG. 12) and the light chain variable domain having the 
amino acid sequence of the light chain variable domain 
sequence (colunm G or 0, respectively) of the selected anti­
body in Table 1 (FIG. 12). 

[0112] In yet other embodiments, disclosed is a purified 
antibody or antibody ( antigen binding) fragment, wherein the 
antibody or the fragment binds the same epitope on HA of 
influenza virus (e.g., HlNl, H5Nl or two of more ofHlNl, 
H5Nl and H3N2) as that bound by an antibody comprising: 
(a) a heavy chain variable domain having the amino acid 
sequence of the heavy chain variable domain sequence (col­
unm G) of a selected antibody in Table 1 (FIG. 12); and (b) a 
light chain variable domain having the amino acid sequence 
of the light chain variable domain sequence ( colunm G) of the 
selected antibody in Table 1 (FIG. 12). 

[0113] In yet other embodiments, disclosed is a purified 
antibody or antibody ( antigen binding) fragment, wherein the 
antibody or the fragment binds to an HA domain of influenza 
virus ( e.g., HlNl, H5Nl or both), comprising: (a) a polypep­
tide comprising an amino acid sequence identical to or having 
1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions, or having 
up to 5 amino acid substitutions, as compared to a V-D-J 
sequence (FIG. 14); and (a) a polypeptide comprising an 
amino acid sequence identical to, identical to or having 1, 2, 
3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions, or having up 
to 5 amino acid substitutions compared to a V-J sequence 
(FIG. 14). In certain embodiments, the anti-influenza anti­
bodies comprise a heavy chain VDT-region having an amino 
acid sequence identical to a heavy chain VDJ-region in col-
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umn F of Table 1 (FIG. 12) and a light chain VJ-region 
identical to a light chain VJ-region in column G of Table 1 
(FIG. 12). In certain embodiments, the anti-influenza anti­
bodies comprise a heavy chain V-region having an amino acid 
sequence identical to a heavy chain V-region in column G of 
Table 1 (FIG.12) and a light chain V-region identical to a light 
chain V-region in column G of Table 1 (FIG. 12). 

[0114] In one embodiment, the anti-influenza antibodies 
bind HA of an Hl Nl influenza virus, or an antigenic fragment 
thereof, wherein the antibody has at least 60% 65% 70% 
75%, 80%, 85%, 90%, 95% or 100% identity ~o the 'amin~ 
acid sequence of an antibody disclosed herein. In a further 
embodiment, the anti-influenza antibodies bind to HA of an 
HlNl influenza virus, or an antigenic fragment thereof, 
wherein the antibody has at least 90%, 91 % 92% 93% 94% 
95%, 96%, 97%, 98%, 99% or 100% ide~tity t~ the :UUin~ 
acid sequence of an antibody described herein. In other 
embodiments, an anti-influenza antibody binds HA of an 
HlNl influenza virus and an H5Nl influenza virus or an 
antigenic fragment thereof, wherein the antibody has ~t least 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% iden­
tity to the amino acid sequence of an antibody disclosed 
herein. In further embodiments, the anti-influenza antibodies 
bind to HA of an HlNl influenza virus polypeptide and an 
H5Nl influenza virus polypeptide, or an antigenic fragment 
thereof, wherein the antibody has at least 90% 91 % 92% 
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% ide~tity t~ 
the amino acid sequence of an antibody disclosed herein. In 
yet other embodiments the an anti-influenza antibody binds 
HAofanHlNl influenza virus, anH5Nl influenza virus, and 
an H3N2 influenza virus, or an antigenic fragment thereof, 
wherein the antibody has at least 60% 65% 70% 7 5% 80% 
85%, 90%, 95% or 100% identity to the amino a;id se~uenc~ 
of an antibody disclosed herein. In further embodiments, the 
anti-influenza antibodies bind to HA of an HlNl influenza 
virus polypeptide, an H5Nl influenza virus polypeptide and 
an H3N2 influenza virus polypeptide, or an antigenic frag­
ment thereof, wherein the antibody has at least 90% 91 % 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or ha;ing a~ 
least 100% identity to the amino acid sequence of an antibody 
disclosed herein. 

[0115] Conservative variants of the antibodies can be pro­
duced. Such conservative variants employed in antibody frag­
ments, such as dsFv fragments or in scFv fragments, will 
retain critical amino acid residues necessary for correct fold­
ing and stabilizing between the V H and the V L regions, and 
will retain the charge characteristics of the residues in order to 
preserve the low pl and low toxicity of the molecules. Amino 
acid substitutions (such as at most one, at most two, at most 
three, at most four, or at most five amino acid substitutions) 
can be made in the V Hand the V L regions to increase yield. In 
particular examples, the V H sequence and/or V L sequence is 
shown in FIG. 12. Conservative amino acid substitution 
tables providing functionally similar amino acids are well 
known to one of ordinary skill in the art. The following six 
groups are examples of amino acids that are considered to be 
conservative substitutions for one another: 

[0116] !)Alanine (A), Serine (S), Threonine (T); 

[0117] 2) Aspartic acid (D), Glutamic acid (E); 

[0118] 3) Asparagine (N), Glutamine (Q); 

[0119] 4) Arginine (R), Lysine (K); 
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[0120] 5) Isoleucine (I), Leucine (L), Methionine (M), 
Valine (V); and 

[0121] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W). 

[0122] In further embodiments, the antibody, antibody 
fragment or peptide comprises a heavy chain and/or light 
chain CD Rs of an antibody selected from: 05-2G02, 09-2A06 
and 09-3A01. 
[0123] In some embodiments the antibody, antibody (anti­
gen binding) fragment or peptide comprises: 
[0124] a) a CDRl comprising at least 7 contiguous amino 
acids ofGYTFSNYG (SEQ ID NO: 3); a CDR2 comprising 
at least 7 contiguous amino acids of ISAYNGHT (SEQ ID 
NO: 5); and a CDR3 comprising at least 14 or 15 contiguous 
amino acids of ARDRRDLLTGSLGDY (SEQ ID NO: 7; 
[0125] b) a CDRl comprising GYTFSNYG (SEQ ID NO: 
3); a CDR2 comprising ISAYNGHT (SEQ ID NO: 5); and a 
CDR3 comprisingARDRRDLLTGSLGDY (SEQ ID NO: 7); 
[0126] c) a heavy chain variable domain comprising: a 
CDRl comprising or consisting of GYTFSNYG (SEQ ID 
NO: 3); a CDR2 comprising or consisting of ISAYNGHT 
(SEQ ID NO: 5); and a CDR3 comprising or consisting of 
ARDRRDLLTGSLGDY (SEQ ID NO: 7); 
[0127] d) a heavy chain variable domain comprising: 
QVQLVQSGPEVKKPGASIKVSCRAS 
GYTFSNYGITWVRQAPGQGLEWMGWISAYNGHTN 
SAQKFQGRVTMTTDTSTSTAYMEVRSL­
RSDDTAVYYCAR (SEQ ID NO: 1) or comprising the 
05-2G02 heavy chain variable domain sequence provided in 
column O of FIG. 12; 
[0128] e) a CDRl comprising at least 5 contiguous amino 
acids ofRGLLYIDGNTY (SEQ ID NO: 13); a CDR2 com­
prising at least 2 contiguous amino acids of NVS (SEQ ID 
NO: 15); and a CDR3 comprising at least 8 contiguous amino 
acids of MQGTYWPFT (SEQ ID NO: 17); 
[0129] f) a CDRl comprising or consisting of RGLLY­
IDGNTY (SEQ ID NO: 13); a CDR2 comprising or consist­
ing of NVS (SEQ ID NO: 15); and a CDR3 comprising 
MQGTYWPFT (SEQ ID NO: 17); 
[0130] g) a light chain variable domain comprising: a 
CDRl comprising or consisting of RGLLYIDGNTY (SEQ 
ID NO: 13); a CDR2 comprising or consisting ofNVS (SEQ 
ID NO: 15); and a CDR3 comprising or consisting ofMQG­
TYWPFT (SEQ ID NO: 17); 
[0131] h) a light chain variable domain comprising: 
DVVMTQSPLSLPVTLGQPASISCRSS 
RGLLYIDGNTYLNWFQQRPGQSPRRLIHNVSNRDSG 
VPDRFSGSGSRTDFTLKISRVEAEDVGVYYC 
MQGTYW (SEQ ID NO: 11) or comprising the 05-2G02 
light chain variable domain sequence provided in O of Col­
umn FIG. 12. 
[0132] In some embodiments the antibody (09-2A06), anti­
body fragment or peptide comprises: 
[0133] a) a CDRl comprising at least 8 contiguous amino 
acids ofGGSFTSFV (SEQ ID NO: 23); a CDR2 comprising 
at least 7 contiguous amino acids ofVIPIFATP (SEQ ID NO: 
25); and a CDR3 comprising at least 14 or 15 contiguous 
amino acids of ASPDLTMVFVPHTGPLDF (SEQ ID NO: 
27); 
[0134] b) a CDRl comprising GGSFTSFV (SEQ ID NO: 
23); a CDR2 comprising VIPIFATP (SEQ ID NO: 25); and a 
CDR3 comprising ASPDLTMVFVPHTGPLDF (SEQ ID 
NO: 27); 
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[0135] c) a heavy chain variable domain comprising: a 
CDRl comprising or consisting ofGGSFTSFV (SEQ ID NO: 
23 ); a CDR2 comprising or consisting ofVIPIFATP (SEQ ID 
NO: 25); and a CDR3 comprising or consisting of ASPDLT­
MVFVPHTGPLDF (SEQ ID NO: 27); 
[0136] d) a heavy chain variable domain comprising: 
QVQLVQSGAEVKRPGSSVTVSCKASG 
GSFTSFVISWVRQAPGQGLEWMGGVIPIFATPKY 
AQKFQGRLTITADKSTNTAYMELTSLRSEDTAMYYCA 
(SEQ ID NO: 21) or the 09-2A06 heavy chain variable 
domain amino acid sequence provided in colunm O of FIG. 
12; 
[0137] e) a CDRl comprising at least 5 contiguous amino 
acids ofQSIDNW (SEQ ID NO: 33); a CDR2 comprising at 
least 2 contiguous amino acids ofKAS (SEQ ID NO: 35); and 
a CDR3 comprising at least 8 contiguous amino acids of 
QHYDTYSGT (SEQ ID NO: 37); 
[0138] f) a CDRl comprising QSIDNW (SEQ ID NO: 33); 
a CDR2 comprising KAS (SEQ ID NO: 35); and a CDR3 
comprising QHYDTYSGT (SEQ ID NO: 37); 
[0139] g) a light chain variable domain comprising: a 
CDRl comprising or consisting of QSIDNW (SEQ ID NO: 
33); a CDR2 comprising or consisting ofKAS (SEQ ID NO: 
35); and a CDR3 comprising or consisting ofQHYDTYSGT 
(SEQ ID NO: 37); 
[0140] h) a light chain variable domain comprising: 
DIQMTQSPSTLSASVGDRVTITCRAS 
QSIDNWLAWYQQKPGKAPNLLIYKASSLRSGVPSR 
FSGSGSGTEFTLTISSLQPDDFATYYCQHYDTY (SEQ 
ID NO: 31) or the 09-2A06 light chain variable domain amino 
acid sequence provided in colunm O of FIG. 12. 
[0141] In further embodiments, the antibody (09-3A01), 
antibody fragment or peptide comprises: 
[0142] a) a CDRl comprising at least 8 contiguous amino 
acids ofGGSITSNTYY (SEQ ID NO: 43); a CDR2 compris­
ing at least 7 contiguous amino acids of ISFSGRT (SEQ ID 
NO: 45); andaCDR3 comprising at least 14 or 15 contiguous 
amino acids of ARQLTGMVYAILLPSYFDF (SEQ ID NO: 
47); 
[0143] b) a CDRl comprising GGSITSNTYY (SEQ ID 
NO: 43); a CDR2 comprising ISFSGRT (SEQ ID NO: 45); 
and a CDR3 comprisingARQLTGMVYAILLPSYFDF (SEQ 
IDNO: 47); 
[0144] c) a heavy chain variable domain comprising: a 
CDRl comprising or consisting of GGSITSNTYY (SEQ ID 
NO: 43); a CDR2 comprising or consisting of ISFSGRT 
(SEQ ID NO: 45); and a CDR3 comprising or consisting of 
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47); 
[0145] d) a heavy chain variable domain comprising: 
RLQLQESGPGLVKPSETLSLTCTVS 
GGSITSNTYYWGWIRQPPGKGLESIGSISFSGRTYYSP 
SLKSRVTMSVDTSKNQFSLKLSSVTAADTAFYYCAR 
(SEQ ID NO: 41) or the O 9-3A01 heavy chain variable 
domain amino acid sequence provided in colunm O of FIG. 
12; 
[0146] e) a CDRl comprising at least 5 contiguous amino 
acids ofQSIGSW (SEQ ID NO: 53); a CDR2 comprising at 
least 2 contiguous amino acids ofKAS (SEQ ID NO: 55); and 
a CDR3 comprising at least 8 contiguous amino acids of 
QQHNSYSGA (SEQ ID NO: 57); 
[0147] f) a CDRl comprising QSIGSW (SEQ ID NO: 53); 
a CDR2 comprising KAS (SEQ ID NO: 55); and a CDR3 
comprising QQHNSYSGA (SEQ ID NO: 57); 
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[0148] g) a light chain variable domain comprising: a 
CDRl comprising or consisting of QSIGSW (SEQ ID NO: 
53); a CDR2 comprising or consisting ofKAS (SEQ ID NO: 
55); and a CDR3 comprising or consisting ofQQHNSYSGA 
(SEQ ID NO: 57); 
[0149] h) a light chain variable domain comprising: 
DIQMTQSPSTLSASVGDRVTITCRAS 
QSIGSWLA WYQQKPGKAPKWYKASTLESGVPSRF 
SGSGSGTEFTLTISSLQPDDLATYYCQQHNSY (SEQ ID 
NO: 51) or the O 9-3A01 light chain variable domain amino 
acid sequence provided in colunm O in FIG. 12. 
[0150] In some embodiments, antibodies are disclosed 
herein, wherein the antibody includes: 
[0151] a) a heavy chain variable domain comprising: a 
CDRl comprising or consisting of GYTFSNYG (SEQ ID 
NO: 3); a CDR2 comprising or consisting of ISAYNGHT 
(SEQ ID NO: 5); and a CDR3 comprising or consisting of 
ARDRRDLLTGSLGDY (SEQ ID NO: 7) and a light chain 
variable domain comprising: a CDRl comprising or consist­
ing ofRGLLYIDGNTY (SEQ ID NO: 13); a CDR2 compris­
ing or consisting of NVS (SEQ ID NO: 15); and a CDR3 
comprising or consisting of MQGTYWPFT (SEQ ID NO: 
17); 
[0152] b) a heavy chain variable domain comprising: a 
CDRl comprising or consisting ofGGSFTSFV (SEQ ID NO: 
23); a CDR2 comprising or consisting ofVIPIFATP (SEQ ID 
NO: 25); 
[0153] and a CDR3 comprising or consisting of ASPDLT­
MVFVPHTGPLDF (SEQ ID NO: 27) and a light chain vari­
able domain comprising: a CDRl comprising or consisting of 
QSIDNW (SEQ ID NO: 33); a CDR2 comprising or consist­
ing of KAS (SEQ ID NO: 35); and a CDR3 comprising or 
consisting ofQHYDTYSGT (SEQ ID NO: 37); or 
[0154] c) a heavy chain variable domain comprising: a 
CDRl comprising or consisting of GGSITSNTYY (SEQ ID 
NO: 43); a CDR2 comprising or consisting of ISFSGRT 
(SEQ ID NO: 45); and a CDR3 comprising or consisting of 
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47) and a light 
chain variable domain comprising: a CDRl comprising or 
consisting ofQSIGSW (SEQ ID NO: 53); a CDR2 compris­
ing or consisting of KAS (SEQ ID NO: 55); and a CDR3 
comprising or consisting of QQHNSYSGA (SEQ ID NO: 
57). 
[0155] In some embodiments, an antibody or antigen bind­
ing fragment thereof is provided that includes a heavy chain 
variable domain and a light chain variable domain, wherein 
the heavy chain variable domain includes one of: a) the amino 
acid sequence set forth as SEQ ID NO: 3, the amino acid 
sequence set for the as SEQ ID NO: 5 and the amino acid 
sequence set forth as SEQ ID NO: 7 [005-2G02]; b) the amino 
acid sequence set forth as SEQ ID NO: 23, the amino acid 
sequence set for the as SEQ ID NO: 25 and the amino acid 
sequence set forth as SEQ ID NO: 27 [09-2A06]; or c) the 
amino acid sequence set forth as SEQ ID NO: 43, the amino 
acid sequence set forth as SEQ ID NO: 45 and the amino acid 
sequence set forth as SEQ ID NO: 47 [09-3A01]. In further 
embodiments, the antibody or antigen binding fragment 
thereof includes a) a heavy chain variable domain including 
the amino acid sequence set forth as SEQ ID NO: 3, the amino 
acid sequence set forth as SEQ ID NO: 5 and the amino acid 
sequence set forth as SEQ ID NO: 7, and a light chain variable 
domain including the amino acid sequence set forth as SEQ 
ID NO: 13, the amino acid sequence set for the as SEQ ID 
NO: 15 and the amino acid sequence set forth as SEQ ID NO: 
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17 [005-2G02]; b) a heavy chain variable domain including 
the amino acid sequence set forth as SEQ ID NO: 23, the 
amino acid sequence set for the as SEQ ID NO: 25 and the 
amino acid sequence set forth as SEQ ID NO: 27, and a light 
chain variable domain including the amino acid sequence set 
forth as SEQ ID NO: 33, the amino acid sequence set for the 
as SEQ ID NO: 35 and the amino acid sequence set forth as 
SEQ ID NO: 37 [09-2A06]; or c) a heavy chain variable 
domain including the amino acid sequence set forth as SEQ 
ID NO: 43, the amino acid sequence set for the as SEQ ID 
NO: 45 and the amino acid sequence set forth as SEQ ID NO: 
4 7 [ 09-3A0 1]; and a light chain variable domain including the 
amino acid sequence set forth as SEQ ID NO: 53, the amino 
acid sequence set for the as SEQ ID NO: 55 and the amino 
acid sequence set forth as SEQ ID NO: 57. These monoclonal 
antibodies and antigen binding fragments specifically bind 
influenza HA. 

[0156] In further embodiments, the heavy chain variable 
domain of the antibody or antigen binding fragment includes 
one of a) the amino acid sequence set forth as SEQ ID NO: 1; 
b) the amino acid sequence set forth as SEQ ID NO: 21; or c) 
the amino acid sequence set forth as SEQ ID NO: 41. In other 
embodiments, the heavy chain variable domain includes or 
consists of one of: a) the amino acid sequence set forth as SEQ 
ID NO: 9; b) the amino acid sequence set forth as SEQ ID NO: 
29; orc)theamino acid sequence set forth as SEQ ID NO: 49. 
In further embodiments, the heavy chain variable domain has 
an amino acid sequence at least 90%, 91 %, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99% or 100% identical to the amino 
acid sequence set for the as the amino acid sequence set forth 
as SEQ ID NO: 9, SEQ ID NO: 29 and/or SEQ ID NO: 49. In 
yet other embodiments, the heavy chain variable domain 
includes 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions 
in the amino acid sequence set forth as SEQ ID NO: 9, SEQ 
ID NO: 29 and/or SEQ ID NO: 49. These monoclonal anti­
bodies and antigen binding fragments specifically bind influ­
enza HA. 
[0157] In additional embodiments, the light chain variable 
domain includes one of a) the amino acid sequence set forth as 
SEQ ID NO: 11; b) the amino acid sequence set forth as SEQ 
ID NO: 31; or c) the amino acid sequence set forth as SEQ ID 
NO: 51. In other embodiments, the light chain variable 
domain includes or consists of a) the amino acid sequence set 
forth as SEQ ID NO: 19; b) the amino acid sequence set forth 
as SEQ ID NO: 39; or c) the amino acid sequence set forth as 
SEQ ID NO: 59. In further embodiments, the light chain 
variable domain has an amino acid sequence at least 90%, 
91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 
identical to the amino acid sequence set for the as the amino 
acid sequence set forth as SEQ ID NO: 19, SEQ ID NO: 39 
and/or SEQ ID NO: 59. In yet other embodiments, the light 
chain variable domain includes 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 
amino acid substitutions in the amino acid sequence set forth 
as SEQ ID NO: 19, SEQ ID NO: 39 and/or SEQ ID NO: 59. 
These monoclonal antibodies and antigen binding fragments 
specifically bind influenza HA. 

[0158] In some embodiments, a) the heavy chain variable 
domain includes the amino acid sequence set forth as SEQ ID 
NO: 1 and the light chain variable domain includes the amino 
acid sequence set forth as SEQ ID NO: 11; b) the heavy chain 
variable domain includes the amino acid sequence set forth as 
SEQ ID NO: 21 and the light chain variable domain includes 
the amino acid sequence set forth as SEQ ID NO: 31; or c) the 
heavy chain variable domain includes the amino acid 
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sequence set forth as SEQ ID NO: 41 and the light chain 
variable domain includes the amino acid sequence set forth as 
SEQ ID NO: 51, wherein the monoclonal antibody or antigen 
binding fragment specifically binds influenza HA. In yet 
other embodiments, a) the heavy chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 9 and the light chain variable domain includes or 
consists of SEQ ID NO: 19; b) the heavy chain variable 
domain includes or consists of the amino acid sequence set 
forth as SEQ ID NO: 29 and the light chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 39; or c) the heavy chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 49 and the light chain variable domain includes 
or consists of the amino acid sequence set forth as SEQ ID 
NO: 59, wherein the monoclonal antibody or antigen binding 
fragment specifically binds influenza HA. 
[0159] In some embodiments, an antibody is provided that 
binds the same epitope of HA as does the monoclonal anti­
bodies 05-2G02, 09-2A06 and 09-3A01. These antibodies 
can be identified using assays such as, but not limited to, 
competitive binding assays. 
[0160] Also disclosed herein is a sterile composition 
including the purified antibody or antibody fragment and a 
sterile composition comprising the purified antibody or anti­
body fragment and a pharmaceutically acceptable carrier. 
Pharmaceutical compositions are disclosed below. 
[0161] The antibodies can be modified in the Fe region to 
provide desired effector functions or serum half-life. With the 
appropriate Fe regions, the naked antibody bound on the cell 
surface can induce cytotoxicity, e.g., via antibody-dependent 
cellular cytotoxicity (ADCC) or by recruiting complement in 
complement dependent cytotoxicity (CDC), or by recruiting 
nonspecific cytotoxic cells that express one or more effector 
ligands that recognize bound antibody on a influenza cell and 
subsequently cause phagocytosis of the influenza cell in anti­
body dependent cell-mediated phagocytosis (ADCP), or 
some other mechanism. 
[0162] Where it is desirable to eliminate or reduce effector 
function, so as to minimize side effects or therapeutic com­
plications, certain other Fe regions may be used. The Fe 
region of the antibodies of the invention can be modified to 
increase the binding affinity for F cRn and thus increase serum 
half-life. Alternatively, the Fe region can be conjugated to 
PEG or albumin to increase the serum half-life, or some other 
conjugation that results in the desired effect. 
[0163] It is known that variants of the Fe region ( e.g., amino 
acid substitutions and/or additions and/or deletions) enhance 
or diminish effector function of the antibody (See e.g., U.S. 
Pat. Nos. 5,624,821; 5,885,573; 6,538,124; 7,317,091; 5,648, 
260; 6,538,124; PCT Publication Nos. WO 03/074679; WO 
04/029207; WO 04/099249; WO 99/58572; and US Pub­
lished Patent Application Nos. 2006/0134105; 2004/ 
0132101; 2006/0008883) and may alter the pharmacokinetic 
properties (e.g. half-life) of the antibody (see, U.S. Pat. Nos. 
6,277,375 and 7,083,784). Thus, in certain embodiments, the 
anti-influenza antibodies include an altered Fe region (also 
referred to herein as "variant Fe region") in which one or more 
alterations have been made in the Fe region in order to change 
functional and/or pharmacokinetic properties of the antibod­
ies. The serum half-life of proteins comprising Fe regions 
may be increased by increasing the binding affinity of the Fe 
region for FcRn. The term "antibody half-life" as used herein 
means a pharmacokinetic property of an antibody that is a 
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measure of the mean survival time of antibody molecules 
following their administration. Antibody half-life can be 
expressed as the time required to eliminate 50 percent of a 
known quantity ofimmunoglobulin from the patient's body 
(or other mammal) or a specific compartment thereof, for 
example, as measured in serum, i.e., circulating half-life, or in 
other tissues. Half-life may vary from one immunoglo bulin or 
class ofimmunoglobulin to another. In general, an increase in 
antibody half-life results in an increase in mean residence 
time (MRT) in circulation for the antibody administered. In a 
specific embodiment, the present invention provides an Fe 
variant antibody, wherein the Fe region comprises at least one 
non-naturally occurring amino acid at one or more positions 
selected from the group consisting of 252, 254, and 256. In 
one embodiment, the non-naturally occurring amino acids are 
selected from the group consisting of 252Y, 254T and 256E. 
[0164] Diabodies are also provided herein. Diabodies are 
small antibody fragments with two antigen-binding sites, 
which fragments comprise a heavy chain variable domain 
(V H) connected to a light chain variable domain (V L) in the 
same polypeptide chain (V Hand V L). By using a linker that is 
too short to allow pairing between the two domains on the 
same chain, the domains are forced to pair with the comple­
mentary domains of another chain and create two antigen­
binding site (see e.g., Bolliger et al. (1993) Proc. Natl. Acad. 
Sci. USA 90:6444; Poljak et al. (1994) Structure 2:1121). 
[0165] Linear antibodies are also provided herein. Linear 
antibodies include a pair of tandem Fd segments (V H-CHl­
V 1,CHl) which, together with complementary light chain 
polypeptides, form a pair of antigen binding regions. Linear 
antibodies can be bispecific or monospecific. 
[0166] The antibodies disclosed herein specifically include 
chimeric antibodies (immunoglobulins) in which a portion of 
the heavy and/or light chain is identical with or homologous 
to corresponding sequences in antibodies derived from a par­
ticular species or belonging to a particular antibody class or 
subclass, while the remainder of the chain(s) is identical with 
or homologous to corresponding sequences in antibodies 
derived from another species or belonging to another anti­
body class or subclass, as well as fragments of such antibod­
ies, so long as they exhibit the desired biological activity. 
[0167] An antigen binding portion of an antibody specifi­
cally binds to an antigen (e.g., HlNl, H5Nl and/or H3N2). It 
has been shown that the antigen-binding function of an anti­
body can be performed by fragments of a full-length anti­
body, including: 

[0168] (i) a Fab fragment, a monovalent fragment con­
sisting of the VD V H, CL and CHI domains; 

[0169] (ii) a F(ab')2 fragment, a bivalent fragment com­
prising two Fab fragments linked by a disulfide bridge at 
the hinge region; 

[0170] (iii) a Fd fragment consisting of the V Hand CHI 
domains; 

[0171] (iv) a Fv fragment consisting of the V L and V H 

domains of a single arm of an antibody, 
[0172] (v) a dAb fragment (Ward et al, (1989) Nature 

341 :544 546), which consists of a V H domain; and 
[0173] (vi) an isolated complementarity determining 

region (CDR). 
Antibody portions, such as Fab and F(ab')2 fragments, can be 
prepared from whole antibodies using conventional tech­
niques, such as papain or pepsin digestion, respectively, of 
whole antibodies. Furthermore, although the two domains of 
the Fv fragment, V L and V H, are coded for by separate genes, 
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they can be joined, using recombinant methods, by a synthetic 
linker that enables them to be made as a single protein chain 
in which the V L and V H regions pair to form monovalent 
molecules (known as single chain Fv (scFv); see e.g., Bird et 
al. (1988) Science 242:423 426; and Huston et al. (1988) 
Proc. Natl. Acad. Sci. USA 85:5879 5883). Single chain Fv 
and other forms of single chain antibodies, such as diabodies 
are also encompassed by the present disclosure. 
[0174] Any of the antibody or antigen-binding fragments 
disclosed herein can be part of a larger immunoadhesion 
molecule, formed by covalent or noncovalent association of 
the antibody or antibody portion with one or more other 
proteins or peptides. Examples of such immunoadhesion 
molecules include use of the streptavidin core region to make 
a tetrameric scFv molecule (Kipriyanov et al. (1995) Human 
Antibodies and Hybridomas 6:93) and use of a cysteine resi­
due, a marker peptide and a C-terminal polyhistidine tag to 
make bivalent and biotinylated scFv molecules (Kipriyanov 
et al. (1994) Mal. Immunol. 31:1047). 
[0175] Human antibodies are also disclosed herein that 
include antibodies having variable and constant regions 
derived from ( or having the same amino acid sequence as 
those derived from) human germline immunoglobulin 
sequences. Human antibodies can include amino acid resi­
dues not encoded by human germline immunoglobulin 
sequences (e.g., mutations introduced by random or site­
specific mutagenesis in vitro or by somatic mutation in vivo), 
for example in the CDRs and in particular CDR3. 
[0176] The antibodies or antibody fragments disclosed 
herein can be derivatized or linked to another molecule ( such 
as another peptide or protein). In general, the antibody or 
portion thereof is derivatized such that the binding to HA is 
not affected adversely by the derivatization or labeling. For 
example, the antibody can be functionally linked (by chemi­
cal coupling, genetic fusion, noncovalent association or oth­
erwise) to one or more other molecular entities, such as 
another antibody (for example, a bispecific antibody or a 
diabody), a detection agent, a pharmaceutical agent, and/or a 
protein or peptide that can mediate associate of the antibody 
or antibody portion with another molecule (such as a strepta­
vidin core region or a polyhistidine tag). 
[0177] One type of derivatized antibody is produced by 
cross-linking two or more antibodies (of the same type or of 
different types, such as to create bi specific antibodies). Suit­
able crosslinkers include those that are heterobifunctional, 
having two distinctly reactive groups separated by an appro­
priate spacer (such as m-maleimidobenzoyl-N-hydroxysuc­
cinimide ester) or homobifunctional (such as disuccinimidyl 
suberate ). Such linkers are available from Pierce Chemical 
Company (Rockford, Ill.). 
[0178] An antibody that specifically binds HA can be 
labeled with a detectable moiety. Useful detection agents 
include fluorescent compounds, including fluorescein, fluo­
rescein isothiocyanate, rhodamine, 5-dimethy lamine-1-
napthalenesulfony l chloride, phycoerythrin, lanthanide phos­
phors and the like. Bio luminescent markers are also of use, 
such as luciferase, green fluorescent protein, or yellow fluo­
rescent protein. An antibody can also be labeled with 
enzymes that are useful for detection, such as horseradish 
peroxidase, ~-galactosidase, luciferase, alkaline phos­
phatase, glucose oxidase and the like. When an antibody is 
labeled with a detectable enzyme, it can be detected by adding 
additional reagents that the enzyme uses to produce a reaction 
product that can be discerned. For example, when the agent 
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horseradish peroxidase is present the addition of hydrogen 
peroxide and diaminobenzidine leads to a colored reaction 
product, which is visually detectable. An antibody may also 
be labeled with biotin, and detected through indirect measure­
ment of avidin or streptavidin binding. It should be noted that 
the avidin itself can be labeled with an enzyme or a fluores­
cent label. 
[0179] An antibody may be labeled with a magnetic agent, 
such as gadolinium. Antibodies can also be labeled with 
lanthanides (such as europium and dysprosium), and manga­
nese. Paramagnetic particles such as superparamagnetic iron 
oxide are also of use as labels. An antibody may also be 
labeled with a predetermined polypeptide epitopes recog­
nized by a secondary reporter (such as leucine zipper pair 
sequences, binding sites for secondary antibodies, metal 
binding domains, epitope tags). An antibody can also be 
labeled with a radiolabeled amino acid. The radiolabel may 
be used for both diagnostic and therapeutic purposes. 
Examples oflabels include, but are not limited to, the follow­
ing radioisotopes or radionucleotides· 3 H 14C 15N 35S 90y 
99Tc, 111 In, 1251, 1311. In some e~bodime~ts, 1'abel~ ar~ 
attached by spacer arms of various lengths to reduce potential 
steric hindrance. 
[0180] An antibody can also be derivatized with a chemical 
group such as polyethylene glycol (PEG), a methyl or ethyl 
group, or a carbohydrate group. These groups may be useful 
to improve the biological characteristics of the antibody, such 
as to increase serum half-life or to increase tissue binding. 
[0181] Means of detecting such labels are well known to 
those of skill in the art. Thus, for example, radio labels may be 
detected using photographic film or scintillation counters, 
fluorescent markers may be detected using a photodetector to 
detect emitted illumination. Enzymatic labels are typically 
detected by providing the enzyme with a substrate and detect­
ing the reaction product produced by the action of the enzyme 
on the substrate, and colorimetric labels are detected by sim­
ply visualizing the colored label. 

Polynucleotides and Expression 

[0182] Nucleotide sequences encoding the amino acid 
sequences disclosed herein, including V H' Yv CDR and FR 
sequences can be prepared; exemplary nucleic acid 
sequences encoding a V Hand a VL are shown in FIG. 12. 
Expression vectors are also provided for efficient expression 
in cells ( e.g. mammalian cells). 
[0183] Recombinant expression of an antibody, antigen 
binding fragment thereof or portion thereof ( such as a CDR or 
FR) generally requires construction of an expression vector 
containing a polynucleotide that encodes the antibody or 
antibody fragment. Replicable vectors are provided including 
a nucleotide sequence encoding an antibody molecule, a 
heavy or light chain of an antibody, a heavy or light chain 
variable domain of an antibody or a portion thereof, or a 
heavy or light chain CDR, operably linked to a promoter. 
Such vectors may include the nucleotide sequence encoding 
the constant region of an antibody molecule (see, e.g., U.S. 
Pat. Nos. 5,981,216; 5,591,639; 5,658,759 and 5,122,464) 
and the variable domain of the antibody may be cloned into 
such a vector for expression of the entire heavy, the entire 
light chain, or both the entire heavy and light chains. 
[0184] Nucleic acid molecules (also referred to as poly­
nucleotides) encoding the polypeptides provided herein (in­
cluding, but not limited to antibodies) can readily be pro­
duced by one of skill in the art. For example, these nucleic 
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acids can be produced using the amino acid sequences pro­
vided herein (such as the CDR sequences, heavy chain and 
light chain sequences), sequences available in the art (such as 
framework sequences), and the genetic code. Thus, degener­
ate variants are provided herein. 

[0185] V H nucleic acid sequences are set forth as SEQ ID 
NOS 8, 28, 48, 68, 88, 108, 128, 148, 168,188,208,228,248, 
268,288,308,328,348,368,388,408,428,448,468,488, 
508,528,548,568,588,608,628,648,668,688,708,728, 
748,768,788,808,828,848,868,888,908,928,948,968, 
988, 1008, 1028, 1048, 1068, 1088, 1108, 1128, 1148, 1168, 
1188,1208, 1228,1248, 1268, 1288,1308, 1328,1348, 1368, 
and 1388 and include degenerate variants; VL nucleic acid 
sequences are set forth as SEQ ID NOS 18, 38, 58, 78, 98, 
118, 138, 158, 178, 198, 218, 238, 258, 278, 298, 318, 338, 
358,378,398,418,438,458,478,498,518,538,558,578, 
598,618,638,658,678,698,718,738,758,778,798,818, 
838, 858, 878, 898, 918, 938, 958, 978, 998, 1018, 1038, 
1058,1078, 1098,1118, 1138, 1158,1178, 1198,1218, 1238, 
1258, 1278, 1298, 1318, 1338, 1358, 1378, and 1398, and 
include degenerate variants thereof. One of skill in the art can 
readily use the genetic code to construct a variety of function­
ally equivalent nucleic acids, such as nucleic acids which 
differ in sequence but which encode the same antibody 
sequence, or encode a conjugate or fusion protein including 
the VL and/orV Hnucleic acid sequence. 

[0186] Nucleic acid sequences encoding the antibodies that 
specifically bind HA, such as the stalk of HA can be prepared 
by any suitable method including, for example, cloning of 
appropriate sequences or by direct chemical synthesis by 
methods such as the phosphotriester method ofNarang et al., 
Meth. Enzymol. 68:90-99, 1979; the phosphodiester method 
of Brown et al., Meth. Enzymol. 68:109-151, 1979; the dieth­
ylphosphoramidite method of Beaucage et al., Tetra. Lett. 
22: 1859-1862, 1981; the solid phase phosphoramidite triester 
method described by Beaucage & Caruthers, Tetra. Letts. 
22(20):1859-1862, 1981, for example, using an automated 
synthesizer as described in, for example, Needham-VanDe­
vanter et al., Nucl. Acids Res. 12:6159-6168, 1984; and, the 
solid support method of U.S. Pat. No. 4,458,066. Chemical 
synthesis produces a single stranded oligonucleotide. This 
can be converted into double stranded DNA by hybridization 
with a complementary sequence or by polymerization with a 
DNA polymerase using the single strand as a template. One of 
skill would recognize that while chemical synthesis of DNA 
is generally limited to sequences of about 100 bases, longer 
sequences may be obtained by the ligation of shorter 
sequences. 

[0187] Exemplary nucleic acids can be prepared by cloning 
techniques. Examples of appropriate cloning and sequencing 
techniques, and instructions sufficient to direct persons of 
skill through many cloning exercises are found in Sambrook 
et al., supra, Berger and Kimmel (eds.), supra, andAusubel, 
supra. Product information from manufacturers of biological 
reagents and experimental equipment also provide useful 
information. Such manufacturers include the SIGMA Chemi­
cal Company (Saint Louis, Mo.), R&D Systems (Minneapo­
lis, Minn.), PharmaciaAmersham (Piscataway, N.J.), CLON­
TECH Laboratories, Inc. (Palo Alto, Calif.), Chem Genes 
Corp., Aldrich Chemical Company (Milwaukee, Wis.), Glen 
Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaith­
ersburg, Md.), Fluka Chemica-BiochemikaAnalytika (Fluka 
Chemie AG, Buchs, Switzerland), Invitrogen (Carlsbad, 
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Calif.), and Applied Biosystems (Foster City, Calif.), as well 
as many other commercial sources known to one of skill 
[0188] Nucleic acids can also be prepared by amplification 
methods. Amplification methods include polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), the tran­
scription-based amplification system (TAS), the self-sus­
tained sequence replication system (3SR). A wide variety of 
cloning methods, host cells, and in vitro amplification meth­
odologies are well known to persons of skill 
[0189] Any of the nucleic acids encoding any of the anti­
bodies, CD Rs, FRs, V Hand/or V v disclosed herein ( or frag­
ment thereof) can be expressed in a recombinantly engi­
neered cell such as bacteria, plant, yeast, insect and 
mammalian cells. These antibodies can be expressed as indi­
vidual V H and/ or V L chain, or can be expressed as a fusion 
protein. An immunoadhesin can also be expressed. Thus, in 
some examples, nucleic acids encoding a V H and V v and 
immunoadhesin are provided. The nucleic acid sequences can 
optionally encode a leader sequence. 
[0190] To create a single chain antibody, (scFv) the V H°" and 
VL-encoding DNA fragments are operatively linked to 
another fragment encoding a flexible linker, e.g., encoding 
the amino acid sequence (Gly4 -Ser)3 (SEQ ID NO: 1541), 
such that the V H and V L sequences can be expressed as a 
contiguous single-chain protein, with the V L and V H domains 
joined by the flexible linker (see, e.g., Bird et al., Science 
242:423-426, 1988; Huston eta!., Proc. Natl.Acad. Sci. USA 
85:5879-5883, 1988; McCafferty et al., Nature 348:552-554, 
1990). Optionally, a cleavage site can be included in a linker, 
such as a furin cleavage site. 
[0191] The nucleic acid encoding the V Hand/or the VL 
optionally can encode an Fe domain (immunoadhesin). The 
Fe domain can be an IgA, IgM or IgG Fe domain. The Fe 
domain can be an optimized Fe domain, as described in U.S. 
Published Patent Application No. 20100/093979, incorpo­
rated herein by reference. In one example, the immunoad­
hesin is an IgG1 Fe. 
[0192] The single chain antibody may be monovalent, if 
only a single V Hand V L are used, bivalent, if two V Hand V L 

are used, or polyvalent, if more than two V Hand V L are used. 
Bispecific or polyvalent antibodies may be generated that 
bind specifically to HA and another antigen, such as, but not 
limited to another influenza protein, or that bind two different 
HA epitopes. The encoded V Hand V L optionally can include 
a furin cleavage site between the V Hand V L domains. 
[0193] It is expected that those of skill in the art are knowl­
edgeable in the numerous expression systems available for 
expression of proteins including E. coli, other bacterial hosts, 
yeast, and various higher eukaryotic cells such as the COS, 
CHO, HeLa and myeloma cell lines. Once the expression 
vector is transferred to a host cell by conventional techniques, 
the transfected cells are then cultured by conventional tech­
niques, such as to produce an antibody. Thus, host cells are 
provided containing a polynucleotide encoding an antibody 
or fragments thereof, or a heavy or light chain thereof, or 
portion thereof, or a single-chain antibody of the invention, 
operably linked to a heterologous promoter. In certain 
embodiments for the expression of double-chained antibod­
ies, vectors encoding both the heavy and light chains may be 
co-expressed in the host cell for expression of the entire 
immunoglobulin molecule, as detailed below. 
[0194] Mammalian cell lines available as hosts for expres­
sion of recombinant antibodies are well known in the art and 
include many immortalized cell lines available from the 
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American Type Culture Collection (ATCC), including but not 
limited to Chinese hamster ovary (CHO) cells, HeLa cells, 
baby hamster kidney (BHK) cells, monkey kidney cells 
(COS), humanhepatocellular carcinoma cells ( e.g., Hep G2), 
human epithelial kidney 293 cells, and a number of other cell 
lines. Different host cells have characteristic and specific 
mechanisms for the post-translational processing and modi­
fication of proteins and gene products. Appropriate cell lines 
or host systems can be chosen to ensure the correct modifi­
cation and processing of the antibody or portion thereof 
expressed. To this end, eukaryotic host cells which possess 
the cellular machinery for proper processing of the primary 
transcript, glycosylation, and phosphorylation of the gene 
product may be used. Such mammalian host cells include but 
are not limited to CHO, VERY, BHK, Hela, COS, MDCK, 
293, 3T3, W138, BT483, Hs578T, HTB2, BT2O and T47D, 
NS0 ( a murine myeloma cell line that does not endogenously 
produce any functional immunoglobulin chains), SP20, 
CRL 7030 and HsS78Bst cells. In one embodiment, human 
cell lines developed by immortalizing human lymphocytes 
can be used to recombinantly produce monoclonal antibod­
ies. In one embodiment, the human cell line PER.C6. (Cru­
cell, Netherlands) can be used. Additional cell lines which 
may be used as hosts for expression of recombinant antibod­
ies include, but are not limited to, insect cells (e.g. Sf21/Sf9, 
Trichoplusia ni Bti-Tn5b 1-4) or yeast cells ( e.g. S. cerevisiae, 
Pichia, U.S. Pat. No. 7,326,681; etc), plants cells (for 
example, see US Published Patent Application No. 
20080066200); and chicken cells (for example, see PCT Pub­
lication No. WO2008142124). 

[0195] The host cell can be a gram positive bacteria includ­
ing, but not limited to, Bacillus, Streptococcus, Streptomyces, 
Staphylococcus, Enterococcus, Lactobacillus, Lactococcus, 
Clostridium, Geobacillus, and Oceanobacillus. Methods for 
expressing protein in gram positive bacteria, such as Lacto­
baccillus are well known in the art, see for example, U.S. 
Published Patent Application No. 20100/08077 4. Expression 
vectors for lactobacillus are described, for example in U.S. 
Pat. No. 6,100,388, and U.S. Pat. No. 5,728,571. Leader 
sequences can be included for expression in Lactobacillus. 
Gram negative bacteria include, but not limited to, E. coli, 
Pseudomonas, Salmonella, Campylobacter, Helicobacter, 
Flavobacterium, Fusobacterium, Ilyobacter, Neisseria, and 
Ureaplasma. 

[0196] One or more DNA sequences encoding the antibody 
or fragment thereof can be expressed in vitro by DNA transfer 
into a suitable host cell. The cell may be prokaryotic or 
eukaryotic. The term also includes any progeny of the subject 
host cell. It is understood that all progeny may not be identical 
to the parental cell since there may be mutations that occur 
during replication. Methods of stable transfer, meaning that 
the foreign DNA is continuously maintained in the host, are 
known in the art. 

[0197] The expression of nucleic acids encoding the iso­
lated proteins described herein can be achieved by operably 
linking the DNA or cDNA to a promoter (which is either 
constitutive or inducible), followed by incorporation into an 
expression cassette. The promoter can be any promoter of 
interest, including a cytomegalovirus promoter and a human 
T cell lymphotrophic virus promoter (HTLV)-1. Optionally, 
an enhancer, such as a cytomegalovirus enhancer, is included 
in the construct. The cassettes can be suitable for replication 
and integration in either prokaryotes or eukaryotes. Typical 
expression cassettes contain specific sequences useful for 
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regulation of the expression of the DNA encoding the protein. 
For example, the expression cassettes can include appropriate 
promoters, enhancers, transcription and translation termina­
tors, initiation sequences, a start codon (i.e., ATG) in front of 
a protein-encoding gene, splicing signal for intrans, 
sequences for the maintenance of the correct reading frame of 
that gene to permit proper translation of mRNA, and stop 
codons. The vector can encode a selectable marker, such as a 
marker encoding drug resistance (for example, ampicillin or 
tetracycline resistance). 
[0198] To obtain high level expression of a cloned gene, it 
is desirable to construct expression cassettes which contain, 
at the minimum, a strong promoter to direct transcription, a 
ribosome binding site for translational initiation (internal 
ribosomal binding sequences), and a transcription/translation 
terminator. For E. coli, this includes a promoter such as the 
T7, trp, lac, or lambda promoters, a ribosome binding site, 
and preferably a transcription termination signal. For eukary­
otic cells, the control sequences can include a promoter and/ 
or an enhancer derived from, for example, an immunoglobu­
lin gene, HTLV, SV40 or cytomegalovirus, and a 
polyadenylation sequence, and can further include splice 
donor and/or acceptor sequences (for example, CMV and/or 
HTLV splice acceptor and donor sequences). The cassettes 
can be transferred into the chosen host cell by well-known 
methods such as transformation or electroporation for E. coli 
and calcium phosphate treatment, electroporation or lipofec­
tion for mammalian cells. Cells transformed by the cassettes 
can be selected by resistance to antibiotics conferred by genes 
contained in the cassettes, such as the amp, gpt, neo and hyg 
genes. 
[0199] When the host is a eukaryote, such methods oftrans­
fection of DNA as calcium phosphate coprecipitates, conven­
tional mechanical procedures such as microinjection, elec­
troporation, insertion of a plasmid encased in liposomes, or 
virus vectors may be used. Eukaryotic cells can also be 
cotransformed with polynucleotide sequences encoding the 
antibody, labeled antibody, or functional fragment thereof, 
and a second foreign DNA molecule encoding a selectable 
phenotype, such as the herpes simplex thymidine kinase 
gene. Another method is to use a eukaryotic viral vector, such 
as simian virus 40 (SV 40) or bovine papilloma virus, to 
transiently infect or transform eukaryotic cells and express 
the protein (see for example, Eukaryotic Viral Vectors, Cold 
Spring Harbor Laboratory, Gluzman ed., 1982). One of skill 
in the art can readily use an expression systems such as 
plasmids and vectors of use in producing proteins in cells 
including higher eukaryotic cells such as, but not limited to, 
COS, CHO, HeLa and myeloma cell lines. 
[0200] Modifications can be made to a nucleic acid encod­
ing a polypeptide described herein without diminishing its 
biological activity. Some modifications can be made to facili­
tate the cloning, expression, or incorporation of the targeting 
molecule into a fusion protein. Such modifications are well 
known to those of skill in the art and include, for example, 
termination codons, a methionine added at the amino termi­
nus to provide an initiation, site, additional amino acids 
placed on either terminus to create conveniently located 
restriction sites, or additional amino acids (such as poly His) 
to aid in purification steps. 
[0201] Once expressed, the recombinant immunoconju­
gates, antibodies, and/or effector molecules (such as a label) 
can be purified according to standard procedures of the art, 
including ammonium sulfate precipitation, affinity colunms, 
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colunm chromatography, and the like (see, generally, R. 
Scopes, PROTEIN PURIFICATION, Springer-Verlag, N.Y., 
1982). The antibodies, immunoconjugates and effector mol­
ecules need not be 100% pure. Once purified, partially or to 
homogeneity as desired, if to be used therapeutically, the 
polypeptides should be substantially free of endotoxin. 
[0202] Methods for expression of antibodies and/or refold­
ing to an appropriate active form, including single chain 
antibodies, from bacteria such as E. coli have been described 
and are well-known and are applicable to the antibodies dis­
closed herein. See, Buchner et al., Anal. Biochem. 205:263-
270, 1992; Pluckthun, Biotechnology 9:545, 1991; Huse et 
al., Science 246: 1275, 1989 and Ward et al., Nature 341:544, 
1989. 
[0203] Often, functional heterologous proteins from E. coli 
or other bacteria are isolated from inclusion bodies and 
require solubilization using strong denaturants, and subse­
quent refolding. During the solubilization step, as is well 
known in the art, a reducing agent must be present to separate 
disulfide bonds. An exemplary buffer with a reducing agent 
is: 0.1 M Tris pH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE 
( dithioerythritol). Reoxidation of the disulfide bonds can 
occur in the presence oflow molecular weight thiol reagents 
in reduced and oxidized form, as described in Saxena et al., 
Biochemistry 9: 5015-5021, 1970, and especially as 
described by Buchner et al., supra. 
[0204] Renaturation is typically accomplished by dilution 
(for example, 100-fold) of the denatured and reduced protein 
into refolding buffer. An exemplary buffer is 0.1 M Tris, pH 
8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), 
and 2 mM EDTA. 
[0205] As a modification to the two chain antibody purifi­
cation protocol, the heavy and light chain regions are sepa­
rately solubilized and reduced and then combined in the 
refolding solution. An exemplary yield is obtained when 
these two proteins are mixed in a molar ratio such that a 5-fold 
molar excess of one protein over the other is not exceeded. 
Excess oxidized glutathione or other oxidizing low molecular 
weight compounds can be added to the refolding solution 
after the redox-shuffling is completed. 
[0206] In addition to recombinant methods, immunoconju­
gates, effector moieties, antibodies, antigen binding frag­
ments, and CDRs and FRs of the present disclosure can also 
be constructed in whole or in part using standard peptide 
synthesis well known in the art. Solid phase synthesis of the 
polypeptides ofless than about 50 amino acids in length can 
be accomplished by attaching the C-terminal amino acid of 
the sequence to an insoluble support followed by sequential 
addition of the remaining amino acids in the sequence. Tech­
niques for solid phase synthesis are described by Barany & 
Merrifield, The Peptides: Analysis, Synthesis, Biology. Vol. 2: 
Special Methods in Peptide Synthesis, Part A. pp. 3-284; 
Merrifield et al., J. Am. Chem. Soc. 85:2149-2156, 1963, and 
Stewart et al., Solid Phase Peptide Synthesis, 2nd ed., Pierce 
Chem. Co., Rockford, Ill., 1984. Proteins of greater length 
may be synthesized by condensation of the amino and car­
boxyl termini of shorter fragments. Methods of forming pep­
tide bonds by activation ofa carboxyl terminal end ( such as by 
the use of the coupling reagent N,N'-dicylohexylcarbodim­
ide) are well known in the art. Once an antibody molecule has 
been produced, it may be purified by any method known in the 
art for purification of an immunoglobulin molecule, for 
example, by chromatography (e.g., ion exchange, affinity, 
particularly by affinity for the specific antigens Protein A or 
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Protein G, and sizing column chromatography), centrifuga­
tion, differential solubility, or by any other standard technique 
for the purification of proteins. Further, the antibodies or 
fragments thereof may be fused to heterologous polypeptide 
sequences (referred to herein as "tags") described above or 
otherwise known in the art to facilitate purification. 

Compositions and Therapeutic Methods 

[0207] Methods are disclosed herein for the prevention or 
treatment of an influenza virus infection. Prevention can 
include inhibition of infection with influenza. Treatment 
includes diminishing signs and symptoms of an influenza 
virus infection and/or reducing viral titer. The methods 
include contacting a cell with an effective amount of the 
monoclonal antibodies disclosed herein that specifically 
binds HA, or an antigen binding fragment thereof. The 
method can also include administering to a subject a thera­
peutically effective amount of a monoclonal antibody, or a 
nucleic acid encoding the antibody. The subject can be a 
human or a veterinary subject. 

[0208] Methods are disclosed herein for reducing the risk 
of infection with HlNl and/or H5Nl and/or H3N2 influenza 
virus in a human subject, the method including administering 
the antibody or antibody (antigen-binding) fragment. Meth­
ods are also disclosed for treating a human subject infected 
with HlNl and/or H5Nl influenza virus, the method includ­
ing administering the antibody or antibody (antigen-binding) 
fragment. Methods are also disclosed for preventing HlNl 
and/or H5Nl and/or H3N2 influenza disease in a human 
subject, the method including administering the antibody or 
antibody (antigen-binding) fragment. Methods are also dis­
closed for ameliorating one or more symptoms associated 
with an HlNl and/or H5Nl or H3N2 influenza infection in a 
human subject, the method including administering the anti­
body or antibody (antigen-binding) fragment. The method 
can include selecting a subject with an influenza virus infec­
tion. 

[0209] In certain embodiments, the anti-influenza antibod­
ies and compositions including one or more of the antibodies 
can be administered for prevention and/or treatment of influ­
enza disease caused by an Hl Nl influenza infection. Methods 
are provide for preventing, treating, ameliorating a symptom 
of, or reducing the risk of an influenza-mediated infection, 
disease or disorder, wherein the methods comprise adminis­
tering anti-influenza antibodies of the invention. 

[0210] Influenza virus infection does not need to be com­
pletely eliminated for the composition to be effective. For 
example, a composition can decrease influenza infection in a 
population by a desired amount, for example by at least 10%, 
at least 20%, at least 50%, at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, at least 98%, or even at least 
100%, as compared to the rate of infection in the absence of 
the composition. 

[ 0211] Compositions are provided that include one or more 
of the antibodies that specifically bind HA, or antigen binding 
fragments, and nucleic acids encoding these antibodies (and 
antigen binding fragments) that are disclosed herein in a 
carrier. The compositions can be prepared in unit dosage 
forms for administration to a subject. The amount and timing 
of administration are at the discretion of the treating physician 
to achieve the desired purposes. The antibody can be formu­
lated for systemic or local administration. In one example, the 
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antibody that specifically binds HA is formulated for 
parenteral administration, such as intravenous administra­
tion. 

[0212] The compositions for administration can include a 
solution of the antibody that specifically binds HA, or an 
antigen binding fragment thereof, dissolved in a pharmaceu­
tically acceptable carrier, such as an aqueous carrier. A variety 
of aqueous carriers can be used, for example, buffered saline 
and the like. These solutions are sterile and generally free of 
undesirable matter. These compositions may be sterilized by 
conventional, well known sterilization techniques. The com­
positions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological condi­
tions such as pH adjusting and buffering agents, toxicity 
adjusting agents and the like, for example, sodium acetate, 
sodium chloride, potassium chloride, calcium chloride, 
sodium lactate and the like. The concentration of antibody in 
these formulations can vary widely, and will be selected pri­
marily based on fluid volumes, viscosities, body weight and 
the like in accordance with the particular mode of adminis­
tration selected and the subject's needs. 

[0213] A typical pharmaceutical composition for intrave­
nous administration includes about 0.1 to 10 mg of antibody 
per subject per day. Dosages from 0.1 up to about 100 mg per 
subject per day may be used, particularly if the agent is 
administered to a secluded site and not into the circulatory or 
lymph system, such as into a body cavity or into a lumen of an 
organ. Actual methods for preparing administrable composi­
tions will be known or apparent to those skilled in the art and 
are described in more detail in such publications as Reming­
ton's Pharmaceutical Science, 19th ed., Mack Publishing 
Company, Easton, Pa. (1995). 

[0214] Antibodies may be provided in lyophilized form and 
rehydrated with sterile water before administration, although 
they are also provided in sterile solutions of known concen­
tration. The antibody solution is then added to an infusion bag 
containing 0.9% sodium chloride, USP, and typically admin­
istered at a dosage of from 0.5 to 15 mg/kg of body weight. 
Considerable experience is available in the art in the admin­
istration of antibody drugs, which have been marketed in the 
U.S. since the approval ofRrTUXAN® in 1997.Antibodies can 
be administered by slow infusion, rather than in an intrave­
nous push or bolus. In one example, a higher loading dose is 
administered, with subsequent, maintenance doses being 
administered at a lower level. For example, an initial loading 
dose of 4 mg/kg may be infused over a period of some 90 
minutes, followed by weekly maintenance doses for 4-8 
weeks of 2 mg/kg infused over a 30 minute period if the 
previous dose was well tolerated. 

[0215] A therapeutically effective amount of a nucleic acid 
encoding the antibody or an antigen binding fragment thereof 
can be administered to a subject. One approach to adminis­
tration of nucleic acids is direct immunization with plasmid 
DNA, such as with a mammalian expression plasmid. The 
nucleotide sequence encoding the antibody or fragment 
thereof can be placed under the control of a promoter to 
increase expression of the molecule. Immunization by 
nucleic acid constructs is well known in the art and taught, for 
example, in U.S. Pat. No. 5,643,578, and U.S. Pat. No. 5,593, 
972 and U.S. Pat. No. 5,817,637. U.S. Pat. No. 5,880,103 
describes several methods of delivery of nucleic acids to an 
organism. The methods include liposomal delivery of the 
nucleic acids. 
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[0216] In another approach to using nucleic acids, an anti­
body or antigen binding fragment thereof can also be 
expressed by attenuated viral hosts or vectors or bacterial 
vectors, which can be administered to a subject. Recombinant 
vaccinia virus, adeno-associated virus (AAV), herpes virus, 
retrovirus, cytomegalovirus, poxvirus or other viral vectors 
can be used to express the antibody. For example, vaccinia 
vectors are described in U.S. Pat. No. 4,722,848. BCG(Bacil­
lus Calmette Guerin) provides another vector for expression 
of the disclosed antibodies (see Stover, Nature 351 :456-460, 
1991 ). 
[0217] In one embodiment, a nucleic acid encoding the 
antibody or an antigen binding fragment thereof is introduced 
directly into cells. For example, the nucleic acid can be loaded 
onto gold micro spheres by standard methods and introduced 
into the skin by a device such as Bio-Rad's Heliosa Gene 
Gun. The nucleic acids can be "naked," consisting of plas­
mids under control of a strong promoter. 
[0218] Typically, the DNA is injected into muscle, although 
it can also be injected directly into other sites. Dosages for 
injection are usually around 0.5 mg/kg to about 50 mg/kg, and 
typically are about 0.005 mg/kg to about 5 mg/kg (see, e.g., 
U.S. Pat. No. 5,589,466). 
[0219] A therapeutically effective amount of an HA-spe­
cific antibody or antigen binding fragment ( or the nucleic acid 
encoding the antibody or antigen binding fragment) will 
depend upon the severity of the disease and/or infection and 
the general state of the patient's health. A therapeutically 
effective amount of the antibody is that which provides either 
subjective relief of a symptom(s) or an objectively identifi­
able improvement as noted by the clinician or other qualified 
observer. These compositions can be administered in con­
junction with another therapeutic agent, either simulta­
neously or sequentially. 
[0220] In one embodiment, administration of the antibody 
( or nucleic acid encoding the antibody) results in a reduction 
in the establishment of influenza virus infection and/or reduc­
ing subsequent disease progression in a subject. A reduction 
in the establishment of influenza virus infection and/or a 
reduction in subsequent disease progression encompass any 
statistically significant reduction in viral activity. In some 
embodiments, methods are disclosed for treating a subject 
with an influenza virus infection. These methods include 
administering to the subject a therapeutically effective 
amount of an antibody, or a nucleic acid encoding the anti­
body, thereby preventing or treating the influenza virus infec­
tion. 
[0221] In additional embodiments, the subject is also 
administered an effective amount of an additional agent, such 
as anti-viral agent. The methods can include administration of 
one on more additional agents known in the art. For any 
application, the antibody, antigen binding fragment, or 
nucleic acid encoding the antibody or antigen binding frag­
ment can be combined with antiretroviral therapy. Antiretro­
viral drugs include, but are not limited to, a neuraminidase 
inhibitor or an M2 protein inhibitor. Exemplary antiretroviral 
agents include oseltamivir, zanamivir, flutimide, rimantadine, 
adamantane derivatives, umifenovir, laninamivir, favipiravir, 
peramivir, and nitazoxanide. 
[0222] Single or multiple administrations of the composi­
tions including the antibody, antigen binding fragment, or 
nucleic acid encoding the antibody or antigen binding frag­
ment, that are disclosed herein, are administered depending 
on the dosage and frequency as required and tolerated by the 
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patient. In any event, the composition should provide a suf­
ficient quantity of at least one of the antibodies disclosed 
herein to effectively treat the subject. The dosage can be 
administered once but may be applied periodically until 
either a therapeutic result is achieved or until side effects 
warrant discontinuation of therapy. In one example, a dose of 
the antibody is infused for thirty minutes every other day. In 
this example, about one to about ten doses can be adminis­
tered, such as three or six doses can be administered every 
other day. In a further example, a continuous infusion is 
administered for about five to about ten days. The subject can 
be treated at regular intervals, such as monthly, until a desired 
therapeutic result is achieved. Generally, the dose is sufficient 
to treat or ameliorate symptoms or signs of disease without 
producing unacceptable toxicity to the subject. 

[0223] Controlled-release parenteral formulations can be 
made as implants, oily injections, or as particulate systems. 
For a broad overview of protein delivery systems see, Banga, 
A. J., Therapeutic Peptides and Proteins: Formulation, Pro­
cessing, and Delivery Systems, Technomic Publishing Com­
pany, Inc., Lancaster, Pa., (1995). Particulate systems include 
microspheres, microparticles, microcapsules, nanocapsules, 
nanospheres, and nanoparticles. Microcapsules contain the 
therapeutic protein, such as a cytotoxin or a drug, as a central 
core. In micro spheres the therapeutic is dispersed throughout 
the particle. Particles, microspheres, and microcapsules 
smaller than about 1 µmare generally referred to as nanopar­
ticles, nanospheres, andnanocapsules, respectively. Capillar­
ies have a diameter of approximately 5 µm so that only nano­
particles are administered intravenously. Microparticles are 
typically around 100 µm in diameter and are administered 
subcutaneously or intramuscularly. See, for example, Kreu­
ter, J., Colloidal Drug Delivery Systems, J. Kreuter, ed., Mar­
cel Dekker, Inc., New York, N.Y., pp. 219-342 (1994); and 
Tice & Tabibi, Treatise on Controlled Drug Delivery, A. 
Kydonieus, ed., Marcel Dekker, Inc. New York, N.Y., pp. 
315-339, (1992). 

[0224] Polymers can be used for ion-controlled release of 
the antibody compositions disclosed herein. Various degrad­
able and nondegradable polymeric matrices for use in con­
trolled drug delivery are known in the art (Langer, Accounts 
Chem. Res. 26:537-542, 1993). For example, the block 
copolymer, polaxamer 407, exists as a viscous yet mobile 
liquid at low temperatures but forms a semisolid gel at body 
temperature. It has been shown to be an effective vehicle for 
formulation and sustained delivery of recombinant interleu­
kin-2 and urease (Johnston et al., Pharm. Res. 9:425-434, 
1992; and Pee et al., J. Parent. Sci. Tech. 44(2):58-65, 1990). 
Alternatively, hydroxyapatite has been used as a microcarrier 
for controlled release of proteins (Ijntema et al., Int. J. Pharm. 
112:215-224, 1994). In yet another aspect, liposomes are 
used for controlled release as well as drug targeting of the 
lipid-capsulated drug (Betageri et al., Liposome Drug Deliv­
ery Systems, Technomic Publishing Co., Inc., Lancaster, Pa. 
(1993) ). Numerous additional systems for controlled delivery 
of therapeutic proteins are known (see U.S. Pat. No. 5,055, 
303; U.S. Pat. No. 5,188,837; U.S. Pat. No. 4,235,871; U.S. 
Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; U.S. Pat. No. 
4,957,735; U.S. Pat. No. 5,019,369; U.S. Pat. No. 5,055,303; 
U.S. Pat. No. 5,514,670; U.S. Pat. No. 5,413,797; U.S. Pat. 
No. 5,268,164; U.S. Pat. No. 5,004,697; U.S. Pat. No. 4,902, 
505; U.S. Pat. No. 5,506,206; U.S. Pat. No. 5,271,961; U.S. 
Pat. No. 5,254,342 and U.S. Pat. No. 5,534,496). 
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Diagnostic Methods and Kits 

[0225] A method is provided herein for the detection of the 
e:'pression ?f HA in vitro or in vivo. In one example, expres­
s10n of HA 1s detected in a biological sample, and can be used 
to detect_an in~uenza virus infection. The sample can be any 
sampl~, mcludmg, but not limited to, tissue from biopsies, 
~utops1es a~d pathology specimens. Biological samples also 
mclude sect10ns of tissues, for example, frozen sections taken 
for histological purposes. Biological samples further include 
bo~y fluids, such as blood, serum, plasma, sputum, spinal 
flmd, nasopharyngeal secretions or urine. 
[0226] In one embodiment, methods are provided for deter­
mining the presence of influenza in a sample suspected of 
containing influenza, wherein the method includes exposing 
t~e ~ample to an _anti-influenza antibody, and determining 
bmdmg of the antibody to the influenza virus in the sample 
wherein binding of the antibody to the influenza virus in the 
sample is indicative of the presence of the influenza virus in 
the sample. In one embodiment, the sample is a biological 
sample. In another embodiment, the sample is a nasopharyn­
geal wash. The method can detect HlNl, H5Nl H3N2 or 
combinations thereof. ' ' 
[0227] In several embodiments, a method is provided for 
detecting an influenza infection in a subject. The disclosure 
provi~es a method for detecting HA in a biological sample, 
w~erem the _method includes contacting a biological sample 
with the antibody under conditions conducive to the forma­
tion of an immune complex, and detecting the immune com­
plex, to detect the HA in the biological sample. In another 
exam~le, detection of HA in the sample confirms a diagnosis 
of an mfluenza infection in a subject. The method can detect 
HlNl, H5Nl, H3N2, or combinations thereof. 
[0228] In certain embodiments, the anti-influenza antibod­
ies and compositions thereof can be used in vivo and/or in 
vitro for diagnosing influenza associated diseases. This can 
be ~chieved, for example, by contacting a sample to be tested, 
opt10nally a_l~ng with a control sample, with the antibody 
under cond1t10ns that allow for formation of a complex 
between the antibody and influenza. Complex formation is 
then detected (e.g., using an ELISA). When using a control 
sample along with the test sample, complex is detected in 
both samples and any statistically significant difference in the 
formation of complexes between the samples is indicative of 
the presence of influenza in the test sample. The influenza 
virus can be HlNl, H5Nl, H3N2, or combinations thereof. 
[0229] In some embodiments, the disclosed antibodies are 
u_s~d to tes_t vaccines. For example to test if a vaccine compo­
s1t10n can mduce or bind neutralizing antibodies to HA. Thus 
provi~ed herein is a method for detecting testing a vaccine, 
wherem _the method includes contacting a sample containing 
the vaccme, such as an HA protein, with the antibody under 
conditions conducive to the formation of an immune com­
plex, and detecting the immune complex, to confirm the vac­
~ine will be effective. In one example, the detection of the 
immune complex in the sample indicates that vaccine com­
ponent, such as such as a HA antigen, assumes a conforma­
tion capable of inducing neutralizing antibodies, such as 
broadly neutralizing antibodies. 
[0_230] In one embodiment, the antibody is directly labeled 
with~ detectable label. In another embodiment, the antibody 
that bmds HA (the first antibody) is unlabeled and a second 
a1;1tibody ?r o~~er molecule that can bind the antibody that 
bmds HA 1s ut1hzed. As is well known to one of skill in the art 
a second antibody is chosen that is able to specifically bind th~ 
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specific species and class of the first antibody. For example, if 
the first antibody is a human IgG, then the secondary antibody 
may be an anti-human-IgG. Other molecules that can bind to 
antibodies include, without limitation, Protein A and Protein 
G, both of which are available commercially. 
[0231] Suitable labels for the antibody or secondary anti­
body are described above, and include various enzymes, pros­
thetic g_roups, fluorescent materials, luminescent materials, 
magnetic agents and radioactive materials. Non-limiting 
examples ?f suitable enzymes include horseradish peroxi­
~ase, alkalme phosphatase, beta-galactosidase, or acetylcho­
lmesterase. Non-limiting examples of suitable prosthetic 
group complexes include streptavidin/biotin and avidin/bi­
otin. Non-limiting examples of suitable fluorescent materials 
include umbelliferone, fluorescein, fluorescein isothiocyan­
ate, r~odamine, dichlorotriazinylamine fluorescein, dansyl 
chlonde or phycoerythrin. A non-limiting exemplary lumi­
nes_cent material is luminol; a non-limiting exemplary a mag­
netic agent is gadolinium, and non-limiting exemplary radio­
active labels include 1251, 131 I, 35S or 3H. 
[0232] The immunoassays and method disclosed herein 
can be used for a number of purposes. Kits for detecting an 
~A polypeptide will typically comprise an antibody that 
bmds HA, such as any of the antibodies disclosed herein. In 
some embodiments, an antibody fragment, such as an Fv 
fragment or a Fab is included in the kit. In a further embodi­
ment, the antibody is labeled (for example, with a fluorescent 
radioactive, or an enzymatic label). ' 
[0233] In one embodiment, a kit includes instructional 
materials disclosing means of use. The instructional materials 
~ay be written, in an_electronic form (such as a computer 
diskette or compact disk) or may be visual (such as video 
file_s~. The kits may also include additional components to 
fac1htate the particular application for which the kit is 
designed. Thus, for example, the kit may additionally contain 
means of detecting a label (such as enzyme substrates for 
enzymatic labels, filter sets to detect fluorescent labels 
appr?priate sec?ndary labels such as a secondary antibody, o; 
the hke ). The kits may additionally include buffers and other 
reagents routinely used for the practice of a particular 
method. Such kits and appropriate contents are well known to 
those of skill in the art. 
!0234] In one embodiment, the diagnostic kit comprises an 
immunoassay. Although the details of the immunoassays may 
vary with the particular format employed, the method of 
detecting HA in a biological sample generally includes the 
ste~s of co~tacting the biological sample with an antibody 
wh1c~- specifically reacts, under immunologically reactive 
c?nd1t10ns, ~o HA. The antibody is allowed to specifically 
bmd under immunologically reactive conditions to form an 
immune complex, and the presence of the immune complex 
(bound antibody) is detected directly or indirectly. 
[0235] The following examples are provided to illustrate 
certain particular features and/or embodiments. These 
examples should not be construed to limit the disclosure to the 
particular features or embodiments described. 

EXAMPLES 

[0236] Described below is an analysis of plasmablast and 
monoclonal antibody responses induced by pandemic HlNl 
infection in humans (see FIG. 13). Unlike antibodies elicited 
?Y ~nnual influenza vaccinations, most neutralizing antibod­
ies mduced by pandemic HlNl infection were broadly cross­
reactive against epitopes in the hemagglutinin (HA) stalk and 
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head domain of multiple influenza strains/subtypes. The anti­
bodies were from cells that had undergone extensive affinity 
maturation. Thus, it is possible that the plasma blasts produc­
ing these broadly neutralizing antibodies were predominantly 
derived from activated memory B cells specific for epitopes 
conserved in several influenza strains. Consequentially, most 
neutralizing antibodies were broadly reactive against diver­
gent HlNl and H5Nl influenza strains. Certain of the anti­
bodies generated potently protected and rescued mice from 
lethal challenge with pandemic HlNl or antigenically dis­
tinct influenza strains. 
[0237] Described below are studies in which the B cell 
responses in 24 healthy adult volunteers immunized with the 
monovalent subunit pandemic HlNl 2009 vaccine were stud­
ied. In all cases a rapid, predominantly IgG-producing plas­
mablast response was found. These plasmablasts were iso­
lated and monoclonal antibodies were generated by single­
cell PCR. Over half ( 45/78) were virus-specific and 62% 
(28/45) bound to the pandemic 2009 HA. Strikingly, the 
majority of these antibodies (25/28) neutralized more than 
one influenza strain and exhibited high levels of somatic 
hypermutation, suggesting they were derived from recall ofB 
cell memory. Indeed, memory B cells that recognized the 
pandemic Hl Nl HA were detectable prior to vaccination not 
only in this cohort but also in stored samples obtained prior to 
the emergence of the pandemic strain. Three antibodies dem­
onstrated extremely broad cross-reactivity and were found to 
bind the HA stem. Furthermore, one of them was found to 
recognize not only Hl and H5 but also H3 influenza viruses. 
This exceptional cross-reactivity indicates that antibodies 
capable of neutralizing most influenza subtypes might indeed 
be elicited by vaccination. These antibodies can be used to 
design influenza vaccines that can elicit these broadly cross­
reactive antibodies at sufficiently high levels to provide het­
erosubtypic protection. 

Example 1 

Monovalent Pandemic HlNl 2009 Vaccine Induces 
Rapid Expansion of Antigen-Specific Plasmablasts 

[0238] Humoral immune responses in 24 healthy adult vol­
unteers immunized with the monovalent pandemic HlNl 
2009 vaccine was examined (FIG. 1). Subjects entered the 
study approximately 6 months after the first reports of pan­
demic HlNl 2009 cases. The vaccine administered contained 
the HA subunit from the pandemic influenza A/Califomia/04/ 
09 and was given separately after the 2009 seasonal influenza 
vaccine which contained a different HlNl strain (A/Bris­
bane/59/07) as well as H3N2 and influenza B strains. Seven­
teen individuals (71 %) receiving pandemic HlNl 2009 vac­
cine demonstrated an increase in hemagglutination inhibition 
(HAI) titer at 28 days post-vaccination (accepted as at least a 
4-fold increase in HAI titer) (FIG. la). Eighteen individuals 
(75%) exhibited HAI titers conventionally considered protec­
tive (1 :40) at day 28. Seroconversion rates were comparable 
to those seen with seasonal influenza vaccination (Hancock et 
al., 2009, N Engl J Med 361(20): 1945-1952). 
[0239] An earlier study using seasonal TIV demonstrated 
that seroconversion is associated with a large, transient 
expansion of antibody-secreting cells (plasmablasts) in the 
blood (Wrammert et al., 2008, Nature 453(7195):667-671). 
The current study quantified the plasma blast response to pan­
demic HlNl 2009 vaccine in PBMCs at day 0, 7, 14 and 30 
post-vaccination by ELISPOT using this approach. The vac-
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cine-specific plasmablast response was found to peak at day 7 
before returning to background levels by day 14 (FIG. lb). 
These kinetics were the same as those seen in controls who 
were given the 2008/09 TIV, which contained components 
from influenza A/Brisbane/59/07 HlNl, A/Brisbane 10/07 
(H3N2) and B/Florida/4/06 (FIG. 7). Following immuniza­
tion with the pandemic HlNl 2009 vaccine, there was a 
positive correlation between the increases in HAI titer and 
peak plasmablast numbers (r=0.53, p<0.0001) (FIG. le). 
The rapidity of the plasma blast response strongly suggested a 
recall rather than primary response. Indeed, IgG-producing 
cells greatly outnumbered IgM-producing cells (p=0.0483, 
mean+/-SEM: 520+/-254 SFU/106 vs. 5.36+/-1.48 SFU/ 
106

). This was also seen in the response to 2008/09 TIV 
(p=0.0066, 535.8+/-154 SFU/106 vs. 63.3+/-50.0 SFU/106

), 

a known recall response (FIG. ld). Together, these data show 
that the B cell responses induced by seasonal TIV and the 
pandemic Hl Nl 2009 vaccine were similar in terms of speed 
and isotype, suggesting that both are due to memory recall. 

Example 2 

Plasmablasts Induced by the Monovalent HlNl 
2009 Vaccine Cross-React with the 2009/10 Seasonal 

Vaccine 

[0240] Since features of the plasmablast response to the 
pandemic HlNl 2009 vaccine were suggestive of memory 
recall, the extent to which plasma blasts could also be induced 
that were reactive against the seasonal influenza strain from 
the previous two years found in the 2009/10 TW (A/Brisbane/ 
59/07) was examined. The HA of the pandemic HlNl 2009 
strain diverged considerably from that of influenza A/Bris­
bane/59/07 with only 79% sequence homology (FIG. 8). 
Despite this, most individuals, after vaccination with the pan­
demic Hl Nl 2009 vaccine, generated a large number of plas­
ma blasts that reacted with the 2009/10 TIV (FIG. 9a). In 
order to enrich for plasma blasts, next these cells by flow were 
sorted by cytometry from 10 individuals at day 7 (FIG. 9b).A 
high proportion of sorted plasma blasts were antigen-specific 
(representative donor in FIG. 9c). This was similar to previ­
ous findings with seasonal influenza vaccination (Wrammert, 
2008, supra). In addition, plasmablasts with specificity for 
A/Brisbane/59/07 HA as well as pandemic HlNl 2009 HA 
were detected in all sorted samples (FIG. 9d). Thus, the bulk 
of the humoral response to vaccination was against HA and 
that the pandemic HlNl 2009 vaccine induced a plasmablast 
response against both the homologous antigen and a heter­
ologous antigen from the seasonal influenza strain of the 
preceding two years. 

Example 3 

The Pandemic HlNl 2009 Vaccine can Induce 
Antibodies that Bind the HA Stem 

[0241] To examine the specificities of the antibody 
response to pandemic HlNl 2009 vaccine at the monoclonal 
level, single-cell RT-PCR of sorted individual plasmablasts 
was used to produce mAbs as previously described (Wram­
mert et 1., 2009, supra; Smith et al., 2009, Nat Protoc 4(3): 
372-384.). The advantage of this method lies in the ability to 
generate mAbs from B cells that are proliferating acutely in 
response to vaccination as opposed to resting memory B cells. 
Furthermore, bias is reduced by analyzing the whole vaccine­
induced plasmablast response without preferentially select-
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ing for particular sub-populations using an antigen bait. In 
total, 78 mAbs from 8 subjects were generated. By ELISA, 
58% ( 45/78) bound to purified pandemic HlNl 2009 virus 
(FIG. 2a). Of these, 62% (28/45) bound to recombinant HA 
from the pandemic strain. 

[0242] As ELISA is only capable of demonstrating binding 
of the antibody to antigen, functional assays were used to 
characterize HA-specific mAbs. The hemagglutination inhi­
bition assay (HAI) measures the concentration of antibody 
required to inhibit the agglutination of red blood cells by the 
virus and is indicative of the capacity of the antibody to 
prevent viral attachment to cells. In contrast, neutralization 
assays show how effectively the antibody prevents viral infec­
tivity by measuring the concentration required to block lytic 
infection of cultured cells. Out of the mAbs that demonstrated 
HA-specific binding, 89% (25/28) were shown to have func­
tional activity against pandemic HlNl 2009 virus by HAI 
and/or neutralization assay (FIG. 2b). 
[0243] It was previously shown that mAbs recognizing 
epitopes in the globular head of the influenza HA demon­
strated binding by ELISA, positive HAI and neutralization of 
infectivity (Wrammert et! a., 2011, J. Exp. Med. 208(1): 
181-193, 2011). In contrast, stem-binding mAbs showed 
binding by ELISA and neutralization, but negative HAI. In 
this set of mAbs, while there was generally good correlation 
between HAI and neutralization activities, three mAbs (05-
2G02, 09-2A06 and 09-3A01) were found to have no HAI 
activity despite binding by ELISA and neutralization, a pat­
tern suggestive of stem-binding mAbs. In order to confirm 
their HA binding site, their binding was compared with 
known stem-binding antibodies by competition ELISA (FIG. 
2c). ELISA plates coated with influenza A/California/04/09 
HA were pre-incubated with one of two known stem-binding 
mAbs (70-1F02 or 70-5B03) (Wrammert et al, 2011, supra). 
The putative stem-bind mAbs were biotinylated and added, 
according to a standard ELISA protocol, to either pre-incu­
bated or non-pre-incubated plates. The amount of antibody 
binding in each plate was determined and percentage inhibi­
tion of each mAb was subsequently calculated using the ratio 
of binding in the pre-incubated plates to binding in non-pre­
incubated plates. 

[0244] Whether in competition with the previously 
described 70-1F02 or 70-5B03, all 3 potential stem-binding 
mAbs were inhibited by greater than 80%, which was com­
parable to the stem-binding mAbs used as positive controls 
(the reciprocal antibody of either 70-1F02 or 70-5B03 
depending on which was used to pre-incubate). This con­
trasted with a previously described negative control 
(EM4C04), which was highly specific to pandemic HlNl 
2009 HA and mapped to an epitope in the head region (W ram­
mert et al., 2011, supra). Thus, by competition ELISA, it was 
demonstrated thatthemAbs 05-2G02, 09-2A06 and09-3A01 
all compete for binding to an epitope in the HA stem. The 
three stem-binding mAbs all used different V H gene segments 
(FIG. 2c & FIG. 14), compared with the pandemic HlNl 
2009 infection where the majority of mAbs induced by the 
infection used the V Hl-69 gene segment, also shared by other 
reported stem-binding antibodies (Ekiert et al., 2009; Science 
324(5924):246-251; Sui et al., 2009, Nat Struct Mal Biol 
16(3):265-273). Here, only one mAb used the V Hl-69, 
although a second used the highly similar V Hl-18. Together 
our data suggest that stem-reactive antibodies can indeed be 
elicited by the pandemic HlNl 2009 vaccine, but occur at a 
lower frequency. 
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Example 4 

Monoclonal Antibodies Elicited by Pandemic HlNl 
2009 Vaccine Cross-React with Antigenically 

Divergent Strains 

[0245] All HA-specific mAbs were tested for binding, HAI 
and neutralization capacity against a panel of antigens and 
virus strains, including antigenically similar strains such as 
the pandemic HlNl 1918 strain and antigenically diverse 
HlNl, H5Nl and H3N2 strains. Strikingly, the majority of 
mAbs that bound the HA head also demonstrated broad cross­
reactivity (FIG. 3a) with three-quarters binding to both 
A/Brisbane/59/07 HA and 1918 HA. The majority (18 of28) 
were able to bind all 3 HlNl HAs whilst 6 out of 28 bound 
both pandemic HlNl 2009 and 1918 influenza HAs, in a 
similar manner to several antibodies previously described 
(Wrammert et al., 2011, supra; Xu et al., 2010, Science 328 
(5976):357-360). The high degree of cross-reactivity sug­
gested that many of these plasmablasts had arisen by second­
ary expansion of cross-reactive memory B cells that 
presumably targeted conserved epitopes. Comparing the 
binding of these antibodies to the most recent seasonal HlNl 
strain in circulation prior to the emergence of the pandemic, 
A/Brisbane/59/07, the patterns of cross-reactivity generally 
conform to three categories (FIG. 10). Most (14/28) of the 
antibodies bound better to the pandemic HlNl HA, suggest­
ing ongoing adaptation through affinity maturation. Other 
antibodies bound equally well to both HAs (9/28) while the 
last category (5/28) bound better to the Brisbane HA, consis­
tent with OAS ( original antigenic sin). 
[0246] Next, HAI and neutralization assays were per­
formed using a more extensive panel of HlNl virus strains 
including recent seasonal strains (A/Brisbane/10/07, A/So­
lomon Islands/3/06 and A/New Calcdonia/20/99) and historic 
outbreak strains (A/New Jersey/76 and A/Fort Monmouth/I/ 
47) (FIG. 3b & FIG. 11), which displayed a broad range of 
sequence divergence compared to the pandemic HlNl 2009 
virus. As expected from sequence homology (FIG. 8), the 
highest degree of cross-reactivity by neutralization assay was 
seen with A/New Jersey/76, with 68% of mAbs cross-neu­
tralizing. Of the more recent seasonal strains, up to 43% of 
mAbs demonstrated cross-reactivity between the seasonal 
strains and pandemic HlNl 2009 virus. In general, the frac­
tion of cross-neutralizing antibodies paralleled sequence 
homology. Still, given the large antigenic differences mea­
sured by standard reference sera, the fraction of cross-neu­
tralizing antibodies was much larger than expected. 
[0247] The three stem-binding mAbs demonstrated the 
widest cross-reactivity by ELISA with detectable binding to 
all the Hl HAs tested plus HA from the H5Nl strain (A/In­
donesia/05/2005) (FIG. 3a). Furthermore, 05-2G02 dis­
played even greater cross-reactivity by also binding H3, albeit 
weakly. Their ability to neutralize both HlNl and H3N2 
strains were tested (FIG. 3c). Once again, all three stem­
binding mAbs demonstrated broad cross-reactivity with the 
capacity to neutralize all HlNl strains tested. In addition, the 
exceptional breadth of05-2G02 was again shown, with neu­
tralizing activity against H3N2 as well as the HlNl strains. 
Antibodies that neutralize influenza strains from both phylo­
genetic group 1 and group 2 are exceedingly rare and have 
only been reported once in the literature (Corti et al., 2011, 
Science 333: 850-856). These data demonstrate the high 
degree of cross-reactivity of mAbs generated following pan­
demic HlNl 2009 vaccination. This is true not only of the 
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stem-reactive mAbs, one of which had unusually broad cross­
reactivity against Hl, HS and H3, but also of the majority of 
non-stem-binding mAbs, which demonstrated substantial 
cross-reactivity within HlNl strains in contrast to the more 
strain-specific mAbs generated following seasonal TIV 
(Wrammert et al., 2008, supra). 

Example 5 

Pandemic HlNl 2009 Vaccine Induces Monoclonal 
Antibodies with High Levels of Somatic 

Hypermutation 

[0248] Together, the kinetics of the response, the domi­
nance oflgG-secreting cells and the remarkable cross-reac­
tivity of individual plasmablasts point to a memory origin for 
most clones. This was further supported by sequence analysis 
of virus-specific mAbs (FIG. 4a). When the somatic muta­
tions per V H gene were calculated, the majority of clones 
showed an exceptionally high number of mutations (median 
21 range 8-41 ). This was significantly higher (p<0.0001) than 
the average IgG-producing memory B cell or germinal center 
B cell (median 11 range 1-35) but similar to the number found 
following the recall of the memory B cell response by the 
seasonal influenza vaccination (median 18.5 range 6-51). 
These were also similar to the results of a previous study of 
mAbs from patients infected with the pandemic HlNl 2009 
virus, where high levels of somatic hypermutation were 
observed. When the HA-specific mAbs were analyzed alone 
(FIG. 4b ), they displayed similar levels of mutation compared 
to the virus-specific mAbs as a whole. Furthermore, there was 
no obvious correlation between the number of mutations and 
the degree of cross-reactivity of each individual mAb (FIG. 
3). 

Example 6 

Presence of Memory B Cells Reactive to the 
Pandemic Strain Present Prior to its Emergence 

[0249] It appeared possible that cross-reactive memory B 
cells capable of reacting to the pandemic Hl Nl 2009 vaccine 
were already present prior to vaccination. Thus, samples from 
pre-vaccination subjects were analyzed with a memory B cell 
assay (Crotty et al., J Immunol Methods 286(1-2):111-122, 
2004) (FIG. Sa). Using this technique, all subjects had detect­
able memory B cells reactive against pandemic HlNl 2009 
HA prior to vaccination (median 0.4%, range 0.013%-1. 
98% ). However, subclinical infections with influenza that 
induce seroconversion without symptoms do occur and go 
unreported (Papenburg, Clin Infect Dis 51(9):1033-1041, 
2010). It was therefore possible that vaccinees had been 
exposed to the pandemic HlNl 2009 virus at some point 
between its emergence and their vaccination. In order to 
exclude this possibility, baseline samples were retrieved from 
a different healthy cohort taken in 2008/09 before the emer­
gence of the novel pandemic strain (FIG. Sb). Once again the 
majority of these specimens contained detectable memory B 
cells which reacted against the pandemic HlNl 2009 HA. In 
summary, these data show that the pandemic HlNl 2009 
vaccine preferentially activates cross-reactive memory B 
cells generated by encounters with HA from previous influ­
enza strains, including broadly cross-reactive stem-specific 
Abs with neutralizing activity. 
[0250] Following infection with pandemic HlNl 2009 
influenza virus, an earlier study showed that the humoral 
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response was dominated by antibodies that bound to the con­
served stem of HA and neutralized multiple influenza sub­
types (Wrammet et al., 2008, supra). A vaccine that could 
induce these antibodies might provide heterosubtypic protec­
tion but seasonal influenza vaccines had not been shown to 
induce them (Hancock, 2009, supra; Wrammert et al., 2008, 
supra). The question therefore remained as to whether 
broadly cross-reactive stem-binding antibodies could, in fact, 
be generated following influenza vaccination. The current 
studies have shown that these antibodies could be induced by 
the monovalent inactivated pandemic HlNl 2009 vaccine. 
Healthy adults were vaccinated with the pandemic HlNl 
2009 vaccine and mAbs generated from plasma blasts isolated 
at the peak of the response. These data suggest that, like the 
seasonal TIV, the pandemic vaccine induced an antibody 
response by stimulation of pre-existing memory B cells. 
However, in contrast to the seasonal vaccine, mAbs induced 
by the pandemic HlNl 2009 vaccine displayed striking 
cross-reactivity. Furthermore, although they were less fre­
quent than with infection, stem-binding mAbs could readily 
be detected and one was even capable of neutralizing both 
HlNl (phylogenetic group 1) and H3N2 (group 2) strains. 

[0251] The approach used here for the cloning of mAbs 
from plasmablasts has two major advantages. Firstly, these 
were influenza-specific B cells proliferating in response to the 
challenge of a specific vaccine and not just resting memory B 
cells, which consist of a range of clones generated by a variety 
of previous antigenic challenges. Since plasmablasts gener­
ated in response to vaccine disappear within 14 days, those 
induced by seasonal influenza vaccine administered several 
weeks previously would not have directly contributed to the 
plasma blasts that were analyzed. Memory B cells against the 
HAs of seasonal strains may have been boosted by seasonal 
vaccination but would not have fundamentally changed in 
terms of repertoire. Secondly, while other techniques use 
antigen to preferentially enrich for B cells with the specifici­
ties of interest, analysis of all the proliferating plasma blasts 
allowed examination of the repertoire of influenza-specific 
antibodies with minimal bias. Using these techniques, the 
current studies showed that the B cell responses to the pan­
demic HlNl 2009 and seasonal vaccines were comparable in 
many ways (Wrammert et al., 2008, supra). Both vaccines 
induced large and rapid plasmablast responses with similar 
magnitudes and kinetics. In addition, both responses were 
predominantly made up of isotype switched IgG-producing 
plasmablasts and mAbs generated from these plasmablasts 
showed evidence of extensive somatic hypermutation. These 
features characterize a secondary response (Schittek and 
Rawjewsky, 1990, Nature 346(6286):749-751; McHeyzer­
Williams et al., 1991, Nature 350(6318):502-505; andAprin 
et al., 1997, J Exp Med 186(6):931-940) and imply that the 
response to the pandemic Hl Nl 2009 vaccine is derived from 
pre-existing memory B cells in a similar fashion to the sea­
sonal vaccine. This was conclusively demonstrated by the 
presence of memory B cells specific for pandemic HlNl 
2009 HA in individuals even prior to the emergence of the 
new virus, strongly implying they were induced by exposure 
to previous seasonal strains. 

[0252] However, the antibody response to pandemic HlNl 
2009 vaccine clearly differed in one important respect: the 
high degree of cross-reactivity. Unlike previous studies of 
seasonal TIV (Hancock et al., 2009, supra; Wrammert et al., 
2008, supra), the current data suggest that cross-reactive anti­
bodies against both the head and stem of HA were readily 
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induced by the pandemic HlNl 2009 vaccine and made up a 
large proportion of the response. Cross-reactive antibodies 
against both the head and stem of HA from the seasonal TIV 
have been described in humans using a number of systems 
(Thorsby et al., 2008 PLoS One 3(12):e3942; Ekiert et al., 
2009, Science 324(5924):246-251; Sui et al, 2009, Nat Struct 
Mal Biol 16(3):265-273; Cori et al., 2010, J Clin Invest 120 
(5): 1663-1673). However, the antibodies that were identified 
previously were not effective. While different stem-binding 
antibodies have been identified following vaccination, these 
have primarily relied upon phage display libraries (Thorsby et 
al., 2008, supra; Ekiert et al., 2009, supra; Sui et al, 2009, 
supra) and immortalization of memory B cells (Corti et al, 
2010, supra). A recent study has shown that the MF59 adju­
vant can enhance the diversity and affinity of the antibody 
response to pandemic influenza vaccine (Khurana, 2011, Sci 
Transl Med 3(85):85ra48). 

[0253] The majority of the cross-reactive mAbs here were 
directed against the globular head of HA. However, three 
stem-binding mAbs were identified and shown to be broadly 
cross-reactive. One of them, 05-2G02, demonstrated an 
extraordinary breadth of neutralizing activity, with activity 
against all HlNl strains tested as well as binding to H5Nl HA 
and neutralization of a H3N2 strain. The capacity to recog­
nize HAs from both phylogenetic groups does not appear to 
be dependent on a unique antigen-binding structure. The anti­
bodies provide important proof of concept that a universal 
vaccine capable of stimulating antibodies that neutralize all 
influenza subtypes. 

[0254] It is also clear that cross-reactive stem-binding anti­
bodies are very rare after vaccination with seasonal strains. 
Studies that have found stem-binding memory B cell clones 
have required high throughput techniques to screen large 
numbers of cells (Corte et al., 2006, supra). In the work 
disclosed herein, stem-reactive antibodies were readily found 
with 3 out of 28 HA-specific mAbs generated from 8 vac­
cinees showing stem-reactivity. This implies that the pan­
demic HlNl 2009 vaccine induces these antibodies more 
frequently as a consequence of the major change in epitopes 
from the HA head while the stem remains relatively con­
served. In addition, while 2 stem-specific mAbs came from 
one subject and one from another, several subjects had none, 
suggesting that some individuals might have a stronger pro­
pensity for developing cross-reactive antibodies by nature of 
their underlying B cell repertoire and their previous antigenic 
history. In animal models, sequential immunization with dif­
ferent HAs can preferentially stimulate broadly cross-reac­
tive antibodies (Wang et al, 2010, PLoS Pathog 6(2): 
e1000796), a phenomenon recapitulated in nature with the 
emergence of a pandemic strain. 

[0255] The low frequency of broadly cross-reactive stem­
binding antibodies following the pandemic HlNl 2009 vac­
cine contrasts with the antibody responses seen following 
natural infection. Earlier studies demonstrated that broadly 
cross-reactive antibodies that bound to the HA stem region 
dominated the humoral response in patients infected with 
pandemic HlNl 2009, with as many as half of these neutral­
izing mAbs recognizing the same epitope (Wrammert et al., 
2008, supra). These stem-binding mAbs shared a common 
V H gene rearrangement which was not observed following 
vaccination. Immunization with the subunit pandemic HlNl 
2009 vaccine, which primarily consists of HA and NA, 
induces a quantitatively and qualitatively different immune 
response. Specifically, subunit vaccines cannot infect cells, 
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therefore preferentially utilizing extrinsic antigen presenta­
tion pathways as well as inducing less potent inflammatory 
and innate responses. Infection also results in greater antigen 
load and duration, leading to increased recruitment of precur­
sors and signals for differentiation. 
[0256] Unlike the humoral response to the seasonal vac­
cine, cross-reactive clones against the pandemic HlNl 2009 
vaccine could be readily detected from acutely responding 
plasmablasts. The current studies also showed that they were 
derived from memory B cells that recognized conserved 
epitopes across virus strains. Thus, it might be that broadly 
cross-reactive antibodies are produced by low-frequency 
memory B cells reactive against conserved but subdominant 
epitopes (FIG. 6). In the context of seasonal influenza, these 
are not recruited into the response, remaining relatively qui­
escent due to competition by the more numerous B cells 
specific for immunodominant epitopes exposed in the globu­
lar HA head. However, following a major change in the HA, 
most of these immunodominant epitopes are replaced with 
novel structures. With their disappearance, cross-reactive 
memory B cells against conserved epitopes in both the head 
and stem no longer need to compete with memory cells spe­
cific for the previous strains. Thus, cross-reactive antibodies 
make up a greater proportion of the humoral immune 
response following antigenic shift. 
[0257] This also offers an explanation as to why the pre­
ceding seasonal HlNl strain almost completely disappeared 
following the emergence of the pandemic HlNl 2009 virus 
(Palese P & Wang TT (2011 ), MBio 2( 5) ). The current studies 
in individuals infected or vaccinated with pandemic HlNl 
2009 have shown that in either situation large numbers of 
cross-reactive antibodies with activity against A/Brisbane/ 
59/07 are generated (Wrammert et al, 2008, supra). Thus, 
most individuals who have encountered the pandemic HlNl 
2009 strain will also have developed protective immunity 
against A/Brisbane/59/07 leading to a rapid decrease in the 
number of susceptible hosts. 
[0258] The data herein show that broadly cross-reactive 
stem-binding antibodies can be induced by the pandemic 
HlNl 2009 vaccine, thus demonstrating that productive 
infection is not required. Furthermore, stem-binding antibod­
ies with the capacity to neutralize a broad range of influenza 
subtypes can be induced by vaccination. However, the fre­
quency of these stem-binding antibodies following the pan­
demic Hl Nl 2009 vaccine was low and not all vaccinees were 
found to generate them. In order for a truly universal vaccine 
to be effective, it must induce cross-reactive antibodies to a 
high level in all recipients to provide robust heterosubtypic 
immunity. 

Example 7 

Detailed Information Regarding Antibodies that 
Bind Influenza Virus 

[0259] Table 1 (FIG. 12) provides detailed information, 
including sequence information, about each of the antibodies 
that were confirmed to bind influenza. Each antibody is iden­
tified in Col. A by antibody name and an indication of whether 
the heavy or light chain is being described. Heavy chains are 
indicated by H and light chains are indicated by L at the end 
of the identifier in Col.A. For example, line 1 ofTable 1 (FIG. 
12) discloses 005-2G02H, which is a heavy chain for one of 
the antibodies, and line 2 of Table 1 (FIG. 12) discloses 
005-2G02L, which is the light chain for the same antibody. 
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Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11, 
12/13, 14/15, 16/17, 18/19, 20/21, 22/23, 24/25, 26/27, 28/29, 
30/31, 32/33, 34/35, 36/37, 38/39, 40/41, 42/43, 44/45, 46/47, 
48/49, 50/51, 52/53, 54/55, 56/57, 58/59, 60/61, 62/63, 64/65, 
66/67, 68/69, 70/71, 72/73, 74/75, 76/77, 78/79, 80/81, 82/83, 
84/85, 86/87, 88/89, 90/91, 92/93, 94/95, 96/97, 98/99, 100/ 
101, 102/103, 104/105, 106/107, 108/109, 110/111, 112/113, 
114/115, 116/117, 118/119, 120/121, 122/123, 124/125, 126/ 
127, 128/129, 130/131, 132/133, 134/135, 136/137, 138/139, 
and 140/ 141) represent paired heavy and light chains from a 
cloned human antibody. Col. G provides the V region amino 
acid sequence, column O provides the full translated V region 
amino acid sequence. Col. H provides the FRI amino acid 
sequence. Col. I provides the CDRl amino acid sequence. 
Col. J provides the FR2 amino acid sequence. Col. K provides 
the CDR2 amino acid sequence. Col. L provides the FR3 
amino acid sequence. Col. M provides the CDR3 amino acid 
sequence. Col. N provides the nucleotide sequence. Column 
P provides the FR4 amino acid sequence. FIG. 14 provides 
the V gene, J gene D gene allele, and provides the V muta­
tions, CDR lengths andAA junction sequence ("AA junction" 
sequences are disclosed in FIGS. 14A and 14B as SEQ ID 
NOS 1401-1540, respectively, in order of appearance). 

Example 8 

Materials and Methods 

[0260] Patients and vaccines: All studies were approved by 
an institutional review board). Twenty-four healthy adult vol­
unteers were given the monovalent pandemic HlNl 2009 
vaccine. Subject 2 was given the seasonal 2009/10 TIV only 
4 days before receiving pandemic HlNl 2009 vaccine and 
was excluded from all cross-reactivity assays. Memory B cell 
and mutational analysis data were derived from clinical stud­
ies of2008/09 and 2009/10 season TIV vaccinees. Peripheral 
blood mononuclear cells (PBMCs) were isolated using Vacu­
tainer tubes (BD for immediate use or cryopreserved. Plasma 
samples were saved at -80° C. for subsequent analysis. All 
vaccines were obtained from Sanofi Pasteur Inc. 
[0261] Viruses and antigens: The pandemic HlNl 2009 
influenza virus (A/California/04/09) was utilized. Other 
influenza virus stocks used for the assays were obtained from 
the Centers for Disease Control (CDC), grown in eggs and 
purified as described (Wrammert et al., 2008, supra). Recom­
binant HA proteins were provided by the CDC and by the 
Biodefense and Emerging Infections research repository. 
[0262] ELISPOT and Memory B cell assay: Direct 
ELIS POT to enumerate the number of either total IgG-secret­
ing, pandemic HlNl influenza virus-specific, vaccine-spe-

27 
Nov. 27, 2014 

cific and recombinant HA-specific plasmablasts present in 
the PBMC samples was performed as previously described 
(Crotty et al., 2003, J Immunol l7l(l0):4969-4973). 
[0263] Flow cytometry analysis and cell sorting. Analytical 
and cell sorting flow cytometry analysis was performed as 
described (Wrammert et al., 2008, supra). 
[0264] Generation of mAbs and variable gene repertoire 
analysis. As previously detailed (Wrammert et al., 2008, 
supra; Smith et al., 2009, Nat Protoc 4(3):372-384; Ward­
emann et al., 2003, Science 301(5638):1374-1377), VH and 
VK genes were PCR-amplified from the transcripts of single 
ASCs and then sequenced. These variable genes were then 
cloned into IgG 1 or IgK expression vectors and co-transfected 
into the 293A cell line for expression. Variable genes were 
analyzed for identity and mutations using in-house analysis 
software and the IMGT search engine (Ehrenmann et al., 
2010, Nucleic Acids Res 38(Database issue):D301-307; 
Lefranc et al., 2009, Nucleic Acids Res 37(Database issue): 
D 1006-1012). Background mutation rate by this method is -1 
base-exchange per 1,000 bases sequenced (based on 
sequences of constant region gene segments). Comparisons 
were made to previously published data (Wrammert et al., 
2008, supra; Zheng et al., 2005, J Clin Invest 113(8):1188-
1201; Zeng et al., 2005b, J Exp Med 201(9):1467-1478). 
Antibody sequences were deposited on GENBANK®. 

[0265] ELISA, HAI and neutralization assays. Whole 
virus, recombinant HA, vaccine-specific ELISA, HAI and 
neutralization assays were performed as previously described 
(Wrammert et al., 2008, supra). For competition ELISA an 
additional pre-incubation with unlabeled competitor antibod­
ies to the HA-stalkepitope at a 10-foldmolarexcess was then 
performed prior to application of the mAbs to the plate. 
Competitors consisted of one of two known stem-binding 
mAbs (70-1F02 or 70-5B03) or a negative control antibody 
specific for the HA globular head (EM-4C04). Competition 
level was calculated as the percentage inhibition of the half­
maximal binding concentration oftest antibody relative to the 
absorbance without competitor. 

[0266] In view of the many possible embodiments to which 
the principles of the disclosed invention may be applied, it 
should be recognized that the illustrated embodiments are 
only preferred examples of the invention and should not be 
taken as limiting the scope of the invention. Rather, the scope 
of the invention is defined by the following claims. We there­
fore claim as our invention all that comes within the scope and 
spirit of these claims. 

SEQUENCE LISTING 

The patent application contains a lengthy "Sequence Listing" section. A copy of the "Sequence Listing" is available in 
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20140348851A1). 
An electronic copy of the "Sequence Listing" will also be available from the USPTO upon request and payment of the 
fee set forth in 37 CFR 1.19(b )(3). 
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1. A purified monoclonal antibody, wherein the mono­
clonal antibody comprises a heavy chain variable domain and 
a light chain variable domain, wherein the monoclonal anti­
body specifically binds hemagglutinin (HA) of at least two of 
HlNl and H5Nl. 

2. The purified monoclonal antibody of claim 1, wherein 
the monoclonal antibody specifically binds HA ofH3N2. 

3. (canceled) 
4. The purified monoclonal antibody of claim 1, wherein 

the heavy chain variable domain comprises one of: 
a) the amino acid sequence set forth as SEQ ID NO: 3, the 

amino acid sequence set forth as SEQ ID NO: 5 and the 
amino acid sequence set forth as SEQ ID NO: 7 [005-
2G02]. 

5. The purified monoclonal antibody of claim 4, wherein 
the heavy chain variable domain comprises one of: 

a) the amino acid sequence set forth as SEQ ID NO: 1. 
6. ( canceled) 
7. The purified monoclonal antibody of claim 4, wherein 

the light chain variable domain comprises one of: 
a) the amino acid sequence set forth as SEQ ID NO: 13, the 

amino acid sequence set forth as SEQ ID NO: 15 and the 
amino acid sequence set forth as SEQ ID NO: 17 [005-
2G02]. 

8. The purified monoclonal antibody of, claim 1, compris­
ing: 

a) a heavy chain variable domain comprising the amino 
acid sequence set forth as SEQ ID NO: 3, the amino acid 
sequence set forth as SEQ ID NO: 5 and the amino acid 
sequence set forth as SEQ ID NO: 7 and a light chain 
variable domain comprising the amino acid sequence set 
forth as SEQ ID NO: 13, the amino acid sequence set 
forth as SEQ ID NO: 15 and the amino acid sequence set 
forth as SEQ ID NO: 17 [005-2G02]. 

9. ( canceled) 
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10. The purified monoclonal antibody of claim 1, wherein 
the light chain variable domain comprises one of: 

a) the amino acid sequence set forth as SEQ ID NO: 19. 
11. The purified monoclonal antibody of a, claim 1, 

wherein the antibody is an IgG, IgM or IgA. 
12. The purified monoclonal antibody of claim 1, wherein 

the antibody is fully human. 
13-15. (canceled) 
16. The purified monoclonal antibody of claim 1, wherein 

the antibody is labeled. 
17. The purified monoclonal antibody of claim 16, wherein 

the label is a fluorescent, enzymatic, or radioactive label. 
18. A composition comprising an effective amount of the 

antibody of claim 1, o and a pharmaceutically acceptable 
carrier. 

19. A purified nucleic acid molecule encoding the mono­
clonal antibody of claim 1. 

20. The purified nucleic acid molecule of claim 19, com-
prising the nucleotide sequence set forth as: 

a) SEQ ID NO: 8. 
21-22. (canceled) 
23. An expression vector comprising the purified nucleic 

acid molecule of. claim 20. 
24. (canceled) 
25. A method of detecting an influenza virus infection in a 

subject comprising: 
contacting a biological sample from the subject with at 

least one isolated monoclonal antibody of claim 1, or an 
antigen binding fragment thereof; and 

detecting antibody bound to the sample, 
wherein the presence of antibody bound to the sample 

indicates that the subject has an influenza virus infec­
tion. 

26-80. (canceled) 

* * * * * 


