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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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(SEQ !D NO 5f.:) 
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QVQLVESi.:iAEV I Q\/QlV 
KKPGSSVRIJSC ESGA.E 
KlSGGTFSTHG 1/KKPG 
l._,,.,.,.,,tRQ,_'·•.01-. ·-c,_. 1·""'._'·"_'' -,;· ::t~S-5·,:. ,:-,.;,:- ~ • . ..;;-w~ -~ r,;, ~· 

GLEWMGGIIPIF SCKLS 
GSAKYAQKfQ {SEO lO 

N0:•52) 

THG IQA,PGQ l{SEQ ID 
(SIEG! ID GLE';.tlM HO: 65J 
NO: 63} IGG 

(SEQ- lD 
N0:64i 

<::.a;ggtg~gctggtg,gag,tctggggct,;i•a:gg QVQL VESG,A,E\/:K VVGQ-G 
tga,a;ga.agcd;;rg,¢cdcggtg.a;;g?Jtdcc KPGSSVRVSCKl TPVTV 

SfY lt-g,::a2;.acfflctg~,ai;;,gci;icctkagca,::.cc:at SGGTFSHiGlM'W ss 
STRTA"{ t5E-Q ID 9gtat,::,2act,;9gtg,::9a~>2,;:i§cccccg.;;ia \:'ROAPGQ-GlEVV (SEQ lO 
MEVTR INo: 137:i ,:,i1aggi;ic!lgag1ggatggg-E3fgH,Hlt,:atc:e MGGHPWGSAKV NO: fDJ 
lRSEDT 
.A.TIYC: 
(SEQ lD 
NO::fifi) 

ctatttitg;;it!rn1gcaaagtalge,acagaaglt AOKfQD'RVTlT.A 
c.caggat:agagscai:gattai:cgcggB,Dsa DESTRTA'/MEVT 
akcm::gag,gac:B.'9{:Ctm::atg,gBggtg•l3:C RLR SEDTA.Tr:tc A 
<::cgcc~agatctga~,gacacg-gcc.acg,att GGSDDHA.'ttGSF 
t::ittg'l:gcgg:gg,;:iggagi:;g•at:gat,.;a,;-;gc!:tg YVi'GQGTP\iTVS 
ggggai;;ttttt::idg.gggr.ClllJ!;;iJfillCCf.:C'J s (SEQ lD NO: 
gt,:;ac,:;grttcct@gcct:e:e,3,:;c.,,3_a~;i.gg•c:ec 69) 
atcgg:kttcc1.:,cctggc.ac,:::,;::!:c,:,{cca,g.ga 
g,::,:i,:;,:,!:ctg•;;ig,gg,ca~,gcg,Jco::,:.!gg:i;;,etg 
c.c~{!-gtcaaggactai:ttccccg,13_ai:cggtg,'1 
c.,;i:i.tqtc.g {SEQ lD NO: !18) 

D!VMTQTP,LSLP DlVMTQ QSlXD UJ\¥Yl TLS. {SEQ YRASG MQRLti.,f gats.ttgtgatga:r;crng,a:ct=ddu;ctg D!VMTQTPLSLPV FGQGT 
VTPGEPASlSC TPlSLP 3DDGf'4 QKt::.GQ lD NO: VPDR:F PfT cc:C.gtc.acccc:tg,,;pga~,ccg:gc.ctc,cmctc TPGEPASi!SCRS KlEIK 
R:SSQSLXDSDD VTPGE TS {SEQ SPQLU 75} SGSGS {SEQ ID ctgcaggtctagtr.llQ<lgectctngga;tagtg SQSU<i:DSDDGNT i_SEQ lD 
GNTSLOli'iYUJ PAS!SC 10 NO: Y (SEQ GTDfTl t,JO: TT} a1'g•atgg:lla&cacctettt',Jg,act~gilltd.gc SL[l':Af'flQKA,GQ NO: !Kl) 
KA.GQSPQ-LUY RSS 73) !D NO: KISRVE agm,gg:cf!gg,i;icagtctco".:aca,;;ictcctg:a! SPQlUYTlSY:RA 
TLSYRA.SGVPD I (SEQ lD 74) A.E0\/83 

~/v·y-c 
(SEOlD 
NO: 76) 

FIG. 12 (continued) 

1;:tf:!t'.:l,cg:crtt:cct~t:e9gg:cc.t:cl:g,gag:t:er,ca SGVPD:Ftf:5G:S\3 
ga1:agi;ittci1gt:ggcagtgg~it~aggc;:1dg SGTD-FTLKi:SRVE 
atlkacl3.c:t92rnaat,::ag,:;;13g!;;!'91£:Q&g•g~! .A.EDVGVYYCMQ 
gaggatgtt:;i:ga:gtttl33ttattg-:at:;icaacgta Rit-,fPFTFG:QGT 
tagcattt-:cgttrncrttlggccagggg,acca KLEIK (SEQ !D 
ag:c,g:gagatc<mac:gam;;,t:gtg:gclg,eai:;,i: NO: 7!:f) 
aidgicrtc:e:ktt:eccgccatdg,2tgllg•cag:t 
t~aaa:tctggai;;c tg:e!:,tc1gttgtg1gcct-;:irt 
9aata:i1ct!:ctat-.:;cci1g~.,3g,;;ic.1:,i1aagt;a 
,:,a-g1ggaaggtggasl3acg,:,:cctccl3:a 
{SEQ ID NO: TS} 
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FC IQM?GT 
{SEQ ID GlEWl:& 

CVG'WVROM?G ESL!OS INO: 8:3) 
TGtE'WMGH:C:P CRAY 
GDSDU{YSPSF {SEQ lD 
QGQVT!SADKS:; NO: 82) 

Gl:{SEQ 
E)NO: 
64} 

El\!lTQSP.•'GTLSIET':/LTQ QS.VT.R Li:f'f-.-lYQ 
VSFGERVTlSC SPGTLS N (SEQ ORP·GQ 
R.ASQ:SVT:RNLA VSPGE ID NO: APRLU 

RVTLSC §3) Y (SEQ
rD NO: 

GIPVRFSGRGS l(SEQ lD 
-., .. .;":.r:•c-,.1 - . ..-.,.. ,. .... ,, (,TD:FTl-,kl-,elLO N, ..... 9 . .:._J 

94}: 

ICPGDSD IKYSPS:f RJiVAS rnggtgcagctg;gzjcw,_.tdgg;ggca,Jaag QVQLVQS.GAEV~. ·:,,vGOG 
L (SEQ ID QGQVTi HWGD'{ tgaaam,gc,:::c,Jgggagt.::tdga,agatctc K?GESLKISCRA TS\.J:5V 
MO: 85} S.A:[JKS,, YGMDL ctgracg,ggd:!;;itga,atm::aci::ttc;;mcgcc-ttc YEYT:FTAFCVGVil SS 

TTA.Yt(J (SEO ID !gq;it1:,;;i-gd:gg-g:tgcgc,:;agatgcccggca ':/RQMPGTGLE\:''l (SEQ ID 
\:VSStK N-0 37) c:aggi:::c::tggagtgga!gggg:a!c:ak!gkd MGIICPGDSDtK'l t·H): §0) 
ASDTAT 
'"f\'C 
(SEQ lD 
NO: l:i'6) 

SAS {SEQITRP,JG,,P OQYN_n 
ID NO.: VRFSG iNlGGT 
SSi RGSGT {SEQ ID 

DfTLSl NO: 97) 
SS:LtJ.SE 
OS.A.'"/''( 
YC 
(SEQ lD 
NO: S6) 

FIG. 12 (continued) 

g,;;i:tg,ac:1ctg,ll:f:rtcaBJ,!l'?jtiBgtccg:tcc:f:tcc: SPSFQGQVTlSA 
asg{lcc:~ggkm::.r,-:,itc.!cl3:gcc:g:w:1agtc D!'::SITT AYlQWS 
rnteaccac,:;,;;;cct.>3c.c:tg,cagtggagcagc SLKASDT,'l;.TYYC 
etg:,-i:agg,ectcggacar.cgecf!,e:lltatta,19 ARHVASH'.❖iGDV 
!gcg:agar,;,ltgtg,;;ica:i.gtcactgg:g,;;i,:;g:ar.. YGMDL'NG(~GPR 
!~ttac-.gi,;fi:llilggacddggg,!,lcc:aa;_i-gacc: SASROHPPRLR 
!:c-g,;;itc:,a-g{:~tkg1cagc:acc:~,c:i:aa@g MCSPSYOGA.DT 
c:tcqt;;iaii;;,!gtl.:ccc:atc:8ta!:cagggtgca PL GAQRPW ,Aj,}N 

ga,c:arni::;ctc:1gg,gst;;ic.aca,;;i0cg;,;;,c:,~dg;g SRTTSFNR (SEQ 
gcbJcctgg,!ca,:19-913,c:fo,etl:ccecgaaci::;g m tvJO: 8§} 
,tqa {SEQ ID NO: !:18) 

fl<i:!1,':ltt;;ltg:ttgacgcagtctccaggc:'1'tcd El\(l TQSPGTlSV FGQ,GT 
-gktgtgktc<::.ag;,;iag,ru.;@g:agk.ac.add SPGERVTLSCRA KVE:K 
c:etg.:,a.gggr.,cagcc:aga,;;;!gtt,2,:;c:,2gal<l SQSVTRNLAV,f'f (S:!::Q ID 
ad.ta-g;c:.ctggtacca,acagagacctggcca QQ-RPG·Q.APRtU N:O: 
g,;;idccc.aggdc:d:cakfata,;;itgcakcac YS:4.STRAIGIPVR 1: OD) 
c:aggg:cca!:tg;;f:atc:c::ca,~*~'£tlt,:a-gt; FSGRGSGTDFTL 
gc:c;;iggg,;;itcf:{;:gg,ac:agac11c:a:ctctca§ SISSLQSEDSA\/'f 
cakag,cagcc:tge.8gktg~.agattctgcag YCQQV:NDWLG-G 
ffl:attmtgtei.!g,rn9tat.,atgactg:gdegg TFGQGTKVEIK. 
:gg:g;;iae.r;tkg:g,r;:cag:gg:gacc,'.:.m.agt,;;;g<l (SEQ lD NO: S'.:l) 
aa,1faaac:g,~actgt:ggi:Jg:cac:caktgktt 
c:atdkc.c:,;;ic c:atct>,;ial-ga:gc:sg!t-,;iaaatc 
!gg13:actgccic!:gt!:g!l;itgcdgc!gaataac 
ttc!iati::,ccagagaggc::caa:agtac:agtgga 
.ag'l:!tQg&!;'.:\,:icgccc:tccaatci:l-ggtaadc 
cca1-< (SEQ ID NO: -SB) 
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ll..lKPSQ"flSLR QS{iPG SA T'{V 
CT!.SGD.SVTSA !..VKF'SQ fSEO, ID 
T"(YWTWlfl;QRP Tl.:SLRC NU: 
G:KGLE1NIGN!F TlS 103} 
l<GGNTNYNPSL (SEQ lD 
!>'.5RV ftJSVDTST NO: 
NQPSlTLFtS.\!T Rl2l 

ORFGK '{SEQ ID 
GLE'i''IIG NO: 10-S} 
N{5EQ 
:rJHG: 
"H:!4} 

A.!OLTQ IQE:iNVA IL,A,lNYL INAS 
SPSS\·'S {SE:tJ lD QK.;P_ :Q.-~( {SEQ i:D 
ASVGD NO: PFKVU NO: n-S} 
!<:'/HTC 11 Bi 
RAS 
{SEaio 
f-lO: 

V(SEQ 
:[lt,10: 
·114} 

KS:ffVA:: GlT\;,'(_"~I 
.SVDTST YYFDF 
NQf:5.LT{SEQID 
LRSVTA NO: 
ACt4.t.~V 11:G?} 
YFC 
iSEQ!D 
NO: 
10:6~ 

TMKNG C:IQFNS 
VPS.R.f fPLT 
GGNGS {SEQ ID 
GPDFTl NO: 
T::NHLQ 1n:, 
PED,FG 
TYYC 
iSEQ K-:< 
NO: 
1·1:s~ 

FIG. 12 (continued) 

c,a-ggt.acagd-gca,;1rn-gki3-ggtcc,:1-gg?> 
dggtg:i,;ag,ei::tt~:a.c.ag;ac,c-,;lgt,;;,;ckag 
atge2,;;tstttcgg:gtg,:ict-.:;cgtrnce:ag,;ge :SGDSVT:SATY't•N s.s 
!,l0:tt'ti3ctm::!>;i-g:i;,~tggatccgcc~c-gcc T':ft!:f'iGRPGKGLE (SEQ lD 
e . .:1.gg,g.:1ag:f?Jcdgga,glggatt,Jgg<1-0:::·,"I \fi:iGNiFKGGNT1·~ tslO· 
!ctfu!,a:i,;gg,tggg::1:::H;aeclli3d,::ie"':m;:r.:c YNPSLKSRV,,<,J:5\/ 1 ·i:i)): 
gtccctga8gag:!cgag:!l:g<::~all3:ti::agtgg DT:5.TNOFS lflR 
;;;icar;,;;rtcta~:0acr;,:1gtte.li:::1:-ctgaclctga SVTAADAA'V\'fC 
i;ig:ldg:tgaq,ig;;;;;Jcgg:a(:g:cg;g,;::cgt-Jttl ARGlEG :T'/GJ,Y 
~1'.tg!g,r,c1ag,;zggr.:,;:ttgag1,1g icatl3acagt YFDF\N GC!GAl\'' 
gg~~c-ctm:t:atttlga-e!:kt.gi;;-g,;;:ccaggg TVSS (SEQ iD 
::3g,-c-c-ctt::;itca-c,r;;itctc;;t1:.ag-cct;;-c,2cefl:a NO: -H:lS} 
~g~~::::cr.;atcgg~-cttf;£ ~:i::rlg~:~a:cc.:::Jccts 
eai:.gag{:i3,1C•o::te,gg,:;;:g,;i-ca,:agc-ggccd. 
-,;ig:{lc1,;ice.tggtr.:.all§lg:aaa::::ttccc:cgam;; 
<--!l<l (SEQ !D NO: 1iJS} 
i;,cca\r;cl3gt!gi3cicca:gtdcicalcctccgb;i AIQLTQSP:S-:SVSA FGGGT 
k:i:gcak!>;;:i.ag,;i.ig.irngi."t§k.acwk.ac SVGI::<:RVTffCRA fl:'/0,:R 
-~ecgg,g,c"'a:::;,!ci:.gg:::3aatt&a<::l:!t-J<::tt! S:ClElNY,ll.l,e..WYl (SEQ l[) 
.;;;igcc,,;i,;;tateig,emm,aa(,ei3gg:3aancct O~~PGKVi'l(':/LIY NO: 
e.ca,aag:g:t:;dg.i1dabztgcdu;z,e.ci.1tg Nk'STMiKNG.':/PS ·l :S:rl:i 
s,.i.a.a<1tggg;g~~ccat-caag:gi:i:cg,~;cggm RfGGNGSGPDF 
atgg;a~r,tg;gg,cc::3,gatttea!::tctcac;;a:;cB: Tl TlNNl{J:PEDfG 
;;;ica:,i:cct;;;,cagcctg(ll3-ga,;::.'tttgg,@attta:tt TYYCQ:QFNS:f:Pl 
adgk;:,0;;agmsat13gitkccgcki>..crtk. TF GGG TR\tD::R 
ggq;;ggg.,;;g,;;i:c-ca:;i:r,mtggllcattaga:cg (SEQ j[) NO; 119} 
;;;iact,;i-iggct',!cac: >.::"3ict-gtc'ltcate.:ttcJ:;cg 
ce2t,:tg"'i>;iag;::agtt.gaal.lt:el.g11-2:a:ci{;;,c 
dctgtigt.gtg:cct-Jctg"'-a~"'-cttc:t"'tcsca 
gw,_iag!~c-caa1&g,taw-gtg,c1aa,~gt,;;,;ia1a 
.0c-gr;c.:tccB.alcgggtaa,ctcc>.:::t1:gg~ag 
!i;:;t-ca:c;;g;agca.ggac,ag,c::3,ag,;iB:cagca 
c.c:t>:;;c;a-g;::dcl3-gca,;icac;::dgl3:c:gdgag 
c.ea.i.gc2:g<1ctac9a::;;:a;,,a.c.a {S.EQ ID 
NO: 1lS1 
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ESGPG ISA.T'f'Y 
CT!.:SGD·9'·c~V.';'.,i.S.:ti., ILV!i(PS:Ql{:SEQ ID 
Tf'r'V,:'TVlftRQRF' 1l..:SL TC NO: 

1lS 
(SEQ lD 
:(•.JO: 
122) 

123) 

GRPGK. lfS:EQ ID 
GU::\~.'IG NO: 1:2:S) 
N{SECi 
!ONO: 
124} 

A.IQ.' t.\ . .UC:.-·· 11.)E!NYA. IL· A'·t.Nl IN.AS 
S:PS:SVS (SEQ ID OKPGK {SEQ ID 
ASVGD NO: PPKVU NO: ::35} 
ff•:/TffC: I 133} 
:FtA}3 
{SEO iD 
NO: 
H2j 

Yi.SEQ 
!D ~,iO: 

B4l 

KSR'/A!: GlTiGV 
S~~/DTS ".f'~{:C·DF 
RNQfS /SEQ ID 
l11.NSL NO: 
TA,.ADT.A 127) 
VYfC 
(SEC/ !D 
NO: 
·nsi 

TlKNGV OQFNS 
PSRFG VPLT 
GDGSG {SEQ ID 
PDfTl1 NO: 
!:SNlQP 137) 
EDFGT 
'''{"{f,; 

i,SEQlD 
NO: 
13f;) 

FIG. 12 ( continued) 

C:ll.gg:tgc@gd,~ca:gg:ll.glcg!~.gccca:gg:>& OV-QLQ:ESGPGLV VVGQG 
,:1ggtg~ag<:,:'t!c.a:c@ga,:,cctgtcc:ctc.a:c KPSQTLS:LTCTIS TLVT'/ 
c1gc0,c:!s:tr:k:aggt~:8lctc:,::;gtc0gr;0:g:!ge GDSVSSAT{YWT SS 
gacttact':!i'.:UJgacctgg,at:::o;iccag,c:g,cc 'ii'tlf'.QRPGKGlE i,SEQ lD 
ca-gg::;.1-aa,;iggc:ct,g,gag,!g,;i:it1:g:ggflaca 'rNlGNl fNS.GS TN NO: 
kttfaacag:tggg,':lgtacc.;,mctacmic:ccg ''fNPSl!<.SRVl!.ISV 1 JO}. 
tccdrnagag,!c,gag,ttgcc,':lt.tcagt1ga DTSR:N-Q:fSlTLN 
c,acgtc!i:3,;!•!,lsl!:i:!:CC.a.gttct;r:ctgiacktg,:aa S:L T,!l;ADTAV'{fC 
tktc!:gactg,r;cg,r;.ggal:iB,c:gi;;,,:r;i;;,!gta!ffi .ARGLEGffVGVY 
!,gtgcg.i3gaggc cf:tg:a:gggc:s:ta:ac:sg!gg YCDF:1VG-QG TLV 
gggtctac:tattgtg,actt:::tggggccaggga~ T'':/SS {SEQ m 
ccctgglca,:cg,!d,:;ctcag,cctci.:ar::eaag NO: 12S} 
ggu:cat>:ggtcttcccc:c1ggi.:accc.tcctcc 
agg:<1gcaedctgg,gggcacagcg.g,c:ec1g 
ggcci.g€::tli;i,!,l1:ca;aggacfadkc CCSJI!,':lcc 
~gt fSEO !D MO: 126j 
g,;::;c:a!ccagatgacccagtctc.~t1::tti::cgt A!QMTG.ispssvs FGGGT 
gktgc;atdgJ,3.g:gagaeag;agkaccak.a: ASVGDR\iTffCR KVD,IR 
ctt,g<:cgggc.a:;agk.a:ggBastt~aeta!gcf:t A.SQE:,NVALAWY (SEQ lD 
t~g,cct;'li;,tatctg,cammaccag,g,mmac:c LQKP-GKPP,i-,VUY NO: 
kcru.;a,g:gkc!!Jaktataa:l:gccttc.m:dtg NASTLKNG1/PSH 140}. 
aafi:ai.:it;m::;m!ct:ca:teaaggttcggcggcg fGGDGSGPDFTL 
atg:gati.::tg,ggc:;:;a:g:rn:tlcm::tctcai.:::;::atc.fl nsNL QPE Df GTY 
g,;::,':la1,::dgc;ag,:;dga>&gadttgg,a,':ldt,3ft VCQQFNS'iPLTF 
aet:gtcaacagt!tl3aragttaccc,;;ic1c:adl:t GGGTKVD!R 
cg:gq19:g:ggga:cca:sggtggacatta,;;im::g (SEQ m NO: '139) 
aactglfJgctgc.a:cc.a:!ctgtd1:c.a'lcttcccg 
ccmctgat,g,a:gc,si:9ti:gaa:atd.ggaa:ctg:c 
c1i:::iglt>;itgtgccct:;icigsataactlctatccca 
gagagg:c:ca:a:agfacag,!ggaag:gtg,;ia~a 
a,;::gcc ctct:aatc:gggt::'lactcccaggaga 
fSEO :D NO: 136) 
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cagg!g(:-8gclgfrtg,cf!g:tc!gg,ggdgaagt Q':/{:JL':/:lJSGA:EVI':: 'N<.30G 
QSG.AE T'ti OAPGO V {SEQ ID fQGRV NSGFAL gaB:gaagt:dgggkgkggtgB:aggictt:cI KPGSSV!(VSCKA TLVTV 
'-/KKPG /SEQ ID GLE'f{M NO: ::45} HTADN LH (SEQ g!aaggcttctgg0,ggcacc8lca:0c.a:cctat SGGTfNT'tilNWV SS 
S.SVKVS ~JO: GR 'SXX)G{X ID NO: attals1aattgggtgc9aca:ggc:ecct9gaca RQ,A.PGQGLE'NM (SEQ lD 

GLEWMGR::NPSICr:J.,S 143J (SEQ lD XEH'fSl '147) agggdlgag!:g:ga1gggaaggaki:i:ar;cd GRINPSFGSVNY !'-lO: 
{SEQ lD MO: RSEDT m1crt1:ggttcagt11a<1ctacgu,c.ag11ggttt AQRFQGRVTITA 15-0) 
NO: ·144) AVY''{C cagg:;.1cagagt;::acg8tcm;:cg,:,ggaca.& DNSXX'.i..XXXELN 
142) (SEQ !D ctB:,canrm,nrmrrn,nnnn:mintggagttgB:a SU~SEDTAVY''{C 

D·!VMTO QS":lLYT L!l;.'N:FQ IW'A.S 
SPDS!. SNNKN QKPGQ fS:EQ ID 
,......i; <<;:·~ '·." ,.,,:, . t .• ,~ :•. • ··- -:-r.t;·'r '"·;,c,~G 1 t-,-EO PP,.,L:..I NCL .,:::,..~; 
ER-ATIN ID NO: Y (SEQ 
CKSS 153) m NO: 
{SEQ lD 
NO: 
152) 

·1S4} 

NCl: cagc,:.!ga;,;;:ald,;aggacacgg,ccgtg!at! ASPAVNSGFALL 
14f;} m::tgt:-;c.gagccccgcaroc2:a:ttc1ggtttcg: H'.VGQGTl VTVS 

TRASG G!OYYS 
VPDRF NSMYT 
SGSGS fSEQ ID 
GTDFTL NO: 
TlS.SLQ 157} 
,ll..ED'':i''.4. 
VYYC: 
(SEO !D 
NO: 
·j56) 

cg~..act!cadgggi;iccagggaaccdg,;i,k. :5 (SEG: lD NO: 
accgictcctc.a:gegteg,a:ccaa:gg,~c.cmt -~ 49) 
cggt-cttcu:.cctg,~cacc,ctcd:ccai:.gagt 
a,:::ctctgggggcacagcggccctgggr.tgcc 
tggtc,1<:aggadacttu:cqi-aa-cdg:l:ga0;;i 
.-,ictcot<:ig (SEQ ID NC.\: ·1431 
ga~t!::gtgatga~~cagtdcca-;;ia:ctcr,ct D,iVMTG;SPDSLG FGQGT 
gggtgig,kk:!gggcg;ag,a@;-g(:caccak VSLGERA T!NCK KVE!~: 
i.:,ae1gcBagtcca,;i:cc.aga:gt.gttt!.atl3C.8C SSGSVLYTSNNK (SEQ 1D 
ckcaac:Baia&g,;:rn.cim;tragct--..ggttcra NYLt>/NFQQKPG NG: 
g,::,~g:aaaccaggar.:agcdccwagdgdc (lPPKl:llYVi!AST 16W 
attt:::ietgg,;catctacecgg{l:caicr:g:ga,~t RASG\'PDRfSGS 
c,cc-tg::.;;,:,r.ga:!11.::agtggc£:igcgggt,:tg,;i:g G5GTD fTLTiSSl 
acag,adfc,~dcka:cca:icagcag:.:d·;;;::,;a O.AED\1 A.\f'{V CQ 
ggelga;ag,~gt~l';;JC:Bglttatta:ct-;!:caaca OVY:SN:S:MYTFG 
arottam,gta~ftcca~·tacarttt!ggcca:i;;:g QGTKV:E!K. (SEQ: 
ggm:;c,:,:0,g;;ilgg898tcm.'l8CSjtacggtgg H} NO: 159) 
t1i;icac:c:Bt,:tgtcttc:i:J:tc:tt,;::c:cg,e,:l3tdg,&l' 
goi:gcagtt;;)aa8tctg:g.aactgcdctgttg:t,Jt 
gcct<;.1c!:g:a,~taactl:cfab::cr.aga9ag,g1.::1:. 
a~agtB:cag"4J:ga£:iggtgg.ataa1.::9c1.::c:! 
(SEQ ID NO 156) 
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GGS:i:SS IWTWIR l!YYSGST 
LVKPS:E.TlSLTdESGFG IYY QPPGi.:; (SEQ ID 

'!.1
: ·'WF<s-:E ll'"'-EQ<_l•.D ' 'I.::~~ ...... ._-. ' ... 

TLSLTC NO: 
S.\/S 
(SEQ: lD 
NO: 
·162) 

·t63:} 

GLE'JHGINO: 165) 
N:{SEQ 
iDNO: 
164) 

YYSPSL ARD-CS cJJ:ggtgcagcV;i,::aggJJ:glcg1;1:,;p::,::agg13: QVO.LO:ESGPGLV \:\'GKG 
KSRVT! GfEDM ctggtg,a.a~cc,ttcgga:g,acc,:::t~~,:::cctca,c KPSETL:Sl TC::sv AT':!TV 
SIDTSI{ DSP{YF ctgcagtgtctctgg!ggctc:i::ateag!;::igtt:-:;i:c SGGSlS:SYYWT•N SS 
NQfSU( MDV tm::tgq:acdggalv::gacag,c:c;cccagg,;;«:, !RQPPGKGLEVi! (SEQ lD 
LNSVTT {S.EG! ID ia:ig:gggi.;l:>~gagtgq.attgggaacatc.mrai.: GNlYVSGSTYYS NO: 
ADT A'</Y NG: !.:!g'i:g;gg;agcacgtadacagc.cc:dcccka P-SL.KSRVHSID T 17.:[il 
YC ·Hrl} !.:!gagtcgagtca;;:,catatc,'.:la:t;:i;g;:i;cacgk SKN{JFSLKLNSV 
(SEC: lD cJJ:aga:ac,clJ:a,ttdccc!i,;ra,::i;a~raa;ac,i:c~ TTADTAVYVCts,R 
NO: lgaccactg:cgg;acacgfi:C cg,m:at!:adgtg DC:SGfE DMDSF 
165:, cg,agg:gactg!;::igtggcttc-g.3aga,~tgga YYfMDVWGKGA 

ctc:cttct,K.tm;;t!catggm;;gt,:;tg;gggc::i:::i TVT\/S.S (SEQ E:l 
ia:ig:ggg,:;r;ri:eggtcaf;cgtr..1cc.tcagcgt:eg NO: H39J 
.a:et.aag,;igccc.at~gicttc.ccc,ctggcar: 
c.tt1.:,e!:c:e,::mgllgr;0,ect:etgg,g;gg'l'.;ar;a-g:e 
gg,ecctgggctgcctgg~ca,-::iggf:ld;adtc:e 
ccqaa {SEC! ID NO: Hl:B) 

El\il TO QRL TSS LSWYQ A.AS {SEQ NR~.TG OYRS-H ga,aartgtgttg,f:lcacag1:dc:cggc::i::acc:et EIVl TGSPATLSL FGGGT 
gkttzj,!c!:cc:agggg;aaagflgccaccddc: SPGERA.TlS:CRA. K\/E!K 
c:tgc:agc,;;:i;;iccBg1cagc.gtt:t!a,c::c13:g:ctc:e1! SQR!. TS.SLS'/ilYQ (SEQ lD 
.at:ec:lg::;i'teitcarn::ami8:g,cct;;ig,:::caggd QKPGiJA.PRLUY NO: 
e.ccag:gct:edcalliatgdg,e8tr.:criaca-gg AAS.N,RATGVPA.R ·i a:fr.} 
gr;cac.lggcgtccc8gtcriggtlca11tggc.a FSGSGSGTDFTL 
gtg:g,gt,:;tg;i;,igaca;;iacticac1c.t:ca:c:catc TlSSLEPEDFA.'=/'l 
ag-cag;cdgQflQC dg;,1agarti:lgcg:gi:lfati V CO YR:SH"-IVPPA 
a{:tgtcai;;i!accgaa,;1c::t:-IBd•;;ig,:::ctc::i::g:g:e VTfi.3 GG TKVE! K 
ggtc:,Bc.tt!eggc:ggag:g,gacca0,ggtggafl (SEQ m NO: "179j 
:litca:sacgt:-:i:c,;i:gtg:g;ctgca,ccak,tgtcttc. 

SPA.RS (:SECi ID QKPGO m t,,io: VPARfS lNPPAV 
LSPGE NO AFRLU "175) GSGSG T {SEQ 
RATLSC H3i \{ I.SEQ TDfTL.TI ID NO: 

RLUYAASNRAI IRAS · ,,:ei -~-10: s:._;i..EPE ff::i'} 
GVPA.RFSGSG {SEQ lD 174} DF.AVYY 

oo: c~ru 
H2.l 10NO: 

17§) 

FIG. 12 ( continued) 

.atcttccc:~ cca!cigatg.agci:;:g~.g.8ri.afat 
gg,,i:ac!gcctctgttgtgtg,:ctgctga~taad 
t:Ctati.;cca-gri&iag-gc.ca!.:l~Jtac~Jtg:g-aa 
gg:tg,ga:raacgr.-cc!tcaatc:ggi;,ita:sctc 
(SEO fD NO: Hdl 

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

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

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

~ ..... .... 
0 = 

2' 
:-' .... 
~ ... 
N 
0 .... 
O'I 

rJJ 
=('D 
('D ..... 
N 
0 
0 .... 
1,0 
0 

c 
rJJ 
N 
0 .... 
O'I 

---0 
N 
0 
0 
QO 
0 
0 

> .... 



MT'-('{ QPPG!el: l(SEO. ID 
•~ - . . . ~-. . , ti:' . ,:. r - ,o· -,. t_,EQ ID L,LE.:..>IG /,hJ ... k,5) 
NO: S (SEQ 
·l8:J} :D NO: 

1S4} 

YYSPSl ARC-LT __ _ _ _ __ _ ___ __ 
l>~SRVT GM\/YA.! d-ggtg,a.agc:s::,tte~g81'fi:acc,:t~rt,:::cdw,c: KPSETlSl TC:TVS TlVTV 
MSVDT LLPSYf ct-gcae!gte1ctgglggctc.c:t3tracc:sgliB,a GGSITSNTYYWG SS 
S!{NUF Df cactractaetggg,;ic,tggatccgc.c:agc:ccc 'titRQPP-G:;,~GLES (SEQ: lD 
SLKLSS (SEQ ID c:a:gg1i;aa:gg:g,gdg:g,-;;gk:gati:gggagtat !GSISFSG:RTYVS NO: 
VTAADT NO: c.tctttt;;3:g,tgggagaacct'.:ir:tacagcc~Jte PSLKSRVTMSVD 19:!}._l 
AFVYC t81} r.dc.afl:ga:gtcga:glcacca;!:gtc:agta;;ia:c TS:KNC,f:StKLSS 
(SEO lD 
NO: 
-~BC) 

acgtcf.:~li!f1:1'!8!Ccagttdccc:tg:i,ia:g;dga. ':JT AADTAFYYCA. 
gdcl:g't>;:;,accgccgci;;;g~'l:c:acg:gf.:c::ttt\B:t! ROl TGM\/Y A!LLP 
s.dgtg:c-gag.3cagtta.ac:;ag:gg:a"t,;mtltat SYf:DfWGQGTL 
:gd,13ttctctt1aecgtc:dm::l:ti::gm::ttctQ9ggc 'iTVSS (SEQ !D 
ca:gg1i,caccct>Jgtt:aet:gtdcctcag~tc NO: 189) 
gaceaa,Jggccce3tql:;itd!cc-ced!Jgc.:.:1 
r.ccti.:ctc:,c."w,-ga,;,ic:ace-1ct,Jggggc<1:eag 
<:-{;;gcc..:tg.gPJc:t;;ici:::tg;gtca:i;,ggm::tactk 
cc (SEQ ID N{): 1 sm 

LAWYQ !\AS {SE-Q n.ESGV O.QHNS ga-ca:tcc:agal:g-3,:;c;:cl?igl:t:!cct!1:::cflcgt:t CHQl'>,ffQSPSTLS FGQ:GT 
gktgca!ctgli:t~ga:gaca,;agt,:ac.c::Bk:B ASVGDRVT!TCR K\iEK 
ct!gecgggc:wg!cag,agta:ttgg;tagctggt ASQS!GSWLAV'i'Y (SEQ lD 
tggc:ct:;i,;it:ik.a:gwgmif.l:CC<Jg:ggm:~.ag QQJ{PGKAPKLU NO: 
c.ccct::.agctccta,.1fo!at::.a:g;gcgtcwctrt YKASTLESGVPS 21W:) 
ag,1,aagtg{l;ggt;;;ceatc:a.aggtre.a:gcggc RFSG.SG5GTEfT 
-agtg,g;a:tc1gg:gm:,-;;:ga:attcactctcm:.c;at l T!SS.lQPDDLAT 
ca:gf.:~g,~-c~cl?igcctg:a:tgak1t{l:Ca:i,idl: VYU)·QHMSYS.G 
altactgCCl?i8Ca,;;l•Ca:raatagttiattcggggg AFGQGTKV'Elr-,.: 
c.g,tteggci::aagggacc,a:ag,giggaaato::a (SEO m NO: -1§9j 
aa-cgtac:ggtggdgc.acc:atctgk:ttc:atctl 
c.ccgccatctgatg,a-geagttgaaatctggaa 

w {SEQ IQ~PGK lD t:-i:O: PSRFS YSGA 
' . • .... : ,· ' ' : . . ~ . . , ~-,.. t;' ...... '1:' ~ : :~ ID NO. RPKLU LS l GSz..-:,,c:s l--''-'Q .ID 

193} -y (SEO TEFTL n NO: 
:D NO: SSlQP ·rn:i) 
194} DDlATY 

YC 
(SEQ lD 
NO: 
19§) 

FIG. 12 (continued) 

ctg(:ctctg·t~Igtg cd,;ict<;;;;iaataadtc:tat 
c:i.:c::.g,agagg,i.;,c.-;;aagtllc:agtg;ga:a-ggtg 
gata:aegcc!:,tccai;;!.cgg:gfa:a!:,tcc.1:.3gg 
iliJ !SEQ 10 NO: 1S5J 
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2[12) 

NO: 
703.} 

GAPG1{ R. (SEQ :ID VKGRf PYUTD 
GLE\.~.'V ND: WSi T!:SRDN AfD:! 
SV SKNTLY {SEQ ID 
(SEQ lD U:.MNN NO: 
N(t 
20·~} 

\/RAED l2D1J 
T ~;'.,.f'fFC: 
(SEQ ID 
NO: 
WI?) 

D.
'•Q:•·•TP·1-=·<;:\.(,Z<l"'. ' .• _,,i;y,-:_-=, 'KA"'.· {<;:EC, T'LE<1.G',( 0'"'.Y_""T ~ J;,,11,! ~.,__._ •. ,,,._ .• ,;,.._L.J"'i,,i,il ........ , ........ ,,._. ~ t '-'·-~ ·1...·.~··! 

SPSTLS (SEQ ID QKPGK lD NO: PPRFS SSR.\iT 

(SEO lD 
NO: 
Z1 .2:~ 

NO: APKLU 2151 GSGSG l:SEQ ID 
213-} ·v (SEQ TEFTL Ti NO: 

!D NO: S:SLQP 217} 
214) NDFiHY 

'f'C 
(SEC~ ID 
NO: 
21ffl 

FIG. 12 (continued) 

ga,;;;,gt-;;;,cagctgrt:;igagtct-;;;;ggg,;mggctt E\'QLLESiGGGLV 'liGQG 
ggtg<::.<IQ:Ci.:QQ'§!ggggtct,::;tg,,3;:;ia,::;ti:;ti;c Q:PGG.SURSCEA TM\(f'-/ 
tg~.aage.ctr;t:;igattr;a8ktttBitt.agtl:-Jtgr.: SGFTflSYAM S'# SS 
r;13,tgag!tgggtr;cg,c,:;;;aggct,:r;13gggo1;ag VRQAPGKGLEV:f (SEQ ID 
gggr;tggagtgggktrngttattw.;tgggag vsvrs.G.SGGA.RY N:O: 
cg,gtggtg,eca:;i:at'.:'tcraegcagaekr;:gtg 'i.A.DSVKGRFTIS :2·1n~ 
.aa,;;;,gg,i;cg,;itt,:;a,:;.:;..afat,:;ca-gag,&caatt RDNSKNTlYLEM 
ctaffga:::,,;;.ac,:;clai.atct:;iga;cH,tga&c@a NNVRAE [ff AVYF 
cg,tgag0::;iccga0::;i-0,:;.ai-::g9ccgrai_a'ttttt CAKDRlLPYDT:D 
gtgq;;:<1s,agatc-:;;,::1attctr;ccata\g,3:c:3ce Af[H'•.NGQGTM'':/T 
g.at-~c.c:t!t.i1Bca!ctggggr;r;aaggg,ar;1rn! VSS (SEQ ID NO: 
ggk:ar:,i::,;_itdi::ttrngegkg,:&c.ea:agggi:::;:: 209) 
ca:ic.gqtctteccct:,tl;;,gc!:!lc:cctcdccaa:g,a 
g,;:;;;.{;;ctct.gggggcaeagcgg:ecctggg,ct.g 
ccig:gk;,,si,ggaciadkc,ecga;,,ce!:gt:;i.0 
CG: {SEQ ra N~'J: 2:08). 
gaca,!ccagil!i>~ll!r:-::cai;itctc[:ttci::::a:cci:::l DlQt,.t:TC!.SPSTLS FGPGT 
gt:ctg,~,,g,ld,gtg,ggagac:ag!:ilgtca~:c:2:tr.:a AS'/GDRVT!TCR KVD:IK 
c!tg{;;,;gggeca:g:tgaga:g,tg:ttag:tg:tctcgtt ASES\tSVSLAcV'{'i (SEQ ID 
.ggcc!qgia~ca:gcaga;;ia;;:,cgg,;;,lcam,,gc QQ-KPGKAPKLU N:O: 
ccdmo:i.d:tct0at.ci:abagg:cgkladita YKASTLESGVPP 12Q} 
g8a«gtggcgkc:,;;;iccc:0gg!l:e«gcgg-c Rf:S.G:-,G5GTEFT 
a,;itg;,;i.a!dgg,g,21r:.:.g,;aa=1tca~:tct,:,:3cca:tt L TiSSLQ:P=NDf.t..T 
a•~Ca:!,)CCt§C81>.)CO:::laca!ga,::~ttgcga:cit81t YYC(JEYr.:TSSRV 
factg,r,caa:,gali:Mtca,:::.acttcttsf,:Cgggt,: TfGPGTKVD! K 
a:;::!tt;;:sJgr:;;:.c!gggacca.;,,.;gti;g<1tatcaa (SEO l G NO; 219} 
a:::gtae,;;;;gtgg,:;tgi;;.~,,:;,~as:,:;tgtcttwtcitt 
ccgcmtctg,~tg,a:g,c.~gti.:gai.la,tct,;;g,1,ac 

t.gr;ctc:ti;;ttgtgtgcc1gc!ga~t:l!acttc1ati:: 
cc:ag,m;;i:aggcraa,agt13cagtg1;i:a,a:gg,!:g 
gata23cg,ccct,:=a!cgg{lta:3:e!cu:a,J 
(SEQ- m NG: 2Hll 
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.A.KDRV -gaggtg:c:agdgctggagtdg,gg,;;ig:aggcc- E\:'QLLESG:GGLV \"/Gi:;-G 
VOPt:3,Ac.:SLRLSC 1s_ GGGL_ o_ YA _ QAPGK T {SE_ Q ID VKGRF \:':GRP'll ·1g¢Qcag,::,ctggggcg:_!,.;c-,::,tgagact,::tcc-t a_ 'PG.i<l-,SUR_ SCAA Tl \/TV 
AA.SGFS:FKDVA VQPGA (S:EQ 10 GlEWV NO: 225) HSRDN EYSLDF g~;~,::,i1-g{:ct,:~-gg,B:~ca,;;icttl'a:agga,::f:B:!,;;i SGFSFKDY.ALS':N SS 

SLRLSC NO: SH SKNT>iY {SEQ m ccc!:g:.J-gd:g,;;igkcgcca,ggctc:a'3gg:g@a VRQAPGKGLEW (SEQ to 
A.f!.S 223.} (SEQ iD LQMNS NO: ggg:gdg-ga-gtgg:g:tctcaca:ratta-gtggta VSH!SGSGLSTY ~.:O: 
{SEQ lD NO: LR.:'!..EDT 227} gtg:g:!cl.t:,109:tacafac!acgc,]:g,a:etccg:tcia YADSVKGRFT!S 23:G} 
NO: 224} AVYFC agggccggttcacca,tck.ca;';«•QllC.im:ticc RDNSKNT\tYtQM 

( SEQ lD aag,:tacl.'lii::cQt,;itatctgca;;mti;iaai.::a,~,;:.tt NSlRAEDT A.VYF 
NO: gagagccg:ag9aei1cg:gccgtgtarttctg~g CAKDRVVGRPW 
22ff) C-QlJ:@lJ:gatci;:;:ggtagtllQIJtc:,;;icc:cctg:g:ga EYSLDF\;-W3QGTL 

-g1:ac,tcccl:tg:Bcttctgg@gc:,:.,3ggga,a,:::cc·t '·lT\!S.S i_SEQ: :D 
-ggt,::,;ac:,::gte'tcctcag,cgtcg:accaag,gg,c NO: 229'} 
cca:tcggtc1tccccdggc:3c,e::ckr.:!cc.aag 
agcacdctg::;1ggi;i<:,acagi.::ggc.cctgggc!. 
gcc.tg§ltclla§lg&d,,i.,:;itccc,ei;iaac,dgtg 
(SEQ ff) NC: 228) 

!RATGi::? QQYNN ga;mtllgtgatg11;<:gcag1i.::.tcc:a,;i:,:::cai.::.cg EIVMTQSPAT=/S FGGGT 
SVS:PGER.ATLS 1'3PATVSID (SEQ 1Q~,PGQ 11.:SEQ ID I.ARFSG VilPPLT !-gktgtgtckc.aggggi;mag,agccaccdc VSPGERATLSCR KVBIK 
CRASOSVNSDL \tSPGE ID NO: .APRLU NO: 23:5} SGSGT (SEQ 10 !:c-t!g,::ag:gg,::cagtcaga,;;i1ftttaac,1.'lgc:ga ASQ:S:VNSDLVW (SEQ lD 

ElVMTQSP:t-:rv IEIVMTQ IQSVNS l\JVtr·ta G:-A.S 

ot,·ylr••-, 1~,c;~· ,·;·<. ;:,c .:...:.<,:)) 
Rti..;,;. 

{SEQ lD 
NO: 

QSEDFAVYYGOl:232) 
QYNN'fiP (SEQ 
!D NO: 2:31) 

Y (SEQ 
H)NO: 
234) 

EFTL T!:S NO: cctcgta!:gg:taccagc:aga:aacctggccag YQQKPGQAPRLL N:O: 
SIQSED 1237} 
F.AVYYC 
(SEQlD 
NO: 
23:5) 

FIG. 12 (continued) 

g,c!ccc,~:actc:de,a!ft..3tggag,c:gkc;:atil.'l ! YGASlRJH G!:PA 24:G} 
gggccaetggta!:cee;a,gr,cagg!tcagtgg RFSGSGSGTEFT 
cagtgggtc~;gga,:;:agagttcactctca:cca L TlSS!QSEDFAV 
kagcag:c.attcagtdga.ag:atffl:,gc.a:gtttat YYOQ,QYN,NWPP 
!ar,tgtcllgcagtara.ataact1;mcctc<:1i:c-tc l TFG:GGT!(VE!K 
,3~!lJ:cfrn:c:ggaggg.accaafrn,!gg.aaat:ro (SEQ ID NO 239} 
.,3acgtsc.ggti;ig,i::clgc1J:c:~t•:ig\{:tl~t,:tt 
r,,:;,:;;gccatctga!g:agcagt!gaa21tct-;;igaa 
ctgcdct,~:ttgtg!g:eet:;ictgaat.3a:ctte1;a,t 
cccag;a,g:aggc;.::aa;a,gtacB:9tggaaggtg 
-g;:a:tam::g,c,::dr.ca.at:eggg!aactcccag 
'SEQ ID NG: 23:61 
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VQPGGSLRL.SCl:S.GGGL IS.NF QTPGK. 
, , <;::,'F~·. •·<;;<;;He: I'' ,-;,-p;~-,~ 1 ·,:::En ID lr'l<="••-•·<1' .;i.;,~.'9•,:::H...:i'. ·~'"::;,:; •-.•.~-:n-..:::;- ~;_;•·~: .,__"'t.~.:;, l,:..,. :~ ~..J: ~ ii:"ll" • ., 

MS'IN\.'RQTPGK S.lRL3C NO: SV 
243) 

24.2;; 

esEo ~D 
NO: 
244} 

! .J. b. ,.::>)'J!•· •• :~. o•:...~..3·-., .~.~~~· t. ! l ",;•-~r-: -❖ T'lf''"' •'::)-<'',/ ''"'RH" 
{SEQ ID !{GRF'fi NY:DDD 
MO: 2~5) S.RDNS '{ (SEQ 

KNTlYL ID NO: 
QMDSL :241) 
RVEDT 
G~/'{'f·C: 
(SEC~m 
NO: 
246) 

D\'\i'MTOSPLSL IDVVMT QSL'./:H lN\<i-;':fQ KVS (SEQ NRDSG MClGTH 
Q.SPtSL SDGNT G:RPGG! to NO: VPDRf WPT 

~·R"·'IC:""'<;:L'fH"'"l""''fTll- 'v: '"EQ Z·L0 'R' I •;r_r·• <::"j"~.,:,r-z: ''"'·E'l I"' ·~ .. ~,.,} . .,,U.__1;. \ .. . :2 .. u ~v ~. :,,;,. ,. f:.:-. · • ,.;_, . . 0~~ JL .::,.,.:,,:,) ~.~-~_c_J_ :J.;::, .. ,_.,.. .U 

GNTVLN'NFGQ QP/,S!:S ID NO: Y (SEO GTDfTl NO: 
RPGQSlRRUY C:R:S:S 253) ::I) NO: KISR.VE 151) 

{SEQ lD 
NO: 

DFT:LKISR':/EAE 1252) 
D\:'GVYYCMQG 
TH'>'°>' ('SEQ :::D 

25-4} AED'V'G 
\{'(YC 

(SEl:JKJ 
NO: 
25·6.l 

gag,gtge,i:g;,:;tggtr,igagtciggggg.:iggci EVQl\iE.SGGGLV GGQGT 
tggtcca.gcctggggggk.ectgggactctcct QPGGSLRl3CAA L\1T':/3 
g~c.i:-~gcctctggaft.c1.1ig·t{Jtc.a;gt?!gc&l:l:c SGF3VSSNFMS. S {SEQ 
ttwig,ag'ttgg,;ilcc,;;,cm{l:M.:tccagg,gaa '1{':/RQTPGKQ,LE :D NO: 
ggg,gctggagtgggtctcagttcttigtagcgg '1{'/3VL YSGG.4Tf 25:0} 
t.ggtgct:.f3:Cattct3Ct;:C3:(jf3{tccgtg a,3gg Y.ADSVKGRFTI S 
gcaga!!c2u~mt ck.c&gm;;acaa!tcgM RDNS.KU"fl VLUM 
gaaca~gc\gta!:ctt.::f32,!;1,'l:tgga,i:::f3gCctg:a DSLRVEDTGVYY 
g.a,;;:!:c;:m,:;rn.a~cggg~,tgtattaclgtgcg CA.SRHYNYDDD 
&gc:ag.ica,:l;;.K32!!1:ac-~aegatgactacg YGGQGTtVT\iS.S 
ggg:gc,:.agggaB:e:,:;;ctggte::a,::,::gktcd,:: (SEQ: lD NO: 24SJ 
agc:gtc,;;,ae:c!3.agggcccf3tcggtctt8.cr;c 
ctgg,::acci::tcctix3a,~agcocctcl{;ggg 
-g,mca,;;icg,gc i::cl-gi;ig1::~g,,;c1gglca:~-g,;i 
ad;a,::f:kci:::i::g,a;;;cclgtga;;,;_,g!.::fogi;;H.i'3. 
a,:tca {SE{). ID NO: 2413} 
g;atJttJ!gatga,dt:,~!ct,:::;.Rdt:tccc!~;; DV\:'M:TQSPLSLP fGG:-GT 
;;::,cg:t;;:::R;ci:::cttg,ga1,>~r:cg:g:cckcakk;;i VTLG-OP.AS!SCR: RlElK 
gc-aggl.ctag:tca&ag;;,:tc-gt:H;aca:g:tgat SSQSl VHSDGNT (SEO lD 
gga:aae,::1i:::.1:radtga:zttgg!ttcag;;:::&gag YL:NV\IFC:Q:R:PGQ NO: 
gcca:ggc:caakktll!a:g,gcgcdll!al:lfata SlR:RUYKVSNR:D 2Eifi): 
agi;;,tttctl:l:8CC:g:ggac,tctg,gggtc,:::CTi{lili-C SGVPD:RfSGSiG 
agattcag,c-g9cagtgg:gtc:1<g:gcact9~-d:t SG TDfTU(,SR\/E 
ca~-Ric~aaaatcag;;agg,gtg,gag:g:::l:ga AEDVGV'lY CM·CI 
ggi:;:fgttggg-gtttmtactgcat>;;ic.aag,~,t!'ir; GTHWPTFGQGT 
a,::,!'idgg,,::ecacd:t;;ggcc~:aggg:a,::acg RLElK {SH::J- II} 
a,c:lgg;;;gat'..ai.,a,~gtacg,gtg:gctgcaccat NO: 25\l) 
c1gre-ttcat-ettcce:gec.atctgatgll,gcagttg 
aaB:td:gg:0:1!Cj:g•~~idgttgtgt:gcctgdga 
ata.acttd<'!ic::ccagag.3:ggcrnaagt;ai;a 
g~ga.aggtggaraacgccdccaatcg:ggt 
iSEQ !D NO: 258l 

FIG. 12 (continued) 
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Ei.fQlVESGGT\i EVOLVE EYTfRN MS>N"/R 
\.>'QPGGSLR:LSC SGGTV YW QAPGK 
VASE~'iT:F·R.~iff~l ~./CJ:PG:8 (SEC! :!:D GL:E1JV\l 
MS'.\¥\"RQ,a.PGK SLRLSC NO: GN 
GLEW\iGN,NQD \t.AS 2•33) (SiEC! H) 

{SEQlD 
NO: 
2€·.2~ 

~;:o: 
264) 

ARABS gaggtgc:fl:gr:!gg,!i;;gagt.r:J:i;;;gg,;;;g;;mce 
;,;; {SEQ IDIVKGRF '(GDYR gjggtcc.agccggggg§gtccct~pgm::td QPGGSLRLSf:VA TL\!T':/ 
NO: 265} TtSRDN P::NN\/'lF e:i::,11;rtJt:&gcctctgsf!!8ta!'::Ctteal;lg@tl;i SEYTfRNY'WMS ss 

AENStf DP ttggal>;Ja-gc{g{lgtr,r:gc.r:<.'lQ',l~-tccca:Q:Q{! W\i':RQAPG!<,GLE (SEQ l[l 
LQMN:5 (SEQ ID aaggggctgg.agtgggtggge.m,catamat W\:'GNnlQDGSE NO: 
LR\:'A.DT NO: c:a;;;galg;;;;a;lgagm1¢'.:lcta1gtgjl:&ct KYY':/DS\:'IKG.RFT 27ff; 
A \fY'-tC 2·67) ctg1\'.ja&gggc::--9&tte.m:caictcca,;;:0,1;i-0 :,SRDNAENSLFLQ 
iSEQ lD c£,acgci::gagsactc{:cta!tte:lg,ca.aatga M NSLRVA[ff A\iY 
NO: acaqcctgi1gagtci;icggacaeggdi;;,~i1,t YC.ARAGS:V GDY 
26!3 j im::tgtgr.gag,ag-cgi;;;gg,mJtmcggtgart RP,:NN1NfDP':1VG 

arng§CCg:IBi:aa;1,ca.actgg:th::§a:[;,:Cctg RGTl.. VT\i'SS 
ggg(;:;~Il'99'Jaaccctggtc,:,;ccg!r.tcc1ca (SEQ lD NO. 269) 
gc1,tt:i;.,l3,~.t:al3gggcc~tcg,gtt:Hcccc&'~ 
gg-cacecc!e.ctc,r:;;,a;::.g:1:,acd:e1gg9g;g,r: 
acagcg,;icc.ci.>;iagctg,cr:ly-g&.::aa,;;:gact 
acl,ccccg,s;;a.'l:ctgtg-131:;.ggtdci;J1g•;JB,act 
cBcgqcg•~-cctgacca1J:q;;gcg:!g,cl3c a~:ctt 
c,c;1::ggct.gt,~ctarngtccica-ggac {SEC~ 
io NO: ?£i's 

DlQMTQ QS!SFS 
S.PSTLS (SEQ HJ 
ASVGG NO: 

lA'NYQ lens INLl<SG IQrffSM 
QKPGK {SEQ ID VPSRfS YSYT 

ga,c.atcca,;;-at!l-a-ce.ci.:;:,;;tr:lccttc.c.ic.r.:ct DlQM:TQSPSTLS FGOGT 
gl,;tgcBtdQt::ti;i:ggggca:ga~,lc.acrn~e.a; ASVGGR',fTIT-CR. K\/EiK 
ctc,;;ccgoocca-gtcag:agrn!Ulgtltct.r.:gtt A.SQ:S:Sf'5LA1NY {SEQ lD 
gg-cdgg,trn-cagcag0.aa:ccagg9a:aagc QQKPGKA:PEL \/1 NCt 
.::i:dg<Wctq;iicati:;ratc..3ga;ci;i,t:i:l;aattra YQTSNllK.SGNPS J:5H'.) 
am,aQtgg:ggi,~cca;!,~a:g-ia:!tlc.i,gr.gg,c;:, Rf SGSG5-GTQfT 
gzjgcti::tgg,;;:0,cm::aatl::cactdcac~atcfl l llSSLQPEDFAT 
grnqcc:i.gct,gcctgaJ?,gatttlgcaa;ccta;t1 YYCO.HY.SNYSVT 
lil.C!!'Jccaac:ad«tlcl..::i'iclithlS-1.r.:gtla:!:i:,::iC1.ttl fG(lGTKVEIK 
ggi::cagggg'3CC<IB@i,;:J{l..3g.t!caa:Bcgt (SEQ m NO: 278} 
acg,;itg,;ictg,rnc-catctgir:tt.r.::atct!.r.:r.r:gc 
~l.c!g:atg:ag,ca:gttga~!ctgg,aac!gcct 
,:tgttg,!gtg:cctgclgaata@ctli::t1>t:[;,:cBg 
ag-ag9.-cc@;s;eigtcj•~<.'lglg>;!a.'.:!g1Jl:gg,::it.a,;i 
cg,ccdcca::.kgg;gt,.-;;.:i,ck~c.:i:,;igag.,9 

RVT!TC 273} 

{SEQ lD 
,-,,::,,-,T,--'i"Tl..,.."'"'"'IU,-,, '\.:i·.J....:>' "<:~ . ,: ~...:i·...;, ·~•-r·,A, 

LQPEDf,A,TYYC 2T2) 

A:P!E.L\t: l:Nc~:: 27'5} li:;~.:.{J.SG l(.SE. :a !:[i 
'{ /SEQ TQFTL T NO: 
H:l NO: 
274} 

!:S.SlQ:P 1277/ 
EDFATf 
YC 
1;SEQlD 
NO.: 
276) 

FIG. 12 (continued) 
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283} 

QAPGK K jSEQ ID V:KGRF N,PPHlli 
GLEWV NO: 285} T15Rm~ GNFDS 
A\l '5KNTLY (SEQ ID 
(SEQ ID lQMNS NO: 
NO: lRPEDA. 18:7} 
?84) AVYYC 

(SEQID 
NO: 
18'i2) 

El\:':L. TQ IESVSSYILA'NYQ ID.AS. 
SPGTt:3 (:SEQ ID Kr->:FG-Q {SE.Q ID 

NO: .APR:LU NO: 29:5) 

~:,R.ATBl QQRSN 
PA:RFS VifPPIT 
GS:GSG (SEGl lD 
TD:FTLTI NU: y (5!:.Q 

:DMO: 
2S4) 

S.S:LESE 197} 
D:FG\!"{ 
YC 
iSEQ lD 
NO: 
29'1:l) 

FIG. 12 (continued) 

,:.;i;ggtgs:,'.:!gC{>;J,gi>;)gi:!gtctgg>;),gJtg',jcg civ:::;iL':/ESGGGV WG(JG 
i.ggtr.cag,:;c1ggg::igglccd>;J,agactctcci \,(,1PGRSlR:LSCA TLVTV 
gtgcagcr.tc1gga!lcar:ctl::,':!gaaremti;i ASGFifRIYAMH SS 
tic!i~r:acigggtccg,;;ic,':!g~,r:tcca,;;ig,:aa \iVVRQAFGKGLE (SEO: lD 
ggg-gc!gg,iagtgggtggc.a:gft..:.l:atcaa:a:tg VlVA.V!:SNEGnJK NCt 
@g:i;1a:a;cta;}t@aa!::30::t,1cgeagad;:;::gt YYA.DSVKGRfTl 29:::l} 
g~aQgg,ccg,att!::.sc;:attb::ci;;g;}gacaatt S:R:DNSKNTLYLO 
..:,tziag~,a;c,.,:;:gtlgl:atitgc«:aatga~.gc MNSLRPEDAA':/Y 
c'l:ga,:;iacdga,;;,gacg,cggr;tgt:;ifattar:tg! YCAR:DPSNPPH 
g,::gag,agi.,:icn::ctdi.i:atcccc,::.g:i::ai::tggg V'•lGNFDSWGClGT 
gg,a::icm,;;,0,r:!citJJg9gcc::ig9ga::icc<::tg l\fTVSS {SE(J m 
gre;a,ccgtc~ctc.ag,cgt:cga::cc.a0g:;;,gr:e M}: 289} 
c,;J;t;:ggte,tlc c:i::e,ctgQca:i::cctc:i::!cc aaga 
gca:i::e:Mgggi;ig~caQCgiJCCt:IQg;JCtQ 
cdggka:1<.gg,i;;d::31:Jtr,cccg,i;;a:cdgig,a 
c:~ f5E(l :!D !?"JO: 288.fl 

g:11,imttg:~tig,:;;:cac::39tctcr:aggc0,c.c:ct 
gtctdgtc!:cca,,:igggaa,agag:rcaccctd 
c,i::1gc:e;;igQc,::agtg3g.agt-,:itl,~,:i::age~3 
c:tlagcct~)IJtaccaa:/?iaga;;;a,:,ctggccai;; 
gct;:c:c:3ggctcc,tcatctfltg.azjca:kceac 
ag{l:gce.ridggc.atccr:ag,ccag,¢:tmgt.-J 
gcagtggg,t:ciggga:c:3g.::,cttcB:dd:cacc 
atcagc.agcctiagag-t:1:tga.,giatmggagi'! 
!atta:ctgtca§l::cagcgt0g;:';l3a,:!tg;gcctc ;:, 
g~tcacd'tcgg,cc,aagg,ga,i::slcgacl>,:iga 
g~,tt;.:i:aa:cg\;}cg,!,ltg,gct~ca,;:;r,at:c!:gti::tt 
..:,;,;t;;ttcccg,u:atctgat-,;i,:3gc:ag,t:!i;;,aa,itc 
lggi.i:actgcctctgtlgt.-;;izj,:;czj1:tga.ati.i:ac 
ttcratcccag:agaggc&6a,:;;:gtil'c.agigga 
aggtgg0ta,0c.gccck:caa'!cgggfaack 
t::i:;B(l !SEO ID NO: 2'93) 

EIVLTO:SPGTLS.l fGQGT 
SPG:E.RATLS.CRA RLE!K 
S:ES\l.'.55~~;:u,~~iisty·t): ~S:EQ i[J 
K,i,;:,PGQ-APR!.UY NO: 
DASHR:/i,TGIPl=d:;i 30:K!} 
fSGSGSGTDFTL 
T:iSSLESEDFGVY 
YCQ·QRSNWPP:T 
FG{:lGTRlE::K 
(SEO lD ?W :t~H} 
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, F~f~'"' luu·,or-,:o l,c-,-.c:·rw ,-, 1y•,·;; ,-,.-,. ,A:. ~ -~H. ►-(,::p,f•g-y ,;,-,~~ .. ~_.•,.:.'('i-Z. .. ~-:i•!.,:JiL.,_;,.·• '_,~ M.L<~.:..l 

Y.t.. QAPGK T (SEQ ID VKGRF ITPPAO 
GlE\~l\l ?·lO~· 2.as.} i-::sRD~J ·GYL:ffR 

3;[J:3J 
SH 
(SEQ lD 
NO.: 
304; 

~_·,K.NTL···-i.··.1,.(.SEQ ID 
!..QMNS NO: 
LRAEDT .3W} 
AV''>.{"'{('.. 

(SEQ lD 
NO: 
3(1,fi) 

EIVL TQ IQS\i:f\lt,.·: ILA,WYQ·· IDA. s 
SPATL.S Y (SEO El{PGQ (SEO ID 

ID NO: APRLU NO: 31Sl 

NR.ATrn ICK.lRSN 
PARfS WPPff 

GSGSG-1{-·SEQ ID 
TIJf'Tt Tl NO: 

l-'P·'•Rf~f~,::;c-••, 1,<:"E~' l,-l J'.li ;...i_ ... - ;;,.. -~3~:.:;-,.:,--~.:,;· .. ~::.,. t:.:; ~ 

GTDFTL TiSSLE NO: 
PEDF.AV':t/CQ(;i :l121 
RSMWP (SEQ 
!DNO: 311) 

313} V(SEQ 
!ONO: 
314} 

SSLEPE 317}: 
DFAVV'Y 
C:{SEQ 
K>.NO: 
315) 

FIG. 12 (continued) 

gafacagc:i::ggg,§gggt;:~dga:~adctcc 
t.gi{l~agc;:!i::,tg;:attcaeR't!'!lHlt,':ma!~ 5.AFIFNKY Af;,1N 
cca,tga,;:ictgg.gtc.c,;icca,;ig·r.lcca-ggg,;:i ',iV':lRGA.PGK(iLE 
a:g1i:gg;:zjgag,tggg,cfogr;.3,tatJ:ag:f:gg:c 'J'i':.tSHISGSGLST 
ag1g1gtcrtag1;acatacroegc;a:g:l:'l!dcc¢. VYADSVKGRfTl 
gaaggg,cc•ggttca,r;cat~tc·c:.g.3,g;caca.3f SR:mJSKJHLYLQ 
!ccaagaacm:,;ictgta"t~•.ica:.3:filgaaCll. MNSLRA.EDT.Z.,VY 
gcct9.3,,;iag:c;;g.3,g,g.i,;,;,;cggccg:tct-a;;:t Y CAl<.:DtAVTPPA 
adgt{lcg<1ml\Jat~.tcg>r.e,;,lia-cca:ecm;<::t QG'{lDRYifGQGT 
g,:,~•cagggtt;;,,ctt;iga,J:;cg1:~g1gg,;;i-c1:,:1gg LVT\I.SS (SEQ iD 
ga:acc:;::1ggtcac:,:,i;itc:t;;dcagcgt;::,;;ia,::e: ?,!:(]: 3091 
aoi:g9g1.:.ccoiregg1i::,ttcci::cc,tgg,e,1cr;cctc 
c.t=ag.3.gi::~c ctr;;ig,gggg{;at.<l{!c.g,gc 
c c~-gg,dg;;;::J;;;,gtc:aa~ga:cta,: ~.:c c:i::,;;i 
&acctai!la {SEQ m NO: .30P.I) 

ss 
(3:EQ l:D 
NO: 
3-i[Q 

g<.l:!3attg,igttg:Bc.ac:agNtccagcca{:r,ct EIV1TQSPATLSL FGQGT 
gkll:tgtdc ..:a:gg,~-ga;.31,jgagcca;;.:dctc SPGERATL.SCRA RLElK 
c1gr;ag::;igc<:,agtcagagtgttaac&actac! 5()5':/~J,!',Ul/J..'·N'i (SEQ l:D 
ti;igc:ctggfa:c,:&0:g<3g&0,,;iex:i:;:,gcc2:gg QEKPG:Qtl,PR!.U NO: 
,::lccc:a,;igdcctcatdatgatg-catcca;Eca YO.A:SNRA.TGlPA 32:0) 
gg,{l.:cactgg,:atcccagccag!j;ltc.,1gtgg RfSGSGSGTDf'T 
i::ilgt>;igg1ct9:gga:rn,g,:3c:iti:::3dctcac1:a l TlSSlEPED'f.4\1 
tc~gi:-,2g,:,i::tagB£!•~:r.t9msga:ttt1,;icaf)ffi YYC{lQRSN•.'lPPI 
attar,tgk,2gi1:,agcgtagrnaetggr;ctceg T:FGOG fRlE1K 
atmcctt1:g!jcrn.agg,~1.i,r,a,;gactgg;a9 (SEQ ID NO: 3ffl} 
att13:aacgtacggtggdge:,.3cca.tctgtcl:ti:: 
atcll:cce::g:cca!dgalga{l1ca~ttg,3aatd 
gg;.3_actgcddgttgtg1g,:ctgdg;;rnt2.a,;f 
tct.stcci:;..~ga,o1aQgc[:.r.1:~a:g!:a:ragtgga13 
ggl;;;,g.Bta,3cg;;,cctc..:a::ati:::<J91giJ<:ac!>.:;cc 
aQ,!la {SH:! ID NO: 3W) 
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SYG IQAPGQ l{,SBJ ID 
(SEQ ID GLE'<'IM NO: 32:5} 

32:J} 
GR 
(SEQllJ 
NO: 
324) 

QS:::STN ll,:l.'/[;:'D IGAS 
·."'E·Q ·IC' QK"«-'P •'"·<=n I· ..... { . .J . ~ , r •.,_J;: • .a ~i. ..,:;,.i...._~..:.: .SJ 

NG: APRLU NO: 335) 
-~~33,}: V (Sl':Q 

!DNC: 
334) 

FC!GRV MT,f!JR 
T::T ftDK DYYYM 
STTTAY D'>' 
MELSRl (SEQ ID 
TSEDTP. N:O: 
VY':/C 
/SEQ!D 
NO: 
32!3) 

:!27l 

c.agglc<.::0,getggt.geag{<.::tg:gggcl.ga!):gt ff✓QLVOS·GAE'/ 
.ga:g:g~.@9,tr;!,Qggtccie;ggtga~-r;:gt-c:te.r:t P;;l{PGSS.':;'::<.VSC~T TSVT\/ 
9!{.'.l.C',je!:l:C:tr.!gga,;igcci.cc!:t,g,gc;::;.,;i:;tal TSGGTf'l3:SYGf'N ss 
ggtlit,%,tcv:,g.gt,g:,;;,,3cag:',lcccdgga1::;a 'N\/RCl;l!;.PGQGLE /;SEQ llJ 
a:;ig,;f~l:1IJB.g>[J:,;i,3:t,;.g,gaag:,;ioitdt;;;;:;:::,,::i WMGR.IFPLLGTA ~~Q: 
r,~,;;gggij,~cl',!.r:aa:acmtg,r,':lrn;Jcg;;t,ce NY.AQfl:FQ:GRVTI 33:B}: 
ag~,;icagagtcacgaireccgcg;;,;:icaMt TADKSTTT AYME 
[:r,:i;c;,ia;;;;a~,::;;;,iccta,:a~gag[t!,l3',JC:'1 LSRLTSE[ff AVY 
@dI/BCaii;Jg,3ggm::,3cgg;;e,Jt,Jtatt.slt '{ C.>1.!'UJDY MTVD 
'!J!.g·cga,,1aga'tga,ctai<Jtgaea,;,;tgga,:~ RDVVYMD':f'r{GK 
agsf:13:tta~t.❖CB.tgg:Bc.;gtr::~g§@g:&aa:g"j: G.'TSVl\{SS {SEO 
gggacctt:g:gk.ac:c!)tct,c,~tr~':lgi;:::;;tccm:: :D no: 329}; 
t:c?~g.:;ig{::cc~l.,:;.ggtctl.ccccctgg~{:,:c!. 
c·dc&s:g:g0gea ~:~ct@ggg:g<!at:S:§}cgg 
co.;,tgg:g;:;lgw;tgglcoog-ga.cmcttc,c:r;c 
Il<~<'>CCijg:tg,;;;gg~gtcg~J'flt1il3Cteaggcg 
c.cctga:~:e:ag.cg,;r~<Jt:gc21;:ai~e,t!:cco;;gr: 
~gtccta,;.a:ijt<:ctc.2:g~~:;s:ctcta:,: {SE{J ·l D 
~JO· 32S) 

TRATG!: QOYft},l g21a::itt-;.tgetg:21rn;:,'.lgtc1cc21gr,ei1ccct EI\/LTQ-SPATLSV FGPGT 
PARFS WPPLF :r.;iidglgsckc~g~ga21ag~ccacu:tct S.PGERATLS:CR,:., KVDl~:; 
GSGSG S {SEQ c,ctgCRgg:g:eel:l-gttag«g!a:(fa,;icai:r,;:i::i SQSl.STNLAV1YCJ (SEQ lD 
TEFTLT ID NO: cttagee!'!)glaee::ig:camli:l-2lCC!gl:jCC&g QKPGQAPRLUY NO: 
\!SSLG.~S 337} :gcf{:CC0gg:r;;r:c1c~ttt~~~g1:g~gf;;:;g,agz; GAST:RATG::PA.R MW~ 
EDFA':f'f ag§gcca.:tgg!aic;;;;ailCC>'lggrtrngtg FSGSGSGTEFTL 
YC ,grngl,;mgto::tgMaca;;;:i3gt!c:a,:tctcacc TVSSLGSEDF.AV 
(SEQ ID gi:1:;w,ic3gc.d!iCiJ:gklgiJ:iJgai;:.ttlg,:;.agti :('(CQQYNRWPP 
NO.: t0ttadgfo0gc. • .lar;;i0,attgcgcdc,:;cc LFSFGPGl'K'1/rnK 
3313) t'3ttcagfflcgg,:c:c.~gga-.:c,,,,3agtggata (SEQ m NO'. c'i.39} 

tca~a<:gaa:c.t.gf_g·~ct.gir.:atc.at~tgtcttc.a 
tc~.;;ccg,c cak:tr,,0lg>.'~c:3:glig:,aatctg 
gm .. ctgte,te.!gttgilgt.-;ic,;-tge:tg<1;a!aactt 
ctatc,;;eagci.gagg:cc.zaagtaca1)tgga:.':I 
,ggtg,g.::il::iacg,~,tdecaacit.:g,g:gtaar.icce 
(SECJ !D NC-: 338) 

FIG. 12 (continued) 
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:S.GRGL YS QAPGK M (SEO :1J AKGRF EE\-VAI 
Vr.PGG {SEQ iD GLE'J'JL NO: 345! Tl:SRDN VDDPH 
SL:R:: .. SC NG: AT (SEQ A.KNTLY GYYYM 
A.A:S 343} tD NG l():~.;ms [f'i 
{SEO HJ 344} LRAEDT {SEO ID 
NO: A'./YYC HO: 
;342.l (SEQ K'i ?~I} 

DlClMTQ 1;"".J:Rl:.SNY 
SPSSlS (SEQ ID 
AS"/GD NO: 

353) 

R/-':V"'""RF"'i'"·"'' 11,·:EQ, lD ~ ~,;:--;;;,, ' '-'~--~ }'-i 

GS(;TiJFTL HST NO: 
LQF'ED:fG TYYC 352) 

NO: 
34:~) 

LNWYO IKAY :(SEQINLERG l:!)QNYM 
C1:t,~PG.R ~:n r,~:o: VPS.RfS PL:FT 
AF~,UI 1355) 
'l (SEQ 
iDNG: 
354} 

~c,.,""•<:::,-.1•:<cr,~ ·1r< ,-,..3.·•J-!.3.,J'I-..::, ,J_.,.:...·•.·E:-1,~ : u 
l'UfTlTi H:O: 
STLQPE 357} 
DFGT\' 
vc 
(SEQ!D 
NO: 
35:5\i 

FlG. 12 (continued) 

gag:gtgwgdggtggi!lgtt:t.ggg:Bg&ggc.:: EVQLVESGRGlV 
i',lgk~.llcc;;!gg;gg,gg~cdgag;;;;;!,;;:tcd HPG,GSLRLSCAA. TTVTV 
g~cai:n::ctctggB'tl:craccW.rn;;t::;,gtt11ncg SGFTFSSV SMS '53 
f>tgllgttggg:l>,:;C,:J€::~.zl-Q,9C.iccag{lga:;;gg WVRQsl.PGKGLE ;:SEO lD 
gg,cRJ!Jil{;lggdggr.u,ccabaau,aag V's-LATlNK.EGSEN 1·,0: 
ggg:gaa:g~g,&aaaccacc.atgtg:gac,ti:::cg HHVDY AKGfffT! :l",f?} 
[~1:l&IJ:ggccggttrncta,tctcca:;;!ag:llCl?,& SRDN.A!';Nn:.YLQ 
tgcrn:ag;aataccdgratct.,ca.so«:!ga:::;;ia M NSLRAEDT A \tV 
gtclgaga,gci:,:;:aggacacm;idi;il.gtattatl YCARVSREElNA 
:g!g:c:gag.icgtctcceig:ggaagagtg::;;:gi:Qa T'/DDPr::DY'YYM 
~=llgftg:acg;3ccctr.acga;::~!lctactac:a,1g DV'NGClGTTVT\.' 
g"1:cgtsm;;gggcc"1:1lgg,;;:ao::m:,ggtcBcc 55 (SEQ ID NO: 
9tcl;:;clc.ag;:;,:;tcc:accaagg:gccca:tcg;gt :349) 
dk cccctgg;::,a,c,::dccfocai!l>,!&g,wcd 
c1gg:gggc:c;,i;agcggo:;ctggi;;;c1gcctggt 
[:;:i:agIJ:&C:t@cttc:c:c:,::,;,:aac-:;g<;;:i:gll:,cg,gtg 
lcgl:g:g&edc:;.:ig9cgcc:dg:acc:a,,icg9cg 
tgcscac:c:Hcccggctgtc:ct:3:ca (SEQ 
::IJ NO: 3.Wl 
gae'2tcc:a{!atgm::ccagt;:;t-:r,atc:~t:d DlCi'MTOSPSSLS FGGGT 
ijtdg,rnktgt,:igga,g&i:cag.igtec1;cc.a:tec1; A.S\/GDRVHT CR K\iE::K 
c1l9ccggg:c:c:J:agicaga:g9atlagM1a~.ta A.SQ:RiSNYLNWY (SEQ lD 
draa,;;;;tigf)i:akag,:;ag:aa,1::ccl3:g>JCi3ga QQNPGRAPKUJ f~Ct 
g,:i::cctaam::tc.c.tg;ate!~::i;:3:arag,eata,c.a&i: YKA '>." N'LERG\/PS 36:D} 
ttt!:!gm:;:agg:ggai;:;t,:;,:;1:;;iki3:a,gif.Jcagt,g RFSG.SGSGTDFi 
11cagtgg.icictgg:gaeag,11Mcacti::.1caee LTiSTLQPEOFG T 
;:i!~~af)Cl3:Ctf.::c',!Caacclga::3gattttggtac:t! YYB::;lJ·CINYNPlfT 
aW1dgtcaac"i,;;aa:tta,;,i:::0,h:.cectgttc::;; FGGGT~~/EIK 
t,ttt,;;gg:o;ig9ggg<1ccaaggiaga1J;ak.a& (SEQ lD NO: 359) 
aqJB,a,:ti:;itg~ctg,mccat~~•~tc.tir,13tcttc 
c:cg,:;c::itctg:&tg,ag,cagttga:;.:iatc.tggaac: 
ti;;ct:h: ti;ittgsgtg.::. dgc (,;Ji3fllali3:clb:fatc: 
e,ca,;;sagi.,gg:ccam::gtacagi,;;ga!:lgg:tg 
gat<1a!:>;}CCct>:<.::allt!::g>;}glaBd>::~1::.:igg 
aq:i3 lSEQ lD NO'. 358) 
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SA.S\/GDR.\/Tl:T 
CRA.SQRl:S,NYL 
NVlVQGKPGKA. 
PKlUYN,~MLE 

QAPGK 
{SEQ ID IGP<Ywv 1uo: 3&5:f 

3;1}3j 
.AN 
(SEQ !D 
NO: 
364} 

?!Ci~~T'.; f:_RISNY u-:f:;lif'/': l;J~f:_ 
S:P.S.::,L:.:, {:::,EQ ID QKPGIK ~SE>...;; ID 
ASVGD NO: A.Pi<.U .. I NO: 375} 
RVTffC 373J ''{ (SEQ 
RAS ':ONO: 

3-N) 

T!SRDN 
AKNTLY icYYYM 
LOMNS IDV 

LRVEDT l{SEQ ID 
AVYYC N{): 
(SEQ tD 3£7J 
NO: 
]Et€) 

gs1@i::gc.a;gr:tggtgwgtctgg@g:t1=g\lCt EVQL VQSGGGLV "if-lGQG 
!ggtcca:g{';cg:9gggggkcdg:a9:addr.c QPGGSLRLSCAA {SEQ HJ 
!gtgc:agcddi;mattc~oJttt~g:tagttar;g SGfTFSSYAMS NO: 
egatg.~gttggg~ecg:eca:ggctc..:t1g:ggal<! 'N\iRGAPGKGPQ 37:G") 
ggggccg<:a£Mggtggecall:!atruiaga::1 'l'lVAN!KKEGGE~:. 
agasg!;;icg:gt,;;iaaaagc,;;,ggasa:tg£1lli..::e OEMDHVKGR:fT!, 
aigti;;aaggg<:cggttciict~·t,:::!:c cagag,ac SR:DNJ!.,KNTLYLQ 
$s1,cgcc00:ga8!:2icact;;;,ti.~c!:g,ci.a~i. MNSLR\iE DTAVY 
$tagtctga,gagt,:gaggacacggdgtgfat YGV RV SREEV'f A 
!actgtgtgag.,igt.:fr:cagg,;;:aagagiggg T':/DDPHDY'{'fM 
egm:-;--agftigf:!cg,acec:k,1,r.~,ar,mdar.tar, DVWGQG {SEQ 
ruggacgtctg,ggg,ce,;;,agggi {SEQ m m NO :J69J 
MO; :JS8) 

i:LENGV OQSYN gBc:atc~gatgacgca,;itc:1ec:atcc1ecd DlQMTQ·SPSSLS FGGGT 
PSRFS StfT gtcl:gcll:!c:,tg!s@agae'&g-3gtcaecatcca ASVGDRVT:TCR IKVE::K 
GGGSG (SE(l ID cttgtc:,Jggcasg1cagB:ggattag~actae ASQ:R.ISNYLN':fN (SEQ m 
TDFH.:S NO: tta:t1att:;i:gta-tc.agc::riai.a,:scc,J:g,gca,13ag QQKPGKAPKLU NO: 
:,SGLQP 3-77.l ccc:ctaaactcctgatctat:aacgcamir.attrt YNAN!lENGV-PS 38G; 
ED-FGT aga-gaatg:gggfa.cmkaa:gg:tk<l'gtggc RfSGGGSGIDFT 
YYC .ggtggg:tc1:g,J;;_iac~g:attlca:ctdctc:,r:>2tc LSl5GlQPEDFGT 
(SEQ !D agcgg!cl:g:;::aacct:J;1aagatlt!:ggta;::rtact YYCGi·QSYNSlFT 
N 0: :adgk.,;;,acag:e;gttae-aartr.:,cd,;rct1.:,adtt FGGGTKVEll!O:: 
376) e-g;gcgggg:gga;::caa-g;gtaga,;;ialca,aac (SEQ lD NO: T!fl} 

gaac:tgtlli,,.;!gracCT'3fc:f:gtcttc:atcJtcc.c 
gc:c1J.tdgatgagcagttgaa0fotg~:aactg 
cdd:gttgtgtgcdg-ctgaataacttdfi1:c.cc 
ag,aga,;_:i:gccaa,:;,gtz!Cf:!gl:g,ijaa:ggtggal 
a~cg:cc..:teca:g;tc;g,gfa:2,c,tecc,2rfJf:!g:a 
i::i (SEQ ID MO: J7ffl 

FIG. 12 (continued) 
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YS- IQAPGK IK {SEQ IDIVKGRf IEEWAT 
{_SE:Q !:D GLE·~;;:;.-:,_;: N·O: 3B:5) -r;:-:_-,_RDN ·_\.fDDP_H 
NO: AN AKSTlY DYY'fM, 

AA·~ 1-;:-~~::-• ..J ..,.•~.,_,.,. 

{SEQlD 
NO: 
3821 

(SEQ lD 
NO: 
:.}54) 

:[llQ. W.ffQ1·.Q. R!_SNY ILM'WYCl 
SPFSlS {SEQ ID QKPGK 
A.S\:'GD MO: APKLU 
:RV1TfC 13:B:3}: 
:RAG 
{SEQ·lO 

GSGTDfTl TISSINO: 

Y (SE·Q 
mNG: 
394} 

M.A.M 
(:SEQ ID 
NO: :39:S} 

LOMNS nv 
LSAEDT (SEQ !D 
P..VYYC N{'i: 
(SEQ lD :3:Bl} 
NO: 
3:8:S) 

TLOGG QQSYN 
VPLRFS RLFT 
GS.G'SG lSEt) JD 
TDf'Tt Tl N:i'.): 
SSLQPE 3:1:il} 
DSGn' 
YC: 
(SEQ lD 
NO: 
39:6) 

g~gzjca1,Jctggtg,eiagtctg,1,Jgg:1,Ja,;;ig~~ EVQLVESGGGLV ~VGO:G 
t.g,gtc,::agcct;:mg\"l.ggtr:ce:tg-ag.;;i.,::ti::ctcct ·QP:GGSLRLSCA_A TTVT\/ 
.gtg:ca9u.-t,::t:;igata;au:W,::1g,t,::1g:~.,art,::,:;;, S-GfTF SSYSMTW SS 
<>t.gacctgggkcg;,::c-:i;g:g;:::foca;ggg:aag V:RDAPGKGLEW (SEQ lD 
gggct.gg,a-g~-ggt,;;gccaati;;ta,;;;agam, VAN IEKEGSEK D- MO: 
.gaa:gga0:gtgagaa.0ga,r:c.at:gtg,;;:gcto3t HVG·,_,--.,/'K.GRFH'i 3SlJ}: 
gigm:1g,gg1::,;:gal!ca1:latcti:x:0gaga,~ RDNAKS TlYLQM 
ac-gc,::,aag,agtacadgtatc·tgcaa,:9tg,aat NS lSAE:DT A\,'YY 
ag1d{i.agcg,::-c9.agg:a:e.acggctg,!¢.atta C ARVSREElf.'AT 
ctgtgcgi3.-g8:gt;;-,kc.agg-g;13.ag,3_-gt.gggcg \/E!DPHD':r,t,'MD 
ar:3gtBl;lt'¼qtae11::i::lca:1:g:actsctactai::,1st VVtGOGTTVTVS 
-gg,l:lcg!ctg,1,"l-gg,ccaa,g-ggl:1;;..:..~cggtca:i::. S (SEQ ID NO: 
cgktcd:i::llgc,gtcg,;,cc~rngggc c=tcg .3,'39} 
-gt-:ttcce:i::dgg,cac e:e!cctee,1sag,a-g:;:c.;ic 
c1.:ti;igg,i;ig,r,2ca~CQ:QCCG1gggr.t:g1.:d,;i 
.gt:;a::39g (SEQ m N-0: 3/3.B:l 
-gac~t,::,e"'ga!gacc-cai;itctr.cgttctccc~ Dl!JMTQSPFSL:':. fGGGT 
tci.g,;:;atc~;;:i.gg:ga\;iacagagtc.2c,::atca:e A:SVGDRVTffCR ~,VE,:K 
ttg,ccgggcaggkag.a:gg,alfa,g"""·adfrcl: .AGQR!SNYLM'i/'i'Y (SEC! lD 
!.fSaa!l:ggratcB.:geBgm:1g,cc~,i;icaaa~1c QQKPGKJ>.PKU.J N:O: 
i::,cctaaa;;!gctg.Btc!at.aacgi:::anm;:Bc-!it YN,!\NTlQGGVPl 4iJ:O}: 
o.ca~-g::g-gggtccca,tto.a:ggtt,:,Bgi.g:9co Rf:SGS:C~SGTDfT 
gtgg:l:!te:l,;1-ggaca~atltca,cktcaccakl:! l Tl:SSlQPEDSGT 
Qcagtctgca,H.c!:gal1gatt,::!gg!acttaci. ·y·y,c::rJ:QSYNA:lfT 
adgtc,.:;;0cag.agttac0at09gctgtt.cacfil f GGGTK\/EIK 
cggc9ggg,;_igaccaaggtgg~atcaaac (SEO :ID NO: J·S9} 
-gtacggtggctgca-co::a!ctg!cttS"a!,~U;::cc 
.gccatci.g.ai.goi:ge.Bgtlgm,mtc~;r;g::mdg 
cde1g"tlgtgtg-c~tgctg.f3atm~~!:lcta:tccc 
ag,a-gag-g,i::c&aB-g!acflfligga,ai;i~ga! 
aacg:i:;cd=2,kgggf:a.-,cte,c;;;ag,g.0ga 
gtgt~B.e . .3igag~ag,:::1a,~l.'lgc:aag!:::la~l.'lQ'C 
a.cc1acag,cct:,;;:Biqca~c&cc,ci:gacg,;;tg& 
Qrnaa.gcagact.acg.agB (SEQ m 
NO: 3913) 

FIG. 12 (continued) 
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QSGAE S'{ QAPGQ T (SEQ ID FQGRV YGDYR 
GKA,SGV1FSGS VKKPG {SEQ HJ GLEWM NO: 40:5} TMTRD GSAFD:: 
Vl(fiNVRQAPG TS',!K\/5 MO: GR MSlSTA {SE{~ ID 
-CGtE'l:fMGR:i:N CKAS 401} (SEQ tD '{MELT NO: 
PKTGMTNYAGK {SEQ ID NO: RL55D 4GJ} 
FQGRVTMTRD NO: 404J DT AVYY 
MSIST/>,YMEL T 4D2i C (SE(J, 

!ONO: 
406) 

rnm,UQSP.S5-L DlQMTQ QDFSN LNWYQ DTS ISEQ NLETGV QDLNT 
SAS\!GDR':./TTf SPSSLS y (SEQ QKPGK m r,io: PSRFS {SEQ ID 
CQPSQDFSNYL ASVGD ID NO: APKLU 415") GS-GAG NO: 
NWYQQKPGKA H\/"TffC 413} '( {SEQ THfTLTI 4H} 
PKLLIYDTSNlE QPS :0 NO: NSLQP 

N:{): 

412) 

41~} EmA.TY 
'fC 
(SEQ lD 
NO: 
41€) 

FIG. 12 (continued) 

c13,ggtgcagctgg!gc:,:Jg1ctgg,ggdgagg! GVQLVQSGAEVK 11\'G:QG 
,0a,;3ga2:gcctgggai:ct~gtg,maagtctcc KPGTS\/K\ISCKA AM\,'T\>' 
tgcaaggt:ttctggati.i:c,':ltcttctccggt:red SG'ftFS-GSYlQ'W SS 
.ata1c,c:agzjg:gtl.J:C;y-flC&g{lCC,cdgggc-fl VRQAPGQGLE'I,' (SEQ ID 
aggJJdzjagiggatggg;;mggak:;;;;-flccct MGR:1MPKTGNTN NO: 
3;;1:ga,;::!:ggta-~tacaaattat>;1cacag-aagtt YA{)KFOGRVTM 4 ·l l:l), 
tcagggcagg,gt~,c:estg:a:ei;:,ag1;:;,g,1cat TRDMS-1.STAYME 
gtc;;:,atca9,ca;,::~g;;:,ct<ilca,~:g;a:gctgs,ct L TRLSSDDTAVY 
,0ggctgagctc1gacg,0.c.<1cggct:gtg:l:at-ra YCARDFDY-GDY 
ctgtgcgagagat:ttl:gatta,:ggtg<11.J:a:ccg RGS;.,FD!,WGQG 
c:g,gcktgctttl::gat.atctg:1J,gg,:;~':l-agg{lgc AMVT':/SS (SEQ 
aatg',ltr-acr,g11.:tcttcl.J:gcgk:gaccal.J:gg !D NO: 40.9) 
-gccc-a!;;:,g:gtcttcccc:Cl:ggcaccdcct,;::ca 
agag,;;:-a;;:,;::!ctgggggcac-13:gcggc;;:,;::!gg 
-gctgcdg:g:!:c.a;ag,ga,ctactt,::eccgaa,cct 
gtg, /,SEQ lD NO: 4:'.l8) 
gacatc.caga~-:3,-_:c,c:agMixa!cct;,::cct DlQMTQSPSSLS FGPGT 
gtctgc.atdgttg:gtg,0,c,3gi3gkacc:ak:ac ASVGD:RVTffCQ KVD,lK 
t!geca,:;iecg:,:;:gtcaggad:ttagca:,:;:C'tattt PSQDFSNYLNW (SEQ lD 
,:martg:,;;,t'.:!te,'.:!gc.i.i:g:l.J:aa,:;,;::ag,gg,aaagr. ''{Q-QKPGKAPKLL NO: 
ccdaf!gct,cctgst1.:cta..:,gatacat;;;;:,a-aittg !YDTSN:lET G VPS 4W): 
ga:am•;a:1Jggg,!:c c,rat!:aagal:l,;;:agt-gga;;;; RF 5GSGi,,GTHfT 
glgggg,ctggg:3,:;acalffiactcl~,;accal.:ca lTINSLQPED!J;.,T 
arn,gcdgca,:;ic.dg<il:aga;,:atlgcaa:c::£8ta YVCO-QLNTFGP-G 
tl:actgtcaa:1::13,g,:t.a,B.a!ae:ettc:ooccctgg TK::,:'DIK. ISEQ !D 
gaer.i.i::amJ~,gatatr,aaa:egt13:c,;;,gm::;ict NO: 419} 
gcaccatctgtctlcatctti::ccg,cca:tctga!g 
3:ge,~g!~aa,3tc,!ggaactg,cct,;::!:gtlgtg,lg 
cr.t{;;,ctga~fam::ttctat1.:c.ca,1;;;;-g;;;;ggc,c:a 
aagtll;;:agtgga~ggtgg,a:t~;;;;.;g,,;::;:;ct..:c->2. 
aicggg!s,a1:::tc:cci:."tgga;,;;,agtgtc::1ca;aQ 
c. (SFQ HJ NO: -4 H3) 
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QVCILVQSGAE IQVf:l-LV 
V,~::fl:PG,ASVKVS QSGA.E ILY {SEGIQAPGQ l(SEQ ID 
C~AAGFTLNNL VKRPG ID NO: GU::VVM NO: 425} 
Yi:HWVRQA.PG IASVl!(VSl4n) 

•DKAA 
{SEQ HJ 
:N,:Q: 

SVNTAYMEV.ARl422) 

D,:QMTQSPSiSt DlQMTQ Q[ffSN 
SA:SVGD:R\/1:F -SP:S:SLS Y {SEQ 
CCJASQDFSNVL ASVGD ID NO: 
:r,.{~VYC}(]~(p{;RA :R\fTrrc 4:33) 
P:KU.IVDASKL.ti; QAS 
TGVPSR:FSGHt~, {SEQ lD 
SGAD''s"TFTITSL NO: 

4:32) 

GR 
(SEQ iD 
NCt 
424J 

lNWYQ IDAS 
m,:;PGR /SEQ ID 
•FKLI I NO, 4~c:•:, ,JW: .. '· ..... _..,. .;:;...,..,. 

'"i \SEI::l 
H} NC< 
434} 

RG,c{VT GDYRG 
l TRDTS A,:DVU1 
Vf.ffAY M: {S:EQ 
MEVAR !DNQ: 
Li;;SDDT 417} 
AVY't(: 
(SEOlD 
NO: 
426) 

KLt.TGV ,QQlYT 
PSRFS {SEQ ID 
GHXSG N:O: 
ADYTFT "137} 
rrst.cf=· 
EC.H:ATY 
YC 
(SEQlD 
NO.: 
4361 

g.mgagg~cg,gg,g:cr;kagl:g<!=aggti::tc R,;:;'GA:'5':/KVSCKA TMVT\f 
ct:g~ag:g,t:tg<:g~gattca;::=!:'ittg:a;;u'.;i3,a,:: AGFTLNNLY!H'.'i SS 
ctctaca!m::i,H.::v;;;ggtg~at:aggcccc!gg VRQJ,PGQGU:W i,SEG lD 
llCf'.l",l{j:fjllCtti;;agtggiZ!zjg;gll<:'J'',l<l:t~-llca MGR!NPNSGffK NO: 
cc,:::t@_e,a:gtg:gem:k,a(;i3'3!:ilf,'tt~fg;::;!Jgm: V.A,DKFRGRVTl T 4],lJ} 
;:;agttti:>;l,Jfl'[;!·C;:l;,lg!,jtcacg'tt!,jl3:CC1l:g§.t,,l RDTS\iNTA.V'MEV 
;;,ca1::i;;1:i::::;:;gti:::a:l<:cactgc~,ra!-::;tggl<:Q!Jtg ARlRSDDT;:i;,VYY 
gcgcgg-c1g;cg~:k1g;a~<if.'ll:Cg-gccgtd c:,A.RD4[ffGD'{R G 
a~.aitgtgi:g;;:,g;ag;;,ca'ltg,~:cac,:ggtgact ,t:D\:'LQMWGQGT 
8!{:C!;i:C:g:g<:gctg.stg'tictc:c::a:!3:mg;tgg;ggt M\fTV:SS {SEQ ID 
c:a!3g£)ga,rna!ggk:acr.::~to::tdtd::a,,icgk NO: 429) 
g11ccaa,g:gg:cc:rntcg,gti.:tl:cc:c:,:dgg:ca 
c:cdcctci::iflagagw.c.eJctgggggcac:;:ag 
c:g,gcc: .::'!:gg,,ictg,i:::etggtca:ag,J:ac:tsctt,: 
sr.:,r~aa:cc !SEQ· !D NO: 4:2'.!3) 
gacatccag:atg,acr.,rn.-gtcke.atcctcc:d. D:IQMTQSPS SLS FGPGT 
g!i:tg~atc:tgtg;gaga,~gagt>.::a:ccatca .A:SVGD:R\iT!TCtJ KVDlK 
dlgcrn,,J:gi:::gagka;:3ga;cttc:a;,~a'tta:tc AS(!DFSNYU·-l'W (SEO lD 
Iam;,tl.',]gi~tr:.;:if:l(:,'.:!',jf.'l<lJ![:.Cl.gg',ja-Q<'!fi:C: Y{}QKPGR.APKll NO: 
cc,:::t;;i.a-gctcd~k!acg<icig,~tlccs:aattg !YDASKLATG':/PS 440} 
g;;:,3a:i:aggggtcccatcgagg!kagtg!,lat: R:FSGHKSGADYT 
ai.2,aatctggg,QC@i',l:att:amcctte:,a:cca;!:c;;i FTlTSlCPEDlAT 
ccai;;;cc,tgcal]:cclgaagatllttf,lc:-ciacat,:1t YYC{lQLYTFGPG 
factgki,,a,cagtl:¢ata,cfucggi:cd~;gg'."l TKVD!K (SEQ ID 
ccasagtggstatc2£;;;,,cgtBc:ggtgg,:::tJc N:O: 43§} 
;:;cca!:ctg:tctlcll:tct!cccg,cc:ati:.1ga1g:ag 
cl<:gitgmmktg~:aael.>;;:i1:,cktg,!lgtgtg,ec 
!gc:tgaataai:tl;;:!akc(;ag'."lgaggu:aa,3 
gta,cag!ggaaggtm;;;a!J3a,i:,,i:c c:clccaat 
ci;;,g>J;ltaacti::::;:;r,agg:z:ga,gtgtE:ac:z:9ll,;iB:: 
;;, {SEQ ID MO: 433} 
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fSEG ID 
NO: 
44}} 

D:i-QMTQ IOR!SNV 
lSEOID 
NO: 
451} 

GLE'I-IV IN0:44S) 
AN 
(SBJ lD 
f/4:().: 
444} 

UfNYC INAY 
QRP~'3.E (SEQ !:D 
A.PKUJ NO: 455 l 
Y(SEQ 
!f!NG: 
454} 

ga:g•;t~;<ca-gi::tgglg1a,ag!c!g-ggg:gagi,d E'c-/QI.\/ESGGGtV WGQG 
EEWAT lggtcr;;;9ce:tgggfJg§tccctgag.c"<f:tckct QPGG,S.l:RLS{":AA TTVTV 
VmJPH gtg,ea,;;:cctctgg,attcacctll2<i,tagtt:zttcg SGFffSSiSMS SS 

:".\K:NTLS DYYYM 11tgcagzecggrtccg1:1:>'.:!Q',):Ctcczg:g§}:'!flg \'NRQ;/liPGKGlE ;SEQ;!::) 
U:l:!<,1NS C-V ggf)clgga:g~;igg!:g:gccaatat:aaat;,::2ag WVANiNK.EGSEK NO: 
lRAEDS (SEQ ID aa:ggo1.2:gtgt,82,'.lg<.'i:,J;;,{;3i'gtgg;,etttgt NHVDFVKGRFTI 45l'.l} 
A',t'{'I'G NO: :;m1J:gg-gf:f:gglkai::latctcca9ag.acaae SR[}NAKfHLSLQ 
(SE(~ ·~D 441} .gcr.::za9llaf.:,:e:a:t;t.g!eg:e!:.:gt';t-i~at'.g,1:g;ta f..,iUSi:LR.4.EDS.A\1'r' 
NO: -gtctgagagcc,,,aai;i;:;tt,:;;g:gdg:t-;<t.'.:!l:md n::AR\ISREEWA 
445) gtg,eg;;;gagli::!:cc&g!}g<l;;;ga,glggg,i:;-Ja T\'DDPHDY'{fl';,1 

r:agtlga1:.g:zactcacgaclllctactac<ltg D\."t>'GGGTT--:'TV 
gm,:~lclggg,gc{;aag,i,gaf:cacg,itcacc S.S {SECl ID NO: 
gtci:,;,;;(c.ag,:;.gt,;;g,ac.e:aBg,g:ge.c.cato;;:g~ 44!:ll 
e:ttcc:ce:ct;;,KJl;:3;CJ;de:C~t,{':.'.l<'!{}flfll::',"i:C'.:t 
(;.tgg,g,;;:g,;aceagcggce,;cigggctgc,;tf,nt 

TLESG\/ QQS'{IT 
PSRFS lFT 
G~i:G.SG {SE:Cl fO 
TD:fl'lTI NO: 
SS:LQP:E 4-57} 
D:ff',TYY 
C{SEQ 
::Df~:0: 
455j 

umqq (SEQ m NO: 448} 
,g;:.14;:;"Jfrx:.a:gal~a.c<.:,cag~):.tc~tcct:,;.cct D}QMTQS.PSS.LS FG·GGT 
,;.itczjeatctgt:agg,m;;;ae.a,;;:0gte.aci::.-.rm AS':/f,.DRVT!T CR l<.'\:'E:K 
ct!go.:;ggg•:;;aagli;;a:g«,;;:gai!ag,,;aac!« ASC/:RISN'{l..NV>'Y (S:EQ :10 
~:tlgaaltggt-"i:tc.2.g,~aga.g;;:ecagg;:,ga;,. i::HJ:RPGEAFKlU ~JO· 
gcci::d.m,;:aztcctga:tr.-iafan,c:gcat-'.:!i::<ld YNAi'1l ESGVPS 481}} 
tta:gi3aagtggggtr:~rotcaag~ttca~~g R:f5GS.t:3'~3-GTD:fi
mgtggs!dg:gg,:ac:agattfa:azkfoaa::e:;;;t LTlS:S.U)PEDFA 'f 
caga1gtctgr..~gcrtgagi,;i:@~ct~ctta YYCtJos··nTlf1:f 
(;.tadgk~w,r;::.gagtl:,.,,3:il,,-,,.,:;.r;1:.1gifoad G-GGT!<:'/EIK 
tt,~gg,:;.g,gg,,;g:.igae:t,"i:l'-'f.lgtgg:,i:gate:m'!Z (SB:) ID l':lO· 459) 
c:gt-'.:!C.<J>Jtggi::'i:gf:at:GCllt,!.J;,kl.tcllc1r.-1l.i:;ce 
q;{;catctgatg,-.gcagttcg:21aatctggaad 

gt:t:!clgll:g:tgtqcct:g:eig«:2:i.aacttc.t.flkc 
~~ga~<.1g-;c-ccaa:~taca~;Sgga~~g~g 
al-;:~3r;gr;c•dc~~;::t:tcgggh.,1.acf:cc(;.3.gg::.:~ 
g:a:g!g:t~;g,;;:a:gagc:aggacr,gcaagg:ac:, 
-gt:<10:;t-,ac:a,;,,ccl.cag,;;a9cat:t:f:lg.acgzi 
g:a:geMB'flC'.l§!<'l,cia,,::ga,;;::aa. (SEQ l'D 
i.;o: 45B) 
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Hl,lYYCA 
Q tDNO; 

EYCILLE IGFTFSS IMS.\,VVR 
SGGALLYA QPPGf{ TM {SEQ 
QPGGS {SEG ID Gl..QWV ID NO: 

:,2) 

si rs:Eo 4£5) 
!DNO: 
464} 

:[}lOMTQ1·QS!S\iY LN':NYQ IGA.S 
·,:- ;:,:;:- C:" ,.-..-, c; 'r l"°'' ,·c · _tp_,.sLi :/:,EQ ID QKP<-~K i_;.;,EQ ID. 

f.'JO: APKLU NO: 47S} 

{SEQ :~D 
NO: 
472) 

4T3} Y(SEQ 
ff}NO: 
4H; 

A REE FT lga:-;;;,gt:;icB,gctg1!gg&gfcf:il:m;igga{lCCt! I EVGLLESGGALL IWGCIG 
VKGfff CffE:MT: 
T::SRDN TQGDF 
SKNTLY GY 
UJMNS (SEQ ID 
LR,6.EDT NO: 
AIYYC %7J 
(SEQ ID 
NO: 
46ff) 

NL:JSG QRSY!T 
VPSRfS Pf1 
GSGS:E. (SEC! ID 
TDFTLTI NO: 
SSUJPE 477) 
DfATYY 
C{S.EQ 
:IDNO: 
47ff) 

gi:t,ai:agccggggggcg,tccdg&\J'B:c:kki::I OPGG.SLRLSCAA TLVTI 
gtgca:gcddgga:tt~cct!t..a,;ica:gd;a,tg SGFTFSSYAMS. 33 
u:fl1gagttgggtt,rgcragcctccagg,ga:a 'NVRQ:P:PGKGLQ (SEQ ID 
ggg,!t:~rn~;lg§lil:!ct:::1.la,tt-at,;;iagtggta;g '·N\<'SiMSGRGDT NO: 
gg:i;;;tg.1=t1.1cc1.lzjcagla,cgra:gactccgtg MQYADSVKGRF 4J:fi} 
i..a,;i;ggzcggttcaccat:;;;tccag'-'fg 1.1ca'.1tt Tl:SRDNSKNTl...YL 
cr;,3:a:g~mcac1.1t:ittat,:tgcaa:azjfl:a,~g QMNSLRAEDT Al 
c:ctg;;ig8i;iccgag,gacm:1g;ir.catttattad ·yyc,AJ'itEEFIDTE 
g!gc:g,;ag,B:g;z:g!,lagtttaci;;:-i1;ac;;ii;;:.agaga MTITQ{3DFG'i'N 
t911ctca:t@B:C«aagg{KlB:Ctttg,;;wtactgg G.QGTL VTYSS 
ggccaggg:,:;accdggtcmxgtct,:,1::tca:-,i (SEQ :ID N:O: 46:S!} 

r.,;.iti;;:,;;ia:ec131aggi;i.c:ecatcggtcttccc:ect9 
gcaeccti:::ctc,::!la,;1a,;1ca,cctdgg,gg:gca 
c13g,:::ggccc!gg:\;jctgcc!:ggkasi;mat:ta 
c't!c.cc-c (SEQ !D NO: 458) 
gacatcca;,iatgacc.c:Bg!dc,::11tcdccd Dl{JMTQSPSSLS FGPGT 
gte~cl3,!dg!sg9agac,3g.sgtcacu1trn ASVGD,RVT!TCR: KVrnli 
cttg,::cgggr.aiagkagagc.attagtgtdal.tt ASQ::HSV'{lN'NY (SEQ ID 
a1.'l:!3ittg,~tatcaacaaa:aacea,gg,g,a1.13,gc Q;QKPGK,,1;,PKUJ NO: 
r.,r-ctaa;gctcr.,tgatcfatg,g;tgca:tccaa:tttg "'iGA:SNLQS-GVP5 48:fn 
c::i:asgtgg;!gtzc,;;atc::isg:gttcag~g,;;::ig ftf:5G5GSETDfT 
tgg:atccga;gaca,;}!3i!ttc~ctctcaccatca L TlS5lQPEDF.AT 
gc-3gtctgc;;iaccl98agartttgc . .:l.acttad ·yycQRSY ff'PFTF 
i..dgtrnac.gc-::3gtil?.ic-3k~dccatkacttt G:PGTh:VD,:K 
cggccctgggacrn~a-;i·ig.gatatcaaaesJt (SEQ m NO: 479} 
&cfjgtggctg,cai::i::.a!dg!ctti::.iitct!cc:G!;lo::: 
c:a1ctgB:tga@cagt!g1:1aa!>l::,tg,;iaactfjcc't 
etg!l:g,lgtg,cctgctgas!~acttctatccc:B.g 
&gagg:cca:Mgtac;,.igtggmigiltg:g,atas 
cgc.cctcc&akgg:gt.;:ad.cce&ggagag 
(SEQ !D NO: 47oj 
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CF GiAPGQ T {SEC! ID RGR'/S GD YRA 
(SEQ ID GlEV'JM NO: 4851 MTRDM .A,DVFQ1 
NO: GR AINTA.Y {SEQID 

:~AS 
EQlD 
:J: 

483} (SEO to MDMSR NO: 
NCl 
484} 

mQMTQ:SPSSl lrnQMTQIQDFSN llm-~-':{Q IDAS 
<;:~ <:':'l·~•:o,our'T l;;::-n-,;:<9-lr.;- Iv i""~'""' ,:,)}••"'..~: :-..2, •~P~ ;{- ~ e~:r ;;_;.;;.;. .__{ ~ } -;.> l,.,._,'\,;,J. 

CQ.A,SQDFSNYl A'5LGD ID NO: 
RVT!TC 49.3) 

.~p..J•..;.•,._ .~'/l{): 

'3.ATYYGQl49:2) 
JID NO: 

Q~PGK l(SEQ ID 
APKlU r,.Jo: 49'5) 
Y(SEQ 
::UNO: 
494) 

LOSDD 1487} 
TAV'fYC 
{SEQ lD 
MO: 
4%) 

Nl.ETGV QQl.TT 
PSRFS {SEQID 
GSGSG NO: 
TEYTL Tl 497} 
SSLQP:E 
D:SATY-V 
C{SEQ 
!:DNO: 
49:5) 

c.aggtgc.&gcl.ggzjc;z:;it::tgg,gti:-:tg,':!g,:;it QVQLVQSGSEV WGQG 
Q<l9:QcH1g,,::_dggcg:gc,::::icagtg,aag,gkici:: RKP-f,AS''i:KVSCK TMVTV 
·tgca,a.gg-ctl:i::tg,gattcacattcaccg~c:tg,c A SG:FTFTDCFIH .'5:S 
t!tataca-ctgg,glgci;i:a?::f:!£ti;;:c:i::cc:!ggaca \:V':/RO.~.PGQ·GLE (SEQ ID 
ggga.c:!Jgagtggatggg!cggah;stc:cta \:\'MGRINPSRGTT N:O: 
giag,aggaaccacaaasra1g,:,11-gsgsaat KY.AEKFRGRVSM 49:l:lJ 
ttcggg,gccgg,;;;,~c!:cg.:1t,;.i.1cccg,gg,:3c_a:! TRD'M:A!NTAYMD 
ggrc::itca,cJ:eac::igccte1:catggacalgag MSRL QSDDT Av·y 
c.aggctgccJ:.atdg,ai::gacaegg,ccg,lgk,tl YCARDlDSGDYR 
ai::tg:ti;;,cgagag:ac.a;t,g:ai::tci:::,g.gtgactai:: AADV:f QN\'GQ-GT 
cgcgi::cgi::tgatg:!fflccagak4fil,gg,::,;:,a MVT\:"SS (SEQ ID 
agg:ga,caa!:ggt:t:3cc:gb::kttcagc-;iti::g,a NO: 469') 
eca!l-gggcccatcg,gtcttc:;;:i::c c~ggcB:c,~c 
!:cctccaagsgcB,c::ctct,;.iggggcacagcgg 
c-c-,::;tg::;i~dg,c,::;tg,,;;;,tc.r>il,,;i,gacractte:i;;c-c 

a,acc i SEQ ID HO: 4SB) 
gs1c,,itceagai,;;,m:cn1~idu:.atcc.tcrd DlQMTQSPSSl.S FGPGT 
gtclgi:::gtctefaggaga;c.agaj;i;lcm::i::atca ASlGDRVTffCQ KVDlK 
ertgcca:ggeg!:.!gte:aggacffl:agca!:.!c@tl ASQC!fSNYLNlN (SEQ ID 
!l::!aB:!1gg:!:atca§cag:a;aacca,~-ggaaag YQOKPGKA.PKLL NO: 
cco::,::!B:agdcciga!?::tacgatgcatcca.,~ttl tYDASNlETGVPS 50:[l} 
ggaa:a:ca-g:gg:gkcca!caB.g:.3tkag:tg,~a R.f:SGSGSGTEYT 
agtg,gatct~g,;.ia,::-;13g.1atals,ctttaso:;atc L Tl SSL QPEDSAT 
ag:cag,e:ctgc&§]'tCtgaagattdgr.aacB:t Y'{C:Q-QLTTFGPG 
a!tactgti:::a:ar.agt.-:.g,aci,2cgtfoggcu;1-g TKVDIK (SEQ ,D 
gg.aci:::.a;:aagtgg,a:tatc.ali!acgtac;;igt{l'9e NO: 499} 
!gt::H,cratclg:\cttcatcil.cc1:::gc~:tc:,tgatg 
13gr;ag:l:tgB:8B:tdgg0:actgcddgttg1g!g 
cctg~:tgal3:!aacttdatccca,;a1,;1aggi::ca 
as1.gsar.sgsgg,;asg,glg~at:,Mcgccctc::ca 
atcg:ggtaactccrag:9a:9agtgtr.iB,c,:1:g,&g 
c (SEQ ID NO: 4S8) 
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~-03} 
G:R 
i_SEO tD 
NO: 
504} 

D!QMTQSPSSL IDlQMTQIQDFSN 1rnv~VQ IDA/3. 
s.ASVGD:RVTrr 1:::-Pss1s IY {SEG 
CQA.SQDfSNYL ASVGD tD NO: 

ff':/TffC 5B} 

QKPGK l{SE.O. ID 
APKlU MO: 515} 
·Y(SEQ 
mNO: 
5·14} 

ADVFQ! 
AISTAY {SEQ ID 
LDV1"RL t-J.O: 
QSDDT 5!J7} 
A.L'f'tC 
(SEQ ID 
NO: 
50:5) 

NLEIGV Q(K.fff 
PSRFS {SEQ ID 
GSGSG MO: 
TEYILTI Si?J 
SSLQPE 
DFA.TY'V 
C {SE{). 
!ONO: 
5%i 

FIG. 12 (continued) 

caggtgc,':lgd::ggtgc.a:gklg,:;mgctg,ag,gt ·O\<i::;)LV~JSGAE\l!( '."iGQG 
gm,-gaag,;:;dggg,gcd,;:;agtgaai;i,gktr.:c KPGA.SVKVSCKA TMVTV 
lg,:::llagg:cttct>;;;:gi.-:itte.l'.fggtte.agcgacttgt SGF RFSDl.'>."11-::W SS 
ati.'l't':!ca,ttg~,gtgcg:,:1c~gccc,;:;trJgac0 VRQ.li:PGQGLE'ift (SEQ m 
ggg:9c~g.:agtg:9atgg:gicgg0,ima:i:,;:;d,.. MGR!NPTRG TTK N,O: 
e.Ul,;mg:i;;:a;:1,r;c.a:eri,aa.atatg,c.aga{;:a.a,at VAEKFLGRVSMT 51 tl) 
t!ctg,~ge.cg,ggtdcga:tga:cca:ggI!ZtCa.c RDTJi.lSTAYtDVT 
gg-c:<::atca:i;;,e.acagccla:tttggacg1gacc RLQSDDTA:!. YYC 
aggcig;::aatctgacg,i:'icacggccctttafta AHDiDSGDYR;!l,.A 
ctgi1Jcge.,~ag.acatlg,a,ctccg:gtg,adace. DVFO!WG(JGTM 
gcge.,:::gclgatgttttte.a:ga!c·tgg,ggce.aag VTVSS (SEQ !D 
ggacll:a!:;;;,glca,ccgtr;tc:ttcag,cg:!{:gar;c ~-i:O: SOt:9) 
&a!l:g9:cec,2tc:9gtc,ttec,r.i:ctgg,cao;:;,;:;tr, 
cts:,~.a£1gag:i:l3i.:,r:tctg,gg{l.gt:fji:::ai;;,.:~gc: 
cd:~ggcli;.ir,dg,~t,;:;a%l,g:act&!::lb::.:c.-cg 
aacc f5EQ lD NO: 508) 
gm::.atcc.ag,at>;;;:ar.crngkt:cc;,t,:;ctc.cd rnQMTQSPSSLS fGFGT 
g~tgcgtdgraggagac.a:g.agk.a:::::c.atca .A:SVGDR\fT!TC:Q KVD=lK 
ctl:gcc.agg:cgs:1gtwggB.cttta,;;;,c.a3d,:;i:tl: .A:SQDFSNYlWR (SEQ lD 
raaatl.g::;itat:c,a-gcagaa:§:CC1'.lg:,;ig.ai...ag YQ:QKP·GKAF'l~LL N:O: 
cco::e.taagdcdg.,k:tac~,s.tgcatcc.aattt :,YDASNLETGVPS 52nJ 
ggaaa~.g,;;iggtc::!:,::ilit~agatlcag,tgga RFSGSGSGTE.YT 
agtg,ga!:ctggg.i3ca,;ias:tatac:f:ttas,co::atc lTlSSLQPEDFAT 
ag-cag,ci::,t:;;;,csgu,!:gml!g,a·tt!tgc,a~cata "fY COC!LATFGPG 
ttrictgte.a:ac:agttgg,ctadtte.,;;i.g.::,cct~rn.g TK\fDIK {SEO :u 
accam.,icg:!:gga!ll:tcaaac.gtri-cg;;itg,;;i.ct;;i NO: 519) 
cau:al:ctgt-.;ttcati;:cttc~~,:;c.;:itclg1atg:a 
gcagttgi1a,Btc:~gaille:!!:;~dctgftgt:;i~c 
ctgdgai,;lzme:ttcfatc,;:;rn:gagaggcca.2 
agrocagt~maag:JJ:lgg:ataac-,11:,ccti;.1:-a:a 
lcgg:gta:ad:ce.:aggaga:gt>~:k&£ag:a:gc: 
(SEQ :::Q NO: 518'.i 
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533.J 

QKPG!{ l{SE:f,l ID 
APKLLI NO: 5J5} 
"it ~SEQ 
H} NO: 
~,34) 

RG:R':./5 t;;[fy~:R.A 
MTRDT ADVFQ! 
.AINT A:f (SEQ ID 
MDVSR NO: 
LOSDD 527} 
T.AV':f'•t·C 
tSEQlD 
NO: 
526) 
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PSRFS (;}Et) ID 
GSGSG NO: 
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c,;;ig@tg,:;,,3g,:;t>1;1gt,;ic;3:glr:tg,;i:1;:1tc:t1,3g~t QVQl V{JSGSEV WG:t.JG 
g;;,ggaagcctgg/}gcck,':lg:!:g:1!!8lJ:£!td.ec RKPG.ll,:SVK1/SCK TM\/TI/ 
tgca:sigg,:;~tctggatt,:;:t'lc2,!!cac:c:gsctgr;:; ASGFTFTDCFIH SS 
tttmau.cwi;;,gigcg1.:;,~i:ig:g:cccc!!J,J;a,::,::i 'lfVRC.>,.:J.,P·G,~GPE (SEQ iD 
ggggc:c:tgac3:1:t:g:g.rat:ggg:tc:g:gatr;:;~~;::!:a WMGRH,WSRGTT NO: 
gtilig<1,,;;:ga:g:ccac:g:aa:[,:i.al>;icag8i;;,o1:aa! KYAEKFRGRVSM 53H) 
ttc:ggggccgg',ltc:t,:ga1>;1:s1cccg:ggacac TRUTAlNT AYMD 
Q;Q:CCllteancac:llgi:::zto1.cetggecl'.jtJ:a~, VSRLQSDDT,1!,,VY 
cJJggi::lg,c:.a;:iktg,3cgacac:g:gc:c:gi,Jtalt YCARDlClSGDYR 
adgtg:cgaga§:llCaU~:;;;c,tccggl~'f!C:i;:;,:; AADV:FQ!WGQGT 
c•g€:§cc9c1{!atgl.ttttc3gaktgg:;;igcc3a MVTVSS {SEQ ID 
g§~Ja;:ai3tgr,itca~,cgt.:Kt!eagcgtr.gac NO: S2S} 
c:img9gcccatc:;;igt~rtcc,;;cc:t-;igcaccct 
c-c1c<:.aaga;,;i:cai.x:t,:;1:gggggc.i<:,':!>;J'CfJ1) 
ccc!:g,;;gctg,cc!:g,;;i:ea::1gga,c!0cttcccc 
g~-ai,:,d,igacg<:ikt::g:i-g;gaa,ck;;gg,~,g 
c-c:i:::ig0e.cagcggc:;;itgeacm;:cttcccgge. 
tgtec!:&1::a:§tcdcag,;i11c1d (SEQ ,:o 
NO: 528.) 
gae2tci:::a:§•f!S{ias:,;,;:,_;;gtdcclJ!tt~:tco:.-t DlOMTOS.PSSLS FGPGT 
gtc:!g,i:;gtc:.tc1&gg:,3gi:1cagag,iEi'lCCatci3. AStGDRVT::TCQ KVD'IK 
ctlgcc;g,g,;wJagtcaggad:tta<;icaactetl AS>:''..:DFSNYLN\N (SEQ ID 
t,:iaatt:ggti3tC8!:')U§i3:::l:i3:CCag:ggm~.a{i YO:QKPGKAPKtl NC,: 
1,;,ccctm;1:gct.:dg.g:ttll3-cg:;;ilg1::atcca;;;itlt !YDASN:LETl3VPS 54H}: 
gg:1Ja'.l'c;aggg,gtcccaic0a:;i.0tlc,Jglg,,;;:a RFSGSGSGTE'{T 
ll§tgg:atctgggacagac1tat~1c1tt::ia~:a::atc L Tl.SSlC·P:EDSA T 
&Q:CJ:l=ii;Cctg,:;agr,dg:aagatt,:;tgr,<1ar.at YYCQ-Ql TTFGPG 
zi~:adgt;::aacagtt9::i-ctaoJttcg,gccdg TKVrnK (SEQ !D 
ggaci::i3a8>;,ltgg3tmc.ar~c9!.,cg,;i'tggc NO: 53'3:} 
tgca:i:::r.3:tc,gtct,.:.a!,~t,;;;;::,cgccatctga!:;;;, 
agca,g:ttgaBa,k.tgga0ctgi;x;f:etgt!gtgfg 
c-ctg,c!gaataactt,:ta:tcu:a:-~ag,,3gg,ccca 
a a:gra.;;a,~;tgg,a:agcgtgga.ma <:gee ct,:;e:a 
zitcg;,;,:,;;ta:1ictcc;::;::i:i;;,ga-;;,agtgt{:1:J,ca;,;,:;ag 
c /5:EQ ::0 NO: 538) 
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VQPGGSlRLSC ISGGGL IYS OAPGI', 
AASGfTFSSYS IVOPGG liSEQ ID IGLE':f.-{V 
f:t:SVl;f\'.'RQAPt3:t~ :Sl:RL:SC: ftJ-Ct AN 154~1) 

AAS 
{SEQ ID 
NO: 
542} 

~-43,): (SEC!D 
N:O: 
544) 

niaMToloR. <1SNY 1rn•.NYH IN.AY 
:SPSSLS (SEQ ID OQPG!'-: {SEQ ID 
ASVGG NO: AP:KLU NO: 555} 

c,~,1P"'Rcr.,,~r··~1·<c:-E~•. ·,r,i -..:•~'•:• .J't r-.:.:_ .. t_.,. {_-.i \-J t~ :is....: 

SGTDfTLTIS:S:L NO: 
Q:PEDFGTFYCCJ 552) 
(lSYN55 (SEQ 10 
NO: 5.51:l 

.:,53): Y (_SEQ 
:11) HO: 
5:54) 

EEWAT 
VDDPH 

A,K:STLY DYY'fM! 
l!..QMNS DV 
LR.AEDT(SEQID 
,4\'Y'fC NO 
(SEQ ID S41} 
~;:o~ 
,34f;l 

TlOSG QQSYN 
V:PS-RFS SLFT 
GTGSG {SEQ ID 
TD!FTLTI NG: 
SSU:iPE .:St} 
DfGTFY 
C(:S-EQ 
l!C!NC·: 
,55£) 

g~ggt-Jci3getggti;,g:i3g:cctgg1,;ig,i;;af_:lg,::! EVGLVE.SGG:GlV 'f/G(iiG 
Ig;.<tc:r.i;,gectgg,;igggtccct;;_iag,'.:lctctect Q:PGGSLRLSCAJ~, TTVT'./ 
gcg,::agc;:temfJfltte2;..:dttag:!a:i;!tt-'.:ltt!:: SGFTFSSYS~4S SS 
gatg.agr.:ti;;,ggtc1;11cca{!:gdccagggfla V°•'\<RQAPG~,GLE (SEO lD 
ggggetg:g-09Jgggf9gcc.a,:i:t«l§«il3CZHl '•NVANMNKEGGE NO: 
agaggg . .sggtg@lla:i1aai;,,:,:::i1tg!ggiic:ta KNHV!J YVKG RFT 5:5{)} 
lglgaag,;;igcegai:tc:ad:atctcc@:l;:;:aga:i;:a !SRDNAKSTLYLC
acg,::c:;;iag:llgti1caetgti1td>;1ca,'.:la:ig,a.'.:l:t MNSLRAEDTA,V''{ 
agtdg:ag,ag,i::c.ga{l,gaca,cg;i;Jeggtgtatt Y CAR\/SREElN A 
ar:!gt:;;,cg.ag.ag:tc:lccm;m,g,flagagtg9gi; TVDDPHDYYY:M 
gaca,:;;,~,a,;:9m;cctc::i:c·~,::;1;-:,tctattac:1 DV'NGQ,GTT/P! 
!ggllc.gt,cti;)g-ggc-c:st1-gggm~cacg-gtr;a SS (SEQ ID NO: 
c1:gtclcds::2!1,lcgt:cgaccaagg,;p::;:c3t:: 54.9) 
ggtctic-ccccctg,gc!::<1c,;::r;:::lr: ct;:;e<lag-agca 
cddgggfPJCaci:.g,cgg:,.cc-l::g:gg,d:gc,d 

tc.am:i:::i (SEQ !D N:O: 5,rn:i 
gaca,tcca,;;i:ai,;;iaer;c2:gtctzeBtzdccc:i DiQMTOSPSSLS FGGGT 
gktg,r,Bib::'lgzj:g,gag,~cgf,:ag'ica,:,:;:::i;,t,:a ASVGGG.'VTffCR KVE,:K 
cHg,::cggg,c2,agtcaga{lgattai;i-caflcfa ASQRISNYLNVVY (SEO lD 
ctt&aa~:i;;tatcm:.waci:;;accafJgc.aaa HQQFGKA.P'KLU NO: 
gec{:ctai1adcctgakt.,i,-:mc,:;icatll-cad Y NA 'fTLQS.GVPS 56{1} 
t!acaga~ggg,gtccez:;!:rn8@tt>:,:::g~, RFSGTGSGTDFT 
eactg,;;ialdgg:g,m:::;ag:IB1ttc:&di::tca:i:::i:::at l T!SSLQ:PEC•:FGT 
cag,;;agtc~g,;;as3,::,;;tgc;;;aga:!tlt;;_igtacttie FY COQSYN:S l!FT 
·lactgtc.i:mmgflgj:1;;;,;;:,'.:latag;;:,el:gtl:c2,i.::,i:t FGG-GTKVEIK 
tc:gg;;:s,iggg:g:gm::,ei:;;a-ggtg:gaga:tcaa:lli.::. (SEQ lD NO: 559} 
g!ll-c:g:gtf,j,gctgcaccatclgti.::.ttca!ctti:c.e 
gtt7.,klgalga:g:rcag'!tgaar.tctg;ga,3_dg 
c:r;:,1 etg l:l:gt-;tgcetgc!gall:ta:,3,;;:t, e:tat ccc: 
ag;;ig3:g:;;ic:i:m1m;;tac13:g,l:,:;igB,a£igtQgat 
aacg,~.edcc,aakQg,;_ita;adc,cc;;,ig,g:a,g 
(SEQ H) NO: 558) 
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i:STYNGN YYAQKl .A,REG::" c2:gg!9c.&gdggtgcg,;itctggag~f!aggt Q:':/C!lVQ:3-GAEVK 'liiGQG 
QSGAE YA. ClAPGQ S {SEQ ID QDR\/l' DHL~•:fG gaagaagcctggg,g:rci::.:<ligig<lia:!:)gkkc KPGAS.\JKVSC:l'-A TTVTV 
VKKPG {SEQ ID GU:'Wt,i!: NO: ~,65) MTTDT TYRfEA lgrnaggd:ldg9gtm:;.a,:ctff:..ac,;,l'lgtl<llg: SG'fTf'TSYAl:01\•l SS 

AlSWVRQAPGQ AS\/l<~V:S. NO: GVi STNT/l:Y IDYYYl' ;;t':'lt--Alg:dg:gglg;;gacaggc;;cct_;;:goH:a \f'EQAPGQGLEW (SEQ l[l 
GtEV;'MGWIST CKAS S{:1:3} (SEO ID Mfi.RSl DV agf<:gctlg,ag!-;,gat;;mgzitg,g;;:ikagrnctt MGWlSTYNGNSY NO: 
YNGNSYVAQ-Kl {SEO m- NO: RS-D[ff {SEO ID aca;;-,:f9gt.;,actrniact;itg;:,;ica:g<1:aac.k \•'AOKLQDRVTMT 57:[l) 
QD'RVTiklTDTS NO: 51:,"1} AVffC NO: <,&;:igae-ag,':'lg!;::.':'lcwlgi.;.:;;ac.a.ga:::,':'lc TDl'f-TN1AYMEL 
TNTAYMELRSL :5.S2) (SEO lD Sfr!} a!ccac.ga0:c.a,:,;:igcc.tacatggagdga~ RS-lRSD[.lTAV'ff 
RSilDT1'.'</YFCA NO: gag:cct,;i&ga!dgaeg:w;acgg<::c.gtciatt CAREGYDHUNG 

E_T'✓L r_a los·L· ;ssxlLA\~tfo IG .. 4s 
SPGTlS Y (S:EQ QKPGQ (S:EG ID 
lSPGE ID NO: .APRLU NC>: 51';•) 
RATLSC 1573,J 

(SEQlD 
NO. 
572) 

Y(SEQ 
,:DMO: 
574} 

561:.<j ffl:g:!!;lCg:;sgag!3@:!;latii!i;ptc.:sc,;;tti>:;i:g;g TYRfEAlDY'('HD 

SRATGl Hf:!YGS 
PDRfS STGT 
GSGSG {SEQ ID 
TD:Fl'LTINO: 
TR1 .. EP·E 57":?} 
D:SA\r·y· 
'·{C 

l,SEiJlD 
NC2: 
576-} 

ggac.tt-;-;tcgrtt!9:;;ggegata~)':3CtSict:3·Ct \/WGCT~,T1\?T':/'S· 
aracgg,acgtt!Qgggccaaggaau:aG!;l S (SEQ m NC·: 
gicac,;;g1ctcctca;;;icgti::.~a,;;,::aa@§CC 559) 
c2,kggtctte::,;:;-ccctggeace>::tcd-ccaa:ga 
g,:;a,c.~tct.gg,{l.gg,::::acagq;m,::::r:t lijggctg 
tt;tG<3'~ {SEQ tD ~~O: 568} 
g;,aartg:zj:tigi.-.,;,gc,agtdeeaggc.acCL1 EIVLTQS:PGTLSL 
g!ctttgtctccag',)ggaaagagernccc!,:::tc SFGERts.TLSCRi\ 
ctgi:.8g-ggr:cllgtrog,agtcti8gcagr:llrtf:: SQSlSSX'fLA'NY 
t-,.;icii.agcd9gtac,e;;;g,~aQ:aaacdg,:;i:cc Q,QKPGQAPRLll 
ag9d=aggc:fcctcat;:itati;igtgc;:it,:;,;;3 YG.ASSRATGlPD 
gc.igg:gc-,:;a,~o;;:g•,:;atcccagm;aggttc.a R;:f SGSGSGTDFT 
gigg,,,gtgggtdgggac::.gadtcaddc LTlTRLEPEQ:SA\! 
acc.atcace.~adg:gagcci.gaagattct.g YYCHOYGSS"T GT 
ci:;gtgtatt::.tlf;:!cm::;::agtz!ggtagctcaac Ff,-QGTKVEJr, 
ggg,aacg:tlc;;ig:c:casg,gg&c.:::a:ei@t;~ga ;SEQ m m:i: 579} 
aatc.ia;;;cgt!:lq-Jgt,;;gdge;,;ccatctgtr:tt 
catr.:ttcccgc:<.::atctgiitg,a,:;i:eagttg:e:a;:i:tc 
lgg;;;:adg,ectctg'tlg!g:igct:lgdga;;;:taa<: 
ltdatec:i::agagagg,:;caa!.?g!:acagzjga 
agg;tg,:;i:ata:acg1::,::i:;:!ccaatc,;:;-gg,!lll;:!:l:te 
ccaggag~tgtca,c:a:g:agc::"J:gga:e.!3.fl~ 
acg:g,acag,e,s:.cct.-'.:':c«g:~dcag;::.a',lca;::,r,c 
lgl:lc-g,:~ag,;::;,aagcagacta,::::g,a. !SEQ 
ID N:O: 5,78l 
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fQGRL Tl TRD.A. NO: 
SlMT.AYMELSRL 5$2) 

QAPC:..;Q T (SBJ. ID FQGRt GDYR.A 
GLE'>"JM ND: 53-5} TLT:R:DA ADVFI!'{! 
GfI SINTA.Y {SEQ ID 
(SEQ !D MELSRL NO: 
NO: GTGDT SS?} 
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Cl?iQgtgcag,i;::1{;:Qlgc>&",;il:ct~rn,gg,i;::11;;,agg! Q-VO.lVOSGAEVIK WGQi.3 
ga:3-gaggcc:igg1,1-gcc:k,13gti;;,a;ai;:,;.,tdcc RPG.A:S\,'NVSCRA TMVTV 
!ge;a,g:ggettc1gg;at!cagtt!c:agc:g,13c.a:c:c SGFSFSDTY!HW SS 
!:atatacad:;i:ggtgegat:.:1,:;i:gr:lcdgg,~,ca: VRQAPBQGLE'll (SEQ H} 
gg.ggd,::Jgagtgg:a:lgggacg,adc:a;:.tect MGR:LNPKRGTIK N,O: 
1:1-s1g6gI,gg.aaccac1:1-s1.:;rata!gca~,ggr;a YAGHFQGRL Tl T 59Ul 
ctllcag~,gcag.gdcacgttgaccagg{l,at RDA.SI NIA YJ.tEL 
g<s:gki;:,::lt~~c1,B:::;acagi;:ctac;atilgagtl!,;ia SRLGTGDT AVYY 
g,zagg,ctg,;ig:gactg,g,zg;ac,1..cg:g:r:,::;;,le! CARD!DFGOYRA. 
!ltta.c:t:g,:;;gcgeg:a,gacat!gacttc:ggtg:Ed AD\tFH!:WGQGT 
0,:;cgc.gcc.~;Ctg;atgtltttrnmt1.:1i.ggggu MVT'/SS {SEQ ID 
ag.g.ggm:::aa!ggtcaccgtett!:twgcg,tcg NO: 589) 
m;c.a.ig,Jg:ccca:tcggtcttec:ccd9g:caf
cdcet,:::c.aag'l.'ligcacctc,tgg~,gg,:::a1::ag,:: 
!,:jgecctQ1ggc1gcct!)lgica..~gg.actaettc.c 
ccg,a@cG-tglgzmggtc,tcg!gg:;aactca,;g: 
cg,:,i::::ctg,J:l:e,i:::B:gcggcgtgea.cacct! cc.q~ 
gfJgtt:::ctar;;agf,:;etcaggacte /SEQ 1D 
NO: 5881 
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TGVPSFffSGRKl{SEQ :ID 

NO: 
:5-92) 

QRPGK l(SEQ ID 
,:. ~ 1 :-. -*. c·:::c\ APKlLI .}JO. j;,J:,_,, 

Y(SEQ 
!DNO: 
594:~ 

{SEG ID 
,~c::,,"·c•~ 1•J·oL~R:?,.,.:.,.{.~ :r•~: · ·~ 

A.HYTLT 597) 
i,SSLQA 
ECHAT''l 
_,,.,-. 
~ '1:..,· 

(SEQ !D 
NO: 
s2,ai 

FIG. 12 (continued) 

gacatcca;;i-al-g;acu:,aglctcci1tcctc,t:;Ct DlG!MTQSPSStS FGP<3T 
gi.dgi::B:!dg!a.ggagai::~:t?lgkmxaka ASVGDRVTffCQ !'::VrnK 
ct!\}CC!3@C,;ji::lgKa:gg,13cffl;:l!gt;:1:13,t!trctt. AS.QDFSNFLNWV (SEQ ID 
aattggtatr.aa:c,a-ga,:;i0,i:ctggg.aa,a:g..;.::cc QQRPGKAP-KLU NO: 
dllaactcci:gntdacQaigc.2:k,c<Ia:tttg,g YDASNlET GVPS 6!K1}. 
agaca:ggggtcccak:aa:ggttca:g~g;:m-g RfSGRKSBAHYT 
aaaat,:;-tggg,gc.aca:cfata;;:.tct;;:,2ce,"1:tc.a L TlSSU2'AEDIAT 
gcagi::c~caggclg:a:&ga!attg-c;;;u1cata,i YYCQQLDTfGPG 
rattgk:a,a:ca;g~g-ga:tacti.kggccd:ggga TK\./DIK {SEQ :D 
c-ca:13,ag:tggatatr.aa.acgtacggtggclgc NO: 599} 
acc;,tdgti:ticatcttcci:g,cca:tczja~,:1-g 
c.agtl>Jaaatcr:tgg,~a,etgr.ddJ;i,lf.gtglg,cc 
lgctgaaim,ztir:ti.,i:tcc{;ag,age1:g:gccaaa 
graca:gtggaagg:tggataacgcc.c!:cc,::mt 
cgggt::..a:dc:ec:agg:a:gagzjkacaga:gc 
illg;,;,acillgca,3ggaeillgcai::ctmxigcctc 
illQH!§t,accdgaegcigagcaaagcaga 
ct&cgaga:am::.acaaagtdae.J;i, 1,_SEG: 
!D NO: 598} 
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QA.PGQ 
(SEQ ID I GlEV'ifM IND: 605 J 
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[5:R 
(SEQ ff} 
~io: 
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GSAFD! 

MSlSTA (SEQ ID 
'{MELS NO: 
RU.SD'□' 607} 
TAVYYC 
(SEQ lD 
NO: 
606) 

FIG. 12 (continued) 

ca:ggt-gcagctg,gtgca:-~tcsgg,ggctg,ag1rt QVQL VQS.GA.EVK \i'i'GQG 
<li3:a:gim-gcctg;;ig.a.cclcagtg,a,]:i3:gtckc KPG "f SVKVSCKA AMVTV 
Igc<1:ag:g,ettdg,g<lt::iea~::ttctccg:g,ckd SGY:IFSGSYlQW SS 
<1tatt:r;,'.:u:1tgggfacgac,:zggeccetgg:a-;;:.i1 VRQ;:1,P{K!GlEW. (SEQ lD 
:3gg-gdigllgl-ggatgg:g-aa,;1gak:;;mccd MGR!NPk.'TGGTN f.-l:O: 
aagadggtggeacl:laatt'.:lt1.::,ca:r:agaagrt YPfJKFQGff,fTM iS 1 [I} 
le::ag1;1-gcag:g,glea:eca:t:gaccagggaeat TRDMS!ST.A,YME 
gkcatc:::.;g,:,a:c.a;gc,:::!ili..a·!gga:gdga;gfa LS:RUSOOTA'\/YY 
ggct:galctct;ga:cglocacggccgtgtattaci CARDFDYG:DYR 
gtgcga:g,a:ga:c;ttc:gattac:ggti;«,ctoJ:ccgc GSA:FDPNGQGA. 
ggetdgctlttgll~td:g,gg:gceaagg-ggca M\!TVSS {SEQ ID 
<l~tca:r:egtctcttellgeg!egacc,2flggg NO: '13:0f!} 
c1:,cfltc,,;rg,!ctlecc,r.etg,~,c,::icc:r:teetr,e~,:z 
gagc;e;e:etd;;_iggggcacagcg,g,::edggg 
ctgcc,tggtca:l:lgt1actaettecc egl:l@cdgt 
g;a,cgg,tdcgjggaactcB:g:gcgccctgacc 
<lgcgg,c:gtgca:caccttccte:9gctgtc.cfa~"J 
gredcaggoJ:ct,:tadcc. (SEQ :D NO: 
6Q:f)} 
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ID N:O: PSRFS {SEQ ID 
MS) GGGAG NO: 

TifTL Tl 6i7} 
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EotATY 
~,~c 
(SEQ ID 
NO: 
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FIG. 12 (continued) 

gacatci:a,;;;:atgacccagtd:cwkck.cd DlQMTQSPSSLS FGPGT 
gk1gcaktgttg-g1g,llcagagkaccatcac .ASVGDRVT!TCQ KVD-l!<. 
ft1Jc:t:.agacgagl,.:-;a1Jgac!ttagcaaff}~ttta TSQDf-SN'YLNVVY (SEQ lD 
aat!sigt:&tragcc&g:;aa:;a;:ca:gga;aa:,3gcc Q:Q-KPGKA.PKLU NO: 
c.!::f:a:a;adcctgB:i;;:;ca;;:;gatac;akczmgtig HDTS:1';,LETGVPS 1320} 
gasac:3g{;g:g,t,:,cca:tca.ag,;i:ttr,1?J:g1ggB:g RFSGGG..A,GTYFT 
gtg:g Qf:(:;CQ@2!Catsmra,::::tdC:?l:CC'3tra. l Tl NGLQPED !AT 
.3_,;,ggcctg~.-gcdgaagatat!i;ii.::aacata YW'CQQLNTfGP 
t!:ggtgtcaamr,.ttlgaa:iacdtcggtc:ctgg9 GTK\''DIK (SEQ 
-acc;aa;agtg{lat:atrnai,;,::gta:cg:gtg,;ictg !D NG: 619j 
ca:cca:tc:!gtcticatdt;;:;ccg;;:;cal:-.;lgcatga 
g{:1?J:gttg;aa;atc1.gg;aa:ctgcd,:::t:gi3.gig1gc 
;;:;tgc!:g,!:'l:;a!aa;;:;ttc!l?l!ccca:ga;;iag-g;;:;ca.a 
sgtacagt-;i-gaaggsgg,ataacgccctc:,::::.3.a 
tcgggfa.ach::ccaggggagtgtcgc ag:a:gc 
.iggaca9,caag,;;,a,~gcac:r;tacag,:;C:tc 
-a1Jca1i,ca:cc:i::ct.•;;:acg~tg.ll:g~aaa;gcaga 
cfacgag,:3a:acm:;a;:-i:ag1:i:::cim:. (SEQ- !D 
N:O: 61l3i 
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MSViVR lSGSSED HYA.DS AREEFT ga-g;glg[:ll:gctgtt.ggagtc:lgggg:ga:i;i,ad:t EVOLLESGGDLV 'NGHG 
VQPGGSLRLSCl:S.GGDL IYA Q:APGK T {SEC! ID VKGRf DTEMT! gg'ro:>:::agccgggggi;;gtcc:E:sga:gaddcc <:WGGSL:RLSCAA TLVTV 
A~?GFlfRSV~~. VQPG~ {SEQ ID ~lE':fJ'::l NO: 625) ~!SRD:~ N?GDF !g½,e>~gutetgg,0tt!:atr;ttt0gaag.t1:1otgc SG~IFRS:1::Mt-1~~•;1 SS ... 
MSW\>'RQ:AP'liK S.lRlSC NO: ~,M :':>KNT\,Y ,A,)' catgagctgggt,:;cg;,:;ca:ggw.:c1.1gg.ga:si: VRUAPGKGLt:Vi:' (SEQ ID 

<;:~D·•TH .. •·v. ••n.:c.·•.•,,b•· 1.r,:;,En '•D ~_,.,i__ , ,. l' AL-...:- :t. r.''l!. \..:::l· ~4 ·• 

GRFTISRDNSK NO: 
NT\1 flRMNNLR 622) 
AEDTA.FV'YCA.R 
(S:EQIDNO: 

'623} (SEQ lD lRMNN {SEQ ID ggg,idggagty.ggtc,ka-':ltga-~l.'l'g~gt~;g V'S!.HS:GSSEDTH NO: 
NO: LRAEDT NO: cagtg,&ag;arac.acacta,.:;.g,:::&g:&d,.:;cg,ig YADSVKGRFHS. 63;fn 
62:4} .AF'i'YC I\2:7) ;;;ag;ggc,:::g.gtt,:;.,cca!:ctcc:,,gag;;;,;;:,':la:tt RDNSKNT\f'iUtM 

/SEQ :l'D ccall:gB,ac;;;,;;:cg!ll:aMgcg,;;:at:Q,;;;ata;z:t N:NLRAEDTAFY''{ 
NO: ctgag,agccgs:ggaca,:,;gecttitat!:a~1g! C::A.REEFTDTEMT 
1326) 

FIG. 12 (continued) 

gq,ia.=§agagg&gt. ttaccgscarn=§a=§a!g· 1 !NQGDF.A Y'i.lGH 
•'H:;t.ataaaco::a.aggg;go1=d:ttgcc1actgggg GTLVTVSS (SEQ 
cc.'i'i:cg.go::1.1ecctg-gtcaccgtdct:reagqp: ,:D NO: 629) 
cga;,:;c,':!aggg1::cc.1.1k-:9gtctt.!:::.c;,:;c<::.tg;g,: 
m:::c,ctc,;;:icc.aagl.'l'g:,,:;a:r,d.ctgg,gcg,;rc.aca 
gcggccdggge·tgcctggte.a.agrJ:a=:::t:m:,tt 
ccccgall:cdgtga,!;Y,JQldcgt,;gaadcai;; 
g:E:gcc.ctg&c~go;ig~,!gcacacctt«c 
ggct,;;:tJ:;cr13e,1,gtcct~gg :[SEQ :ID 
NO 628} 
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:533} 

{SEQ ID IPS:RFS IPfT 
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:1•,iO. b35J G_h.:;:::;C_•_T t::_,E_ O•~ ID 

DfllTI NO 
SSt.3~Pl=l637} 
DflffYY 
C:fSEC! 
!:OMO: 
636) 

FIG. 12 (continued) 

g.a,catecagatg,.acceagtc!ccascc.tccd DlQMTQSPSSLS 
gtdgcatctgt:a:ggagm;ai:;a,;i;to::a<xak.::ii ASVGDTVT:TCR 
ctlg,~cggge,r,:agtcagagcattagtgtctattt ASQS!S:•r:t·LN•NY l(SEQ HJ 
aaatlg:gt&t1.:,"1aeflaflaa1.:.cag~,g:i1aag,e QQKPGKAPKLU N:i.J: 
eccfalai;id.cdg;akratggi:g~>2tt:ecattttgc YGA-S:!LC:-S:GVPS. :54:;)} 
ama,gtggtgt..::eegteaagg:tt;;:,~gt,;i,g:eal:lg RfSG1GSG TOFT 
gat1:egggarnga!tt..:arJr.:,tcaccatcagc LTlSSlQPEDFAT 
agk1g,,~a.acctg.a,aga:!tlc;;i,ca:adrad:a:c YYC{:JRSflTPFTf 
tgtc,Ji!3:cggagrttc11:tcact1::cattcac!ttcg GPGTKVrn~:; 
g,;cctggg.aci:;.aaa,Jtgg,afatcai.:iaegtm:: (SEQ ID NO: 53-9) 
gg~,g:ctgcac.catdgk1katctteci~t:ca 
!l::tgatgflg:cag1:tyaaatc1ggam::t,;i,..:1ctct 
gttgt:gt;;_ice:t,;i,ctgai1taa,.;,ttctatr:r.:,cagag 
aggeca.--:sagtaeagtgg:a,~g,;_itg,g,al:aac:g 
8«tc,:,11:a!cgggt:aactcr.:,eag,gag,ag,!gtc: 
au,igi3,g-caggaca:g,c.;:agg,ac21,;:;c.&cct.;: 
c,:?gcctcagc.&gc;3,ci::.:tg,13_c.,;;;,ctga~,caa 
1.1g,c:i.:i:g,i.:id:i.:i,rgag,mmc.a { SEQ ::D 
NCt fi38) 
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QSGAE DSY QAPGQ T {SEtJ ID FQGRV YGDYR 
CIKA.SG'i'VFSDS VKKPG {:SEQ ID GLBVf1,:! NO: 645) TMTRD GSAFD! 
Y!OV,t':/R:OAPG TSVKVS NO: GR MSiSTA :(SEO ID 
QGtE'WMGR!~-i CKAS :643) (SEQ lD YM[!LS N:O: 
P!HGGTNFAQK fSEQ :!D NO: RUSDD :647) 
FQG:RVTMTRD NO 644) TA\'YYC 

642j (SEQ tD 
NO: 
64:e-·i 

FIG. 12 ( continued) 

wggtgcagctggl.gc<'i{ltctg,Jggctgagg,t QVQLVQSGAEVK V'efGQG 
aallga,a-gc,;::lgg,g;aeck.agt,Jaaagtetcc !{PGT S\!KVSCKA. A.MVTV 
l§,ca.a:gg,e:tt1.::,tggat'.:<cgkttds:,cga,ded SGYVFSDSY\Ql;',;' SS 
~atlmat-ggg1acgB:c:a:-ggccc:ctgg;a:;::f'< VROA.PGOGlE'J'/ (SEQ ID 
ag9gctlgagtg,ga'igg:g;aB:g:ga,kru3_ecd MGR::NPKTGGTN NO: 
a;a;g,ae!gg!:ggcacB:a;atltlg:ca>:::B:•gaia;i;;;tt FAQKFOGRVTMT 65:D} 
!>:::ag:g;gcagggtcaccatg.iccagggac.a:t RDMS!STA YMDL 
gt::;rnfeagcarngecratatg::;1«=·:::ctgagta SRll:'5:DDT.AVYYC 
ggetg,at:::;tctgm::,:;iaeaeg:gcegtatatfa,:t ARDFDYGDYR(; 
if.JJcg,;;ig,a,ga-etlcg,~tta:cg,gjga:Clm:,cgc S.A,FDIVVGQ:GA.M 
ggctc,ti;:;;ctlttg:e:!atc:ig;ggg:ccaa-ggggc.a VT'✓SS (SEQ iD 
a:1,;;igtca:;:;cg\{:tdtcagcg,tcga,::,:::3ag-g,;;i NO: 64'9) 
c,;::e131tcggtc!l:cu:1x,-tg-gc,a:cc:e!r;ctcca,a 
g;a;g,cac,ctctg-ggg,go::aca,;;icg:ge,:,ctgcgg 
ctgeciggtc,:.3,gg1.octacttr;cc.cgaacc.!gt 
ga:eg~itcti:g~gaactca:g,gcgccctg1.oce 
ag,cggcgtgcaca:cctlccc;;igctgtcetaca 
gtcctc!:!ggactctact {SEQ ID }.JO: 
646} 
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lD NO: PSRFS /SEQ ID 
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FIG. 12 (continued) 

gacatcca<,;;;atgacc-ci.i:;:;1t,:;-tcrnkctc,cd D:IQMTQSPSSLS fGF'GT 
gtctgc:ak.tgttggtg,ac:agagkai.:c:ate,;."l:i.; ASVGD:Fr'/T::TC(l KVD,iK 
ttg:ccagacgagt:cag:gm:ffl:agcaatlartta TSQDFS!'P/':: .. N:t.'Y (SEQ lD 
1?.1atlggt.cst~gcl3:"Jiaa.:3£C::!l:-ggila,aagcc QQl!(PG~:.APl{UI NO 
cc:t;aaa,c:k:ctgB:!>::u1cg;atai::,,3t,:cB:agttg H!C!TS!';;LETG'\/PS 136-0} 
gaaaCIBg§f.to1tc:r:::cakaagattCIBgtgg,;ag R:FSGGG.AGTYFT 
gt~.rnggc:i::gggaca~a:tttlatJ:ct~.cc:atu.'3 l T!NGLQPEUll>.T 
ac,ggcctgcagcct~.i.i:r1a,cattgcaacala YWCQ:QLNTFGF' 
ttg:gtgk.a.acagtig<1:a!accti:cgg-cccl;Jg GTKVDIK {SEQ 
gacca:aa~gataka;aacgtaq;,¢.JJgct i:::J NO: 6SSJ 
-gca_,._;c:.,3ti::~gtctlc:atc:t!,~c:~-c ~ti:,; :g;al:g 
agca,,1ti.gaa;?tktgg,a.,3_dg0c:dctgtlgl:g!g 
e,ctgctgst<1!3acttctatccc:a:g;ag1,gg,cca 
aagt.~r:ag,tgga&ggtrnamac~f1xctcu1 
ak.gggta,3c.lccc;,1'9,gi<!g~g'l'gka~g&g 
ca-ggacagea,.,ggaca-gt:acct2:ca,;;;;cdc 
ag:cagcacci.::t,;;;;ar;gc!gag!:,2:aagcag.a 
cfacga,;:1,2aacacaa:m;itc:tJ:<:c: {SEC! ID 
NO: 658) 
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L.\tQ:PGRS·l~~LS ESGt3.G 
CVASGFNFFNY LVQPG 
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~-· ;::_, 'E;M'::.s.··,r<yv· ,~.,n, ;:,- ""'"'-'i r\J;..1i.: •1''1-~..-.~t.·,: ....,_,r;.,M.,.,), Ql.:_<...,, 

DGSDKYYADSV{SEQlD 
KGRfTlSRDNS NO: 

6f~2.~ 

QAPGK 
GlE"'-itf~l 
.AV 
(SEQ tD 
N:O: 
664) 

,._ •. ;,~·Er, 'l'C·-1, 1K<".::""f Ls·•·,_,., ·•.1·~,"' ··'• .,._.,x ~~ .. ~ \' -~_...~ .ti,'.,_. ·• 

NO: 665} T::SRDN FDF 
SKDTLY (SEO ID 
LEMf'-!N M(l 
L:RSHff SH} 
Al'i'YC 
(SEO lD 
NO: 
6i3cS) 

FIG. 12 (continued) 

caggtgc.agctg:gigg,<1gktggggg:.,iggct QVQL VESGGGL\i' 'NGQG 
tg:9:i:ccag·tctgggag:~tccctgag:::'lddc,~t QPGRSLRLSC:\i A TlVT\I 
gt9t13gcctctg,~;attcam::t!cttraa:ttatccc SGFNFFNYP,MH S S 
a:tgcar.tgggtccg:cca;;igt!:c.:agg.c1u1g ;NVRC.i...APGKGLE (SEQ E) 
gg:;,1di•;p:g·tggg~•gdgt1:,afa;ac,afaiga:t ;NVAVrrYD·GSDK NO: 
gg,a,2gtgat-aa,amct21i;ic-agai:::tccgtga: Y'fA.E}S\:':KGRFTl 67G) 
agg{icc,g-a~tca:cc-attti::r:ag;ag;a,::a,adcc SRDMSKDTL YL:E 
aag,i;iarac,ad§tatttggagatga:n:,aa,cd MMNLRSEDT Al Y 
gag . .3tcgg:.,iggaca.cggcktH.attatt1,,(:!Jc "{CARDQELV\''t Y 
ga::;i['3g8t:i:aggam;tggtggtcc:lttattat!tl YFDFYNGQGTtVT 
ga,cttd,;;;ggg:ccagg,~-132iCCt.lggU:acc,:;i ':/SS {SEQ lD MO: 
tctc,ctca:,;;;cgt,:;i;iac,caagg,;;;cc.i::a~cggt,:; 6S9'j 
ttccccctgii-cacc,:ti::ct;;;caa:ga.~;cacctct 
gggQ1grc.i,;c:agc!,lgccctQ1giictgcctggtc 
-aa,,;i,g,Ictacttcccc-ga,acdg:tg:acg:gtd-c 
g1gg:aa:ct,:,aggcg,ccdga,cca,elcg:gcgf 
gcaw,~c1tc:ei::g-gctg1c,;;\a,cag,~cctwg 
gac:tctactcu:tc.a:gc {SEQ ID NO: 
66-8) 
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5·,.•·i=l TO N'!G<::,i,;;~-: 
., ..'' p;r>c:q AR:: T"~ Ip;;;,;;~·;; 1'SEQ I~ "vf-1-~. -..:::~.·. -· ...... · .._. ;.:,,:..;;,;, ... ;--

APGQT MG: 
ARLTC !373J 
GGN 
;SEQ lD 

SENTATLT!SGVIMO.: 
QC~GD·E.A.o·,,·sc· 572} 
QV'f' D?•i:S.\.i:!}rl 
{SEQ ID NO: 
67:l;l 

AP\<'ll.f\/ 1675) 
Y(SEQ 
!:C!NO: 
674) 

SVDHA 
GSS:S.E -~/ {-SE!) 
tffATl T ID NO: 
fS-GVQG S77} 
GEIEAD 
YSC 
/,SEQ !D 
NO: 
616) 

EVQlLE GFPFSS MSWVR lSGGGDA SYA.DS .AKEPY 
SGGGL FA (SEQ QSPGf( T {SEQ ID VKGRF RD:tLG 
'':/Q:PGG ID NO: GLO'i'.:'V NO: 6;:15\ T:SRDN NW PDP 
SLRlSC €63} SS SKNTLY (SEQ ID 

;SEQm 
NO: 
5f.J2J 

!SEQ HJ 
NO: 
8~54) 

lQMNS IND: 
LRA.EDT :3<R7} 
AV>('t=C 
(SEQ !D 
NO: 
£<6;5) 

!cct2;tg:~gcJg:ar:mcB,gccar:g::ctcg{1tgic 
,3gl!,lgc,;cca§:g,:;,~,2ga:cggcc;?;g,gtzji;,c AFG QT A.RLT CGG KLTVL 
ct.g~ggggaaacaacatl-9ga:::1:gt::1:a.aaat ~lNIG:'5:KN'/HWYC! (SEQ lD 
r,itg·cm;f:g:gralc.:1gw,:;;:i:ig,:;ic~gg·ci::i:ig QRPGQA;PVLVVY NO: 
gcccc1gtte1gg1.::~tetBtg.Bta;::m:g;::,gacc DTSDRPSGIPER l5:5{r) 
:;ig;_;:,rctca-gg~,rn;_;:,cc.tga:gcg,attr.tct,;iilt1: FSGSSSENT ,\Tl 
c.c::.g,c.tt1g~,;:iac:a-eggcc:ac.cctgac:ca! TISG\i{JGGDEAI)' 
ca;g,cggggtccr:f<l,ggcg:ij:0g13tg,13ggc•cg Y SCQ\/Y DNSV D 
ad:acf:(:ctg,ca9,gtt!IBtg8ta8ta,~tg!tga! r.:A\iFGGGTKl TV 
ca!:gcgg;t,:;tt!,.;g;;_rcgg,&@~maccaagci!J,;:;; l {SE:Cl. !:D NO: 
ci::gtcctaggtcagccca,a.ggctge.ccu:tc 679) 
ggtcactctg,tti:ccgccctr.g.:1gtg,a;:igagd 
t,:,;aag,ccaaci;,a;;_i-g;;: :::;i;,ca::::lggt-gtgt,:,;t:::; 
a:t::ragtgacttet-2.cccl:'.ggg,ag,ecgl::g:::.cagt 
ggcdgg,aa,;;:gc<lg,i.;m:gca91;cccgtcai.; 
gg,::gggagtgg,;,gacc.a:c::l:iB.caccct,:ci3a 
3.taaagc aa,c:aacaa@ta,q;icg@c e:ag,::a 
l,l{;'!atctg,;,,g;;:,c!:gac-g,cc!g-agc.a;,;itg,g: 
(SEQ !O NO: S?8l 
gaggigc.a:gctg'l!gg,ag!c!gggg:gag:go:::I! EVQLlE:SG.GGlV 'NGQG 
;;;;gtaca;;_icc!gg,gt,nglccdl;la:Q:ac!c!:ce:! QPGGSlR:LSCAA Tl VTV 
gtgcg,r,icck.tgga~.ecccfilagcagdttgc 3GFPFSSFAMS SS 
catg.a:g,::!:gggtcc,gceagtctccaggg13.a:g 1f.fVRCSPGKGt(l /,SEQ lD 
ggg:ctarnatgggtc!.::gtt:lattagtg,g:amJt V'l'.</SS!.SGGGDcA: T NO: 
i;;gaga,tgc c:ac.ik:da:c'[ltag;.;:,:::b:::cgt'[la SY.ADSVKGR:FTl 69'0} 
::1:gggccgm.trnccaictc:c1igggacaattcc SRDN S:KNTL YlQ 
aagaa,cai;;g,ctl3ratctgciagalg;,t;13,CioQ·CC MNSLRA.EDTJ\,\IY 
·~gggag,:,i::,~0:gg:a,:,acg;,v,:::glg\attactgt YCA.KEPYRDVLG 
gegaaagagc:i::am,::egt.gacfa,ec'!g,:;;:gg N''i'iPDPWGQGTl 
1l.:i:dg:gc.ccgacccclggggccagg-gaacc: VTVSS (:SI:'Q m 
dggkilc.c:gtctc::c.tc,agcgi,::g,a,u:,,3a;;9g NO: S.89) 
c:c:estc,;1;;1ti:ll:ccc:c:i:tgg:i:::~scd:cct€:,ra'2: 
ga.gc:ac-ctct',;!,f:i"J',;:QCl.li:ag,s,g:J,l{;'C:ci',;!-gg 
ctgce:;1i;igtc.aag1;;p1d;,;diccccgaB:edgt 
fl3C(l (S:EQ !D NO: 6-5.B) 

FIG. 12 (continued) 
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.A,':iSLGERAc TVN I SPDSLA, lf'-!SMMK IO!<::PGO 

HYTIP {SEQ ID 

SPKLLI 
ft."''' TVN lfSEQ ID ly (SEO 
CRAS ~,10: !D ~,10: 
(SEQ lD l&S!3) 
NO: 
69'2) 

5g4} 

SGSGS l{SEC! ID 
GTDfTL NO: 
nssLo s·s7) 
AEDVA 
··•/'{YC 
i,SEQ lO 
NO: 
69:ffl 

FIG. 12 (continued) 

gacatcgtgatgac,;.cagict1.:.e.8gm:tcc,.;;t 
ggctgtgktdgg,g.cgagagggco::aco::gk VSLGERA,TVNC::R KVEUK 
aactgcai;iggcctJ:gccB:gt'¼§l:gtg,!!B:!aca A.SOSVLVNSN:NK (SEQ lD 
a,:!ccaai@3l!aaga:;ac!.f3.d:12:&cttggt2:c:r: NYL TWYQQKPG NO 
agc.agma.acc.agggc.agtctcdi<!,agftgd QSPKlLIY'WAST 70{!} 
C3.t!:t.acti;;,ggc,13tct;accr;gggaatr:r;gggg RESGVP'DRFSGS 
tccc~:3l{;C;:;l,!3'l1Ciagtg,;;ic.a:gcg,;;,gtctggg GSiGTDFTl T::SSL 
a:::-agacc"ttccicki.l:.a,.;c.atc.ag,wgcctgca CIAEDVAVY'{CH 
ggctgi?Jagal?Jtggeagttt::rtta.ctgtci:!CC,'.:l QHYT::PPTFGPG 
a,:3tte.'itactal:tcecccea.ctltcggccetgg9 TKVE!K fSEO lD 
acc:aagg:tg,;;iaaaka;;;:a,:,;;it@cg,;;itg:g,dg t•i:O: i.::9:8) 
c.acc.a:!:ctgtdc.atctt?::ccg?::catctgatg:a 
gc31gtt{l.a.:1atrtg,gi:l!B,ctgc?::Mgttgtgtg,t 
tii;iclg'.!:ata.atttctatcrcagag;:igg?::caa 
agtar.agtg9a,'.:lggtgg,ataae:getde,:.0a 
tcgggtaadr.ccagg:sg,agtgtrncaga.g.i: 
aggac~gcaag,i;;,acl:lgca,~ct'.>:ca!,lcdc 
a,Jca,;;icacc:c~i;;,acgdgag,: {SEO lO 
NO&%) 
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QSGAE ITVA. IAPGQG. l{SEQ ID 
VKKPG {SEQ ID LE'NMG NO: 705l 

An-w·t·R. ".?·AP Ga I :svi,:;,. /.S INC,:_ 
GLE-~'tiMtfC::!IIPl t.:KPS 70c'.,} 
TGKDlYAONFQ {SEO lD 

NO: 
]fi2) 

Q f:5E~:: 
!UNO: 
704) 

SYELTQ IDiG.·~. SK:l" I ':/HWYQ IDDS 
PPS\"S\< {SEQ ID QRPGO {SEQ ID 
APGQT NC:. AFll\tt NO: 71'5•} 
A_Tf:TC: 11·~J} 
Gt~3,Q 
{SEQ lD 
NC:.:: 
T12~ 

S fSEC; 
t:DNO: 
7·14) 

Q-GRVSl A T·/\VF 
TADEST D:P 
NTVYM rseJ ID 
DLl'GLT NO: 
SDDTA lDT} 
VYfC 
(SEQ:ID 
NO: 
')'Q,fi) 

ARPS;G~ ·QV\.~iDS. 
PJ,:RFS NSGHF 
GSNSR 1:/{.SEQ 
N1)\TLT ID NO: 
IS.SVEA 7H> 
GDEAD 
YFG 
1,SEO:ID 
NO: 
7'1'1:,j 

FIG. 12 (continued) 

c:agg1gt.agztggtgc,:,;gtr;!gg:ggctg:aggl Q-':/QLVGISGAEV~, 'l/-Gt:JG 
i;:;a«i;ia:xi;icdg,;igtcdcg•g!eoaaggtdi:::cl KPGS.S\>'K\/SCKF TL'./TV 
,;icaa{lc:c1te.tgga,;mzacdc:c:agca:edoit SGDTSST(.Aff'N SS 
gd/3tcacct;;f,HJtg,:,;;:~ca,;,}g:C:c:c:,ct,ig<lC \iRQ.A.PGQGLE\,\' (SEQ iD 
aa~g:r:c!!gagtgg&1g:g,,;i:a,;:.;i:gate&tcc:d t.~.:;rn IPL TGKDIY NO: 
clf.::llCCgg.&a!:HS:ga,;:,:3tc:ra:cgcacaga;;;;c AG!NFOGRVSH A, Tm} 
ttccagg,gc09agtctr.g:13.tl:8:C,Cgcggacg D:ESTNT':/"i'MGLT 
aaki;;,2cga;;:;cas:a:;;;,h:tll<:a~ga:~dg:ai,;. i.}l TSDDTAVYfC 
c.;mcclg;11:catctgat;;:ac,:1:cggc~tc:i.attt ARRQVATY'NFD 
Cl!;,1tgc.g:;:;ga:;:;gac;:;gg1gg:~-4llC<iitllttggt PWGQGT:!. \/T\'S 
~aecc-ctgggg,:c:;igg:gam::i:;cctggi:cac S i_.SEQ, ID NO: 
cgk!i::ck:2i',;_ic1Jicg:i<cca:;,;1Jgg:ccrnti::-:;i 7Q9) 
gtcttixcutg,;icac.e,c~,ctcca.ag:a:gcei,;: 
e,tct,;m,;rngcaca:gcggccctgg~,c1gcctg 
g!cB:agg:act~<:ttccccg:aa:cctgt,:;iB,cggt 
ck;;:tgg,;;;;acti:B,;i:gc!Jccct;;:;:;c:cagcgg:c 
gtg;:,:;ic.ac:1:ttcc-i::ggct.gtect2:ca,;;itc et.rn 
ijgar.tctadccdc:a:{irngci,;;t@ f-:,.E,J 
!:D N0:7:C<Sl 
tcctBigi:,;gr;tgBcac,1:gcclccttc.ggl:gt~ SYElTQP·PS\:'SV 
g!,;;ig,e 1.::ttcggac:&,g::.;cg,g,::,cllC ctgll3:i::t:l A.PGQTA TCTCG 
g!>;;ig,g:ggo-;:g;a,;:g;,,cattgga!ccm.i:;:;actgt G.DDIGSKT\:'HWY 
gr.actggl&C::;':,'.:l',j·C<ii:lj:i<ggcc&g',lCCagg Q,QRPG~JAPVL\/1 
cccctgttct,g!cate/3g~:i3tgi;;;tag:!g•CCC SDDSARPSG:,P.A 
J,lgi::c,:::tc;;;;.ggga:iecctgcacg:ai:!'ctdggct RF SGSMSRNT AT 
c.crn~tti::t.i:g:gi3ac.m:,ggccsccc.tg;a,ccat LTlSSVEAGD:EAD 
cagcl?lg!gl:cgaag:ccggggal!,l.i@!,lCC•ga YfCQ\/WDSNSG 
datttd:gk0g9tgi9,::ig:av:,ig:la;;;i,:::agi.gg HFVFGSG TKVTV 
tcatttigh:ttcggatc~,;;:gacca:a.ggtc&cc L {S£t) !D NO: 
gtcc,a:&,gt{:;:;gc:~:wag:g<:caaccccacv,i 7 t!:I l 
k,ockiJ,ltti::ccgcc:d.c,1io,gig.,g:gf>g:e.i:tc 
81@:;;;C.C:[!;!lCe!@gg:c:c,!lCfl:E:l>:;igtgl:;;;,t,:tcct 
aagtgactl:ct&;:;ccg:ggagccgl.g&ca,gtg 
!;!<:dg,;;iaag-g,cag:at8g•ca;;i<:cccgtcaag 
gcgg:qa {SEQ HJ NO: H8\, 

FGSGT 
K\tTVL 
(SEQ:iU 
NO: 
?W} 
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\/AS 
{SEQ tD 
NO: 
722) 

ElVL TQSPAlLSLIEl':/L TO 

732) 

A TSP A.T ga:ggigc.a:gctg'lt.g~}B,g!ctg,gggcgag:gd! 
QAPGr( S (SEQ ID VKGRF SGi'NV'i ggl~,:;agc:r:tgggg<Jgtccdgagactd:cgi QP·GG.SLRLS.CVA TL VTV 

(SEQ ID IGLE;NV NO: 725}. T1SRDN ·w.4·'{ :g!glage;:;retggattca:etttf,~','Ji.:.;am-:1.atcc SGFTFSNYPMV 55 
NO: SI (SEQ SK:NTLY {SEQ ID c:::i_.-t __ ggtc:tgg,g.t:u_;.gc:_ca:;;igc!ee_ ag;i:gaag ':fiVRQ,i:1.:PG!(GLE (SEQ lD 
723} ,:D NO: lQMDN: MO: gg9,;;t9g,:3,glgggtdc:ilattilttg1Jtg1Jtagt! 'N\iSUGGSYGGS NO: 

-t:lSVG:R 
NY 

733} 

?24} lHVEDT 7:27} a!gg,g:ggcteatatta,tgca,gadee,;;:l.g:g:ag VYADS':/KGRFTl 73;;:n 

U,.\,,.l'{Q lri,A.S 
XKPGQ lf:SECi ID 
a:p:~~. :.:: I ~ ~r: · ']'·,~ ·:. 
'· .• '·,; ~ •- ~·,;;i -- • l """' ~ / 

V (SEQ 
:,DNO: 
734} 

.AVYYC gg,eeggt!caee.atete.e:::@,g~.ai.:::aatlcc.aa SR:DNSK.N:TLYLQ 
(SEQ :JD ga,a,::::&cct:::gta1.dc,~aaa;!gg::&caau;tg MDNLRVEDT A.VV 
NO: ag:agtcg,agg,:acaq;igtx:gtrct&t!;adg:!9;: 'iCATSPATSGV\l 
72:5 'i gocaagceccgcaacc.ag!g,~,ct~gt~~M 'tef'N ;.;,fW GQGTL':/ 

ggccl:a:c!ggggcc!'!.ggg:a!'!:Ctctggtci:3:C.C TVSS {SEQ m 
g!clcctc.a;gq_,lcga;ccaisg:g,gcc c:sitcg,;it NO: 72~} 
c,ttccczc.tggcoi-ccdcctcc;::mg,::igcacd 
ctgggggcacagcggccctgggctgcct§gt 
caaggscta,cttc:i:::ccg;aacci£,!gacggtct 

SRATG HQY'DIP 
TPDR:fS POT 
b},t,;::,::.:, l.:S.ECl ID 
TDHLTIN-0: 
'SR:lEPE 737} 
DfAVYY 
C{SEQ 
H:lNO: 
?3;S] 

cg (SEQ ~D N:CB~ 728} 
ga:Balig,lgttg:BcgcBgtctce&g-ce&tcdg Ef'/LTQSPAILSLS fGQ:GT 
tcttlgt>::tccaJJ:ggg~a:Bgag;c,:::sicc c!d:cc P·GERft. Tt SCRA.:S K\!E!K 
ll:icagggccagtcaga,gtgt!ggc~g,'.:laatt QSVGRNYLAcWY (SEQ lD 
actt,igcclggtg:ccag11<1ga:m,ectggcci::a QKKPGQAPRVU NO: 
gg,ctccc2,ggg!cctc.a;ttta;tggtg·eatc·cag YGASSRATG TPD 7 4G} 
cagggt,mc.tggcaccccaga,e'.:lggttcag:t Rf:SG.\GSGTDfT 
gg,e,~gtgggt::!g!),gacag<l.J:ttc<l-Cgctca l TlSRLEPEDFAV 
c:ootrngeagai.:::tgg,!lgcctga;agarttt>~cg YYGHQYD:IPPQT 
glgfatlm:tgic<lk:!!gfatgafakcca,::dc FG:Q-GTKVE.l:K 
ag:m:::ttttg:i,cc.:!lggg:gaccaaggt~ma~at (SEQ lD NCt 73:9J 
c.aam~gfacggtgg,e.lgc.acca:tct.gte!t;;at 
cttcccg,i::;;;;;iklgB,tgB,gu,g!tfJ:ailaJdf;:g 
a3:r;tgc:c11.:ct~t!glg!~c;:;!gctg,sm;,;a,:ttct 
atc;;;;aga,g:aggcca&a,g:ta,c.a:gi.g:gaa:gg 
lgga,taa,c.gci::cti::u,atcg,ggtaa1:cte=ag 
ga;J~£,lgti.:;aca;J~~.,cag,ga:i::~gC<>ag,ga 
c:agcf>c,ch:i1.:ag,ci::tci.:igt,!l.g;:,::iccctg<1c 
gctg,!lgc&a.agc,~gacl&cg,!l (SEG in 
NO: 733) 

FIG. 12 (continued) 
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GLElNVSS!RKS-1.AAS 
.,.,, •• ~-,,. ...... ~'!- • ~ .r-- ·1 l:::Gffr~r <[b;/~, t~~_o ::D 
l-,,RFTl.,)RDTP!<. :Ju. 

742) 

MTjNVR lR:KSGGD FYTDSV ARPTPY g~:g!gc13,gctgttgg:a:gtc~ggg",l{l<l{!·Qcl:t EVQU.ESGGGl V WGQG 
DYS G:APGK T {SEQ ID KGFffT! GTT'Nf ggta;cag,i;ctgggg,;i:gtccc.t:ga:gad:ck:ci: QF'GGSLRLSGAA TLVTV 
{SEQ ID GlE',N\'' NO: 745} SRDTP G:R'iDS gtgcl.'l'gcck.tgg{>ttcaccciiggagada:!t SGFTLGDYSMT SS 
MO: SS KNTLFL (SEQ ID ,:,::,;11gacctg:y:gtc<t:gcca:ggc'1:cc~,g:g.aa Vf':/RQ.APGKGLE (SEQ ID 
74:J) (SEQ !D QMNSl NO: ggg:gctgg:,3gtggg!rtca;a~tatmgga;;;?j@ WVSS!RKSGGD.T NO: 

NO: RGEDT 747) agtggcg,g,fgm::,acal:tr.:faicacagadc,;::gt FYTDSVKGRFT1'5 75'0} 
744} .AVfFC gaagggccg:gt!CfH!Ct'¼tctc~gl.'lgacact RDTPKNTLFLQM 

(SEQ !'D co:;aa:gaacacB:~1gtttctgcaaa:!gaB:c~ NS:lRGE:DT4VYf 
NCt gccigaggg:gc.g-0g:gacacggci;gt-0tI?ttt CARP TPYG IT'/i"F 
74:13 .l ctgtgeg:agaccaac.ccegta:l:ggea:ccact! GRVDS"W'.GQG Tl 

ggttlgg:gc,gg{lt'.,gactcr.tg,ggg,eca:gg{l-a VTVSS (SEQ :::D 
accd9gka:ccgktccreag,cgtcgacci;;;a NO: 749} 
gg,g,c;::-eateggtcttccc,ec (SEQ ID NO: 
748) 

U!QMTQ ·QS!SM'{ LNWYQ ATS (SEQ SLHSG QOTYR g;at:at(::t::S:g.atg1?.ii::ecagtc1cca!,.;(:tccd D\-QMTQSPSSLS FGPGT 
gtdgca!:di::ftggagaCJ3:g:;ag:!:caec.aka ASlGDRVTffCRT KVrnli 
ct!gec,ggacB.agtc:Jaa,gcB,tls:g!;::1a:ctac S:Q.S.lSNYLNV>/YQ (SEQ ID 
ttg,a:a~.ggtatcagcag,':laztci;agg>;JaaB:g QKPGKAP·KlU YA NO: 
c:ccc.ta:<mc,tcdgak;ta:tgda,:::<1kcagctt TSSlHSGVPSRF 76:f)} 
gc~ta:gtggggtcccatca;;;;gi;;;ttcagtggca SGSGSGT□'FTl Tl 
gtggaktg,gg:aeag:z:tttcactcica:::catea S:S:!.OPEDFA.SY'-{ 
gcagtdgc~a~-cl:g,a-21g:atl:rt§caagtta:tt-21 CQCff'fRTPITFG 
c:tg!eaaeagaelJ:aeBiggacc,:;:eaatcaett! P:GTKVDlK {SEO 
C-e1gecc:tm;igl3:CCl3:8l3:!J:l,J{!:llli3:tCB:aacgt :D NO: 759) 
acggtgg,c:!:g,C>3cc:,3tdgi:r;ttc,:1-tcttccr;gc 
e:1,,tdg<1tgagca,gttgaa13tr;tg,g,aactgcd 
ctgt:g:!g:tg,cd,;ic:tgai;;;laad:tctat;;:cca:g 
ag,aggc,:::,3:a~gfa,;::.3giggi;;;agg:igg:;;;;1''.:'l:a 
,:gccet-.:;ca,:1tegg,¢a-21d:c(:,e,2:g,gaga,gt 
gkacagB1gca,e1gscagi::m,1ggacagcac 
,:'tl?ii:.3g1::dcagcagel?lcectg:l?JcgdgB:gc 

S:PSSLS {SEO ID QKPGK lD NO: VFSRFS TP!:T 
.A:SLGD NO: APKLU 755) GSGSG {SEQ ID 
RVT::TC 753} Y (SEQ TDfTl Tl NO: 
RTS m f"IO: S.SLQPE 757.) 
{:SEQ !!D 754J O:FAs···r•.f" 

GSGTDFTLTISS I NO: 
152) 

C{SECl 
i::DNO: 
756) 

FIG. 12 ( continued) 

aaa:gu.na:-:::t8CgB.g;B:a.ic {SEQ lD 
NO: 7,'58) 
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Kt~F'GESLRl:SC IOSGAE l.;;,/-,N 1Q·KAG1<:: Ip {SEO ID-1Q·Gr.:VTI 
K•.·A.'.S.GYSfTSS1/'i '/K:KPU.s ( .. S.:E·Q. · ID GLEWM N-0: 76•5.l SA.'DNS 
INWVRC!KA:GK ESLR!:S NO: GR ':fTTA,YL 

DVOLSS g:ig:a,2,ai:il.'lg:ccc:gg:gg:a;i;itc:k:!:gagg,atd 

P1.'',MDV c ,:;. :t~fa~11.c:t;.;ctgl,lamc a',).•Ctt!a,:;.,ca.gitc I SGVSFTSS{>V!. t,.fW 
(SEC! ID ct,;ig:;;;;tcaadgg,gtgi::gc,:;~aaggc,:;'!Jil ':/RQKAGf<::GLE>N 
NC•: ga,2:agg cctg:\;!a,;;itg,gat~-g,;;igaQ@ctta.2t MGR:LN?SD S YP 

SE~ 
(SEQ- lD 
NO: 

\/TT A:'i'LQ\"if'SSL 
i,::;ASDTA.IY.YCT 
R.(SEQ !DNO: 
761) 

CKA:S 
{SEQlD 
NO: 
7i.>2l 

?63} 

E!VL TQSF'GTLS I El\!L TQ QSLSN 
LSPGERATLSC SPGTLS SY 

l'SPGE ('SEQ ID 
RA.TLSC HG: 
RA.S 773J 
{SEOlD 

GSGTDFfLTISRI NO: 
LEPE.DfAVfYC 772) 

(SEQ E) 
NO.: 
76-~} 

LA.
1
iftYQ IGAS 

QKPGQ {SEQ ID 
APRLU NO: 775) 
Y (SEC!: 
fDNO:. 
774} 

Q·\1-VSSl .. 
KASDTAl757} 
;:··/~•f'C 
(SEQ lD 
NO:: 
765l 

N:RATG1 QQYGS 
PDRfS smn 
GSGSiG {SEQ ID 
TDF11. Tl NO: 
SRU:.PE Ti'7) 
DFAVFV 
C{SEO 
fl)NO: 
77:e.·} 

FIG. 12 ( continued) 

u:ta-gt_;;,ack.ttacccca;;;:cl,':.lca>;j:cc:egtc NYSP'SfQGHVTI 
e.ttcumgg:CC,:!CQtc:eccatctca-gdg:[1:CZ! 'SADNSVTTAYLQ 
::ictccgtc::icc.ac1gcct:acc1gragtgg,3gc VJSSU{AS[ff AlY 
agcdga:i..g9J:cctcgg8caugcc,3tatai'I: YCTRD'SfYOVDl 
act<"jt:JJCa:i3g.3g<'lttcctm~cg.3~tgg:,:3c,c:t 'SSfYMU'./W'G!(G 
gtcctl::;;.ttc:t-3catgg.,3cgtctggg,s1c.aaa:g TTVPlSS (SEQ 
gg.ac,c.a:cggt:;:;,3cc:gfokckagc:gkg:0c !D NO: 71S:9) 
c:e;agg,gcc:,::,;;:tqmt~:tkc::tcetg,i;iem:cct 
cct:r::rat:igi;;gc:e;c,rJ,;1g;~,gggc,:3:r:ar,i-i::g;J 
r,edgggelg,:;::dggka:arrna:;::m,::,tkc:;:e 
g:m:iecig {SEQ m ~~O: 7:58} 

77~}~ 

ga.,atlgtgttgac,~,t.agtctccag:gcac-ctt EIVL TQSPGTl:3.L fGQGT 
g!cttl::;itctc.l::1:i:9gg:ge1.aa9m;;cc::i:ce,cidc SPGERA TLSCR4. KVE!K 
ctg:;:;0g'g9cc0gttag0gkitB:gc13.a:;:;0gc SQSlS.NS.VLA>NY (SEQ lD 
!0crt2:gcdggtak<l>;JC&Ja:0a,:::ctgg-cc.i.!j: QC!KPGQAPRLU NO: 
ggct-ccc:,39gctcc:tcatct::1tggtg·cakcaa ·'{G.ASNRA.TG!PD 7S{l} 
ca:gg!~cc::iict,;igca:kcc:,:ig:iic2cggtlcagt RFSGSGS.GTDFT 
ggca:;;!tggg!etg!;;!g~cagt'!dtcadct~c l T!SRLEPE DFAV 
ta!:caqca,;;ia:;:;tglJ:3gee1g:aag:e;tlttgeg,J fYCQC!YGSSR:H 
·tg!ttl~-ctgtca:~ea.:e;fait-;,1,ittc.gtca:cggcfl TFGCiGTl:(VEIK 
f:a:etm;;,geea:ggg,gaecaa:gg'll;;,g<1g,':.ltc (SEQ lD NO: 7!9) 
aaflc,;;_ita:cg:g,!ggetgc&cc.oo:ctgt-c,ttcatc 
ff,cccg cc:;;:tct,;ai.,;a',l•cag;ti,~,a::.1:;;:tctgg:;;: 
acigut.d¢tgigt§c e.t§c·!ga,ai:a<1:cttd0 
t~c.aga.g,0ggc ca:0,agta[::agtg:g,rnggt 
gga!.a,acg:c.c:;:;tcc.r.0tcgggtai..ctccr;2:g 
fS:i=Q: :D NO'. 778) 
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HG IG:APGC! 
{SEQ ID GlE'Nl 

783) 
G)l'i 
(SEQ !D 
NO: 
734·~ 

T (SEQ ID IV(JDRl Y\/VYD 
NO: 73:5) T\iTTDT AFrn 

STSTVY (SEQ ID 
MELRSl NO: 
RSDDT 787) 
AV''lYC 
(SEQ lD 
NO: 
786] 

D,,,.,,. 'T"':l;'' n•~'Ti I owu,.,,,n ,--. -,,, R·I'"' .-, I I '. '. ·,i,rv1·--, 1:.n. ,. <:;: ,.~..1(-"'l 1._.3(~r,-- .... -.~-L- l•,:.1M~!,!:11.,;4 -..:.i;; -.::.,.~ !....H'ii r~4 •r-:.)"-!,,"-'• 

Sti.SVGDR':!Tff SPSTLS ·w {SEC! QKPGK {SEQ ID 
ID NO: APKLU NO: 795} 

!,LES.GV QLYDD 
SS:RFS FRT 
GSGSG {SEQ ID 
TEFTLT! NO: 793} H (:5:E•Q 

!:DNO: 
784} 

SS!.QP 7'iff) 
DD.SAT 
~,,,- •.•• 'i:-,. 
~ 'f ._. 

(SEQ lD 
NO; 
7%) 

FIG. 12 ( continued) 

c:a,;igtgcagi;tg,gl)gi::.;,i;gktg:gag=g!gagg QVQLVQSGGEV \.'VGOG 
!:ga:e;g:e;agt:.cl)g:gggcdcagtga=a§gkk KKPGASVKVSC~: TM\!TV 
ctgcaaggct!ct:ggrtaca:cctrtm::c:;;;gtcat ASGYTFTSH=G!S SS 
ggm,!1B:gttg:ggtgcgm:;aggt:u:ct,elga•ca: 'flVRQAPGQGLE {SEQ Kl 
iagflgcl.t:gagtggttggga!gg1<1.tall::;lcgi.fu! 'l:llG\:'-l!:5 \:'YNGDT N,O: 
c:mJtgg!,ga:r,ama:0datgc.ar,agaa:ggk NY.A:QK\tQDR!. Tl/ 79:il) 
caagacagactcac:cgtga:cr;acagac.acg ·nDTSTSTVYME 
!c:cac:g..':lgc:;ic.a:gfil:aca~g,':lgdgag:ga LRSLRSDDTA\JY 
g:ec:t:ga:gatctg:acgacar.g:gr,c:gtgtaf',a:c YC.ARDRlDYVVY 
!:g!1;1cg,ag=l3:£~!agaat!gactatglggt-,;itat DAFDl',NGOGTM 
gati;;:>:i:ffi,ela!;atctggggcca:agg,gB:,::!:!aF: VTVSS (SEQ !D 
ggk.accglctct!:c.a:gcgtcgaccaa:gggt:c NO: 7139) 
catcggtcttf::cccc,t~rncm:::cctt::ctcc.13.a,ela 
gcaci::tdggg:9gcm:;agcgg·cci:::tgggclg 
cctggtcaa:ggadacttccccg.aacc.tgt,;i.a 
c.:,i {SEQ ID NO: 7E?n'3} 
gacatcc.agatg,acc.c.agtcfa:;ctkcar.ccl. DlQl'i,{TQSPSTLS FGQGT 
gtctgcatctgt-aggaga:c.wagtcactatca ASVGDRVTHCR KVE!,K 
ct!gcc.gg,;;icr.;agtcagagg,at!-::3gtgg:c.tgg AS:ClR!SGWLA'.'l''{ (SEQ tD 
·ftggcct~g!at,:3grogaa:llel':Sgggae1,ag QQKPGKAPKLU ~~:O: 
cccctaaar,tcttgate;c0t&gggt:att:aatttt HRAS!LESGVSS 60:::l) 

ag,0.:9ag!gg:ggtct~0,~caaggttcai;;,cggc RFSGSGSGTEFT 
agti;;,ga!clggga,cagma:ttcactdg.accat l TlSSLQP'DDS:AT 
c.agC,':!{KCtgca:9cctgatgattdg,c.aa::::n YYCQL'i"DDFl:'fff 
attactgt,~aac.~tatg.atg,':lttlu;gg.acgttc GQG TK''/EJK 
ggcC,':lflgggacef!.aggtg{l@Scatcaaf!C{l:f (SEQ lD NO: 7,':i9) 
acg£1tgg.d,elcaeca:l:ctgtdlca:kttcccgc 
8atd§aig81g,cagF:tgaa:&tdgg:IB.adgcct 

ctgttg!gtelc.cf:i;;,dga:B:lai:t!'.::ll:ctatc,:::;e;;1:§ 
13g,0.:9g=c:i::aa1:1gtl?it:agtgg0,aggtgg0,taa 
cge::cd:i::camc.gg,gtaa,:::ti.:;cca:ggaga,:;it 
(SEQ fD NO: 7 S8) 
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QlD 

YW 
{SEQ ID 
NO: 
S03) 

a:•~:tP:GK 
GP\"i'il 
SR 
(SEQ i:D 
NO: 
804} 

E!\iLTQSPGTLSIEl\tLTQ IORVDR ILA~',;'VR IGTS 
QKPGQ {5-EQ ID 

F'SlUSGT:5TR.A I RAS 
PG::@f?.flGSGS {SEQ lD 
GTDfTL F3GLE NO: 

(SEQ m IAPSLL __ 1 
NO: S(SEQ 
en) mNc: 

814} 

MO: 815} 

ft.:RGDL gaggtgcagr;tgg,!gg;,gtccgi;;,g<,m-agi;;,c 
\!ST.AMF li:agttugccgg:i;;@:ggt:u:!;~a[:ll:ctg,r: QPGGSL1"LSCAA 
DY etg1gc:>l'gf;~.tt:tg9~tl£,~CCtl£,~ggagcta SGFTFRSYWMH ss 

.AKNTVf (SEC! ID dgg.ati;icai;J,;ig,gtccgt::,;..sa:glkca~l>,lC 'NVRCiVPGKGPV (SEQ lD 
lQLNSl N{l: aaggg-~;ccg,gtgtggdetcacgtl1tta&caa WLS!'UNNDGSSS ~l:O: 
RVEDT lll:l7} tg11tggc3gti3,;ic::(~;ag{!tacgcoo:~.;"t1;;-;:; RYADS'lKGRff! B'Hlt 
A.IYYC gtg:.iag:gg,ccgcttcttcatc:.accagagabg: TRDS,ll;.l!(NTVf'LQ 
(SEQ iD c-,;;cc::;;;&gall:cm::ggtgft-cctr:e::;;;&c~~,iiar: LNSLRVEDT.A!VY 
NO: <lgtctc,~ga,~:ii::9<lgg<l:rncg,~:ccatttatt@ CA.R:GDt VSTANF 
B0:6) dgtgc:,a~a:gg:;;;gattl:agk:kta1::gg:c:,i:::,3: DYWGJs;GT:L'/TV 

adttga,~t.,ctg,~:ggi:cggggMccctgg1c SS {SEQ ID NO. 
llccgtctccti::,a:gcgicg:a,:::ra,2:gg;;;;;;;,,::at 80:9) 
cg,gtcrtc,;ci::,ctgg>.:occ-ctc:i::!1::c,2:a,;i,ia-g>.: 
:::lcct;.:,t,;:;ggggeac:::lg,;:,gg-ccrtggg ctgcr 
!ggturnggacta,::.1icc1:q;;:~:a>.:z::>;;itg~cg, 

TR;t..PG! C!QYEN 
A.DRF!G SQf-H3S 
SG.SGT SPPYT 
DHL Tl {SEQ ID 
SGLEPE NO: 
o:r.;:;_vYYla1 n 
C{SEG! 
KJNO: 
.iHE:) 

Qk:t-.xi {SEQ ID NO: 61J:En 
gai3,a1t~;t;)~aeg;cagtct~;:::agg,:,ac-cct EIVLTCJ:·::;:PGTLSL FGQGT 
gtrJtlgt,~tcca-ggg-g<1:m.:1gagcmcc.ctctc SPOER.,:ffl:..3:CRA. KVE,,K 
ctg,r;:igggcci3,g1c<11gaga,:;it!gac<11gg<:ig St::!RVDRSV:LJIV,i (SEO lD 
ct0d:tc1gcdljgtacc-g-c,t,'llM'ZaMOCd:;m:ec 'iRQ KPGO:APS ll N,o
a,:;ii;;det:{:~ei:.1cctc.a! c!:ccgg;~;a,:atcc !::5GTSTRAF'G!:AD 62t\) 
M:cz-gggcc.>.::i::!g9c:atcg,;e.::g:a,,;agattro R:flGSGSGTDFT 
!!i;igra:gtggQt..:tgg@acag,acttractct..:a I.. llSGLEPEDfAV 
ccate0gr.gga>.:l§gagcctg,0agamt,;ica YYCQQYENSQH 
~faiathdgk,:,,;g;;;a:gtal':laaa«:!!c':l-ca21 GSSPPYTFG-QGT 
rn(!;j,gB:agttca~CC:CCl,lim::scffitl,}-gCC!iig KVE!K ;SEQ ID 
g,gga1::r:;aagg1:gg&gal~aa«cg;,:3cgg!:g NO: -Bi S} 
gctg,c:accw,dgtctkat;;,ttcc~.gcca,t>::Jg 
atg,,i:gr;::::lgtt'!s;aaoitctggaa:ctgect:ctgttg1: 
gtg,cclgc:t§;aatf3acm::tat;:: i:::c,3:gagagg 
cct1=a.':lgtac;;,gtgga:<!ggtggat::::i-acgccd 
,:cazti::gggta2:c:t,::i:::!::f2gg:13gagtgtrn,:::a 
gagca:gga~.i.gcaacgg,acagcm;da=mg, 
cdca,;icag,:,ac,;dflacg;:; {SEO ID 
NO 818) 

FIG. 12 (continued) 
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. ..,GKV IS'¥·-/ .. . c-..rr .,;:,,--. . 
ff't_:~. {-:,~Q ID 

.. _,,,_,~:RL::i,~ NO . 
.~il.S 

,---,:.~ .. /3\tK {S:EQ ro 
RDNAK NO: 
MNSLR 522) 

VVVC:AR 
tNO: 

B,'.t?c'j 

QAPGQ K {SEQ ID Vt;:J;RF 
GLV'J'JV NO: 825} T!:SRD .. N lr.:; .. ~N.A . .FD 
SR AKNTtY M (SEO 
(SEQ ID LQ:,MNS ID NO: 
NC}: 
824} 

" PGE>l 1·c,~;,·l L.,!?'~ .3· ,U ~.....:..'.!' ·, 

TAVYYC 
fSEQ H) 
NO: 
826~ 

rnciMTOIODISNY ILN·w·!a IDAS IKtETGv1:~oLHT 
QKPbK {SEQ ID PS:RFS t~EQ ID 

8-33.l 

,.p,«I 'I 1,>.;J.Q·· ~':l.",i. :"-'.- ?-.c ..... L ,,.,, -~- '.J"-"••• .• 

Y(SEQ 
:::ONO; 
8:l4j 

e;o·,-.c-r, l""'D· ~:,.n):...S::~.:.:•'!..::i :Pt· . 

TD'iTfT fi,3?) 
!0SSLQP 
EDFAT'l 
FC 
(SEQ lD 
NO: 
836) 

FIG. 12 (continued) 

ga;;iglg!::!igdg,;itggag!ccgggggmia;g E'VOL.V:E:Sl3GKVV WGLGT 
g!t:gttcagcc;;i:ggggg,gkc!:1ga-;;iactt:ic QF'GGSLRLSC.AA MVTVS 
r;tgtgc!3•gcr;tc~:gri,ttr;<1cr;t!c13gtagttcr;t SGFTfSSSWMH S {SEQ 
gg,atgcar;tg,;;;,gtc,:::gc,:::m11,gctcwggge ',N\iRQAPGQGL V :,D NO: 
agggg:::l:g,gtgtgg,;;;,ktcacgt:attaa~:;i:gt 'v\'\/SRJNSAGSSK 83fi} 
gr;tggg;s1gfagc.aaaagdacg,:::q,g,ackc S '{ADS VKGRFTl 
~aagggi.::.cgattcaccaoctr.c:agagac::.. SRDNAKNTLYLQ: 
;acgcca;agl:?.lai:::a~\lC'.IJ,llatc.tgca;aatgaca MNSLRGEDTAVY 
r,0:gl:dgag:aggi:>;;iaggacacggd,;itgta!l: YCAR:DHDYGDY 
.ac!g:lgr;aagll!g:13tcatg:B.Ctlll.Cggiga,ctac RGNto,FDMWGLG 
ag,a<;iQ::;!'3.&gcrtt~atatgtggggccrag,g TMVTVSS (.SEQ 
g<1cal.'l'l.g:gt,.:::ac>::>;;;,kh'.:tk:agcgkg&r;..::.a 10 NO: S29) 
&gg:gccralcggtcttceccct,;i:gc&rtctrct 
c:caagag..::.arr.tcc1gggggcaca,;;,cg&icr..::. 
i:gg:,;,c. !grd:ggtc.aaggm:.-fudtci::cc.gaa 
cdgt (SEQ iD MCl 828:} 
gB,catccagatg:aci;:,rngtc!ccat::::dci::c! DlOMTQ-SPSSLS FGGGT 
gMgca!:ctgtgggagacagagt,;:,~ci:,at,~a ASVGDRVTrrcQ KVE,:K 
cttgc.:;:3,g,;;;c:gagtcaggac13ttl!gca8i:dat ASQDISNYLN\>V'{ (SEQ m 
tts1,Mttggtatcagu1ga.i:acca~,ggao1,,3;g QQKPGKAPKLU NO: 
c:cc.:laa{l,.:tu1gaictac,;;;,atg,catr.c:aaai YDASKLETGVPS c4:J) 
lggaaacaggggtc::::rakaaggtlcagtgg Rf SGRQSGTD YT 
aBgaca&tr.tgggacag:attatactrtc~ci::,~t FTl5:SU'.1PEDf AT 
ca:ge.3gcctgcag::::ctgall:gsrtttgmacal YfCQQUiTfGG 
atth::,tgkaaca:gctti::aF:sditcggcgg.IBgg GTKVE::K (SEQ !:O. 
gri,c:cll!a,;igf:g,g;ag,13tcri,;;:m.cgtacg,gtg§d NO: 839'} 
gc,.m:::atctgtctte;;:gh::ttcccgccatctg.@tg 
agcagttgm,i.:ik.iggaadg:cckigttgtgl!J 
r1.:t>;;;:dga:ira.i:dtrtat::,ceag13:g.aggr:c,a 
aagtai::agtggmt{l,gl.gg::ataacgi::,cctc,r,:l 
akg,ggfaiackci:::ag:gagagt~tr;;z.,:;a:,;,al;J 
c (SEO !D NO: :S.38) 
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':/KRPG 
.A:S:LK\t'S 

QGLEWMGVV!S ICKAS 
TYNGYTN.:{AQR {.SEQ :ID 
lQGRVTMTTDT NO: 
STGTAYLELRS 
LTYDDTA'./Y-':{C 
_;:,,R (SEO ID NO 
S:4·1) 

t:421 

caggtgcagct1g1gca:ytc!ggagctgagg:! Q\/QL 1/QSGAEVK 'rNGQt3 
YG APGOG T t5.E-Q ID. LQGRV YGDYR gl3:aga-g-gcc:!ggg,g;;ctcadgl3:a!,lg!:ctr.:,c RPGASLKVSCKA TM':/TV 
{SEO ID LE'NMG NO: 845} TMTTC!'T GD.A.FD! !gc:a:l3:ggc:cl:ctggrtl.'tcs:g,:::tt!acc:scc:tac: SGYSFTTVG!TV:i SS 
NO: '~\' (SEQ STGTAY {SEQ ID QQt:iak.ac:,:!:gi;;:gtgc:w.'i~@CC:CCtgg:a VR:Ci:APGQ-GlEW (SEQ ID 
.843) m f.'JO: LELRSL ND: csaggg,cttg:aigtgg,Jtgggi.:i~g:gakagc:a MG\/1-i'!STVNGYTN NO: 

84-4} TYODTAl847} 
\i":{~{·C 

(SEQ !D 
~rl:~'): 
t'.46) 

cttacai<!tggti:ac0.caai.:icti.1-tgc13_rngi.:iga YAQRLQ:G-RVTM I BS{l} 
ctcca<;;;:ggcagagtc.m::catgaccacag,':.l!: TTDTS TGTA YLEL 
a,~a~ccattg-g,gacag:cttac.ttgci;;:a!;l'dg:a RSL TYDDTAV't'Y 
gg:ag;;r.:,!gacata1gar.:,gamcggccgkfa CAR:RGD'f G'D'fR 
tll3:ttgtgc:g:3fl:llC:g:!.g,~.gg:act:acggtgact GDA.FDft-/OOGT 
acc.g:r;;It;tgatgcattlg.at.atr,tgggi;;:cca13: MVTVSS {SEQ ID 
gg,~:ac:l.'l.atggk.mx:gktc:t!.e.agc:gtcgac: NO: 849'} 
e.aagi;;:gc:cc.a!cggteUc:e:cect§gca.ccct 
c,ctccaagagcacctctgcg,gg:g cacagcgg: 
c,cdg:g:gttgc:,:,{ggkaag:g:;i:d.,2ctlccct 

aaccmt (SEQ ID NG: :8-48} 

D. '1QMTQS·P_·.SSl ID!{}MTQl(J□_'':/5~.:: ILNVVYQ IDT5 {SEC/IN.LE·. TGVIOQ
1

/FT 
SASVGDRVT!T S:P:SSLS Y {S:EQ Q-KPGK lD NO: PSRfS {SEO ID 
CQASQDV5NVl A5VGD ID NO: A.PKLU 85.-5) GTGSG NO: 

ga1::<:1tcca,g-atgacci::.agtctcr.:.at;::ctc;;:,i:l Dl(Jt;;UQSPSSLS FGPGT 
.gtctgi;:.13:ji;:,tgt::ig:!,lC.gm-.::H.gagt:c:a,cc:at:c,;11 A.:S VGDR\:'TffC(l KVmK 
ct!;,;ic8SIJ£tcg.,3gka1;-ig:Hc.g:!:m{!es:adl.'tt A:SODVSNYlNW (SEQ ID 
!t@Mttg,gtakagc:s:ga:aac.caggga:aag YQ:QKPG:i(AF'KLl NO: 
c-cc:e:raaact<:ctg::itct]:rgatscatcca:att! fYD TSNU:.TG\(PS 66{i} 
gga:aac.aggggtc-crntc:aa~:gttc.agtgg~ RfSGTG-SGHJFT 
<1dgg:1:,t::;tg~,gaca,ga,M;3r;tti(:!>CCate:a FT!SSLQPEDVAT 
g;;-,:1g;;:.:ctg,cagccti;ia.agatg,!1g,c:aacarat YFCQQV:FTf'GPG 
ltctgk:e:a:c:aggtttl;;..::idtlc.g:g;;cdggg:3 TKVDIK {:SE<:} 1D 
cca:ll:agtggatat:casacgtacggtggclg1:. NO: 859) 
.ac:cB,tc!:gtr;ttcB,t~1t:::ccgec.atc!:ga~,:J.g 
c.agtlgaaaktgg~s,ctge.ekt~:ttgtgtg-cc 
lg-:::tgai:,:taadtctatcccag,13,g13,g:g..::ca.a:B. 
gtacagtggaaggt:;igata<1q_icr,::::tccaat 
cgggt&adc,:::cl.'llgga:gag~tcae:a,g<s1,'JC 

T.r-·1 ··p,c-:::>f<='P•T;':' 1 •··=-· E,..., ,, c·, ~ ·t ..:.:-:~ .:.:., ,,j. 1: . .,_,_ :;~.:.:,. ••~ ·l Y-

SG TDf'TfTl SSl NO: 
QPEDVcilff'ffCQ 852J 
l:} {:SECl ID NO: 
§51} 

853j Y(SEQ 
!ONO: 
854) 

TDflfT 1357) 
':SSlQP 
EDVATY 
fC 
(SEQID 
NO: 
85;5"} 

FIG. 12 (continued) 
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VT (S:EQIQ'VPG~: l{SEQ ID IVKGR.F IRDGDN 
ID NO: GlE\:\'V NO: 6~5} ·.TlSRDN.·· D. V~DSV 
S63} SS AKKSlt' D.ATn\' 

gw;;:gtgc:l.1'9e;tg9tggagtG1i;,gg,;iga<;;;,gt; EVQL'iESGGGL\i SGQG T 
dgg!:cgagcc!g,;;n,Jgggk:edgagaetgtc KPGGSL:R:!.SCAA MVTVS 
tl:>;itgmgcckl,;ma:ttcatl?irtel3.g!:~:acta!a S-GFIFSDYTMN~V S fS:E.Q· 
C1:fltg8l?it!gggt,:;c§CCaggt!ccaggg:1'la >tFlQVPGf'::GLE\V ![) NO 
ggge::cl:gg!:'lgtgggtck~iagt-atl;;:,gt;;:,gtta 1/:SS!.SSYSG YT{''{ 87fl} 
e.agt:g,gttBcatl:1tacta;.:;ilcaga,::,1cagt.g<1: ADSV:K('.;.R;fTLS-R 
agggc,::.gcttemxcttsix:~,a~::3.<;aacgc DN.A,KKSLYLQ,MN 
eaagaagtcadgtaktgcaaB:t,;raa{:aa,c N LRA:EDT.A, V'r'YC 
et,;ia:g:l?igccga,;;_igac,ie::,;;_igctgtc,tB:ttactg: AKD:RVRDGDND 
Igtga;;:ia,:;!&tagg,g,lgtga:gatggcgar.ael W'DSVDATfi\'GY 
lga;;;~~gru:tcagt;;rn,'.:!CQCtf!Cttar.tg{:ig GVFIJ TSGOGTM 
g1ti3cggt:;ilffltgat,:.cc:tcgg,gc-c:,mg,gga \/TVSS (SEQ m 
ea:3t:g:~ca-ccgidcl!cag,cgtcga:i;.ma,Jl: NO: :t.!6tt} 
gg.ccc,':lkggtdk:cc;;;;:lgg,c;ac;;dcd;;,;:: 
aa,;iagJ;acd;;!g,;;9gge.a,;agqrncc,c~• 

i_SEQ lD 
NCt 
554) 

FAl;"{>{Q IWAS 
D~lA IGSNNK QKPGQ {SEQ !D 

~Lt,E Ni' PPKML.! NO: 8,5} 
·nNC {SEQ ID y· (SEQ 

ND: H)NO: 
BB} 874} 

lQ:MNN GdGVF 
LRAEIJT EH 
.AVY·fC {SE'Q ID 
(SEQ lD HO 
N:(3: 
6~H\) 

B,61} 

;:; {SEQ ID NO: 66f.;) 
TRESG OOHYR! ga.cakgh;i;3fgaccs::ag:ictc:i.::agactced D!VMT!:)SPDSLA FGQGT 
VP:DRF POT g,ictg:!\;,1Cictg,;;,ig•i:fl2l!J~fl:Qgtrncc,':ltc VSLGERA THlCK tf\/E:,K 
SGSG5- (SEQ ID aactg,~agtc,ca,;ic,c.:2ga,;itgtttt;;:itacgg SSQS\"t '!"GSNNK (SEQ HJ 
GTDFTL HG: d:cc;;i:13,c~,at~,agi.?adB:t:tttgttt9,gfac;.:;el W{FA•NVQQKPG NO· 
T!SSLO: !5'77J gcagztllilCCagg.ac,]gC.(:ZCcta,:3gatgtt QPPKM1JYW.A.ST fJi:i{i} 

AEDVA ea:!tta:ct-;;Q>;JC•1ltcfaccc:g:ggaa!:;:;cg~!,;;ig RESGVPDRF:SGS 
.,._lV··ye,: 
(SEQ lD 
NG: 
87:S~ 

tccd;i,':lccgdtcag1g:gca,;i.cg:ggtdggg GSGTDFTL HSSL 
a,uigatttc.2.c-tctc:acr.atcagcagc,:::tgca QAEDVA.".iYYCQ 
ggctg,;;:,a,gatgtggi::,agrtrattactgteagc,;;: QHYR,PQTFGQG 
i::1,c:atrat;B,:;ii:m,ttcctc:aga;::,,;r!!,:::gg;::ea::i>;i: TKVBK ;;SEO lD 
gg.a:cca:a:gglg§Jaaa:t€:a:aat~~acgglgg NO: :ff?:3) 
~:tg.:.a:cc:a!,~-tgtctti:::,B:tc:ttcc,;;gccat1J;gat 
ga,;ica:gtlg.0aafo!gg,a::adgcdctgtl:gtg:t 
gcctgdgaa1,3:acttd<l:tccc:,:g<l:ga-;:igcc 
. a:a,agt,acagtg!.;:a<1:ggt-;igataacg,:cctcc 
B:ati:.g:g,;itaa::C're~:caggagag,!:gt~,B:ca!,ja 
J,1caqgacag,c:1mgg,':lcelgcacda.:.11gc~ . 
icagc:agc:m:::ectgac:gdga-g {SEQ ,D 
~~:o~ .Bltq 

FIG. 12 (continued) 
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F\N ~)':;'PGK 
{SEQ ID IGll'hV 
HQ: .AR 
SB3} (SEGlD 

f.~O: 
664}: 

NO: .8S5) 
li{GRFT: YGDYR 
SRDNA GNAfD! 
K:NTlNl {SEQ ID 
HMSNl NO: 
RVEDS SB<') 
.Al.:ff(: 
(SEG,Kl 
tH):: 
68£) 

D!QMTQICJOMS.N ll!'l\'\IYQ l[ffS (SEQ1~,LEAG\/IEQU-lT 
S:PSSlS '-.{ fSE.►:) rJKSGr{ iD NC~. P-SR:fs {SE(J f:D 
A:SVGD IIU NO: IAFltLU ISSS) 

EA{;V:?'SRFSGSl{SEQ :JD 
GFG1HYVLSITS NO: 
LOPED:;ATYYC 392? 

.&93): Y(SEQ 
::DNO: 
884} 

GSGFG INO: 
Tf-fr"\!:LS f.:ijf)· 

fISlQP 
ED!/l..TY 
YC 
(5EQlD 
~·~~::::.: 
8Sl:ii 

FIG. 12 (continued) 

g1,ggtgcagi.::re,i-:;;,tggagtl%gggggag,;;:c 
i:i,,,gikagc,;;gg,gggggk,;;dg,agackk 
ctg1gc,2,g,;,:;'tr;:,tggatic!cctt;;agte;gtl'.M SGFSFSSfl·W,1r. ss 
ggBi!g,:;1,ctgg,;ik,:;g,i::rua•~:!ti.::>:<3Qgga:a ':,:V':/RQ'iFGK:Gll i;Sl::O: lD 
ggg0.ctg:ctgtgg?Jlcg~ai~gta:tt~0c.e:~1-Cg 1-R'¥'-"':/.A:Rn-J:N:DG"lFT f-~{): 

a!g{lg,actiicaca:,j:{;{;ii.l:Cgc',;lgactc1gtg TY.A,DSVKGRFTl5 8(:J:G) 
aaggg,ccgattca,:;c-.a!:ctcca9a,~;m:ao1c fElNAKNTlNLHM 
gcca.ag,mta,:,gctgaak,tgcae,:ltga~c« SNlRVEDSAl'iF 
atct,:::2i<;;:a~1::o;i,aggattt:fl>:;;ctctgl~tttd,;ii CVRDNDYGDY:R 
gtB,ag,agat>:,i0:tg<1d,::1:cg{lr;gacl.:m:;;i•g'-'> GNAfDl'WGQGT 
ggqaacgcttff.ga:tatttggggc@ggggae !\f,/I\/SS (SEQ ID 
aav,igt,:;a,i:J;:>Jktctl:!::,;;;gcgtcSJi;,ccaai;ig NO: 888-) 

gccca!cggti::ticcccctggt,:2ccctcct:~;::i;; 
8gB..gwcctdgMggmc:agqJ1gcci:,1gg 
gc!'!JJ:dggiC00gg,Kiacrtcccq;;aacd 
gtg, (SEQ lD NO: /386:; 

ga:r.::atcc<1gat;;p~:r.:,agl:dzi:::a!cctuc't DlQMTQ:SPSSlS FGGGT 
gk<g,:;atctgia;J:gag:3c;a,;iagtc;;,i:::i:::.«k:a A5VGDR'</1rTC:Cl i,;;;\!E!K 
cttg;:;~;:igg;:g:sigt;:;:iggac;:i!:gag:(:,la,:;t-<1; A}S()DMSNYLN'.'·{ (SE{J j:[) 

ttt2,a;;,.t1:ggt,:,it,~g.maamat~agcgga'-'>ag, YDQK:SGKI\PK:!.L ~JO: 
,;::r.::r.:da<1gckd:~;aiit;;;:c.gatactt.<:<::a,mtl. !YDTSK.LEAGVPS 9ml) 
gg;;;:ag,c.':'lggggtr;;i:::at:caag:gttcag,tg,;ii::: RfSGS;:G.fG THYV 
agt;;:gattiggg:l!CB,Cat~:.:,tgtt!raaj';l:Cl!tca lSffSlQPEDI.AT 
,:0Jigtdil:c1>gcdg:~agl:l!:attg,c1,i;,cat~tt YYCEO.lHTfGOG 
aci.'!J:igaa1:;<,,gdi:u:ifa:c.tti;::ggcg1s;:aggg TK':/E:;~; (SEQ lD 
i;icca-'.!>;p;;:tg,glI:!g,aki;iaa~.gta:eg,gtgg,ctg NO: SSfH 
,::acc~t8tgicl1:cat:~'l:tcccgc8 alrJg:at,;i:a 
gcagttgrn3atc:~:gaa.::tgcctctgtlgtg~c 
ctgdgaabl3ctt,; t:i'lkccagBgagl;lccaa 
agtacagt:g:ggag1s;:1ggat02:c:gcc,;1c,Gaa 
k,gmita~ctcccagg;ag,agl:g,k,acag,agc 
agg,3cageo~agg,~cagc-J1:cda,:a:i;icctc 
8gcag~,3ccctg'-'>c,gdg,.;:gcaa,:;;g•cag., 
dao;iag:m,;,;,,;:.s,rna2,g:td.3.e {SEQ: ID 
NO; 8961 
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EVOLVEIGFTf:SD MNWVR lS:SRSGYl YYA.DS 
YT {:$EC. GAPGK (SEO ID VKGRF IR:DGDN 
iD NO: GLE'.!'N NCI: 90!:<J T!SRDN Y'NDSV 
903-) SS AKNSL Y DATVW 

(SEO H) 
r:,~:o: 
90:4) 

DfVMTGl IQS.':/l.YS f A.·· •./i[.y'Q:' [W .• A. -~.~ 
SPDSLA SNNKN QRPGQ {SEQ ID 

Y 1SEQ PPKLU MO: 915} 
iD NO: Y (SEO 
'9t3j :D NO: 

91~) 

LQMNS GYGAF 
LR.A.EDT D! {SEO 
ft/./YYC 1:D NO: 
(SEQ E) B:07} 
NO: 
90=1}) 

TR:ESG QQHfT 
VPDRf T:PQT 
SGSG.5 {SEC, ID 
GTDFTL NO: 
T!SGLC· '9·:7} 
.AEDVA 
\fYYC 
(SEQ lD 
NO: 
916) 

FIG. 12 ( continued) 

gaggtgci<,g(;tg1;itggagtctgggg,;;:;a:;ig(; EVQP/ESGGGLV CSHGT 
ct9gk:c2:ag't:;;:!:gggg,g,gkc:1:,t1"l.a,;;im1kk KPGGSL:RlSCSS M',:lTVS 
at,;it!mtectd!;'ig,11t!roc:,::tt,;:agtgad:2:!-IB SG.FTFsn·,rn~N s {SEQ 
ccatgaal:i:gggtecgcrn,;_l<;;:ctua,;;i,gga.3 WVRQ.APGKGLE ID NO: 
ggggctgg;agtgggb::!;;::akcat:l<cgl:agta '#VSS!SSRSGYIY '±ilil) 
gaagi.gg!ta!;afatacl:acg,cagactcag!g "/ . .ADS'l!o::G=RfTIS 
.13;agggccga,ttcacca.tc!;:;;caga:-:;iacaac R[!N:AKNSLYLQM 
gccaagaaeto:::;Ktgta!ttgcaal3:tg;;m-.;;ag NSLR..AEDTA.vY·:.: 
cdg.0g,3.:9ccgag,gaca-.;;ggdgtcfatt13:d f.:ARDRVR GGDN 
gtgc:;;«:,gi:;:gatag:;;,g~cg,;:ig.at.gg,c:;;«:,c,':! YV'/DS\!DA.TY"NG 
al.ti1=dggg,iatrcag;i.ggacg,:;c0,::;'!10,ctg:gg Y G:A,fDJCGHGTM 
gfu'l=c,ggtg,ctrugi:;:l,'.:'ltdi;icg,gc,:::::iicggg:& ··:tTVSS (SEQ ,Tl 
c.fil>t,;;:gtcaccgtcrettca{l,cglcg&=cc,':.lag NO: -9:0:\:1} 
:9gcccat>~ggtctl:ccccctggcaccctcctc,:; 
aag:agc=acctc~:g:gggca,:;agcggcccaj 
~gt:. {SEQ ID NO: 90:S:f 
gacatcgtg:a:tgacccagtctc,:,2gai::tc,c.ct Dl':lto"ITQSPDSLA FGQ=OT 
ggdgtgtctc~:g:gcgagag~gctw::tatc \:'SLGE:RATlNCK KVE!K 
aadgca,sgttca;;ici::agagtgtttl:at:acag SSQSVL YSSNNK (SEQ lD 
ctC:{;~'!m:;aata.,3g:,ia,:::;!:aeltt9crtgg!B:C:C8 NYF.AViYQ·ORPG ~~:O: 
g:;;:,:3g,agaccagg:ai.:agc:r,tc:i::.m:a,3.'t:lg,ctr, CWP¾.LUYV1;'AST '2!2{l) 
arttacti;iggcatdaccqgg,i;;akcggggt RESGVPDRfSGS 
r.:cG-tgm:,q;;:t!kag:tggcagc,;iggtctgg,;ia GSGTDFTL T:SGl 
[:Bga:tt!ca~o::!cai:~:Btr.Bg=c-;;Jgcc:lgca,;i f,AEDV.A.VYYCQ· 
gdg:asga;!:g~grng!:tiattadgka;gzaa QHFTTPOTFGOG 
cBt!!tar,rac!cctr,ag13:cgttc-;igccaaggg TKVE!K (SEQ l:D 
0,~e.a;.ag:g,tggaaa;te.a13,;,m;;;ta,cg:gtggctg NO: ·91g;i 
ci3e.ci3.'te.tgrettrntcttcce.gcc.&ktgatg:a 
gC!3gttg.iJ.aatci.:gg&:ac!gecte.t:gftgtgtgc 
ctgdgaataac,ttct':!tc;;rngo1,g<'l',J,gr:c.a.i 
agtac.a~gaaggtggala,acge.cctc:e.;0.a 
(SEQ :D NO: 918) 
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t)lQLQESGPGL QU)Lt) GDSlTC'. V~GWIR MYYSGR NYNPSL .i\RlfGE c0:gci:gt~,::l;;,ica,;;k,la,;;Jti:;gg~fct:asgg:13 QLQLQESGPGLV WGLGT 
VKPSETLSLTC ES,;PG SSC{ l.)PPGK T {SEQ ID KSRVTl lVGYQ ctg,;.rtga13g;:dl::q.g~::iccd9k.:de~,; KPSETLSL TCSV MVf\'$ 
SVSGD.Sff:i:::CSS LVKPSE {SEQ ID GU:.'J'JIG HO: 92:S; SVDTSK AfDV ctgcagtgJd.ctggtgsdccatta{,ff.gt,::3gti::3 SGDS.ffCSSCYW S (SEQ 
CYWG~❖,ii,RQPF' T1:S:lTC'. NO: S (SEQ SQ\!SlK {SE:t:J. ID gttg,:t13ct,;_,g,g,;_,ctg;;,ialt:1:>;;;,c,::a1,}Ccz:t:ra. G\:'V:RQPPGKGLE !D MO: 

§'2:3) :::D NO: LRSVTA NO: gggaagg~!f~dgg:2gtg:ga,tigg:ttdalgt.'.:!t !,>i:,GSf>,f'(YSGRT!·J 93;ff) 

924} A.DAA'"' 927} !i::3c.ag:fggga913.a=13.a,:faca;,tcz:gkcc YNPSLKSR\!TISV 
YYC !1.:,:2a:g::2gteg,agtcace.atatcc.gt~gac.a,; DTSKSQVSLKLR 

92:2) I I (SEQ lD g~~caag,agccaggtgicc,:tg.i:agrtgcgd SVTA.A,DA/:,VYYC 

QS\l:LT 
G:PPSA 
SGTPG 
OR',iT!S 
CSGS 

P,;:.,-,.,,;nnR:f<='r,~l,c,EC' lD ~'..0·1~ ,,-- t;;_.,: ·:· .;_'\>.j.~ ~ ~ . ~.,t 

K5GTSASLAJS NO. 
GlQSEDEADVY 932'i 

N0: ctg1>;;i:a:(::cgc.cgrn,ga:tg.::ggd,;i:tda:ttad .ARLfGEl VG "{Cdi.. 
916) gigc-~:a,;.i.a;st::.irtr.gg,ggi±gitggkggttatc fD\"l'lGLGTMVT 

SS.'N:GS 1\/N\>V'fQ ISNi (SEQ IERPSG 1,A,AViD{:;, 
NT QlPGT lD NO: VPDRF SLNGY 
i>='Er', :1r I ❖ :p:i<".ll:1: l9""E ,, .._.:n,:::; ~ · ·~~ ,A. , -. . . ,.._J;~·} 

MO: ·:,;: (SEQ 
93J) m NO: 

Sf:%) 

<>-,-,,:,,,,.·<;; I"·' ..-,;::Eo -:.,.'\,;j __ -.:Cf", ,:J· °\;· ~.•-·'· ~ .... : 

GTSA,SL ID NO: 
AISGL:Q S<37) 

SEDE.t,. 
DYYC 
(SEQ ID 
!'-!Cl: 
~;136} 

FIG. 12 ( continued) 

«g:=;ictfflg:,;t,Jtct_g:gggcc1aggg:acaatg VSS {S:EQ ID NO: 
gkac:cgki.:i:!tc.agcg,kga,:::;;.:;;,.a.:;igg;:::u !i:129} 
at::g,~,~tt,;::,c,;,r;ctgg·rnc,;,r;ketc:i;mi:ga 
gcia{:ctcigggggm,::a:gcggcee.t.gggcig 
.:dggirn,ai;ig:adacitccc cg,13a,:::dg%l:a 
(SEQ m NO: 916.l 
,::sigttf:gtgd:gat:::gea;;,icear:cctca,o!cgtc OSVL TQPPSASG FGTGT 
!ggg13ccci:::cgggc;:,ireJ::2gg,gtcac,;.;at/.:ldt TPGQRVTISCSG K\ITVL 
g·tti::-tg,gaagc0gi::tr.:ea$ca!cgg;:'l;agt;;i:a:t SSSMGS~JT'i/Mt>' /,SEQ lD 
azt,;_,tgai3,c1:g;:gta:crn,gcBgctceca:gg:si13 YGQLPGTAPKLU NO: 
cggccc,:;,:;a;:m,:;tcctca,tctat.2gt.2:::lfa!tg YSNIERPSGVPr• S4ff1 
139;::;;;ig(::;:;c!caggg,;,ikc:i::i:gac,~attcM RfSGSKSGTSAS 
i,;;grkca~tdgg!::;;;cct::::ag,cg!cc.,:;lggc LA.iSG,LQSEDEA. 
c.i:tr-agt;gg:dc ,;aglc1ga:gg«1ga:gg,c1g DY''iCAA>NDDSl 
<1ttalfa:C!g:tgca:g,c,:Jggg:atg:aca:gcctg;:3. nGYVfGTGTKVT 
atggtMgtcttt>;:ig~c!g:gg;;icca,:;iggt:c;:,i Vl (SEQ ID NO: 
c:r.:gt,:;cta:ggtc.i:gcc:c:aagg:r.:cmmec:c0 l!:i3Ri 
ctgtcactdgi!e";ccgc;:,;c1cg~gtga:gg<3gc 
i.tc::.:a:g:c:ca,:ic:aag:g:rcacadggtgtg:!:ctc 
a&.1:Bgtgacrtr.:ta:cccgggagcc,;tgac«gt. 
9g:retg~:12a§g-t·a~:at-.:1;98ag:c:t:~::=r~t8a:z: 

e {SEQ ID NO: 936} 
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QHPGK l{SEQ ID 
GlE\•~,H:G :~~:O: 945~ 
S-i'._SEtJ 
:,ONO: 
944) 

KSRLS DYPYY 
MS\:TlT YAMClV 
SKNQF (SEQ ID 
SlKM:S NO: 
SVTGA ·947} 
DTA.V'Y'f 
(:: {SE:tJ. 
!DNO: 
~~4;5) 

U,.YNYO AAS {SECJ SlQTG 'QQ\'rrF 
(SE{) !D IOKPGR iD NO: \<FSRfS. P!H 
NO: APNL[':/ S55) GGGSG. (SEQ ID 
952,} Y {SEQ TEFTL T:: NO: 

''D NG: NS.lOP 9~,7} 
~!54) EDfATr' 

vc 
(SEQfD 
NO: 
%fl 
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o;~ggti;_icag!::<gc.agg.agtcgggccc.agga QVQLQESGPGL 1/ WGQG 
dgg:g:,mgccttc-a,;:,:1gai,::e,i::t"gtc:r::dc11c KP:SQH_:Sl TCSV TT,i'Ti/ 
dgd,;lgiddgg!ga,d=kMcagt11gt SGDSINSGGfSW S'S 
.ggtli'c-tS"!igga,:;dggaicc--;i.:cagca.:t:e,:; T.'\<::RG:HPGKGLE (SEQ ID 
ggga<'!g•gI1cctgg:a.gi;gga!tg,g%:,rntct,;,t W:GS!SYNG!f.!tJF NO'. 
i1>ta11t!f!g;:,2,a.a<l:lt.c.a,:itl:ca1>cccgtcu-tc t{PSl !{3:Rl SMSV 95:ll} 
a<lgagtcw;ic!:tlc:r.;atgti:.agtggGca~,gti:: err ~-KN!'1FSLKMS 
aa,:;gaaccagtldc•cclgB,a1133tgagctca S\!TGADTAVYFe 
:gmactgg,cg,cag":c.;,,cgg,ccg:!ttac,mtgt AREL GDYPYYYA 
>;lC',la~:;:igii,:;Ctig:',!Cgm::,mtc,~:i::4;:itta:r.ta MDVWGQGTTVT 
c:9,car;tggricgtc1,;;g,;mce.agg·ggacc.ac \<.S:S. {SEO m NO: 
.ggtr,i.u:gtr,tcct,:agcg,,;,g:i,ccaai;;ggc @491 
ccal,:::;igtct:ccccc%:l::;icl3:c.,~c~i:;ctccaag 
,:igc.ac,~t;:tg,ggg9CBc.!3:',lC\1g:ccc~g9,.,t 
gcclggtrnag,',!.ai:lacttc:r:,;:r::;i;aai:cet:;itg 
ac {SEQ lD NO: S46J 
i;i;:,u,,kca'li:a'i:g&cccagtdccatccttc.c~ DiQt,nr:;,5PSFL5 FGQGT 
tr:·,gc2tctg:ii;;;gg::igarng;;;gtca,i:;:,2tca:i: .A.SVGDRVTrTCR: K':/::::!K 
ttgcc9,;r,p;rngka,;;:ggc<1-rt91:~gttmta ASQGlASflA'\'-1/'Y ('SEQ ID 
gcclggti:.trnac~~&g,ce;,;gg:gi:.gag-cc QQKPGRAPNllV NO: 
ccta~cctc,t~~g1~t~tg~~gcQ:t&z:t::.ttt;:~t:a ~.fMSSlQT·GVPS 96:f(~ 
aa:ctggggkc.c<1-tcaaggttt.lc,g-c9gcggt RfSGGGSGTEfT 
ggaidg:gga:r:ai;;-agltcfldd-clilsa;2kaa L Tl f'JS-LOP:ED:FA.T 
D:;gcc·!ac2gc:dg.a,agatttlgcrn.,;ttatfa YVC:QQV!T'f PR'T 
;;tgt-.:;a,;,;cngglca!fa'lctt!ccc!:cggaci;;,1t:.-: FGQGTK·/E!K 
gg;::;;:::13B:g,;ige;,: .. :::B&g§tgg-13B:atrnaa~t (SEQ m NO: 9-S.!J} 
&,cggt,Jgc~cae:e.atctgtdtcatcttcccgc 
c.ci;;!:ct-gatga:i;icll:gttga:i;;3tc1Qt1am;t.,;,c ct 
e:tgttgtgtg.::&gdgi3B£111i3ctldli:tcccag 
agi.,:ggccaa111gta,~i:.gtgga,':lggtg,;;,:;i:la& 
cgcc.,~~cca.atr,,1~:gtJ1e;:c:tc;::ic-,2ggaga~t 
gt:eacagagrog,gscagc,,aggac.agcac 
.:t;:icag,ec!cag::;>:sg.:accct';iaci;idg,;,;gc 
aa,:;g-ce;gact~.:,g,ag1,aa (SEQ ID 
NCY 95S) 
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ESGPG SSSYY QPPGK 1 (SE!) ID 
,•,•·•"·•~,~<:c••·l3C•~• 1> '<•'KP.PE ·,:;•Efl H, ~'l~:,.o,·1·-• ·or<. r:u:,r, 1c-,,,-,ci:~-:c1·v••~0n,; A·;! .Jt:~;:..::: .. J:t~':l:n .. ...}!°:.":• .._ ,:i-: r .::,. · i_ •. :.J. .. ~ tLi' I:...:.· -,r L ll''l :G ::·\.!·~ .• t .. ::,~·!:'~J ,.:.,. 1/:1...t :! -...:•c. c' ~.» • .:'<U '~· 

SYYWG':N'!RC:P TLSL TC NG G (SEQ N:l--JFSU,:; (S:E·Q ID 
A'./S ~6:l} ::D NO; LTS\/TA N-0; 

uvv<:cGs•T',1''·?-C;;Q: I""_ ED ''-□· ;a.,:-~. 'I-Ii_,..,;! ,, --~ •,;....: ,t._.. ·' 

SlKRR\i'TlSVDT NO: 
SENHfSlKL TS %2,l 

%4) AD1AVYl'8i67; 
YC 
(SEQlD 
NO: 
9&8] 

QLVLTQSPSAS QLVLTQ SG."".SS :,AWH::.::. \iNXDGS YIH:.DBi QTti!•Gff 
A.SlGTS'-1.t::LTC SFS.ASA. SP t.lQ:F'EK H /SEC !D PDRf:S DXQ\l 
TLSSGXSSSPlA. StGTSV /SE~J ID GPRFL NO: 97Sl GS}:.SG (SEQ ID 
WH)(QGPEKGP Kl TC:Tl MG: Ml< SERYl T NO: 

HYKEDGi:PDH.f' I !D N,O: 

TISNLGSEDEA 
DYYC:QTV>?GTD 
X {SEQ ID NO: 

972) 

973J (SE-QlD 
NO.: 
-974} 

t:SNLQS 1977} 
EDEAU 
··~-·ye 
(SEQlD 
NC>: 
97f.\) 

FIG. 12 (continued) 

.::;;;;gc!gcag,,;::tg:e,'.:3•,m.;:,gtr{l-ggcccalJ-ga 
dggtgaagccttc,;;;;ga:,;;aecctgt,~cc1i::ac 
c.tgq;;dgtdc:tggg:g-gdcca!gagg,agta SGGS?,.,1RSSSYY' SS 
gtwJtt:actac!gg!;;:g:elQ-g@!ccg1::cagccc '#G~VIRGPPGKG (SEQ i[l 
cca:g:gg.;,;~:ggactggllgi\;l:galtgg,Jg\;lt LEVi:,GGMY'fSGS NO: 
lll~gfa!t'tii;ta-:,itg,:,i-ga-,ica,:d:ad,3_c.a,:,iccc: TYVSPSlK:RR\!TI 97:C<) 
gtr:cctca:aga:~mcgagtc:;;;.:ce:.:atatcc-gIB SVDTSENH:fSLK 
g,ie✓.i,:;gtc.:cgag;aac.c:ae,t!ct,:;,:;c.l:\Jaagtt l TS\IT.t;,ADTA'·?'l 
gB,cd:;:::t:gtg,;a,ccgcc-9:,::;:igacacm;i•ctgtct Y-C:ARRWFGELD 
:attadgtg>:::gag:;;;e:fi:a~git~{l9iggf!gcta 'fYGSOVW'G:D.GT 
gactactm:ggttc,;;;;gacgte.tgg{l.g<::..:.aag 1"-/TV55 (S:EQ !D 
9tmccal:{;-g!:;:::acc.g!dc.c-tcag cgtcg;ac. Ni(}: S69J 
ea:&g;.gceeatc£)1s;tetlccccet{l.gc.:accct 
c.ctc:caag . .i;rnc.ctctg,;:,gg;:;:::ac11gr,;g, 
ccd,:,ig,gdgcdgg\c~ggadadtcccc: 

a;;,;cc½l _{SEQ ID NO: 96B} 
c2:gcttgtgclgaclw.:i1tcgcc:ctcigcctdg (JLVL'fQSPSASA. FG-G:Gl 
cct<.:::t:;:::Jgg:!,!•ili81:CCtt:g';jtrn~gi::1Ca<.:t:-t';j·C SLGTSV!<:L TCT!.S KL TVL 
&ctt!ga,;;:cagcgg,gnaca:gi:::,,gdcc;::ce SGX:S.SSP!AlNl-{K (SEQ :D 
atcgc::atggcatcn-g:cag,c,~gc.cgga,;iaag Q{lPEKGPRflM NO· 
gg:co: l!:::';!•g!tcttg;atg.;:;a,;rntt.3&<.:antg,ii;t ri::·,/,t~ )::iJGS ~ Y KED sa:::i ;' 
gg,i:-,,;gk.adacaaag2,ggacgg!l:ate>~ct Gi:PDRf:S.G-S)(:S.G 
g;a:tcgcttc:m;i-ggctccn;a,g!clgggtc\g2:g S:E:RYt TISNLO'SE 
E::;;icta1::clca§:l;;l3:tE:lcc;aacctccagtE:1:g;a D:E.AD'{'fCQTWG 
gg:a~:aggc1:..-Ja1.raltat)JJkagacctg:gg 1:D.XQVFGGGTKl 
gc:aclgacntt{:aggratcggcggagggac: TVL {SEQ ID NO:: 
caag-c't!J:ac,:g,!cctgggtcag,cr,caa.;ig,:t 979:, 
g;,;,.;:ecdcggtcadctg,ttcccg,ccdcgagt 
gag-g8:Qct\{:aagcca:r;ca8:Q-g>:{:Bc a;;:,!:g 
gtgtgtcicat;;iagtga,:ttctacccgg-ga,;icc 
¢g,acagtggr:dg!laa,;;;-gc.ag2,lag,ci:,g,t 
~i,tcaa (SEQ ID NO: 97>3-J 
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iJfSLNLSSVSA 
. .A,DTA\/VVCAR 
{:S-EQIDNO: 
981} 

ESRPG ISYY 
':1\<SV:/fR VYYSGG EYNPSL .ARGVS t:;1J:-ggtgc;?.1gctgcai;iga-gkgt:>;;iic:cflgga 
QSPGK T fSEO !D KSRVHS Al':/SVD dggtgaa@ccticg,i;iagaccdgb::,:,ctc:ag: 

'-. ·1,.?t-.., ..,_;,_'I;, ·,~J < J. ' 'H"'P<:::E 1·1··=·E,Q 'D GlE':1\<IG. NO: 98-5} VDTSK YYYYY ctgw,::::tgtekt,;rntgcg,e!cca:!gagi.,a§tta SGGSMRS'{Y\:YS SS 
T:LSLSC f'lO: Y (SEQ NQFSl M:D\f c.ta,:tgg,agci::%:;!g,':!tcr;g;;,c~gtc,i:e:c.:1::;icga \~UfK.)SPGKGlE (SEO ID 
TVS 
{:SEQ:!D 
MO: 

·S:-63} fD flO: NLSSVS {SEQ ID &ang\JlH:.tgg:a-gtggattggctatgtctaft2t 'l<'H_;YVYYSGGTE NO: 
gg..,:q AADT.A\1 NO: agt;ggggca,c>:;gagrn,ca3cccettc:dcoi YWPSLK5RVHSV 99=[!} 

SS..21 

S:YElTG.l N!GSKS ':fQlNYQ lyr:,m. 
p:p<:>v°"" F"'E""' 'D R'!(pr-,"'.:, ,,:,c,-::, ID" ~ , ,.:::.-i, •.r•,,.,, ·~• ~·=> :,~ t .· ··.,;:I...,.;,,; \._--.E,-....:;,,; 

APG!(T NO: AP\JLV! NO: 99:5) 
,AJffCG ':if:13} Y (SEQ 
GN !DNO: 

vv·c ·str:n ag,agte.gagtaatcat1J:te,':!gtacgm::,:u:gt:cc DTSKNQfSLNl5 
(SEQ !:[J a~:;aa,c-ca-g,~ctc1.::ct•;i,'.:!ar.ctg,J:J:gctct!;)lt S\:'SA.A[lT.AVY't'·c 
t•i:O: g~:cgdgegg:!lcacg,;i-ccgt!!l3."ttact§tg ARGVSAlVSVDY 
913:f!i) c-;iagi3@J§glate~gctctt-;;;,ttict:§tg:gart YYYYMf..l'c,YitGKG 

&di.>dm:;tm:;raceilggacg1dggggca.a:a TTvTVSS (SEQ 
gg,g;atc:ar;ggtcau:gtctcct,;:agcgtc,ga Kl NO: 9.89.l 
c,u,i,agggcc.catcggtc!:tcu;,:;ctg:gcaccc 
k.cic,:;:aagag:cacctctg:ggggc~:cagq1cg 
c,cctg:g;gdgo:.1:gg!c:aai;;;gac:t'.:ld!:cc:ec 

DRP::SGI ·QV\:\'DR 
PERfS NIDPH 
GSNSG {SEQ ID 
N1ATLT NO: 
:,SR\i'EA -897) 

aaac (SEQ m NO: §88) 

SGJPERFSGS.N I (SEQ :!D 9.94) GDEAD 
YYC 
(SEQ II) 
NO: 
9:3=6) 

l:cc:tflilg0:gctga,:::!lcag:ec:a:ei;::ctcag!gtc SYEl TQPPSVSV FGTGT 
ag,tggcc,:::ca,;rna:aa:9a:cggcc:,3tru3rt11c APGKTA!ITCGGN EVTVL 
ctgtg9gg9aa1.ocaacattgga.3glaa9agt NJGSKS\iQWYGR (SEQ ID 
gtgca:gtgglatca-g,:::gg:a31ge:cag;g~c:ag KPGQAPVLV!YY NC'.J: 
gu:cctgt¢:tg:gtcatcrattataata-ggg:acc NHDRPSGlPERF 1 !HKJ) 
ggccctwgggarc,:ctgagc:gattctctggr:t SGSNSGN:1 ATl Tl 
c,cam::tctgg:gaac8i:::ggc,c:ac.cctg8e:r.£:it SRVEAGDEAD't'Y 
CI!ficag:ggtc.;;i:;;i:§gccg,;;_i-ggatg,agg,ecg CQ\/WDRNlDPHF 
adB:tt~:e!gt~:ggtg:l:gg-gatagg:~a:ct'¼t!g GTGTEVTVL 
~t,::::cc.c:acttc@a<'!ctggg:at:cgaggsca{: (SEQ lD NO: '39'2l} 
cgtcc.faggte.age,:::ca:0ggce:Baccc c:act 
gtcactdg'!teccac,:::ct,:;;gagtgag;g;2geti 

c~ag-ceaacllllg::;iccacactggt;;,tg:ictca 
raw;;:tgactt:::::lflf.:r.cgggag,::::c,;;:tg,aengl:g 
gf.:dggRaggeag:ati.:g,c.:;;g(;ccegte~ag 

'9:9'2) 

c:1:;ig~;?.1,:;;tgg (SEQ lD NO • ~c!SlJJ 

FIG. 12 (continued) 

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

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

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

~ ..... .... 
0 = 

2' 
:-' .... 
~ ... 
N 
0 .... 
O'I 

rJJ 
=('D 
('D ..... 
O'I 
O'I 
0 .... 
1,0 
0 

c 
rJJ 
N 
0 .... 
O'I 

---0 
N 
0 
0 
QO 
0 
0 

> .... 



GPG l'i'Y tKPSE /SEQ ID 
SlTC NO: 

Hl[(t} 

WTW!R IVYVTGG 
G.SPG~; T {SEQ ID 
GLHVIG NO: ]C{lSl 
YI._SEC! 
!DNO: 
HJ:[;:4/ 

EYNSSL A:RAVST rnggtgca,;ici§c0:g,~:a;gtc:§.,g,g;;::cc0:gga Q'·./{JLOE:S.GPGU/ \:'VGKG 
KS:R\>Tl LV::5\/DY ct§gt;]:&.a:gccttcgg<1gaccc:tgtc:,::,1;;k;a,::. KPS.ETLSL TCTVS TTVTV 
SVDTSK Y:FYYlD ctgcactgtt:,tctg,gtg,~i;tccll:ica:;;t5'crtaet GGS!STYYW'fWl SS 
NQfSLK V {SEQ 0,r;tgg,&e:ctggate:cg:&cagtccr;cfl:g.,,;iga RQSPGKGLE'NIG (SEQ ID 
LNSATA ID :NO: 0gggm:;t:ggia::;iig,:;i-0rtggttiatgtct<!ttae:s YVY'{TGGTE'::"NS NO: 
ADTA\fY 11rn:q 
·•,,re 
(SEQ: ilJ-
Nl}: 
10:;)6) 

cti;igg,gg;::;;cc:,J<i•glll•C:a:ac !.:,ctcc,~Ima SU(SRVns.vo TS 1 ·i 1l10) 
gagtcga:Q:t,;acc.atttca,;;,it0,gat>'.Scgicca KNQFSlKLNS.AT 
agm,tca:Q:tl::t:tcc<-19&a,grtf]:aca:i::tccgr.c AADTA\t'{'fCA.RA. 
a,cci;;:ct:gcggi.lC.1lii'.;cQIJCi:Qttlatt1>d¢gc VSTt VS\lDYYFY 
gagagrn,gtttc:g1ic:t.:::ttgtttcagtg:ga:ctl3itt YID\i·WGKGTTVT 
ll.d!d:ac:~ll:C.a!:ag13cgtctg!;ggcaaa,;i:1;m vs:s {SEQ lD NO: 
i:H:caegg:lC,;(:~:egtdcG1:CT3gS:::!;J:tC,;J:f3CCa 'l [11)1;}1; 

agggccca!cggh:.1tcc<.cct~gc,iccctcct 
craagagc;;ie:ctctggggg~cagc,ggcc.c 
tg,;igctgc•:::tg,;ite:,3aggact.ac:1tcczc:gaa, 
[:c fSEQ ID NO: 'l:J:l28 l 

SYEl TQPPSVS IS'fEL TQ IWGSKS ':/HWYf, HNM NRPTG! Q\t',#DR tc;;;k:itgagc!g,'.Sc:as:::.agcc.acc;;;kag,!gt:. SYEl TQPPS'i/Sl FGTGT 
adgg,cc,.;;cagg:,,:,;ag.a·cggc,cm::g&ttac APG~TATIT-CG,G KVTVL 
ctglgggg-.;p,3:at::ia:cal!g,ga.agraa:aa;gt NNIGSK:5V:!"lV1VQ (SEQ ID 
gtgell:ctggtatcag:cagam;;,,:;;::1.1g,Jcca,J QKPGQAPVlV!Y NO: 
!J-CC<::d;rkctggkaktakaiaa!;.3;3,{a;3,k HNNNRPTG::PER 102-0) 
ggc:;::ca,:ag,bi;gatcc:::tgag:;::gatc,tctggc f'SGSNSGNT A Tl 
ice,a.a,:::tctgg,;iaacacggcc:a:i:.:cc!::g,':ltca TlS.1>.AAAGDEAE 
k:agcag:ggi=:cgi:::J:gc,~ggg:a:tg,agg,-:::c YF-C:QV'N:UR~,!ND 
1,l,;(§filC:ti:ctg:tca§g:t!lgg:gaH:lg!;.l1l!at1J1at PLfGTGT~;vrtL 
l;lateccc:!d!cg:l;l:aaetgggaccilagglcae fSED !D NO: 
~;gt,;;:dm:19tcagc:1:e:;;i.agg,:,c=:eccca:d ·i G ·1 fH 
gt;;adc!!Jt;;;;;c;,i:n:dgag!9<!J:g,ga:Q:ct. 
ca,agc,:;:2m,c.a.3ggc•c.a•i:::a,ct;.i~,;.itgtctc:a: 
!iaa~tg,adtcra~,:,c-;:gg:a:gccgsgac;3gtg, 
gcct1;iga:aggcag,at.'.Sgc.~;c;::,ecgtr,'.:1ag 

(SEQ ID Q:KPGQ {SEQ ID PERFS HHDPL 
NO: APVLV! ND.: ~1H5l GSNSG {SEQ ID 
rnn} "i /,SEQ N1ATL T NO: 

!:D NO: tS-RAAA llJ·1 7} 
Hl14j GDEAE 

YFC 
{SEOiD 
N:O~ 
WHi) 

FIG. 12 (continued) 
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l ,. ,., .. ,,,~,!=-.TL-.,~" ·,:r-1 ""_ .. ,,,_" :or_ •.f:t:"'-<"•-~'.- ~ .;:;_(L_:~ ._.. ~~~: • • ,:.• 

T\tSGGSlR:SYY L V:KPSE 

GGS!R:5 'NS•NlR V'{YTGG EYNPS-L ARGVS 1::,isggtgcagcl!JS::llgg:agtcg:g:gecca,Jga Q:VG!LQESGPGLV WGKG 
VY QPPGK T {SEQ ID KSRVllS .Z.LVSVD c:tggtg:a:;a,,;iectk:ggagacc..:t11kr,eka:e KPSETLSL TC:TV5 TTVTV 
{SEQ ID GLE'l'IIG MO: -W25) VDTSK 'fYY''(Y c:tgc~ctgt:ctc,ti;;:gtg:g::ctcc.atca,gmigtt-a G-G:SIRSYY':l'.'S'Wl 5.S 

T:L5LTC 
TVS 
{SEQ iD 
NO: 

NG: Y (SEQ NQfSl M:DV c,t<ltct:;;igagttgg,i;;l,.a::gge&gec<es::r,2gr.le! RQPPGKGLE'NlG (S:EQ lD 
1023}: 10 NC: NLSS\IT {SEQ ID @agg,adgga:~gattggG1al:gkfa!l:at VVVVTGGTEVNP NO: 

1024) 

F3!.NlSS\iTAA i :1Q22} 
DTAVYYC.Afil. 

AADT.AVIND: 
·yyc 10.2Ti 
(SEQ!D 
NO: 

(SEQID NO: 1026) 
W21} 

SYELTQ N!GSKS. VQ¼~lYQ YNFi:. DRPSGI QVV'.<DR: 
PPSVSV {SEQ HJ QKPGQ (:SEO ID· PERFS NIDPH 
APG::\T ~;JO: APVL'>/:: MO: W3.5) GSNSG {SEQ ID 
AIHCG ·HJ'.?e'3}: Y (SEQ NT.&.Tl T NG: 
GN 1D r,;m: 1:SRVEA W3l) 

SG::PERFSGSN {SEQ lD 1034) G[H:AD 
SG~,rfATLT!S:R'"' NO: \'YC. 
E4GDEADYYC ·1Q32i (SEO !D 
t:lVWDRNID NO: 

-W36) 

FIG. 12 (continued) 

a:ctgg:gg:g:cae.egagtacaatc,ceh:::cdrn. 3LKSR\/ll 3VDTS 1 Q3Dl 
agag!cg,&graatt.atatcagfu:gac:ac,~tc<::. KNQFSLNLSS\T 
i;,a~:aa:c-c.agttd-ccdg.aac·dgagdr.t.gt AADTt:i,\rVYCARG 
gaccg-tig-cggac.acgg ccgttta,tt;a-czjtg ':/S.4L\1SVD YYYV 
cgagagg,:;ig,tat,w;;,ctctt:;itttccgt:;i:gm,;;t ·'ft>rt:Di/'.tlGKGIT\{ 
a,cti.1:dac!.actacst:;i:gacgtctggggciaas TVSS {SEQ !D 
gg1i:acc,,1<;;ggtc:,:3ccg!c.tcck:agcgtc.g& NO: W2'2?; 
cca:,3:g,;ig,::-ccat-cggtct.:ecc c:,i::.tJil-CB:>:.cc 
tcdcca,agagcaccklgggg:g,:;a-cagcgg 
u:c:1gg,gdgcctgg!caa1;i:gsdactlc,ccc 
.-,aac: fSEQ !,D NO: H)W} 
lecta!gagd.g::;;:c.tc:a<;iu;ac:c1.::b:;;;ig!gh:;,"2 SYEL TQPPSVS\,' FGTGT 
gmgccct::lggaai.gacgg:ec.ata«ttacd .APGKTAIITCGGN EVTV:L 
gm,:;igggaaacaar.f:ittg:g:;;m,:;it:aaga,;;:!gt NlG5K5VQ-'NYQ (SEQ ID 
grngtggtatc-agcagaai;;:cc.acggcca,;;:gc Q:KPGQAPVLVf'f NO: 
ccr.tgtgtt:;i:gt>:a:tctattataa:tagggar.:cgg ··n,iRrnu:'sG:,:PER 104[Jl 
ccct~1;g,g,gatccc!g,a:g-cgattctctgg,ttr;c f SGSUSGN1 ATl 
aa:dctg:ggaata,:::gg-c-tac-r.ctgzu:,catca Tl:S.RVEAGDEA.IJ 
gcagg:gtcg:B.gg-ctggggatgagg,:cgact TVCQV':;VDRNIDP 
atta-ctg1-c.aggtgtgggata:ggaatattga!(: Hf G TG TEVT\il 
,:,crni:.t:cggaaci'!,lggin:c-;;;:agg!c.at►=>;,;t (SEQ m: NO.. 
,:,etaggtcagccca:3g,;1ccaB:i:::i::,e-ca,:!gtc ·1 Q39:} 
a-cti::tgtt:1xca(:-cclc;i:agtgag!j:ag,crt,:,al3l 
-g,~c,3:a,c;aa,gg,ecl3l:i::,2dgglgtgkt;;ata.2 
g~::;:;d!:c!ac:ecgggagccgti;;:acacgti;;:gc 
ct,;i,;i:a:-2,;;!:';;:eai;i<:1t;,;g,e<1geec,r;;gt,.;;aaggc 
gg,g:agtgg {SEQ ID NO: HBS'i 
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VY IQPPGK l{SEQ ID INPSLKSl,l!,DGDS 
/SEQ ID !l_E''-''::G NO: H}45l RVT!S\/ Et~FGY 
NO: •( t.S:t:.Q: DT A.KN HYG,MQ 
1043} 

SP:SSlS ID {SE.Q 
IDNO: 
1053) 

!DNO 
1044) Q\./"'·:.,.·::_RL· I\·'' {~_:;EQ TS\iTAA ID NO: 

DIA.V H}47} 
(5EQlD 
NO'. 
H:146) 

LA'NYQ DAS :SLQ:SG LQHND 
QKLGT f:5EQ ID \iPSRf:5 YPL T 
APKRU NO: ta55l GS-GSG (SEO ID 
'f (SEQ TEFTt T: NO: 
m NC: SSU?:!PE H'/.57} 
1054) DfAHY 

C{SEQ 
H)NO: 
WS6.i 

Cf'iggtgcagctgca;g{l'fli&ltcg:ggccc:0;9ga QVQLQ:ESGPGLL \~iGRG 
ctgdgallg1::,~tki;lgaga,ccdgtccdcac KPSEllSl TC1VS TT\/TV 
ctgcfld:qtdc~;;,gl.gg,ctcc.::dcagtaflati.f GGSISKYVV✓T'N,: 33 
!gdg:g,':lrctggalccggra1;;:ccccca-ggg,fl RQPP-GKTLENIG (SEQ lD 
ag,acl3.c.tggagtg:ga1tcggatmgtccaff.alg YVHYAF'::'l'G.ATN NO'. 
cctttmt~rt>;x;;g,;;rccacc-aat!ataacc ,::,~,tc YNPSL!<.:5:RVTISV t (l:5ffj 
cctcaagllgf:c-gag;(;.,'.;lCCa!:.atr.'i:igi~~c DTAKNQVSLRL T 
ac9-<;JJ;c::1aga:accag:gtck:cdtaggt>4l:lil S:VT.4.ADTAVYYC 
cctd,;;;tgm::cgcmcggacacgg,ccgttta;t! \/RA.DGDSEGFG 
m;tg'tgtgaga:;;:,cag.i,r-ggtJ.i:ctccg,':lgg,g YH Y GMDVWGRG 
gttcg:g-gtl>:ccada:cggi'.3:atg-g.i:.cgtctg:gg T"iVTVS.S. (SEQ 
gccgg@gfm::;ac:gg,!(;ia{:~;tctccic.a:!;l{: ::D NO'. 1{lc4S:1 
gtcg,a1:,c:1afm~cci::atcg,gt;Jiccs,::,clgg, 
c::.;;;c,i::::c:;:cctcc.iagzu;c acctct<;1-gggg,c~,:: 
a:g,cggc,cG1g:ggs:lg·::: dgg,!o,:;aa-gg:e:dac 
ttcc (SEQ 1:0 NO: f;}4i:JJ 
garatcr;13gatg-,3ce:c::B.-glct{:C:<i:!Cc:lr;rct rnal'>.HQSPSSLS FGG-GT 
gte:lgc::E8tc:lfiWfigagai::sg8gtt:::B:8.f::Btca A.SVG.D::'<:VTffCR KVEI'!; 
ctlgccggge:!l:@glcai;i-ggcflilgg.;aaa!.'g:!l: A.SOG!GNDLAVfY (SEQ lD 
cttm;ii::cli;rnta!wa;.a-gaaactaggg,3,._;a QQKLGTAPKRU NO: 
gcc,r::.cta:;;;;-gcgcdg:attl.atgat<;1cak,;agt YO·A.'5.SLQSGV,PS 10:50) 
ttgma0gtggggtf:,x:atcgagartc.ag·~:g RfSGS-GS.GTEfT 
c.agtgga:lctg,gg,ac1Jgt?attractrt:::a,raa L T!SS.lQPEDFAT 
tcag,rn,;c.c:t;ca:gcdgaa:ga.ttltgcaadt 'f\' C LQHNDYPL T 
a°ttBdgcctacaacatsat:;;a:ttm::,::ctc-i:i;;:a FGQGTK':/Eli'!: 
c-gtle-ggcca:!l:-ggg;acc::.;;;ag,gigg.al.'!at,._;a (SEQ lD NO: 
a.a,cgfac-ggt-ggctg,ca-:,~sat..:tg1:~li:cl.'!tctl ~ 0.59) 
cc;:;gcc-atd:gatg<1gf:',2gtt;;;ia,S:atctJgsa 
dgcdct;;:tlgtgtgc.ctgc.t,;;:aata<:lct!ctat. 
cc-r,ag,agagg,c:!:;razt:El:g!>~c.agtgga:El:ggtg 
ga:!B:a,i:,gc:;::d.ccaat;::ggfi:!,a:8ctc~:;:::agI/ 
aq:B f5EQ lD NO: 10.53) 

FIG. 12 (continued) 
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QSGAE IYA 
VK!<PG jSEG! ID IGLE.WV 
SS\lK\/S: ~J(s: GG· 
,-~,., •<;· 1•n•-~, V,{~JA,.;.;, t1-..-:tl-,.:-:, 

I.FG.,TANYA{)Rf l{·S· EQ., lD 
t2G:RVTrT ADES NQ: 
TSTTYMElSSL 1U6'.i!) 

(SEQ lD 
NO: 
W&4l 

.AR . .!;.ARL c;g:g9tg<::.agd;,Jg~ca2:tt:lg!l,ggctg.agg:! QVQL':/:GSGAEVK WGQG 
{SEQ ID lf(H-::i.RV '?"C'OA.Y ga.aga,agcdgggi{;:etcggtgm:1.ggkt,~cr. K:PG:S.SV:!<.\:'SC!(A TMVTV 
NO: W:!:,5) Ff ADE DI (SEQ· grnoa;SJg~ctc!gg:i1.g!clltt:,t!coagrnac1£it SGVWSNYA.!GW SS 

STSTTY ID NO: gc~kg.gdggg:l:g<::gllcagg<:::ccctggllc VRQAP:GQGLE'N (SEQ lD 
MElS&l tfl67): a.agggi;,1igg.i:tgg;gtg,gg13:ggg:ai:ect=i \:'GGILPIFGTAN'{ ~'1,0: 
RSDDT a!ttt!gg:t.acgg:ClH'lSCtacgcaci1g:1<ggtlt A:QRfQ:GRVTITl:, rn70) 
AV'r''iC ,::aggg~gggtca,i;;gatt:ac;;;g,cggacg:si.a DE5TS1TYMELS 
(SEQ !D !i::ca;:::gagccac:aaectacatg;g1:1gc~agt StRSDDTAVYYC 
NO: 3gr::c!:gagatcl:',;;acga[:acg,gc;;;g1ataitrl AR:A.A::'<:tYQQ.A,YD 
·i !J:65) ctgzjcg.agg,gcggcccgadttatcaacaf) !WGQGTMVTV:5:5 

gct..atgatstdgg;ggccaag;ggm:::.Httggt (SEQ :ID NO: 
,:accgtdctt;::8gc9lcg8cca8gg:i;iccrnt 1Qi3S) 
C',;!;gtcl:tccc.cc:1gg~ccctccfa;c.<@gl.ligc 
ar,ct.etg:gggg.-::scagcgg,;::;cctggg;8t,;icc 
!ggtca:;;.g1act'.:lcttccccga;1i.ccigtg.acg 
alctc ?SEO. !D NO: ·1Q6B) 

llJOlTQSPSSLSIMQLTQ QGlSSA Lll)eVYQ Dil.S SLOSG {).C:JFHS gcc'2itr,~:a.gttga,tcc2,gtctc,r.;stcc!>::cc:tg A.i'()l TQSPSSLS.A FGPGT 
ktgcatctg~':llgg,agi:!C01Jl1:gtcl1CC.atc-:si:e SVGDRVTffCRA ;;;;vrnK 
ttg~;egggca~tc;;,g,g:g•~atll3:gc0gt:gcttt S:QGISSAlAV>fVQ (SEC! lD 
3gl::l:!:gg,!m~g;c:agasae~gglgasc,;:i OKP:Gf.PP~tllSD t·m: 
ccta.a:gi:::tccta.atctctgat:;-iuif.:.1;:,'.:l:gt!l!J<:: ASSU:J5GVPSR.f l Cf'6:[l) 
aa::.'lgtggg,~t,:;,;c::.'ltca.sg~!ka,~cgg:eag SGSG:SGTDFH.Ti 
!:gg,i<tch~g;g.aca:Q:&-tt!mc te!ca,::,i::.a:t.:ag S Sl{JPED:f ATiY 
c;g:gcct.gcag,:;ctgaagaltrtgr,i.e1,cttsitt<1 CQQFHSYPLFTF 
ctgt,::aacagitl;::,3c.agttae:eddgtt~m:ttt GPGTK"/D!:K 
rg,gc,;1;:,tg.gga:c.:m1a,;;itg,;;:rua:tc::iaas::gt (SEO ,ID NO: 
ar:ggtggf.'.tQ;:Car.cl1k,t¢;::ttc:atcttc,:;,:;gi: 1 O 7S} 

5PSSlS {S-EG! ID QKPGE {SEO ID VPSRF5 YPLFT 
.ASVGD f<.'JO· PPKLLI NO: n'.175) GSGSG (~iEQ ID 
RVTHC 1073) S (SEQ TDfTLTI NO: 
RAS 

G· ip~,""f·"·1-,<:,. t-, I '···.~Ea·. i,,,. ,,_--,>, --•-:'\. ..::,-:,i~_"l· .,.;:;> ,i.,J 

SGTDfTt TISSl NO: 
QPEDFATYYCQ 01D72) 

!ONO: 
W74) 

SSL OPEi till?} 
D:fA.Tt'l 
C{SEQ 
!ONO: 
1076) 

c.a,1dg.atg.ag:e2,grtg112,atc~g:aactg;cc1 
ctgtt:i;;,!gt:g,ectg et.gaataa ctt.r,tat,:;,i:,ea:g 
agflggr;,;;aa:agta,::,':!Qtgga11gg,tgg,11to:1a 
cg;~1:,i:::kcaakgggt;;ad,i:;ei:::ag,i;iag,:,g! 
g1,;:acag,:2gc.ag;g.aca,Qcflag;gac:;;igca;; 
ctf:!e.l:lgc::::t.::&g,Ga,g<::.a,i;:,::dgac1Jctg,ag:e 
<1a.ag:e093ctsi.::,g.aga (SEQ ID NO:. 
Hl78) 

FIG. 12 (continued) 
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Esi;~ .. G• ,c.s.sc-}{ 
... ,,,-,~occ•••:'r .. ,·<' l'l1 '<fl-:,_,.,.E .1··=-_-·Er'< ·1:D \} ... v..:,. ·'~_:.n%-: ... :fL .i'l·..3 • 'I ~-...r ,::::. : .~.J ~ : · ·' 

TLSUC NO; 
svs 1!J83i 
{SEQ ID 

1()82) 

QSVLT S.SWGS. 
QFP-S.A MS 

S{3:S-SS~~:HJSNS SGTPG {SEC~ JD 
VMWYQ:f}LPGT QRVT!S MO: 
APKLUfSNNER COS.GS 10~ci3) 
PSGVPDRFSG..'5 fSEi.J !D 
KSGTSA.SLA.IS NO: 
GlQSEDEADYY l 092"} 

S{SEQ 
:::D NO: 
WB4l 

SHYTGR ISHNPSL ARLFGE wgt-tgc~gctgcag:gagtc!l:Q<;i!xc~ga GLQLQESGPGLV °'i''i°GLGT 
{SEQ ID !{SF{VT! LVGYQ ctgg'!B:&:ag:cc,ttcggl:l,!j-0Ccdgt,x:,i:-:katti. KPSETLS.UC:51/5 MVTVS 

NO: rnB5) SVDTSK AfD:f gcagtgtd,:lg:gtgai,ctcca:t!l:agdgfa,,;;,t::i GD.SMSCS.SCYW S {SEQ 
RQl.SLR {SEQ ID gtt,;;,ct'.:.lei.ggggd,;;,g<'lti.:cgi.:::::;,igcccc,;."1 GVhRQPPGKGlE :D NO: 
LSSV'TA NO: gg,,;;,aaggggc-!ggaai,tau,ttgggagttccc YIGSS:HYTGRTS 10-ef.lj 
ADTAVY ·lG87; attatadggg:cgcacdccc.;:caac.ccgtct HNP:SlK:'iR•:/T1SV 
'iC ctcaamxgtcg:agtca:c-cattt<.::.cgtlgacat. D TS.KFI, QlSLRLS 
(SEQ lD gtccaag,ai,g:gcagdctecc~;:.aggctgi.'i:g,c S\/T,.!i..,t_DT,t_'/YYC 
NO: !c.tgtg:accgc,cgc.agatacggctg,!lltaf-,ac A.RLFGElVG'lQA. 
"HJ$Ei) !gt:g,c,;;,aga,~tgttcggg:y,aart.'.:.lgtigglfatc f DfVi GLG TMVT 

agg,cttttga!t:1:1.::ctgggg!,.:;!agg!,:;aCMtg~t vss (SEQ lD NO: 
,:;,;J:c cgtctr.ttcagc:i;itcgllc:r.aagg:!,lcc1: . .;;! 10:8fJ:} 
~gtctlccc,:;ctg::;1caccctcct,:;c.aag:agc 
&:ectctfJ:gg,,;;;g,cae~-ge:,gg,ccctgggctgcc 
lggtcaag,,;;,act:ar.ttc:eccg,;J:ll;;:,ct:g~ga 
fSECl !D NQ: "1:GM-l 

':,!N'/fYQ SNN ERPSG J.AWDD 
QlPGT {SEQ ID VPDR.f SlDGY 
APKLLIF NO:. W95) SGS:KS V (SEQ 

c.agktg!gdg:adcagec.acc-cka:gc:g:!cl. QSVL TQPPSASG FGSGT 
gg:g:&cccccgggr.Rgagggtc:;;u,ca!.ctctt TPGQR\:'TlSCSG KVTVl 
gttdg-ga:a~cag,;,1tc&acatc-gg:aag:taa~ SSSN!GSN:S':/f:.fi;iV (SEQ lD 
!c,tgtt:&actg:gfaccagcai;;..:tcccaggaac YQ-QlPGT APKLU NO: 
gg,,:;:er,ccaJJ:adce:tcB:ictt!sgtaa:!:aa:!ga fSNMERP.s.,::r,:iPD ~ ·1 !:l(lj 
g,:;ggi.::,cr;tc,;J:gggglcc,:::!gac:cgattc!c!:g R:fSGSKSGTSAS 
gd:cca,;J:gtctggcacct;::&g,cct;;,:;:d•;ficc LA!iS.GLQSEDEA. 
lrt:::&g!gg,13:,:;tccagt,;tg:aggatg,13:gg-c1::;lfl DYYCAA'.WDDSL 
!:tacta-ctgt',Jca:;;:;,..:.atg,g-ga:tgJJ:cagcctgg DGYVf GSGTl(VT 
ai,;nti~t~t.-::tlcg!~a-agh;;ig:i;1aeca:t:iggk VL (SEQ ID NO:: 
a:e1YJtcctaggkagccca:agg:eeJJ:accu.: ·H}99'} 

(SEQ !:D GTSASl ID NO: 
~-,JO: AJS{3L:{J. tlJ97) 
1(}-84) SEDEA 

DVYC: 
(SEQ lD 
NO: 
1,0§6) 

FIG. 12 (continued) 

a:<::l;;itc,ac:t~lgtlcc.cgc c,::tcgagtgaggag 
dll::m2g,ccaac:a,2ggccac:adggt;tgtd 
.:ataagiga[:ttda:e:ecggga:g:e!::gtg,JJ:ca: 
gt:g<;;icc:ti,igaa,;,lg•::;:;:g,,ta-,;;rca-gc,::ccgtc 
a;ao:;:g !SEO. ID NO: 10=%) 
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V\lQP:f:JRSLRLS ESGGG '{G 
C.PtAS:G:FTFSSY \:,\lQPG {5E:Q fD 
GiHVllARRVPGK RSLRLS NO: 
GLEV'l'./ti.USYD CAAS 1103} 
G''f'NK'{"t,ti..DSVK {SEQ, lD 
G:RFHSRDNS:RN NO: 
RVDLQMNSLRA 11 D2l 

QS\'.'LT 
OPPSA 
SGTPG 
OTVPlS 

TAPKLUYSDRO CSGS 
RPSE":iPGRFSG {,SEQ lD 
SKSGTS.ASLRi::S NO: 
GLQSDDEGDY 1'1 11) 

S5t~:'VG 
SHP 
{SEG!ID 
MO: 
1H3) 

!SYDGYN YYADS AKJFSW caggtgcag-ct,~,gtgb«:ig:iciggg,ggi.i:ggc QVQLVESGGGV 
RVPGK !{ (SEQ ID VKBRfll QQLG'Y gt<;!gtccagcdg,;;;ga~gtcu;;tg:sig:addc \/'G!PGRSUlLSCA 
GlE~*/V NO: ·11£l5.l SRDNS YYYAM c1g~cgcgccidg,g~1tt,~m:::c.ttca¢!cr.-i:.at{; ASG,:- ffSSYGC::H SS 
A.l {SEQ RNFl,VO DV g;::.at:;.c,:]l,;tg:g,;;ir;c;::{!co;mgtt1.::.rng{l,Caa ·w.A.RRVPGKGLE (SEQ !D 
!D NO: lQMNS {SEQ ID gg,,;;a,:;tg{l,ag1gg:g,iggc:ac.ttatakatatg ·~:v·:/AUS''1DG'i'Nr( NO: 
1 H}4) LRAED,ti.. NO: a~,:;ia:ta:fam:l,,ia,':ltattatg,~gacti.:cgtga YYADSVKGRFHS 1,110) 

AVY'fC 11Q7} agb,gccgatrcalcaidcc.ag<1{;ztcaactc:c RDNSRNRVDlQ 
i,SEQ ID aggaacagagttglllcig1.::a:;ro;1:gaac1.s:gc:c MNSLRAEDAA\'Y 
NO: b;!a~-,i;~dg:o1ggacgr;:cggdgtgfaitadgi YC.A.Klf:S'A'O:,)LD 
11:GE:-) f,,1{';g;;u,aatcrttlctt;;,igcag,e,;'3:gr..tcg,;;..d,'.:lC YYYY.AiMU:{WGQ 

t.':ltt!ittacg,cta!g:g:1.s;;;gtct;,iggg,c~f!ag:g,f,l GTTVT'/SS (SEC! 
accacggkaccgkkdcagcgkg;;..,;,,::1.s m NC·: 1 lG'fi) 
agggcccareggtic.ttcr.1:e,c1ggc,2ccdcc! 
ccaag<1,g:cm;~.ktijggggc<'!c,'.:l,,;;q;;,g:cu; 
t.g1,l;r,tgcdg;;itcaS1g-g,acfadki::cq,,':la 

VH\>'\'YQ SOR QRPSE .AJ,;lfiDD 
CllPGT {SEQ ID ':{P>::3Rf SlDGV 
APKLU NO: 1 ·1 ·15) SGSKS V (SEQ 
't {SEO GTSASl ID NO: 
ID NO: R:ISGLQ H 17} 
11'14) SD-DEG 

DYYC 
(SEQ !D 
NO: 
·J1h3) 

fSEO !D MO: 1 -W3} 
r..a:gtctglg;::tgacgr..agccaccctcggr.,gtc QSVL Tl)PPSASG FGGGT 
t',l:g:;,ia,cccc~ggcc@ga:r:ggtcccc,':ltJ:::tc!:t TPGOTVP!SCSG KLTVL 
gttc,tgg<?i,agcagttcca,2,;;gtc,;rn-aagtcat .SSSNVGSHPVH (SEO !D 
c,ctg!:t'!J::actggtaccagc,a@d:cc@gg@a \"iYQO'!. PG TAPKt NO: 
,::g.gcccc,rnaact,:::etcatt!i:!3tagtg:a:t,;;,;itc, !.JYSD:RQRPSEV 1121'.l) 
ag-cgcccdcf!g~:gk1:dgg,:;:!:'.gail:dt,t P'.GRFSGSKSGTS 
ggct~c;aa;;itc!ggcf!ectca:g,cc.tccc.tQa,:;i .A:SLRi,SGLQSDD 
S1atcagtgggct:r:1:,agtctg,a:r;g;atga:gg~itg EGDVYCAA)N.OD 
S1!iB:tliatsgigcagc@igggscgi\l-ca,:;ie.c~g SL.D-GVVFGGGTK 
S1!QgBgsggtcth:::-,i,gcgggg:g:ga,c,i:a,aact L T<iL {SH) m 
ga-ccgtcc:!13:g,gtcagcccaaggctgcccec ND: t ·1 1 §) 
kggkacktg-ttc~cccfogii:!:gtg:::--;:g,g,13.-g 
1::,ttcmJig,ccaaes;ag;;iec:,1.1cactggtg:!:gtct 
cataagtgscttcra,:ccm,igagccgtgacB 
gtft:;ic dggsaggca:gatagcag,::e-ccgI-c 
i:3ag (SEQ lD NO: H'Hl:-
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SASi\l(3,DR\llflT 
CQASQDl:S,NYf 
WNYQQKPGKJ!. 
PKLLIFDTSKLE 

ARDHD gag,g!go:i:gi::tg:gtgg::,gtr;g,gggggagac EVQLV:ESGGDLV ',NG()G 
SW Q~PGK K {SH) ID VRGRF YGDVR tl:ag,~tcagr;cg{}gggggtci::z:!gagactctt: QPGGSLRLSCAG H~~VT'i 
{SEQ ID GlV'l'l\J' NO: 1:125) T::SRDN GNA.YD! ctgjgt:::B•ggctc!gg8rtcacct.trag!;::ig:tt;;:c SGFTFS:SSlfl:MH SS 
NO: SR TRNTLY (SEQ ID tg,,1B:!g:cac!g;;,igt,:;;cg:cc.aa1,Jct,:>::ag,;:ig<1 'l·NRQAPGKGL\l (SEQ m 
1123) (SEQ lD lHMSSL NO: ::l>J-,;:QQd§g!,;:it•m.1gi(:!:cae:gtatt@llt81{lt1 '~\'\fSRINSGGNFK NO 

NO: RHEDT 11:27) 9%]:9:g.aafflcaa8a:,m,t&cgcggackcgtg K'YADS\:'RG:RFT!: 'l 13;0) 
112:4) AL"{YC agg,gg,c;;;gattzatc::i:tttee.agag.a,c:s;a,c SRDNTP,:NTlYlH 

(SEQ ID ac.:::a,ggaric.auzt:s;talctgwtatgagza MSiSlRHEDTM .. V 
NO.: glclf,1'.!:gai;;i:l:C>JB:Q',l:<IC.:l.qJgct~m<1!J:a.:t '{CARDliDY GDY 
'l ·1 Ze·) g!gca:;:3g@9atcasgadB:>c,;J:gt-J;J1:E1l3:C8-,l: RGN.AYDriVGQ-G 

@>J-,;:QB:argcgl;atgatat,z(ggggcw,agg TMVT\:'5S (SEQ 
g.aca.atggtc:.accgktcticagcgtc,Ja:trn !D NO : 1129} 
i:!g,g,gzc~.filc;;igtcttci.:ccct1J<;1Caccdi.:cl 
c.c:1,.13,ga,gcae,dctggg,gg,t.;:.,.r;ag cg,gcze. 
tgggdg,:dggtea&g,,;;;:o:1,ztactkc·~c,g.0a 
cdqtq {SEO !:D NO: 1128} 

rn,JMTCI IGiDISNY I FNV:fYQ IDTS {SEQI KLETGV IOQLDS Qa:t:@tcc.agatg.accc@gt;t-ccatcct..:c,cl: DlQMTQSPSSLS FGGGT 
,;it,;tgcalctgtgg,;iagai;.ag;agtc,'.:lcca;tcH A:S\/GDRV'T!TCQ !'-:VE::K 
c.ttg,c~.l.1g;JCg,agte2,ggac.fitt..'.3>;!C,aacmt A:SQDISNYfNVVY (SEQ m 
t!caa~ggtarea,gcagm1.iec.;:igggai1:ag QQKPGKAPKLUF NO: 
c.c;,:;ciaoJ:g ctcdaatcttcgararntcwagtt D TS KlETGVP SR H4Ci) 
i;ig.aaa:Ci3.gm;mtco::!:'it~ag,gttwgtgg@ FSGROSGTDVTf 
.ag.acaa!c~g!;i:l1Ca:gat!afactttc&c,:,a!c TISSLQPEDlAT'l 
.agc@gc,rctg..:,'.:lgc,c!g.a&g,1<taitge::,,3ac..at FC QQLDS:FGGG 
.arti:dgk;:.g,e2gdtg:atagtttcggcgg:«gg TK\/E!K (SEQ, !D 
ga-c,caa,ggt:;igalJ;a1ca.a&zgta<.:1igtiJ:g::'l NO: ·l B':il 
gc0:ee.at:::tgtcttcgt.:ttcccgcc1,tr.:tg;atg 
ag-c:agttg,0.aatc.~gaa,dgcc!ctgftgt.gl9 

ectgetgoo:laB,c:tctatccc81{la~a,~ig,~cli 
at'!~:ra,::sg!ggat'!g:1;;;1Q1,~ail!::acQi::,~etcc@ 
.akg,g;ghiackccsgg~g:agto;ttsca:Q:t'!g 

5:P:S. ·-SL. 5 l(SEQ ID 1G1·KP. GK l![l: NG.·,: 
AS/GD NO: APKU.lf 1 BS} 
RVTffC: l·t 1:13} 

1'132} 

(SEQ1D 
NO: 
1-naii 

PSFt; l{:SEQ ID 
GfH}-:,G NO. 
TDYTFT 1137) 
!SSlQP 
ECHATY 
FC: 
\SEQ lD 
NO: 
'l·135) 
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E'5GPG INi:YY 
T':/SGf,5 .. iSNNIY IL. VKPSE ·_(SEQ ID 
'tWTit{IRQPPG TLSl TC NO: 

{SEQ lD 
NO: 
H42l 

Vi43) 

Q.PPGK l{SEQ ID 
GLE'l{IG NO: 1145) 
S(SEQ 
H}NO: 
1·144) 

KSRVT! GTGPE 
SVD·TSK ''t/G[r":l':lf 
NQ:FSLKD:P 
LR5'/TA. {SEQ ID 
ADTAVY N-0: 
YG 1147} 
fSEQlD 
NO: 
H4E<l 

E!VMTOSPATL IEl\:'MTO os':/S.S. LA.wvo ,DAS TRATG,, •oct{~•ts . 
-~=••.-•·<;>:nGERAT•lQ ,.,.p_,q--•• ·•' M ,<;;,cc, . .n.;.,;.p;-a- i·QEC· ID p-••RF·~, .,,-,nr<+ .• .,,, ._.,;r~_,,,r•,.:.,. ~ ,, 7_,, .. _-., ,-; , ~,.:.,. !'1" ~.,-~·:i::.•~ ~-·"'· ._""II:· ~.,._.• •~ ,,._,,,,. ._. ·,~~r.-"Ti:.:, 

. liSPGE ID NO: APRLU NCL ~ 15;5) G-5GSG T {SEQ 
RATLSC 1153) "i (SEQ TEFTLT:• ID NO: 
RAS m NO: S5L!JSE 11 SI; 
{SEQ lD cll54) D:fAV'{'{ 
NO: 
1152) 

C:{SEQ 
i:DNO: 
HSE<i 

.:ag<.::tgca11ctgca~:a",;!t.:gggcceagga 
dggty-aagc.cttcg,ga,;;;:accctgtcccti.::a-c KP5ETL5L TCT\fS HVTV 
dgcaclgtct-c~gtgi;;,ct,:catcag.c,,m,tfj.a GGSISNN:"'fYVH SS 
lzifflacfacig-gacdgg<1tccgcc2:gccc.cc 'N,:RQPPGKGlE (SEQ HJ 
agg-gaaggg,;ictgg~•;it-g,;iattgg,;;agtatc 'fnGSIYYSGNr1tY NO: 
!.attat;ag,!:gg,gaacat:ctacte;.::.a1w::r.cgfa::.c Nf'SLKS:R\,·'Ti:SVD 11 ~,O) 
dc:aag•a:gtcg.a;gt;;:m::c_:;_,ta!ccgtag.aca T5KNQfSLKLRS 
cgl,;c.aag.aacc.iattck.c,:lg.aagctg,::ig VT.A.::'\D T AVYY CA 
g~tgtg.accg:ecgcagJir.sc-;;;:gctgtgt.1'tt RHRVGTGPEVG 
adgtg,:::g<1ga>.:..ata,;,i9gt9,;r1;;,>.:8ctgg-c>.:c D'l/FDP'NG{JGTL 
c-gzm.gtt-gggg,3;:;t,;igttcga:cccc:t,;ig£m,€ '-/TVSS (SEQ HJ 
c:aggg,2~1;;:,cctggtc:a:ccgti::tc:cte~cgu; NO: ·i 14£!} 
g;;rcca<'!:gggcc,::;i;iicg•gkttcccec!ggca 
ccdcctcca0,gagc~c ctclggg<;mc<1:tag 
cggcc c~gg,dgc,ctggfoa:,3gg.actadk 
cc;;g;3:acctg!ga~:>Jg!etcglgg {SE:::) HJ 
NO: ·t14~SJ 
g;;.:0,'3!t@.-gig.a:tg.acge . .igktcca:gct,:'tccc. EI\/MTQSPATLSV FG-Oi3T 
lgtcigt.gictccaf_K!:gg.a:aa,;i.agccactx:l:c SPGERATlSCRA KVEH( 
l:c.ct-gc<1gggcc,agtca:gagtgttagcagc:a SQSVSSNlA\NY /,SE,Q !D 
a:c:H:a-gcct-ggtmx:ag:c:ag:aasc:c:lgg~:ea Q-0:!<..PGQAPRLU NO: 
g',!dcee•a,;n;ic:tectiatcmti;.mtgc.::i~c~~c YDAST,i'tA. TGiPA ·i 1§0) 
,:.agg.ycc.a:ctg-gta!cccoo,cc.aggl:tc.ag1 Rf 5GSGSG TEFT 
g-9ca9.fgg:;;;ktgggac,.:,9,:.gtlc.id:::..kat: LTISSL QSEDF AV 
catc1:.1gca-gcctgi::;a.gtctg.3ag1:.1-tt:!t.gcs.<;:,t YY CQQYNS WPP 
tta,ttacsgtc13gc.agt,3taata:-,ictggc,::tcc ~ M YTF GQG-Tl'{VE! 
at;;:ta,:::actf:ttg,;_Kca,;igggaccf!a•g:g!:g:g,;1 K (SEQ i'D NO: 
ga,tm.a~cgta!::Qgtgg1;;:.tgcaccaktgtett 1 ·15-9) 
calcttccc:g,ccmct,;;,atgag•cag-tty,;;,a<1:i;; 
lgfi}B.act.gci::tctgttgtg!gi::dgctg,13att3~1: 
tt:c:!.atc«1:.1g,13g&g,g{xaa.a:g!.a,cagti;;,g,a 
~§1!,ltg,;ia!s.a.:::gccdccaateflggtaa:i::k 
(SEQ !D NO: 1·158:} 
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\/QF'GGSLRLSC I SGGGL 
A,.~SGfTfSDYA VQ:PGG 
,..,,.,.,~,···..'RC:·t,prc•v c,, •R' c:;0 Hi;...::,.,f,:, ~d:n -.._,~.;-~. ~.);L, -:,_ . .,_.,,;._,,, 

.,-.,-. cc~•.,o.,• ,, ""' ', H/ I ;',:''EC.' ,,.... 
(:.~L~:~.:.~.:: :l L;.;....:L'~.·~-~.•.r~, t:..:_;i; .. •"'.·. lL·t" 
GRFTISRDNSQ NO: 
NTLYLQMISLRA 1162) 

GfTFSD MS\:VVR lSGRGDS YYADS 
Y,4. OA.PGK T {SEQ !D VKG::'<::f 
{SEQ ID GLE'~VV NO: H65) T:,:SRDM 
NO: sG soNTLYl·1rnr; 
·l 163} €,SEQ lD l0Mt:3L 

NO: RA.EDT 
1lM) AEYYC 

€,SEO lD 
NO: 
l1fi6l 

rnQMTQIODISNY ILNWYQ ID.AS NLDTG IOQFDK 
5F5SlS l{SEQ ID 
A5VGD NO: 
RVTffC 'H73} 
OAS 

Tl~·•=<,·;:;,Fc-r,~Gl<~·E'-.. l[' 

.

~';;,r·-~::r. -~~-~ . ..,.·. \.~'. .'-...i: ,: 

SGTDfTfTlSSL NO: 
OPEOF.ATYYCO J ·1 Tl) 

Q!{SG¥ 
APKLU 
'l (SEQ 
!OMO: 
1H4i 

{SEQ 10 IVPSRF.S FP\/H 
NO: 1·175) GSGSG /SEQ ID 

TDFTFT t,lO: 
15:SLQP ·11rn 
EOFATY 
'·{C: 
\SEO lO 
NO: 
l11ffl 

FIG. 12 (continued) 

ga{;,g1-g€::!i-gcttjt!g~ll3:QMg-gg-gg~:,Ji:lt E.VQLLESGGGlV 'f/GDG 
ggte;,:-13gr;ctgg,ggggtf::lcdgi3g-13.ckkct QPGGSLRLSCA.A TLVTV 
gtgca:gc.ctctgg:a!ksccttt,::igtg:t3cistgr SGfTFSDVAM:S SS 
c:atg:agc!gggtcc:g·cc:@ggctl'%:ag:g,gaa '•'iVRQAPGKGLE (SEQ lD 
ggggctggagtm;;,gtctc09grartagig:gti: 'iJ\i'SGlSGRGDST NO: 
g!:gg!:g:B.t8g:WC$tiatla!gcs:1{!8idc~tg YY,ll;.DSVKGRFTl ·~ 170i 
<11a<;;;:ggr:cggtl:tt1.CC:Bt,:tcc.agz.gac0:art SRDWSQnTt '{LQ 
c:r:cz.g•a8cz.,cg·ctgt8ktgc.a0z.igmca:g MISLRAEDTAEY 
c:r:tgagag,:cg:1!{!:1;!«1:Ci.l:q;,J,;icc,;;iamati:a: \(C.AKDHRGV"/GQ 
c1gl)gcg,aaagatc:ata:g~ggc:tg:gg.gc;;:.a:g GTlVTVSS (SEQ 
gg,aa1:;cctggkaccgfctcctcagcci.ccac. ,D NO: 1 ·t69'} 
c:aagi;H:iccc:atcggtctlccc!::ctg,g;caccct 
c,r.tccaag,&g,ci.ii,;;:,ctct&m&igg,cacag,cgg 
c,cct,:i,::i (SEQ ID NO: H5:Jil) 
gac:atcc:agatg:a1:;c:ca:gt:tcca:kctcccl DjQ!',,HQSPSSLS FGQ:GT 
gtcl)gca!c:tgraggai;iac::.gagtc13:c,c.:&tca ASVGDRVT!TCQ KVE!!{ 
ct!gccaggcgagtrnggaci.,thag:wactat ASQDISNYLNWY (SEQ lD 
ttai.,att;;iQ1fatca~cag,a:&at,.:;aggQ1aa:ag QQKSGKAPKLU NO: 
cccdaag,dcd:g:a!cl:acg;atg@tc::cl3:am YDA.SNLDTGVPS 'l ·1 !HJ) 
gg•l3:laca,;;i,g,;;i,glccc:ateru3g!;;ittc;agtggl3: RfS:GSG:SGTDfT 
1?jgtgg:atct,g,;;igaca,;;iairttact!lcaccatca fTl3:SLQPEDFA T 
gcagcc\gca:i;:;,c dga13:gattttgcaa.c13:!srt YY CQ{)FOKFP'# 
<11ctg,tca.a.;;:<11,~tt!gataaatlcc>::'tt,g,;;ia,::,;;it! TfGQ:GTKVEIK 
,:,;gcca8>;JQgacca,t'l:ggtgga.f3a'i.ca:aac (SEQ lD NCl 
gaactg1::;:g,ctgcaccatc~tcttrn.tcttct:c 1: l 79 j 
gcc.atctga!ga,;ic ~gttga,~atctggaadg 
c:ctct;J,ttgtgt,gr:d.gctg<'>ats('4i:::t fSEQ 
!D ND: :: ·J?8l 
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~.,J_ : .'·.,;·,,f_ 'i-:,i . ._...;i_.,j:_~.~:._~ ~ ,!L"'"l"' IC--~-,,:;-~· 
ESGPG ST'{\'' 
U/KPSE {SEQ ID 

NO: 
·f '~83} 

'J'/GlN!R LYYSGST DfNPSl A:R:HAK 
QPPGK (SEQ ID ~;S:R\.lTI APO.Sf 
GLEWIG NO: ·1165! SVDTS GGAEY 
S (SEQ NNRVS FDY 
:::D NO: U<.U',:5'\.!' {SEQ ID 
Ufi4) TAADTA NO: 

VYYC ·11i:ffl 
(SEQ lD 
NO: 
::ff:6) 

Q-S\tSS lAV.J'·{!J [:!"AS TRA TG· Q{}Yt·lE 
N (SEQ ORPGQ {SEQ ID VPARfS \-VPPMY 

,_PGE · IID··N(): .,..·_.PRLL. ! ~JO: t·lSSJ GS.GSG T. {?:...".:ECi 
TLSC ·fl§3) V (SEQ TEFTLT! ID NO: 

.. S ,::D NO: SS::..Q:SE HS:7} 
11 ·94) Df A\/YY 

C{SEQ 
!:DNO: 
1%'6.l 
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Cl?iQct~1cagc:!gcagg.agtcgggcccagg:;a OLOLQESGPGLV WGOG 
ctggtg:aa:-;;;,cdtcggagacc.,::t-;;;,t(:cdi::i3,c KPSETLSL TC:SV TLV:,VS 
ctgctct.gtctctgg,tggc1cc,:itcag~.3ge13,gt SGGS:iSSSTYYW S iSEQ 
a,r;ltacractggggctgg,;:itcr.gcc.agr;cc-cr. G'N::RQF'PGKGLE ::D NO: 
agggaagg,;;gctg,;;agtggav,g,;ig<igkk 11\l',:GSl'i'iSGST:D ·l 19(ll 
!ci!ctat1lgtgggag,caccg8cttca&cc.cgtc FNPSLKSR'VT::SV 
cd;;:,::i:aga:gtcga:Q:tcaccatatccgrogac DTSNNRVSU(L:R 
!3CQtC.t>2f!t,:aaccg:ggtc:!ccc1:gm,;',jCtQ:a SVT AAD TAV'(YC 
gg'1:ctg:tg:!l:CC>JCC>JCa,;ia1;3:,:,;.gdg~:!8tt ARl:·{4.K.t,PDSFGG 
adgtg,cgag1K.<1cg,:::ga:a:a1,1caccc1,1at! .AEYfDY'l'IG:QGT 
cgltrggsH!:98&fdgagtacffi:ga,daczjgg l\llVSS :[SEQ ID 
gcc:a:9ggaaec,ctggtcatcgtctc,:tc,1lg-cc NO: 1 HJ~} 
tccaccaaggg,cccatc:;;,gktlccc:cctgg,c 
~c !SEQ lD NO; 1 :{5-fi} 
g:,n,,':!ta,;ig:iitgac.gc.;,igkkrngccaccc Er':/MTQSPATLS.':/ FGQ:GT 
tgtct!_ltgtctccaggggafi!gg;ag,:,~,::,;::ct.: SPGEGATLSCRA. KLEIK 
t..:,ct-;cag.;;igcca;!l~2g,':!gtgtll?igcagca S(JS\!'SSNL.A'i':fY (SEQ !:D 
ad:tag,,:rtggta!cagcagagacct:§g,:::ca QQ-RPGClAPRlU N:O: 
gg{.:tccc.aggctc,:!catctatga:tgcaict.ac YDASTR.ATG\!PA. 1: 2DCQ 
caggg,e:cac'tgg:i:gtc,:;c,:..gccaggttc:agt RfS.GSG.S.GTETT 
ggco1g,igg.gtr;tg@acagagtt,:;3ckk&e L TlSSlQSEDFA '-/ 
c:alc:agcagcctg,cagtctg.aag,':!ttttg,::;.&:g:t YYCQQYNE~.'PP· 
lfaitf~':!e!gtc,agc;,igiai...:::i:atga:gtggcctcd M YTfGQG TKLEI 
at¢,2cacttttggc;;a;gggg,:e:..:cl?iagctg;g:3 K (SEQ ID NO: 
gstcaascglJ:actgtggctgcarcaktgtctl ·i 1%) 
~atcttcc i:,;c i::a:tct1,1aigagi:agttgaaat~ 
tggaac:tgc:r;tc:!gtl:g~g:!:gectgctg8 
(SEO m NG: 1 ·rns:i 
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{SEQ le} 

KGRFHSRJJNS I NO: 
KNMlYLQMNSL 12D2} 

1203} 

QA:OGK. [HVlEP 
c.•lc:,.M,, 1·~. •ln• •. ,.!l,:;;' IT'_·<:>e:>r,.~. < lr,•70.•:ru ~;j: :c.·~·, 11 Hf.._J. :~"'-; •,_i;! ,:...:c:"'1.L~:.~ ·...:c: :o~.;.1 

AV SKNMl '{YYGL 
{SEQ ![} 'iLQ!MN av 
~io: 
·12'114) 

s.~t..R_ \./E .. D- l{s_Eo ID 
TAVYYCNO: 
(SEQ lD l:207} 
NO: 
12:C\6) 

rnG!M:TolosisTw LAWYQ KAS {SEC,i SLKSGV aoYYT 
SP:STlS {SEQ ID QKPGK !D NCl PSR:FS NSRM 

{SEQ le} 

IS:SINO: 
vc , ·1 -~ ·:n_. 1 ,_.. :i ......_ :~ ,._ J 

NO: .A.PNLU 121:5} GSGSG (SE:l ID 
1213:} Y (S:EQ TDflt Tl NO: 

':D NO: SSLQP 121 Tl 
1214) DDFATY 

Y·C 
(5EQlD 
NO: 
12Hi) 

FIG. 12 (continued) 

csggtgct1gctg,gtgg&gictgggggsggc QVQL VESGGGV \i'i'GQG 
gtgg,kwgc-ctggga,;_i:gkcctg.agac:tctc VQPG,RSL:RLSCA TTVTV 
ctg~ra;gcctrtg,g<1'!tcagffl:r.agt!l=atia:tg ASGF SfSN'i'GI H SS 
gcataca.:'tgg:jJ,!t:e>Jt.caggd,~cia,Jgca 'N\i'RQAi.JGKOLE (SEQ ID 
:3gggg-dggagtgg:gtgg1::.:3gtl::iltafa::;;;;i:,2 WVA 'i-/::SHT GSNK N:0: 
ca:etgga:agtaata:3at;;;;tlalQ-Ca:{;,actccgt 'iYA.DS\tKGRFTl ·12·10) 
gs31;;gg!;c.c,;-allca:cca:tct«l'l!QB:QB:caa! SRDNSKNMLYLQ 
k:i:::2:aga:a~tg,ttg,raktgcaa:a1,;asca:g M MSLRVEDTA\iY 
ce1gagagtlgsgg.a.cscggctgtgra~:actg YCATLGGD!:VLEP 
Igcg,acactgg:i,;;,~gi;:,ga:cat!gttctaga:ac GTRSD.'t'fVGLDV 
c:fl:ggt.2da:g:9tr;:gg.acfactacfucggtltgg 'llGQ-GTTVTVSS 
acgtr;:tg:gg:gr.caagg::gaccacggt,::acc,g (SEQ ID NO: 
!e:tedcag,c.,tccc,;::gac-ea;;_icc,;::cciaggtc ·12o~ll 
I iSEQ ID NO: tzo,a} 
gacflkca:gai1;;,acccagkkc:ttcc:acc.d D!Qf:,,!TQ:SPSTL:S FGQ·GT 
gicngcJJ:!dg\B:ggg:gacflg:agtcaccatf.: ASVGDRVT!TCR: ~:VE::K 
3.ctlgt:cgggi:,:::aglca,;agtartagtac.tf:g, ASQ.:S:!SH'VLAVofY PEQ U 
gitggcctggt.3t@ge13,g13,;;m::;:wgggioaa QQKPGKAPNLl! N,O: 
gcccct-ll•acctcr.tg:at::;:tata.3ggc.gtcce3gt YKA.SSLKSG'iPS :: 220) 
lfa1a-2\\Hsgi{;,gggh::ccat1:.acg,lttca:g,c,Jg RFSGSGSGTDfT 
ca:gtggatc,t{;,gg:acagf:i1.:,ttca:et.:'teacca LTl:S:SlQPDDF.f!..T 
h::ag•ca:g.:,r.tgr.;:i;gcc·!gatga:1:tt"4•ca&ctl YYCOG!YYTMSR 
3~.actgcc::aacaatalra!B,d.l:laltctaggfll M f Gi~GTKVElK 
gitcgg,ccat1gggacc,aa,;g1g,gasatraa (SEQ lD NO: 
acgaa:ctgt@dg-cscca.tdgtc:Hca1ctlc 121 Sj 
c-cgc-c.atrt{;,atgag-ca:gt~.a.3.at.:tgg:m.~r. 
!gr.:etttgi:tgtgtg:cctgct-gaafaacttct;:itr 
c;;:,2g,2gaggci;:a:aagtacagtggaa,,;igtog 
gamacg,r.,~1:1f.:.caatcgggt:a.a1:1cc{;@gg 
:3g,agtg!r:;;,f.:,2gagc:3g {SEO :D NO: 
12'18} 
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QAPGK 
R:LE'lifV NO: 121:5) T::SRDN SGRAA 

YMS':;VlROAPG SY AKKSLY .A:fDl 
K""lEl••n.<;;;·, ·«::.<: l"'A.· ·'-". 1•·,-:,-:>:; ~ :11t':..-Jr~._.._,. -.... .... .,,.,,. ... ..;,--, ~ ......... .J;. 

SGDNTl Y.tl.DSM {SEO lD 
RGRfT:SRDN.A. NO: 

(SEO !D LOLSSl (SEQ ID 
NO: RAEDT N{): 
·i 224) A\/:fYC l227} 

(SEQ HJ 12:22): 

rnvMTa lc6tLHS LEWY\i' 
<':P'!."-'•: p ._,,~·,s:o:n.,· n,<,•·p•<""'n 
hot> , ...;:.:"- :Pt·-:.3· t ,,~ f ·,;..;,::F',; .._~ 

{SEQ ID SPQLU 
NO: Y (S:EQ 
·t 22i3): i::D NO: 

·1234'i 

NO: 
·,:226') 

LGS {SEQINRASG MQV!.Q 
!D NO: VPDRF TPLFf 
123:5} SGS.GS (SEQ ID 

GRDFTL NO: 
r'~tSR\/E 1237) 
A.EDVG 
V'{YC 
(SEQ lD 
NO: 
f:216) 

FIG. 12 (continued) 

caggtgc:agiJ:g;g~,;;:«,9:ictggggg<J:ggct QVQlVESGGGlV '\/VGQG 
!ggtcaagcc~,;iagggtc,~,;igagm::td.cg KPGGSLRLSCAA. TRVTV 
!gtgca:g:r:ctc1ggatt:;:,~:ar.ttcagtgactad SGFNF'5D'C1MS SS 
13,;atgagctg!,l<i!tccgccilggrtci:.:aggga Wff~.QAPGKRLE (SEO E) 
.3gcgg,ct,;i,;ia:gtgg,Jfflca!3,ca:!:ta:i;;;,:ag\ 'NVSVi:SSS:GDN"f N:O: 
agtg,gt,;;ia\JJ:arnc.3dd:a:cgi:.:,i1gsddt<1t LYA.DSMRGRFTI ~ 230) 
gsg§g!;;!C c,;;itt!cm::catcto::,:,3gggs-calJ:C SRDN.AKK:Sl YLQ 
gcc.a09~.agt(:;;idgta~c.aattgagc;;i:g LSSLRA.EDT AVF 
cct,;;:«:,gi:i:g,:cg,<.!g,gacacggtc:gtgttifact YCARASA.YYY DS 
g~c:g..~ga.gcctccgcgtattattatgarogta SGRAAAf Dr'itifGQ 
gtQ:g;cq;;ggcgg1,;tgdl:ttga,ti;;!.ctg@gc;: GTRVTV55 (SEQ 
3a,;;igg,as::JJ:ai;,;ggtt::JJ:c,t:t,1tt:,tctt~cds::,c m NO: 1.22:3:) 
a,eea,2gg:g,;::cca;!,.;ggti:.:,ttc1.::,eectgg,c~,; 
(SEQ !DNC: 1.228) 
gara!1g!g:atgactcag!ctcc,1;1C't[:;tct:dgc D!VIJTQSPLSLPV fGPG"f 
ecgtca;;xc::r::!gg,s-gs:gccg:go::,:tccatct,:;c TFGEPA.S!SC::RS l!>:.vrnK 
!gc:13,g:gt:c:tia:g:!cagagc:c:tcc-tgc.a:ragtas:t SQSLLHSN:GVNY {S.EQ lD 
gg,ataca,ad0:tttggagjygracg:tg,mg,aa lEWYVQKPGQS N,O: 
gcm<;igacagictc,;aea,g,;:::kctgatrfattt PQLUYL!'SSNRA.S ·l240.l 
gfJgtl:tfa:ate.gfJgedc,cgg,;;_i.gtcectgaea GVPDRFSGSGS 
ggrtt::JJ:glggtagtggatc aggeagaga:\ffl GR:DfTlKISRVEA. 
,3,;actg13:a;aa:!:t:agcagagtgg,!!:ggctg:131g EDVGV'CiCMQV 
gati;;,!sggggrttlli!lsdgi:8tgu,agttcta:e LOIPLFffGPGT 
aaac:tectc1i3:t!cac!tlq;igecdg-.;rnacca KVDIK {:SEQ ID 
0.a:gtgggtatczm:acga13,t:l:1,rtggcti;;,~::ic.c NO: 12:l':i} 
at>:zjtettcsicrt.::.c,.-:;gee,a~:::tgi:;:!f,;!agm,;i 
1!g:a,~atctggai.:r:tagc,;:Jctgrtg,lgtg:r:r.t.gc! 
g;a:at;aaetfdakec:agagagg,eca:JJ:agb 
ei;;gtg,g;a:!!:.ggtgg:a!i;;ac-gecctce:aatcgg 
l1>:l:lJ:C.tccca(! fSEQ ID NO: 'lZ3i:l} 
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QVQLQ GGS:SS WSWIR LYTSGTT NYNPSL ARGH1G f>(;v':ltccaga~:e1=c.c~gti;;tcr;atr::t;;ici;;.atgt Q\;'QLQESGPGLV 'if.><'GQG 
LVKPSQ!LSLSG IESGPG GSYY QPl!.GK {SEQ ID li(SHVT DYGGG dgcatetgtaggagaca:ga:gkv':l{:(;v':ltcad KPSCHlSlS.CNVS TLVT':/ 
NVSGGSJSSGS LVKPSQ iSEQ ID GLE'NIG NO: 'UA5) MSVDT /,,N'NFD tgtegi!:gegagtea,g,gges:tlag:e.'a.."Clttaffla GGSISSGSY'Y'NS SS 
''{':('li.SV\i'!RQPA llSI.SC NO: R {SEQ SKNQF P {SEQ geetggttle@g,cag,ai3,aeeagg;gaalilfltt:e !#!RQPAGKGLE (SEQ lD 

NVS t243} !D NO: SLKLSS ID NO: da:agcgcetg,at1J:at!:dgcatu:acttigc.IB. W!GRLYTSGTTN NO 
(SEQ lD l244l \iTA,t..DT i247} a:a@tggggts::eca\e:aaggtle:~(:•;mca§t YNPSlKSRVTM:S ESOi 
NO: AV'fYC ggatctgggaeag,aattca.cte:!:cat::l3:atc.a:g, VDTSKNQfS.L:r:;L 
1242'! 1,SEQ m Cl3.gcctgcagcctg,~g:iattftg{:ia8:Ctlaftl3 SS\:'TAADTA':/V'Y 

NO: c1gtct':lr;a,;;;cataa!:a,Jttai;;eetcte!1=r.ffi.cg C,.!l;,RGlKGD YGGG 
1246-) gcgg.a:gg,Jacr:.;:ia:Q:gi{l,gi:i:a..':lt:caaac ANVVf DP'WGQG T 

El1/MIQ OSVSS LA'fiYQ RA,S TRA,Trn QQYNN 
SVSPGERATlS l:SPATLS MfSEO Ql<PGQ ('S:EO ID PA,RFS 'WPPYT 
CRASQSVSSNl VSPGE !O NO: APRLU NO: Q55j GSGSG {SEQ ID 

,RA TlSC 125:3) Y (SEQ TEF'Tl T!: NO: 
,RAS !D HO: SSlQSE ·1257} 
{SEQ :lD 
NO: 

1254/ DFA,VVV 
Ci,5:ECJ 
:,DNO: 
12:55:"} 

FIG. 12 (continued) 

{SEO ::D NO: l24ff) lVTVSS: {SEQ lD 
NO: n4§} 

i;:,aggtgcagct:J;1cagg,agkg,J;1g:;::ccagg:>& ENMTClSPA TL:SV fGQGT 
dggtg.IBagc.c:'i:kg:ga:ga;;::cct,~tc,::ct,::ac SPGERA.TlSCRA KVE!i.:: 
ctgcadg'tett:~>&,:t!m::!:c:eat,::agca,g!g:g:!:t S·QSVSSNlA.'WY (SEQ lD 
a,:!;::ic1ggggc:tg:gali::s::lli,,rngecc.s::c~:g Q-QKPGQAPRLU NO 
gaB:ggg,g;::tg,g;agfggattggai.'lgtatdak VRASTRATG! PA 12SIJ) 
ata:;itgg;g6J:c,:::6J:c,:::tacrnc.aa;::e:r;~icc,:::tc R:FSGSGSG TEFT 
aa~ag:tcg,i.atcae:ca,catcag:ta,gm~,':lcgt l T!S:SLQSEDF.A,\f 
i;:,e;aagai;,c;::i;,gttckcdga:a21dg,1<cctd y·ycidClYN}JlNPP 
gtg:i<C!::>~cs::gcagaea:c;;igcegtgti<t!st!g YTFG(JGTKVEllf 
tgcgag~ira!;atagv,;itc!:aeg:a(,~aaciactt!: (SEQ !D NO: 
gacg,adggggccaggg,aaccdg:g:kacc ·1259'} 

!ctcctcag (SEQ ID NO 1258) 
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Q. ··,_/_ QlQ IGGS!SS 
ESGPG GNYY 
L':/1":PSQ {SEQ ID 

1262:): 

Rt,S 
{SEQtD 

GSGTDFTLTISSINO: 
1172} 

ND: 
126-3} 

1273}: 

VVS'WlR lYTSGST NYNPSl AHARfF gaa0ttg~ttgacgc.agtctc.rnggr.a[::td QVQUJES-GPGLV ·;t-lGQG 
QPAGK {SEQ ID KS:RITM rnSMWF g1:ctttg:kk.caggggai.:::agagccac..::.c1dc KPS.QTLSL TC:TV TlVTV 
GlEWIG :1'-i0: 1265) SV[lMS DP ctgclilgggccag:te,2g.agtgty-aaca;,;;,ca:tc SGGSi5'5GNY.'{W SS 
R {SEQ ~:NQFSl {:SEO. ID !ll!cll:a~cc:tggrac:Cfl§CilQ'fil'3f:!CC1g1J:CC S'h'IRQP.AG~:GlE (SEQ E) 
m ND: ~:LSSL T NO: 13gcgd;:x:,:;:a,;;ig:giecb::atc:f:B:!9gfa_,:;:ak:r:3 'IPGR!YTS-GSTN N:O: 
12:64) AADTA,V 126-7} QClll£rn,gccactgt1catcect'¼QlilC:8gg:rtru YNPSLK5RffMS ~270) 

Y'i' C glgg:cagtg:ggctc.tggga~g:~cttcm::!:ct{; VDMS:i<.J·JQF SlKL 
(SEQ lD 31ccatta:gcagactgga:gcdgaagattrtgc SSL T.AADT AVYY 
NO: 1.1:gt,;;,t3'!t3d:gtt.agctgt&tggY;igctcacr:tt CAR,;!l;,RffG!S.W/.' 
·:, 2$6) !atlcgcl:i:tcggccttgg:{l-aCCa:i:l:fi;;ltg:{l,ara FDP;,,vGG!GTLV:f 

!:ca~:ac fSEQ fU NO: t258 J VSS (SEQ fD NO: 
126Sl 

lN'WYQ IG,ts.S SlQSG IC~C-:SYS gBg,g1:g:cagclgrtg:gag!c4i:gg,;i-gagfjc:1! DlO,MTQ-SP:SSlS FGQGT 
ggfacag-cdg;g:gg:g:gk&:dgag6lctdcd ASVGDRVFTC:R KVE!:K 
gi£t<:agi:,:ictgga!:t@cct!ta:-;cagc1;ati;i ASQT!S:SYlN'llV (SEQ ID 
ccatgagt!;;;it:¢~cg,:rnggctcaBg,;gaa QQKPGKAP:KLU N,O: 
gg:ggd:ggagtgg,g,!dciam:;taff"..agtgg,g,ia YGAS.SLG:SGVP.S :: 2:1:'!!J) 
g~g,lg,:;ifa,;;,t.acatacmr,~caga:ctccgt:;i RVSG·SGSGTDFT 
aa:g:gg,r.cgi;_rctc&.c$,;.fltckca:ga,;;,acaart LTlSSlQPEDFAT 
daa,g-as-cacgtratB:t;::igc~:a,21:g,;;,acagc 'tYC(}Q:SYSAPL T 
etga:ll81Q·CC§a~g:1.'l:Cacggcc graifld;ac:i FGO-GTKVE II{ 
gi£tcg.aaa-gstc:cccgtag:ta;;itgtcccctgg (SEQ ID NO : 
gigg:>:dadggggcwgggaB:,:,cctg:,;i,lr:a 127S l 

QKPGK 
.A.PKlU 
Y (SEQ 
H)NO: 
U74) 

(SEQ !O IVP:SRV IAFLT 
:t,.JQI· "?7 ~_:, ;;<:.;<::.r.:-,:: ,<::EQ ·I·,..\ ,_._ '. ;~.._.(..,~~ .__x.;...,✓.~•-.. 1, . ._. .··W 

GTDFH .. NO: 
TP'· ;;-•to I P7T' • ,.J.J, ~ . "-· .t 

PEDF.AT 
YVC 
(SEQ l:D 
NO: 
l:276) 

FIG. 12 ( continued) 

ccmctcdcm:;, {SEQ lD no: 1278 j 
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KPGSSVRVSCK I 'S-GDE\/ lyp 
Tr:,,·<:;Tf"'TVP'I'" 'KK'PG'-" <<::.Ef\ •In 1,~_L· ·ElW<t, ~v._,· _._.) ,. { .. .,_, · '-.•. ~Z•J \._o ..;,,; ::c.,..- ::.:.,, ·; .•'It¥:; 

~f:l\tRQA.P13QGl S\~:Rv:s t:lO: G·G 
EWMGGilPIVGT CKTS ll283} 
.t,,NYAQKFQDR {SEQ lD 
·:,/,.!,_ff ADQSTST A NO: 
\'MDL TSLRSED 1262) 

(SEQ rn 
NO: 
1284) 

1QMTG!3 QGlS:NY LAWFO 
PSAMS (SEQ ID QKPGK 
ASVG.D NO: vpi,:;Ru 
RVT!TC t:293} Y (SEQ 
RAS :D NO: 
{SEQ:lD U94) 
NO: 
tJ9J) 

:[SEQ ID IFGD:RV 
NO: 12{!5] ftJTADQ l3S:DY 

STSTAY (:S:EQ ID 
MDLTSl NO: 
RSEDT 1287} 
A',t"l'"YC 
(SEQ !D 
NO: 
-·~28~.:C) 

.~•· , . .::. ·~.;:,,;' ·.....ii ~ 1.:..~.ai:._ ... -t.3 - ''..:&· ,j"f._"\ '-"'A·,cc f<',E,....'IT'· eve·,~ 1L·>""YH' .. "•' 
m NO: VPSRfS YP'LT 
1295) -~ ,:-.,-:;c-1~- l("C.r• ,1.c-, 

.~~,...~~._-.,_ .,~.:.•L_t~· ··6' 

,EFTLT! NO. 
SSlQPE I 1297) 
DFA.T'{'i 
C{SEQ 
!DNC-: 
12%) 

FIG. 12 (continued) 

tlgtga:t>;;ad;;:~ti::ccc.actctcc.i::tg,o::cg~ ··:/QL':/QSGDEVKK vvc;,a·G 
taccedtggacagcc,ggcdc,r-,~k,kczj-ca PGSSVRVSCKTS TlVTV 
ggtcta;gtcs,aagcctq;ita;cf!c:ag1gatg,ga G,STFSTYPISV\!'\f SS 
.3,a,rec,:tacttgaaU~te!tt1ca,;;ic.a:gaggcc RQAPGQGLEWM €SEQ lD 
aggc.caa!i:tce0agg~ccta;:atttBt>~agg G.G!!Pf\/GTANYA NO: 
tt1ctaB,c~,gg:actd~ggg!cc.csgacaga QKFQDFIV.Aff.lU::J 12§0) 
tlC~QC::;!i;!C.Sigtgggtc.aggc.aci:;;,atl!cac QSTST.ti.,YMDLTS 
ac~::;i:aaatcagcagggtgg,nggc'i:g,ag:g,~ LRSEDT,ii..VYYCA 
tgttgg,~,gtt!att.~c1gcatgca:gggtaca-cm: RVGGAt,:fl:SSGS 
tggc-ctc-cgt::i,cactt!:tg;;_1ci:::,agggga,::,c,;'l!a DY)NG{JGTLVTV 
i;ig~-g.ag~t~aM {SEC! ID NO: SS {SEO ID NO: 
1: 288) 1289) 
gaggtg,-cagctgttggagictgggggaggctl !QMTOSPSAMSA. FGGGT 
ggtac<1gccsg~ggggt-ccctg,0gsct:ctcc: SVGDRVTffCRA K'\/E!K 
tgtgc.a;g{:c!ctggatta3c.am;,igcMctatg SQGl:SNVLAWFQ €SEQ lD 
ccatg~;ctggcgtccgc:ca<;;;,gctcc.~gga O:KPGKVPKRUY NO: 
.aggggct>;;gagig11:gktca:g,1tatta.,;;;tgd SASTLQ:SGVPSR ·1300) 
:ggtggt~gti!cacaaa!actacg:c:;;,;gad-c,::gt FSGSGSGTEFTL 
gal<!gggccggU-caccgtctc.rng,a-gacaa! TlSSLQFEDf ATY 
tc,1:caaga3cacg1:,tg't!:tdgcaaatg,~ac~g YCU:.iHHSYPl TF 
u:f:g,ag:a:gtcg,agg,:Jc.acgg-ccgta!~tre:it GG.GTKVEIK 
gtgcg.3:atcggatgggacracg@c-cg:gacta (SEQ lD NO: 
ctttgaciac!:ggggccsgli,gsB,ccrtg,l;!icB. 1299) 
ccqtdcckSi'-l (SEQ lD NO: 1295') 
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,GPG IG'i'Y 
IKPSE iSEQ ID 

NO: 
1303} 

QPPGK {SEQ ID KS:RITT TlNYFD 
G-lE'NIG NO: BfrS) SVDTS:K D (SEQ 
S (SEQ NQfSL:K ID NO: 
:::D NO: L TS':JTA ·t 307:l 
1:Jn-4) A.UTA.VY 

Y·C 
(SEQ lD 
NO: 
BU6) 

E_P/l TO IQSVNS,I L4_·-. WYG GTS SR,t.,TG'l QL 'fGG 
SPGTLS Y (SEQ OKPGC! {SEQ ID PDRFS SPLfA 

ID NO: APRVLI NO: H1 S) GS-GSG (SB) ID 
H13} "'/ (SEQ TDFTL Tl NO: 

m NO: SRLEPE 1317) 
EQJD 13-14) DfAVYY 

~ .. H ~~ ~ \1 f)< 
v·~ lw,...-~-. , ·!<__,· ·le-! ,:,.,;.f 

C{SEQ 
!:DNO: 
n·rn.i :.EQ 

FIG. 12 ( continued) 

g;a,~tl-stgttgac:,sc.a:gtctc~ggcaccd QVOUJES.G-PGL V W'GQG 
gtctt'!g,!ck.c:B-gggga,::iagagccaccddc KPSETLSL TCT\fS Tl VT\/ 
ctgcaggg,:e:agtc;;ig.::.igtgttag@gcagr; ·n-s!SSGYY'NGW ss 
!cr;ttagcc!g:gta,:;cagcagm:1;acctg,g:c,:;.;:i 1RQPPGKGLE"i'i/! (SEQ !D 
!H_1ckcr,:e;gg,,:;kdrnkratg<ll:tg,:;,2krng GSIYHSG TTY'-{f-J MO: 
ca:ggi;;,.:em;:,tggc<l!tec,:~ga:eaggtl:cag1 PSLKSR:lTTS":/D T -1310) 
g\;)•Cag,!gg,g1clgg:gm:;aga:e:ltcactc,1mc S!<~N:G!FSL!<~LTSV 
ca:b::ag~gi3dggagcctga-ggaffltgo:;ag TA.ADTAV'l'lCAR 
tgtastactgsc::ii;i.csg,tatggtacctcat:ctaa YIVSTtNYfDOWG 
a;a,ci.:fflggc:ca,;;ggg,acc.::roggtg:g,agatc QG-TlVTVSS. 
aaac (SEQ ':D NG: 1308} (SEQ lD NO: 

DlJ9l 
gag:gtge:agdgtgga:gtctg,i;1g,;;igaggd! Ef:/L TQSPGTLSL FGPGT 
ggfu:ca,;i,cdgg,gg,g;gk;;;;:,tgaga-cfokd SPGER:ATlSCRA KVDlK 
i;1-tgcag;;..:tr:tgga:tt,:~c..:tlta-gc:agi::ctatg SQSVNSf-{lAlN"i (SEQ !D 
c-ca:tga:e;c:tggg,!ecgcn,igg,:;t:ccagg;;1-a QQKPGQA.PRVLJ NO: 
13It:;i-ggd,s-gsgig:g:gtcksg:d13ti.13gig:g:! Y-GTSSRATGIPD ~ 3.20) 
~g1g,gt,;rntag:EB,;;a12:ccacgeagactceg RFSGSGSG-TDfT 
lg<iagggcc:,;;,gttc.accatl:ttca-ga,:;ia:::.:1.'fa:! LTi:SI':l:LEPEDfA\;' 
kc:aaga:acae:gr;tgtal:ctg,cam;lt:;iagca 'l"YCQLYGGSPlF 
gr;etgag:ag,r;cgI1gga:cae,ggr;cgtafatt-~ AfGPGTKVDIK 
ctgl:gc.g:aa;atcc;;t:ggcga:g,:;,'.:lgctggtac (SEQ lD NG: 
irtgm::cm.:'iggg;gr;cag-ggaacc.1ctggfo,2 1.3-19l 
c-cqt-cted;;ar;:{SEQ l[l NO: n-iai 
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EVQllE GfTfSS MS'il:fVR ISGSGGS YYADS 
GGL YA QAQGK T {SEQ ID V!{G:Rf SSVPW 

J:PGG {SEQ ID GLE'ii'JV ND: B25) T:::SRDN VAY 
RLSC NO: ST (SEQ SKNTL '!" {SEQ ID 

EQlD 
;:): 

f:•.f:~ _,.., 
(SEQ fD 
NO: 
1332) 

-023): :::D NO: LQ,MNS NO: 
:J 324) LKAEDT ·132Tl 

A'::f"'l):'C 
(SEQ E) 
NO: 
'::326) 

QSLV!;-J LN"i''lfQ :KVS {SEQ NRDSG MQGTH 
SC!GNT ORPGQ iD NO: VP[lRF 'WPPYT 
Y"{SEQ SPRRU 1335} SGSGS {SEC/ID 
ID NCt V {SEO GTDFTL NO: 
13'.B) :::D NO: KISRVE "1337} 

B34) AECfVG 
\rv·y•c 
(SEQ H) 
NO: 
-~336:) 

FIG. 12 (continued) 

EVQLLESGGGl V IWGQG 
QPGGSLRLSCA.A TLVTV 
SGFTfSSY.4MS SS 

Qa!l<i1l3:Ql:g8¾J'B:8.:QC<igtctc,:;;agc:cl3:C:{:C 
lgtd,;itgtde~ggggaaa,;;,agm:.,J,c·edr, 
tc,ctge.aggg,:cagtc.2g.agigttagwgca 
a ttlal;i,C i::tggta:tt:a,g ca:g a:aacc!ggc,ca V'f':/R:QAQGV>GLE (SEQ ID 
ggdccca:ggdi::gts::;;it;;l,'.:ltggtgc:;;ik.:~c ?•'.··:/ST!~GSGG:S T IN?: . 
c:aggg,ecaetggtc1tcc,es;gecaggtt.:agr '{ t ADS >iK GRfTl ·,, SJD) 
ggcag,tg;g.g!t¾_l11gs,::a.gagtk@d:;;lc:ac SRDNSKNTLYLQ 
r,0:kagca,~cc:if;,c:Egi. dg.a.a,~@1tt!§lC:8i;i:! M N:SLKt.EDT AV\' 
ttattactgtc.ag,:;s13:g,iatsa\8,actggcc:ciac: YCAKDPRSSVP 
g~g,m;gttc,JJ;gc:ciai.,g,:;ig,m::c.a:i:i:ggtgga 'll',fp,, VV'efGQGTL\' 
aak:aaac {SEQ ID HO: H28) TVSS {SEO iD 

NO: '1329} 
ga1rnti;ic.a;gc!:gttggflgte:tg;gg:g:gaggc!t VMT QSPLSLP\'T f GQ·GT 
ggt:;;;..:,'.:lgi;::dg~;ggg:gt;::i::c:l:gag;addcd LGQ!FAS!SCRSS ~:VE:!IK 
glg1.:,a.gi::et.:,t:ggi;:tti::;;i;::.3t;::,ma;ra,gcffl:gt QSLVHSDGNTVL (SEQ ID 
;;atg,aa!tg,ggtccgeca:i;:;,gtt;;i;::a.gggafig NVffQQRPGQSP N!O: 
gggdggagtgggtcto;;;gdatta.3gggi:.B:c RRUY KVSNRD:S 1: 340) 
tgta:i:i:atagt@(:at.tcta:r,gc0gaUccg!;ga:a GVPD:RFSGSGS 
gggccg:cttc:,1:c.catctcc!:lg,':.lg,acaattctia GTD!fTlK.!SRVEA 
ag.ru;,1:acg:gigi:.atdg:;::a{'.l:a:l_gagci.,gec1 EDVGVVYC:MQG 
gafl-agtcgaggacm::ggccattla:rt,'.:ldgc,; THWPPYTfGOG 
gi::ggJJ,lggtk,;.lIJ:g,ga:gg,ga.atcaacggttg TK':/BK (SEQ ID 
gg1acg:ktg,g.ggccafiggga,;::c:;;;,;,;;_i.gkac NO: 133'9} 
(:iJ.tC!cctc:,a (SEQ m NO: 13:3:$} 
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VOF'Gl3SLRlSC I SGGGl YA. QAPGK 
AASGfTfSNYA IVQPGG lfSEQ ID IGU:.'ls'':j 
MSWVRQAF'GK SLRLSC NO: SG 

lSAGG. SN 1·'{·.'{A.· D_:s Ati.JRMG gatat.tgi),latga. _"tr,:3:g,!,.;tc,cg,i:.,ti::ti.::cct. •Qt EVOLLES.·C_~_·GGLV 'NG:ClG 
K {SEO ID VKGR:F LR:PDYF cc:gtc:acc«tggB:gcg,;::cg,;;i-c:c:lccatdn:; O:PG.GSLRLSC.A.A TLVTV 
NO: ::345l TVSRD DY tgrag~t{:Ci:llgtc:,~-gagcctc,::'lg!:atagag SGFTFSNYAMS SS 

NSKNTL {SE:Q ID a~-gs1iacaw:;;tatgtagattggta,;dgc::ig 'fi\./RQ,i:1,PGKGLE (SEQ iD 
GlEV't\/SG ISA.GI AAS 
,s,-,:;-:o:,:v·..;•v>: r-•:;"\fv.•· i,:;:-E4--,,_ iD ·~ ---~•:·-,w-,. ~ ,. 1-u . .J~- '" ,·-~ ~.,.:> ~4 

1:J42} 

1343} 

EP,lL ra Q:sv·ss 
SPGTLS SS 
LSPGE (SEQ ID 
:RATLSC: NO: 

Pr•L·L::·vo-❖• ""'.-,'Ro. l:;;i-*"" :~. ,: l Pt~::.:, . .,,>. ~~, -~ '"~...,.,.-.J.> 

TGlPDRFSGSG (SEQ lD 
SGTDfTLTISRl 
EPEDFAVYYCQ 
QYGTS,i:I. {SEQ 
ID NO: 1:35'fi 

NO: 
1352) 

1353} 

(SEQ lD 
NO: 
1344.l 

FLQ:,MN NO: aagcr:a,,,;;,ggr:agttti::c8eagctcctg=1,tcta WVSGISti;GGSNK NO: 
SLRVED 1347} tti:;iggttctaa~cg,;;;,g;,:;ctcc~m;;::;itccctg1.'! YYADSVKGRFTV fl51J) 
TAVY'>.''C ca-ggttcagl::gg::::agtggi..tcaggc:aca§lail:t SR:DNSKNTLfLG1 
i_SEQ lO tcacadg,aaaati;;!a,gcag:;;igtggag,gd&i MNSLR'/EDTAVY 
NO: B:ggatgtt{rng&ittt~ltt.ai:.:1gcatgcB:ag,.;tct YCANRMGLRPD 
1346) a,~ailck<:gtac:aat!tlwccaggg:g.:;:cc 'fFDYV:fGOG TLV 

a:;i:ggtggag31tCa:Bac {SEQ H) NO: TVSS {SEQ to 
1348.i NO: D4S_l 

LA',NYQ DA.S SRATGl QQYGT a,::;.at-ci::agal.:g:cJ:e.ccag!:dccat,:;t:;i.:.:catgt E!Vl TQSPGTlS-L FGQ-GT 
c1gcatc~ta&igagaca-gagjr,<1c,::,2ti::ad SPGERATlSCRli.. KVEH'( 
tgt-cgggcg8:gtca:;i,ggcatl:agcas1:ttattta SQSVSSSSLA.'t✓Y (SEQ iD 
gcctggttt:;:;,~gc.~:aaac-ca;g,i;i:g..~aagtcc QQIKPGO.APRLU NO: 
daag1.::gci.::,ti;;,atc-tart1.:,!g1.:,2t1.::--cac:tttgcf:l YDAS:SRATGIP'D ·]160) 
aagtg1;ig,;;itt:CCf:!!Caaggt!€::~{:',IQC:ill;iI R:FSGSGSGTDFT 
gg.:;:ti:.:!gggac~:.aattc:.sct,:tcaca31tc31:-;;;, L T!SRLEPEDF.A.V 
ca.-gcctgcagcr:tg,aagattttgca:;i:cttatt!3 YYCQQYGTSAKT 
c1gtcraca:;i,t.ataata,;;;:ttaci:c-ic:tcacfflr;g fGQGTK'':/EJK 

QKPGQ {S.EQ ID PDRf:5 SAKT 
AP:RLU NO: D55_l GSGSG {SEO ID 
'!" i_SEC! TDfTlTI NO: 
!D t,lQ: SRLEPE i:357) 
D54l DFA\iYY 

C (:SEC:i 
!ONO: 
D56j 

FIG. 12 (continued) 

gcgg:agg-g~::::;;;aaggtg,gs1,~ti:a::ro.o:: (SEQ iD NO: 
(SEQ :D NO: 13581 USWi 
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AKSPA.S c;;;ggtgc ag,:.:,tgc:a-gg;;;gt,:.:gggc,:.:,:.::,:1-g;;;ra EVOLlESGGGl '/ 'NGQG 
VOPGGSLRLSCISGGGL IYA OAPGK T (SE:!J ID VKGRF :SlllVFD ct,;mt;:aag,:,1;;tt,:,;-gagaccdg!ccct1;;ac OPGGSLRLSCAA TLVH" 
AA,?l~fTfSSYA '/OP:''? {SEQ ID 1?lE'N'•,i NO: D6Sl ~!SRD'~~ H /,SEQ: ctgcae!:gti:tctB .. cftl.'ictc.c.&!t.agcag!g<l.,;!f. S':3~1!. S,:-':{~1N S-S ... 
MN<l'oi'VRQ,A.PGK SlRLSC NO: ~A !::>KNTLY ID NO:: adact:fi,QQSidggatcci1gcagcccc~:gg ',NVRQA::-'G!-~bLE (:-:.,EQ 1:D 

i3ii3l (SEQ lD LQMSS 1367) g;;_,i,agg,;rnetgg-13gtgg,a:t1:g{l,aagtatc:tatr; ',N'VSA!SGSGGST NO: 

NO.: 
1362} 

E!VMTQ IQSVSS. 
SVSPGERATLS ISPATLS N /._SEQ 

IDNO: 
""'t,TL· "'·c· I ·1 ""7 "".'· ~'<.~;,. ,;J_ . V.• ._,..:, 

GSGTEfTL nss I Ho 
l ()<;""<=D::= '- VV"'-1•·c_:· 1"11.72·',. 

.:.ll..~J~<:...,I ,~. V 0' . • '-' ,• •t 

QQDNN'.t,< {SEQ 
ID NO: 1371) 

NO: LRAEDT "-'lta>Jtgg-gac,:a,ct:factaca.acc-ci;;;tca!c YHADS\'':KGRFT,: ·l3J!J) 
13'§4 j AVY'{C aag,agt,:.:,gaatc-ac:-cacalcagta:-gacacagt SRDNSKNTLYLQ 

lA':fJYQ G.4-Si 
QKPGQ l{SEQ ID 
APRLVI NO: B7S_j 
··-t{SEQ 
mNO: 
13741 

(SEQ m ecai1,gaacca:gttctc,:.:ctgaf!actgi;w.::dc:t MSSlRAEDTAVY 
NO: 9igl?ie:cgi:::cg,:.:,,:1-gacacggccgt-gta!l;;.,it!:g YCAKSF.AS.SV¥YF 
1:lS6) tgcgaggrabtagt,;tdai::gzika@ctacm DHWGQGTl VTV 

g@cgactg,:;gigcr,0gg:gaa:ecdggtcacc SS {SEQ ID NO: 
gi.dcctc.ag {SEQ ID NO: B\18) U69) 

TRATGA IC!QDNN I g:i.;;a~~tl:~2:cge.a:gtetcc0g~c~~ccd ~.l;l\~:T~SP.!TY';VI ~~~~-T 
g~,.ttt:.,,td"ca-gg::;1ga;;_,i:ag.agcci,;:,."c1ck .:.,P...,,ER. .. TL,CRA. ~' ., E:.K P,e.RFS ·WPH"ff 

GS:GSG :{SEQ fD 
TEFTLT: NO; 
55l(l5E 1377) 
DfAl/'f'V" 
CfSEO 
![!NO: 
1376.) 

dgc.agggcrngtca~,ag'!g~,a:acai;:,cat,:: SQS'e:/SSNLe.'.t./Y 
!acttllgr.c1ggtac:,:;.a-g,:;ag,a;aa,:;,:.:l_gg:cc: QQKPGQAPR.LV! 
ai,Jg,cti.::r.c3gi;;,gtcdcatcfal§gtacl.ltccf:l YG.AS TIR:ATG IP.A, 
gcag@ct:adggi:.:.at,:;r,cagl?ic.3g!;t! rn, RfSGSGSG TEFT 
glggcagfgggkti;;<;t;ac:1?J:g:Bdk;addc L TlS:SL Q:SEDF A\/ 
8CC.a:!ta:gel3ga:r,tgga:gcctg&.agattttgc YYCQ-QDN NWPT 
a:gtgta:!t.i:lczjti::.a-gr:lgtatggtgcg:ctc.acr;tl ',NTFGQGTK'/EIK 
rattqi:ctttcggc{:dggf,<1cc.aaa:g~g:r:ita (SEQ m NO'. 
tc.a:,mc (SEQ !D NO: 1378): B79) 

(SEQ ID 
NO: 
HOO) 

FIG. 12 (continued) 
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.AASGfTSNSF\l \/Q:PG:G 
MN'WVR:QAPGK SLRLSC 
GLEWVS/~,lKGT AAS 
\l]NSTFYA[>S\n~{ (SEQ :to 
GRFTISRl)·NS!<.: NO: 
NI'-./'i''U}MS:SLR 1382) 

MNl/if'/R lKGT'lNS fYADSV RGlNfG 
SfV QAPGK T (SEQ ID f{GRH! EG!NG 
{SEQ ID GLEW\1 NO BS5'l SRDNS WDV . . 
NO: S.A., KNT':/Yl {SEQ ID 
1383} (SEQ lD OMS:SL NO: 

NO: RVEDT 138?} 
·~JS4) AIYYC 

(SEDID 
NO: 
13&6) 

:[);l\iMTG! RSLLHR VD\>VYL lGS (SEQ NRASG M,QALQ 
SPLSLP O,GYMY QKPGQ lD NO: VPDRf TPVN 
VTPGA f5EGl ID SPQLU H95} SGSGS {SEG! ID 
P'.AS:!:SC NO: Y (SEQ GTDfTL NO: 

G:C:"'R,\,:;,p'dF''"S lt"'E''' ,,,..., ~._;of?: -.._, .::.!-·.. L,,, .,.J ::_..,.: ,ijU 

RfSGS.GSGTDF NO: 
TLKMSR\,'EAED B92} 

1393} m NO: KMSRV 1397) 
13§4) EAEDV 

G.\/V-~·{C 
(SEQ ID 
NO: 
1:J%j 

gaggt,;ica:gc!gt!g~,l'a•g1ctggggg;ag:gc!t EVGLLESGGGLV V\'GQG 
ggtl3c.sgt:::c!:ggggggft::~ctg8::;jl3C~c!:c.ct QP-GGSLRLSCA.A TT\'T'i 
g:zjca:gcc.tctgg.atl:,cm:;ctttagt.;:igctfltg SGFTSNSfVMN SS 
ccatgagtigggtccgtcaggctta:8gg,ga,a V/VRQi,PGKGLE i,SEG lD 
ggggctgg,agt~iggtctcaact~ttagtggga WVSA.!KGTVN:ST NO: 

g~gtgg;!agt:.8c,~ta:ctm::gc.;,ig.a:cte.cgty fY,<1.DSVKG:RFT!S 1 JSO) 
a;aggg<::cg.;;itt<::;acc:z:t:ctc1;,a.ga,;:iacaactt RDNS!<.:NTVYU::;i•M 
daagaatacgttafai<::t,g{:a:m:fli.g;;isca9c SSLRVEDT,;1.!:YYC 
dgaaagt:cgagg:;3,~'3<::.gg,-,:c::gt-:ita{;ra,ct RGWfGEGING'lil' 
g:zjcgaaag<1tct:::ccgte1,gi,:ag:zjtc•o;.~tgg DV'li'G:QG IT/TV 
g:tggi::.ctadggg,gc,c::ftg:gga,ar:cdg,~tca SS {S.EQ ID NO: 
c.cgtcte.ctcag (SEQ !D NO: 1361:',} B69'} 
ttgtga~1actcagtccccactr.tci.:c~eecgt D,iVtJ!TQSPLSLPV FGQGT 
1;,accd:tgga<::agccg.gcck,~atckdgca TPGAPAS,:SCRS KVE!K 
ggtcta.gtcaa;agcdtgtacaeagtg,::rt;;,iga SRSLLHFl;DG'iN'Y- (SEQ lD 
aa,::a,c:ctact!!;laatlg.gtttca.g!::;i.ga.gficc VD\:\"iLQ:I\PGQS NO 
agg,:,caa:!o:;kc;;iaggcgcctaatiraF:B:agg: P'OLL.lYt GSN:RA.S: 1400) 
m{;ra:BC.f:>,l.ggadd";}ggg:\{;C·C3ga<::a";}a GVPDRfSGS.GS 
ttmgc,;;.:g,c,':lgty,g,;,;;,~agy,cac1!;,,ai.ttcac GTDFTLl'.MS.f'.VE 
ac{gi.,:aaakag:i;a,~9gtgg.;,iggctg.a;;t~a AEDVGVVYC:MG: 
tgttggg:gttl:atlactgc;a~cagg.~!acatae . .AlOTP'fNFGQGT 
tgg,cclccgra:ell.:~4,;;1:,c£:iggggaccaa KVEIK (SEQ m 
ggt-;:igaQJaka,2a:e {SECi ID NO: !>Kl: BS§} 
-~396) 
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ANTIBODIES DIRECTED AGAINST 
INFLUENZA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application is a continuation of U.S. applica
tion Ser. No. 14/350,632 filed Apr. 9, 2014, which is the 
National Stage of International Application Number PCT/ 
US2012/060912 filed Oct. 18, 2012, which claims priority to 
U.S. Provisional Application No. 61/603,895 filed Feb. 27, 
2012 and to U.S. Provisional Application No. 61/548,704 
filed Oct. 18, 2011. The entirety of each of these applications 
is hereby incorporated by reference for all purposes. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

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

THE NAMES OF THE PARTIES TO A JOINT 
RESEARCH AGREEMENT 

[0003] There is a joint research agreement between Emory 
University and The University of Chicago. 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED AS A TEXT FILE VIA 
THE OFFICE ELECTRONIC FILING SYSTEM 

(EFS-WEB) 

[0004] The Sequence Listing associated with this applica
tion is provided in text format in lieu of a paper copy, and is 
hereby incorporated by reference into the specification. The 
name of the text file containing the Sequence Listing is 
11177USCON_ST25.txt. The text file is 604 KB, was created 
on Jan. 4, 2016, and is being submitted electronically via 
EFS-Web. 

FIELD 

[0005] 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. 

BACKGROUND 

[0006] Influenza is the seventh leading cause of death in the 
United States (Beige! J H (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 Engl J Med 361(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 
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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 
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 
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2008. FIG. lA shows fold change in serum antibody titers 
between day O and day 28 were determined by HAI. FIG. lB 
shows the number of vaccine-specific IgG-producing plas
mablasts were determined by ELISPOT at 0, 7, 14 and 28 
days post-vaccination. FIG. 1 C shows the number of vaccine
specific plasmablasts correlates with improved serum anti
body titers by HAI (Spearman's rank correlation). FIG. lD 
shows the numbers of vaccine-specific IgG-, IgA-, and IgM
producing plasmablasts at day 7 after vaccination as deter
mined by ELIS POT. 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. FIG. 2A 
shows binding to the pandemic HlNl 2009 virus by ELISA. 
FIG. 2B shows binding to pandemic HlNl 2009 HA by 
ELISA. FIG. 2C shows 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 
of 2-4 repeat experiments. FIG. 2D shows the 3 putative 
stem-binding mAbs were tested by competition ELISA with 
2 known stem-bindingmAbs (70-1F02 and 70-5B03)(8). Per
centage inhibition is the ratio of binding with or without 
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. FIG. 
3A shows twenty-eight pandemic HlNl HA-binding mAbs 
were tested for binding to HAs from the indicated influenza 
strains by ELISA. FIG. 3 B shows twenty-five HA head-bind
ing mAbs were tested for neutralizing activity against the 
indicated panel ofHlNl virus strains. Two mAbs (20-3G06 
and 15-1A03) expressed poorly and were not tested for cross
reactivity (ND). FIG. 3C shows three stem-binding mAbs 
were tested for neutralizing activity against various influenza 
virus strains. Influenza strains are arranged from left to right 
in order of sequence similarity to the pandemic HlNl 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. FIG. 4A 
shows the number of mutations per V H gene following pan
demic HlNl 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). FIG. 4B shows the num
ber 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 
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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 FIG. SA the 
year that the pandemic HlNl 2009 emerged (2009/10) and 
FIG. SB the previous year (2008/09). 

[0017] FIG. 6. A model contrasting the antibody response 
induced after vaccination with seasonal versus pandemic 
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. FIG. 9A shows the 
numbers oflgG-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. FIG. 9B shows example of 
plasmablast isolation by flow cytometry. FIG. 9C shows rep
resentative ELISPOT images showing total IgG-producing 
plasmablasts and those reactive against indicated HA pro
teins. FIG. 9D shows ELISPOT scoring of sorted plasma
blasts reactive against HA derived from the indicated viruses. 
ELISPOT for 1 donor is not shown due to insufficient plas
mablast numbers post-sort. FIGS. lOA-l0C. Patterns of 
crossreactivity among HA specific vaccine-induced mono
clonal antibodies. The 28 HA specific monoclonal antibodies 
were analyzed by ELISA for their binding to HA proteins 
derived from either the pandemic H 1 Nl 2009 or the Brisbane 
HlNl (A/Brisbane/59/07 (HlNl)) influenza strains. The 
antibodies showed binding patterns that conformed to three 
distinct categories. One category (9/28 antibodies) showed 
very similar binding to both HAs (FIG. l0A). Another cat
egory (14/28) showed better binding to the pandemic HlNl 
HA, likely representing ongoing adaptation through affinity 
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maturation (FIG. lOB), while the last category (5/28) bound 
better to the Brisbane HA (FIG. lOC), consistent with OAS 
(original antigenic sin). 
[0021] FIG. 11. Cross-reactivity of HA-specific mono
clonal antibodies by HAL 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 
HA. Dotted lines represent limits of detection. Data are rep
resentative of 2-4 repeat experiments. 
[0022] 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. Colum 
P provides the FR4 amino acid sequence. 
[0023] 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. 
[0024] 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 

[0025] 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, 
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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. 
[0026] 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 
(PB2, PB!, PA, NP, M, NS, HA and NA) that encode at least 
ten polypeptides, including RNA-directed RNA polymerase 
proteins (PB2, PB! 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). 
[0027] 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. 
[0028] 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. 
[0029] 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(H1Nl) 1918; andA/Brisbane/59/07(H1Nl) 2007A/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 

[0030] Unless otherwise noted, technical terms are used 
according to conventional usage. Definitions of common 
terms in molecular biology can be found in Benjamin Lewin, 
Genes V, published by Oxford University Press, 1994 (ISBN 
0-19-854287-9); Kendrew 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, published 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 
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& Co., New York, 1993 (ISBN 0-717-7030) which is incor
porated by reference herein in its entirety. 
[0031] 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. 
[0032] 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. 
[0033] To facilitate review of the various embodiments of 
this disclosure, the following explanations of terms are pro
vided: 
[0034] 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. 
[0035] Amino acid substitution: The replacement of one 
amino acid in peptide with a different amino acid. 
[0036] 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. 
[ 003 7] Animal: Living multi-cellular vertebrate organisms, 
a category that includes, for example, mammals and birds. 
The term mammal includes both human and non-human 
mammals. Similarly, the term "subject" includes both human 
and veterinary subjects. 
[0038] 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 
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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
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 andlgA2) 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). 

[0039] 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 VK. 

[0040] 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. 
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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
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 the framework region and 
CDRs 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. 

[0041] 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. 

[0042] 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). 
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[0043] 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 
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. 
[0044] 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. 
[0045] 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. 
[0046] 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. 

[0047] 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. 
[0048] 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 
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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. 
[0049] 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 
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. 
[0050] 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. 
[0051] 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) 
[0052] 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 
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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 Vzrol 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
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. 
[0053] 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. 

[0054] 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. 
[0055] 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. 
[0056] 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 
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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. 
[0057] 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, IgG2b, IgG3 . 

[0058] 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 mammals, 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. 
[0059] 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. 
[0060] 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 
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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 
antibody, such as an antibody specific for HA can be isolated, 
for example isolated from a subject infected with an influenza 
virus. 
[0061] 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 (such as 05-2G02, 09-2A06, and 
09-3A01) 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. 
[0062] 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. 
[0063] 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. 
[0064] 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. 
[0065] 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." 
[0066] 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 
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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." 
[0067] "cDNA" refers to a DNA that is complementary or 
identical to an mRNA, in either single stranded or double 
stranded form. 
[0068] "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. 
[0069] "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. 
[0070] 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. 
[0071] 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." 
[0072] 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 
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& 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)). 
[0073] 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. 
[007 4] 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. 
[0075] 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. 
[0076] 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. 
[0077] 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 
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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. 
[0078] 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. 
[0079] 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. 
[0080] 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. 
[0081] 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. 
[0082] 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. 
[0083] 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. 
[0084] 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. 
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[0085] 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; Corpetetal., 
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. 

[0086] 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). 

[0087] 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. 

[0088] 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. 

[0089] Therapeutic agent: Used in a generic sense, it 
includes treating agents, prophylactic agents, and replace-
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ment agents. A therapeutic agent is used to ameliorate a 
specific set of conditions in a subject with a disease or a 
disorder. 
[0090] 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 
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. 
[0091] 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. 
[0092] 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 
[0093] 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. 
[0094] 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 
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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. 
[0095] 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 
bind epitopes on HAL epitopes on HA2, or an epitope found 
on a complex ofHAl and HA2. 
[0096] 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. 
[0097] 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. 
[0098] 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. 
[0099] 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. 
[0100] 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. 
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[0101] CDRs 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 CDRs 
presented in FIG. 12. 
[0102] 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 
(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. 

[0103] 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. 

[0104] 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. 
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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. 

[0105] 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
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) 

[0106] 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 
colunm M of Table 1 (FIG. 12). In certain embodiments the 
V Hand V L 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 
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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 CD R3 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
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). 
[ 0107] 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. 

[0108] 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). 
[0109] 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 
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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 
sequenceofVLFRl shown in Table 1 (FIG.12)1; (f) a VLFR2 
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). 
[0110] 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 
(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% identity to the 
amino acid sequence of the light chain variable domain (col
unm 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 (col
unm 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 ( col
unm G or 0, respectively) of the selected antibody in Table 1 
(FIG. 12). 
[0111] 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). 
[0112] 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 
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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 VDJ-region having an amino 
acid sequence identical to a heavy chain VDJ-region in col
unm F of Table 1 (FIG. 12) and a light chain VI-region 
identical to a light chain VI-region in colunm 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 colunm G of 
Table 1 (FIG.12) and a light chain V-region identical to a light 
chain V-region in colunm G of Table 1 (FIG. 12). 

[0113] 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 to the amino 
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% identity to the amino 
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 at 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% identity to 
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 acid sequence 
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 having at 
least 100% identity to the amino acid sequence of an antibody 
disclosed herein. 

[0114] 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 
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groups are examples of amino acids that are considered to be 
conservative substitutions for one another: 

[0115] 1) Alanine (A), Serine (S), Threonine (T); 
[0116] 2) Aspartic acid (D), Glutamic acid (E); 
[0117] 3) Asparagine (N), Glutamine (Q); 
[0118] 4) Arginine (R), Lysine (K); 
[0119] 5) Isoleucine (I), Leucine (L), Methionine (M), 

Valine (V); and 
[0120] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 

(W). 
[0121] 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. 
[0122] In some embodiments the antibody, antibody (anti
gen binding) fragment or peptide comprises: 
[0123] 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); 
[0124] 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
GYTFSNYGITWVRQAPGQGLEWMGWISAYNGHT 
NSAQKFQGRVTMTTDTSTSTAYMEVRSL
RSDDTAVYYCAR (SEQ ID NO: 1) or comprising the 
05-2G02 heavy chain variable domain sequence provided in 
colunm 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: 
DVVMTQSPLSLPVTLGQPASISCRSSR
GLLYIDGNTYLNWFQQRPGQSPRRLIHNVSNRD 
SGVPDRFSGSGSRTDFTLKISRVEAED
VGVYYCMQGTYW (SEQ ID NO: 11) or comprising the 
05-2G02 light chain variable domain sequence provided in 0 
ofColum 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: 
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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); 
[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: 
QVQLVQSGAEVKRPGSSVTVSCKASGGS
FTSFVISWVRQAPGQGLEWMGGVIPIFATPK YAQK
FQGRLTITADKSTNTAYMELTSLRSEDTAMYYCA 
(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 
QSIDNWLAWYQQKPGKAPNLLIYKASSLRSGVPS 
RFSGSGSGTEFTLTISSLQPDDFATYYCQHYDTY (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 
GGSITSNTYYWGWIRQPPGKGLESIGSISFSGRTYY 
SPSLKSRVTMSVDTSKNQFSLKLSS
VTAADTAFYYCAR (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 
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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); 
[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 WYQQKPGKAPKLLIYKASTLESGVPS 
RFSGSGSGTEFTLTISSLQPDDLATYYCQQHNSY (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); 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 
[0153] 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). 
[0154] 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 
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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: 
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. 

[0155] 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. 

[0156] 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. 

[0157] 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 
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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 
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. 
[0158] 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. 
[0159] 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. 
[0160] 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. 
[0161] 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. 
[0162] 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 
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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 Fe Rn. The term "antibody half-life" as used herein 
means a pharmacokinetic property of an antibody that is a 
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. 
[0163] 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). 
[0164] Linear antibodies are also provided herein. Linear 
antibodies include a pair of tandem Fd segments (V 1,CH1 -

V 1,CH1) which, together with complementary light chain 
polypeptides, form a pair of antigen binding regions. Linear 
antibodies can be bispecific or monospecific. 
[0165] 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. 
[0166] 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: 

[0167] (i) a Fab fragment, a monovalent fragment con
sisting of the VD V H, CL and CHI domains; 

[0168] (ii) a F(ab')2 fragment, a bivalent fragment com
prising two Fab fragments linked by a disulfide bridge at 
the hinge region; 

[0169] (iii) a Fd fragment consisting of the V Hand CH1 

domains; 
[0170] (iv) a Fv fragment consisting of the V L and V H 

domains of a single arm of an antibody, 
[0171] (v) a dAb fragment (Ward et al, (1989) Nature 

341 :544 546), which consists of a V H domain; and 
[0172] (vi) an isolated complementarity determining 

region (CDR). 
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[0173] Antibody portions, such as Fab and F(ab')2 frag
ments, can be prepared from whole antibodies using conven
tional techniques, such as papain or pepsin digestion, respec
tively, of whole antibodies. Furthermore, although the two 
domains of the Fv fragment, V L and V H, are coded for by 
separate genes, they can be joined, using recombinant meth
ods, 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 anti
bodies, 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 
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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 
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, 35 S, 90Y, 
y 99Tc, 111In, 1251, 1311. In some embodiments, labels are 
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, VD 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 
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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 
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-
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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, 
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 (3 SR). 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 VD 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 VD 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 
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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 
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 (CL) 
S), human hepatocellular 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 
[0196] Application No. 20100/080774. 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 nega
tive bacteria include, but not limited to, E. coli, Pseudomonas, 
Salmonella, Campylobacter, Helicobacter, Flavobacterium, 
Fusobacterium, Ilyobacter, Neisseria, and Ureaplasma. 
[0197] 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. 
[0198] 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 
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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 
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). 

[0199] 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. 

[0200] 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. 

[0201] 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 
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placed on either terminus to create conveniently located 
restriction sites, or additional amino acids (such as poly His) 
to aid in purification steps. 
[0202] 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 columns, 
column 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. 
[0203] 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. 
[0204] 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. 
[0205] 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. 
[0206] 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. 
[0207] 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-
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tide bonds by activation of a 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 
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 

[0208] 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. 
[0209] 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. 
[0210] 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. 
[0211] 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. 
[0212] 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 
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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 
antibody that specifically binds HA is formulated for 
parenteral administration, such as intravenous administra
tion. 
[0213] 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. 
[0214] 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). 
[0215] 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. 
[0216] 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, 
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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. 

[0217] 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 ). 

[0218] 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. 

[0219] 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). 

[0220] 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. 

[0221] 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. 

[0222] 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 anti-retroviral therapy. Antiret
roviral 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. 
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[0223] 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 
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. 

[0224] 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). 

[0225] 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; 
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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). 

Diagnostic Methods and Kits 

[0226] A method is provided herein for the detection of the 
expression of HA in vitro or in vivo. In one example, expres
sion of HA is detected in a biological sample, and can be used 
to detect an influenza virus infection. The sample can be any 
sample, including, but not limited to, tissue from biopsies, 
autopsies and pathology specimens. Biological samples also 
include sections of tissues, for example, frozen sections taken 
for histological purposes. Biological samples further include 
body fluids, such as blood, serum, plasma, sputum, spinal 
fluid, nasopharyngeal secretions or urine. 

[0227] 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 
the sample to an anti-influenza antibody, and determining 
binding 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. 

[0228] In several embodiments, a method is provided for 
detecting an influenza infection in a subject. The disclosure 
provides a method for detecting HA in a biological sample, 
wherein 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 
example, detection of HA in the sample confirms a diagnosis 
of an influenza infection in a subject. The method can detect 
HlNl, H5Nl, H3N2, or combinations thereof. 
[0229] 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 achieved, for example, by contacting a sample to be tested, 
optionally along with a control sample, with the antibody 
under conditions 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. 

[0230] In some embodiments, the disclosed antibodies are 
used to test vaccines. For example to test if a vaccine compo
sition can induce or bind neutralizing antibodies to HA. Thus 
provided herein is a method for detecting testing a vaccine, 
wherein the method includes contacting a sample containing 
the vaccine, 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
cine 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. 
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[0231] In one embodiment, the antibody is directly labeled 
with a detectable label. In another embodiment, the antibody 
that binds HA (the first antibody) is unlabeled and a second 
antibody or other molecule that can bind the antibody that 
binds HA is utilized. As is well known to one of skill in the art, 
a second antibody is chosen that is able to specifically bind the 
specific species and class of the first antibody. For example, if 
the first antibody is a human IgG, then the secondary antibody 
may be an anti-human-lgG. Other molecules that can bind to 
antibodies include, without limitation, Protein A and Protein 
G, both of which are available commercially. 

[0232] Suitable labels for the antibody or secondary anti
body are described above, and include various enzymes, pros
thetic groups, fluorescent materials, luminescent materials, 
magnetic agents and radioactive materials. Non-limiting 
examples of suitable enzymes include horseradish peroxi
dase, alkaline phosphatase, beta-galactosidase, or acetylcho
linesterase. Non-limiting examples of suitable prosthetic 
group complexes include streptavidin/biotin and avidin/bi
otin. 

[0233] Non-limiting examples of suitable fluorescent 
materials include umbelliferone, fluorescein, fluorescein 
isothiocyanate, rhodamine, dichlorotriazinylamine fluores
cein, dansyl chloride or phycoerythrin. A non-limiting exem
plary luminescent material is luminol; a non-limiting exem
plary a magnetic agent is gadolinium, and non-limiting 
exemplary radioactive labels include 1251, 131 I, 35S or 3H. 

[0234] The immunoassays and method disclosed herein 
can be used for a number of purposes. Kits for detecting an 
HA polypeptide will typically comprise an antibody that 
binds 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). 

[0235] In one embodiment, a kit includes instructional 
materials disclosing means of use. The instructional materials 
may be written, in an electronic form (such as a computer 
diskette or compact disk) or may be visual (such as video 
files). The kits may also include additional components to 
facilitate the particular application for which the kit is 
designed. Thus, for example, the kit may additionally contain 
means of detecting a label (such as enzyme substrates for 
enzymatic labels, filter sets to detect fluorescent labels, 
appropriate secondary labels such as a secondary antibody, or 
the like). The kits may additionally include buffers and other 
reagents routinely used for the practice of a particular 
method. Such kits and appropriate contents are well known to 
those of skill in the art. 

[0236] 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 
steps of contacting the biological sample with an antibody 
which specifically reacts, under immunologically reactive 
conditions, to HA. The antibody is allowed to specifically 
bind under immunologically reactive conditions to form an 
immune complex, and the presence of the immune complex 
(bound antibody) is detected directly or indirectly. 

[0237] 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. 
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EXAMPLES 

[0238] Described below is an analysis of plasmablast and 
monoclonal antibody responses induced by pandemic HlNl 
infection in humans (see FIG.13). Unlike antibodies elicited 
by annual influenza vaccinations, most neutralizing antibod
ies induced by pandemic HlNl infection were broadly cross
reactive against epitopes in the hemagglutinin (HA) stalk and 
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. 

[0239] 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 

[0240] 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 pro
tective (1:40) at day 28. Seroconversion rates were compa-
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rable to those seen with seasonal influenza vaccination (Han
cock et al., 2009, N Engl J Med 361(20):1945-1952). 
[0241] 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
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 
peakplasmablastnumbers (r=0.53,p<0.000l)(FIG. lc). The 
rapidity of the plasmablast 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 

[0242] 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 TIV (A/Bris
bane/59/07) was examined. The HA of the pandemic HlNl 
2009 strain diverged considerably from that of influenza 
A/Brisbane/59/07 with only 79% sequence homology (FIG. 
8). Despite this, most individuals, after vaccination with the 
pandemic HlNl 2009 vaccine, generated a large number of 
plasma 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 

[0243] To examine the specificities of the antibody 
response to pandemic HlNl 2009 vaccine at the monoclonal 
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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
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. 

[0244] 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). 
[0245] 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. 

[0246] 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 
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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. 

Example 4 

Monoclonal Antibodies Elicited by Pandemic HlNl 
2009 Vaccine Cross-React with Antigenically 

Divergent Strains 

[0247] 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). 
[0248] 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 Caledonia/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. 
[0249] 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 displayed 
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 
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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 
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 

[0250] 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 

[0251] 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 
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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. 

[0252] Following infection with pandemic HlNl 2009 
influenza virus, an earlier study showed that the humoral 
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. 

[0253] 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 

[0254] B cell responses to the pandemic HlNl 2009 and 
seasonal vaccines were comparable in many ways (Wram
mert 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 ofisotype switched IgG-producing plasmablasts and 
mAbs generated from these plasma blasts showed evidence of 
extensive somatic hypermutation. These features character
ize a secondary response (Schittek and Rawjewsky, 1990, 
Nature 346(6286):749-751; McHeyzer-Williams et al., 1991, 
Nature 350(6318):502-505; andAprinet al., 1997, J Exp Med 
186(6):931-940) and imply that the response to the pandemic 
HlNl 2009 vaccine is derived from pre-existing memory B 
cells in a similar fashion to the seasonal vaccine. This was 
conclusively demonstrated by the presence of memory B cells 
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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. 

[0255] 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 
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 

[0256] Invest 120(5): 1663-1673). However, the antibodies 
that were identified previously were not effective. While dif
ferent 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 adjuvant can enhance the diversity and affinity 
of the antibody response to pandemic influenza vaccme 
(Khurana, 2011, Sci Transl Med 3(85): 85ra48). 

[0257] 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. 

[0258] 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): 
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e1000796), a phenomenon recapitulated in nature with the 
emergence of a pandemic strain. 

[0259] 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, 
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. 

[0260] 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. 

[0261] 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. 

[0262] 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 
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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 

[0263] 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 
oftheidentifierinCol.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. 
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 

[0264] Patients and Vaccines: 
[0265] All studies were approved by an institutional review 
board). Twenty-four healthy adult volunteers 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 analy
sis data were derived from clinical studies of 2008/09 and 
2009/10 season TIV vaccinees. Peripheral blood mono
nuclear cells (PBMCs) were isolated using Vacutainer 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. 
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[0266] Viruses and Antigens: 

[0267] The pandemic HlNl 2009 influenza virus (A/Cali
fornia/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). Recombinant HA proteins 
were provided by the CDC and by the Biodefense and Emerg
ing Infections research repository. 

[0268] ELIS POT and Memory B Cell Assay: 

[0269] Direct ELIS POT to enumerate the number of either 
total IgG-secreting, pandemic HlNl influenza virus-specific, 
vaccine-specific and recombinant HA-specific plasmablasts 
present in the PBMC samples was performed as previously 
described (Crotty et al., 2003, J Immunol 171(10):4969-
4973). 

[0270] Flow Cytometry Analysis and Cell Sorting. 

[0271] Analytical and cell sorting flow cytometry analysis 
was performed as described (Wrammert et al., 2008, supra). 

[0272] Generation of mAbs and Variable Gene Repertoire 
Analysis. 

[0273] As previously detailed (Wrannnert et al., 2008, 
supra; Smith et al., 2009, Nat Protoc 4(3):372-384; Ward
emann et al., 2003, Science 301(5638): 1374-1377), V Hand 
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®. 

[0274] ELISA, HAI and Neutralization Assays. 

[0275] Whole virus, recombinant HA, vaccine-specific 
ELISA, HAI and neutralization assays were performed as 
previously described (Wrannnert et al., 2008, supra). For 
competition ELISA an additional pre-incubation with unla
beled competitor antibodies to the HA-stalk epitope at a 
10-fold molar excess 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 nega
tive control antibody specific for the HA globular head (EM-
4C04 ). Competition level was calculated as the percentage 
inhibition of the half-maximal binding concentration of test 
antibody relative to the absorbance without competitor. 

[0276] 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. 
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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=US20160200800A1). 
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). 

We claim: 
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. The purified monoclonal antibody of claim 1, wherein 
the monoclonal antibody specifically binds an epitope from a 
complex of HAI and HA2. 

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] 

b) the amino acid sequence set forth as SEQ ID NO: 23, the 
amino acid sequence set forth 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]. 

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; 

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. 

6. The purified monoclonal antibody of claim 6, wherein 
the heavy chain variable domain comprises 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; or 
c) the amino acid sequence set forth as SEQ ID NO: 49. 
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] 

b) the amino acid sequence set forth as SEQ ID NO: 33, the 
amino acid sequence set forth as SEQ ID NO: 35 and the 
amino acid sequence set forth as SEQ ID NO: 37 [09-
2A06]; or 

c) the amino acid sequence set forth as SEQ ID NO: 53, the 
amino acid sequence set forth as SEQ ID NO: 55 and the 
amino acid sequence set forth as SEQ ID NO: 57 [09-
3A01]. 

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]; 

b) a heavy chain variable domain comprising the amino 
acid sequence set forth as SEQ ID NO: 23, the amino 
acid sequence set forth as SEQ ID NO: 25 and the amino 
acid sequence set forth as SEQ ID NO: 27 and a light 
chain variable domain comprising the amino acid 
sequence set forth as SEQ ID NO: 33, the amino acid 
sequence set forth 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 comprising 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 and a light 
chain variable domain comprising the amino acid 
sequence set forth as SEQ ID NO: 53, the amino acid 
sequence set forth as SEQ ID NO: 55 and the amino acid 
sequence set forth as SEQ ID NO: 57 [09-3A01]. 

9. The purified monoclonal antibody claim 1, wherein the 
light chain variable domain comprises 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. 
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; 
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. 
11. The purified monoclonal antibody of 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. A purified antigen binding fragment of the isolated 

monoclonal antibody of claim 1. 

14. The purified antigen binding fragment of claim 13, 
wherein the antigen binding fragment is a Fab fragment, a 
Fab' fragment, a F(ab)'2 fragment, a single chain Fv protein 
(scFv), or a disulfide stabilized Fv protein (dsFv). 

15. The purified antigen binding fragment of claim 14, 
wherein the antigen binding fragment is a Fab or an scFv 
fragment. 
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16. The purified monoclonal antibody of claim 1, or an 
antigen binding fragment thereof, wherein the antibody or 
antigen binding fragment is labeled. 

17. The purified monoclonal antibody or antigen binding 
fragment 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, or an antigen binding fragment thereof, 
and a pharmaceutically acceptable carrier. 

19. A purified nucleic acid molecule encoding the mono
clonal antibody of claim 1 or encoding an antigen binding 
fragment of the monoclonal antibody. 

* * * * * 
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