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has a long history of pandem cs, epidem cs, resurgences an rea
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potentially fatal pathogen, but it currently has only a limted ability to
i nfect humans. However, avian flu viruses have historically observed to
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Government Support
[0002] This invention was made with government support under grant numbers GM57073
and U54 GM62116 awarded by National Institutes of Health. The United States government has
certain rights in this invention.

Background

[0003] Influenza has a long history of pandemics, epidemics, resurgences and outbreaks.
Avian influenza, including the H5NT strain, is a highly contagious and potentially fatal pathogen,
but it currently has only a limited ability to infect humans. However, avian flu viruses have
historically observed to accumulate mutations that alter its host specificity and allow it to readily
infect humans. In fact, two of the major flu pandemics of the last century originated from avian
flu viruses that changed their genetic makeup to allow for human infection.

[0004] There is a significant concern that the current HSN1, H7N7, HON2 and H2N2 avian
influenza strains might accumulate mutations that alter their host specificity and allow them to
readily infect humans. Therefore, there is a need to assess whether the HA protein in these
strains can, in fact, convert to a form that can readily infect humans, and a further need to
identify HA variants with such ability. There is a further need to understand the characteristics
of HA proteins generally that allow or prohibit infection of different subjects, particularly
humans. There is also a need for vaccines and therapeutic strategies for effective treatment or

delay of onset of disease caused by influenza virus.



i nfluenza strains mght accunulate nmutations that alter their host
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need to aweesr/ahetiher the HA protein in these strains eamus2onifoass]
convert to a formthat can readily infect humans, and a further need to
identify HA variants with such ability. There is a further need to
understand the characteristics of HA proteins generally that allow or
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present 1nyentjon particularly enco sses the recognition that HA
Pl ypoBORL *VaftneREninTapioh plfo P RERaR SR st Pl efaint g8 miods 1y 1
H12, HhSocikibd witilrovi@sd bia@inHAc @), WReRkALGRcHMAEL ants) with altered

glycosilatlon can show increased (or decreased) binding to human
recept W¥7hs chwpagsedt ipyqnHon prafdpdnercopraet Y gpoppison that ﬁmlm@%ﬁ rrent s,

L0008 ATatt fe ot S rnsr e Al T BRI AR ARG T e S RRE T
TVLEKNVIA/follsitde &EldﬁtSSWHlH@lel@Kng@Odylatlon can show increased (or decreased) binding
O e S T e L PR s S o
LVWGVHHRRTEERES M&%&\é&\{@&l@{gﬁ&ﬁ@l@fh LLEPGDT |
TFEATGNL | APWYAFA| APVHDCNTKCCWPHGAI S SLPFQNI HPVT | GEC

PKYVRSTMORATA/RrmthCanolingdl ASAHAGE | EGGWGM DGWYGYHHQNEQGSGYAADCKS

TQNAI Dé ANKYNSY b EIVIN QT VKRN R NI YRR DL WY NABL 1 VE A EN ko T
ERTL DFHDSNVRNL YEKVKSQLKNNAKE 1~ GNGCFEF YHKCDDACME  SVRNGTYDYPKYSEE SKL. NREE

| DGVKL E*PSMQ\] CRAVL YSTRASD ISLVIAS ST JEAIE TSEWNSNGESECERI CYEELRBEGF ST NO 4 3
) [ 000QLALBEESRARGL Rt Ok (A c svAGAS SFYRNT LWL TRKGS SYPKLSKS YVNNKGKEVLY

LWGVHHPPTGTDQQOSLYQONADAYVSVGSSKYNRRFTPETIAARPKVRDOAGRMNYYWTLLEPGDT
ITFEATGNLIAPWYAFALNRGSGSGIITSDAPVHDCNTKCQTPHGAINSSLPFONIHPVTIGEC
PKYVRSTKLRMATGLRNIPSIQSRGLFGATIAGF IEGGWTGMIDGWYGYHHONEQGSGYAADQKS
TONAIDGITNKVNSVIEKMNTQF TAVGKEFNNLERRIENLNKKVDDGFLDIWTIYNAELLVLLEN
ERTLDFHDSNVRNLYEKVKSQLKNNAKEIGNGCFEFYHKCDDACMESVRNGTYDYPKYSEESKL
NREEIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQCRICI (SEQ ID
NO: 43)

[0009] A/Brisbane/59/07 (H1):
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLENSHNGKLCLLKGI

APLQLGNCSVAGWILGNPECELLISKESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFE



MKVKLLVLLCTFTATYADT | C | GYHANNS TDTVDTVLEKNVTVTHSVNLLENSHNGKLCLLKGE
APLQLGNCSVAGN LGNPE CELL | SKE SWSY | VEKPNPENGTCYPGHFADYEELREQLS SVS SF
ERFEI FPKBES6\WPNHHYOHGVSASCSHNGESSFYRNL LW.TGKNGL YPNL SKSYANRKERRY 1 1W1054831
WGVHHPPNI GDQKAL YHTENAYVSVVSSHYSRKFTPEI AKRPKVRDQEGRI NYYWILLEPGDTI

| FEANGNLI APRYAFALSRGFGSA | NSNAPMDKCDAKCQTPQGAI NSSLPFONVHPVTI GECP
KYVRSAKLRWTGLRNI PSI QSRGLFGAI AGFI EGGM GWDGWY GY HHONEQGSGYAADQKST

ONAI NG TNKVNSVI EKMNT QF TAVGKEFNKL ERRVENLNKKVDDGFI DI WI'YNAELLVLLENE

RTL DFHREMKNEYEKVI SR KNNAKEL GNGRRER KONV ESVNGTYRY BKY SERSIKN: v, v
REKI DGVKLESMGVYQ LAl YSTVASSLVLLVSLGAI SFWMCSNGSLQCRI CI (SEQ | D NO  44)
[0010]ﬁﬁ@ﬁﬁﬁfﬂﬁﬁp@K@MX@@EW@ﬁySVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTI

W&kﬁbﬁéﬁéﬁﬁﬁ%@ﬁ%@ﬁ@@»ﬁﬁ%ﬁw S IcecE

QL SSVSBFEREEKERKY MVAGYKKGISYPRLSBGYAADQK ST

SR e e PSS TEVEBCA T Gigpi v LLE

GAI WSE@E@NHH@NVK%@&W@M&TME@SW@R@DEG&EA@ENEM&YSEESKLN
MVDGAYGY! ESE% %;SGYAADLKST | DEI TNKVNSVI EKMNTQFTAVGKEFNHL EKR

| ENLNKKY VDFRFVRIAER LA £ PrHOSNAHGALYERRRSEE RMRARES ENGPEQ 1D
CFEFYHKGDNEGVESVKNGT YDYPKYSEEAKLNREEI DGVKLESTRI YQ LAI YSTVASS
LVLVWVSLGAI SFWWMCSNGSLQCRI CI  (SEQ | D NO. 45) [0011] A/ Al bany/ 6/ 58 (H2):
MAI | YLI[QU18T AVREGalifral DTl LERNVTVTHAKDI LEKTHNGKLCKLNG PP

VI LPREET O T AR SRPSF R TRRCSNVPVARGR TR SEQM | TV

HHPNDE TEGREE YQNYETN VSVGT STHINKRSIIRDI ACTRPRVNGICGSRVER W G DIINDTE INFEE

O SR e VL A R T L,

FDA TNRYNSYKEKNMNT QEEAYVGKES SN DGEISRYWE XNAER E YR MENERTThO
DFHDSNVKNL YDKVK] RDNVKEL GNGCFEFYPKCDDECI\/NSVKNGTYDYPKYEEESKL NRNE
| KGVKL SSHERY LAY YRATVAEST B I WvAG "SERKESNESCEERIES PESE +HT Nek T26)
[ 0012] AhAineRiPELHEBHEP IHB)} GKCPKYVKSTKLRLATGLRNIPSTQOSRGLFGATAGF IEGGWTG

MKTI I ALSYI FCLAL GQDL PGNDNSTATL CL GHHAVPNGTLVKTI TDDQI EVTNATEL VOQSSST
MVDGWYGYHHQONEQGSGYAADLKSTQNAIDE ITNKVNSVIEKMNTQF TAVGKEFNHLEKR

IENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIGNG
CFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNREEIDGVKLESTRIYQILAIYSTVASS
LVLVVSLGAISFWMCSNGSLQCRICI (SEQ ID NO: 45)

[0011]  A/Albany/6/58 (H2):
MATIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVIVTHAKDILEKTHNGKLCKLNGIPP
LELGDCSIAGWLLGNPECDRLLSVPEWSY IMEKENPRDGLCYPGSEFNDYEELKHLLSSVKHFEK
VKILPKDRWTQHTTTGGSRACAVSGNPSFFRNMVWLTKKGSNYPVAKGSYNNTSGEQMLITWGV
HHPNDETEQRTLYONVGTYVSVGTSTLNKRSTPDIATRPKVNGLGSRMEF SWILLDMWDTINFEFE
STGNLIAPEYGFKISKRGSSGIMKTEGTLGNCETKCQTPLGAINTTLPFHNVHPLTIGECPKYV
KSEKLVLATGLRNVPQIESRGLFGATIAGEF IEGGWQGMVDGWYGYHHSNDQGSGYAADKE STQKA
FDGITNRVNSVIEKMNTQFEAVGKEFSNLERRLENLNKKMEDGE LDVWTYNAELLVLMENERTL
DFHDSNVKNLYDKVKMOLRDNVKELGNGCFEFYPKCDDECMNSVKNGTYDYPKYEEESKLNRNE
IKGVKLSSMGVYQILAIYATVAGSLSLAIMMAGISEFWMCSNGSLQCRICI (SEQ ID NO:
46)

[0012]  A/Aichi/1/68 (H3):
MKTITALSYIFCLALGQDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVINATELVQSSST



WO 2012/ 047941PCT/ US2011/ 054831 GK | CNNPHR | LDG | DCTL | DALLGDPHCDVFQNE
TWDLFVERSKAF SNCYPYDVPDYASLRSLV AS SGILEF | TEGFTW GVTQNGGSNACKRGPGSGFF
SRLNW. TKBOS0RXMEYNVTMPNNDNF DK LY | WG | HHP STNQEQTSLYYCQRESEM INSISTRRSQQT |
IPN I GSRPWRG. S SRI S | YW | VKPG DVLVI NSNGNL | APRGYFKMRTGKSS | MRSDAP |
DTC I SEC I TPNGS | PNDKPFQNVNK | TYGA CPKYVKQNTLKLATGVRNVPEKQTRGLFGAI AGF

| ENGVWEGM DGAWYGFRHONSEGTGQAADLK STQAAI DQI NGKLNRVI EKTNEKF HQ | EKEF

SEVEGRI QDLEKYVEDTK | DLWS YNAEL LVALE NCQHT | DL TD

SEMNKL ERKTRROLRENAEENENGERAS 1. YKGRMAG ED 1l RNGE XPERVYRREAbD v AS TRS LY
NNRFQ KGVELKSGYKDW LW SFAI SCF LLCWLLGF IMMCQRGN IRCNI C I ( SEQ ID
NO 47 ASSEAOTBTAENBETEG 10V GESNAHIRCAACHEF SRANTSYE S GETY VENORIIGNDNG DK

OALLCORHCUE RRELEE FERSIAY SO VASLASEVAS ST EFRE SEm AT

SCKRRS DIVLKSRENSRL Ny SYICWEYNHEBSP T

RIQURMRYPALS DERNSIVROASEZRVTVS
S 1 RSOAP | CROVSEC T 1B RS EIKPPAWNRY T GAPRIIKGNTEKA QG

FGAl  AGE ok AENGEC GMVBEYWCERHONS Imkmmwtmsmmmmm |
EKEF SEVEG R EKYVED TK | DLVSYNAEL L VALE

TDSEMNKRREERPRKEE RENAEDVEN S N AMIEINAC F |K1c5§§gé %@?Wﬁﬁ@ﬂwp@
KGVEL KRB LWk SEAL Dl i s Gl FNMACRHRGINRRENG N ER b C c SEQs D O 48)
[0014]A/Perth/ 16/09 (H3): MKT I 1AL SY | LCLVFAQKLPGNDNS TATL CLGHHAVPNGT
| VKT 1 NEND®7) EVINATELVQSSST GE | CDSPHQ | LDGKNCTL |

DAL L GDR CYPYDVPDYAS LRSLV AS SGTLEFNNE SFNWIGVTQNGT S
SAC IR ‘i‘ﬁﬁ&%@%ﬁﬁ@ﬁ@ﬁ? ALNVTMPNNEQE DK LY | WGVHHP GTDKDQ | F LYAQASGRI
TVS TKRBQQIVSRMN T 1.GSRPRYRN HEN ISR T/ST1.C MK HAVRNG T T'NSD DGRV TNARRGYRK

GVRWPERTC | R ACE T e CHIDY GG RLRS RO R X

STQAAI D@ NEEIINRLS b GTCKTNEKE SHQ W EKEROISEVEGRCQBREKNWHEDTKR LNDLWS LXNARIPAIVALE

ARG RO REETOT i A SO 17 EVAL LR S OAAGI TR FoCT

NO 4 @I)SSRAS POA2I UEPSATRCTNISADLT DERSI T K[IGGIH| 9N MRS DART CEOSSEL (TH5) :

PLI LROEGVAGAT ERPRLLERT NIPEVENTVERANPVNDL R EVEEL REE L SR REFE =112

Kl Q | PKSBINESHENSRIBVSSAGP YQBRSSHFRNAML N KKNSKYRRIKRSYNNTNCEDL EYEWSEVEG

FESNGNE ABEVAV VIKCDST 1 GEL BV NCATOTPEA SSUB I LB T GECHK "

WKSNRMFAQH&RW@ERRRKRNGJE@%[ TAGHR EIGSADERNYDOREGYH
3 %mg@%@% D\/\NI'YNAEL LVLM

) C VRNGT YDYPQYSEEA

RLKREE[GPYKL ESA /By 16819 EBYASSLALAI WAGLSLWMCSNGSLQCRI CI (SEQ | D NO  50)

0016] AXI D44/ 2786- NANI RU3/ 06
LRI VL PRA AL G bED 6 CAie R A VRS L ERY PRERY B BN S5T

PLI L RDGEYAGHELGNEMEREEE NVREVEX D dWRANRL Y RONRNRXEEL Kb SR NS Rs 1y
KI Q | PKSSWEDHEASSGVSSACPYQGRSSFFRNVWMWL I KKDNAYPTI KRSYNNTNQEDLLVLW

G HHPNBAAEDTRE YERPTIFT SV ST T NG VK A RSOANTBERVER KV LRERIBANREQF DK

FESNWF%%M%KEYBK%‘!}%%&Q Th/aph e SVBRGRL IHPL Tt GEGPK vk
YVKSNRLVLATGL RNSPQGE GAI AGFI E DOAY GYHHSNEQGSGYAADK
ESTQKAPDGYTNRVNSL L

ERR] TENIONIKKNVE DESN C BVIANT YRIAEDE YAV TY GA

RUKREE SORL B BT LR SIS TN 51

STOAATDQINGKLNRLIGKTNEKFHQIEKEF SEVEGRIQDLEKYVEDTKIDLWSYNAELLVALE

NQHTIDLTDSEMNKLFEKTKKOQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDVYRDEAL
NNRFQIKGVELKSGYKDWILWISFAISCFLLCVALLGFIMWACQKGNIRCNICI (SEQ ID
NO: 49)



[ 0017] A/ New Yor k/ 107/ 03 (H7):

MNTQ LAFI ACVLTGVKGDKI CLGHHAVANGTKVNTLTERG EVWNATETVETTNI KKI CTQGK

RPTDL GQCEOGH 12/0@RRQCDQFLEFSSDLI | ERREGTDI CYPGRFTNEESLRQ PRRESHB) 1654831
ESMEFTYSA RTNGATSACTRSGSSFYAEMKW. L SNSDNAAFPQVITKAYRNPRNKPAL | | WGVH
HSESVSEQTKLYGSGNKLI TVRSSKYQQSFTPNPGARRI DFHW.LLDPNDTVTFTENGAFI APD
RTSFFRGESL GVQSDAPL DSSCRGDCFHSGGT | VSSLPFQNI NSRTVGKCPRYVKQKSLLLATG
MRNVPEKPKPRGLFGAI AGFI ENGVWEGL I NGWYG-RHQNAQGEGTAADYKSTQSAI DQI TGKLN

RLI GKT RELI DVRAN @%Wg%RDAMTEI WSYNAEL L VAVENQHT| DLADSENMSK

LYERVKI NAEEDGT GCFEI FHK SI RNNTYDHTQYRTESLONRI Q DPVKLSSG

YKDI | LW@F@S@FEEEMM@WI@I HANGNMBSM LA TMESEG TVDHRED T 5K KHNER LCDLDGVK

2012/ 0 i i IarIy
R D e R Ty

H4, H5K156IPHBsWBBHEkBLGVﬂ@ACRMQQKS$EFRNHMWLIHKNﬁTmE5IKBSYN&BN@EDmmWMmept|de

tecr cacaty thPRAPREEL EhBREA M T iR R e RCRPE R Y PERERETEL

pol ypeptustdentirackudiy RgvKE on s EXEGH 167y @it NIk parypepticderpiinanyLof ciSEQ | D
NGs: 43-52&. 0019] I n sone enbodi nents, the present invention enconpasses
#i T

the red§nTRESHAL HERN BRI S a it (AT GFAE CRRS WP EH Y G EEP R ation

can shewrthRereasedx Rk 1 deemeasetydimdhng fra chfmevHAcE e6eRt ol Sr sy aenpar ed
with a reference HA pol ypeptide. In sone enbodi nents, the reference

pol ype@tm@éprgHaﬁNmNbﬂélp@ Ip]%{@\lzngIéﬁ\gﬁC‘@fEFtYfIﬂnggEpMﬁﬁH@NGTYDYPQYSEEA

| VEKNVEVERAGD | LERTERGKT L NG BL T RORAGHE L XVEBER | NWPEi ¥

| VEKASRANDECGYP GNFNDYEELKHLL SR I NHFE K 1 Q | | PKSSWENHDASSGVSSACPYLGRS
SFF PT, WG | HHPNDAAEOTKLYONPT TY | SVGT S
TLNQRL 65 AT%KE@&%@%&W DAl N FE SNGNF |SE>EYA$E| VKKGDST

| WSEL@E@MK@WM]b@ﬁJ%MNﬂEQﬁI IMEKNGECPKAQDILEKTHNGKLCDLDGVK
YVKSNRLVLATGLRNTPORERRRKKRGLF GAlI AGF | GG%N GYHHSNE GYAADK
ESTQKAFBAYTRKVNECTL F RN OEEAVGREENNLERRIN NKREVEDEED K YRAE HIRASV
ENERTL B HRSMKML YKL O RN CNCOR IR PR QUE SV BYRQNREEA, ILREE |

SGVKLE SMGTYQ | LSI YSTVAS SLALAI MVAGLSLWMCSNGSL QCRI ( SEQ ID NO 53)
[ 0021] Mﬁ@ﬁ@@éﬁ@@?RBX@QPTTYISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAIN

PL LRCESUAGILL CRNCDEE PEVENT VEKANPANLL CYPCORNDVEELRFLL SR NPFE ™

Kl Q | PRNBASSHEASL GVSSE RKINNAYREMKRSYXINT NOEDEQWE WV AADK

G A NDMEGIEL YT T YCT TG VP ATESONGOEREEENLKPIOAN 1.

YVKSNRIEYEATGDRNSRORERRRIKRALEGANAGH] GY HHSNEQESCYAARIKY SEEA
ESTQKAI DGVTNKVNSI | DKIMNTOFEAVGREFNNL ERRI ENL NKKVEDGEL DVATYNAEL L VLM
ENERTL BERBSRVRNY YDRVRE KB BRECRER PHREDREEVESVRNGTYBYPEY SEEAFC 1D

RLKREEWSGVKLESI GTYQ LS| YSTVASSLALAI MVAGLSLWICSNGSLQCRI CI (SEQ | D NO. 54)

[0017]  A/New York/107/03 (H7):
MNTQILAFIACVLTGVKGDKICLGHHAVANGTKVNTLTERGIEVVNATETVETTNIKKICTQGK
RPTDLGQCGLLGTLIGPPQCDQFLEFSSDLIIERREGTDICYPGREFTNEESLROQILRRSGGIGK
ESMGFTYSGIRTNGATSACTRSGSSEFYAEMKWLLSNSDNAAFPOMTKAYRNPRNKPALT IWGVH
HSESVSEQTKLYGSGNKLITVRSSKYQQOSFTPNPGARRIDFHWLLLDPNDTVTEF TEFNGAFIAPD
RTSFFRGESLGVQSDAPLDSSCRGDCFHSGGTIVSSLPFONINSRTVGKCPRYVKQKSLLLATG
MRNVPEKPKPRGLFGAIAGF IENGWEGLINGWYGFRHONAQGEGTAADYKSTQSAIDQITGKLN
RLIGKTINQQFELIDNEFNEIEQQIGNVINWIRDAMTEIWSYNAELLVAMENQHTIDLADSEMSK
LYERVKKQLRENAEEDGTGCFEIFHKCDDQCMESIRNNTYDHTQYRTESLONRIQIDPVKLSSG
YKDIILWFSFGASCFLLLATAMGLVEFICIKNGNMQCTICI (SEQ ID NO: 52)



WD 2012/ 047941PCT/ US2011/ 054831 [ 0022] A/ Vi et nam 1203/ 04

MEKI VLLFAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVTVTHAQDI LEKKHNGKLCDLDGVK

PLI LRDCSW O 1 2aPMTCDEF I NVPEWSYI1 VEKANPVNDL CYPGEDFNDY EEL KHPC SRISRHERS4831
KI Q | PKSSWSSHEASL GVSSACPYQGKSSFFRNVVWALI KKNSTYPTI KRSYNNTNCQEDL LVLW

G HHPNDAAEQTKLYONPTTYI SVGTSTLNQRLVPRI ATRSKVNGQSGRMEFFWI T LKPNDAI N
FESNGNFI APEYAYKI VKKGDSTI MKSELEYGNCNTKCQTPMGAI NSSMPFHNI HPLTI GECPK
YVKSNRLVLATG.RNSPORERRRKKRGLFGAI AGFI EGGWQGWDGWY GYHHSNEQGSGYAADK
ESTOA FRTAKYAS! L ONVTCERAYGEFEMLEER) ENMENEDEL VMY AL LM
ENERTL DFHDSNVKNL YDKVRL QL RDNAKEL ECVESVRNGT YDYPQYSEEA
RLKREEIPWMESIV@IIW (e METVRSH3AHAI NKMAG. SIMBBSNGIL GCRI IC HIBEQ 3, HINO.  50)
[0023] A l.nd 5/ 05

YRV %ﬁf}i@%@ PRI ASKIPRY e T eneiset 43, Bl

PLI L RDGEYAGULIoSNRMERES IHMRENE MG KANPTRNER YRGS EE € L SRIcMFEA
KIQ I PKSSV\BDHEASSGVSSACPYLGSPSFFRN\/VV\U KKNSTYPTI KKSYNNT DLLVLW

G HHPNDAXEERHIE VORI ISF esesmiderit/bRe m@r&w@zﬂc@iﬁ@&w\l PRDAFN

FESNGNrd¢igiE YAYKL VSKEBA MERIE L GRIGHT Gl ke dahthl HRLJiGECRl H5 HA
YVKSNRLVLATGL RNSPQRESRRKKRGLFGA GFIEGGMQGNV GYHHSNEQGSGYAADK

EST QKAIPDGYAINIY NS DKIVNT SEAYGREFNNLERRUENIONKKIWVEDSE [ D\ Yasad] bivding to

R KREET SRSl B0 5 PSTUASETAL AT NG S MBS ot G (GG R 55

[ 0024] poftlddy pIFLpeiddANIaREBY Pdypeptide of any of the following:
MEKI VL LV] Cl GY TEQVDTI MEKNVTVTHAQDI LEKTHNGKLCDLDC:\/K
PLI LRD&@RXN\[ @%@Eﬂﬂ%ﬂ VEKI NPANDL CYPGNFNDYEELKHLLSRI NHFE

KI' Q' | PKEEWGDIHEASSOV SEACE YEXREERRRINAAN TRKENA YR TITKRENINNE NOEREL MEVWNGVK
G HHPNDAAEQTRL YQNPTTYI SVGTSTLNQRL VPKI ATRSKVNGQSGRVEFFWI| LKSNDAI N

FESNGNFCAPENAYK A TRKEBSTY MRSEL é@PfSIPéNIDN%R’/ﬁﬁFNPFPEWWINHFE
YVKSNRlK\f E%B%E@%m | A EMIAN RN Y HINSREAGN 1L

NKVNSI | DKIMNTQFEAVGREFNNLERRI ENLNKKMEDGFL DVWMYNAEL L
ENERTL DIIHBSNVKNE m@mmmwsvmw DAIN

2015/ 04 GA IRCT} US2011] 053841 NG "81) | B0J2] THE. praSent: 1 Avent 1 on a1 2o

parti cVASNRLENEOAPRS SEGRE KRR I KRG A 1 AT MHEatIOHSIVEAWPol Y pEREQEEG YNt s

bl ndi nd-r 6 orunan TR SE ik COR LR R ol BB LR RR R LR R e

(i ncl udinegrL.berpexarpl epkarLGYR R Rhepidde rafikany role SENEDy NP BésEDHL, and

53-55). Brief Description of the Draw ngs
RLNREEISGVKLESMGTYQILSIYSTVASSLALATIMVAGLSLWMCSNGSLQCRICI (SEQ ID
NO: 53)
[0021] A/Hongkong/213/03
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLDGVK
PLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPANDLCYPGDEFNDYEELKHLLSRINHFE
KIQIIPKNSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNNAYPTIKRSYNNTNQEDLLVLW
GIHHPNDAAEQTRLYQONPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMEFFWTILKPNDAIN
FESNGNF IAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPK
YVKSNRLVLATGLRNSPQRERRRKKRGLFGATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTQKAIDGVINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLM
ENERTLDFHDSNVKNLYDKVRLOLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEA
RLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI (SEQ ID

NO: 54)



[ 0026] Fi gure 1A-1C. Alignnent of exenplary sequences of wld type HA
Sequences were obtained fromthe NCBI influenza virus sequence dat abase
(http:// wsev2o2i4793t m ni h. gov/ genomes/ FLU/ FLU. ht ml ). H _ARCT(ISEQR10BSBIO. 1) .

H Hul (SEQID NG 2). H Hu2 (SEQID NO 3). H2 Av (SEQID NG 4). H2 Hu
(SEQID NO 5). H3_Av (SEQID NO 6). H3_Hul (SEQID NG 7). H3 _Hu2 (SEQ ID
NO 8). H4 Av (SEQID NO 9). H5 Avl (SEQ ID NO 10). H5 Av2 (SEQ I D NO
11). H6_Av (SEQ ID NO 12). H7_Av (SEQ ID NO 13). H8_Av (SEQ ID NO 14).
HO_Av ( | D NQiethRm/1203/04AV (SEQID NO 16). HI_Av (SEQ ID NO 17).
H12_Av (SEQ ID NO 18 H13_Av (SEQ ID NGO 19). H14_Av (SEQ I D NG 20).

H15 Av M(EgEQLLEAN@?L‘ZII?DQI-QBGWP@@@Q\@TM@EKEWVTPBQQ?}EKﬁﬁN@KQ@IB?G\S‘équence
align vol ved
R e R o e o e
to NeuEKA@G(IPKBBWSSHEHBLG‘f]SSAO@YQCﬁWSWNWWIKMSEHBEIKRSYNHT\]EQE@IOEVEW oni ng

o ndi gy FBEBPRBE kRO T E R A He e e R e Aer SRS REL R Y Y
NeuSAc ee213heGabr Yk f vk dbes sRruEncey dan A3 McARPRE4MP ARG SRR 1L ADERTPrand
Viet04 were obtained fromtheir re%;‘)ectl ve crystal structures. The other

sequenceSSNEFE Lob PRI ET T F oS S Prot CHET RPY PeXpas e gy oS Y AADK

Abbr evirgti@Rs b cHPAE G s M ﬂm&ﬁ@*@@ﬁ@ 3 LE@{R(I@;TN%I)(KM§B& L B2 1vAe! 30,
Al Swi ne/ lowa/ 30 (HIN1) (SEQ ID NGO 24); R34, A/ Puerto Rico/8/34 (HLN1)

(SEQ | @Nlﬂ@TL@E){DSK@@BYDWWRPW@GWFEIFEIKGHMN@ME@SEN}ETE?WY Fehn ATI1,

ST A s AN PR P R0 AN A PR 12 ) SEQ 1

A/ Ai chiNo2/ 68) (H3N2) (SEQ I D NO. 30); AMBO, A/ Moscow 10/ 99 (H3N2) (SEQ I D

NO SIi 2,6\5597 Dugé@sngapor e/ 3/97 (H5N3) (SEQ ID NGO 32); Viet04,
AN et nal*P503/ (SEQ ID NO 33). WD 2012/047941PCT/ US2011/ 054831

[ 0028] Emguwm@mﬁsqugsp@z cat@gmﬁﬂd@m&«%mmgm@%mﬂm@@@mmms
characteristic o resents the sane ali gnrrent t hat was

presented® ﬁﬁcﬁvéﬁW%LQ%\PM%%%WVEf% R TBRLCRECat 8SEE HE b &R 8N of an

addi ti enalr I@Q@%ﬁéﬁﬁﬂA§§@§§%@n@ﬁss#@E@lﬁhﬁN&ﬁIﬁk@%@@b@lkfigyﬁﬁﬁﬁgﬁﬂmﬁﬂﬁwm
that was presented in Figure 1C, except that Figure 3A indicates the

pr _esen@éH@PN@ﬁAﬁ@aMW@NﬁTT%W&WW?W%@@VNFQGQEMEF@W eLEENIBeuence
al i gnme %EN'G'NH%&DE?R& 9v1§19@1§§z§ %%%%%P%E%&ﬁ%%ﬁﬁk%kﬁ%ﬁ ﬁﬁ
Figure presents t e sane a ignnment that was presented in Figure 1
except YWHSNREVHATELAMSPORIE SRR SR G IS 2prresances WalMan Gat d iy H HONBD G S@YAAR K ed

i gur 6 LR BT BERE VL RAL T Y O B | B0 T NRL DR YEne BT AR Saor (T onal

conser \E@]@R&@DSHQIEHKBLY]{)I@@@M@MI@L@%GIZFESQ%@DNEC&EBgRNElﬂYNYMDY.@EEzat i ng
conserved subseguen es characteristic o resents the

sane aff-gRTEAECS ﬁéFS%EY%¥Te%%¥ﬁ%‘6W%%W@%&LW@BEFL@%EC% geffe BA-1

i ndi cates the presence of an additional conserved subsequence. [0031]Figure

5A-2 presents the sane alignnent that was presented in Figure 1C, except
t hat [0024]  A/Egypt/2786-NAMRU3/06

MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLDGVK
PLILRDCSVAGWLLGNPMCDEFLNVPEWSYIVEKINPANDLCYPGNFNDYEELKHLLSRINHFE
KIQITPKSSWSDHEASSGVSSACPYQGRSSFFRNVVWLIKKDNAYPTIKRSYNNTNQEDLLVLW
GIHHPNDAAEQTRLYONPTTYISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWITILKSNDAIN
FESNGNF IAPENAYKIVKKGDSTIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPK
YVKSNRLVLATGLRNSPQGERRRKKRGLEFGAIAGEF IEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTOKAIDGVINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGELDVWTYNAELLVLM
ENERTLDFHDSNVKNLYDKVRLOLRDNAKELGNGCFEFYHRCDNECMESVRNGTYDYPQYSEEA
RLKREETISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLOQCRICI (SEQ ID



Figure 5A-2 indicates the presence of an additional conserved subsequence.
[ 0032] Figure 5B1-B5 presents additional H5 HA sequence alignnents.
ConsensuswQSEQ/4D4NO  34); AAL59142 (SEQ I D NO 35); AAPRR29AB30108ER331 D NO
36); ABA70758 (SEQ ID NO 37); ABB87042 (SEQ ID NO 38); ABD14810 (SEQ ID
NO 39); ABD46740 (SEQ ID NO 40); ABD85144 (SEQ ID NO 41); and ABE97569
(SEQ ID NO 42). [0033]Figure 5B-6 shows additional avian 4 (HA) H5N1 viral
strains. [0034]Figure 6. Framework for understanding gl ycan receptor
speci f .t ¥1)a2-3- and/or a2-6-1inked glycans can adopt different

t opol ogi es. Accordl ng to the present invention, the ability of an HA

pol ypep@02d¢ t ol'hsipnebenioneamtivaplso mrtl‘plhieléteeltceprprmgt b rgoehidips thapHﬁ HA the

11 ust PabBoTR Al SR Ehbihdy Mot R APReRIBE o ¥ ERAIL G (MIRRE |

parti cbimlidgtohema it retgpek @gt(ﬁﬁparﬁl Wwitl b efefen@all Agylypogtidetincludbieetdr a”

ol yoaneXingla watR pebearaeY ahoriota AGSEhatral sfEE s branched -

ol i gosacchari des attached to a core (although this topology can be adopted
by certain Iong ol igosaccharides). The unbrella topology can only be
adopted by a2-6-1inked gl y@&%%wwmﬁaﬁﬁbﬂ Boawvings t he i ncreased

conf or mat i onal pI urality afforded by the extra C5-C6 bond that is present

i n thel@26§ | ilikegd); ! @ndligranapst efd@ﬁwlamteyu%emfetdlddypq BAgSeucgersaeehar i des

g{)lg; g%gﬁi%gwg@%IG@%%%Q‘B&%S% eezlgg?)%%l%ag%ul arly containing the notif

Ne u5Ac dloB: 66a 12 bi. AindGi gdiAgenonAs/Hi @BEILU lhedl) hEd eAn (SEQIDING: 10f HHAHu1

oL VEELThg LI, S BTG VoD, R LR LT

Fi gurettsjpm'(gEquINoshow Hﬁ@ ($eQabogy: of }BZH32@$EDQ13'1\50Q§ gav Ak nsEQby the
glycosidic torsion angles of the trisaccharide notifs -
e A0 NS0 DI, B (TR N Nt A RSB SO 3 61 IO ' SEHE N@etgp

par ame e f 5 t1Qf
subseqttﬁgr’tt (]gallgQ 1%?%585%(2?% 014 I\Itﬁr@l §‘g((:§fﬁtg11§| G ?BP% (E%Egi ned
to chaﬂEtN(ér]t@teHﬂ heAt ({3 ByNO: $mpdﬂ12n@0/S(SEQ)IﬂD NO: 18)e HI 3cAnt(BUQ IBAOL he

cdopt | 1800k EoAs TR MpF UGy 1AV asPe Dttt 40 SR AR HTIP &6kl e ana

unbr el I[@o27] ke rigpel2agk.ese g@B@c@Qleg@%em'oﬁm@y&z@%leﬁé%%dﬁpod}ﬁgycﬁﬁﬁpé&d by
a2-3 and a2-6, d cNAc and subsequent sugars are positioned_al ong a region
spanni AGRP asislidnvalyrddp Rindingrie Stﬁ%lc A wReh RaBicalar pRECAS|SE IRBEY et fitnlgy

Imrj“rtgla\r/?ng)gﬁw %L%éﬁ% tand?%aw'sa%gé gsd%gt?ﬁg&%f gc'r%ll[ﬁt 9%5 f((zﬁ% réI a- Ilke

t opol ogyd Bl dB6) R8unioue: dntina2eibs m\/ol@éd:NAtﬁncﬁnglto&mbaemnmmCCBan@asr &@rbend

towards the HA binding site (a in HA- a2-6 ¢ st al

ST o A N G B A Ml Rt eagiUa bt ARMEEhar | de)
woul d f3yQy7 dhlinGe B2 VY PRl QI Tréth R rkd ebt?vescrr?sl?dl 's!r&&ﬁlre?yThé"étﬁé} ssy@akesvan der
Waal s contact between acetyl groups of G cNAc and Neub HA interactions
Wi th umsredttanéd kemtSopesPoy yhiipiwloxpasyonga dtbbrayiationg: nﬁ)éﬁ ds at the nunber ed

i ; _

Poal 1 Ndycknanaty 80rd i LRAL N A Sl ARt PHARERIT NG IS 1 "

degl ct2 N@; ofﬁrﬁméem%iertsattéd/g/;ﬁ éﬁf?ﬁﬂﬂggﬂlﬂl’?ouﬁ)é ﬁglbaSIA/Keuthmehg@M/txy a2-3
a -

o5 A s BRI e he: 4l MRSt wibrosc IAS (S 3P R B3 ANt TR P! nicages.

res peCtYoYl@'lMS (MRS £(STRPH N@t Qgﬁ%}btﬁ@m/ﬁlé{&@t%ﬁé/tﬁé% (H3N8) (SEQ ID NO: 29);.
(http://ww. gl ycosci ences. del |ng)g ycomapsdb/) were generated using ab

i nitioAVE08i Mta\lletn@(ﬁ&ifﬁelﬂhgsﬂ(&@ N6} 30): ANDY A/Evseqyy/ 1 P8 (PR (SBR IDsNQol or
coded r i 1 )
repr esétrlt |A%§¥b%@M%$8 gl[e%zé ?ﬁy%@gﬁggﬂﬂc@ 3126" P@lgg)\ré'eA?\glg na%t/hl?83/2 val ues

obser vedsNoy (SEQeIlaRO333)nd a2- 6 ol i gosaccharides in the HA-glycan co-crystal
structures. The trans conformation (encircled region 1) of NeuS5Aca2-3Gal
predom nates in HA binding pocket with the exception of the co-crystal
structure of A/Aichi/2/68 H3N2 HA with a2-3 where this conformation is
gauche (encircled region 2). On the other hand, the cis conformation of
Neu5Aca2-6Gal (encircled region 3) predom nates in HA binding pocket. The
WO 2012/ 047941PCT/ US2011/ 054831 cone-1li ke topology is sanpled by encircled
regions 1 and 2 and the unbrella-likestopology is sanpled by encircled
region 3. Sections (E) - (F) show sanpling of cone-like and unbrella-like
topol ogi es by a2-3 and a2-6 notifs, respectively. The darker regions in the
confornatlonal ~mRps were used as the out er boundarles to calculate the O

o e P~ Y ' Y e T Y o oy ~ 1




Anal ysis of HA-glycan co-crystals reveals that the position of Neu5Ac
relative to the HA binding site is alnost invariant. Contacts with Neu5Ac

i nvol ve hwohbi/aonser ved resi dues such as F98, S/ T136, WrHAIS20418348and
L/1194. Contacts with other sugars involve different residues, depending on
whet her the sugar linkage is a2-3 or a2-6 and whether the glycan topol ogy
is cone or unbrella. For exanple, in the cone topology, the primary
contacts are with NeuSAc and with Gal sugars. E190 and Q226 pl ay

parti C%@@? 'ﬁ?z?rret_?arsteq e‘?lkgﬁiérﬁ'ne;zmll%stp&tﬂ%'clagser\;re}a'sﬁbslz el & HaPR1drks ZH§} rates
ot her positions : 37, 145, 186, 187, 193, 222) tha can part|C|pate

i n bi ndiingAt Blgovﬁr% BteSfmtft thr egne tlignsr@neth@taS@sﬂewntbﬂmEugtlrerlé’s icdeepsthean make
differ th dlffe ent an str res of am no acid
i 1 el bupbSN iRt et SR B Wearyplstied E58fa to
recept @teSsametahgﬁinérft €@ Rifas ﬁﬁdftrﬁdcﬁﬁtﬂlgﬂﬂe a@pb!x@épt h)lliaa Wk A patidagssnise proschbe
glycan structures. In the unbrella topol ogy, contacts are nade wth sugars
beyond oR&R &HtiopfeaaseryedrHib ECEFYGre il lustrates residues (e.g., 137, 145,
156, 196029186, F; 151%14 jéggueng‘ggl’zgrg‘r%%t ilthSPari %nse%%mugs%gmen%gﬁahapﬂ‘%nsﬁ@Bf
participate in binding to unbrella structures. In some cases, different

r esi dués HanTgnket Alpfebantetht saontlinmenihatvai fré¢senied in @llgy@alpi\ §K¢qpt:that es. The

type o i ti I

ool ypop S TR iy’ i USRS PO M RRR R HBNGG B Lk Bl

branc hltll[tgsapﬁtahgﬂirﬂ&lt ithut tvae pghyntanindliguie | Uf esept It Soxme: eniatidans mhépre@n&
residue_at positjon 190 d/or a D residue at position 225 contribute(s) to
bi ndi n@ff“ba‘g‘%qné $USGr¥ il t“g’&?qétgnce WD 2012/ 047941PCT/ US2011/ 054831

[ 0036] FoEB0] © Srigk sSSP a8 &R CIiLAN: DBIsBSsing éH@%&M%@EM%}E@&@@W%V tain
exenpl aréé but not exhaustive) glycan structur es that adopt cone

t opol ogf A.0087EFigLipesants fhg sapd aligpmenbihal Was nressaled g Bigure(14), egupt Biah
exenpl g JA tructures that can
adopt u IL?I allg g%%t g(tlﬂgg%én(cgof&?&g[?or?g&dg?r%gghr%b% t c%ot exhausti ve)

0-1i nkéﬁmgﬂ yCaﬁ‘lglst 54e2 pmesﬁntstthatsam:eaz{hgadmpttthntn@sqirésantbabpnlﬁg@e%? cf@PBBYFI gur e
10A-B. . dyc file of human bro h| a th cells and human col onic
epit heIFﬂ%l¥ %121138“\‘88 e PEREICC Oh g L Or"ﬁ ﬁcfi)%a?‘ﬂuali“i?erm ty in the upper
respiraoo32y timsmessiNi prodad aﬁhfﬁ@ﬁélfiﬁ/\HA%e qratedRGnfeh@MOTBEss(saSEQ ID
representative u%ﬁer respiratory cell line) and anal yzed USISp(gENALDI -

The pr St LENgR £3KQ AR NIp: 352 BAYAO9BESTQD NGt ABA 7B §IPEQ WMeat i ng

t he sa I 3 fi i Ws and
SA) . T@ %r ed%ﬁn?f}aﬁtb gg%?%@s(lﬁg%)o‘?ﬁﬁﬁ/gclgn(gh éo%dg) 'grgg)%gﬁ&topo ogy is
suppor Nt 46y, AP IGH (SEQQDéﬁtﬂ)ath)mnda*&lE%%b% ($EQ l’ﬂé}N(bsﬁlémt ative nass peaks.

{1 sSuclOFEhe \FRFHRRE goeatonbatire SN arER RS heli &l cel s

(HT29; [0034EP" e5eivedt i NameMskG8) dndelsa@linkady @Rt alepd spelhicky.cebl3- hidier was
chosen because the current N1 viruses have been shown to infect gut

cel | s. ogialinlgdpdycansera Boprdetiereridoprdegicse drcpoling tohmwedsepr md@mlonatﬂw )
Mo
ey g A Bo et o bRy Gert e S D i R s tpon i AP Ba0 Xheman

adapt atmcdmt@infdctien bisdilfeddAt vusisl thr xanly, eruAnsTUA aillueiged dtanWoubOthen abl e high

affinity binding to the diverse glycans expressed in the human uppe
respir étgateythﬁpgessaégnteéﬂen defm%lévécr PatigHlgrbaistoyant flerpseies; gus@e ppology and

Conf or npt. nd
Neu5Acg? Zh@%}la m%? Ol? g)d Pane QEOP% &2 2 Eé Lldoﬁ)pyfd q{y rrogz? ?g@g{;}r %rr%p _oékea

Neu5Ac @tyzai3Cad i itypiadjef shBhe)hgnmcc}mhdds srégareheoligosdcakaridea asachahtfocrdvat | on
observ n the APR34 Hl 23, co-cryst al

struct Eﬁtlgughrttla (BREPEEYT e 8&@%}&1@@2‘%‘% 8@%%8?CWFZ'§&%WQ ©ORlpRe

AAl 68_Id3h 8ily 60 a&dpY &t R o blkEME B cark@R8lunBbiN@NG o iRan&eRES oMb InMRhaimap Of
Neu5Acoc2- 6Gal where the cis-conformation (encircled region 3) is observed
i n al | plunditiHatfa@edbyp H&IeytraCéEC@lbgudahatos)plcwylstnahe g2todotkegesandRPanel C shows

di fference bet ccess su fa ( Ac . a2-3
and azPBedS‘i“éHat? @%%%d ?Y§8§%8 ét‘ic e?ﬂr Hec 8§ &8?%‘5@’ Qﬁgdl%%%ﬁ&éﬁd%r yst al
structures. The red and cyan bars respectlvely i ndicate that NeuS5Ac in a2-6
(positive value) or a2-3 (negative value) sialylated gl ycans nmakes nore
contact with glycan binding site. Panel D shows difference between SASA of
NeuAc in a2-3 sialylated glycans bound to sw ne and human H1 (H10,2_3),

avi an and human WO 2012/ 047941PCT/ US2011/ 054831 H3 (H30,2 3), and of NeuAc
in a2-6 sialylated glycans bound to swi ne and human Hl (H10,2 6). The
negative bar for H30,2 3 indicates | esser contact of the human H3 HA with
Neu5Aca2 3Ga| conpared to that of avian H3. Tor5|on angl es - 0 C2 C1-0-C3

L = A o~ N ~A N NS 1 IS T Y Y |




[ 0040] Fi gure 12A-B. Lectin staining of upper respiratory tissue sections. A
co-stain of the tracheal tissue with Jacalin (lighter) and ConA (darker)
reveal s awprefxueqnti al bi nding of Jacalin (binds specifipcalusgotios43ii nked

gl ycans) to goblet cells on the apical surface of the trachea and ConA
(binds specifically to N-linked glycans) to the ciliated tracheal

epithelial cells. Wthout wi shing to be bound by any particular theory, we
note that this finding suggests that goblet cells predom nantly express
0-link i I press

N1 nkg’%’ng‘il @%@C“W @ngiuulﬁfl e &ﬁﬁggﬁeg&%?ﬁl ?é‘“?l?ﬁ%?nf@ Elésxr(1 ark: binds
speci f ihc@id, ybitity c&fﬂ&pob/pqameblonﬂmd\@eufnbm dheabaipologehloaterabiddiag o at ed

cells. On the other  ha Cco- st.ai ni acal in h and MAL

(dar ke Py ieeRoS gagh Rty i Rson o @ontErury b B UL ERE® Shows weak
Ln [n malts pdc@idaly Emg,l tﬁgtdpfﬂo bf &213taﬁ@a@%&@%@&érﬁ&ib}fﬂh@@lykéﬁ@ib@&hoﬁ@hél&&ifl um
u ext ensi ve I Ndl N

% to e under | mg%crwlg%lons of the tissue. Together,

the | eéhq tﬁs%:f?]afifﬁiier‘i@ot at ale}l?r‘?ﬁot?ai%ﬁgﬁ/é #id @%ﬁﬁé‘@%ﬁé}ﬁlﬁdﬁl@ﬂf\énm ve

0.1 kil Rk iie) b LA ERTE o B RELN R bt W AR 0T e

si de okulishgueint GﬁmalGlemAt b@arumthe[sé)%ﬂdﬁagdﬁ morlfs wa@@lﬁﬁ@afdl t6 @haradteBSheof HSNL
HAs across different genetic clades. A/Hong Kong/ 486/ 97, Genetic Cl ade 0O

( HK_486°ryogypuncsepesifrmed thy §yontapigidh RiMPISHah MapEahibe pé-3andde-2. 1. 1

DK H t
G ade TePHC DTS 6 v a ™ HR TS N oy oA AR SRR P Rl RS e 1
(Viet td@aﬁlhl@ﬂa_ndlu)nb@SEQlkd)opmx)glé'@()Pandl/Gﬁ é ﬂanb&@ﬁ@d Opologesmipled I @218 1

\/t1234 SEQ ID NO 80); A/lnd / 5/ Genetic Clade 2.1.3
(1na_5 05022 §1e3)(BEQ MBI SHorip oA 1081 "aRLTRE o 460" 3. 4
( Anhui hhtelaal&g oBHéA) wiiPE& ek NEH 01 8R) prinfr g yrplolv2 £88tactNANMRLIRO A6ids Gehet | ¢ Cl ade

2.2 (Egypt _2876-N3_06 c2. 2@ (SEQTD NO, 83): WO
2012/ ow@hqlp@wmmse%a@ 3 TR GBmERIng) R34y rod Calgars; &)ndl%atéem

(Go_ @%Xn@%zwgﬁngﬁﬁ’)hké %;a@d ? VNQCh %ZL)m Lfo‘/tggyl@t‘(@ﬁgl cMAYRHRE Qfent CI ade
2.2.1 (Egypt 2321-N3 f (Sl ); A/ Egypt/3300- I\/RU3/

Genet i tovGirdode ﬂPlendl(nEgyfp(aS @B@@Vd\flan Oig\- (u226 Q- QLI)}/S@SE@CHUBSNCLO@GI) ¢2-A/ co mm n

/ fongl-5952(8 K 5052 07.c 2.3.2) (SE
Irr?)gRIIOe g‘o(fsgc R Tty Stanpf{?&/%afﬂ% %@%%V&renetl c%_| et ) (58

(CK_Vi etabmmyamaagag_@mn aaasz)aﬂpcmct 8&)weel &Q@Zkﬁlu@ybﬁGﬂcNAo%ap}IeedAé rom
St evens. et al . 20 Biol., 381:1382-94. Viet0304:
AN et ndHY igyagtions Wrth ag@sellaplﬂieﬁam%%&y igyefy peontacts of appest acidiht Gronahsirdat i ons

RBS of pbﬁlm{sqgés%]l bh %rﬁA :h'{_imbwn?g) %ﬁﬁ‘bl’eﬁA@ Rela M'l‘t%&(ﬁ%gflsu% ik & pAbent to

| nd505- L were anal yzed in a dose-dependent fashion on our glycan
array @@mfmw Wnth dNeupAe élpﬂ Eslenpas.i B@ehQOéﬁnaﬁkgummthrC@e@am@tﬂ@al Rorhingut ant s
showed bi n n I e hi gh HA
concentomé I}d lﬂn\/\}fﬁrgu hi?e 0 Qloé b \%Ib?%m gqﬁ Sseﬁt%r?s?AXl ?99a i ndi ng shared

by hun'aanfadﬁ:ﬂioﬁﬁll (HAg) mbwzﬁdasguam@@l N&Dﬁ@coﬂ&ﬁ!ﬁﬂc@aﬂﬁl aGB:II\yAGd sndEalBBNL HAs
that |ack glycosylation at N158 in the context of LS nutation. Renoval of
gl ycos Y anlinkaesy s8rschivelne Toeistrasps obRined fiom GhyceMaphieBeased human

recept @yt (ﬁ;t eg\xl% fsélbﬂyeg Me/}n%délnf?g/ %Z(%g‘{/ g %érggeneratgcp@é}ﬁ% infRsgpved for

human ad 1 and cosyl ati at N158 on H5 HA
t enpl atsinukitidns @zg MMﬁuf@tf; bddancrgy @1stré>upowstdmbutco@mung frehelat’S nut at i on)
showed eference to n, recep S ¥ n receptors), but
Sunst adt PRy pR R SRR Rl BB BE AR LSt R AR Son i O
N158- d@@ré@@ﬁ’ﬁ(ﬁ'q@tvﬁﬂleb&ﬁﬁe&ﬂ@r the a2-3 and (12 6 oligosaccharides in the HA-glycan co-

crystal structures. The frans conformation (encircled region 1) of Neu5Aca2-3Gal predominates

in HA binding pocket with the exception of the co-crystal structure of A/Aichi/2/68 H3N2 HA

with a2-3 where this conformation is gauche (encircled region 2). On the other hand, the cis

conformation of Neu5Aca2-6Gal (encircled region 3) predominates in HA binding pocket. The
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[ 0045] Figure 17: Conparing salient features of RBS between human adapted
H2N2 HA (Alb6 58) and H5N1 (Viet1203 _04) HA. Four differences in H2ZN2 HA as
conpar ed wotzh1248Mu1 HA i ncl ude: (1) Conposition of 130 | @op/usSroIHARB3IHA whi ch
includes a deletion, (2) lack of glycosylation at 158 position in H2ZN2 HA,
(3) am no acid conposition of the base of the RBS involving positions 137,
221, 226 and 228, and (4) am no acid conposition at top of the RBS
i nvol ving positions 188, 192 and 193. [0046] Figure 18: Conparison of the
RBS of cbwliﬂﬁo%ﬁo?fs%gﬂlﬁle%gl RndiRadd r@émﬁ?%d‘f‘anﬁﬂlpgmgﬁﬂﬁamg t((p%_l}:f%ylip NG .
89): A/ Al bany/6/58 H2N2 HA; " Vi et 1203”04 D (SEQ ID NO 90): nodifred version
of A/ Visempladrbl 203rcB4 réfion ¥ 8¢ctip08(H04 (D) HRRBSn(PEEQOf DyiddikeQuny umprellarlike of

t 130 aci d subst it ut

Vi ot 10 sttt A B80S, e BRSSP mars

del et i artra@lised 39the \Wile2 83 IAARA4 LHACTIAIDROE pARBd 83 langlRbeilv @ Dt Htdrb bE ons;
ckEgy_07 (SEQ ID NGO 93): A/chicken/ Egypt/ R2/2007 HSN1 HA that al ready has
del et i dfsuafic aBhe1 atomy ! obspRRBRSGHSEOUIENNOSUQB) formgivgnscodl (ORBgWUOT with 8

substitutions; ckViet O SEQ | : Al chi ckenN.et nam,NCYD- 093/ 2008
preih c gt (e G e TP FR AR et e el ey

Ck Vi et 2A8ALRRAS 6 SEQ DG IO 11 HIAkAp ). ShupBfinhrigiRS  O6hudls 130
and 6 substitutions; ckViet 08H2RBSm n (SEpQI NO 97): nutant of ckViet 08

with delidthosondermpgonagaergy subdndicatd hio2-Trviikadops 10DRBSHT k¢ BEJRD NO
98): f | i.on 1 S ' ' . nahe

ros; dudment v sid st Bl fbElBuckike Ry TS b sRRT gnd To

del et i 02-6 motdf3@Amiptadoitsths hawrikierant abdrdilaglidei toprtl edes Mdykiesyth@ingomsat 158 i s
hi ghl i ghted. [0047]Fi %gre 19: Dose dependent anal ysis of nutant of HS5N1 HA
(Vi et _1?5‘35_1@99_@_51"@%@? @@%@s@feﬁﬁ‘?@ﬂe‘@ﬁé?%ﬁé kége-corrposi tion of its
RBS m {fb(fs%] t h%g:%ﬁ‘!ﬁi%mcﬁgﬁsp&ﬂ% Falaevn IHeS s B §l?&)¢l§oﬁw&§1£s¥ specific
high affinity binding to humah receptors that Is characteristic of other
human adabsied! HAsglyTdnecdirpgila gevadlt ihal the pofitivmpsNenftAertlative tovth@HAr ecept or

(6" SLN; L is quantified by Kd - 3 that. is in the sane range as.that of
horran RUAMECHeR R Y iRty Db Gkt b B B Hen

gl ycan-as 8¢& ' Dr36bWidB Nig1$3 @ddr/11i9e s Cohtapand@rititer ligirsTin@olMAgiffef @0rdRidatt ypi ¢
human- adapt ed pandem ¢ 1918 HIN1 (Si) and 1958 H2N2 (S2) and 2009 HIN1 ( S3)
st r ai nslerRMgReKHedethes theisyeardinkagsiic 0261 HP2nYrdwhiibsanhs dreptiordogyss PN LN)

With mai o 0 oo e ) .
oot o el OFSUBRRBIL Iitht Yo Ao e Ml ket WAt Re hfl QHAT

i nt r oddti sugatshdi1BAkhdQRR6 piSy purtiat oy impordnetok2 0B thibikbihng. HAs Fequeree does
not swi.tch its. receptor, prefer h receptor. hindi.ng seen with
(oo pailiEhot® BReTERIRog R cUTe Bt Tsbprotanas b S5 P deipde Brhing g B
sequengesge duuefirddA TS sy L&, BifRrahasidueadintgake diftdradRodtads Fithldsifae® | abel ed
and colored in red and blue, respectively. Cosely related subt}prAes are

| ocat e@Y6AN HrusHE e sl he|tpreeo pgighaeid wghens positions can influence ability of an

polypeptide to bind to receptors with different modification and/or branching patterns in the
glycan structures. In the umbrella topology, contacts are made with sugars beyond Neu5SAc and
Gal. This Figure illustrates residues (e.g., 137, 145, 156, 159, 186, 187, 189, 190, 192, 193, 196,
222,225, 226) that can participate in binding to umbrella structures. In some cases, different
residues can make different contacts with different glycan structures. The type of amino acid in
these positions can influence ability of an HA polypeptide to bind to receptors with different
modification and/or branching patterns in the glycan structures. In some embodiments, a D
residue at position 190 and/or a D residue at position 225 contribute(s) to binding to umbrella

topologies.
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[ 0050] Fi gure 22: Key structural features within the RBS of H5 HA Shown in
the figure is the cartoon rendering of RBS of Alb6 58 HA (gray) and

Vi et 0304 woreemu7ailt h si de chai ns of ami no acids that areTdistéienesssl bet ween
these HAs. The four features that distinguish the H2 and H5 RBS as
described in the text are highlighted in dotted red circles. [0051] Figure
23: Sequence alignnment of RBS of representative H2 and H5 HAs WD

2012/ 047941PCT/ US2011/ 054831 HA sequences fromthe pandem ¢ H2N2 strain
(ANAD !/ 58;; 1 AV TR i 5 6

(A mng%gg/ ?égl?rg?g %?‘g ’)ﬂ lf?g(g{ngéwﬁ Hégngh%ong/ S?gﬁggggﬁr%@f%%%gy e
ANi et nani x2@Btigd) gycayisetAPESpyadop! ¢ondderdogdss/ 05 or |1 nd_5_05,

Al Egyp 6- NAMR Egy 2786- 06) alo i.th the chosen HA tenpl ate
(ot BTF e T, BBt WPl PRl S e RSl

( ckEgy eRifamstiwed N3 hindOelirled gheth stfuOb] thatguh edad umb yleaspd @iapi(By €bitaiai ng
properties of ckEgy 07 and Egy.07 harboring LS am no acid changes

Dose- d&penelantCdim e&hag?tveaﬁf?%&*ﬁ@igwarb%tﬂl%e H&IHIIPHE _]ETHBFPPQ?O@Wcan
array phgagf or rmgmnmsg, NG1yPhn fRRISTFRndE bMBRUIBRmaRs BN MY HERARRLE- A
the wild-type ckEgy 07 HA'shows the typical specCific and high affinity

avi an- epidlegbrbrellyi hafyrthee raesigplertheglyeanctivestitydn ty Upiet sppriraBKistas N-B,

I ntrod ' - i ' ' ' shyfts its

speci 1 §EtGR A SR TaEh Ok REs b gt BUET N RO LT g T s

avi an negdepdekingiMALDIMS) Bhdpradimihardt @Xgressida, ofi2n6lingB B wek&gyinfidd bs nmut ant
to physiol ogi cal human receptors expressed predonm nantly on apical surface
of hunife-Eeatien gl sampkswiigh §1@g@148@> A.(03ResPpifamnd SidideassrA sgdeves and Y4)- aiw

af fini f - L ndi ' | he human
trache ?/edto {Ilgl{sgﬁl{e%{%%ﬁﬁﬁggl g? ﬂlgﬁ‘g{hr%gftlgﬁﬂtaﬂﬁ&%ggg%gﬁhﬁgﬁeg:ﬁ? Tr@a%/%gg sufficient
t o conflegmagndsodnatysand psscaatiof mids Ntaksi Toprivaddxoreilfarendeiorsgl pashaliterdidd | n

the context of other required nge such..as. PB2). [0053] Fi gure, 25:
anal yorb O EPR RS Fate BF NGO ROR R ORISR Racstosoater o etk ¢ ne
cont eX{HP; laSe prddcAtatiQO SutQiRll FinY Cid dbRGRRL OMhiddeNdind @va@thddon blralse thbe

ckEgy 07 _LS nutant shows a quantitative human receptor switch resenbling

ot her  airens MO IyagisesHiave heenghawp fyingast 9 celdy: Aalckrs AGHAiSaroSEzoeot H1L N1 HA
adapt e [ [ ho af : e
it ot 1 o R SR o b (3 A Ol 6 TN ARC. Mined P op 280
| eadi nGrdnoh ks WHolghy Bady hajrewlerbs bides/c8 fdraIBIA. tTietgbre! Minsanradbgatiors hows
dramati ¢ i ovenent in human receptor-binding, it retains nmpst of its
avi an pé@xs&? LB\ eiwig e RRE HAs mygiioahdparees paabichigh a%lgﬁa Hdgadhcand t he
CKEQY _Qfvelss olpehAtxpldsfdtif e iithaRPEer) by RUENQ. g2 Gnfhrd Tt A daRE)S
i nt roducvgd ignWéEgy_X(I))Gsl—mlsequence ?ﬁartresr?%ﬁ)r}g?l y Slrtgégﬁs glrycogg%/laa?i on at 158
al so s t heiganmd /bl ordo mytiornofrivdearaissoliert @BesObilAL & Nutdne2-3[00&4] Fi gur e
261 HURN: RBRAGYS AR WarkF ALhSDERR S0 RN ) SRHRNES SRR inkage.

The encircled region 2 is the frans conformation observed in the APR34_H1_23,

ADU63_H3_23 and ADS97_HS5_23 co-crystal structures. The encircled region 1 is the

conformation observed in the AAI68_H3_23 co-crystal structure. Panel B shows the
conformational map of NeuSAca2-6Gal where the cis-conformation (encircled region 3) is
observed in all the HA—a2-6 sialylated glycan co-crystal structures. Panel C shows difference
between solvent accessible surface area (SASA) of NeuSAc a2-3 and a2-6 sialylated
oligosaccharides in the respective HA-glycan co-crystal structures. The red and cyan bars
respectively indicate that NeuSAc in a2-6 (positive value) or a2-3 (negative value) sialylated
glycans makes more contact with glycan binding site. Panel D shows difference between SASA

of NeuAc in a2-3 sialylated glycans bound to swine and human H1 (H14.3), avian and human
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naturally acquired feature 2 W) 2012/ 047941PCT/ US2011/ 054831

Al chi cken/ Vi et nam NCVD- 093/ 2008 avi an H5N1 HA al ready acquired am no acid
changes iWORO/dad4ilx where 192 position typically conpripsirng2af/ 03481 has
nutated to Lys and 193 position typically conprising of Lys/Arg has nutated
to Met. Introducing 6 am no acid changes and a deletion to match feature 1
(deletion in 130-1o0op + A130T) and feature 3
(S137R1S221P/ R26L/ S227G (228S) resulted in a mutant HA that quantitatively

SWi t cheg dfsS, Br&lie RAGEK LR d@%{ﬁxfaﬁ‘eg cgﬁssbo%\ﬁ?@% %]VOinE B erﬁa%ef@P FI?PJM).

gl ycosylation'at 158. However, troduction o e T160A loss o
gl ycosyihahtgiive harfgeHal g ngdivdtésHeds&; contachefithe hilrganl3B® HA0®ph deli@a¢a3Gasul t s
in dramatic reduction in binding to human and avi an receptors (data not

shown) compEp@fuha ofpygian e dorsigNanglfas- ¢:((ReC él-e8 iloh Nep>o AP-3/6 dinkige):aV nor e

iti h | &t i [ onl
ot at | o OLo0as] £F BraRG- S B CROLEERY A kot 8RB EX i L Tn s ana

human KNeMALEDbaLe sinkugeLeTlEeh agapOlerd vbameamdrnhaeoMabNIBI sol at es whose HA
has acquired am no acid changes to match features 1 and 4 of H2 HA RBS i s
pl ot t edhtens//Wiyeglyoncigcesdymogpmg gl yromepsdiy nvhigh Wis divatoped brRerMatigs been a

dr amat i, G $ASCLbIWIRLEE 05248 L‘?éftlpl i(?%h%gﬁ\ﬁe éﬂ%&ﬁ}lﬁéeﬁeﬁd@lﬂ&’gr es since
0 y t

their initial energence 1n 2007. P ogenetic analysis o e sequences of
t hese (Bohatyes Thhovedng fvheme freyn Hgh erggdotlov ehardeisdrdn brigh redPerbeight age of
avi an and human.i sol ates whose HA has acquired am no acid changes to nmatch
featur@“fnﬁFqﬁ?“ﬁihRBS. Only a snal| percentage of H5NL isol ates have

acqui r ggd4ohi s Figateuna.B. Flctin k@ngthomeper RpINGantiskiA ssepuenses-ski0 o7 INCBI
I nfl uenza Virus Resource were aligned, and nunmber of occurrences of each of

the fedbeheaktistaeVihwalintihiarnangd Ghnfetiapeat rexss eRisteextiabbiadingef lsplimge. A
total ofinds }Zciﬁl:'ahi “th Qﬁﬂﬁﬂd%%r%ﬁ%@& g&‘:ﬁ&tceﬁ@(’ﬂ}th%% NGRS R GIREOYRA for

t he anal ysi s. [Oog%]Flgure 8: panded nonenclature of glycans used in the
gl ycan GanAdpinNe siisAdically: mdedipkedel pems ity glided dachGdlepitiplighd¢cdlst ¥&eoud cNAC:
N-acetyl. .D-gl ycosamne a / 13. anoneric configuration of the r.anose

Sugar s Wt E RRALAC S dardtineBHO0T ¥ oo BB R s Gy ot D BVRBTRAE o1
as des@rddomthantly express O-linked glycans while ciliated epithelial cells predominantly express N-
http://ww. functional gl ycom cs. orl%{ist atic/consortiuniresources/resourcecore

d5. sht finked shryape16p-clerag pidmrchepwith Jaysliand 1904 sdq7fthinds specifipelisde Geérfte

El ementgows binding of SNA to both goblet and ciliated cells. On the other hand, co-staining of Jacalin
(lighter) and MAL (darker), which specifically binds to a2-3 sialylated glycans, shows weak
minimal to no binding of MAL to the pseudostratified tracheal epithelium but extensive binding
to the underlying regions of the tissue. Together, the lectin staining data indicated predominant
expression and extensive distribution of a2-6 sialylated glycans as a part of both N-linked and
O-linked glycans respectively in ciliated and goblet cells on the apical side of the tracheal
epithelium.

[0041] Figure 13: Comparison of RBS of HSN1 HAs across different genetic clades. A/Hong
Kong/486/97, Genetic Clade 0 (HK_486_97_c0) (SEQ ID NO: 76); A/Duck/Hunan/795/02,
Genetic Clade 2.1.1 (DK_Hunan_795_02_c.2.1.1) (SEQ ID NO: 77); A/Hong Kong/213/03,
Genetic Clade 1 (Hk_213_03_c1) (SEQ ID NO: 78); A/Vietnam/1194/04, Genetic Clade 1
(Viet_1194_04_cl) (SEQ ID NO: 79); A/Vietnam/1203/04, Genetic Clade 1 (Viet_1203_04 cl1)
(SEQ ID NO: 80); A/Indonesia/5/05, Genetic Clade 2.1.3 (Ind_5_05_c2.1.3) (SEQ ID NO: 81);
A/Anhui/1/05, Genetic Clade 2.3.4 (Anhui_1_05_c2.3.4) (SEQ ID NO: 82); A/Egypt/2786-
NAMRU3/06, Genetic Clade 2.2 (Egypt 2876-N3_06_c2.2) (SEQ ID NO: §83);
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HA Sequence Elenment 1 [0057] HA Sequence Elenent 1 is a sequence el enent
correspondi ng approximately to residues 97-185 (where residue positions are
assi gned woi2op/HM4HA as reference) of nmany HA protei ns Poma$20in/0s88Ur a

i nfluenza isolates. This sequence el enent has the basic structure: C (Y/F)
PXi CX2 WX3 WX4 HH P, wherein: X1 is approximtely 30-45 am no acids

l ong; X2 is approximtely 5-20 am no acids long; X3 is approximately 25-30
am no acids long; and X4 is approximately 2 am no acids |ong. [0058]1n sone

embodi rﬁ@%&o%e/cﬁiiyahg/ﬂh@(s'tGe?»’éﬁééladQEL (@Q%l 357486 cﬁt%s@jg?}ﬁ NePg4p6, 37, 38,

38, 40 ., of 43 amno acid n SONE € ments, X2 is about

9- 15, eﬁ‘rng}m’Q&ENﬁMRHB/Oab@metlg CI@©2 211_L(Eg1y2§_2331, -Ngr 01 42.3rh) ﬁiﬁ@.dﬂDd@l ong. In

sone e t 26 .2 I t i ci ds
one. TP AR AR ARSI R 2 AL B Ben T Y 7> FIIO B

enbodl NENLIS); Méorhﬁﬁnhhgpls&mn@Mgﬂoszlbm, Gaidc €ndedi3®ent s, X4 has the

sequence GV; i o] nbodi nent s h the sequence Al; | )
rbod! MHESTOMRAY e SadUEnbRNRA ] AaeiherSidaumiunt 0.0 pRoEE dhands

El ementoidgecomnr vieNeviley 63 de) e No: 8gre enmbodi nents, this disulfide
bond bri dges residues corresponding to positions 97 and 139 (based on the

canoni ¢@&42H3 usbertfng\dspist Emmuttrtans eti/h@Pes, ) Mof. @@@9]3%1%&%%4 e‘ﬁlb@éﬁ‘rent s,
and par Aé?e‘rﬂa%{/p’m( 478 XRERS Qﬁ/%/osx'm* %?@B J&Qt gﬂa%
m no aC|ds

and/or I's a anrho acl ds I"'ong

| ong. I[ﬁ)ﬂ4§§)rre Iégfmadﬁ rrWtejMamjaqdaVztetOﬁ&d REY §€qllﬂ7a]€|ﬁlt tpdhtyjn)émﬂ) d's, wddd Sequence
E emantana yze 1n a I3036 éepenc}ent t%shlon on our glycan array comprising of representative avian and
human receptors. Both mutants showed minimal a2-6 binding (binding signals observed only at
high HA concentration), which contrasts with the high affinity 02-6 binding shared by human
adapted HAs.

[0044] Figure 16: Dose dependent analysis of HSNI HAs that lack glycosylation at N158 in
the context of LS mutation. Removal of glycosylation at N158 in the context of LS mutation
increased human receptor binding affinity to the same range (Kd’ ~ 20pM) as observed for
human adapted HIN1 and H2N2 HAs. Removal of glycosylation at N158 on HS HA template
with Q2261 mutation alone (i.e., without G228S of the LS mutation) showed improved
preference to human receptors (over avian receptors), but substantially lowered human receptor-
binding affinity in comparison with N158-deglycosylated LS mutant.

[0045] Figure 17: Comparing salient features of RBS between human adapted H2ZN2 HA
(Alb6_58) and H5N1 (Viet1203_04) HA. Four differences in H2N2 HA as compared with HSN1
HA include: (1) Composition of 130 loop in H2N2 HA which includes a deletion, (2) lack of
glycosylation at 158 position in HZN2 HA, (3) amino acid composition of the base of the RBS
involving positions 137, 221, 226 and 228, and (4) amino acid composition at top of the RBS
involving positions 188, 192 and 193.

[0046] Figure 18: Comparison of the RBS of the H5 HA mutants with that of H2N2 HA.
Alb6_58 H2N2 (SEQ ID NO: 89): A/Albany/6/58 H2N2 HA; Viet1203_04_D (SEQ ID NO:
90): modified version of A/Vietnam/1203/04 HA; Viet1203_04_D_H2RBS (SEQ ID NO: 91):
mutant of Viet1203 04 D with deletion at 130 and 13 amino acid substitutions;
Viet1203_04_D_H2RBSmin (SEQ ID NO: 92): mutant of Viet1203_04_D with deletion at 130
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CYPXIAT (AT (AS) CX2WX3 WX4 HH P, wherein: Xi A
I s approxi mately 27-42, or approxi mately 32-42, or approxi mtely 32- 40, or
appr oxi mewel291228791, or approxi mately 31-41, or approxi raraisgoi3nsa91 or
approximately 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 am no acids |ong,
and X2-X4 are as above. [0060] 1 n some enbodi nents, and particularly in Hl
pol ypepti des, HA Sequence Elenent 1 has the structure: WO

2012/ 047941PCT/ US2011/054831 C Y P XiA T (ALT) (A/S) C X2 W(ILL) (TN) X3A

W X4 Hahh Poutifigfiiehd: ckliey 07 (SEQ D NO: 93): A/chlcken/E%ﬁt/Ré/zé@’PH@mrrﬁ&ﬁlay 27-42,
or approxi mately 32-4 approxi mately 32 0, approxi mately 32, 33,

34, 35alrggly hgydel@g)n 5@930 (;:,kEgﬁ_(HnHﬁBBééSE@ ID(N@ 94): mutant of ckEgy_07 with 8

>2(§'16‘ 'S s@%g[u%oﬁs c{<€ie¥ ()% §IDg‘I[Iq%a%rR%:(k}%%yetnam&%égﬁsg99?@®gﬁ%lﬁﬁh§g¥%@4

enbodl akedds, haandltq‘hantch@*gd: ar 192 aind 168 pidi yrpegMVielesy }HR]&(@E@IIDNEI eaent 1
I ncl udes the_sequen

') et GEh Gt S B ki o] Posatons b i Mo Ethatea, for

exanmpl &0:i97):Fhg M@ cikvid) 08 with deletion at 130 and 6 substitutions; ckViet_08_H2RBSmin
(SEQ ID NO: 98): mutant of ckViet_08 with deletion at 130 and 4 substitutions. The residue
positions that are substituted are in bold and highlighted. The deletion in 130 loop is shown in
bold highlighted. Glycosylation at 158 is highlighted.
[0047] Figure 19: Dose dependent analysis of mutant of HSNI1 HA
(Viet1203_04_D_H2RBS) designed such that the molecular composition of its RBS mimics that
of human-adapted H2ZN2 HA. This mutant shows highly specific high affinity binding to human
receptors that is characteristic of other human adapted HAs. The binding affinity of this mutant
to human receptor (6’SLN-LN) is quantified by Kd’ ~ 3 pM that is in the same range as that of
human adapted HIN1 and H2N2 HAs.
[0048] Figure 20: Characteristic glycan-receptor binding properties of pandemic HAs
The HAs from prototypic human-adapted pandemic 1918 HIN1 (S57) and 1958 H2N2 (52) and
2009 HINT (83) strains show specific high affinity binding to human receptors (6’SLN-LN) with
minimal to substantially lower affinity binding (relative to human receptor affinity) to avian
receptors (3’SLN-LN). On the other hand introducing the hallmark LS mutation in Viet1203_04
HS5N1 HA sequence does not switch its receptor preference to the human receptor binding seen
with the pandemic HAs.
[0049] Figure 21: Phylogeny tree of representative sequences from HA subtypes
Branches leading to clade 1 & 2 HAs are labeled and colored in red and blue, respectively.
Closely related subtypes are located on branches close to one another.
[0050] Figure 22: Key structural features within the RBS of H5 HA
Shown in the figure is the cartoon rendering of RBS of Alb6_58 HA (gray) and Viet0304 (green)
with side chains of amino acids that are different between these HAs. The four features that
distinguish the H2 and HS RBS as described in the text are highlighted in dotted red circles.
[0051] Figure 23: Sequence alignment of RBS of representative H2 and H5 HAs
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[0062] I n sone enbodi nents, and particularly in H3 polypeptides, Xi is about
39 am no acids long, and/or X2 is about 13 am no acids long, and/or X3 is
about 26 woi2or/@edds | ong. [0063] 1 n sone enbodi nents, amdTaseanessarly in
H3 pol ypepti des, HA Sequence Elenent 1 has the structure: CY P XiA S (S/'N)
(A/S) C X2 WX3 WX4 HH P, wherein: XiAis
approxi mately 27-42, or approximately 32-42, or approximately 32- 40, or
approxi mately 23-38, or approximately 28-38, or approxi mately 28-36, or

appr oxifRLLh¥n L8 fromdhe flhdedi HBR2 siBin gg/é&lbal'ﬁ%/s?zﬁor A?irBﬂs) S)gl%pre%&nat% hglglaﬁm no

acids long, and X2-X4 are as above. [0064]Ih sone enbodi ments, an
part i cidodatésyiranm 194 -HHRI6y Hédoniéens/436/ Bequn o) B iéHond Khag2t3@3 et ruct ure: C

Y P X1 / WL T 4 H et ein:

Xi A i S%Ia%pzﬁgx@ﬁa ellef}e)a?%%{m&r ‘é%%?%xﬁ%@?’g@énﬁsﬁ/ 5’95) b%r@a%gjr%xi mately 32-
40, or APgypaR7S@NAIMRB2 or Bgy 2346-N3506)3bong3vith 38 ch&8n HBrHAGerapthtao aci ds

| ong, ) X3A. i s approxi mtely 23-2 or proxi mately
24- 26, <640h&bf}1/8&>rn¥§t2&7wrfhﬁg&@7>§fI%daﬂ%6§ AN Py - Hete e xa ar o
as aboxéggnehQOGS] In sone enbodi nents, and particularly in H3 pol ypepti des,

HA Sequence Elenment 1 includes the sequence:
[0052] Figure 24: Glycan receptor-binding properties of ckEgy_07 and ckEgy_07 harboring

LS amino acid changes

Dose-dependent direct glycan-binding of HAs were performed on a glycan array platform
comprising of representative human and avian receptors. A, the wild-type ckEgy 07 HA shows
the typical specific and high affinity avian-receptor binding characteristic of other wild-type
H5N1 HAs. B, Introduction of the LS mutations on this HA quantitatively shifts its specificity to
human receptor (6’SLN-LN) and substantially reducing its avian receptor binding to a minimal
level. C, binding of ckEgy_07 LS mutant to physiological human receptors expressed
predominantly on apical surface of human tracheal tissue section. The human receptor specificity
and affinity from the dose-dependent binding profile together with the human tracheal tissue
staining of the mutant HA is such that it may be sufficient to confer aerosol transmission of
HSNI1 virus harboring this mutant HA in the context of other required changes (such as PB2).
[0053] Figure 25: Analysis of effect of loss of glycosylation at the 158 position in the context
of LS mutations on glycan receptor binding of H5S HA

A, the ckEgy 07 LS mutant shows a quantitative human receptor switch resembling other
pandemic HAs. B, the binding curve for A/California/04/2009 HIN1 HA adapted from previous
study (S3) is shown for comparison. C, the T160A mutation in Viet03_04_ALS mutant removes
glycosylation sequon at N158 leading to loss of glycosylation at this site. Although this mutant
shows dramatic improvement in human receptor-binding, it retains most of its avian receptor-
binding that is not characteristic of pandemic HAs and the ckEgy_07_LS mutant (in the fop
panel). D, LS amino acid mutations introduced in Egy 06 HA sequence that naturally lacks
glycosylation at 158 also shows the same binding profile as Viet03_04_ ALS mutant.

[0054] Figure 26: Human-adaptive amino acid changes on HSN1 HA sequence that

naturally acquired feature 2
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WD 2012/ 047941PCT/ US2011/ 054831 (L/) (V/1) ASSGTILE F, typically within X1
(including within Xi A), and especi ally begi nning about residue 12 of X1 (as
i Il ustratwo,20f2047%tanpl e, in Figures 1, 2 and 4). [0066pCm/usomng/0543831

enbodi ments, and particularly in H5 pol ypeptides, Xi is about 42 am no
acids long, and/or X2 is about 13 am no acids long, and/or X3 is about 26
am no acids long. [0067] 1 n sone enbodi nents, and particularly in H5

pol ypepti des, HA Sequence Elenent 1 has the structure: CY P X1A SSAC X2 W
X3 W X4\ /bhikkeRrvitBHANVD-093/2008 avian HSN1 HA already ac%ﬂir%d lafhi RPRE PN LsGh Y

27-42, or approximately 32-42, or approximately 32- 40, or approximately
23- 38, 18¢-helppwbsie 2 epytigarygigallyosonzpisingxif rhat basym@8le@ &) Ly andp98 oxéiten el y 28,

29, 30, 31, 32 33 34, 36, 37, .38, .3 r .40 am no acids | ong, and
Yo xa ey Pomadins PhodRie s eC BBl AR oy 20

pol ypeg@ticdesto dAciSequent elclEierant 30Llobas A BT iduettures3 C Y P Xi A SSAC X2 W

L X3€S 1%9&82%15/&326%%5%3%2288) resulted in a mutant HA that quantitatively switched its
preference to human receptors even in the presence of glycosylation at 158. However,
introduction of the T160A loss of glycosylation change along with LS, without the 130-loop
deletion results in dramatic reduction in binding to human and avian receptors (data not shown).
Therefore, for these HSN1 HAs, the deletion in 130-loop is a more critical change than the loss
of glycosylation in the context of LS mutation.
[0055] Figure 27: Emergence of key features in recent avian H5 and human H5N1 isolates
A, Percentage of avian and human H5N1 isolates whose HA has acquired amino acid changes to
match features 1 and 4 of H2 HA RBS is plotted as function of year when the strain was isolated.
There has been a dramatic increase in percentage of isolates having these key features since their
initial emergence in 2007. Phylogenetic analysis of the sequences of these isolates showed that
they belonged to clade 2.2.1. B, Percentage of avian and human isolates whose HA has acquired
amino acid changes to match feature 2 of H2 HA RBS. Only a small percentage of H5N1 isolates
have acquired this feature. Full-length non-redundant HA sequences from NCBI Influenza Virus
Resource were aligned, and number of occurrences of each of the features was calculated in a
given year and expressed as percentage. A total of 2277 full-length non-redundant HSN1
sequences were employed for the analysis.
[0056] Figure 28: Expanded nomenclature of glycans used in the glycan array
NeuSAc: N-acetyl D-neuraminic acid; Gal: D-galactose; GIcNAc: N-acetyl D-glucosamine. o /
[3: anomeric configuration of the pyranose sugars. All the sugars are linked via a spacer to biotin
(-Sp-LC-LC-Biotin as described in

http://www.functionalglycomics.org/static/consortium/resources/resourcecoredS.shtml)
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Xi Ais approximately 27-42, or approximately 32-42, or approximately 32-
40, or approximately 32, 33, 34, 35, 36, 37, 38, 39, or 40 am no acids

| ong, andwo 2012/047941 X3A i s approxi mat el y PRBABRS)11064831
approxi mately 24-26, or approximately 24, 25, or 26 am no acids |ong, and
X2 and X4 are as above. [0069]In sone enbodi nents, and particularly in H5
pol ypepti des, HA Sequence Elenment 1 is extended (i.e., at a position
correspondi ng to residues 186-193) by the sequence: NDAAEXX(K/'R) [0070]1n
sone enbodi nents, and parbé&gkay,},m%%gg&ey@@%hges HA Sequence El enent
1 includes the sequence: YEELKHLXSXXNHF typically within Xi, and

especi YA ¥epRBIMERG@bout residue 6 of X1 (as illustrated, for exanple, in
Figures I, 2, and 5). WD 2012/047941PCT/ US2011/ 054831 HA Sequence El enent
2 [ oof(l(]SIJlA Sditéeiendd Idemeit 12s age%le@@cﬂlﬁém C@tfén@rﬂmg:mpr@stp@mm thg

appr oxi I.d 324- a sin Syst ased on
By T B R R P ETRR e R e P T B S g LR R
sequengentéhefornd imasurbhiefliasi sobitasUEisiB@uence element has the basic structure:

C/F)PX;CX, W X3W Xy HH P, wherein:

X is approximately 30-45 amino acids long;

X, is approximately 5-20 amino acids long;

X3 is approximately 25-30 amino acids long; and
X4 is approximately 2 amino acids long.

[0058] In some embodiments, X; is about 35-45, or about 35-43, or about 35, 36, 37, 38, 38,
40, 41, 42, or 43 amino acids long. In some embodiments, X, is about 9-15, or about 9-14, or
about 9, 10, 11, 12, 13, or 14 amino acids long. In some embodiments, X3 is about 26-28, or
about 26, 27, or 28 amino acids long. In some embodiments, X, has the sequence (G/A) (I/V).
In some embodiments, X4 has the sequence GI; in some embodiments, X4 has the sequence GV;
in some embodiments, X4 has the sequence Al; in some embodiments, X4 has the sequence AV.
In some embodiments, HA Sequence Element 1 comprises a disulfide bond. In some
embodiments, this disulfide bond bridges residues corresponding to positions 97 and 139 (based
on the canonical H3 numbering system utilized herein).

[0059] In some embodiments, and particularly in H1 polypeptides, X is about 43 amino
acids long, and/or X; is about 13 amino acids long, and/or X3 is about 26 amino acids long.

In some embodiments, and particularly in H1 polypeptides, HA Sequence Element 1 has the
structure:

CYPXiaT (AT (A/S) C X, W X3 W X4 HH P, wherein:

Xja is approximately 27-42, or approximately 32-42, or approximately 32-
40, or approximately 26-41, or approximately 31-41, or approximately 31-39, or approximately
31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 amino acids long, and X,-X4 are as above.

[0060] In some embodiments, and particularly in H1 polypeptides, HA Sequence Element 1

has the structure:

18



GAI AGFI E I n sone enbodi nents, HA Sequence El enment 2 has the sequence: P Xi G
Al AGFI E, wherein: X1l is approximately 4-14 am no aci ds

| ong, or wibaot2/@7%2 am no acids |ong, or about 12, 11, POT/US2@n/0848a1r no
acids long. In sonme enbodinents, this sequence el enent provides the HAO

cl eavage site, allow ng production of HAl and HA2. [0072]In sone

enbodi nents, and particularly in HL pol ypeptides, HA Sequence El enent 2 has
the structure: PS (1/V)Q S R Xi AG A | AGFIE, wherein: XiAis approximtely 3

ami no acids long; in @W)ﬁ m&ggxt/@cé@ﬁvkﬁ JQW!XQA\EXJIQ@{BJM&&R”E
y in

enbodi nents, and partlcular pol ypepti HA Sequence El ement 2 has

the structure: (L/1) k,,&Q 16Lh&&§ 49W§%@b&@ﬂ&§dyQQQQgﬂQl Rﬂrﬁﬁ&y3Qn H5
pol ypepti des, HA Sequence enent has the structure:
Al AGFI 46, or\mppqogmpﬁtely 32, 33, 34, 35, 36, 37 38, 39, or 40 amino acids long,

X34 18 approximately 23-28, or approximately 24-26, or approximately 24,

25, or 26 amino acids long, and X, and X4 are as above.

[0061] In some embodiments, and particularly in H1 polypeptides, HA Sequence Element 1
includes the sequence:

QLSSISSFEK,

typically within X, (including within X ) and especially beginning about residue 12 of X (as

illustrated, for example, in Figures 1-3).

[0062] In some embodiments, and particularly in H3 polypeptides, X is about 39 amino
acids long, and/or X; is about 13 amino acids long, and/or X3 is about 26 amino acids long.
[0063] In some embodiments, and particularly in H3 polypeptides, HA Sequence Element 1
has the structure:

CYPXiAS(S/N)A/S)CX, W X3 W X, HH P, wherein:

Xja 1s approximately 27-42, or approximately 32-42, or approximately 32-
40, or approximately 23-38, or approximately 28-38, or approximately 28-36, or approximately
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 amino acids long, and X;-X, are as above.

[0064] In some embodiments, and particularly in H3 polypeptides, HA Sequence Element 1
has the structure:

CYPXiaS(S/N)A/S)CX, WL (T/H) X34 W X4 HH P, wherein:

Xja is approximately 27-42, or approximately 32-42, or approximately 32-
40, or approximately 32, 33, 34, 35, 36, 37, 38, 39, or 40 amino acids long,

X34 18 approximately 23-28, or approximately 24-26, or approximately 24,

25, or 26 amino acids long, and X, and X4 are as above.

[0065] In some embodiments, and particularly in H3 polypeptides, HA Sequence Element 1

includes the sequence:
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Xi Ais approximately 3 amno acids long; in sone enbodi nents, XiAis G
(L/1) F. WD 2012/ 047941PCT/ US2011/ 054831 Definitions [0075] Affinity: As is
known i n wbeomrmyo4iaffinity” is a nmeasure of the tight n@ss/useaih/oasst
particular ligand (e.g., an HA polypeptide) binds to its partner (e.g., and
HA receptor). Affinities can be neasured in different ways. [0076] Bi ndi ng:
It will be understood that the term "binding", as used herein, typically
refers to a non-coval ent associ ati on between or anong agents. |In many
enbodi ments herein, bingdiog) ks gddressed with respect to particular glycans
(e.g., unbrella topology glycans or cone topology glycans). It wll be

appr ecic@h&fly RhiRS BnQhidifs AR ¥, ,5 Kinll bspeBiallPBeAhding Aur flElle b BEkDEAMRY be
assessed in"any of a variety of contexts. Ih sone enbodi nents, binding is
assesséldisypted, ipespawpie, inFignees lgPyadds. | n some enbodi ments, binding is
assessed with respect to glycans attached (e.g., covalently linked to) a
carrieg S i : > i LS | I .l.n sone
embod 1L R by L b RS PR SRt an b
r ecept erids longsandbor &irhodhone i smino efids Emgeandhy Xpes amde2é ammecepts bmgbi ndi ng or

agent » [7hc o s PR eaP oI RGPy SDRE dor S se§igis EhREn(E o

to unbmed thastrep@kogy gl ycans) as descri bed herein. Binding agents may be of
any chem cal type. In _sone enbodi nents, binding agents are pol ypepti des
(including, e.g., ant{DoBiXesSA&nK: Boty W Xaln@R: ¥hereinh some such

enbodi nents, binding agents are HA Eolgpeptides and/ or variants thereof
and/ or charact eri st i cXpolf EPRIASIMAAY 612, T RPRISHENEGHH & i*etita®Proimaisid2agent s

are po|4Mp&%131%§§n%9§§'3%?€"J@Pﬁﬁi1%%§?%§\%9§f ﬁﬁgirﬁ&%lyijﬂgﬂl@ﬁggagﬁgoéﬂﬁatel :

characteristic sequence pol ypepti des™) enbodi nent s,

bi ndi ng@8aifend.s3lads 3Sndd, 135, 8¢ 18e8Y, drA0 somme amsddigremd X,-Xhianndisng agents are
nucl eic acids. In sone enbodi nents, binding agents are aptaners. In sone

enbodi , b ndi . . i i.ndi ng
agont & AT orth 0 O BB A R KR it POR T ST e
car bohydys ét eisucthm: sone enbodi nents, binding agents are lectins. In sone

enbodi nent s, bi ndi ng ri er.el ind to sialylated glycans
havi ng an unbrelIa-Iingﬁééés§b§?§$hbgﬁﬂ€gé&Eggﬁﬁgﬁ%%%mﬁthing agent's bi nd
to unbrella-topol ogy glycans with hj affinity and/or .specificity. .In sone
enbodi ment . by ndi g SEUREETSHGHEL Bz HGPSPEREhag Rov RBREMY Fdpor ogy
gl ycangoas appioRmifey 80133, 60rB3; 8ORo! S0BoJbrbaRsno AdidSIONE g@bodi nent s,

bi ndi ng agents conpete with hemagglutinin for binding to glycans on

hemaggl utinin receptors.. I n sone enpbodi nents, bindin% agents conpete with
hemaggl utinin for bi ndimt 2PRIOURBIAY P28 dBIPRGY RASE AfreO> PriPREsREnaLely 24,

enbodi BENL 6 aehifkh RYENGnAARAK, RAOX, dRAsABERI N Is an unbrella WO
2012/ 047941PCT/ US2011/ 054831

[0069] In some embodiments, and particularly in HS polypeptides, HA Sequence Element 1
is extended (i.e., at a position corresponding to residues 186-193) by the sequence:

ND A AEX X (K/R)

[0070] In some embodiments, and particularly in HS polypeptides, HA Sequence Element 1
includes the sequence:

YEELKHLXSXXNHFEK,

typically within X, and especially beginning about residue 6 of X (as illustrated, for example,

in Figures 1, 2, and 5).
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t opol ogy bl ocki ng agent. In sone enbodi nents, a binding agent provided
herein is an unbrella topol ogy specific blocking agent. In sone

enbodi mrerwe,20toadi4mg agents bind to unbrella topol ogy glPgTArs20mi10F4331

[0078] Biologically active: As used herein, the phrase "biologically active"
refers to a characteristic of any agent that has activity in a biol ogical
system and particularly in an organism For instance, an agent that, when
adm nistered to an organism has a biological effect on that organism is
consi dgjeq.duenferiPi@hi0gi cal Iy active. In some enbodi nents, where a protein
or polypeptide is brologically active, a portion of that protein or

pol ype@07dé t Wt Sehanestlanenidas b somendsi adnogit earrespending appraxfimetaly tpr ot ei n or

pol ypept i de i ically referred tQ as .a "bi ically activer. tion.
Foo70) Gt o B PsE R i SHSERE A PR Puc PR AT o PTA KRR
por ti ot n@firabinflu@izaisvlaes. Abisyeqiinceeleinsnidne tHeltatic s@mitakens a cont i nuous
stretch of am no acidé, ?ng jg{lection of continuous stretches of am no
aci ds, that together relefalddteristic of a protein or polypeptide. Each

such conti nuous stret enerally wil| contain at |east two am no aci ds.
Furt her hifiee © e%?’%glaﬂﬁflﬁﬁ ]é“ﬂnFPtél?‘f‘StﬂP‘Feseﬁ?‘?nCW || appreciate that

typically at |east 5, | east . at least 15, at |least 20 or nore am no
acids are required topgéGE%gzééﬁgﬁﬁgkpﬁnbf a protein. In general, a
characteristic portiopg is one.that, in addition to the seguence i.dentity
speci fi ed above, shar &5 S4PPIOSHRYCY el 4B POl HER %‘{tgr FHECA'th the
rel evaming ot ol 1, 01 81009 of QQRHSRATAGHLTh SEE HBEUMREE; thd scQRASEEBEA ST T C
sequence” is a sequence that is found in all nmenbers of a famly of

pol ypepravides ther HAQ gleayage sié¢. adowingdredyetiet orldAt apd HA2used by t hose of
ordinary skill in the art to define nenbers of the famly. [0081] Cone
t9p0|O@MWZIheIH@Bﬁé%m%&ﬂﬁﬁn&ﬂﬁﬁhﬁﬂ%ﬁhﬂ i B8 olBERIdRs TPA KEH RN cd PlefheRr2

di mensi onal arrangenent adopted by cerfain glycans and in particular by
gl ycansavothe Biugtescept ors. As illustrated in Figure 6, the cone topol ogy can

be adopted by a2-3 Siﬁ%ﬁb@égﬂsgbyc%?ilgiGﬁﬁlﬁzﬁﬁxéhalylated glycans, and is
I P de t'houyg '

typi cal of short oligonuc ¢hai ns, sone | ong ol igonucl eoti des

a1 yoos: di o torsi o Saghearip kDl R gE PR GRE R R R,
of “abott0340. N EREEARTLELARISHANS 49 FPeBa el el PR 71 60

to 60 (ks Guseuchiy. Figure 8 presents certain representative (though not

exhaustive) exanples I t hat a cone topology. WO
2012/047941PCT/uszo11ﬁé%§§§f?¥§aé§?tb$2§§ESﬁ&%ﬁﬁ“Eo: As used herein, the
term"corresponding tQ" is often ys dto dqfi nate the position/jdentity of
an anmino acid residue Pﬁ“&ﬂﬂﬁﬂﬂ%ﬁ%ﬁéﬁ?%&@}s & PSR NEPP SRR IS Wi | ]
apprecigtgr.t hat, for purposes of sinplicity, a canonical nunbering system
(based on wild type H3 HA) is utilized herein (as illustrated, for exanple,
in Figures 1-5), so that an amno acid "corresponding to" a residue at
position 190, for exanple, need not actually be the 190th amno acid in a
particul ar._ am no acid chain but rather corresponds to_the residue found at
190 i n 974l t ypeopg empodipkpserndiPagictlafx iy Hs ool ypeptifes HéA eguepestifemgnt 2

appr ecihal & BRW Q. 1 dentify correspondi ng am no aci ds.

PQRXXXRXXRX;4,GAIA GFIE, wherein:

Xia 1s approximately 3 amino acids long; in some embodiments, X;4 is G
(/) E.
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[ 0083] Degree of separation renoved: As used herein, amno acids that are a
"degree of separation renoved" are HA am no acids that have indirect
ef fect s owmogbioam4bi ndi ng. For exanpl e, one- degr ee- of - separskéns4senoved
am no acids may either: (1) interact with the direct-binding am no acids;
and/or (2) otherwi se affect the ability of direct-binding amno acids to
interact with glycan that is associated with host cell HA receptors; such
one- degr ee- of separati on-renoved am no acids may or nmay not directly bind to
gl ycan thensel ves. Twodegr ee- of - sepRfigitdoad- r enoved am no acids either (1)
interact with one-degree-of-separationrenoved am no acids; and/or (2)
ot her wirggysaf f effindnea@Richbdy ifthe bRS A e9) fRaRfe SRRAKHAIAQORAIRVed am no
acids to interdct with direct-binding am no acids, etc.
[ 0084] Diiticelar bgandi(ag . amtlAopdxriegdde) hindg seids pastne (¢,8- tand Haykhregepior). Affinities
"direct-bi ndi.n m cids” refers to HA pol ypepti de am no aci ds which
interag?nglrg%%F%J&?ﬁﬁ%%ﬁgmg% nore glycans that is associated wth host
cel | H007&6t eptRinding| 0GB pEngdargesdithat thh ertmébmdirgligisneatl ieddin, tgpicaibaddrer ei n,
descri bes a Qolype ti de. whose ami no acid seguence has. .been seleﬁéﬁd b¥ man.
For ex&MpPerCQRlahgPrddi WP RICChOr §Haps fefathd MARY SRPAEMERE CsHy HEAELS 1t hat
di ffer a4deQey e répta o ﬁ&rti&ﬂﬁx%y&!ﬂ@ €Se. AimbiBIPRbYREPLIVESS o estdopdlofigt ur al

e

influenza isolates. In sone odi nents, an enﬁ;neered HA pol ypeptide has
an am gbycaes) dltgel he aprre¢ipiad by iloseplsorflingin skHbinghs wbthatsugh Saglinereey st HA

pol ypeptd - ] I - 8 | e "H
poIype%%%%%aPi%@hgﬁggn?gf%?@ggﬁgéggﬁgg%?%?mpggghghﬂhg%ﬁ%%%%%ﬁgg?ﬁﬁ@%é anm no
aci d segfrenglgcanac ludes atbodeasts, bindirpdguanced witk mspéct tdglycdns atlihedcieri stic

of H1l and.disti i shes H1L from ot her . subt ypes. . Represent ati ve such
o equencr S e o3 Shah dn P S o TR it Grp BAVPP Oy egaRB o,
those iehbbgibdeatseinding is\¥osedeliAL B IERC I 12RO b RRHBIA HA gleb®sr. inJuand

i nclude, for exanple, those described herein with regard to H -specific
enbodi KERPAMsALsHRTTeE S dCEPasiintcsCPIPTDBINSST (ol yig gtnida@:- An "H3 _

pO! ype %dﬁ?" ' B?’iﬁdlfvg g%entt:efrﬂ%én&aﬂ %}?edtelt}ﬁ’ MShdlin 'age @i Idéécﬂ%kéﬁ? ?cpltefeq %o S€ am no
aci d sequence 1nc s at Teast one sequen%e el ement that |s characteristic
of H3 andtydhas bindg i Shems [3g.f roomiotlhetopbldgys plytymp ess. deRapred derimatBivdinguch
sequenc

seavence oL AT oL S ST S S5 TP,

descri bgpdubRked £, Miibbdieegedtibb@y idmsd@gi ihis6me BiddiniRaingen®d, biddinpeguance

E emantarse' HA polypeptides and/or variants thereof and/or characteristic portions thereof; in some
embodiments, binding agents are polypeptides whose amino acid sequence does not include an
HA characteristic sequence (i.e., “Non-HA polypeptides”). In some embodiments, binding
agents are small molecules. In some embodiments, binding agents are nucleic acids. In some
embodiments, binding agents are aptamers. In some embodiments, binding agents are polymers;
in some embodiments, binding agents are non-polymeric. In some embodiments, binding agents
are carbohydrates. In some embodiments, binding agents are lectins. In some embodiments,
binding agents as described herein bind to sialylated glycans having an umbrella-like topology.
In some embodiments, binding agents bind to umbrella-topology glycans with high affinity
and/or specificity. In some embodiments, binding agents show a binding preference for
umbrella-topology glycans as compared with cone-topology glycans. In some embodiments,
binding agents compete with hemagglutinin for binding to glycans on hemagglutinin receptors.

In some embodiments, binding agents compete with hemagglutinin for binding to umbrella-

topology glycans. In some embodiments, a binding agent provided herein is an umbrella
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[ 0088] H5 pol ypeptide: An "HS5 pol ypeptide", as that termis used herein, is
an HA pol ypepti de whose am no acid sequence includes at | east one sequence
el enent tweat2oi2g4char acteristic of H5 and di stingui shes PETfuseomosdsar HA
subt ypes. Representative such sequence el ements can be determ ned by

al i gnments such as, for exanple, those illustrated in Figures 1, 2, and 5
and include, for exanple, those described herein with regard to H5-specific
enbodi ments of HA Sequence El ements. [0089] HX pol ypeptide: An "HX

pol ypeps oﬁ’deg bl@&kineN@kn(! & BrhScHEREMBRE, %'H‘mdlh Rt 15‘1"8\/19931 ¥oeRti deuwbeAs am no
acid sequence |ncI udes at | east one sequence e enent that 1s characteristic
of HX &mblaiyspéaigublotidng #xnf.rlomporkmbodinesishbbipgies ageltebiad p undrelef ers to

t he nun(pe |n Ofanthr%chA subtype (e.g., wherein when "X' =1, 2, 3, 4, 5, 6,
7, 8, OF AP, 14,715, or 16, "HX' = Hl, H2, H3, H4, H5, H6, H7,
H8 Ho [O(HBQ) hﬂz&l,ogid&ﬂy adtdad, AHiléled Hdilﬁﬁm, s pHidG, “bicdsgiedityiav@e) Jrefers to a

[0090 ] Hema gI utlg g pol ypeptid d herein, the term

henag@h%ffl HisHC 3 F%%%’ﬁfl é“haéﬁ?tl“‘w? 58 @%@éﬁf R aP%P%rPﬁ‘ﬂP%Yé{laﬁ’ol ypept i de
whose i ARNAGIH iRBANERE Godm ot d@RnalimtBaSTd ANG &AL RS h Bidiseisearsnce of
HA. A wide variety of HA sequences frominfluenza isolates are known in the
art; i ndded orgapismNistcopyiddredderiedrolpgieal Bi astive hingbwgymbadiorentst Where @NCREN

mai nt ai £ t, as
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[0084] Direct-binding amino acids: As used herein, the phrase “direct-binding amino acids”
refers to HA polypeptide amino acids which interact directly with one or more glycans that is
associated with host cell HA receptors.

[0085] Engineered: The term “engineered”, as used herein, describes a polypeptide whose
amino acid sequence has been selected by man. For example, an engineered HA polypeptide has
an amino acid sequence that differs from the amino acid sequences of HA polypeptides found in
natural influenza isolates. In some embodiments, an engineered HA polypeptide has an amino
acid sequence that differs from the amino acid sequence of HA polypeptides included in the
NCBI database.

[0086] HI polypeptide: An “H1 polypeptide”, as that term is used herein, is an HA
polypeptide whose amino acid sequence includes at least one sequence element that is
characteristic of H1 and distinguishes H1 from other HA subtypes. Representative such

sequence elements can be determined by alignments such as, for example, those illustrated in
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Figures 1, 2, and 5 and include, for example, those described herein with regard to H5-specific
embodiments of HA Sequence Elements.

[0089] HX polypeptide: An “HX polypeptide”, as that term is used herein, is an HA
polypeptide whose amino acid sequence includes at least one sequence element that is
characteristic of HX and distinguishes HX from other HA subtypes, wherein “X” refers to the
numbering of the HA subtype (e.g., wherein when “X” =1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15, or 16, “HX” = H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, H14, H1S, or
H16, respectively).

[0090] Hemagglutinin (HA) polypeptide: As used herein, the term “hemagglutinin
polypeptide” (or “HA polypeptide’) refers to a polypeptide whose amino acid sequence includes
at least one characteristic sequence of HA. A wide variety of HA sequences from influenza
isolates are known in the art; indeed, the National Center for Biotechnology Information (NCBI)
maintains a database (www.ncbi.nlm.nih.gov/genomes/FLU/flu.html) that, as of the filing of the
present application included 9796 HA sequences. Those of ordinary skill in the art, referring to
this database, can readily identify sequences that are characteristic of HA polypeptides generally,
and/or of particular HA polypeptides (e.g., H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11,
H12, H13, H14, H15, or H16 polypeptides); or of HAs that mediate infection of particular hosts,
e.g., avian, camel, canine, cat, civet, environment, equine, human, leopard, mink, mouse, seal,

stone martin, swine, tiger, whale, etc. For example, in some embodiments, an HA polypeptide
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includes one or more characteristic sequence elements found between about residues 97 and
about 185, about 324 and about 340, about 96 and about 100, and/or about 130 and about 230 of
an HA protein found in a natural isolate of an influenza virus. In some embodiments, an HA
polypeptide has an amino acid sequence comprising at least one of HA Sequence Elements 1 and
2, as defined herein. In some embodiments, an HA polypeptide has an amino acid sequence
comprising HA Sequence Elements 1 and 2, in some embodiments separated from one another
by about 100 to about 200, or by about 125 to about 175, or about 125 to about 160, or about 125
to about 150, or about 129 to about 139, or about 129, about 130, about 131, about 132, about
133, about 134, about 135, about 136, about 137, about 138, or about 139 amino acids. In some
embodiments, an HA polypeptide has an amino acid sequence that includes residues at positions
within the regions 96-100 and/or 130-230 that participate in glycan binding. For example, many
HA polypeptides include one or more of the following residues: Tyr98, Ser/Thr136, Trpl53,
His183, and Leu/Ile194. In some embodiments, an HA polypeptide includes at least 2, 3, 4, or
all 5 of these residues.

[0091] Isolated: The term “isolated”, as used herein, refers to an agent or entity that has
either (i) been separated from at least some of the components with which it was associated when
initially produced (whether in nature or in an experimental setting); or (ii) produced by the hand
of man. Isolated agents or entities may be separated from at least about 10%, at least about 20%,
at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, or more of the other components with which they
were initially associated. In some embodiments, isolated agents are more than 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% pure.

[0092] Linkage Specific Blocking Agent (LSBA): As used herein, the term “linkage specific
blocking agent” refers to an agent which binds to an HA receptor having an 02-6 sialylated
glycan. In some embodiments, an LSBA selectively binds to an HA receptor having an a2-6
sialylated glycan with at least about 40, 50, or 75% of the affinity of that for an HA receptor
having an 02-3 sialylated glycan. In some embodiments, an L.SBA selectively binds to an HA
receptor having an 02-6 sialylated glycan with at least about 2, 4, 5, or 10 times greater affinity
than that for an HA receptor having an 02-3 sialylated glycan. In some embodiments, an LSBA
has an affinity for an a2-6 sialylated glycan that is at least 50, 100, 150, or 200 % of its affinity

for an a2-3 sialylated glycan. In some embodiments, an LSBA may compete with hemagglutinin
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for binding to an HA receptor. For example, an LSBA may selectively inhibit the binding of an
influenza virus particle (e.g., human or avian influenza virus) to an HA receptor based on the
linkage characteristics (e.g., 02-6 sialylated glycan or a2-3 sialylated glycan). In some
embodiments, an L.SBA is a polypeptide. In some such embodiments, an L.SBA polypeptide has
an amino acid sequence that is substantially identical or substantially homologous to that of a
naturally-occurring polypeptide. In some embodiments, an LSBA polypeptide is an HA
polypeptide. In some embodiments, an LSBA polypeptide is a naturally-occurring HA
polypeptide, or a fragment thereof. In some embodiments, an LSBA polypeptide has an amino
acid sequence that is not related to that of an HA polypeptide. In some embodiments, an LSBA
polypeptide is an antibody or fragment thereof. In some embodiments, an LSBA polypeptide is
a lectin (e.g., SNA-1). In some embodiments, an LSBA is not a polypeptide. In some
embodiments, an LLSBA is a small molecule. In some embodiments, an LSBA is a nucleic acid.
[0093] Long oligosaccharide: For purposes of the present disclosure, an oligosaccharide is
typically considered to be “long” if it includes at least one linear chain that has at least four
saccharide residues.

[0094] Non-natural amino acid: The phrase “non-natural amino acid” refers to an entity
0

HsN——CH—C——OH
having the chemical structure of an amino acid (i.e.,: R
and therefore being capable of participating in at least two peptide bonds, but having an R group
that differs from those found in nature. In some embodiments, non-natural amino acids may also
have a second R group rather than a hydrogen, and/or may have one or more other substitutions
on the amino or carboxylic acid moieties.
[0095] Polypeptide: A “polypeptide”, generally speaking, is a string of at least two amino
acids attached to one another by a peptide bond. In some embodiments, a polypeptide may
include at least 3-5 amino acids, each of which is attached to others by way of at least one
peptide bond. Those of ordinary skill in the art will appreciate that polypeptides sometimes
include “non-natural” amino acids or other entities that nonetheless are capable of integrating
into a polypeptide chain, optionally.
[0096] Pure: As used herein, an agent or entity is “pure” if it is substantially free of other

components. For example, a preparation that contains more than about 90% of a particular agent
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or entity is typically considered to be a pure preparation. In some embodiments, an agent or
entity is at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% pure.

[0097] Short oligosaccharide: For purposes of the present disclosure, an oligosaccharide is
typically considered to be “short™ if it has fewer than 4, or certainly fewer than 3, residues in any
linear chain.

[0098] Specificity: As is known in the art, “specificity” is a measure of the ability of a
particular ligand (e.g., an HA polypeptide) to distinguish its binding partner (e.g., a human HA
receptor, and particularly a human upper respiratory tract HA receptor) from other potential
binding partners (e.g., an avian HA receptor).

[0099] Substantial homology: The phrase “substantial homology” is used herein to refer to a
comparison between amino acid or nucleic acid sequences. As will be appreciated by those of
ordinary skill in the art, two sequences are generally considered to be “substantially
homologous™ if they contain homologous residues in corresponding positions. Homologous
residues may be identical residues. Alternatively, homologous residues may be non-identical
residues will appropriately similar structural and/or functional characteristics. For example, as is
well known by those of ordinary skill in the art, certain amino acids are typically classified as
“hydrophobic” or “hydrophilic”” amino acids, and/or as having “polar” or “non-polar” side
chains. Substitution of one amino acid for another of the same type may often be considered a

“homologous” substitution. Typical amino acid categorizations are summarized below:

Alanine Ala A nonpolar neutral 1.8
Arginine Arg R polar positive -4.5
Asparagine Asn N polar neutral -3.5
A—S.M Asp D polar negative -3.5
acid

Cysteine Cys C nonpolar neutral 25
Glutamic .

acid Glu E polar negative -3.5
Glutamine Gln Q polar neutral -3.5
Glycine  Gly G nonpolar neutral -0.4
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Histidine His H polar positive
Isoleucine Ile I nonpolar neutral
Leucine Leu L nonpolar neutral
Lysine Lys K polar positive
E/Iahﬂ Met M nonpolar neutral
ilheen lalan Phe F nonpolar neutral
Proline  Pro p nonpolar neutral
Serine Ser S polar neutral
Threonine Thr T polar neutral
%ypt_oph_a Trp W nonpolar neutral
Tyrosine Tyr Y polar neutral
Valine Val v nonpolar neutral

Ambiguous Amino Acids
Asparagine or aspartic acid
Glutamine or glutamic acid
Leucine or Isoleucine

Unspecified or unknown amino acid

-0.4 WO 2012/ 047941

PCT/US2011/054831

3-Letter
Asx
Glx
Xle

Xaa

-3.2
4.5
3.8
-3.9

1.9

2.8

-1.6
-0.8
-0.7

-0.9

-1.3
4.2

1-Letter

As is well known in this art, amino acid or nucleic acid sequences may be compared using any of

a variety of algorithms, including those available in commercial computer programs such as

BLASTN for nucleotide sequences and BLASTP, gapped BLAST, and PSI-BLAST for amino

acid sequences. Exemplary such programs are described in Altschul, et al., Basic local
alignment search tool, J. Mol. Biol., 215(3): 403-410, 1990; Altschul, et al., Methods in
Enzymology; Altschul, et al., "Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs", Nucleic Acids Res. 25:3389-3402, 1997; Baxevanis, et al.,
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Bioinformatics : A Practical Guide to the Analysis of Genes and Proteins, Wiley, 1998; and
Misener, et al., (eds.), Bioinformatics Methods and Protocols (Methods in Molecular Biology,
Vol. 132), Humana Press, 1999; all of the foregoing of which are incorporated herein by
reference. In addition to identifying homologous sequences, the programs mentioned above
typically provide an indication of the degree of homology. In some embodiments, two sequences
are considered to be substantially homologous if at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98 %, at least
99% or more of their corresponding residues are homologous over a relevant stretch of residues.
In some embodiments, the relevant stretch is a complete sequence. In some embodiments, the
relevant stretch is at least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least 40,
at least 45, at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at least 80, at
least 85, at least 90, at least 95, at least 100, at least 125, at least 150, at least 175, at least 200, at
least 225, at least 250, at least 275, at least 300, at least 325, at least 350, at least 375, at least
400, at least 425, at least 450, at least 475, at least 500 or more residues.

[00100]  Substantial identity: The phrase “substantial identity” is used herein to refer to a
comparison between amino acid or nucleic acid sequences. As will be appreciated by those of
ordinary skill in the art, two sequences are generally considered to be “substantially identical” if
they contain identical residues in corresponding positions. As is well known in this art, amino
acid or nucleic acid sequences may be compared using any of a variety of algorithms, including
those available in commercial computer programs such as BLASTN for nucleotide sequences
and BLASTP, gapped BLAST, and PSI-BLAST for amino acid sequences. Exemplary such
programs are described in Altschul, ef al., Basic local alignment search tool, J. Mol. Biol.,
215(3): 403-410, 1990; Altschul, et al., Methods in Enzymology; Altschul, et al., "Gapped
BLAST and PSI-BLAST: a new generation of protein database search programs", Nucleic Acids
Res. 25:3389-3402, 1997; Baxevanis, et al., Bioinformatics : A Practical Guide to the Analysis of
Genes and Proteins, Wiley, 1998; and Misener, et al., (eds.), Bioinformatics Methods and
Protocols (Methods in Molecular Biology, Vol. 132), Humana Press, 1999; all of the foregoing
of which are incorporated herein by reference. In addition to identifying identical sequences, the
programs mentioned above typically provide an indication of the degree of identity. In some

embodiments, two sequences are considered to be substantially identical if at least 50%, at least
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55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or more of their corresponding residues are identical over a
relevant stretch of residues. In some embodiments, the relevant stretch is a complete sequence.
In some embodiments, the relevant stretch is at least 10, at least 15, at least 20, at least 25, at
least 30, at least 35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 65, at least
70, at least 75, at least 80, at least 85, at least 90, at least 95, at least 100, at least 125, at least
150, at least 175, at least 200, at least 225, at least 250, at least 275, at least 300, at least 325, at
least 350, at least 375, at least 400, at least 425, at least 450, at least 475, at least 500 or more
residues.

[00101] Therapeutic agent: As used herein, the phrase “therapeutic agent” refers to any agent
that elicits a desired biological or pharmacological effect.

[00102] Treatment: As used herein, the term “treatment” refers to any method used to
alleviate, delay onset, reduce severity or incidence, or yield prophylaxis of one or more
symptoms or aspects of a disease, disorder, or condition. For the purposes of the present
invention, treatment can be administered before, during, and/or after the onset of symptoms.
[00103] Umbrella topology: The phrase “umbrella topology” is used herein to refer to a 3-
dimensional arrangement adopted by certain glycans and in particular by glycans on HA
receptors. The present invention encompasses the recognition that binding to umbrella topology
glycans is characteristic of HA proteins that mediate infection of human hosts. As illustrated in
Figure 6, the umbrella topology is typically adopted only by a2-6 sialylated glycans, and is
typical of long (e.g., greater than tetrasaccharide) oligosaccharides. In some embodiments,
umbrella-topology glycans are glycans exhibiting a three-dimensional structure substantially
similar to the structure presented in Figure 6 (right panel). In some embodiments, umbrella-
topology glycans are glycans which contact HA polypeptides via the amino acid residues shown
in Figure 6 (right panel). In some embodiments, umbrella-topology glycans are glycans which
are able to contact and/or specifically bind to the amino acid binding pocket shown in Figure 6
(right panel). In some embodiments, glycan structural topology is classified based on parameter
0 defined as angle between C; of Sia, C; of Gal, and C; of GlcNAc. Values of 6 < 100°
represent cone-like topology adopted by 02-3 and short a2-6 glycans. Values of 6 > 110°
represent umbrella-like topology, such as topology adopted by long a2-6 glycans (Figure 6). An
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example of umbrella topology is given by ¢ angle of NeuSAca2-6Gal linkage of around -60 (see,
for example, Figure 11). Figure 9 presents certain representative (though not exhaustive)
examples of glycans that can adopt an umbrella topology. The long 02-6 motifs presented in
Figure 9 includes NeuS5Aca2-6 linked at the non-reducing end to a long chain (e.g., at least a
trisaccharide) found as a part of biological N-linked glycans, O-linked glycans, and glycolipids.
The boxed inset shows examples of the umbrella-topology long a2-6 glycan moieties that are
found as a part of biological glycans that bind to high affinity with HA. In some embodiments,
umbrella-topology glycans (e.g., at a site) comprise a greater proportion of long (e.g. multiple
lactosamine units) 02-6 oligosaccharide branches than short 0.2-6 (e.g. single lactosamine)
branches. In some embodiments, umbrella-topology glycans (e.g., at a site) comprise about 2-
fold, about 3-fold, about 4-fold, about 5-fold, about 10-fold, about 20-fold, about 50-fold, or
greater than about 50-fold more long 02-6 oligosaccharide branches than short a2-6 (e.g. single
lactosamine) branches. In some embodiments, the unique characteristic of HA interactions with
umbrella-topology glycans and/or glycan decoys is the HA contact with a glycan comprising
sialic acid (SA) and/or SA analogs at the non-reducing end. In some embodiments, chain length
of the oligosaccharide is at least a trisaccharide (excluding the SA or SA analog). In some
embodiments, a combination of the numbered residues shown in the right-hand panel of Figure
6 is involved in contacts with umbrella-like topology. In some embodiments, umbrella topology
glycans are oligosaccharides of the following form:
NeuSAca2-6Sugl-Sug2-Sug3
where:
(a) NeuSAc a2-6 is typically (but not essentially) at the non-reducing end;
(b) Sugl:
@) is a hexose (frequently Gal or Glc) or hexosamine (GIcNAc or GalNAc) in
a or B configuration (frequently B- for N- and O-linked extension and o~ in the case of
GalNAca- that is O-linked to glycoprotein);
(i1) no sugars other than NeuSAco2-6 are attached to any of the non-reducing
positions of Sugl (except when Sugl is GalNAca- that is O-linked to the glycoprotein); and/or
(ili)  non-sugar moieties such as sulfate, phosphate, guanidium, amine, N-
acetyl, efc. can be attached to non-reducing positions (typically 6 position) of Sugl (e.g., to

improve contacts with HA);
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(c) Sug?2 and/or Sug3 is/are:
@) hexose (frequently Gal or Glc) or hexosamine (GlcNAc or GalNAc) in o
or B configuration (frequently B); and/or
(ii) sugars (such as Fuc) or non-sugar moieties such as sulfate, phosphate,
guanidium, amine, N-acetyl, efc. can be attached to non-reducing positions of Sug2, Sug3, and/or
Sug4;
(d) Linkage between any two sugars in the oligosaccharide apart from NeuSAca2-6
linkage can be 1-2, 1-3, 1-4, and/or 1-6 (typically 1-3 or 1-4); and/or
(e) Structure where Neu5Aco2-6 is linked GalNAcq, that is O-linked to the
glycoprotein and additional sugars are linked to the non-reducing end of GalNAca for example
@) NeuSAca2-6(Neu5Acao2-3Galp1-3)GalNAca-
(ii))  NeuSAco2-6(Galp1-3)GalNAco-

[00104] Umbrella topology blocking agent (UTBA): As used herein, the term “umbrella
topology blocking agent” refers to an agent which binds to an HA receptor having an umbrella
topology glycan. In some embodiments, a UTBA binds to an HA receptor having an umbrella
topology glycan found in human upper airways. A UBTA can bind to either an umbrella
topology glycan and/or to a cone topology glycan. In some embodiments, a UTBA selectively
binds to an umbrella topology glycan with 50, 100, 150, or 200% of its affinity for a cone
topology glycan. In some embodiments a UTBA selectively binds to an umbrella topology
glycan with 50-150% of its affinity for a cone topology glycan. In some embodiments, a UTBA
binds to an umbrella topology glycan with about the same affinity as for a cone topology glycan.
For example, in some embodiments, a UTBA binds an umbrella topology glycan (e.g., 6’SLN-
LLN) with about 50-200%, 50-150%, or about the same affinity to which it binds a cone topology
glycan (e.g., 3’'SLN-LN). In some embodiments, a UTBA selectively inhibits the binding of an
influenza virus particle (e.g., a human or avian influenza virus) to the HA receptor based on the
glycan topology of the receptor (e.g., umbrella or cone). In some embodiments, a UTBA is a
polypeptide. In some such embodiments, a UTBA polypeptide has an amino acid sequence that
is substantially identical or substantially homologous to that of a naturally-occurring polypeptide.
In some embodiments, a UTBA polypeptide is an HA polypeptide. In some embodiments, a

UTBA polypeptide is a naturally-occurring HA polypeptide, or a fragment thereof. In some
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embodiments, a UTBA polypeptide has an amino acid sequence that is not related to that of an
HA polypeptide. In some embodiments, a UTBA polypeptide is an antibody or fragment
thereof. In some embodiments, a UTBA polypeptide is a lectin (e.g., SNA-1). In some
embodiments, a UTBA is not a polypeptide. In some embodiments, a UTBA is a small
molecule. In some embodiments, a UTBA is a nucleic acid.

[00105] Umbrella topology glycan mimic: An “umbrella topology glycan mimic” is an agent,
other than an umbrella topology glycan, that binds to binding agents as described herein. In
some embodiments, umbrella topology glycan mimics are agents that bind to HA polypeptides.
In some such embodiments, umbrella topology glycan mimics are agents that interact with HA
polypeptide residues selected from the group consisting of residues 95, 98, 128, 130, 131, 132,
133, 135, 136, 137, 138, 145, 153, 155, 156, 158, 159, 160, 183, 186, 187, 188, 189, 190, 192,
193, 194, 195, 196, 219, 221, 222, 224, 225, 226, 227, 228, and combinations thercof. In some
such embodiments, umbrella topology glycan mimics are agents that interact with HA
polypeptide residues selected from the group consisting of residues 130, 131, 132, 133, 135, 137,
155, 188, 192, 193, 221, 226, 227, 228, and combinations thereof. In some such embodiments,
umbrella topology glycan mimics are agents that interact with HA polypeptide residues selected
from the group consisting of residues 160, 192, 193, and combinations thereof. Note that amino
acid positions stated above are based on H3 HA numbering. In some embodiments, an HA
topology glycan mimic is an agent that competes with umbrella topology glycans for interaction
with an HA polypeptide.

[00106] Umbrella topology specific blocking agent (UTSBA): As used herein, the term
“umbrella topology specific blocking agent” refers to an agent which binds to an HA receptor
having an umbrella topology glycan found in human upper airways. A UTSBA selectively binds
an umbrella topology glycan HA. For example, a UTSBA binds an umbrella topology glycan
(e.g., 6’'SLN-LN) with about at least 2, at least 4, at least 5, or at least 10 times greater affinity
than it binds to a cone topology glycan (e.g., 3’SLN-LN). Typically, the affinity of a UTSBA for
an umbrella topology glycan is greater than 1 nM. Typically the affinity of a UTSBA for a cone
topology glycan is less is at least within 2 to 3 orders of magnitude of the binding affinity of
umbrella topology glycans to human adapted HAs such as SC18, Mo0s99, Tx91, etc. and a2-6
binding plant lectins such as SNA-I. The binding affinity of UTSBA as measured by the dose-
dependent direct binding assay (Figs 19 and 20) would typically be at least 1 nM. Typically the
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affinity of a UT'SBA for a cone topology glycan is at most 1 to 3 orders of magnitude less than
the binding affinity of cone topology glycans to avian HAs such as Viet0405, Av18, efc. In
some embodiments, a UT'SBA selectively inhibits binding of an influenza virus particle (e.g., a
human or avian influenza virus) to the HA receptor (e.g., an H1, H2 or H3 or a human-adapted
HS, H7 or H9) based on glycan topology (e.g., umbrella or cone). In some embodiments, a
UTSBA is a polypeptide. In some such embodiments, a UT'SBA polypeptide has an amino acid
sequence that is that is substantially identical or substantially homologous to that of a naturally-
occurring polypeptide. In some embodiments, a UTSBA polypeptide is an HA polypeptide. In
some embodiments, a UT'SBA polypeptide is a naturally-occurring HA polypeptide, or a
fragment thereof. In some embodiments, a UTSBA polypeptide has an amino acid sequence that
is not related to that of an HA polypeptide. In some embodiments, a UTSBA polypeptide is an
antibody or fragment thereof. In some embodiments, a UTSBA polypeptide is a lectin (e.g.,
SNA-1). In some embodiments, a UT'SBA is not a polypeptide. In some embodiments, a
UTSBA is a small molecule. In some embodiments, a UT'SBA is a nucleic acid.

[00107] Vaccination: As used herein, the term “vaccination” refers to the administration of a
composition intended to generate an immune response, for example to a disease-causing agent.
For the purposes of the present invention, vaccination can be administered before, during, and/or
after exposure to a disease-causing agent, and in some embodiments, before, during, and/or
shortly after exposure to the agent. In some embodiments, vaccination includes multiple
administrations, appropriately spaced in time, of a vaccinating composition.

[00108] Variant: As used herein, the term “variant” is a relative term that describes the
relationship between a particular polypeptide (e.g., HA polypeptide) of interest and a “parent”
polypeptide to which its sequence is being compared. A polypeptide of interest is considered to
be a “variant” of a parent polypeptide if the polypeptide of interest has an amino acid sequence
that is identical to that of the parent but for a small number of sequence alterations at particular
positions. Typically, fewer than 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% of the
residues in the variant are substituted as compared with the parent. In some embodiments, a
variant has 10, 9, 8,7, 6, 5, 4, 3, 2, or 1 substituted residue as compared with a parent. Often, a
variant has a very small number (e.g., fewer than 5, 4, 3, 2, or 1) number of substituted
functional residues (i.e., residues that participate in a particular biological activity).

Furthermore, a variant typically has not more than 5, 4, 3, 2, or 1 additions or deletions, and
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[00112] The present invention provides binding agents that bind to HA receptors found on
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such receptors (and/or to their glycans, particularly to their umbrella glycans) with a designated

affinity and/or specificity.
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[00117] HA exists in the membrane as a homotrimer of one of 16 subtypes, termed H1-H16.
Only three of these subtypes (H1, H2, and H3) have thus far become adapted for human
infection. One reported characteristic of HAs that have adapted to infect humans (e.g., of HAs
from the pandemic HIN1 (1918) and H3N2 (1967-68) influenza subtypes) is their ability to
preferentially bind to a2-6 sialylated glycans in comparison with their avian progenitors that
preferentially bind to a2-3 sialylated glycans (Skehel & Wiley, 2000, Annu Rev Biochem,
69:531; Rogers, & Paulson, 1983, Virology, 127:361; Rogers et al., 1983, Nature, 304:76; Sauter
et al., 1992, Biochemistry, 31:9609; Connor et al., 1994, Virology, 205:17; Tumpey et al., 2005,
Science, 310:77; all of which are incorporated herein by reference). The present invention,
however, encompasses the recognition that ability to infect human hosts correlates less with
binding to glycans of a particular linkage, and more with binding to glycans of a particular
topology. Thus, the present invention demonstrates that HAs that mediate infection of humans
bind to umbrella topology glycans, often showing preference for umbrella topology glycans over
cone topology glycans (even though cone-topology glycans may be a2-6 sialylated glycans).
[00118] Several crystal structures of HAs from H1 (human and swine), H3 (avian) and HS
(avian) subtypes bound to sialylated oligosaccharides (of both a:2-3 and 0:2-6 linkages) are
available and provide molecular insights into the specific amino acids that are involved in
distinct interactions of the HAs with these glycans (Fisen et al., 1997, Virology, 232:19; Ha et
al., 2001, Proc Natl Acad Sci USA, 98:11181; Ha et al., 2003, Virology, 309:209; Gamblin ef al.,
2004, Science, 303:1838; Stevens et al., 2004, Science, 303:1866; Russell et al., 2006, Glycoconj
J 23:85; Stevens et al., 20006, Science, 312:404; all of which are incorporated herein by
reference).

[00119] For example, the crystal structures of H5 (A/duck/Singapore/3/97) alone or bound to
an 0i2-3 or an 02-6 sialylated oligosaccharide identifies certain amino acids that interact directly
with bound glycans, and also amino acids that are one or more degree of separation removed
(Stevens et al., 2001, Proc Natl Acad Sci USA 98:11181; incorporated herein by reference). In

some cases, conformation of these residues is different in bound versus unbound states. For
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Neu5Accc2- 6( Neu5Accc2- 3Gal131- 3) Gal NAccc- (i)

NouS ACaRLHE LA, 7) AR DALMY DRl e 0l 6 Kh gt

(UTBA): As used herein, the term"unbrella topol ogy bl ocking agent” refers
to an agémentwpiformdsions s the baumdrarsue gepmbeurisidte glkenconfdsmeti¢aot Aywd Bogy

gl ycan._ .l n .sqnme. enhodi ts,.a UBA hin tQ a recept or having an

by o PGS BB A0 St iR b sl AT bR VSR Ol IR, R 1
ei t her sar. unbrel l a topol ogy glycan and/or to a cone topology glycan. In
sone enbodi nents, a UTBA selectively binds to an unbrella topol ogy gl ycan
wi th 50, 100, 150, or 200%of its affinity for a cone topology glycan. In
sone EMﬁ%ﬁg&ﬁs a UTBA selectively binds to an unbrella topol ogy glycan
wi th 50- pof 1ts affinity for a cone topology glycan. In sone

ermbodi MHR2E] AURBAl HioMgdhe pregomt invpirtein caceroprsts gie fgndirahaiftindingout t he
same affini 0 gl R .

cmbod oo Tl Ay BaCORRhaRpE LG SRR TR BPURRI R BAEP N i e
about SEREDOAor BXndEQHumans. abawtdihdle, tapesaf fivantion frovidds ldiding adeinkds a cone

topol o gl.ycan (e.qg.,  3"SILN-LN). In s e i e a UTBA sel ectively
bt br 8¢ AT PG o R g A S o E13EAG. o Snatad Sor v an
i nfl Ueﬂ%@r&ia@@niﬁn&hﬁtoﬂ%ﬁr@%ﬁ@gy&B%}bgl§r€/cdl Biitde IESInt RRAERY Biklind he
receptor (e.g., unbrella or cone). I'n sone enbodi nents, a UTBAis a

pol ypepgsndein aceprdyice Wihdhe mnesion it to umbrelipmAyqans (Apd/et fcdentiglda wRolagy no aci d
sequen - ] fal |y | i : : Lal to
hat o Ssehhmlcs) PRPERRAIM Yo DL ROl SHREAERLRS thie IRARL0R s
pol ypemiviedeor isindito dHAu il wefelifférda. unimelbopoleghgdéams nifen vathhigAaffiolty pept i de
is a naturally-occurring HA pol ypeptide, or a fragnent thereof. In sone WO
2012/ 04 3&?96%” 011/ 054831 enbodi ments, a UTBA pol ypepti de has an ani no
aci d segpiente IhRahe embbd@nchs] Bh@dg h@ntdiatcidabe WA PR Mpewibh Bfd thn sone
enbodi ments, a UTBA pol ypeptide is an anti body or fragnment thereof. In sone
enbodi meEwrala tepamel yany vept loag ol siplylaed glyctns sych asgfgrerymplp NG o2-

oot MBS B TER PR ER sl SPURATEPE LS oy °

Unbr el bendirR@bAg n Pey@iafce Wit Gie itMan(icHiiheld @mbropolopaegbiyeai wilthac” s an
agent, other than an unbrella topolﬁé%’ gIHycan, that binds to binding agents
as descéHimagomerapls to thet Shssrved fodvibiyps AUk Bedigict Bistioy 9l yMYyeHN mi m cs
are agepnt syt R AbNA3NS HA. RRLHREBHDAfSent: bikRiEaciHE iy SABRALIERIS heunbr el | a
topol ogy glycan m mcs are agents that Interact- wth HA pol ypeptide

r esi duesvesedrelohé tb dmignlla plercags outh anoniSnigt thaigs eflcase 83 duw 4ca@530708 1eag8, 130,

196, 187 19k 185 4158 497550 19930 ghteasf g AR 9765 65550 193, o

226, 220%, 2A8ast A5, £0H31 $THL | 20 NSs1t8F64, @0Tcast DO%S MTeass 95N, /N7 NIE Feastunbrel | a
t opol ogg glycan mmcs are agents that jnteract with HA pogﬁ)epti de
r esi dudé s aflgast dfos ¥ deast o -git dUP7 b it sbsergdapdsreemgpiable repditigmsfora 3o 133,
135, 134w t} ABE mchPes itR3iorrd hunRgS: InZéihe cAPBdinRRd, ﬁﬁﬁﬁiﬂg At oRS t her eof .
In some sucCh enbodi nents, unbrella topology glycan mmcs are agents that
i nt er ageconianbe Mah sl ippaion dmdrie yinkiisdle ehyshrescwididarf afoimty Hat reseaper dlomghait i ng of
residues 160, 192 193, . and.conbi nati.ons_thereof te at ami no _acid
bost t1 ot Sl eopbion OREOT DA E W I proa bR P UB I SaT henc .
an HA feqakpgyingbiyic ambodimeats] linding aff@itly of hiatling ages Bsacwsdrtlincd Mithehd a
topol ogy gl.ycans for interaction with an HA pol ypeptide, . .

Invention is assessed over a range of concentrations. Such a stfategy provides significantly more

information, particularly in multivalent binding assays, than do single-concentration analyses. In
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[ 00106] Unbrella topol ogy specific blocking agent (UTSBA): As used herein,
the term"unbrella topol ogy specific blocking agent" refers to an agent

whi ch bi rwie 2b/@m4HA recept or having an unbrel |l a topol og@gTgiSg@asns4seund i n
human upper airways. A UTSBA sel ectively binds an unbrella topol ogy gl ycan
HA. For exanple, a UTSBA binds an unbrella topology glycan (e.g., 6" SLN-LN)
with about at least 2, at least 4, at least 5, or at least 10 tines greater
affinity than it binds to a cone topology glycan (e.g., 3'SLN-LN).

Typi calshye chB&iREAL Vol YxAp1@ biTRRAT Qi A0 HRRASJ AR RQARBY ORUE AR | S
greater than 1 nM Typically the affinity of a SBA for a cone topol ogy

gl ycan invenligsge pssesitd beaspnegntrifions 2angmg3drver ddeast bfat aghdi audest dfatidast bhi ndi ng
affinity, of .ughrella topgl o ycans {0 _human . adapted HAs such as SC 18,
vos95, g o TGS B A B YRR IR Sk as ST The bi ndi ng
af fi ni 1§0128] UTbBAmasmbedisienetbibying heendaa acdepmpd @ith (th inegttiobkingdy highassay
(Figs 19.and_20) would typically be at least 1 nM Typically tgg WO

2012/ 04 A PCPF LR OB g ™t w}twleat LIBBATEY PINGINESHEY BPb1d8Y gl ycan
is at pR&tibdd fQeid. & dfiScrfodiREN, bitfiend £88s IAR AL BinR SR fibdWHoW Of

cone topol ogy glycans to avian HAs such as Viet0405 Av18, etc. In sone
embodi fehtadlinity iUTEBAhew Retgnihabbye dheki 10080 bi mdier{g sofabays dbanl WEHA abdutus

parti cl . i inf | AN I or (e.qg.,
D . OFOE: gyt ROTRRBE s RETh AR by b Bl WEERRE 0Ll Gy
(e.g., aperiy & described baad) showrsasonidg dirdlidi trenthsgllag] dhBAver 8 cangealrytpapt | de. I n
sone such e di ts, UTSBA pol ti.de has_an am no acj.d sequence t hat
"ot hatsits SLadsehato s bt Bt A RlnE SR B4  HERoREGBIE R0t hat of a
nat ur alelnpo@eHislovhith RALYRRRbA Hge hiaSRNE 101hadt AL S, a UTSBA pol ypepti de

is an HA pol ypeptide. In sone enbodi ments, a UTSBA pol ypeptide is a
nat ur all@8124L c Jrurihanqsp, ip soppepbedimentybinding agerisrin agdeedages with ghegpyaation

ol at e e REr LI RGP R AR B LR PRANAL Tl gy "

pol ypepiandiey lSndiw cnt idpolbgy @tychmsafmnsmnic doftexdendnts, bmdsgmeegrbodicodate, a

s ot “aiBs Paefrose HSEbHE Ry e o ein e B iabefure. 1

sonme enhogioliEdN tabout &, WHoRBA dbsutes, Abét 81 Sboacti tbolt®) bPaHouMacci nati on: As used
herein, the term"vaccination" refers to the adm nistration of a
conposil9013A] i dnenmedmbedigenerkinding agdniinnsecardansoyéb thefipyensiga jsiddo £8-G

di seaser- ' ent r f L I . nvent i o

b e R R L TR A
di seas@rdausiag tagem sialdadd ighycseTEn €56 inPBNinSnts Hehdifi €agedltsrih BgLorddnde or
shortly after exposure to the g&ent. I n_sone enbodi nents, vaccination

i ncl ude&gthrihe invpnteonddnd tejagtlprakity o diffeagy 08T sidylated edysarednispme epbodigienty,
vacci nating conposition. [00108] Var i ant ; sed. herej the term"variant”
oa 1 B AR R Snes R s e Bl B B Bl

pol ypephd desoff. cghboditfsnpiy@ephdcde)in @l cordineé @1h (andvantion afeable'opalatpept i de
to which its sg%gence i s being conpared. A pol ypeptide of interest is

consi déretsitlylapd gycapsari ant* of a parent pol ypeptide if the pol ypeptide of
intere ] I LS,k i . hat. of the parent
but - f of U e Bk BRAEL S AAHARE Recklth sk rh LG Bl heriftbiclo) [ O

Typi calrdegptofsefinend orhama0fpe 1S piraldYepitidialdls. 7hhsobRhenbalind s, BIling% of t he
residues in the varian re substitut as conpared with t parent. In
Cone. erdots ettt et Fm G BHR i g Ty RopfiogR AR byt silosRRERY 1n

subst i kaheemb&sindhie, BdifO ARALEH a¥dokdhnde Rah etinvdibe Bre L ¥iRE tARihd has a very
smal | nunber (e.g., fewer than 5, 4, 3, 2, or 1) nunber of substituted

f unct i 63raPtoFsagithpdesp fungeand ip seing gabodipgnts Japding pgsatsan perordanes Witk thear

bi ol ogi cal s ActL VLY binF WL BE MRS 4e8p Yl @ant typically has not nore than 5,
4, 3, érf;\’%otr1 1 agdﬁtﬁ;olﬁs or P del ett}?eonegl,) affd WD 2012/ 047941PCT/ US2011/ 054831
of ten @H2ADb dddoine embodimedis] lehdiog sgentssin @ormpdimed with titie inhentiparteémd to dvbr eover ,

bout T S8 Bodilol Sadh Sl B e BT ik PR 80E i Bt hoour

10, about 9, about 8, about 7, about 6, and commonly are fewer than about
5, about 4, about 3, or about 2 residues. In sone enbodi nents, the parent
pol ypeptide is one found in nature. For exanple, a parent HA pol ypeptide
may be one found in a natural (e.g., wild type) isolate of an influenza
virus (e.g., a wild type HA). [00109]40Vector: As used herein, "vector"
refers to a nucleic acid nol ecul e capabl e of transporting another nucleic
acid to which it has been linked. In sonme enbodi nent, vectors are capable
of extra-chronosomal replication and/ or expression of nucleic acids to

o . oy e



Det ai |l ed Description of Certain Enbodi ments [00111] The present invention
provi des bi ndi ng agents (e.g., HA polypeptides, HA pol ypeptide variants,
LSBAs, UNBO2120EBBAs, etc.) that bind to unbrella topol egy/uskyaanssi i n sone
enbodi ments, the present invention provides binding agents that bind to
unbrel l a topol ogy glycans found on HA receptors of a particul ar target

speci es. For exanple, in sone enbodi nents, the present invention provides
bi ndi ng agents that bind to unbrella topology glycans found on human HA
recept a5§, akouds50%HhESERI Bodt Aok REoR b ABR SR sduk 8k C8lohiBsn@NBout
particularly binding agents that bind to unbrella topol ogy gl ycans found on
human BA%; eleaipPdfosationt e, arppae of ds giycatsoioynd eraldth, re¢ap@ry i) huTikpe uppesent
invent&%nhgggwkggﬁﬁg&pein %ggﬁtgﬂﬁ at bind to HA receptors found on cells
in the %BnanBGpper res ﬁﬁapory ract, and in particular provides binding
agent s [00128] bilndsmt embudimeneClgpdiag sgenasif/actordance Weth theghy@gios bindac bheod ar |y
to their unprel]a glycans) wif{h a designated affinity and/ or specificity.
VO 20 127%91?3&% é{@’w@gﬁwﬁeésﬁ igire 8o 4m 9 smodHRCER BB AR RS IhisaidAR Cagent s
i N accy@ans fivithddd HilPoRRREFIRLIycAkaNhd @R dah Figire 90 TPEd i EetbddRatPept i de

sequences. | n some enbodi ments,” binding agents in accordance with the
pr esentindimngagento m spgencsevighthpiinvsaligpapd Witk heghoplemibeangfrirspecfidifydps from a

par ent r. - I | ! g J f

Posi duslell Bloki QR Kigirps. HORR! SRERhLAR, SRRl 0GuBhedBif ) (o5
135, 13kentl&bhind 88glyd@R j1luk@3¢d BPRiguidbpreR2ahtialP 8 commerezionith thairibonlngtther eof .
I n sone. enbadi nent s, bindi,ng agents in accordance with the presen

| nvent EBRARGIRES 1 KTYRE oty e i o Lntis Rubiitech e 14-8rebiT o Zepar ent
nat ur alihWn@&E Biddi B an bhe RAUKRER! drdE: BRAWENRAEmAt one or nore of residues
selected fromthe group consisting of residues 160, 192, 193, and

conbi nat i ondepddeofSugl fvgd-dpeThe present invention enconpasses the
recognition“%%gt gaining an ability to bind unbrella topol ogy glycans
(e.g., long a2-6 sialylated glycans), and particularly an ability to bind
wi t h hi ghl.aNeuhh¢ y2-6neyl wapndreimogp @lwagr atHAe pob-yqplephg ded;vari ant the ability
to infect hg ns (where its parent HA pol ypeptide cannot). Wthout w shing
to be boufid ggLany particul ar theory, the present inventors propose that

bi ndi ng to unty eldahekoRabe@end VRARSGRRY K& oI AN@UEN Ac dNGaINAD &k &Pl ar
that | oss of binding to other glycan types may not be required. [00115] The
present inventi operffignaien (rayentheld- fpaNi ensOrlmbedettensimdngdt fods cassdci at ed
wi t h binding agept s ordance.with the.invention (e.g., HA

pol ypept i des, FM?%@P%%@%@#5Eg€5$?%ﬁﬁ%§wo AY> UTSBAs, etc.) including, for
exanpl e, syst eqysn QlgalAfRRrithani NiGiShREM6 shbkiabe dit®hed QF anRlot BRI HoRGedRaTD)

anti bodies that bind to them and various diagnostic and therapeutic

met hods r el at i ngpesatiansefSuduiekdret whesbudlps CeiNAfo-dhattiadinkedodherent s of

t hese aspects, a othe&§J 8} the present invention, is presented bel ow.
Henaggl uti nin (rggaﬁfﬁﬁ 6" “1°hf | uenza viruses are RNA viruses which are
charact eri zed dynén-bigai sholvEEUBR s Qe PR pEQAtoabiitg, bidhegNyLeRT, Qtei ns,
hemaggl uti nin (HA) and neuram ni dase (NA), enbedded in _the nenbrane of the
virus parti cul ar canigetiacheddo nen-psdugine Prsidenst(ypisallnhgoatiog K aBeyi9es, and

di fferent influepzg.sllAtds AleAaned based on the nunber of the strain's
HA and NA subtypes. Based on conparisons of am no acid sequence identity
and of cr¥sfag? styardiugdees, the HA subtypes have been divided into two main
groups and four smaller cl 4 The.different bt .not

necessar iy st B0 Blrg Rl L O SLbbEREEh: RN BRI d ar 1 30
structures of theorffighfa€ive Mieddéntbub)t yidsr are simlar to one another, wth
several subtle differences_ WO 2012/ 047941PCT/ US201 /05483%»that can be
used for cl asdlf A GHFFa M BOsESONERgar SeisHsP SUchia Sulids-thennale. FRnEMRt i on
of the menbrane- ghflaN sUPdenBlfbel dftadtl & h@relilcife p&MdRlf 8udtelsh¥3, i s one
structural characteristic commonly used to determ ne HA subtype (Russell et
al ., 2004, Virol aafjor 824: 287; incorporated herein by reference). [00117] HA
exists in the nenbrane as a honotriner of one of 16 subtypes, terned

Hl- H16. Only three of these subtypes (Hl, H2, and H3) have thus far becone
adapted for human infection. One reported characteristic of HAs that have
adapted to infect humans (e.g., of HAs fromthe pandem c HIN1 (1918) and
H3N2 (1967-68) influenza subtypes) is their ability to preferentially bind
to a2-6 sialylated glycans in conparison with their avian progenitors that
preferentially bind to a2-3 sialylated gl ycans (Skehel & Wley, 2000, Annu
Rev Bi ochem 69:531; Rogers, & Paulson, 1983, Virology, 127:361; Rogers et
al ., 1983, Nature, 304:76; Sauter et al., 1992, Biochem stry, 31:96009;
Connor et al., 1994, Virol ogy, 205:17; Tunpey et al., 2005, Science,
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[00119] For exanple, the crystal structures of H5 (A/ duck/Si ngapore/3/97)
al one or bound to an a2-3 or an a2-6 sialylated oligosaccharide identifies
certain awDreo12zaaids that interact directly with bound glrgtarnss)iiass3al so
am no acids that are one or nore degree of separation renoved (Stevens et
al ., 2001, Proc Nall Acad Sci USA 98:11181; incorporated herein by
reference). In sone cases, conformation of these residues is different in
bound versus unbound states. For WO 2012/047941PCT/ US2011/ 054831 instance

GLu190, Lys 300 3hdarPA'hd G RALNLMApLeRbN AN RLAE | N
and have di H]ﬂé%nt cont o%rrat)i%%%&lﬁn tﬁg%g%un v sus tnﬁN r‘?b 69 stgé: The
conf or mat i oparofe ASNIE86] -4 vednideohn 1+s(tyyricly el oﬂb413]md/@ﬂ is also significantly
di fferent t he bound versus th t e. Binding nts 20] As
not ed abotegtft%rem@geewtu Aevert t@ﬁﬁ@ﬁg%ﬁﬁ% bt Raltmkesh %%fﬁatmt?t%a ng to
umbrel | a_t oRgliag) BlURARSHRRKTE IRLRR Mdclho¥Rl ot BN ARk aLSIL T ecti on of
particular hosts, including for exanple, humans. Accordingly, the present
i nvention provi des bi Nei 7gc2geNesS A@2g3GalplA3padIMpept | des, HA pol ypepti de
variants, LSBAs, UTBAs, UTSBAs, etc. 2} that bind to unbrella glycans (and/or
to unbrella topol odly JFyPeer(hriBd)d) embodi nents, binding agents in
accordance with the invention bind to unbrella glycans (and/or to unbrella

topol ogy glycan mmcs) with high affinity. In some enbodi nents, binding
agent s [0(H29L c drletgmesentvin tdmtivh eraviniee hindorg agemisiwith dasighawddiinding sfecticity.er ent

unbrel |l a,topol o | ycans, oft th aff|n|t and/or cifici

{001 217 HER B8 M Bl ery v et e Y R Eh oo R By

5?&2%‘3?3%“25 for exanpl e NeuShcoch. o Lo o long ax6 stalyiated

6Ga 1131004391 NAceran pesienfas bi Izﬁetgc%&etsyrw%@l byitemprasant Wivestionpgy desgiabadiia, i n

sone epghpdhentSowbi Nding agents in accordance with the invention bind to

unbrel la topol ogy glycans with an affinity conparable to that observed for

a wldtype HA that nediates infection of a humans (e.g., HIN1 HA or H3N2

HA). In song, e ngg jrents, bi ndi ng agents in accordance with the invention

bi nd to unbr'éelfi’ 3?§ns wth an affinity that is at |east 25% at | east

30% afo018apt 135%16 ainbbdashts Adin@hedneas taicdbbdancatvith @asihvalivm artHAeast 55%
ahg

at least 60%_ at |east 65% at |east 70% at |east 75@6 at | east 80% at

| east BSYPeRYACE X GBDIF: e PIesed {1VgBUgN RPVidewiselaigadlA BelyPRELEs 9, at | east

98% aljedigdsdd @1%’{91 HecHAVO R alsDPto VRS RAYRLE MR poTRIPEIRR) i@ LBl ons for

a wld type HA tha medi at'es i nfection of humans. I'n some enbodinents,

bi ndi néimgrrrtheracierisiees ovidemspeciip umbrdle glypaant i on bi nd to unbrella glycans

with a ni t arabl e

condlt:ﬂ(gﬂéE oH£§O&Q?%bééngﬁt&&gﬁd%ﬁﬁgd;gﬁmg&?%SQ %HQ%HR s. [00122] In

sone enbmhtaﬁmbearebﬂr;dﬂmpacﬁa‘sl M §ym O miidirelemng }Bzgenltyﬁepuﬂemcaccdamme widht h t he

or o1 4% SV GHER PEEHET iG] BOFAE SPHRTHC PArE RUITSPYYES: {1 R T val ent

bi ndi NgnAs&iaN-Sss, Hl&gﬁ SdR G SecbRRBENLHIRTHE @RveanicH Mﬁﬁﬁes@rﬁte\ﬂ@mdm

2012/ 047941PCT/ US2011 E4831 sonme enbodi nents, for exanple, binding

af fi ni chasacteristiss mrail Ropolyrentidesi in sprecosraaasirmeni, tHA pnléptm@eﬁmaé@prém@e dessed

over cone r ; ; east 4, at

| east EO %ggggﬂg?&g&g%ggggﬁ Chﬂ&x%%%é%méIﬁﬁﬁﬂﬂﬁgé&mglnat(%east 10 or

nore f @hﬂodlh@ﬁt‘BZH]A oty peptides anmdrdamet\sl,th thlemldwengoragehtieslgmteﬁdmm@nce W th

theinv ntion show haff if t show ur at.in in.a
ot v aRRGean Ryt ot AR P ROSECRLT R i er st
some  emOdi¢HeiBh SithRiefidhJien ag@iﬁgsharﬁuafs@i@t ﬂ@’ﬂ%gpdl\%fefitldéﬁelﬂ gnent i on show hl gh
affinity if they show a signal above about 40000 nore (e.g., above

about Ewbe@men%ib%tpom@ms lla%etdam@@thealb\@atlorambé@ﬁlgr@teé binding such
studi egy, L& géfar% 1%?@? LG AAGALSRs, 38 ﬂazﬁéﬂula&dm*a%é&héhcé tﬂ

sat ur at| ng ycans over a conc tration range o

| east ﬂla‘iotidm,tloamﬂhe]aggneaedlmhdiingaharhceaﬂicﬂarétbl&polmeph@asﬂn $nfieol d or m)re
andlns er a concentrati on ran ar as,.10 fold or
e " BB TR H PR e in e SRRk o BORF B e S S i

accordance with the invention bind to unbrella topology glycans (and/or to
unbrella topol ogy glycan minmcs) nore strongly than they bind to cone

t opol ogy glycans. In sone enbodi nents, binding agents in accordance with
the invention show a relative affinity for unbrella glycans vs. cone
glycans that is about 10, about 9, abgut 8, about 7, about 6, about 5,
about 4, about 3, or about 2. [00125] In sone enbodi nents, binding agents
in accordance with the invention bind to a2-6 sialylated glycans; in sone
enbodlnents blndlng agents |n accordance mnth the i nvention b|nd
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[00127] I n sone enbodi nents, binding agents in accordance with the
invention bind to at |east about 10% about 15% about 20% about 25%
about 30%valor0438¥ about 40% about WO 2012/ 047941PCTPUSABLMNO5488B1 45%
about 50% about 55% about 60% about 65% about 70% about 75% about
80% about 85% about 90% about 95% or nore of the glycans found on HA
receptors in human upper respiratory tract tissues (e.g., epithelial
cells). [00128] In sone enbodi ments, binding agents in accordance with the

i nvent icpftaQiidicd Bre P W pePRAL. of sén@elglgd(ﬁ[ﬁ&ﬁs,iHA H§1§f)@};t1%gs_ fnrécgcir_géffc@ with I N

sone enbodi nents, binding agents in accordance with the invention bind to
mul ti pltee igvgntiansvithidesignated eidding clrirgaierestios arp bl 19 gwiypeptistydi Fesore,  bi ndi ng
agents | cco ce.with. the invention bind with hjigh.affinity and/or
cpeci 1 FEPpRRRE AT b A PIERIG B B Bl

bi ndi nghageaisics frealid giotigoptidesd Tihsonfee:nhbvdandnitg il ADpaldpdpade iy @atrgdadnkd ust r at ed
in Figur preferential]y as caonpared wiith their binding to glycans

i |1 ust ﬁ*ﬁ@éﬁe I e grEh dsighifed BIRE N B erF S aregll {ZpabpeRgdin " PG ccor dance
W th t hebbduRat AR ?Mgﬂ)@ {i®s #aRbiBRSAGEN AL iR n96n IR afQddRuvgifor M
NeuS5AcaZ2- 6Sugl - SugZ- ugg where: 1. NeuSAc a2-6 is always or al nost al ways
at t he chupcteresgige imdlidrmdlypeptidagin some dnepodirpeko s pélypaplidestinyc@adang¢ G c) or
hexosan. in: i f Feq p- for N
and 0. 1 RENR il G2 HOE ol RlraB O LN AR IRMEIY P e to
gl ycoprmbedimentsbH Aol ypepiades imideordahdeanitiNgi Secadar Gits Dedgrdtdddiatit@ched t o

any of the non-reduygcin ositions of Sygl,. (except en Sugl is | NAcoc-
that 1 shgsrrra e s Brwrinet S IR i sntefes cuch as
sul f at githRhOFRBR1R, witH @R hddbindHoRBarale AGRE Yie HRY folyfepiidle attached to

non-r educi n]g positions (typically 6 position) of u.grga 0O inprove contacts
wi t h HEB0133T sy somp ambedimgats: HA pohegeridss {if scspidanae] Wilhahp inyenta@nedo put

2%?3 ?riﬂdﬂ?de(t@ﬁll\‘%%t&ﬁ 15 MO th ke RirR” AR GRT - Gt A PR W RAYRAL /31953
A/Taiwan/1/1986; A/Texas/36/1991; A/Beijing/262/1995; A/Johannesburg/92/1996; A/New
Caledonia/20/1999; A/Solomon Islands/3/2006.

[00134] In some embodiments, HA polypeptides in accordance with the invention are not the
H2 protein from any of the strains of the Asian flu epidemic of 1957-58). In some embodiments,
HA polypeptides in accordance with the invention do not include the H2 protein from any of the
strains: A/Japan/305+/1957; A/Singapore/1/1957; A/Taiwan/1/1964; A/Taiwan/1/1967.

[00135] In some embodiments, HA polypeptides in accordance with the invention do not
include the H3 protein from any of the strains: A/Aichi/2/1968; A/Philippines/2/1982;
A/Mississippi/1/1985; A/Leningrad/360/1986; A/Sichuan/2/1987; A/Shanghai/11/1987;
A/Beijing/353/1989; A/Shandong/9/1993; A/Johannesburg/33/1994; A/Nanchang/813/1995;
A/Sydney/5/1997; A/Moscow/10/1999; A/Panama/2007/1999; A/Wyoming/3/2003;

A/Oklahoma/323/2003; A/California/7/2004; A/Wisconsin/65/2005.

Variant HA polypeptides
[00136] In some embodiments, a provided HA polypeptide is a variant of a parent HA
polypeptide in that its amino acid sequence is identical to that of the parent HA but for a small
number of particular sequence alterations. In some embodiments, the parent HA is an HA

polypeptide found in a natural isolate of an influenza virus (e.g., a wild type HA polypeptide).
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b. sugars (such as Fuc) or non-sugar noieties such as sulfate, phosphate,
guani dium am ne, N-acetyl, etc. can be attached to non-reduci ng positions
of Sug2, Wog8i1z@amdior Sug4; WO 2012/ 047941PCT/ US2011/ 0B¢@aB2e11/08488kage
bet ween any two sugars in the oligosaccharide apart from Neu5Acoc2-6

| i nkage can be 1-2, 1-3, 1-4, and/or 1-6 (typically 1-3 or 1-4); and/or 5.
Structure where Neub5Acoc2-6 is |inked Gal NAcoc that is O-linked to the

gl ycoprotein and additional sugars are linked to the non-reducing end of
Gal NAcpgo139] %8Rk BmbodiNEHRAGR h?@%ﬁﬂﬁéﬁ%%sﬁﬁ%@éﬁ%ﬁ%%@ﬁhh@ﬁgﬁﬁudd-
Neu5Acoc2- 6( Gall31- 3) Gal NAca- [00I29] The present invention provides

bi ndi ngawgdiiteniglydandésiingeitaegtepistiei thap hpie cdridsponding paneht &l4s polppepiilees

bi ndi ng_agents, w.th des|gnated bindi.ng characteristics wiith,respect to
anbr el RAS gy eEpatinryh 16 PR ET poppelaN in o e W b el OB by the
pr esentffinity@ntfopspeaifeitd Gaambeth dlcan® (£ y. d8tcaipartee o fotonp @l y piep thadlels

[ 00131], I n sone enbadi nents, . binding agents in accordance with the

i nvent }‘léﬂlf Céz.g%atmars%q%@ﬁfymé °S- FGrsoB &ML Eimafes }%é&%ﬁ@w‘?ﬂ&@ﬁw&ﬁtwﬁvi des
i sol at edoihlrRPV¥RRRL i des with designated binding specificity, and also
provi des engi neer ed HA(§onpe tides with designated bind%&g characteristics
with r édH388t tlo sombeabpdimghipcldAyariig@ebPpptides surpeordptysdiifethe wvepliani ded HA
pol ypept.i d j desi . bi ndi i St . pol pti des.
R g i R B S S e
desi gnated: A i ypgptidear Acdoatel csttiod Bnat HA2v pahypépicpdés.in hevosdunee with the

enbodi nents, HA po]y ddes jn accordance with the invention with
esi gnat B e R EH s BEt s Re BE TR b1 U e fi ¢ Bpied with
enbodi AR pé‘fé\pﬂ@ﬁm&@bly?@ﬁideﬂ_ RGO M 8inMntshHIAN i RVRIN Jepitdadih h
desi gnat ed glnd[n characteristics are H4 pol ypeptides. I'n sone
enmbodi FeFPEdanceKith glwpéq:nupa 83ve grenpicbrini ang/ apispesi gy fpimrabrellbgl yodnes jand
desi gn iR kard st i -

erpodt e ol M S ENARATHEL B LR (R PR AR S e
desi gnated: A ypgptodear act eri stics are H6 pol ypeptides. In sone

enbodi é ﬁA ol %ides in accordance. with the invention with
desi gnadWddbi aisHEe EREPUREER U @8 pabEiskD ispedanss Wik b grghtion
enbodi meRt eqt%fﬁﬁkymrls?&?ﬁdi@_ fBEGRLAAGRs W dobhphRE withiB&E QIMat pakbnt
desi gnat ed bi ndi ng characteristics are H38 pol ypeptides. In sone
enbodi fEhprelypdptdesol Iy seme cabedimanta.ddd rvda st @olipedtidehn depardadeorithihe h
desig n?‘rgveegti(?r{ }rllac\lllerr] u\({\é:c)i a 1%1%}// 91’%7091‘45%53%_(/)187%10 &}—/305; }A/'c%gsl as compared with their
cognate parent HA polypeptides. In some embodiments, HA variant polypeptides in accordance
with the invention have greater affinity and/or specificity for a2-6 and a2-3 glycans as compared
with their cognate parent HA polypeptides. In some embodiments, HA variant polypeptides in
accordance with the invention have greater affinity and/or specificity for a2-6 glycans and
reduced affinity and/or specificity for a2-3 glycans as compared with their cognate parent HA
polypeptides.
[00140] In some embodiments, HA variant polypeptides in accordance with the invention
have greater affinity and/or specificity for umbrella topology glycans and a2-3 glycans as
compared with their cognate parent HA polypeptides. In some embodiments, HA variant
polypeptides in accordance with the invention have greater affinity and/or specificity for

umbrella topology glycans and reduced affinity and/or specificity for a2-3 glycans as compared

with their cognate parent HA polypeptides.
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characteristics are HO pol ypeptides. In sonme enbodi nents, HA pol ypepti des
in accordance with the invention with designated binding characteristics
are H10 pabypepurdes. | n sone enbodi nents, HA pol ypepti @#€3/usroiams4sstdance
with the invention wi th designated binding characteristics are Hl1

pol ypeptides. In sonme enbodi nents, HA pol ypeptides in accordance with the
i nvention with designated binding characteristics are H12 pol ypeptides. In
sonme enbodi ments, HA pol ypeptides in accordance with the invention with
desi gnggad1pi rlﬁ's@ﬁe chBb@f-B] BAIVagaRpelyplRidRO Y REMLHLSwiH e AR on

embodi ments, HA pol ypeptides in accor dance wth the invention with

desig naae?dgrbatﬂchfflgtwheir‘tmsp@nﬁlcsltyl fos026ezl ydads ol oppe pippbey glycmsse wempared
enbodi nent [ de ccordance with the inven n wi.th.

oo onat BT fisrHg ReRar HedermspidS Eﬂ%@%%nbpogrlg}%sp%&%ﬂan¥ T Gesuadt in
enbodi RERfGancERiR %eylﬁ%?lttl'oﬂ B8y HeAGCOHANGR/ stéelf&lﬁJ"@ fbM@—@{gﬁa@ﬁnsV\dnﬁh

desi gnat ed bi nding characteristics are HL6 pol ypepti des 0133] In sone
enbodi medvred affpitpyaidjgrespedidaty foncenedopadegycdysans bs ¢dneparaghigitt thow cognatrot

i nclud a} heHgl B’ 8@? n fromany of the strains: A/ South Carolina/l/1918;

Al Puer oP8IPPORYA; A/ Tai wan/ 1/ 1986; A/ Texas/ 36/ 1991: A/ Beiji ng/ 262/ 1995;
A JOhaImHHSIB]JI’ ghgam&QﬁhﬁodlﬁdehBW{ﬁqjob@eptlc&/VZQAﬂgﬁﬁacc&fdﬁi@jemﬂﬁhé gilvamdtsy 3/ 2006.

[00134] In sone embodi ments, 1}% peptides in a@gordance wth the

i nvent COMAR0EC ﬁbpoquwcﬁﬁl&r@i%sf ﬁﬁeéﬁg}s%?mt"ﬁ@ SEIYECSAOYMEN Asi an f1 u
epi demdﬁf&ént%?ub’éﬁ)e To i weOite oﬁ@?@ﬂ&m@xﬁmpiepxn%h%@%bﬂﬁ%ﬁtsl MBS ¢ dance
with the invention do not include the H2 protein from any of the strains:
A JapairBosptide y8ant iy Sicaggapesyveith the ds/zntigy qaiairenine/o1 9Bue seApTgk WHeTAL9NBo67 .

[ 00135] 4] h

[ nvent Pt AT PO SE EE0h bRl ARt et AC P S 30E Boltbdhab o

Al Ai ch |g1v2/ai1@tﬂ‘181; paddidaliirlek ppplogia/s@ind 88 BodidveMs s 185 Hpppdl dpep8@Syariant in

Al Leni n %g‘ 360/ égﬁ 6; A/.Sichuan/2/1987; Al Shanghai/.11/ 1% 7,

A Bei j i* i?f 57 YgR e W@HSHG%GPW%%HOW%‘B’W&‘%?%&@{?&P@?‘§ Fi gghe the HS HA

A/ Nanc a (398D mod SYEe s&hBI8 A 11144 g@wﬁtﬂd@/ 1999; A/ Pananm/ 2007/ 1999;
Al Wo 2003; A/ &kl ahoma/ 323/ 2003; A/ Californial7/ 2004, )

AW sc&?fgﬂﬁ} 657}@0@‘??6“%}“111&9@ pHACYaIly pregIDawsSS (honesenitipn thabHA pefrsiideent s, a
provid t | that its
am no Sgrll se ugﬁfézf% gﬂl ent| \cﬁ(f T?]ghtgﬁgtgqgﬁf?ﬁg %g%r\e}g% ﬁ@%{ljiﬁ?g?ﬂg smal |
nunber HX pglapdptide varanse guibradtered lgtyepsfldtonsan Ishwsbrﬁ@de’rrbﬂdilmm $;fokdn&0-par ent

Co. o 1ot B SBE0k Bt ShdBen-huf PR B0, o7 Gsfuubess e 8 agar
[ 00 137]recbptosscu§eoa?med WAt rSferdrife PO yP@ARpIAE MRS fréRhSint¢htids aRL Paticalaiy t h t he
i nvention have different glpycan bi ndi ng characteristics than their

cor r es 5B CP tedrtoLriiop dhay Bebpelyedtids harkgire e 8B de 8.5 14 R, VA Hant

pol ypep{d @@ r#OC i daies H’Y'4t 1115 %?Hl%‘i%&‘i;b@g %ﬁg%ﬂi&s@}%ﬁ{h AletakiBhd i A0/ or
specificity for unbrella glycans . ared wth for cone glycans)
t han ddlA Ive)plreg:@rgnan ghopaz-&nd, Mlcbéﬂpkﬂep{foldet() fdldu Q@e“nbl eprbddi erfokl, such HA

P ~or nan P IR AR R Rrp RS Rombied TR GRRRT

affini l}yquslglﬁ@hdegecl 4nl HAtpw}fpepudd:rdfraey beSIHD Yo aNds: as-sepnpared with t he| r
cognat e (f)arent HA pol ypept.i des. I n sone enbodi nents, HA variant
pol ypepttidds Phea)éeemda%eowerﬁﬂe Ay ?rrﬂ?emaeewhﬁé%eg?IE%EeHHéfmlmewdeand/ or

speci fiGifnts Je(},f FONLe, H@PHLLOM }% Yeans, Bs, ¢ARAN ed M3, Hﬁ@'lﬁlf?%gﬂ%e parent
HA pol ypeptides. I'n sone embodi ments, HA variant polypéeptides in accordance

wi th t BB pelyeaptide Markpatse Withadieisd gévrcnwlﬂtto;a cam ehioov 2~§<piéc “falgidtpld, orfoldnb-el | a

gl ycan r icit r.¢ opol o gl ycans
N R R LA ol g R e
enbodl MERPSTS dsiAomaﬁneanhthmbgep@pe Hdelsolypaapadc: dl’ldaamesenwmtzdntibh alsb pueiatladn have
greater affinity and/or. specificity for gl ycans as_conpared mﬁth their
cognat ENARAHTCS i Hoeppiepthd s quﬁp%ﬁeve%e& fhls 2 A3 VARt 10

pol ypepts gi@sHi @ 1&Cc o danee tyat N1 he Hm\fcn&)bggeﬂmwaﬁﬁ@g%dl a@tfsfaluehg % tﬁ@d/ or
specificity for a2-3 glycans as conpared Wi their cognate parent HA

pol ypeptides. In sone enbodi nents, HA variant pol ypeptides in accordance
with the invention have greater affinity and/ or specificity for a2-6 and
a2-3 glycans as conpared with their cognate parent HA pol ypeptides. In sone
enbodi nents, HA variant pol ypeptides in accordance with the invention have
greater affinity and/or specificity f4r a2-6 glycans and reduced affinity
and/or specificity for a2-3 glycans as conpared with their cognate parent

HA pol ypeptides. [00140] In sonme embodi nents, HA variant polypeptides in
accordance W|th the |nvent| on have greater aff| ni ty and/ or specl f| c| ty for

o oy o o o~ N o o .



WO 2012/ 047941PCT/ US2011/ 054831 [00141] In sone enbodi nents, HA vari ant

pol ypeptides in accordance with the invention have greater affinity and/or
speci ficiwg 20042316 gl ycans and cone topol ogy gl ycans a&sTasapanes3m t h
their cognate parent HA pol ypeptides. In sone enbodi nents, HA vari ant

pol ypeptides in accordance with the invention have greater affinity and/or
specificity for a2-6 glycans and reduced affinity and/or specificity for
cone topol ogy glycans as conpared with their cognate parent HA

pol ype@;Aﬂ)% re%&p%é@;how 50s_gbadiNesisd, AR YRBRE 56leo1daroabids i n
accordance wt he invention contain one or nore sequence alterafions that
are cod@@%f(éfrhtlMOOHOHAOI%@M@IW@@CSMIG{Jﬁ@dhumaIaH&Fﬁ¢€@t®ms dmpeddtwigea To gi ve
but one parti a | ypepti de

vari ante PRI ALREERI f: eh D R e L IR R S 05t BT Setuence

al t er af0014s] V\/rIn@hmﬁﬁineodlhenﬂsﬁhH&f@eﬂlqenem)b@peptmemtrhb }mfrech/Sslahy resenbl e

an H2 ol pti To ive ot her par ul ar exa |n S

enbodi %ﬁﬁ@a@% NM%&@% Ade apriam Pﬁme?etso&aéﬁ? 66 A ORG<PiFent i on
cont ai ASHEMEA REmYBESSLOLENG QSE@I@W@)* 4195 IM@ané”bn'ﬂﬁJﬁﬁnéﬂ?@ thdretdferROtpept i de
variant nore closely resenble an Hl HA é(y{ﬁt' de. [00143] The present

i nvent ipelyppriideiicihb k4 QO@n‘t/Qﬁb@srg@@‘l/@HéS t450nIn deate elﬂl)bOétanppﬁeﬁﬁ de

var| i anﬁel(sgceg% e %é?qe 1%%5 srobPArA (W58 (NP1l gﬁyco FamHLS,

ShOW 2 ¢fnbbdime8tsf b diferdndcd A, pobpbmidd,is h8-HA ﬁbdl, A/Eﬁeh‘lﬂV@B (SEQ—ID)NG 4'Z|)0(Dﬁf ol d,
1000-fol d, 10, Q0O0- , or greater affini 0 hu S
conpar SoPhPERATRP ah R 158 Pysegtidae: S practtory EAER s dnEs

par t i cw@rdgy. ﬁ%meﬁn&&et}fe@@f@ﬁﬁbé H@ﬁgonﬁ%g tiddAs BRITYR &R AfPeMAr kAt S

(e Hl, H2 H5, H7 0, H11, H12, H13, H14, HL5, or
H16 HA(W&Eé&Qﬁ@é Ipaﬁomﬂnﬁaodquﬁﬁ dhetrefernboH4 polyrepbdea teddp fFayi on, can
show 2- f foI d,
show 2001yl h st ) o 5o 9 dupd Onfi@hlen 200 Rk 01 Bl o k0
corrparelmbHAtffvnaAfF@‘ypt/éT&ﬁel\IHMRim/Q@e‘iﬂQ HEN(Qa Sd)., InaanAnqbodhyrmapt thde of any of

SEQ | : -55 0014 n 'o ticular enconpasses
The 1 oCOERTE N TERREPIR ey Hoge RS v S ge NG 1ot " Fe s e,
H7, H8 emb8dintdaf, thHléferehﬂeﬁﬂA'ﬂb@pe{ﬂm,ls tHE 31 A aomHLEBI0nk @Rl A8BeIt(EHe ID@Q@ant s)
W|th altered glycosylation can show 2-fold, 3-fold, 4-fold, 5-fold, 10-

fold, 20\flgisamesubpdimentsshoreigiace Hooolwpentise 13 e bbb ipm A HopekeneldsEp

speci f i S:I‘E(?i)IDfNI?] YRR HBLARHRES th%srei%%ﬁpé‘ gpo‘i‘%ﬁeptl@e 5 @S & Mg HA

pol ypept i e present invention also parti y enconpasses the

r ecognlﬁtflndnnetstaéft/Of‘r(SﬁﬁbI@b@)tSiSHe variants (e.g., Hl, H2, H3, H4, H5, H6, H7,
11, H12, H13 4, H15,.0or H1 arlants) W th

ot er al0EH0) | it GEpob e 8 pebes s R KRBT ER IR bRt ko, can”Show

2- f ol dch@adi@listics Have@nd or BrofcdlequentOalt@hdlion? (r kalichs valkid ol dfecdOtht glydan

1000-fol d, 10,000-fold, or greater specificity for human HA receptors as

conpar SNARL T 1t sy RGPS, SYSfiswpttitgfions aret amipp qqxdsdbatyipiersel dikscldy  any of

SEQ | le}@:)ouﬂc’lg g@@n il Wéﬂbddﬂné@@u&@ggitmrs Are (;fr&ﬁuﬁ(?ic‘?d’SQHﬁ%réﬁe

pol ypeptide 1s°the HA from A/ South Carolina/1/18 (HINL) (SEQ ID NO. 43). In

sone enbgdé nesepsratierhe mogédiremdkoskithay oltypeprithdeung gtyh@, HAhRY hone degree

A/Brlsb ne/5/07 | D NO. .44 the reference HA

ol ypedl TararigR (e MR Pt cities P ARG a7 Bt LRt B Y b8 20 e

enbodi etebwsise it t}efaeﬂeyl cﬁhkﬂlrmlbyrpmgt drfli@o asidi hﬁnlldﬂucf wamng A, bangd 16dt58
(H2N2) . ( SE n some enbodi nents, the reference HA pol ypeptide
is the “Fﬂa?rdé‘i‘?fw ®itk ﬁfYFiv Bgmpedgs: Pr[53mhelzw7§e af%eﬁt s pRilinedbs ﬂlﬁf -bindinge

ref er enggndRiRA YRERL VAR diScahnghd o ih@McAGNRAG QMh 3R HerE@VvED N 48) . In
sone enbodi nents, the reference HA pol ypeptide is the HA from A/ Perth/ 16/ 09
(SEQ | Dompﬁptwig)varlanﬁs woweordariso aiithghe myventiva coathisrsahgtbutidns Pbbypeprérddired- t he

HA fro e

rof or omEM AT LAR Sl b= Ak depleh b Kbl BB EREh b F 128 1 o o
51). | degoeref epiadoramig, aciddgorr @y ep@biatibtPofxbtsy p &pidnsteemisodirhentd /N A r om A/ New
York/ 107/03 (SEQ ID NO 52). In sone enbodi nents, the reference HA

pol ypeptide is the HA from A/ Hongkong/ 486/ 97 (SEQ I D NO 53). In sone
enbodi ments, the reference HA pol ypeptide is the HA from A/ Hongkong/ 213/ 03
(SEQ ID NO 54). In sonme enbodi nents, the reference HA pol ypeptide is the
HA from A/l ndonesi a/5/05 (SEQ I D NO 55). [00146] In sone enbodi nents, HA
pol ypeptide variants with altered gl ywan bi nding characteristics have one
or nore sequence alternations in residues within or affecting the glycan
binding site. In some enbodi nents, such substitutions are of am no acids
that interact di rectly W|th bound gI ycan; |n sone enbodi rrents such

. 2 " 4 o Y o o o o o Y - o o, - Y 1



characteristics have sequence alterations in residues that make contact

wi th sugars beyond NeuS5Ac and Gal (see, for exanple, Figure 7). [00148] In
sonme enboaDreertE794HA pol ypepti de variants have at | east pomaSanios+saci d
substitution, as conpared with a wild type parent HA. In sone enbodi nents,
HA pol ypeptide variants in accordance with the invention have at |east two,
three, four, five or nore amno acid substitutions as conpared with a
cognate wild type parent HA; in sone enbodi nents HA pol ypeptide variants in
accor _d?g%eﬁﬂd% R afilies InMEERHARR WidMRe ﬁl‘o&tiotnhﬁ%ﬁ'oon%n {uBHu AP oRC bidmore
substitutions. In sone enbodinents, all such am no acid substitutions are

| ocat edmmiat dvidy wideevgh Yghar drigrads nfysepitadon.[ 00149] I n some enbodi ments, HA

pol ypepid varj ants | ccar ce wWth the invention nt ai.n..one or nore
i o B0 200 A0h¢ et RERG BT oA Iy DV REMICL SRR RABET cat s on
Nunber cRGOQEDRI6OBA2 sa@n@Odl (@ 010841hA5sideR dhat makk SontRatethtsudppbéyoatdi on Seri al
Nunber 12/ 2?%3()3& filed July 2, 2010, entitled "COVWGOSI TI ONS AND METHODS
FOR D|N§'<|£f NP EROF RESHPIRG IBNIELVENZA | NFECTI ON' (al | of which are

i ncor pegAYsH hBLEMP cR¥odiflcRls NAGblypkAREIA iadtd hsRNR 1 AR L AR &id HA _
pol ypeptide variants have sequence substitutions at positions correspondi ng
t 0 one sehstifsion, asfcompatied wad 208ild oge pareg, HA 3 sopgiembgpment R 3IA p@gpeptids, 137,

138, 145.. , 1ad6Q, T . , 192,
103, 183t acd ey} thofhvert B nadihieaibo. gigk: 14 Taveihosg gl
enbodi remtisitiohfageimppediwiden aahatantikl, typapdrért B Aarih yorhbepbddipeqt Hoe vari ant s,
have one or nore.am no acid substjtutions relative to a wild type parent HA
(. g. . PlpeRiiieyadsy Bacldpines Sahho M eHinghgud e Biss St g mino €l ales 95,
98, 128ubstiafiond 3th.sorks %mba)@glent%?’él sutB @minb3atid dBSituddR ardPdated @RhiniRS, 158,
159, 160, 183, 186, 187, 188, 189, 190, 192, 193, 194, 195, 196, 219, 221,
222, 22kycarpbigdingzge. 227, and 228. I n sone enbodi ments, HA pol ypepti de

vari an rty : I ide- L .amno acid
supst | {MABRG ThSHHRE L ikodHhc AR, MRERLpERIALARL fr o Ry Slhe IRLALAT 13 o)
4, 5, @ontdin dde oOmofkOymihd acid RubstiBitiofidtas deScribitd in dng, of 18S. H:fdgnt POblition 22, 23,

Fr om ¢ RUTL UGG &L PPl Tou Ry s S Rt =€ ot

2012/ 0472439QT1i143201, 1), 0648 3A1itled2C OMBOSHIONSIBED MBTHOIRBBrOR45, 153, 155,
156, 158, 159, 160, 183, 186, 187, 188, 189, 190, 192, 193, 194, 195, 196,

219, 2PIACNISINSPANDIOR TRIZSTING D INFIHENSAINTERG 1G] (albofsutigh ®Rbodi ment's, HA
pol ype%go%ra\{@({%@g%% g@fegme).HS HA pol ypepti de variants) have sequence
substitutions that rg uce or abolish glycosylation at a site correspondi ng
t o ami h@0120] d Ipesint cwhodis8nts) HAgoimpepsodiinEnhave seifuepot subeqitiiice avar i ant s

(e.qg., H5.HA polypeptide variants) have e, Ssubstituti,gns,t af f ect
naror PATEER PReRaERE T R g S PR P b S AR Pk [ a st L6
cor r espeNdi3Bgl 450 188Y118$, 136] thsp oS, 60N 83586, 1 &7, 3 8%TE seMOdi IrENDS, 198 UGS, a
sequence substitution is a nutation at a site corresponding to position
158, el§5 21AsHi583aa24 wher #i0n23aant $28 Y samr AePadimynist HarroDwapHdssn. I n some
embodi Rt S, p%@lrﬂaﬁy PEHIGHE i RUASIL S Wal O8nd & rRorfUin@ld R &bs@uSddsGelative
corresponding to position 160, e.g., ThrleOXaa, wherein Xaa IS any am no
aci d othewildhgpe pasmt HAnegotdd) antvsidireresatested Sioohtha ggaigieensdsing b sesiduas 9on
conpri $es,4.h ti h I n,.S i en C

substi t% g’t%ztgh?%ﬁﬁﬁrlgg&éés?%g%’ﬁgﬁ’e@ ,8’ gﬁégﬁsg’olg%aﬁgérl g‘)gﬁgg@gyﬁa% on at a
Site caBv.asporsd, ngp,to2.awsnm4acdsy 1p6A10) 2, 188 2042268008, 20T ahd BIX. HA

pol ypeptide (e.g., an H5 HA pol ypeptide) nore closely resenble (e.g., both
st ruct §P&f Fvg%awm&rlé{\ipa}ygﬁww VaHanp pAICRrly MQ?H@PP{%V%H@ hayp 88 Ment s, a
nut at i ¢ihr@hmehosicid®ubQiiliiBhl adivado BQViﬂQﬁ%éIBa?éht 100 £;: 195)at 1y L60Xaa .5 guch as
Thr 160Ala) can nake a non-H2 HA pol ypeptide (e.g., an H5 ol ypepti de)
more clTo8d) yOrlds éxtBel4.d5gl6, 1Boksh 1820y L@ﬂan324a25d2¢3¢ﬂ7e:2$,dﬁaf0,33},352513$1|2 HA
pol ypep;i [ i J i vakg s;qie.g., H5
i pol gct P ac A el SR AR IR Sorplthd R HBREL oI ARG T
type parent HA (e.g., H5 HA) at positions corresponding to one or nore of
resi dues 226, 228, and 160. In sonme enbodi nents, HA pol ypeptide variants
(e.g., H5 HA polypeptide variants) have sequence substitutions relative to
a wld type parent HA (e.g., H5 HA) at positions corresponding to residues
226, 228, and 160. In some enbodi nents, HA pol ypeptide variants (e.g., H5
HA pol ypeptide variants) have sequence substitutions relative to a wld
type parent HA (e.g., H5 HA) at positd47ons correspondi ng to residues 226 and
160. In some enbodi ments, HA pol ypeptide variants (e.g., H5 HA pol ypeptide
vari ants) have sequence substitutions relative to a wild type parent HA
(e.g., H5 HA) at positions corresponding to residues 228 and 160. In sone

e o o - - o o - I




WD 2012/ 047941PCT/ US2011/ 054831 [00153] I n some enbodi nents, HA pol ypepti de
variants (e.g., H5 HA pol ypeptide variants) have sequence substitutions

rel ati ve wo 20141t ype parent HA (e.g., H5 HA) at posi PCorus2aanos43pondi ng
to one or nore of residues 226, 228, and 158. In some enbodi ments, HA

pol ypeptide variants (e.g., H5 HA pol ypeptide variants) have sequence
substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
correspondi ng to residues 226, 228, and 158. In sonme enbodi nents, HA

pol ypenth dg3veysl asy §31,8.34; 145H§53'V1\55>01|5)5Pﬁ%t L <le 18@r1'8§”f8%2 1§12 88 SRURIICE
substitutions relative to a wild type parent HA(e.g., H5 HA) at positions

cor r esp8hdivagl Ho19e4PaRd8, 221622h324.585, l%igﬁhﬁnéﬁﬁbdlnents HA pol ypepti de

vari an g. de, vari S stitutions

Vol at VOVIED) 3 bR FOBO UM R PR Vot 8 8 BRSPE TR UOE b o ng
to resmduﬁ&qﬁﬂﬁeamﬁumﬁSmnhmrammEOEmmﬂﬁhggmbgmnbﬁmp@hwpmnkqﬂedM@n¢amh@
(e.g., H5 HA polypeptide v rLants) hav equence substjtutions relatlve to
a wi | d2rigpesifan LS ofpg 0 dipgsnisphl Ao gﬁlffq YGHENE & ¢ e pOHUPHYPHEIT esi dues
226 andag#) hhA0datdnck Qu‘t%gmﬁomgﬂdfﬁ@ﬂ"atnﬁlor hife AL YRRRY A& oV ARi-AN ST he- 9. HD
HA polyglptlde vari ants) have sequence substitutions that include a

del et i gfvchmligied top sipearespondhg th omina asgl prgicnfl S&n IHwnoinysdinénds sudh sone
enbodi t p i ant s)
pave. seaneie B RRRERHROKAL B Grichdiing & phth O P 2D A a2 ot ng
to the véhEﬁnriLXZa Is@aap amagi aard @ﬁeralmnl-msrpdh ym@bmﬂ@dlmbms,sgnmea etgpodtiecnent s, HA

pol ypepti de variants eptide riant.s ve sequ

Dbt P BHER FraPurHOE s TuraehOnd B Rk gl Srrof o o 6 s PTG

posi ti gNgHyGHihE SR Btk NBak Ash.CRl WHRSmbGimch&dsuch3Bequbdde sula&?tutlé@é)bmﬁkﬁés 135,
136, and/or 137 of an HA pol ypeptide. In some enbodi ments, HA pol ypepti de
vari anthy retagon Thas6(4dap &1 yamequtmindinents. AERICNPYBsEBRIhalredusss e liFons
that i regi on
of an PCHG Ty BAELRELSuBh o Sle G RichARAN M ko £ diindiRdP (o0
H5 HA poh&ﬁﬁ@AﬁﬂbmwakkaagspnhﬁﬂéA@eranEb)mubsﬂmmbmpﬂmﬁﬂa@ailkﬁnlude a

oL | SRty 5T 18 L B LSRR RO FSRETSH B Py S

enbodi wBiéspondiky RAN¥RIOR bO Ee. ¥ AThrAOGSaa( Sucl-as THE 6biAla9@iuy1ﬁ@]EH 4 flen-Mamimnt s)
have sequence substitutions that include a deletion of an am no acid

cor r espelyaeniglef 68+ ax HadkA pglopentidesBais ckarplydessamies(e-gs e Siysy dlygingn
substhﬁgkgﬁﬁl i 462 HA pol ypeptide (e.g., an HS5 HA pol ypepti de)
nore cl ogé l'y esengQBQF Y a#lboth structurally and functionally) an H2 HA
pol ypep@0iga] Iin ssmﬂembadmdhmﬂdﬁsaol}@ept?&ie@taﬁ@ms ot g. S & pdy@piide eoraness pondi ng

to residue 130 ca ke a n

2010/ oBpeBiereC e T BadsBiTs bt b BRaEReRL ATk oA PSBRERE (o 6. botn
st r uct wodpyndfgiof dho ok hRabil i¥did@n 208, 198, zmall I)GDemﬂi bdtes erhiila&]ts, I sone

enbodi nments,  HA pol ypepti de variants (e. HA pol ypepti de variants)
have s@aU@%@e%%%qtﬁ eu& i IEhEARAl Wepide Yaélaatsmva S%qpﬁ@ceps&gﬁﬁ?th%r‘flém@ toaps Ha)
at pOS'v&ﬂdqg}%e 8&&6&@#@%' 11949 apg&éltﬁfns G@ﬂ’r@sg&idlﬁg%' r@éi@u?es é§é 2243 136631n 135,
137, 155, , 192, 221, 6, 227, 8, and 130. In 'sone enbodi nents,
HA pol yp@ptsmu@dimntbddt\svotyeemlde Vil artA (o] Iﬁ)élp‘t p(dﬁpepadfr wntagls) haweegegerence

substlt ns re mnld e par, e.q., HS posi tions
correspo nS’t ?r?&“ %eﬁaaer] y Qla b %’e P&rengﬁﬁée F%glg'Agmt P%éltlgﬁcor’fép()‘zfﬁlg Br 14 of
resi dueé‘slcﬂ.13§.22613121 163])3311 sdﬁ?@emﬂo’ﬂ?merﬁﬁﬁA P88 peplide vardhds (6%2 X5 H?@)olﬁ)@ﬁud&28
and 130. one enbodi nents, HA pol ypeptide variants

pol ypeaﬁlil%s) ¥4 SeHbere ﬁ‘éR?B“’él@E;%@H’Eée wild {ypeipgisat Hey <asp &% I—EL%> g RRPPE]“% ype
par ent c5spBnding toHRsiliUds 228 aRO$4(. I 1RRSmE eMbESRRACI MA ffogrp@%t)de]\;ﬁﬁanté‘l nds (2) one
or nore of residues 131, 132, 133, 135, 137, 155, 193 1 226,
227, amth Iiéwolwpnptsbwn@m@d@ivwsncelswbsplmtsﬂpépﬁﬂatrye toyamildiyps I(ae%ngHA (5., HA

pol ype stist-utions relative to a wld type
parent@f-sixﬁl‘g)é{t O&%EE§%%§§%%dﬁ% |%ﬁ§§%%F%g§ggndlng to (1) 130, and (2) any
1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, or 13 of residues 131, 132, 133,
135, 137, 155, 188, 192, 193, 221, 226, 227, and 228. [00156] In sone
enbodi nents, HA pol ypeptide variants (e.g., H5 HA pol ypeptide vari ants)
have sequence substitutions relative to a wild type parent HA (e.g., H5 HA
at positions corresponding to one or nore of residues 131, 132, 135, 188,
192, 221, and 130. In sone enbodi nents, HA pol ypeptide variants (e.g., H5
HA pol ypepti de variants) have sequenc# substitutions relative to a wild
type parent HA (e.g., H5 HA) at positions corresponding to any 1, 2, 3, 4,
5, 6, or 7 of residues 131, 132, 135, 188, 192, 221, and 130. In sone
enbodlnents HA polypeptlde varlants (e. g., H5 HA polypeptlde varlants)

o o o o, o M e - T T AN



HA) at positions corresponding to any 1, 2, 3, 4, residues 131, 132, 133,
135, 137, 155, 158, 160, 5, 6, 188, 7, 8, 192, 9, 10, 11, 193, 221, 12, 13,
14, 15, owO261207R26, 227, 228, and 130. In sone enbodiPEEMISS)11/684831

pol ypeptide variants (e.g., H5 HA pol ypeptide variants) have sequence
substitutions relative to a wld type parent HA (e.g., H5 HA) at positions
corresponding to (1) 130, and (2) one or nore of residues 131, 132, 133,
135, 137, 155, 158, 160, 188, 192, 193, 221, 226, 227, and 228. In some

enbodi fgks] Hﬁ‘s@ﬁ!&:%ﬁ%@&h@ﬁts@)&'ﬁ%@ - Vgrlantt@ %"'Aﬂﬁ)@i A eﬁ%é qge Yﬁfa'n%ﬁ‘t Is-l)5 HA

have sequence substitutions rel atlve to a wl
at posihtyaoirquange sebspwtdisglative (019 wild pe aagn( Iié\ (agy Hp HQ) atositions

corresponding to one or more of residues 226, 228, and 158. In some embodiments, HA
polypeptide variants (e.g., HS HA polypeptide variants) have sequence substitutions relative to a
wild type parent HA (e.g., H5 HA) at positions corresponding to residues 226, 228, and 158. In
some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants) have sequence
substitutions relative to a wild type parent HA (e.g., H5 HA) at positions corresponding to
residues 226 and 158. In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide
variants) have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
corresponding to residues 228 and 158. In some embodiments, HA polypeptide variants (e.g.,
HS HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g.,
HS HA) at positions corresponding to residues 226 and 228.

[00154] In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)
have sequence substitutions that include a deletion in one or more of the loop regions of an HA
polypeptide. In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)
have sequence substitutions that include a deletion at a site corresponding to the 128-137 loop
region of an HA polypeptide. In some embodiments, HA polypeptide variants (e.g., HS HA
polypeptide variants) have sequence substitutions that include a deletion at one or more of amino
acid positions corresponding to residues 128, 129, 130, 131, 132, 133, 134, 135, 136, and/or 137
of an HA polypeptide. In some embodiments, HA polypeptide variants (e.g., HS HA
polypeptide variants) have sequence substitutions that include a deletion at a site corresponding
to the 128-134 loop region of an HA polypeptide. In some embodiments, HA polypeptide
variants (e.g., HS HA polypeptide variants) have sequence substitutions that include a deletion at
one or more of amino acid positions corresponding to residues 128, 129, 130, 131, 132, 133,
and/or 134 of an HA polypeptide. In some embodiments, HA polypeptide variants (e.g., HS HA
polypeptide variants) have sequence substitutions that include a deletion of an amino acid
corresponding to residue 130. In some embodiments, such loop region substitutions can make a
non-H2 HA polypeptide (e.g., an HS HA polypeptide) more closely resemble (e.g., both
structurally and functionally) an H2 HA polypeptide. In some embodiments, a deletion of an

amino acid corresponding to residue 130 can make a non-H2 HA polypeptide (e.g., an H5 HA
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4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, or 15 of residues 131, 132, 133, 135,
137, 155, 158, 160, 188, 192, 193, 221, 226, 227, and 228. WD

2012/ 0479%ORCR/043R011/ 054831 [00160] In sone enbodi nent ®CTHA2@aloy4s38pt | de
variants (e.g., H5 HA pol ypeptide variants) have sequence substitutions
relative to a wild type parent HA (e.g., H5 HA) at positions correspondi ng
to one or nore of residues 137, 188, 192, 193, 226, 228, and 130. In sone
enbodi ments, HA pol ypeptide variants (e.g., H5 HA pol ypeptide variants)

have s %9%5151%&&9%61&% aﬂ ReviEl AL Ibtth §t910§1réﬂ4j é#ldtfﬁ{r&%oﬁzﬁf)? oh AL e. 9., HS HA)
at positions corresponding to any 1, 2, : resi dues 137,

188, 192lypa®ile. 226, 228, and 130. In sone enbodlnents HA polypeptlde

vari an g. de, vari S stitutions
ol a1 SES) 2 st HnBR RSP IR PR R Vil L S BRI OE Wt O ng
to (1)hi&ﬁwqaﬁﬂeéﬂ$umﬂemQEMH063no®ﬂdQ@b@meﬁtﬂalngSEI{A984mi9&n 226, and
228. I n sone enbodi nents pol ypept.i var epti de
var i antsyesha n%@q‘ﬁ’éﬁé@%%%@??l W1 sl 5%#%@%6 1%%?%%583&%3%

(e.g., 2blp HIR)ardl13pOSH §dn%"§nl§d2ﬁrﬁ@r§s!3@m|b6!g dpRidé FriahdQe. o2 1(1233 ¥ptide 2 3
4, 5, or 6 of residues 137, 188, 192 % 226, and 5 1 I n sonme

embodi vemanss) hape a}@quwepmbsa@ltlvaﬂr iekaive tO(eewgd tyPEBatanl Bl (y. |§e 5 ldd) wtaqoslann%)
have S%QH&@SS’@E Q)Satng z%':«?ﬂs Teehad vy 4q ?2‘04"13'&1% ?esPcﬁ‘J§E7‘§1 Hg%(l%i,glz?ﬁ H5 HA)

at positions corres o “ohé "or 'note”’ reS| ues 193,
226, 2237, 1332818813891, 1%2,21,1?&35 22ind23,3ad 180 bowmeenbodinmant BA pitygpoligpept i de

vari ants tide varian have. se ue ce substjtutions

ol at vt & st o s RER s Bty S o R SRS 518 S SO R ondi ng

t o any plrenhlAe. 4H55{A55at pbsitiBas cQ)rreg-IQ)ndﬁ’l td&)aBoraic ot hbre d88siddel2, 193,

226, 227, 228 fSl 132, 133, and 130. I'n sone ‘enbo i ments, HA polngeptlde
{

valrl antld1,(182g133, 1, A7 g5y il 9 93221 2305 32 h and 22 duenme cabpdipenty 6”3

o (1) Pl bl X BENAoLphde Sy Eondihedip BURL ARG, AL4EARATS, N0
228 134dild t&]&Zpa_r@tmle.Gz_lig Hﬁk@ﬂgszanbmdpmmp?dlzgxogdﬂ ya@epmdr @?amh?aaiésa(sm Igd’
Lype parerk S Detl 12 Gk e B B IS ohier beb nnh 16 B Hug2oand (2)
any 1, 227 a34248. 5, 6, 7, 8, 9, or 10 of residues 137, 188, 192, 193, 226,

227, 228 131, 132, and 133.
[00156] ~'In‘some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)

have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
corresponding to one or more of residues 131, 132, 135, 188, 192, 221, and 130. In some
embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants) have sequence
substitutions relative to a wild type parent HA (e.g., H5 HA) at positions corresponding to any 1,
2,3,4,5, 6, or 7 of residues 131, 132, 135, 188, 192, 221, and 130. In some embodiments, HA
polypeptide variants (e.g., HS HA polypeptide variants) have sequence substitutions relative to a
wild type parent HA (e.g., H5 HA) at positions corresponding to (1) 130, and (2) one or more of
residues 131, 132, 135, 188, 192, and 221. In some embodiments, HA polypeptide variants (e.g.,
HS HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g.,
HS HA) at positions corresponding to (1) 130, and (2) any 1, 2, 3, 4, 5, or 6 of residues 131, 132,
135, 188, 192, and 221.

[00157] Insome embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)
have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions

corresponding to one or more of residues 133, 137, 155, 193, 226, 227, 228, and 130. In some
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[00162] In sone enbodi nents, HA pol ypeptide variants (e.g., H5 HA

pol ypepti de variants) have sequence substitutions relative to a wld type

parent HAVOeo/047H4% HA) at positions correspondi ng t o ORETAIS20M08436f

resi dues 227, 131, 132, 133, and 130. In sone enbodi nents, HA pol ypepti de

variants (e.g., H5 HA pol ypeptide variants) have sequence substitutions

relative to a wld type parent HA (e.g., H5 HA) at positions correspondi ng

to any 1, 2 3 4 or 5 of residues 227, 131, 132, 133, and 130. In sone

enbodi RRRLS }56@5&')9% di ey a¥idhds @@% SHs @LQ @1 tldé Ciriants) have sequence

2012/ 047941PCT/ USZ 117054831 HA pol ypept i de variants) have sequence

subst i sultstibwions efagive wea wdd &ypsiplatent PAe(egadEntlAHA p(oeltlgns casspmylingtto posit i ons

correspo ) 2 fr es. 227 133, 132,
and 13\9{ ?,%!h@g%%or(o resdc:l‘%ue’s 1?§|q39 ?SSOF'@Sp ?:5‘35921%“ adeI[SjS ? _

poI ypepiA ﬁ@yp@mdanma)ltsr(a\ge }Eelqmqmgeeptidmtahhm) Rns serqeblaielsulestﬂmloas wdldtivet ype

parent HA ( sitions, correspondi ng and (2) any

1, 2, éoawldm‘}rpareeéﬁé\u(és? z%; 53&1)08&1@28 CEFraPse tpéﬁl@] aqdrf

embodi wRiAt sf re§iBuROBYPEDL i Sk 1yabaM®, (& 8. hSodi eRRdHRERE, 1ER pM@E)bﬁﬂl‘és)

have sequence substitutions relative'to a wild type parent HA ( H5 HA)

at posiveiigns(egoriieHpardinegtideov apinets biraveseaucade subsitglines ra@ive t933vﬂd1t8176 155,

var) ant2epeE £ dis g8 FoyrSop AR Rk IO TR0 SRR AR L “d R PR

reIat|m&uhesaKMﬂBﬁ15§pEBpam§aE7hmdQESQ , H5 HA) at positions correspondi ng
to any , 4,5, .6, 7, 9,.10,.or 11 o s 131, .133, 137, 155,
185691158 3 T s5ise Sipimbius, Ha ivbst TR o U BRI BBNGpept | de
vari antgvd Rqence FbstildibRd MRERE tdjdi‘wﬂdif}lp@'ibh&)lt m\(e gSEBUEALR pokilshd t uti ons
rel ative to a wld type parent HA g e@? at positions corresponding
to (1) cesepordigl (one R &0st offpriducsfl 3P d%l@s19§3in somemh@imments4IA 188, 192,
193 2 8 ;ﬁfg@ t§ale. g ,
é@ y&%éﬁe i eglvi |an¢2§| ep% Ete?q%\;edg%{e}gszgaggﬁ %%’egsﬁggtr g@ﬁ%?@%@ﬁg wld
type pa&nleirtypd-jxhrf(reHj\(e FEIHAA) at peogins pmmespomhmg@mnmdi, hg)rBCDM@)du&SBmO and (2)
any 1, 5 6, 7, 8 or 10. resid 7, .15 188,
192, 1é§2 éﬁeﬁﬁ?%@dmﬁ%s %[Aoﬁ‘iléﬁﬁpu hVGHE ﬁb rPcO Pe e"&F %tg)pu de
var i anthsve Rq@ence kibstidiped ¥REPE toohewﬂ@fypa@ta&ht hAVe ¢S eﬁumpa pwhsﬁg tutions
relative to a wld tﬁfe parent HA 9 H5 HA) at fOSItIOﬂS correspondi ng
to onecerrreSﬁelaca%Yo (1 5534 e (22 g1 onbpth ofjrggiducpgy2 am@é9 192, 193, 226, 228, and
130. I S epti de
130, ) FURSIP R0H URL St AR VRSO MR A0% SR Bl B BORKP L
(e.g., hee SIelis}J)enat: sméiutibmladm rogsywidd ipn gatcot Idm(e %, H3 HAR) atposibons, 7, 8, 9,

o o SRR RSt b B 5139 g 3, A 1T

vari antza) jzavensem;emm(s uiasbint inbedisehs)] HAip()ﬂiypbptlca: varibéls yperparent HA
(e.q. HA) at _positions corresPondln to (1) and (2) one or nore of
re3|du@§bT9%KbI@@m“@§WVe%SBGK@S@”IE@Qnsﬁﬁéwe Wﬂéﬁﬂ”l@@mtﬁﬁfééné{

e”bOd'@EQ&§goﬁﬁ&ﬂQbMQﬁBﬁ&ﬁguMﬁ&HaQt§4{?<97 8&51@ﬁlp@iMBePIU§QHW%QHantS)
have sequence substitutions relative to a wld type parent HA (e.g., H5 HA)

at posirtsidwes | Tor BasBntASNE3 T 653, 11)58;@), 18§2d92, 21)936@,1 226,227, ?;28,4and53061n 7.8

or 9 of resi 37, 15 2 193 226
D015/ 04985 TEEHT DedS A SR paT gt (4 s M iR rde ftan B e B mend o
var i anksbsfieuigns retdbivEifo zp@/ily pﬁj&tplaﬂﬁt Har(k@ntHSS) Hhav@osmquem&spcuhﬁigl tbgh)i ons

o 150 e o or P 1RSSRy SR8 1580 R0 B oS ols T RRgR !

226, 2336, 278ind@28. 13 md dnRReRTPOHhIR AL Ride Hikipe! oé@erﬁs 48 pepaics (e. g.,

H5 HA pol ypepti de variants) have sequence substitutions relatlve toawld
type papedts)HAVY seqgence HEbsHyiont repoise td owdd e pespoldi(ag. 1 Tfyatposigiong, 4,

5 6, 7 . , r S S 3 160,
Tas, 1687 paRing B 1y M nd R £ 4 3R g R AT BT RS ot de
vari anti81,(162g133, HsS, HA7, asby8p1 6 @ 8%, dvR arti3s 22 1hage 22euner?@8. substi t uti ons
relative to a wild type parent HA (e.g., H5 HA) at positions correspondi ng
to (1) 130, and (2) one or nore of residues 131, 133, 137, 155, 159, 160,
188, 192, 193, 226, 227, and 228. In some enbodi nents, HA pol ypepti de
variants (e.g., H5 HA pol ypeptide variants) have sequence substitutions
relative to a wild type parent HA (e.g., H5 HA) at positions correspondi ng
to (1) 130, and (2) any 1, 2, 3, 4, 516, 7, 8, 9, 10, 11, or 12 of

resi dues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 227, and 228.
[00166] I n sone enbodi nents, HA pol ypeptide variants (e.g., H5 HA
polypeptlde varlants) have sequence substltutlons reIatlve to a mnld type

T - " v o o



[00168] In sone enbodi nents, HA pol ypeptide variants (e.g., H5 HA

pol ypepti de variants) have sequence substitutions relative to a wld type
parent HAVOeo/047H4% HA) at positions correspondi ng t o ORETAIS20M08436f
residues 131, 132, 133, 221, 227, and 130. In sone enbodi nents, HA

pol ypeptide variants (e.g., H5 HA pol ypeptide variants) have sequence
substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
corresponding to any 1, 2, 3, 4, 5, or 6 of residues 131, 132, 133, 221,
227, a"[‘ﬂhl%ﬁp Ih_@oﬁ@ @Bb@ﬂgﬁgﬂs,nﬁﬂtp%lyp‘%ﬁi&waﬁ%ﬁpké. (Q,eHy A A4 &&p(i@e garia_nl's@ HA

pol ypeptide variants) have sequence substitutions relative to a wld type
par ent he sequance sustifipnsaelapps iotd wié type prespldAde-gag HOJ1A Nt ppg0onsand (2) one
or nore of residues 131, 132 .133, .22 IS0 odi ments, HA
ool ypest gt e 7 bop padi 3. B 08 o2 B R Sl ence
subst i etibbdir®ntseHAtdoWeptideavaniahtd (& y pHS PR poly pdpfidé earthnts) HveHBJucate posi ti ons
corresponding to (1) 130, and (2) any 1, 2 4, or 5 of resjdues 131,
132, 13%SUBBIPNs Klyive by thémmqnhHéo(ﬁé»é%%g? AP LIONSFPIIAP ISR BRY be _
vari anb, 3 ang, Rak trice Wsaiuby 180 185 109] iwBepid, de Viad i @Ntin sBAS cRMBEdiRlenf¥DH] am no
aci d SUBStItUtIOUS relative to a wild type parent HA at residues selected
f r om amPhyocritse derigndeatedId HA rdyneeddoynrightst hrye seqvepecorubstiaiondirelalevel tg abi nds

to the i udj i mi . 5,

105, "anlER bR AR £ A MO bt bR SRR ER Olng e dore bPE
W t h t hesiduay €311, 11881, 19anh3p2246, acdiR28. | Tyi samnc kmbpdigpe plAgelypaptidentariatitate. gne or
nor e anj acjd supsti.tutions relative to. a wild type.parent t residues
Col ot Bl A SRR R iSRS Bk Sabions Biits o REB B ersb ezt or
that difsgh| y dokiidss ddieshneay (HnBhUGN) bil, 005, 4 5 Triged sl 7, a8 dues

98 and 195, (Q? resi dues 98, 13 186, 187, "195, and 228), or (c) residues
138, 1882, 198:226apfl 2288. [ 00170] In some enbodi nents, an HA pol ypepti de

vari antad cGAqr. b i ! . Iy . i ant
B Lt AT L A L R
2012/ 04784t RChcSROE L0848 Bl v Ser 0820 type pAlcatdlBBThy.,, HSdHAB8 PlsitioBer 137Al a,

Ser 137Ar |1 e155Thr, Lysl156Gl i = 1,ho acid
besi des AR PIRGAr SO A St 4 T Brost A Rdr i P2 a8ente Al o
88Asp, 18b.afkBakrmbotmhendd HSpolNWepli&OVdHants @ 41 9BASR po 10 Thfiants) have

Thr 192Ar g/ Lys, Lys193Arg, Lys193Asn, Lys193Hi s, Lysl er , )

Lys/ Ar ISR By tns refeitve taampliipponaraytybp G of 15 Bin20BT100s @HZREIES

G n226Val,, Ser 327 Al @7, & q%@?&%-ofk&%%bi 158098 REDOSY AENLSE AY] gﬁ .
polypeptla% variant '(é.g., an H5 HA pol ypéptide variant) i'n accofdance with
t he i nyéhtandn3hak sameamhodinzmisd Heuydypeptitd vaviaats (agpolSiHA pnlypeptidespondi ng t o

residue_ 19 whi ch switches the charge at .that position. o

erbodi NEEY M Tt et ae R TRRTe Tho R ra B R RN GR slSETae 0% 1 ant)
i N accebaaperliig to( 1§ N, bV @ bheor Ras difesalticH 03RCRE 190bBBI 226, ROT 228, B1,
positiagn _corresponding to residue 193, which switches the charge at that
posi t i A2 a3y meme cnphedipspgs, BlpRpdyReeHes vargptsaspbidy e peivaertids. g., an H5
HA P0|%Qﬁﬁﬁb@ﬁ}e&ﬁuQQGQMQﬁRE£n¥kkﬁvéRﬁa%ﬁ&%&k'Qthﬁg(égI@BIQA)QIBMQBQPhOb'C
residue (e.g., Val or Ile) at a position corresponding to residue 192, and
an HA poirgspeptingle U atithaed (2 agy |, a8, H5, B, Bob ypeptof deiduay | Bnt §8,(182.9.93, a
human- ar i h hydrophilic residue at a position
corres%g§§?282¥%5%§g?%6@813§. In some enbodi nents, an HA pol ypepti de

var i anf0(162]p. ,Inaoméombiédipehiy pié Atpotieeptideivarifinjts (£g. gHS Ha\ polppuptiac egpiaad)
variant) has a hydrophilic residue _at a position corresponding to residue
192. TH SraUdsobRsludeasssiagye fop @B&@’Péﬂ?%a‘i Hedes Hé#/ﬁﬁatﬁaflyﬁ%spu de (e.qg.,
an Hs HorPebYREPLI H)or hdr@GGRLERR 087 W3t h1 31€33 RMENEH. O sBAS cAbdlineals, @

hydr ophobi ¢ residue (e.g., Val or Ile) at a position corresponding to

r esi duélA pdypentide sigridas (el JPdptirgbypepirdeantiafte) hgve segnends spisstipaiopp eghativde

vari an . d i i j du .., Lys or
Arg) atd s "Bl Art IAVCALIE %) Wb o ek Sl P S i i s Vot
pol ypeptsidles 22, i1ant13¢el 33, andars0HIn knpahypkpenteld A aviyaeyitide (varignts (eag., HS

human- adapted variant) has a basic residue (e.g., Lys or Arg) at a position
corresponding to residue 192. To give yet another exanple, in sone

enbodi ments, an HA pol ypeptide (e.g., an H5 HA pol ypeptide) in accordance
with the invention has a basic residue (e.g., Lys or Arg) at a position
corresponding to residue 193, and an HA pol ypeptide variant (e.g., an H5 HA
pol ypeptide variant) (e.g., a human-attapted variant) has a neutral or
acidic residue at a position corresponding to residue 193. In sone

enbodi nents, an HA pol ypeptide variant (e.g., an H5 HA pol ypeptide variant)
(e.g., a human-adapted variant) has a neutral or acidic residue at a
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WO 2012/ 047941PCT/ US2011/ 054831 at a position corresponding to residue 188,
a Thr at a position corresponding to residue 192, and an Arg at a position
correspormiDrgia@7aesi due 193. In sonme enbodi nents, an HRCpalSg@epsisde (e.q.,
an H5 HA pol ypeptide) has an Ala at a position corresponding to residue
188, a hydrophobic residue at a position corresponding to residue 192, and
an Arg at a position corresponding to residue 193. In sone enbodi nents, an
HA pol ypeptide variant (e.g., an H5 HA polypeptide variant) has a Gu at a
posi ti %ﬁ&&%@ﬁ@@@%dﬁ%}h@v& s%éﬁéﬁ@@s&@_@tuti@r% Halval ﬁyi@c@@‘tp b&l@nﬁ@)&r@%pﬁ@d' ng
to residue 2, and a Thr at "a position corresponding to residue 93. In
sone efbyodit pesitians canesiangiog ypdpt 3Hend & icanbr heregpf resadnetHB2HA3 pol3¢past | de

vari ant ), has an at sitiion.correspondi resi 188 n Arg at a
vost ¢ dn e DB R ARl PHELD UGB GEHRERGCS TR DGR G B

cor r es padhcgubaititesi dleivk93 a willl tgpnranitddiae s HAgnt piiiok ypeapbting

vari ant .Q,., an.H5 HA_pol ypepti de vari ant as @ u at a position
corresﬁb&gﬂg%z?ggpé@ydu%:ﬁgégogmﬁ yes %7aﬁ§0i§gﬁ-%?%%rresponding to residue
192, angh133]TNrnabma cRBSdicAR, GAPoBPRANMI ALk (4 £SHS WA AAPpeplifle $QMRLs)
enbodi ments, an HA pol ypeptide variant (e.g., an H5 HA pol ypeptide variant)
has an haggseagenge pabsiitutions etivewpovidd hge rarcpddidae., I8gIA hat|pgsitigns a posi ti on
corres [ - resi - T, L tig8N; &0 ikng 0
Fesi daeo eRhe BRI BIN 131 T, Bl BB AR LI TIERI I O 6 1
pol ypepsi.di seatel cartoflinivass, Bl AGaly@iptide pomntsi(ap., EIorH & pplynehtilg vibamediadue 188,
an Arg at a position cqrrespondjng to resjdue nd a. Thr, Al a, t, or
Val ot s Ehu s FauhGIRmg e dermaLs os 11s B3 dheSuks br aiadiian v
pol ypeps hler, vasiant o, (88 ®, 1086 Hf AR, YPERSS de7VEss g8, Jiohas3ameAsyy,at a

position corresponding to residue 188, an Arg at a &ositl on correspondi ng
to resi2dtendd30). hyrgme cmpodinygngs, Hepolypsptidgyargptsfe. go St Roysertds pondi ng to
residu j I - [ vari apdt . H5 HA
por ypent Lo pafk S8fhcE SRRANER! SaiPulWRRIKRGRDEA IR, B P GorigfR: T8

a Lys abrresppoding iodh) €3, ned (20 0dé oigmoe of esidine1319233,d3d, E55THEE, 142,d 9326, or
Val at posi.tiop corre ndi ng.to residye 193. 1In enpodi nents, an HA
pol ypedtaaagab s ThipResny o s B SO RRS (& TRNT) PHBTAR Asp ot a
posi t i @Bri&H) mesPRekind sitifgishdtdtitit8th a Rill Ve phredt HASE LI, O1F QY 4§BHIOOBAN Ng t O
residue 192, and a Thr, Ala, Met, or Val at a position correspondi n% to

r esi du€o1gBonqinpr7d) 13 aadiie agnbodBnbrt 8, 7> 8n 9194 1p6f {gsisiyes HY» (3,437 lad: H5 HA
pol ypepkg dep ﬂﬁ§2gngk%ng§2@ position corresponding to residue 131. In sone
e i ts, an HA pol’ '

nbodi nents, a pol'ypeptide variant (e.g., an H5 HA pol ypeptide vari ant)
has a TWH6dl dnposttinbodigentsedpaotipagtideoarieds tue, I3 LA pApeptide variants)

2012/ of eyt 00 CRdent | DOULRL L orp ST gL, it ol yoont

resi dugod&dondifly &R o Mdadbiealises 130, 144, P, YPRABE d@2VvEy3, apd, 208, ad,13&an HS HA
pol ypeptide variant) has a Thr at a position corresponding to residue 132.

[ 001770 $oMSHRROARHU iR RPYPeRiNe MAIPE! (et H RodngPtdeaypripgis VB ol ypept i de)
has a ueide BpRRSEINS PhaGRIth %%Hﬂ%é‘%%éﬂ? H’@?é.éibﬁs 1133 at pALiRATROS gcliinent s,
an HA pol ypeptide variant (e.g., ah HA polypeptide variant) has a Thr at
a posi té @y 6ér d.ebpondi Ay, oo 10 ebicsidecs1133. 133003728P5.1188sBRe 1 ¢hBadi R8mns, an HA
pol ypeptd e. q. n | tide). incl Al r, .and/.or Ser at
oy bodsl Briofistolini, S BB ks P8 5 A iR prr iy AT dvs

enbodi REksce sabstthiiqe ki peRttb deviMaypapurer €19 e, g. 85 HA) HAp@ionp eprirésgendiad | ant )
i ncl udes Al Thr, and/or Ser at any pqsition_correspondi ng to residues
151, 18500 dAte8r (D38 of Mosghigeatsads hentsl>Tahs MAShAPy pibt ife Waesart (e. g.
an H5 %n@%&ﬁ&%h@,%%%%%@%ﬂde'v@ﬁhﬂ@f‘é s Ha ppep@iic PRRhLE) BRR sequence
corresopnding to 131, 132, and 133. (§0179 I'n sone enbodi ments, an HA

pol ypepebstititions glativatp HFilgypselsepeii @a). Axatpbitigns eprpgepindingrio (1)

corres i t.o residyes 135.4 | . i t I
vari antopang e By R R 58 sl SERSFERT) PRS0 BPLAPESIEY ¢ ha
Val at 2a8.position corresponding to residue 135. [00180] In sone

enbodi nents, an HA pol ypeptide (e.g., an H5 HA polypeptide) has a Ser at a
position corresponding to residue 137. In sone enbodi nents, an HA

pol ypeptide variant (e.g., an H5 HA pol ypeptide variant) has an Arg at a
position corresponding to residue 137. [00181] In sone enbodi nents, an HA
pol ypeptide (e.g., an H5 HA pol ypeptide) has an Ile at a position
correspondi ng to residue 155. |In sones3enbodi nents, an HA pol ypepti de
variant (e.g., an H5 HA pol ypeptide variant) has a Thr at a position
corresponding to residue 155. In some enbodi nents, an HA pol ypeptide (e.qg.,
an H5 HA pol ypeptide) includes a Thr at a position corresponding to residue
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[00182] In sone enbodi nents, an HA pol ypeptide (e.g., an H5 HA pol ypepti de)
has a Ser at a position corresponding to residue 221. In sone enbodi nents,
an HA polwpeptd®4aari ant (e.g., an H5 HA pol ypepti de vacirarse)ithoassa Pro at
a position corresponding to residue 221. [00183] In sone enbodi nents, an HA
pol ypeptide (e.g., an H5 HA pol ypeptide) includes a Ser at a position
corresponding to residue 221. In sone enbodi nents, an HA pol ypepti de
variant (e.g., an H5 HA pol ypeptide variant) includes a Pro at a position

corres M@SEE Ih@oﬁh@ §fngy@1me}ﬁ@ ﬁ@jp%'f}%élzt%jvp (IR0 11ks ! Ozg(;’;'pne]%aae vallhRout

wi shing to bound by any one particular theory, P ht influence
conf or tavd S@r]u@fce ogtilugons nahativhto aswildhpor \P@GHWAW ghelSRBS) @ifPOHIZOIHA [ 00184]

I n Somca:or%gsb 1n%{(|) one o?‘rr]nolr_léa‘o Jesﬁflpetesq%ﬁ dl%3( F37g%ﬁ%q@?,ﬁ%&t@?g%gggti2geé27has a

Gnat ap i n Ccorrespon o residue’ ment’s, ’an

pol ypepks.dadvao. Brﬁon(ee:ng;odmadmml-iHAl-pblmwOemriade (ygr tamMA phapemidceu at a
position, correspondlng to residue 226. &185 S ne enbodlnents an HA
pol yp eb’?’ilﬂjés élévegsequ%me SPWUBBS‘ V%g&a F%yll Lype Qa@gﬁ.H ile.g-, &;SH{X @M)osmons

corres lé@ﬂﬂéisﬁ)ﬂﬁilﬁgtora?lilglldyes 427 .6, g 9018 180 d} 1Bt Rsidadl 134 POl YPenss deo,
vari ant peptide vari ant has a Gy at ap05|t|on

colr res @é(s,gﬁggl Yo 1%@2@@92222% afdFP8ap seme swbedimatisdiipalyseptisln veants
Dor ReBbktzdt oy p Ryt BB PRI LAE I Lt RS Bl o
\ég; |r th(e .£.eH§ HA)an pbiGtidtA cpatspoedih i de( 71\) as0, agdi %h)z%ardnlsionf??@epml 13BN
pol ypegg?g‘égg]estg 150 3}3.9:@21_@% ééjgéﬁt#’ﬂégg Ml @dWlen§eFIA %ﬂ%@e@l%

resi duggrisis (29sS, 'HS Hﬂﬁ)&ﬁfeﬁﬁ&p@@ﬁh@%atv@ sé@%h&%@@stg@tﬁ)ns 2ddiivead v@%& e

respectivel In sone enbodi ments, an HA poly getlde vari ant r{g
HA pol m@pﬂxdée gaHodhd) atm&lrleleﬁe@rr&sm%élng@ () 1apangé?) aay lpdsi. 14| drfs 7, 8

cor r espondi gt 19&@&5@%%312%@3 337155205h 256, 1R CRNORL], vsh Yoog [ HALBE] 0 some
enbodi nent’s, de variant 1’'n dccordanhce’wi th the invention,

and par[‘l)ﬂléﬁ] arlhyomﬂeiﬁﬁodaalenianHAhﬂ};}/peptﬁieozranmnsérzg)fHﬁhh‘\lb(dyﬂ)apmﬂmgaraimmo aci ds

o e Lt Bl 2 G TP Sl 1eR IS0y g esponds te
G ul90RsRespbiEALRRWIE or FoR22GLQlucs BY 21%8,81337, 1%9,a389Gbn1 88 ys4. 985ens, Iy, 160A a

and 130. In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)

have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions

corresponding to any 1, 2, 3,4,5,6,7,8,9, 10, 11, or 12 of residues 131, 133, 137, 155, 159,

160, 188, 192, 193, 226, 228, and 130. In some embodiments, HA polypeptide variants (e.g., HS

HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g., HS

HA) at positions corresponding to (1) 130, and (2) one or more of residues 131, 133, 137, 155,

159, 160, 188, 192, 193, 226, and 228. In some embodiments, HA polypeptide variants (e.g., HS

HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g., HS

HA) at positions corresponding to (1) 130, and (2) any 1, 2, 3,4, 5,6, 7, 8,9, 10, or 11 of

residues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, and 228.

[00167] Insome embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)

have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions

corresponding to one or more of residues 137, 188, 192, 193, 226, 228, 131, 132, 133, 221, 227,

and 130. In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)

have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
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Al a189Gln, Lys193Ser, d n226Leu, dy228Ser Aspl87Ser/Thr, Al al89Gln,
Lys193Ser, d n226Leu, dy228Ser Al al89Lys, Lys193Asn, d n226Leu, d y228Ser
Aspl87SerwOin12/0ara189Lys, Lys193Asn, d n226Leu, d y228SecT/usysilhssiu,

Al a189Lys, Lys193Asn, d n226Leu, dy228Ser Lys193Hi s, G n226Leu/ll e/ Val,

d y228Ser Lys193Arg, d n226Leu/lle/Val, dy228Ser Al al89Lys, Lys193Asn,

A y225Asp  Lys156Glu, Al al89Lys, Lys193Asn, d y225Asp Ser137Al a,

Lys156Glu, Al al89Lys, Lys193Asn, d y225Asp G ul90Thr, Lys193Ser,

A y22588RcspbeRASiH Y 1, AR L8N, 8 G wd99ASH JXS&IRRS857, 168 Y9350 226,
228,131, 132, 133, 221, 227, and 130. In some embodiments, HA polypeptide variants (e.g., HS
HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g., HS
HA) at positions corresponding to (1) 130, and (2) one or more of residues 137, 188, 192, 193,
226,228, 131, 132, 133, 221, and 227. In some embodiments, HA polypeptide variants (e.g., HS
HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g., HS
HA) at positions corresponding to (1) 130, and (2) any 1, 2, 3,4, 5,6, 7, 8,9, 10, or 11 of
residues 137, 188, 192, 193, 226, 228, 131, 132, 133, 221, and 227.

[00168] In some embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants)
have sequence substitutions relative to a wild type parent HA (e.g., H5 HA) at positions
corresponding to one or more of residues 131, 132, 133, 221, 227, and 130. In some
embodiments, HA polypeptide variants (e.g., HS HA polypeptide variants) have sequence
substitutions relative to a wild type parent HA (e.g., H5 HA) at positions corresponding to any 1,
2,3,4, 5, or 6 of residues 131, 132, 133, 221, 227, and 130. In some embodiments, HA
polypeptide variants (e.g., HS HA polypeptide variants) have sequence substitutions relative to a
wild type parent HA (e.g., H5 HA) at positions corresponding to (1) 130, and (2) one or more of
residues 131, 132, 133, 221, and 227. In some embodiments, HA polypeptide variants (e.g., HS
HA polypeptide variants) have sequence substitutions relative to a wild type parent HA (e.g., HS
HA) at positions corresponding to (1) 130, and (2) any 1, 2, 3, 4, or 5 of residues 131, 132, 133,
221, and 227.

[00169] In some embodiments, an HA polypeptide variant, and particularly an H5 polypeptide
variant, has one or more amino acid substitutions relative to a wild type parent HA at residues
selected from amino acids located in the region of the receptor that directly binds to the glycan,
including but not limited to residues 98, 136, 153, 155, 183, and 194. In some embodiments, an
HA polypeptide variant in accordance with the invention, and particularly an HS polypeptide
variant, has one or more amino acid substitutions relative to a wild type parent HA at residues
selected from amino acids located adjacent to the region of the receptor that directly binds the
glycan, including but not limited to (a) residues 98 and 195, (b) residues 98, 138, 186, 187, 195,
and 228), or (c) residues 138, 186, 187, and 228.

[00170] Insome embodiments, an HA polypeptide variant in accordance with the invention,

and particularly an HS variant has one or more of the following amino acid substitutions:
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Asnl186Pro, Aspl87Thr, Al al89Thr, d ul90Asp, Lys193Ser, d y225Asp
Asnl186Pro, Aspl87Thr, Al al89Thr, G ul90Asp, Lys193Ser, d y225Asp, Ser227Al a
d n226Leww0oGh122388Ber, Thr 160Ala G n226Leu, d y228Ser, PhmAB0AI1A54831
d y228Ser, Thr160Ala d n226Leu, Thr160Ala d n226Leu, dy228Ser Thr160Al a
A n226Leu, dy228Ser, Asnl58Xaa (wherein Xaa = any ami no acid besides Asn)
A y228Ser, Asnl58Xaa d n226Leu, Asnlb8Xaa d n226Leu, dy228Ser Asnlb8Xaa
Ser132Thr, Alal33Thr, Ser133Thr, Ser137Ala, Ser137Arg, lle155Thr, Lys156Glu, Asn158Xaa
(wherein Xaa = any amino acid besides Asn), Thr160Ala, Asn186Pro, Asp187Ser, Asp187Thr,
Alal88Glu, Alal88Asp, Alal89GlIn, Alal89Lys, Alal89Thr, Glul90Asp, Glul190Thr,
Thr192Arg/Lys, Lys193Arg, Lys193Asn, Lys193His, Lys193Ser, Lys/Arg193Thr/Ala/Met/Val,
Ser221Pro, Gly225Asp, GIn226lle, GIn226L.eu, GIn226Val, Ser227Ala, Gly228Ser.
[00171] Insome embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide
variant) in accordance with the invention has an amino acid substitution at a position
corresponding to residue 192, which switches the charge at that position. In some embodiments,
an HA polypeptide variant (e.g., an HS HA polypeptide variant) in accordance with the invention
has an amino acid substitution at a position corresponding to residue 193, which switches the
charge at that position. For example, in some embodiments, an HA polypeptide (e.g., an HS HA
polypeptide) in accordance with the invention has a Thr or a hydrophobic residue (e.g., Val or
Ile) at a position corresponding to residue 192, and an HA polypeptide variant (e.g., an H5 HA
polypeptide variant) (e.g., a human-adapted variant) has a hydrophilic residue at a position
corresponding to residue 192. In some embodiments, an HA polypeptide variant (e.g., an HS HA
polypeptide variant) (e.g., a human-adapted variant) has a hydrophilic residue at a position
corresponding to residue 192. To give another example, in some embodiments, an HA
polypeptide (e.g., an HS HA polypeptide) in accordance with the invention has a Thr or a
hydrophobic residue (e.g., Val or Ile) at a position corresponding to residue 192, and an HA
polypeptide variant (e.g., an H5 HA polypeptide variant) (e.g., a human-adapted variant) has a
basic residue (e.g., Lys or Arg) at a position corresponding to residue 192. In some
embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) (e.g., a human-
adapted variant) has a basic residue (e.g., Lys or Arg) at a position corresponding to residue 192.
To give yet another example, in some embodiments, an HA polypeptide (e.g., an HS HA
polypeptide) in accordance with the invention has a basic residue (e.g., Lys or Arg) at a position
corresponding to residue 193, and an HA polypeptide variant (e.g., an H5 HA polypeptide
variant) (e.g., a human-adapted variant) has a neutral or acidic residue at a position
corresponding to residue 193. In some embodiments, an HA polypeptide variant (e.g., an HS HA
polypeptide variant) (e.g., a human-adapted variant) has a neutral or acidic residue at a position

corresponding to residue 193. In some embodiments, an HA polypeptide variant (e.g., an HS HA
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4130 (wherein "4130" indicates a deletion at an am no acid corresponding to
position 130) plus any possible conbination of nutations at positions

corr espormioregirm@7H4esi dues 131, 132, 133, 135, 137, 155, pC88IS2019P548303, 221,
226, 227, and 228 4130 plus any possible conbination of mutations at
positions corresponding to residues 131, 132, 135, 188, 192, and 221 4130
pl us any possi bl e conbination of nmutations at positions corresponding to
resi dues 133, 137, 155, 193, 226, 227, and 228 4130 plus any possible

conbi ”%ny%btf?lf: vIMARS ée%ﬂ% ﬁhaﬁ%%%&@@a%a%@%a% RRANIAME Ol @il BSsidl. 132,
133, 1357 137, 155, 158, 160, 188, 192, '193, 221, 226, 227, and 228 4130
pl us amyrrgspseding @ reoddyi Wt i on of nutations at positions corresponding to

resi du . 133, 137, 155 188 192 103 226 227 and 4130 pl us
any. podHFL: dA3es SRR KPR b LA PR Elts Bl o
resi dueslypSitided38assdddied ¥ah theliB8perl(R2) of1BStesid@Gat pakitior 288. HMIABDHPI, us any

possi bl e conmbi nati on of tatjons at positions corresponding to residues
131, 13%%;31251?, isy _}lelitggéﬂgwg{cil es qapcts g Thryg a hzgfﬁp%ar%’se at P¥30 pl us
any posstdi@sConts nat k&fﬂu@fwmt@éqh@rﬁ%r @lu o‘?@&}l},t\lvﬁl% faRés @RRER YA

T
resi dues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, and 228 4130
pl us ahys pokBi Bleace amtsinpragrnlendino¢ntinan &tA pelgpeptidp variant ons, add? Bépondi ng to

o o 0050 S5 A ROl g P gL 4120
resi duesridnd le.g. 13215 1BBpolgabridandiaAD has 44 26p pl pusitiany ShoBssiobleenbodinenat i on of
WTRTERN N SR TR AR AT LA
cor r es pRRhIEMbARAIHESE, AP PSIYpepk@Bwardide (e. & b HZBO pAdeptidlBariahS has 482, and
133 Alal88Asp substitution.

[00173] In some embodiments, an HA polypeptide (e.g., an HS HA polypeptide) has an Ala at

a position corresponding to residue 188 and a Thr at a position corresponding to residue 192. In

some embodiments, an HA polypeptide (e.g., an H5 HA polypeptide) has an Ala at a position

corresponding to residue 188 and a hydrophobic residue at a position corresponding to residue

192. In some embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) has

a Glu at a position corresponding to residue 188 and an Arg at a position corresponding to

residue 192. In some embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide

variant) has an Asp at a position corresponding to residue 188 and an Arg at a position

corresponding to residue 192. In some embodiments, an HA polypeptide variant (e.g., an HS HA

polypeptide variant) has a Glu at a position corresponding to residue 188 and a Lys at a position

corresponding to residue 192. In some embodiments, an HA polypeptide variant (e.g., an HS HA

polypeptide variant) has an Asp at a position corresponding to residue 188 and a Lys at a

position corresponding to residue 192.

[00174] Insome embodiments, an HA polypeptide (e.g., an HS HA polypeptide) has an Ala at

a position corresponding to residue 188, a Thr at a position corresponding to residue 192, and a

Lys at a position corresponding to residue 193. In some embodiments, an HA polypeptide (e.g.,

an HS5 HA polypeptide) has an Ala at a position corresponding to residue 188, a hydrophobic

residue at a position corresponding to residue 192, and a Lys at a position corresponding to

residue 193. In some embodiments, an HA polypeptide (e.g., an HS HA polypeptide) has an Ala
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4130 plus any possible conmbi nation of nmutations at positions correspondi ng
to residues 227, 131, 132, and 133 d n226Leu, dy228Ser, Thr160Al a, 4130
d n226Leww0oGh122388Ber, 4130 d n226Leu, Thr160Al a, 4130 PGryA2@3®54831

Thr 160Al a, 4130 d n226Leu, 4130 G y228Ser, 4130 Thr160Al a, 4130 4130
4130, Al al31Thr, Leul33Thr, Ser137Arg, I1el55Thr, Al al88Glu,
Thr/11e192Arg/Lys, Arg/Lysl193Thr/ Al a, d n226Leu, Ser2273y, dy228Ser

4130, Al al31Thr, Leul33Thr, Ser137Arg, |1el55Thr, Al al88Glu,

Thr/11 16N S n i acys I i rest an
A a13 St e e S AR B SRR b 2

bot h) , aAlAag 88Glasitiontorrespendingtqreiiee 1% ghsgmd 9@ ppdimanta, andilA p2Bipeptide

Ser227d y, Q228ser 4130, Al als3lThr .. Leul33Thr.. Serl3fArg. |I1el55Thr,

acn1sokth vor FF Habmgrd it 40 A A ers B ol RO ey 4

Ar g/ Ly 3383 flutiAlcgiduchtrn@iition cofbypdaBoeto residue 192, and an Arg at a position
corresponding to residue 193. In some embodiments, an HA polypeptide variant (e.g., an HS HA
polypeptide variant) has a Glu at a position corresponding to residue 188, an Arg at a position
corresponding to residue 192, and a Thr at a position corresponding to residue 193. In some
embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) has an Asp at a
position corresponding to residue 188, an Arg at a position corresponding to residue 192, and a
Thr at a position corresponding to residue 193. In some embodiments, an HA polypeptide
variant (e.g., an H5 HA polypeptide variant) has a Glu at a position corresponding to residue
188, a Lys at a position corresponding to residue 192, and a Thr at a position corresponding to
residue 193. In some embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide
variant) has an Asp at a position corresponding to residue 188, a Lys at a position corresponding
to residue 192, and a Thr at a position corresponding to residue 193. In some embodiments, an
HA polypeptide variant (e.g., an HS HA polypeptide variant) has a Glu at a position
corresponding to residue 188, an Arg at a position corresponding to residue 192, and a Thr, Ala,
Met, or Val at a position corresponding to residue 193. In some embodiments, an HA
polypeptide variant (e.g., an H5 HA polypeptide variant) has an Asp at a position corresponding
to residue 188, an Arg at a position corresponding to residue 192, and a Thr, Ala, Met, or Val at
a position corresponding to residue 193. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has a Glu at a position corresponding to residue 188, a Lys at a
position corresponding to residue 192, and a Thr, Ala, Met, or Val at a position corresponding to
residue 193. In some embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide
variant) has an Asp at a position corresponding to residue 188, a Lys at a position corresponding
to residue 192, and a Thr, Ala, Met, or Val at a position corresponding to residue 193.
[00175] Insome embodiments, an HA polypeptide (e.g., an HS HA polypeptide) has an Ala at
a position corresponding to residue 131. In some embodiments, an HA polypeptide variant (e.g.,

an HS5 HA polypeptide variant) has a Thr at a position corresponding to residue 131.
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4130, Ser137Arg, Al al88Glu, Thr192Arg/Lys, Arg/Lys193Thr/ Met/Al a/ Val,

A n226Leu, dy228Ser 4130, Serl137Arg, Al al88Glu, Thr192Arg/Lys,

Ar g/ Lys1980hn2¥ar94Al a/ Val , A n226Leu, G y228Ser, Xaal31S8€mr/UBRe1,1/054831
Xaal32Ser/ Thr, Xaal33Ser/Thr, Ser221Pro, Ser227dy (wherein Xaa = any ani no
acid) 4130, Xaal3lSer/Thr, Xaal32Ser/Thr, Xaal33Ser/Thr, Ser?221Pro,
Ser227G@y (wherein Xaa = any am no acid) 4130, Xaal92Xaa' (wherein Xaa =
any hydrophobi ¢ ami no acid, and Xaa' = any hydrophilic am no acid) 4130,

XaalO2 k6] 9 1hWHRE EnBodfARNG, MA%%@;IE_IHQ%Q 5@@5%&)901%6%91@ KRR %ap

(wherein Xaa = a basic resid or Ar = a neutral or
aci dic PD%Q@MQ@yGSP@ﬂB@ to Ef;syi'UAﬂéZLQBle’@meﬁndiomwn‘mhn T4 B0ypeptidd 92iagle.g wher ei n

Xaa = ¥15|’\i(£r A g rygel?'ll Varlan Ph% a ﬂir afh goscy}lonl co;resg)r(%dlﬁé% ophi | |1§2 am no aci d)

Xaa193>%a asic re Ar g, 'and Xaa' = a
neut r al[00177hcildisome eﬁlbdduﬁ])snts 4n30A pXbpdRriey s g Abg HEWE @elypepﬁﬁla) Fasarfer at a

hydr ophohi.c resi due), Xaal93X (wherein Xaa = a pbasic residue, e.g., Lys
or Ar g PoHHep seqEpspand ngﬁéa‘%sﬁdgﬂF 3? HeTomeehog iy an JilfsléPlyB@H%W%‘ <e(&mer ein

Xaa = %HYISVBLQ aRBekIE VA PhAGI thr aPRPostiB comreNdiRY &5 RBTAILE i $3.am no aci d),
Lys/ Argl93Thr AI a/ Met/Val 4130, Xaal92 c%’é/ Arg V\,herel n Xaa = any

hydr op h¢Hi781 relglselme)émb@gvemsméﬁmpmp@u t-£van H3413polyperaig Bi@rlydes Ala,

Thr, and/or Ser at any position corresponding to residues 131, 132, and/or 133. In some
embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) includes Ala, Thr,
and/or Ser at any position corresponding to residues 131, 132, and/or 133. In some
embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) includes Thr at all
of positions corresopnding to 131, 132, and 133.

[00179] Insome embodiments, an HA polypeptide (e.g., an HS HA polypeptide) has a Val at
a position corresponding to residue 135. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has any amino acid other than Val at a position corresponding to
residue 135.

[00180] In some embodiments, an HA polypeptide (e.g., an H5 HA polypeptide) has a Ser at a
position corresponding to residue 137. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has an Arg at a position corresponding to residue 137.

[00181] Insome embodiments, an HA polypeptide (e.g., an H5S HA polypeptide) has an Ile at
a position corresponding to residue 155. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has a Thr at a position corresponding to residue 155. In some
embodiments, an HA polypeptide (e.g., an HS HA polypeptide) includes a Thr at a position
corresponding to residue 155. In some embodiments, an HA polypeptide variant (e.g., an HS HA
polypeptide variant) includes a Thr at a position corresponding to residue 155.

[00182] Insome embodiments, an HA polypeptide (e.g., an H5 HA polypeptide) has a Ser at a
position corresponding to residue 221. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has a Pro at a position corresponding to residue 221.

[00183] Insome embodiments, an HA polypeptide (e.g., an HS HA polypeptide) includes a
Ser at a position corresponding to residue 221. In some embodiments, an HA polypeptide

variant (e.g., an H5 HA polypeptide variant) includes a Pro at a position corresponding to residue
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4130, Al al88Asp 4130, Xaal92Xaa' (wherein Xaa = any hydrophobic am no
acid, and Xaa' = any hydrophilic amno acid), A al88G u 4130,
Xaal92Lyswangioh@nei n Xaa = any hydrophobi ¢ residue), ACRAB3@GN05484130,
Xaal93Xaa' (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa' = a
neutral or acidic residue), A al88d u 4130, Lys/Argl93Thr/ Al a/ Met/ Val

Al a1883 u WD 2012/ 047941PCT/ US2011/ 054831 4130, Xaal92Xaa' (wherein Xaa =
any hydrophobi ¢ ami no acid, and Xaa' = any hydrophilic am no acid),

Al 'a188Asp wAh3t W%ﬁa%%é@duﬁa%%(amsﬁ@wﬁe@ﬁ (ot Prédd rRRRAR Gk €S due) ,
Al a188Asp 4130, Xaal93Xaa' erein Xaa = a basic residue, e.g., Lys or

Arg, asdniiemation o 2p@lsopathicis iviotiied wibsheliBS of N24188Asp 4130,
LYSI AT QAR ALY Ve g%ﬁﬁ@%f;ﬁ)gﬁtﬁd; b 5%%3#3@%%%‘0%@&%% L1 3T any

hydr ophobi ¢’ am no acid, an acl b3xaa’
(wher eiapoXdan soréespagiing thesdidliee226 e Iigsomd gtsbodimditg an &rdpo{gpeptide aariv@utel@l or
acidic residue), Al al88d u . 4130, Xaal92Lys/Arg (wherein Xaa = any

hydr opABBIPd! é’giyaa@)d,% VREAT YRR AL U @A BPET T SeaEeSROnging e F%l%??@ue, e.g., Lys

or Argo8s] Xaa somc 8mBEMieAls, M HAPHipepticRIL.Ue) HARDEBFR Mide) has a Serat a
position corresponding to residue 227. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has a Gly at a position corresponding to residue 227.

[00186] In some embodiments, an HA polypeptide (e.g., an H5 HA polypeptide) has a Gly at
a position corresponding to residue 228. In some embodiments, an HA polypeptide variant (e.g.,
an HS5 HA polypeptide variant) has a Ser at a position corresponding to residue 228.
[00187] Insome embodiments, an HA polypeptide (e.g., an H5 HA polypeptide) includes Gln,
Ser, and Gly residues at positions corresponding to residues 226, 227, and 228, respectively. In
some embodiments, an HA polypeptide variant (e.g., an HS HA polypeptide variant) includes a
Leu, Gly, and Ser at positions corresponding to residues 226, 227, and 228, respectively.
[00188] In some embodiments, an HA polypeptide variant in accordance with the invention,
and particularly an HS variant has one or more of the following amino acids at the indicated
positions (the numbering of these positions corresponds to the numbering of H3 HA):

*  Glul90Asp, Lys193Ser, Gly225Asp, Gln2261Leu

*  Glul90Asp, Lys193Ser, GIn226Leu, Gly228Ser

* Alal89Gln, Lys193Ser, Thr160Ala

* Alal89GlIn, Lys193Ser, GIn226Leu, Gly228Ser

® Aspl87Ser/Thr, Alal89GlIn, Lys193Ser, GIn226Leu, Gly228Ser

* Alal&9Lys, Lys193Asn, Gln226Leu, Gly228Ser

e Aspl87Ser/Thr, Alal89Lys, Lys193Asn, GIn226Leu, Gly228Ser

® Lys156Glu, Alal89Lys, Lys193Asn, GIln226Leu, Gly228Ser

¢ Lys193His, GIn226Leu/lle/Val, Gly228Ser

e Lys193Arg, GIn226Leu/Ile/Val, Gly228Ser

* Alal89Lys, Lys193Asn, Gly225Asp

® Lys156Glu, Alal89Lys, Lys193Asn, Gly225Asp

* Serl37Ala, Lys156Glu, Alal89Lys, Lys193Asn, Gly225Asp
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4130, Xaal92Xaa' (wherein Xaa = any hydrophobic am no acid, and Xaa' = any
hydrophilic am no acid), Lys/Argl93Thr/Al a/Met/Val, A al88d u 4130,
Xaal92Lyswanrgi2omh@iei n Xaa = any hydrophobi ¢ resi due), PCT/US2011/054831
Lys/ Argl193Thr/ Al a/ Met/Val, Al al88d u 4130, Xaal92Xaa' (wherein Xaa = any
hydr ophobi ¢ am no acid, and Xaa' = any hydrophilic amno acid), Xaal93Xaa'
(wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa' = a neutral or
acidic residue), Al al88Asp 4130, Xaal92Lys/Arg (wherein Xaa = any

hydr ophobj ¢ (je8h§He) ys ¥38d981Ra5A(pherein Xaa = a basic residue, e.g., Lys
or Arg, and Xaa' =’ a neutral "o acI?Ngic residue), Al al88Asp 4130,

Xaal92Xaad AwpE7dhn AMaERoFhg i WdspdhebdISearGinzsacpd, and Xaa' = any

hydrophilic anm no acid ys/ Argl193Thr/ Al a/ Net/ Val , Al al88Asp 4130,

Xaalo2Lys? AAGD (ARG éfSH?%ZaT?:Ala#&Tﬁyﬁb éﬁp&wézﬁa%ﬁé@y%mp

Lys/ Arg 193T%rsﬂf§6®4%tséii%\ﬂggrﬁh§ﬂs%%ﬁ il Psg)le\%ﬁ] 13%9%%%18@%2!@&%&15 he

present invention pro HA pol ypeptides (€.g., ol ypeptide vari ants,
engi neer ed HAn2oLyp&py228Sss, TarldOAta engi neer ed HA pol ypepti de vari ants)

shose anm Do gl SSQUTnE. | RIS, an ol et a5 Cet forth below X190, s
X189, X193, Gly228Ser, Thr160Ala

GIn226Leu, Thr160Ala

¢ (GIn226Leu, Gly228Ser

e Thrl60Ala

¢ (GIn226Leu, Gly228Ser, Asnl58Xaa (wherein Xaa = any amino acid besides Asn)

e (ly228Ser, Asnl58Xaa

e  (GIn226l.eu, Asnl58Xaa

¢ (GIn226Leu, Gly228Ser

* Asnl58Xaa

* A130 (wherein “A130” indicates a deletion at an amino acid corresponding to position
130) plus any possible combination of mutations at positions corresponding to residues
131, 132, 133, 135, 137, 155, 188, 192, 193, 221, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 132, 135, 188, 192, and 221

® A130 plus any possible combination of mutations at positions corresponding to residues
133, 137, 155, 193, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 133, 137, 155, 188, 192, 193, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 133, 137, 155, 188, 192, 193, 226, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues

131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 227, and 228

61



X187, X189, X189, X193, X187, X189, X156, X189, X193, X226, X193,
X226, X189, X193, X156, X189, X137, X156, X190, X193, X187, X189,
X186, X18¥W0 20¢18@941X187, PCT/US2011/054831

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 133, 137, 155, 159, 160, 188, 192, 193, 226, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
137, 188, 192, 193, 226, 228, 131, 132, 133, 221, and 227

® A130 plus any possible combination of mutations at positions corresponding to residues
131, 132, 133, 221, and 227

® A130 plus any possible combination of mutations at positions corresponding to residues
137, 188, 192, 193, 226, and 228

® A130 plus any possible combination of mutations at positions corresponding to residues
137, 188, 192, 193, 226, 227, 228, 131, 132, and 133

® A130 plus any possible combination of mutations at positions corresponding to residues
227,131,132, and 133

¢ (GIn226Leu, Gly228Ser, Thr160Ala, A130

* (GIn226Leu, Gly228Ser, A130

¢ (GIn226Leu, Thr160Ala, A130

o (ly228Ser, Thr160Ala, A130

¢ (GIn226Leu, A130

o  (Gly228Ser, A130

e Thrl60Ala, A130

e Al130

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Alal88Glu, Thr/Ile192Arg/Lys,
Arg/Llys193Thr/Ala, GIn226Leu, Ser227Gly, Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Alal88Glu, Thr/Ile192Arg/Lys,
Arg/Llys193Thr/Ala, GIn226Leu, Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Asn159Asp (or Thr160Ala or
both), Alal88Glu, Thr/lle192Arg/Lys, Arg/Lys193Thr/Ala, GIn2261eu, Ser227Gly,
Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Asn159Asp (or Thr160Ala or
both), Alal88Glu, Thr/Ile192Arg/Lys, Arg/Lys193Thr/Ala, GIn2261eu, Gly228Ser
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X226, X228, X226, X228, X228, X160 X226, X160 X226, X228 X160 X160
X226, X193, X226, X193, X193, X228 X228 X225 X193, X189, X225 X190,
X189, X18802KbAR794160 X228 X226, X228 X226, X226, X225 XCIRIS204193483X190,

* A130, Ser137Arg, Alal88Glu, Thr192Arg/Lys, Arg/Lys193Thr/Met/Ala/Val,
GIn226Leu, Gly228Ser

* A130, Ser137Arg, Alal88Glu, Thr192Arg/Lys, Arg/Lys193Thr/Met/Ala/Val,
GIn2261L.eu, Gly228Ser, Xaal31Ser/Thr, Xaal32Ser/Thr, Xaal33Ser/Thr, Ser221Pro,
Ser227Gly (wherein Xaa = any amino acid)

e A130, Xaal31Ser/Thr, Xaal32Ser/Thr, Xaal33Ser/Thr, Ser221Pro, Ser227Gly (wherein
Xaa = any amino acid)

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid)

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue)

* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue)

* A130, Lys/Arg193Thr/Ala/Met/Val

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,
and Xaa’ = a neutral or acidic residue)

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue)

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val

e A130, Alal88Glu

e A130, Alal88Asp

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Alal88Glu

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Alal88Glu

* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue), Alal88Glu

* A130, Lys/Arg193Thr/Ala/Met/Val, Alal88Glu
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X190, X228 X228 X228 X225 X225 X193, X193, X225 X225, PCT/US2011/054831
X227 X226, X228, Xaal58 (wherein Xaa = any am no acid besides Asn) X228,
Xaal58 (wNenreizn4Xma = any anmino aci d besides Asn) X226 PCXaA®2BE/0§48BEr ei n
Xaa = any ami no acid besides Asn)

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Alal88Asp
* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Alal88Asp
* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue), Alal88Asp
* A130, Lys/Argl193Thr/Ala/Met/Val, Alal88Asp
* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,
and Xaa’ = a neutral or acidic residue), Alal88Glu
* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue),
Alal88Glu
* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val, Alal88Glu
* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val, Alal 88Glu
* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,
and Xaa’ = a neutral or acidic residue), Alal88Asp
* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue),
Alal88Asp
* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val, Alal88Asp
* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val, Alal88Asp
[00189] In some embodiments, the present invention provides HA polypeptides (e.g., HA
polypeptide variants, engineered HA polypeptides, and/or engineered HA polypeptide variants)
whose amino acid sequence includes an element as set forth below:
e X190, X193, X225 and X226
o X190, X193, X226 and X228
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X226, X228 X158 (wherein Xaa = any am no acid besides Asn) X130 plus any
possi bl e conbi nati on of X131, X132, X133, X135, X137, X155, X188, X192,
X193, X220 2228794X227, and X228 X130 plus any possi bl ecCtarsbémnasison of
X131, X132, X135, X188, X192, and X221 X130 plus any possi bl e conbination
of X133, X228 X130 plus any possible conbination of X131, (wherein Xaa =
any am no acid besides Asn), X227, and X228 X130 plus any possible
conmbi nati on of X131, X226, X227, and X228 X130 plus any possible
conbi nat i pnxqko Xk, xfe@6, and X228 X130 plus any possi bl e conbination of
X131, X192, X193, X226, X227, and X228 X130 plus any possi bl e conbination
of X131, &1X289XP8, XX2@6¢228nd X228 X130 plus any possi bl e conbi nati on of
X137, X132, X133, X22 X227 X130 pl i bl nbi nat i f
X131 o' X187, X189, Xjf93,aXn2%6, X%28 prus any possi € conbination o

e X189, X193, X226, X228

e X187, X189, X193, X226, X228

e X156, X189, X193, X226, X228

e X193, X226, X228

e X193, X226, X228

e X189, X193, X225

e X156, X189, X193, X225

e X137, X156, X189, X193, X225

e X190, X193, X225

e X187, X189, X190, X193, X225

e X186, X187, X189, X190, X193, X225

e X186, X187, X189, X190, X193, X225, X227

e X226, X228, X160

e X226, X228, X160

e X228, X160

e X226, X160

e X226, X228

e X160

o X226, X228, XaalS58 (wherein Xaa = any amino acid besides Asn)

e X228, XaalS58 (wherein Xaa = any amino acid besides Asn)

o X226, XaalS58 (wherein Xaa = any amino acid besides Asn)

e X226, X228

e X158 (wherein Xaa = any amino acid besides Asn)

e X130 plus any possible combination of X131, X132, X133, X135, X137, X155, X188,

X192, X193, X221, X226, X227, and X228

e X130 plus any possible combination of X131, X132, X135, X188, X192, and X221
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X130 plus any possible conbination of X137, X130 plus any possible
conbi nati on of X137, X131, X132, and X133 X130 plus any possible
conmbi nat w0 20f2/42QT7, X226, X228, X160, X130 X226, X228CTXB3A1/0¥3B26, X160,
X130 X228, X160, X130 X226, X130 X228, X130 X160, X130 X130 X130,
X131, X133, X137, X155, X188, X192 X130, X131, X133, X137, X155, X188,
X192
e X130 plus any possible combination of X133, X137, X155, X193, X226, X227, and
X228
e X130 plus any possible combination of X131, X132, X133, X135, X137, X155, Xaal58
(wherein Xaa = any amino acid besides Asn), X160, X188, X192, X193, X221, X226,
X227, and X228
® X130 plus any possible combination of X131, X133, X137, X155, X188, X192, X193,
X226, X227, and X228
® X130 plus any possible combination of X131, X133, X137, X155, X188, X192, X193,
X226, and X228
e X130 plus any possible combination of X131, X133, X137, X155, X159, X160, X188,
X192, X193, X226, X227, and X228
e X130 plus any possible combination of X131, X133, X137, X155, X159, X160, X188,
X192, X193, X226, and X228
e X130 plus any possible combination of X137, X188, X192, X193, X226, X228, X131,
X132, X133, X221, and X227
® X130 plus any possible combination of X131, X132, X133, X221, and X227
e X130 plus any possible combination of X137, X188, X192, X193, X226, and X228
® X130 plus any possible combination of X137, X188, X192, X193, X226, X227, X228,
X131, X132, and X133
e X130 plus any possible combination of X227, X131, X132, and X133
o X226, X228, X160, X130
o X226, X228, X130
e X226, X160, X130
e X228, X160, X130
o X226, X130
e X228, X130
e X160, X130
e X130
e X130, X131, X133, X137, X155, X188, X192, X193, X226, X227, X228
e X130, X131, X133, X137, X155, X188, X192, X193, X226, X228
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WO 2012/ 047941 X130, X131, X130, X131, X130, X137, X130, X137, X130,
X131, X130, X192 X130, X193 X130, X192, X130, X188 X130, X192, X130,
X193, WO 2012/047941 PCT/US2011/054831

e X130, X131, X133, X137, X155, X159, X160, X188, X192, X193, X226, X227, X228

e X130, X131, X133, X137, X155, X159, X160, X188, X192, X193, X226, X228

e X130, X137, X188, X192, X193, X226, X228

e X130, X137, X188, X192, X193, X226, X228, X131, X132, X133, X221, X227

e X130, X131, X132, X133, X221, X227

e X130, X192

e X130, X193

e X130, X192, X193

e X130, X188

o X130, X192, X188

e X130, X193, X188

o X130, X192, X193, X188

wherein X = any amino acid (unless otherwise specified above), and/or X = a missing

amino acid. The numbering of these positions corresponds to the numbering of H3 HA.
[00190] Insome embodiments X130 is a deletion at position 130. In some embodiments,
X160 is an Ala. In some embodiments, X158 is any amino acid other than Asn.
[00191] In some such embodiments, the HS HA polypeptide variant has at least one further
substitution as compared with a wild type HS HA, such that affinity and/or specificity of the
variant for umbrella glycans is increased.
[00192] In some such embodiments, the HA polypeptide has at least one further substitution
as compared with a wild type HA, such that affinity and/or specificity of the variant for umbrella
glycans is increased.
[00193] In some embodiments, HA polypeptides in accordance with the invention (including
HS HA polypeptide variants) have sequences that include 1.226, $228, and A160. In some
embodiments, HA polypeptides in accordance with the invention (including H5 HA polypeptide
variants) have sequences that include 1.226 and A160. In some embodiments, HA polypeptides
in accordance with the invention (including H5 HA polypeptide variants) have sequences that
include S228 and A160. In some embodiments, HA polypeptides in accordance with the
invention (including H5 HA polypeptide variants) have sequences that include A160.
[00194] In some embodiments, HA polypeptides in accordance with the invention (including

HS HA polypeptide variants) have sequences that include 1.226, $228, and X158 (wherein X =
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X130, X192, X133, X133, X188, X188, X132, X193 X188 X188 X193, X137, X137,
X192, X192, X133, X188 X155, X155, X193, X193, X221, X159, X159, X226,
X226, X22v0xX40M4794160, X228 X228, X188, X188, X131, X19PCT/US2011/054831

any amino acid besides Asn). In some embodiments, HA polypeptides in accordance with the
invention (including HS5 HA polypeptide variants) have sequences that include 1.226 and X158.
In some embodiments, HA polypeptides in accordance with the invention (including HS HA
polypeptide variants) have sequences that include S228 and X158. In some embodiments, HA
polypeptides in accordance with the invention (including HS HA polypeptide variants) have
sequences that include X158.

[00195] Insome embodiments, HA polypeptides in accordance with the invention (including
HS HA polypeptide variants) have sequences that include A130 and any possible combination of
mutations at positions corresponding to residues 131, 132, 133, 135, 137, 155, 158, 160, 188,
192, 193, 221, 226, 227, and 228.

[00196] In some embodiments, HA polypeptides in accordance with the invention (including
HS HA polypeptide variants) have sequences that include A130, 1.226, S228, A160 and any
possible combination of mutations at positions corresponding to residues 131, 132, 133, 135,
137, 155, 158, 188, 192, 193, 221, and 227. In some embodiments, HA polypeptides in
accordance with the invention (including HS HA polypeptide variants) have sequences that
include A130, L.226, A160, and any possible combination of mutations at positions
corresponding to residues 131, 132, 133, 135, 137, 155, 158, 188, 192, 193, 221, 227, and 228.
In some embodiments, HA polypeptides in accordance with the invention (including HS HA
polypeptide variants) have sequences that include A130, S228, A160, and any possible
combination of mutations at positions corresponding to residues 131, 132, 133, 135, 137, 155,
158, 188, 192, 193, 221, and 227. In some embodiments, HA polypeptides in accordance with
the invention (including H5 HA polypeptide variants) have sequences that include A130, L.226,
S228, and any possible combination of mutations at positions corresponding to residues 131,
132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227.

[00197] In some embodiments, HA polypeptides in accordance with the invention (including
HS HA polypeptide variants) have sequences that include A130, A160, and any possible
combination of mutations at positions corresponding to residues 131, 132, 133, 135, 137, 155,
158, 188, 192, 193, 221, 226, 227, and 228. In some embodiments, HA polypeptides in
accordance with the invention (including HS HA polypeptide variants) have sequences that
include A130, L.226, and any possible combination of mutations at positions corresponding to

residues 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227, and 228. In some
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X192, X132, X193, X193, X133, PCT/US2011/054831 X226, X227, X228 X226, X228
X221, X227 wherein X = any am no acid (unl ess otherw se specified
above), awm0@i20r2/®7%1a m ssing am no acid. The nunberi ng @®CTiUseGld/0p433iti ons
corresponds to the nunbering of H3 HA. [00190] In sonme enbodi nents X130 is
a deletion at position 130. In sonme enbodi ments, X160 is an Ala. In sone
enbodi nents, X158 is any am no acid other than Asn. [00191] In sone such
enbodi ments, the H5 HA pol ypeptide variant has at |east one further

Substi bhbb@hefs, QAR RS ifla@oMiah& WPl Hefon GMGtuiLNAL HK L&lgfséf\ﬁd@nd/ or
specificity of the 'variant for unbrella glycans is increased. | 92] In
sonme swyetangnthodi seamenses thhenelpndpdl 3t 6p24, ded hryspassiblesagbingtien plmtladens at

substi tut.j.on as conpared w.th i finy / or
Shoct 1 PR AR GRRBRL ESrllabll 1ML YRSy B80S 18D, B LY 14988 ©F |
sone enbedindent.s, HA pol ypeptides in accordance with the invention

(includj HA pol ypepti de vari ants) have sequences that include L226,
5228, _ﬁfﬁgﬁi‘gd}l SPIRe 5@5@%@6@#3@8@@@% PbtoypRipRIC e I IHCRUIHAMLEIN th t he
I nvent I}@HAE@%glmda%fﬁumaw&aqa@r%g gt ¥erlant $0, 1hay K98 A ese@heldiak =

i ncl ude L22¢ d A160. In sonme enbodi ments, HA pol ypeptides in accordance
Wi t h t hey mipericiddsidena s dnédgnyHmsHhlesomppeppi demyaipesit ppsitiense sequences

e IR ERR S RSP, Lo P RO TR OB U,

sequencese thaddimaat Uda pAlypOptides in accordance with the invention (including H5 HA
polypeptide variants) have sequences that include A130, 1.226, X158, and any possible
combination of mutations at positions corresponding to residues 131, 132, 133, 135, 137, 155,
160, 188, 192, 193, 221, 227, and 228. In some embodiments, HA polypeptides in accordance
with the invention (including HS HA polypeptide variants) have sequences that include A130,
S$228, X158, and any possible combination of mutations at positions corresponding to residues
131, 132, 133, 135, 137, 155, 160, 188, 192, 193, 221, and 227. In some embodiments, HA
polypeptides in accordance with the invention (including HS HA polypeptide variants) have
sequences that include A130, 1.226, S228, and any possible combination of mutations at
positions corresponding to residues 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221,
and 227.
[00199] Insome embodiments, HA polypeptides in accordance with the invention (including
HS HA polypeptide variants) have sequences that include A130, X158 (wherein X = any amino
acid besides Asn), and any possible combination of mutations at positions corresponding to
residues 131, 132, 133, 135, 137, 155, 160, 188, 192, 193, 221, 226, 227, and 228.
[00200] In some embodiments, HS HA polypeptide variants (e.g., HS HA polypeptide
variants) in accordance with the invention have an open binding site as compared with a parent
HA, and particularly with a parent wild type HAs.
[00201] In some embodiments, HA polypeptides (e.g., HS HA polypeptides) in accordance

€.

e .
Nt 1ol

with the invention bind to the following a2-6 sialylated glycans: (—<&— ), (—&— b), (“ﬁfﬁ“&),

combinations thereof. In some embodiments, H5 HA polypeptides in accordance with the
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[00194] In sone enbodi nents, HA pol ypeptides in accordance with the

i nvention (including H5 HA pol ypeptide variants) have sequences that

i ncl ude D2O@P1283281 and X158 (wherein X = WO 2012/ 04792CPUTRLAISDOMI1 054831
any amno acid besides Asn). In sone enbodi nents, HA pol ypeptides in
accordance with the invention (including H5 HA pol ypepti de vari ants) have
sequences that include L226 and X158. In sone enbodi nents, HA pol ypepti des
in accordance with the invention (including H5 HA pol ypepti de variants)
have sequences that include S228 andgX158. %Jn sogevenbodlnents HA

pol ypepted&sh bifld ?&%g&ﬂ@@?ﬁewnﬁ&u&h%&v? RO 3 K "”ia%agoﬁﬁmmrg%f&ﬁ tide
vari ants) have sequences that include XI58. [ 0195] sone enbodi nents, HA
pol ypeptides in accordance w h t he |nvenﬁ?ag (|ncluéiﬂg H5 HA polypeptlde
varlanhﬁ@bh@&eﬁﬁequem@@sC$%at ydﬁyéasﬁiéhd‘aﬁ% poBsibtéerepnbi nati on of
nutatloxg_at positions corresponding to residues 131, 132, 133, 135, 137,
155, 158;.:%60, 188, 192, 193, 221, 226, 227, and 228. [00196] I n sone
enbodi FEREES Fwemoilnsi pelpblndte@lsnlmratfcdn stamcenividitertthélA poleptritides (eigndludi ng H5
HA pol ypepti de variants) have sequences that i Iude 130, L226 S228, Al60

d bl nbi t at ] el
s S, PRI, ST AL A e B RO o -=—-9§faﬁa§§€8<an 9,
nbodi HA petypen d Wit he t
core, enhndL IR eyt REEYBERL) iy SO ARTE I b LaygnL g

L226, A160 and any@ ssi bl e c@nhi nati on of nu%atlons at p05|t|ons
corresggmg&ﬂgngqopes+§ue§>é?%mﬁ 132, (483, &§§f~d§¥~ 158y 158, 188, 192, 193,
221, 227, and 228. In sonme enbodi ments; HA polypeptldes in accordance with
t he |n&@MﬂRbnlﬁﬁﬂmbamma@nkbwkﬂApmbwapksﬁegvHﬁ&hhp@Yp%MMeDgeqmembe$ t hat

i ncl ude 0, S Slb e, conbin tlon tions at

bost t1 S RoP SRS B PR oS S5 TS SRR R AL M 8 g
192, 1%3],y péptibles ﬁ%c&Zchdvﬂth&ﬁé@w@rﬁfbﬂdﬂnﬁﬂEﬂEbtaS leattAoRBloy pRPUYERS(elgh e or dance
mjth the i nvention ilncludln H5 HA pol ypepti de vari ants) have sequences

that i sehiided gygms) deppged igFigire §ndn seiye pasedinrets.dbvipplyaentisies 8- nili? B ons at
posi ti r 58, 160,
T35, 1933PREO3B9RAGeE ik R fi{aTpr fHha g Rk Benicifin BRe 05 1o

i n acco2ABLe Inisoine embodimeatat HArpo{yipaptidedi(ag, HS HAAp@gpappide) idecuainna@nt s)
have sequences tha i cl ude 4130, A160 n si bl e i nation of

ot at - S T el b et S TR B D95 oSO IRRN R 00
155, 13Bout 384, a2 40%98330112251% a%aﬁt, 5022, Abo@ 8 92 2Bout bD%S Rt 659 0sHoTETI%, HA
pol ypeptides in accordance with the invention (|nclud| 0I¥Peptide

ng H5 HA
Var] anRByuFaTe by SRk caRoUt B G0REY Lo bpradS i ormmore gh e ARy LEPhpR

conbi n o residues 131, 132,
133, 1%%&&'%55% h%éghfi&g?esﬁ%t%%&sd Q%B%nggﬁﬁ%%l &gﬁ% 227, and 228. In sone

WO 201 200204.‘94 IPGCH¢ Q@E@l&lb@@&ﬁinmmmdpmwbs the Iﬁértpullay@epgmtd@sthatrhlglc cor dance

W th th |on ud| pol ypept i quences
that 1 AITIOE %0 G ploah e s Bt B8 gl P MRS Lot SRR e

posi ti @ﬁﬁsrﬁl@ﬁérﬁﬁ)ﬁﬁf&dﬂlﬂ@ dfdufRsad. dﬂﬁsprés%ﬁt, indéhdion padided 3, 1ns'|1§17t thal5&1ucéc58 160,
188, 192, 193, 221, 226, and 227. [00198] In_sone enbodi nents,

pol ypeamdaesto AN RBloay BlysaRITeY Al3nebci IMPERENLo M $amHcqRRAdACNLE high ﬁé%lp%ept i de
vari an%ﬁhl@g%nﬁ?@ﬁqaﬁ(ﬁ§g}l %]%anb Qﬁd fégﬁceﬂ]aﬁq)mtyl-kgl%ﬁng t%?c%ﬁe t(?f)%ﬁ%y(gm%ﬁse in X =

any am no aci d besides Asn possi bl € conbi nati on of “mitati ons at
p05|t|@neteomwéepbndmﬁgwmeeﬁeSN@@esﬁngﬁonmﬁmﬁwqﬁﬁy0ﬂh@5mna3m80165 160, 188,
192, 193 ts 9 11 des i N cordance
i th tRBerATER R ey bl Pt PR R o oD SRR b R

t hat Imﬁhﬂﬁﬁn&iﬁﬁnkhﬁﬁ@xﬁ%&ﬁﬁnsdﬁdo@lﬁm@@ﬁﬁhhkﬁh@bﬁﬁhﬂ@bhﬁ@gﬂbuﬂﬂi@k&OnS at
p05|t|ons correspondlng to resjdues 131, 132, ; 135 1 155, ﬁo 188,
192, 1§F0legyElycsnsys suliigiennls copisr ldertive SRk @/ Nfeptdly o geeﬁw gxen;i

accor dancgrivt & ilend f@%%ﬁékdiﬂl%%ﬂcu@ RAotfeakdddpel. Y@&%h&@ Ydlh@Bt &).).have
sequences that include 4130 X158, and any possi bl'e combi nation of
mut ati ons at positions corresponding to residues 131, 132, 133, 135, 137,
155, 160, 188, 192, 193, 221, and 227. In sone enbodinents, HA polypeptides
in accordance with the invention (including H5 HA pol ypepti de vari ants)
have sequences that include 4130, L226, S228, and any possi bl e conbi nation
of nmutations at positions corresponding to residues 131, 132, 133, 135,

137, 155, 158, 160, 188, 192, 193, 221, and 227. [00199] In sone

enbodi nents, HA pol ypeptides in accormance with the invention (including H5
HA pol ypepti de vari ants) have sequences that include 4130, X158 (wherein X
= any ami no aci d besides Asn), and any possible conbination of nutations at
posi tions correspondi ng to re5|dues 131, 132 133 135, 137, 155, 160, 188,

A NN A NN NS A NN S P PoN s F A/ o T T T



[00201] In sone enbodi nents, HA polypeptides (e.g., H5 HA pol ypeptides) in
accordance , - with the invention bind to the follow ng a2-6 sialylated

gl ycans: )WO@2p12/047941 ), (Core), Core), (Hi and conbiPoatuseeg/os4sar eof . I n
sone enbodi nents, H5 HA pol ypeptides in accordance with the WO

2012/ 047941PCT/ US2011/ 054831 "7.24a2-6 invention bind to glycans of the
structure: (-0- ), (11 ),) and conbinations thereof; - and/or (9-0");

and/or (9 and/or,), L'7and conbinations thereof. In sonme enbodi nents, HA

pol ypemdﬂﬂs (18 s8me éﬂibgdiﬁééts, increased affinity and/or specificity of binding of an HA
polypeptide variant (e.g., an H5 HA polypeptide variant) to umbrella-topology glycans and
reduced affinity and/or specificity binding to cone-topology glycans may be involved in
increasing or enhancing transmission to/infectivity of humans relative to a reference polypeptide
(e.g., the HA polypeptide variant’s cognate parent HA polypeptide). In some embodiments,
increased affinity and/or specificity of binding of an HA polypeptide variant (e.g., an H5S HA
polypeptide variant) to umbrella-topology glycans is sufficient to increase or enhance
transmission to/infectivity of humans relative to a reference polypeptide (e.g., the HA
polypeptide variant’s cognate parent HA polypeptide). In some embodiments, increased affinity
and/or specificity of binding of an HA polypeptide variant (e.g., an HS HA polypeptide variant)
to umbrella-topology glycans is sufficient to increase or enhance transmission to/infectivity of
humans relative to a reference polypeptide (e.g., the HA polypeptide variant’s cognate parent HA
polypeptide), even if the affinity and/or specificity of binding to cone-topology glycans is not
reduced (e.g., unchanged, increased, etc.). In some embodiments, increased affinity and/or
specificity of binding of an HA polypeptide variant (e.g., an HS HA polypeptide variant) to
umbrella-topology glycans is sufficient to increase or enhance transmission to/infectivity of
humans relative to a reference polypeptide (e.g., the HA polypeptide variant’s cognate parent HA
polypeptide), even if the affinity and/or specificity of binding to cone-topology glycans is equal
to and/or greater than that of the affinity and/or specificity of binding to umbrella-topology
glycans.

Portions or fragments of HA polypeptides
[00206] The present invention further provides characteristic portions (which may or may not
be binding agents) of HA polypeptides in accordance with the invention and nucleic acids that
encode them. In general, a characteristic portion is one that contains a continuous stretch of
amino acids, or a collection of continuous stretches of amino acids, that together are
characteristic of the HA polypeptide. Each such continuous stretch generally will contain at least
two amino acids. Furthermore, those of ordinary skill in the art will appreciate that typically at
least 5, at least 10, at least 15, at least 20 or more amino acids are required to be characteristic of
a H5 HA polypeptide. In general, a characteristic portion is one that, in addition to the sequence

identity specified above, shares at least one functional characteristic with the relevant intact HA
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HA pol ypeptides) in accordance with the invention bind to (---4." )),
and/or); in sone enbodinents to (9 -, -); in sone enbodinents to (+12- .+
enbodi nerwe 202/04(940. ----. x.: Core), ( a x Core\ ), and/ ®@CT(US2011/05483¢ - ",
Lure). [00202] In sone enbodi nents, HA pol ypeptides (e.g., H5 HA

pol ypeptides) in accordance with the invention bind to unbrella topol ogy
gl ycans. I n sone enbodi nents, H5 HA pol ypeptides in accordance wth the
invention bind to at |east sone of the glycans (e.g., a2-6 sialylated

gl ycans), depide! @dsdnft dhibdiBeds, chitadQi%ic $ORRAL BERAS ol RAL YRERbIERS (€. 3.,
H5 HA pol'ypeptides) in accordance wth the invention bind to nultiple

gl ycangvidepé pventianshic glycen bind{ng@ha3§telisiics pith tenstseinrdwll-dcngdipol ypept i des
(e.qg., HR A, golypeptides) in accordance with the invention bind to at

| east 583893T1@b about 15% about 20% about 25% about 30% about 35%
about 40% about 45% about 50% about 55% about 60% about 65% about
70% about 75% about 80% about 85% about 90% about 95% or nore of the
gl ycans fouf@"éK PeReBE& St or s in human upper respiratory tract tissues

(e. 9., [6uotelhabmeembsdimehQ0ARdihg hitnPRoA8REB accdribhcPWERERL prle@yent i on
provi des the particular recognition that high affinity binding to

unbr el lizvenogrodre golygenrdanyheicamsnmegd spsietye does at dckuske atchagelafigic A f ect i ve
transm_ssi tQ/ I . Thewpr ' N vi des the
et gne oA eh BBttt Rire RS e e N AR W1 bR, 20 B0

i mpor t anbodihenspaNosiiyodolgpaptise hin ahanaifid beid saqubnaedielrged in advbnel (b.g- vapol ogy
gl ycans an educe ffinity binding to cpne-topol ogy glycans y be

Py ot v et S arriige iratinplantpoitie SCRGH SR sl el hanans. 1 n
some enb@tbReadistold] M/@kibsidibndia0dbRBart@witiR&blicacd RRAHREY 18kMaaNs is
sufficient to confer effective transmssion to/infectivity of humans. In
sone efBbadimsAtsa NapdgH\ aelypantidy hisi andinHpo paid seAveede] thatdogrd¢radnedgl ycans i s
suffici - Eye. f 1.$.Sd: [k &E b Vi s, even
Tt he PRt U Ay St (A RubEARP IR CHr P UL B LRI 5
unchangefihedileorirased, etc.). WD 2012/ 047941PCT/ US2011/ 054831 [00205] In
sone enbodi nents, increased affinity and/or specificity of binding of an HA
pol ypeptide variant (e.g., an H5 HA pol ypeptide variant) to

unbrel | a-t opelim@yesgl ycans and reduced affinity and/ or specificity binding
to cone-topol ogy glycans may be involved in increasing or enhancing

trans m[@@if)gh t18APRe eEbpdime)ts drin¢ipgragratsapesdia aceprdance Mahdberessdt ypept i de
(e.qg.,: : i i ' hde). In sone
L A e o e S A L SR

pol ypepepotiey\ehydammntimfcs). gAntitaxdickisuikdhlqiol theemicntien inglude at)botlms or fragments

unbrel |l a-t | o |l ycans is sufficient tp increase or enhance . transm ssion
Lor i nf SEPTRYS B HothiRdtpapsei ity say vl e e g8 elisaperias A5 T he Ha
pol y peptiede theaémarintibodi@g AainG:ngéd @rhcltift pohyHRRLLGS) and Iffgmente tefdodi ment s,
increased affinity and/or specificity of binding of an HA pol ypeptide

var i antVhie ¢ speaiticpidy [acyisIty Pesteriaentbpoit g ReBlidivbr BrgBctopsicBy gl ycans
i's suf figl,gh0LndH8 died HRRAS SruP hre RN ARGED I, BRRM %ﬁfb%&'ie&,%éih&fﬁ%& dn¥ibbdeQf humans
relative to a reference polypeptide (e.g., the HA polypeptide variant's
cognat ehipariepntibdtligsobiygpeptic des)bodwy.dnnmianizedh entdfoflicni dogjugnidd entitogesifd.ci ty of
bi ndi ng_t.0 caone-.topol o l.ycans is.not reduced (e.d., <un nged,

"o eadalffoR AR G X BRRT o B haal TRt i o s BRRAES

speci f il@ituyioRHaribadiiags VAP ™MA, gogly peph battbodis | @picl{&a@ibodi2n ahld HA

pol ypeptide variant) to unbrella-topol ogy glycans is sufficient to increase
or enhdRdedy [H8LEnEs e HsEiTHP-dRe fefht grtioding natsrsing ey inipet rflepoa}qnélf erence

pol ypephiisiRlids pdyolodal SnciBARE) sYRERIdrtln ¥@iHoaldt (Sg. COENAif1Pa5BRE ahbodies
pol ypeptide), even if the affinity and/or specificity of byndng to
cone- t 6pot ENAR by agmentsthergofl), mudtispaeifio pnighodies é¢-g-thrapectfigaantibpdiphidomfedi ni t y

and/ or | SRESILEEMIN AL BRHLN0 A LuBEF A GRPY) BRY 1 BhYF 8RR RRTtiRES o
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[ 00206] The present invention further provides characteristic portions
(which may or may not be binding agents) of HA pol ypeptides in accordance
wi t h t he wowverti4o1and nucl ei ¢ aci ds that encode them POT@ShEAB483R
characteristic portion is one that contains a continuous stretch of am no
acids, or a collection of continuous stretches of am no acids, that
together are characteristic of the HA pol ypeptide. Each such conti nuous
stretch generally will contain at |east two ami no acids. Furthernore, those
of or d'bﬂﬁ&@fca"f il \Jlty' 'Anhh@dfﬁ?&lyﬂ@tp 1hesef91plﬁs%(1‘1|e1%§1{31n5§/19$ oft 3 g't% (Ie)(é §§A|1‘§®St S5, at

| east 10, at |east 15, at or nore amno acids are required to be
characﬂ@EﬂS@L@NBf a H5 HA polypeptlde I n general a characterlstlc portion

s Oneg? o%]e S us(ggI hgre%nat o nhB d Sfe g%men 1nf1|1118 nstalelg(%tl SP gtc Antih ((::l anp ﬁvcﬁi’p\suscg\%r €s

at |ea f'uncti ona ar ac evant 1 ntac

2012/ 044, QérldR@EE@léS%bﬂlﬁg)éiﬁlﬁﬁdmgof ye@ﬁblelrd@on bharsaitieo@niodinpbistcs antibody
characteristic tides in accordance wiith the invention

rt f | ; [
share diRgRSHS H}Cﬁlﬂ‘F#@ggﬁs‘?Qﬁfé{@fO Cf/ ﬁgﬁeﬁl{lwt% kréabodicg\ b 05\9? ¥ gt h HA
pol ypephiisiiges; HodethhniR thotRaptioi&s1et 0Rd it ke Riis RO ioFREY Somhiisidg

agents provided in accordance with the B@ésent invention are pol ypepfides
whose animentaci b wemientedydgegment alspilclides anyoiyathalde @rgegctmllmgwm@hce

Such p%eé{{%ﬁﬂlla't gﬁ%hﬁr{_& a(n%lfb‘ééri}? ?;?bl 8m ‘?6? cﬂ‘& anh% Hﬁoﬁ{% X&ﬁ i dgg'- 1n some

enbod anlno acli d seque e selected in
advancex4replg. antibody ﬂr@nemmahcldmgm,ed lfnagﬂnalds ngvT ngrexmsebesistingtof daduct i on  of

strategi c .am npo ac |tera dditi.o del efi ons

Subat | Pt EmeEond LG Beh R s st SERE b EF POlvROR Rk e R8I ment s,
a Non- kif\yARh YiRRPIIdR 2 Ashaf W aRlbI18 G A6HshrSQAUEAEED Y Hpdptids LR e gEred
stochastlcally and, for exanple, identified on the ba5|s of the desirable

bi ndi nGrENBY A MBI éecﬁéﬁltl?ié@lmﬁépéﬁlﬁlng,&rﬁﬁh@mp@@lel 008y thpimigggghe
enbodi agents provided in accordance with the present
|nvent¥gﬁ£§¥gmgﬂglggdles (e.g., that bind to unbrella topol ogy glycans
and/ or [@210hhrAdtibadice poi I@ggﬁngdagedalﬂlnglrmntlﬁxl)i weArklanoah &s aguifpadlaeplor t he

[ ti d ti bod f t t b t bi
R e s b T O

t he t eraboant bRALES 1ncbl?)ofafﬁd%ﬁﬁﬁjb§f feférBgdeu q@'ﬁic 1RAGhAR | chiBe g‘éiﬁrdctdfcﬁﬁrre nts
t hereof which are specifically reactive to t esi gnated protein or

pept i d&Ouss 14 FYPITIS htaﬁléﬁeéGflmelsUamwhérkamqﬂ%@p@@pﬁlﬁ%ha?deAlt@@@tl%ﬁhé not
"m teq @%dléa%@%egn&dqugﬁl%s%bdmxﬂggqi Jﬁ(g&au@ég(%saﬁdeg é”%@c?gx%?fkkbom es,

-specific antibo humani zed ant’i conj ugat ed anti bodies (i.e.
ant|bodBé%8@@6;m@amedkﬁﬂwﬁmSBﬁnﬁﬂmuthdmSpmebamnépmmadmmba@e$spmbyﬁOEoxins)
Smal | dul a maceut i als SM sin ai n ntlbodles
camel ot MR PBU LSt Ao BIEF gy Pyt s CAselsoe RS s

"ant i begiiag thealps@idag bstd@isiniibédaetin BRb@L agibe &nindbod bﬁﬁnpl@@ﬂl yoldensdrg et
antlbodles si ngl. e domain antlbodles(ﬁ%vgrg% shar k S|n%ie donaln antlbodles
e t

(e.qg., d-gRIsmasPNYl PaIGRERHDECY OaEEPyY W Ei%; endintiopman gl ¢ &9
bi - Spegi {i,f.ANt: Bm%ﬁlsaf WiREHRE IJC()QJMéd ﬁe@é}%%m&em agt so%ten%qhﬁém and

anti body tragnents so long as they exhibit the desired
2012/ 04yx9udPET /aySx@lick /48 Itepared using hybridoma methods (Milstein and Cuello, 1983,

Nature 305(5934):537-40; incorporated herein by reference). In some embodiments, monoclonal
antibodies may also be made by recombinant methods (U.S. Patent Number 4,166,452, 1979;
incorporated herein by reference).

[00211] In some embodiments, antibodies suitable for the invention may include humanized
or human antibodies. Humanized forms of non-human antibodies are chimeric 1gs, Ig chains or
fragments (such as Fv, Fab, Fab', F(ab")2 or other antigen-binding subsequences of Abs) that

contain minimal sequence derived from non-human Ig. Generally, a humanized antibody has
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bi ol ogi cal activity. Antibody pol ypeptides for use herein may be of any
type (e.g., IgA 1gD IgE 19gG IgM. [00209] As used herein, an "anti body
f ragment "wpnelvdestia portion of an intact antibody, suckrcagis2dionsssianpl e,

t he antigen-binding or variable region of an anti body. Exanpl es of antibody
fragnents include Fab, Fab', F(ab')2, and FIT fragnents; triabodies;
tetrabodi es; linear antibodies; single-chain antibody nDIecuIes; and nul ti
specific antibodies forned from anti body fragnents. The term "anti body
fragmenhe o@hsR dnflfd h@@?esﬁiﬂé{s ﬁ}ﬂ}@hﬁ%@ OOl nGERNELInGRLIcY¥. TRGENSRMEMaRLRER) N

that acts |i ke an antibody by binding to a specific antigen to forma

conpl excidFeiiduss arplfien refmrr:dot@dty “frpmgifeesiducs dlicdae itgatadly éekeh dmgrant s, " Fv”
fragrrents eon3| t|n he variable re heayy. . and Iight
chapns, AL OB R R AP S B RSB G | POt ana

heavy ehmpnmararleybie&rmegngﬁgloas €CIOR$INE CLIERI sdapyterep &P thed@rieckprinding (" ScFy
proteins”), ni mal _recogniti on un onsi stin the amno acid
resi duSSIUeRese oﬁ? m’eali ﬁélbﬁgbﬁgeﬂw&sreﬁ ééﬁ@#afrreééi&l 8&&&256 QI CHO¥ N Tbe

gener at,gd) ggsi Stgeﬁz@tz@@mgﬁml@@m drvHidtear@frcorpbRicdBtaIRb ref&feﬁ)éegcgﬁc% for
anti bod productron are de %p Lane, 1988, Anti bodi es:

scri bed Har | ow an '
Labor at Iyanmduantlqum@rmla@red/%bﬁeﬁ&is rPagsnt NefbeehB €0, 56ﬁy|@>9%,9ar11109rpoaarﬁ@d bodi es
can bey i i.d, har k,
oot AP RIEAREAcD, TR bhag MY AR AT vo R P domih APk
chi cke@sbstlmmagoﬂ@yomgmhme (ﬁﬁhaantm latmal specidO 96 ,sorﬁb?ﬁk(odhﬂa(eﬁt)s 80- 85;
i ncor por at ed refe ence one e di me anti bodi es.sui table
for 1 hEugra T S GIIS AGBAMISET THEDEY SHET bO St SR 6.
gener alsohe FRIEGURS afeQlubdtRSd Bgretsh«aé@ﬂ@@rutahgagw sHsahWbdeaNAbP odiBsnisdy baboons
may be found, for exanple, in Goldenberg et al., international patent

publ i capiitsniasirahede hamag 1gs1qergEent podody s v hish [esiskamirem agiDR of hogecipipnt, J.
Cancer r& . I n some
onboat Adpaace AR A £ LR R B A B ol P B e, o
(M | st eatror aabthitGuelrigahe dS88d sNaificite, BOGH(S8E4LppEHRY- ADsomaiosnpes.at ed herei n by

- cconbr rpoieh BIEN O GC R RN vk b B oGS e o R

her ei n abybddak @fENGaprisd ROIAE thitnrSRIBA BETRHINBO fedipicin hnthdy asr inwhd abl e for
the invention may include humani zed or human anti bodi es. Humani zed forns of

non- huhlﬁﬁorérﬁt@%@r BamgyerkesgiyeBegse In generglghe hl&nﬁeze&ranflber&rﬁémwsr% uch as Fv,
Fab, F@Postanﬁi al gf aQ'ieaQttJ'h alﬁmgqﬁg?g t@'ongc{rﬁgle%gﬁﬁguﬁmc% ﬂt) L%ﬁt .
contain mnimel sequence errve om hon-human I'g. Generally, a humani zed
ant i bothe GIaB regmmsmmzrmd gmmeercrfusmﬂmaﬁzlgmd ong lbmotmﬂmétlarﬁﬂl@g'@ois elre
residu sosi né g ejr:lC )] non- rrﬁ? ource, Tl ae ngn-]ﬁru%rsa & mrno

resi dued”are” ‘fIP"éhgré?P%PF‘éscf %‘b 8 rP;Sl o]0 ?8%? duéSPH AT a?énW‘Bﬁacally

t aken figaoma lﬁ?ﬁltloﬂ SIMEITE consddnit alpli@ @0) eypical lidimaoi Z Bihanlgl (RieBsanplighed by
substitutin conplenmentarity determ ning

sequendesd, WF Igfez(é&)@r)é%ﬂhHPH@eiéeé‘cﬁﬁéhc]e%goﬁl%cﬁ@ﬁgﬁgém ﬁé&tﬁj%’(ﬁhoéc hmann et

al ., 198%n MNetdd Ble)oﬁa%}@;ﬁ@g)) R4dedoe) Ver hoeyen et al ., 1988, Science.

239(4847) 1534-6; both of whr ch are incorporated herein by reference). Such
" humanil®®d2] ant i Hoiae snthodics kil be ploduqeugng Pati@stiedoiubes, it 8§ 567,

1989:; car d her |n b ref e erej S t | es than an

i ntact E dOSpli%leeD 1 ﬁ legf)lég%&%l%\l)?l Wﬁ?%dféégﬁ(ﬂzz éggM%%pgngi ng

sequenae9f, quzaezaommm %pesuheﬁ whiidh a&@meo@ﬂtmﬂr Hieesih By rdieioRde) a&tthe

051 b PYTSHEN FHITES TUR CSTNeT (R0t BY. Db Bbed oGy andl Bguielar ¢ es

i n rodeqbrfPied M%%&%&@re%%@& BAFiILE, Iniehudse AUIBN. BRes(ih@®Gtpt &Rl anti body)

in which residues froma thé recipient are repl aced by residues from
a CDR ehinzlnigrvhientin cedngenas Ig e@m}e haveriee b palyipll s ercdempdetely ipetivated caprber abbi t |
havi ng . i f i st ances,
corres poﬁgllt%fgat%n889%83%}%&4%%}1%%%%6% fedﬁ)l%lell?e{alépge %‘ ?@%@\%\%ﬁ?d& grsol %Egoéfl lgf t he
human lgsertddrahich ethsé g trésoméllce sharsyen G hipharsén bk sdspeves irtchafingggeae f ound nei t her
in the recipient antibody nor in the inported CDR or framework sequences.
In general, the humani zed anti body conprises substantially all of at |east
one, and typically two, variable domains, in which nost if not all of the
CDR regions correspond to those of a non-human Ig and nost if not all of
the FR regions are those of a human I g consensus sequence. The hunmani zed
anti body optinmally al so conprises at Meast a portion of an |g constant
region (Fc), typically that of a human Ig (R echnmann et al., 1988, Nature
332(6162):323-7; Verhoeyen et al., 1988, Science. 239(4847):1534-6; both of
whr ch are |ncor por at ed her ein by ref er ence) [00212] Human anti bodi es can

o o - .



[00213] In sone enbodi nents, binding agents provided in accordance with the
present invention are lectins. Lectins are sugar-binding proteins which may
bi nd to aweabul4®4ear bohydrate or to a carbohydrate noi eCy/uskéiaiosdisst a part
of a glycoconjugate (e.g., a glycopeptide or glycolipid). Lectins typically
agglutinate certain animal cells and/or precipitate glycoconjugates by
recogni zing a particular sugar noiety. For exanple, SNA-1 is a lectin that
has a high affinity for a2-6 sialic acids. As yet another exanple,

pol yporr&%aﬁgéﬁ%ﬂ@%gs%n{ bPE lhd %&P@% ke ABEL PRI DAY 8 906 W didikDinby T oOr

bi ndi ng si a t'ed gl ycoconj ugates contai ni ng NeuSAcoc?2, 6Gal131, 4Glc/ GLcNAC
trisac dﬁ@ﬁ |86|§,>5éebm@m abﬂ%ép@atalga IP8CA4TARITD- f@;ILmbgg@n@mszar NGRS | T t | ng
exenpl ectl hAc

s 1a, Mt inah i RS AS 3 PVEd AR PRI Y Mo TR O oM
sequen@&&naﬁp@xeﬂmb&hmmheﬂimms)are provi ded belomr [ 00215] Sambucus N gra
Lectin 1 (Genbank Accession No. U27122):

MRLVAKLLYLAVLAI CGLG HGALTHPRVTPPVYPSVSFNL TGADT YEPFLRAL QEKVI LGNHTA
FDLPVLNPESQVYSIGNRFVLVPLTNPSGDTVTLAI DVVNL YWWAFSSNCKSYFFSGSTAVQRDNL
FVDTTQEELNFTGNYTSLERQVGFGRVYI PLGPKSLDQAI SSLRTYTLTAGDTKPLARGLLWVI Q
MWSEAARRYBEL Rn RISt TOASHETRE! hivisl/ENNAESVESHE i0oacPaGEcF AEVIRL RBERN

NS'EVTQSR@E$Eh%#%éﬁébéﬁﬁﬁgﬁéééﬁéﬁ&ﬁﬁkﬁ%@#kémféﬁﬁﬁ$ﬁéEE%%F%%E%%SEL

EATKW//SbBIGT HENBHS@_MM AARQBUWEWCEMERI MR b YGYKQMC

LRENGEN FVV\LE GDGT! RVNSNRSL CVTSEDHEPSDLI. VI |Ki
VIWENTN rL %m E‘?Pe{ﬁyr@@iv\ﬁtﬁf«‘}?ﬁ‘?ﬂﬁﬂl T BORRPg pialp
[002 16% _/)@41 i ﬁi@ﬁﬁ 'a'i)aftlcufagﬁfggﬁﬂlléleﬁﬁ Cl@ﬁ%k&l‘ﬂpleSNAﬁGiarg Jctin AP

2012/ 047941 /USZ 11/ 0548
M«/\/ATﬂlﬂ%lwhAff@@y@%ﬂmﬁsm\Am@vmerEAM@JEMOQELSRWSE@MIHS

N FVDT TER R GO T o e o At R A P A S R R o
| QWSEMREM&%I%%TMEEIRMM&EM@AS%S&@%@%@C%EA@NM&QnS
RNHPI DVTNFRRLFQL TSVAVLL HGCPTVTKMPAYI | KMPVFNGGEDEERCSVVEEVTRR| GGRD

GFCAEVRINEDERIBRS XA RS desHaNDB RS 1HET P OgiNeREE T BS IR PN PPES TR L2,

WVSI D@gLTMPB@%!W%@E&MMWR@N VGNVEPLVTFI VGYEQVCLETN

PGNNDVSL GDCSVK: DQKVWAL YGDGT I RVNNDRSLCVTSEGKSSNEPI | | LKCLGANCQRW

VENT S Rikldtie SYIMNODNEARIT P I D NO 57) [00217]
DGI0I*D r@wq\asm@sma feSHPSETING yed ISHEQy:

%L&W% %&f :Bg‘é/i’r\kggﬁ% ééﬁmﬁﬂL%rﬁg‘e/GEADTYTVRI\IA

FAGSYMVBRABGHAAT DGRAL A BYRPT GENQKIN NSO ENDNAAKISKSKE TGP E VI P E NSRGDGTGIVGNHT A
VOGN FORFSEWEECHL STHGAMATLLACHAL BRI RSO0 X VL FRRCH SSLUENSG v,
LGSTPWRSEI FDCDDFATVFKGAVAKWENENFKANG-AL L CALMFGSKSSGAHAYNWFVERGN
TVTFFEPCNGFYSANATBNRAVECE R (GEG 5 NGPESEP PO62LBT L Pol §5BF DUSAReaRbEs

| ecti n MVBEQHRFRY0ELRTRYY 8)DASEFTPDLLMLSMENNWS SMSSEIQQAQPGGIFAGVVQLRDERN

STGIYMINTASAVADNTIT | GYCRTCNERCRW | ROJQT BCLAPVI CKATGTATL VSRS T2

GTAl VCARIM/NSNENOBRWYE KD ST SVMNRAATE QNQBMWWB@D@KNRW¥B@E¥EWEF$EF&¥9@NTVPP

WKASGL @mm ¥ DR ANV EHAA
ERGSFSTVTFFEP

INREYINARYY

WGYKAYFGLF ( SE |n _sone
enbodi ! EN@“HHFHBC%@%Y%QWW%%T%Wwaémﬁé@%ﬁﬁ’ﬁDPﬁ%l%%%%%@N@R
i nvent MymNaNe TapNaNBRKBLMEAA @REY SLRY EL IeserToneNeoulles Tesaposed obf mucl ei
acid (e 9., RNA, DNA) that bind tightly to a specific nolecular target
(e.g., an unbrella topology glycan). A particular aptanmer nmay be descri bed
by a linear nucleotide sequence and is typically about 15 to about 60
nucl eotides in length. Wthout wi shing to be bound by any theory, it is
contenpl ated that the chain of nucleotides in an aptaner form
i ntranol ecular interactions that fold the nolecule into a conpl ex

t hree-dj sha d thi ee- di nensi pe allows the

apt arre%&ggfa Ww?@gﬁ@] fﬁ;‘f”g ﬁf’éf/’c‘%sf’g” & g@?ﬁr}i 1 ecule. Gven the
extraordi nary diversity of nDIecuIar shapes that exist within the universe
of all possible nucleotide sequences, aptaners
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WO 2012/ 047941PCT/ US2011/ 054831 may be obtained for a wde array of

nol ecul ar targets, including proteins and small nolecules. In addition to
hi gh specwbi2eizos794apt amer s have very high affinities foPCThSze1108433€1L S
(e.g., affinities in the piconolar to | ow nanonol ar range for proteins).
Aptaners are chemcally stable and can be boiled or frozen w thout |oss of
activity. Because they are synthetic nolecules, they are anenable to a
vari ety of nodifications, which can optim ze their function for particular

app'lC@kwvmﬁILEQWVEA@@@L@IH@%ﬁ?ﬁﬁﬁﬁ?ﬁﬁﬁ?ﬁ%ﬁs@@@@kh@@NEQRQFﬁ@ﬂLR@@¢iNGS@dUCE
their sen5|t|V|t FPg}g%adatlon by enz in in vivo

appl | cXOF e VLIRES A R It et P P S R b e RS o
bi odi SWWN@EHQEDDNFBGHETTS.LEE@WWJIHWKS[M@EZG]SLS@HESBA@DNI@RLE@EBHW s
that can,Risp E%btﬁléﬁ? ﬁ%Eﬁ%%E&%WW%@M%%%@Q&?%@ b RBRIP9Y ! yean

m m cs) can I eved met h known in t For exa

apt aer@HEéHVBEF%%@%E%IV@% e/ BREEY [(IE)SVENRCEEEEFPUY FON BF L r%%j%mds
t2)y9Exg@memawahleﬁakbghmm95s@@Eémcbdvﬁmﬂ@m@s@kdmi@@@wﬁzmemxep%STK

49: 5 r

| arge l'i'bra GE??Q @?gﬁgﬁf éggfﬁg 6§Q&Ekwfg%§bgg%§£%g%?g%% ecdﬁes) IS
producQ@NﬁﬁﬁﬁbGD§§V§§A%HVD@KWAEYQPQE&R%NNDRﬂL@&EB@GﬁéngPIéhLE©k¢WANQBW

t opol oqubﬁ%@@NeﬁsHMﬁ%%mmz@m GPEeARNeRIrARekra ThErb af geko md peul e
is allowed to incubate with the library of nucl eotide sequences for a
period of tinme. Several methods, known in the art, can then be used to
physi c4002)7] s diodxneratse quernasis dectinrlgUniRipe@t 9% r om t he unbound nol ecul es
in theNﬁ%@hﬂh@YY%@SE?V&@@RE&&§ﬁé§éﬁﬁk§¥DﬁH¥%s@@b%@%NﬁLWtEBP&@E@ﬁ%ﬁﬁWﬁNA

affinit or the target nol ecule can then be puri romthe target
| CourBC M AGHA AT DG R I TR N G Sar DHE L SHEde T ey e bE P oo
t hat | yespbstrantrsallyr @rr s Chexh v T i RO DFRat Lcan L bLudTRbeI $ arget sc

el oot Lon LUERETE PonE A VO S SR DE R P E LR LRRL PRI GG © ©
|teratﬁW@FEEP@EﬁFéﬁANb@P¥K$¥Eﬁﬁ%g Tahpla:f iS8at i on process, the library is

reduced to a small nunber of aptaners that bind tightly to the target
nmol ecul e.. | ndi vi dual nol ecules in m Xture can then be isolated, their

nucl eof94%d8 kecf’d&?@é@‘sdéﬁ@ﬂﬂ%"ﬁé‘if""dﬁde’Wé‘P‘rQﬁ?‘@’ﬁ@rt| es with respect to

bi ndi n@MS@fEE;H@lIE{MI@HﬂHﬁﬂl@@RmﬁANB{GWP@QA&@@N@J@KP@H@QLVE@@@@A@Y@MWr S
can then be further refined to elimnate ag%‘nucleotldes t hat do not

cont ri bute YNBVFQ?GE{*DW%?%EQ%%C&?WQ%W SEFUEt Ur e ther eby’ pr gt ng
apt aneg ATVGHeavEaNc SO DIEr PKIcDD BS B Ath g AdeAaivieQDSEN YD apas ehal PRIOSSA T i n.

Chem ﬁA%@%%E%RREB&I?@ bﬁﬁb@f%ﬁﬁﬂ% I%E%‘%J%A%'G%%LCEQ@F@E‘RA%?NIE@%&\RQS of

whi ch are incorporated ereln ref erence)

2012/ 0ETGETBETT DEZDHF BEARBA BHFHIGLon BC PS) yﬁepéﬁdes [ 00221]

Pol ypepti des in accordance with the invention (e.g., HA polypeptides and/or
Non- HA pol ypeptides), and/or characteristic portions thereof, or nucleic
aci ds encodgpgnknpnl may be produced by any avail abl e neans. [00222]

Pol ypept i des in accordance with the invention (or characteristic portions

t her eof ()02@ b sBhe gﬁﬁ%@&lmeﬁ@rblﬁd‘lﬁ Zc&e‘?lts ﬁ}MVIHéd inl £ RGarRe W?lﬁ&h&ﬁlséen?ys'[ em
englneered 0 express a pol ypeptideencodi ng nucleic acid in accordance wth
t he i nueveniignare pPORR3] A%Wn@y@pemcmmlmlas%mpt)@dmf odelcie apdl(ypeBNAdes (or

char ac 1Sti D rti S bacul ovir t

v - B0 e iRE B TR ayp 2T SRR 5 SRRy BBy
kid neybaﬁlehlhﬁaptﬁhérﬁﬁ;[}aiel desdribed by aditidr maoRblide sep@ingpent i d@stcall9rabout 15 to
characteristic portions) can he expressed in cells using, reconbi nant

t echni g 60 ayelpotides flepgth; hwlﬂ@%‘g@h@e (ke Rysr Y any Hﬂe{?%ttdsr CPEIMBIEDK et
al ., Ml e @hinGr ﬁﬂélagldeﬁnl-eﬁiba%fa%{e@ FrrMARRAbIc ol ke FIcB8S thA$8Rithd Ncor por at ed
herein by reference). [00224] Alternatively or additionally, polypeptides
i n accordenteantaadympiex thrpgelmensrpnglothaph an@m&tl%ﬁlr@tdlmemrtal gnge tlheysdbé) can
be pro ti e ] t

pol ypentiias LG bR oS E Al Y o Bl Bl b Gl o o1
t her eofjglecahd sipaped thatdxadt withbhp ohiypepti desgssibRyhubke opdcodyaaded, aptaferscont ext
of intact virus, whether otherwise wild type, attenuated, killed, etc.

Pol ypepti des in accordance with the invention (e.g., HA polypeptides), or
characteristic portions thereof, may al so be produced in the context of
virus like particles. [00226] In sone enbodi nents, HA pol ypeptides (or
characteristic portions thereof) can Te isolated and/or purified from

i nfluenza virus. For exanple, virus may be grown in eggs, such as
enbryonat ed hen eggs, in which case the harvested material is typically
aIIant0|c f|UId Alternatlvely or addltlonally, influenza virus may be

o o L, - v T e ~ " 4 1.1



WO 2012/ 047941PCT/ US2011/ 054831 cells. Suitable cell substrates are not

limted to cell lines; for exanple primary cells such as chicken enbryo
fibrobl aswe 2arxé42d430 i ncl uded. [00227] Also, it wll bePapasecilasssdl by
those of ordinary skill in the art that polypeptides, and particularly

variant HA pol ypeptides as described herein, may be generated, identified,
i sol ated, and/or produced by culturing cells or organisns that produce the
pol ypeptide (whether alone or as part of a conplex, including as part of a

Vi rus ey te ObBrird ¥ d W§1)s1an’sl{{”'gﬁﬁ1of’c&ﬂgﬂ ttang&SmEfﬁ@f %két@i‘ﬁ’s hEPYalSRERENENYT
and/ or sel ection of pol ypeptides capabl®e of bi n§ to unbrella-topol ogy

gl ycandn additiqi b@énghﬁpe@ﬁeltﬁﬂatﬁme@ havevery ﬂﬁ@heaﬁbmdﬁsn@n their targetabys-batingies ul to

produce nd/o ction of o] t| des I% ir;iA
Py nety Mg o B o B kB BOP UGS oleXpBmica[ORE W an o\

bi nd t ®e boiddadrlfeoztORha@gYosy |oﬁﬁ<ﬂﬁ$ty( Bechuse Wiy bre@&ﬁﬂlbt&uma]l‘ecﬂémme&laﬁd ty and/or
affinity). In sone enbodl nts ch a collection of polypeptldes (e.g., HA

var i anfiseiilniep yagissyol Gakions, ey C@vcav QPiBie therfupqgiion foq pardyia

enmbodi '3? AicRnioRUEr exaPid, @plahRR @h b/ MARRAL Bhali8al G redddd (M deARLivity to
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the library of nucleotide sequences for a period of time. Several methods, known in the art, can

then be used to physically isolate the aptamer target molecules from the unbound molecules in

the mixture, which can be discarded. The aptamers with the highest affinity for the target

molecule can then be purified away from the target molecule and amplified enzymatically to

produce a new library of molecules that is substantially enriched for aptamers that can bind the

target molecule. The enriched library can then be used to initiate a new cycle of selection,

partitioning, and amplification. After 5-15 cycles of this iterative selection, partitioning and

amplification process, the library is reduced to a small number of aptamers that bind tightly to

the target molecule. Individual molecules in the mixture can then be isolated, their nucleotide

sequences determined, and their properties with respect to binding affinity and specificity

measured and compared. Isolated aptamers can then be further refined to eliminate any

nucleotides that do not contribute to target binding and/or aptamer structure, thereby producing

aptamers truncated to their core binding domain. See Jayasena, 1999, Clin. Chem. 45:1628-50

for review of aptamer technology; the entire teachings of which are incorporated herein by

reference).
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A/ Swi ne/ 1 owa/ 30 (HLN1) Neu5Ac ASI 30 Hl_26 (1RVT) A/ Swi ne/lowa/30 (HLN1)
Neu5Aca6Gall134GlcNAc133Gall34Glc ASCl8 Hl_26 (2WRG A/ South Carolina/l/18
(H IN1) Ne02Aa8@1134GlcNAc133Gal WD 2012/ 047941PCT/ UBR0AKLA548331
Abbreviation (PDB ID) Virus Strain dycan (with assigned coordi nates)

Production of Polypeptides

[00221] Polypeptides in accordance with the invention (e.g., HA polypeptides and/or Non-HA
polypeptides), and/or characteristic portions thereof, or nucleic acids encoding them, may be
produced by any available means.

[00222] Polypeptides in accordance with the invention (or characteristic portions thereof) may
be produced, for example, by utilizing a host cell system engineered to express a polypeptide-
encoding nucleic acid in accordance with the invention.

[00223] Any system can be used to produce polypeptides (or characteristic portions), such as
egg, baculovirus, plant, yeast, Madin-Darby Canine Kidney cells (MDCK), or Vero (African
green monkey kidney) cells. Alternatively or additionally, polypeptides (or characteristic
portions) can be expressed in cells using recombinant techniques, such as through the use of an
expression vector (Sambrook et al., Molecular Cloning: A Laboratory Manual, CSHL Press,
1989; incorporated herein by reference).

[00224]  Alternatively or additionally, polypeptides in accordance with the invention (or
characteristic portions thereof) can be produced by synthetic means.

[00225]  Alternatively or additionally, polypeptides in accordance with the invention (or
characteristic portions thereof), and particularly HA polypeptides, may be produced in the
context of intact virus, whether otherwise wild type, attenuated, killed, etc. Polypeptides in
accordance with the invention (e.g., HA polypeptides), or characteristic portions thereof, may
also be produced in the context of virus like particles.

[00226] In some embodiments, HA polypeptides (or characteristic portions thereof) can be
isolated and/or purified from influenza virus. For example, virus may be grown in eggs, such as
embryonated hen eggs, in which case the harvested material is typically allantoic fluid.
Alternatively or additionally, influenza virus may be derived from any method using tissue
culture to grow the virus. Suitable cell substrates for growing the virus include, for example, dog
kidney cells such as MDCK or cells from a clone of MDCK, MDCK-like cells, monkey kidney
cells such as AGMK cells including Vero cells, cultured epithelial cells as continuous cell lines,
293T cells, BK-21 cells, CV-1 cells, or any other mammalian cell type suitable for the
production of influenza virus for vaccine purposes, readily available from commercial sources

(e.g., ATCC, Rockville, MD). Suitable cell substrates also include human cells such as MRC-5
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APR34_H1 23 (1RVX) A/ Puerto Rico/8/34 (HLN1) Neu5Aca3Gall34GlcNAc
APR34_H1 26 (1RVZ) A/ Puerto Rico/8/34 (H 1N1) NeuS5Aca6Gall34GlcNAc
ACKNY91 HEO28B1§@WR2) A/ chi cken/ NY/ 29878/ 91 (H2N2) NeuSAea3®EstU3B&BENAC
AckNY91 H2 26 (2WR1) A/ chicken/ NY/ 29878/ 91 (H2N2) Neu5Aca6Gall34GlcNAc
AdKON77_H2_ 23 ( 2\\R3)

cells. Suitable cell substrates are not limited to cell lines; for example primary cells such as
chicken embryo fibroblasts are also included.

[00227]  Also, it will be appreciated by those of ordinary skill in the art that polypeptides, and
particularly variant HA polypeptides as described herein, may be generated, identified, isolated,
and/or produced by culturing cells or organisms that produce the polypeptide (whether alone or
as part of a complex, including as part of a virus particle or virus), under conditions that allow
ready screening and/or selection of polypeptides capable of binding to umbrella-topology
glycans. To give but one example, in some embodiments, it may be useful to produce and/or
study a collection of polypeptides (e.g., HA variant polypeptides) under conditions that reveal
and/or favor those variants that bind to umbrella topology glycans (e.g., with particular
specificity and/or affinity). In some embodiments, such a collection of polypeptides (e.g., HA
variant polypeptides) results from evolution in nature. In some embodiments, such a collection
of polypeptides (e.g., HA variant polypeptides) results from engineering. In some embodiments,
such a collection of polypeptides (e.g., HA variant polypeptides) results from a combination of

engineering and natural evolution.

HA Receptors
[00228] HA interacts with the surface of cells by binding to a glycoprotein receptor. Binding

of HA to HA receptors is predominantly mediated by N-linked glycans on the HA receptors.
Specifically, HA on the surface of flu virus particles recognizes sialylated glycans that are
associated with HA receptors on the surface of the cellular host. After recognition and binding,
the host cell engulfs the viral cell and the virus is able to replicate and produce many more virus
particles to be distributed to neighboring cells. Some crystal structures of exemplary HA-glycan
interactions have been identified and are presented in Table 1:

Table 1. Crystal Structures of HA-Glycan Complexes

Abbreviation (PDB ID) Virus Strain Glycan (with assigned coordinates)
ADKALB76_H1_26 Al/duck/Alberta/76 (HIN1) NeuSAc
(2WRH)
ASI30_H1_23 (1RVO0) A/Swine/Towa/30 (HIN1) NeuSAc
ASI30_H1_26 (1IRVT) A/Swine/Towa/30 (HIN1) NeuSAco6Galp4GleNAcB3GalB4Gle
ASCI18_H1_26 2WRG) A/South Carolina/1/18 (HIN1) NeuSAca6GalB4GlcNAcB3Gal
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Al duck/ Ontari o/ 77 (H2N2) Neu5Aca3Gall34GLcNAc AJKON77_H2 26 (2WR4)
A duck/ Ontari o/ 77 (H2N2) Neu5Aca6Gall34GlcNAc AckPD84_H2 26 (2\ARF)

Al chi ckerwBavpdamni4475/ 84 (H2N2) NeuS5Aca6Gal
A Si ngapore/ 1/ 57 (H2N2) Neu5Ac ASINGG7_H2 26 (2WR7) A/ Singapore/ 1/57 (H2N2)

ASI NG57_H2_ PBT(UBYRB)S4831

Abbreviation (PDB ID)

Virus Strain

Glycan (with assigned coordinates)

APR34_H1_23 (1RVX) A/Puerto Rico/8/34 (HIN1) NeuSAca3Galp4GlecNAc
APR34_H1_26 (1RVZ7) A/Puerto Rico/8/34 (HIN1) NeuSAca6GalB4GIlecNAc
ACKNY91_H2_23 (2WR2) | A/chicken/NY/29878/91 (H2N2) NeuSAca3Galp3GIlecNAc
AckNY91_H2 26 2WR1) | A/chicken/NY/29878/91 (H2N2) NeuSAca6GalB4GlecNAc
AdKON77_H2_23 (2WR3) | A/duck/Ontario/77 (H2N2) NeuSAca3Galp4GleNAc
AdKON77_H2_26 (2WR4) | A/duck/Ontario/77 (H2N2) NeuSAca6Galp4GlecNAc
AckPD84_H2_26 2WRF) Al/chicken/Potsdam/475/84 (H2N2) | NeuSAca6Gal
ASINGS57_H2_23 2WRB) | A/Singapore/1/57 (H2N2) NeuSAc

ASING57_H2_26 2WR7)

A/Singapore/1/57 (H2N2)

NeuSAca6GalB4GlcNAcB3Gal

AJAP57_H2_26(2WRE)

A/Japan/305/57 (H2N2)

NeuSAca6Gal

ADU63_H3_23 (1IMQM) A/Duck/Ukraine/1/63 (H3N8) NeuSAca3Gal
ADU63_H3_26 (1IMQN) A/Duck/Ukraine/1/63 (H3N8) NeuSAco6Gal
AAI68_H3_23 (1HGG) A/Aichi/2/68 (H3N2) NeuSAca3Galp4Gle
ADS97_HS5_23 (1JSN) A/Duck/Singapore/3/97 (HSN3) NeuSAca3GalB3GlcNAc
ADS97_HS5_26(1JSO) A/Duck/Singapore/3/97 (HSN3) NeuSAc
Viet1203_04_HS5 (2FKO0) A/Vietnam/1203/2004 (H5N1)

Viet1194_04_HS (2IBX) A/Vietnam/1194/2004 (H5N1)

ASI30_H1_23 (1RV0) A/Swine/lowa/30 (HIN1) NeuSAc

ASI30_H1_26 (1RVT) A/Swine/lowa/30 (HIN1) NeuSAca6GalB4GlecNAcB3GalB4Gle
APR34_H1_23 (1RVX) A/Puerto Rico/8/34 (HIN1) NeuSAca3Galp4GlecNAc
APR34_H1_26 (1RVZ7) A/Puerto Rico/8/34 (HIN1) NeuSAca6GalB4GIlecNAc
ADU63_H3_23 (1IMQM) A/Duck/Ukraine/1/63 (H3N8) NeuSAca3Gal
ADU63_H3_26 (1IMQN) A/Duck/Ukraine/1/63 (H3N8) NeuSAco6Gal
AAI68_H3_23 (1HGG) A/Aichi/2/68 (H3N2) NeuSAca3Galp4Gle
ADS97_HS5_23 (1JSN) A/Duck/Singapore/3/97 (HSN3) NeuSAca3GalB3GlcNAc
ADS97_HS5_26(1JSO) A/Duck/Singapore/3/97 (HSN3) NeuSAc

Viet04_H5 (2FK0)

A/Vietnam/1203/2004 (H5N1)

HA - 02-6 sialylated glycan complexes were generated by superimposition of the CA trace of the
HAT1 subunit of ADU63 H3 and ADS97 HS5 and VietO4 HS5 on ASI30 H1 26 and
APR34_H1_26 (H1). Although the structural complexes of the human A/Aichi/2/68 (H3N2)

with a2-6 sialylated glycans are published (Eisen et al., 1997, Virology, 232:19; incorporated

herein by reference), their coordinates were not available in the Protein Data Bank. The SARF2
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Neu5Aca6Gall134GlcNAc133Gal AJAPS7_H2 26(2WRE) A/ Japan/ 305/ 57 (H2N2)
NeuS5Aca6Gal ADU63 H3 23 (1MQVM A/ Duck/ Ukrai ne/ 1/ 63 (H3N8) NeuS5Aca3Gal
ADU63_H3 w6 2041 A/ Duck/ Ukr ai ne/ 1/ 63 (H3N8) Neu5Aca6GrCTAKR@]/0FHB3P3
(1HGG) A/ Aichi/2/68 (H3N2) Neu5Aca3Gall34Glc

(http://123d.ncifcrf.gov/sarf2.html) program was used to obtain the structural alignment of the

different HA1 subunits for superimposition.

[00229] HA receptors are modified by either a2-3 or a2-6 sialylated glycans near the
receptor’s HA-binding site, and the type of linkage of the receptor-bound glycan can affect the
conformation of the receptor’s HA-binding site, thus affecting the receptor’s specificity for
different HAs.

[00230] For example, the glycan binding pocket of avian HA is narrow. According to the
present invention, this pocket binds to the frans conformation of a2-3 sialylated glycans, and/or
to cone-topology glycans, whether a2-3 or a2-6 linked.

[00231] HA receptors in avian tissues, and also in human deep lung and gastrointestinal (GI)
tract tissues are characterized by a2-3 sialylated glycan linkages, and furthermore (according to
the present invention), are characterized by glycans, including o2-3 sialylated and/or a2-6
sialylated glycans, which predominantly adopt cone topologies. HA receptors having such cone-
topology glycans may be referred to herein as CTHArs.

[00232] By contrast, human HA receptors in the bronchus and trachea of the upper respiratory
tract are modified by 02-6 sialylated glycans. Unlike the a2-3 motif, the a2-6 motif has an
additional degree of conformational freedom due to the C6-CS bond (Russell ef al., 2006,
Glycoconj J 23:85; incorporated herein by reference). HAs that bind to such a2-6 sialylated
glycans have a more open binding pocket to accommodate the diversity of structures arising
from this conformational freedom. Moreover, according to the present invention, HAs may
need to bind to glycans (e.g., 02-6 sialylated glycans) in an umbrella topology, and particularly
may need to bind to such umbrella topology glycans with strong affinity and/or specificity, in
order to effectively mediate infection of human upper respiratory tract tissues. HA receptors
having umbrella-topology glycans may be referred to herein as UTHArs.

[00233] As aresult of these spatially restricted glycosylation profiles, humans are not usually
infected by viruses containing many wild type avian HAs (e.g., avian HS). Specifically, because
the portions of the human respiratory tract that are most likely to encounter virus (i.e., the trachea
and bronchi) lack receptors with cone glycans (e.g., a2-3 sialylated glycans, and/or short
glycans) and wild type avian HAs typically bind primarily or exclusively to receptors associated

with cone glycans (e.g., ®2-3 sialylated glycans, and/or short glycans), humans rarely become
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ADS97_H5 23 (1JSN) A/ Duck/ Si ngapore/ 3/97 (H5N3) Neu5Aca3Gall33GLlcNAc
ADS97_H5_26(1JSO) A/ Duck/ Si ngapore/ 3/97 (H5N3) Neu5Ac Vietl1203_04_H5 (2FKO)
AN et namwoQ812280%1 ( H5SN1) Vi et 1194 04_H5 (21 BX) AN et nacirABen 20341 ( HHNL)
ASI 30 H1_23 (1RVO0)

infected with avian viruses. Only when in sufficiently close contact with virus that it can access
the deep lung and/or gastrointestinal tract receptors having umbrella glycans (e.g., long o2-6

sialylated glycans) do humans become infected.

Glycan Arrays
[00234] To rapidly expand the current knowledge of known specific glycan-glycan binding

protein (GBP) interactions, the Consortium for Functional Glycomics (CFG;
www.functionalglycomics.org), an international collaborative research initiative, has developed
glycan arrays comprising several glycan structures that have enabled high throughput screening
of GBPs for novel glycan ligand specificities. The glycan arrays comprise both monovalent and
polyvalent glycan motifs (i.e. attached to polyacrylamide backbone), and each array comprises
264 glycans with low (10 uM) and high (100 uM) concentrations, and six spots for each
concentration (see
http://www.functionalglycomics.org/static/consortium/resources/resourcecoreh5.shtml).
[00235] The arrays predominantly comprise synthetic glycans that capture the physiological
diversity of N- and O-linked glycans. In addition to the synthetic glycans, N-linked glycan
mixtures derived from different mammalian glycoproteins are also represented on the array.
[00236] As used herein, a glycan “array” refers to a set of one or more glycans, optionally
immobilized on a solid support. In some embodiments, an “array” is a collection of glycans
present as an organized arrangement or pattern at two or more locations that are physically
separated in space. Typically, a glycan array will have at least 4, at least 8, at least 16, at least
24, at least 48, at least 96, or several hundred or thousand discrete locations. In general, glycan
arrays in accordance with the invention may have any of a variety of formats. Various different
array formats applicable to biomolecules are known in the art. For example, a huge number of
protein and/or nucleic acid arrays are well known. Those of ordinary skill in the art will
immediately appreciate standard array formats appropriate for glycan arrays of the present
invention.

[00237] In some embodiments, glycan arrays in accordance with the invention are present in
“microarray” formats. A microarray may typically have sample locations separated by a distance

of about 50 p to about 200 p or less and immobilized sample in the nano to micromolar range or
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A Swi ne/ 1l owa/ 30 (HLN1) Neu5Ac ASI 30 Hl_26 (1RVT) A/ Swine/lowa/30 (HLN1)
Neu5Aca6Gall34GlcNAc133Gall34Glec APR34_Hl 23 (1RVX) A/ Puerto Rico/8/34
(HLIN1) NewbAoed@94134GLcNAc APR34 _Hl 26 (1RVZ) A/ Puert oPRTasc@188486H 1N1)
Neu5Aca6Gall34GlcNAc ADU63 _H3 23 (1MOM A/ Duck/ Ukrai ne/ 1/ 63 ( H3N8)

nano to picogram range. Array formats known in the art include, for example, those in which
each discrete sample location has a scale of, for example, ten Q.

[00238] In some embodiments, glycan arrays in accordance with the invention comprise a
plurality of glycans spatially immobilized on a support. The present invention provides glycan
molecules arrayed on a support. As used herein, “support’ refers to any material which is
suitable to be used to array glycan molecules. As will be appreciated by those of ordinary skill
in the art, any of a wide variety of materials may be employed. To give but a few examples,
support materials which may be of use in the invention include hydrophobic membranes, for
example, nitrocellulose, PVDF or nylon membranes. Such membranes are well known in the art
and can be obtained from, for example, Bio-Rad, Hemel Hempstead, UK.

[00239] In some embodiments, the support on which glycans are arrayed may comprise a
metal oxide. Suitable metal oxides include, but are not limited to, titanium oxide, tantalum
oxide, and aluminum oxide. Examples of such materials may be obtained from Sigma-Aldrich
Company Ltd, Fancy Road, Poole, Dorset. BH12 4QH UK.

[00240] In some embodiments, such a support is or comprises a metal oxide gel. A metal
oxide gel is considered to provide a large surface area within a given macroscopic area to aid
immobilization of the carbohydrate-containing molecules.

[00241] Additional or alternative support materials which may be used in accordance with the
present invention include gels, for example silica gels or aluminum oxide gels. Examples of such
materials may be obtained from, for example, Merck KGaA, Darmstadt, Germany.

[00242] In some embodiments, glycan arrays are immobilized on a support that can resist
change in size or shape during normal use. For example a support may be a glass slide coated
with a component material suitable to be used to array glycans. Also, some composite materials
can desirable provide solidity to a support.

[00243] As demonstrated herein, arrays in accordance with the invention are useful for the
identification and/or characterization of different HA polypeptides and their binding
characteristics. In some embodiments, HA polypeptides in accordance with the invention are
tested on such arrays to assess their ability to bind to umbrella topology glycans (e.g., to 02-6

sialylated glycans, and particularly to long a2-6 sialylated glycans arranged in an umbrella

topology).
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NeuS5Aca3Gal ADU63_H3 26 (1MON) A/ Duck/ Ukraine/ 1/63 (H3N8) Neu5Aca6Gal

AAI 68 H3 23 (1HGG A/ Aichi/2/68 (H3N2) NeuS5Aca3Gall34Glc ADS97_H5 23 (1JSN)
A/ Duck/ Siwgapore/8di97 (HS5N3) Neu5Aca3Gall33GlcNAc ADS97 PHB/URG(110SEB1

Al Duck/ Si ngapor e/ 3/ 97 (H5N3) Neu5Ac

[00244] Indeed, the present invention provides arrays of a2-6 sialylated glycans, and
optionally a2-3 sialylated glycans, that can be used to characterize HA polypeptide binding
capabilities and/or as a diagnostic to detect, for example, human-binding HA polypeptides. In
some embodiments, arrays in accordance with the invention contain glycans (e.g., 02-6
sialylated glycans, and particularly long a2-6 sialylated glycans) in an umbrella topology. As
will be clear to those of ordinary skill in the art, such arrays are useful for characterizing or
detecting any HA polypeptides, including for example, those found in natural influenza isolates
in addition to those designed and/or prepared by researchers.

[00245] In some embodiments, such arrays include glycans representative of about 10%,
about 15%, about 20%, about 25%, about 30% about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%
about 95%, or more of the glycans (e.g., the umbrella glycans, which will often be a2-6
sialylated glycans, particularly long o2-6 sialylated glycans) found on human HA receptors, and
particularly on human upper respiratory tract HA receptors. In some embodiments, arrays in
accordance with the invention include some or all of the glycan structures depicted in Figure 10
In some embodiments, arrays include at least about 10%, about 15%, about 20%, about 25%,
about 30% about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or more of these depicted
glycans.

[00246] The present invention provides methods for identifying or characterizing HA proteins
using glycan arrays. In some embodiments, for example, such methods comprise steps of (1)
providing a sample containing HA polypeptide, (2) contacting the sample with a glycan array
comprising, and (3) detecting binding of HA polypeptide to one or more glycans on the array.
[00247]  Suitable sources for samples containing HA polypeptides to be contacted with glycan
arrays according to the present invention include, but are not limited to, pathological samples,
such as blood, serum/plasma, peripheral blood mononuclear cells/peripheral blood lymphocytes
(PBMC/PBL), sputum, urine, feces, throat swabs, dermal lesion swabs, cerebrospinal fluids,
cervical smears, pus samples, food matrices, and tissues from various parts of the body such as
brain, spleen, and liver. Alternatively or additionally, other suitable sources for samples
containing HA polypeptides include, but are not limited to, environmental samples such as soil,

water, and flora. Yet other samples include laboratory samples, for example of engineered HA

84



Viet04 H5 (2FKO AN et nam 1203/2004 (H5N1) HA - a2-6 sialylated glycan
conpl exes were generated by superinposition of the CA trace of the HAI
subunit oVOADIBR7443 and ADS97 1-15 and Viet 04 _H5 on AS|I BOTHE2@6/0543d1
APR34_Hl_26 (HLl). Although the structural conpl exes of the human

Al Aichi/2/68 (H3N2) with a2-6 sialylated glycans are published (Eisen et
al ., 1997, Virology, 232:19; incorporated herein by reference), their
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nedi at MPAdigenisohinging %Wﬁﬁff&bﬁfé$ torsguF e dlugreptenes emitisd from therravsdept or s

havi ng ]gmﬁ ThdrBiok ARRLATN B LEARS 1IRY s REoLELAI Itk P A'@érﬁatﬂat S UTHAT S

[ 00233 resul these spatially restrlcte | ycosy n profiles,
hunmans addigomulty, usﬂ@dgywmmkaubegmbwiwnhaéﬁsU&wnmanwﬁﬂgﬁhaﬂwwmQKUWprE:avian
HAs (e. i cal be qause of.. the h

eap! 1 RRsEREY ABI PRy PSS Bl e ORI bOmAGH T TRyt s e

t r acheamabdinkehenrahby déta@kdE}e@e@hﬁﬁgramdabnms@wcans (e.g., a2 3

si al yl at ed ?chans and/ or short glycans) and w | d type avian typically

bi nd” pl94#RPT | ySush meghady afeseiyl fogle sy @Cta&fé’é)‘?ﬂl%ﬁ %‘%@%X&%@f Rindiagns
(e. 9., b%rp?p@pyﬁépmh@st S 1LY R in 30H RihcSRAR thedhVn@BR) In HHRAD LIRSy becone

such methods can further be used to identify and/or characterize agents that interfere with or
otherwise alter glycan-HA polypeptide interactions.

[00251] Methods described below may be of particular use in, for example, identifying
whether a molecule thought to be capable of interacting with a carbohydrate can actually do so,
or to identify whether a molecule unexpectedly has the capability of interacting with a
carbohydrate.

[00252] The present invention also provides methods of using arrays in accordance with the

invention, for example, to detect a particular agent in a test sample. For instance, such methods
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WO 2012/ 047941PCT/ US2011/ 054831 infected with avian viruses. Only when in
sufficiently close contact with virus that it can access the deep |ung

and/ or gawoOroivesitli nal tract receptors having unbrel | argiryusang/of483y. , | ong
a2-6 sialylated glycans) do humans becone infected. dycan Arrays [00234]
To rapidly expand the current know edge of known specific glycan-glycan

bi nding protein (GP) interactions, the Consortiumfor Functional d ycomcs
(CFG www. functional gl ycom cs.org), an international collaborative research
Lniti atn&a‘fl%om fise Q@ﬁé%'f ?B%@nﬁl:ﬁ{ﬂgadq I%Jn%ﬁy%m tbsct'sﬁlﬁpl_%?é/.gﬁ 3ith QlsHnpR
structurés that have enabled h g% t hroughput screening of GBPs tor novel

gl ycan thqughirid cepeiniahiltA pplypeptihie agd. yadetestingihs birshny ¢isay lbet imbadssal ent and
pol yvalsgrpltleg(l) %%%Pramti fs (i.e. attached to pol yacryl am de backbone), and
each array conpri §6s 264 glycans with low (10 pM and high (100 pM
concenfo253pnsyetdinthes, bindipptosarfa@s ine@chrdoan eetthatnveridpnseey be utilized, for
http://ww.functional g} ycom ¢s. org/static/ cocﬁsorti uni resour ces/resourcecore

h5. sht §KIMPIFGH Fesymip, EinghesRf dnigragiihResean RindRieen s ¥iRRe t PeXdmPlans t hat

capt ur ey RNhRAAG Gl ndiNehiin Mo Qbioihin@0th Bl G L ¥GIRIud Y L on
to the synthetic glycans, N-linked glycan mxtures derived fromdifferent
manmal oAl gbyledect Byqas agpe wathdly melseds baing tbsed: arde(Zameasuringiorgej ofAs used
her ei n; rar NP ne or nore glycans, optionally
i mobi I’Hllt'{ijrél E&éﬂ%gv %‘*’glt#%éﬁ%%l%gf%%“? aécﬁmgaﬁngglgg%négyl ments, an "array" is a

col | ec{00254pf THeykdmniss pif iaeeswtiodst abindihgapinz edthany af te rgyehnoin apatheim at two

or nore |ocations that are sically separated in space. Typically, a

o1 yoan SETPRIIT Uiragerdon L mauigl ) GEQFms gt SET cramhEy | east 24, a
| east 48loritdetrl @R FhuoR8eenPEigSBY 88 adtailltdNMoed Sakh bdWaaRdy Bt SCHef@1drasainl ons.
In general, glycan arrays in accordance with the invention may have any of

a vari éenexampieodgtermining/ahebeia prrfigudrdvnding eept s gblede SiipP Widabipecifip

bi onol . i 1 .. r . ' gi N
o or CHHRPRRRE S0 Db 0%l i SR S PR R, D
art wi lthe sSameedibabglryteappr eci at e standard array formats appropriate for

gl ycan rrays .of .the present jnventjon. [00237] |In . so enbodi.nents, gl ycan
oY oy IBESEYC JP b Ao ol FHCRnREHy P TP B A T RPCRO £ ay

f or mat secofddiit€ wan ileddvdidiyn t¥PbLdlaluiteddvel wanplplboeabiRBSN & pRAEAGELEN DY a

di stance of about 50 p to about 200 p_.or less and imobilized sanple in the

nano t @AY E¥BRDrarer Bigaample, M rabypepder 9aaeereus201 fhosassdomemdet o
pi cogr M I ARGR ALK LOBLH 1B LS ﬁgg ggf&nb ging?ﬁarfaztgﬁstﬁé(.anpl e, those

in which each cﬁscr te sanple location sca or exanple, ten u.
[ 00238]Appropsistrec hibodinehedt, $or grhmpnargr efaysiricty och ovormidno eclhinds, paraculanlyent i on

Co e S B B Y o SRR b Ep PR GRS e
T oy o et o by " Hosa o o i nary ki I
i n t he cabpdimenlp, wilizad gplbiney gxpressyindividyal dyqaas withupbrdladensiiegyedn sarae gi ve but
a few ] ial.s e i . i.n j.on
o, o SHRTBLESy AHBRRLY) FRLECHALS, WOLER TS, O ARE cabRgLNAIEY,
nmenbr anssobt&ouchrome ohniad eslacse inveinle theyoam mamtgihed armammdateditv hage oldtateded

from for exanpl e, Bio-Rad, He Henpst ead, UK. [0023 | n, sone,.

erbodi #BEEOR TR G ORI ch G GRS Eieab by S Ty USEEHT LS a et al
oxi de. eﬁlweisaﬁwc@nm{aeda&ﬁsﬁ@isﬁmhrﬂﬁllauﬁiﬁuppeuies@fa@orp@ ithdlitl de@el to, titanium

oxi de, tantal um oxide, and al um num oxi de. Exanples of such materials may
be obtained from Sigma- Al drich Conpany Ltd, Fancy Road, Poole, Dorset. BH12
4H UK In some enbodi ments, such a support is or conprises a netal
oxi de %W_A%ﬁl}sal oxi de gel is considered to provide a |large surface area
wi t hi n [@028b) eNnsame embopimentay tha pteserdind entiorodydVidesauctenc @fidstwtgch encode an

car bOh)ﬁjA Sél?lf)e(i) 185 g !:}pagacrttc%stelg grl belgl'ogically active portion of an HA polypeptide. In some

embodiments, the invention provides nucleic acids which are complementary to nucleic acids
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[ 00241] Additional or alternative support materials which may be used in
accordance with the present invention include gels, for exanple silica gels
or al um mum2orid®4gel s. Exanpl es of such materials nmay PeTaist@ines3f rom

for exanple, Merck K&GA, Darnstadt, Gernmany. [00242] In some enbodi nents,

gl ycan arrays are imobilized on a support that can resist change in size
or shape during normal use. For exanple a support may be a glass slide
coated with a conponent material suitable to be used to array glycans.

Al SO, SO GPIRORITIR p @ﬁtic@!o’% a%ﬁ&a&&%ﬁ!’c%@hﬁ)lc@ié&l’ly Q&i\%_(ﬂoktﬂjnto)f ah@1@ Ssupport.
[ 00243] As denonstrated herein, arrays in accordahce with the invention are
usef ul pbypeptile. i dentification and/or characterization of different HA

pol ypepid nd t hei i ndi characteri.stics,.ln.so nbogdi ts.. HA

ol yrontZ52E gl SR FPRRAR SR R SRR PR R Rl 1o
assess td haildic adddd ércydih@ ab HAdpdl gpeptits @l d éhatapekigyr tablygiamndy {cevgportib®oh2- 6
sialylated glycans, and particularly to |ong a2-6 sialylated g|ycans

ar r angét %P%P@Hﬂ?-eﬁrcg M5t At an gt FPETIEE2 $1P05%83 [ 00244]
| ndeed il RIGSERMPIRY&RA hQEciREME B85 AlSE@YSprither@fr folphahid @hfdeghipgans,
and optionally a2-3 S|ag%4ated glycans, that can be used to characterize HA
pol ypepPi Rk appiebenigr bepiivialipe (iaguding /frovitudybediditagnastios as primers éentrevdissy
exanpl - Bipdj pol ypeptides. In sonme enbodi nents, arrays in
accordgﬁg%HQ?@hp?ﬁgk?%;e tion contain glycans (e.g., a2-6 sialylated

gl ycan$00248H parbine umbodisnehongche @idsi cah b BN ogRN¥Aa mg) canrbeaingledmaaddda

t opol ogy. will clear to those of .ordinary skill in the art, such

b F s et rgred o SeRa e abPHI R el B e sea sy MR SRy Sush

i ncl udiiRgudehe BXATR! Ron-tdaRsEutRYMEs! i sBAkChdbdinthisUBRId: ha@ BtaBSoridhce
addition to those designed and/or prepared by researchers. [00245] In sone
enmbodi refttBe inygrtfpndpeledesonlyeatyigbnyglptidess representative of about 10% about
15% about 20% about 25% about 30% about 35% about 40% about 45% about

50% about 55% about 60% about 65% about 70% about 75% about 80%
about odibotgtP: @lout 95% or nore of the glycans (e.g., the unbrella

gl ycan jch.will often .be a2-6 sialylated glycans, particularly |ong

027 6 o oL et gl ik Rt Rl afal EaPE po RS Cul ar 'y Son
human upRedant&Rh ialigvehtibh 8ct., HA poBGRPELS Thed HHNR: AHRRNEESRpSlycibRYS | N
accordance with the invention include sone or all of the glycan structures

depi ct é8d PRy bf gisPared Oy pRY slhershbefdeshdinuss kngvwigpshasp of prginagk skilbisthe akout
10% about t 9 b % 9 40% about
45% SRest S%gg%logg%gtmégt% Sg’ﬁgﬁ{boégs-% a oEéto‘égty%@lﬁbg’g’%%ﬁ%%i/f;?g@ggrt 75%
about 86Bgra@bo uncogs¥ytedhaein bYFefereabouto0&HMphy, ambrodicotart hegredaegibg tceldl

gl ycans.. [ 00246] The present invention provides. methods. for identifying or
Ohar ac oS Rel e P RARER st LRI SR L SR uRBel s for
exanpl antilsddg RefmtinodsittiimRicicsial Steasmolian(ck) hpsOMh didegc2al®@anil thecont ai ni ng
HA pol ypeptide, (2) contacting the sanple with a glycan array conpri sing,
and ( 3PryEeEn ofigr BbiAnhenthrdidA pol ypeptide to one or nore gl ycans on the
array. [00247] Suitable sources for sanples containing HA pol ypeptides to
be contacted with glycan arrays according to the present invention include,
but ar desiitg Binding dgents in pninkbMyiglelsal sanpl es, such as bl ood, seruni pl asnm,
per | Phgg@looP! ofd TRAQNHGLEaE pe8l S HRATLPRS AL PLAAH | XIRACKL &, (ERYE PBL)
sput um urine, ces Phfoat Pswans mcder mml’ 1°e5% 3N S S, ceré%rosplna

f 1 ui ds theci@vantionke. g THAMSIyRPSS ANSIL &S ,USBY00 UTSBAIsC&S.) irdithnirmslHaes Ay om
various parts of the body such as brain, spleen, and liver. Alternatively
or addilfidorEimpn “arimet hatii inglyfes anygpived model suiplje b Ilbiengg fepege A or

pol ypepkiARS, dnltfd1ddas shibblcabenhRAvehiidl dafdbelaly nRhJIRARBAS, 3hcIGAAP! €S such as
soil, water, and flora. Yet other sanples include |aboratory sanples, for
exanpl erigfatesnlgirpiecratsddega, cond, D@1/ DWTYY SROTAUSRO.IMNBE48 Bbbid [apd ets- | ldes

desi gn . par r. r I J - ot been

1 5t od gl bR BhE A itk RERSE W e fbR S R el BV ot o
sui t ablembbditncas sayinigalHdspio hyipe pt vickd ekposdlic g irtfectigh peiantoaidmayistritiona€ e or dance
with the invention are known in the art. For exanple, HA pol ypeptides can
be detectably |l abeled (directly or indirectly) prior to or after being
contacted with the array; binding can then be detected by detection of

| ocalized | abel. In sone enbodi nents, scanni ng devices can be utilized to
exam ne particular |locations on an array. [00249] Alternatively or
additionally, binding to arrayed gl ys&ns can be neasured using, for
exanple, calorinmetric, fluorescence, or radioactive detection systens, or
ot her | abeling nethods, or other nethods that do not require labeling. In
general , fluorescent detection typically involves directly probing the




[ 00251] Met hods descri bed bel ow may be of particular use in, for exanple,
i dentifying whether a nolecul e thought to be capable of interacting with a
car bohydreibeocad7aet ual |y do so, or to identify whet her PaTsk@a0F4831
unexpectedly has the capability of interacting with a carbohydrate. [00252]
The present invention also provides nethods of using arrays in accordance
with the invention, for exanple, to detect a particular agent in a test
sanpl e. For instance, such nethods WO 2012/047941PCT/US2011/054831 nay
conpri %ﬁldﬁgl%%éntcﬁl abcbldme% Ak ttﬂerlﬁve?‘ltlgfll_&(ﬁ}?ﬂnﬁf}f A% C\Mnﬁpgmﬁoﬁ fslcGRE Sife- 9-
with a sa t hought to contain an ol ypeptid (2) detecting the
b|nd|n@unﬁvgmvnhdeﬁ@nﬁnmbhbm@@svhsampmbh®ﬁnmh@maﬁmbwﬂhpm@qa3wﬂhau further,
bi ndi n%t};[eowfg‘er ) a %ecf t% V?‘Ccorrld (r)]%rec ncurr ntr\]Ve:\it Ia \r/nelrrﬁttr %onn‘%x bln% a leI Zed for
exanpl e, t'0 detterm ne ki heti ¢s' of cnteraction betwe blndgh agent and

gl ycan acdopdanex airp e, ingitio0.d 8 niafingt hGS‘t dasicia th prictich ©f th&\pﬁm;bntdﬂvefnﬁbn can
deternlnlng |nt ra t] n klnetlcs may |ncluge st ep s of (1% contacting a

gl ycan P&IPRGUIgiCt B1h el 87 BBPIYS EepEd; St | by Yy MdBMoNg et i cs of
i nteragh apsdt é’iﬁ%@h&&ﬁs Bh REINRY hEg alY HRAthRILAY SHHI I &AUKikh, ok OB%RAl toThe
kinetics of interaction of a binding’agent with any of the glycans in an
array WHU&E@@mn&%be with the invention can be neasured by real tinme changes
in, for e, I [ ed- above.
such mtREECT e fE AP Rblst i b AR RS 0 B BB B S e
a part uaibrdra vioj cra)de ngpoage lychss @/ o2 ¢lntmk &cto Mtgmyoan§qaeﬁe fikeibeasbohydr at e
with a higher degree of binding than does. a different binding agent

i nter aéwﬂ%gn Wethﬁmfaﬁéesggﬁt@%%oﬁwﬁa%le 1 Gopgsmpiaiedihpy a i Efeta?ﬁ ﬁPéBiI%?tl ed, of
course hoéth'l"i’ég Bl &Rk és@gt'aﬁgc {A¥n %095%' \VP&HISE&’ &Smbdk1 %F&@&Q@B&ﬁed\b} h the

i nvention can be evaluated on glycan sanples or sources not present in an
array fifluenta yewsesie hufgns @uarppy e all—|A0(|'@)b 1Syierqrt 31de655-H0: ansvopaatnd berpinttly t he

I nvent Ir erec&n %houyw Sh itno tt)e oungd an e%lslea %/ Ors l’(l:ell’l\llenltll()l-[llg& Oti'no %%Sﬁlss thel r
gl ycan "By AT Hg "CHSFLEPRINE &Y gp e PE ™ TOUHES™ of

I'CS. opria I'nes I nc
exanpl édeadliy f&fetﬁm&()aha\etaym@% sﬁiﬁlﬁifﬂistr&ﬁhtlﬁﬁ bf gllyéame $n thp adfsbir@tuf}&[rdcytd th@&e
expressing HA receptors containing unbrella topol ogy glycans (e.g., at

| east &b hgmapssspwalpgyraskthan meuss dgey fofiuseang| ycans, and particularly | ong
a2-6 singkwl a%H)%g 1rﬁh'0¥1ﬂ§t@§ )mnﬂaﬁ Iﬁé)ﬂ?e L%g@ﬁﬁ“aﬁ? Bf Svarltty bi s%&ﬁlesc qlol eddnt}fsS s@éﬁor €ss

i ndi vidual glycans with unb I'a topol ogy. In sone enbodinents, utilized
cel | | iapigzl ewédeg@yéve@wbﬁoswms toefnsglsyleam@ldlels As Bdmewanbddiatedtis, cell |ines
are obt 8} teﬁglta ed(%lqgt ?ﬂe‘ 1@' Sf %erﬂe? 1L @}n%s trang i RN dlees‘)fna r V%%E ntal agfg)r&{lcto
nanlpula esiTed gl'ycan dirstritout 761 preva

sone emm&&msﬁﬁhﬁmmﬁm&&dﬁn&ﬁﬂﬁﬂﬁ%xaﬁdbﬂﬁr@ﬁkhu%kmﬁﬁV&mphﬂﬁﬁmgﬂyﬁﬁns
characteristi i an upper respjr.ator ep'the cells cleic
Aci ds Htf@elﬂs*@? avlﬂlag@ga SHESHRES Ay B theirt ‘Wﬂ’?%??fv@&@g nucl ei ¢
aci ds Whierhr BBCOTESA M RALY REBHhINYGeRfende)C NaFR EhAInhiSlibEst@dicn@ BObLal | Y
active portion of an HA pol ypeptidé. In sone enbodi nents, the invention

provi déstepiindingages| plyRaiidds inpecosdimes with thcanyention frug | BAokencaadesizgdior
2012/ 0%2%@5’%%&9%%&{&5&&%@%& &/in BRARAS:BN fb%OJd}@@%fe %o 8Luifhble

characteri'stic or ogi cally active portion pol ypept
animal host before, during or after virus transmission studies in order to determine the efficacy of

said binding agent in blocking virus binding and/or infectivity in the animal host. Using
information gathered from virus transmission studies in an animal host, one may predict the

efficacy of a binding agent in blocking virus binding and/or infectivity in a human host.

Pharmaceutical Compositions

[00262] In some embodiments, the present invention provides for pharmaceutical

compositions including binding agents in accordance with the invention (e.g., HA polypeptides,
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[ 00257] I n sone enbodi nents, the invention provides nucleic acid nol ecul es
whi ch hybridi ze to nucleic acids encoding an HA pol ypeptide or a

char act erwet2or2/m@r94bi ol ogi cal |y active portion of an HA poryyseqtiosss31 Such
nucl ei ¢ acids can be used, for exanple, as prinmers or as probes. To give
but a few exanpl es, such nucleic acids can be used as prinmers in polynerase
chain reaction (PCR), as probes for hybridization (including in situ
hybri di zati on), and/or as priners for reverse transcription-PCR (RT-PCR).

[ 00258]; sb\sSOTBAGMDPHS ABNLS) anldlf k@hi€d BGiRs. PaLxBRpIANA RN can be
singl e stranded or double-stranded. In sone enbodiments, nucleic acids in
accor damgenguigehi pohwepieent(¢-on Hﬁa}gplymtlwé n@ﬁléw@pldﬁﬁn@dmrﬁuﬂlapm’mpﬂdes
nucleot N .26EY rdan

vent EB R T gl PO RSB e PGY SRR P BT AT p s ihos
[002591mihe@p®e@ﬂ@hxm@%enmuoﬁwppoMpQﬁﬁbﬁmm&@@dmasmhﬂlmmnﬁmaghagemmmt

pol ypept.ides in acc nce with the |nvent| (e.g., HA polype es).
These MdY %éOWB?ch‘Nl r?&? lef@f%%ﬁai %mn gt bjad 89%1% ¢t %?/maﬁf) fg
Var'et%hQ%u&&ﬁﬂ@k%H&%mh&%Mﬂa&Qm&B@@%ﬁHhxﬁh@hﬁ@ﬁy skill in the art (e g.

see Harl ow and Lane, 1988, Antibodies: A Laboratory Manual, Cold Spring
Har bor (@63} atBﬁyﬂanh@@ﬁng@rf@ta@QS Weatap %ynfh@fl@rlef@é@)ns bmﬁrr@xarq@pe of

antib Oghc%s acgﬁtlcglF 1% 0%910 ¥g1 a cJ)rdgﬁ’!sler\JH{heth& ?1({7@1% 501{198 B' Ehe
generatlo nonoc I'es, or via trans |on 0 ody genes
into S@hhﬂhbﬁﬂbﬂ&bﬁ@bﬂho@ﬁnﬂﬁﬂﬂ&hbﬁWﬁhﬂkﬁnhﬂﬁ&ﬁa&hﬂn@Mdﬁkdt@a&M@@M/for t he

producti an. of . reconbi na ant | hodi es. . Testing Bi ndj ents_in Aninmal
bdel < RGBT TRRSpPEBIEAE o HUBHRONpr Sy 1B eumhBrhBHEeASr LRIt g bindi ng
agent s chiki®e&o $aREEerMet forh B idfR¥SAth R drfinGhe suﬁﬁclpl@ U}éﬁﬁpﬁﬂgdﬁ§ or loRAS,
USBAs, UTSBAs, etc. ? in an animal host. As used herein, an "animal host"

i ncl ude¥maiegs sammenlymsesiated iiita Biflaenzgrinfepion, dp seme ewbedimrnts fthe subjeshis| e,

ani mal Qe S, @éﬂe%@dodogawﬁeemg ss@m%é HhUERA Bfts AV RITHR ﬁﬂenlf'soﬁtsl?mect
including primtes, ferrets cows, horses, ents suc

m ce, haemmtidesd ta dxdvis¢eptibanad am atfh:lenzlannfsanm 1éﬁb@dlvjmﬁn$ ]snovanoramhmki tdnost used
for the invention is ferret articular an
ool TS S RapL R Be TR b iR Ron Sps SR oM AR rieE at i on
of a VhRBBDAHIERETHIIBROMEA 0RdBi8 thechiubidiinas BGRNA cha@GaG dldice Wi th the
invention (optionally in a conposition in accordance with the invention).

| n somBrBEs MO spReclan thkave pegt infested gt tha indlengarirus prd/ec 88 with, or
ot her wi I of a
b1 i G S5t e BeadGRHonRIbAof fFfich BMELELERKGE NRIT DL SOEBLLPR O1 8
practi pevelfent he present invention can be innoculated with, infected mnth

or oth ] xposed to..virus known

erbodi OHeI FARSRE SabSbebt e 8 WisThialRde SEN PP iulhis e i o,
exposedrd ©swd fod antibdtifed Dasialiny agérﬁﬁ%@tﬂ;&orﬂthcs QiR 1RNPOEHTTR DS (0adSiig abl e

ani mal host nay have a simlar distribution of unbrella vs. cone topol ogy
gl ycané‘ft‘érr?dlﬂl%?ls%aélo@ of Phrrarseujisal cgmposjtigfsyip asrordage wih diespysnggri BrsomSund i n
the hurBRAiGRAIS" &bRIK Ha(zﬁ%ouch':a‘ﬁ'hb%@s”&% Hot ddhlhl%e&ggh%lﬁpdlc@l}tﬁ% éoll]rﬂ;os@ioﬁser ret
as an ani mal host Tay b re representative than a nouse when used as
nmodel @bm@nsaabmdmaus@dsbvwcmﬂmuemu@uh¢nwg®smlﬁnhmnmﬂshﬁmmﬁpewnet al .

2007, SCIr%nCa e gose 0 6I§ar utlczrﬁcc%{n%o ifl })ne gn errb?I enf 1fs SLEASE l))asecy\(')t hOUt
mnshlngp? SPiEC PO PERYF eorles the" present %Q% I'dn-encorpasses the

i dea t Matecti@r(oetask tayohafeue amibedisd. m | ar di stribution of glycans in the

respiratory tract to se in the human respiratory tract than nouse does
to huni@ venangs 8@?%%&%51 S&ieéaora?ﬁ %%ﬂr%wizayulﬁsscté%retaeaf%?nt AW a variety

of st ugiRing d5ht %8RBG orSTeE RarRi sl ol TRAE LSy HBN RS EDe§iflen Yorr US
transnlsS|on studies as in known in the art. It is contenplated that the
use of aflimmisstagon.ns wiemyyalizednfopexagipbningt wdites plrmtyd seelgetrenic sforagt fabl e

predic sni ) si on
01 “vi r AfV208F T (et e LTS i G TRORon iy R el IRRRET] T
is knowwwd@mﬁamoﬁ@knﬁﬁuﬂ@eym@bmabfmﬂﬁ&ﬁﬂyﬁ&ﬂkence 315; 655-59; incorporated
herein by reference). Virus transm ssion studies may be used to test

bi ndi ng agent pol ypeptides in accordance with the invention (e.g., HA

pol ypepti des). For exanple, binding agents in accordance with the invention
may be adm nistered to a suitable animal host before, during or after virus
transm ssion studies in order to determ ne the efficacy of said binding
agent in blocking virus binding and/ ®9 infectivity in the ani mal host.
Using information gathered fromvirus transm ssion studies in an ani nal
host, one may predict the efficacy of a binding agent in blocking virus
b|nd|ng and/or |nfect|V|ty |n a hunan host Pharnaceutical Conposi tions

F A/ o R T oy M L Y r



WD 2012/ 047941PCT/ US2011/ 054831 LSBAs, UTBAs, UTBSAs, etc.) and/or rel ated
entities. For exanple, in sone enbodi nents, binding agent pol ypeptide(s)
(e.qg., HAvpabpepuiides), nucl eic acids encodi ng such polPgpastedesssst
characteristic or biologically active fragnments of such pol ypepti des or
nucl eic acids, antibodies that bind to and/or conpete with such

pol ypeptides or fragnents, small nolecules that interact wwth or conpete
wi th such pol ypeptides or with glycans that bind to them etc. are included
i n phargpegpt 'mlln&&ﬂpﬁ%&hﬁgﬁeé Re AGERTAFIRRNM hRGHR HyQMﬁﬁ‘ﬁlét%on [,P0263]
The invention enconpasses treatnent of influenza infecfions

adm ni sbmaeundn d@fcrlbubhﬁr@haImmm@éim@mmeentenmfsnﬁlwna@m@cdanﬁcetcvndtﬂg t he
:Mn;/ﬁn: Ihg&lf Ill)resergstll%vneng (I)ne R él comnn'éthss{lecptb C{Trr‘(lilmés1 ;[%tﬁ Caoef (231tvac OSIerflj ) r]ate Taitﬁ'ou Heor dance
suscepkigalfRatitacasmplishind@Rhavd et e efalom the ﬂemeentmdﬂmﬁ saccalesumreist is
considered_ to be suffering froman influenza pfectjon in the sqgject i's
di spl ay? oy [ SARST THBIOYCBYHpt O CEPBYINY CRBLSIICHY MG AP fIR

i nfect iy@thts Inhc&RIFE FRAATRRESiont(DE., ?Hpj)(ﬁ%eplﬁeskleMﬂs anTiD&S, emeshd echave
been exposed to the influenza virus. In some enbodinments, a subject i's
consi denégartionlivdy suspepte ihding agears thavbindetn zanbicibatydaon(eid aheliskddj ect is

known or | ved to, have been, exposed t nf | enza virus. In sone

Srooni Hrata s Gk RS e BRegers Ul S At Doan expaset t o t e

i nfl uengees] r Us &ile bit@ns eRIEAE, Mesmphes Qeﬂe?at@@z{&ﬁﬁ@ﬁ spitria rot diersndiryindual s

known or suspected to have been |nFected with the influenza virus and/or if

t he subjp bemansdapy edngelllaenbasp suesatsiul dug at trasitin oprtitg laphingthunagenigien oS

i nfecti i r \Y i ments,
HAL. 1 ﬁ folé? %\@r ?1 Vaéﬂl?éjcgmctetd%t 91% 1\?1 s%laﬁ'p\%/ S Jhgglgfé #}F éi(r;htnlﬁggﬁay tﬁglig%g

subj ects su rom or susceptlb e to Influenza i n-are tested
f or antlidodhed i wothitinetihich agegh © guaraa@e(prcflemmne fauint infdchien.i Fuertman, thei or to,

during,, or after_ admnistration o armpceuti cal conpositions in

sccor avEe e RetpoRron morp LRGSRy SOEE BT LSty such
ant i bogliiRg vaue oNgitigadhi Ri 19t 8h&dhN hafhBRALEL fdthe 6RFPOHeCbRARHNGOMBARAISI NG

bi ndi ng agents in accordance with the invention. In sone enbodi nents, an

appr opificazagas va¢cipsHdisraeed - c H100e §riFe i Medb a>Eh it b incineertethheagiahy i s
sel ect ‘?&e%f)}c%zdo%r %hf%g é\%%ﬁf?&r C?J &%&n%ﬁh‘%%&?{&t H2fva Hﬁé‘é L&tth %ﬂl?s [ 00265]
In sone e I ment s, ectl on arti cul ar SU J ect or treatnent,
parti cuimemunbgendi (B@S&gemal OZO%OIHIUETSH 86’() oS 70 iIncagpoiatddshiareit bp mfelamb’) ol

t | dos d t f |
P Bt s B TS T BB b S i (R s B el o™

accor dangeswitddiest(be, fdweanhple rEﬂmynkbeoesd Stidh & emge@bd@iﬂc@fpomea{eraﬁ ber
devel opnent of one or tons of influenza infection.

2012/ 047 ownEriyiensee mlbsweff ﬂ%ﬁz@?ie &> HAavspieino indéorce ﬁf}ae@éggher eat ment of
infl Ue%ﬂmhﬁ%‘ﬁfcﬁﬂyoﬁ‘v&@é M o3 e’ @iHoAI G, GRTRANRES 1sq{%1?%v'e@?9g hﬁsﬁké‘of I'n

sone enbodi nments; treat nt of influenza 'nfections according to t
presen@GMhmenﬁswmoneea&vdwmmﬁsmednbymaddwnms$m&uhaw-@k a vacci ne. To dat e,

Ith Loni fi cant | t of
o 1 vetzob B dn B REFETRS FOBRNT IR e Svistinkt S or eeent

i nvent iaaﬂmrpsrtﬁmmdeﬁthv@c\ebae@ t6 @Mp#iaf Isﬂﬂgedﬁl nﬂgoﬁ@ e@gﬁ)ﬂhﬁeﬂtsﬂvaﬁﬁﬁﬁ dlence W| th
the invention (e ypepti des etc.),

parti cﬁP@PWI%ﬁﬁWWH@OI& ‘Pfd’f“?f@ Oéaerf%owﬁatﬂbinﬁmat?ddﬂm? é? lavega“%%@ (e g.,
a2-6 | ke dNRkehk ex&hﬂ&egﬁlc%hdeéotwfs QIm@@)rHi‘ﬁcﬁm A%éﬂgmaa%c&daﬁicewn!h%@d

gl ycans). [00268] To give but one exanple, attenp enerate vacci nes
speci f ilvefiagn etge H&Sml}’m}ﬁ@ﬁﬁ hS@MuHEB§ShEWBS@emé¢ }al(4)y1un1@tc dosegnceding essf ul

due, a ast in PALL gt ni c one st ud a
vacci nﬁé’mé‘e fiieplcpoliPepide %N%‘%s%’ ks Cﬁ"“%“e’i““c “AEO% BodY R‘“?%“r s of

1: 40, wkireff, G3DNOY vatdrittia endudghbiadiay ghent polgp@tﬂﬁﬁrﬁz&:cﬁﬂ‘d@ﬁ@&izﬁlﬂﬂheﬁrNBfmlon

i nfection._ Further t he dosage required to generate even a dest 1:40
ant i bod§&t Ferely RGO 65 BARATHE B BY IBPgﬁaﬁY PILI PRTIORdRErSAt dRUgF (Ghnt i gen) was
12-times that nornally used in the case of the commopn seasonal influenza
virus vaccine (Treanor et al., 2006, N Eng J Med, 354:1343; incorporated
herein by reference). Other studies have simlarly shown that current H5
vacci nes are not highly imunogenic (Bresson et al., 2006, Lancet,

367:1657; incorporated herein by reference). In sonme enbodi nents, vaccines
in accordance with the invention are fornulated utilizing one or nore
strategies (see, for exanple, Enserirmo, 2005, Science, 309:996;

i ncorporated herein by reference) intended to all ow use of | ower dose of H5
HA protein, and/or to achieve higher immunogenicity. For exanple, in some
enbodlnents nultlvalency |s |nproved (e g., V|a use of dendrlners) |n

o N Y L o o o oy F A/ o



[ 00270] Thus, in some enbodi nents, the present invention provides

i nactivated flu vaccines. In sone enbodi nents, inactivated flu vaccines
conpri se woeofosrmmee types of antigen preparation: i naeCrusted/ opssl e
virus, sub-virions where purified virus particles are disrupted with
detergents or other reagents to solubilize the lipid envelope ("split”
vaccine) or purified HA pol ypeptide ("subunit" vaccine). In sone

enbodi ments, virus can be inactivated by treatnment with formal dehyde,

bet a- PR QL ALABR, (R LRERplc BLNEExpMstile BRL 6F 9E8RLnARNCHp AR intERNu&as Cety!
trimethy annDnlun1bron1d% (CTAB) and™Triton N101, sodi um deoxychol ate and
tri (n-botigdny. phosphate. Inactivation can occur after or prior to

clarifi hon Qf all ant Qi Juid (fromyvirus.produced in. e .the virions
S IR L R e S e S T e SR G
Text bodk s@he ¢mibddioms,indBliagkdel badbiice ne@pridvhind @nthrddiypdsnt ang@hat ed herei n
by reference). To assess the potency of the vaccine, the single r%q%ﬁ{

i muno@FPREEPEHNFeEREd paglke iy spirviiey W(hgf@mur@e yirgy particreszase digfypfe I d
Heal t h gQeARRks or sfheAagBisdo 28@bdike tﬂy‘?%)ﬁcpé’MV@fopé’-t“-spliti 94Rine) or fArdied M crobi ol .,
2:531; both of which are incorporated herein by reference). [00271] The

pr esentPolypemidei(Gubenis oapria)i desond qrabodamentss yaueennfeunycsigaticd by tregmgniret hods
for at ' I - i nt | i t uation
o achrinadRiBhs W o AlBn QukP BB iy B ARAE AT TRER SRk BT

nmut agemésaethyl nd@nidh bromisleo KET ABhaed Tiewoh N1 0l rdolinendaxydholise el tridsButyh

vacci nes i rown.in eqgs, for._exanple, jn_.enbryaonated hen S,. i n which
case { REOWEH e TR fial 6 dgeui €S F BRrah clRAER G AR e st For Topres”

addi ti @Rlubas in'e@%§)%@ ZRionb hdSsdTRYd AR Sgitied 8¢ cédiafeain etHRGnUBLNGds. i ssue
culture tOggFOM/ he virus. Suitable cell substrates for grow ng the virus

i ncl udé?9%. dextésadimilleTuetey Blachwel) Seisnges Malder, Mid\; pmsopposziediedreia by pefaicacad! one
of MDCiy, MAKq LI | gelbhsin : fﬁ@yh i hgl udi ng
Ver o celf%, c&%?é?géﬁggﬁ%%%??%ﬁxgekggqégggont|ﬁﬁgﬂgggg I F%g%+§%g%$ cells,
BK- 21 ¢&dhiilg er @\-197T ehudlls Wooki Feaayrh dlrper., 52adirdl) &33! Mdsyopeersali t@tl & for the
production of jnflyuenz i rus. (includin er air epithelial cells) for
Daccr n Bubebiel PSPy STt e rrBiin &Y RS cen (g, CoATEL
Rockvi [60271 M. Dhe pRtchiablties biso prsdel b€ Sttahsdifcldeiged) bitBRe®Bdd Hr such as
MRC-5 cells. Suitable cell substrates are not limted to cell lines; for
exanpl étgpintien gre dwllikgowp dmthgarte hp soemenabastiments.iagewistian tssichieeedtheyeh el uded.
[00273]d by SR £ADRAT ARRGSsitV@RLlBGRuhdin@GEOr dance wi th the invention
further conprise one or nore adjuvants.” For exanple, alumnumsalts (Bayl or
et al. [0@230R, Wacwtpmpodife8tSnflWdz2 Oikey d ¥e4ih PETiIS20dro e 54.88%, foncor por at ed
herein by ref.erence) and nonopho oryl lipid A L;..Ribi et _al., 1986,
rnof SUYIEG CPRhAER A heser Byttt oF S LS TALT Wi B 8t publ

Cor p. , AW¥érnafivélQ i addi€aapQriatl@shzh €ihe Mapye degived by eathdiausupadaas

adj uvants in human vaccines. Alternatively or additionally, new conpounds
are currFEHE [321B8] thy Vs regals calbifupanesior Bronipmfc YEETIRRES, [QUERmRY #59
(Chir 0@1&9{/ Bells such as MDCK or cells from a clone of MDCK, MDCK-like cells, monkey kidne
http://wwi. chiron. conlinvestors/ pressrel eases/ 2005/ 051028. ht m ), CPé 7909

( Cooperceléstsugh as AGYOR celivandiidiag Ver @3 ultingd opigwtial astls hegaaiinudyy celétinesence) ,
and sa Ln a ochi kyan et al... 2006, Vaccipe,, 24:2275;
incorp%§g¥gahh§$§$ﬁm ?Qﬁiéé%gagé?p’t ﬁf?%?m%%%V?ﬁ%ﬁgﬁngﬁ%gﬁ%h%djuvants are
known iprodubigorasftinfl@nenhianaénctudéng uppenagesyi epithgliabéelisnfdr verirg puggsed)es, such
as pol y[di (carboxyl at ophenoxy) phosphazene PCCP; Payne et al., 1998,

Vacci n&adig 2gpiablerieg ffama?r&f_)( BYES e By %rTQ]Ce &@%Vé‘}?’ M%i- e8Pl (Cao et

al ., 199%%ra¥a6Rdb NR1udd QudS cellsREH RAVIRTES RN Lty cdielBliBRG &t ndhiRfikd

copol ymer P1205 (CRL1005; Katz et al., 2000, Vaccine,. 18:2177;

i ncor por etldenchidpeeyaniple prachary enldseduch pnehaelea gribryoirphlags anglsaiincdudst. al . |

1990, kne, .8 347: .i or.at.ed :herej cefer. ) et hyl

ot hac AP E. (AR e hFEhRolRLAs MG RngY Wity FOGEn 18 BRI

i ncor ponabedotedpivantby Forefkamee dhmifudOTs | Bdylorso ak, 20D o drial X):S18;
conpositions in accordance with the invention, e.g., conpositions of

bi ndi ng agents, do not include adjuvants (e.g., provided conpositions are
essentially free of adjuvants). In sonme enbodi nents, conpositions in
accordance with the invention do not include an alum adjuvant (e.g.,

provi ded conpositions are essentially free of alun). [00276] In addition to
vacci nes, the present invention provigdes other therapeutic conpositions
useful in the treatment of viral infections. In sone enbodi ments, treatnent
is acconplished by adm nistration of an agent that interferes with
expression or activity of an HA pol ypeptide. [00277] In sone enbodi nents,

oy S - . o "



[00278] I n sone enbodi nents, any of the vaccines described herein offer
broad cross-protection against different varieties of influenza viruses.
For exanpWwe,20izn4gmme enbodi nments, vacci nes descri bed hePeirusedfi®s4831
cross-protection agai nst both avian and human-adapted H5 viruses. |In sone
enbodi nents, any of the vaccines described herein offer cross-protection
agai nst any H5 influenza virus strain or variant. In sonme enbodi nents, any
of the vacci nes described herein offer cross-protection against any H2

i nfl Uer‘r?c%rﬁdra&é’c?he?&h%‘yG‘et@fené’@}rah@i}fono Hbs PRI 1 %‘I@qu”k%l e@Bly 1@§6t he vacci nes
descri bed herein offér cross-protection agai nst any Hi, H4, H5, H6,
H7, H8IMHQHOlPﬁJOﬂﬂMWMﬂPH@Fﬂ@H&«ﬂOgMZBaCHmBZ Eigtotaal®, Phﬁmm@n]zlanm J¥Ystrain or
vari ant 40[70191(2:07 gl)rateﬁ HERICHA refere cepcaarn e%%é‘l as a% uvi IR tir;[u;novrglc\/\ljnlesl i ncl ude a
therapé)utlc agrg PN addition to one or e/ Ract | ve agents such as a
steril exltetnaacz@;rpaﬁddj)dl@auga,rrremecrompoahdsd;rmg;rrdnuy beiag tdstediak adjut mts @th@fiahe
water, saline, buffered saline, or dextrose solution. Alternatively or

addi ti oA, sughas M@ﬁ%&%@lf% TBan contain any of a variety of additives,
such agupyRR. b&%nsoonphtfvés%@/pre@&@tewew@@/(65@1098 hirY EFS79@TRBp&RC ds. etc.),
or preservatives. [00280] In some embodinents, the therapeutic agent

pr esent200h Vazcgher2ﬁ®3éé@tlnmoretedrb@@tnthwaeremce)eeltstsdlamies wighrpstie2li nvent i on
will c e [ erein. In some
enbodi ?rdéﬁ(%&ﬁky% ﬁar’rzrgdé:%%l ng%)zﬁ%b?%sll tlgarw]&?%ﬁ%rgggo glkr%geeﬁc ith the invention
cont ai 80254Di ndddt@orage,rsbn(eadgwantamrelﬁﬁowﬂhrymeprtltdemhaht?ﬁhe ihihBAogcIEBBAf et c. )

that binds to unbrell | ycan a or.to t opol ogy gl ycan
i i )RS BHEN GG S e BB O B s BL PP PG Lo PO Ceclar t h t he

i nvent ij90g 118, §HE 6N in@d)lleratd’d%réiﬁ by Rif@t n%@ﬂ@ﬂér@n-(yQCge et A, 1992*"%6(“%

pol ypepti des, et’c. ) that do not bind to u

rella-to ycans. |n sone
B BN b Eors o A it e oecck bivgb 7RG 140k HMNCReet H-2AD)
i nventi n f an
R O G e R i
gl ycanYac{ifQ I834]/; tnno@mdMMdbyrEMrencea apcﬂmolrymcenyt memhcrgkatqi@MMAon will
i ncl ude, a .t her ap i ent t enca ated, tra , or bound wi thin
211 o dofutn GEr PR of A0ER sab B PTBRBRES P fIER or *bi odegr adabl e
mat ri X [00275Pt hakoit 6mBpdmeh©| @mpoiBordihac OAdAdd R/ (hSA0dnt@54831 [ 00282] In
sone enbodi nents, a provided pharmaceutical conposition will 1nclude a
bi ndi ngompesions @f BindingReeyss, poInphEskre adiuy A SUPEN IdYFSBROSIEPR. 9 t hat i s
not ag | &, 0 % 5%
s B G R R L L S
in an aggnegedenotI@ORB3) alum sdjmeant (o dprreideconapasitiows ae @ssghaallydeeutfi cal
conpositign will include a binding agent (e.g., an HA polypeptide, LSBA,
UTBA, A, etc.) that is not denatured. For exarrpl e, in sonme enbodinents,
| ess t 1g0278P0 13%idifi% tolfeind) the I:QéseﬁtQ%renh&Sn groyidee b@bt thefaptusizhempogfiodshe
UTSBA adm nistered is denatured. [00284] I n sone enbodi nents, a provided
phar mad&iitlip A Eahmpas of YisH infestionsn S9ae eanhod RNty UsiBispt if acgmplighediy
pol ypeﬁgﬁﬁﬁstrati%éf %tbﬂ%re@%h)e }@%ﬁoﬂ&a@@\;lt}) Sapti N Eolyﬁﬁfﬂd@xa”pl e, In
sone enbodi ments, less than 1% 2% 10% 20% “or 30% ry wei ght or
nunber [00%77t hdnigTsBAmhodinenist e préséns ifvaaiar mev1d§m@85§ceuwaémp®mmdl ment s,

phar rraceutl cal G rr805| t| pOs |r[ aceo dance vg nyention,are fornmul at ed
Gomptisifie angibodies o otherzagents reld tot})rO\ade des SLCXarlp le. the
to reduce’i r’m%no eni ¢l 't provi or “ex rrpl €, In sone

enbodi nBrhSon @oplﬁes«tdﬂ@d)smoﬁdd:mmgg aﬁtlboeleaseeegmaet ﬁﬁls\/paftitle(seogamlﬂg}u nd to)

an agent, such as poI t hyl en ycol and/or. carboxynet hyl cel |l ul ose, that
masks PRgic ty te qfeg), ﬁn%ﬁﬁo ISRERbEF Fghpigd S'é"ﬁ?@&i’c%dc%%a‘ﬂ%ﬁcéﬁ%t has
addi ti eqnah aghlyc@ae Xél@-géc{ﬂ@ncte@ BbmpIeRERES, tb A NQEERICE ibich t&%&@&d for RNAI),

Phar maceuti cal conpositions of the present invention may be admi nistered

ei t her gébtcemﬁeth@ircomet@éhtdm@ng sntlpiredepone sopll moteasulss hreglytmen@peuﬂamc agents

i ncl udi I e S

conbi na? ggetg%et%?qan ’J{‘&np ﬁlﬁd& Bel ‘(g}eog ?Oﬁ}@%ﬁﬁm{%ﬂgé Hj[(‘gf“u%e?algﬁlesr% S rrust be

adm ni stmbbdicheats, ¢dilectsaref ﬂiﬂfé&nﬂﬁgefncsr hauligd diderfodtrudelrésves ytilizegelheime al t hough
these nethods of delivery are within the scope of the invention. In
general, each agent will be adm nistered at a dose and on a tine schedul e
determ ned for that agent. Additionally, the invention enconpasses the
delivery of pharnmaceutical conpositions in accordance with the invention in
conbination with agents that may inprove their bioavailability, reduce or
nodi fy their nmetabolism inhibit thei92 excretion, or nodify their
distribution within the body. Al though the pharnaceutical conpositions of
the present invention can be used for treatnment of any subject (e.g., any
ani mal ) |n need t her eof they are rmst pref erably used |n the treat rrent of

_,J__.,;__,_‘._ o "



and/ or binding agents are adm nistered in conbination with one or nore of
an anti-viral agent (e.g., Gseltamvir [TAMFLU(r)], Zanamavir [RELEZA(r)],
etc.) andwonor/sigli dase. [00287] Pharnmaceuti cal conposiPCiransgoiofs4she
present invention can be adm nistered by a variety of routes, including
oral, intravenous, intranuscular, intra-arterial, subcutaneous,
intraventricular, transdermal, interdermal, rectal, intravagi nal
intraperitoneal, topical (as by powders, ointnents, creans, or drops),
mucosal.mph@sfhes tlﬂglcaﬁ@dti’c c@ﬂltpggiédms C%H‘?hb@&’%r :mdY miultivafthal Qééﬂ%@lln igsdillation,
bronchial instiilation, and/or inhalation; and/or as an oral spray, nasal
spray, cahddiorengeragsoént cpmpyamergnt admeinisogionsghprtypficaswoswaesuspicion of
adnini%gn%hkon wi || depend upon a variety of factors including the nature
of the a%en{'(e.g., its stability in the environnment of the

gast r oi[@029871 i Malsoine agbddimche, agndite vancinds debaiheaheehit of (@ bgpad cvdiet her t he
patient is able to tolerate oral. adm nistration), esc, [ 00288] At present
the or &MO'GHIORA8UDSt éH?eévlt ST S5 BIUFRAMEUISE: §Or PRI HafORS SHedienithst
comDNkYcdire dedcPibdehdr¥igloffth&baPguict GorrQantksbdth haGt hna fitndnbRlapags and
respiratory system However, the invention enconpasses the delivery of the
phar maaeutosc il sasrprgraidimnaents, any elcibe veksinee desictibed hvecin pllendrpssrpritpctaamy

appr opr,j i i . C i der at | i d i sci ences
o P e b T B i R e, e B ke P e o
aer 0soldegebed/aryin obipeioseprateplia @ainktyanyfHparlhend edrus $truis onerianbddksomat s,

such preparati ons have a nean particle. size of about. 1, about out 3,
about " HTDRAHSEm g i e InaT e b BB s on A Ao et 11,
about 1R, Har HaPItHA BISTHO! ANG,-H 111NHS 081 £ TAdHIR M- $11 6RAMRALAYVIHARGafQr

i nhal ed or aerosol delivery are formul ated as a dry powder. In sone
enbodi e, preparations for inhaled or aerosol delivery are fornul ated as

a wet E{@@?f ’ tlhgéneer‘&‘la Fmb b Qoingfiéiﬁ'&l \Qﬁlf A 1ude %%tega&)&gic Eflin alldliSPTE

enbodi ent s, wettihg agent 1s selected fromt oup consi sting of
wat er, tsahd srgnorolinaotivvergehts quihchs afstqpihy Siwbmgittdd cqtikr ih@0@8Q]buk notd omieed

enbodi nents, conpositio in accordance wi.th t i nvention,are adnjnistered
e o ops B FThadiar B e el SIS M dSishBlEep i lSdhe my
conpr i $empodisl @hicbitadfanglo@RSari@y Of addiivkOGuchlasdfabilizerObuflerd @xciprehis €t C. )
[00291] In sone enbodi nents, conpositions in accordance with the invention
are adhf-&i SHearedMingidpds # b Of PIESAVMVetel i vers a netered dosage of

ConMposird ( i:ndi : ¢ 831
002021 B8 o o b R RSP RR e .
conposiit a@nsladeseith the dnvvetien will srokivde cmhor morvduddiag dgwnisceslesuibbhd bgeinhose

described in U S. Pat. No. 4,886,499 LS. Pat.. No. 90, 52 U .S. Pat.
o 5, 3ot bt it i Stgsiofind@pighBigth 3R Raun conging P
No. 5, Bilind3Bente.., aPBA pdNOpeptidd 4 5BIQGITBA SITSBA , erMNpthabbiAdsitoGbrdlal |  of
whi ch are_ incorporated herein by reference)., Intradermal_ conpgsitions nmay

al so béoreingyshxray @ad/pyogaRhrelisiopplipenelyran inipy. & saRg ugh cpbrdmeais; B

! ength. P@sit’f@ﬁﬁ'a_@cdrﬁﬁn@e R 18k PentiSH %u@§taﬂtfh@l§@re@ &F Feﬁzit&?ggeh@ (é’g? 9f 34850,

i ncorporated herein by reference, and functional equivalents thereof. Al so
sui t ablteA pelgpgptitled, pjco ¢hdt dn ndehing ssumiprilddhtogelogy glychisqn somagshnes to t he
derm s e}/n. g‘d"’ra‘nelnés Lﬂagml;lceehti(i: r1] & Cté)srtio%lé iy ic%or nceeevg Itheth\é\/(i]riw%hti riceorn AT &O?%O?t ratum
corneum and produces a jé} wht Sh e attied “fihe et i 87738 injection devices
ar e destoanidoed 40ar 3@%a200h.e1 09 5K, Sr 1 Radf.anNgent Shad 8hdsS BlEA We&ptoPatycaiNmther
5’599’302’HE£S' Pat. No. 5,334,144, U S. Pat. No. 5,993,412, U S. Pat. No.
5, 649, $pp umbrdla ipplogy\glycagss69 189, U.S. Pat. No. 5,704,911, U.S. Pat. No.
35, 383, ?@SIB- In sbRk emb@dinén@,ggph?a%ﬁacehkiél cbia ositm-wiﬁyif}@@dezazlgerahéﬁc ab&lt- No.
5,339,163, U S Pat. No. 5,312,335, U S Pat. No. 5,503,627, U S Pat. No.
5, 064, 418 is daocsulpged, raped,Hr bomdegohin @ligid wsicle, Nbioanaibbl, ap8/er bige@npadle  No.
4, 790, . - : Pat. No. 4,940,460, WO 97/ 37705,
and VC§§$?3§%§¥m¥%FFI%$ﬁﬁﬁFgﬁ%5§§Q?%%%§%orated herein by reference). Al so
suitable are ballistic powder/particle delivery devices which use
conpressed gas to accel erate vaccine in powder formthrough the outer

| ayers of the skin to the derms. Additionally, conventional syringes may
be used in the classical nmantoux nmethod of intradernal adm nistration.

[ 00293] General considerations in the formulati on and manuf act ure of
pharmaceutical agents may be found, for exanple, in Rem ngton's

Phar maceutical Sciences, 19th ed., Massk Publishing Co., Easton, PA, 1995;
i ncorporated herein by reference. [00294] Pharmaceutical conpositions in
accordance with the invention may be adm nistered in any dose appropriate
to achieve a desired outcone. In sone enbodi nents, the desired outcone is
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phar maceuti cal conpositions in accordance with the invention are fornul ated
to adm nister a dose of binding agent effective to saturate at |east 10%
at | east wbup12am744e@ast 20% at | east 25% at | east 30% pat/use@sinsd50, at

| east 40% at |east 45% at |east 50% at |east 55% at |east 60% at |east
65% at |least 70% at least 75% at |least 80% at |east 85% at |east 90%
at least 91% at |east 92% at |east 93% at |east 94% at |east 95% at

| east 96% at |east 97% at |east 98% at |east 99% or nore HA binding

sites (6p282) HAsbE @InBleﬁfeht% Sa ﬁ%&fd@dl ?ﬁﬂ&aé@ﬁﬁ&ﬁ'abfﬁ Ss@t@&l @Wln&hb@@ﬂﬁhln@r esent
in the subject (e.g., in the respira tract of the subject) receiving

t he coﬁg@%(¢£omlHﬁQ@QBﬁPU¢mLéBﬁ@[@ﬁ%b@ﬂﬁﬁﬁt§himhanhmﬁ@@@®€@hiCBHpOS|t|ons
in accorda ce mnth t invent i r r4p a_uni,t dose of
e S A et AL 1 el

enbodlmamba;opmabnﬁn@u@mﬁaipcampﬁ&mu@gn%mbn accordance with the invention
are ad ered in pl e doses. sone odi nent s, rmaceutj ca
conposﬂ‘ﬁéﬁt il Sa@es&gafﬁiaénw 4 oy Ked Ptﬂt@ﬁ‘fqua @P@P%W%W%Il@&ééﬁtwnﬁwgu ple
doses/ daynt (4.0, SPAR RIRRAIIENEBA, DhaATROSHA Cal) RAPASIdhARSd] Ro@ccor dance
with the |nvent|on are adm ni stered according to a continuous dosi ng

r egi menxamplehnserae cmhedimghp dets tmelo nddt, Ahdlég@0fre pi s, yf dry exeseht hian

t her ap t eriods of therapeutic dosing. In
sone eﬁg&%&‘gﬂigﬁﬂ}%ﬂ\%%%gﬁﬁg%g?h%%ﬁgdglt|ons in accordance with the

i nvent i[@284} e Tadoina bmbaaheﬂntaca:pmmda@ph@mawunaﬂebmpbstuecm willoaclnge & bigdimen,

such that the s und one i od of. han

* her apdii .ot B TONREPs5s BaD DL én (o et Doty Tors irmsip el 8B ng.

Di agnosd idnsd éﬂltoalmw@?f&&}haﬁh% RVESeNt 0vN YRt bR H\G- ¢ §Sicki brsnubi¥er, det ecting
blndlngﬁagents ., HA polypeptldes LSBAs UTBAS, SBAs, etc), and

partic T$ipp @FE%@P%@IBWWdPng agent s mnth particul ar glycan binding
char ac [ d
chr sy o U5 Sy U AR AL
i ncl udlaregforrmuatedltrt retigw 1trmd1nbg;cn1¢)tycufqu0\3@rquahg$gmts per expingla fin ginood

ocas cPRPUAE bR bEP e B s BT b pr GEBAR R EeH B Vi ool

smears po@@&y&ﬁﬂ@iyﬁ@l,anﬁ,@@ CarBByin £I88 celaﬂl@bet thetSH&%s ft§ ﬁﬂmu@dgeauﬁy pRIdofeof the
body such as brain, spleen, and liver, The present invention also provides

kits f&mbgdimsatsi %@romdﬁ@ PW&l%g’éﬁlttéla% eddgﬂonal-aly%vlylt;@t)thaacéuceﬁ SBAs, UTBAs,
UTSBAsmng&ﬁgﬁg%ntnterest in environnmental sanples, WO

2012/ 047941PCT/ US2011/ 054831 i ncl uding, but not limted to, soil, water,
and f 1 (o861 tﬂmmmpﬂicaéwdmitMVef tho presgr mvehSeredayrby adhistepel fatblpt i cabl e.

[ 00299], 1 n sone enbadi nent s the i nvent i r Qvi i.ts

et ect PIfE° BRTSOrYRBReT S50 B obBSe Tt Bl dl NnBrnd Ak Tleuli

pol ypephidies aad/er £itibodig BgeRtcsmb[HAASOR]th >t is adEinehddb iRplyShat kid ehd

accordance wth the invention may include one or nore a%cnts t hat

speci f Mgt pgadppisieredt Hgisage Sgwritr dorprilyed fopdelysry vephsrgalthoughstisse  UTBAS,

UTSBAS . i e} o%élﬂeﬂfaz{r& Weinahe QJO}%: amPidhich. af %E@éfaleédcﬁ Ta%@rﬁ wilbyeh detecting

agents may include,” for exanple, antibodies that specifically recognize

cert ai ndibimyérng ta@g@ﬁe gnq en gtlime bchwdulﬁgle@gemc@ faprtlaet abtnﬁdAtddltlanﬁl‘yetHea gl ycans

and/or .to a2-6 sialylate can and/or 0. long. a2-6 SI Iat | ycans),

anich g BBt ShE b R e-L om B oS ints NG et 54

[ mmnoﬁﬂ%ﬁﬁ@ﬁ@&:ﬂﬁﬁmaaﬂldﬁvﬂh agdfﬁtﬂmh@thh@}t inipagve thEIOBdAYailbillity) actives ot Ih@(ﬂlf}bi nd to
HA pol ypepti des. can be used in virus neutralization tests, in which a

sanpl et mrtabglisg wht'%t taﬁf PEEEHP s B4 3c! i% disIbyH Py, yapy tB%%Offyf Altheughest |

and t esfEthafricchlicul 8hpdstdont Of (hBHRSEN: StlchibrrtndR uk& fof lddinéft dranyint r eat ed
sanple. If the virus in that sanple contains such HA pol ypeptides, the

ant i bodybjwiti(¢-g-nemt anahaly & neké therqalighenate prosvigaerdbly dsedm tha Itrcctmengoft he

cul tur I I uc | so be

sed | ORI g PRORLEHE hoRheBbi bRy, BUERAR A0 EF iR B3

gi ven sanple, treated mnth anti body specific to a particular HA pol ypepti de

or set of HA polypeptides, and tested for its ability to agglutinate

erythrocytes relative to untreated sanple. If the virus in the sanple

contai ns such an HA pol ypeptide, the antibody will neutralize the activity

of the HA pol ypeptide and prevent it from agglutinating erythrocytes

(Harl ow & Lane, 1988, Antibodies: A Laboratory Manual, CSHL Press;

www. who. i nt/csr/resources/publicationg/influenza/ WHO CDS _CSR_NCS 2002_5/en/

i ndex. ht nml;

www. whoi nt/ csr/ di sease/ avi an_i nfl uenza/ gui del i nes/ | abt ests/ en/index. htm).

In sone. enbodlnents such agents may |ncIude nuclelc aC|ds that
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WO 2012/ 047941PCT/ US2011/ 054831 [ 00302] The present invention also provides
kits containing reagents according to the invention for the generation of

i nfl uenzawoizn1es@z4and vacci nes. Contents of the kits ineCuas2o0ios48ar e not
limted to, expression plasmds containing HA nucl eotides (or
characteristic or biologically active portions) encodi ng HA pol ypepti des of
interest (or characteristic or biologically active portions). Alternatively
or additionally, kits may contai n expression plasm ds that express HA

pol ypephl/deSin@he WBIHA £8 Edrﬁfﬁﬁst&g@fnac%hﬁ)ﬁﬂaﬁhh Qi@ onPbPB Fahlati @ﬁ&f ég%nt
portions). Expression p plasm ds containing no virus genes may al so

i ncl udéds. s@sqlhathluETé‘kMIHﬂé ]cémmaé?lrdRELEZAr b@rca)tand/@r pAlahdaskeot i des f rom any
![ Efel Ele[[l&(?l yjncl A mace% ntlpqsl\{%n o% tlh? Bresvlt 1nvent10 W%\éagmlu}(%st%%% llénCl :‘lﬁegovrret h
enbodlWamﬁgpfdmagnﬁahdmgbﬁagﬁmm&n@gnnhﬁmdameﬁhabhynbaﬂembdnmkGQQOB] In sone

enbodi nents, Kkits for us |n(fccordance with the present |nveP%§%n may

i ncl uddntrayentgeie farsdeungl ipterderagly {56kl Spevrgpal g areedonsgl LpiRs

per f or WhRed NEnthRALs; crbfgd, bHEbONSuEQRN, hﬁktaﬁ'bﬁécfaﬂ Ieﬁgratl Qﬁbl‘i;%’ﬁﬂi b$, buffers
and/ or "ot her reagents necessary for performng ‘the tlest n sone

enbodi m@rﬂtrgcltehblnktiltatl@@,rbr@mﬂhw i@@llquaﬁ@l’oromhaéaﬁnonmr%gs aif 0RBMYY, npsakonme

ray._be oy s oG SERRL! S lbpo I GR0: 36 43K RSP UIRERL AR S

gl ycan vari¢tpysfaarnd iaclulting shd munac obthdapa (&t its duitdlidyrin enrtdnoiomnent ubéad t o
perforn1dose response studjes to assess bindi f HA pol ypeptides to

b o1 ALYy U e Pl EoiRE P g e adhelis s et B By oS!

st udi esd@ini@raRaf)t beul arly val uable insight into the binding characteristics
of tested HA polypeptides, and are particularly useful to assess specific

bi ndi nd00288ke Algpehisihe Biahai ngalsprayiosgerasol roHte (a8 gy inhdlationdiymes ef ul

applic acking the
o1 Ut oA 0 hhe EIE SR, rochD VG AR ALty S oY bt | de
vari anﬁbwewheﬂi&emvemhm Srazlorrlnpassa$thg deleveay eittht phamghsunaztlwpmposu@i mt i on,

i ntentiona r.i conbi nation of .the two 0Q30 | n, sone
enbod: AsrenchryB TR ol by Ry BIPHRL ORduib B ek BHOR Ry AU SR Ron ar o
used t en inadticRues bl@tidtivergand/ or sel ect binding agents (e.g., HA

pol ypeptides, and/or HA pol ypeptide variants) having desired binding

char ac{@¥282t i da somg Pmi??félfnﬁﬁféepfel?%atwﬁ@féﬁhj’éﬁﬂii Hrapitogol d@ IE R ROHEPHEYS and/ or
kits 'ﬁ&l&&lﬁgg%&r}ﬁse | 1hRomP 8mb DY RIXhis O R HRpHS GG HAVE X Fchn % géﬁﬂtlléfslz%ﬁry (e.g.,

screening a ection) pressure on a popul ation of polypeptide binding
agentsab@ng ﬁxmmzpbbwmhpbmmésﬁxmtﬂ@%@@lﬂﬂ@n¢94&*ﬂn8@E@GPlﬂﬁ@A&%thGOBOY]
The pre h |nv ntHg grOV| es kltﬁ)ﬁor dnlnls&% Qharnageutical
conposi® ?“6 & OIS HEREY T PR RR O vERy PR F% 1h%8

enbodi Wemcsy areiernmutmenid Oary poadédds s@m&ﬁbrhb@diﬂibﬁtls sprds;glraaion& easthaderdose of a
bi nding agent. In sone enbodinents, the invention provides a kit conprising
an ini @?raﬁoléﬁwer%@éoré%atad aUbYelquser. dofi exatplsdhigpeinglugion 9f 2 AGEHE. 1 n sone

such e @Q&ﬁ“ TR entfoRidhdHid bR wéétnﬁé ag@ﬁﬁ@ séléct&f ﬁ@ﬂﬁl’ie éx@éﬁ'céd@%ﬂ%’@ﬁ@%@ nt unit
dose or “wherein the two doses are equal. [00308] |n sone embodi ments, kits

in aCCGMd@n@BXMﬂﬂhuthéPhWV@ngpdﬂﬁ{part|cuIarIy those for adninistration of
phar mi&%h al,, con 05;)5&1%”5 LD aceprdance whifl. twht% the”‘ﬁ‘va”&do%} conprise at

| east one " conponen §8 1veﬁ) evice, e.g., 0 h sone such
enbodi aemtsstertdas dmpemtth@ﬁnsplrc@\bud%c@ndyl in gr@mxrmlsddﬁtgerai ald®asihapoansponent
of a delivery nhal er and a dose of a binding agent.

[00309PPﬁHd§8 EVIC@ﬁﬁn%%@@]'ﬁ$é§¥6édok¥§§”ﬁbnprlse instructions for use.

Exenpl i[$020#f | AR some embodiments, compositions in accordance with the invention are
administered using a device that delivers a metered dosage of composition (e.g., of binding

agent).
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Exanple 1: ldentification of Ml ecular Determ nants of Broad Spectrum Human
Bi ndi ng HA Pol ypeptides Introduction [00310] The H5N1l avi an influenza
virus ("bwoaofdos4794er "avian flu") is a highly infectiougCarus2aeasisgl

pat hogen. Since 1996, several H5NL out breaks have occurred across three
continents killing mllions of poultry. Since its enmergence, the virus has
al so shown potential to infect humans with a nortality rate exceedi ng 60%
Humans have virtually no inmmunity to the H5NL virus, but this virus has not

yet adm@g] t khBle GH‘H@& BPSk i Qelhﬁérlﬁ? &raﬁ&nﬁf f)lﬁagﬂngwil i¥al ICGlanGStitl(ﬁ‘Ed transmt
bet ween humans. The virus would acquire nutations that allowit to gain a

f oot holddsciihed h@elh umcdydepb iy Ineﬁtdlfm}ﬁm[e@ o8hxp thﬂ@??rég?gtlbﬁd inithS (Trda)No. titdodiPf ace
gl ycop I Vi{;f I Sl S bI i vi ral

ant vy LR d a8 fgRbgE S Pl e B DN ST D B b Comp ex
gl ycang, 2765587, r[aSeHatblyo cﬁc(2135 235, UcSZ Gat: Nlonkedl $96aU & FaciNg) 5,4ThecHaNIof HA

pr ef ererfjévlélal ly binds to é WO 2012/ 047941PCT/ U82011/ 054831 recept ors
t er ni nat aavnae@graitfid&w&n orencey Taracegal P BeRHHORSHIRINH R aigjaistered

denonstk At &eedtviath e @ HER0vE HILRLUNSeddih bhEndtdIBROIASIkid, QucHTRGadapt ed
influenza A viruses are oc26 sialylated glycans that adopt a characteristic

unbr el dascribgint WRIPEEH5(, insbenorasetl hasein bpiceegned aadunciaml eeabmsrtsyrepln t he
glycan AI&E %R&@% agl Jth gtlcﬁ"f e@g@%@ch%& %Alléﬁa%%ﬁ%%%&%ﬂn@ 2&{1‘1 u13%98 Nat

Bi otech, 2 I nc pora rern ntors
have alngectsmcﬁvwn d imﬁlehylgbh plfefciemhbytrhxumohongutrmmlp&m sunanwhicl canhdasele pt or s

is a characteristic of . huma efficient
Lt bor MEas dRCRRbT Ries e RBRl firskiman B3 pinRoos et (S bl ol
(Chandisasekharas. i ®b. 533&%&; Ul*sapatBN@tﬁg@a 4261 Pat. NJ. BIcMAHEN (€. Bk
2008, PNAS 105: 2800; both of which are incorporated herei n %éﬂlﬁ erence.

In t he Nor 856RE 8SALdyPatt e Sp0ddht USnbenters3 . Broviddg- aR% Ufrus in
whi ch t | i th
i ¢ ?Atl R@Ss 56’(92' 1§85 PN, %%399@%}5@ Fﬂ%g%l%%ehﬁg ald B%YBEI%] il@n bd wi

hi gh a nity man recepfors erinenta uénza HA
i s a hahbthat. r?ﬁr |5¢)6pl4d33dﬂ N, Pmoéﬂ%3ﬁoﬁdrr€at Nord, 596135655128 &ai.MNw. aci ds. Each

comr 1 46008 Ry B S LU0 B Hih B §oct DA bR SV BB o1 vea

i n the ddiusi wiiciretim@rporitad habid byebfetthad). ABBRG@MRSare BREsRBDWRAKEtIcENVOl Ves
FA pos Idtelll\?e?; degv?ces ]W%:ll-ch ujéce% %om%r%gsed ]égz to accelerate vaccine in powder form through the
outer layers of the skin to the dermis. Additionally, conventional syringes may be used in the
classical mantoux method of intradermal administration.
[00293] General considerations in the formulation and manufacture of pharmaceutical agents
may be found, for example, in Remington’s Pharmaceutical Sciences, 19 ed., Mack Publishing
Co., Easton, PA, 1995; incorporated herein by reference.
[00294] Pharmaceutical compositions in accordance with the invention may be administered
in any dose appropriate to achieve a desired outcome. In some embodiments, the desired
outcome is reduction in intensity, severity, and/or frequency, and/or delay of onset of one or
more symptoms of influenza infection.
[00295] In some embodiments, pharmaceutical compositions in accordance with the invention
are formulated to administer a dose of binding agent effective to compete with influenza HA for
binding to umbrella topology glycans. In some embodiments, such binding by influenza HA is

reduced after administration of one or more doses of a composition in accordance with the

invention as compared with its level absent such administration. In some embodiments,
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138, 145, 153, 155, 156, 158, 159, 183, 186, 187, 189, 190, 192, 193, 194,
195, 196, 219, 222, 224, 225, 226, 227, 228 (H3 nunbering used).

[ 00313] Twe 2prxmentt i nventors have conducted a det ai | ed PamaiSy&1 9354381

nol ecul ar contacts between H5N1 and a representati ve human receptor and
have conpared these contacts with those between the human-adapted pandem c
HIN1, H2N2 and H3N2 HAs and hunman receptors. Through this approach, the
present inventors have defined strategies for generating mutant forns of

H5N1 har&@eﬂﬁ%?ﬁ)@ﬁtl%ﬁ lac RGN ) tﬁ&ﬁvéﬂﬁbn NAVIS RASRd tdﬁd’nﬁﬁ‘fé&?g across

severa enetic cl of H5N1 HA. These nutati ons are based on the
char ac tde$e| of thingizgdgent féfﬂCUV%thgmlthmtllcﬁﬁsl% at heas21260, ahlta 28%p aisleast 85%, of

H2 N2 an%#ﬁ%‘@%mﬁe sp%%h%\feast{&/ a?lea e45 dDL’I &5 gast 58‘?3 ttlg‘z;[s g}% atg?agttié?I \F%ES of

[00314f ese I ONS’ have ‘he con ext

di ffer enkt mat le@stdbadesleasft 75%[\& IHAt $(F}6,g%lﬂﬂ@st:|85)%, aPle@yti90Us asSltal D%, {te. g. ,

St even et 200 Bi al . 1:1382-94; and Stevens , 2006,
Sci enc &ﬁlfaStt?St%r’l ablF 4%haté‘f’aéf ??372’03? Elfi??ta%gﬂ ah@?_%i%%o?t lFast gé@n@e) have
anal yzedbmioh o aLAThiANGRtin te@@gg.‘,’\m Bindih§ Y& oA whingld REolbsy WO

2012/ 047941PCT/ US2011/ 0548

glycans) present in the subject (e g., in the respiratory tract of the subject) receiving the
composition.

[00296] In some embodiments, pharmaceutical compositions in accordance with the invention
are formulated to deliver a unit dose of binding agent within the range of 0.0001 to 1000 mg/kg.
[00297] In some embodiments, pharmaceutical compositions in accordance with the invention
are administered in multiple doses. In some embodiments, pharmaceutical compositions in
accordance with the invention are administered in multiple doses/day. In some embodiments,
pharmaceutical compositions in accordance with the invention are administered according to a
continuous dosing regimen, such that the subject does not undergo periods of less than
therapeutic dosing interposed between periods of therapeutic dosing. In some embodiments,
pharmaceutical compositions in accordance with the invention are administered according to an
intermittent dosing regimen, such that the subject undergoes at least one period of less than

therapeutic dosing interposed between two periods of therapeutic dosing.

Diagnostics/Kits

[00298] The present invention provides Kits for detecting binding agents (e.g., HA
polypeptides, LSBAs, UTBAs, UTSBAs, etc), and particular for detecting binding agents with
particular glycan binding characteristics (e.g., binding to umbrella glycans, to o2-6 sialylated
glycans, to long a2-6 sialylated glycans, efc.) in pathological samples, including, but not limited
to, blood, serum/plasma, peripheral blood mononuclear cells/peripheral blood lymphocytes
(PBMC/PBL), sputum, urine, feces, throat swabs, dermal lesion swabs, cerebrospinal fluids,
cervical smears, pus samples, food matrices, and tissues from various parts of the body such as
brain, spleen, and liver. The present invention also provides kits for detecting binding agents

(e.g., HA polypeptides, LSBAs, UTBAs, UTSBAs, etc) of interest in environmental samples,
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mutations in different HS5NL strains on glycan array platforns and have
shown that sone of these strains have acquired binding to oc26 sialylated
gl ycans (WOgor»4194). However, the goal of these studi esPeagiSc@1®s488en for
bi ndi ng at high protein concentration or viral titers to determ ne how many
oc23 or oc26 glycans showed binding signals. [00315] In contrast, the
present inventors perfornmed a dose-dependent anal ysis on reconbi nant HAs
carrying the LS nutation in the RBS from several H5Nl1 strains (Figure 15).
The pr %&%ﬂﬁné’ Blieh ARARRS LI, Abie W daat aﬂ&%a.obtﬁep%ﬁ)lémhﬁ@lta% §<§1Q>\é@ffili§t&?may
characteristic high binding affinity to human receptors that is shared by
human- allaptepplidakle. The present results also correlated with the inefficient
transm.&s) f H5N1 vyir.uses carrying just the LS.nmutation in the RBS.
Honeve 00200 TpOBR bR, SC LR E kT b fom MR re Bbt or bindi ng.
Ther ef poBpatlidict aodvatritetihatctigvRahaer aotseeld pypeptides iradindidcantntf.or ms of HSN1
HA. Mutations that Abrogate d.ycosylation  [0Q0316] Thus, .the present

' nvent GOPh: rIBG%%HmQO‘gPﬁeH%’qHéPH ASHBEPTY mt\[i Blidnyntigpgiay jasaidepag or pgee 193
(bol d_anghyimdeipbingsy @&l AMaSinD b (cigtion (Ribs, 1280818 (ALYBAL,
Nanl1203/ 04 g\/\ﬁiﬁpg:h isya cl ade 1gs%rai(§)gnHA ?g@g‘%ﬂder to make its RBS simlar
t o t hatfcithipartigplae glyetnehindige plearpcteristios egicp vhiceting agents dwy indlydsi 9 such as

gl yoosyrarng e B AhecNS AL B0 LY AR S, CRERRE KRld {Rhs ha
unbr el Ibaxd tb kimbidpQl agiys @fd/dtusrap-or e:a@pteo klyicinstdnd/oRBI 08§ ab#Nlaliied Thus, the

inventors' first strat eg% i nvol ved dgenerati ng. mutant forns of H5N1 HA t hat

cont ai B8GaRPghiciyertyRsrusedrogedligllyideiset Wk badneagenaby ELbHal T160A nutation
that abpQab@RGLUReSHIRE ifRuAlHINERS. [00318] This glycosylation site is
not conserved across all genetic clades. If the absence of glycosylation at
N158 i hfi30¥ks Antitmdics wepindito Hidrmiilyngpiades ldBiNdls¢-ae wictlin vigismeuatlizghisn testhen t he
LS mutations alone.mght. suffice.to achie hunman..adapt.ati on of virpses

bel ongihd Toh 2GRRER L reiatRNR pRDay Sl Y ROV i ftsay pil el K e

(c2. 2, ite Abifitylto igfecr.culttiee cHisgulagvdd)untréited Lt alf €heS@fjid ém that fadipld dsenc| ades
was chosen as Egypt. 2876-N3 06 ¢2.2 (A Egypt/2786- N3/ 06 bel onging to cl ade
2.2). td BAeemEPIGRRt HoonnTd! aqudgligrdhf Nises sRdPament b ARE iplssingBe ry t he
Q226L mufatd QMsalad@malildly bhai Qe kudf afiBOdike O @iH-ARcdin HR8nMBSLET ON) to
check the extent of inprovenent of  the human receptor binding affinity,

gi ven tdstst in whipl thelATA prageigeilatad frami aogivénssagpld, ireitedwith gnisheiglyspevtifictolay

pose. agpuEaR RN wie e T ERATAAES, ARE Rl B IS R R

renmovi rgythbeyted iymdsy toatnt@itedtanfida- KB WAyusiinthatsaimngle Tontaibe @Athaani At he cont ext
of LS nutation substantially inproves. hindin o human, recgeptors. This was
obser vEEPER PR Ak wglléﬁ%/wggiﬁ@%@y ﬁ%ﬁ%‘ﬁ%ﬁ%@ﬂ%@ PEACE 1iEORe| | as

LS mut aké10ineing EGYRLeAS BraNBw 1 6o, 20800 nkbSUI BT ASIRBLrdibYyALRLS (et her
denonstrat ed tﬁat the Q@26L nutation alone (w thout &28S) is not

suf fi ciP&ss: t o provi de the hi gh human receptor-binding affinity in the

cont ex f Y i . e e tcj Lon,
B A O e A ST
al one mlgWtvwswihd.int/esrtdisepyetwiadeinfloenzhieghlehouyabteedapindex.timidi Ingoaéf i nity in

the context. of the renpval of. gl ycqosyl atign at N1 i.n.the context of sone
bt s amEPdigRpiegh pE e sty BEIRE aPH Bt Srihan b Bhloomslas e

r ecognichd A8 phiftidtilaPHAL ol JePitdedtanGddBcdntbeGised (G2p8Hic Ayl cMughtiasuf fice to
provi de the high human receptor-binding affinity in the context of the

r enovalPolyperfidpe B il G Ar #tsinbgridigatioRe cont ext of some particul ar virus
strain hen ' 1N t § Wb i :

it at 1 on A B SRR B B AR RO s B G PR PRI e

t o pr owldewwhehdinghsrhiinrase/avenepiloenzoigndichgesdatitestd/¢n/index.btha). dosbmmxt of t he
renoval of .gl ycosyl atio t. 58.in th nt ext of some particul ar virus
trat nsTpEEHe) LR T PP befeE B Gr erte PRATIRES BtldPng of ¢ he
above uukaiins Th oy t@PodiRe@PIddhoftRAktideatslcan by détectdblplaelel- LN and 3' SLN-LN)
was also quite high, which is not typical of human adapted HAs. For

exanpl e, even in the case of the prototypic pandem c H2ZN2 HA

(A/ Al bany/ 6/ 58) whi ch showed both human and avi an receptor binding, the
human receptor binding affinity was orders of nagnitude higher than that of
avi an receptor-binding affinity. Amno Acid Deletion in the Loop Region

[ 00321] The present inventors have desi gned nmutant forns of HS5NL HA such
that the nol ecul ar contacts between its RBS and hunan receptor closely

m mcs that of contacts between human-adapted H2N2 HAs and human receptors.
Based on the inventors' previous work in understanding the nol ecul ar

o " Y M ~es SN 1T ISR IS 1 e N e




WO 2012/ 047941PCT/ US2011/ 054831 acid substitutions at 131, 132, 133, 135,
137, 155, 188, 192, 193, 221, 226, 227, and 228, and a deletion at 130. The
present swodyi2zdorit he very first tine, focuses on desi @aTASAVMASLSBNY oOf
mutations in the HoN1 HA RBS that represent a conbi nati on of deletion and
substitutions based on a conprehensive conpari son between H2 and H5 HA. The
del etion was nade at position 130. Although H2N2 HA | acks gl ycosyl ati on at
158 position, the N158 gl ycosylation site (of Viet1203 04 D) in the nutant
HA vas [6p2] Nefthe pT&H&in&éﬁ%oRﬁl% Eﬂ}videgkﬁé‘&dn%iﬁ?%%§c%_§rcﬁﬁlgetortﬁ'é309”! tion
that mutations that abrogate glycosylation at The 158 site1n addition to

t he af arventen foo hegenernaen Grsflydnghviresaharcectiosrai daianti dfghekesrinlude, hetr . The

present inventaors al sq desi % anot her .versiop,of this putant
(Vi ot 1508 SAE Fo Rl P EREN PRIIRE TR0 Gt Ml lMRY based on
conser wallogi@llyubsid paitidrensncoflidg 3L polTheptide esfantcresinve chapicseratisor sear ched for
HA sequences from ot her HS5NL strajns ich mght naturally be closer to
A1b6_5§>_lqlfzwﬂmdiw? RERS - o UsrBM Bl %rra\ggwﬁ%& %%W%?mlt% CREgSoPHE HYent or s
i dent i fil e dxfrR 188 h8lypeprRKESMhREM (S@emr@ett&fsﬁc OADioWglchny R&ive Wolths) N char ge
properties of positions 192 and 193 (A/ chi ckenN et nan? NCVD- 093/ 2008 or

ckVi et Hogiessigmplagmiyls gprntyiniag devers eench may lkso bgMndluysisd so that users are capable of

(A/ chig t 7 7 A . i f ewer
B N A R R R S S A
wer e debkb@nadhided mathehd kies, HoNBitdAuRBS limimdaot Viab and MidiErReldtagst dasdi2dN2 HA
RBS. [00323] Mitant human-receptor, bi ndi ffinity using dose-dependent

gl ycan “&Pr" %r%?%I_E)éttl%{f?geﬁﬁecas’ltbgPT@%@@E@B@%RBS mut ant showed hi ghly
speci f i[go308ph 18fkbhb bivodiedis Ndistior b MR OREBARL WIS tHehRischiSnhabRpher i stic of
human adapted HIN1 and H2N2 HAs (Figure 19). The present invention
enconpaicdils, 3 Feéererce samplei BAYdHaRs WadioctsglsapDicatiegagniag thegestdagiugHer t o
unders - Lapshi b d

ol ot ; o el A A By r DR Rt nd SR ap PGSR BEBRLIRT o
and ( 3pomt yimbsedimahts te kit cah58mpdsi 4 pamal dnadtibhadiest hi s rel ati onshi p governs the

human r or, bindin ffini of the mut.ant HS5N1 HAs. .. enpl ary
cequend BB} e Rt srfpdmst Lt Do PR A ROCHR. Bofispetae.

desi gneghyiba vaiGeqr daneaomct Bnd/bekigbove principles and the principles set
forth in Exanple 2 [00324] An alignment of exenplary HS5N1 tenpl ates and
exenmp! $9830&01t dAsoms emRoHBIYS eHY AR EE ey &S imacseidarganEethgi Ve Mergbov e
pri nci rinci nl.es: 4 j

B gur e 18 B et DO SRR T 1505 P BN p R RPN Ak

denot e asmbKipict dasesgia. gsias described herein). Such studies give particularly valuable insight into
MEKI VLI FAIL VSLVKS Cl @Y NST. DT| MVE VTHAQDI LEKKHNGK DGVK

L1 L RO PR AT N R ARBUNGL P BTRB T R T SRR E:

Kl Q | PKSSWRDHEASS BUSSAGRYRSKRARERN LI KISNYFY T KRSY MEEMERLE VM. To

G HHPNDAAEQTRLYONPTTYI SVGTSTLNORL VPRI ATRSKVN GRVEFFWII LKPNDAI N
FESNGNEIVAPEYRYIQXYRRISDSTY mRSE MiNCRREST PSRV RIGSMPRHNNipE Fhaspstpistics in a

y
YVKSNRL VL AT G RASPRR AL AGHL IR G HHSNERGSEYAGRK
ESTQKAI DGVTRKVRSI | W&E%ﬁ@m ENLNK%(%/ME%G:IED\N\TY LLVLM

ENERTL W@@WMM@@W@.@W@WW@ESVRN@YDYPQYSEEA

RLKREEI ESI G YO LSI ¥YSTVASSLALAI MVA L NGSL | C..(SEQ | D.NQ.  60)
00526100340 1ah St R b an e S e e R oy e 0
r egi on uwkiabendube idasitisy, landysr @t Maddg agas ol diapelypastidendadior AHiAng i ndi cat e
t he residues. that re nutated. [00327] Viet1203 04 D H2RBS:

NVEKI VL @MPV@@W%@%WW@@MW@P@W@&S@WWK

PLI LR N - 2 |
o B%\é%h%%ﬂ Wg@&ﬁ&%ﬁ%&%@ﬁ@%ﬁﬂ%ﬁ%ﬁﬂb b3 (Dl

evolutionary (e.g., screening and/or selection) pressure on a population of polypeptide binding

agents (e.g., HA polypeptides).
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CPYQGKPSFFRNVVVE! WKNNTYPTI KRSYNNTNQEDLLVLW LYQNPTTY!
FESNGNFI APEYAYKI VKKGDSTI MKSEL EYGNCNTKCQTPMGAI NSSMPFHNI HPLTI GECPK

YVKSNRL VLW Gl RNSP@RERRRKKRGL FGAI AGFI EGGNQGMWDGAY GYHHSNE@GBEEANDIES4831
ESTQKAI DGVTNKVNSI | DKMNTQFEAVGREFNNLERRI ENLNKKVEDGFL DVATYNAEL LVLM

ENERTL DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEF YHKCDNECMESVRNGT YDYPQYSEEA

RLKREEI SGVKLESI G YQ LS| YSTVASSLALAI MVAGLSLWVCSNGSLQCRI CI (SEQ | D NO 61)
[00328] Viet1203_04 D H2RBS_N158degl yc

VEKI %@ﬁbﬁ ﬁt@?ﬂf&%’%ﬂ% %%@IWME%@&&W&%WK

PLI L VA L GNPMCDEFI NVP Y| VEKANPVNDL CYPGDFNDYEEL KHLLSRI NHFE

Kl Q | PKS8WSDEns in accordance with the invention. For example, in some embodiments, the
invention provides a kit comprising at least one dose of a binding agent. In some embodiments,
the invention provides a kit comprising an initial unit dose and a subsequent unit dose of a
binding agent. In some such embodiments, the initial unit dose is greater than the subsequent
unit dose or wherein the two doses are equal.
[00308] In some embodiments, kits in accordance with the invention (particularly those for
administration of pharmaceutical compositions in accordance with the invention) comprise at
least one component of a delivery device, e.g., an inhaler. In some such embodiments, the
invention provides a kit comprising at least one component of a delivery device, e.g., an inhaler
and a dose of a binding agent.

[00309] In some embodiments, provided kits comprise instructions for use.

Exemplification

Example 1: Identification of Molecular Determinants of Broad Spectrum Human Binding HA

Polypeptides

Introduction
[00310] The H5N1 avian influenza virus (“bird flu” or “avian flu”) is a highly infectious and
deadly pathogen. Since 1996, several HSN1 outbreaks have occurred across three continents
killing millions of poultry. Since its emergence, the virus has also shown potential to infect
humans with a mortality rate exceeding 60%. Humans have virtually no immunity to the HSN1
virus, but this virus has not yet adapted to the human host to be able to efficiently infect and
transmit between humans. The virus would acquire mutations that allow it to gain a foothold in
the human population.
[00311] Hemagglutinin (HA), the surface glycoprotein of influenza A virus, is responsible for
initiating viral entry into the host cell. HA binds to sialylated glycan receptors (complex glycans

terminated by a2—3 or a2—6 —linked sialic acid). The HSN1 HA preferentially binds to glycan
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CPYQGKPSFFRNVVWL.KKNNAYPTI KRSYNNTNCQEDLLVLW d P D.:

... E. NPI TYI SVA STLNQRLVPRI ATFe vg. 4. $RNEFFWII LKPNDAI N

FESNGNFI APEBYANMIKIHYAIKGDSTI MKSEL EYGNCNTKCQTPMGAI NSSVPFHNI HPCTIUSRIGRIS4831
YVKSNRLVLATG.RNSPQRERRRKKRGLFGAI AGFI EGGWRGWDGWY GYHHSNEQGSGYAADK

ESTQKAI DGVTNKVNSI | DKMNTQFEAVGREFNNL ERRI ENLNKKMVEDGFLDVW YNAELLVLM

ENERTL DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEF YHKCDNECVESVRNGT YDYPQYSEEA

RLKREEI SGVKLESI G YQ LSI YSTVASSLALAI WAGLSLWMCSNGSLQCRI CI (SEQ | D NO 62)
[ 00329]. gi)t%k%%%ﬂ&éd—@-%ﬁ%ﬁmk@a siafeh & 1 PRL res%nf%b@ﬁtbr@ Bive demonstrated that
MEKI VLLFAT VSLVKSDQ Cl 'GYHANNSTEQVDTI MEK N\/T\PI' QD LEKKHNGKL CDLDGVK

PLI LRDE&R\VACAL G&M%&@M&WW&WQW&M%S@ ()1 20

Kl Q | PKSSWEDH ASSGVSRACPYQGKPSFFRNVVWL T KKNNTYPTI KRSYNNT DLLVLW G HHPNDEAE
RAL YQNSTHYLSVETSTE (RSREYIPRA ATHREKSNES “BERNVEFERFPR KeNDAG Rred to henceforth as

FESNGN I
e I g
ESTQ(AQWN@CWMWKP@RW\N_ERPV MENKWWEWE@NW \\TNAEDLS\J'@M also

RUKREE S 6 Y L5 PRPOASEA et SIVACSNESE GO (SEO TEe 63

[ 00330}dafitet HRQBd Odrrddated ﬁzﬁﬁﬂie@ﬂﬁhﬂt@:ﬂ@&ﬁ): tmﬁrﬁlsﬁlblhty of the human-adapted

PLI LROELVA @nb%%@%%%%ﬁﬁ@%%m ST S ol

KI Q| PKGGNPIRASARSEY AN INRYET b RESRINTINGE el )b
G | ui pNDAAEQTRLyQ\IpTTyl stTsTL pRI ATRsSKvNGz sSREFFWTI LI KpNDAI N
FESNGNSUARE AN MK KEDS PISNKSEPIEY? WWFW&@WW%&PE@WK

ESTORA e RRONE PRI L AU A EF R NURRELC BTN VLM

ENERTL DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEFYHKCDNECVESVRNGT YDYPQYSEEA
RLKREEI SGVKLESI 3 Y! leI YSTVASSLALAI WAGLSLWMCSNGSLQCRI CI (SEQ | D NO. 64)

xpertment

[00312] Influenza HA is a homotrimeric protein, wherein a monomer contains 552 amino
acids. Each monomer is composed of two disulphide-linked moieties, HA1 and HA2. HA1
comprises the glycan-receptor binding site (RBS), whereas HAZ2 is involved in the fusion of the
viral and cellular membranes. The RBS pocket involves HA positions 95, 131, 133, 136, 137,
138, 145, 153, 155, 156, 158, 159, 183, 186, 187, 189, 190, 192, 193, 194, 195, 196, 219, 222,
224,225, 226, 227, 228 (H3 numbering used).

[00313] The present inventors have conducted a detailed analysis of molecular contacts
between H5N1 and a representative human receptor and have compared these contacts with
those between the human-adapted pandemic HIN1, H2N2 and H3N2 HAs and human receptors.
Through this approach, the present inventors have defined strategies for generating mutant forms
of HSN1 HA. The mutations Q226L and G228S (or LS) have been introduced across several
genetic clades of HSN1 HA. These mutations are based on the characteristic amino acid
substitutions at the 226 and 228 positions of H2N2 and H3N2 HAs that have led to their human
adaptation, respectively.

[00314] These mutations have been introduced in the context of the RBS of different genetic
clades of HSN1 HA (Figure 13). Previous studies (e.g., Stevens et al., 2008, J. Mol. Biol.,
381:1382-94; and Stevens et al., 2006, Science, 312:404; both of which are incorporated herein

by reference) have analyzed both recombinant HA and whole viruses comprising the LS
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[ 00331] Egypt _2876-N3_06_c2.2: Lack of glycosylation at 158 is indicated by
| ar ger font

VEKI VLLLAVOSLMKBD@I C| GYHANNSTEQVDTI MEKNVTVTHAQDI LEKTHNGRCTDISDGWVIES4831

PLI LRDCSVAGWL L GNPMCDEFLNVPEWSY| VEKI NPANDL CYPGNFNDYEELKHLLSRI NHFE

KI Q | PKSSWEDHEASSGVSSACPYQGRSSFFRNVVW\L I KKYPTI KRSYNNTNQEDL L VL

WG HHPNDAAEQTRLYQNPTTYI SVGTSTLNQRLVPKI ATRSKVNGQSGRVEFFWI T LKSNDAI

NFESNGNFI APENAYKI VKKGDSTI MKSELEYGNCNTKCQTPI GAl NSSMPFHNI HPLTI GECP
KYVKSNRL VAT G RNSRQRERERK KRG R AGH A RRWRONMGHESNEGRE AR of Wose

2012/ 047941PCT/ US2011/ 054831

KESTQKAIr OGNS it DIMITIRE ANGRE- Rl AR | o NKK @afoGk). DWW yiAEDE Yoal of

MVENERTL,DFHDSNVKNL YDKVRL YHRCDNECVESVRNGT Y] YP YSEE .

ARL KREEWR@%%WW@%?%?%%%% %ﬁnﬁ%ﬁ&tﬁﬁa ey E%EFB‘“HE) 65)
[ 00332hoFayily 2876 0NB2.0R dieads w1 bihdied iadl | on: Lack of gl ycosylation at
158 is indicated by larger font MEKI VLLLA SLVKSDQ | C I GYHANNSTEQVDT

| MEKNVTOOBHAID! b ERMHNGKIeGDE VKV EILors performed a dose-dependent analysis on

| PRSSVEREAEE A DO U RV (RS L1 e )

| HHPNDAAE QidstknY Qhdi2 d?ﬂiMndtraMt&BhN@ﬂnMﬁIﬂSKM\l@dWWﬁsthlﬁ%NlBﬁddlﬂ\gF ESNGNF

| APENAYK| YKKGDST II\/KSELEYG\ICI\ig NS SVMPFHN | HPLT | g!g
KYVKSNELAL ihakes Pk @humaga@a%%gw@% ¥SPAAD

KEST%M&JM% ink (NNt EANIIRES MYNERRruk e BN C@lﬁ %t BheGES MW iNARe LLVL
MENERTL DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEF YHRCDNECMESVRNGT YDYPQYSEE  ARLKREE |

S GVKLRBS. [H@mwryey, npneofj thesg Tyt shawad igh@lmiprosNest@eRrr boding THewfore
additional strategies were needed to define mutant forms of HSN1 HA.

Mutations that Abrogate Glycosylation

[00316] Thus, the present inventors introduced 5 amino acid substitutions at 128, 133, 145,
159, 193 (bold and underlined residues below) into the Viet_1203_04_c1 (A/Viet Nam/1203/04
which is a clade 1 strain) HA in order to make its RBS similar to that of the more recent genetic
clades (which includes strains such as A/Indonesia/5/05).

[00317] The present inventors recognized that glycosylation at amino acid position N158
might interfere with the umbrella-like topology of human receptor in the RBS of HSN1 HA.
Thus, the inventors’ first strategy involved generating mutant forms of HSN1 HA that contained
Q228L and/or G228S substitutions and an additional T160A mutation that abrogates
glycosylation at N158.

[00318] This glycosylation site is not conserved across all genetic clades. If the absence of
glycosylation at N158 improves human receptor binding of HSN1 HA with LS mutations, then
the LS mutations alone might suffice to achieve human adaptation of viruses belonging to genetic
clades that naturally lack this glycosylation site (¢2.2, ¢2.2.1, etc.; see Figure 13). The template
sequence for these clades was chosen as Egypt_2876-N3_06_c2.2 (A/Egypt/2786-N3/06
belonging to clade 2.2). The present inventors have also defined mutant forms that carry the
Q2261 mutation alone (in the context of deglycosylation at 158 position) to check the extent of
improvement of the human receptor binding affinity, given that in H2 HA, the Q226L. mutation

is sufficient to substantially improve the affinity.
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I D NO 66) [00333] Egypt_2876-N3_06 _c2.2 HA with a single @Q26L nutation:
Lack of glycosylation at 158 is indicated by |arger font MEKIVLLLAIVSLVKSDQ
| C | GYFOINSDAGUIT | MEKNVTVTHAQDI LEKTHNGKLCDLDGVK PL  PCT/US2011/054831

| LRDCSVAGW. L GNPMCDEFLNVPEWSYI1 VEKI NPANDL CYPGNFNDYEELKHLLSRI NHFE KI Q |

| PKSSWEDHEASSGVSSACPYQGRSSFFRNVWWL | KKYPT | KRSYNNTNQE DLLVL WG

| HHPNDAAEQTRLYONP TTY | SVGTSTLNQRLVPKI ATRSKVNGLSCGRMVEFFWE | LKSNDAI NFE

SNGNF | APENAYKI VKKGDST | MKSELEYGNCNTKCQTP | GAI NS SI\/PFHN | HPLT | GECP

KYVKSN Gﬁl}g@%%ﬁ e HHSNEQGS, .
KESTMNKVNS | B@% E%\A/d&é;%N‘JNL%IQtR ERLNKK D G LD\/\/\T% @LLVL

I\/ENERTIgDF—:bDS&KMKNLMM%@MKEMWEBWMMSWM@MM@nMREE I
S GVKLE_S | G%FY%I YgTVASS ALALWA&F%W%%C?L%@% ]E/Géligsl D NG
57) [ OOADRI\HETHS GI TR TIRORY C0p36 6
VEKI VL lnfrinY'Sh VESDQ3! 0L D aQYHANNSTEQWET bAVEKNY DYTHAGDDA ESKHINGKIGDRRGAH PL
R T her dcmont it 1o 1o CAOAT Mtishon slons (MAhott (38 i bt Suffiient

to provide the high human receptor-binding affinity in the context of the removal of

glycosylation at N158. The present invention, however, encompasses the recognition that a

mutation at Q226 (e.g., Q2261.) alone might suffice to provide the high human receptor-binding

affinity in the context of the removal of glycosylation at N158 in the context of some particular

virus strains. The present invention also encompasses the recognition that a mutation at G228

(e.g., G228S) alone might suffice to provide the high human receptor-binding affinity in the

context of the removal of glycosylation at N158 in the context of some particular virus strains.

The present invention also encompasses the recognition that mutations at both Q226 and G228

(e.g., Q2261 and G228S) might be required to provide the high human receptor-binding affinity

in the context of the removal of glycosylation at N158 in the context of some particular virus

strains.

[00320] In addition, the inventors discovered that binding of the above mutants to avian

receptors (particularly to 3’SLN-LN-LN and 3’SLN-LN) was also quite high, which is not

typical of human adapted HAs. For example, even in the case of the prototypic pandemic H2N2

HA (A/Albany/6/58) which showed both human and avian receptor binding, the human receptor

binding affinity was orders of magnitude higher than that of avian receptor-binding affinity.

Amino Acid Deletion in the Loop Region

[00321] The present inventors have designed mutant forms of HSN1 HA such that the
molecular contacts between its RBS and human receptor closely mimics that of contacts between
human-adapted H2N2 HAs and human receptors. Based on the inventors” previous work in
understanding the molecular composition of the RBS of H2N2 HA and how it governs glycan
receptor specificity, the inventors first performed a detailed molecular comparison of the RBS of
HS5N1 HA with that of a prototypic human-adapted H2N2 HA from a 1957-58 pandemic strain
(A/Albany/6//58 or Alb6_58) (Figure 17). In order to minimize the differences in the molecular
composition of RBS between HS HA and Alb6_58 HA, the inventors generated a mutant on the
Viet1203_04_D template (“Viet1203_04_D_H2RBS”; SEQ ID NO: 61) that comprised 13 amino
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Kl Q | PKSSWEDHEASSGVSSACPYQGKPSFFRNVVWL T KKNNAYPTI KRSYNNTNQEDLL VLW

G HHPNDAAEQTRLYOQNPTTY! SVGTSTLNQRLVPRI ATRSKVNGL SGRVEFFWIT LKPNDAI N
FESNGNFI APEYANMKIHYVHIKGDSTI MKSEL EYGNCNTKCOQTPMGAI NSSMPFHNI HPCTIUSRIGRIS 4831
YVKSNRLVLATG-RNSPORERRRKKRGL FGAI AGF I EGGWGWDGW GYHHSNEQGSGYAADK

ESTQKAI DGVTNKVNSI | DKIMNTQFEAVGREFNNL ERRI ENLNKKMEDGFLDVWIYNAELLVLM

ENERTL DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEFYHKCDNECVESVRNGT YDYPQYSEEA

RLKREEI SGVKLESI G YQ LSI YSTVASSLALAI WAGLSLWMCSNGSLQCRI ClI (SEQ | D NO. 68)

[ 0033: Gcink¥be@itucfoRs atVi7§1Fh°szt h%d, 135 118adYs 985855693 11, byS 297 A29BHAI3
charge conbi nation as observed i'n H2N2 (i ndicated by larger font)

VEKI VL delatiorGrVRSDOh CpiC@ydHARNEST, EQMIDT b KIS TIIHAQDb S EJK'ﬁeNQKEI@I\IIQN@@IQf

0T | PREVABR-EEY S AES S P akuba 1 R et BRI [y bused

A HHPNNEARGQH M HENLN TCOWPW D THebNGE =i PKA A THREKWINGRE GRNDGH Whs nladdiN '5s1hon

NFDSNGNE] AP YAYKI VKKGDSAI NKSEL EYGNCNTKCQTPI GAI NSSVPEHN| HPLTI GE
KYVKSNRBY/L Attt %ﬁ@i %@ﬁlaEM kﬁ Mﬁe (of

KESTQWZQQOEW 151 ECIVANR Gl Y Gl b EeRR HaRIL K AVQX{WBYANAE& z}ébes the
MENERTL DFHDSNVKNL YEKVRL QL RDNAKEL GNGCFEF YHKCDNECVESVKNGT YDYPQ

ARL NREE$cS@VKDIESIal/My(a)ipis| WWK&SEMOW@(@I&W@EM@OH(@E@ I D NGO 69 )

vEN 91 H R REEEP E heheto HL 0% epvter Asrseniaveo

PLI LKDGBYA ¥ WEKASPANCRGY PEDF NDYER #HL: LSER) NHRD: 63)
KI KI | E@%BNH TS a/s YLENPSEFRNVVE TKKNNTYPPT KVNYTNANQKDLLVLW
G HHP PRORIBRY DAFRERYNGRVDFFWE | LKPNDT |

NFDSNGNﬁME]EY%I V&K@%nW%E&%MEM KRR Lotk NSSMOH Bh¢1ESN (Fefabhs which
KYVKSNRLVLATGLRNAPQ EGRRRKRGLFGAI AGFI E DGAY GYHHSNEQGSGYAAD

KESTQKAN gt mial el apeskAN PR EAVEREMNINT ARRIGENE RKRVEDGR ovmmosiiae(of the RBS.

AN SR EG) VAV YSRGS AL AT VR S WESNEBL b e T SEG'T b no: 70)

[ 00337]prcqiekﬁeeb_§)®1tHﬁlRBﬂ atige] Bt (Adehicked/ VitthahANEFED-093/2008 or ckViet_08), and (2)

PLI LKDESOASHT ERANER] IS TSP VER KN CHBEENBELL KH T it

KI'KI' | PRGN f'ESeﬁp{SBﬁ&&YhEMF&WW&EKW&%%MMMWHM&%@MS
G HHPNNEAECKM YONLNTYVSVGI STLNQRLVPKI ATRSKVNGLGSRVDFFWE | LKPNDT |

NFDSNGNEreaasigasqiorpdetsnHYRSEASRBNanNmrethrpr s sidpptef AP HASEES

EST QR BT R SRR CE £y RPN L) LNV B YRAEL (™

VENERT ItdSFedDBNVIKRIL Y EKVRL QL RORAK Elu @NGLEREY HIKODNS
AR NRERL R HoGsthed T (%larYaglé\r/Ahc Q h%{r*rla%’“éé%s&%%?’a'r%%'ﬂs ¥iPe 19). The

present invention encompasses the recognition that additional mutations can be designed to

understand the relationship between (1) the 130 loop composition and deletion, (2) switch in the
charged residues at the 192 and 193 positions, and (3) glycosylation at 158 position and how this
relationship governs the human receptor binding affinity of the mutant HSN1 HAs.

Exemplary sequences of HSNI templates used and exemplary mutant polypeptides

designed in accordance with the above principles and the principles set forth in Example 2

[00324] An alignment of exemplary H5N1 templates and exemplary mutant HS HA
polypeptides designed in accordance with the above principles and the principles set forth in
Example 2 are presented in Figure 18 and below:

[00325] Viet1203_04_D: bold, underlined residues denote substitution sites
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ID NO 71) [00338] ckViet_08 H2RBSm n: Deletion + 4 nutations

MVEKI VLLLAI | GLVKSDQ CVGYHANNSTEQVDTI MEKNI TVTHAQDI LEKTHNGKL CNLNGVK

PLI LKDCSWhQOWh126NPMICDEFL NVSEVSY! VEKASPANGL CYPGDFNDYEEL KHPLC SRISKHEA54831
Kl KI'I PKSYWSNH TS GVSRACSYLENPSFFRNVVWL.TKKNNTYPPI KVNYTNANCQKDLLVLW

G HHPNNEAEQKM YONLNTYVSVGT STLNQRLVPKI ATRSKVNG GRVMDFFWI'T LKPNDT
NFDSNGNFI APEYAYKI VKKGDSAI MKSELEYGNCNTKCQTPI GAl NSSMPFHNI HPLTI GECP
KYVKSNRLVLATGLRNAPQ EGRRRKRGLFGAI AGFI EGGNYGWDGNY GYHHSNEQGSGYAAD
KESTQKARRGH TNKK NSk | DKM R EAMBRERNMLRRR! ENRNGKVEDRE S PVWEYNAEL LMY DG vk
MENERTL DFHDSNVKNL YEKVRL QL RDNAKEL GNGCFEFYHKCDNECMESVKNGT YDYPQYSEE

ARL NREELSETREESH YT YL NS YIRS BAT A IMEAGNSIDSNESPEXRY EF L SECS R BVINGE  72)
[ 00339

VEKT VL LA VoL ORAERI C1 G RN EOVDR MR PO GO ERTENGRL N O
PLILRDGSHAEMDB@NBNEEEEMBN@E@Q%GEﬁﬂﬁN@NMWHRIN@ESEMD¥EEEKHEEEW&BkKENDAIN

| HEPDAAELITEE YONET Ol SUESSTE NG VK] IR UNCORCRRER P [RSRBA A2

ESNGNF ivARENAY i WKECRSI b MKEkik BRI ﬁe*BBQEMSSMPEHN&H?HHB&E@E&@YAADK
VKSNRLVLATGL RNSPOGERRRKRRGL FGAI AGFI E DGWY GYHHSNE

STQKAI BEVERRVRSY I BRNNT OFERVERERNN ERR ENE RIKEVEDSEF W %WWE gLV
NERTL DiEiHRENY K NL ¥ DRYRL e RN NGAHR X HREENEGMES MBI YN ROY SEAR, WA
2012/ 047941PCT/ US2011/ 054831

LKREEI SEVREESFETYEF £ SF YSTVASS AN A MAGAFMIRCSRESMOCRE - QESES. | 51D, 17 3)
[ 00340];ckEg gy_07_LS: LS mut ati on on ckEgy 07

MEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVTVTHAQDI LEKTHNGKL CNLDGVK
PLILRDGMBAGMLUGNRNBDEFh@VRﬁMﬂxbMEKkNB&ND@Q%BGNENBMEE&KH&&%RWNHEEm
Kl Q | PKNSWSDHEASGV, SA YOGERSSFE YPTI KRSYN DLLVI
IHHPNDN%%@% TENBRY 9&*1*%2 &%%ﬁ@éﬁﬁ%ﬁ%ﬁ%%‘g
ESNGNFI[MENAYI@iVﬁIg@)gEI_M_(ﬁERE‘gG\ICNT KCQTPI GAl NSSMPFHNI HPLTI GECPKY
VKSNRLVLATGA.RNSPOQGERRRKRRGLFGAI AGFI E DGWY GYHHSNEQGSGYAADKE
STQKAI BEFFNKVRISI Y BIRNKTER EAVGRER NN TERRITENE RIKVEBEE 2 B0Wr Y RIAEY EXA- W DEVK

NERTL %@%M&%K@W&@Wﬁ%ﬁ%ﬁmﬁ%w@ﬂﬁwﬁﬁ@%NHFE
LKREEI SGVKLESI GTYQ LS SLALAI MVAGLFL GSLQCRICI (SEQ ID NO 74)

[00341F1@gggysgwsp@ st Qg@qﬁﬁﬁFFRva NNTYPTIKRSYNNTNQEDLLVLW
VEKI VL SRS & ;;; : :
e MR SR P SN DDA O

Kl Q | PEKNSWS NAYR PMKRIN BN RCEDL LR WEECPK

PO Y RIETI SVETST N AT SEERTLLDUIE o

VKSNRL‘EM@@AE&NSP@ERRRKRR@IF@HH@dﬁmﬁmli@wﬁ@xwvﬁbﬁ@ﬁ@fm LVLM
STQKAI DGVTNKVNSI | DKIMNTOFEAVGREFNNL ERRI ENLNKKIVEDGEL DVWWTYNAEL LVL VE
NERTL DEHESKVRRE YERVRY ENEEHEFIREDNECHESURNSTYDY GV SEEAR S B 1A

LKREEI S@MKEEDLGTXEk b Bt Yod MASSEARA MAG T MMCONGEMOCRE S 0 €SB | B5iND. 117/5)

Di scussi on [00342] Several experinental studies have attenpted to identify
det er m®4an®s ) of hunman receptor specificity of H5 HA. However, these studies

focuse &3s] ep&g&& Y4 BfH§ Nﬁﬁhﬂ%ﬂ%t the RBS sites directly w thout

consid rlng the InfTuence o he nel oring positions. Further,
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKHNGKLCDLDGVK

PLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFE

KIQITPKSSWSDH_ ¥ CPYQGKPSFFRN NNAYPTIKRSYNNTNQEDLLVLW

Gﬁi NPTTYISVGTSTLNQRLVPRIAT FEFWTILKPNDAIN

FESNGNF IAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPK
YVKSNRLVLATGLRNSPQRERRRKKRGLEFGAIAGEF IEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTOKAIDGVINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGELDVWTYNAELLVLM
ENERTLDFHDSNVKNLYDKVRLOLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEA
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WD 2012/ 047941PCT/ US2011/ 054831 no prior study has even consi dered
insertions or deletions as possible determ nants of host specificity.

St ruct ur ewbased4rqavest i gati ons have al so fallen short ofCirasatitfoyisay t he
key determ nants of H5 HA mainly because the structural effects of a

del eti on cannot be accurately evaluated using in silico analysis. In
contrast, the present inventors, for the first tinme, have recogni zed the

i nportance of and have enpl oyed a sequence alignnment approach to

engi nel kRGrRERYRLRAS T t Q1 NOVEs T RS ®RacTRe WPt egept.obRYENt [ O 1D
enconpasses the recognition that a simlar approach can be used for
|dent|®§iné2detern1nants of host specificity of other HA subtypes that have
shown eqt nt H7, H9, etc.). Materials
and Nbﬁﬂhggf aggh?g%g%ngeHgggggﬁ quﬂﬁﬁﬁ o¥¥ﬁﬁ¥é? ype HA pol ypeptides to
gl ycans$EGfI VAiLFAevehvKs0pol H@]X/HAPFMEI@LB/]DII]M‘E@NNTMIHG.QIWLEEEHI)?@KLQJDEMH y

R P S R R e e A

p|atesBJQQEP&BSWSDHQABS@@$8MGEY@EK§GFERNVWW&I&GNN&NPE@KRSEQMEM@EE&LVE&SayS
trinmeric HA ége: | und to the ar and then IS detectqu for
exanpl &1 GEPH@E# ‘««‘%HQRJ%TEYISWWFW%V&RI%@ SESRMPET Bk T Y Y i mary
and Se%@@@l{@;m‘I@@EYQ@QE%KGﬂ)@IIMR@ELE&QJB@NTKC@%@%%INEBM@HN@H%téEéM{ st
conpl exed with primry and secondary antibodies (typically in a 4:2:1

HA: pri #HK@N%EéﬁaQW(N$B@?@RRWHWAQFH&G@W@@MVPﬁwéGVE%%N]B@@I%@W@? tes
PEr pr&-5o, 'I%é%?Nk‘@gs and i d e, Gant IWNE@IK%M%D@FLBVWT%M%QLD@SSays
are typically carried out over a range o HA concentrations t

i nfor rr@NEBITLiDEHDBN&KNB‘@DK‘@@T&@I@RDT@\K‘@@GQF@FaﬁKC@NﬁﬁﬁgSVBNGﬁYE)Y]%@mEZg| ycans

w th aFCRS AV G AT T o Bhe Lot b o AcT s RSN EE B Y S R T
6' SLN- bi§,: ang 3 SLN—LN—LN where LN represents Gall31-4GlcNAc, 3
represents NeubAcq 6' resents NeubAcoc2-6). SpeC|f|caIIy,

bi ot i ny#C338Y gY'ﬁ@&ﬂ%J’(‘%B (3[16‘81‘/%814%8)5 3t e i ncubated overnight (in
PBS atN@K@NLWFR@V§L$k§§@t@yGfﬁKNﬁgﬁﬁéﬁbﬂTMﬂRNB@WdHﬂ@D@ﬁﬁﬁﬁHN&Kﬁ@ﬂtN@ﬁﬂl plate

that was previously rinsed three times with PBS. The plate was then washed
t hr ee FiLFRKDESVAGCPBECTBME Bifioi e REEESS FRAPEAA D LN G CREND U B BEK W+ POLNES Jur t her

pr0065%&@9IPk@@%ﬁéhEﬁ@Q@@@éA@ﬁf?éﬂﬂéﬁﬁﬁh#@ﬁﬂﬂﬁ%N&%&g%gKﬁé%ﬁﬁ?ﬁéﬁﬂLL@mﬁ”Bry

anti body (nouse anti 6x H's t B

:W

i p&;ﬁ%@%%%ﬁ8%%62?%@%@@%%&%?%@%&5%§{4§F%I?P%%féffé’fm’néeéfe ’

250 pIYWMBMRL%mBSALRNSPﬁﬁﬁRﬁﬁkﬁﬁ@EﬁGAjﬁﬂmmﬂa@m@aMemadthﬂmsﬁE@@@@r@ﬂ@ed to
t he glépan coat ed 84- wel | ated at room

t enper aturE 8 ﬁvﬁNﬁ}SN? EIDWT%@Z%GWM %@H%IWWD%EH@F?W%W%S
wi t h PBRreenbalnsngxQr 05y IMEEN 2O p1aid deey nikbbee cli e an Wt ¢ By RBSs m i ARP

activity was estimated usi ng Anpl ex Red Peroxidase Kit (lInvitrogen, CA)
accor diFfAgRES ICREXrRALF € U eF Y Sl VnstirudtIMyAS L SSEMCaN AL Ruk T bhs (9FQ HD
precomplexes,were studied. Appropriate negative (non-sialylated glycans)
and background (no glycans or no HA) controls were included, and all assays
were doe33iih tEgypk i2836-N3_Ba a0 d.adk offplwerpylation il rdims 1Bd1natﬁchgy lrngde/ﬁont

pol Y pOET SR LT SoRE° Saan, EHUD T . e WaTy BB AL R Sk SR w t h

t he i nrentironsshewL beREMODEX BN gRE WY QiEaNHANDLY yaodFaD Y8 pERHL LSRR 1IyHEE Nndi ng)
to unbrella glycans. In sone such enbodi nents Jol ypeptides in

accor d&iee TWKSAWERBE ARYEVS $ 0P ShGvE Fi RSV WE G i e T KBS URBTFEOT L1 \dpol ogy
blndln%%é h aff|n|t -binding to cone topolo ygg]ycans or reduced bi ndi ng

(e.g NQ%*%*F%FB&/ Wﬁ?%ﬂ FiNGRY FREPd T NEg S a e BT TTal Hopidrbly
9'yCan%kE%&G&@@ﬁpkﬁﬁ9k@@ﬁK@$yﬁﬁ@@5Eﬂé%éﬁ%ﬁTﬂC@T@@@%lﬁggﬂﬁtHﬁﬂﬁﬁLTf@%dﬁA

pol ypeptides in accordance with the invention bind to receptors found on
human GPPECSNRESPATEL BN PPt RN AL & 126:F IEGEFReMYDEE Y CHBHHAE Qo § PPt | des
in accordance with the invention bind to a plurality of different a2-6
sialylated glycans. In sone enbodi nents, H5 HA pol ypeptides bind to
unbrella glycans. [00348]In sonme enbodi nents, H5 HA pol ypeptides in
accordance with the invention bind to
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HA receptors in the bronchus and/or trachea. In sonme enbodi nents, H5 HA
pol ypeptides are not able to bind receptors in the deep lung, and in sone
enbodi nernwe,20 41 pol ypepti des are able to bind recept @cs/useotiiosssdeep

l ung. I n sone enbodi nents, H5 HA pol ypeptides are not able to bind to a2-3
sialylated glycans, and in sonme enbodi nents H5 HA pol ypeptides are able to
bind to a2-3 sialylated gl ycans. [00349] In sone enbodi nents, H5 HA

pol ypeptides in accordance with the invention are variants of a parent H5

HA (e. gesTarabctwkoundr bvnar bl A e riifL IEe@nza kg @Maber Lot yexanple, in
sone enbodi nents, H5 HA pol ypeptides in accordance with the invention have

at | oaiENBRE LA RGN RGN Y SO R AGH: LS CEBR AR MR SHRNGT Y e 8
W L D ol BEReSEURME b her 8l YCany DR G A G Br %ﬁaéNggpag&ﬁ@ﬁt§SEéuch

substitutions are o am no acl I nteract |rect
2012/ 04POAORPCHHUS2011/ 054831 with bound glycan; in sone enbodlnents such

From ¢ RERZL AP B s R EB Ty S R0n R ET o SRRSRAL B o

separ atihdidhtdi v@dr i N0 acids either (1) interact with the direct-binding
am no aci ds; othermnse affect the ability of the direct-bindi ng am no
aci ds tBELNLE VSRYKﬁD%¥9%%§ﬁA¥NﬁTQQYQﬁﬁMﬂKﬁﬁgwgéﬁQBFPEE?ﬁ§G§%%%L%§§%

thensebm%%RD@@vﬁéwL9@ﬁ§ﬁ@@é@tﬁﬁﬁéﬁéyﬁ&ﬁkﬁﬁ@ﬂwD&thEN&hgyétLﬁﬁﬁzé&fﬁﬁm@ am no

acids to interact with glycan, and also intera rectly with glycan

t henselkies.1PKS sHAD PRA Y pEPS § AESY IR SFGTNOANT & KA tzbeIKRgemrw@mmLal n
substitutions of one or nore direct-binding a acids, one or nore first
degreeW@ﬂHﬁ@ﬁ@AaEQ@ﬁLé@NREE¥ﬁﬁYﬁﬂSRﬂﬂ@ﬁﬁvﬂﬁdﬁéR§éﬁﬁﬁaSQEEEEEWEILKSNDAI
separa I | rent s,
P R o
SubStIRHNKGNRLULAWGBRNSPQ@EKREKKHELRERKKEEMHGGW@GMMDHWQGEHHHH@Q@S@YKKD
separation. [ 0035 & sonme enbodi nent s E %& de variants in
accordgﬁégQ%%FHGYﬁ KY%%%%??%NF@EﬁﬁyﬁﬁEﬁW§%93%%%§ NEfre GFFB%WTYWA%%F%h mor e

anm no agive ReUbsLbENVKkONSDRSR CONRAI et MWNdT FWrlvERCYRE cHB s G T D SIS EE
enbodi nents H5 HA pol ypeptide variants in accordance with the invention

have t%LKBﬁEééGVBIﬂE% FY @Rk hb? AP S TMVBGLEAEMC PGS brER EpbotifFent s, al |
such amiph@oacisdysubstitutions are located within the glycan binding site.
[00351] In some enbodlnents HA pol ypeptide variants in accordance with the
i nvent |[Qﬂ$36bnt@yrptﬂﬁé6df3 AGrad. 2o\ nwitlaa soglkeuD2261t muiagion: hsckddetycokdaidnn any
of U.S. gﬁi Py Ilqatngp Nunber 2009/ 0269342 and 2010/0004195, and in
u s Pt lsﬂﬁ%ae YlE8SISEM al Nunber 12/829931, filed July 2, 2010,
entitlamKI@EmEESVELGKED@mEI@EﬂkﬁﬁﬁiH@ﬂ@ﬂ@M@EN@SWNGﬁQNELEK@HNE%E@$KE¢WFLUENZA
| NFECTI_ON' B&g of which are incorporated he nce i 00352] In
At'§Sw

some efbddi FBGﬁﬁMiEﬁ§&N¥ﬁ§ Rﬂﬂﬁ%ﬁ%ﬁyDﬁgngégﬁaéﬁE%Kﬁh SRt ons at

035 | 133018k o EER Bt G G TR R IR PR B fom B, 13T

WGIHHPNDAAEQTRLYONPTTYISVGTSTLNQRLVPKIATRSKVNGLSGRMEFEFWTILKSNDAT

NFESNGNF IAPENAYKIVKKGDSTIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECP
KYVKSNRLVLATGLRNSPQGERRRKKRGLFGAIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAAD
KESTOQKAIDGVTINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWITYNAELLVL
MENERTLDFHDSNVKNLYDKVRLOQLRDNAKELGNGCFEFYHRCDNECME SVRNGTYDYPQYSEE
ARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRICI (SEQ
ID NO: 67)

[00334] Viet1203_04_D with T160A / Q226L double mutation:
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKKHNGKLCDLDGVK
PLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFE
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156, 158, 159, 160, 183, 186, 187, 188, 189, 190, 192, 193, 194, 195, 196,
219, 221, 222, 224, 225, 226, 227, and 228. In sone enbodi nents, H5 HA

pol ypept iweo 2012auramt s have one or nore am no aci d subst iPCIftSeng/0s48Bat i ve to
a wld type parent H5 HA at residues selected fromthe group consisting of
resi dues 95, 98, 128, 130, 131, 132, 133, 135, 136, 137, 138,

KIQIIPKSSWSDHEASSGVSSACPYQGKPSFFRNVVWLIKKNNAYPTIKRSYNNTNQEDLLVLW
GIHHPNDAAEQTRLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGESGRMEFFWTILKPNDAIN
FESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPK
YVKSNRLVLATGLRNSPOQRERRRKKRGLFGATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTOQKAIDGVTINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLM
ENERTLDFHDSNVKENLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEA
RLKREEISGVKLESIGIYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI (SEQ ID
NO: 68)

[00335] ckViet_08: WT HA that already possesses the Lys192 and Met193 charge
combination as observed in H2N2 (indicated by larger font)
MEKIVLLLATIIGLVKSDQICVGYHANNSTEQVDTIMEKNITVTHAQDILEKTHNGKLCNLNGVK
PLILKDCSVAGWLLGNPMCDEFLNVSEWSYIVEKASPANGLCYPGDFNDYEELKHLLSRINHFE
KIKIIPKSYWSNHETSLGVSSACSYLENPSFFRNVVWLTKKNNTYPPIKVNYTNANQKDLLVLW

GIHHPNNEAEQKIqIYQNLNTYVSVGTSTLNQRLVPKIATRSKVNGQSGRMDFFWTILKPNDTI

NFDSNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECP
KYVKSNRLVLATGLRNAPQIEGRRRKRGLFGATIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAAD
KESTQKAIDGITNKINSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWIYNAELLVL
MENERTLDFHDSNVKNLYEKVRLOQLRDNAKELGNGCFEFYHKCDNECME SVKNGTYDYPQYSEE
ARLNREEISGVKLESIVTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI (SEQ
ID NO: 69)

[00336] ckViet 08_H2RBS: Deletion + 6 mutations
MEKIVLLLAIIGLVKSDQICVGYHANNSTEQVDTIMEKNITVTHAQDILEKTHNGKLCNLNGVK
PLILKDCSVAGWLLGNPMCDEFLNVSEWSYIVEKASPANGLCYPGDEFNDYEELKHLLSRINHFE

KIKITPKSYWSN Sg@VSgACSYLENPSFFRNVVWLTKKNNTYPPIKVNYTNANQKDLLVLW

GTHHPNDEAEQKMIYONLNTYVSVGTSTLNQRLVPK IATRSKVN RMDFFWTILKPNDTI

NEDSNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECP
KYVKSNRLVLATGLRNAPQTIEGRRRKRGLEFGATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAAD
KESTOKAIDGITNKINSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGEFLDVWTYNAELLVL
MENERTLDFHDSNVKNLYEKVRLOQLRDNAKELGNGCFEFYHKCDNECME SVKNGTYDYPQYSEE
ARLNREEISGVKLESIVIYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLOCRICI (SEQ

ID NO: 70)
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145, 153, 155, 156, 158, 159, 160, 183, 186, 187, 188, 189, 190, 192, 193,
194, 195, 196, 219, 221, 222, 224, 225, 226, 227, and 228. In sone
enbodi nerwe,204%4HA1 pol ypept i de PCT/US2011/054831

[00337] ckViet_08_H2RBS: Deletion + 5 mutations

MEKIVLLLATIIGLVKSDQICVGYHANNSTEQVDTIMEKNITVTHAQDILEKTHNGKLCNLNGVK
PLILKDCSVAGWLLGNPMCDEFLNVSEWSYIVEKASPANGLCYPGDFNDYEELKHLLSRINHFE
KIKIIPKSYWSN

Sg@VSgACSYLENPSFFRNVVWLTKKNNTYPPIKVNYTNANQKDLLVLW

GIHHPNNEAEQKﬁqIYQNLNTYVSVGTSTLNQRLVPKIATRSKVN RMDEFEFWITILKPNDTI

NFDSNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECP
KYVKSNRLVLATGLRNAPQIEGRRRKRGLFGATIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAAD
KESTQKAIDGITNKINSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWIYNAELLVL
MENERTLDFHDSNVKNLYEKVRLOQLRDNAKELGNGCFEFYHKCDNECME SVKNGTYDYPQYSEE
ARLNREEISGVKLESIVTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI (SEQ
ID NO: 71)

[00338] ckViet 08 H2RBSmin: Deletion + 4 mutations
MEKIVLLLAIIGLVKSDQICVGYHANNSTEQVDTIMEKNITVTHAQDILEKTHNGKLCNLNGVK
PLILKDCSVAGWLLGNPMCDEFLNVSEWSYIVEKASPANGLCYPGDEFNDYEELKHLLSRINHFE
KIKIIPKSYWSN

S@GVS%ACSYLENPSFFRNVVWLTKKNNTYPPIKVNYTNANQKDLLVLW

GIHHPNNEAEQKIqIYQNLNTYVSVGTSTLNQRLVPKIATRSKVN GRMDEFFWTIILKPNDTI

NEDSNGNFIAPEYAYKIVKKGDSAIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECP
KYVKSNRLVLATGLRNAPQTEGRRRKRGLFGAIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAAD
KESTOKAIDGITNKINSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTIYNAELLVL
MENERTLDFHDSNVKNLYEKVRLOLRDNAKELGNGCFEFYHKCDNECME SVKNGTYDYPQYSEE
ARLNREEISGVKLESIVIYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI (SEQ
ID NO: 72)

[00339] ckEgy_07: Already possesses the deletion in the 130 loop
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCNLDGVK
PLILRDCSVAGWLLGNPMCDEFLNVPEWSYIVEKINPANDLCYPGNFNDYEELKHLLSRINHFE
KIQIIPKNSWSDHEASGVSSACPYQGRSSFFRNVVWLTKKDNAYPTIKRSYNNTNQEDLLVLWG
IHHPNDAAEQTRLYONPTTQISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINF
ESNGNFIAPENAYKIVKKGDSTIMKSELEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKY
VKSNRLVLATGLRNSPQGERRRKRRGLFGATAGF TEGGWQGMVDGWYGYHHSNEQGSGYAADKE
STOQKATIDGVINKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGF LDVWTYNAELLVLME
NERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNECMESVRNGTYDYPQYSEEAR
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vari ants have one or nore amno acid substitutions relative to a wld type
parent H5 HA at any 1, WD 2012/047941PCT/ US2011/054831 2, 3, 4, 5, 6, 7,

8, 9, 10,wobp121@79413, 14, 15, 16, 17, 18, 19, 20, 21, 2PCTAB201245483b6, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, or 37 residues selected fromthe
group consi sting of residues 95, 98, 128, 130, 131, 132, 133, 135, 136,

137, 138, 145, 153, 155, 156, 158, 159, 160, 183, 186, 187, 188, 189, 190,
192, 193, 194, 195, 196, 219, 221, 222, 224, 225, 226, 227, and 228.
[00353]LKh@E%@@QKEE@@QT?@?L&YE‘;@A’%L@QJM@/@&YGL@%MM@VSN@@LQCQW@ sefyence
substitutions that reduce or abolish glycosylation a site corresponding to
positi 8®:158) In sone enbodi nents, H5 HA pol ypepti de variants have sequence
substi o identity and/or structure of the
glycanﬁwinggd(%ﬁ%g g %g%@gég§ﬁ§+kﬁé Ia205|t|on158 In sonme enbodi nents,
such aN§5QNQDGBI§BD§KBDQI¢t@ﬁﬂ&ﬂﬁﬁﬁﬁﬂ%ﬂﬂHMEKMNTaTQRQ@IbEKTEE@Eh@NE@ﬁVK)

Ao, | KRGS RO e Lo GO BRe S UREE FGLT N PEL T hor A TBH af

snte c@n@&sp&ﬂdwsgHEQs@mssA@EHQdRﬁBFRRNvaLEmmbﬁaXaaIKRBENEINQE®EmWBmany
am no acid ot her i ments such a Sﬁﬂuenc

subst i tIﬁﬁPBTHAéS%PFEQEPT%%IW%%TWPRWPF@@&%? KVpRLsE o ireitsT NG

sequen@%mwbihpwi\m@vm@@@sfmmj@@dﬂ@@q@m@kaggmmgmﬁﬁ e SCPKY
gl ycosylation at a site corresponding to position 158 can make an H5 HA

pol ypepEicd&Livof & CERBSBRYE RRRERI & (el At L sGIRCEVPGEY G R FYEQARRGY AADKE

functi analkhy)catkl YRGPEA ﬁ@%%%%%ﬁﬁ&ﬂﬁimﬂa
site c%??%gboﬁ ?ﬁg ?%%%gﬁytlon fg%E] Li, T%rlGOXaa @sugﬁ gs %%160A1a) can
make amEHRS LEAHPENYREPY DEER HDlRONAHEINGAFeS ¢ififiCONEEME SYREOT NDSPQ TSR RAR | v
and fu e di an H5
i pol yBeBeTde ELPE AL AL D B LA Ton e aNEe ot ohs Vet atl ve to a
wild type panent H5 HA at positions corresponding to one or nore of

resi dues 226, 228, and 160. In some enbodi nents, an H5 HA pol ypepti de

vari ant has one or nore sequence substitutions relative to a wild type
parent H5 HA at positions corresponding to residues 226, 228, and 160. In

some enbodi ments, an HS HA pol ypeptide variant has one or nore sequence
subst i 1@34dhs d@m@hﬁ%%&mu@ﬂpyﬁ)e parent H5 HA at positions

cor r espandi g hoyEEskdyese 226 AN eRn @R e RRod TBRL Auc RN kEhd

pol ypeptide vari ant as one or nore sequence substitutions relative to a
wi | d tppeLlpacethGHbL HAPEAE DRI BRI BOIK1eepoindiChg GNONPEEE UKBEL 2RBVEFR 160.

In so r uence
sUbst EIT Re P Erair o Oy Sy P A R AR R 30y Pl R v 5
corresg@m@m@gAEQRAESQﬂBBBQfﬁﬁﬁzﬂmLﬁéﬁivﬂﬂﬂxfﬁikaaLSGHHEEEWDmLmsmm§INEan H5
HA pol ypeptide_variant has one or nore sequence substitutions relative to a
wild téﬁé@ arent VAR HACKEDpoS T T s Lo HESHIndChg Vo e M ohel oFF bt @ ot wo
2012/0%%%ﬁkﬁ@lh@@ﬂﬁ&é#@@éﬁ@éKRﬁélﬁhﬁ%ﬁéﬁﬁhedﬁ@&Mv@@dYéQﬁHsN@g@@@ﬁAADKE

enbodi nents, an H5 tide variant has one or nore seguence
subst i tSGQiKé\ﬁ@GVéNEYN%I %M%Tis)ﬁ FAVGRAFEIBare - NS KKNEREE pBYTTE ¥ oL LVLME
corr es&%@QE@QHBQNVEQLgHﬁ§R§§§RDB?p%@E 1AL RS HRERNE LR s GRROH, FRAL Sordik HS HA
pol ypeptide variant has one or nore sequence substitutions relative to a
wi | d t yp&EpaCEeMKLESIFHAY QI Lposs TVAHTE.AgrIegrandiiNg SNeSEesRAués (226 Hnd 158.
In so e Sinents, an H5 HA pol ypeptide variant has one or nore sequence
substitutions relative to a wild type parent H5 HA at positions
corresponding to residues 228 and 158. In sone enbodi ments, an H5 HA

pol ypepti de variant has one or nore sequence substitutions relative to a
wild type pRf€HBd5 HA at positions corresponding to residues 226 and 228.

[ 00356k0d3'212§0 "Ry EAPOFARBA S st&ﬁesﬂﬁlvyﬁtt&%té’d)ﬁﬂgéﬂﬁy V@i éshudag or nore
sequence substitutions that include a deletion in one or nore of the | oop

r egi ongeagptoasperificpp bl ptA.ddowevergbese sedivs doaverst @ replacdBenHAl poiny peigds dide

vari an en St ' incl on at a
ot e oot NG e fps fudP ARG, T bttt e b e oG, HRUBL DT S
enbodi nents, an H5 HA pol ypeptide variant has one or nore sequence
substitutions that include a deletion at one or nore of am no acid
positions corresponding to residues 128, 129, 130, 131, 132, 133, 134, 135,
136, and/or 137 of an HA pol ypeptide. In sonme enbodi ments, an H5 HA

pol ypepti de variant has one or nore sequence substitutions that include a
deletion at a site corresponding to tile 128-134 | oop region of an HA

pol ypeptide. In sone enbodi nents, an H5 HA pol ypeptide variant has one or
nore sequence substitutions that include a deletion at one or nore of am no
aC|d p05|t|ons correspondlng to re5|dues 128, 129, 130 131 132 133,

N Y L




[ 00357] I n sone enbodi nents, an H5 HA pol ypeptide variant has one or nore
sequence substitutions relative to a wild type parent HA at positions

corr espormioregi@7ame or nore of residues 131, 132, 133, PC3AIS213/548365, 188,
192, 193, 221, 226, 227, 228, and 130. In sone enbodi nents, an H5 HA

pol ypeptide variant has one or nore sequence substitutions relative to a
WO 2012/ 047941PCT/ US2011/ 054831 wild type parent HA at positions
corresponding to any 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 of
resi dugg iliég-stué}?’@as e@‘gh?’conélééped Idétiohoor deléi%ns nglt?oss@@:ﬁete%%l]nantg &Pnost27, 228,
and 130. In sorfe enbodi nents, an H5 HA pol ypeptide variant has one or nore
sequenepecglifiyt |Stmctumﬁys¢cbina@stlgethn@ havenil$cdfatlgrpshopant edentififngathe osi t i ons

135, 15ty Gl o fab Sin 0 iy THE, Bl BN B ety ont <

an H5 H:@al@a)écywqig zlnde!zcmanalgm IhaSntfh@Ie tHerprésefitein Sl € IToeths Gl tindeyhdvens
relative to a %||d ty pe %erent HA at p03|t|ons correspondlng to.(1). 130,
and (2yccqryized thg importagce ¢f ang have ergploged ayggquepge aljgnmegy appsoqsh Tp gnginfeHag 131,
132, 133teipdwith hdvel pljol_%éﬁtleg- 8@1716 Pr9nt h9nticAZheordFRses Aelrec iR dBat alsHABRS] 1N
sone enbodi ments, an %fo ypeptide variant’ has one or nore sequence
subst i @ppoeshsan &k a@qd\,fer dontélyimg|ddterpimanty f kort spaailigity pbsihel ldAsubiapesdb@ondi ng
to one 85101 221, and 130. In some
enbodl#g%%%B&ESBEgﬂﬁiﬁgggﬁh %mﬂégégPﬁgzs( angﬁ%g%r nore sequence
substitutions relative to a mnld type parent HA at positions correspondi ng
to any or 7 of residues 131, 132, 135, 188, 192, 221, and
130. Aigﬁﬁgseﬁﬁgahﬁéﬁts an H5 HA pol ypeptide variant has one or nore
sequengRss HRsdHst Uirk@ Bﬁldh&' AN ySOHA Py plideR & PRESRbF tlfeRing RPSIOLL ONS
corresponding to (1) 130, and (2? one or nore of residues 131, 132, 135,
188, 1980343hd Dipept blmﬁmgeﬁseye%t?ﬁ Iyriailize olygan pEayyAn poighslspnediglyear i ant has

o (1 ohe Gef FALTRRT IRRC, Al 4R) SERFSHER oy Aphite LY BRRRUET R B

r es| du@kitéls;gjb;fteﬂﬁﬁng i@SLyrrleBackﬁz% IanacARM. “schilﬁﬂﬁﬁ’] asbayssmmrmﬂﬁ‘bdl ments, an

e nt has uence sub |ons r ive
To o wha Ty be o iebRie BR s Salies SRt RERRITRy e Rhre e norb bR
resi dues hdi8SradkB perokRfase) pAdhary22fl, sedohlary2d8bodérd Iﬂ3&ultivﬁleﬁﬂ rﬁBsa?ﬂbﬁﬁhﬁ@ nts,
an H5 HA pol ypeptide variant has one or nore sequence substitutions
rel ati v&\ tSélréf C\RMP%FX?@W@hrP&H@ﬁX andeegndarysintipeties gy pvndi2hly to any 1, 2,
Zh don il Sl Rhel S5 QUER a2 LR BnaZRE R AR A0,
subst i taod ischen croetaatedwethttbe arrw Ifdndlygessyayﬂ anatypidallptarped pui onsa coge esiddndi ng
to (1) 130 es 26, 227,
and 2o R8s Sl an iR St RS s ol uied RR PRI 5RERs “ror o
sequeneﬁﬂﬁuhsyltutlons relatlve to a mnld type parent HA at positions

correspondlng to (1) and (2) an or. 7 of residues
133, 1890344k5 FOIggamezelregtﬁndla&auegewere\wfgmeﬁ/W%@ﬁéﬂ%ﬁ@@%sms1

[ 00360]y1yhnSRERLRPM FRINS 3° AINIR, BATRRE XPERI 3 deNvaRia0tyias) qne or nore
sequence substitutions relative to a wld type parent HA at positions

cor r es pemekienty Gatf lof@lcdIA cn® rrepmientsd‘ifndﬂew B3d 92preant NQIActh-63ome

enbodi nent.s, .a o] e |an as one re.s

subst1 v b Reyige BB R oy R rpb et R e el RS WeRF Sasbna ng
t o any °¢) w#h aOfreptaadincoskd Viesh Bidling t9BacidB34-wdll (5 Q88 RO PichREIS rindddl HS

pol ypeptide variant has one or nore sequence substitutions relative to a

wild tygee paeenith PﬁSatThﬁebﬂretwfrfberwa%hé@ Boefditgs Wigh PBY tasmovagEces?) one or
bot h of, l}fcgr? aﬁ&'%sﬂr&%vﬁ%u@&ﬁhex[&f?&@% I n sone enbodi nents, an H5 HA
e

polypeé vari ant has one or ‘nore s%quence substitutions relative to a
wi | d t y@34phr ehppréfhiaat ampasis ofdhis-tagged Hé\go:m@tlm grimeryoméibody (moruee afti ¢>eHisdues

and’ 1369 PO S5AI BB ATRY caRe iR BT st e Vi SRS BREOST rore

sequenae: s ubShrithatyisedndaglfat i viginu@s an el Cthtey@@tu[:ta(rz eNpretPmplexROIAS vans
corresponding to any 1, 2, 3, 4, 5, 6,
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7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 of residues 131, 132, 133, 135, 137,
155, 158, 160, 188, 192, 193, 221, 226, 227, 228, and 130. In sone

enbodi mrerwe,20ex4HB1HA pol ypepti de variant has one or nDPETASQUENE4831
substitutions relative to a wild type parent HA at positions corresponding
to (1) 130, and (2) one or nore of residues 131, 132, 133, 135, 137, 155,
158, 160, 188, 192, 193, 221, 226, 227, and 228. In sone enbodi nents, an H5
HA pol ypepti de variant has one or nore sequence substitutions relative to a

wild typg Iﬁ@fé%@tto l&'ﬁn@ltvoﬁlﬁﬁé b 25@5111 Q&Qﬂhrl% B@!&qh PB St CSO(u:i-))f t%@%rec@ﬂglegcga Hﬁny 1,
2, 3, 4, 5, 6, 8, 9, 10, 11, 3, 14, or 15 of residues 131, 132
133 13@5 th‘pg?ldde_‘gﬁs thejg gcan- coated wells in the 384 well plate, and was incubated at room
temperature for 2 hours. The wells were subsequently washed three times with PBS containing
0.05% TWEEN-20, and then three times with PBS. HRP activity was estimated using Amplex
Red Peroxidase Kit (Invitrogen, CA) according to the manufacturer’s instructions. Serial

dilutions of HA precomplexes were studied. Appropriate negative (non-sialylated glycans) and

background (no glycans or no HA) controls were included, and all assays were done in triplicate.

Example 2: Exemplary Human Binding HS5 HA Polypeptide Variants

[00346] In some embodiments, HA polypeptides are HS polypeptides. In some such
embodiments, HS polypeptides in accordance with the invention show binding (e.g., high affinity
and/or specificity binding) to umbrella glycans. In some such embodiments, HS polypeptides in
accordance with the invention show either comparable (to umbrella topology binding) high
affinity-binding to cone topology glycans or reduced binding (e.g., lower affinity and/or
specificity relative to umbrella-topology glycans) to cone topology glycans.

[00347] In some embodiments, HS HA polypeptides in accordance with the invention bind to
receptors found on human upper respiratory epithelial cells. Furthermore, H5 HA polypeptides
in accordance with the invention bind to a plurality of different a2-6 sialylated glycans. In some
embodiments, HS HA polypeptides bind to umbrella glycans.

[00348] In some embodiments, HS HA polypeptides in accordance with the invention bind to
HA receptors in the bronchus and/or trachea. In some embodiments, HS HA polypeptides are
not able to bind receptors in the deep lung, and in some embodiments, HS HA polypeptides are
able to bind receptors in the deep lung. In some embodiments, HS HA polypeptides are not able
to bind to a2-3 sialylated glycans, and in some embodiments H5 HA polypeptides are able to
bind to a2-3 sialylated glycans.

[00349] Insome embodiments, HS HA polypeptides in accordance with the invention are
variants of a parent H5 HA (e.g., an H5 HA found in a natural influenza isolate). For example,
in some embodiments, H5 HA polypeptides in accordance with the invention have at least one
amino acid substitution, as compared with wild type HS HA, within or affecting the glycan

binding site. In some embodiments, such substitutions are of amino acids that interact directly
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160, 188, 192, 193, 221, 226, 227, and 228. [00362] In sonme enbodi nents,
an H5 HA pol ypeptide variant has one or nore sequence substitutions

rel ati ve wo 201i4r41t ype parent HA at positions correspomrdiru$2a10/08¢881 or nor e
of residues 137, 188, 192, 193, 226, 228, and 130. In some enbodi ments, an
H5 HA pol ypepti de variant has one or nore sequence substitutions relative
to awld type parent HA at positions corresponding to any 1, 2, 3, 4, 5,
6, or 7 of residues 137, 188, 192, 193, 226, 228, and 130. In sone

embodi R 5>un@Blybhh; HARR! sHRSIREhARs, Y@H @B Rshs AR Ai PAGdsIRHURNGR _
substitutions réelative to a wild type parent HA at positions correspondi ng
to (1) de8ee ofasedarg@n wnwved frmprtkosofthat éx¢rdelewthidnnd gB8an, i9that thg3ne ddee and
228. In.sonme..emhodi nents. an,HS ol Rt .| ariant..has _.qone .qr. re
cequendh SSTRLBT RN ER i il RurC R RERHUEEe M Mo RESa R Bhe

cor r es pdreiivgaftat (hk)abildPof tadiré@bimtg dmind acids todintebact @ith @lyedin, besdces 137,
188, 192, 193, 226, anpd 228. WD 2012/ 047941PCT/ US2011/ 054831 [00363] In
some _eh‘ﬁ‘éﬁ?%?éﬁ‘??é,’ wih gﬁfsawﬁzﬁﬁl&%éﬁ% PaeMgar e a@i‘a& erthﬁ%r%[-g@&wgnce_
subst i tyfid PR|s 6 iAEhMSvitiOol feal A diXABRRT &Rlcubhvilla1 RAR ifdnRBR £ O$ gippondi ng
to one or nore of residues 137, 188, 192, 193] 226g, 227, 228, 131, 132,
133, amdlypgoides in aseprdaneatyddi the mventicareopBirHabg g yge pf paeonvmerc girectHardiaghe or
nore seq. subst i I i g a wld. 1y 0§l tions
Cor  eapt) sy Rl hdft 1R el B obfph b imfho ik BR BHFDechhy B BT 37
188, 19&hardlidd;-ar?id6 acid® by a22&mbliddlion b8 thesd 38, somndmb3dimehis, HOHRA enbodi nent s,

an H5 ol ypepti de variant has one or nore sequence substitutions

el at PP ot TRAOED oS PTGhS TR SSERE P 5 130,
and (2hciafQiBkvéPkith@ldes 8 fiuesarddh. 188, 192, 193, 226, 227, 228, 131,
132, and 133. In sone enbodi nents, an H5 HA pol ypeptide variant has one or

nore séiPSBLe laspae pobedigwstsy AP By pdyreptide virjagtstiy pecoplapenhpiticdnvanben t i ons
' 1 : : 1 9. 10 of
s Gumandly B @l o) Ay (ARl o igZubuyting Jycpaled B FigBiperd O

sone emsddAnanbme carboditnelia hfoH)\gey pededorariaaintn fasrdone with thoievegéguence

substitutions relative to a wld type parent HA at sitions correspondi ng
o, one Bt 6y WGt OF bl ariBe e bsy s BB s bR BRSU i RGgRES deiE

enbodi RERtifutioadatfodidpathipepielyden WiatingRite.has one or nore sequence
substitutions relative to a wild type parent HA at positions_correspondi ng
to any [40353] 3Jn sgme gmbedigents dApebpeptidr vatigats imagoordanps wigy{ge yentiqn, some

embodi BALS.ond {?@ré‘!@hiHQ Lyg %@ésitig@i MALd ROLrHAS, LA S B & PEAHENGE

substitutions relative to a w | toype parent HA"at positions corresponding
to (1) Nu@ther 2009/ (28Y38hand20 16004 166, andsn Huie ParATApAIR (0l 8&jal BwchbeB3. |1 n sone

subst i talpawy Pstlphia 20 Bt RO B oRR MBI IE Yoor r espondi ng
to (1) DIRGNGSINE ANDAOR TREATING INFLUERTAMSFECURON2 241 ofh3dich 432, and 133.

[ 00365] I n sone enbodi nents, an H5 HA pol ypeptide variant has one or nore
sequent¥oEMFe] heiein fydeleEned)i ve to a wild type parent HA at positions

corr esw&gg ﬁlgoﬁ@@mg()difﬂaﬁ@, lqg H‘Aﬁ%&l ) §de Pakiantk3dve Zenc%%stigt@i%ns %92_, 193,
226, 227, 228, and 130. In sone enbodi nents, an H5 pol ypeptide vari ant

has on@osHommorcgegdienteosulstdre of icsidsesr %, 88, 128, 139, 83 Wil Y 1B§pBSphdent HA at

posi ti ryes L 0, QN q et oo 1k # of
Pesi dugs 13T, 14525 %gg”&*s%% Yasb10Ggs: 115, 488, 18y, o0, 0. 308 194 8. DL (e
enbodi meatd9, 201, bR, BAd abyIsepei Hand 228. dntsofia smdodin@hts NS E1ASpdVigptide
substitutions relative to a wild type parent HA at positions_correspondi ng
to (1) Ve hayg opoyr Bk WHWIQS%XWEEP%{E@EV?LEWE wigype papnt HBHA 485, 192,
193, 228iakddole@UtrdR the JrbupQiBis@IRadLBRE 95, ) 146 15K B9l yipepsi desviaki ant
has one or nore sequence 2012/047941PCT/ US2011/ 054831

137, 138, 145, 153, 155, 156, 158, 159, 160, 183, 186, 187, 188, 189, 190, 192, 193, 194, 195,

196, 219, 221, 222, 224, 225, 226, 227, and 228. In some embodiments, HS HA polypeptide

variants have one or more amino acid substitutions relative to a wild type parent H5 HA at any 1,

113



substitutions relative to a wild type parent HA at positions correspondi ng
to (1) 130, and (2) any 1, 2, 3, 4, 5 6, 7, 8, 9, or 10 of residues 131,
133, 137,w03B12/8881 192, 193, 226, 227, and 228. [00366PCIrissamnms4831

enbodi mrents, an H5 HA pol ypeptide variant has one or nore sequence
substitutions relative to a wld type parent HA at positions correspondi ng
to one or nore of residues 131, 133, 137, 155, 188, 192, 193, 226, 228, and
130. In some enbodi ments, an H5 HA pol ypeptide variant has one or nore
sequences siibsg it ytd QDSI If ¢b 61t3' Y£ 15014 1W i@l@XﬂﬁzP@fzeﬁ@ 2o Rbe poS b 10NS
corresponding to any 1, 2, 4,75, g8, 9, 10 of residues 131, 133,
137, 158,31188,3318%, 35198 or 2'26381@258861@?1:@ fm@thelgmwesmtmoﬂlrwg%% H5 HA

polype v n quen | to a
R P RN AR KA SO A N e e SR LS LI
nor e ofl 88.680d1Lo8s 198193, 1133 1963796, 259,221 882, 180 224 93p, Z26and228. 228. I n sone

enbodi an H5 HA pol ypeptide variant has one or nbre sequence
{3 W

subst i Thspe piped laleatsvﬁ HA RPEPpLerAaps haye sguence sHstRgPreEBbondi ng
to (1) e o@%hﬁ@ély@&gla&@n gsﬂ@aorﬁt O%dl to posiffon P98 In 96mé Esbsigend 35 133,
137, 155, 188, 192 226, and 00367] In sone enbodi ments, an H5
HA poI %Aep@lm@tldawrmts Hraie SQﬂﬁénC@ﬁubﬁﬁlﬂélogéd@é t snshhentalteuthi idestivendborve to a

N L R R T e Pt o

sone enBeglicnadubstitatiorHs afitponypepitd cerespondargtto basstlmnﬁi&;) B.gnovsel WaGuence

substitytions relative to. ild type parent osi tions correspondi ng
o any Hheret Rt 548y aiifng ot G AGT B3R smbiyyiyaCiich aSedS 157" 15n.
137, 1§%stlﬁﬁ%n iskPRutali8Bat a]sgt%coﬂf@s%ond?lag to I?(%l%lona%&e AN0hr186Kaal Wh&eMHEXaa

enbodlnents an H5 HA pol ypeptide variant has one or nore sequence
subst i AATYGHENG edidpihgrethar Agn. V\m S@Hﬁ;ﬁg@ome@m syqh aHeqysaet tUbsHE@beEY SN di ng

T AL g A Ll Tl S e U M péS?  de

var i antaffhas omabermglynmykitwequamteecoaﬁmndmgm pm;a;thnelﬁatcawmak@araHWHm t ype

par ent positio corr ond to nd 3,

2 71" gotighich Ty oRETy 3pFEReE; hoflsrierbaty b dipah DBl 150 155
192, 193lyp@ifle. Z2domeditbod2Bentd, Q%ﬁ&lon'dﬂa%ﬁ@@orﬁﬁg@ﬂﬁﬂgﬁﬂﬁ)ﬁsm@rﬂl(ﬁﬂﬁe@b\
polypeptlde variant has one or nore sequence substitutions relative to a

wild typeloptapmbchig H¥1@6A§PXQ% ke gp Hodho palyRgptids natie clopelyissemble (¢-8si dues
131, 133w saﬁzturaﬁzgnd ihﬁl%u i %) #ﬁ@ﬂ&?c?i%e})%ée. 226, 228, and 130. In sone

enbodi nment s e vari has one or nore sequence
subst i {M354hs Inebmt ﬁmQOdlmeatsmnl 1d5 thppolpaepedi vaddAnahaspos bt norssegaemeespondi ng
to any 2,..3. 4.5 6,. 8, 9 1, or. 12 of resid yes 131, 13 137,
15501 g e vid yd nadi A3 ARl e Hesb G o R el an e
HA  WOra@iué 02 244, Red /1 692 sbhd 243 dinR@tsy @;ems ke pyIgpdptidt vt Bieon@lor mor e
sequence substitutions relative to_a wild ¥§§é$arent HA at positions
cor r es PERAPGIYCRCS SPRSfitutinns reptiye (23 W&Héymrpa%l A pleRgstigas corpponglamg o137,
155, 15&1du1‘§926 é§§’anéqg(’) E%%me%%@)odﬁ%tsz%?HS |H]A 291 e&@pgﬁjﬂeﬁi@ﬂﬁssone%ﬁl H5 HA
pol ypepti de vari ant has one or nore sequence su tutions relative to a
WI | d t ypee papere smtlattwp@mkttwo mtsa dertjamp@rmﬂ Hg HAo a(mysltlomsmrr@p@dél%)toany 1,

es 133, 137, 155, 159, 160

188 1§?ld%f§226 aéiﬁié%oai%ls Olf %gslggré”l Jtade Va“%‘“t%"‘s RO TRE©
pol ypepéqLﬂ@ce\/sabMﬁlﬁﬁonb@éatM&o @lwlmuy@ IS@QNQI’SCJIQA&Ub@SﬁtEdnEEbWOIﬁcBﬂlQM ve to a

wld type parent HA at positions corres ing to one or nore of residues
137, 1881dupy228 angal 60 g somegmbogiypenty g 51111,g gptidgarian has 9aRr Mefe s omre

enbodi RRfkfee S%Bstkialdﬂé\r&ménsewm l\f@ﬁdré}ﬁ'stfI% aPP&iRIns IBL&pSRAMERCE
substitutions relative to a wl { ype parent HA at p05|t|ons correspondi ng
t o any rasidups 22 angl 228, 6, 7, 8, 9 10 11, or 12 of residues 137, 188, 192,

193, 2@&) ﬁzd In%g‘&w e&l?@(ﬁm%%t% anzl—zlg'HrI;ﬁlzjlr%ﬁyp H&Ie Ja%%ntﬂ g ?‘I ¢ u?jﬁfg%ggd IEFQ'[ s, an H5

HA pol e varran as one quence su rons'relative to a
wildt ym@tlpmroﬁsnteld%e at a pisitgpe@asncHB MRS panrditiogs ¢@resAgndindQo oandr dje odne or
nore of residues 137, 188, 192, 193, 226, 228, 131, 132, 133, 221, and
227. I n sone enbodi nents, an H5 HA pol ypepti de variant has one or nore
sequence substitutions relative to a wild type parent HA at positions
corresponding to (1) 130, and (2) any 1, 2, 3, 4, 5 6, 7, 8, 9, 10, or 11
of residues 137, 188, 192, 193, 226, 228, 131, 132, 133, 221, and 227.

[ 00370] I n sonme enbodi nents, an H5 HAlfol ypepti de variant has one or nore
sequence substitutions relative to a wild type parent HA at positions
corresponding to one or nore of residues 131, 132, 133, 221, 227, and 130.
In sone enbodlnents an H5 HA polypeptlde vari ant has one or nore sequence
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WD 2012/ 047941PCT/ US2011/ 054831 98, 136, 153, 155, 183, and 194. In sone
enbodi nents, an H5 HA pol ypepti de variant has one or nore amno acid
substi t utwonsiveiati ve to a wild type parent H5 HA at r esirdisesi198i8ect ed
fromam no acids |ocated adjacent to the region of the receptor that
directly binds the glycan, including but not limted to (a) residues 98 and
195, (b) residues 98, 138, 186, 187, 195, and 228), or (c) residues 138,
186, 187, and 228. [00372] In some embodi ments, an HA pol ypeptide variant,
and parrésﬁcﬁl‘éé 83, ¥2@Nni2 590lYRERIhAB AR 2R H@@FAB ? éﬂtldg%ﬁan@fﬂsﬂﬁle%?' d
substitutions relative to a wld type parent HA af residues sel ected from
am no avirdscquirer sabstitudioas thigive ¢o @)f}vlléémrmmanS n&hpvaditionp portdypealingiat

i nteract t a in that.th e of

Ferovelt it ARl ot RmaR G s PR bSSr et SBREME Mo no

aci ds; nfozg s@hélﬁ:l‘e\&hlﬁsﬁtﬂifoheﬁeﬂativheo abilditype pafent HE HI ngaksitidhin chrrgpa@idinaoaci ds

to interact with glycan, but do not inte irec W th ycan
{ hermer ks 030 I@)gﬁét RO ambadiagts. taﬂélga%ﬁmoggve 5%%%&.%8@6 HBidFng ani no
aci ds tséhu'eﬂ@eesﬁlﬁéﬂtut‘%n% E‘elﬁlh@éqgﬁ1w1@n§j%@f)a§&t I3t IEA A€ posstidn@ ebirdkp¥hdif @ ycan

t hensel ves, includi ng but not ed to residues 98, 138, 18 187, 195,
and zzseSIqU@eg?ﬁsf}ndl 1985 dimgonedinkiidapents an &9 Hmpgbmypé}madént\hm pragr, m@md

t t
oot | hehdt AR AARERAD diAT b A IER IS0 MRLGHAIADLE L ) ¢ om
am no acidiss Paind®28. one degr ee of separation renoved fromthose t hat
intera i.t h _bound an, in the one degree of separation
ermovel0UFho 136ras cBPUER o3 1 T lioeRiten R Pae b B AFHG M no
aci ds; s(lin@bhemu iseuad § 8atidnng oddbt inbd Find 186, fyg{cﬁ%fﬁli ndi ;ﬂﬂyp%ﬁhdbo Iaci ds
to interact wwth glycan, but do not interact dll)rectly wi th glycan
t hens elsy@e embpdimgyts s Wisrolwiepeds varkaat hasions pymete sedienel wBsiLBdh#g ani no
act s RANAILELAGH o 1 11 ke ADd, BLS98h 3 RIAGL:i0H LERNX J Pl G801

t hensel ves, |nclu I ng ut n to reS| and 228.
[ 00374 Fkotha embcthenﬂsmhl M%Hmpolmphik miayt;imptonder marei saquepc@mbsqnandmscthldtar ly an

H5 pol ariant, has e or mno acid substituti el ative
to now R Rp afihegn e LSy G S et B e iSRRI R by are one
degr ee 186, 13€PENAI3NN34,ABBVES, Hiddh 131Q@S &n 1ol pHhaaA@CTh sWnU@mlb@am@ngl mcan, in
that the one degree of separ ation renoved-anm no_ aci ds_ej t her (1) interact
wi th t AR A pebiPeRidsdirrgntdnt prs AeTes sequnecst hityiape thef metude prelclpn iy of
the dir ] teract
i rect 1o i R Bt ao Ryl SR T o oA OB T P
direct 9 Iﬁdlmgfpapndwwaamtdhss b orm@r a(tquemetSklbsjitlytmn thaaimdlugp sdeietioreatamt

and 1087 s 0 Bt Tncer UeBrifi66 U adassi 1 Cant aoot ts: an

HA pol yip£pt ard@ARIypaptide. BNgbnRasnibodith@itd, ynaﬁ fﬂspp@bmﬁetvhﬂm‘hag brzidr, has an
am no acid substitution relative tog a wl ype parent HA at residue 159.

[ 00376 NI HSErRec sHpRbE tivahthat méﬂﬁdmd%tp%@ﬁﬁaaén%ﬁl@ SHECSPAEngIarti &l arly an
H5 pol ypgpt s%ﬁleVe%{Hoéﬂﬁentsh@@chQ% &gloﬁgﬁ&tlﬁiﬁoﬁ&&%&e%ﬂt}ﬁ Hkgiol;%@gudem ative
to awld type parent HA at residies selected from 190, , 225, and 226.

I n som@ﬁbloshlm@rsbleémg Haotb@iln}cp@tptlyd@ﬁwam(mﬁﬂy) aridR Héxmqlmgptadd )lnaﬂmelS

pol ypept i de vari ant Qne.or re am Cld u i.tutions he |vetoa
ot speome Rl a8 Gy Rl IR e B el e e R 1S

[ 00377]polype1amlemceérbmblyrmaérﬁbleae.gi5bd;ﬂﬁ spoduyBp ndRinv@snaB it ani H2 HACOr dance Wit h
the invention has one or nore of the follow ng am no acid substitutions:
Ser 132 PAYPCAY5133Thr, Ser133Thr, Ser137Ala, Ser 137Arg, |1el55Thr,

Lys 156‘330357% TASE%ERmOWNRERis wﬁmﬁs (?HH@%&E! ichsRAS bARSrASlencd N 160Al a,
Asnl186Pro, Aspl87Ser, Aspl87Thr, Al al8 Al a188Asp, Al al89Gln,

Al a189Lyl§tltwoa&$@fDN¢ to gvild gmmarendima@ @Wﬁonsmrrm@n(ﬂlgg Lcy@ne ryr98Ar g,

Lys193 1 S y T Pr o,

a y225AéS!?d‘“*’Lfa)I_@]z33{< 135, @Shgﬁgﬁ 18%; fde Ea%?% g %A%% At/ﬂafzo é@ gl%é[ooeﬂs]
In sonenﬁmmﬁ&nmethS}Hmpdﬁm#md@mmymemkmdeoVﬁmnaQOnmeaﬂsnmdam&mkmméﬁbdhe
invention has an ami no acid substitution at a position corresponding to
resi due 192, which swtches the charge at that position. In sone

enbodi ments, an H5 HA pol ypeptide variant in accordance with the invention
has an am no acid substitution at a position corresponding to residue 193,
whi ch switches the charge at that position. For exanple, in sone

enbodi nents, an H5 HA pol ypeptide i ni1atcordance with the invention has a
Thr or a hydrophobic residue (e.g., Val or Ile) at a position corresponding
to residue 192, and an H5 HA pol ypeptide variant (e.g., a human-adapted
varlant) has a hydrophlllc re5|due at a p05|t|on correspondlng to residue
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to residue 193, and an H5 HA pol ypeptide variant (e.g., a human-adapted
variant) has a neutral or acidic residue at a position corresponding to
resi due 1W®.20143@me enbodi ments, an H5 HA pol ypepti de pamitsne11064831, a
human- adapt ed variant) has a neutral or acidic residue at a position
corresponding to residue 193. In sonme enbodi ments, an H5 HA pol ypepti de
variant (e.g., a human-adapted variant) has a Thr, Ala, Met, or Val at a
position corresponding to residue 193. [00379] In some enbodi mnents, human
adapt aty; I i i-ake N gt ri{i,es) of
o oo B P e T80 5 PaubeRtry AP whi o
makes dénf gstdvesd 31h 13hl33r138, Wydi DpHdbilo2r BS dile 236, 2282228) andcloitt daseme i n H2
HA, residue 188 | aguent |y .4 u. or, As whi ch nmakes contacts w.th Arg or
ys o crosmt iR At RSl B 6 R s R TR 56 wERP AR s L 4,8 %%
G u at wilkispd gifenl 8B\ atl posisionecerebmaidignd §1) 180, ddd (BYoreal ypepbdl dedvarizant has

As jti 88. | i ts, H5 HA tid i ant
has an 1Abd3goR%u SubSe bt 1 B 0} Aobant SHooi SaniS s CRBIBRCHO ALt | de
vari anty Aaslyapiah RASBARR RS okl Bhee EARBRODN! R1:500® £WhedjRB5 HAN H5

HA pol ypeptide has an Ala at a position corresponding to residue 188 and a
Thr at abpgdiint corespardiesiod hil Wgando(2) axy HiZe3182, 6.17h 8sBrid, EnBlddir8ifs, an H5
HA pol i a i 14,0 i resi due 188 and a
nyclr ophanie: ot 3R30: (718 B 8 I s 08P IR, (102, 1 some
enbodi [@0358] dn sbine HAbpdigpepin [dE HAapdl gieptikasaranGhad oat oampeSietjucdbe
correspaondi ng to. residue. 188 and Arg at a position correspondipng to

resi due TG RIS AU SRR DA S8oROBPTFEBET e A ARORAG an Asp
at a pesidue® N3 CeB? aSPOIL N, Lo rAg '19|®lelnls%§1eféﬂﬂ>oaﬁwﬁfs9a@H5Q{&Q&Prf)épﬂi@e_
corresponding to residue 192. In sonme enbodi ments, an H5 HA pol ypeptide
var i antvans has @epr grorgsqspeiceisehptitbopeisive ihy Wild tyrsqlapppe HAGE pasidons Lys at a
posi ti LNO-tO 4r ey . o i t

Pol ypeprag b aRPaNAIy £l 13, thP ol o2, PR Sk TR 21, B Lo W 1
and a bkymse ambadimeststdndihS Hor patgrendi vigiahichas @s¢ dumot32quen0O8Biditutionssone
enbodi nents, an. HA pol ypepti de has an Al.a at sitign corresponding to
oo dudag o § il S IEE BinsiTens SulBamaiiedo (§ PES a3 RE VS a
a posi téspies 03 1,@3PABL] 143, 1, LES2TUEN 188 emMBo&H¥BLs SIS HIERII $pepBlle YiiahiA

pol ypeptide has an Ala at a position corresponding to residue 188, a

hydr op HébPRe 4 daqrel srelugce sUPBIRY oy Frldt e te 8 palddyRsgadt Hésitdgetien? and a Lys
at a pQsj.td : r i hd e b ; H5 HA
A D L B B AL
a posi £22bn corresponding to residue 192, and an Arg at a position

corres Lg to residue 193. | nme. WD.2012/047941PCT/ US2011/ 054831
enboas RARERl ™ dh e ER By A e PR i Py R C R S8F 01 B S8 @Spondi ng ¢ 0
r esi dueutks8fitioas Rydive phokila tyRrPatbueHAL at PofIASistdonBspoading Speidirmghrt of r esi due
192, and an Arg at a _position corresponding to residue 193. In sone

enbodi AEHUSS Lah [R5 1R bt ypfeptl-dedvadilaht Ihipgnernetadimenta apifon _
c1:(9)r2r ez ﬁgﬂgéﬁrﬂiet&rié& 2hdYR F3Rre aub sBbsRuRAS FA R t&Q(w'il%%ﬂ%f}Qkéﬁg HiACatF €si due

‘a Thr at a position corresponding to residue 193." I'n sone
enbodi mresitigys carresiEndAg potnpple pt 3.de Syv@ar’i anef rbadnecann3Adg 7 ak55al Yo SR4.i2817, 228,

correspondi to residue 188 rg.at osition correspondi ng to residue
Too “aRi L Gt SRbEd RS 37 A B B Rab PBPLER (BROE BIRR O
enbodi rettisstioanretbivElfo Paily pERtpattat MArdt oditibras ofreddotidiag t@(1p 030, tah®(R) one
correspondi ng. to residue_188, L at a paosition correspondi ng to residue
192, aﬁamgrer%rre gues 15%#? i b é@% Péé&&ﬁoﬁw&ﬁom wEpeRyRPofignenty, gn g‘én%A

embodi WBRbSptidRNafifht HA BRI FRERE bd@e@shRtudbRs rdivisPa aﬁldayﬂégﬁkénk A at
corresponding to residue 188, a Lys at a position corresponding to residue
192, amgsiormsmorraspoadipg st (1) dA0.cod (OsppAd?.y4t D Or esT dinesides. 133 nl 3o s,

enbodi t pol ypeptide variant has a Qu at a position
corresgg%é?gﬁgﬁbggggﬁ%ue 188, an Arg at a position corresponding to residue
192, and a Thr, Ala, Met, or Val at a position corresponding to residue
193. In sonme enbodi nents, an H5 HA pol ypeptide variant has an Asp at a
position corresponding to residue 188, an Arg at a position correspondi ng
to residue 192, and a Thr, Ala, Met, or Val at a position corresponding to
residue 193. In sone enbodi nents, an H5 HA pol ypeptide variant has a A u at
a position corresponding to residue 188, a Lys at a position corresponding
to residue 192, and a Thr, Ala, Met, 106 Val at a position corresponding to
residue 193. In sone enbodi ments, an H5 HA pol ypeptide variant has an Asp
at a position corresponding to residue 188, a Lys at a position
corresponding to residue 192, and a Thr, Ala, Met, or Val at a position

)
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[ 00386] I n sone enbodi nents, an H5 HA pol ypeptide has a Val at a position
corresponding to residue 135. In sone enbodi nents, an H5 HA pol ypepti de
vari ant e 2ary4z0iino aci d ot her than Val at a positi onPCorusesposmsdng to
resi due 135. [00387] In sonme enbodi ments, an H5 HA pol ypepti de has a Ser at
a position corresponding to residue 137. In sonme enbodi nents, an H5 HA

pol ypeptide variant has an Arg at a position corresponding to residue 137.
[00388] In sone enbodinents, an H5 HA pol ypeptide has an Ile at a position

cor r es paygoN9 Ih@oﬁh@éfngy@lmééé arl 115 SIATE1GBAGE RAhShas¥e HPmbR Rleypept i de
variant has a Thr at a position corresponding to residue 155. I n sone

enbodlﬁéﬁﬂ@anan@VHmnpwﬂ9agpﬂmdetHﬁaﬂ@desm&cwhrﬂ@nmagﬁbgwun@mneof
correspadl ule 93 995 ea?ﬂQH? I]fl some e bo81men?s an 9[5 TEA Pglap?ptlde Varlzglt Raslcéjge?t | de

variant 1 NGl at a os I"on cofrespondin ue [ 00389]
In s orrmaa‘querme I’Shlﬁs,ﬂttﬁfcbniriﬁ:ld%e ok Wille pypedardnabl Asat pesitiads drpg®ndling o any

correspo ding .to. residu I n sonme enbodi nent s, pol.yp ptlde
var i antls f 4t pigusy 13 §8§ 39?’0!{1 T SR Y 28 61 r'éfglpa{?geé@f Val[lem In
sone enRodi ABRLSqucals iBstiHR!YRERL t'oqewﬂld'lﬁlbélgﬁﬁntq{z§§f p(ﬁitl(ﬁs @&%sbbrﬂf‘n
correspondi n to resi due 221. In sone enbodi nents, an HA pol ypeptlde

vari anto {Indp d@éC@(Pﬁ@rb@h@fﬁﬁgmﬂiHﬁfméﬂﬁéspondlng to reS|due 221. Wt hout
wi shin n r | uence
cont or SEBLRS ROUSE eoBRE R BITIA Gt B b ek nERER M BlugiPl | 50301,
| N someulsnhodhsehtise tcazanB t)h*A pagihyHapt ipddtibas omredgondiag t@oeas inﬁdre nf

var i anfonte 21438 o BT nah B T BB alng Ono e e 228 K002 I

some eRbadimBadimentunti®s HA PPER VARNDBS ofle &eﬁlofétse@leﬁges fbk@Dtions
corresponding to resi due 2 In sonme enbodi ments, an Oléﬂfptlde

var i antelpae (g aqild tipe pargns 1A Rnositiony extssprIg Lo 8ny bs au@ 529, /s 0,11
2012/ 0429 1E’$T1/5U§12f(?§1&f/r9§ék§e§%3[ 0Q398343 55 %9&*%53”15%%(?@%@ 13§n1d545%ﬁ/*g
¢ ha ue n’sone

pol ypepti sition ¢corresponding’ to resi
enbodi RBAIRS, axd 135. lHﬁsqmd gﬂmdﬁmdﬂs vatiSaha phby:pelalctéenanatt has pm@ortmcun

correspondin 0.res one enbo

o oo EA bR 1 RER ViR T 4B et BE PR iR o B 137 and
228, raapeniohyet moreldirésqu@s enhadp n.nt 535, a8y, 55 HAS prdoy peptibele 98 ardiante,
includes_a Leu , and Ser at p05|t|ons 226, 227, and 228, respectively.

[ 003951227 rind gt Bw@mem@flgnenas M5 HRAL D 8Py pRIISF ariaphhisiie oF MoscteabeNishice wi t h
the i nyeOLilRRNNARRPR QhilTRR pdfent AR d QbW BPoRGnE dS 186, hiher)ipgli cat ed

posi tions:
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 of residues 131, 132, 133, 135, 137, 155, 158,
160, 188, 192, 193, 221, 226, 227, and 228.
[00362] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 137, 188, 192, 193, 226, 228, and 130. In some embodiments, an H5 HA polypeptide
variant has one or more sequence substitutions relative to a wild type parent HA at positions
corresponding to any 1, 2, 3, 4, 5, 6, or 7 of residues 137, 188, 192, 193, 226, 228, and 130. In
some embodiments, an HS HA polypeptide variant has one or more sequence substitutions
relative to a wild type parent HA at positions corresponding to (1) 130, and (2) one or more of
residues 137, 188, 192, 193, 226, and 228. In some embodiments, an HS HA polypeptide variant
has one or more sequence substitutions relative to a wild type parent HA at positions
corresponding to (1) 130, and (2) any 1, 2, 3, 4, 5, or 6 of residues 137, 188, 192, 193, 226, and
228.

117



G ul90Asp, Lys193Ser, G y225Asp, G n226Leu G ul90Asp, Lys193Ser,

A n226Leu, dy228Ser Al al89Gln, Lys193Ser, Thr160Ala Al al89Gln,
Lys193SerwoGhm2Ré4eu, d y228Ser Aspl87Ser/ Thr, Al al89GPaT/USy&I19368at ,

d n226Leu, dy228Ser Al al89Lys, Lys193Asn, d n226Leu, d y228Ser
Aspl87Ser/ Thr, Al al89Lys, Lys193Asn, d n226Leu, dy228Ser Lysl156Glu,

Al a189Lys, Lys193Asn, d n226Leu, dy228Ser Lys193Hi s, d n226Leu/ll e/ Val,
G y228Ser Lys193Arg, G n226Leu/lle/Val, dy228Ser Al al89Lys, Lys193Asn,

dy22 5@363]—3/ Sth 6 Bmb At BQLMSHS S %ﬂ%@ﬂde HAriBeRARe o%ﬁlje?s&ft!le%ce
Lys156Glu, Al al89Lys, Lys193Asn, d y225Asp

substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 137, 188, 192, 193, 226, 227, 228, 131, 132, 133, and 130. In some embodiments, an
HS HA polypeptide variant has one or more sequence substitutions relative to a wild type parent
HA at positions corresponding to any 1, 2, 3,4, 5, 6,7, 8, 9, 10, or 11 of residues 137, 188, 192,
193, 226, 227, 228, 131, 132, 133, and 130. In some embodiments, an H5S HA polypeptide
variant has one or more sequence substitutions relative to a wild type parent HA at positions
corresponding to (1) 130, and (2) one or more of residues 137, 188, 192, 193, 226, 227, 228, 131,
132, and 133. In some embodiments, an H5 HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to (1) 130, and (2) any
1,2,3,4,5,6,7,8,9, or 10 of residues 137, 188, 192, 193, 226, 227, 228, 131, 132, and 133.
[00364] In some embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 227, 131, 132, 133, and 130. In some embodiments, an HS HA polypeptide variant has
one or more sequence substitutions relative to a wild type parent HA at positions corresponding
toany 1, 2, 3, 4, or 5 of residues 227, 131, 132, 133, and 130. In some embodiments, an HS HA
polypeptide variant has one or more sequence substitutions relative to a wild type parent HA at
positions corresponding to (1) 130, and (2) one or more of residues 227, 131, 132, and 133. In
some embodiments, an HS HA polypeptide variant has one or more sequence substitutions
relative to a wild type parent HA at positions corresponding to (1) 130, and (2) any 1, 2, 3, or 4
of residues 227, 131, 132, and 133.

[00365] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 131, 133, 137, 155, 188, 192, 193, 226, 227, 228, and 130. In some embodiments, an
HS HA polypeptide variant has one or more sequence substitutions relative to a wild type parent
HA at positions corresponding to any 1, 2, 3,4, 5, 6,7, 8, 9, 10, or 11 of residues 131, 133, 137,
155, 188, 192, 193, 226, 227, 228, and 130. In some embodiments, an H5S HA polypeptide
variant has one or more sequence substitutions relative to a wild type parent HA at positions
corresponding to (1) 130, and (2) one or more of residues 131, 133, 137, 155, 188, 192, 193, 226,

227, and 228. In some embodiments, an H5 HA polypeptide variant has one or more sequence
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G ul90Thr, Lys193Ser, G y225Asp Aspl87Thr, Alal89Thr, G ul90Asp,

Lys193Ser, d y225Asp Asnl86Pro, Aspl87Thr, Al al89Thr, d ul90Asp,
Lys193Serwo@1228543p Asnl86Pro, Aspl87Thr, Al al89Thr, EGCWASOAIO54831
Lys193Ser, d y225Asp, Ser227Ala d n226Leu, dy228Ser, Thr160Al a

G n226Leu, G y228Ser, Thrl160Ala G y228Ser, Thrl160Ala G n226Leu, Thr 160Al a
A n226Leu, dy228Ser Thr 160Ala d n226Leu, d y228Ser, Asnl58Xaa (wherein
Xaa = any am no acid besides Asn) dy228Ser, Asnlb58Xaa

substitutions relative to a wild type parent HA at positions corresponding to (1) 130, and (2) any
1,2,3,4,5,6,7,8,9, or 10 of residues 131, 133, 137, 155, 188, 192, 193, 226, 227, and 228.
[00366] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 131, 133, 137, 155, 188, 192, 193, 226, 228, and 130. In some embodiments, an H5S HA
polypeptide variant has one or more sequence substitutions relative to a wild type parent HA at
positions corresponding to any 1, 2,3, 4, 5,6, 7, 8, 9, or 10 of residues 131, 133, 137, 155, 188,
192, 193, 226, 228, and 130. In some embodiments, an HS HA polypeptide variant has one or
more sequence substitutions relative to a wild type parent HA at positions corresponding to (1)
130, and (2) one or more of residues 131, 133, 137, 155, 188, 192, 193, 226, and 228. In some
embodiments, an HS HA polypeptide variant has one or more sequence substitutions relative to a
wild type parent HA at positions corresponding to (1) 130, and (2) any 1, 2, 3,4, 5, 6,7, 8, or 9
of residues 131, 133, 137, 155, 188, 192, 193, 226, and 228.

[00367] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 227, 228, and 130. In some
embodiments, an HS HA polypeptide variant has one or more sequence substitutions relative to a
wild type parent HA at positions corresponding to any 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, or 13 of
residues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 227, 228, and 130. In some
embodiments, an HS HA polypeptide variant has one or more sequence substitutions relative to a
wild type parent HA at positions corresponding to (1) 130, and (2) one or more of residues 131,
133, 137, 155, 159, 160, 188, 192, 193, 226, 227, and 228. In some embodiments, an HS HA
polypeptide variant has one or more sequence substitutions relative to a wild type parent HA at
positions corresponding to (1) 130, and (2) any 1, 2, 3,4,5,6,7,8,9, 10, 11, or 12 of residues
131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 227, and 228.

[00368] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 131, 133, 137, 155, 159, 160, 188, 192, 193, 226, 228, and 130. In some embodiments,
an HS HA polypeptide variant has one or more sequence substitutions relative to a wild type
parent HA at positions corresponding to any 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 of residues 131,
133, 137, 155, 159, 160, 188, 192, 193, 226, 228, and 130. In some embodiments, an HS HA
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residues 137, 188, 192, 193, 226, 228, 131, 132, 133, 221, 227, and 130. In some embodiments,
an HS HA polypeptide variant has one or more sequence substitutions relative to a wild type
parent HA at positions corresponding to any 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 of residues 137,
188, 192, 193, 226, 228, 131, 132, 133, 221, 227, and 130. In some embodiments, an HS HA
polypeptide variant has one or more sequence substitutions relative to a wild type parent HA at
positions corresponding to (1) 130, and (2) one or more of residues 137, 188, 192, 193, 226, 228,
131, 132, 133, 221, and 227. In some embodiments, an HS HA polypeptide variant has one or
more sequence substitutions relative to a wild type parent HA at positions corresponding to (1)
130,and (2) any 1, 2, 3,4,5,6,7, 8,9, 10, or 11 of residues 137, 188, 192, 193, 226, 228, 131,
132, 133, 221, and 227.

[00370] Insome embodiments, an HS HA polypeptide variant has one or more sequence
substitutions relative to a wild type parent HA at positions corresponding to one or more of
residues 131, 132, 133, 221, 227, and 130. In some embodiments, an HS HA polypeptide variant
has one or more sequence substitutions relative to a wild type parent HA at positions
corresponding to any 1, 2, 3, 4, 5, or 6 of residues 131, 132, 133, 221, 227, and 130. In some
embodiments, an HS HA polypeptide variant has one or more sequence substitutions relative to a
wild type parent HA at positions corresponding to (1) 130, and (2) one or more of residues 131,
132, 133, 221, and 227. In some embodiments, HA polypeptide variants (e.g., HS HA
polypeptide variants) have sequence substitutions relative to a wild type parent HA at positions
corresponding to (1) 130, and (2) any 1, 2, 3, 4, or 5 of residues 131, 132, 133, 221, and 227.
[00371] Insome embodiments, a H5S HA polypeptide variant has one or more amino acid
substitutions relative to a wild type parent H5 HA at residues selected from amino acids located

in the region of the receptor that directly binds to the glycan, including but not limited to residues
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4130 plus any possible conmbi nation of nmutations at positions correspondi ng
to 137, 188, 192, 193, 226, and 228 4130 plus any possible conbinati on of
mut at i onswetopaeirwitons corresponding to 137, 188, 192, Pe3/US206/0548377, 228,
131, 132, and 133 4130 plus any possible conbination of nutations at
positions corresponding to 227, 131, 132, and 133 d n226Leu, d y228Ser

Thr 160Al a, 4130 d n226Leu, dy228Ser, 4130 d n226Leu, Thr160Al a, 4130

d y228Ser, Thr160Al a, 4130 d n226Leu, 4130 y228Ser, 4130 Thr 160Al a,

4130 4§30, #933955 Al LA TG, 1-EM33dimHRL, A3 TA19A pbigg%éﬁmaﬁar@h@sléﬁ@w
Thr/11e192Ar g/ Lys, Arg/ Lys193Thr/Ala, d n226Leu, Ser dy, Gy228Ser

or more amino acid substitutions relative to a wild type parent HS HA at residues selected from
amino acids located adjacent to the region of the receptor that directly binds the glycan,
including but not limited to (a) residues 98 and 195, (b) residues 98, 138, 186, 187, 195, and
228), or (c) residues 138, 186, 187, and 228.

[00372] Insome embodiments, an HA polypeptide variant, and particularly an H5 polypeptide
variant has one or more amino acid substitutions relative to a wild type parent HA at residues
selected from amino acids that are one degree of separation removed from those that interact
with bound glycan, in that the one degree of separation removed—amino acids either (1) interact
with the direct-binding amino acids; (2) otherwise affect the ability of the direct-binding amino
acids to interact with glycan, but do not interact directly with glycan themselves; or (3) otherwise
affect the ability of the direct-binding amino acids to interact with glycan, and also interact
directly with glycan themselves, including but not limited to residues 98, 138, 186, 187, 195, and
228.

[00373] Insome embodiments, an HA polypeptide variant, and particularly an H5 polypeptide
variant, has one or more amino acid substitutions relative to a wild type parent HA at residues
selected from amino acids that are one degree of separation removed from those that interact
with bound glycan, in that the one degree of separation removed—amino acids either (1) interact
with the direct-binding amino acids; (2) otherwise affect the ability of the direct-binding amino
acids to interact with glycan, but do not interact directly with glycan themselves; or (3) otherwise
affect the ability of the direct-binding amino acids to interact with glycan, and also interact
directly with glycan themselves, including but not limited to residues 138, 186, 187, and 228.
[00374] In some embodiments, an HA polypeptide variant, and particularly an H5 polypeptide
variant, has one or more amino acid substitutions relative to a wild type parent HA at residues
selected from amino acids that are one degree of separation removed from those that interact
with bound glycan, in that the one degree of separation removed—amino acids either (1) interact
with the direct-binding amino acids; (2) otherwise affect the ability of the direct-binding amino
acids to interact with glycan, but do not interact directly with glycan themselves; or (3) otherwise
affect the ability of the direct-binding amino acids to interact with glycan, and also interact

directly with glycan themselves, including but not limited to residues 98 and 195.
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4130, Al al31Thr, Leul33Thr, Ser137Arg, I1el55Thr, Al al88Glu,
Thr/11e192Arg/ Lys, Arg/Lysl193Thr/ Al a, d n226Leu, dy228Ser 4130,

Al al31Thrwolkereli@329mr , Ser 137Arg, |1 el55Thr, Asnl59Asp (@cT/isedi60Asal or
both), Al al88Glu, Thr/11el92Arg/Lys, Arg/Lys193Thr/Ala, d n226Leu,
Ser227dy, dy228Ser 4130, Al al31Thr, Leul33Thr, Ser137Arg, || el55Thr,
Asnl159Asp (or Thr160Al a or both), Al al88Glu, Thr/11el92Arg/Lys,

Arg/ Lys193Thr/ Al a, d n226Leu, dy228Ser 4130, Ser137Arg, Al al88Glu,

Thr 192@@‘75}/S1In'§\5ﬂé Eﬂﬁ%é&ﬁfgﬁtrs,/ EMBIIIA'%loﬁ/pyﬁide ﬁi%?&ﬁﬁ%ﬁcﬁzﬁ‘l 28987 pol %Q@ie
Ser137Arg, Al al88Glu, Thr192Arg/Lys,” Arg/Lys193Thr/ Met/ Ara/ Val, n226Leu,

d y228Senant Xas 26 180/ aF i subMaei@R sty Tiora wikhype 88eny HAal reSep@ 23%r o,

Ser 227 rein_Xaa T any am.pno aci 4130, xaal3iSer/ T .
Kan1 3> B7hN il SBRTRAN, ARG R foe AST A RREARRY S Hapo penige ani no
aci d) védadn, haXaad SZnta@ aninh&ri@subsikadons ranyvdiydrwiihgpe garand A aaekiduesand Xaa'
= any hydrophilic anmn Ci 4130, Xaal92Lys/Arg (wherejn Xaa = any
nydr opRBETtEd Vi e 2215361}51 %ﬁaﬂgé%aaemgwllig}eeﬁsr@% @%eﬂ i‘apsigue,
€.g., %Xﬁic@l%rlfﬁﬂHS%ﬁ/p@l e varigntM&Mdtondbr Rbredmhidd Geill @ sHHRbns A1l to a

a

Lys/ Arg193Thr7 Al a/ Met’/ Va 4130, Xaal92Xaa' (wherein Xaa = any hydrophobic
am no adlddypeaprdenkal atzresdnes iglaeterhbhpmi1@0aki3nd2endi328. Xaa193Xaa' (wherein Xaa

o2, SoIOTIE Gy ol POt BRte s R R, 8 aelLfyy

Xaal93Xaaone(ahmsire bfithXdalowing amoacidesbdin@ione. Spr13204s Ada13AMYs, Sarid3Kaa' = a

neutr alSercir37gfai, gier(i3J/’£rsgi, ﬂgleS)SThr, Lys156Glu, Asn158Xaa (wherein Xaa = any amino acid
besides Asn), Thr160Ala, Asn186Pro, Asp187Ser, Asp187Thr, Alal88Glu, Alal88Asp,
Alal89Gln, Alal89Lys, Alal89Thr, Glu190Asp, Glul90Thr, Thr192Arg/Lys, Lys193Arg,
Lys193Asn, Lys193His, Lys193Ser, Lys/Arg193Thr/Ala/Met/Val, Ser221Pro, Gly225Asp,
GIn226lle, GIn226L.eu, GIn226Val, Ser227Ala, Gly228Ser.
[00378] Insome embodiments, an HS HA polypeptide variant in accordance with the
invention has an amino acid substitution at a position corresponding to residue 192, which
switches the charge at that position. In some embodiments, an H5 HA polypeptide variant in
accordance with the invention has an amino acid substitution at a position corresponding to
residue 193, which switches the charge at that position. For example, in some embodiments, an
HS HA polypeptide in accordance with the invention has a Thr or a hydrophobic residue (e.g.,
Val or Ile) at a position corresponding to residue 192, and an HS HA polypeptide variant (e.g., a
human-adapted variant) has a hydrophilic residue at a position corresponding to residue 192. In
some embodiments, an HS HA polypeptide variant (e.g., a human-adapted variant) has a
hydrophilic residue at a position corresponding to residue 192. To give another example, in
some embodiments, an HS HA polypeptide in accordance with the invention has a Thr or a
hydrophobic residue (e.g., Val or Ile) at a position corresponding to residue 192, and an HS HA
polypeptide variant (e.g., a human-adapted variant) has a basic residue (e.g., Lys or Arg) at a
position corresponding to residue 192. In some embodiments, an HS HA polypeptide variant
(e.g., a human-adapted variant) has a basic residue (e.g., Lys or Arg) at a position corresponding
to residue 192. To give yet another example, in some embodiments, an HS HA polypeptide in

accordance with the invention has a basic residue (e.g., Lys or Arg) at a position corresponding
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4130, Xaal92Xaa' (wherein Xaa = any hydrophobic am no acid, and Xaa' = any
hydrophilic am no acid), Lys/Argl93Thr/Al a/Met/Val 4130, Xaal92Lys/Arg
(wher ei n Waaor/@amathydr ophobi ¢ resi due), Lys/Argl93Thr/ ACa/usea1ivads31 4130,

Al a1l883 u 4130, Al al88Asp 4130, Xaal92Xaa' (wherein Xaa = any hydrophobic
am no acid, and Xaa' = any hydrophilic am no acid), Al al88d u 4130,
Xaal92Lys/ Arg (wherein Xaa = any hydrophobic residue), Al al88d u 4130,
Xaal93Xaa' (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa' = a
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the propert(ies) of the residue at position 188. In HS HA, residue 188 is frequently Ala, which
makes contacts with Thr or a hydrophobic residue at 192. In contrast, in H2 HA, residue 188 is
frequently Glu or Asp, which makes contacts with Arg or Lys at 192. Hence, in some
embodiments, an HS HA polypeptide variant has a Glu at position 188. In some embodiments,
an HS HA polypeptide variant has an Asp at position 188. In some embodiments, an HS HA
polypeptide variant has an Alal88Glu substitution. In some embodiments, an H5 HA
polypeptide variant has an Alal88Asp substitution.

[00380] Insome embodiments, an HS HA polypeptide has an Ala at a position corresponding
to residue 188 and a Thr at a position corresponding to residue 192. In some embodiments, an
HS HA polypeptide has an Ala at a position corresponding to residue 188 and a hydrophobic
residue at a position corresponding to residue 192. In some embodiments, an HS HA
polypeptide variant has a Glu at a position corresponding to residue 188 and an Arg at a position
corresponding to residue 192. In some embodiments, an H5 HA polypeptide variant has an Asp
at a position corresponding to residue 188 and an Arg at a position corresponding to residue 192.
In some embodiments, an HS HA polypeptide variant has a Glu at a position corresponding to
residue 188 and a Lys at a position corresponding to residue 192. In some embodiments, an HS
HA polypeptide variant has an Asp at a position corresponding to residue 188 and a Lys at a
position corresponding to residue 192.

[00381] Insome embodiments, an HS HA polypeptide has an Ala at a position corresponding
to residue 188, a Thr at a position corresponding to residue 192, and a Lys at a position
corresponding to residue 193. In some embodiments, an H5 HA polypeptide has an Ala at a
position corresponding to residue 188, a hydrophobic residue at a position corresponding to
residue 192, and a Lys at a position corresponding to residue 193. In some embodiments, an HS
HA polypeptide has an Ala at a position corresponding to residue 188, a Thr at a position

corresponding to residue 192, and an Arg at a position corresponding to residue 193. In some
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position corresponding to residue 192, and a Thr at a position corresponding to residue 193. In
some embodiments, an H5 HA polypeptide variant has an Asp at a position corresponding to
residue 188, a Lys at a position corresponding to residue 192, and a Thr at a position
corresponding to residue 193. In some embodiments, an H5 HA polypeptide variant has a Glu at
a position corresponding to residue 188, an Arg at a position corresponding to residue 192, and a
Thr, Ala, Met, or Val at a position corresponding to residue 193. In some embodiments, an HS
HA polypeptide variant has an Asp at a position corresponding to residue 188, an Arg at a
position corresponding to residue 192, and a Thr, Ala, Met, or Val at a position corresponding to
residue 193. In some embodiments, an H5 HA polypeptide variant has a Glu at a position
corresponding to residue 188, a Lys at a position corresponding to residue 192, and a Thr, Ala,
Met, or Val at a position corresponding to residue 193. In some embodiments, an HS HA
polypeptide variant has an Asp at a position corresponding to residue 188, a Lys at a position
corresponding to residue 192, and a Thr, Ala, Met, or Val at a position corresponding to residue
193.

[00382] In some embodiments, an HS HA polypeptide has an Ala at a position corresponding
to residue 131. In some embodiments, an H5 HA polypeptide variant has a Thr at a position
corresponding to residue 131.

[00383] In some embodiments, an HS HA polypeptide has a Ser at a position corresponding to
residue 132. In some embodiments, an H5 HA polypeptide variant has a Thr at a position
corresponding to residue 132.

[00384] In some embodiments, an HS HA polypeptide has a Ser at a position corresponding to
residue 133. In some embodiments, an H5 HA polypeptide variant has a Thr at a position

corresponding to residue 133.
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[00385] Insome embodiments, an HS HA polypeptide includes Ala, Thr, and/or Ser at any
position corresponding to residues 131, 132, and/or 133. In some embodiments, an HS HA
polypeptide variant includes Ala, Thr, and/or Ser at any position corresponding to residues 131,
132, and/or 133. In some embodiments, an H5 HA polypeptide variant includes Thr at all of
positions corresponding to residues 131, 132, and 133.

[00386] In some embodiments, an HS HA polypeptide has a Val at a position corresponding
to residue 135. In some embodiments, an H5 HA polypeptide variant has any amino acid other
than Val at a position corresponding to residue 135.

[00387] Insome embodiments, an HS HA polypeptide has a Ser at a position corresponding to
residue 137. In some embodiments, an H5 HA polypeptide variant has an Arg at a position
corresponding to residue 137.

[00388] Insome embodiments, an HS HA polypeptide has an Ile at a position corresponding
to residue 155. In some embodiments, an H5 HA polypeptide variant has a Thr at a position
corresponding to residue 155. In some embodiments, an H5 HA polypeptide includes a Thr at a
position corresponding to residue 155. In some embodiments, an HS HA polypeptide variant
includes a Thr at a position corresponding to residue 155.

[00389] Insome embodiments, an HS HA polypeptide has a Ser at a position corresponding to
residue 221. In some embodiments, an H5 HA polypeptide variant has a Pro at a position
corresponding to residue 221.

[00390] Insome embodiments, an HS HA polypeptide includes a Ser at a position
corresponding to residue 221. In some embodiments, an H5 HA polypeptide variant includes a
Pro at a position corresponding to residue 221. Without wishing to be bound by any one
particular theory, Pro221 might influence conformation of 220 loop which is involved with the
RBS of H2 HA.

[00391] In some embodiments, an HS HA polypeptide has a Gln at a position corresponding
to residue 226. In some embodiments, an H5 HA polypeptide variant has a Leu at a position
corresponding to residue 226.

[00392] In some embodiments, an HS HA polypeptide has a Ser at a position corresponding to
residue 227. In some embodiments, an H5 HA polypeptide variant has a Gly at a position

corresponding to residue 227.
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[00393] Insome embodiments, an HS HA polypeptide has a Gly at a position corresponding
to residue 228. In some embodiments, an H5 HA polypeptide variant has a Ser at a position
corresponding to residue 228.
[00394] In some embodiments, an HS HA polypeptide includes Gln, Ser, and Gly residues at
positions 226, 227, and 228, respectively. In some embodiments, an HS HA polypeptide variant
includes a Leu, Gly, and Ser at positions 226, 227, and 228, respectively.
[00395] In some embodiments, a H5S HA polypeptide variant in accordance with the invention
has one or more of the following amino acids at the indicated positions:

*  Glul90Asp, Lys193Ser, Gly225Asp, Gln2261Leu

*  Glul90Asp, Lys193Ser, GIn226Leu, Gly228Ser

* Alal89Gln, Lys193Ser, Thr160Ala

* Alal89GlIn, Lys193Ser, GIn226Leu, Gly228Ser

® Aspl87Ser/Thr, Alal89GlIn, Lys193Ser, GIn226Leu, Gly228Ser

* Alal&9Lys, Lys193Asn, GIln226Leu, Gly228Ser

e Aspl87Ser/Thr, Alal89Lys, Lys193Asn, GIn226Leu, Gly228Ser

® Lys156Glu, Alal89Lys, Lys193Asn, GIn226Leu, Gly228Ser

¢ Lys193His, GIn226Leu/lle/Val, Gly228Ser

e Lys193Arg, GIn226Leu/Ile/Val, Gly228Ser

* Alal89Lys, Lys193Asn, Gly225Asp

® Lys156Glu, Alal89Lys, Lys193Asn, Gly225Asp

® Serl37Ala, Lys156Glu, Alal89Lys, Lys193Asn, Gly225Asp

¢ Glul90Thr, Lys193Ser, Gly225Asp

e Aspl87Thr, Alal89Thr, Glul90Asp, Lys193Ser, Gly225Asp

* Asnl86Pro, Aspl87Thr, Alal89Thr, Glul90Asp, Lys193Ser, Gly225Asp

* Asnl86Pro, Aspl87Thr, Alal89Thr, Glul90Asp, Lys193Ser, Gly225Asp, Ser227Ala

e  (GIn226Leu, Gly228Ser, Thr160Ala

e  (GIn226Leu, Gly228Ser, Thr160Ala

e (Gly228Ser, Thr160Ala

e (GIn226l.eu, Thr160Ala

¢ (GIn226Leu, Gly228Ser
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e Thrl60Ala

¢ (GIn226Leu, Gly228Ser, Asnl58Xaa (wherein Xaa = any amino acid besides Asn)

e (ly228Ser, Asnl58Xaa

e  (GIn226l.eu, Asnl58Xaa

¢ (GIn226Leu, Gly228Ser

* Asnl58Xaa

* A130 (wherein “A130” indicates a deletion at an amino acid corresponding to position
130) plus any possible combination of mutations at positions corresponding to 131, 132,
133, 135, 137, 155, 188, 192, 193, 221, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 132,
135, 188, 192, and 221

® A130 plus any possible combination of mutations at positions corresponding to 133, 137,
155, 193, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 132,
133, 135, 137, 155, 158, 160, 188, 192, 193, 221, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 133,
137, 155, 188, 192, 193, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 133,
137, 155, 188, 192, 193, 226, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 133,
137, 155, 159, 160, 188, 192, 193, 226, 227, and 228

® A130 plus any possible combination of mutations at positions corresponding to 131, 133,
137, 155, 159, 160, 188, 192, 193, 226, and 228

® A130 plus any possible combination of mutations at positions corresponding to 137, 188,
192, 193, 226, 228, 131, 132, 133, 221, and 227

® A130 plus any possible combination of mutations at positions corresponding to 131, 132,
133, 221, and 227

® A130 plus any possible combination of mutations at positions corresponding to 137, 188,

192, 193, 226, and 228
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® A130 plus any possible combination of mutations at positions corresponding to 137, 188,
192, 193, 226, 227, 228, 131, 132, and 133

® A130 plus any possible combination of mutations at positions corresponding to 227, 131,
132, and 133

¢ (GIn226Leu, Gly228Ser, Thr160Ala, A130

*  (GIn226Leu, Gly228Ser, A130

¢ (GIn226Leu, Thr160Ala, A130

o (ly228Ser, Thr160Ala, A130

¢ (GIn226Leu, A130

o (Gly228Ser, A130

e Thrl60Ala, A130

e Al130

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Alal88Glu, Thr/Ile192Arg/Lys,
Arg/Llys193Thr/Ala, GIn226Leu, Ser227Gly, Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Alal88Glu, Thr/Ile192Arg/Lys,
Arg/Llys193Thr/Ala, GIn226Leu, Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Asn159Asp (or Thr160Ala or
both), Alal88Glu, Thr/lle192Arg/Lys, Arg/Lys193Thr/Ala, GIn2261eu, Ser227Gly,
Gly228Ser

e A130, Alal31Thr, Leul33Thr, Ser137Arg, lle155Thr, Asn159Asp (or Thr160Ala or
both), Alal88Glu, Thr/lle192Arg/Lys, Arg/Lys193Thr/Ala, GIn2261eu, Gly228Ser

* A130, Ser137Arg, Alal88Glu, Thr192Arg/Lys, Arg/Lys193Thr/Met/Ala/Val,
Gln226Leu, Gly228Ser

* A130, Ser137Arg, Alal88Glu, Thr192Arg/Lys, Arg/Lys193Thr/Met/Ala/Val,
GIn2261L.eu, Gly228Ser, Xaal31Ser/Thr, Xaal32Ser/Thr, Xaal33Ser/Thr, Ser221Pro,
Ser227Gly (wherein Xaa = any amino acid)

e A130, Xaal31Ser/Thr, Xaal32Ser/Thr, Xaal33Ser/Thr, Ser221Pro, Ser227Gly (wherein
Xaa = any amino acid)

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid)
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X186, X187, X186, X187, X226, X228, X226, X228, X228, X160 X226, X160
X226, X228 X160 X228 X225 X193, X189, X225 X190, X189, X189, X160 X160
X225 X193WO0XA2A47941 PCT/US2011/054831

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue)

* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue)

* A130, Lys/Arg193Thr/Ala/Met/Val

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,
and Xaa’ = a neutral or acidic residue)

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue)

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val

e A130, Alal88Glu

e A130, Alal88Asp

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Alal88Glu

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Alal88Glu

* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue), Alal88Glu

* A130, Lys/Arg193Thr/Ala/Met/Val, Alal88Glu

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Alal88Asp

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Alal88Asp

* A130, Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral
or acidic residue), Alal88Asp

* A130, Lys/Argl193Thr/Ala/Met/Val, Alal88Asp

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,

and Xaa’ = a neutral or acidic residue), Alal88Glu
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X190, X190, X225 X225 X193, X193, X225 X225, PCT/ US2011/054831 X227 X226,
X228, Xaalb58 (wherein Xaa = any am no acid besides Asn) X228, Xaalb8
(wher ei n Waaor/@matam no aci d besi des Asn) X226, XaalS@CiwiserigiomsXna = any
am no aci d besi des Asn)

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue),
Alal88Glu

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val, Alal88Glu

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val, Alal 88Glu

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Xaal93Xaa’ (wherein Xaa = a basic residue, e.g., Lys or Arg,
and Xaa’ = a neutral or acidic residue), Alal88Asp

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue), Xaal93Xaa’ (wherein
Xaa = a basic residue, e.g., Lys or Arg, and Xaa’ = a neutral or acidic residue),
Alal88Asp

* A130, Xaal92Xaa’ (wherein Xaa = any hydrophobic amino acid, and Xaa’ = any
hydrophilic amino acid), Lys/Argl 93Thr/Ala/Met/Val, Alal88Asp

* A130, Xaal92Lys/Arg (wherein Xaa = any hydrophobic residue),
Lys/Arg193Thr/Ala/Met/Val, Alal88Asp

[00396] In some embodiments, the present invention provides H5 HA polypeptides (e.g., HS
HA polypeptide variants, engineered HS HA polypeptides, and/or engineered H5 HA
polypeptide variants) whose amino acid sequence includes an element as set forth below (the
numbering of these positions corresponds to the numbering of H3 HA):

e X190, X193, X225 and X226

o X190, X193, X226 and X228

o X189, X193, X160

o X189, X193, X226, X228

o X187, X189, X193, X226, X228

o X189, X193, X226, X228

o X187, X189, X193, X226, X228

o X156, X189, X193, X226, X228

o X193, X226, X228
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X226, X228 X158 (wherein Xaa = any am no acid besides Asn) X130 plus any
possi bl e conbi nation of X131, X132, X192, X193, X221, X226, X227, and X228
X133, X138Q 2KAA794X155, X188, X130 plus any possi bl e cechiusatitomsdf X131,
X132, X135, X188, X192, and X221 X130 plus any possi bl e conbinati on of
X133, X137, X228 X155,

o X193, X226, X228

e X189, X193, X225

o X156, X189, X193, X225

e X137, X156, X189, X193, X225

e X190, X193, X225

e X187, X189, X190, X193, X225

o X186, X187, X189, X190, X193, X225

e X186, X187, X189, X190, X193, X225, X227

o X226, X228, X160

o X226, X228, X160

e X228, X160

o X226, X160

o X226, X228

e X160

o X226, X228, XaalS58 (wherein Xaa = any amino acid besides Asn)

e X228, XaalS58 (wherein Xaa = any amino acid besides Asn)

o X226, XaalS58 (wherein Xaa = any amino acid besides Asn)

o X226, X228

e X158 (wherein Xaa = any amino acid besides Asn)

e X130 plus any possible combination of X131, X132, X133, X135, X137, X155, X188,
X192, X193, X221, X226, X227, and X228

e X130 plus any possible combination of X131, X132, X135, X188, X192, and X221

e X130 plus any possible combination of X133, X137, X155, X193, X226, X227, and
X228

e X130 plus any possible combination of X131, X132, X133, X135, X137, X155, Xaal58
(wherein Xaa = any amino acid besides Asn), X160, X188, X192, X193, X221, X226,
X227, and X228

e X130 plus any possible combination of X131, X133, X137, X155, X188, X192, X193,
X226, X227, and X228
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X193, X226, X227, and X130 plus any possible conbination of X131, X132,
X133, X135, X137, X155, Xaal58 (wherein Xaa = any am no acid besides Asn),
X160, X1880 2xPAA794and X228 X192, X193, X221, X226, PCT/US2011/054831

® X130 plus any possible combination of X131, X133, X137, X155, X188, X192, X193,
X226, and X228

e X130 plus any possible combination of X131, X133, X137, X155, X159, X160, X188,
X192, X193, X226, X227, and X228

e X130 plus any possible combination of X131, X133, X137, X155, X159, X160, X188,
X192, X193, X226, and X228

® X130 plus any possible combination of X137, X188, X192, X193, X226, X228, X131,
X132, X133, X221, and X227

® X130 plus any possible combination of X131, X132, X133, X221, and X227

® X130 plus any possible combination of X137, X188, X192, X193, X226, and X228

® X130 plus any possible combination of X137, X188, X192, X193, X226, X227, X228,
X131, X132, and X133

e X130 plus any possible combination of X227, X131, X132, and X133

o X226, X228, X160, X130

o X226, X228, X130

o X226, X160, X130

o X228, X160, X130

o X226, X130

e X228, X130

o X160, X130

e X130

e X130, X131, X133, X137, X155, X188, X192, X193, X226, X227, X228

e X130, X131, X133, X137, X155, X188, X192, X193, X226, X228

e X130, X131, X133, X137, X155, X159, X160, X188, X192, X193, X226, X227, X228

e X130, X131, X133, X137, X155, X159, X160, X188, X192, X193, X226, X228

e X130, X137, X188, X192, X193, X226, X228

e X130, X137, X188, X192, X193, X226, X228, X131, X132, X133, X221, X227

e X130, X131, X132, X133, X221, X227

e X130, X192

e X130, X193
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X130 plus any possible conbination of X131, X133, X226, X227, and X228
X137, X155, X188, X192, X193, X130 plus any possi bl e conbi nati on of X131,
X133, X13¥0 2XFAE794X188, X192, X193, X226, and X228 X13@Cplussoiaoy4sppssi bl e
conmbi nati on of X131, X133, X137, X155, X159, X160, X188, X192, X193, X226,
X227, and X228 X130 plus any possible conbination of X131, X133, X137,
X155, X159, X160, X188, X192, X193, X226, and X228 X130 plus any possible
conmbi nation of X137, X188, X192, X193, X226, X228, X131, X132, X133, X221,
and X227 .X;ﬁ@ogkﬂg g@y3possible combi nati on of X131, X132, X133, X221, and
X227 X130 pl us ‘any’ possible conbination of X137, X188, X192, X193, X226,
and X228 e XK300,X1&8 any possi bl e conbination of X137, X188, X192, X193,

X226, X227, X228, X13 X132, and X133 X130 plus any possi bl e conbination
of X227, kléijl,%&ﬁ%g?; Kb X3

e X130, X193, X188
o X130, X192, X193, X188
wherein X = any amino acid (unless otherwise specified above), and/or X = a missing

amino acid. The numbering of these positions corresponds to the numbering of H3 HA.
[00397] Insome embodiments X130 is a deletion at at a site corresponding to position 130. In
some embodiments, X160 is an Ala. In some embodiments, X158 is any amino acid other than
Asn.
[00398] In some such embodiments, the HS HA polypeptide variant has at least one further
substitution as compared with a wild type HS HA, such that affinity and/or specificity of the
variant for umbrella glycans is increased.
[00399] In some embodiments, HS HA polypeptide variants in accordance with the invention
(including HS5 HA polypeptide variants) have sequences that include 1.226, S228, and A160. In
some embodiments, H5 HA polypeptide variants in accordance with the invention (including HS
HA polypeptide variants) have sequences that include 1.226 and A160. In some embodiments,
HS HA polypeptide variants in accordance with the invention (including HS HA polypeptide
variants) have sequences that include S228 and A160. In some embodiments, H5 HA
polypeptide variants in accordance with the invention (including HS HA polypeptide variants)
have sequences that include A160.
[00400] Insome embodiments, HS HA polypeptide variants in accordance with the invention
(including HS5 HA polypeptide variants) have sequences that include 1.226, S228, and X158
(wherein X = any amino acid besides Asn). In some embodiments, HS HA polypeptide variants
in accordance with the invention (including H5 HA polypeptide variants) have sequences that
include .226 and X158. In some embodiments, H5 HA polypeptide variants in accordance with
the invention (including H5 HA polypeptide variants) have sequences that include S228 and
X158. In some embodiments, H5 HA polypeptide variants in accordance with the invention
(including H5 HA polypeptide variants) have sequences that include X158.
[00401] Insome embodiments, HS HA polypeptide variants in accordance with the invention

(including HS HA polypeptide variants) have sequences that include A130 and any possible
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X226, X226, X226, X228, X226, X228, X160, X130 X130, X130, X130, X130,
X130, X130, X130, X130, X130, X228, X228, X160, X160, X130 X130 X130 X131,
X131, X13WQ 2KbAam794X137, X137, X131, X192 X193 X160, X13®@CXIBRIXH3IB3X133,
X133, X133, X133, X188, X188, X132, X130 X137, X137, X137, X137, X192,
X192, X133, X155, X155, X155, X155, X193, X193, X221, X188, X188, X159,
X159, X226, X226, X227 X192 , X192 , X160 , X160 , X228 X228 ,
combination of mutations at positions corresponding to 131, 132, 133, 135, 137, 155, 158, 160,
188, 192, 193, 221, 226, 227, and 228.
[00402] Insome embodiments, HS HA polypeptide variants in accordance with the invention
(including H5 HA polypeptide variants) have sequences that include A130, 1.226, S228, A160
and any possible combination of mutations at positions corresponding to 131, 132, 133, 135,
137, 155, 158, 188, 192, 193, 221, and 227. In some embodiments, HS HA polypeptide variants
in accordance with the invention (including H5 HA polypeptide variants) have sequences that
include A130, L.226, A160, and any possible combination of mutations at positions
corresponding to 131, 132, 133, 135, 137, 155, 158, 188, 192, 193, 221, 227, and 228. In some
embodiments, HS HA polypeptide variants in accordance with the invention (including HS HA
polypeptide variants) have sequences that include A130, S228, A160, and any possible
combination of mutations at positions corresponding to 131, 132, 133, 135, 137, 155, 158, 188,
192, 193, 221, and 227. In some embodiments, H5 HA polypeptide variants in accordance with
the invention (including H5 HA polypeptide variants) have sequences that include A130, L.226,
S228, and any possible combination of mutations at positions corresponding to 131, 132, 133,
135, 137, 155, 158, 160, 188, 192, 193, 221, and 227.
[00403] Insome embodiments, HS HA polypeptide variants in accordance with the invention
(including HS HA polypeptide variants) have sequences that include A130, A160, and any
possible combination of mutations at positions corresponding to 131, 132, 133, 135, 137, 155,
158, 188, 192, 193, 221, 226, 227, and 228. In some embodiments, HS HA polypeptide variants
in accordance with the invention (including H5 HA polypeptide variants) have sequences that
include A130, L.226, and any possible combination of mutations at positions corresponding to
131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227, and 228. In some
embodiments, HS HA polypeptide variants in accordance with the invention (including HS HA
polypeptide variants) have sequences that include A130, S228, and any possible combination of
mutations at positions corresponding to 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193,
221, 226, and 227.
[00404] In some embodiments, HS HA polypeptides in accordance with the invention
(including HS HA polypeptide variants) have sequences that include A130, 1.226, $228, X158

(wherein X = any amino acid besides Asn) and any possible combination of mutations at

positions corresponding to 131, 132, 133, 135, 137, 155, 160, 188, 192, 193, 221, and 227. In
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X193, X193, X188, X188, X131, X226, X226, X192, X192, X132, X227, X228
X193, X193, X133, X228 X226, X226, X221, X227, X228 X227 X228
WO 2012/047941 PCT/US2011/054831

some embodiments, H5 HA polypeptides in accordance with the invention (including HS HA
polypeptide variants) have sequences that include A130, 1.226, X158, and any possible
combination of mutations at positions corresponding to 131, 132, 133, 135, 137, 155, 160, 188,
192, 193, 221, 227, and 228. In some embodiments, HS HA polypeptides in accordance with the
invention (including H5 HA polypeptide variants) have sequences that include A130, S228,
X158, and any possible combination of mutations at positions corresponding to 131, 132, 133,
135, 137, 155, 160, 188, 192, 193, 221, and 227. In some embodiments, HS HA polypeptides in
accordance with the invention (including HS HA polypeptide variants) have sequences that
include A130, 226, S228, and any possible combination of mutations at positions corresponding
to 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227.

[00405] Insome embodiments, HS HA polypeptides in accordance with the invention
(including HS HA polypeptide variants) have sequences that include A130, X158 (wherein X =
any amino acid besides Asn), and any possible combination of mutations at positions
corresponding to 131, 132, 133, 135, 137, 155, 160, 188, 192, 193, 221, 226, 227, and 228.
[00406] Insome embodiments, HS HA polypeptide variants in accordance with the invention
have an open binding site as compared with a parent H5 HA, and particularly with a parent wild
type H5 HAs.

[00407] Insome embodiments, HS HA polypeptides in accordance with the invention bind to
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In some embodiments, HS HA polypeptides in accordance with the invention bind to glycans of
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thereof. In some embodiments, H5 HA polypeptides in accordance with the invention bind to
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WD 2012/ 047941PCT/ US2011/ 054831 X130, X130, X130, X130, X130, X192,
X188 X192, X193, X192, X193 X188 X188 X193, X188 wherein X = any
am no aciwoQor/assi1ot herwi se speci fied above), and/ or XPETAISRIIIHF4331 ani nNo
acid. The nunbering of these positions corresponds to the nunbering of H3
HA. [00397] In some enbodi nents X130 is a deletion at at a site
corresponding to position 130. In sone enbodi nents, X160 is an Ala. In sone
enbodi ments, X158 is any am no acid other than Asn.

€

-8 B N .
to ($=——T S *); and in some embodiments to (—O—FE-Lere) (—R-S-L0R8) and/or

[00408] Insome embodiments, HS HA polypeptides in accordance with the invention bind to
umbrella topology glycans. In some embodiments, HS HA polypeptides in accordance with the
invention bind to at least some of the glycans (e.g., 02-6 sialylated glycans) depicted in Figure
9. In some embodiments, H5 HA polypeptides in accordance with the invention bind to multiple
glycans depicted in Figure 9.

[00409] In some embodiments, HS HA polypeptides in accordance with the invention bind to
at least about 10%, about 15%, about 20%, about 25%, about 30% about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90% about 95%, or more of the glycans found on HA receptors in human upper
respiratory tract tissues (e.g., epithelial cells).

[00410] In some embodiments, HS HA polypeptides (including H5 HA polypeptide variants)
are any of those set forth in SEQ ID NOs: 50, 51, 53-55, and 60-75.

[00411] In one aspect, the present invention provides the particular recognition that high
affinity binding to umbrella-topology glycans alone may not be sufficient to confer effective
transmission to/infectivity of humans. The present invention provides the insight that reduced
binding to cone-topology glycans may also be important. In some embodiments, high affinity
binding to umbrella-topology glycans and reduced affinity binding to cone-topology glycans
may be involved in conferring effective transmission to/infectivity of humans. In some
embodiments, high affinity binding to umbrella-topology glycans is sufficient to confer effective
transmission to/infectivity of humans. In some embodiments, high affinity binding to umbrella-
topology glycans is sufficient to confer effective transmission to/infectivity of humans, even if
the affinity of binding to cone-topology glycans is not reduced (e.g., unchanged, increased, etc.).
[00412] Insome embodiments, increased affinity and/or specificity of binding of an H5S HA
polypeptide variant to umbrella-topology glycans and reduced affinity and/or specificity binding
to cone-topology glycans may be involved in increasing or enhancing transmission to/infectivity
of humans relative to a reference polypeptide (e.g., the HS HA polypeptide variant’s cognate
parent HA polypeptide). In some embodiments, increased affinity and/or specificity of binding

of an H5 HA polypeptide variant to umbrella-topology glycans is sufficient to increase or
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[00398] In sone such enbodi nents, the H5 HA pol ypepti de variant has at

| east one further substitution as conpared with a wild type H5 HA such

t hat af fiwoOtg122maa940r specificity of the variant for unbrerius2ghiyssss s

i ncreased. [00399] In some enbodi ments, H5 HA pol ypeptide variants in
accordance with the invention (including H5 HA pol ypepti de vari ants) have
sequences that include L226, S228, and A160. In sone enbodi nents, H5 HA

pol ypeptide variants in accordance with the invention (including H5 HA

pol ypephhHe. ¥hARIH 0 ARUGIIG W RRNES thale INCLRAG L 888 pdide ALEOhe IHE SOME
enbodi nents, H5 HA pol ypeptide variants in accordance W th the invention
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i ncl udeglyddeas syffickAOD indicaso teerdaiedianenission HBinkdtipioy yitepidnd eclabeit@nt s in
accordance with the inventig including H5 HA pol ypeptide variants) have
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besi degyAsitihe affini/C4H8/o? TRQELIE NV Bindiie (HRoRAYHISRY bidead A hdAMRickdeagcor dance
with the invention (including H5 HA pol ypeptide variants) have sequences

t hat i vethadged. dreagedd enx)5 81 sonpe asahmdinagrtys dionesnedsallipisy Mal/gropylepty de vari ant s

nave. SO R At ATSHPEMER S5 IERHE Y ARG, KRRAP LR,

pol ypept tansairdnamission mo/ateivilgntieunrs helhine tb aveitencnpdlypepliddieng, thibHEIA

pol ypepti de vari.ants) ,have sequences that .include. X158, .[00401] I.n sone
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(i ncl udr padie t&'@or&%%kﬂ@@l él?@an\!@sr dq@ At s hndlay GcHEAUSNEESotthak fihig hagds 4130 and
any possi bl e conbi nation of nmutations at positions corresponding to 131,

132, 13pccificdy of paingtggmbdig tondey dgens-192, 193, 221, 226, 227, and 228.

[ 00402] In sone enbodi nents, H5 HA pol ypeptide variants in accordance with
the invention (including H5 HA pol ypeptide variants) have sequences that

i ncl ude 4130, L226, S228, A160 and any possi bl e conbination of nutations at
positions corresponding to 131, 132, 133, 135, 137, 155, 158, 188, 192,

193, 221, and 227. In sone enbodi nents, H5 HA pol ypeptide variants in
accordance with the invention (including H5 HA pol ypepti de variants) have
sequences that include 4130, L226, A160, and any possi bl e conbination of
mut ati ons at positions corresponding to 131, 132, 133, 135, 137, 155, 158,
188, 192, 193, 221, 227, and 228. In sonme enbodi nents, H5 HA pol ypeptide
variants in accordance with the invention (including H5 HA pol ypepti de

vari ants) have sequences that include 4130, S228, A160, and any possible
conbi nation of nutations at positions corresponding to 131, 132, 133, 135,
137, 155, 158, 188, 192, 193, 221, and 227. In sone enbodi nents, H5 HA

pol ypeptide variants in accordance with the invention (including H5 HA

pol ypepti de variants) have sequences that include 4130, L226, S228, and any
possi bl e conbi nation of mutations at positions corresponding to 131, 132,
133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227. [00403] In sone
enbodi nents, H5 HA pol ypeptide variants in accordance with the invention

(i ncluding H5 HA pol ypepti de vari ants) have sequences that include 4130,
A160, and any possi ble conbination of nmutations at positions correspondi ng
to 131, 132, 133, 135, 137, 155, 158, 188, 192, 193, 221, 226, 227, and
228. In sonme enbodi nents, H5 HA pol ypeptide variants in accordance with the
invention (including H5 HA pol ypeptide variants) have sequences t hat

i nclude 4130, L226, and any possi bl e conbination of nutations at positions
corresponding to 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193,

221, and 227, and 228. In sone enbodi ments, H5 HA pol ypeptide variants in
accordance with the invention (including H5 HA pol ypepti de vari ants) have
sequences that include 4130, S228, and any possi bl e conbination of

mut ati ons at positions corresponding to 131, 132, 133, 135, 137, 155, 158,
160, 188, 192, 193, 221, 226, and 227. [00404] In some enbodi ments, H5 HA
pol ypeptides in accordance with the invention (including H5 HA pol ypepti de
vari ants) have sequences that include 4130, L226, S228, X158 (wherein X =
any anm no aci d besides Asn) and any possi bl e conbination of nutations at
positions corresponding to 131, 132, 133, 135, 137, 155, 160, 188, 192,

193, 221, and 227. In WD 2012/047941PCT/ US2011/ 054831 sone enbodi ments, H5
HA pol ypeptides in accordance with the& i nvention (including H5 HA

pol ypepti de variants) have sequences that include 4130, L226, X158, and any
possi bl e conbi nati on of nutations at positions corresponding to 131, 132,
133, 135, 137, 155, 160, 188, 192, 193, 221, 227, and 228. |In sone
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to 131, 132, 133, 135, 137, 155, 158, 160, 188, 192, 193, 221, and 227.

[ 00405] In sone enbodi nents, H5 HA pol ypeptides in accordance with the

i nvent i orwQizncdog4ddamg H5 HA pol ypepti de vari ants) have sequarseas/os4sat

i ncl ude 4130, X158 (wherein X = any am no acid besides Asn), and any
possi bl e conbi nati on of nutations at positions corresponding to 131, 132,
133, 135, 137, 155, 160, 188, 192, 193, 221, 226, 227, and 228. [00406] In
some enbodi ments, H5 HA pol ypeptide variants in accordance with the

i nvent irQomBRY%E @chﬁhﬁﬁ@e@it@ﬁi 1183 UEp@ReSAMRAY kst h a parent H5 HA, and
particularTy wih a parent wid type Hb HAS. [00407] In sone enbodi nents,
H5 HA pol ypeptides in accordance with the invention bind to u_ the

fll t | s). - - .N.--.- ] .

(0 ooyati3g 8 SLEDEMER AR ot b oMo s SAERENes

pol ypeﬂbb&@&pir@toﬁgﬁs@ﬁga@@zﬁmﬁ@ bidfeh grdidagRtd M ndtt A uttRiGh BEADS sPliylhted - © t he
structure: (-), (0), (----C'\- ) and conbinations thereof; and/or ( );

and/ or glycﬁns(aa.a' part-of bot:h N- hnkk@l.(}:tha@ﬁ@ﬁ]@') ap@ Oglinked glycans-(irGhe gol)let Ellg-on- - : x- - - -
Gore ) the! ap?cal G3¢ of the ggch%al)eplthehum (ﬁgﬁ’t‘l‘h‘ﬁoﬁﬁ & oth h%nd the internal regions of

the tracheal tissue predominantly comprises of a2-3 distributed on N-linked glycans.

[00414] MALDI-MS glycan profiling analyses showed a substantial diversity (Figure 10) as
well as predominant expression of 012-6 sialylated glycans on the human upper airways.
Fragmentation of representative mass peaks using MALDI TOF-TOF supports glycan topologies
where longer oligosaccharide branches with multiple lactosamine repeats are extensively
distributed as compared to short oligosaccharide branches (Figure 10). To provide a reference
for the diversity in the distribution and topology of glycans in the upper airway, MALDI-MS
analysis was performed on N-linked glycans from human colonic epithelial cells (HT29). Recent
HS5NI1 viruses have primarily infected the gut, and hence, these cells were chosen as
representative gut cells. The glycan profile of HT29 cells is significantly different from that of
the HBEs wherein there is a predominant distribution of a2-3 and the long oligosaccharide
branch glycan topology is not as observed (Figure 10).

[00415] Data in Figure 12 were generated by the following method. Formalin fixed and
paraffin embedded human tracheal tissue sections were purchased from US Biological. After the
tissue sections were deparaffinized and rehydrated, endogenous biotin was blocked using the
streptavidin/ biotin blocking kit (Vector Labs). Sections were then incubated with FITC labeled
Jacalin (specific for O-linked glycans), biotinylated Concanavalin A (Con A, specific for a-
linked mannose residues, which are part of the core oligosaccharide structure that constitute N-
linked glycans), biotinylated Maackia amurensis lectin (MAL, specific for SAa2,3-gal) and
biotinylated Sambuccus nigra agglutinin (SNA, specific for SAa2,6-gal) (Vector labs; 10 pg/ml
in PBS with 0.5% Tween-20) for 3 hrs. After washing with TBST (Tris buffered saline with 1%
Tween-20), the sections were incubated with Alexa fluor 546 streptavidin (2 pg/ml in PBS with
0.5% Tween-20) for 1 hr. Slides were washed with TBST and viewed under a confocal
microscope (Zeiss LSM510 laser scanning confocal microscopy). All incubations were

performed at room temperature (RT).
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thereof. In some enbodi nents, H5 HA pol ypeptides in accordance with the
invention bind to ,,,, (---<)----), (), and/or (-it-- ); in sone

enbodi mrerwe 20/0@vB1 ", ,, s,--, ); in some enbodi ments WOT/US2011/054831

2012/ 047941PCT/ US2011/ 054831 ), and/or Core). In sonme enbodi nents, H5 HA
pol ypeptides in accordance with the invention bind to wunbrella topol ogy
gl ycans. I n sone enbodi nents, H5 HA pol ypeptides in accordance wth the

i nvention bind to at | east sone of the glycans (e.g., a2-6 sialylated

gl ycansgo4d6P! abfdlid MghtOl $e o eﬁé?até@ﬁﬁnﬁ?i@%ﬂd%ﬂ% fhetdd. e RAIsYPRAPLiIEES in
accordance wth the inventionbind to nultiple ycans depicted in Figure

g
9. [ 004G9] hdrvesgdrvehea iydiare RPE% chBfludat W@hﬂ@@pﬂ\{l digete) srahm:@tffedamtéle\mlﬂ h the
i nvention bind t % ARoMt 1 12%~.gbout. 20% about 25%
anout - S0 msboruRhed SR - BRT w8 o ROt e BgRa o

bout out 55% about 60%
about GiBP(ngﬁﬁ)}Qlﬂbn 70R6 cetilraethbrébradion was &@%Ed aililhlPlN(%S/E (W@Ehgl&ﬂ%l'ﬁwbibsl): 95%

O O € Qi gh 505 ounl, O A 1 SEERLGLS [ NUTER Mpper 1 SRl 3t ory

10min to deactivate the enzyme and the deglycosylated peptides and proteins were removed
using a Sep-Pak C18 SPE cartridge (Waters). Glycans were further desalted and purified into
neutral (25% acetonitrile fraction) and acidic (50% acetonitrile containing 0.05% trifluoroacetic
acid) fractions using graphitized carbon solid—phase extraction columns (Supelco). Acidic
fractions were analyzed by MALDI-TOF MS in positive and negative modes respectively with
soft ionization conditions (accelerating voltage 22 kV, grid voltage 93%, guide wire 0.3% and
extraction delay time of 150 ns). The peaks were calibrated as non-sodiated species. The
predominant expression of a2-6 sialylated glycans was confirmed by pretreatment of samples
using Sialidase A and S. Isolated glycans were subsequently incubated with 0.1 U of
Arthrobacter ureafaciens sialidase (Sialidase A, non-specific) or Streptococcus pneumoniae
sialidase (Sialidase S, specific for a2-3 sialylated glycans) in a final volume of 100 mL of 50
mM sodium phosphate, pH 6.0 at 37 °C for 24 hrs. Neutral and the acidic fractions were
analyzed by MALDI-TOF MS in positive and negative modes respectively.

Example 4: Binding of H5 HA Polypeptide Variants to Human Lung Tissues

[00417] Binding of Formalin fixed and paraffin embedded human tissue lung and tracheal
sections are provided (e.g., purchased from US Biomax, Inc. and from US Biological,
respectively). Tissue sections are deparaffinized, rehydrated and incubated with 1% BSA in PBS
for 30 minutes to prevent non-specific binding. HS5 HAs are pre-complexed with primary
antibody (mouse anti 6x His tag) and secondary antibody (Alexa-fluor 488 goat anti mouse) in a
ratio of 4:2:1, respectively, for 20 minutes on ice. The complexes formed are diluted in 1 %BSA-
PBS to a final HA concentration of 40, 20 or 10 pg/ml. Tissue sections are then incubated with
the HA-antibody complexes for 3 hours at RT. Sections are counterstained with propidium
iodide (Invitrogen; 1:100 in TBST), washed extensively and then viewed under a confocal

microscope (Zeiss LSM510 laser scanning confocal microscopy).
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[00410] In sone enbodi nents, H5 HA pol ypeptides (including H5 HA

pol ypeptide variants) are any of those set forth in SEQ ID NGs: 50, 51,
53-55, ami0o@012fE794f100411] I n one aspect, the present i neemusen1ps433i des t he
particular recognition that high affinity binding to unbrell a-topol ogy

gl ycans alone may not be sufficient to confer effective transm ssion
to/infectivity of humans. The present invention provides the insight that
reduced binding to cone-topol ogy gl ycans nmay al so be inportant. In sone
embodi pEyRY§) ﬁ%&ﬂmﬂﬁ&&@&ﬁﬂH@&Q@bﬂgt&&iﬂgﬁiﬁtﬁ@&kpﬁghﬂgﬁdg&ﬂﬁéﬂ§uﬁﬂﬁﬁ%educed
affinity binding to cone-topol ogy gl ycans may be involved in conferring
effectmmemmﬁdngmims@ommﬁoﬂsnmb@tg@ﬂ@yebﬁt@qwaﬂmtmmnncdwmsenﬂo@mnents hi gh
affinit unbr, I S 1S t confer

of f ect | é%lg P ansr}%r%aglogrontwgl e R[s aln?&llg?c}lﬁn OF non- c 1a ed cehs 1nnBcP ae nt s, high
af fi ni epithiliadi ng to unbrella topology glycans |s suffrcrent to confer
effective transm ssion to/infectivity of humans, even if the affinity of

bi ndi ng to cone-topol ogy glycans is not reduced (e.g., unchanged,

i ncr easgpRISE Destit XA4 1R PO SBUE LIDRMIIEALS, | ncreased af finity and/ or
specificity of binding of ah H5 HA polypeptide variant to unbrell a-topol ogy
gl ycans and reduced affinity and/ or specificity bi ndi ng to cone-topol ogy

gl ycan be I

o i ny TPEHS) L SRR el R SR, R on PROARBLRO e IR RR B e vec f . 1
HA pol yipﬁpat hdm ey, |faniietts)sfocrhg naltle opasentisskth @olirypapy pdﬁz)de a mh;ﬂ:oasrmdlcator
enbodin?F i.ncreased .affj fﬁ» gd/or sp ecificity of P ﬁ &

pol ypept PRI, Y SARSPISighn lé‘P Yt S BISHY 15’169%%?0 @P?ﬁfsrt e %n“tl%il ﬁtcrease
or  VOuZOke/oP 4 BALIRSE ( ?%&MQ%&%& walR e e tgreﬁiasm&%fdaﬁcet With He@ffchMbt Y Of

humans relative to a rererence polypeptide (e.g., the H5 HA pol ypepti de

var i ante-&. HOgAYrRsryidas e o th%“b’dl%fp‘@mffﬂé%?n off Yirus givy nepredi? rebiabls indigpeqrehsed
at fini i ARdLOTr a&ﬁ%iltduggst%\é n BIDALAG: 9 #R iffnlith ROLYRE tdndoef WeRkdeANt to
unbrel I'a-topology glyca s sufficient to |ncrease o ance transm ssi on
to/rnfoﬁVrmnnwimhmhmnans relative to a reference polypeptide (e.g., the H5
HA pol ypepti de variant's cognate parent HA pol ypeptide), even if the
affinity and/or specificity of binding to cone-topol ogy glycans is not
reducedif® Tdunsmidohangsd, increased, etc.). In sone enbodi nents, increased
affinity and/or specificity of binding of an H5 HA pol ypeptide variant to
unbr el |[¥i14@8bo|/%agyu5gqr%aliﬁ§lon§85§w gl @h@leptﬁsr%énéa%%n@rof@mﬁiar%etl Bdhsni ssi on
tO/ I nf %Eédrd’a‘ni;é’w% ARUARRSioh &) @étérﬁﬁnéﬁra@trﬁl%ﬁx%s‘? in alRY t%ﬂ?ﬁ’&ﬂn%m() flgFﬂr the HS
HA pol ypeptide variant's cognate parent ypept | even |
af fi ni EyampidJamm&ipiesis fagi ﬁ615ret@far©hmdc<rligl etdgnccmroegttsopajlpogfyntghsecm@ ingregqual to

and/ or er t han t hat . of th inity i fici bi nding to
o ol SRR 55wl Sa el b Bl a AR R BB (Sl 1Rbuch Bl
d ycan tlﬁbt‘s(g&ftﬁi: by, AnfirkisRior JINRE arﬁiesplaf@tq@@cyﬂa&s‘sweeﬂ{oe%i&}n ineBkd ara(dd. ndi ng

studi es showed diversity in the distribution of a2-3 and _a2-6 _in_the upper
respir é}tttﬁn9sailr51§ﬁ@§us<>§@alr ARGy st thgimges %ﬁdeatnétrpwe&@iﬁrib% pergind ithgt i on of
az2-6 s 'cﬂ%éﬂv@ta%uﬂtl A GRS (¢ %o@ul@@ﬁ Tam(ﬂ{alsb 9t Nal% hihisREah Hehivatigehdaeld il and
O-linked glycans (in the goblet cells) on the apical side of the tracheal
epithehawmﬁéﬁﬁguﬁem42¥mmﬂﬁfdh@n@hhmﬁtM@ndH&*hemHnﬂ@ﬁdamfregions of the

trache i ri 2-3 di tr| ted an Iinked
gl ycani‘l.’m%f) ‘g lﬁﬁﬁﬂ]ﬁ? té{d a(nanpr o<f$1 ?ﬁ%l ngny:trltrzlgt1 Orslees shovve ' re{lorseu%lg i al

di ver siind¢ulafbgoir @antfy)ssidg fmﬁinblyats smeatﬂmm@@ts fempﬁes&noﬂlsﬁf)n addi6s sanal yl at ed
gl ycans on the human upper, airways. Fragnmentation of represent tive mass
peaks er&? w5 R EDrOUFErteT (R eigppation of W 19Ut Bt B bsswhereal

ol i gosapghafioder pitﬁrtﬁhﬁw%&lbmrmé bdiphR (b.act , ARort BRGNP rEL sﬁ‘éé&ﬁgS' vely
distributed as conpared to short oligosaccharide branches (Figure 10)

provi ddigh fﬁeefreaﬂéhxtéeeftb)r imenqliisredhsinigal pnplysiseol déspirptopuissess, ameng @pwak-ogy of

gl ycansggd h i nked

o1 yoandX b2ty PR uRhioon Mk s BB aP Bk PR b e
have pthamimblyhostnbiglci Biddingagchttin a@ndlaheneieh the hieeeaticeddssrivvdhercihbSer, as
representative gut cells. The glycan profile of HT29 cells is significantly
different fromthat of the HBEs wherein there is a predom nant distribution
of a2-3 and the long oligosaccharide branch gl ycan topology is not as
observed (Figure 10). [00415] Data in Figure 12 were generated by the
followi ng nethod. Fornmalin fixed and paraffin enbedded human tracheal

ti ssue sections were purchased from W8 Bi ol ogical. After the tissue
sections were deparaffinized and rehydrated, endogenous biotin was bl ocked
using the streptavidin/ biotin blocking kit (Vector Labs). Sections were
then |ncubated mnth FITC Iabeled Jacalin (specrfic for 0 Iinked glycans)
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Exampl e 4: Binding of H5 HA Pol ypeptide Variants to Human Lung Ti ssues
[00417] Binding of Formalin fixed and paraffin enbedded human tissue | ung
and trachwal2opeard4ons are provided (e.g., purchased fromCO®SBilomes831 | nc.
and from US Bi ol ogi cal, respectively). Tissue sections are deparaffinized,
rehydrated and incubated with 1% BSA in PBS for 30 m nutes to prevent
non-specific binding. H5 HAs are pre-conplexed wth primry anti body (nouse
anti 6x Hs tag) and secondary antibody (Al exa-fluor 488 goat anti mnouse)
Inar @Ehﬁ’g Of atths %oéulat'i(%s&efpatnbﬁ{ﬁgl}ﬂn of Qﬁrusz% i hRSh A9 dbs%ﬁbedrﬁlﬁelﬁgfmh&i(es
formed are diluted in 1%8SAPBS to a final concentration of 40, 20 or 10
ug/ ml . uFiddgdetegrint it@rﬁiflwce of theindieg dganiéd imblobking rapgmisshen dnddy lmfm’fpvlnex es
for 3 h9 rsamataIIET L}?‘%ons are counterstained with propidiumiodide

(I'nvi trogen Rl 8% W washed extensively and then viewed under a
confocal m croscope (Ze| Ss LSNBlO | aser scanni ng confocal mcroscopy). WO
2012/ O%F‘H?P %T/ U§12011/ 054831 [00418] Preconpl exed H5 HAs are al so used

al ong [%ctins such as Jacalin (marker for non-ciliated nucinous

celI's sogap3ps lﬁﬁ@ilngtag&ﬂ dndor Qe §R: &E@oﬁﬂ%h%rﬁﬁﬁtﬂlm igén@tﬂlfea' n

addi tional 1 nformation on whether HA stains ciliated and/or non-ciliated
cel | s iagmimhgered ggmuegilarhyahiferretExmag b fglowpddyiahpostsr dgae Podgypebt Blwedi n an
Ani mal [ r n conpasses
the r ef5ibtach JERTL ARNCRITHARY 1878 Qo 3oL RTRAL) LA LA BRGR PSSy
of tramsra fesitoabibfy tvmﬂmﬁtmagghmnmie)nandabutaamlzevmmnfeahm of human Vi rus

transm ssi o Simlar lX t.he nt invention enconpasses the recognition
that the USM%#H@Q%MHHS) treated with binding agents in
accor daeuaedi tipAt ti@ationy 8RBk i 96- WY \RBbMRE Plaicd @@arnfn(gﬁ Sé@@ aretsbhgi1yof

transm ssion of virus may provide a reliable indicator of the efficacy of

such bidAdicAg-Talgend gddad taé@égléaﬂ%@gﬂom of Freélucprpehvireninfadplaby dvearl 6 or
treat t L o MeS S|

Virus Eranar ST L2 BBt it TSR O R ey
agent s gemlyaoced dadhthe awaylis ﬁehxboﬁtmﬁtelanmmg)fcdéﬂemm haeng jarcalecdrdansthssi on i n
a suitable a xa ni sts, e.qg., ferrets, are
noused it Edehesgubodribass D5k fndr TRes dRE i gfidar it act ' bet veen
ani mal s. HoweMeb nedihfis@idaadsiyng conditions allow the spread of influenza
Vi rus thI’OUﬂE the air. Afirst portion of the animals are innocul ated via
met hod$00ddaln Jepiak ¢ibitigpg of(serags mixeeh wighwiguses ynd lrl@ﬂb@@?r@é@@mé?mperawe Ry of
the no e%uﬁfana%ennga%éa'v% MAPRY e oratch 5 ot EDNAR, BhGELANE f of
Vi rus i nnocul ated ani nal s Nave ani mal's can then be Introduced i1nto
cages adpacieat me¢da,tané theniosh traﬂladmmrrmﬂs)uolmmsnt Iwcaddetdh rNaais @rowmnesmwyls

| at er 0042 used in t tudy c be one,
toor ¢ e Bhiss T RaR BE St Pt B O MMy S R R B Bl o

Sui t ablcgusanaduyiaiigatibar virus transm ssion studi es can include, but is not
limted to determ nation of infectious virus titers (e.g., by nasal
washes), observation of physical synptoms in the animals (e.g., |ethargy,
anor exXiygy, [l nofLh8d,y sneezing, high fever, and/or death),

i nmunohi st ochenical  anal ysis of respiratory tissues, anmong others. [00422]
The vi (U426} andavicimgicd feretsay Chi%bogédbedaralbdlyevmhormlsgms mo@h@@uoafrgem he

treatment, of t ni ndi ng, a in_ acc th the
i nvent i 0%1 RS BE ntkrg%;rl\é?sﬁr et (%\Eraéal Sﬁi%ﬁ%&%fﬁ&ﬁ E&g %/ 85%@?1 during
or aft ebstichalddleat Wﬁrﬂs Briitiatedns MISCK @Bl10bh deickiiihe vANahetdiag irethb eskpiratlescr i bed

herein are then used to determne the efficacy of the binding agent(s) in
bl ocki 4% r ansni ssi on and/or infection of the animal host with the virus.
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Ser ol ogi cal Studies [00423] Binding agents and/or vacci ne conpositions
conprising binding agents are adm nistered intranuscularly in ferrets on
day 0, fowbaowed4waia booster dose on day 21. Bl ood frompeaais2@nionsBl i s
recovered on days 0, 14, 21, and 35. The collected serumis exam ned in
vitro for its ability to inhibit virus agglutination and neutralize virus
i nfection. Hemagglutination inhibition (HAI) assay [00424] HAI titrations
are perforned in 96-well v-bottom plates (Corning). Sera are serially

di | ut e@xgm{)@Sd @'T%ogglqﬁg) A&d é‘lh?r%g 1ﬁ'k'e£@& is@gltég%%@gl\]quénnggHﬁﬂﬁﬁs éufﬁhleh'ts in a
_tOt al VOI urre OT ZUU uI Next Z of a Z% (vol/vol) erythrocyte solution

belr ki : retapbtyt es are gently m xed and the assay is
r ead out after |ncubat|ng for 30 mm Titers are recorded as the inverse of
t he hi ghest antibody dilution that inhibited 4 agglutinating doses of

virus. | n vidikoduereiat ral i zati on assay [00425] Serial dilutions of sera is

m xed vi ruses and i ncubated at roon1te rature for mn, .and then
i ncubamg\m t Highizeadiopsnic FigN1 1s #gloggl cgpeegn tr%elpqsgmaﬁts ﬁW@W?M%@é tw ce

Wi th seniaks BenuiRel Sinc@Psh3teambkes . MBdioaci Rbs, 06:5 Gheul. LY YO®), Red S
added. Virus growh is scored by cytopathlc effect. Data are expressed as

the i mﬂelr@ehcﬂ& i poth o whitdhghiekereleli ingerpoiatedbysefeeenehiatixisting BN strains are
neutr a'lﬁcégﬁﬁlé) aeYsh n‘;ﬁ&?ssit ﬁ%ﬁ ﬁ1%§ 8 L]])L c?ﬂ% YRGE: d’lﬁltoﬁgh Iﬁ?{a‘i @%xﬁac@(ﬁth

chal | enge anas ogous ero ogou
nutant1ﬁ%&ﬂdsmﬁmanowehﬁaheM@BhﬁﬁbﬁnﬁamEMemdﬁyﬁneﬁﬁomﬁbewmmlmagﬁml 3, and

5 post-c Ien Virus is. titr ermne virus
sheddi f géh%)w Tiras i it ey BTG Girs bl RS0 e 684851 Exanpl e
St A TYWReRIN PO A tﬂro@?@&%r hﬁlteﬁ%ﬁ%ﬂéeﬂe%@is@&rﬁﬁer@fsugg&js tHiR BN Udthafd Ebull B

sufficient To Switch Tts Preference to Human Rece rs |Introduction
[ 00427 peqyiighEspspldtaegispib BitHORED 4t.9ila 2% bal™ Merq»f)l@lﬂwuwals 33%Pti at ed

. 010,
CoI T B AR RUERS ! PDYRLAR R IR, UBORR Ll g B010,
her eby infegmnpibe aﬁacedlabghe thefen eo@e)tiondas 86 pwgsxhﬁilhlg ilrtoaitn® 5Nl isngapabl e of

I but th t t th t
cont acthihs PP RS SagiRyho M ek whinEPa TRyt or i Tty

rate aggospategen3:00; Hce tg@ai Ker&R Uy r%rem)l as the known ability of
i nfluenza subtypes (includi H5N1) to acquire phenot¥EBc traits through
ei t her (0428t i oficaye @%ﬁ?éﬁfﬁ‘e%@%st%ﬁms h%ﬁi@%’é (ed thahgk the 1 Heeee rsedugtsn coul d

acquir %C(ﬁﬁglf?&p&f deFansHissidd &11?5%1 ey ﬁgr;?%gl?tﬁlm (HAPIR th%?lglazﬁge (EABCz?] QRi ol

| munol, " 333: 3; 1 ncorporated ein erence
potentwawibohmsunhﬂaOMMmmsmﬁmméﬁisengewérEXPnPecNmbﬂcmiﬁ%LBActmiﬁﬁﬁ t he

Fut ur o TRRTEEHEar BandERne ety ETbEe 6k sl RGRh &' Bt ao
et. al prot@fOié,ihRleofechdll imgemnsy tdidemtdy teeasnpar @t pbnbghri dichyiofiefianance) .
case of PB2, a critical alteration of lysine to glutamate at position 627 is key for acquiring

aerosol transmissibility (Hoeven et. al., 2009, Pro Natl Acad Sci USA, 106:3366; incorporated
herein by reference). However, given the biological role of HA, viz., binding to glycan receptors
leading to fusion of the virion and infection, specific mutations that lead to human adaptation are
thought to be subtype- and strain-specific (Stevens et. al., 2006, Nat Rev Microbiol, 4:857,
Russell et. al., 2006, Glycoconj J, 23:85; both of which are hereby incorporated by reference).
[00429] Previous studies have identified that the receptor for HA are glycans terminated by
particular glycan structures (e.g., “umbrella topology” or “cone topology” 02—3 or a2—6 —
linked sialic acid). Avian-adapted HSN1 HAs preferentially bind to glycan receptors terminated

by cone topology glycans, many of which have a2—3 linked sialic acid (avian receptors)
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[ 00428] The use of reverse genetics systens has indicated that of the 11
gene products, acquisition of certain am no acid changes in hemaggl utinin
(HA) and wbeopal4yner ase (PB2) are vital for human aer os®CTiuSangms4s3i on
(Hoeven et. al., 2009, Pro Natl Acad Sci USA, 106:3366; incorporated herein
by reference). Addressing the functional effect of genetic alterations in
these proteins is thus especially inportant to identify the potential for
phenotypic alterations. In the case of PB2, a critical alteration of lysine
to gl ulgERle eﬁtal Pﬂﬁ)%ty R BH. 358:148Y. Cfra%ba?}%(ﬂ%'t T, ”QO@GV%B@BM@Q%E‘ woRh B LTty
(Hoeven et. al. Pro Natl Acad Sci USA, 106:3366; incorporated herein
by ref evheehcasy herem\everporagfld\kerreftmecebl dﬂ@g}fdlatnan@ﬂ@t@f HHAJ, N3N2, angHadizng t o
gl ycan receptors the virion a d i,nfection, spec fIC
mut a1 oSSR s i B et S BRon e C e el

strai nt&%@ﬂ ilh%‘o 0o €PSmeh oc§-|—>6 i4P88d gNaknd MnGEQBIRY)and a857; RUSSG"
et. al. ] &?gg\éo%j J, Y 23: 85Sl gothgg‘% %\E?glh zrilre&%ere)t?;/1 |ancorporat ed by
refere ﬁb@)lctelﬁ@@lﬂ@l] alopiehindiog st nrmassreprpices, ivduett idve beent hawnttheorrebae pitbr for
HA are gl ul ctur urrbrella
t opol ot}%‘ ﬁ%r%rn%é%aﬁe SSI@I&) g%f?/%ese 51 d%)éezcgw}{l%? (r]iéé%ags? a ie?:mgtp%SO

Avi an- adaap)lﬂj Thlﬁlﬁﬂ&y HAsl 2067 Scentd, dll 5:95hibocth dfovigilyaaherely apbpomtdddrym nat ed

by cone to 0 ans, many of whi h have. oc23. linked sialic .acid (avian
recept & er)e&%%%gy D R R lctegflé%%%s Oéft muHons wigk. 3 nol
Bi ol , 3Raldid4Bio }ﬁﬂﬁhﬁﬂﬁﬁﬁl(ﬁtof (R ourreg@}gﬁrcu}gtﬂhg k@AMs ofIANAIZINDYIHRE2 whi ch

are hereby i ncor porated by reference) human- adapt ed HLIN1, H2N2, and

H3N2 stViwasathenveg @, deHbidod Qe e\’ p&Bdlyer bi aliZNg8 prref duddead feidhtAsone
t opol 09¥s: ?ﬁSfQ Sbrrgi?‘gtyap%%% Igrgc % Jz’@cztlﬁ%ll@g)f&aﬁe ﬁ ‘of @Eﬂ%re%%&aﬁ' al yl at ed

gl ycans) eceptors) ‘and a characteristic nity ing to
human i@ogpracdshy rmifnrertceh dheschaelicssiaonnsttate tthatrmetlatadne requided tidrecoavarion ne

transm' SSI I|t of e hu n ad ted.v ruses (Papp 10, PLoS
Blrdpitea i hOSEipe T o BB ptig ok RS SaRRRR Kbt IRTEH or o

her eby el Moz(n@r aztrazdg)bmz BBBRIROGCE) er. Ml IDODZIMGot BTDE 38 T: 2388 ickensi@CRNt St udi es
have identified setS of nutations which would | ead to human adapt ati on of

the curPehtStigned g B2tk iaH ¢f whichiapshasgbyHpegporpizaipy agfercpomphat YovsaHaetan et .
Do, 1051 sBgtei el (R gln s oMz 20 PN 10N, a1

of whi ¢h @i RODHEP orridior porativmschayy shefrathenoey of Theseusindiesitdyaiynst r ate

that mutatio equi red for. gonver si.o differ ba ed n the s type and
even ¢ Heishr PR AR R PRy SN ol BEE LR R pled,

2011, “pHan@é@Ry straid BrA:b?gﬁlguSé 2 AgeBbts t@lntroddRQBe hallnik LBlrachdueB 8d th'b382
Stevens et. al Sci ence, 312:404; all of which are hereby

i ncor poﬁJé{te@eHrjyi%é%e(rVé%@%gO‘*% praces Pav At Addpdinevitahy Bhgretcat InNeNpide ei t her
t he ha%h&%skabﬁﬁ%ﬁ%? stii%urlﬂ%/eﬂgreg @%tzglle AR glﬁélbﬁfrac,:&)lm@@ﬂé B Haftmb L0 0

6225 or DD) mutations have shown that none of these nutants quantitatively
' swi t cheésidues. hl]lnfapreseet:mp@rmrs élpecalm diterynipddvtadh $tnictuyal vightwrhs ars rapiacdtt eri stic

f h ts t d
Che hartil R hsE e BRREL Spe THABP T b P05 onty vl S by stblite have
not yielded the sw tch The present inventors have established key

structural features that are needed to suitably acconmmopdate the haI | mrk LS
resi dues. THEGPEEEHO8%ent ors have al so deternined which structural

f eat ur eg430F fl‘ﬁﬁﬁ%r{ﬁﬁ{&@ aﬁ@ﬁio'tﬁrh@rﬁceprateﬁl\’\%‘éﬁéld PmbRGRRIBAafREED hinkldt Y as
enabl e bi ndin high affinity to human receptors. Experinental Design

[ 00430}cidnf E mzenomr isscomphensiott ﬁwaﬂmukph@pdtnéﬁmmowhe&, &4l andribhvdnEA lcont ai ns
ﬁg?ef‘r]egopﬁf%ﬁ c r%}llzc‘laq%gego O%Efléh I sﬂe@@?i%&e{eas h\ﬁﬁ 19 {n%g]ltvgg dl;llelel IsPol% 0 tlge

can-receptor
(RBS), vivhlemdasllHimémbianasolThe RBSpdche 1ﬁuﬁve3erbost.1h@1s\9iSr931 asdd 166I]l3dl ar

1o, 1435 1430105 19603 LY Pk G 18T RDabiC T 13306k 10 0635 05, 104,

195, 1964, 225,226, 227, 228 (H3 numbering used).
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219, 222, 224, 225, 226, 227, 228 (H3 nunbering used). WO

2012/ 047941PCT/ US2011/ 054831 [00431] In order to determ ne structural

f eat ur es wodoauraet H5 HA sequences that wi ||l accommodace/ush@1loS88esi dues,
the current inventors perforned a detailed structural conparison of the RBS
H2 and H5 HA, since H5 HA is closest to H2 HA phylogenitically (Figure 21).
For this study, the prototypic pandem c H2 (A Al bany/6/58 or Alb6 58) HA
with the representative H5N1 HA from an earlier hunman isol ate

(AVI et[(‘ﬂﬁl@i 2qg/0%r@Hde\@rﬁﬁ%h@l%ré@%tﬁ@@éﬁ%ormﬂmAr@&t?en@esctﬁmﬂat Ive
anal ysi's, the current study identified four distinct features which

di st ng@nosrhncvdfi@ tRBES gfsidyss, Hite furesmt inbenttorsfperornd a(defaglad str@yral qoimpatisont he
P oab g H? dﬁ%q{A SHR:FI on ‘%é%ﬁ?ﬁét ERE ep%té/ Ofggrg{nf—%kﬁyﬁusggpn Tthere

i ncl udés"a de on’ at posi eri'n
are di filiestedy else protoaypidymndenid DA A@r‘ﬁSair Albe 585 B\ with tHehepr&Bfadve t he

' 190- he| such as jn positions 188, 19 193) th interact with
sugar Ty daéér%%??afn%%e P R STV g P o ¢heRuman
recept (Havm-ghhd’cg 2 cbh‘@ﬁl%tl% ghaflisfsf BERDGER siudy 3nNAcAfufdReR aSt b ORRicRt the
'base' of the S (such as i'n positions 157 221, 226 and 228 which include

LS chasigéisyultinie KT Kok v e (ehel NEUSHEARISEa). Tinoticrconpotines himhs)
rrecept alop JIO iR:is Liter Ol GATH AN, BRicRliAu & a%gl%h{)ﬂ &fhoéli?%n'@o HA I's absent

ycosyl ation at this $i e coul otenti al Interfere with sugar
resi dueﬁmbaymg)dq HAE&IA. @’eﬁﬂ)ﬂd&ihefd@llédlfﬁ?enﬁ@ﬂh-arrmm adid odmpsdaelohunma ‘toptelpt or

oD RS g LT R iy g, [ RS DR b e ©

l ncor P@&sfusibdnd Bt @NERINecuFAI- GG@lﬂkﬂo\ﬁfioif ﬂh@ﬂhrﬂ%re@&ﬁ@ﬁﬂ?ﬁﬁ@ thé}b sredet ai | ed
conpari son of 'RBS of H2 and H5 HA, which gﬁests particul ar am no acid

differ éﬁ&é@wfbﬁmang@o By sPIPYsHEONHBY e drise’ axf ﬁlzaer R} (¥ch & iarpgpigess bYevtbusl y
observedq cﬂﬁzg‘%ﬁ%ﬁ& dd@ ’Uh% s g rart:pwlrt'ﬁ] %tNJuSA@&ﬂFGEWQ LRkE of the HA

sequences that wou |tat mat c e structura atures of H2 HA
RBS i nhuimen copptex t Fauftht tlhe g]ySosyﬂHtlamsmm& po§m01432€} infi& Hysis sbeht mlH2 HAe H5N1
sequen an an n i spl ates he inventors to
mke o hige P oples Dkl FsEhy R WIS e PR oiss BRI avi an
and humsAs@-eGas moaf b@he B&QZﬁreb@pt@f ‘tﬁ)hﬁ@aﬁlﬂe ’pYUiSteRehstdna . deb @ yamii n the
130- Io% matching the first feature, 2) am no aci d changes were al ready

obser véli 381: H82! Wane He it x 20 Paf aiiah gl V&akoay S40578neptinyf Vhish a’iﬁ‘fhef eby
gl ycosﬂc‘%}ﬂoﬁ)ﬂe y rePGerRes 'Tthb?nzt ﬁtfneeaﬁﬂiﬁ S@lcdl‘lﬁ)ag% 80 fBsRL %&q AfioBPKBES HA

sequences. e context o e key s ruct eat ures o HA RBS, the
i nvent of H2dedéi5ﬁﬂmedhlthatggthepde¢®m apmng pcid Hdfei80ed aygodicgmgyl the tdora | oss  of

gl ycos %atl on g acﬁiures 1 and 4) con rent n the s s critical
¢ e e A SO e PR e aBRR Y el bR CRosBOT el passes the
r ecogniappropridtb a5 HAeduosss tat ghiidasyliatcl haichiss tRREAMItaBhuvdston H2higAdel et i on
of WO 2012/ 047941PCT/ US2011/ 054831
BS in the context of the LS mutations.

[00432] Analysis of all the HSN1 sequences to-date (both avian and human isolates) allowed

the inventors to make three further observations: 1) HS HAs from many of the recent avian and

human isolates (after 2007) have already acquired the deletion in the 130-loop matching the first

feature, 2) key amino acid changes were already observed in the ‘190-helix’ matching feature 2,

and 3) loss of glycosylation at 158 position (feature 4) is also observed in many HS HA

sequences. In the context of the key structural features of HA RBS, the inventors determined that

the deletion in the 130 loop along with a loss of glycosylation (features 1 and 4) concurrently in

the same HA was critical in the evolution of HS HA. The present invention, however,

encompasses the recognition that the loss of glycosylation is concomitant with the deletion of
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130-1 oop residue and not vice versa. The present invention enconpasses the
observation that specific current H5 HA strains have di verged consi derably
from ol dewohareea79430l at es (such as Viet 03_04), but haveParas2@eqsissed key
structural features necessary for matching the pandem ¢ H2 HA RBS. [00433]
Thus the present inventors assessed whether strains that have features 1
and 4 would be the correct H5 HA sequence to suitably acconmmopdate the
hal | mark LS residues. For the experinment strain Al chicken/Egypt/R2/2007 (or
CKEQY_Q7) 1S SMRSLA nBBvite {GRI. §5EBidrt Yrﬁiehﬁ’oﬂ'&%c %)Esgesrlﬁé HpRaMoR@aui red
features 1 and 4 (Figure 23). Introduction of the LS nutation

( ckEgy sprifickurignt HhiHA %BilnﬂAlaS@dpwenge@ C@mﬂmabl}afr@wdd@h hemeh hplgt@s efufhpd ty

bi ndi ng,.t ecept.or rel t|v Lpoor affj n|t a :
Fecept sraf MBS RN E AT M By R n Gt kA alor & pRegye
human- aﬂamkédn;pandenlc HAs (Flgure 24 A B and Flgure 25). Additi onal

findin nstr te bi nding of this tant H5 0 human receptors on the

api cal ?‘i‘h‘ggﬂo %eﬁﬁﬁtrﬁﬁﬁeq?rééﬁé%ﬂ@ %Fbﬁﬁfeﬁtﬁaglsl(;@ éﬁ‘feefe%@? @Hgg Y¥senbl es

the st @i idGrRf HNHA Lh &S 1NiRRD IR hVhaWRBRT Bali@les. ) the 2010,

PLOS One, 5:el13768; Miines et. al., 2009, Science, 325:484; both of which

are heleéwlrmernéﬁrq@@Aéqhédegmﬂ@/E}%é?r ckagMPYaf]waEahcrsre@ ps @fepmsmatw It hers to

i ntrod 04 did
‘liP whitf n'at%ratqigraagglﬂ Red T {?l%s?’an@h?ﬁg P&n@ 4 I;%t?o%lu@tﬁ Stoof Q1 a[f ] UC urlgl

not Iea to a sw erscored 0 un ers
f eat ur éscHaly_095 I SAORBSS HB\:HA smlnenme chowmittadva chfaad highraiifistyi bmhng & hwemunt hat t he

(ckEgy 07 L al so natura uired feat 4. the ave sessed
Whet RoTeeeos by srbeting 38 seefin o SehutsronbRichr Sbiu S RiBRGh
T160A rHirAdte@mks Bﬂgﬁﬁalﬂe‘fdage& FpaaGeriiel HAR @Flghi’@w,ls)mﬁm F%@le‘pnsar ABbidhNg

preference of Viet03 04 ure 25). Conpared to Viet03 04 wld-type HA,

t he do@@d%bé%@ﬁtrafaﬁ@@tg ﬁltw afnltemt Rty t@hurtmm iseqpira Ae thetapigphsusiaeseld human
recept i i ndi ng
i oh 1 TR il iD 0 h/8 T bk sl B Sk p K AR G

| nt r odutAs fisvahathhe el &. CZﬁ)aﬁg'éLc&SI@TeeSQmTéﬁSoMames 8t r&j 209, Sczence 325:484;

(A Egypt [ 2786- NA /06. or E 6),.which naturally acquired feature 4,
corrob%?é?g§8¥ﬂ1%'hﬂ§%¥9%??8%¥ﬂgwﬁgﬁﬁ§céconsistent with this structural

f r amewpega34utiili@REoANbRotheRE sRidtiadd HETbRohdies alone on older human isolates

(A/ chi cken/ Vi et naml NCVD- 093/ 08 or ckViet 08), which naturally acquired

f eat ur 84 PR igiip D odienodeiteasadchanhyndegeeist dic tsehin wgesrmi siregulit al so
retain [ i

2012/ 04 7S PSR UBY A baaRuat sRhReup . R eblhe MR 709 o
t he fi mbb nafurmly ahqmwddeaftumédtmem\teatom ssbessat whaher filgiafates alohat.c. dose ofieeded t 0

sui t abl te e hal e addj t he i nventors
osut t &NsPSITRE GRS en Dond ¢ TN R EHET b T SAhi e b Lae ont y
requi r gedeplor-Bidh@ pRee@neh@ngies3_ @Mefngtalelzsﬁ(}@nipsredtt@ V$6M)3 _Oh wikl-tylpe Anef er ence
to human receptors thereby leading to their human adaptation. Using the

i nf or méiS dosc-HeRsReH dirpehebiren demtgwé this PERODTHET OVEA a}lmn geéﬂée%@admg
appr Opfbh?&l& ﬂé‘énl‘éé n% %?gﬁ%ﬁi%?y a(v’i‘zln%bépt&rrb%ﬂn?%]v%ﬁi% s URREreaeNdR Uk ¥amdep@!  of
total H5N1 hat was arenable to swtching receptor specificity by
i ncor pdinmtanﬂgante;dsIﬂAs HEgus %hdnge@ctlm ef tbh éSatbar@elaM(pnpn@tb@rauyimf t hese

b S o R o S e

sequen©e§ervamohhénﬂ@8bordateabaz&ﬁ tiavencagguidnedydrig atuti@ss bn & rélpresi&ﬁmaveHs it
represents about 45% of H5N1 strain |sol ted in 2009 and 2010. Furt her
phy! ogémeff% ghigheay Vs pamNCY D09y or aVhieh aatusely agpgd Sgafure acqui r ed

f eat ur epighr&20)RehRAG hem&h ?éé@ptap b%ném Iﬂ’ﬂﬁﬁ i)ﬁtralsd)&gaﬂ{eﬁ%'f%heaff?ﬁlt ¥ gafire 1
appears to be exclusive to clade 2. % however the existence of feature 4
i s not recepor bindiad (Figupe 20)1. Criti cal I y, the clade 2.2.1 strains have

al ready diverged considerably from ol der human isol ates (such as Viet03 04)
and are closer to human adaptation than these previous strains. Al of the
reported human H5N1 i sol ates belonging to clade 2.2.1 are from Egypt and

| srael. Therefore, it is inportant to nonitor the evolution of the clade
2.2.1 strains. Exenplary H5N1 strains with a postitively charged
resi due at postion 129 (feature 2) [00436] ABJ96761/ 204- 204 Avi an Chi na
2005 fromcl ade 2. 3.4; ABJ96763/204-204 Avian China 2005 from cl ade 2. 3. 4;
ABJ96764/ 204- 204 Avi an China 2006 from cl ade 2.3.4; ACN39415/204-204 Avi an
Chi na 2007 from cl ade 2.3.4; AC0070374204-204 Avian Viet Nam 2008 from

cl ade 7; AD&X8677/204-204 Avian Egypt 2009 fromclade 2.2.1; ADI 58758/ 204-
204 Avian Israel 2010 fromclade 2.2.1; ADMB5869/204-204 Avi an Egypt 2010
fron1c|ade 2.2.1; and ADG28684/204 204 Aylan Egypt 2010 fron1c|ade 2 2 1

p— A 1A ~ A NN o "



[ 00439] >ABWMB2273 Egypt 2007

MEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVI VTHAQDI LEKTHNGKLCNLNGVKPLI LR
DCSVAGNL LvebiRM2REFI4NVPEWSY| VEKI NPANDL CYPGNENDYEELKHLL SRI IREFEISR @@ l0R4€BISVWEDH
EASGVSSACPYQGRSSFFRNVVWLI KKDNAYPTI KRSYNNI NQEDL L VLWE HHPNDAAEQTRLYONPI TY

| SVG STLNQRLVPKI AARSKVNGQSGRMVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSEL
EYGNCNTKCQTPI GAI NSSMPFHNI HPLT1 GECPKYVKSNRLVLAT AL RNSPQGERRRKKRALFGAI AG

FI EGGWQGWDGWY GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERRI ENL
NKKMEDG; LV, YNAEL L VL MENERT L DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEF YHRCDNECVESV
RNGTYDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI WAGLFLWMCSNGSL QCRI Cl

[ 004401004383 1 5B PrédantanveBiyptio2ePrst time, have defined certain structural features that

DCSVAGHE S BB IUPEVAPT UERP RANEL EPCA NSV EEL RAET A P P BRAESH

EASGVSPACHRIQRR SR RINVMOAF bk KNAY RTACHERGYINND INASDInl Vi dMRXIDAAE TR NAINES, TY
| SVA STL VPKI ﬁTR%VﬁmGﬁEFFWI LKS DAI NFESNGNFI APENAYKI VKKGEDSTI MKSEL

EYGN N\JECPEY RN SO IR CHENAR
FI EGG/\%%M?@\M EGRRYAPKES THHMA LGV WM%&QWMQF%E&%{EEA\INLERRI GNL
NKKNMEDGFL DVV\7I'YNA L VL VENERTL DFHDSNVKNL YDKVRL QL RDNAKEL G\ EFYHRCDNECVESV
RNGT YDYH@?’BEE?AH@ &F&E@@M@N@@)@Iﬁ@ ESWETQMSSE%LN WA@@LWGS&@W c

Ve VLR BB R e b e o e oPme e Mk e SRS ORP L) LR

DCSVAGAhArGXRMEDR EﬂﬂﬁﬁéﬁﬂﬁeNﬂANBM@NFﬂ@lﬁN Kakuie BRI NHFEK L QL dgRENSWEDH
EASGVSSACPY F KNNAYPTI K SY VLWG HHPND YQNPI TY
| SVG s% %gvﬁ @M P‘EP( c&@ﬁrfﬁ%‘%‘m TI MKSEL
EYGNCNT, & @NhWﬁMth%ﬁb@E%ﬁﬁWﬁN&gﬁL&ﬂq&%P%B KRG A A6

FI E has |u3qz$§$§££ CYan QKAIDGVINKVNSIIDK%EEQF GREFNNLEEELEgb
NKKNVEDGEHOMWAF PSRV RO YR copRENARE pSNGERERAHREDN
Fggﬂ%&@{W@%h@k%@ (L@l RIS RA AR MMRNERREH! C
MVEKI VL lidaf iy SlaypaBQb Ok CYHIMNINSHEQWID L VE KNV VR HAGHI L EKT MNESWENE BAJKPLI LR
DCSVAGALLGNP Y1 VEKI ENDYE NH | PKNSWSDH
EASOSEATB I PR AT NN P KRN CE I LN SR ECT I ERP Ty
| SVG SHIdNERARIKK JTERSKMNGRISERNMEFFWEhH K&Meﬁ%&ﬁ&i@ﬂﬁhéﬁ&ﬁ%ﬁhﬁ@%}l&d@&
EYGNCNTKCQTPIGAINSSNPFHNIHPLTIGECPKYVKSNRLVLATGLRNSP QGERRRKKRGLFGAI AG
FIE & Y EyRAKESTERAICDEP RIS ¢l Bled\E OREAVERERKNIPERRI ENL
NKKVEDGEL VA YNAEL L, EEI%@@EBI(PEHQ@NVKN&XBK%B&@%EQN&%Ek?NQQFEFYHRCDNECNESV

RNGT YDYPQYSEEARLKR KLESI GT'YQ LSI YSTVASSLALAI WAGLFLWMCSNGSLQCRI Cl
[ 00443] >ACT15316 Human Egypt 2009

MEKI VLLLAI VSLVK NNSTEQVDTI NE | | EKTHN
DCSVAG/\LLG\EV&%B% ﬁga%w %ﬂﬂﬁ&%ﬁéﬂéﬁiﬁwgﬂm &ﬁ’%@k@’ﬁ SWSDH
EASGVSFaBE TGRESFIE RNV YA D (K BDINAY Phins RBYNNLNQEENe 12V NG BIBRENAGI R X @GPl TY
| SVG STURMNRIOOPIMoMATRRICVANSHISCRIMET Y ) 4- KGNEN NERSNGY6E ABENANS! 2\/3<KGDST| MKSEL
EYGNCN (@@ 520 NSGIMRE HNI ke T (9 GRIGYMERNRS. YL AT G RNSPLIGERRERAK R RENLAG

FI EGONRKHY G Y HHENE S G aAADI §§I§KﬁlQ§g§§ﬂ¥@§hﬁpﬁwmgﬁﬁEAXEEﬁﬁ@NQEER|ENL

\-—r

T DT Lol A R e
A E KT AT TR 26 o sl ] (bl TRl W

MEKI VL AI VSLV, NV | HNGK KPL| LR
DCSVA O e ngiy K%Zg%&%% ﬁ@tﬁ%ﬁﬁl %h%ﬂ[@q/f HRSWSDH
EASGVS i CLERSEHER Pr [44PNDAAEQTRLYQNPI TY

| SVG ST FIOAT | LKSNDAI NFESNGIE] APENAYKI VKKGDSTI MKSEL
EYGNCNTRECTE RKRELEGAI AG

FI EGG s,__e"’;;4 ie es: E&RRI ENL
NKKVEDGELEN W mybﬁ@mg@gmmwﬂ%vm ¢ YIHREDNECVESV

. &
RNGTY D¥PEX SkARE Kb SV Bt ¢ %@MKX@VAB&A&&QM@KEMN@SL QCRI Cl
[ 00445 1=AGIUB320Y HHABTE CEGYPR DO OKA IDGVTNKVNS I I DKMNTQFEAVGREFNNLERRIENL
MEKI VL FEAIRYSENKEDOAEE SYHMANNS T ECVDTY HVEKNVRYTHADEF A LERTHREKIFCRDEBYKPLI LR
DCSVAGH E GIRPRACBE R NVPEVAS YT VEK T NPANDLCYPGRENBYEEAGHE ' SRPINFIFERT G I PKNSWSDH
EASGVSSACPYQCRSSFFRNVVWWALI KKDNAYPTI KRSYNNI NQEDL LVLWSE HHPNDAAEQTRLYONPI TY
| SVA STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSEL
EYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRL VLATG.RNSPQGERRRKKRALFGAI AG
FI EGGWGWDGWY GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERRI ENL
NKKMEDGFL DVWIYNAEL L VL MENERT L DFHDSNVKNitY DKVRL QL RDNAKEL GNGCFEF YHRCDNECVESV
RNGTYDYPQYSEEARLKREEI SGVKLESI GTYQ LS| YSTVASSLALAI WAGLFLWMCSNGSLQCRI Cl
[ 00446] >ACT15322 Human Egypt 2009
IVEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQ\/DTI MEKNVI VTHAQDI LEKTHNGKLCNLDGVKPLI LR

Wl ORISR A1 A R /I™NI™% A S\ 71 AR IFNE 7N\ ZF"N 7SR IR II"\\ ZIr~=1 170 m W I r=1 71 2\ 1 NI ZR 17~ Aasr<i 1



[ 00450] >ACT15330 Human Egypt 2009

MEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVI VTHAQDI LEKTHNGKLCNLDGVKPLI LR
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| SVA STLNQRLVPKI ATRSKVNGQSGRVEFFWI T LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSEL
EYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRLVLATGA.RNSPQGERRRKKRGLFGAI AG

FI EGGNGWDGWY GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKIMNTQFEAVGREFNNL ERRI ENL
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[ 00451]DcM@ﬂiiﬁ&:ﬁﬂcdﬂﬁmE@WﬁzKMQDLCYPGNFNDYEELKHLLSRINHFEKIQI TPKNSWSDH

MEKI VL ERZFNSAOKEEXY SEF BYIHANNS TEQVDT H HVEKNWOVTHAQDE 1HE KNTHNGEK FCNDDGYKPL LR
DCSVAGAET GENPNEBE N PEVREYE SERVNPARDLEECY PCNERDYEELARHEN L SR NHPERTGISE PKNSWSDH
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EASGVSSACPYQGRSSFFRNVWWL I KKDNAYPTI KRSYNNI NQEDL LVLWG HHPNDAAEQTRL YQNPI TY
| SVG STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSEL
EYGNCNTKCQTPI GAl NSSMPFHNI HPL TI GECPKYVKSNRL VL ATGL RNSPQGERRRKKRGLFGAI AG
FI EGGNQGMWDGWY GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKVNTQFEAVGREFNNLERRI ENL
NKKVEDGFL DVWIYNAEL L VL MENERT L DFHDSNVKNIEY DKVRL QL RDNAKEL GNGCFEF YHRCDNECVESV
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[ 00459] >ACT15353 Human Egypt 2009

MEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVI VTHAQDI LEKTHNGKLCNLDGVKPLI LR
DCSVAGL LVéRVRREFINVPEVSY| VEKI NPANDL CYPGNENDYEEL KHLL SRI IREFRESR @I 0 RSBISVWSDH
EASGVSSACPYQGRSSFFRNVVWLI KKNSAYPTI KRSYNNI NQEDL L VLWE HHPNDAAEQTRLYONPI TY

| SVG STLNQRLVPKI ATRSKVNGQSGRMVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSEL
EYSNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRLVLATGLRNSPQGERRRKKRGLFGAI AG

FI EGGWIGWDGWY GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKMNTQFEAVGREFNNL ERRI ENL
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Yl SVA STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRLVLATGLRNSPQGERRRKKRGLFG

Al AGFI EGGW)GWDGWY GYHHSNEQGSGYAADKEST(QKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERR
| ENLNKKMVEDGFL DVWATYNAEL LVL VENERI L DFHDS$#VKNL YDKVRL QL RDNAKEL GNGCFEFYHRCDNEC
MESVRNGT YDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVVSSLALAI WAGLFLWMCSNGSLQCRI
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MEKI VLLLAI VSVWWKSDQ Cl GY HANYSTEQ\/DTI MEKDVI VTHAQDI LEKTHNGKLCNLEGWKPLI L
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[ 00468] >ACR56248/ 1552 Avi an Egypt 2008

VEKI VLLLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVI VTHAQD! LEKTHNGKL CNLDGVKPLI L
RDCSVAGN W GNPIMEBERL NVPEWSY! VEKI NPANDL CYPGNENDYEEL KHL L SRIPRIHESE) 105 485NSWSD
HEASGVSSACPYQGRSSFERNVWWL I KKDNAYPTI KRSYNNI NQEDL LVLWGE HHPNDAAEQTRLYQNPI T
Y SVGA STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYSNCNTKCQTPI GAl NSSMPFHNI HPL TI GECPKYVKSNRL VLATGL RNSPQGERRRKKRGLFG

Al AGFI EGGNQGWDGW GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERR
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YI SVG STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYSNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRL VLATGLRNSPQGERRRKKRGLFG

Al AGFI EGGNQGWDGWY GYHHSNEQGSGYAADKEST(QKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERR
| ENLNKKMEDGFL DVWIYNAEL L VL MENERI L DFHDS$VKNL YDKVRL QL RDNAKEL GNGCFEFYHRCDNEC
MESVRNGT YDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI MWAGLFLWVMCSNGSLQCRI
[ 00475] >ADD21378/ 1565 Avi an Egypt 2009
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[00477] >ACX31970 Avian Egypt 2009
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HEASGVSSACPYQGRSSFFRNVVWL TKKDNAYPTI KRSYNNTNQEDL L VLWGE HHPNDAAEQTRLYONPTT
YI SVGTSTXNQRLI PKI ATRSKVNGQSGRVEFFWI'T LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRL VLATGLRNSPQGERRRKKRGLFG

Al AGFI EGGNQGWDGWY GYHHSNEQGSGYAADKESTQKAI DGVTNKVNSI | DKMNTQFEAVGREFNNLERR
| ENLNKKMEDGFL DVWIYNAEL L VL MENERT L DFHDS$B80VKNL YDKVRL QL RDNAKEL GNGCFEF YHRCDNEC
MESVRNGT YDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI MWAGLFLWVMCSNGSLQCRI
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LLAI VSLVKSDQ Cl GYHANNSTEQVDTI MEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLI L
RDCSVAGW. L GNPMCDEFL NVPEWSY| VEKI NPVNDL CYPGNFNDYEELKHLLSRI NHFEKI Q | PKNSWSD
HEASGVSSAEBYQRREBHERNVVWLI KKDNAYPTI KRSYNNI NQEDL L VLWG HHPNDARBQITREMSENP! T
Yl SVA STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LRSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRLVLATGL RNSPQGERRRKKRGLFG

Al AGFI EGGWQGAWDGW GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERR
| ENLNKKVEDGFL DVWATYNAEL LVLMENERI L DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEFYHRCDNEC
IVESVRNGE Y4V P B EARI Ktk 3wk bie S GIREQL InBhif SETVAS R AL A MY ACIRELWHSSNGSL QCR
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o) PR BT PN G L] | RN EESRRET A Sy

STI VKSE
L EY@M%M&HN%@ gJ?KYVKSNRL VLATA.RNSPQGERRRKKRGLFG
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| ENL NK&M&@MMMM&ME& ThBRDS NN Y BRIKY R RDONAKEL GNGKFlRETY HRCDNEC
MESVRNGEXYRBSEEARIS KREE BGWKLIESE GIRAQK 10BNy STIVASBLIAK AL MYAGIRE L WATSNGSL QCRI
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MVESVRNGTYDYPOYSEEARE KREE SOVKDESP G ISIYSTNASSHAHRAI MAGREL WITSNGSL QCRI
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YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
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MESVRNGTYDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI WAGLFLWMCSNGSLQCRI  Cl
[ 00490] >ADY16731 Avi an Egypt 2009

MEKI VLLLAVOIMKBD@ CI GYHANNSTEQVDTI MEKNVI VTHAQDI LEKTHNGRCCNISRVKRISE 1
RDCSVAGW. L GNPMCDEFLNVPEWSY! VEKI NPANDL CYPGNENDYEEL KHLLSRI NHFEKI Q | PKNSWSED
HEASGVSSACPYQGRSSFERNVVWL I KKDNAYPTI KRSYNNI NQEDLLVLWE HHPNDATEQTRLYONPI T

Yl SVA STLNQRLVPKI ATRSKVNGOSGRVEFFWI T LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
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RDCSVAGW. L GNPMCDEFLNVPEWSY1 VEKI NPANDL CYPGNENDYEEL KHLLSRI NHFEKI Q1 | PKNSWSD
HEASGVSSACPYQGRSSFERNVVWL| KKDNAYPTI KRSYNNI NQEDLLVLWE HHPNDAAEQTRLYONPI T

YI SVG STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRLVLATGLRNGPQGERRRKKRGLFG

Al AGFI EGGWGWDGWY GYHHSNEQGSGYAADKESTEXKAI DGVI NKVNSI | DKMNTQFEAVGREFNNLERR

| ENLNKKMEDGFLDVWI'YNAEL L VL MENERI L DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEFYHRCDNEC
MESVRNGT YDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI WAGLFLWMCSNGSLQCRI  Cl
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Al AGF EGGWEGMMDGENWGEY FHSNEQGS GYAAPKES T QRAIFDSAENKUNSR  NDIKMNTQE EAEREFNNL ERR
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RDCSVAGV\LLGNPIVCDEFLNVPEV\SYI VEKI NPANDL CYPGNENDYEEL KHLLSRI NHFEKI Q1 | PKNSWSD
HEASGVSSACPYQGRSSFERNVVWW\LI KKDNAYPTI KRSYNNI NQEDLLVLWGE HHPNDATEQTRLYQNPI T

Yl SVA STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
LEYGNCNTKCQTPI GAI NSSMPFHNI HPL TI GECPKYVKSNRL VL AT GLRNSPQGDRRRKKRGLFG
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HEASGVSSACPYQGRSSFERNVWWL I KKDNAYPTI KRSYNNI NQEDLLVLWG HHPNDATEQTRLYQNPI T
YI SVE STLNQRLVPKI ATRSKVNGQSGRVEFFWIT LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
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HGASGVERACTY QGRSSHERMAME L KIKENAYBTS KKSYNNI NQEDLLI LWG HHPNDAAEQTRLYQNPI T
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RDCSVAGW. L GNPMCDEFLNVPEWSY1 VEKI NPANDL CYPGNENDYEEL KHLLSRI NHFEKI Q1 | PKNSW5D
HEASGVBRAGFY QGRESSHERDNAME L KISMNNAYIETI KKSYNNI NQEDLLVLWE HHPNDAVEQTRLYONPI T
YI SVG& SEKN@LWKIIWBRSM WMHKKQVDAANEESN@MFKWEWKL VKKGDSTI VKSE

WSy BKEST |N%%R}‘|LNKW§PE’ |-‘v‘w- @EFNNLERR
V] % %@W ' FYHRCDNEC

»
’é kﬂdﬂ MWVESNGSL QCRI

[ 00509]1EMA@W}5:&?ﬂ,D\/ermLE@M@NEQIQI;QHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC

MEKI VL MEARESTVK SO FER HANNS T EQDE T NEKNU S VTAAQE] A rHKAHNGHIcCNE DGYKPLI L

RDCSVAGW. L GNPMCDEFLNVPEWSY! VEKI NPANDL CYPGNENDYEELKHLLSRI NHFEKI Q | PKNSWSD
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[ 0051 0]rpADMBEHE3 L 1bE8NzAVY L anEEgyPhF 2OH0KN L Y DKVRLQLRDNAKELGNGCFEF YHRCDNEC

| VSI VKSBEYFCEGYHANNSTEERNBTE VEKINVA VT HAQDE 1ERTAMNGKLAINY AXEVKRIASNG SLOCRI

RDCSVAGW. L GNPMCDEFLNVPEWSY!1 VEKI NPANDL CYPGNENDYEEL KHLL SRI NHFEKI Q1 | PKDSWSD

HEASGVWN@HRBSFERWMI ZKJRNNAMPM RIKSYNNI NQEDLLVLWE HHPNDAAEQTRLYQNPI T
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[ 00511 ]rE=ARBKBEST AD AW i 184 LEgWENER0.DOHD SNVKNL Y DKVRLQLRDNAKELGNGCFEF YHRCDNEC
MVEKI VL MEARYST VKSDQEER GYHANNS T EQZDF T WEKNVISYTAHACE} ALIEKAHNGICCNE DGYRPLI L
RDCSVAGW. L GNPMCDEFLNVPEWSY1 VEKI NPANDL CYPGNENDYEELKHLLSRI NHFEKI Q | PKDSWSD
HEASG\/M}YQRS%WI KKRNAYPTE KRRYNNI NQEDL L VLWGE HHPNDAAEQTRLYONPI T
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[ 005]_2]IEN>IA]BKBE&?5D\MVWLE@]y*@NEIQ]O@E)HDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MEKI VL MEARYST RSO FER SHARNS TEQDT T NE KNV STTA-ACRE A TEKAHRGRICCNEBGYRPLI L
RDCSVAGV\LLGNPI\/CDEFL NVPEWSY| VEKI NPSNDL CYPGNENDYEEL KHLLSRI NHFEKI Q | PKNSWSD

HEASGVEX)4Sh @ SSEERAKAAAP | WWPW KIRSYNNI DLLVLWE HHPNDEAEQTRLYQNPI T

LEYGS
Al AGFI EGGV\QGWDGW(GYHHSNEQGSGYAADKEST@AI DGVI NKVNSI | DKIMNTQFEAVGREFNNLERR
| ENLNKKVEDGFL DVWTYNAEL L VL MENERI L DFHDSNVKNL YDKVRL QL RDNAKEL GNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEI SGVKLESI GTYQ LSI YSTVASSLALAI WAGLFLWMCSNGSLQCRI
[ 00513] >ADMB5876 Avi an Egypt 2010

MEKI VLLLAI | SI VKSDQ Cl GYHANNSTEQVDTI MEENVI VTHAQDI LEKTHNGKL CSLDGVKPLI L
RDCSVAGW. L GNPMCDEFL NVPEWSY!1 VEKI NPANDL CYPGNENDYEEL KHLL SRI NHFEKI Q | PKNSWSD
HEASGVSSACPYQGRSSFERNVVWL I KKNNAYPTI KKSYNNI NQEDLLVLWE HHPNDAAEQTRLYONPI T
Yl SVG STLNQRLVPKI ATRSKVNGOQSGRVEFFWI'T LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE
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[ 00516] >ADMB5881 Avi an Egypt 2010

MEKI VLLLAI FSLVKSDQ Cl GYHANNSTEQVDTI MEKNVI VTHAQDI LEKTHNGKLCNLDGVKPLI L

RNCSVAGW W GIPMERERL NVPEWSY! VEKI NPANDL CYPGNENDYEEL KHL L SRIPIHRESE) 1QI0548KNSWED

HEASGVSSACPYQGRSSFERNVVWL I KKDNAYPTI KRSYNNI NQEDL LVLWE HHPNDAAEQTRLYONPI T

Yl SVG STLNQRLVPKI ATRSKVNGOQSGRVEFFWI'T LKSNDAI NFESNGNFI APENAYKI VKKGDSTI MKSE

LEYGNCNTKCQTPI GAI NSSMPFHNI HPLTI GECPKYVKSNRL VLATGL RNSPQGERRRKKRGLFG

Al AGFI EGGWQGWDGW GYHHSNEQGSGYAADKESTQKAI DGVI NKVNSI | DKIMNTQFEAVGREFNNL ERR
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Al AGFl EEQMEM/DEYHGYHHSNEQGEEYAADKEST QRANDE ENKYNS b DIKMNIQE EAVGREFNNL ERR

| ENL NKKNVEDGE L IDMARENAEL v MENERTHEDF DS NN VDKVRE 0 RDNAKELGNGORERY HRCDNEC
MVESVRNGRYDYPOYSEERRI KREEF SOVREESE GTYOK BISILYSTARSIEAE R HRARILEE WWCSNGSLQCRI  Cl
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RDCSVAGWLL GNP FLNVPEV\BYI VEKI NPAN CYPGNENDYEELKHLLSRI NHFEKI QX I PKNSWSD
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cul tur éféls‘fq?SE@‘QBE%FEH%%KHN@\%@RWF@WKE%IBFW@NWE@YKS%G\%%@KS@?A) The
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post - i REeGELMhr LDPﬁ‘BSIN
puri fi egsestRehvidhedkehraRkE et WL EREOMBL 98PN LA SITE AR LI 604 RS ,
Heal t hcare, Piscataway, NJ). Eluting fractions containing HA were pool ed,

concenfgeigef andybuf:bel,iexchapgedosnto 1X PBS pH 8.0 (G bco) usi ng 100K

MACO s piexrweolanvesvidvbid dcpamerstBivbl evdreery ) LEkenprrdvd. b@depriot ei n was

quant i pr@fd/Agm,L@gptB@AFmpﬁwwmI@Ips@LCYPGNFNDYEELKHLLSRINHFEKIQIIPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKDNAYPTIKRSYNNTNQEDLLVLWGIHHPNDATEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEFG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
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WO 2012/ 047941PCT/ US2011/ 054831 Bi ndi ng of reconbi nant HA to human tracheal
ti ssue sections [00521] Paraffinized human tracheal (US Biological) tissue
sect i ons weneirxdapanaf fi ni zed, rehydrated and i ncubat ed WCThiS2601B85S83i n PBS
for 30 mnutes to prevent non-specific binding. HA was pre-conplexed with
primary anti body (nouse anti 6X Hi s tag, Abcam and secondary anti body
(Alexa fluor 488 goat anti nouse, Invitrogen) in a nolar ratio of 4:2:1,
respectively, for 20 mnutes on ice. The tissue binding was perforned over
di f f er entvanAr €906 ek atirReNS oYL Kb bt drn grishea i er compd 18X giek skidsigar 1% BSA- PBS.
Ti ssuecsections were then incubated with the HA-anti body conpl exes for 3
hours §00490] Thevidissus isedigypnowmer e count er stai ned by propi di um i odi de
(1 nvi t megenLLATvEO0GSDoICTIBSTH NN S THE D NEgUergesti IonSTANeKIENmDEPed. and t hen
[ maged ROSH WIdJG@BMﬁDcEEbNVPﬁW%ﬁ@%@ﬁéﬂ%éi’@?@%l@HSQWEYS%SEﬁﬁEiWS@onf ocal
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gl ycanseiagxused: astdeser ihesd EML@VﬂlW$!(IMJYD rob MDAk N EyBrOhiE LN-LN are
r epr esentaticvevayt anakeeept o sLEsG 6 Sidi and 6t SLNANvarie L mepreseakat | ve human
receptors. LN corresponds to | actosam ne (Gall31l-4GLcNAc) and 3' SLN and

6' SLN fe®mert ixveky ccorraspongot @odeu5Acoc2-3 and Neub5Acoc2-6 linked to LN

( Fi gur ¢ERBLLLAVE LY SOD I GEY 8deid T VW E BN WBITEAQB L af e dr g pg keI IConsor t i um of
Funct i GRatVA&r ACSE P FW#N]?@§W€%Y% e IPFEHFAATKNSWSD

Strept &@@ﬁgzg ﬁ@%ﬁﬁﬁf GH By %FN%%% qIHEi’ ﬁ@%%ﬁgg ver e

| oaded Yé PKIA FEWTTLKS FESNGNF ITAPENAYKT THMIK Wi th 501 t1
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of 2.4,k plgé s QbR Achy @%@éégg Y5aRSs Q¥ eItk eyt 1 M&QFEK\%%ﬁNﬂIEmQaHS wer e
r enov edelfikeugitrextie Rsip.ev Was bk NG r i sibixikBSkvrRLD ER IMak ARG Cr HAu RUbNEC coNpr i ses
of t hr eesHAGIOYEOEIESARIAREE tTEenEE s hTwe L RBSrvorseaf omveachmmsnesm@ckl  The
spati alcTarrangenent of the biotinylated glycans in the wells of the

strept $80492h plrakeloarrep3faven Edobndiong to only one of the three HA
nmonomme KSPQIG I HRNY P TEREP T IEIERN TYRIAQD I THYE RGO CBLIGY K Ider t o specifically
enhanc &Pt he A P aFBHEY =T WIWH%INIEIA%&%NPW% AR OAS EEtIET FEEODI nant

A Y,
pr ot ei (5; EEK ﬁ%g%igﬁz (LN gﬁ%ggégm%@%@ es in the
mol ar éh@N COTPFGAEN R 1B e SERRAH Y AT LF@ ment
trimer IA@AME@@WQ@@VI;@WY&MSM@@@%D%SIfQ@J&ID@btmvlﬂgz NREENdRSFGORRAT | SoN

bet weencethekn: gk ycan viMmdy ngvat fuoni dvesnt, vAK St o ckors of i Cre Fe ardoakE i Ng

appr oprMEstRYGArIENY SFESRLIHESTGCH KIS It agge ol AV rsor A INYAQIFL medsy G adCRbody  ( Mbuse
anti 6XIHi s tag 1gG from Abcam) and secondary anti body (HRP conjugated goat
anti  MA4E3] gGrRADR12022/04 704 2PCEVDS2009/ 054831 from Sant acr uz
Bi ot ec HABI'GGIAHTVERVEREI T &Y T MNATELVPT BFHNY HEOb e 8K ORI L POEP 2D nm

Appr opr, E%igﬁ N@%E%sSEEN‘@E&%;@@&%%%E?%&@%%HQ éﬁfﬂ%ﬁﬁa t1 with

1% BSA SRRIMFT f the

gl ycan¢oaicaek e bt rafd ok R @i&@cﬁ%w&@nﬂﬁ\zﬁ%@tﬁ Ao eR QEEGL%G rS ol I oned by

t he washa@trepsiositdtnPBS namebcRBS R pkdX oRBS e ik v b Yonknesir2)cred i@ bk Ndi ng

si gnal rwesikdet sF e diAras edMEo IR HRPH ot KLU YDYVRIS LKA AniNexF FReBRPEEOX | dase

Assay KESVRNGR{IYPRGHEARLIGAY T G BIOTd B IE BT SR A SPa AT AEAGF EFMGSVEHLCRUCT | ons.

Equi val ent s [00523] Those skilled in the art will recognize, or be able to

ascerté@‘hl f!bl W@Dﬁbwﬁéf@%h?aﬂaﬂoﬁwme?oé%perl rrent ation, many eqw valents to
B DB RESPRY present

enmbod
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rat her ¢ 5,3 T]LSAPQ‘RL T PWBED G NF TAYENA YK TVKKGDS T IMKSE

2012/ 047 94LREHIPE2L L Bk Mer g bt ik sidrLv I@ﬂﬁlﬁ@@ﬁﬁﬂl@@kR@@ﬂpOSt' on

conpri &[[E[Q“’IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSIIDKMNTQFEAVGREFNNLERR
TENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHD SNVKNL YDKVRLOLRDNAKELGNGCFEF YHRCDNEC
MESVRNGTYDYPQYSEEARLKREETSGVKLESTGTYQTLSTYSTVASSLALATMVAGLFLWMC SNGSLOCRT

[00495] >ADB77952/1561 Avian Egypt 2009
LLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSYIVEKINPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKNSWSD
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a binding agent that conprises an H5 HA pol ypepti de having an am no acid
sequence which differs fromthat of the reference H5 HA pol ypepti de
sequence WO 20441 nor e of residues selected fromthe gromScan®ssssi ng of
residues 130, 131, 132, 133, 135, 137, 155, 188, 192, 193, 221, 226, 227,
228, and conbi nations thereof. 2. The pharmaceutical conposition of claim
1, wherein the binding agent conpetes a glycan HA pol ypeptide interaction
bet ween unbrella topol ogy gl ycan and an HA pol ypeptide. 3. The

phar mageuidve ad cre oeaesiinvon. 0koed val mekymwhet gith tdie sk ko el ypept | de has a
| engt h v tdrisnuoRevrrangres koficgb8rinS Fam LEoN @O NEBsNGYE IAPhen yehernwas euksE al
corrpos|LEY@WN©KCQ@PmAr?NiSMPﬁMM@LNGEh@%SNMVWGyBWG@@Rﬁ&@@m no acid
sequenéerFFREFTEcH %ﬁ?%sﬁ‘fﬁ@@SsTQé%IqGéa%%VNEQIDéWWEéYﬁRBENNLﬁRW{ engt h and

shons gggg@%@% ST ), S RGeS ) sibrd B oo

group consisting o

nunber \éﬁggj%g L 50 £ 2 ;I'he phar maceuti cal conposition of cI aim
1, WheMgm %@%ﬁgﬁm A% AP AR1L B SEIENE S AL, shows at

| east Q5%0AdﬁﬁﬂdN§MchLﬂP@wiﬁf\/ﬁiﬁ@ﬁﬁ)ﬂd§Pd‘fb@tN§@iE@ﬁﬁﬁ@Rfm@ﬁkidﬁpﬂd‘s@b’@

consi stEng:vetaGSEQEH Or ruvber kbt yr5IxkrsSByTiDAL L LO L ERHPIOAREQ TR LT @EITON

COr r esposidiTAGLMOB L e NI ATR AU el CRMAFG W BE K S o TN fifsur @Pﬁmmvmsm‘wtsme

r ef ereﬁé‘éGN@U&T TBF@IWS%H@HPé%ﬁGGQ}é%Wé@I‘%@%WLWW@WK consi sting of
resi duég:F; é\};ﬂ ;HH WeLcoiiPhat TQB@E”%H@?VL%HIDK%NTQFH%E?% “Pr'é&%utl cal

d
gggﬁg?\%g%at s%g\/\s%}agl ;gé%tﬂggﬁ% %%l% ?\A]@t hb%‘;ﬁ&QC rence%E%“crgHA glel ected

from t hgp@rPuUr. 6N 5t 419, QohD numbers 50, 51, 53, 54, or over a
region Mﬁ@f\/rLg§m@ H@ot &G@ﬁﬂﬁ%%ﬁﬁm&ﬂ@mﬁ@@I@E‘I’%TH@E}M&I&%JK@Q?}] t hat of the
r ef er ereesvHAWDY:NOMDEOLVFRH € I ESINENES cseheabed L kirrtheegraupkeansi sting of
r esi duesad®8sAP7 ocrausdr ouml mat $ 20ms T K3 eMeDE DL LWDIG THHPNDAEEQTRLYQNPTT

2012/ OHWPOWQBSWMTWMGWEFTH@%hWHmE@WN%@IPEI@@@WGPFWK@ﬁ claim1,
wher ei rIrEi’%NFB:QFW%éEg?%gw%LW%C%VH%NP&(Y%FG@%@H%@RFWL% hows at | east

95% i d%é%%&@ B E‘%ﬁGﬁ?D SeLECERCL, DD Lher OF W, LT sti ng of

SEQ ID 1 OMELy 2o 801,00, COF HESRONGLAY to ani no

acids %krto 55, |f]?ers fromt at of the reference e presence of

a del eij 00208 Pf >%ghggcg4§%vqa5%1ygyezog§0 8. The pharmaceuti cal corrp05| tion of
cl ai m Lk Wheteiva rheo Ha chidpet yRephitevhasa et pormmek s fauenee that shows
at | easbc85%i dentdrtyLwrthisa veeherencerdirvbikrs et eckadirkkomrbhewgn oup

consi stERgEVEEAGEQEHSBF FRIVITEr K KB YPBIKKSBBY TNGHDLLYEWEH PN FOTKLE @THION

corres ﬁéﬁ‘dﬁTﬁ MQBL%IP!?)R%N%G&M&%WB%KSWINWE’rNﬁ@bF@PﬁW@WVWSWMKﬁ%e

ref er er€&® %’ggé%%% SHPBTIE BT 1GECT B SNAL UL AT G RYF AR %ﬁ'ﬁR g oup._consi sting

CorposiE ACH oL b o b3t e e
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[00499] >aDM85847 Avian Egypt 2010
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTIVTHAQDILEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSYIVEKINPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKDNAYPTIKRSYNNTNQEDLLVLWGIHHPNDATEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFDSNGNFIAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEFG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRI
cI

[00500] >aDM85852 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRPKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
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acid sequence that shows at |east 95% identity with a reference H5 HA

sel ected fromthe group consisting of SEQ ID nunbers 50, 51, 53, 54, or 55,

over a reyoemxaredesponding to amno acids 1 to 55, but PdirfuSess/of48em t hat

of the reference HA by one or nore of residues selected fromthe group

consi sting of residues 158, 226, 228, and conbi nations thereof. 10. The

phar maceuti cal conposition of claim2, wherein the unbrella topol ogy

gl ycans conprise long a2-6 sialylated glycans. 11. The pharmaceuti cal

conposivkamcofoyebad s dilkrenhek el it e th ong rasseasd al yd it eeh gt yieans are

selected fromthe group consisting of NeuS5Acoc2-6Gal131-4GLlcNAc131-3Gal1131-

4G1cNAGOOSBIRL 5 Ac0r 2556 GarkNAE kv AGRoNACP1l- 3GalNAcpl- 4GlcNAc, Neu5Acoc2-

6Gal131=dGLe N 8ix3Calrb3dadiGat dNAC T MENsUB A oo 2L 8Catit B4 GivaRACl 31- 3Gal131-

4(31Chuygm@ﬁyAg@kﬁEﬁgMQQgE;NMQA@SYIVEKINPANDLCYPGNFNDYEELKHLLSRINHFEKIQIIPKNSWSD
6@%%@%&% R B DR N T R B B S TAQRB YA G T HHPNDAREQTRLY ONPTT

SR e

Neu ACQ@rZr AieteNACHIE kG DAGE 31 R 3 BELNAS FvINRURAE CC 2-
6Gal NAN&&M@&@WE&AR&R@%GMSIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRI

Neu5Acoc2- 6GalNAc131-4GlcNAc131-3GalNAc131- WO

2012/ 04302 PCT/ 2082351/ 0548 3L v4GRoNAC131- 3/ 6GalNAc,

Ne uAc 0¢BX BGAIATYE IYERE NACT 3G GIyNADE3 TV BT T 2E BNEEHAY L. DNEGAEL 0Cc2- 6Gal131
-4Ga1NKE¢%7fGW@JG€@1W fE@S/YG@q(%T?A@?LGW}&EYEEW@ABWEKIQIIPKNSWSD

6Ga113i1E FWI@C:{RS& éNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT

NeU5AC ﬁ ﬂ%g& WT K %i%% PEE?;EIVKKGDSTIMKSE

NeuSAcGe S AGEe %Lb%&ﬂﬁﬁz&égiaﬁm

4Glc Mqiﬁmma@:hiaﬂvmm@{t@mi mmukwm@ Lroorposttimruaionet ai m 2,

wher ei rMEsMGmmerfg:EangEmedJsastoTwrbsBdslraASSmpmmgyGLglemssmth an

affinitty that is at | east 50% at |east 70% at |east 80% at |east 90% or

at | ea$@0508D% -abmttvat / obsexwied agnder2oconpar abl e conditions for a wild type

HA thatVSWP@%@@ﬁWéﬁW@ﬁ“@ﬁN‘FﬁYﬁﬁwILHISFHNW@ PéaEraceut i cal co osition of

cl ai 2 Gﬁgbﬁq?éFBYVﬁHE @2%: ﬁN%CHB@T‘Ff“BYEtT ?ﬂgsﬁéﬁf‘% 6416 cans nor e

st rongl Z iﬁégﬁgﬁi m%% LORE, ggbﬁé oabveans. L éseut' cal

H%Lf‘IG 1ROARYE PQ%%&QZ%K ative affinity

for um&@éﬂzagév@@mmyg Hmmgsmﬁaﬁmwmﬁmmbmm @t@mwﬁm@ml east 2.
15. Therphaknece uthaakamonmpesttiionsehvel abrr o shekeidvct i vhravdeng agent

shows aEg@ivarynreQefEERRIKRGE fOVKLAMFBIAIas oo GEYLAFMYEEAS NSNS HCBDNE
t opol o@&s% ycans of at least 5. 16. The pharnaceutical conposition of claim
2, whel@d504t h@ADM%ﬁ%mgA\agerﬂgysm?\%O a reI ative affinity for unbrella
topol o g %EW§LWP§E%IG(¥WSF éé%L%THéIFKWCé‘éEGéVKTBIL 17. The
iy

phar ma %ﬁ%{;@g RLLLGR 91 el d ;éﬁif EEWE@% %ﬂiwﬁ%cws

bet ween{ g de: A/ Lman Jxespiratory
R KYNG
epi t hel ik adncg Q@PIdA ﬁséMpﬁﬁ‘r@ 'E'§TIG%E%@Q@NRLQEA%G@QN%@@%QRR%LFG

ATIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSIIDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDEFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLOCRI
CI

[00505] >aDM85862 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSYIVEKINPTNDLCYPGNENDYEELKHLLSRINHFEKIQIIPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEFG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRI
cI

[00506] >aDM85863 Avian Egypt 2010
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTIVTHAQDILEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSYIVEKINPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKNSWSD
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18. A vacci ne conposition conpri sing: a binding agent that conpetes a
gl ycan HA pol ypeptide interaction between unbrella topol ogy gl ycan and an
HA pol ypewbi2de/o4rdier ei n t he vaccine is broadly protectiPeTagainssssany Hs

i nfluenza virus. WO 2012/ 047941PCT/ US2011/ 054831 19. The vacci ne
conposition of claim18, wherein said H5 influenza virus is a human-adapt ed
H5 virus or avian-adapted H5 virus. 20. The vacci ne conposition of claim
19, wherein said H5 adapted virus conprises a H5 HA pol ypepti de sequence

whi ch dif d&tsade o sariefvenemneentidr Hkspolypeptiviessesuancerrato@ne or nore of
r esi duessgabentoedviKIom SKNECEGRIEY FEONSE SiA INGE OGN BSEQU@Ss V3D TiMBEr 132, 133,
135, 13FYGNLBBKCOT8B;AINGRPFIIORPLDIEECPRYYBSNR2LZ FATCRRIBSPOGPRRREBEAIFAAL | ons t her eof .
21. A ARtHIICHRCITHBE tHHEA %lSﬁWﬁgEWKeIWTIFWNF“W%TQ?FN%QEFW%RR

herragg@&ﬁg%ﬁﬁﬁ%g?@%ﬁﬁ@ an; W%ﬁ%@?%@% ndil AP EtE, or

m ni nm ect I'on o uenza fus which

bi nds ggl 0 rece lng an unbrel I a topol ogy, or treating a
subj eC?gKf i@%%%&gi Shadiiae: ﬁNNégEQdDéEMEkN$ﬁUTBQQ§%LEkﬁﬁNéﬁﬁCN§b%U%%9£ﬂ ble to or

suf fer IRB@svat;@mGlNﬂﬁ@tLmE@yyzaﬁKﬂN@Rme@mmeKHLLSRINHFEﬁﬁjIeﬁmsmglaa bi ndi ng
agent whatcveonpetes sarglvyeamxxbifuypot prpeptivdeniintermetnonspet weenran unbrel | a
t opol ogysgiTgTaravRkIaTRIHAEOLyFEET apNETdFESNGNE IAPARIKNVIHGEF T Y SEN

ef f ect |L\?‘éGBE§EHT)K,ﬂ@tTPEﬁAINWPBHWPh?IWg@WWK%WLVH%%GLBN%P@F RES RGLRE virus to
herragglAéft\?FﬁFﬁGWQéPé 6@§{HHWGﬁ% PR ARG E%LQ % % Vﬁ@“i“\%&ﬁ%ed t he

ri sk '%EWEEE?%QR sdha L1 L LENG 1 Ee Thie a0 of £l af m 21,

wher e ndrng agent conprises an sequence froma

refere gﬂS ADQ&!&%QE‘?R;[Ia :ﬁ%g% ge at one or m)re of resi dues sel ected

from tm@Kfﬂlgbﬁ%v%@WﬁﬁD§§dﬂ&9H steshalestB8Qaadnt ek 3 érrckd8sevrdsh, 137, 155,

188, 1%93¢svhO3L 1,622 prR2 R0 ERAAvERZBANRREr QOB HTaki QRS i€k 80T PrISHSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAVEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTINKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWIYNAELLVLMENERTLDFHDSNVKNLYDKVRLOQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLVLAITIVAGLFLWMCSNGSLQCRI
CI

[00509] >aDM85871 Avian Egypt 2010
MEKIVLLLAIFSLVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKDNAYLT IKRSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLF LWMC SNGSLQCRI
cI

[00510] >ADM85873/1558 Avian Egypt 2010
IVSIVKSDQICIGYHANNSTEQVDTIMEKNVTIVTHAQDILEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSYIVEKINPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKDSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKRNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEFG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRI
cI

[00511] >aDM85874 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKDSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPT IKKNYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
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23. The nethod of claim 21, wherein the step of selecting includes

sel ecting a binding agent on the basis of the binding agent being able to
bi nd a hewaggiauurain receptor having unbrella topol ogy @CyampsL1/024831 The
met hod of claim 21, wherein the binding agent is an LSBA WO

2012/ 047941PCT/ US2011/ 054831 25. The nethod of claim 21, wherein the

bi ndi ng agent

Is a UTBA. 26. The nethod of claim2l, wherein the binding

agent is a UTSBA. 27. The nmethod of claim 26, wherein the UTSBA is

adm ni steredrigrbNe eseiireet skl ct @ IEXPOSULR LE O i s i intSnc &&crThe met hod
of claicm 26, wherein the UTSBA is adm nistered to the subject after
exposuf@és2] t heoMsgaus. avd9n EbRgr method of claim 21, wherein anount

adm ni stEeredLi /ssesbD od IenEANNO THAD O NakKEev TTeAGUID EEUINGELANADG e R L OF S

cont ai ﬁP@ﬁyAGWﬁﬂGﬁPMQPEFEHMSEWE%FVQ$5N§é¥E#CYEﬁNFNHYﬂELﬁ%ﬁuﬁééNﬂﬁﬁKEQIéPKHSW6D quarein

UTB%?QVS

t
anrel %iﬁ%
| ecti nsy @it
wher ei ReSaixey

SO TNSEDL LT HEC IRET HEAE O L EP T 2

BVEK%Z% T ﬁf @if@iﬁg %@Pﬁ%% Zf%%%ﬁeﬁgv 2o b s,

Py D G RO EPﬁNﬂ%kQJrn 26,
s%mNmmmEm;m@ﬁmgﬂfvmrfbkmmmmﬁ casry ik Shkat i on of a

second vt betapairbd esEEdRBLKREAEs et drvadTaf L etarm 321 avex@irnmtdiec secend

therapeatic is an anti-viral agent.

[00513] >aDM85876 Avian Egypt 2010

MEKIVLLLAIISIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDILEKTHNGKLCSLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLF LWMC SNGSLQCRI
cI

[00514] >aDM85878 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLF LWMC SNGSLQCRI
cI

[00515] >aDM85884 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI ISKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVVSSLALAIMVAGLF LWMC SNGSLQCRI
cI

[00516] >aDM85881 Avian Egypt 2010
MEKIVLLLAIFSLVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL

RNC SVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKDNAYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG

ATAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLF LWMC SNGSLQCRI
cI

[00517] >aADM85883 Avian Egypt 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLNGVKPLIL
RDCSVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
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HEASGVSSACPYQGRSSFEFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKSNDAINFESNGNF IAPENAYKIVKKGDSTIMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLEG
ATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSIIDKMNTQFEAVGREFNNLERR
IENLNKKMEDGFLDVWTYNAELLVLMENERTLDEFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLFLWMCSNGSLQCRI
CI

[00518] >2D0Q53454 Avian Israel 2010
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL

RDC SVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNNAYPTIKKSYNNTNQEDLLVLWGIHHPNDEAEQTRLYQNSTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNEF IAPENAYKIVKKGDST IMKSE
LEYGNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGERRRKKRGLFG

AIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS I IDKMNT QFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLOLKDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVTSSLALAIMVAGLFLWMC SNGSLQCRI
CI

[00519] >2EN68621 Avian Israel 2011
MEKIVLLLAIVSIVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQDI LEKTHNGKLCNLDGVKPLIL

RDC SVAGWLLGNPMCDEF LNVPEWSY IVEK INPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKNSWSD
HEASGVSSACPYQGRSSFFRNVVWLTKKNDAYPTIKKSYNNTNQEDLLVIWGIHHPNDAAEQTRLYQNPTT
YISVGTSTLNQRLVPKIATRSKVNGQSGRMEFFWT ILKSNDAINFESNGNEF IAPENAYKIVKKGDST IMKSE
LEYSNCNTKCQTPIGAINSSMPFHNIHPLT IGECPKYVKSNRLVLATGLRNSPQGEKRRKKRGLFG

AIAGF IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS I IDKMNT QFEAVGREFNNLERR
IENLNKKMEDGF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLOLRDNAKELGNGCFEFYHRCDNEC
MESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILSIYSTVASSLVLAIMVAGLFLWMC SNGSLQCRI
CI

Materials and Methods

Cloning, baculovirus synthesis, expression and purification of HA

[00520] HS5 WT and mutant HA sequences were codon-optimized for insect cell expression
and synthesized at DNA2.0 (Menlo Park, CA). The synthesized genes were then sub-cloned into
pAcGP67A plasmid and baculoviruses were created using Baculogold system (BD Biosciences,
San Jose, CA) according to manufacturer's instructions. The recombinant baculoviruses were
then used to infect suspension cultures of Sf9 cells cultured in BD Baculogold Max-XP SFM
(BD Biosciences, San Jose, CA). The infection was monitored and the conditioned media was
harvested 3-4 days post-infection. The soluble HA from the harvested conditioned media was
purified using Nickel affinity chromatography (HisTrap HP columns, GE Healthcare,
Piscataway, NJ). Eluting fractions containing HA were pooled, concentrated and buffer
exchanged into 1X PBS pH 8.0 (Gibco) using 100K MWCO spin columns (Millipore, Billerica,
MA). The purified protein was quantified using BCA method (Pierce).
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Binding of recombinant HA to human tracheal tissue sections

[00521] Paraffinized human tracheal (US Biological) tissue sections were deparaffinized,
rehydrated and incubated with 1% BSA in PBS for 30 minutes to prevent non-specific binding.
HA was pre-complexed with primary antibody (mouse anti 6X His tag, Abcam) and secondary
antibody (Alexa fluor 488 goat anti mouse, Invitrogen) in a molar ratio of 4:2:1, respectively, for
20 minutes on ice. The tissue binding was performed over different HA concentrations by
diluting the pre-complexed HA in 1% BSA-PBS. Tissue sections were then incubated with the
HA-antibody complexes for 3 hours at RT. The tissue sections were counterstained by propidium
iodide (Invitrogen; 1:100 in TBST). The tissue sections were mounted and then imaged using a

confocal microscope (Zeiss LSM510 laser scanning confocal microscopy).

Dose dependent direct binding of WT and mutant HA

[00522] To investigate the multivalent HA-glycan interactions a streptavidin plate array
comprising representative biotinylated a2—3 and 02— 6 sialylated glycans was used as
described previously. 3’SLN, 3’SLN-LN, 3’SLN-LN-LN are representative avian receptors.
6’SLN and 6’SLN-LN are representative human receptors. LN corresponds to lactosamine
(GalP1-4GlecNAc) and 3’SLN and 6’SLN respectively correspond to NeuSAco2-3 and
Neu5SAca2-6 linked to LN (Figure 28). The biotinylated glycans were obtained from the
Consortium of Functional Glycomics through their resource request program. Streptavidin-
coated High Binding Capacity 384-well plates (Pierce) were loaded to the full capacity of each
well by incubating the well with 50 ul of 2.4 uM of biotinylated glycans overnight at 4 °C.
Excess glycans were removed through extensive washing with PBS. The trimeric HA unit
comprises of three HA monomers (and hence three RBS, one for each monomer). The spatial
arrangement of the biotinylated glycans in the wells of the streptavidin plate array favors binding
to only one of the three HA monomers in the trimeric HA unit. Therefore in order to specifically
enhance the multivalency in the HA-glycan interactions, the recombinant HA proteins were pre-
complexed with the primary and secondary antibodies in the molar ratio of 4:2:1
(HA:primary:secondary). The identical arrangement of 4 trimeric HA units in the precomplex for
all the HAs permits comparison between their glycan binding affinities. A stock solution
containing appropriate amounts of Histidine tagged HA protein, primary antibody (Mouse anti

6X His tag 1gG from Abcam) and secondary antibody (HRP conjugated goat anti Mouse IgG
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from Santacruz Biotechnology) in the ratio 4:2:1 and incubated on ice for 20 min. Appropriate
amounts of precomplexed stock HA were diluted to 250 pul with 1% BSA in PBS. 50 ul of this
precomplexed HA was added to each of the glycan-coated wells and incubated at room
temperature for 3 hrs followed by the wash steps with PBS and PBST (1X PBS + 0.05% Tween-
20). The binding signal was determined based on HRP activity using Amplex Red Peroxidase

Assay kit (Invitrogen, CA) according to the manufacturer’s instructions.

Equivalents

[00523] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to embodiments of the invention described herein.
The scope of the present invention is not intended to be limited to the above Description, but

rather is as set forth in the following claims:

163



WO 2012/047941 PCT/US2011/054831

We claim:

1. A phamaeutical compostion comprising:
a binding agent that comprises an H5 HA polypeptide having an amino acid
sequence which differs from that of the reference H5 HA polypeptide sequence at one or
more of residues selected from the group consisting of residues 130, 131, 132, 133, 135,

137, 155, 188, 192, 193, 221, 226, 227, 228, and combinations thereof.

2. The pharmaceutical composition of claim 1, wherein the binding agent competes a glycan

HA polypeptide interaction between umbrella topology glycan and an HA polypeptide.

3. The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has a length

within the range of 19-55 amino acids.

4. The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence including a portion that is at least 19 amino acids in length and shows at
least 95% overall sequence identity with a corresponding portion of an H5 HA

polypeptide selected from the group consisting of SEQ ID numbers 50, 51, 53, 54, or 55.

5. The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence that shows at least 95% identity with a reference HS HA selected from the
group consisting of SEQ ID numbers 50, 51, 53, 54, or 55, over a region corresponding to
amino acids 1 to 55, but differs from that of the reference HA by one or more residues

selected from the group consisting of residues 130, 192, 193, and combinations thereof.

6. The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence that shows at least 95% identity with a reference HS HA selected from the
group consisting of SEQ ID numbers 50, 51, 53, 54, or 55, over a region corresponding to
amino acids 1 to 55, but differs from that of the reference HA by one or more residues

selected from the group consisting of residues 128-137, and combinations thereof.

164



10.

11.

WO 2012/047941 PCT/US2011/054831

The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence that shows at least 95% identity with a reference HS HA selected from the
group consisting of SEQ ID numbers 50, 51, 53, 54, or 55, over a region corresponding to
amino acids 1 to 55, but differs from that of the reference HA by the presence of a

deletion of amino acid residue 130.

The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence that shows at least 95% identity with a reference HS HA selected from the
group consisting of SEQ ID numbers 50, 51, 53, 54, or 55, over a region corresponding to
amino acids 1 to 55, but differs from that of the reference HA by one or more of residues

selected from the group consisting of residues 160, 226, 228, and combinations thereof.

The pharmaceutical composition of claim 1, wherein the HS HA polypeptide has amino
acid sequence that shows at least 95% identity with a reference HS HA selected from the
group consisting of SEQ ID numbers 50, 51, 53, 54, or 55, over a region corresponding to
amino acids 1 to 55, but differs from that of the reference HA by one or more of residues

selected from the group consisting of residues 158, 226, 228, and combinations thereof.

The pharmaceutical composition of claim 2, wherein the umbrella topology glycans

comprise long a2-6 sialylated glycans.

The pharmaceutical composition of claim 10, wherein the long a2-6 sialylated glycans

are selected from the group consisting of NeuSAco2-6GalB1-4GIlcNAcP1-3GalB1-
4GleNAc, NeuSAco2-6GalNAcB1-4GleNAcB1-3GalNAcB1-4GleNAc, NeuSAca2-
6Galf1-4GIcNAcP1-3Galf1-4GalNAc, NeuSAca2-6Galf1-4GleNAcB1-3Galp1-
4GleNAcP1-3GalB1-3GalNAc, NeuSAco2-6GalNAcB1-4GleNAcB1-3Galf1-4GalNAc,
NeuSAca2-6GalNAcP1-4GleNAcB1-3GalNAcB1-4GleNAcB1-3GalB1-3GalNAc,
NeuAco2-3GalB1-3GalNAco2-6NeuSAc, NeuSAco2-6GalBf1-4GleNAcB1-3/6GalNAc,
NeuSAca2-6GalB 1-4GleNAcB1-3Galf1-4GleNAcB1-3/6GalNAc, NeuSAco2-
6GalNAcPB1-4GlcNAcB1-3/6GalNAc, NeuSAca2-6GalNAcB1-4GleNAcP1-3GalNAcB1-
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4GleNAcP1-3/6GalNAc, NeuAca2-6Gal1-4GalNAcB1-6GleNAcP1-3Gala2-3NeuSAc,
NeuAco2-6GalB1-4GalNAcP1-3/6GleNAcB1-3/6Gala2-3/6NeuSAc, NeuSAco2-
6Galf1-3GalNAcPB1-4Galal-3Galf1-4Glc, Neu5Aca2-6Galf1-3GalNAcB1-3Galal -
4GalB1-4Gle, NeuSAco2-6Galf1-3GleNAcB1-3Galf1-4Gle and NeuSAca2-6Galf3 1-
4GlecNAcP1-3GalB1-4Gle.

The pharmaceutical composition of claim 2, wherein the binding agent binds to umbrella
topology glycans with an affinity that is at least 50%, at least 70%, at least 80%, at least
90% or at least 100% of that observed under comparable conditions for a wild type HA

that mediates infection of humans.

The pharmaceutical composition of claim 2, wherein the binding agent binds to umbrella

topology glycans more strongly than it binds to cone topology glycans.

The pharmaceutical composition of claim 2, wherein the binding agent shows a relative

affinity for umbrella topology glycans versus cone topology glycans of at least 2.

The pharmaceutical composition of claim 2, wherein the binding agent shows a relative

affinity for umbrella topology glycans versus cone topology glycans of at least 5.

The pharmaceutical composition of claim 2, wherein the binding agent shows a relative

affinity for umbrella topology glycans versus cone topology glycans of at least 10.

The pharmaceutical composition of claim 2, wherein the interaction occurs between the
HA polypeptide and receptors found on human upper respiratory epithelial cells, the

bronchus, trachea, or the deep lung.

A vaccine composition comprising:
a binding agent that competes a glycan HA polypeptide interaction between
umbrella topology glycan and an HA polypeptide,

wherein the vaccine is broadly protective against any HS influenza virus.
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The vaccine composition of claim 18, wherein said HS influenza virus is a human-

adapted HS virus or avian-adapted HS virus.

The vaccine composition of claim 19, wherein said HS adapted virus comprises a HS HA
polypeptide sequence which differs from a reference HS HA polypeptide sequence at one
or more of residues selected from the group consisting of residues 130, 131, 132, 133,

135, 137, 155, 188, 192, 193, 221, 226, 227, 228, and combinations thereof.

A method of inhibiting binding of a HS influenza virus to a hemagglutinin receptor
having an umbrella topology, in a subject, or minimizing the risk of infection of a subject
by an influenza virus which binds a hemagglutinin receptor having an umbrella topology,
or treating a subject, the method comprising:

identifying a subject susceptible to or suffering from infection by an influenza
virus,

selecting a binding agent that competes a glycan HA polypeptide interaction
between an umbrella topology glycan and an HA polypeptide; and

administering an effective amount of the binding agent so that binding by the
virus to hemagglutinin receptors having umbrella topology glycans is reduced, the risk is

minimized, or the patient is treated.

The method of claim 21, wherein the binding agent comprises an H5 HA polypeptide
sequence from a reference HS HA polypeptide sequence at one or more of residues
selected from the group consisting of residues 130, 131, 132, 133, 135, 137, 155, 188,
192,193, 221, 226, 227, 228, and combinations thereof.

The method of claim 21, wherein the step of selecting includes selecting a binding agent
on the basis of the binding agent being able to bind a hemagglutinin receptor having

umbrella topology glycans.

The method of claim 21, wherein the binding agent is an LSBA
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The method of claim 21, wherein the binding agent is a UTBA.

The method of claim 21, wherein the binding agent is a UTSBA.

The method of claim 26, wherein the UTSBA is administered to the subject prior to

exposure to the virus.

The method of claim 26, wherein the UTSBA is administered to the subject after

exposure to the virus.

The method of claim 21, wherein amount administered is sufficient to saturate the

subject’s HA receptors containing umbrella topology glycans.

The method of claim 26, wherein the UTSBA is administered by inhalation.

The method of claim 26, wherein the UTSBA is selected from the group consisting of

antibodies, lectins, aptamers, and non-HA polypeptides.

The method of claim 26, wherein said UTSBA is administered in combination with

administration of a second therapeutic.

The method of claim 32, wherein the second therapeutic is an anti-viral agent.

168



