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S REkaYApsiues invialved o hisdisgiteled-6 sislyIsied alisers 8¢ eoteret rad.

[odzﬂg' ggﬁ y \I/)vlgt %?n%' 17 zer{éjf —d‘z';ﬁ) {%V#%aﬁéﬁr%{'?%g IF %{ﬂ[alated glycan (

coresppaivg))) steb@gnm bﬂgmb@wndé@& vekies 15 @ﬁcaﬁlblﬂ&% site with
illustrated, for exanple, in Figures 1," 2

Nep e § Gl d lrasedresciiraded conderanapian (letamfaﬂrﬂrqm ithe paaussw toxin co-
oryBf| HREREL 025 1Pt T PO Rl Bt ety Souiliihghe

glyaan inchia codbrohatiog. ﬂh@@(ﬁﬂﬂldrﬁl SR 2RI poeiRNlySnvaAd in binding to
rticularl pol ype tides, HA Sequence El enent |

thefifcap Hb‘hégtcr"é@f’a?té"“ E PRI SESIRANRBIFErREP, Kipweer rpertain contacts
obs¥hRd S tha RPK Q%Bﬁgt&? W o2l6 élgl 184d ﬂ%%&#éﬁa%@% glgéfle%% &foration are

appr oxi mat el or ap r oXI|
absgpign g erxmnét@coZa&rﬁﬁtloeratﬂlpuMBm &l be B8nd 6y aiDjf partlcular theory,
9 30, 31, 32,, 633, 34, 35,

we %ﬁ%rt@% 'tlgggueg&%st%ﬁ;ﬁwge gﬁtF'&,‘EdPBﬁfQTm%ﬂﬂﬂl 98y noy ping te I-Ia%as optxmally as
theleAQGBR it SATCrRTRAALT OF Sranciil \RALIIGH AR Yndid thens car-

pol ypepti des, HA Sequence El enen ruct ure:

6GTYPROADENONNChXBA\AKAHER tonthe Marnac] -3Man (PDB ID: 1LGC) and Manc]-
or 32-42, or

OX|nater 27- appr oxi mat el
6 %ﬁ’r%éﬁﬁa & %?ewermpoaidpqrbwheaﬁ@w\cgz 6 linknge 1B 8he
Vi eaﬁ B is li
oS 114, b ing Bice B 108 B A And i e Qkon MlPtion, ot s ighage.
Theaq@pcmpmceﬂ sho@4 thaPéhe suct@6 véirh NMenSAckI$CGalp19d GRNAcX2anch
are_as above. 500391In some enbodi nents, and

a“aﬁ tP rEManpiibe ¢nse Hsamiaveeable sigricgtlansowittathe bindingsite (in
both ﬁw%ﬁﬁﬁﬁgﬁﬂz 6). -5 the Bih h:& ! r

A 8y o P LR GIRIP i
Man@babfsh of élermree(ﬂthmm 1rré“1gtlﬂe, whote trhﬂ:ﬁﬁ}bwﬂo&f is é:olofbdrl‘]iﬁ purple) has

ol guence El enment 1 includes the

sterli d%@?fg Rt DB RnatQpduE ean Bindupithous axy conded with
LyseSPRAh@biivndes Gbx{fﬁhﬁhﬁloﬁbﬂb&t 1@%%13@%119 of Xi (as

i|lustrated, for exanple, in Figures 1, 2, and 5).
{0023] Figure 17. Production of WTHI H3 and H5 HA. Panct A shows the soluble
form of HA protein from HIN1 (A/South Carolina/1/ 1918), HIN2 (A/Moscow/10/1999) and
H5N1 (A/Vietnam/1203/2004), run on a 4-12% SDS-polyacrylaminde gel and blotted onto
nitrocellulose membranes. HIN1 HA was probed using goat anti-Influenza A antibody and
anti-goat IgG-HRP. H3N2 was prodes using ferret anti-H3N2 HA antisera and anfi-ferret-
HRP. H5N1 was probed using anti-avian HSN1 HA antibody and anti-rabbit IgG-HRP.
HINI HA and H3N2 HA are present as HAO, while HSN1 HA is present as both HAO and
HAL1. Panel B shows full length HSN1 HA and two variants (Glul90Asp, Lys193Ser,

Gly225Asp, GIn226Leu, “DSDL” and GLul90Asp Lys193Ser GIn223Leu Gly228Ser



HA Sequence El ement 2 100411HA Sequence Elenment 2 is
ﬁ%é&&(@’ﬁé@ el ement correspondi ng approxi mat el YPaTUS2007/018160
usi ng_a nunbering system based

“Déﬁgl ??T@giré)z é‘@ﬁ ‘h‘%@%&% 16? gl anshBlofigg prio jaritgeselinlgse membrane.
Thé iy M@sﬂﬁ@bddﬁﬁh@ixﬁﬁavﬁﬂlﬁN? g&%@ggn@&ﬁmg.%u kgt? m{ﬁ

basi c structure: IE In so I nen
{002l ue dégrEl érrémmzfdwasg vhepsepspingtery sy CeddAGAl cdsstain of the

R B s sealinteresm) G kD BRPAF WG it pr ecatin

(bu&b@;pémﬂ&lly 1do- li:@(.ed glyosinsB tAgobiud calld dhSthé @f6h! shiface@Tehe trachea and
n&’é{%}% this sequence el enent gr ovi des the HAO

congy @%e% qa@y o NHpvkeh glypansditochs sibiatse tpplieabepitheligh cells. Without

w131191%43 bt BoRRABY a&&tﬁgﬂfcﬂﬁmh\%rgaﬂfg nQ@rt%dt ?}Ig!; ﬁﬁ%ﬁig 5 'é!tf that goblet

s\@rypeptl des Sequence El emen
celinpralnga0 3 eares (Hisaaaly ars v piliged EpiQlis qens(ppedommamly

exiFn 0TS, bl T GRR T BB aha S ey

speSﬁﬁﬂﬁly&B’%@d@)r@B‘ﬁvé‘? bindihg oP BN ©Wod Eobldt Bné—cﬂigted cells. On the other
pol ypepti des, HA Sequence El ement 2 has the structure:

hang, Qiﬁ?lnfﬂg of cbmhql (gregpand dido Giedy mhich spexdfigdly thirds tanR 3B

sioly e PP VB S o A Desne ! MR el e sied

tradhﬁal&pﬂlﬁ@b&tﬁ”fﬁk@kt}énﬁv@ﬁh&ﬁ acthd snd@Rig rbflofPéMhe tissue. Together,
enbodi ments, XjAis G (L/) F. Definitions
the f0n Spimng data ipdicagd predrminent ¢prashion and exwrahfeud:ﬁtmwmmsuf o2-6

sml?lap‘a Igdyl‘lc%gs e%fa Igarr]teofI m%p 31 %%czdp#dgg)l \%S?J;@cha?’?) {*qtspéc llgfgllytuh giliated and

goble x:@us onathel aﬂn@al rsiii@@ﬁtlﬁrtbachc%ﬂ tpietiiigs can be measur ed in
%fferent Z@ys [ 0046] Bi ol ogical ly acti ve:

[00%3y ei Aty ?Sgsréfpomffo%féﬁ&a[ negonaipgny &, f@f%?éﬂt f@ ugper and

low@h?e‘fsﬁ&?&t@)')) !%HzecseQIfzorﬁnﬂﬁ?ﬁﬁ@lB t@ﬁ?ﬂbwﬁ@ﬁ {g}ae% hydifey gfdﬁlcﬂum iodide

bi ol 'ogi cal system and partlc n an- or ganrsm
staiffipg (fedlSt ‘Hrecapjcabsidagiireichedi arssue\plrmionmdmlp espressedio2-6 ghyvans with
sm, has i ol ogical effect on that organism is
long B3R EPbGEL o Bratisalrd ?‘@aﬂ“lt{’/e% £ {pad pedopiaptly. gipggsses a2-3
gly@mBOHT MO bids ¥ViBSifiarflyRb tpfbaPJurﬁ@é YREPEhIRa b its binding
bi olgél cally active, i on of protein or

redygsh graistilvaieth dhhtion feomdd et 10 weet, i8hB Al Bigive apme weak binding
to tﬁ&z%lgé/dr]zler 13% oagﬁdt%eglhgl}l&t %ﬂC%QJ‘&YIBE phllcq?mdhg% %)Xipen? 8% ﬂ!g HA is
different from that of H1 HA, For example H3 HA shows mgmﬁcant binding to both
tracheal and alveolar tissue sections at 40 and 20 ug/ml. However, at a concentration of 10
ug/ml, H3 HA shows binding primarily to the apical side of the tracheal tissue and little or no
binding to the alveolar tissue. Together, these tissue binding data highlight the importance of
high affinity binding to the apical side of tracheal tissue. Furthermore, these data reveal that
high specificity for «2-6 sialylated glycan (as demonstrated by Hi HA) is not absolutely
required to mediate infection of humans, since H3 HA shows some affinity for 0.2-3
sialylated glycans.

[0026} Figure 20. Direct binding dose response of HI, H3 and H5 WT HA. Shows from

fop 10 bottom are the binding signals (normalized to the saturation level of around 800000)



[ 0047] Broad spectrum human- bi ndi ng (BSHB) H5 HA
papypspriides: As used herein, the phrase "broagcrwsacororsig
spectrum human-bi nding H5 HA" refers to a version of

regpsctiEhHAr paldyyredi1,d8, thats A dsvarioutAncanegb ey, SI‘Henglﬂd for the
hunma

i} o HTRR R A e i PR G rprcs Bl DHGRR A SN nd
6 anezre&pe\t@ve%Sld&r&Qoh% & @qmi 82% IFHkE% Qéhé é/clcPIu tﬂ%}‘sﬁgrﬁgt

a2-6 S|alylated gl ycans. In sone e
chppastepstisdindingpattefif ¢fcheHt and ﬁll’)'diAsgfwmhhfdreacmpteda& trffect humans, is

efbisd) Sk Bkt 30 prs %@9%@’?‘%&?@% 5 e s o dihon

frdd @@dg/ﬁfﬂ’ Hle Yo § Qg/dif Wﬂlk%ﬁ 199 gthé?ﬁé fotr%ﬂ%ting to the long 02-6

particularly to bind to upper re p|r or

Sladsd@t@@gbpasm 13 Hidosleo pioputoahonng-6 glnymn?}eam@rmm\snh high

S HA unbrel |l a gl ycans ., long a2-6
aﬁf’}‘g a‘??i 19 @n@a?égwg; cagerégggw,rglgagq]@r{@ T}%s direct b?ndmg dose

respBRke 3 &h %@@FI‘)@HA% LdnsRRAE HAR the%g&ésoﬁgdlﬂgéag‘{ . nﬁﬂg&lermore the

phrase a "characteristic portion

hlgb‘cﬂfﬁ}memmdieg DﬁHé)ra.Ed HAAA aoloh@ds dlaBiikdd AYeus cadabeith their
or a coIIectlon of conti nuous

CX@{I%JEQ I&q:@gg iyt gﬁplh%} sideiod gachephiissuesduhishexpresses o2-6 51alyiated
Each

T o O o REn B S (ol BR R VRS e R Higne

upparirerpiraioiydissudmoisne o fiburegn- idap&d Hif andrt@l Hay. YTHeKES HAL Bn the other

har St o g BF B i é%ﬁgéﬁr'm%a?ﬁ iy to 623 (iurating
t .
e Q] oo SO & cohBr Wil elont apigeor a2

6 sgaéqa;echglecaml é:ngmﬁyars pigaalf beed oalyan @0-40hamey Bhus| KARSutMNGhing to

tlonal teristic with the rel evant i nt act
é’)’ﬁ‘n}’ Pﬁfg‘ﬁg g?rgct?lg presgnt éﬂ@g@mgyse Hat a necessary condition

fo h@lh\@ﬁ agdpeitiof lof &n BIR
r| n all r?g{ mbers. of g@%@f“_\}é %fgapag%ﬂggjﬁig ‘St}%?ihﬁla{%‘i't"@ to bind
1o lapg 013-6 sighrlated elyesnsi(e g¢ ambbalausedo dyyel ydans ewhikch arediredtinyinantly

e art to de s of the famly.

e“ﬁ%%%%Tég ‘?%$%P8@?““WhgqﬁHEEEEFMEbne t opol ogy" i s

used hereln to refer to a 3- dinensional arrangenent

adopted by certain glycans and in particul ar by

gl ycans on HA r ®eegiptich of A%A iSelwilct Bl@skric Fi gure 6,

the cone topol ogy can be adopted by a2-3 sialylated
HAdkmuameiﬁmxbylaZ 6 sialylated glycans, and is typica
Oogf t ollgonucleotlde chai ns, though sone | ong

i go T Seaersddement 145 3 sccugenstelemang cqromspandinat dpproxiniately to

resz@@é%e)”/t |
or ey o anme e R BRA St S8 B ORI R RS i) efmany
HAipeteins fangil @hsatmfai wiflngnra nsodatest Glyis (sequbmermﬁmm fasghy BaKiDY
Stm% ;.C2-0- C3/ C6) val ue of around -60, 60 or 180 and Ay
-0- C3/ C6- H31C5) sanples -60 to 60 (Figure 14).
Fi gure 8 preskY/B) R CalwriepweseHirpp i wierdikhough not
exhaustive) exanples of glycans that adopt a cone
t opol ogy. [O%H@rwma«amm dr@ino Asiduag: herein, the
term"corresponding to" is often used to deS|gnate t he
posi ti on/ i dekkiit appodximatchri-Nbamimbdcidekindye i n an HA
pol ypepti de. Those of ordinary skill will appreciate
that, for puipdsappradimsicly?sii0 dnyino acidaloag mdl
nunbering system (based on wld type 1-13 HA) is
utilized herein (as illustrated, for exanple, in
Figures 1-5), so that an am no acid "correspondi ng to"
a residue at position 190, $or exanple, need not
actually be the 190th amino acid in a particular amno
acid chain but rather corresponds to the residue found
at 190 in wld type H3 HA; those of ordinary skill in
the art readily appreciate how to identify
correspondi ng am no acids. WO
2008/ 073161PC1713S2007/ 018160 100521Degr ee of




[ 0057] H5 pol ypeptide: An "H5 pol ypeptide", as that
tveomose7aasked herein, is an HA pol ypepti de whosiEams200r/618160
aci d sequence includes at |east one sequence el ement
that i s char a¥i srappiokionaély BSmamdaddsdbamgui shes 1- 15
from ot her HA subtypes. Representative such sequence

(0GB me At soapmbedinhenter X ineblow 3 55| grabewt3S-43 ohatast 35,86, 37, 38,

38 B AP o i 2o Frt s, X s abgep-45 g bout o

14) srebog®, 16,1, EXa0pha4 des eidasss.i RedmbrBbBinWntsX; is about 26-
rd to KS-specific enbodi ments of HA Sequence
28 Er e 26, 2 2%, @o%fg?rp@w@@iﬁ dAnEnilh swsmwlxy%hgﬂad@s thggequence
e P
(GB@HZQVZ fngéé)gwtel grb%dﬁrﬁirn é?(gﬁgggtgggéhg} ﬁye'@l e ds%&\%ﬁ%gﬂsbgﬁxme%% X, has
the&cq@nw@&’e mmermhhmd&mm Xy é%ﬂhe snpemi&axlaut mme&ﬁnhbdlments X4

he R PERDS Goloiod SRl T Seoencs e d SBapiEta dsulid

boMdRt TnQBRL B8 BYents OthisBl I RETHHAH B8N pds RERIRRE RSN th positions
mai nt ai ns a dat abase

97 g Hépied op nlperﬁaﬁ%}ea}wemmlpgwm utilfredibpreiiat ,  as

h | 7
(000 & 0% bl B0 ik, A0 B3RP P B BIRE Wi boR! Fanmine
amd@foeg,rancb@r Ko it dbiost Badnsibasdds ag, anéad X5 ¥6 abdemﬂ efnymo acids long.

Strgghe% SR e P ftaar oL ralrooii ool o Ropd B s | hus e

®H2, H3, H4,1-15, 1-16,1-17, 1-18,1-19,1-110, 1411,

H 2, 1-113, 15, l - 116 pal tides; or of
RO S A e S INERL B s P A
avi an, canel,_canine, cat, civet, environnent, equin

human, | eopardia SFRAEOXIm3Iehel /-85 4F aprEpEmatehai -, or aPP“’lea*e[Y

32994 Qi@ppilok B8fiely %@-@ll Sor a?fn%xm'l:éiély Q)E—QWFJ)redppfoﬁlﬁﬁgﬁ? 31-39, or

enbodi nents, an pepti de includes one of noré
aprepreimatelet i, 32i B éécﬁjeh@é?e}?eﬁ@mrglofaoummmmlmrandim are as
aborvgm dues 97 and 185, 324 and 340, 96 and 100, and/or

130-230 of an HA protein found in a natural isolate of

an influenza virus. In sone enbodi nents, an HA
[{)Oﬁﬂ] y péptirakeerhiaiiaents nind paraici ldr] g #0id  pelepepaidey; 154 R@uaiice Element
lh T?lt one of HA Sequence Elenents | and 2, as defined

ABPEPRICYR some enmbodi ments, an HA pol ypeptide has an

amno acid S@WK?AF@MI(MS)@X%W?@ )@ WtHSHJP
whéfh: 2, 1 n sone enbodi nents separated from one anot her

by about 100- 200, or by about 125-175, or about

125-160, or

129, 130, 13?’9‘?&3 '%@fﬁ@%g%pi%é%a% 7 Oﬁgig%’”mmy
32-480r apprawinged 632, 3|3n3%6ﬁ336eﬁ‘603:&, ARror 40 amnoraids long,

pol ypepti de has an am no acid sequence that includes

resi dues at .

130- 230 t hat parl% %pg’?%‘é%%&!ynﬂ ?fb%r ?F‘?’%’g‘ﬁ'a*"gﬁz‘%%’@ of B Blimatcly
24, g% aemploeminmmydHanpehy Je phd E(esrelanebcmbe one or nore of

the follow ng residues: Tyr98, Ser/Thr136, Tr p153

18 d 4 4

[OOE%]lsypgb%o eenlll‘rﬁog 111%125;'%&? p%@g@?ﬁ%ne}gppojyﬁrg)pdes I%SSengcncc Element
| intchelsethe ssjudkes. [ 0059] | sol ated: The term "i sol at ed”

as used herei an agent or entity that has
either (i) béghféiLgﬁiigglfron1at | east sone of the
conmponents with which it was associated when initially
produced (whether in nature or in an experinmental
setting); or (ii) produced by the hand of nan.

| sol ated agents or entities may be separated from at

| east about 10% 20% 30% 40% 50% 60% 70% 80%
90% or nore of the other components with which they
were initially associated. In sonme enbodi nents,

i sol ated agents are nore than 90% 91% 92% 93% 94%
95% 96% 97% 98% 99% pure. WO

2008/ 073161PCT/ US2007/ 018160 [ 0060] Long

ol i gosacchari de: For purposes of the present



100661Ther apeuti c agent: As used herein, the phrase
Whenapsudi ¢ agent” refers to any agent that ekirgish®7818160
desi red bi ol ogi cal or pharmacol ogi cal effect.

typi @0l AYifhie X, entudinsvitts e &, heme icspeci e begnmmg srosatesiEnd 12 of X
Lgfets t aq¥ th%d useg o alleviate, delay onset,

(a5 i0psialeds §¥‘P@EdP i PyERke, or yield prophylaxis of
one or nore WD 2008/ 073161PCT/ US2007/ 018160 synptons

[0882] as PaGb/e embadidicE8 SR, padticaRElgien H3 @blypemudict,iX0Ns atfo@k 39 amino
t he purposes of the present invention, treatnent can

acide lopgndne{os fer e ebayb ] reinodgids IRne. HAX S inhout 24 #aing asids long.

sy B ¢ ' - qahn
R kot oaTE SpB Aty S ecf hard: A $opaRGPABe Seqpunce Blomen
] ks flersgucinel  ar r angenent adopted by certain gl ycans and

nvent i on enconpeekS TR PRSI BB Y Ratt P BPEERT o

unbrel l a topology glycans.i aracteri sti,c.of . HA .

ot el ne ¢ hat <pebeBvE SRR o730 G ABh kR 41g 3042 Repproximately
32140, bisdppadx@dately 25113y blea;@roxﬁxhﬁe!grmtﬁ, beappeR@ne@ly 2836, or

typi cally adopted onlg Qy a2-6 _sialylated glycans, and
apprgx%lbéﬁ, 285 @:&693%@. 93 2 3§;r3éa§Er38t TK‘)aﬁr 40 amino acids long, and X,-

t.el hari de) ol igosaccharides. An exanpl e of
}Qﬁﬁ%%gﬁﬁggtopology is given by 6 angl e of

Neu5Accc2-60al | inkage of around -60 (see, for
[0@34anpl s soiRE gubeditgts, FdgartsubripneBdpolypewidesil Sequence Element
1 8 %pﬁeqtative (t hough not exhaustive) exanpl es of

éF@E §%Rat adopt an unbrella topol ogy.

[ 0069] Vacci nativoR:X AS (888dAMrEeKn W Lg/Hyemw X, H H P, wherein:

"vacci nation"” refers to the admnistration of a

conposi ti on i KieRApsiok@nagLy 27-aL LorapploRimitdy BESR R SBproximately

faor exanple to a di sease-causing agent. For the
32048 poweoxgpatelye2ps I8t ﬁﬁ,\ﬂéfn%g*ﬁ; onAYERIRRAGIdoBaN be

adm ni stered before, during, and/or after exposure to

a di sease-caugihg aﬁ%ﬁﬁnate@?%&@, SrepbiokitRdP 04l R, proximately

before, during, ancUor shortly after exposure to the
24 ot 26 pmingamels éanigodtidnerand Xassees abave-on i ncl udes

mul ti ple adm ni strations, appropriately spaced in

e, qf o o O _ 1

00T 1B sofhe ERBRARRRL A FAARARHY PR poBRANAG LA S Element
| ib¢ladesdieseeridnes: t he rel ati onship between a particul ar

gélgggzgsgéi?ﬁjakybﬂkﬁ{giéggﬂgﬁge"P?rggf;gHéonpared.

An HA .pol ti f. i i S | i der.ed to be
oA KRG e SRR 57 e FRLBHERT R R B8k 2 orx,
(asPALytRERA! fobl exQhple,Nh Figists nasandﬂ%,am no aci d sequence

that is identical to that of the parent but for a

snal I nunber of sequence alteratigns at particul ar )
(00584 t i/Beme wgf)@mepg;», Rt Ra i B P D petidesoug's gt 42 amino
acia¥ong AndRYaK, 398504943 Ao 2P fonb NI 3, JURBul 76 4hBo acids long.
vari ant are substituted as conpared wth the parent.
[0037] s onte sembeabadinests, andwarticalatly b5 polypeptidgs, HA Sequesce Element
Ilésﬁ%%r%aagr 1 substituted residue as conpared with a
paren{. ten, a variant has a very snmall nunber
(e.g., fewer €hHaRXaaSA AT X2W By W X4 HuiBewhatin:
substituted functional residues (i.e., residues that
partici pate i Kiaispapokiostady 2bidl wgppakinatdly ¥2-89,)ar approximately
Furt her nor e iant typicall S not nore,t 5
2% Y RG240 Piret Bl 03 DRl B et 3o
addi tions or deletions, as conpared with the parent.
Mor eover, any additions or deletions are typically
fewer than about 25, 20, 19, 181, 17, 16, 15, 14, 13,
10, 9, 8, 7, 6, and commonly are fewer than about 5,
4, 3, or 2 residues. In sone enbodi nents, the parent
HA pol ypeptide is one found in a natural isolate of an
influenza virus (e.g., awild type HA). WO
2008/ 073161PCT/ US2007/ 018160 [00711Vector: As used



[0076] The present invention further provides various
MR eRRbB1and net hods associated w th inventi vesd#ys2007/018160
pol ypepti des including, for exanple, systens for
apprélgmbicfyyA8ngo,t30em, 331 3B gl £86,/30¢ 3RBepardongnihé esils long, and X,-
anti bodies that bind to them and various di agnostic
&3dS- WD 2008/ 073161PCT/ US2007/ 018160 t her apeuti c
net hods relating to them Further description of
[0088) t alNsRARQEHJMRNEHS, @hd hRESEARSRELS Solysepdded MEY Sequeihce Rlement
the present invention, 1s presented bel ow
| hasthagfglotitreni n (HA)  10077] I nfl uenza viruses are RNA
Vi ruses whic I, C C iwqd IR .ane
e ¢ex &*?\%g\ Eg:f}& W i% W X Iﬁ 1flp '@ﬁﬁ%’@ﬁ‘.

envel ope containin coprot@ins,” ‘hemagg Inin

(HA) and neuram.nij ) ] § .

of the virus )%ﬁrl ﬁ*’%ﬁﬁ?‘?"%@?g r %?%ﬁ%lﬁlﬁt&m&z 'ESP Bm&“mately
32-shtr ypesxianadiPINA3ISI B P3G 37,83803%iok fie amiio dcifsliergn zad

strains are naned based on the nunber of the strain's

HA and NA suhjypes. Based arisons of 1 no acid

Sequence | derEy SR TR s A GO R B De T ar prosmately
24,38 bdr\rBesiRan@dess) adi X, ded X, ateastveemai n groups and

four smaller clades. The different HA subtypes do not

necessarily share strong am no AcCi equence jdentity,
100853 ¢ Foseetsaadinests, rg, 3%fuﬁlé§r?w°f#ﬁ@5wqqﬁlg?seﬁﬁ uence Element
; a hets, 19wl I :
YRR BlchA bt BoRRe RRHURG 190100 BEHERRes
pur poses. ForN Bxadpk & XtK8)particul ar orientation of
t he nmenbrane-di stal subdomains in relation to a
[004@nt r & scanchambodimmentomad particdanly ml H pelypaptides, $14 Bequence Element
lh%PnnDpl¥ used to determ ne HA subtype (Russell etal.,
ST U89S 287, 2004). 100781HA exists in the
menbrane as & REDEK HIEX Of XoNe! PIE K6 subtypes, terned
H1- H16. Only three of these subtypes (H, H2, and H3)
typhtaNewithidsX f and Rpeirs rdapirghbbarreidudedof Xf @€ tlivetated)is:
reported characteristic of HAs that have adapted to
exampice &t Figuptids 2(@dg). of HAs from the pandemic H NL
(1918) and H3N2 (1967-68) influenza subtypes) is their
HaaRgLddcY Fl@ndi ef erentially bind to a2-6 sialylated
['ycans 1n conparison with their avian progenitors,
[Uogﬂat pteYegrense idmepr Bismiscauenge elomentgoyicspaaging|appranisnately to

AL (Pl Py FERST 58 02k LRy g

fouad in naNatlunBuend®&olaGs. TAB3pqusact demeatt had the basic structure:
Biochenisity,\$iagggg 1992; Connor et at, Virol ogy,
205:17, 19940 LE at, science, 310:77, 2005).
The present inpvention, however, enconpasses the

In SPEE SHORIRERS: FLA SRPTCe EJTaR £ s B SHIRRGH: host s
correlates |les i,th hinding to glycans of a
particul ar Iﬁﬁgh éﬂ’%?%Fﬂ%r h&ff''h bi nding to gl ycans

of a particular. topol.o Thus, .the. present .invention .

demonst r at 65 i3 CRE TR 8 aiicdvidir et Phibedt o age seids
lonRidrdbéia 1911, @b Bort PRI Yidglone anssonef dneiddahed, gs sequence

preference for unbrella topol ogy glycans over cone
ele%fﬁ@%\@ﬁgﬁs&@%éﬂ@%%ﬁﬂ%&ﬂ}jﬁl%ﬁ&%@wﬁ B4y 21 {idens

may be a2-6 sialylated glycans). [0079] Several crystal
[0082)" UCTHERS @hbddherts, ana phrtib bR 1Ngo1S¥pRass, HASSequence Element

(avian) and H5 (avian) subtypes bound to sialylated
2 hen theygsusbpiar i des (of both a2-3 and a2-6 |inkages) are

avai | abl e and provide nol ecul ar insights into the

specific amno acids that are involved in WO

2008/ 073161PC 17US2007/ 018160 di stinct interactions of

the HAs with these glycans (Eisen etal., Virol ogy,

232:19, 1997; Ha et al., Proc Nazi Acad Sci USA,

98:11181, 2001; Ha etal., Virology, 309:209, 2003;

Ganblin et al., Science, 303:1838, 2004; Stevens

etal ., Science, 303:1866, 2004; Russell et al.




[0083]1In certain enbodi nents, binding affinity of
Yy engoes1HA pol ypeptides is assessed over a ranges20067/018160
concentrations. Such a strategy provides significantly
nor e i nf or mat  Sr(l/Vp&ar $ R, ak Wyl A & IbEf whabient  bi ndi ng
assays, than do single-concentration analyses. In sone
enbodi meHy sis appiox exactp Bemitn addsigngfid samnd ¢resodidents, X;4 is G
(Litnwent i ve HA pol ypepti des are assessed over
concentrations ranging over at least 2, 3, 4, 5 6, 7,
[0B13] 9, [kGoiae cibodinknlstand[paARd]at1n il HB tpalypesides di ASBE%ence Element
i nyentive HA pol ypeptides show high affinity if they
2 hap g sHYEH€ur at i ng signal in a nultival ent glycan array
bi ndi ng assayp sugh 2% )‘(Eﬁ@% deser i Rednhigfei n. In sone
enbodi nents, inventive pol ypepti des show hi gh

affinity if t " ; j ; ‘o

nore (e.g., a%g%%ggggﬁ?mgﬂO%g%?ﬁ%%§§6%?§g%%%%%gggmgﬁm“&ngm
G @00d00, etc) in such studies. In sone enbodi nents, HA

pol ypepti des show saturating binding to unbrella

gl ycans over a concentration range of at |east 2 fold,

3 fold, 4 fold, 5 fold or nore, and in sone

ORIPSC e U5 SROSHH ) AR E13F SR i

2 hasthentriactereHA pol ypepti des bind to unbrella topol ogy

gl ycans nore r t hey  bj one t opol ogy

gl yeans. In s@hﬁggﬁ%éﬁkﬁégﬁg,'4ﬁ¢%ﬂgﬁiglﬁﬁ“ﬁem“ﬁ

pol ypeptides shaw a relative affinity for unbrellq, .

ghygans vs ot larl%awaieﬂpfafaﬁny%ﬁks‘a%(onﬁezn sgmegmbpdingents, Xy i
G f ; 3, or 2. [0086]1n sone enbodi nents, inventive HA

pol ypeptides bind to a2-6 sialylated glycans; in sone

enbodi nents, inventive HA pol ypeptides bind

preferentially to a2-6 si%ﬂ?ﬂgﬂwﬂ glycans. In certain

enbodi nents, inventive HA polypeptides bind to a o
[004PLir al 4R/ fASHs KRevit thesrt.6akingdyy Isf eepsyieyd diedighingss with with

3 7 I n I . o}

o PSR (BT T 14 UGRE{AT it ROWIRRRLY (3 o Repion)
Afembedianda reasinedmtdiffercAvgys] ypepti des are able to bind

t.o a2- lalylated gl ycans..[0087]n. sone. egbodi nent.s,
(00481 e e R P B et TRiR D51 rebr B cRRIPGi<BlTY BUNG. Bt to o
chdratiiRR it PPATy deeRNhiidbOiNivapid N6bioglcalSkies, addpLSallaiyn an

enbodi ments, inventive HA pol ypeptides bind to HA
OTERRISEID OF WSRRCe: Akaginbiah udenalinigistarsdiene #raanins far biological

3 . | » | "
R g LB, BSR4k (D BBRIABERY oEFYT, Th FrfhiaA R hdens,
whenragdétmnt polypentiatis bMelokfsalyoiopive pt iotis afiteat pbitein bopolypeptide

ibhd receptors. in.the deep.lung. .[0088]1n .50 .
e sioF RTS8 Piokbice{ VB bF Pl PrBVaspHaE Pivnigaly referred o
as 4 GAasbgiaOdctitd®%ord&2 20% 25% 30% 35% 40% 45%

0% 55%  60% 65% 70%., 75% 80% 85% 90% 95% or .
10048k & drotdgegye haer-biiine SRS 15 Beobpepidesin divafed herein, the
phrHﬁp%Foaﬁ%?&txruﬁ{ RiYark biAdhe H5SPAICR fedrEro ver§ B SNBIHAHA polypeptide

cells). [0089]In sone enbodi nents, inventive HA

thaplejhgspiepia erespibisrioundon dnmawepitholial tissucs.trad ghsicaldy to human HA
reu::plrt]cl)/rg%t \Fl\%é gt%é Sn%}ﬁlf}%é :%F}icg%‘;s I]\@?rﬁ(gvne?, dgxrrg\%%gé BEI%}SHS HAs bind to a

plurBOB4 QK BLARETS LRI Q386 OmnidldeicRIb8di e GARSHB H5 HAs bind to
illustrated in Figure 9. In some enbodi nents,

a syffigienitrivede Al By plept-b dialylaechal yseins Founil dhhuhdn saimples that viruses
and/or specificity to glycans illustrated in Figure 9.
I n sone enbodi nents, inventive HA pol ypeptides bind to
glycans illustrated in Figure 9 preferentially as
conpared with their binding to glycans illustrated in
Figure 8. [0090] The present invention provides
i sol ated HA pol ypeptides with designated binding
specificity, and al so provi des engi neered HA
pol ypepti des with designated binding characteristics
with respect to unbrella glycans. [0091]1n sone



Al Texas/ 36/ 1991; A/ Beijing/ 262/ 1995;

Noabamnegbur g/ 92/ 1996; A/ New Cal edoni a/ 20/ 1999:r/1s2007/018160

A/ Sol onmon | sl ands/ 3/ 2006. 1009411 n sonme enbodi nment s,
containieg thicinchaiif\a podagipbidity Wesfear lemmatpophlatidib2angarteiutryrtopind to
PSSR MO BR RERLEUO PR MR GE R, BSHIB HS HA
bin®® YRGRHA S198ard Ce. %;)ton'g Roldgayhha 7é4fc%n ROHSIcAbEd IRnRiANY

of the strains: Japan/ 30541957, A/ Si ngapor e/ 1/ 1957,
(00AB]Tai WandctetisQEpqrHidh:TAS weed/herelr 6 pHrgoabhatademeic portion” of a
pro%%&d@@%gﬁt?%q ilﬁ g%l/(?? 61%%' (}éfe}g?ll_%fap({%hég‘g utF Igt?tﬁ(zh gto anﬂgs aéi@sc,: on 9 Collection
of oBhAMGR t2HAHRE6 8 ardinBhatidk,i thit negethet 2R8Raracteristic of a protein or

AJM ssi ssippi./ 1/ 1985; A/ Leni ngrad/, 60/I,98F; ) X
polypeg}ida, u%qq}\gqug:gm’tmwugﬁtéﬂgh&qnp{aﬂly g4 gontain at least two amino acids.
F o] 948y skift i HRRAARE BbL8RAR: that typically at least 5, 10, 15,

“ﬁeﬁgﬁghﬁ%ﬁ%‘%s 19947 A/ Nanc hag?%_g/ 813/ 1995, ~

20 oy r8yrd meyiibdcidGTe reqhivtsbio bachoAagdic ofh Penteina IRE077al,999;

A Wom ng/.3/ 2003;, A.Ckl ahoma/ 323/ 2003; . .. .
chalde s DA AL o PSR LT AR tsaroges e shg, shares
at 1Rt yRaEPhdtidas che@oeAiil wiel hakdlewnbpdicnpidtetn. an HA

polypgptide is a variant of a parent HA pol ypeptide in
[008Nat ~ Charasteiibe sgrencsefushyiacirasticdaenesl’s ¢ sraurae et is found
in AINGe RSO %ilg%_tf B@Eeﬁidém duclRWRES, Qfd (RAEfFEHA used by

sequence al ter £i6ng 'n some enbodi nents, the parent
thostoficsdiaary il igo thyereptpidd@nd wembers nf Giedanily.al i sol ate of

i nf] uenza, vir e.0.., a wld type ol ypept | de).

(008l0e 71 ke GhmerndBunfaf som Hbher V8 Sl e HBRET L™
diméasib baliRMRntddohRE 8N ter@ily §BBaiand lirﬂ?hrﬁ&lﬂir?!@tg@)waﬁi OICHA

than their corpes.ondlmg parent HA pol ypeptides. In.
recejipre. Sxsiduitiaastis Figure énthe veneHapalegy eantbesepriphpy pdbdsialylated

have greater .affinity and/.or specificity fo rella
sty £a i 5 e Mot By Pl b oL pof oy Rlra bR By ponen
sorgtlohBligonGOIeRRIE cRPdISNEdophRUoMRERLIEC SThelcBnE®pdiBEMIS
enbodi ments, such HA pol ypeptide variants are

chagastsirmed b the\ghycosidicgorsfoo 08@ES of Mo ceRiéul see whigh samples
ol ypcptide.variants wi.th alter.ed gl i.ndi
rdiref a0t eRdvLoditmafb Er e (D TR ety ot
aroid BoNe®P6: BOT88Y @2-0 e/ ¥BaTs)REAFIO L0 68 (FiRrSUYE Figure 8
enbodi nents, such substitutions are of am no acids
prescméstceitainaemetentitive g hdughwot ¢xhbentive) axlapebes of glycans et adopt a cone
embodi nents, such substitutions are of am no acids

Km?ﬂﬁ% are one degree of separation renoved fromthose
[00BHat  iCakekRGskling rbh Abassddche ity Cledtern ficdriRaporidhg tohe often used to

degree of _separation renoved-anj no, aci ej ther, (
desjgnplertbroposifiorAdentyy of meeoprGd g am ﬂbﬁgd%"b’é’fpt(f@) Hhose o
ordBaRENN S8 Aik&Gdte A€ A Pubddsds AsihRig] 4 &&bniRAINILBErng system

am’no acids to Interact wth glycan, but do not
(bagadtoarvaidd tyge HEJHAYiswitireddlereimbes ilhusiraledfesexagple 8y Figures 1-5), so
therw se affect the abili i = Qi gl
e L 3R LB el s8I B B e
actatilliyeetthy 1 Witdmigd yddim 4 freniaddraatno ddi et e réder corresponds to the

pol ypept i varjants tain substitutions of one. or .
restiy Bt SEB G HOTRTBER uRD 5] BRerbs I e 20 g pppreciat
how [ 1entdY ic8FespREn@EmiieReidh! r st degree of

separation-anino acids, one or nore second degree of

separation-am no acids, or any conbination of these.

In sonme enbodi nents, inventive HA pol ypeptide variants

may contain substitutions of one or nore am no acids

wi th even hi gher degrees of iseparation. [0099]In sone

enbodi nents, HA pol ypeptide variants with altered

gl ycan binding characteristics have sequence

alterations in residues that make contact with sugars

beyond Neu5Ac and Gal (see, for exanple, Figure 7).

[00100] In sonme enbodi nents, HA pol ypeptide variants

have at | east one am no acid substitution, as conpared



[00106] In further enbodi nents, an HA pol ypepti de

wao esb731end particularly an H5 pol ypepti de vardgiamd2p07/,018160

has one or nore am no acid substitutions relative to a
[06)62“ d tA]weqaa’fsemmnMO 20087 0¥318d REEINJBRO® O 81128 BreHA degree of

resi due ,,se ted fro no. a t ar
sefalog e By R 35 R fnd SRBUAT e AR e af bFrfifdipe. Por
exsynpl, &@L&é@re@lomaﬁration rt:zha&edtalnﬁn@mgdm@y @&e@f(l) interact with the
separation,  renpved-am no acids eith interact

dlwttthnc{l%wamp SesANAGK gy Oéhﬁfw&e adsd éhe ﬂ(bé)ty 8f figiciwbpding amino

|
o \Elerd G i WoPls abddEla NGBl OO IR (ATBAE Achite-degree-
of-\amnatatxghyctanvetdmimehﬁiwnd)omr r08) natdivectiy lsmd af flhpean tluehmelves Two-

abil .ty of. the direct- to jnter
defie p-taoRinh EnE e REES s e Pty R s E R Separation-
rerth ABEi VP Soids; BEd/SiADNSh B senPlecd thehbige) df@hd@&Ldilgﬂ:‘é oE38paration-

186, 187, and 228. 00107] In further enbodi nents, an
rempyed gRypeanidsde eaastanth diggetbisdingiopinagaids, ats- 115

P& li < : :

(0FS3Y Y P P Skl Po alip RERheiBR, HARAE ccfbinding amino
auﬂeéme&mse@ & Ipelypedide rommeavidsoviach nhs:radh dirca@lyevitnencde graze glycans

f se n fromthose that interact wth
thag Vfc‘ﬁﬁh Sﬁnqﬁgg FHE She degree of separation
[O(rsaqmve@hgmem Ik dsmeichfigeeréd) ad W@ hasin, Wsthbdsholypeptide

direct-binding amino acids; (2) otherw se affect the
whep #ming agid seqenen g beernielrgied by anamn dToa exaumeple. gnjepgiagaed HA
I
PO R e Ao B p e Rhed BAGHAT SEM R Aol Aif e br i
polypegeies fiund imgptani unﬂucaxza tolatas. ilmt@naﬁhbaﬂxmmtglay eagineered HA

0 interact. direct i.t.h gl ycan t hense] ves,
pof R e b il et s PiloBe st i hssg e of HA
polyPERi8Y inkmae@inttat NepTaedbawnt s, an HA pol ypepti de
variant, and parti cul arlg’ an H> pol ypeptide vari ant,
B

(00584 arﬁémlmepadfi dAsubdéep @ﬂt@n”,raéltlm loyms it wsed hwmruwta}lpféA
po%ﬁ%ﬁ@.‘é tséa!!mﬂﬁ %ﬁﬂ%g%ﬂ]eﬁge m{:lgg oS Oa\? geﬁ%tgbn?tsg@eace element that is

chq:ramemsmxuIoﬁfrlll)&naﬂ;shlﬁgtpsjieyHép”tdndethmaHAanbtypésasRepmeemxtwe such
nmore am no acid substitytions relative.to a t ype .
seqing b A g it B iR St A58 2xSutlepBatc Biated in
Figdn6s 1-3mnd QoRde e e 4K, $hosd BeddAbRPh AR Rlithdega¢dfd RNkpecific
and parti cul ar1 an H5 pol ypepti de variant, has one or
emﬁ‘éﬁh@eaiﬁoﬁ@/*a&?%le%{@@?m?%h ons relative to a wild type

B8y ks 4o SRR, O A A8 2R i

polyptptple pthoskeariap izaidtsequanck ipandesct leastlope asquehcewdmianthat is

has one or..nmore. of the | ow mno a
e iafiE o Fragd SisBpadidhiy bS ol BT URuRSadkeptssentative such
seqeRckElSpadnts &ﬁ%&@ﬁhﬁmecﬁbﬁﬁ@ﬁbﬂts sAb1ads3 /s Y:gample, those illustrated in
Al a189T1u:; 01ul90As d u190Thr Ly5193Ar g,

Figuyey b3aand 4ppd mgBidegfor expaples dise dexeijbesidieagin with o tpd 13-
spe@ﬂb%%ﬁ}oﬁﬂ n%lg H%?ﬁ\‘é@huen%ﬁl%g%ﬂs G y228Ser. [00111]

In some enbodi nents, an | nventive HA pol ypepti de
[003F) | arfts pfdm?ppder the Lﬁ{épblyp%mdsis ay ghat wrin ihased bereingis an HA

L L W

chemarderGtm aﬂ ibend diStitgui9OAHP frohy SibaISa rsubtg;efszmpmsemﬂe such

008/ 0 PCT/ US20Q7/ O 160
SCQL“?& ‘?“‘S féf’v%%%ﬁfa‘&‘m%%%%‘%é‘%ﬂs SAHRYS ﬁamlt%% gi‘}smwd n
A n226Leu, dy228Ser; Aspl87Ser/Thr, Al al89Gln,
Lys193Ser, G n226Leu, dy228®%er; Al al89Lys, Lys193Asn,
A n226Leu, G y228Ser; Aspl87Ser/ Thr, Al al89Lys,
Lys193Asn, Gln226Leu, d y228Ser; Lys156Glu, Al al89Lys,
Lys193Asn, d n226Leu, dy228Ser; Lysl1l93Hi s,
G n226Leu/ Il eNal , dy228Ser; Lys193Arg,
A n226Leu/ Il eNal , dy228Ser; Al al89Lys, Lys | 93Asn,
G y225Asp; Lys156Glu, Al al89Lys, Lys193Asn, d y225Asp;



site as conpared with a parent HA, and particularly

wvohomopasent wild type HAs. Portions or _fragmamise@ioisico

HA pol ypepti des [00115] The present invention further
Figurey i, e ané Bandoichrde sfot exapoild, ttans datribsivendin with Hard to H5-

oly t.ides ucl ei c_acids that encode them In
Swgghég Odugmﬁ%gﬂgﬁg%ﬂW§%?Eeﬁ69%1on is one that contains
[0058F ONt ArMUB B @F po%eﬁmnm@%mrex@ﬁh@teﬁmﬂle%ig Rifinin

of " conti nuous stretches am no aci ds, that t oget her

polypeptighataactiéy padyneptid) EF@‘? [T WB?B%T wbr@e awcyu@nuence
Shl e I [ e
B LRV, HAELERAERLALL YU |y RABYBH SRl P
influsszadidiates hrk kappn Btﬂhahxe intheet], thy plauazhdl YZemEr foe Bﬁte(ﬁnolﬂ)@y
5,20 or re.anino ds are r to be

In(aRigR UL TR nEid GABORK w%@ﬁfli aowg@wéﬁ LU/gu htral)

tha fa%a%qmngbr theRREsbAQRBpIGLION fmtda@a 979@@@%@&@ frRodech®
sequence identity specified above, shares at |east one

orcfu@m]g skiy m:a;he@ﬁarcgmlw toghis datalgee, can read:ly identify sequences that are

enBR0BA O BAECITALRRA0L DARL0M 14D Gt B NARrBLAEY, 1,

H2e Harﬁatiéf IFG, 107, HOy HP,ans), Bft | HAL Dol 13pHp, |w16$ osHBF golypeptides; or

bi ndi ng char cterls ics wth the rel evant

of %&sphqt 1ok 1 cB%rr iGuls ostpp&j@é’tap , CRpine, cat, civet,

en@mnmgm?aﬁé R4 16dJarY G Vouste) B4 a@ﬁnﬁarﬁﬁ%ww%arwhaze
characteristic portions théreof, or nucleic acid

etce nicwdkagple s spmerabpdimenisdunddd pb&ypemgde Muidea bhfeomecams

el M oL P ARkl ATO B 38 b 300,96

anch@(ﬂﬂ afi®@bl 1 ByBI0anaa B ﬂx@&ﬁ:eﬂ)uh@ uea(ﬁmt&ﬁ&stﬂﬁtelolﬂmﬁiﬂu‘d&a virus. In
W¥pept|deencod|n cleic acid. [00118] Any
50@9%?8 ipspisre KA ealyp 6%%%@PEP68ﬂ§ﬁ%ﬁ??ﬁ@§mPéwga‘kaﬂone
of Hﬁ%ﬁ%;&’c‘é'l&%&&zt@?éﬁd ?%Beﬁn%lf! GBrefts Iﬁg&ne @é\swl&¥?1§ Uty HA
| ant’, yeast, Dar by Cani ne Ki dney ce
poltypepl/eie thag &f ammanacng ISMHWRFWSMEM§§QWE¢€| Klements 1 and 2, in some

enbhlenPort et Pt shtfi Bty BoRPLEE bRTAZHIZS, or about

12813601 kBARNDSN60tor LIRGNNRBUBE .or bl 125 1807 1UIIB2L N3, US4 135,
an_expressiagn vector (Sanbrook et at, Ml ecu] ar

of
3@ 18ki K oml a58pascds; TvasmepmbesmenisyagddA pelypepiide has an amino
acili QP&&R&%&%& és\f@s'ndﬁe%t RGdbhd @ﬁﬁilnlt%’ rebBHE 'l(Y(?argE%r 130-230
po eptl es (or haracteristic portionhs ther eof can
thabearpm@emame Qlyb‘a,n @anefor@xweplnsmarﬁ)oﬂﬂm]YABptdcm #iclugeloye or more

or 8k 4fion PO oI SR TP a4 B e S5 atitlos. o some

embb8im@an! @XMAGhlyipehtaRtindlided gt leddd el hel oﬂdlhﬁbﬂ\ﬂh&% rididids,
at t enuat ed, killed, etc. Inventive HA

t
lﬂﬂéﬁfy pefit/iges Theterm hisplatederas 365dhepaR.rrigHdo AR ap@ber ey that has
eitkdr $9 bB& 5?:[38‘3%68 %qyrri A léa@@soﬁﬁmf % coﬂfpoﬂéxﬁé@lth WhRHh it was associated
particles. 21] I'n sone enbodi nents,
whpmliry@aébftprd@sefé bﬁhec&muramtm OB an qa&gmmem@ st:lheg)e of §ii) peaduced by

thehh%nd ? Iln%ltl e%o%pe(airggntg&r enﬁ: u?s mg%gmeggrfa eﬁ%rlf]rriaat\ﬁéz{sygnou{: Pd% 20%,
BO%M@%QM eim"/he?n%e [p 90% oanccrh otms et}tcha)dmvmsm which they

ISt caII Iant Al ternat,v

wepniilF eveshiatey i Romq ol Bkt el vl s TR haf S 917%.
92ANY3WEI40.H 0S5 196, t)msw%og@l% piire. to grow the virus.

Suitabl e cell substrates for growi ng the virus

i nclude, for exanple, dog kidney cells such as MDCK or

cells froma clone of MDCK, MDCK-Ilike cells, nonkey

ki dney cells such as AGWK cabls including Vero cells,

cultured epithelial cells as continuous cell Ilines,

293T cells, BK-21 cells, CV-1 cells, or any other

manmal i an cell type suitable for the production of

i nfluenza virus for vacci ne purposes, readily

avai |l abl e from comercial sources (e.g., ATCC

Rockville, Ml.). Suitable cell substrates also include



[00127] By contrast, human HA receptors in the

Ry 8RR d trachea of the upper respiratory
are nnﬁi??gd by a2-6 sialylated glycans. Unhlgé@ﬁ?umwmsuﬁ

[0660- 3 B4 dligot e I“omr?j@&g/op%é 13%?%5%&9741 Od'l%?s@chande
notif has an additional degree of Or haat | onal
is fypesatlp romsisisraddo phéloas: T 1b@n@bs(aRl¢ss@hb lingar ghain that has at least four
%éé%fgcon J23: 85, 2006). HAs that bind to such a2-6
1% g:glycans have a nore open binding pocket to
[08éIg 0 rmNdr&h&luPd‘l enERVRIA] The fHrass ' hotehathRBardinb 9tia0 rdfE@M an entity
this conformational freedom Moreover, acgording to
the present invention, HAs may need to bind to gl ycans
(e.g., a2-6 S|alylated gl ycans) |n4@n_g el ls
topol ogy, and particularly may need tofbind to such

hauini e dmmﬁ@pgk@g&egtmﬁiﬁomxumi@trong ffinity and/ or
ana ecificity, in order to effectively nediate infection

eKifprsiPetigsaPa i RartisiRatipe i aldeast oretde bayda. 28] paving an R
gr('ilﬁystHJittdaﬁ’érq ?ﬁﬁﬁﬁo&%ddﬁhln&uf@ g sbxﬁ: @?xhgél}ﬁgﬁ%yrlm%ﬂaﬂﬂal amino acids
profi | humans are not usuall'y I'nfected by viruses
m'fb’dm(-‘dlaﬂﬁ ngcqwafhik gedupdrathgphawibadropas afd@ogmay hasieane bbnore other

because t ns of the human
Su%gg‘ﬁfof‘%\? I&)b‘ﬂ? PPREET ‘t‘lﬁje?f(yg‘f %Cp(gﬁ’ﬂc%ﬁ kely to encounter
[0062] us Rdlyeptidd:he “pmﬁdwae’a@%@ﬂ%?mﬁné Wstﬁ@g:ﬁmt ®ast two
wi th _cone gl yeans (e. si‘al yl at ed ycans,
amgBRACs eI % P%aawgyer By apeatide bpyﬁelnawmwrrmrments a polypeptide
I
mdRUER e 119 a&g%ogagmsl bl f@fxféﬂ?éﬁé@é&ﬁég %n{eﬁ% at lcast
ong p%ﬁainéapndanﬁbkme oﬁdndntar)gslkyibmrthé art In,lullimmﬁ*ecﬁaié ﬂiayp(ﬂ?pﬁpﬁﬂes
,Viruses when in suff|C|entIy

soRPAGE BORTS AR PP e IS e LB e Caogp cbabl of

mtbgiﬁﬂngiﬁllﬁd:/ Dol gRphAOLRALE Shiidiallyt ract receptors having
la glycans (e.g., long a2-6 S|aIyIated gl ycans)

(03] hunfitrs: Bé sendeherain, @ptagent oGestisz is ‘prredykit 1s[s©bs1@@1]aily&ee of other

oA 1 BERLNGr SHEABR DAEERS S IBIVBRSEL s
ageﬁm esanttty isnypicallyFengtdéred al bed nae mepaalﬁ@F% some embodiments, an

vwf ynct i onal ernat i onal
oS PTSRY ine b RuYe S 51 e e SO RS B s pure
[oaglyc amhamroazgssa@mmrates FB 1§§(Ys%§ ahhs bsan agtiomat %%%gosacchande
t hat have, enab t hr oughput screeni ng of
is Wypicalhpcaapidgiey écabr: fSh nki itdpe &5vrar ghanide st ceTtaim )gfey@aﬁaanff residues
ri se both nonoval ent and pol yval ent gl ycan
ul%%p?%gr%gﬂg. attached to pol yacryl am de backbone), and

[008aEh a?peaj]c:go v is Eeewi2 Bthe hxy,camnﬁdittyh id aomeds iR ofMe adiitly of a
spots for each

de&IBﬁlél‘eﬁg@gt(? %narf lg{nc%'i‘ﬁp%g tée? to dlstmguls IlS binding partner (e.g., a human
HACC@thr, ¥vdpurfichnalyl Gl dppOrfe§irair@hradtaiA fleER0S Foll Mk

resqources/ resourcecoreh5.shtm’). [00130] The arrays
POSRIEH BHRdiRERAFPEtE G %ﬁé’l@yﬂﬁﬁé‘i‘fmpﬂgl ycans that capture
[006BE P %%a?) lqr HMRES h r¥1n0{he|lﬂhra§@qh%aééuﬁg %gent” refers to any
gl ycans t|on to the dynthetic g
aget [Hah&lesdks gldyscmd bmlqglwi es pbbemamé@guﬁal effedi  f er ent

I YCORI. Ot £i ns o represented on th
100gR Ty Bt PR RLBOR Bl Fr TRy AL RORG S By PelipE psea o
alldviate, dekily oafet,aBduce Ecﬂ?ﬁﬁtyeorght}mﬁﬁs or@pdld ﬁiﬁéll)lla{xis of one or more

innnbilized on a solid support. In sone enbodi nents,
an "array" is a collection of glycans WO

2008/ 073161PCT/ US2007/ 018160 present as an Organi zed
arrangenment or pattern at two or nore |ocations that
are physically separated i nygpace. Typically, a glycan
array will have at least 4, 8, 16, 24, 48, 96 or
several hundred or thousand discrete |ocations. In
general, inventive glycan arrays may have any of a
variety of formats. Various different array formats
applicable to bionol ecul es are known in the art. For
exanpl e, a huge nunber of protein and/or nucleic acid



[00142] Suitable sources for sanples containing HA

s to be contacted with glycan arrays
g@c%r@%% gfo the present invention include, buPCHUE2007/018160

syfﬁg{onls Orinﬁg g?rtg‘to?% gg?%h gclrxgqgclic%fll %% lﬂxgﬁﬂ%rlt %purpcsx’scs ST present

inveatiors /txpﬁmepfmx&:le abiinidercy GRS Mineisy, aRBMERBIe, onSR W YWhptoms.
dermal | esion swabs,

b
{od{gﬁ ebr%’&% ﬁ%’nl’oﬂPF : oag”lg Bb dﬁ*ﬁbrglﬁﬁe‘ap@ogsp us ugeérh@reersto refer to a 3-
dith@RfbnABinahE@Sont AHtdd b?ﬁdéﬁ% foi Qh ﬁ{d' i 'ﬁélX]Q@irmt !?]yaglsr on HA

body such as braln spl een, and |1 ver ter
recgptogg dihe pgﬁg}ﬂuyvent;@m@mompazsgﬁaﬂhe recogrites thiobindiagpd a&brelia

top%%%'gghﬁkqs Hl%g%@%%gg ﬁéhﬁu nel ‘ijag gieg@g%ln%gtxgxbplf human hosts. As
Iliusrahtedi in Bigard 4, tieaumbtella @b@l%@y %&WE@]E/ ddﬂﬁﬂe lgpb?rtbg' 848 Wated

s, for exanple of engl neered

| e
81Ya%f§r e tmical ofrlopg @pﬁx%@ﬁtwharetgﬁweﬁenéc) o@ghmcmadm e’sn

e pOB1a RO ha e 0P ERiead fﬁﬁwg%;g? Bioef Biegipf wound 0

(seé,dbr ms@w F@ulru\w)olmmta eseRisnetald rdpPesb My QM qm/o%gh not
arr afe known in the art. For exanple
ex*%& é Srychs *B‘éﬁ‘é@i’tté‘mu}"h“dbépmﬂogym rectly or
ooighdi r g¢; FiQr t :
{ ar }rjay tk:)(il%&rlmﬂg Ac%aur?E? égglng@ggg % Eb’g{'ak)lygd%? r?f'o tg‘?} ‘@?'H’S%a“o“
of 3 gruepasitied biterslet to gcmesltbmal mnimmél rogpoh, fos cannplag denéBsesausing
am ne artlcular | ocati,ons on an
e e %he[ fﬁiﬁ&%ﬁ oS R i BTy iteen agminypigrg gfore,
during, afdf@')aﬁd @Jp}bﬁﬁﬂ&) £&iBce cARAZHEH, 4RI iR Gertfi® EmBSBRRAE; before,
d calorlnegrlc fluorescence, or radioactive detection
“fglﬁsi‘ oitly Gftpresxppatelo the agast. Nodeme smbodiventsmeachindson
Euhébt dgp | fluorescent
B T o G G "RGTRAgE Somposition.
[00Z0]r ay Vaiitdr: shsfusetbhesiogtht tarml ‘@atidre” BRGNS ook uﬁldescnbes the
ent sigpals ternativ or addj tional
releio BB S SR At R b o Bt bt nesent sl gegslypepide
to viHieH iteveandnceis derbohipﬁlteﬁn)ﬁ\nf}@)i pb%éﬁt@%tof Lt{iéf t?SS&)%Plﬁgred to be a
detection (in this case, testing f
“vapipqfo pha papRlHA palypenside sﬁth@{i el gfiepdide ocﬂ imereﬂdtalsuahmmramd
seqﬁ%@é Fﬂzﬁlgga‘.{iéﬁﬁ V\%fté #\9‘[ ﬁlé E%‘grgfébgl?f]}l? qlsrrﬁgll Eer oF 6 sequence alterdtlons
at pantigelaepasgivn. y ﬂyabeligdemdhmmd 5% t10%a9%es%, | €%US%B, 4%,
o ( not be | abeled with a different
B Bpar s TR xii: SR uOALHL S COBPRGH NGUYBE pafent. In some
emt@idimAshtHatvariin® hadebed 4 bes il BJOI %zSP@Lﬂﬁﬁtu A A ng}iared with
the arrayed gl ycan, t herefore bind ing Is Jetec ad
a parehé s O en.fy WBP@%&?\W"@ #ingdingmberetee rfmctutm @4 408, 2, or 1) number of
b d r.ob
S Yoo A B et AN BRI R AR BPuBisnt o

actlﬂfy)a Fwahhrmamt pvais b&ptcah;z bas nht @lotk than &, 4, 302, a2 tad¥@bys or
nts. can be

i,n such enbodi
aelcliB efE RIS o ARG dBieBHE U e dar BhihS Bgmaddorcover,
any sdxhhorrmirldeldscararaee tpRANY fdwer dRhabMitns, 2dheo faet 706, 15, 14, 13,
10, 6{ Q $nd/or the extent of binding by HA
Yoty GURmPRlYarR fsHes ian ghap arf dr Wa?y@SldllW dioprane
embeaRQet BB hareaf Hkrb%lylp@ﬁ/t?cﬂ:tlb Bk foRHE b J&%‘id?m%l&%f %rﬁ{nglncnza
be used to identify and/or characterize agents
virug (g d wid et or ot herwi se al ter gl ycan- HA
pol ypeptide interactions. 1001461 Methods descri bed
bel ow nay be of particular use in, for exanple,
i dentifying whether a nolecyl e thought to be capabl e
of interacting with a carbohydrate can actually do so,
or to identify whether a nol ecul e unexpectedly has the
capability of interacting with a carbohydrate. [00147]
The present invention also provides nethods of using
i nventive arrays, for exanple, to detect a particular
agent in a test sanple. For instance, such nethods nmay



identify patterns that characterized binding to

iﬁ&g@ﬁhg; Feature Description Nunber of ,
hexNACs, 18;leIex sialic acids, etc [In flgureh%§wyﬁm0Hmsnﬁ

[0FATPOSPEAAN AsSusEKeToin '_%%P%}GTS thel dHc e ac?d)ﬂ@fééulk 'cQ&ble of
is distinctly recorded figure 1, the term nal
tragensiong anodwr nerldie xei@ (e 1|sjd\a;t|has bgdn linkedrblersonke e@bodumlt vectors
o580 1 s S50 N P S S g e
th@xzpb ligked ic 0 bpastl bwh as @ cakdh ot dripyokageaic deltl Vedodsicaptiv®: of
the term nal .explicit conp03|t|on is _Man=2;

dif@f%}%ﬂ? expressie;of opepintely inked gpngs aregefemsH i breings {‘anpression
veg@pnected covalently by a I|inkage. The pairs are

classified into two categories, regular [B] and
mmm%WM?mmeMmeum@mwmmW Wednieradlyaefers to a

c hat t ern nat n the n redugi n d
NIGRESOPBOA SRk ST, RO i p P Wiy £5ENT AR EPe
pog@qﬁt&ﬁt tiieesuntrin phtal i@ffssf infludngetingf A Vi@ of different wild type
nosaccharldeswfonnected covalently by two |inkages.

Haygequenges r3nbe fnund b NCRI idluengacydny |S%<glemwa%eeg ul ar

heth Byl ‘ﬁéﬁpnﬂﬁlmt{g-lav/g%ﬁgrn%ﬁﬂ@%d iRt Fi gure 2]. The
conpositions of eath category of triplets were
extracted as features Simlar to the triplet features,
quadPeipilekt Besceiption ebCarteindmticeat Eadtodtinents bhthfedovention
nonosacchari des and their |inkages [Figure 2].

[0@Q3hdr ulegtrsseatriavanttias pi‘ofvuhsl HAnpalypepidasahatéirdas undgtilaaspology

B nd surfac he frequencies .qQf e differe

B0 7 BY SRRt GRS TS ORGP e A SRS et bind o
unfbidlfaasolddyl By @hS foRnd o YROFURIek Sf APAYiBulal trgbhGebibkage

information |s_ignored, we get a set of nonosaccharide
eXYNRI&LiB seme ginbodiments, the prgerah oy erfondquevidesdis polypeptides that bind to

tur
ol SAERGR S ook 1 b Ak e PR R (AR IRRER
hutnhe ep’rﬂmh&la:eﬁh and ﬂmCUIMy HA poﬂlﬂjepﬁde@ Itha@bmtih@umbfeﬁﬁ tdpebgy
f the bes verage depth of the reducing

e i ontutieallif SRR B e s ietent ur e, n
[o0F4pur @}%Haseﬁthﬁvénﬁ@iﬁ pRRRIEH ﬁ.Aaﬁ(ﬂ’yp%pﬁde%@l‘i’at %md%‘ @IAI R€eptors found

average is 3.34 As a neasure of ‘spread he gl ycan
onglisn thq%@m@n@éer refping Ry H@&@dn@pmﬁd@rﬁ@hm P@@@Oiyseptides that
bifi3 86h RS Tl O Ukir dRp S pRG a by nt P B BHRRE ARl vt o
dengptagedradini fycmdélr Ispdaﬁd:tys screened using the array Raw

i.gnal..val ue aver aged over tr Ilcate or quadruplicate
106758 p e REPSChY TGP CEPEPBHTS o FeBBU RPR R IBRE LAY o bind

umHRIR tQo¥ I PRANENOT168; £OHBY deﬁa JOM%&%W@ an ability to

control [standardized nethod de
bindayiguhigh affigityrmay eonfaraperman Ha n@ls[psptmje vap@@ﬂ%@ﬂm@ infect

hux‘h%ﬁo W@ﬂ%gm?ﬁ@h?ﬁﬁ%&ﬁﬁg d{.taﬁrg(ﬁgl Wé&d&ﬁ“@%&%@tbgﬁﬁf lf»y any

paréicdanthroat st tbe ;j)rcsetneix‘rvanto&ano:ﬂme tlﬂelsmdxﬁg ta uaﬂbibhasmdology glycans
mak GRL.esent at ﬁ‘ f ﬁ?g e Jh i nformati on b
wER peamend: mittn Pais Uy o STE AC Dbt be
reqoirebt of the tree at the redu0|ng end) Thi s
ntation facilitated the abstraction of various
[007EE: or Preseitt dRMeAYOhivg e Proyides vapiawy fgrasstsend metheds associated
w1tﬁQﬁU&ﬁ§$@ﬁA§ﬁl e{mdsenm@ﬁrr e@fnpIk Hhiehs for%e%uﬁﬁag%&s
12). The dat a paration invol ved generatin
StradeigsraL W@B@mgut&t 1. rigtibddies| that@mddaﬁgfm, Bnd yasioyh 3!@&@5&13 prdy
along wth abstracted features (Table 1) for each
glycan. Fromthis naster taly e of glycans and their
features, a subset is chosen for the rule based
classification (see below) to determ ne specific
patterns that govern the binding to a specific GBP or
set of GBPs. Cassifiers WO
2008/ 073161PCT/ US2007/ 018160 [00156] Different types
of classifiers have been devel oped and used i n many



[001591 In certain enbodi nents, the present invention
voviesuc) ei c aci ds whi ch encode an HA pol yrepts#eroisico
or a characteristic or biologically active portion of
thesape i rpahtyqseph‘atmigto them oF luelrer dndvagiioreait certainleenbodinemitd @ithese
I% OVIg nuc c acids which are ca %enentary to
ASHiEe A8 OUEEY B! reawt&av&aw > SHPTERRNYS ﬁ?g &pti deor a
characteristic or biologically active portion of an HA
polypeptide. [00160] In other enbodinents, the
ovi des nucleic acid nol ecul es which
ri L [
H’““’?’Pa S"aféfeg% PR e R oS AR P ARl BEb P ARl sifinbrene
enalvpkldopeiningapbigtheopStedils, mmdg@ﬂulmacﬁl tFs) zmdrmainamuamc (Na,

emBS BB e HenPR G i i e a5 G KAV v ibBis and 9

NAPRILKIFES, @ﬁ&dm@énnu{ﬂ%%lsmné ReRhmedsadel OR G rfu?k{ber of the strain’s
hybridi'zation (including in situ hybri di zati on),

HAgand/Moh selsygpesi Besesl dnoompenisens ef amiangeidispaucoes idgRity and of crystal
)

ek ST s ABAE A TR s B g s

Thelditifoteat Hivrsabgees dd ot seseesaeittoodicmeohs amm\eeml degf@ence identity, but

nucl aci ds | ude._one or nore non-natura
mcr?efeqa@éf) HEsIgs ¥h 5?.‘3% ﬁtémeé arg SpEH; P QBC ppticg; with several
sub[ae Ids:i&ra]:rfegi HeEcaR e Vs PO HEIRdsi B ERLHERS - FAMLREL! @8 particular

The present invention provides anti bodi es
ori¢niatintol e mmlpr@nw@q@t $uﬂ>é@rnau|rhesreldﬁatytouecammhﬁdmb one

s 5 SRR B EP AT Y oG PR B B

32428 2004¢ee Harl ow and Lane, Antibodies: A Laboratory
Manual ., Col d, Spring Harbor Laboratory, 1988). For

[0068 1 rp A €6t frnbamedbeags apa hpmgtiet By Hel Suéiap% fegmed H1-
e h t

SO S Br oL R PogeRenSl 6l iracsalotabiy

hurs:m inﬁutlen baot epoutd cdnarammai cnfafﬁAscéhﬂ hale gdapieditn irded énmans

%&%ogﬂf’%ﬁe aﬂﬁgﬁggﬁﬁl Qﬁgfi) grf%ﬁirf?g&a %f%,}én L1, Do s(,juib?ysp'es) is
theﬁ@'@ﬂi@y SR Erentillly MACRENS-6 'Sﬁ}&%'iéd ek Qi/édﬁﬁﬁirlﬁtﬁf with their avian

phar maceuti cal conpositions including HA
progetiippetpet melewniialhuitn@lon 23 lsxabflaéwtgimq:amg (Shebtl & Wiley, Annu Rev

. I [ h { t t

siop el RERPL BP0 R REHAa ChISH fedleof 2138l GPE BBl &Y &1, Natwre,

30474, 11bg3lisaster Aal., Biookkrtions BeI60R| 19PRIInE6Se af., Vzrolo,%y 205:17,
fra ments" smal | nol ecul’es t hat i nteract Mﬁth suc

1994 ify@ef»t ¢ e sSEencdi 1R Tdh s Thenaresent muertions aypvere grcompasses
[ t

kOB TP PR GREIRASARR A BB o woens ot

partimlaﬁtnkuw, pivhmaeceiti bluéllng togiposis of opaticular tspotegy. Thus, the

pre%eglﬁlnﬁfzé{e P’(‘S’tﬁg L ;[E%Ms th%c Ccrﬁﬁ :Lj{?eé:%ogpy lﬁ%ad]ﬁ bind to umbrella

topSlo@ bfyc&RNftRC:HOWRIgi pdfeRntsSfon aiviBreN e &ipolvRdl @lyicihstdver cone
devel opnent of influenza vaccines, there is roomfor

topplgpy a@paqsﬁﬁ%\imhtconcﬂ@@olﬁmég’efﬁ@nﬁwéﬁt%% sighy bgdcrdyeans).
c
00, SET AR S LWL K BOARERY hFS) 1R T ana s
(avianpsublpas gd)Ldeam sialybatgl gligaZxcBhdridnk@d botirior2ed hal «fl-y tiakigzes) are
ch as, for ampl e, . 6 si.al Iated ns) . .
vaflfas 6§ bres ALt Toiseaa e ReE PR e ARt in
vacci nes specific for the H5N1 strain in humans have
generally not been successful due, at least in part,
to | ow i nmunogenicity of H51HAs. In one study, a
vaccine directed at the H5N1 strain was shown to yield
antibody titers of 1:40, which is not a titer high
enough to guarantee protection frominfection.
Furthernore, the dosage required to generate even a
nmodest 1.40 antibody titer (two doses of 90 jig of
purified killed virus or antigen) was 12-tines that



[001731 I n general, a pharmaceutical conposition wll

IpehitdR At her apeutl c agent in addition to one .
i nactive agents such as a sterile, bi ocorrpatl bi’@f’“gﬁ['%""ﬂﬁﬂ

diSRES ih®Factiies! d @A s Rl 1RQE glylcMist(@ed O alStV?} ﬁ& P3RS 1997; Ha
saline, buffered saline, or ‘dextrose solutio

et @+ Jxpa Nl viers) SEUHd 88 4l BriaPP§l; Hatvé akdffpdaiot BOH2@RA003; Gamblin
A addi t

c SRR, 301818 2B ALY Dl UL B POBh e e,

GlgmcvfalJrﬁmm@@nﬁ;rSrﬁvsm éaaph%:ﬁme;él]EMOQQOOG)TpOSI tion will

w‘#@ippg@r%ﬁtﬂq &JH%EI{X}FH%H% g'g‘tqu OE?]& (é\zd;l{e EngngsagclJr%}B%j’f) alone or bound
to bh @2%aj; habkbes ﬁﬁl?l’aﬂ:ﬁ oRl 9&:9&}3?5% HeFtéigé%%ﬁ?&l?g}n?rgoeﬂsﬁcﬁqﬁlﬁllﬁeract

matrix, or other mecr partlc e
dlfpﬁmmb@mdm.rcan&; apbslid aroins aoids tHaearp ves entoteegrieiofBeparation

d th mbi nat
e ST o 206 oo Aty 8beROD) | Repaars:
coﬁhtmaﬂibh off t t}msd @s‘hdh&, 1s ﬁﬂ‘fb@dn@ BSbRRd A SsuAMHRRAIRSs. B indidhce,
onbi nati o is not intended to inply that

GIy KD, bydft §n<h€r§t226 all aarmcwa@tl@ ﬁ@@pt&endﬂmn@mona and hgve different

ims t the
co rreltrnlqﬁ%ﬂ 8ﬂ§ gx?h%g ﬁn\gg}r&s\ﬁ?fﬁé u‘ilggﬁxldﬁ?att%eﬂlé:ccglolg e :?rhczfe Asn186, which is
praximegrio Ghnl.90) in alye m@ndlcant@&hffe&@eﬂntthe/\bddnd Rersadnie nhbd e hte.

at a dose and on a tine schedul e deternmi ned for that

agent. Additionally, the invention enconpasses the
Bndzabg&aamm@fsn&mmm&wm oppayiiyeceuti cal conpositions

I n conbination with agents that may inprove their

[00§1 b av a1 nefsd abpye, theefa@mt gy entiod |efwyommeqes theefiraling thatrhinding to
Um'bﬂ,hllcl %r#otc{%geg'é}gcaﬁg(& e%Q’nhho{th rn%diag ectéogﬁgfr plarqxcu ar Hosts

oug arnaceu

mcbnjmg(fsr eiaomde, bﬁmmlme mem@y,utm@menomvamn@eoumdm or
animal) . in

polypfig %tﬂa&ﬁ?@t%gﬁ@sws&ﬁgﬁg o RRp clrbet et fpgentive <ifa
polyp&AHERNEd Rf urhbtEBDSlycank W3 fodh aHNGiHP NRIPRSK %Hbﬁ&bents inventive

COﬂpOSItIOﬂS of the present Tnventlon can

HAgppyneptsdasibing toy péwvbtm@tigffe@efnt nobtodls tonoiugly@ycags oftait with high
aﬁkg%aﬁygﬂggéﬁmhptranuscular intra-arterial,
cut an ous ntraventricul ar, transder rral
[00BRL er desomed embtﬁiﬂ:rhedts, invehtieyHgi p’o@lpepthd&b ba@es hhﬂf&l@'topology
oi nt pfents, creans,

|
By I&égl' lo %B‘Gaq SIE‘&S'@* ehigans,jogh a%rforr?églépleslﬁﬁla%/\@r2 -6 all§1~

| | t t
1GRSTRBPL ASRAED IR RIPLIREL AR, PR Bl
invemok iA polypdpeidesiting & mﬁbremhetog@em glyy€an@ withi dn&fﬁﬁl@kuohiﬂa%ble to

nvi r.onmen t he ast oi, nt estl nal tract
that g’ﬁ%‘f"’i’(f E)ﬁaé?\fl ditype %é’(t @rﬁxed( esgm ecligied ﬁéwﬂtaﬁt%(eﬁfét [,*ILM{ H,Asor
H3ED IR On theEAbRIQERS, iRt ﬁw@i}lpemcies 8l@-10 éﬁabl%f 18$6hns with

the oral or nasal é(ﬂga%vor aerosol route is
oy

an o BpibIRYis gEleest £67 0.t40&t, 4p%u 60%. TGerfi08s, diﬁ%e 6@%y75%
g ) &y 3 b Wevel
S 0098, 08, 95RO U EENEL, o
congitiannfic e stiidogpe Harmajsmetdum 1bijcctanyofalpmmp rindb@e eMbbdiments,
mvén‘rﬁve %Oq%i?cpﬁgﬁf} xacg{ at] oaia! éikel thgvanﬁ'emty thatt;shgreater than that

ScCl én
0bs@QEBLAHES i@ RN Jsndtibas BkB16I tybOPhARLt nRbHidtabih&ction of humans,

devices for use in delivering intradernal

phar maceuti cal conpositions described herein include

short needl e devices such as those described in U S

Pat. No. 4,886,499, U S. Pat. No. 5,190,521, U S. Pat.

No. 5,328,483, U S. Pat. Noy 5,527,288, U S. Pat. No.

4,270,537, U S. Pat. No. 5,015,235, U S. Pat. No.

5,141,496, U. S. Pat. No. 5,417,662. |ntradernal

conpositions nmay al so be adm ni stered by devices which

limt the effective penetration length of a needle

into the skin, such as those described in W99/ 34850,

i ncorporated herein by reference, and functiona



[00185] Crystal structures of 11As fromH (PDB |IDS
Wh8osdRa, 1RUY, 1RVO 1RVT, 1RVX, 1RVZ), H3 2007018160
I Ds: 1ML, 1MM 1MQN) and H5 (1JSN, 1JSO 2FKO and

[00BXel I Ic@mRlrexesHdhés, @Hrdﬁlgaﬁﬂr‘nw of&ﬁveﬁt;% HlaypAymetides is assessed
ol i gosacchaxi des have provi ded

Oveze@mgewéqmmwossz ovEh@EE A6y ﬁww@emiamﬁpﬁglygﬁ% ipfRrpation,

| I n
p T St B SB5E Rl HaRE AR A some
embndiments for dxample, bindmgdffhBtisudiinypeieveidd pbéeanptedeabmraamsed over

b th t

ot DESoanars ergl s 2 ok saty. B 36T 5 152

(008412l Y ipéedirdytioditBentd, @0E8Be Iﬁ@o%pﬂtﬁﬁ&hbvﬁhigﬁfafmﬂtynﬂthey
the HA of the 1918 huran pandem c_virus reversed its

shogpewiaiingsjeret i mplizaley ean agpabinding agsay sydpsdhose described
t

herél?.’ ﬁgﬁ@?ereg{.@du%%&si %@g&@\rﬁé %%tgd:kﬁghogfﬁgﬁ affgngsi?{hc?ghow a

sigaid ubive ahmtamomﬂ @mmeoaog.patmd alg@iuy 2mp6m}@0@,ﬁoa0@thﬁowoe etc)

. Du bert a/ 1976),.rever sed S
in syoh FofiEs 5 35 SPoHeas, U RERRES e sFovE B RRib by (P hbrena
glySaRby@es cohbtraibiRngeh Cht CAXITIRE, B el 45£d@ 2foldorlsdik, and in

and A y228 to Ser between the 1963 avi an H3N8 strain
sorgRinbadenagsTues 8 cprisaEHion A laang Kilpld of rewiEr el at e

h r " . -

[UOSI ALy tFn hegggfgglaéﬁgne( oG éhrngé’ngs{, v@&?v%al{iﬁugg]’yﬁ%ﬁi:e%gl’nago fmbrella
topﬂz&@jﬁglycﬁh&no’re lsiamngdyjn’ehhn mep éindae norichtepdidgygglycaa. fbisomleng

ecificgity an nsn1 n effici e
emREREE BB HAPT BP0 "?J%‘f"r'?g" iy RF gl glycans vs
coRANRAORAGS 306 YO9IkeTls, A8, W viruses (Tunpey, T.
et al. Science 315" 655, 2007). [00187] Swi tching
10086119 r émspmmmimdmdemg inygo e KAi oy peptates bind tpaRentialylated glycans;
. human a si al can. .(5C1
i O BPRRCE o TR 1 ABGPgH hreBeRBU R 76 salvlated
olyBIRT & &6k &Mﬁheﬂtﬁweh@&é A é:@lyiﬁb;ﬁti&s bitdto WRRwAMAB @fferent
to transmt. On the other han one of the m xed
aZézaaMa@d glysial [ ssrecngiogizmantss peeithiediA polypeniides ae Retable to

ind 5k SO s U P AR B GO B e
ablékd’iél}{g?ot g{ay}qg nglgg&gfl city, was able to efficiently

transmt. t"her as stated above, various
[008T} ai ris smﬁe d:rh@dmngrttb ympatl*fmldémotypbﬁﬁdicb biridrta seeptatsfound on

show m xe I at ed pecifici .
b e e SRRRL YT o TS s B0 i A pyigpertices
binB €& A AARESdr9 irf tha Bomthusfah /et Rt - h@ohﬂé@&fhadiﬁi&ﬂts inventive HA
confounding results with resg{sct to HA' s sialy %tg
embodiments,

polpspsides arpaeti ableciptjndaaerptaraind it despdvnep ackia b €
111\12:&“(:9%?81&/95?@%& 20Splefd Bﬁﬁ 'recle OFSI]S R deyRlngi ty in the

ycans found upper airways in
[0088handn stan@cmmﬁlmemthanveanmﬁﬁtpdmptudﬁfé bindde iaf leesit afjous hefo,

s%;i@‘;gﬁ%@lgsﬁfngfﬁg%{, G5 553/e @d 659'Ir SohDPER DHANEES 9%,

95%@)& odofZhaptas f&ﬁrdﬁms}llﬂlrgdcﬁﬁ)mtm gbmaﬂ nppdpiravdirstoryHiict tissues
‘g cglnglng pocket ? Taken together, what are the
(e%iﬂ% R e ng requirements of the Influenza A virus
[30@91 f o, bR EmBARRERS, iAW Hﬂngp@btid“c@ B&idraiont &r more of the
I mposed by gl ycan topology and substitutions on H3
glygang ibsstisd in Rtgupg®+ B emeFmpogdingants, wycrfivgdith §Olymtldes bind to
2008/ 073161PCT/ US2007/ 018160 1001881Anal ysi s of al
the HA-glycan co-crystal structures indicates that the
orientation of the NeuS5Ac sugar (SA) is fixed relative
to the HA glycan binding site. A highly conserved set
of am no acids Phe95, Ser/Thr136, Trpl53, H s 183,
Leu/11e194 across different HA subtypes are invol ved
in anchoring the SA. Therefore, the specificity of HA
to a2-3 or a2-6 is governed by interactions of the HA
gl ycan binding site with the glycosidic oxygen atom



is simlar to that of ADS97 H5 HA (Table 3) given the
Fomstoizgdanti cal am no acids in their respecting/usz007/618160
gl ycan binding sites. 001931 Thus, for binding to a2-3
mlﬂll}[ﬂb ylyadre dilghyedns Figapay.t Inf oama dnit@dingsity uegntitedA polypeptides
o] 5Ac, ul 90 .and d,n226,. hi onserved in
qh‘?}f%'%\ Tinjty apgfonspgeifigitng ipgtl wa%ﬂh!ﬁtéf%é iniigafe . g some
errmbm%ﬂ@ md&w@ﬁ@e@ s’e%ahesrmﬁd fo- glya8s m@ﬁr&s&m bhk 9

or I NACc an ubstitutions such as sulfation
prﬁmntfadims ydaraparcxhwnth tltelrrénmblzg ® ghyrehs iliuptvaied o Bigwred.

103} °° s eRRRh s ENon i ictitppisp D P BRGT R oEShi X Binaing
Spfﬁlﬂﬁﬁﬂyf Andlialgp }:tr@vméhﬁbnginvﬁédi Bl A2 Ppeptiddsydicti @digghityd dingling

present in thegg ycan mcroarray. The amno acid
Ch?‘%"é%ﬁ}é%wl‘h“tsﬂ & wakiells 8eatr e not conserved across
di Mit
O L S B A S PR vl e 8 Ding
chdyyctelsyicaare &ﬁpmln:gytl@ad Iissolost onbodiroerds, dovertiveadd polypeplides with

6. Si Ia d glyca 100194 In t
e T B e B P R BetS RS 1y R0 Rl rcpfiSimvenive 1a
poB@eitideonih deBy R dmiingeavicaeisti@daeHs poRboptitel.i Bindine

flexibiljity. The positigon of Gal and subse%uent .sugars
embadigEnE, w-_s‘mtlere shwnpolspaptidss wish ¢rstenales PEINg qipteglepigys gr¢ Ha
e
po tf}%ﬁ?g?%ﬁ?réﬁa gsntbg%qgiﬂgl wgllarﬁfge mg&y%épﬁdémttkﬁ:g%g%ngfed binding
chapttenstics oo hlSamliyepiidds. {heonNeanthadiaends, GalensvgldApobpeptives with

desg%af%ieéia{&%cﬁ 5 Céh?éaﬂng un‘gé%%%gé%gg%%:ﬁ%%%a ngsﬁg]te%(r)rg)tpg%eéﬁs inventive HA
poBhigRsaRah aédlgﬁtedf‘ﬂ"'ﬂiiﬁg erarde1cpkii GASAHT halybenRles Uﬁlhsoﬁfé

Neu5Aca2- 6Gal 1 31-3/4d e woul d potentially adopt
em@@qiférwnwk@v@r@ﬁ@ Haypolyraptitesavigh ¢rsienpigd in tﬂ@é?hﬁlfﬂé@@ﬁtfé a@fHS

roRg AR Bl AT BB i o e

charadierétticaart diSalobypeptidus C o sosnesdnatividimanty ubynm:ft Hﬁmloly\pamldes with

et e NSRS RSB UL PORYESY g EPF EnpafimerGyivenive
HAHEIPhepfid&amien 8 QNHLEE¥irTHBN Hifdkriafd atd IOTIRpofRPAES In some

such as branchi ng and HA bi ndi ng can conpensate for
errnbﬁ@rr@namnwwe bHonelgesptipss witedasipated bidingsbpgefpristipy are H12
2=
P o R A KRG KA PRI P el bingine
chghqtclmtncs:ara I 3tpelypeptizick.i emisyembotimeensygaentive HA polypeptides with

I i ?caﬂaérédu?ga‘@faéz&?rﬁ c?sg%%ﬁi%p@??%ttl]d?shelﬂgg{%% gjlrl?bodi}nggts inventive
HA) olgpAAENi deiddaRA ehd(tchhRaskistis Eu%tHI Eﬁlﬁﬁﬁﬂb@ﬁd&eln some

e co-crystal structures of H  and HAs with the
emQleﬁleﬁ’@t infenting fByeel vraptiass vaith desizsniag bandf%tqhﬁragterﬁ%ﬁ fig H16
ghove notion wherein the - -60 (referred to as cis
po% ﬁ%t
ormati on) causes the sugars beyond Neu5Acaz2-6Gal
[0092] berid s¢tronvemtisditmiaets HAvqmtiit Hﬁrpttlxpen’acﬂc@ vo it desighated binding

YRGS S b BB e Seregt B2 BB Red ana/py B ot 13

polyppsidesiposi tion of the gl ycan bi ndi ng domai n of HA

from human H NI A/,Sout,h roli na/. 918 uht .
0433} ﬁnafemﬁ?mg%{\l it tﬂdﬂ@%ﬂﬁ%& ef p 19 mﬁ‘ﬂlg?/%azﬂ protein
frobdydTS: dit: ASRSudNtASIAL 08 8i AMOENEHidors/ PFIay At aRgan/1/1986;

specificity to the a2-6 S|alylated gl ycan. Ly5222 and

Asp225 are positioned to interact with the oxygen
atons of the Gal in the Neu5Aca2-6Gal notif. Aspl 90
and Ser/Asnl 93 are positioned to interact with

addi ti onal nonosaccharides d cNAcal -3Gal of the
Neu5Aca2- 6Gal al- 4GlcNAca | -3Gal notif (Figure 15,
Panels A B). [00196] Aspl90, Lys222 and Asp225 are
hi ghly conserved anong the H HAs fromthe 1918 human
pandem ¢ strains. Al though the amno acid 61n226 is
hi ghly conserved in all the avian and human Hi



WD 2008/ 073161PCT/ US2007/ 018160 nut ant,

Gv838@keHEE y228Ser binds to some of the a2-3 ,
sialylated glycans (a2-3 Type B classifier) but only 860

A/T@(&Q’3§ﬂ19@1| &/BLIARE/LENA995; AZFoBasictuyl/at/@ 0o |AVRaR da@e%o&afzo/ww,
A classifier). 100206] Analysis of this binding
A@QWW%@“%W&H@@HW@ry a2-6 sialylated glycan showed that
t
(0058F e 6 e Bineht 1 AGS DAV PS4SR S8 122 progein rom any
of tlhoutndues vnithanslaalﬂbaptdemlct dsf ll9é§<§6} Iumnmaemo:ﬂﬂegtsr mvdifijve HA

Furt, the Ml al -3
POl B T inhieehe Ha SRAGR SoBbma SAF e s el D 97:
A/SiRgdpdre/ Voo, GlvewhE/anobs, WireRvahasi 9gnf avorabl e steric
contacts with the glycan bi nding site of H5 HA (Flggb t
protein

[00P8) . Tmeommarmbedimpeis) inyantivey Héf plynepdias e awbinciady i

BB el R oA e i

angnmmammsmg/&mubﬂzb@smwsymghw AN CAUBRijirief BS011989;

R RSB TRIRE A0S ST 51007

A/MBScoWs 1 (V 992 ATPahi8a/2007/1999; W?brﬁ&gﬂ@dﬂ@nﬁ/@@%mmzmom
Ajq(q(’lredomnantly expressed i n huhan upper airway) wth

il #/20{1% p/ Wikspnen@hB0®, an aspect of glycan
diversity is the length of the | actosani ne branch that
is capped with the sialic acid. This is captured by
Vatiwe HApolgipeptiinct features of a2-6 sialylated glycans
0B T o P ioat e BT AR S RS ke BN
polw A6 a2thBGa! Blind e Nichdenk REndi Q1 fohBat\RtheQfardnf B1A but for a
I'i nked core and the other is characterized by thi
Sm#btllirrﬁbqnolﬁ kesticuler sgneanhe pltdratisings b semiereenhediment s thei mg:naHA is an
[ ] opt s unbrel |
H}} ;g&%ieegu&g 1%“%: 14%%0&21 %il é: r?gl V}e/nf@Qn v1rus ST Y QMpglﬁA
pol¥pddidelAs to the upper airways may onIy be p033|ble i f
hbese nutants bind wiith high affinity to the cans
[003¢} h |I%F@n%@n%0%6ef§ulwgenflﬁ%ﬁémﬂlmep wgav!é@yve iffgrent glycan
bma?ﬁ@rm&ﬁ@teﬁ&w ttidh mla&r&%neﬁgiﬁﬁht Hﬁ\@%wpbﬁtmesdﬁﬁgoﬁ@b' e

bi ndi ng patterns includ to unb gl ycans
embediingntadnyvantiFe Gy eariont fohzogdes Byvmm@tmaa;’f nityvndAwtspecificity for

R N KT
polbapdplﬁtidlasg | Ih @ertaih ym_hocﬁmﬂglh esubln H Mﬂﬁpﬁdtﬁﬁﬁﬁ:ﬁts are engmccred variants.
act osat ni ne n structure on the can. .
10038 5y 1t sqPe BREo e PP s Tatorganty 6‘6@6?09 Bl pinding
cham@érfstx%ajdé Sefibnderpt@hiicnsah ?csHﬂ@:f ﬁftﬁ’ih%r BRtctRRR dihcan binding
HAs, as described herein. Exanp 2: doning
sitep e 0w PrBodipRnthedrls subkipiutens a@ﬁr]f)%mmn@ aeiil§ thebinteoist difectly with
I
bodﬁﬁ %c[ag qgg%]er Hﬁ lglellIltE ' sﬂhlp%\L gnﬁﬂ{i%sa?éoi} %I.lﬁ{é g{ﬁ@{h@ﬁ%&: ﬁne

rr’and 1's an ored to rane
degrmtﬂ“tsbpat&tmmfrexh%vd%omth‘dsd: taninteadct sty balindglptdnda dmndheone

C-term nal transnenbrane, seguence.. For reconpi nant . .
RS ORI P PR GBS SR L DB CLHER FECiens Miging gmino
acidss €1 otktir& e aftb@\Wee dbhay Br O GirbetitindiSy SEMOQERE to (ARt with

shortened sol uble construct is created by replacing

elygape bpjdognopintarpshdiastlysy igh gy cpe pemerdvas er{3)a0tb?revrse§1ffgﬁahe ability
of REBA BIRRALERGRE aé@éjto ,H@ragf &&ﬁ BB, ahd A0S m%&r?& ARE Myt
region is replaced don” sequence fo
glyeant thgmselyesc Fr@avta‘g‘eHé|ppbfpamdiearaawicqnt@n ﬁldgn(uspewfm@e et more
al.,J. M. Biol., 355:1143, 2006). Both full length
and the soluble formof HA were expressed in insect
cells. Suspension cultures of Sf-9 cells in 51900 I
SFM medi um (I nvitrogen) were infected with
bacul ovi ruses containing either full |length or sol uble
formof HA. The cells were harvested 72-96 hours post
infection. [00210] Hemagglutinin (HA) from
AN et nat n/ 1203/ 2004 was a kind gift from Adol fo



1002191 The phrase "broad spectrum human

wiordesng3iGBSHB) was originally coined to referrtoukinzoisico

pol ypepti des bind to HA receptors found in human
dlrﬁ’epbmﬁm@amma igdsuens oranale Piatt degra¢ aa?deyammmamm aellls, one or more
sec dc(gepteorgscharacierl zed b§ az2- 6 elg ﬁcans

ARl smi 2 FPRaF ey e tg’ﬁf dagome
em@ﬁiﬁlﬁérﬁi linyvsenii e Hﬁgﬁlﬁﬂﬁﬂﬁl VAERS maly BMIQEJlTnl sMBstiRtdRs d8Enet i more

peptides bind to receptors found on human upper
am‘l“@éb‘l‘j? B(ftbl"\}e’bfﬁgb%épgfﬁ‘ﬁ QféFHaéa“OPurt hernmore, inventive
HB 1 I wan hindi

{00??? s erlg%tohjlg Zeﬂgzaloé{?lgems ﬁspﬁyﬁgetlaé)va%aﬁds i Atltgférd]%ﬁycan binding
chagwtsoidiiordarsseqBSITE Blt¢r460ﬂslAn peldypetbbti mas cbnnact with sugars beyond

rell 022011 p certain enbodi nents,

Ncu \f C@éggé P@Xﬁ{?P gf%? I?)pepti des bind to HA
[00 umq epirdosnel dinBodBndits) Bmptﬂy;aa?d&@mah@qﬁe@at 1¢43t &RMino acid

enbodi nents, BSHB 115 eptides are not able to
subgfitriden; é%"é%ﬁ‘?&ﬁr%l with & pad @Q@Fparelgggf\ an gertehn gmbediments, inventive HA
pol%ﬁ@?@@é EAhS ha&sclt'léa%ﬁtwlaﬁ l‘ %ﬂ%%‘i‘ n§ 280lsGbdiutions as

[ receptors int deep’ ung I'n er
Conmmddwﬁemc&patBShB tre b dﬂ/’y pe pttmejesbcaixmentmtnva;lul\e Ha
cc2-3 sial Iated cans

PR ViEES b AR i Bt o g eripodments,
all dudh adind aBidaduipbtatiRshs AteV6 @& witiR 224l ydaR baRdd®,

enbodj nents, inventive BSHB HS5 HA pol ypeptides are
(0034 alixsomsrerapogiamasis Hmimptl@e rianghatsqpmes sehydtutinns at

S

posficEit Bl LERER: b EhElausl Flr, PARIRE soy I T sy 100,
192| 385196 ri@z,ams n’ﬂZéaamd‘iZHu s sdrheitmbadimasts, JdApalypebtitle tvlriants have

vvildqi)tp wi t hin ora(?ffectin thef?flﬁégan
SCAnRY s é Hafiens A PPF‘%WOQFFBS i I Qe oF fiope @ yesdefolng. 189,
1922193, @ifd B9V, a@wa;cat@&lhmtcoheip@ﬁaﬁg tblef nlofe ¥F efakund, 187,

gI ycan; in other enbodinents, sich substitutions are’
189 o#rdak 0 pandéesiag Bositirens cam@pmngj@gme@_r wlorasefpesidues dR0, 222, 225, and
226, IR RO 8RB o BBt ke k8R40 YRR dha 228
In semt hmboc(xﬁl)enﬂsnﬁﬂrpﬁqmewdclwhiﬁﬁs hiavh&@duebbdkilbftﬁut&'ﬂﬁs BPOpositions

CO“&?"PE@'{@ éciz%i‘?tﬁ é{g‘%%vi%nloﬁﬁs ft“]?cse 50{5 ?l?g 3 % %OI ht I;Ieycan

[oofnzy dp (féﬂhlnlemb%ﬂﬁ%tsdHF\q%ﬂ)l@épMet \nmgﬁt}é Gcﬁ‘lﬁ pﬁﬁﬁﬂﬁﬂﬂz Y8%olypeptide
) ot herw se af fect 't he abil
Vaﬂ@ﬁlts,(é@ve e mgye amieocilciuligitutipns mlétr\@d@ avmtdﬁylgfl pecent HA (e.g.,
tl \%
H) A0 RO Y€ Bl loh b FolBog, TR RS, 155,159,
183s18es1 87, uP0,d98, 4, w]se 201, 2@6 260227 atd Higndn ﬂ_gleﬁémmliiments, HA

aci d Qne or .nore t ree, of .separation-am no . )
Polya?s?f&ﬁﬂ VéH@m&ranﬂaf*%wglé%ﬁé F@éieafrm@ggim PRSI AT gmino acid
subsGhtihs r@it;v@ﬁ&aﬁ@lﬂhyﬁk%aké%m{ﬁ athE@ARs sd1L1OMHn amino acids located
enbaodi nents, inventive BSHB 145 HA pol ypepti des may
in thegpaian A barreepionthablizscoy bisAstodhe glyea, sludoneduit oet imutqd to
resie Og! hisgheys deg rl@§sl99f 1R 2 9bb 0Bs 1002221 .4 5 ﬁtﬁﬂ"tﬂgr

odi ment’s, inrventive BS 15 HA pof ypépti ave
embatlinkatss an Hvopolriepeds, vah@utr andfpavtescudmlyrmr}é miymuae:vamam has one

Or s g‘ﬁe%n{é'tﬁ%%@? ﬁéﬁ%ﬁ“’“ﬁ%ﬁ{‘ﬁ ved éaéypfl ; tlﬁ%p F%‘tél'g% ?C&C&Gd from

amileueds loeated ia‘ze:em to thefreglon antha eeca@tbdthsub&bﬂy bintOms glylchn,

o S SR T P aP ST B B R0 ULl

certain enbodi nents, a BSHB 145 HA polypept|de has one
or nore amino acid substitu@ions relative to wild type
145 HA at residues selected fromthe group consisting
of residues 98, 136, 138, 153, 155, 159, 183, 186,

187, 190, 193, 194, 195, 222, 225, 226, 227, and 228.
In other enbodi nents, a BSHB 145 HA pol ypepti de has
one or nore amno acid substitutions relative to wld
type 145 HA at residues selected fromam no acids



G ul90Asp, Lys193Ser, G n226Leu and d y228Ser;
N(HZI)&Q(G;H\SJ Lys193Ser, G n226Leu, dy228Ser; ATr&18%Qdr/018160
Lys193Ser, G n226Leu, dy228Ser; Asp |87Serillw,
[001433 1 8BGYMeE cnped DBREs an @veDE A polgpeppiss Saant,Apd pggicylrly an

o e BB RERS UMM g

HAAL retig8¢sysslecteyl $ibaBiRs g;ou@lcnzisz:ﬁﬂng wf re@ldyz@s?ﬂﬁerl 86, ll)‘}%,]J@:B;L has, 222,

| eNal 8S Lys193Ar ) .
225G SeL B e e <8 ArBas 2% KERae 9 polpeatitsagriant, and
art@ul/ag 0D d+ E@Q&b‘anﬁh%]ﬁx%ley%:mré-iﬁﬁﬁl%%@ﬁl%ubs@tm%%ﬂ\ﬂﬁwe toa
Ser 137Al a, 56GLlu, Al al89Lys, Lys193Asn, Qvy 225As€

wildayna soThirHA @y@ms@éﬁlec@ freoemeine agidpipeatyh in thayegi@orfibe

e 180 A ST SRR AR AT s 2

2252211138121’)77 A6 2RCIAUGZRN émbaditfats, an inverdsa BB6RilppepAdpvdriant, and

hr, Ala | 8911r, G n | 90As s193Ser GI225 ,
partsgfasy amH PqlyRsps Varis Biteon g8 FioGR BB AERCLE e Gnp A ve fo o

wildP8hY &P 1€ ah@§1d§és s'el%é‘t%& f1OREarhiHb hEIBS 1084tBS hd f]&déhi @Mhégion of
conmpared with a wild type HA, such that affinity

the epacptor thalskiesitly binds/the glycans incdrdingbut ot limitesk télfﬁ%\dugls yé&hrids, 187,
and2§8' ncreased. [00233] In certain enbodi nents,

iMventive BSHB H5 HA pol ypepti des have am no acid
(00 5B Uenhcaghahatbadinghtss i HAQfolllepiitRsvaribol areksngiduéarlyi an HS

mbhodi t h Hi-I BSHB I tid
POW?ES@@S@H@WL genqng N3 f’ﬂé&ﬂ@@%'ﬁg Eu‘gﬁg&%@éwm«f ?Pz%gﬁg ,Sipaﬁgwm
HA% e@%@&s%;ec{eﬁ%%%f‘ﬂhe I'ggnuﬁ%f)ﬁs%tﬁg SRAfiPEIY 336,118 e VS, 194,

HA pol ypept have am no aci d sequences
anddﬁér hmtbq:n egttiodinmmtsihn HAspolpoptideceamphieand partéauasly an HS

nts such 113-1ike B
ol AR ETiohs T BT S e o RliRaoR 5O B Mg e paron
HAG ﬂﬂ&é@’elec{e@ @28bdmind asidsBcaed ﬁﬂtihaﬁargicﬁl,of itreedptorehaB Stietly
HA pol ypepti des have an open binding site _as

bm@dﬁﬁﬁr@waw ingluding Juinpp bmiled t%iduqu?Ss Iehtl oo Wénng 194. In

furthff}\é HenROABinddm v'é'@lﬁpg l¥f?&ﬁﬁé J&snbland ﬁrﬁcﬁlg‘r‘?y an H5
ovmnga263|ayatdgycans ) f (0

pol)(mande]vatlbm) hds onCor m)o;e {nGoo egnd substititionmslatiae tcuen\sflld type parent
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{00105]  In certain 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 direci-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.

[00106] In further embodiments, an HA polypeptide variant, and particularly an H5

polypeptide variant, has one or more amino acid substitutions relative to a wild type parent
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Corrected Sequence Listing _2 0492612-0502_ST25

SAIRENGE k| STI NG <110> Massachusetts Institut ec@fus2007/018160
Technol ogy Sasi sekharan, et al. <120> Hermaggl utinin

[00PH] Y PaRG B85l baRshrReagER So sidhhodRiRe A drin@iat HA
Thereto <130> 0492612- 0502 <140> PcT/ usQ7/ 18160 <141>

polgpptideygapactivgpsly sariant Fospeypeptidespsisscsibed haew, way ps 1
gen%%gdﬁ%@]eﬂ %lﬁteg Rhdf I?b%u@'dt duﬁhﬁlllg %%g??&%lﬁi%t produce

uenza v rus sequence
the BlAy (WietheOytendT was I%latﬁ oCh yor@plax, F?héucllhg asﬁmm Glfyerviﬂs pa@cle or virus),

n Leu s
undgCebrioncival e i Ssthsniag apir ictpp S A8 podotdsS e of
bindi§H t&ﬁﬁbr@l#to&ﬁlogi?fycws B Yivyeht chlBex3hfl04a séha ebadikats, it
ser Tyr ser a ser Ser Phe Tyr Arg Asn Leu Leu

maypreetyl 1o prodycs amﬁ’pr stydy 2 gallectign aqfiffA sasiants undpp epnditipnp gt
reveaf ind ¥ Fa vt thob¥ LaBa AR nd to umbrelia topology glycans (e.g., with particular
specificity and/or affinity). In some embodiments, such a collection of HA variants results
from evolution in nature. In some embodiments, such a collection of HA variants results
from engineering. In some embodiments, such a collection of HA variants results from a

combination of engineering and natural evolution.

HA receptors
[00123] 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.

[00124] HA receptors are modified by either «2-3 or «2-6 sialylated glycans near the
receptor’s HA-binding site, and the type of linkage of the receptor-bound glycan affects the
conformation of the receptor’s HA-binding site, thus affecting the receptor’s specificity for
different HAs.

[06125] For example, the glycan binding pocket of avian HA is narrow. According to the
present invention, this pocket binds to the frans conformation of «2-3 sialylated glycans,
and/or to cone-topology glycans, whether a2-3 or «2-6 linked.

[00126] HA receptors in avian tissues, and also in human deep lung and gastrointestinal
(GI) tract tissues are characterized by «2-3 sialylated glycan linkages, and furthermore
(according to the present invention), are characterized by glycans, including o2-3 sialylated
and/or 2-6 sialylated glycans, which predominantly adopt cone topologies.

[00127] By contrast, human HA receptors in the bronchus and trachea of the upper
respiratory tract are modified by a2-6 sialylated glycans. Unlike the ¢2-3 motif, the a2-6
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Thr Asn Asn Lys Gy Lys Qu val Leu val Leu Trp Ay
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o BRS80S0 SR Bt S
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00FY8) Pt A5 TGS Syl Rl R AR rftefhlimpfLare o
usuAllpinGojedityevituses @ntairGhy m@hy willd pype avian HAs (e.g., avian H5).
Specifically, because the portions of the human respiratory fract that are most likely to
encounter virus (i.e., the trachea and bronchi) lack receptors with cone glycans (e.g., 02-3
sialylated glycans, and/or short glycans) and wild type avian HAs typically bind primarily or
exclusively to receptors associated with cone glycans (e.g., a2-3 sialylated glycans, and/or
short glycans), humans rarely become 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 a2-6 sialylated glycans) do humans become infected.

Glycan arrays
[00129]  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/consortiunv/resources/resourcecoreh5.shtml),
[00130] 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.

[00131]  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
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[00122]04 926kt DtIAinRIdS inventive glycan arrays are present in “microarray”
formats. A microarray may typically have sample locations separated by a distance of 50-
200 microns or less and immobilized sample in the nano to micromolar range or 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 microns,
[00133] Insome embodiments, inventive glycan arrays comprise a plurality of glycans
spatially immobilized on a support. The present invention provides glycan molecules arrayed
ona supporf. 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. |
[00134]  In further 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 aluminium oxide. Examples of such materials may be obtained from Sigma-
Aldrich Company Ltd, Fancy Road, Poole, Dorset. BH12 4QH UK.
[00135]  In yet further embodiments, such a support is or comprises a metat 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.
[00136] Additional or alternative support materials which may be used in accordance with
the present invention include gels, for example siiica gels or aluminum oxide gels. Examples
of such materials may be obtained from, for example, Merck KGaA, Darmstadt, Germany.
{00137] Insome embodiments of the invention, 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.
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particularly long 0:2-6 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.

[00140]  In some embodiments, such arrays include glycans representative of about 10%,
15%, 20%, 25%, 30% 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%
95%, or more of the glycans (e.g., the umbrella glycans, which will often be «2-6 sialylated
glycans, particularly long «2-6 sialylated glycans) found on human HA receptors, and
particularly on human upper respiratory tract HA receptors. In some embodiments, inventive
arrays include some or all of the glycan structures depicted in Figure 10 In some
embodiments, arrays include at least about 10%, 15%, 20%, 25%, 30% 35%, 40%, 45%,
30%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% 95%, or more of these depicted glycans.
[00141]  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 bomprising, and (3) detecting binding of HA polypeptide to one or more glycans
on the array.

{00142]  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 celis/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,
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bmdmg can then be detected by detectlon of localmcd label. In some embodiments, scanning

devices can be utilized to examine particular locations on an array.

[00144]  Alternatively or additionally, binding to arrayed glycans can be measured using,
for example, calorimetric, fluorescence, or radioactive detection systems, or other labeling
methods, or other methods that do not require labeling. In general, fluorescent detection
typically involves directly probing the array with a fluorescent molecule and monitoring
fluorescent signals. Alternatively or additionally, arrays can be probed with a molecule that
is tagged (for example, with biotin) for indirect fluorescence detection (in this case, by testing
for binding of fluorescently-labeled streptavidin). Alternatively or additionally, fluorescence
quenching methods can be utilized in which the arrayed glycans are fluorescently labeled and
probed with a test molecule (which may or may not be labeled with a different fluorophore).
In such embodiments, binding to the array acts to squelch the fluorescence emitted from the
arrayed glycan, therefore binding is detected by loss of fluorescent emission. Alternatively or
additionally, arrayed glycans can be probed with a live tissue sample that has been grown in
the presence of a radioactive substance, yielding a radioactively labeled probe. Binding in
such embodiments can be detected by measuring radioactive emission.

- [00145]  Such methods are useful to determine the fact of binding and/or the extent of
binding by HA polypeptides to inventive glycan arrays. In some embodiments of the
invention, such methods can further be used to identify and/or characterize agents that
interfere with or otherwise alter glycan-HA polypeptide interactions.

[00146] Methods described below may be of particular wse in, for example, identifying
whether a molecule thought to be capable of interacting with a carbohydrate can actually do
50, or to identify whether a molecule unexpectedly has the capability of interacting with a
carbohydrate.

[00147] The present invention also provides methods of using inventive arrays, for
example, to detect a particular agent in a test sample. For instance, such methods may

comprise steps of (1) contacting a glycan array with a test sample (e.g., with a sample thought
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fluorescent signals, as detailed above. Such methods may be of particular use in, for example,
determining whether a particular binding agent is able to interact with a specific carbohydrate
with a higher degree of binding than does a different binding agent interacting with the same
carbohydrate.

[00150] It will be appreciated, of course, that glycan binding by inventive HA
polypeptides can be evaluated on glycan samples or sources not present in an array format
per se. For example, inventive HA polypeptides can be bound to tissue samples and/or cell
lines to assess their glycan binding characteristics. Appropriate cell lines include, for
example, any of a variety of mammalian cell lines, particularly those expressing HA
receptors containing umbrella topology glycans (e.g., at least some of which may be a2-6
sialylated glycans, and particularly long a:2-6 sialylated glycans). In some embodiments,
utilized cell lines express individual glycans with umbrella topology. In some embodiments,
utilized cell lines express a diversity of glycans. In some embodiments, cell lines are
obtained from clinical isolates; in some they are maintained or manipulated to have a desired
glycan distribution and/or prevalence. In some embodiments, tissue samples and/or cell lines

express glycans characteristic of mammalian upper respiratory epithelial cells.

Data Mining Platform

[00151]  As discussed here, according to the present invention, HA polypeptides can be
identified and/or characterized by mining data from glycan binding studies, structural
information (e.g., HA crystal structures), and/or protein structure prediction programs.
[00152])  The main steps involved in the particular data mining process utilized by the
present inventors {and exemplified herein) are illustrated in Figure 11. These steps involved

operations on three elements: data objects, features, and classifiers. “Data objects” were the
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glycan ligands, which can be considered to enhance binding, and (2) features that should not
be present in the high affinity glycan ligands, which can be considered not favorable for
binding.

[00153] The data mining platform utilized herein comprised software modules that interact
with each other (Figure 11) to perform the operations described above. The feature extractor

interfaces to the CFG database to extract features, and the object-based relational database

used by CI'G facilitates the flexible definition of features.

Feature extraction and data preparation
{00154] Representative features extracted from the glycans on the glycan array are listed in

Table 1.

Table 1. Features extracted from the glycans on the glycan array,
The features described in this table were used by the rule based classification algorithm to
identify patterns that characterized binding to specific GBP.

Features extracted Feature Description

Monosaccharide level

Composition Number of hex, hexNAcs, dHex, sialic acids, etc [In figure 1, the
composition is Hex=5;HexNAc=4]. Terminal composition is
distinctly recorded [In figure 1, the terminal composition is
Hex=2; exNAc=2].

Explicit Composition Number of Glc, Gal, GlcNAc, Fuc, GalNAc, NeuSAc, Neu5Ge, etc
[in figure 1, the explicit composition is Man=5;GlcNAc=4]. Terminal
explicit composition is explicitly recorded [In figure 1, the terminal
explicit composition is Man=2;GlcNAc=2].

Higher order features

Pairs Pair refers to a pair of monosaccharide, connected covalently by a
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GBP binding features
Mean signal per glycan

Signal to Noise Ratio

Gn Met Leu Val Ile Trp Ay Ile H's
Au G n Arg Thredaeus2dyfo1s1so
Thr Tyr val 100105110 Ser Val dvy Thr
likageATe pabits'are dlasifiedin@ twolchiegodles regular [B] and
petnaidal SRIgU dinthegulsh b¢tivagy the pair with one monosaccharide
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val Ile Asn Phe @ u ser Thr Ay Asn
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Igj the ¢ oﬁgqqfa%blp@tsnan@qyadg&lets above, if the linkage
information is ignored, we get a set of monosaccharide clusters, and
their frequency of occurrence (composition) is tabulated. These
features were chosen to analyze the importance of types of linkages
between the monosaccharides.
As an indicator of the effective length of the probes, average depth of
the reducing end of the tree is extracted as a glycan feature. In Figure
2B, the leaf depths are 3,4 and 3, and the average is 3.34
As a measure of spread of the glycan tree, the number of non
reducing monosaccharides is extracted as a feature. For Figure 2B,
the number of leaves is 3. For figure 1 it is 4.

These features are obtained for all GBPs screened using the array

Raw signal value averaged over triplicate or quadruplicate [depending
on array version] representation of the same glycan

Mezan noise computed based on negative control [standardized

[00155]

method developed by CFG] to calculate signal to noise ratio [S/N]

The rationale behind choosing these particular features shown was that glycan

binding sites on GBPs typically accommodate di-tetra —saccharides. A tree based
representation was used to capture the information on monosaccharides and linkages in the
glycan structures (root of the tree at the reducing end). This representation facilitated the
abstraction of various features including higher order features such as connected set of
monosaccharide triplets, etc (Figure 12). The data preparation involved generating a
colummn-wise listing of all glycans in the glycan array along with abstracted features (Table 1)
for each glycan. From this master table of glycans and their features, a subset is chosen for
the rule based classification (see below) to determine specific patterns that govern the binding

to a specific GBP or set of GBPs,

Classifiers

36



260265270 Ay Tyr Ala Ala Asp Lys G u Ser Thr G n Lys

A@zdokesdep Gy |le 275280285 Thr Asn Lys val p&InisSer7o18160

val Ile Qu Lys met Asn Thr G n Phe A u 290295300 Al a
[00¥38] GDjffergst tepag oPhlassifers Mavie beedasiclppad gndiwsgd iremaiy applications.

Ty e A
Log,ib Mtshcﬁieqtﬂﬁm &iffed ) methols gndﬂ&lexr@ivant@es @(ﬁdléﬁylﬁarpig&s aey
Phe Leu 151015, Correcte

d‘s%”éﬁﬁﬁ’éﬁ é@Aﬁ_ |'%ﬁ7céﬁ@ & bdaﬂss%@’zefb@w dsfﬁzsmwzsé@raﬁ%al |gjpide.

Mof??ﬁg K@ sddH Fr@uﬁsc'ﬁ" fookhr F(;Il—‘hﬁls Iﬁfmi@ WpRNionSe cﬁ"oge 2 method
Al'a 354045’ Cys Al a Val Ser ro ser Phe Phe Arg

callad Ruimlndmlonmwlpclk&,is 50&ES Gogrcﬁ\rietmxis LT)hQ Ralg/Indeqtioasinssifier
s oA G, 27 A Sororien e Ser

[GOIPST] One of the main advantages of the Logic Methods, and specifically classifiers
such as the Rule Induction method that generate /F-THEN rules, is that the results of the
classifiers can be explained more easily when compared to the other statistical or
mathematical methods. This allows one to explore the structural and biological significance
of the rule or pattern discovered. An e>.cample rule generated using the features described
earlier (Table 1) is: IFF A Glycan contains “Galb4GlcNAcb3Gal[B]” and DOES NOT contain
“Fuca3GleNAc[B]”, THEN the Glycan will bind with higher affinity to Galectin 3. The
specific Rule Induction algorithm that was used in this case is the one developed by Weiss &
Indurkya(Predictive data mining — A practical guide. Morgan Kaufmann, Sann Francisco,

1998,

Binding Levels
[00158] A threshold that distinguished low affinity and high affinity binding was defined

for each of the glycan array screening data sets.

Nucleic Acids

{00159] In certain embodiments, the present invention provides nucleic acids which
encode an HA polypeptide or a characteristic or biologically active portion of an HA
polypeptide. In other embodiments, the invention provides nucleic acids which are
complementary to nucleic acids which encode an HA polypeptideor a characteristic or
biologically active portion of an HA polypeptide.

[00160] In other embodiments, the invention provides nucleic acid molecules which
hybridize to nucleic acids encoding an HA polypeptide or a characteristic or biologically
active portion of an HA polypeptide. Such nucleic acids can be used, for example, as primers
or as probes. To give but a few examples, such nucleic acids can be used as primersin
polymerase chain reaction (PCR), as probes for hybridization (including in situ

hybridization), and/or as primers for reverse transcription-PCR (RT-PCR).
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Laboratory Manual, Cold Spring Harbor Laboratory, 1988). For example, antibodies can be
produced by cell culture techniques, including the generation of monoclonal antibodies, or
via transfection of antibody genes into suitable bacterial or mammalian cell hosts, in order to

allow for the production of recombinant antibodies.

Pharmaceutical compositions

[00163] In some embodiments, the present invention provides for pharmaceutical
compositions including HA polypeptide(s), nucleic acids encoding such polypeptides,
characteristic or biologically active fragments of such polypeptideds or nucleic acids,
antibodies that bind to such polypeptides or fragments,, small molecules that interact with
such polypeptides or with glycans that bind to them, etc.

{06164] The invention encompasses treatment of influenza infections by administration of
such inventive pharmaceutical compositions. In some embodiments, treatment is
accomplished by administration of a vaccine. To date, although significant accomplishments
have been made in the development of influenza vaccines, there is room for further
improvement. The present invention provides vaccines comprising inventive HA
polypeptides, and particularly comprising HA polypeptides that bind to umbrella glycans
(e.g., «2-6 linked umbrella glycans such as, for example, long a2-6 sialylated glycans).
[00165] To give but one example, attempts to generate vaccines specific for the HSN1
strain in humans have generally not been successful due, at least in part, to low
immunogenicity of H5 HAs. In one study, a vaccine directed at the HSN1 strain was shown
to yield antibody titers of 1:40, which is not a titer high enough to guarantee protection from
infection. Furthermore, the dosage required to generate even a modest 1:40 antibody titer

(two doses of 90 ug of purified killed virus or antigen) was 12-times that normally used in the
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f00166] In some embodiments, the present mventi_on provides for vaccines and the
administration of these vaccines to a human subject. In certain embodiments, vaccines are
compositions comprising one or more of the following: (1) inactivated virus, (2) live
attenuated influenza virus, for example, replication-defective virus, (3) inventive HA
polypeptide or characteristic or biologically active portion thereof, (4) nucleic acid encoding
HA polypeptide or characteristic or biologically active portion thereof, (5) DNA vector that
encodes HA polypeptide or characteristic or biologically active portion thereof , and/or (6)
expression system, for example, cells expressing one or more influenza proteins to be used as
antigens.

[00167} Thus, in some embodiments, the present invention provides inactivated flu
vaccines. In certain embodiments, inactivated flu vaccines comprise one of three types of
antigen preparation: inactivated whole virus, sub-virions where purified virus particles are
disrupted with detergents or other reagents to solubilize the lipid envelope ("split" vaccine) or
purified HA polypeptide (“subunit” vaccine). In certain embodiments, virus can be
inactivated by treatment with formaldehyde, beta-propiolactone, ether, ether with detergent
(such as Tween-80), cetyl trimethyl ammonium bromide (CTAB) and Triton N101, sodium
deoxycholate and tri(n-butyl) phosphate. Inactivation can occur after or prior to clarification
of allantoic fluid (from virus produced in eggs); the virions are isolated and purified by
centrifugation (Nicholson et al., eds., Textbook of Influenza, Blackwell Science, Malden,
MA, 1998). To assess the potency of the vaccine, the single radial immunodiffusion (SRD)
test can be used (Schild et al., Bull. World Health Organ., 52:43-50 & 223-31, 1975; Mostow
et al., J. Clin. Microbiol,, 2:531, 1975).

[00168] The present invention also provides live, attenuated flu vaccines, and methods for
attenuation are well known in the art. In certain embodiments, attenuation is achieved
through the use of reverse genetics, such as site-directed mutagenesis.

[00169] In some embodiments, influenza virus for use in vaccines is grown in eggs, for

example, in embryonated hen eggs, in which case the harvested material is allantoic fluid.
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[00170] In some embodiments, inventive vaccines further comprise one or more adjuvants.
For example, aluminum salts (Baylor et al., Vaccine, 20:818, 2002) and monophosphoryl
lipid A (MPL; Ribi er al., (1986, Immunology and Immunopharmacology of bacterial
endotoxins, Plenum Publ. Corp., NY, p407, 1986) can be used as adjuvants in human
vaccines. Alternatively or additionally, new compounds are currently being tested as
adjuvants in human vaccines, such as MF59 (Chiron Corp.,
http://www.chiron.com/investors/pressreleases/2005/051028.html), CPG 7909 (Cooper ef al.,
Vaccine, 22:3136, 2004), and saponins, such as QS21 (Ghochikyan et al., Vaccine, 24:2275,
2006).

[00171]  Additionally, some adjuvants are known in the art to enhance the immunogenicity
of influenza vaccines, such as poly[di(carboxylatophenoxy)phosphazene] (PCCP; Payne et
al., Vaccine, 16:92, 1998), interferon-y (Cao ef al., Vaccine, 10:238, 1992), block copolymer
P1205 (CRI.1005; Katz et al., Vaccine,. 18:2177, 2000), interleukin-2 (IL-2; Mbwuike ef al.,
Vaccine, 8:347, 1990), and polymethyl methacrylate (PMMA; Kreuter ef al., J. Pharm. Sci.,
70:367, 1981).

[00172} In addition to vaccines, the present invention provides other therapeutic
compositions useful in the treatment of viral infections. For example, in some embodiments,
treatment is accomplished by administration of an agent that interferes with expression or
activity of an inventive HA polypeptide. For example, treatment can be accomplished with a
composition comprising antibodies (such as antibodies that recognize virus particles
containing a particular HA polypeptide (e.g., an HA polypeptide that binds to umbrella
glycans), nucleic acids (such as nucleic acid sequences complementary to HA sequences,
which can be used for RNAI), glycans that compete for binding to HA receptors, small

molecules or glycomometics that compete the glycan-HA polypeptide interaction, or any
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additionally, the composition can contain any of a variety of additives, such as stabilizers,
buffefs, excipients, or preservatives. In certain embodiments, a pharmaceutical composition
will include a therapeutic agent that is encapsulated, trapped, or bound within a lipid vesicle,
-a bioavailable and/or biocompatible and/or biodegradable matrix, or other microparticle.
[00174]  The pharmaceutical compositions of the present invention may be administered
either alone or in combination with one or more other therapeutic agents including, but not
limited to, vaccines and/or antibodies. By “in combination with,” it is not intended to imply
that the agents must be administered at the same time or formulated for delivery together,
although these methods of delivery are within the scope of the invention. In general, each
agent will be administered at a dose and on a time schedule determined for that agent.
Additionally, the invention encompasses the delivery of the inventive pharmaceutical
compositions in combination with agents that may improve their bioavailability, reduce or
modify their metabolism, inhibit their excretion, or modify their distribution within the body.
Although the pharmaceutical compositions of the present invention can be used for treatment
of any subject (e.g., any animal) in need thereof, they are most preferably used in the
treatment of humans.
[00175]  The pharmaceutical compositions of the present invention can be administered by
a variety of routes, including oral, intravenous, intramuscular, intra-arterial, subcutaneous,
intraventricular, transdermal, interdermal, rectal, intravaginal, intraperitoneal, topical (as by
powders, ointments, creams, or drops), mucosal, bucal, or as an oral or nasal spray or aerosol.
In general the most appropriate route of administration will depend upon a variety of factors
including the nature of the agent (e.g., its stability in the environment of the gastrointestinal
tract), the condition of the patient (e.g., whether the patient is able to tolerate oral
administration), etc. At present the oral or nasal spray or aerosol route is most commonly
used to deliver therapeutic agents directly to the lungs and respiratory system. However, the
“invention encompasses the delivery of the inventive pharmaceutical composition by any

appropriate route taking into consideration likely advances in the sciences of drug delivery.
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injéapr drakik £hdedROPRAIDFEResBd @FatBm corneum and produces a jet which reaches
the dermis. Jet injection devices are described for example in U.S. Pat. No. 5,480,381, U.S.
Pat. No. 5,599,302, U.S. Pat. No. 5,334,144, U S. Pat. No. 5,993,412, U.S. Pat. No.
5,649,912, U.S. Pat. No. 5,569,189, U.S. Pat. No. 5,704,911, U.S. Pat. No. 5,383,851, U.S,
Pat. No. 5,893,397, U.S. Pat. No. 5,466,220, U.S. Pat. No. 5,339,163, U.S. Pat. No.
5,312,335, U 8. Pat. No. 5,503,627, U.S. Pat. No. 5,064,413, U.S. Pat. No. 5,520,639, U.S,
Pat. No. 4,596,556, U.S. Pat. No. 4,790,824, U S. Pat. No. 4,941,880, U.S. Pat. No.
4,940,460, WO 97/37705 and WO 97/13537. Also suitable are ballistic powder/particle
delivery devices which use compressed gas 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.

[00177]  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.

Diagnostics/kits
[00178]  The present invention provides kits for detecting HA polypeptides, and particular

for detecting HA polypeptides with particular glycan binding characteristics (e.g., binding to
umbrella glycans, to a2-6 sialylated glycans, to long ¢:2-6 sialylated glycans, etc.) in
pathological samples, including, but not limited to, blood, serum/plasma, peripheral blood
mononuclear celis/periphéral 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 HA polypeptides of interest in
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can also be used in virus neutralization tests, in which a sample is treated with antibody
specific to HA polypeptides of interest, and tested for its ability to infect cultured cells
relative to untreated sample. If the virus in that sample contains such HA polypeptides, the
antibody will neutralize the virus and prevent it from infecting the cultured cells.
Alternatively or additionally, such antibodies can also be used in HA-inhibition tests, in
which the HA protein is isolated from a given sample, treated with antibody specific to a
particular HA polypeptide or set of HA polypeptides, and tested for its ability to agglutinate
erythrocytes relative to untreated sample. If the virus in the sample contains such an HA
polypeptide, the antibody will neutralize the activity of the HA polypeptide and prevent it
from agglutinating erythrocytes (Harlow & Lane, Antibodies: A Laboratory Manual, CSHL
Press, 1988:

http://www.who.int/csr/resources/publications/influenza/ WHO_CDS_CSR_NCS_2002_5/en/
index.html;
http://www.who.int/csr/disease/avian_influenza/guidelines/labtests/en/index.htmi). In other
embodiments, such agents may include nucleic acids that specifically bind to nucleotides that
encode particular HA polypeptides and that can be used to specifically detect such HA
polypeptides by RT-PCR or in siru hybridization
(http://www.who.int/csr/resources/publications/influenza/ WHO_CDS_CSR_NCS_ 2002 _5/en
/index.html;
http://www.who.int/csr/disease/avian_influenza/guidelines/labtests/en/index.html). In certain
emboediments, nucleic acids which have been isolated from a sample are amplified prior to
detection. In certain embodiments, diagnostic reagents can be detectably labeled.

[00180] The present invention also provides kits containing reagents according to the
invention for the generation of influenza viruses and vaccines. Contents of the kits include,

but are not limited to, expression plasmids containing the HA nucleotides (or characteristic or
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incdd % e@rence sample, instructions for processing samples, performing the test,
instructions for interpreting the results, buffers and/or other reagents necessary for
performing the test. In certain embodiments the kit can comprise a panel of antibodies.
[00182]  In some embodiments of the present invention, glycan arrays, as discussed above,
may be utilized as diagnostics and/or kits.

{00183]  In certain embodiments, inventive glycan arrays and/or kits are used to perform
dose response studies to assess binding of HA polypeptides to umbretla glycans at multiple
doses (e.g., as described herein). Such studies give particulariy valuable insight into the
binding characteristics of tested HA polypeptides, and are particularly useful to assess
specific binding. Dose response binding studies of this type find many useful applications.
To give but one example, they can be helpful in tracking the evolution of binding
characteristics in a related series of HA polypeptide variants, whether the series is generated
through natural evolution, intentional engineering, or a combination of the two.

[00184]  In certain embodiments, inventive glycan arrays and/or kits are used to induce,
identify, and/or select HA polypeptides, and/or HA polypeptide variants having desired
binding characteristics. For instance, in some embodiments, inventive glycan arrays and/or
kits are used to exert evolutionary (e.g., screening and/or selection) pressure on a population

of HA polypeptides.

Exemplification

Example 1: Framework for binding specificity of H1. H3 and HS I-IAs to a2-3 and o2-6
sialylated glycans

[00185}  Crystal structures of HAs from H1 (PDB IDS: IRDS, 1RU7, 1RUY, 1RVO,
IRVT, IRVX, 1RVZ), H3 (PDB IDs: IMQL, IMQM, IMQN) and H5 (1JSN, 1JSO, 2FK0)

and their complexes with «2-3 and/or 0:2-6 sialylated oligosaccharides have provided
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acid changes from GIn226 to Leu and Gly228 to Ser between the 1963 avian H3NS strain and
the 1967-68 pandemic human H3N2 strain correlate with the change in their preference from
a2-3 to a2-6 sialylated glycans (Rogers ef al., Nature, 304:76, 1983). The relationship
between the HA glycan binding specificity and transmission efficiency was demonstrated in a
ferret model using the highly pathogenic and virulent 1918 HINT viruses (Tumpey, T. M. et
al, Science 315: 655, 2007).

[00187]  Switching the receptor binding specificity from the parental human o2-6
sialylated glycan (SC18) receptor preference to an avian a2-3 sialylated receptor preference
(AV18) resulted in a virus that was unable to transmit. On the other hand, one of the mixed
a2-3/u2-6 sialylated glycan specificity virus (A/New York/1/18 (NY'18)) showed no
transmission, surprisingly A/Texas/36/91 (Tx91) virus, also mixed 02-3/02-6 sialylated
glycan specificity, was able to efficiently transmit. Furthermore, as stated above, various
strains of the highly pathogenic H5N1 viruses also show mixed o2-3/a2-6 sialylated glycan
specificity (Yamada, S, et al. Nature 444:378, 2006), and have yet been able to transmit from
human-to-human. The éonfounding results with respect to HAs sialylated glycan specificity
and transmission posed the following questions. First, is there diversity in the sialylated
glycans found in the upper airways in humans, and could that account for the specificity and
tissue tropism of the virus? Second, are there nuances of glycan conformation that might play
a role in how both o2-3 and/or «t2-6 sialylated glycans bind to HA glycan binding pocket?
Taken together, what are the glycan binding requirements of the Influenza A virus HA for

human adaptation?

Structural constraints imposed by glycan topology and substitutions on Hl, H3 and H5 HA

binding to a2-3 sialylated glycans
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torsion angles at this linkage (Figure 6). The typical region of minimum energy
conformations is given by ¢ values of around -60 or 60 or 180 where y samples -60 to 60
(Figure 14), In these minimum energy regions, the sugars beyond Gal in 2-3 are projected
out of the HA glycan binding site. This is also evident from the co-crystal structures of HA
with the «2-3 motif (NeuSAca2-3Galp1-3/4GlcNAc-) where the ¢ value is typically around
180 (referred to as trans conformation). The trans conformation causes the a2-3 motif to
project out of the pocket, This implies that structural variations (sulfation and fucosylation)
branching at the Gal'and/or GlcNAc (or GalNAc) sugars centered on the three sugar (or
trisaccharide) o2-3 motif will have the most influence on the HA binding (Figure 7). This
structural implication is consistent with the three distinct classifiers for HA binding to «2-3
sialylated glycans obtained from the data mining analysis (Table 3). The common feature in
all these three classes is that the Neu5Aca2-3Gal should not be present along with a
GalNAco/B1-4Gal. Analysis of the crystal structures showed that the GalNAc linked to Gal
of NeuSAca2-3Gal made unfavorable steric contacts with the protein, consistent with the
classifiers.

[00190] In addition to the conserved anchor points for sialic acid binding, two critical
residues, GIn226 and Glu190, are involved in binding to the Neu5SAco2-3Gal motif. Gin226,
located at the base of the binding site, interacts with the glycosidic oxygen atom of the
NeuSAca2-3Gal linkage (Figure 15, Panels C,B). Glul90, located on the opposite side of
Gln226 interacts with Neu5Ac and Gal monosaccharides (Figure 15, Panels C,B). Further,
residues Alal38 (proximal to GIn226) and Gly228 (proximal to Glul90), which are highly
conserved in avian HAs could be involved in facilitating the right conformation of GIn226
and Glu190 for optimal interactions with 0.2-3 sialylated glycans (Figure 15). APR34, a
human H1 subtype, contains all the four amino acids Alal38, Glu190, GIn226 and Gly228

and binds to «2-3 sialylated glycans as observed in its crystal structure (Figure 14, Panel B).
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muln}{gc‘ at%'fslscafr?hél'gl%ansr%g%array data (Table 3). Further, substitution of Gly228 to
Ser — a hallmark change between avian and human H3 subtypes — alters the conformation of
Glu190 and interferes with the interaction of human H3 HA to NeuSAca2-3Gal in the frans
conformation. This is further elaborated by the distinct conformation (that is not trans) of
Neu5Aco2-3Gal motif observed in the human AAI68_H3 23 co-crystal structure. The
Neu5Aco2-3Gal motif in this conformation provides less optimal contacts with human H3
HA binding site compared to those provided by this motif in the frans conformation with the
avian H3 HA (Figure 14). As a consequence of this loss of contacts, the Gly228Ser mutation
in human H3 HA makes its glycan binding site less favorable for interaction with o2-3
sialylated glycans. This structural observation is consistent with the results from the data
mining analysis (Table 3) which shows that the human H3 HA has only a moderate affinity
for some of the a2-3 sialylated glycans.

[00192]  How do the structural variations around the NeuSAca2-3Gal influence HA-glycan
interactions? Lys193, which is highly conserved in the avian H5 (Figure 5) is positioned to
interact with 6-O sulfated Gal and/or 6-O sulfated GlcNAc in NeuSAco2-3GalBp1-4GleNAc.
This observation is validated by the data mining analysis wherein only the avian H5 binds
with high affinity to «2-3 sialylated glycans that are sulfated at the Gal or GlcNAc (Table 3).
In a similar fashion, a basic amino acid at position 222 could interact with 4-O sulfated
GleNAc in NeuSAca2-3GalB 1-3GleNAc motif or 6-O sulfated GleNAc in NeuSAco2-
3GalB1-4GlcNAc motif. On the other hand, a bulky side chain such as Lys222 in H1 and H5
and Trp222 in H3 potentially interferes with a fucosylated GleNAc in NeuSAco2-3Galf31-
4(Fucoal-3) GlcNAc motif. This structural observation corroborates the classifier rule o2-3
Type C observed for avian H3 and HS strains (Table 3), which shows that fucosylation at the
GlcNAc is detrimental to binding. The binding of Viet04_H5 HA to o2-3 sialylated glycans
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for the different binding specificities

Structural constraints imposed by glycan topology and substitutions on Hl and H3 HA
binding to a2-6 sialylared glycans

[00194]  Inthe case of NeuSAca2-6Gal linkage, the presence of the additional C6-C35 bond
provides added conformational flexibility. The position of Gal and subsequent sugars in 0.2-6
would span a much larger umbrella-like region as compared to the core-like region in the
case of «2-3 (Figure 6). The binding to «2-6 would involve optimal contacts with the
Neu5SAc and Gal sugars at the base of such an umbrefla topology and also the subsequent
sugars depending on the length of the oligosaccharide. Short a2-6 oligosaccharides such as
Neu5Aca2-6GalB1-3/4Gle would potentially adopt a cone-like topology. On the other hand,
the presence of a GleNAc instead of Gle in the «2-6 motif NeuSAca2-6Galp 1-4GlcNAc-
would potentially favor the umbrella topology which is stabilized by optimal van der Waals
contact between the acetyl carbons of both GleNAc and Neu5Ac. However, the 02-6 motif
can also adopt a cone topology such that additional factors such as branching and HA binding
can compensate for the stability provided by the umbrella topology. The cone topology of the
a2-6 motif present as a part of multiple short oligosaccharide branches in an N-linked glycan
could be stabilized by intra sugar interactions. On the other hand, the umbrella topology
would be favored by the a2-6 motif in a long oligosaccharide branch (at least a
tetrasaccharide). The co-crystal structures of HI and H3 HAs with the «2-6 motif
(NeuSAco2-6GalB1-4GleNAc-) motif supports the above notion wherein the ¢ ~ -60
(referred to as cis conformation) causes the sugars beyond NeuSAca2-6Gal to bend towards

the HA protein to make optimal contacts with the binding site (Figure 7).

48



202530 Pro Lys Asn Ser Trp Ser Ser Hs Gu Ala Ser Leu

Ser 354045 A Pro Tyr Gn Gy lys Ser
g"yz%?’g”gﬁ:e Arerg Asn Val Val qfl’fp 505560 Leu ||é“lré§2‘?£};e/r§181"“
[004‘9;{) A%‘I‘H/l\llﬁx %erﬁ"ﬁ@sfﬁ&h ofhiR éhYc%n Hﬂxlé%om-gw ?Pﬁﬂ fI'Oﬁ[l a human

Leu Va
Hlbﬂi )QAISOchI-@%SOEH;aéI/W 18) m&zmﬂnmﬁp@&m& IN a6 @hdABRA4 T mr 26

001051
el o A R o ke PR SRR B bifipeBiytaed
glybdrﬁ [@lﬁ%ﬂ%pm Pard PosiA61EdIE ntdiN& Wl thAeHypeh WofdsBf ﬁferGal in

Met 3 u Phe Phe 130135140 Trp Thr 1le Leu ﬁ/
the WS%{% -03y nmtg' Pyspl Nand SsEAsy Qngqpqqgwn@ly)mteract with additional

11 T .
moﬁ&é@%ﬁé%ﬁ%ﬁ%@g&?ﬁ éﬁéﬁef&%%%&@ gggerl %Flcle‘{ﬁ 1- y@%l"r%@téf (Figure
15, $apelgAuB.euy Au Tyr Ay Asn Cys Asn Thr Lys 180185190

003D (S I 53305 05 ¥ ar B o 1 1 Jagigm the
lQl@Mﬁmﬁh@;axﬁd&&lJ WEainéa | AltHos g\ afpitio &1PEED288; highly conserved in all
the avian and human H1 subtypes, it does not appear to be as involved in binding to o2-6
sialylated glycans (in human H1 subtypes) compared to its role in binding to o2-3 sialylated
glycans (in the avian H1 subtypes). The data mining analysis of the glycan array results for
wild type and mutant form of the avian and human H1 HAs further substantiates the role of
the above amino acids in binding to ¢2-6 sialylated glycans (Table 3). The
Glul90Asp/Gly225Asp double mutant of the avian H1 HA reverses its binding to a2-6
sialylated glycans (Table 3). Further, the Lys222Leu mutant of human ANY 18 H! removes
its binding to all the sialylated glycans on the array consistent with the essential role of
Lys222 in glycan binding.

[00197}  In order to identify amino acids that provide specificity for H3N2 HA binding to
a2-6 sialylated glycans, the glycan binding domain of HA from human H3N2 (AAI68 H3),
ADU63_H3_26 and ASI30_H!_26 were superimposed. Analysis of these superimposed
structures showed that Leu226 is positioned to provide optimal van der Waals contact with
the C6 atom of the Neu5a2-6Gal motif and Ser228 is positioned to interact with 09 of the
sialic acid. Ser228 in the human H3 also interacts with Glul9¢ (unlike Gly228 in avian
ADU63_H3 which does not) thereby affecting its side chain conformation. The side chain of
Glul90 in human H3 HA is displaced slightly into the binding site by about 0.7 A in
comparison with that of Glu190 in avian H3 HA. These differences limit the ability of
human H3 HA to bind to ¢2-3 sialylated glycans and correlate with its preferential binding to
o2-6 sialylated glycans. Thus, the GIn226Leu and Gly228Ser mutations cause a reversal of
the glycan receptor specificity of avian H3 to human 13 subtype during the 1967 pandemic.
[00198] Comparison of HAs from 1967-68 pandemic FI3N2 and those from more recent
H3 subtypes (after 1990) show that the Glul90 is mutated to Asp in the recent subtypes. This
mutation further enhances the binding of human H3 to a2-6 siélylated glycans since Aspl190
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and\Sgr/ Rk 9Chte ﬁmhof?&ﬁto make favorable contacts with monosaccharides beyond
Neu5Aca2-6Gal motif (Figure 15, Panels A,B). The differences in the amino acids and
their contacts with o2-6 sialylated glycans between H1 and H3 HA provide distinct surface
and ionic complimentarity for binding these glycans. The NeuSAco2-6Gal linkage has an
additional degree of conformational freedom than the NeuSAca2-3Gal. Thus the HA binding
to a2-6 sialylated glycans has a more open binding pocket to accommodate this
conformational freedem. While Leu226 in human H3 HA is positioned to provide optimal
van der Waals contact with NeuSAca2-6Gal, the ionic contacts provided by Gin226 in H1
HA to this motif are not as optimal. On the other hand in H1, the amino acids Lys222 and
Asp225 provide more optimal ionic contacts with o2-6 sialylated glycans compared to

Trp222 and Gly225 in H3.

Structural constraints for binding of wild type and mutant H5 HAs to a2-6 sialylated glycans
[00200]  The interactions with o2-6 sialylated glycans provided by the different amino
acids in H1 and H3 HA suggested that the current avian HSNT HA could mutate into a 1~
like or H3-like glycan binding site in order to reverse its glycan receptor specificity, Based
on the above framework, the hypothesized H1-like and H3-like mutations for HS HA are
further elaborated and tested as discussed below.

[00201]  Analysis of the superimposed ASI30 H1 26, APR34_HI1_26, ADS97 H5 26 and
Viet04_HS5 structures provided insights into the H1-like binding of H5 HA to 02-6 sialylated
glycans. Since the H1 and H5 HAs belong to the same structura) clade, their glycan binding
sites share a similar topology and distribution of amino acids (Russell et al., Virology,
325:287,2004). Lys222, which is highly conserved in avian HS HAs is positioned to provide
optimal contacts with Gal of Neu5Aca2-6Gal motif similar to the analogous Lys in H] HA.
Glul90 and Gly225 in Viet04_HS5 (in the place of Aspl90 and Asp225 in H1) do not provide
the necessary contacts with the NeuSAca2-6Gal1-4GlcNAc motif similar to H1. Therefore
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[00'2“?] Th[rhe qugg?x%yoc(%)%ggwed GIn226 in H1 HA is also conserved in the avian HS HA,
Given that GIn226 plays a less active role in HI HA binding to «2-6 sialylated glycans (as
discussed above), mutation of this amino acid to a hydrophobic amino acid such as Leu could
potentially enhance its van der Waals contact with C6 atom of Gal in NeuSAca2-6Gal motif,
[00204]  The superimposition of ADU63_H3_26, AAI68_H3, ADS97 H5 26 and
Viet04_HS5 provides insights into the H3-like binding of H5 HA to a2-6 sialylated glycans.
While this superimposition structurally aligned the glycan binding site of H5 and H3 HA, it
was not as good as the structural alignment between H5 and H1, The favorable van der
Waals contact and ionic contact with NeuSa2-6Gal motif respectively provided by Leu226
and Ser228 in H3 HA were absent in H5 HA (with GIn226 and Gly228). Given that Leu226
and Ser?228 are critical for binding to a2-6 sialylated glycans in human H3 HA, the
GIn226Leu and Gly228Ser mutations in H5 HA could potentially provide optimal contacts
with a2-6 sialylated glycans. Further, even in the comparison between H3 and H5, Lys193 is
positioned such that it would have unfavorable steric contacts with the monosaccharides
beyond Neu5Aca2-6Gal motif as against Ser193 in human H3 HA which is positioned to
provide favorable contacts. Although the HA from the 1967-68 pandemic H3N2 comprises
of Glul90, Aspl90 in H5 HA would be positioned to provide better ionic contacts with
Neu5Aca2-6Gal motif in longer oligosaccharides.

[00205] The roles of the above mentioned residues were further corroborated by data
mining analysis of glycan array data for wild type and mutant forms of Viet04 _HS (Table 3).
The double mutant, Glu190Asp/Gly225Asp, does not bind to any glycan structure since it
loses the amino acid Glul90 for binding a2-3 sialylated glycans and has the steric

interference from Lys193 for binding to «2-6 sialylated glycans. Similarly the double
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siaﬁ'rlzgedb‘élgcans is consistent with Lys!93 interfering with the binding.
[00207] Without wishing to be bound by any particular theory, the present inventors
propose that a necessary condition for human adaptation of influenza A virus HAs is fo gain
the ability to bind to long 02-6 (predominantly expressed in human upper airway) with high
affinity. For example, an aspect of glycan diversity is the length of the lactosamine branch
that is capped with the sialic acid. This is captured by the two distinct features of a2-6
sialylated glycans derived from the data mining analysis (Table 3). One feature is
characterized by the Neu5SAca2-6GalB 1-4GlcNAc linked to the Man of the N-linked core and
the other is characterized by this motif linked to another lactose amine unit forming a longer
branch (which typically adopts umbrella topology). Thus, the extensive binding of the
mutant H5 HAs to the upper airways may only be possible if these mutants bind with high
affinity to the glycans with long a2-6 adopting the umbrella topology. For example,
according to the present invention, desirable binding patterns include binding to umbrella
glycans depicted in Figure 9.
[00208] By contrast, we note a recent report of modified H5 HA proteiﬁs {containing
Gly228Ser and GIn226Lcw/Gly228Ser substitution) showed binding to only a single
biantennary a2-6 sualyl-lactosamine glycan structure on the glycan array (Stevens ef al,
Science 312:404, 2006). Such modified H5 HA proteins are therefore not BSHB HS5 HAs, as

described herein.

Example 2: Cloning, baculovirus synthesis, expression and purification of HA.

[00209] Hemagglutinin in viruses is present as a trimer and is anchored to the membrane.
The full length construct of HA has a N-terminal signal peptide and a C-terminal
transmembrane sequence. For recombinant expression of HA, often a shortened construct of

HA is used which allows the protein to be secreted. This shortened soluble construct is

52



354045 Ser Gy Ser Ser Phe Tyr Ala Gu Met Lys Trp Leu
L\?B Ser ASn Thr 505560 Corrected Sequence Li st)i,ng
Yo48Pé319! 05025725 65707580 Lys Asp Pro Al a LBGUPP@O7/618160

ILle . Trp. .y Lle Hs Hs Ser C r Thr 095 Thr .Gu
el oo le s 1y - o] YeoR v GRB] Tl i Sequence
an¥ele LOPRDRILED sEBembBRE roFn BSEpIdd bBaniolon’ %ﬁeﬁ&&‘ol‘i@b&d by a

Pro Ser Pro Glyq%la_Arg 115120125 Pro Lys Val Asp G&éé
trygjin clepiacesife andg Oy Blisday (Prvenppal T Mol fiale? S 1 B3 2000 Both
fulk b A&t &€, n u

kot oD 50T e cTEPLE 6 B, 80 S s o
St0eellpings (RY0/IT SFM SediuminvBiageh) werGiinfedied vt bagil Sarus@ gontaining

g3 5815 0 Y G B Pl g
[00210] Astenhdplubisin (BeY) Ang ATOREAM2(3A064 Wat a Ayl ghiY SrofyAdolfo

Pro Arg Tyr val, Lys G n du Ser Leu Met Leu 210215220
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cof¥ctd SILPAhd DSDL, using QuikChange I1 XL Site-Directed Mutagenesis Kit
(Stratagene) and QuikChange Multi Site-Directed Mutagenesis Kit (Stratagene). The primers
‘used for mutagenesis were designed using the web based program, PrimerX
(http://bicinformatics.org/primerx/), and synthesized by Invitrogen. The WT and mutant HA
genes were sub-cloned into the entry vector pENTR-D-TOPO (Invitrogen) using TOPO
ligation. The entry vectors containing the WT and mutant genes were recombined with
BaculoDirect linear DNA (Invitrogen) using Gateway cloning technology. DNA sequencing
was performed a:t each sub-cloning step to confirm the accuracy of the sequences. The
recombinant baculovirus DNA produced was used to transfect Spodoptera frugiperda S£-9
cells (Invitrogen) to yield primary stock of virus.

[00211]  The full length HA was purified from the membrane fraction of the infected cells
by a method modified from Wang et al. (2006) Vaccine, 24:2176. Briefly, the cells from the
150 ml culture were harvested by centrifugation and the cell pellet was extracted with 30 ml
of 1% Tergitol NP-9 in buffer A (20 mM sodium phosphate, 1.0 mM EDTA, 0.01 %
Tergitol-NP9, 5% glycerol, pH 5.93) at 4 °C for 30 min. The extract was then subjected to
centrifugation at 6,000 g for 15 min. The supernatant was filtered using a 0.45 micron filter
and loaded on Q/SP columns (GE healthcare, Piscataway, NJ) that were previously
equilibrated with Buffer A. After loading, the columns were washed with 20 m] of Buffer A.
Then, the anion exchange column Q was disconnected and the SP column was used for
elution of protein using five 5 ml fractions of buffer B (20 mM sodium phosphate, 0.03 %
Tergitol, 5% glycerol, pH 8.2) and two 5 ml fractions of buffer C (20 mM sodium phosphate,
150 mM NaCl, 0.03% Tergitol, 5% glycerol, pH 8.2). The fractions containing the protein of
interest were pooled together and subjected to ultrafiitration using Amicon Ultra 100 K
NMWL membrane filters (Millipdre). The protein was concentrated and reconstituted in

PBS.
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ult’raélfﬂtraq%’()ﬁ using Amicon Ultra 100 K NMWL membrane filters (Millipore). The protein
was concentrated and reconstituted in PBS.

[00213]  The presence of the protein in the samples was verified by performing western
‘blot analysis with anti avian H5N1 HA antibody. Through dot-blot immunoassay (using WT
H35 HA obtained from Protein Sciences Inc as the reference) the protein concentration of WT
and the mutants were determined. In the various experiments that were performed the protein
concentration of the HS HA (WT and mutants) were typically found to be in 20-50
microgram/ml range. Based on the protein concentration for a given lot appropriate serial

dilutions in the ranges of 1:10 — 1:100 were used (see Figure 17).

Example 3: Application of Data Mining Platform to investigate glycan binding specificity of
HA

[00214] A framework for the binding of HSN1 subtype to 02-3/6 sialylated glycans was

developed (Figure 7). This framework comprises two complementary analyses. The first
involves a systematic analysis of an HA glycan binding site and its interactions with o2-3 and
26 sialylated glycans using the HI, H3 and H5 HA-glycan co-crystal structures (Fable 2).
[00215]  This analysis provides important insights into the interactions of an HA glycan
binding site with a variety of «2-3/6 sialylated glycans, including glycans of either umbrella
or cone topology. The second involves a data mining approach to analyze the glycan array
data on the different H1, H3 and H5 HAs. This data mining analysis correlates the strong,
weak and non-binders of the different wild type and mutant HAs to the structural features of
the glycans in the microarray (Table 3).

[00216] Importantly, these correlations (classifiers) capture the effect of subtle structural
variations of the a2-3/6 sialylated linkages and/or of different topologies on binding to the
different HAs. The correlations of glycan features obtained from the data mining analysis are

mapped onto the HA glycan binding site, providing a framework to systematically investigate
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(Table 3).

BExample 4: Broad Spectrum Human Binding H5 HA polypeptides

[00218] In some particular embodiments of the present invention, HA polypeptides are HS
polypeptides. In some such embodiments, inventive H5 polypeptides show binding (e.g.,
high affinity and/or specificity binding) to umbrella glycans. In some embodiments,
inventive HS polypeptides are termed “broad spectrum human binding” (BSHB) H5
polypeptides.

[00219]  The phrase “broad spectrum human binding”(BSHB) was originally coined to
refer to HS5 polypeptides bind to HA receptors found in human epithelial tissues, and
particularly to human HA receptors characterized by o2-6 sialylated glycans.. As discussed
above, with regard to HA polypeptides generally, in some embodiments, inventive BSHB H5
HA polypeptides bind to receptors found on human upper respiratory epithelial cells.
Furthermore, inventive BSHB HS5 HA polypeptides bind to a plurality of different ¢2-6
sialylated glycans. In certain embodiments, BSHB H5 HA polypeptides bind to umbrella
glycans.

{00220]  In certain embodiments, inventive BSHB 15 HA polypeptides bind to HA
receptors in the bronchus and/or trachea. In some embodiments, BSHB H5 HA polypeptides
are not able to bind receptors in the deep lung, and in other embodiments, BSHB H5 HA
polypeptides are able to bind receptors in the deep lung. In further embodiments, BSHB HS
HA polypeptides are not able to bind to o2-3 stalylated glycans, and in other embodiments
BSHB HS HA polypeptides are able to bind to «2-3 sialylated glycans.

[00221}  In certain embodiments, inventive BSHB H5 HA polypeptides are variants of a

parent H5 HA (e.g., an H5 HA found in a natural influenza isolate). For example, in some
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binding amino acids to interact with glycan, and also interact directly with glycan themselves.
Inventive BSHB H5 HA polypeptides contain substitutions of one or more direct-binding
amino acids, one or more first degree of separation-amino acids,one or more second degree
of separation-amino acids, or any combination of these. In some embodiments, inventive
BSHB H5 HA polypeptides may contain substitutions of one or more amino acids with even
higher degrees of separation.

[00222]  In certain embodiments, inventive BSHB H5 HA polypeptides have at least two,
three, four, five or more amino acid substitutions as compared with wild type H5 HA; in
some embodiments inventive BSHB H5 HA polypeptides have two, three, or four amino acid
substitutions. In some embodiments, all such amino-acid substitutions are located within the
glycan binding site.

[00223]  In certain embodiments, a BSHB HS HA polypeptide has one or more amino acid
substitutions relative to wild type H5 HA at residues selected from the group consisting of
residues 98, 136, 138, 153, 155, 159, 183, 186, 187, 190, 193, 194, 195, 222, 225, 226, 227,
and 228. In other embodiments, a BSHB H5 HA polypeptide has one or more amino acid
substitutions relative to wild type H5 HA at residues selected from amino acids located in the
region of the receptor that directly binds 1o the glycan, including but not limited to residues
98, 136, 153, 155, 183, 190, 193, 194, 222, 225, 226, 227, and 228. In further embodiments,
a BSHB H5 HA polypeptide has one or more amino acid substitutions relative to wild type
H5 HA at residues selected from amino acids located adjacent to the region of the receptor
that directly binds the glycan, including but not limfted to residues 98, 138, 186, 187, 195,
and 228,

[00224}  In further embodiments, a BSHB H5 HA polypeptide has one or more amino acid
substitutions relative to wild type H5 HA at residues selected from the group consisting of
residues 138, 186, 187, 190, 193, 222, 225, 226, 227 and 228. In other embodiments, a
BSHB H5 HA polypeptide has one or more amino acid substitutions relative to wild type HS
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resfduys $83U38/als3 A3, B3 194,RAnd 195. In other embodiments, a BSHB HS HA
polypeptide has one or more amino acid substitutions relative to wild type HS 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 further
embodiments, a BSHB H5 HA polypeptide has one or more amino acid substitutions relative
to wild type H5 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 residues 98 and 195.
[00226] In certain embodiments, a BSHB H5 HA polypeptide has one or more amino acid
substitutions relative to wild type HS HA at residues selected from amino acids that are one
depree 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.
[00227] In further embodiments, a BSHB H5 HA polypeptide has one or more amino acid
substitutions relative to wild type H5 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
depree 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.
[00228] In further embodiments, a BSHB HS HA polypeptide has one or more amino acid
substitutions relative to wild type H5 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
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245250255 Tyr Ay Phe Gn Hs Ser Asn Asp Gn dy Val

, Ala Asp 260265270 Arg Asp Ser Thr (3
%ZW’””%‘S Lys Ile Thr Ser Lys Val Asn 27528 Lhbhorstay

t Yy . . .

LAY AP B Sl i

acidlst (ZD bféumew F05Bh0 31k ty« 1ldife6t- b dihy 8o aczqszD inPgREC with
c%gi,ﬁ‘os @re ot: tgeéachfbed 39%2 %Il)gzzz > e vg’%QgNEEy hlerélt{ige es):?the ability

of/ﬁheﬁthbr bih’&hg Aﬁ]ﬁh(ﬁcids@) lhta%cﬁ “hthtglﬁfa@ A lkbInteiabt diestly With
met G u Ser ys. Ille Ser Thr Ay Phe

gl&?@?ﬁ@@*ﬁ*ﬁ?s kud@%/btééiat Is’é&teqtpée%ﬁs%%mw% dy Thr Thr

[0@!@] Sel'h c@f@?ﬁnl}:’ﬁl:bomgés 5192 SE%HQ 1@%&&9&15%{? Ami el "
Gu Leu Lys Trp Leu Va Ser Correcte

subsémt@ncréau_vesmwngi type Hﬂ@%amﬁcﬁazlssms Lys Asn Lys Ay

Phe Pro,d n Th
O(gal'@bé‘glgnd)ther em odlments a ]!’BSI%SEHM li]ypeptﬁe has %ne Or more amino acid

substitutions relative to wild type HS HA at residues selected from 190, 193, 225, and 226. In
some embodiments, a BSHB H5 HA polypeptide has one or more amino acid substitutions
relative to wild type H5 HA at residues selected from 190, 193, 226, and 228, In some
embodiments, an inventive HA polypeptide variant, and particularly an H5 variant has one or
more of the following amino acid substitutions: Ser137Ala, Lys156Glu, Asn186Pro,
Aspl87Ser, Asp187Thr, Alal89Gln, Ala189Lys, Alal89Thr, Glul90Asp, Glul90Thr,
Lys193Arg, Lys193Asn, Lys193His, Lys193Ser, Gly225Asp, GIn2261le, GIn226Len,
GIn226Val, Ser227Ala, Gly228Ser.
[00231]  In some embodiments, an inventive HA polypeptide variant, and particularly an
HS5 variant has one or more of the following sets of amino acid substitutions:

Glul90Asp, Lys193Ser, Gly225Asp and GIn226Leu;

Glul90Asp, Lys193Ser, GIn226Leu and Gly228Ser;

Alal89Gln, Lys193Ser, GIn226Leu, Gly228Ser;

Alal89Gin, Lys193Ser, Gln226Leu, Gly228Ser;

Asp187Ser/Thr, Ala189Gln, Lys193Ser, Gln226Leu, Gly228Ser;

Alal89Lys, Lys193Asn, GIn226Leu, Gly228Ser;

Aspl87Ser/Thr, Alal189Lys, Lys193Asn, Gin226Leu, Gly2288Ser;

Lys156Glu, Ala189Lys, Lys193Asn, Gln226Leu, Gly228Ser;

Lys193His, GIn226Leu/lle/Val, Gly2288er;

Lys193Arg, GIn226Lew/lle/Val, Gly228Ser,

Alal89Lys, Lys193Asn, Gly225Asp;

Lys156Glu, Alal89Lys, Lys193Asn, Gly225Asp;

Ser137Ala, Lys156Ghu, Alal89Lys, Lys193Asn, Gly225Asp;

Glul90Thr, Lys193Ser, Gly225Asp;

Aspl8T7Thr, Alal89Thr, Glui90Asp, Lys193Ser, Gly225Asp;

Asn186Pro, Aspl87Thr, Alal89Thr, Glul90Asp, Lys193Ser, Gly225Asp;
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Thr Asp ser Ala Gu Hs Leu lle lle Trp Gy Ile His
H.s Pro Ser 859095 Ser Thr G n Au Lys Asn Asp Leu Tyr
A"y ARO78h ser Leu Ser 1le 100105110 Ser Val R§Y/US®P7/018160

175100 R A R AR ARG PlegB R0 P g i spon, ger227le

[6033¢] Aslp shiae sidhSentiodird3@sl BR 140 pzﬂ?%eﬂm& h¥&dkt 1&dsNorRr Qrikdry
nille Thr Phe Ser Hs Asn 145150155160

suf@%ulqorﬂ &S Pprapaopchwith g WaldgyneaiAsaich E’V‘é afo@uy ayd/opycifieiyy of the

Gn Ser Gy Ala ser val Asp
va%f&%@”ﬁ%@éﬂ’zgg‘ﬁekk%ﬁ Phe 180185190 Trp Lys @y

[06239] sdn ctitan Ashodimentsyiavdngive BSBBRHS HA pblﬁmpnﬂﬂmaﬁe fmino acid

G L T A
seBRep sty et f b (51 amidh st embainatis ion Hauike
BSNB}H&HA el pdptideshave M@dstzMﬁbnsQ}lﬁI@JA(spALgs 1@?@&3@@,@52}4% and

LeuPheGIyAIaI e Ala Qy Phe'lle
Glz2slew.y Qy 245250255 Met Val Asp Gy Trp Tyr GIy Phe

Hi 5 Yo @ a. ..
{00%‘3@] IE c%z[r?n @gocﬁ“&@n ? 1Hvegt1¥e §F§B§|§g ?I% éoi%ﬁeﬁl%gs;ﬁap? é&uno acid
sequences characteristic of H1 HAs. For example, in some embodiments, such H3-like
BSHB HS HAs contain substitutions Glu190Asp, Lys193Ser, GIn226Leu and Gly228Ser.
[00235] In some embodiments, inventive BSHB H5 HA pb}ypeptides have an open

binding site as compared with wild type HS HAs. In some embodiments, inventive BSHB

_ , iaz—s iaZ—&
H5 HA polypeptides bind to the following «2-6 sialylated glycans: ( ), ( )

& .
(_6) ) (O%—), (o@ogj[]—),(—gg;é-Core)s(-g‘geCme)’ (—gﬁ;;(»Core),

and combinations thereof. In some embodiments, inventive BSHB H5 HA polypeptides bind

30&2—6 iuz-e I 26 L '
to glycans of the structure: ( ) ( )}, (—3— )and combinations thereof; and/or

v, 26 w25
(oa"?'_'s@“—); and/or (OEGGBE:'D—-); and/or (-g—X——Core)’ (—g—)e(:ore),

%cﬂ—ﬁ :
Core), and combinations thereof, In some embodiments, inventive BSHB HS HA

polypeptides bind to (‘-g* ), (_ﬁ, )}, and/or (-gf ); in some embodiments to

(C'“““O—) in some embodiments to (O'—OL‘U“), and in some embodimens to

(—%—z—ge(:ore)’ (—%E;eCore), and/or (E‘Z%_%-Core).

{00236} Insome embodiments, inventive BSHB H5 HA polypeptides bind to umbrella
topology glycans. In some embodimetns, inventive BSHB H5 HA polypeptides bind to at
least some of the glycans (e.g., a2-6 silaylated glycans) depicted in Figure 9. In some
embodiments, inventive BSHB H5 HA polypeptides bind to multiple glycans depicted in
Figure 9.
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275280285 Thr Gy Lys Leu Asn Arg Leu Ile @ u Lys Thr

Phe d u 290295300 Ser Ile @ u ser .
20> {Smﬁfé GuHs Gnlle dy Asn Val 305310‘?1‘2%%8&’018““

, n i i .
O 0B o g g e S B T s DRI B 2R cost abou
10%226%, 2072325 9CBI 3 6] 48R 248 % 50Us 55600 8h,0E Vs F0Ts; 71%|, F0tro, 85%,
o [ Tyr Rro Thr,leu Qu.Asn Qu Gu 'flu
900 I R moisios T gtasog i i Fedeqto 4 Rl S i e
tiskyes (Ph cefdhblidlcellsghe Thr 202530 Ser Asn Ay Trp Ay Al a

val Asn ser Ay Ala Gy Vval Thr Ala Ala 354045 Cys Lys
Phe Ay ser ser Asn Ser Phe Phe Arg Asn Met Ile Trp

Exhf1e>0 PRAGn aherdilly Sn (B hunSh ufdof rdddfrard¥ bl Val 11e Arg
y g Asp Val

[00238] Valleciiabinbing sGldycs\Whdwdd dividsisy frthe Aktaib8HQOAIFh and- €26 in the
upgé'fres(girgtolr_'}i/ tsissuGe.:sr.] Stéisnri)ngLsenlljdie-I:-syigldi%gtg p%e)f/iﬁmﬁlsagt dsistrriba%n c;rty 0{2~6 stalylated
glycans as a part of both N-linked (ciliated cells) and O-linked glycans (in the goblet cells) on
the apical side of the tracheal epithelium (Figure 18). On the other hand, the internal regions
of the tracheal tissue predominantly comprises of a2-3 distributed on N-linked glycans. A
long-standing question is what a2-6 sialylated glycan receptors are present on human lungs?
[00239] MALDI-MS glycan profiling analyses showed a substantial diversity (Figure 10)
as well as predominant expression of «2-6 sialylated glycans on the human upper airways.
Significantly, 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). It is known that‘ the current H5N1 viruses primarily infect 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).
[00240] Data in Figure 18 were generated by the following metliod. 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 o -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 pug/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
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100105110 Ala Val Asp Ser Au Ser Tyr Asn Arg Arg Phe

MU 1le ser 115120125 Thr Arg Pro Lys,,
%%@ﬁa Gy Arg Met Thr Phe Tyr Trp 13013%@5@@9’“‘8“0

stedphRidiat &%ﬁﬂ B O3 Ein @ 395 Aded-26) fEP[ hﬁsude%%eré%s@dmth TBST
: a Ph 5150155160 Leu Ala Pro Arg T

and ggwidbhidgSen o@réupatstnybrﬁ@npﬂzycwliwmﬁaﬁ 1975@11SZ51HL®CWE®aAr g

- Ser e Qd u.ser s _Ser Thr s Gn
miigtsBEh o6 MaPRny rah AR PR i B A Ser
[00BAE] HImtAaFigle lﬂlv&rdgﬁﬁm:n%ﬁ@e Mlﬁw’lﬂgrméth@i (Ehy cABI~70 x

6C,ys Pro Lys Tyr val s Ser Leu 21021

109 Seredurwatedodign Hicy “Ler%??q{g corg UsRIgFiEh @%96&613#2 salme buffer and

the%gl@ %%9%%%%5 goYatétﬁéﬁ GP {/}@azt%ﬁz(tggilt egseﬁhﬁﬂb@)MCag?ocH:rﬁ) and

horilfygen(zaymPHd;e @Ihmbtnsram GFadtom vGisureded “GhWNﬂmeEm%Eﬂgland

Bl taind el BRBs S PD uR SERY ek plorgpene vas
boiRgiFoAT(BniA®d ddstivatdithe Aeiyniumd@heldeglycosylated peptides and proteins were
removed using a Sep-Pak C18 SPE cartridge (Waters). The 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). The 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. The 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 «2-3 sialylated glycans) ina
final volume of 100 mL of 50 mM sodium phosphate, pH 6.0 at 37 °C for 24 hrs. The neutral
and the acidic fractions were analyzed by MALDI-TOF MS in positive and negative modes

respectively.,

Example 6: Dose response binding of H1 and H3 HA to human lung tissues

{00242}  The apical side of tracheal tissue predominantly expresses o2-6 glycans with long
branch topology. The alveolar tissue on the other hand predominantly expresses o2-3
glycans. H1 FA binds significantly to the apical surface of the trachea and its binding reduces
gradually with dilution from 40 to 10 pg/m! (Figure 19). H1 HA also shows some weak
binding to the alveolar tissue only at the highest concentration. The binding pattern of H3 HA
is different from that of HI HA where in H3 HA shows significant binding to both tracheal
and alveolar tissue sections at 40 and 20 pg/ml (Figure 19). However, at a concentration of
10 pg/ml, the HA shows binding primarily to the apical side of the tfracheal tissue and little to
no binding to the alveolar tissue. Together, the tissue binding data point to 1) the high affinity
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290295300 ser Val Gn Hs Gu Phe Ser Qu lle u Qu

n Gn Leu 305310315320 ser <210> 18 <211>
%g Zh@%ﬁbRT <213> Artificial Sequence <220> HJ3452007/018160

o AT S L B SRR et e D T s
afAity e b2 ereifhelyS0weSBin bb &) EMSIA Yshidhty s;gciﬁc%’lbgaéf-%l

Lys Met Phe 202530 Asp Phe Thr Lys Trp Asn Val Thr Tyr
10&%431 a yherdata ndriguyed Iavere eguerashoas the follawingThethSts: Fésmlin

r : r T eu 505560, Thr
o B Rl S50 o
US Beordsn 118550 580U Bioldgigal Aeppestive] Adlisshd secliens vrlre dddakaffinized,
Hi. s 095 Thr Ser Ala Au Gn

Ir alle Hi Pra Pr 5 ]
re éfat@ ?Pdua?}lbﬁ?ﬁ withd! Y8 Anp PBRUAT Thiminiles (@ Brevars pepsperific
bisBhg. RN TINE FBN2 WARvde HreldophSRd Ml psitlar RRibbdP (hbRe anti 6X
Asn lle Gy 115120125 ) )
His tag, Abcam) and secondary antibody (Alexa fluor 488 goat anti mouse, Invitrogen) in a
ratio of 4:2:1, respectively, for 20 minutes on ice. The complexes formed were diluted in
1%BSA-PBS to a final HA concentration of 40, 20 or 10 ug/ml. Tissue sections were then
incubated with the HA-antibody complexes for 3 hours at RT. Sections were counterstained
with propidium iodide (Invitrogen; 1:100 in TBST), washed extensively and then viewed

under a confocal microscope (Zeiss LSM510 laser scanning confocal microscopy),

Example 7: Dose response direct binding of wild type HA polypeptides to glycans of

different topology

[00244]  As described herein, the present invention encompasses the recognition that
binding by HA polypeptides to glycans having a particular topology, herein termed
“umbrella” topology, correlates with ability of the HA polypeptides to mediate infection of
human hosts. The present Example describes results of direct binding studies with different
HA polypeptides that mediate infection of different hosts, and illustrates the correlation
between human infection and umbrella glycan binding.

[00245]  Direct binding assays typically utilize glycan arrays in which defined glycan
structures (e.g., monovalent or multivalent) are presented on a support (e.g., glass slides or
well plates), often using a polymer backbone. In so-called “sequential” assays, trimeric HA
polypeptide is bound to the array and then is detected, for example using labeled (e.g., with
FITC or horse radish peroxidase) primary and secondary antibodies, In “multivalent” assays,
trimeric HA is first complexed with primary and secondary antibodies (typically in a 4:2:1
HA primary:secondary ratio), such that there are 12 glycan binding sites per pre-complexed
HA, and is then contacted with the array. Binding assays are typically carried out over a
range of HA concentrations, so that information is obtained regarding relative affinities for

different glycans in the array.
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8 Pro Leu Val Arg Ay Gn Gn Ay Arg net ASf%Hl}/
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Ser Gn Lys Ala Il e Asp Asn I\/Et G n 275280285 Asn

[002g4] Le‘tppﬂ@ﬁlaﬂ?sﬁhnWFs qfiFs-egged Y4 mrefeinppiimany sntipadymmense anti 6X

3 3 FRBRESTRR A Sy a5l A I s

ratio of 4:2:1 HA:primary:secondary for 15 minutes on ice. The mixture (i.e., precomplexed
HA) was then made up to a final volume of 250 ul with 1% BSA in PBS. 50 ul of the
precomplexed HA was then added to the glycan-coated wells in the 384-well plate, and was
incubated at room termperature 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 precomplxes were studied. Appropriate
negative (non-sialylated glycans) and background (no glycans or no HA) controls were
included, and all assays were done in triplicate. Results are presented in Figure 20

[00248] One characteristic of the binding pattern of known human adapted H1 and H3
HAs is their binding at saturating levels to the long a2-6 (6’SLN-LN) over a range of dilution
from 40 down to 5 pg/m (Figure 20). While H1 HA is highly specific for binding to the long
o.2-6, H3 HA also binds to short a2-6 (6’SLN) with high affinity and to a long a2-3 with a
lower affinity relative to o2-6 (Figure 20). The direct binding dose response of H1 and H3
HA is consistent with the tissue binding pattern. Furthermore, the high affinity binding of H1
and H3 HA to long a2-6 correlates with their extensive binding to apical side of the tracheal
tissues which expresses a2-6 glycans with long branch topology. This correlation provides
valuable insights into the upper respiratory tissue tropism of human adapted H1 and H3 HAs.
The tested H5 HA on the other hand shows the opposite glycan binding trend wherein it binds
with high affinity to a2-3 (saturating signals from 40 down to 2.5 pg/ml) as compared to its
relatively low affinity for «2-6 (significant signals seen only at 20-40 pg/ml) (Figure 20).
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<210> 19 <211> 318 <212> PRT <213> Artificial Sequence
<220> <223> NCBI influenza virus sequence <400> 19 Pro

Y Q2738 oys Tyr Pro Ay Gu Leu Asn Asn ASETASH007/618160
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abde kY I r - . val ser
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Thr Ay Val Arg Pro 115120125 Gy Tyr Asn Ay Gn Arg
ser Trp Met Lys Ile Tyr Trp Ser Leu Leu
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130135140 His Pro Ay Qu net Ile Thr Phe A u ser Asn
Gy Ay Leu Leu Ala 145150155160 Pro Arg Tyr Ay Tyr
Illelle Qu Au Tyr Ay Lys Ay Arg Il e Phe 165170175
Gn Ser Arg Ile Arg Met Ser Lys Cys Asn Thr Lys cys
G n Thr Ser 180185190 Val Gy Ay Ile Asn Thr Asn Arg
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Asp Cys Pro Lys Tyr Ile Lys Ser Gy Gn Leu Lys Leu
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290295300 dmeys w@llgetipmeot Aeshag@nts; Val G u Lys Arg |le Asn

Vet Le%g%'ﬁ%@%%@%%ﬂ%ﬁ}? ghied, §§eq&rggr%ﬁa—%oip%ioi g?f%lycan and at

2 049
least one HA polypeptide that binds to the umbrella-topology glycan; and

determining that observed binding between the at least one umbrella-topology
glycan and the at least one HA polypeptide is reduced when the agent is present

as compared with when it is absent,

2. A method of identifying agents with high affinity for umbreila-topology glycans
by:
providing a collection of test agents;
contacting the test agents with at least one umbrella-topology glycan; and
determining that observed binding between the at least one umbrella-topology

glycan and the test agent occurs with high affinity.

3. The method of claim 1, wherein residues of the HA polypeptide involved in the
interaction include those selected from the group consisting of residues 137, 145,
156, 159, 186, 187, 189, 190, 192, 193, 196, 222, 225, 226, and 228, and

combinations thereof,

4. The method of claim 1 or 2, wherein the umbrella topology glycans comprise long

®2-6 sialylated glycans.

5. The method of claim 4, wherein the long u2-6 sialylated glycans are selected from
the group consisting of Neu5Aca-6GalB1-4GleNAcB1-3Galpl-4GlcNAc,
Neu5Ac02-6GalNAcB1-4GleNAcB1-3GalNacB1-4GleNac, NeuSAca2-6Galfi-
4GleNAcB1-3GalB1-4GalNAc, NeuSAco2-6GalB1-4GleNAcB1-3Galp1-
4GleNAcB1-3GalB1-3GalNAc, NeuSAce2-6GalNAcB1-4GlcNAcB1-3Galpl-
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305310315 <210> 20 <211> 317 <212> PRT <213>
Artificial Sequence <220> <223> NcBIl influenza virus
sequence <400> 20 val Asp Thr cys Tyr Pro Phe Asp Val
Pro Asp Tyr G n ser Leu Arg 151015 Ser Ile Leu Al a ser
ser Ely ser Leu Gu Phe Ile Ala Au G n Phe 202530 Thr
Trp Asn Ely Val Lys Val Asp Ely Ser Ser Ser Ala Cys
Leu Arg 354045 Ely Ely Arg Asn Ser Phe Phe Ser Arg Leu

As C Cc - -
SRRSO MABHSERO A gDy A S

Tyr 3GalNAsg QJeuéWZF%aiﬁéﬁGﬁmﬁA@%ﬁNwSﬂ% éIeM&CﬁQrGﬁ%%}-

i GRS e Roll Rbrdolin (3BLaP Al P
G n3kiGelnGes, NdusAval-6BrIof APN-AG1eNEL 1 -3 &G am g, l\le&iﬁRG&ZS
Pro A n_Ser ﬁK%’fArglle Ser

o oebnfad- AL AR Al A | S R ad NerdHid o
phesAsip1-3efalNA B I F IR B L8 al 23N hROLBPARD -6Galp1 -

4GalNAcP1-3/6GleNAcB1-3/6Gala2-3/6Neu5Ac, NeuSAco2-6Galfl-
3GalNAcP1-4Galol-3Galp1-4Gle, NeuSAca2-6Galfl-3GalNAcB1-3Galal-
4GalPl-4Gle, NeuSAco2-6Galpl-3GIeNAcB1-3Galf1-4Gle and NeuSAca2-
6GalB1-4GlcNAcB1-3Galp1-4Gle.

6. The method of claim 1 or 2, wherein the test agent is selected from the group

consisting of: glycans, small molecules, and glycomimetics.
7. The method of claim 1 or 2, wherein the test agent is a polypeptide.
8. The method of claim 1 or 2, wherein the test agent in an HA polypeptide.
9. The method of claim 1 or 2, wherein the test agent is an HA polypeptide variant.

10. The method of claim 1 or 2, wherein the test agent binds to umbrella topology
glycans with an affinity that is at least 25%, at least 50%, or at least 75% of that
observed under comparable conditions for a wild type HA that mediates infection

of humans.

11. The method of claim I or 2, wherein the test agent binds to umbrella topology

glycans more strongly than it binds to cone topology glycans.

12. The method of claim 1 or 2, wherein the test agent shows a relative affinity for
umbrella topology glycans vs cone topology glycans of at least 10, at least 9, at

least 8, at least 7, at least 6, at least 5, at least 4, at least 3 or at least 2.
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Ala Pro Arg Ely H's Tyr Lys Ile ser Lys Ser Thr Lys
Ser Thr val 165170175 Leu Lys Ser Asp Lys Arg Ile Ely
Ser Cys Thr Ser Pro cys Leu Thr 180185190 Asp Lys EHy
Ser Ile A n Ser Asp Lys Pro Phe G n Asn val Ser Arg
195200205 Ile Ala Ile Ely Asn cys Pro Lys Tyr Val Lys
A n Ely ser Leu net 210215220 Corrected Sequence
Listing _2 0492612-0502 5T25 Leu Ala Thr Ay met Arg
Asn Ile Pro Ay Lys Gn Ala Lys Gy Leu 225230235240
Phe Ay Ala lle Ala Ay phe Ile Gu Asn Ay Trp Gn
A3y Aumethpdl ef @AS2HA2E5 pdlypepinlps hyarsaflple, tiherchr feHs G n

Lye PPt ol o oloskelaih 1o Asn Lys Leu

275280285 Asn Arg Leu Ile Au Lys Thr Asn G u Lys Tyr
G n G u Lys 290295300 Gu the Au Gn Val Qu

d ”y The glethoé ofclrimd B, Visicigithe R0BE10318tholpinal ke 11>

327 <212> PRT <213> Artificial Sequence <220> <223>

NCBI influenza virus sequence

15. The method of claim 14, wherein the pathological sample is selected from the

group consisting of 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, tissues from brain, spleen and liver, and combinations thereof.
16. The method of claim 13, wherein the sample is an environmental sample.

17. The method of claim 16, wherein the environmental sample is selected from the

group consisting of soil, water, and flora.
18. The method of claim 13, wherein the sample is a laboratory sample.

19. The method of claim 18, wherein the laboratory sample comprises engineered HA

polypeptides designed and/or prepared by researchers.

20. The method of claim 13, wherein the umbrella topology glycans comprise long

«2-6 sialylated glycans.
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<400> 21 Ser Asp Ile Cys Tyr Pro Gy Lys Phe Thr Asn
Gu Au Ala Leu Arg 151015 Gn lle lle Arg Qu Ser Ay
Ay lle Asp Lys Au Pro Met dy Phe 202530 Arg Tyr Ser
Gy Ile Lys Thr Asp Ay Ala Thr Ser Ala Cys Lys Arg
354045 Thr Val Ser Ser Phe Tyr Ser Gu Met Lys Trp Leu
Leu Ser SeorideysebbbhbcAl.asAsn G mwal2-Phe_BPrs G n Leu
An Thr Tyr Arg $SHENMEN-&TGNGys 65707580 A u Pro Al a

<110> L8l sddBuddk s TR @u¥e &l TddnfioTdgs Ser Ser Ser Leu Asp
85060kinanGear Asn Lys Leu Tyr Gy Ala Gy Asn Lys Leu

y

e T l, 1 Tyr G i.n_ Ser
20 B Sebviso R RegFrge, o edbe sl ik

Corrected Sequence Listing _2 0492612-0502_ST25
<130>) 955129 %ro0 Gy Asp Thr val Thr Phe Thr Phe Asn Ay
<140>AlmaTRixe7tise6d a Pro 145150155160 Asp Arg Al a Thr Phe
<141>| 2900§-Fer Asn Ala Pro Ser Ay Val du Tyr 165170175
<160-Asa Ay Lys Ser Leu Gy Ile @n Ser Asp Ala Gn lle

Asp A u Ser
<170> Patentin version 3.5
<210> 1
<211> 323
<212> PRT
<213> Artificial sequence
<220>
<223> NCBI influenza virus sequence
<400> 1

Glu Asn Gly Thr Cys Tyr pPro Gly Glu Phe Ile Asp Tyr Glu Glu Leu
1 5 10 15

Arg Glu Gln Leu Ser Ser Ile Ser Ser Phe Glu Lys Phe Glu Ile Phe
20 25 30

Pro Lys éga ser ser Trp Pro ﬁgn His Glu Thr Thr kgs Gly val Thr

Ala ?éa Cys ser Tyr Ser ggy Ala Sar Ser Phe g%r Arg Asn Leu Leu

Trp Ile Thr Lys Lys Gly Thr Ser Tyr Pro Lys lLeu Ser Lys Ser Tyr
65 70 75 80

Thr Asn Asn Lys Gly Lys Glu val teu val rteu Trp Gly val His His
85 90 95

Pro Pro Ser val Ser Glu GIn Gln Ser Leu Tyr GIn Asn Ala Asp Ala
100 105 110

Tyr val Ser val Gly Ser Ser Lys Tyr Asn Arg Arg Phe Ala Pro Ghu
115 120 125

Ile Ala Ala Arg Pro Glu val Arg Gly Gln Ala Gly Arg Met Asn Tyr
130 135 140

Tyr ¥rp Thr Leu Leu Asp Gln Gly Asp The T1e Thirr Phe Glu Ala Thr
145 150 155 160

Gly Asn Leu Ile Ala Pro Trp Tyr Ala Phe Ala Leu Asn Lys Gly Ser
165 170 175
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ASp

Arg

Asn

Thr

225

ser

Thr

Gly

Gly

Phe

305

Asn

180185190 Cys Au Ay Au cys Phe Tyr Ser Ay Gy Thr
Ile Asn Ser Pro Leu 195200205 Pro Phe G n Asn Ile Asp
Ser Trp Ala Val Ay Arg Cys Pro Arg Tyr 210215220 Val
Lys G n ser ser Leu Pro Leu Ala leu L. Asn
val Pro | zse%dséza'@er@eu'—k%ﬁg“m@ﬁﬁgzﬁr%@i Leu
Phe Ay aIIeAIaGIy&eIIe245250255 u Asn Ay
Trp Qu Ay Leu Ile Asp Ay Trp Tyr Ay Phe Arg Hi s
ser Z5926B2 Z0e Ght Ash ASPaA G Rra YR 1GHHS @Sy gg ABP TRl a Asp
Tyr £8% Ser Thr G n 2¥%280285 Ala Ala 11% Asp Gn Ile
Thr Ay Lys Leu Asn Arg Leu Ile Au Lys 290295300 Thr
cys ASim Tiar PG nHiBhely@Alaleeu ke AspSésned rdPibe Thim G u
VA5 d u 305310315380 G n Gn Ile A¥P5Asn Val Ile 325
<210> 22 <211> 320 <212> PRT <213> Artificial Sequence

val $8420pr&£238>ri¥am & ifiyuenz ayyi pries LgequyeneEl Lys Ser
210 215 220

Lys Leu Arg Met Ala Thr Gly Leu Arg Asn val Pro Ser Ile Gln
230 235 240

Arg Gly Leu phe Gly Ala Ile Ala Gly phe Ile Glu Gly Gly Trp
245 250 255

Gly Met Ile Asp Gly Trp Tyr Gly Tyr His His GIn Asn Glu Gln
260 265 270

ser Gly Tyr Ala Ala Asp GIn Lys Ser Thr Gin Asn Ala Ile Asp
275 280 285

Ile Thr Ser Lys val Asn Ser val Ile Glu Lys Met Asn Thr Gln
290 295 300

Thr Ala val Gly Lys Glu Phe Asn Asn Leu Glu Arg Arg Ile Glu
310 315 320

Leu Asn

<210> 2

<211> 323

<212> PRT

<213> Artificial Sequence

<220> . )
<223> NCBI influenza virus sequence

<400> 2

1

Glu Asn Gly Thr Cys Tyr Pro Gly Asp Phe Ile Asp Tyr Glu Glu Leu
5 )

10 15

Arg Glu GIn Leu Ser Ser val ser Ser Phe Glu Lys Phe Glu Ile Phe

Pro

25 30

Lys Thr Ser Ser Trp Pro Asn His Glu Thr Thr Lys Gly val Thr
35 40 45

Ala Ala Cys Ser Tyr Ala Gly Ala Ser Ser Phe Tyr Arg Asn Leu Leu
50 55

60

Page 2



<400> 22 Pro Asn Lys Leu Cys Phe Arg Ay G u Leu Asp

Asn Asn Gy Qu Leu 151015 Arg His Leu Phe ser Gy val
Asn ser Phe Ser Arg Thr G u Leu Ile 202530 Corrected
sequence Listing _2 0492612-0502_ST25 Ser Pro Asn Lys
Trp Ay Aspreéted saguisee@istiay Pho49ia 2Ses020832854045

As n y_ Al a Ser ser PheTr Arg Asn Leu Val
arp Le”?ﬁg'"ﬁ)% @ﬁ ?g%%%ﬂosﬁijswﬁsﬁml qLL Xs>9yri¥Pro Val
IIe Lys Ay Asp Tyr Asn Asn 707580 Thr Thr (Ey Arg
p Val Leu Val leu Trp Ile Hs Hs Pro Asp 859095
val AS”TI”]‘F”GYG LYRrGIY Xat @”A%@/ L&y T GAY vadep it ydsAsn
Pro Tyr r 100105110 Leu Ser Thr Lys u Trp Ser
Lys Arg Tyr Qu Leu Qu Ile Ay 115120125 Thr Arg lle
Pro P"CGITW Wy Ashrelar §1segerTeer Wer &hs AbeWnTByAsTdaH s
130135740 LeU Met Arg ¥P0 Ay Gu Arg € Met Phe Qu
Ser Asn Ay Gy Leu 145150155160 Ile Ala Pro Arg Tyr
TYr Va]GiYEW &1ve skresdd %gylsyrm:sn @ry Aty ;%yrhé\r grd@3%70175

Ile Ala Ala Arg Pro Lys val Arg Asp GIn Ala Gly Arg Met Asn Tyr
130 135 140

Tyr Trp Thr Leu Leu Glu Pro Gly Asp Thr Ile Thr phe Glu Ala Thr
145 150 155 160

Gly Asn Leu Ile Ala Pro Trp Tyr Ala Phe Ala Leu Asn Arg Gly Ser
165 170 175

Gly ser Gly Ile Ile Thr Ser Asp Ala Pro val His Asp Cys Ash Thr
180 185 190

Lys Cys GlIn Thr Pro His Gly Ala Ile Asn Ser Ser Leu Pro Phe Gln
195 200 205

Asn Ile His Pro val Thr ITe Gly Glu Cys Pro Lys Tyr val Arg Ser
210 215 220

Thr Lys Leu Arg Met Ala Thr Gly Leu Arg Asn Ile Pro Ser Ile Gln
225 230 235 240

Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly pPhe Ile Glu Gly Gly Trp
245 250 255

Thr Gly Met Ile Asp Gly Trp Tyr Gly Tyr His His GIn Asn Glu Gln
260 265 270

Gly Ser Gly Tyr Ala Ala Asp GIn Lys Ser Thr GIn Asn Ala Ile Asp
275 280 285

Gly Ite Thr Asn Lys val Asn Ser val Ile Glu Lys Met Asn Thr Gln
290 295 300

Phe Thr Ala val Gly Lys Glu Phe Asn Asn Leu Glu Arg Arg Ile Glu
305 310 315 320

Asn Leu Asn
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<210>
<211>
<212>
<213>

<220>
<Z223>

<400>

o sy 0 SO A sy A9, B0

Ile Phe Gn Ser Ay Val Arg net Ala Lys cys Asn Thr
Lys Cys G n 180185190 Thr Ser Leu Ay Ay Ile Asn Thr
Asn Lys Thr Phe G n Asn Ile A u 195200205 Arg Asn Al a
Leu Ay Asp Cys Pro Lys Tyr Ile Lys Ser Ay Gn Leu
21021522@ckyscieeluséddintlrLiGtynd et P eAIONRLSPIo ser
al Ay Qu Arg Ay 225230235240 Leu Phe Gy Ala lle
ha Gy Phe Ile Gu Ay Ay Trp Pro Gy Leu 245250255
IPke Asn Ay Trp Tyr Ay Phe Gn Hs Gn Asn u Gn
@ryifrilei aGSeaR60&65270 Ile Ala Ala Asp Lys Ala Ser Thr
GnLys Alalle Asp Qu Ile Thr 275280285 Thr Lys Ile
AeBr AaR1ddBal L@ Yeduishcl®Bt Asn Gy Asn Tyr Asp Ser
290295300 Page 30 Corrected Sequence Listing
32 0492612-0502 ST25 Ile Arg Gy G u Phe Asn G n Val
JO532N, 7240> 23
Sequefxe €220>
<223> HA gl ycan bi ndi ng domai n sequence <400> 23

Arg Glu Gin Leu Ser Ser val Ser Ser phe Glu Arg Phe Glu Ile Phe
3

20 25

Pro Lys Glu Ser Ser Trp Pro Asn His Thr val Thr Gly val ser Ala

35 40 45

ser Cys ser His Asn Gly Lys Ser Ser pPhe Tyr Arg Asn Leu Leu Trp

55 60

Leu Thr Gly Lys Asn Gly Leu Tyr Pro Asn Leu Ser Lys Ser Tyr val

65

70 75 80

Asn Asn Lys Glu Lys GTu val teu val Leu Trp Gly val His His Pro

Pro Asn Ile Gly Asp GIn Arg Ala Leu Tyr His Thr Glu Asn Ala Tyr

100 105 110

val Ser val val Ser Ser His Tyr Ser Arg Arg Phe Thr Pro Glu Ile

115 120 125

Ala Lys Arg pPro Lys val Arg Asp GIn Glu Gly Arg Ile Asn Tyr Tyr
130 135 148 e

Trp Thr Leu Leu Glu Pro Gly Asp Thr Ile Ite Phe Glu Ala Asn Gly

150 155 160

Asn Leu Ile Ala Pro Trp Tyr Ala Phe Ala Leu Ser Arg Gly Phe Gly

165 170 175

Ser Gly Ile Ile Thr Ser Asn Ala Pro Met Asp Glu Cys Asp Ala Lys

Cys Gln

val His

180 185 190

Thr Pro Gin Gly Ala Ile Asn Ser Ser Leu Pro Phe GIn Asn
195 200 205

Pro val Thr Ile Gly Glu Cys Pro Lys Tyr val Arg Ser Ala

210 215 220

Lys Leu

Arg Met val Thr Gly Leu Arg Asn Ile Pro Ser Ile Gln Ser
Page 4



225

Arg

Gly

Ser

ser Tyr Ile lle Gu Thr Ser Asn Ser G u Asn Gy Thr
Cys Tyr Pro 151015 Ay GQu Phe Ile Asp Tyr Qu G u Leu
Arg Au d@n Leu Ser Ser Ile 202530 Ser Ser Phe G u Lys
Phe Au Ile Phe Pro Lys Ala Ser Ser Trp Pro 354045 Asn
H's G u Toérrblked Yseq@yceValisditg A 248bg1 CnsoSefrTyr
ser Ay 505568 Ala Ser Ser Ph&3sTyr Arg Asn Leuwd4teu Trp
Ile Thr Lys Lys Ay Thr 65707580 ser Tyr Pro Lys Leu
G19QleulVife 38y A IT@YM%SawA%*ReLm Ghy dySa @5[9995 val
Leu Val RReb Trp Ay Val HxsoH s Pro Pro erzs S
Gu Gn 100105110 G n Ser Leu Tyr G n Asn Ala Asp Ala

MeEyJa1V§4 iﬁg %Fﬁ,l gym§ sN Ala i?nlzf% gfgg n Arg
130135140 Arg dy Gn Ala Gly Arg I\/bt Asn Tyr Tyr Trp

a1, Lo Leu Asp G n 145150155160 Gy Asp Thr |le <210>
%@%2%“?%4“522@ BT S‘N‘ti“?"cgg Sduerty <220>

<223> HA gl ycan bi ngl ng domai n sequence <400> 24

Ile Thr Asn Lys val Asn Ser val Ile Glu Lys Met Asn Thr Gln phe
290 295 300

Thr Ala val Gly Lys Glu Phe Asn Lys Leu G?u Arg Arg Met Glu Asn

305 310 320

Leu Asn

<210> 4

<211> 321

<212> PRT

<213> Artificial sequence

<220>

<223> NCBI influenza virus sequence

<400> 4

i1a Asn Gly Leu gys Tyr Pro Gly Ser Phe Asn Asp Tyr Glu Glu Leu

Lys

10 15

His Leu Leu Thr ser val Thr His Phe Glu Lys val Lys Ile Leu
20 25 30

Pro Arg Asp Gin Trp Thr GIn His Thr Thr Thr 61y Gly Ser Arg Ala

35 40 45

Cys ?éa val Ser Gly Asn Pro Ser pPhe Phe Arg Asn Met val Trp Leu

55 60

Thr Glu Lys Gly Ser Asn Tyr Pro Ile Ala Lys Arg Ser Tyr Asn Asn

65

70 75 80

Thr Ser Gly Lys GIn Met Leu val Ile Trp Gly Ile His His Pro Asn

85 90 95

Asp Asp Thr Glu GIn Arg Thr Leu Tyr Gln Asn val Gly Thr Tyr val

100 105 110

Ser val Gly Thr Ser Thr Leu Asn Lys Arg Ser Ile Pro Glu Ile Ala

135 120 125
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Corrected Sequence Listing _2 0492612-0502_5T25 Ser
Tyr Ile Val A u Thr ser Asn ser Asp Asn Ay Thr Cys
Tyr Pro 151015 Ay Asp Phe Ile Asp Tyr Gu GQu Leu Arg
GQu Gn Leu Ser Ser Val 202530 Ser Ser Phe du Lys Phe
G u |l e PherReeed poqldricesefsSay 1 0487612309645 TAsN Hi s
Thr APGIPu Thr Th'i Arg dvy _val Th[l Ala Ala cys Pro Tyr Ala
138 osb5588 ' A S Qg Gphh& T)/?""QAP,_"QB&]H RUSERU ™Prp Leu
val Lys Lys Ay n 65707580 ser "Tyr Pro Lys Leu ser
Lys ser Tyr Val Asn Asn Lys Gy Lys du 859095 Val Leu
Igg Ley/dleu  glu Thp Ag|Vafl %‘lﬂ%nq% PHO SEAr Thye 6 1THISNASp
G n 100105110°G n Ser Leu Tyr=—G n Asn Ala Asp 1804 Tyr
val ser val Ay Ser Ser 115120125 Lys Tyr Asp Arg Arg
Leu IT@daThro RBle GIruGly ehAl by sAllde ey Pyo AryscMalked 33135140
Arg Ay &n Ala Ay Arg M¥OAsn Tyr Tyr Trp?Thr Leu
Leu Au Pro 145150155160 Ay Asp Thr Ile <210> 25
Gly I?62&&>§g6553hﬁ2(§ﬂ21>t§§?'ﬁ'hﬁ2l11§ﬁ;6%m§ni cyﬁleaae%{)emge 420>

Gin Thr Pro Leu Gly Ala Ile Asn Thr Thr Leu Pro Phe His Asn Ile
195 200 205

His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr val Lys Ser Asp Ar
210 215 220 b A9

Leu val Leu Ala Thr Gly Leu Arg Asn val Pro GIn Ile Glu Ser Arg
225 23 235 240

(=}

Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly
245 250 255

Met val Asp Gly Trp Tyr Gly Tyr His His Ser Asn Asp Gln Gly Ser
260 265 270

Gly Tyr Ala ATa Asp Lys Glu Ser Thr GIn Lys Ala Ile Asp Gly Ile
275 280 285

Thr Asn Lys val Asn Ser val Ile Glu Lys Met Asn Thr Gln Phe Glu
290 295 300

Ala val Gly Lys Glu Phe Asn Asn Leu Glu Arg Arg Leu Glu Asn Leu
305 310 315 320

Asn

<210> 5

<211> 321

<212> PRT

<213> Artificial Sequence

<220>
<223> NCBI influenza virus sequence

<400> 5

Qrg Asp Gly Leu gys Tyr Pro Gly Ser Phe Asn Asp Tyr Glu Glu Leu
10 15

Lys His Leu Leu Ser Ser val Lys His Phe Glu Lys val Lys Ile Leu
Page 6



Pro

Cys

Thr

65

Thr

Asp

ser

Thr

Thr

145

Leu

Gly

Gln

His

Leu

225

Gly

Met

Gly

Thr

<223> HA gl ycan bi ndi ng domai n sequence <400> 25 Ser
Tyr Ile val Au Thr Pro Asn ser AQu Asn Ay Ile Cys
Tyr Pro 151015 Ay Asp Phe Ile Asp Tyr Gu GQu Leu Arg
GQu Gn Leu Ser Ser Val 202530 Ser Ser Phe du Arg Phe
G u ||l e Pherrfecoed seqEncesetssiey T 04Bre183540457125
Corre€?ed Sequence LisZfng 2 0492612- 0302 ST25 505560
Ser Ser Phe Tyr Arg Asn Leu Leu Trp Leu Thr G u Lys

LySaspGiyg Sep BR7ATS80sTykr Rne HUS cheWihySeAuirgSera TyT
Val> Asn Lys Lys A yt0Lys A u Val 859085 Leu Val Leu Trp
Gy Ille Hs Hs Pro Pro Asn Ser Lys Gu Gn Gn

ald 0 L i n Val Ser

v i E;%Pérflg'lé]zgﬁgs'q yéé@ﬁtﬁﬁ bt 8 Phe Thr
Pro Qu lle Ala Qu Arg Pro Lys Val Arg 130135140 Asp

ST i e A A T R e

Ser Gly Glu GIn Met Leu Ite Ile Trp Gly val His His Pro Asn
85 90 a5

Glu Lys Glu GIn Arg Thr Leu Tyr GlIn Asn val Gly Thr Tyr val
100 105 110

val Gly Thr Ser Thr Leu Asn Lys Arg Ser Thr Pro Asp Ile Ala
115 120 125

Arg Pro Lys val Asn Gly Leu Gly Ser Arg Met Glu Phe Ser Trp
130 135 140

Leu teu Asp Met Trp Asp Thr Ile Asn Phe Glu Ser Thr Gly Asn
150 155 160

Ile Ala Pro Glu Tyr Gly phe Lys Ile Ser Lys Arg Gly Ser Ser
165 170 175

Ile Met Lys Thr Glu Gly Thr Leu Glu Asn Cys Glu Thr Lys Cys
180 185 190

Thr Pro Leu Gly Ala 1le Asn Thr Thr Leu Pro Phe His Asn val
195 200 205

Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr val Lys Ser Glu Lys
210 215 220

val Leu Ala Thr Gly Leu Arg Asn val Pro Gln Ile Glu Ser Arg
230 235 240

Leu Phe Gly Ala Ile Ala Gly phe Tle Glu Gly Gly Trp GIn Gly
245 250 255

Ile Asp Gly Trp Tyr Gly Tyr His His Ser Asn Asp GIn Gly Ser
260 265 270

Tyr Ala Ala Asp Lys Glu Ser Thr Gin Lys Ala Phe Asp Gly Ile
275 280 285

Asn Lys val Asn Ser val Ile Glu Lys Met Asn Thr GIn pPhe Glu
Page 7



<211> 164 <212> PRT <213> Artificial Sequence <220>

<223> HA gl ycan bi ndi ng domai n sequence <400> 26 Ser

Tyr Ile Val Au Thr Ser Asn Ser Au Asn Gy Thr Cys

Tyr Pro 151015 Ay Asp Phe Ile Asp Tyr Qu G u Leu Arg

A u G n LewrrBetedSasegial ce20PE30gSexr_o8ereiPhes@ sTbys Phe

298 u Ile Phe Pro28ys Thr Ser Ser 3% Pro 354045 Asn His

GQu Thr Thr Lys Ay val Thr Ala Ala Cys Ser Tyr Al a
Ala vallaly50pbadu Ane SeF Asar LEhe1dVArs hBg ARl &RU ALBU e[l P Leu
305  Thr Lys Lys 30y Ser 65707580 J/é&r Tyr Pro Lys L300 Ser

Lys Ser Tyr Val Asn Asn Lys Ay Lys Ju 859095 val Leu
asn  Val Leu Trp Gy Val His H's Pro Pro Thr Gy Thr Asp

G n 100105110 Corrected Sequence Listing

2 0492612-0502_ST25 G n Ser Leu Tyr Gn Asn Ala Asp
<210- A a Tyr Val Ser Val Gy Ser Ser 115120125 Lys Tyr Asn
<211> A1¢ Arg Phe Thr Pro Gu Ile Ala Ala Arg pro Lys val

<212> PRT
<213> Artificial Sequence

<220>
<223> NCBI influenza virus seqguence

<400> 6

ihe Ser Ash Cys Eyr Pro Tyr Asp Ile Pro Asp Tyr Ala Ser Leu Arg
10 15

Ser Leu val Ala Ser Ser Gly Thr Leu Glu Phe Tle Thr Glu Gly Phe
20 25 30

Thr Trp ggr Gly val Thr GIn ﬁgn Gly Gly Ser Ser Ala Cys Lys Arg
45

Gly 250 Ala Asn Gly Phe g?e Ser Arg lLeu Asn grp Leu Thr Lys Ser
0

Glu ser Ala Tyr Pro val Leu Asn val Thr Met Pro Asn Asn Asp Asn
65 70 75 80

Phe Asp Lys Leu Tyr Ile Trp Gly val His His Pro Ser Thr Asn Gln
85 90 95

Glu GIn Thr Asp Leu Tyr val GIn Ala ser Gly Arg val Thr val Ser
100 105 110

Thr Arg Arg Ser GIn Gln Thr Ile Ile Pro Asn Ile Gly Ser Arg Pro
115 120 125

Trp val Arg Gly GIn Pro Gly Arg Ile Ser Ile Tyr Trp Thr Ile val
130 135 140

Lys Pro Gly Asp val Leu val Ile Asn Ser Asn Gly Asn Leu Ile Ala
145 150 155 160

Pro Arg Gly Tyr Phe Lys Met Arg Thr Gly Lys Ser Ser Ile Met Arg
165 170 175

Ser Asp Ala Pro Ile Asp Thr Cys Ile Ser Glu Cys Ile Thr Pro Asn
180 185 190
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Gly

Tyr

Gly

Ile

130135140 Arg Asp G n Ala Ely Arg Met Asn Tyr Tyr Trp
Thr Leu Leu A u Pro 145150155160 Ely Asp Thr Ile <210>
27 <211> 164 <212> PRT <213> Artificial Sequence <220>
<223> HA gl ycan bi ndi ng domai n sequence <400> 27 Ser
Tyr |l e Ater@ctedWeqRemceAsnsBmg G WwaAseLE0g0Thir26ys
STyr Pro 151015 Ay Tyr Phe_ Ala Asp.Tyr GQu Ju Leu Arg
e ﬂ,gd)'ﬁo el At L% rg(ﬁaf’h‘?(ﬂ%@sn\sélﬁ Pre druTr g Phe
GQulle Phe Pro Lys u Ser Ser Trp Po 354045 Asn His
Thr. Val Thr Lys Ely Val Thr Thr Ser Cys Ser H s Asn
gl?%ﬂaS@S%G’OOL% ; Vadr LPhésTyFhrALgu Asts Lew AlleuThfr p Leu
hr Lys Lys Asn y 65707580 Leu?fYr Pro Asn Val Ser
Lys Ser Tyr Val Asn Asn Lys Ju Lys G u 859095 Val Leu
MeVairgLasn Vap FEIgyG%aILyHi slHTEr Pxry Sy 1asnprhd &1kl AlaAsp
G n 1001051180Arg Ala Ile Tyr2H s Thr du Asn A% Tyr
Val Ser Val val Ser Ser 115120125 His Tyr Ser Arg Arg
A1®IE y Thire gg? Aluuabh &1 argL)é;i;gAmr Ree dissaMalsly Trp
255

Tyr Gly Phe Arg His GIn Asn ser Glu Gly Thr Gly Gln Ala Ala Asp
260 265 270
Levu Lys Ser Thr Gin Ala Ala Ile Asp Gln Ile Asn Arg Lys Leu Asn
275 280 285

Arg val Ile Glu Lys Thr Asn Glu Lys Phe His GIn ITe Glu Lys Glu
290 295 300

Phe ser Glu val Glu Gly Arg Ile Gln Asp Leu Glu

305 310 315

<210> 7

<211> 315

<212> PRT

<213> Artificial Sequence

<220>

<223> NCBI influenza virus sequence

<400> 7

;he Ser Asn Cys gyr Pro Tyr Asp val Pro Asp Tyr Ala Ser Leu Arg

10 15

Ser

Thr

Gly

Gly

65

Phe

Glu

Lteu val Ala ser Ser Gly Thr Leu Glu Phe Ile Thr Glu Gly Phe
20 25 30

Trp Thr Gly val Thr GIn Asn Gly Gly Ser Asn Ala Cys Lys Arg
35 40 45

Pro Gly Ser Gly Phe Phe Ser Arg Leu Asn Trp Leu Thr Lys Ser
50 55 60

Ser Thr Tyr Pro val Leu Asn val Thr Met Pro Asn Asn ASp Asn
70 75 80

ASp Lys Leu Tyr Ile Trp Gly Ile His His Pro Ser Thr Asn Gln

GIn Thr sSer teu Tyr val GIn Ala ser Gly Arg val Thr val ser
Page 9



Thr

Trp

LyS

145

Pro

Ser

Gly

Gly

Gly

Ile

Tyr

Lys

val

Ser
305

130135140 Arg Asp Gn GQu Ely Arg Ile Asn Tyr Tyr Trp
Thr Leu Leu A u Pro 145150155160 Ely Asp Thr Ile
Corrected sequence Listing _2 0492612-0502_ST25 <210>
28 <211> 164 <212> PRT <213> Artificial_ sequence <220>
<223> HACgIsasaad bﬁ%ﬁh“g doPhiny sdifere 2—&@8@9‘% Ser
Tyr PR val "du Thr séP’Asn Ser Gu As 1%Iy Thr Cys
Tyr Pro 151015 Ay Asp Phe Ile Asp Tyr Gu GQu Leu Arg
ArgGtg Gen dleucBerrhBerlevalle 2025860 S8e Sbr SPheAr@ Brays Phe
G1P I1e Phe Pro LysCrhr ser ser Trpl¥ro 354045 Asn His
A u Thr Thr Lys Ay Val Thr Ala Ala Cys Ser Tyr Al a
valGhyg 20P560 Aba sserasernlPherTyhr Avg AN ThewrlleevaTrp Leu
130Thr Lys Lys d y38er 65707580 Serl4®yr Pro Lys Leu ser
Lys ser Tyr Val Asn Asn Lys Gy Lys du 859095 Val Leu
ProV@ly ey viPL &) WaYat1dHasn Het REQ dT50adield ¥1eTRTa ASp
G n 1001051190 G n Ser Leu Tya55 n Asn Al a Aspléba Tyr
Val Ser Val Gy Ser Ser

Arg Gly Tyr Phe Lys Met Arg Thr Gly Lys Ser Ser Ile Met Arg
165 170 175

Asp Ala pro Ile Asp Thr Cys Ile Ser Glu Cys Ile Thr Pro Asn
180 185 1980

ser Ile Pro Asn Lys Pro Phe Gin Asn val Asn Lys Ile Thr Tyr
195 200 205

Ala Cys Pro Lys Tyr val Lys Gln Asn Thr Leu Lys Leu Ala Thr
210 215 220

Met Arg Asn val Pro Glu Lys GIn Thr Arg Gly Leu Phe Gly Ala
230 235 240

Ala Gly phe Ile Glu Asn Gly Trp Glu Gly Met Ile Asp Gly Trp
245 250 255

Gly Phe Arg His Gln Asn Ser Glu Gly Thr Gly GIn Ala Ala Leu
260 265 270

ser Thr GIn Ala Ala Thr Asp GIn Ile Asn Gly Lys Leu Asn Arg
275 280 285

Ile Glu Lys Thr Asn Glu Lys Phe His GIn Ile Glu Lys Glu Phe
290 295 300

Glu val Glu Gly Arg Ile Gin Asp Leu Glu
310 315

<210> B8
<211l> 316

<212> PRT

<213> Artificial Seguence

<220>
<223> NCBI influenza virus sequence

<400> 8

Tyr
1

ser Asn Cys Tyr Pro Tyr Asp val ;60 Asp Tyr Ala ser Egu Arg
5
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Ser

ASN

Arg

Asp

Thr

Arg

LYyS

145

Pro

Ser

Gly

Tyr

Thr

225

Trp

AsSp

115120125 Lys Tyr Asn Arg Arg phe Thr Pro Gu Ile Ala
Ala Arg Pro Lys Val 130135140 Arg Ay @n Ala Ay Arg
Met Asn Tyr Tyr Trp Thr Leu Leu G u Pro 145150155160
Gy Asp Thr Tie <210> 29 <211> 158 <212> PRT <213>
Artifici akoSeguencrgudrdes 5228w HA @opean dsiopdig
domai n_sequence <400> 29 Corrected Sequence Listing
L‘3“2" V1928 I2T0502 SSY28 "1 51015 UABR: e o SAgpsery Phen a
Ser Afg Ser Leu Val Al 4’ser Ser @y Thr 3902530 Leu G u
Phe Ile Thr Qu Ay Phe Thr Trp Thr Ay Val Thr Gn
TrAs%asgquw @ﬁy zsév GherThal aercysgrL ka Arg GsyARr 0 Al a
Ay Phe Phe Ser $05560 Arg Leu Trp Leu Thr Lys
Ser u Ser Ala Tyr Pro Val Leu Asn 65707580 Val Thr
SEN/MSHPLDS Asn #sn PAsseksarPheuAs rys Leu TRy rHilsl gedlt p
0y 859095 Val FPs His Pro Ser TP Asn Gn Gu Gn Thr
Asn Leu Tyr val G n 100105110
Tyr Lys Tyr Pro ¢ga Leu Asn val Ile Met Pro Asn Asn Glu Lys

Asp Lys Leu Tyr Ile Trp Gly val His His Pro val Thr Asp Ser
85 90 95

Gln Ile Ser Leu Tyr Ala Gln Ala Ser Gly Arg Ile Thr val ser
100 105 110

Lys Arg Ser GlIn GIn Thr val Ile pPro Asn Ile Gly Tyr Arg Pro
115 120 125

val Arg Asp Ile Ser Ser Arg Ile Ser Thr Tyr Trp Thr Ile val
130 135 140

Pro Gly Asp Ile Leu teu Ile Asn Ser Thr Gly Asn Leu Ile Ala
150 155 160

Arg Gly Tyr Phe Lys Ile Arg Ser Gly Lys Ser Ser Ile Met Arg
165 170 175

Asp Ala Pro Ile Gly Lys Cys Asn Ser Glu Cys Ile Thr Pro Asn
180 185 190

ser Ile Pro Asn Asp Lys Pro Phe Gln Asn val Asn Arg Ile Thr
195 200 205

Gly Ala Cys pro Arg Tyr val Lys GIn Asn Thr Leu Lys Leu Ala
210 215 220

Gly Met Arg Asn val Pro Glu Lys GIn Thr Arg Gly Ile phe Gly
230 235 240

Ile Ala Gly phe Ile Glu Asn Gly Trp Glu Gly Met val Asp Gly
245 250 255

Tyr Gly Phe Arg His GIn Asn Ser Glu Gly Thr Gly Gln Ala Ala
260 265 270

Leu Lys Ser Thr Gln Ala Ala Ile Asn GIn Ile Asn Gly Lys Leu
275 280 285
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Ala Ser Ay Arg val Thr val Ser Thr Arg Arg Ser G n
Gn Thr Ile 115120125 Ile Pro Asn Ile Ay Ser Arg Pro
Trp Val Arg Ay Gn Pro Ay Arg 130135140 Ile Ser Ile
Tyr Trp Thr Ile Val Lys Pro Gy Asp Val Leu 145150155
<210> 30 e@ddertdbBegabree PRICHAL3> dwobbii-wsab_seguence
<220> <223> HA gl ycan bi ndi ng domai n sequence <400> 30
Arg 'égﬁs{) q &1y pve VA Agp e @YSe'TheLS}?A?]g Pecberlyasflttys
yr pro Tyr 1516 Asp Val Pro Tyr Ala Ser Leu Arg
Ser Leu Val Ala ser ser Ay 202530 Thr Leu A u Phe Ile
ggg Serhglugval @ly gLveAmrIm 61ThspA.su Vdk Thr G n 354045 Asn
Ay dy Ser h Aa Cys Lys AP Ay Pro dy Ser Ay
Phe Phe 505560 Ser Arg Leu Asn Trp Leu Thr Lys Ser dy
<210> S@r Thr Tyr Pro val Leu 65707580 Corrected Sequence

jﬂ-}; Lgéﬂi ng 2 0492612-0502_5T25 Asn Val Thr nmet Pro Asn

<713 Aﬁﬁi@‘?@iﬁsge@'ﬁcéﬁp Lys Leu Tyr Ile Trp 859095 Gy lle

Hs Hs Pro Ser Thr Asn Gn Qu Gn Thr ser Leu Tyr
<220> \/g
<223> NCBI influenza virus seguence
<400> 9

¥a1 Asp Thr Cys gyr Pro Phe Asp val Pgo Asp Tyr Gln Ser Leu Arg
1 15

Ser Ile Leu gga Asn Asn Gly Lys ghe Glu pPhe Ile Ala Glu Glu phe
5 30

Gln Trp ggn Thr val Lys GIn Asn Gly Lys Ser Gly Ala Cys Lys Arg
40 45

Ala égn vai Asn Asp Phe g?e Asn Arg Leu Asn Trp Leu Thr Lys Ser
60

Asn Gly Asp Ala Tyr Pro Leu GIn Asn Leu Thr Lys val Asn Asn Gly
65 70 75 80

Asp Tyr Ala Arg ggu Tyr Ile Trp Gly val His His Pro Ser Thr Asp
90 95

Thr Glu GIn Thr Asp Leu Tyr Lys Asn Asn Pro Gly Arg val Thr val
100 105 110

ser Thr Lys Thr Ser GIn Thr Ser val val Pro Asn Ile Gly Ser Arg
115 120 125

Pro Trp val Arg Gly GIn Ser Gly Arg Ile Ser Phe Tyr Trp Thr Ile
130 135 140

val Asp Pro Gly Asp Ile ITe val phe Asn Thr Ile Gly Asn Leu Ile
145 150 155 160

Ala Pro Arg Cys His Tyr Lys Leu Asn Ser GIn Lys Lys Ser Thr Ile
165 170 175

Leu Asn Thr Ala val pro Ile Gly Ser Cys val Ser Lys Cys His Thr
180 185 180

Asp Arg Gly Ser Ile Thr Thr Thr Lys Pro Phe GIn Asn Ile Ser Arg
Page 12



Ile

Leu

225

Phe

Asp

Ala

100105110 G n Ala Ser Ay Arg val Thr Val ser Thr Arg
Arg Ser Gn Gn Thr 115120125 Ile Ile Pro Asn Ile Qvy
ser Arg Pro Trp Val Arg Ay Leu Ser Ser 130135140 Arg
Ile Ser Ile Tyr Trp Thr Ile Val Lys Pro Ay Asp Val
Leu 145150158k Geq@hce2dist ing7_ X P12261PRI>GR 5325
APPficial Sequencé®9220> <223> HA dgPycan binding
domai n sequence <400> 31 Asp Leu Phe val G u Arg Ser
Setyie Aty Ayp (SerpPéAsnyE€ysyriynl Rya clplt5 Aspydal Pro
21sp Tyr Ala Ser?l®u Arg Ser Leu ¥ Al a Ser Ser Qdy
202530 Thr Leu G u Phe Asn Asn Qu Ser Phe Asn Trp Thr
Al8%rValy Aba gNadb4045ed v1dNiysSRTa S8F Aef By euys Arg
Arg Ser |le23¢s Ser Phe Phe S85 505560 Arg Lew4Asn Trp
Leu H's Leu Lys Tyr Arg Tyr Pro Ala Leu Asn Val
N DMQTPROA TR e AP ASH ASPrhy T IFTGYy ARy Lt Leu

le 2up val 255

Gly Trp Tyr Gly Phe Arg His GIn Asn Ala Glu Gly Thr Gly Thr
260 265 270

Ala Asp Leu Lys Ser Thr Gln Ala Ala Ile Asp GIn Ile Asn Gly

275 280 285
Lys Leu Arg Asn ieu Ile Glu Lys Thr Asn Glu Lys Tyr His Gln Ile
290 295 300
Glu Lys Glu phe Glu GIn val Glu Gly Arg Ile Gln Asp Leu Glu
305 310 315
<210> 10
<211> 324
<212> PRT
<213> Artificial Sequence
<220>
<223> NCBI influenza virus sequence
<400> 10
val Asn Asp teu Cys Tyr Pro Gly Asp Phe Asn Tyr Glu Glu Leu Lys
1 5 10 15
His Leu Leu Ser Arg Ile Asn His Phe Glu Lys ITe GIn Ile ITe Pro
20 25 30
Lys Ser Ser Trp Ser Ser His Glu Ala Ser Leu Gly val Ser Ser Ala
35 40 45
Cys Pro Tyr GIn Gly Lys Ser Ser Phe Phe Arg Asn val val Trp Leu
50 55 60
Ile Lys Lys Ash Ser Thr Tyr Pro Thr ITe Lys Arg Ser Tyr Asn Asn
65 70 75 80

Thr Asn GIn Glu Asp Leu Leu val Leu Trp Gly Thr His His Pro Asn

85 90 95

Asp Ala Ala Glu GIn Thr Lys Leu Tyr Gin Asn Pro Thr Thr Tyr Ile

100 105 110

page 13



Ser

Thr

Thr

145

Ite

Ile

Thr

Leu

Leu

225

Lys

Trp

859095 His H's Pro ser Thr Asp Ser Asp G n Thr Ser Leu
Tyr Thr G n Ala 100105110 Ser Ay Arg VvVal Thr val Ser
Thr Lys Arg Ser Gn Gn Thr val Ile 115120125 Pro Asn
Ile Ay Ser Arg Pro Trp val Arg Gy Ile Ser Ser Arg
Ile 13013bdAcse8 ddg@eddd LTERInEN 21 d@o8)-dsys Prg Ay
Asp. Leu Leu Page 37 Corrected Sequence Listing

valy §QB1%—?03@25?23&%&5@55&2@@* Aeg THle AbB
<212> PRT <213> ArtTT1 cial Sequence 0> <223> HA
gl ycan bi ndi ng domai n sequence <400> 32 Ser Tyr Ile

ggga&rcltus a3 Ap GAR NG Pr 6eal1yASrg (Eﬁg ¢eu POy SPHEYTrPr o

51015 G u Asn PHRe Asn Asp Tyr GG u Leu Lys Hi s Leu

Leu Ser Ser Thr 202530 Asn His Phe Qu Lys Ile Arg Ile

Ikl leeuPLps Arg &et ASpriTh psiSatheAstu 32404 bilg MAsprd a Ser
Ser Ay val 38 Ser Ala Cys PE®S Tyr Asn Ay Arge®05560
Ser Ser Phe Phe Arg Asn Val Val Trp Leu Ile Lys Lys

AlASProA8TU Aly@ Ala Tyr Lys Ile val Lys Lys Gly Asp Ser Thr
165 170 175

Met Lys Ser Glu Leu Glu Tyr Gly Asn Cys Asn Thr Lys Cys Gln
180 185 190

Met Gly Ala Ile Asn Ser Ser Met Pro Phe His Asn Ile His Pro
195 200 205

Thr ITe Gly Glu Cys Pro Lys Tyr val Lys Ser Asn Arg Leu val
210 215 220

Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg Glu Arg Arg Arg Arg
230 235 240

Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly phe Ile Glu Gly Gly
245 250 255

GIn Gly Met val Asp Gly Trp Tyr Gly Tyr His His Ser Asn Glu

260 265 270
Gln Gly ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr Gln Lys Ala Ile
275 280 285
Asp Gly val Thr Asn Lys val Asn Ser Ile Ile ASp LYS Met Asn Thr
290 295 300
GIn Phe Glu Ala val Gly Arg Glu Phe Asn Trp Leu Glu Arg Arg Ile
305 310 315 320
Glu Asn Leu Asn
<210> 11
<211> 326
<212> PRT
<213> Artificial sequence
<220>
<223> NCBI influenza virus seguence
<400> 11

Ala Asn Asp Leu Cys Tyr Pro Gly Asp Phe Asn Asp Tyr Glu Glu Leu
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65707580 Tyr Pro Thr Ile Lys Arg Ser Tyr Asn Asn Thr
Asn A n GQu Asp Leu 859095 Leu Ile Leu Trp Ay Ile H's
H's Pro Asn Asp Ala Ala Gu d@n Thr 100105110 Lys Leu
Tyr A n Asn Pro Thr Thr Tyr Val Ser Val Gy Thr Ser
Thr 115120d2%ckey Asefdd LALL; erzvﬂngipwo%y dibg Ala
1 Thr Arg Pro Lys Val Asn 13135140 Ay Gn Ssr dy Arg
nmet G u Phe Phe Trp Thr Ile Leu Lys Pro Asn
Lys Hi434P0dPRLE0, ASR1A &4l 0 S s2iee PRT
Y <2 13>2$\rt|f|;t\:®:1| se%@elﬂgsé%% %hﬁ%ﬁgib Jrﬁgh il?
bi ndi ng domai n sequence <400> 33 Ser Tyr IIe VaI Gu

y ro_Vval,  .As L o Page 38

Pro Lyﬁ%“@%%eﬁageqeureﬁge s ?%dﬁa §W4%%152;§O¥6£ “§f2%°151015
Gly Asp Phe Asn Asp Tyr u Qu Leu Lys His Leu Leu

I le 2530Aan|sPhe QulLlyslle Gnillelle

Ala ¢ ?’rpd"OLyg r &dp g‘?psegeFe'Sé’lhes@Y?O%gg sn val val Trp

Leu Ile Lys Lys Asn Asn Ala Tyr Pro Thr Ile Lys Arg Ser Tyr Asn
65 70 75 80

Asn Thr Asn GIn Glu Asp Leu Leu val Leu Trp Gly Ile His His Pro
85 90 95

Asn Asp Ala Ala Glu GIn Thr Arg Leu Tyr GIn Asn Pro Thr Thr Tyr
100 105 110

Ile Ser val Gly Thr ser Thr Leu Asn GIn Arg Leu val Pro Lys Ile
115 120 125

Ala Thr Arg ser Lys val Asn Gly GIn Asn Gly Arg Met Glu Phe Phe
130 135 140

Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn Phe Glu Ser Asn Gly
145 150 155 160

Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile val Lys Lys Gly Asp
165 170 175

Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly Asn Cys Asn Thr Lys
180 185 190

Cys GIn Thr pro Met Gly Ala Ile Asn Ser Ser Met Pro Phe His Asn
195 200 205

Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr val Lys Asn Ser
210 215 220

Arg Leu val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg Glu Arg
225 230 235 240

Arg Arg Lys Lys Arg Gly teu Phe Gly Ala Ile Ala Gly Phe Ile Glu
245 250 255

Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr Gly Tyr His His Ser
260 265 270

Asn Glu G1n Gly ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr GIn Lys
Page 15



Hs Qu Ala ser Leu Ay val ser Ser Ala cys Pro Tyr
Gn Ay Lys 505560 Ser Ser Phe Phe Arg Asn Val val Trp
Leu Ile Lys Lys Asn Ser Thr 65707580 Tyr Pro Thr Ile
Lys Arg ser Tyr Asn Asn Thr Asn Gn Gu Asp Leu 859095
Ley, Val L@ rFEfRdEsequanse Hi s ting Rr 841 2281020582 A a
G“4°G n Thr 100105%% Lys Leu Tyr G282 Asn Pro Thr Thr
Tyr Ile Ser Val Gy Thr Ser Thr 115120125 Leu Asn G n

Ala T1AAgP LGy Val TRroAdr gyk|\@lAhen Ber Brey 1SerAspybys/adetAsn

29030135140 Ay @% Ser Ay Arg Me30&G u Phe Phe Trp Thr

Ile Ile Lys Pro Asn 145150155160 Asp Ala Ile <210> 34

Asn Th<214>pHe7Q1 <A 23>vBRE1 £ 243>6 AN trhki LdralasSatueste arg20>

305  <223> Sequersd® alignnment ill @dbrating conserveéadd
subsequences characteristic of H5 HA. <400> 34 Met G u

arg 11dX3uld® Val Asgu Leu Leu Ala Ile val ser Leu val Lys
Ser 1510355 Asp Gn lle Cys Ile @Ay Tyr Hs Ala Asn Asn
Ser Thr Au G n val 202530 Asp Thr Ile met A u Lys Asn

210> %3l Thr Val Thr H's Ala G n Asp Ile 354045

<211> 325

<212> PRT
<213> Artificial Sequence

<220>
<223> NCBI influenza virus segquence

<400> 12

GIn Asn Gly Ile Cys Tyr Pro Gly Thr Leu Asn Glu Ile Glu Glu Leu
1 5 10 15

Lys Ala Leu Yle Gly Ser Gly Glu Arg Ile Glu Arg Phe Glu Met Phe
20 25 30

Pro Lys ggr Thr Trp Ser Gly val Asn Thr Asn Asn Gly val Thr Arg
40 45

Ala E%s Pro Asp Asn Ser Gly Ser Ser Phe Tyr Arg Asn Leu Leu Trp
55 60

Ile Thr Lys Thr Asn Ser Ala Ala Tyr Pro val Ile Lys Gly Thr Tyr
65 70 75 80

Asn Asn Thr Gly Asn Gln Pro Ile Leu Tyr Phe Trp Gly val His His
85 90 95

Pro Pro Asp Thr Asn Ala GIn Asn Asn Leu Tyr Gly Ser Gly Asp Arg
100 105 110

Tyr val Arg Met Gly Thr Glu Ser Met Asn Phe Ala Lys Gly pPro Glu
115 120 125

Ile Ser Ala Arg Pro val val Asn Gly Gln Arg Gly Arg Ile Asp Tyr
130 135 140

TYyr Trp Ser val Leu Lys Pro Gly Glu Thr Leu Asn val Glu Ser Asn
145 150 155 160

Gly Asn Leu Ile Ala Pro Trp Tyr Ala Tyr Lys Phe val Ser Thr Asn
165 170 175

Page 16



Ser

Ala

Phe

Gly

Ser

Ile

Thr

305

Ile

Leu Au Lys Thr H's Asn Ay Lys Leu Cys Asp Leu Asp
Ay val Lys 505560 Page 39 Corrected sequence Listing
2 0492612-0502_ST25 Pro Leu Ile Leu Arg Asp Cys Ser
Val Ala Ay Trp Leu Leu Ay Asn 65707580 Pro Met Cys
Asp Gu I%ioerdacheadAsmu\éak:e RrictGha ELprimrLZTwoszezs\/al
. 209% w gs Ala Asn Pro Al a p Leu r Cys Tyr
YPPY Qi WP ﬁewfoéi@qggo%ﬁ%lp g gg 268U Lys
Hi s Leu Leu Ser Arg Il'e"Asn Hi s Phe 11 f 0125 @ u Lys
Ile Gnlle Ile Pro Lys ser. Ser Trp Ser Asp Hs Gu
Tthgﬁg F30185140r Sehe %& yVVaILQSe‘i‘rgsgg'"ﬁﬂsa TbFo Tyr
ih"dy Lys Ser Se he 145150155160°Phe Arg Asn Val
Val Trp Leu Ile Lys Lys Asn Ser Ala Tyr Pro Thr
G1m @51 M17%en IPeoL|]§@ rys JAegcBel.yFygysAgno Ayis Thr VASn G n
2103 u Asp Leu Leu¥al 180185190 LetfOrrp Gy Ile His Hs
Pro Asn Asp Ala Ala Au G n Thr Lys Leu 195200205 Tyr
serGgihu AR B0 ATRrLethn1dyihrl 68y Sen Ara) AGh waThPrcSe;nnThr
Leu Asn 210238220 240

Ala Thr Arg Gly Leu Phe Gly Ala Ile Ala Gly phe Ile Glu Gly
245 250 255

Trp Thr Gly Leu val Asp Gly Trp Tyr Gly Tyr His His Glu Asn
260 265 270

Gln Gly Ser Gly Tyr Ala Ala Asp Arg Glu Ala Thr GIn Lys Ala
275 280 285

Asp Gly Ile Thr Asn Lys val Asn Ser Ile Ile Asp Lys Met Asn
290 295 300

GIn Phe Glu Ala val Asp His Glu Phe Ser Asn Leu Glu Arg Arg
310 315 320

AsSp Asn Met Asn
325

<210> 13

<211> 319

<212> PRT

<213> Artificial sequence

<220>
<223> NCBI 1influenza virus sequence

<400> 13

ser
1

Gln

Asp val Cys Tyr Pro Gly Lys Phe Vg] Asn Glu Glu Ala Leu Arg
5 1 15

Ile Leu Arg Glu ser Gly Gly Ile Asn Lys Glu Thr Met Gly Phe
20 25 30

Thr Tyr ggr Gly Ile Arg Thr Asn Gly Ala Thr Ser Thr Cys Arg Arg
40

45

Ser géy Ser Ser Phe Tyr Ala Glu Met Lys Trp Leu Leu Ser Asn Thr

55 60

Asp Asn Ala Ala phe Pro GIn Met Thr Lys Ser Tyr Lys Asn Thr Arg
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Gn Arg Leu val Pro Lys Ile Ala Thr Arg Ser Lys val
Asn Ay G n 225230235240 Ser Gy Arg net G u Phe Phe
Trp Thr Ile Leu Lys Pro Asn Asp Al a 245250255 Il e Asn
Phe Au Ser Asn Ay Asn Phe Ile Ala Pro Au Tyr Ala
Tyr 260266@Rckys dehifenddl LiysinkyS2 @ag2é6n 0567 <ths 1l e

65 met Lys Ser @ u Leu G u 275280285 Tyr Ay Asn &ys Asn
Thr Lys Cys G n Thr Pro Met Ay Ala Ile Asn 290295300

Lys As qfr‘osﬁfa f I Y le

d § Ay du %Eg g%%%?%%I 32 @28 Tﬁ%hﬁiﬁgﬁaGhF%ewgg?J Asn
Arg Leu val Leu Ala Thr Ay Leu Arg 325330335 Page 40

Thr G?%m%ef:ﬁregy?elmlﬂeﬁl%e (!‘Ixrsgérngﬂyﬁs%d'iys eu ?pe —T§ y L u

Phe Gly 340345350 Alalle Ala Ay Phe IIe Glu Gy Ay

As 355360365 T Ay T
o solidb S Bl A S Tk My
370§7SSSO Asp Lys

u ser Thr Gn Lys Ala lle Asp Ay
val _Thr Asn Lys val 385390395400

Pro Lys val Asp Gly GIn Ser Gly Arg Ile Asp Phe His Trp Leu Met
130 135 140

Leu Asn Pro Asn Asp Thr Ile Thr Phe Ser Phe Asn Gly Ala Phe Ile
145 150 155 160

Ala Pro Asp Arg Ala Ser Phe Leu Arg Gly Lys Ser Met Gly Ile Gln
165 170 175

Ser Gly val GIn val Asp Asp Asn Cys Glu Gly Asp Cys Tyr His Ser
180 185 190

Gly Gly Thr Ile Ile Ser Asn Leu Pro Phe Gln Asn Ile Asn Ser Arg
195 200 205

Ala val Gly Lys Cys Pro Arg Tyr val Lys GIn Glu Ser Leu Met Leu
210 215 220

Ala Thr Gly Met Lys Asn val Pro Glu Ile Pro Lys Gly Arg Gly Leu
225 230 235 240

Phe Gly Ala Ile Ala Gly phe Ile Glu Asn Gly Trp Glu Gly Leu Ile
245 250 255

Asp Gly Trp Tyr Gly Phe Arg His GIn Asn Ala GIn Gly Glu Gly Thr
260 265 270

Ala Ala Asp Tyr Lys Ser Thr Gln Ser Ala Ile Asp GIn Ile Thr Gly
275 280 285

Lys teu Asn Arg Leu Ile Glu Lys Thr Asn GIn Gln Phe Glu Leu Ile
290 295 300

Asp Asn Glu Phe Thr Glu val Glu Lys Gin Ile Gly Asn val Ile
305 310 315

<210> 14

<211> 325

<212> PRT

<213> Artificial Sequence
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Asn Ser Ile Ile Asp Lys Met Asn Thr G n Phe Au Ala
Val Ay Arg 405410415 G u Phe Asn Asn Leu Gu Arg Arg
Ile Au Asn Leu Asn Lys Lys Met 420425430 A u Asp Ay
Phe Leu Asp Val Trp Thr Tyr Asn Ala Gu Leu Leu Va
<220, 435440445-Areaciest SeﬁtwnAsnlé?ggnxg_fﬁwq%éu%g@fm Hils
n Leu Tyr p Lys va
223> mxsﬁ{f@é&a}_eu"&y%ﬁ%@sn Ala Lys G u 465470475480
<400> |ldu Ay Asn dy cys Phe GI u Phe Tyr Hs Lys Cys Asp
485490 n Gy Thr
fro G1u'l°_%‘?y%§el{ § F Bo"'§ ?T? @15 %%26%56118' QL{J LBla Arg
Leu Lys Arg Gu du IIe ser Ay val Lys Leu Au Ser
15? 525 Ile Ay Thr Tyr Gn Ille Leu Ser Ile Tyr Ser
Arg PhEryRT\PIE B¢ SE6rA KA | BE3EEA0 Ve GTAe AT9 B PhPe ot
Val a Ay Leu Ser LeU irp net cys ser 545550555560
Asn Ay ser Leu Gn Cys Arg Ile cys Ile 565570 <210>
AsSp Tyr3 SEM>T6¥G\S&2\1@>TPF€PF@2§%’> GAy't TH éﬂaILYSeqlﬁeﬁde <220>
Page 41

Asn ?ga Sser Thr Gly Gly GIn Ser Phe Tyr Arg Ser Ile Asn Trp Leu
55 60

Thr Lys Lys Lys Pro Asp Thr Tyr Asp Phe Asn Glu Gly Ala Tyr val
65 70 75 80

Asn Asn Glu Asp Gly Asp Ile Ile phe Leu Trp Gly Ile His His Pro
85 90 95

Pro Asp Thr Lys Glu GIn Thr Thr Leu Tyr Lys Asn Ala Asn Thr Leu
100 105 110

ser Ser val Thr thr Asn Thr Ile Asn Arg Ser Phe Gin Pro Asn Ile
115 120 125

Gly Pro Arg Pro Leu val Arg Gly Gln GIn Gly Arg Met Asp Tyr Tyr
130 135 140

Trp Gly Ile teu Lys Arg Gly Glu Thr Leu Lys Ile Arg Thr Asn Gly
145 150 155 160

Asn Leu Ile Ala Pro Glu Phe Gly Tyr Leu Leu Lys Gly Glu Ser Tyr
165 170 175

Gly Arg Ile Ile GIn Asn Glu Asp Ile Pro Ile Gly Asn Cys Asn Thr
180 185 190

Lys Cys GIn Thr Tyr Ala Gly Ala Ile Asn Ser Ser Lys Pro Phe Gln
195 200 205

Asn Ala Ser His Arg His Tyr Met Gly Glu Cys Pro Lys Tyr val Lys
210 215 220

Lys Ala Ser Leu Arg Leu Ala val Gly Leu Arg Asn Thr Pro Ser val
225 230 235 240

Glu Pro Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly
245 250 255
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Corrected sequence Listing _2 0492612-0502_ST25 <223>
Sequence alignnent illustrating conserved subsequences
characteristic of Ho HA. <400> 35 Met Qu Lys Ile Va
Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser 151015 Asp
G n Il e GrerekeeddsggiarceH stAnhg Asmadsan2Seso2lkr26 u
" Secﬁﬁ Val 292530 Aig Thr Ile.Met A u érs Asn val Thr va
PSR YRS Al AGPnc HWI%?@A!)@QL&P 8 g.%s’\-‘mrmHi s Asn
Gy Lys Leu Cys Asp Leu ‘Asp Gy Val Lys 505560 Pro Leu
Ile Leu Arg Asp Cys Ser Val Ala Gy Trp Leu Leu Gy
ser G1‘As§§,55’61§’70‘ﬁ?5‘80”e¢r 674\/?%3(2%@ AP @SUS%%? | @ nashu vl Pro
AU Trp Ser Tyr Il Ual 859005 G u 5§ Ala Ser Pro Asp
Asn Asp Leu Tyr Cys Tyr Pro Ay Asp Phe 100105110 Asn
I1e AspndyysTyke Gho AGnulyeyal yssrHasn LIde Y&l ASpriyvdr get l4snAsn
2994’ s phe 11512012% G u Lys Ile G#Mle Ile Pro Lys Ser
Ser Trp Ser Asn Hs Gu Ala 130135140 Ser Ser @y Va
Arg GliBeheSeiu Rhh VAT safr 6 TyaluHPRe ey EWS VEETGIRE Ly Pheg
305 1451501551661Phe Arg Asn Val Nal Trp Leu Ile 136 Lys
Asn Ser Ala Tyr Pro Thr 165170175

Ile Asn Met Tle Asn
325

<210> 15

<211> 316

<212> PRT

<213> Artificial Sequence

<220>
<223> NCBI 1influenza virus sequence

<400> 15
¥a1 Asn Gly Thr gys Tyr Pro Gly Asn val Glu Asn teu Glu Glu Leu
10 15

Arg Thr Leu Phe ser Ser Ala Ser Ser Tyr Gln Arg Ile Gln Ile Phe
20 25 30

Pro Asp ggr Ile Trp Asn val 18r val Thr Gly Thr Ser Lys Ala Cys
45

Ser ggy Ser Phe Tyr Arg ggr Met Arg Trp Leu Thr GIn Lys Ser Gly
60

ser Tyr Pro val GIn Asp Ala Gln Tyr Thr Asn Asn Arg Glu Lys Ser
65 70 75 80

ITe Leu phe val Trp Gly Ile His His Pro Pro Thr Asp Thr Ala Trp
85 90 95

Thr Asn teu Tyr ITe Asn Thr Asp Thr Thr Thr Ser val Thr Thr Glu
100 105 110

AsSp Leu Asn Arg Ile phe Lys pPro val Ile Gly Pro Arg Pro Leu val
115 120 125

Asn Gly teu GIn Gly Arg Ile Asn Tyr Tyr Trp Ser val Leu Lys Pro
130 135 140 Y

Gly GIn Thr teu Arg val Arg Ser Asn Gly Asn Leu Ile Ala Pro Trp
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145

Tyr

Asp

Gly

Gly

TYr

Arg

Asn

Phe
305

Ile Lys Lys Arg ser Tyr Asn Asn Thr Asn G n Gu Asp
Leu Leu val 180185190 Leu Trp Ay Ile H's H's Pro Asn
Asp Ala Ala Gu G n Thr Lys Leu 195200205 Tyr G n Asn
Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser Thr Leu Asn
210215220 ff-Bc AV sk@bbrval LRNGnk YD _bherdihaodd sAsg Ser
Lys val Asn iGy G n 225230235240 Ser Ay Arg nsb Ju
Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Al a 245250255
EIHEEEHe LSRR ci St 422P13: 080237 28! | €
SO N BN ST
Ala Tyr 260265270 Lys IIe Val Lys Lys Ay Asp Ser Al a

Led A%n% %¥S Asnrcg &al‘:ﬁ\zggpgﬂl %ggzéozﬁ‘ir-réﬁ gy%sda‘sn cys

290295300 Ser Ser Met Pro Phe His Asn IIe H's Pro Leu
Thr Ile Gl'y Gu %S 305310315320 Pro Lys Tyr val Lys
LOSESN ARG ARG HEHUPRAIEDE &t SARE THE T§Yy LE Tyﬂré‘%fé‘gsosss
AsnThr ProGnArg udy Arg Arg Lys Lys Arg Gy
Leu Phe Gy 340345350 Ala Ile Ala Gy Phe Ille Gu dy

218{;|Cysﬁr}9 (=75 T@ryvi?t&rg/a\[a“mgps Gey Leu Lys Leu Ala val

Leu Arg Asn val Pro Ala Arg ser Asn Arg Gly Leu Phe Gly Ala
230 235 240

Ala Gly phe 1le Glu Gly Gly Trp Pro Gly teu val Ala Gly Trp
245 250 255

Gly Phe Gln His Ser Asn Asp GIn Gly val Gly Met Ala Ala Asp
260 265 270

Asp Ser Thr Gln Arg Ala Ile Asp Lys Ile Thr Ser Lys val Asn
275 280 285

Ile val Asp Lys Met Asn Lys Gin Tyr Glu Ile Ile Asp His Glu
290 295 300

Ser Glu val Glu Thr Arg Leu Asn Met Ile Asn
310 315

<210> 16

<211> 321

<212> PRT

<213> Artificial Sequence

<220>
<223> NCBI influenza virus sequence

<400> 16

%1@ Ala Tyr Cys Tyr Pro Gly Ala Thr val asn Glu Glu Ala Leu Arg
5

Gln

10 15

Lys Ile Met Glu Ser Gly Gly Ile Asp Lys Ile Ser Thr Gly Phe
20 25 30

Thr Tyr g;y Ser Ser Ile Asn Ser Ala Gly Thr Thr Arg Ser Cys Met

40 45

Arg ?gr Gly Gly Asn Ser Phe Tyr Ala Glu Leu Lys Trp Leu val Ser
60

25
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ser

Ser

Ala

Thr

145

Leu

Ile

Trp

Pro

l.eu

225

Gly

Met

Gly

Thr

Ser

305

Ile

355360365 Trp Tyr Gy Tyr His Hs Ser Asn Gu Gn dy
Ser Ay Tyr Ala Ala 370375380 Asp Lys A u Ser Thr Gn
Lys Ala Ile Asp Ay Val Thr Asn Lys Val 385390395400
Asn Ser Ile Ile Asp Lys net Asn Thr G n Phe Au Ala
Val Gy AfogrdOadloddienctu Rhendsn_bysehielpsdzus#rsg Arg
Ile Au Asn Leu Asn Lys Lys Met 420425430 Qu Asp Ay

ASTPR¥S |l %&‘b"gﬁl Phey BraizinTyhr AdA AMmaTd JYEe‘M”ELg "Val
435440445 L&Y Met G u Asn A U°Arg Thr Leu Asp°Phe His
Asp ser Asn Val Lys 450455460 Asn Leu Tyr Asp Lys val

ASPASEr 1/da @ h HlieuLoAr §1AS eAsrp Allr ThesHES (H14652%57 0475480
Leu Ay ®3n Ady Cys Phe P¥% Phe Tyr His Ly%S cys Asp
Asn G u Cys 485490495 Met G u Ser Val Lys Asn Gy Thr

ThrTgiln Adp Tys ABroAdE nedyiryrSety Ghu SB0SOH5H0 sduiMka Arg
Leu A9 Arg Gu AQu I1H@5Ser Ay Val Lystieu G u 5cr
515520525 Corrected Sequence Listing

va1960¢ 92612 0502_812a1MlsnGhyn PRE Vi p vah| @atledy Ser
| L@5 Tyr Ser Thr Vablle® a Ser Ser 530%35540

Arg Pro GIn val Asn Gly GIn Ser Gly Arg Ile Asp Phe His Trp
130 135 140

Met val GIn Pro Gly Asp Asn Ile Thr Phe Ser His Asn Gly Gly
150 155 160

ITe Ala Pro Ser Arg val Ser Lys Leu Lys Gly Arg Gly Leu Gly
165 170 175

GIn ser Gly Ala Ser val Asp Asn Asp Cys Glu Ser Lys Cys Phe
180 185 190

Lys Gly Gly Ser Ile Asn Thr Lys Leu Pro Phe Gln Asn Leu Ser
195 200 205

Arg Thr val Gly Gln Cys Pro Lys Tyr val Asn Lys Lys Ser Leu
210 215 220

Leu Ala Thr Gly Met Arg Asn val Pro Glu val val Gln Gly Arg
230 235 240

Leu Phe Gly Ala Ile Ala Giy Phe Ile Glu Asn Gly Trp Glu Gly
245 250 255

val Asp Gly Trp Tyr Gly Phe Arg His &In Asn Ala Gin Gly Thr
260 265 270

Gln Ala Ala Asp Tyr Lys Ser Thr GIn Ala Ala Ile Asp GIn Ile
275 280 285

Gly Lys Leu Asn Arg Leu Ile Glu Lys Thr Asn Thr Glu Phe Glu
290 295 300

Ile Glu Ser Giu Phe Ser Glu Ile Glu His Gin Ile Gly Asn val
310 315 320
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Leu Ala Leu Ala Ile net Val
Met Cys Ser
Ile Cys Ile 565570 <210> 36 <211> 558 <212> PRT <213>

Artificial

<210> 47
<511 138 val
<212> Gt Tyr
<Z213>

<220>
<223>

<400>

&2

Ser

545550555560 Asn Gy ser

Ala Ay Leu ser Leu Trp

Leu G n cys Arg

Sequence <220> <223> Sequence al i 9nment

i | [ ustr at¢drgecons eey@chcaUDBAGUENGE D48 EINA0sEN_issRE C Of
H5 HA. <400> 36 Met GQu Lys Ile Val

Leu Val

Lys Ser

H s Ala Asn Asn Ser

Ser val

Thr ASQA? 1{?

Lys Phe Ser

Leu

ser

cys

Iie

65

Thr

Thr

Ala

Thr

Thr

145

Leu

ieuy

Ser

Arg

Lys

Asnh

Lys

His

LYysS

l.eu

val

Arg

Ile

Ala

Phe

Glu

ASn

210

teu

Gly
35

Phe
Gln

Gly

Lys

val

Pro

Arg

Ile

195

Thr

Ala

20

Trp

Gly

Ser

Arg

Glu

100

Ser

Lys

Lys

Arg

ser

180

Gly

Ile

Thr

85

675 Ty P

9095

%?Ee

rﬁa”t QIS Asp Glu Phe IIe Asn val
Al a_.Asn Pr

3t BaE 8016

Thti 1@ aVeseddenceys Asn val
Asp Il e 354045 Leu G u Lys Thr

ILﬁHﬁﬁﬁﬁEa v r

Thr
Thr

du Gn Val

Val

Gly val Leu Glu Phe Ser Lys Phe
25

Gly

ser

Gly

Asp

85

His

Glu

val

Pro

Tyr

165

ASP

Gly

Gly

Leu

Ala

ser

Thr

70

val

Gln

Ser

Asn

Leu

Ile

ASD

Gly

val

Asn

55

Tyr

Leu

ASp

Tyr

Gly

Glu

Phe

Asn

Asn

215

Leu

Asn

40

Ser

Pro

val

ser

Phe

val

val

Leu Tyr

Asn

120

Glin

Ala

Glu

Ile

Thr

200

Pro

Arg

b4
105
Arg

Ala

Leu
Glu
185
AsSn

Lys

Asn

Gly

Phe

Iie

Trp

90

LysS

Arg

Gly

Thr

val

170

ser

Arg

Tyr

Ala

Arg

Arg

75

Gly

Lys

Phe

Arg

Glu

155

Ser

Cys

Ser

val

Gly

AsSn

60

Arg

val

Asp

Thr

Met

140

ser

Leu

ser

Phe

Asn
220

val pro Ala
Page 23

Leu Leu Phe Al a
151015 Asp Gn lle Cys Ile

Thr

Glu

val

45

Met

Thr

His

Ser

Pro

125

Thr

Asn

Gly

Thr

His

205

val

Ile

202530 Asp

Hs Ala Gn
Hs Asn Ay Lys Leu Cys
05560 Pro Leu Ile Leu Arg Asp
eu Leu Ay Asn 65707580 Pro
Pro Qu Trp Ser Tyr

Ala

30

Thr

Ile

Phe

His

Ser

110

Glu

Phe

Gly

Asn

LYS

180

Asn

LyS

Ala

"0 Ge}u (ﬁsu L@gpArlgeu Tyr

Phe Thr

Ala Ala

Trp Leu

Asn Asn

80

Pro Ala

95

Tyr val

Ile Ser

Tyr Trp

Ala Phe

160

Gly Lys

Cys Gln

val His

Ser Leu

Thr Arg



Asn Asp Tyr Gu GQu Leu Lys Hs Leu Leu ser Arg Ile
Asn Hi's Phe 115120125 Qu Lys Ile Gn lle Ile Pro Lys
Ser ser Trp Ser Ser Hs Gu Ala 130135140 Ser Leu Ay
Val Ser Ser Ala cys Pro Tyr Gn Ay Lys Ser Ser Phe
145150155 r 1 L Lys
225 Asn Ser Tﬁrgp%é;%n%%grp%&T“Aﬁ@el\ég %’%755"@4?}2%92 65%2“%12)5
Correct ed Sequence Listing _2 0492612-0502 ST25 Ile

o B A, SEL NP By B BB BRI,

AI a AI a Gu Gn Thr Lys Leu 195200205 Tyr G n Asn Pro

Leu ﬂ Th T1y IIe er Val Thr Ser {1 Leu Asn
fl’(ﬁl % & A AYYLRE % SoARY @S| @ ”AIG%”'ﬁ{'ry ANy ser
Lys VaI Asn Gly G n 2256330235240 Ser Ay Arg Met Qu
Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Al a 245250255

Gly Tlg %@éﬁaw e Géérz%sﬁheq)mshs PHe geeAAPaFﬂPr alg u
TyT' Al a Tyr 260265270 Lys Ile Val Lys Ay Asp Ser
Thr Ile Met Lys Ser Gu Leu Qu 275280285 Tyr Ay Asn

Thr SeCylysA¥al Pen Asgrs I(DgsVaG asT rgPret Mstx Thry Afh aPhlel @1Asn
9990295300

Ser val Gln His Glu pPhe ser Glu Ile Glu Glu Arg Ile Asn Gln Leu
305 310 315 320

ser

<210> 18

<211> 320

<212> PRT

<213> Artificial Ssequence

<220>
<223> NCBI influenza virus sequence

<400> 18

Met Glu Gly val Cys Tyr Pro Gly Ser Ile Glu Asn Gln Glu Glu Leu
1 5 10 15

Arg Ser Leu Sge ser Ser Ile Lys Lys Tyr Glu Arg val Lys Met Phe
25 30

Asp Phe ggr Lys Trp Asn val Tgr Tyr Thr Gly Thr Ser Arg Ala Cys
4 45

Asn égn Thr Ser Asn Arg ggy Ser Phe Tyr Arg Ser Met Arg Trp Leu
60

Thr Leu Lys Ser Gly GlIn Phe Pro val GIn Thr Asp Glu Tyr Lys Asn
65 70 75 80

Thr Arg Asp Ser Asp Ile Leu Phe Thr Trp Ala Ile His His Pro Pro
85 90 95

Thr Ser Ala Glu Gln val GIn Leu Tyr Lys Asn Pro Asp Thr Leu Ser
100 105 110

Ser val Thr Thr Asp Glu Ile Asn Arg Ser Phe Lys Pro Asn Ile Gly
115 120 125
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Pro

Ala

145

Ile

Ile

Leu

Lys

LyS

Leu

val

Met

Asn

val
305

Ser Ser nmet Pro Phe Hs Asn Ile His Pro Leu Thr Ile
Gy Qu Cys 305310315320 Pro Lys Tyr Val Lys Ser Asn
Arg Leu Val Leu Ala Thr Ay Leu Arg 325330335 Asn Ser
Pro Gn Arg Gu Arg Arg Arg Lys Lys Arg Gy Leu Phe
Ay 3403a8380tPd SeArenAl b1@‘\7‘9%0ﬁ9%6]%"95é-3§T235y Trp
' t 3 Ta Vrebyr Hi's
Arg%r% gé‘}r/v nA'"éaéégstﬁ” *y’“ %ﬁ? %%Sﬁ%rprsgl ?’&?37@375380
Asp Lys GQu Ser Thr Gn Lys Ala Ile Asp Ay Val Thr

Asn Lys Val 385390395400 n le | met
val i I PR e ey AL VAP % T ¢ SR0E R A3 8sre L Phe
Asn Asn Leu Qu Arg Arg Ile Au Asn Leu Asn Lys Lys

Met 420425430 .u Asp Ay Phe Leu As al G‘l]'r pm:l'hr Tyr
Wapio &' TS Dol B APWVAT S Z854aa R8s S HIS elyPars
Correcte1 Sequence Listing _2 0492612-0502_ST25 Leu
Met Au Asn Qu Arg Thr Leu Asp Phe His_Asp Ser Asn
LeuVials Bgs A$B0USEAPEO \;@nm?lﬁ?w?ywﬁ? Ly g &FgG{fbu G n
Leu % Asp Asn Al a Ls]/ G u 4654704754 Leu Ay Asn

Ay Cys Phe Qu Phe Tyr His Lys Cys Asp Asn du Cys
Asn48BABDMIAAT Met Asn Thr Ser Lys Pro Phe Gln Asn Thr ser
195 200 205

His Tyr Ile Gly Lys Cys Pro Lys Tyr Ile Pro Ser Gly Ser Leu
210 215 220

Leu Ala Ile Gly Leu Arg Asn val Pro Gln val Gin Asn Arg Gly
230 235 240

Pphe Gly Ala tle Ala Gly phe Ile Glu Gly Gly Trp Pro Gly Leu
245 250 255

Ala Gly Trp Tyr Gly Phe Gin His GIn Asn Ala Glu Gly Thr Gly
Y 268 4 Y 265 270

Ala Ala Asp Arg Asp Ser Thr GIn Lys Ala Ile Asp Asn Met Glin
275 280 285

Lys Leu Asn Asn Val Ile Asp Lys Met Asn Lys GIn phe Glu val
290 295 300

Asn His Glu Phe Ser Glu val Glu Ser Arg Ile Asn Met Ile Asn
310 315 320

<210> 19
<211> 318
<212> PRT
<213> Artificial Sequence

<220 . _
<223> NCBI influenza virus sequence

<400> 19

Pro
1

Arg

Pro

His Gly Leu Cys Tyr Pro Gly Glu &Su Asn Asn Asn Gly Egu Leu
5

His Leu pPhe Ser Gly Ile Arg Ser Phe Ser Arg Thr Glu Leu Ile
20 25 30

Pro Thr ser Trp Gly Glu val Leu Asp Gly Ala Thr Ser Ala Arg
page 25



50

Met Qu Ser Val Arg Asn Ay Thr Tyr Asp Tyr Pro G n
Tyr Ser du 500505510 Gu Ala Arg Leu Lys Arg Gu Qu
Ile Ser Gy Val Lys Leu Au Ser 515520525 Ile Ay lle
Tyr Gn lle Leu ser Ile Tyr Ser Thr Val Al a Ser Ser
5305355404 L8 delleda | 8 ELy WabadhaoGhy shey Ser
Leis Trp Met 545550 <210> 377<211=%5570 <212> PRT
<213> Artificial Sequence <220> <223> Sequence

sp asBlLANERN LS LE RO GOISE VRO SHRASIPANEES van

Lys

65

Gly

Glu

Thr

Gly

His

145

Pro

Gln

va'l

Ala

Ala

225

Gly

Gly

Ala

Ile

Gly

Ly

Ar

Th

Ly

Ty

Leu Leu Phe AI a IIe VaI Ser Leu Val LyS Ser 151015 Asp

Gnlle HsA Asn Ser Thr
VAR % 5}.§5 Efée Aﬁ FARE 2&h ThAl hfhr Val
Thr H's Al a n Asp IIe 35404 Leu Glu Lys Thr HIS Asn

GI%l Léﬁ?p Leu Cys Asp Leu Asp Gy Val s 505560 Pro Leu
911 ggb '&bTOS’/éﬂSep §55A|“é @”?/VF pSeeyalédud y
Asn 65707380 Pro Met Cys ASp G u Phe Ile ASA Val Pro
GQu Trp Ser Tyr Ile Val 859095 Gu Lys Ala Asn Pro val
AserSAng Leu THyT V@sASFyEeer@pG’ryo Agp Trﬁlnel.eg val ser

S Ser Trp Ser Glu Lys Tyr Lys Leu Glu Thr Gily val Arg Pro
115 120 125

r Asn Gly Gln Arg Ser Trp Met Lys Ile Tyr Trp Ser Leu Leu

130 135 140

Pro Gly Glu Met Ite Thr Phe Glu Ser Asn Gly Gly Leu Leu Ala

150 155 160

Arg Tyr Gly Tyr Ile Ile Glu Glu Tyr Gly Lys Gly Arg Ile prhe

Se

165 170 175

r Arg Ile Arg Met Ser Lys Cys Asn Thr Lys Cys GIn Thr Ser
180 185 190

Gly Gly Ile Asn Thr Asn Arg Thr Phe Gln Asn Ile Asp Lys Asn

195 200 205

Leu Gly Asp Cys Pro Lys Tyr Ile Lys Ser Gly GIn Leu Lys Leu
210 215 220

Thr Gly Leu Arg Asn val Pro Ala Ile Asp Asn Arg Gly Leu Leu

230 235 240

Ala Ile Ala Gly Phe 1Ile Glu Gly Gly Trp Pro Gly Leu Ile Asn
2

Trp Tyr Gly Phe Gin His GIn Asn Glu GIn Gly Thr Gly Ile Ala

260 265 270

Asp Lys Glu Ser Thr Gln Lys Ala Ile Asp GIn Ile Thr Thr Lys

275 280 285

Asn Asn Ile Ile Asp LyS Met Asn Gly Asn Tyr Asp Ser Ile Arg
290 295 300

Glu Phe Asn Gin val Glu Lys Arg Ile Asn Met Leu Ala
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305

<210> 1L

<211>
<212>
<213>

«<220>
<223>

<400>

100105110 Corrected Sequence Listing

_2_0492612-0502_ST25 115120125 Au Lys Ile Gn lle lle

Pro Lys ser ser Trp ser Ser Hs Gu Al a 130135140 Ser
Leu Ay Val ser ser Ala cys Pro Tyr Gn Ay Lys Pro
Ser Phe 1431%Q1epkeQuEN& £ g Mgn_ 2’%49!@12—6%@2 Lgyslle
Lys Lys Asn 8Sa@r Thr Tyr Pro T¥u5 165170175 Ile Lys Lys
Arg Ser Tyr Asn Asn Thr Asn Ile Qu Asp Leu Leu Ile
185190 Leu Trp Gy Ile Hs His Pro Asn Asp Ala Al a
1¥ G n Thr Lys Leu 195200205 Tyr G n Asn Ser Asn Thr
gﬁ Val Ser Val Ay Thr ser Thr Leu Asn 210215220 G n
FiSk¢iall gegrrescel u 11e Ala Thr Arg Pro Lys Val Asn
Ay Gn 225230235240 Ser Ay Arg Met Qu Phe Phe Trp
Tzl §efluenzd W& ri% GefeBndsp Ala 245250255 |le Asn Phe
GQu ser Asn Ay Asn Phe Ile Ala Pro Qu Tyr Ala Tyr
265270 Lys Ile Val Lys Lys Ay Asp Ser Thr Ile Mt

val AS#Yﬁ'rS@is %H U pfid %s%/e@azls%%xsl;y:‘rf/g%ﬁ%% %:5 Agp Thr

Lys Cys G n Thr Pro Met Gip Al a

Ser Ile Leu Ala Ser Ser Gly Ser Leu Glu phe Ile Ala Glu GIn Phe

20 25 30

Thr Trp Asn Gly val Lys val Asp Gly Ser Ser Ser Ala Cys Leu Arg

35 40 45

Gly Gly Arg Asn Ser prhe Phe Ser Arg Leu Asn Trp Leu Thr Lys Glu

50

55 60

Thr Asn Gly Asn Thr Gly Pro Ile Asn val Thr Lys Glu Asn Thr Gly

65

70 75 80

ser Tyr val Arg Leu Tyr Leu Trp Gly val His His Pro Ser Ser Asp

85 90 95

Asn Glu GIn Thr Asp Leu Tyr Lys val Ala Thr Gly arg val Thr val

100 105 110

Ser Thr Arg Ser Asp GIn Ile Ser Ile val Pro Asn Ile Gly Ser Arg

115 120 125

Pro Arg val Arg Asn GIn Ser Gly Arg Ile Ser Ile Tyr Trp Thr Leu
130 135 140

val Asn Pro Gly Asp Ser Tle Ile Phe Ash Ser Ile Gly Asn Leu Ile

145

150 155 160

Ala Pro Arg Gly His Tyr Lys Ile Ser Lys Ser Thr Lys Ser Thr val

165 170 175

Leu Lys Ser Asp Lys Arg Ile Gly Ser Cys Thr Ser Pro Cys teu Thr

180 185 190

Asp Lys Gly Ser Ile GIn Ser Asp tys Pro Phe GIn Asn val Ser Arg

195 200 205

Ile Ala Ile Gly Asn Cys Pro Lys Tyr val Lys Gln Gly Ser Leu Met
210 215 220
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290295300 Ser Ser Met Pro Phe His Asn Ile Hi's Pro Leu
Thr Ile Ay du Cys 305310315320 Pro Lys Tyr Val Lys
Ser Mh Arg Leu Val Leu Ala Thr Gy Leu Arg 325330335
Asn Ser Pro Gn Arg Gu Arg Arg Arg Lys Lys Arg Gy

Leu Phe Gorrd3d0ansSa3qientea idtdndl & _Ghy2dhReotdes@u Gy

Ay Trp Gn Ay Mt Val Asp Ay 355360365 Trp Tyr Ay
Leu Mhrly el ASaYAste i EyureaoRy GF ST ARy-RyFIEIA 5
370375380 Asp Lys GQu Ser Thr 'Gn Lys Ala lle Asp Ay
Val Thr Asn Lys val Page 47 Corrected Sequence
Phe 61y iAdei hig 42 Mgzmez-rdsofzfégﬁg, 85390395846y A§%I§§r e
Ile Asp Ey5§ met Asn Thr Phe A u Ala Vaf y Arg
405410415 d u Phe Asn Asn Leu Gu Arg Arg Ile G u Asn
Asp TriL@ur/Ashy Biys ArgsHiveG1d 204254806 1G eimpr@y Phe Aleu Asp
val ™% Thr Tyr Asn A3 u Leu Leu Val27435440445 Leu
Met Au Asn Qu Arg Thr Leu Asp Phe Hi s Asp Ser Asn
Ala Asp/akuliws 486049546Th A3e AleurTyraspselidyIevadn Ayg tle@u G n
Led>Arg Asp Asn Al &8Rys G u 285

Asn Arg teu Ile Glu Lys Thr Asn Glu Lys Tyr His GIn Ile Glu Lys
290 295 300

Glu Phe Glu G1n val Glu Gly Arg Ile Gln Asp Leu Glu
305 310 315

<210> 21

<211> 327

<212> PRT

«213> Artificial sequence

<220>
<223> NCBI influenza virus sequence

<400> 21
Ser Asp Ile Cys Tyr Pro Gly Lys Phe Thr Asn Glu Glu Ala iLeu Arg
1 3 10 15

Gln ITe I1e Arg Glu Ser Gly Gly Ile Asp Lys Glu Pro Met Gly Phe
20 25 30

Arg Tyr ggr Gly Ile Lys Thr ﬁsp Gly Ala Thr Ser Ala Cys Lys Arg
45

Thr g81 Ser Ser Phe Tyr Ser Glu Met Lys Trp Leu Leu Ser Ser Lys
55 60

Ala Asn GIn val Phe Pro Gln Leu Gln Thr Tyr Arg Asn Asn Arg Lys
65 70 75 30

Glu Pro Ala Leu Ile val Trp Gly val His His Ser Ser Ser Leu Asp
85 90 95

Glu GIn Asn Lys Leu Tyr Gly Ala Gly Asn Lys Leu Ile Thr val Gly
100 105 110

ser ser Lys Tyr Gln Gln Ser Phe Ser Pro Ser Pro Asp Arg Pro Lys
115 120 125

val Asn Gly GIn Ala Gly Arg Ile Asp Phe His Trp Met Leu Leu Asp
page 28



465470475480 Leu Ay Asn Gy Cys Phe Qu Phe Tyr H's
Lys Cys Asp Asn G u Cys 485490495 Met G u Ser Val Arg
Asn Ay Thr Tyr Asp Tyr Pro G n Tyr Ser du 500505510
GQu Ala Arg Leu Lys Arg Qu GQu Ile ser Ay Val Lys
Leu Qu Al e ' ser
130l e Tyr %érr_%ﬁ?%%%@%%ei&eglé%%&g 5%6-65&%%%%0%2%%92 Leu
Ala lle net Val Ala Ay Leu Ser Leu Trp Met Cys Ser

4555 S ' Arg, | [
e 130T AL RS PE e s o8 O X P A e
Ile lle Ser Ile Val Lys Ay 151015 Asp Gn lle cys Ile
Ay Tyr H's Ala Asn Asn Ser, Thr L i | 202530 As
asp argiffiay for ghe (@ AT§SAhVALaTRO SAT T Vil ST TG n
Asp Il e 354045 Page 48

Asn Gly Lys Ser Leu Gly Ile GIn Ser Asp Ala GIn Ile Asp Glu Ser
180 185 190

Cys Glu Gly Glu Cys pPhe Tyr Ser Gly Gly Thr Ile Asn Ser Pro Leu
195 200 205

Pro Phe Gln Asn Ile Asp Ser Trp Ala val Gly Arg Cys Pro Arg Tyr
210 215 220

val Lys GlIn Ser Ser Leu Pro Leu Ala Leu Gly Met Lys Asn val Pro
225 230 235 240

Glu Lys Ile His Thr Arg Gly teu Phe Gly Ala Ile Ala Gly Phe Ile
245 25 255

o

Glu Asn Gly Trp Glu Gly Leu Ile Asp Gly Trp Tyr Gly Phe Arg His
260 265 270

Gin Asn Ala GIn Gly GIn Gly Thr Ala Ala Asp Tyr Lys Ser Thr Gln
275 280 285

Ala Ala Ile Asp GIn Ile Thr Gly Lys Leu Asn Arg Leu Ile Glu Lys
290 295 300

Thr Asn Thr Gin Phe Glu Leu Ile Asp Asn Glu Phe Thr Glu val Glu
305 310 315 320

GIn GIn Ile Gly Asn val Ile
325

<210> 22

<211> 320

<212> PRT

<213> Artificial Sequence

<220>
<223> NCBI influenza virus sequence

<400> 22

;ro Asn Lys Leu Eys Phe Arg Gly Glu Lgu Asp Asn Asn Gly Glu Leu
1 15

Arg His Leu Phe Ser Gly val Asn Ser Phe Ser Arg Thr Glu Leu ILie
20 25 30
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ser

Arg

Thr

Leu

Thr

Leu

145

Ile

Iie

Thr

Arg

Lys

Leu

Ile

Thr

Corrected Sequence Listing _2 0492612-0502_ST25 Leu
GQu Lys Qu Hs Asn Ay Lys Leu Cys Ser Leu Lys Ay
val Arg 505560 Pro Leu Ile Leu Lys Asp Cys Ser Val Ala
Gy Trp Leu Leu Ay Asn 65707580 Pro Met Cys Asp Qu
Phe Leu Asdri\&lelrsaqtbticel LhsSalg TYrodobe1xalsoB53095 G u
Lys Asp Asn Pro Ile Asn Ay Leu Tyr Cys Tyr Pro Gy
Pr "phes 1501651 £GP RS APPr Gl Yol TPnLalR 1588 WS Leu
Met” Ser Ser Thr Asn Hi s Phe 115120125 Ju Lys Ile Gn
Ile lle Pro Arg Ser Ser Trp Ser Asn His Asp Ala
AspIBI35IU M 18eperSeer Gthe Vel ASer ASeleal \alCysr Arle Tk Asn
"0G'y Arg Ser Ser *Phe 145150155160 %he Arg Asn Val val
Trp Leu Il e Lys Lys Asn Asn Ala Tyr Pro Thr 165170175
AshlieysLysn lols Wysg TYhrerbywvaAs eAsys Gy ATyt esal AsmAsp
Leu Leu Il e 480185190 Leu Trp’@y Ile His Hs $ 0 Asn
Asp Ala Ala Gu G n Thr Lys Leu 195200205 Tyr G n Asn
ThBet1yARRg Wab VA w¥alvaSeleValrpG W The 1Ber pirprbesspAsn
21021522@5G n Arg ser Ile%®ro u lle Ala BSr Arg Pro
Lys val Asn Ay G n 225230235240 Ser Ay Arg Met Qu

1P rPhe: TR 11 abh e deedy LY aPES 290 ASPpAL yr Thr
100 105 110

val Ser Thr Lys Glu Trp Ser Lys Arg Tyr Glu Leu Glu Ile Gly
115 120 125

Arg Ile Gly Asp Gly Gln Arg Ser Trp Met Lys Leu Tyr Trp His
130 135 140

Met Arg Pro Gly Glu Arg Ile Met Phe Glu Ser Asn Gly Gly Leu
150 155 160

Ala Pro Arg Tyr Gly Tyr Ile Ile Glu Lys Tyr Gly Thr Gly Arg
165 170 175

Phe GIn Ser Gly val Arg Met Ala Lys Cys Asn Thr Lys Cys Gin
180 185 190

Ser Leu Gly Gly Ile Asn Thr Asn Lys Thr Phe GIn Asn Ile Glu
195 200 205

Asn Ala Leu Gly Asp Cys Pro Lys Tyr Ile Lys Ser Gly GIn Leu
210 215 220

Leu Ala Thr Gly Leu Arg Asn val pro Ser val Gly 6lu Arg Gly
230 235 240

Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Pro Gly Leu
245 250 255

Asn Gly Trp Tyr Gly Phe GIn His 6In Asn Glu GIn Gly Thr Gly
260 265 270

Ala Ala Asp Lys Ala Ser Thr GIn Lys Ala Ile Asp Glu Ile Thr
275 280 285

Lys Ile Asn Asn Ile Ile Glu Lys Met Asn Gly Asn Tyr Asp Ser
290 295 300
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Ile Ar

305

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

245250255 |Ile Ser Phe Qu ser Asn Ay Asn Phe Ile Ala
Pro Au Tyr Ala Tyr 260265270 Lys Ile Val Lys Lys Ay
Asp ser Ala Ile met Lys ser Au Leu G u 275280285 Tyr
Ay Asn cys Asp Thr Lys Cys Gn Thr Pro Val Gy Ala

Il e Asn XBUZ9sBBD Semrenser L vt nwrdﬁﬁ%zmnzsomsm H s

%gﬁr (Le(?;& eg e@iﬁ:ﬁﬁewﬁiﬁ u%§s %%égg% %gﬁégogéggrz’g%m o]

Lys Tyr val Lys Ser Asp Lys Leu val Leu Ala Thr Gy

u Arg 325330335 Asn Val Pro Gn Arg Au Thr Arg Gy
llgy Phe Gy Ala Ile Ala Gy 340345350 Phe Ile Gu Gy
Gry Trp Gn Gy Met Val Asp Ay Trp Tyr Gy Tyr
355860365 Feaverks Ser Asn Gu Gn Ay Ser Ay Tyr Al a
Ala Asp Lys Qu Ser 370375380 Thr G n Lys Ala Ile Asp
AV gly@nTRHndi98 doriYadeqhaRceer Il1e Il e 385390395400
Asp Lys Met Asn Thr Gn Phe Au Thr Val Ay Lys Qu
Pfe Asn Asn 405410415 Leu Gu Arg Arg Ile G u Asn Leu

ier TyrASIrl‘e Lﬂ% EYUQ‘ -Mf;t Sg lAsﬁ‘S‘?erGgZu F;’!!}% Gly Thr Cys 135/:" Pro

Gly Glu Phe 1Ile Asp Tyr Glu Glu Leu Arg Glu GIn Leu Ser Ser Ile

20 25 30

Ser Ser Phe Glu Lys Phe Glu Ile pPhe Pro Lys Ala Ser Ser Trp Pro

35 40 45

Asn His Glu Thr Thr Lys Gly val Thr Ala Ala Cys Ser Tyr Ser Gly

50

55 60

Ala Ser Ser Phe Tyr Arg Asn teu Leu Trp Ile Thr Lys Lys Gly Thr

65

70 75 80

Ser Tyr Pro Lys Leu Ser Lys Ser Tyr Thr Asn Asn Lys Gly Lys Glu

85 90 95

val Leu val Lteu Trp Gly val His His Pro Pro Ser val Ser Glu GIn

100 105 110

GIn Ser Leu Tyr Gln Asn Ala Asp Ala Tyr val Ser val Gly Ser Ser

115 120 125

Lys Tyr Asn Arg Arg Phe Ala Pro Glu Ile Ala Ala Arg Pro Glu val
130 135 140

Arg Gly Gln Ala Gly Arg Met Asn Tyr Tyr Trp Thr Leu Leu Asp GlIn

150 155 160

Gly Asp Thr Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24

164

PRT

Artificial Sequence

HA glycan binding domain sequence

24
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420425430 Leu Asp Val Trp Thr Tyr Asn Ala GQu Leu Leu
Val Leu nmet A u Asn 435440445 A u Arg Thr Leu Asp Phe
H s Asp Ser ASn Val Lys ASn Leu Tyr Asp 450455460 Lys
Val Arg Leu Gn Leu Arg Asp Asn Ala Lys Au Leu Gy
Asn Gy 4B549047548090¢8 1F"H%NEEJ u—zpﬂé‘-"z@? P2 _BYS QIS
S S n dy
il Ty#ﬁﬂ)e%ﬁ ﬁ;}l Tﬁl:ly S%F%S %FT%F) \éer @54gﬁeﬁﬁrﬁﬁmu
500505510 Asn Arg Gu Gu Ile Asp G!y Val Lys Leu Qu

S t Thr 552 e Tyr
Gy ASpSgEe%e '\%{%/ T}Xfamé’yrehélLs Lg %1“ {L'enu LSe%BS é’é‘hlo Ile
I\/Et Val Al a GIy Leu Ser phe Trp I\/Et Q/s Ser Asn Ay
el qu 5455 556 gr Cys Ile 565 <210>
Ser Sergg eSS Ly d e % ?evd'xesg éﬁé %gf n?j*’" Trp Pro
0492612- 0502_ST <212> PRT <213>"Artificial

Se uence
Asn ?65 G1u Thr Thr Arg Gly val Thr Ala Ala g%s Pro Tyr Ala Gly
55

Ala Ser ser phe Tyr Arg Asn Leu Leu Trp Leu val Lys Lys Gly Asn
65 70 75 80

Ser Tyr Pro Lys Leu Ser Lys Ser Tyr val Asn Asn Lys Gly Lys Glu
85 a0 95

val Leu val Leu Trp Gly val His His Pro Pro Thr Ser Thr Asp Gln
100 105 110

Gln Ser Leu Tyr GIn Asn Ala Asp Ala Tyr val Ser val Gly Ser Ser
115 120 125

Lys Tyr Asp Arg Arg Phe Thr Pro Glu Ile Ala Ala Arg Pro Lys val
130 135 140

Arg Gly Gln Ala Gly Arg Met Asn Tyr Tyr Trp Thr Leu Leu Glu Pro
145 150 155 160

Gly Asp Thr 1le

<210> 25

<211> 163

<212> PRT

<213> Artificial Sequence

<220>
<223> HA glycan binding domain sequence

<400> 25
ier Tyr Ile val Glu Thr Pro Asn Ser Glu Asn Gly Ile Cys {gr Pro
: 5 10

Gly Asp Phe Ile Asp Tyr Glu Glu Leu Arg Glu G1n Leu Ser Ser val
20 25 30

Ser ser Phe Glu Arg Phe Glu Ile Phe Pro Lys Glu Ser Ser Trp Pro
35 40 45

Asn His Asn Thr Asn Gly val Thr Ala Ala Cys Ser His Glu Gly Lys
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Ser

65

Tyr

Leu

Asn

Tyr

Asp

145

Asp

<220> <223> Sequence ali9nnment illustrating conserved
subsequences characteristic of H5 HA. <400> 39 Met Qu
Lys Ile val Leu Leu Leu Ala Ile Val Ser Leu Val Lys
Ser 151015 Asp An lle Cys Ile @y Tyr Hs Ala Asn Asn
Ser Thr Gyt -@fed/abq@0R830i ASRg THY okbgs1Ehsd Urhys Asn
50val Thr Val Thrst#His Ala @n Asp bbe 354045 Leu A u Lys
Thr H's Asn Ay Lys Leu Cys Asp Leu Asp Gy Val Lys

e eneLBl oy St wh7695H0 Bed T ¥R AR B V1 o'

Asn Val Pro Qu Trp Ser Tyr Ile Val 859095 3 u Lys Ala

Al a Asn_As eu . Tyr Tyr Pro Avy.lle_Phe
PrdT8s ot Y At ast Wy a1 KEs BRebT §dV S Eb Bl Ser
ArgIIeAanls Phe11512125GIuLysIIe nilelle
Lys Ser Ser Trp.Ser Asp His Qu AI a 130135140 Ser

Va]séreu 3 98 Iéer%wmﬁoc{jgo PS8 %% ng[‘grm nSer
Ser € 145150155160 € Arg Asn Val Vi rp Leu lle

Lys Lys Asn Ser Ala Tyr Pro Thr 165170175
Leu Tyr Gin Asn Glu Asn Ala Tyr val Ser val val Thr Ser Asn
115 120 125

Asn Arg Arg Phe Thr Pro Glu Ile Ala Glu Arg Pro Lys val Arg
130 135 140

Gln Ala Gly Arg Met Asn Tyr Tyr Trp Thr Leu teu Lys Pro Gly
150 155 160

Thr Ile

<210> 26

<211> 164

<212> PRT

<213> Artificial Seguence

<220>
<223> HA glycan binding domain sequence

<400> 26

Ser
1
Gly
Ser
ASN
Ala
65

ser

val

Tyr Ile val €1u Thr Ser Asn Ser ggu Asn Gly Thr Cys Tyr Pro
15

Asp Phe Ile Asp Tyr Glu Glu Leu Arg Glu GIn Leu Ser Ser val
20 25 ‘ 30

Ser Phe Glu Lys phe Glu ITe Phe Pro Lys Thr Ser Ser Trp Pro
35 40 45

His Glu Thr Thr Lys Gly val Thr Ala Ala Cys Ser Tyr Ala Gly
50 55 60

Ser Ser Phe Tyr Arg Asn Leu Leu Trp Leu Thr Lys Lys Gly Ser
70 75 80

Tyr Pro Lys Leu Ser Lys Ser Tyr val Asn Asn Lys Gly Lys Glu
8s a0 95

Leu val Leu Trp Gly val His His Pro Pro Thr Gly Thr Asp Gln
100 105 110
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Ile Lys Lys Ile Ser Tyr Asn Asn Thr Asn A n du Asp
Leu Leu Val 180185190 Leu Trp Ay Ile HHS H's Pro Asn
Asp Ala Ala Gu A n Thr Arg Leu 195200205 Tyr G n Asn
Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser Thr Leu Asn
21021522 Qo6 cdgsé@ienyal L iRt ond-yS_bi®cAbaosOrr sAryg Ser
Lys Val Asn Ay G n 225230235240
SIn serchey dof e 'Séqliehice 168 NlFng/ T 2204576Y9] G0258T ST Ser
@y Arg net Gu Phe"Phe Trp Thr Ile leu Lys Pro Asn
Asp Al a 245250255 Val Asn Phe G u ser Asn Ay Asn Phe
Lys "1“5”1 A&N Arg Mro PEE UTHTY PralcduTyre 28026052700 IRre bYe Wal Lys
ys Ay Asp Ser3fhr 11e Met Lysjé@ GQu Leu Au
275280285 Tyr Ay Asp Cys Asn Thr Lys cys G n Thr Pro
Arg Aspmein @ly @la A eMeAs ns2 992985300 rBerhrSeeu NMeu &hwo PPhe Hi s
145 Asn Ile His1PPo Leu Thr Ile &Yy A u Cys 305316825320
Pro Lys Tyr Val Lys ser Asn Arg Leu val Leu Ala Thr
Gly AspGiryr lzgd Arg 325330335 Asn Ser Pro G n Arg Gu Arg Arg
Lys Lys Arg Gy Leu Phe Ay Ala 340345350 Ile Ala Ay
Phe Ile Qu Ay Ay Trp Gn Ay net Val Asp Gy Trp
<210> 395360365

<211> 164
<212> PRY
<213> Artificial Sequence

<220>
<223> HA glycan binding domain sequence

<400> 27

Ser Tyr Ile Ala Glu Thr Pro Asn Pro Glu Asn Gly Thr Cys Tyr pPro
1 5 10 15

Gly Tyr pPhe ?ga Asp Tyr Glu Glu Leu Arg Glu GIn Leu Ser Ser val
25 30

Ser Ser Phe Glu Arg Phe Glu Ile Phe Pro Lys Glu Ser Ser Trp Pro
35 40 45

Asn ?65 Thr val Thr Lys g;y val Thr Thr Ser gys Ser His Asn Gly
0

Lys Ser Ser Phe Tyr Arg Asn Leu Leu Trp Leu Thr Lys Lys Asn Gly

Leu Tyr Pro Asn gg] Ser Lys Sser Tyr gg? Asn Asn Lys Glu Sys Glu
5

val Leu val Leu Trp Gly val His His Pro Ser Asn Ile Gly Asp Gln
100 105 110

Arg Ata Ile Tyr His Thr Glu Asn Ala Tyr val Ser val val Ser Ser
115 120 125

His Tyr Ser Arg Arg Phe Thr Pro Glu Ile Ala Lys Arg Pro Lys val
130 135 140

Arg Asp GIn Glu Gly Arg Ile Asn Tyr Tyr Trp Thr Leu Leu Glu Pro
145 150 155 160

Gly Asp Thr Ile
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

Tyr Ay Tyr Hs Hs Ser Asn Qu Gn Gy Ser Ay Tyr
Ala Ala Asp 370375380 Lys GQu Ser Thr Gn Lys Ala lle
Asp Ay Val Thr Asn Lys Val Asn 385390395400 Ser Ile
Ile Asp Lys Met Asn Thr G n Phe Gu Ala Val Ay Arg
A u 4054104 2 cBae sAgherden oY nEd W Arg2éidosd2 syl Asn
Leu Asn Lys Lys nmet G u 420425430 Asp Gy Phe Leu Asp
Val Trp Thr Tyr Asn Ala Qu Leu Leu Val teu 435440445
Mg GQu Asn GQu Arg Thr Leu Asp Phe His Asp Ser Asn
V4 Lys Asn 450455460 Leu Tyr Asp Lys val Arg Leu G n
LRI Arg Asp Asn Ala Lys G u Leu 465470475480 Ay Asn
@y aﬂ’hge"@eﬂc‘?’he Tyr His Lys cys Asp Asn du Oys
Met 485490495 A u Ser Val Arg Asn Ay Thr Tyr Asp Tyr
Prrog@aanThindSay @naid sedh@PSO5510 Corrected Sequence
éfﬁing 2 0492612-0502_5T25 Ala Arg Leu Lys Arg Gu
ulle Ser Ay Val Lys Leu Qu Ser Ile 515520525 Ay

ier TyAd e Tyd1 Gl thiresdehsPesed Leu TAsh SBY ﬂihrcysag%\l FroSer

Ser Leu 530535540 Ala Leui®l a Ile Met val
Ser Leu Trp Met Cys Ser Asn

a @y Leu

Gly Asp Phe Ile Asp Tyr Glu Glu Leu Arg Glu Gin Leu Ser Ser val

20 25 30

ser ser Phe Glu Lys Phe Glu Ile Phe Pro Lys Thr Ser Ser Trp Pro

35 40 45

Asn His Glu Thr Thr tys Gly val Thr Ala Ala Cys Ser Tyr Ala Gly

50

55 60

Ala Ser ser Phe Tyr Arg Asn Leu Leu Trp Leu Thr Lys Lys Gly Ser

65

70 75 80

Ser Tyr Pro Lys Leu Ser Lys Ser Tyr val Asn Asn Lys Gly Lys Glu

85 90 95

val Leu val Leu Trp Gly val His His Pro Pro Thr Gly Thr Asp Gln

100 105 110

Gin ser Leu Yyr GIn Asn Ala Asp Ala Tyr val Ser val Gly Ser Ser

115 120 125

Lys Tyr Asn Arg Arg Phe Thr Pro Glu Ile Ala Ala Arg Pro Lys val
130 135 140

Arg Gly GIn Ala Gly Arg Met Asn Tyr Tyr Trp Thr Leu Leu Glu Pro

145

150 155 160

Gly Asp Thr Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>

29
158
PRT
Artificial Sequence

HA glycan binding domain sequence
29

Asp Leu Phe val Glu Arg Ser Asn Ala Phe Ser Asn Cys Tyr Pro Tyr
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Asp

Leu

Gly G

Arg

65

val

val

Ala

Ile

Ile
145

545550555560 Gy Ser Leu Gn Cys Arg Ile Cys Ile 565
<210> 40 <211> 566 <212> PRT <213> Artificial Sequence
<220> <223> Sequence alignment illustrating conserved
subsequences characteristic of H5 HA. <400> 40 Val Leu
Leu Leu At@rkbeed deqgm@iceleistMal Ly 9482612A8p0Gsh2b1 e
Cys 151035 Ile Ay Tyr H $0Ala Asn Asn Ser 1¥hr A u G n
Val Asp Thr Ile Met 202530 G u Lys Asn Val Thr val Thr
r1&isgoAhd @R AsPsht Qrkg%rGLHu% AL 334045 Gwsrrﬁsn Ay
Lys Lesu Cys Asp Leu Asps Gy Val Lys Pro3geu Tle Leu
505560 Arg Asp Cys Ser Val Ala Ay Trp Leu Leu Gly Asn

61 Prf’%“@‘ ﬁ%pr)iMo %L?gglf@eﬁsﬁ%@ﬁbrgﬁg POR a A

Asp Leu Tyr QIS Tyr Pro Gly Asn Phe Asn Asp Tyr du
010511 O Au Leu Lys H'%/s Leu 1L se %e be Asn Hi s

’b e T ﬁyls Y3 AT9182261258 A 'rlGéyP? 8 ¥ Ser

Trp Ser Asp Hs GQu Ala Ser Ser y Val 130135140

Leu Asn Trp Lteu Thr Lys Ser Glu Ser Ala Tyr Pro val Leu Asn
70 75 80

Thr Met Pro Asn Asn Asp Asn Phe Asp Lys Leu Tyr Ile Trp Gly
85 90 95

His His Pro Ser Thr Asn G1n Glu Gln Thr Asn teu Tyr val Gln
100 105 110

ser Gly Arg val Thr val Ser Thr Arg Arg Ser GIn Gln Thr Ile
115 120 125

Pro Asn Ile Gly Ser Arg Pro Trp val Arg Gly Gin Pro Gly Arg
130 135 140

ser Ile Tyr Trp Thr Ile val Lys Pro Gly Asp val Leu
150 155

<210> 30

<211> 159

<212> PRT

<213> Artificial Ssequence

<220>
<223> HA glycan binding domain sequence

<400> 30

Asp
1

Leu Phe val gTu Arg Ser Lys Ala Pge Ser Asn Cys Tyr Pro Tyr
1 15

Asp val Pro ggp Tyr Ala Ser Leu Arg Ser Leu val Ala Ser Ser Gly

Thr

25 30

Leu Glu Phe Ile Thr Glu Ggy Phe Thr Trp Thr Gly val Thr Glin
4 45

Asn géy Gly Ser Asn Ala Cys Lys Arg Gly Pro Gly Ser Gly pPhe phe
55

60

Ser Arg Leu Asn Trp Leu Thr Lys Ser Gly Ser Thr Tyr Pro val Leu

75 80
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Ser Ser Ala Cys Pro Tyr Gn Gy Arg Ser ser Phe Phe
Arg Asn Val 145150155160
Corrected sequence Listing _2 0492612-0502_ST25 Val
Trp Leu Ile Lys Lys Asp Asn Ala Tyr Pro Thr Ile Lys
Lys Arg kﬁﬁ]:@@ﬂemS&ﬁ:\]’enﬂérLMﬁné\S“erﬁh‘BZG@LQQOQMS@M Asp
LeU Leu Val Leu Trp Ile 180185190 H's H s Pro Asn
Asn ValaJAr Afe Rro ASP A ﬁslfrh‘%/sn E AR T L& n'YAs R erigP
195200205 Thr Thr Tyr Il e Ser Val Gly Thr Ser Thr Leu
Asn Gn Arg Leu val 210215220 Pro Lys Ile Ala Thr Arg
Gly ﬂes@wp% vm SAENTI Ys@ n5§}u Qly Py SKEtLE2REP3(/235240
Phe Trp Thr 11 ’Leu Lys Pro ASTTH p Ala lle
Asn Phe 3 u 245250255 Ser Asn Gy Asn phe Ile Ala Pro
Gln A1EGISar"Ks1ry Ara VWrTH_rySfal |serVahr lyg RG026527101 Gys T@ry Asp
SétoThr 1le net Lyd2%er Au Leu AulFyr Ay Asn Cys
275280285 Asn Thr Lys cys Gn Thr Prolle Ay Ala lle
Ile I1éAPRo S&h Bed Vet sdr ard 39539 Wati herdHicsy Asdu kke ddirs Pro
13Qeu Thr Ile AylXd u Cys Pro Lys T Val 305310315320
Lys Ser Asn Arg Leu val Leu Ala Thr Ay Leu Arg Asn

arg 1158kr ANQ &N 1385830338 val Lys pro Gly Asp val Leu
145 150 155

<210 31
<211> 157
<212> PRT
<213> Artificial Sequence

<220>
<223> HA glycan binding domain sequence

<400> 31
?sp Leu Phe val Glu Arg Ser Lys Ala Tgr ser Asn Cys Tyr ;go Tyr
5 1

Asp val Pro ggp Tyr Ala Ser Leu grg Ser Leu val Ala ggr ser Gly
5

Thr Leu Glu Phe Asn Asn Glu Ser Phe Asn Trp Thr Gly val Ala Asn
35 40 45

Gly Thr Ser ser Ser Cys Lys Arg Arg Ser Ile Lys Ser pPhe Phe Ser
50 535 60

Arg Leu Asn Trp Leu His Leu Lys Tyr Arg Tyr Pro Ala Leu Asn val
65 70 75 80

Thr Met Pro Asn Asn Asp Lys Phe Asp Lys Leu Tyr Ile Trp Gly val
85 90 95

His His Pro Ser Thr Asp Ser Asp Gin Thr Ser Leu Tyr Thr Gln Ala
100 105 110

ser Gly Aarg val Thr val Ser Thr Lys Arg Ser GIn GIn Thr val Ile
115 120 125

Pro Asn Ile Gly Ser Arg Pro Trp val Arg Gly Ile Ser Ser Arg Ile
130 135 140

Ser Ile Tyr Trp Thr Ile val Lys Pro Gly Asp Leu Leu
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Arg Qu Gy Arg Arg Lys Lys Arg Gy Leu Phe Ay Ala
Ile Ala Gy 340345350 Phe Ile Qu dy Ay Trp Gn Ay
Met Val Asp Ay Trp Tyr Ay Tyr 355360365 His Hi s Ser
Asn Qu Gn Ay Ser Ay Tyr Ala Ala Asp Lys G u Ser
370375380cokrec@d S|eM§erﬁs|eadA%SPZW@WZWLO%U_SASS‘ Lys
145  Val Asn ser 150e 1l e 38539039 0 Asp Lys net Asn Thr
A@n Phe Au Ala Val Gy Arg G u Phe Asn Asn 405410415
<210> Ly Gu Arg Arg Ile Gu Asn Leu Asn Lys Lys nmet GQu
<211> Aspp Ay Phe 420425430 Corrected
<212> Sﬁqyenqe Listing 2 0492612-0502 51-25 Leu Asp Val Trp
<213> PHUHGTaAsHeMeHCe U Leu Leu val Leu net G u Asn
<220> 435440445 A u Arg Thr Leu Asp Phe His Asp ser Asn Va
<223> s gMgtunlbBindivip dofaid504ued6€ Lys val Arg Leu G n Leu
Asp Asn Ala Lys Qu Leu Ay Asn Gy 465470475480
<400> é{g Phe A u Phe Tyr His Arg Cys Asp Asn G u Cys net
ser TyCltleSan ¥k YB5ADAIR A vASIE K1y lieu Ty A9 Ay Pr o
1 Gn Tyr Ser u u Ala Ang Leu 500505510 rys Arg G u
GQulle ser Ay val Lys Leu Qu Ser Ile @y Thr Tyr

Glu Asﬁxyﬁ§2§§§2§sp Tyr Glu Glu Leu Lys His Leu Leu Ser Ser Thr
25 30

Asn His gge Glu Lys Ile Arg Ile Ile Pro Arg Ser Ser Trp Ser Asn
40 45

His égp Ala Ser Ser Gly val Ser Ser Ala Cys Pro Tyr Asn Gly Arg
55 60

Ser Ser Phe Phe Arg Asn val val Trp Leu Ile Lys Lys Asn Asn Ala
65 70 75 80

Tyr Pro Thr Ile Lys Arg Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu
85 a0 95

Leu Ile teu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr
100 105 110

Lys Leu Tyr GIn Asn Pro Thr Thr Tyr val Ser val Gly Thr Ser Thr
115 120 125

Leu Asn Gln Arg Ser val Pro Glu Ile Ala Thr Arg Pro Lys val Asn
130 135 140

Gly Gin Ser Gly Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn
145 150 155 160

Asp Ala Ile

<210> 33

<211> 163

<212> PRT

<213> Artificial Sequence

<220>
<223> HA glycan binding domain sequence

<400> 33

Ser Tyr Ile val Glu Lys Ala Asn Pro val Asn Asp Leu Cys Tyr Pro
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Gnille Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu
Ala Leu Al a 530535540 Ile Met val Ala Gy Leu Ser Leu
Trp Met Cys Ser Asn Ay Ser Leu 545550555560 G n Cys
Arg Ile Cys Ile 565 <210> 41 <211> 570 <212> PRT <213>
Artifici aboSequencRque?d™  $220w SEQUONEE? -dlsh I Hent

1 il lustrati ng conserved sub¥equences charactléri stic of
H5 HA. <400> 41 Met Qu Lys Ile Val Leu Leu Leu Ala

Gly Ashl #heVabn 38b HRUGYR! gy Be@lys1Ril0layASR: SR Ar ger"ﬁ%’s Ile
Ay Tgo His Ala Asn AsraSSer Thr du G n3yal 202530 Asp
Thr Ile met Au Lys Asn val Thr val Thr Hs Ala Gn

nen R & RIS WA S Bl wesr () Tt Tsr

QIS Ser VaI Ala Ay Trp Leu Leu Ay Asn 65707580
His a1 olfecte Se enc L| Sti 2_0492612- 0502 5T25 859095
coQd U Lys oA 3” IS BEY WY S Sy Pro
Ay Asp Phe 1001 5110

ser Ser Phe phe Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Thr
65 70 75 80

Tyr Pro Thr 1le ggs Arg ser Tyr Asn Asn Thr Asn GIln Glu Asp Leu
90 95

teu val Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr
100 105 110

Lys Leu Tyr GIn Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr
115 120 125

Leu Asn Gin Arg Leu val Pro Arg Ile Ala Thr Arg Ser Lys val Asn
130 135 140

Gly G1In ser Gly Arg Met Glu Phe Phe Trp Thr ITe Ile Lys Pro Asn
145 150 155 160

Asp Ala Ile

<210> 34

<211> 570

<212> PRT

<213> Artificial sequence
<220>

<223> sSequence alignment illustrating conserved subsequences
characteristic of H5 HA.

<400> 34

Met Glu Lys ITe val Leu Leu Leu Ala Ile val Ser Leu val Lys ser
1 5 10 15

Asp GIn Ile g%s Ile Giy Tyr His Sga Asn Asn Ser Thr Glu GlIn val
30

Asp Thr gge Met Glu Lys Asn val Thr val Thr His Ala Gln Asp Ile
40

Leu ggu Lys Thr His Asn ggy Lys Leu Cys Asp Leu Asp Giy val Lys
60
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Asn Asp Tyr Gu GQu Leu Lys His Leu Leu Ser Arg Ile
Asn Hi's Phe 115120125 Qu Lys Ile Gn lle Ile Pro Lys
Ser Ser Trp ser Asp His Qu Ala 130135140 Ser Ser dy

Val Ser Ser Ala Cys Pro Tyr G n Ay Lys ser Ser Phe
145150155460 ePhad Aeguéddsre Viadtivgl _TIopot&iz-Db@2_Isy35Lys
Asn Ser Ala Tyr Pro Thr 165170175 Ile Lys Lys Arg Ser
r u 85190

o vel e & Al oo TR A K8 Rt G
Thr Lys Leu 195200205 Tyr G n Asn Pro Thr Thr Tyr Ile

Pro Me %Irysg@g &QS( 'ngr 1186 AszixhraTAEro?lp Eé'pg?s\e;g )ng\(é\g}ﬂg Leu

225230235240 Ser GI y Arg Met G u Phe Phe Trp Thr IIe

clu L Leéﬂ Pro Asn Asp Al a 245250255 Il e Asn Phe u Ser
u Ly % 5 KGR “BReATT BB LEoT§T &Y TR PRSIy PoBEBE65270
Lys ITe Val Lys Lys Ay Asp ser Thr IIe t Lys Ser

GQu Leu Qu 275280285 Tyr Ay Asn Cys Asn Thr Lys Cys
Asn Asigh '"T<h1ru PH Lewt LG gw ia?q |Leux%ar'f fzm)%g?aw Bbs Fber Met
Pro’Phe His Asn 11&2Pis Pro Leu Thr e Ay Au Cys

Glu Lys I'le GIn Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala
130 135 140

Ser Ser Gly val Ser Ser Ala Cys Pro Tyr GIn Gly Lys Ser Ser Phe
145 150 155 160

Phe Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Ala Tyr Pro Thr
165 170 175

Ite Lys Lys Arg Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu val
180 185 190

Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Lys Leu
195 200 205

Tyr GIn Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn
210 215 220

Gln Arg Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Ash Gly GIn
225 230 235 240

ser Gly Arg Met Glu Phe Phe Trp tThr fle Leu Lys Pro Asn Asp Ala
245 250 255

I1e Asn Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr
260 265 270

Lys Ile val Lys Lys Gly Asp Ser Thr ITe Met Lys Ser Glu teu Glu
275 280 285

Tyr Gly Asn Cys Asn Thr Lys Cys GIn Thr Pro Met Gly Ala Ile Asn
290 295 300

Ser ser Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys
305 310 315 320

Pro Lys Tyr val Lys Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg
325 330 335
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AsnN

Ala

Trp T

ASp

385

Asn

Glu

Glu

Leu

Asn

465

Leu

Met

Glu

Ile

Leu

545

AsSn

305310315320 Pro Lys Tyr val Lys Ser Asn Arg Leu Val
Leu Ala Thr Ay Leu Arg 325330335 Asn Ser Pro G n Arg
GQu Arg Arg Arg Lys Lys Arg Ay Leu Phe Ay 340345350
Corrected Sequence Listing _2 0492612-0502_ST25
355360365¢drectyd segMeniod LHESinkl S2_Sap2deno6da ster Ay
Ser Ay Tyr Ala Ala 370375380 Asp Lys GI u Ser Thr G n

Y, = Ay Val Thr n 2320395400
schifrocsfh i REARp A b 19 PR S
vaI Gly Arg 405410415 G u Phe Asn Asn Leu GI u Arg Arg

e sl A5 VR S ER T FP AT AT B kASD et bal
s el

40445 Leu net u Asn Gu Arg Thr Leu Asp Phe H's
Asp Ser Asn Val Lys 450455460 Asn Leu Tyr Asp Lys val
@r@yﬁéxr i A fDéuS%g“SAs‘é"lAﬁ”A@h/ % @YUTYFGM‘?O% 480

eu Ay Asn Ay s Phe @ u Phe H s Lys Cys Asp
Asn G u cys 485490495 Met du Ser val Arg Asn Gy Thr

LyFyGluAsgr THr Grmol.@ mIayElSasp@ly val Thr Asn Lys val
390 395 400

Ser ITe Ile Asp Lys Met Asn Thr Gin Phe Glu Ala val Gly Arg
405 410 415

Phe Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn LyS Lys Met
420 425 430

Asp Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu teu Leu val
435 440 445

Met Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys
450 455 460

Leu Tyr Asp Lys val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu
470 475 480

Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys
485 490 495

Glu Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu
500 505 510

Ala Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser
515 520 525

Gly Thr Tyr GIn 1le Leu Ser Ile Tyr Ser Thr val Ala Ser Ser
530 535 540

Ala teu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser
550 555 560

Gly ser Leu GIn Cys Arg Ile Cys Ile
565 570

<210> 35

<211> 570

<212> PRT

<213> Artificial Sequence

<220>
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500505510 Gu Ala Arg Leu Lys Arg Au GQu Ile Ser Ay
val Lys Leu A u ser 515520525 Ile Ay Thr Tyr Gn lie
Leu Ser Ile Tyr Ser Thr val Ala Ser ser 530535540 Leu
Ala Leu Ala Ile Met Val Ala Ay Leu ser Leu Trp net

Cys ser 54bb5Q56585GQulate Giyvt SRy _bketnoGsn Qo2 Aces! | e

<223> cgﬁqqelnée 565 8m0ent2 1 dtusa?atdigl sob55 ved 19bsPRIenc2$ 3>

AFPECERRIStde fifeHee*A220> <223> Sequence al i gnment

<400> i Bfustrating conserved subsequences characteristic of

H5 HA. <400> 42 Met Ju Lys Ile Val Leu Leu Leu Ala

fet Glpy 'eysvaﬂe%ﬂ Lty Lol Lquy 4186l e1840 B8 r Parye VBT LyGoBerct ed

Sequence Listing 2 O4926i§10502_ST25 Asp Gnlle Cys

Ile Ay Tyr
Asp G1Asb1e'£§vs |Mle @bt T@ WHisyslAsysnvasn Ber Wal
Gn

Ile

Asp Thr Ile Met Glu
35

Leu Glu
50

Pro Leu
65

Pro Met

Glu Lys

Asn Asp

Glu Lys

Ser Ser

145

Phe Arg

ITe Lys

teu Trp

Tyr Gln

210

Gln Ar
225 9

Ser Gly

Lys

Ile

Cys

Ala

Tyr

115

Ile

Gly

Asn

Lys

Ley

Arg

Thr

Leu

ASp

Ser

100

Glu

GIn

val

val

Arg

Ile

Pro

val

Met

His

Arg

Glu

85

Pro

Glu

Ile

Ser

val

165

Ser

His

Thr

Pro

Glu
245

His Ala Asn Asn ser Thr Au G n Val 202530

354045

Lys

AsSn

Asp

70

Phe

ASp

Leu

Ile

Ser

150

Trp

Tyr

His

Thr

Lys

230

Phe

Asn

Gly

55

Cys

Ile

Asn

Lys

Pro

135

Ala

Leu

Asn

Pro

Tyr

215

ile

Phe

25

val thr val Thr His

Lys

Ser

Asn

Asp

His

120

Lys

Cys

ASn

Asn

200

Ala

Trp

Leu

val

val

Leu

105

Leu

Ser

Pro

Lys

Thr

185

ASD

Ser

Thr

Thr

Cys

Pro

90

TYr

Leu

ser

Tyr

Lys

Asn

Ala

val

Arg

1ie
250
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ASp

Gly

75

Giu

Cys

ser

Trp

His

155

ASn

GlIn

Ala

Gly

Ser

235

Leu

Leu

60

Trp

irp

Tyr

Arg

Ser

140

Gly

Ser

Glu

Glu

Thr

220

Lys

Lys

Ala

45

Asp

Leu

Ser

Pro

Ite

125

Asn

LYS

Ala

ASp

GIn

205

ser

val

Pro

GcTinrglidi 8aAl a
30

Gin Asp

Gly val

Leu Gly

Tyr Ile

95

Gly Asp

Asn His

His Glu

Ser Ser

Tyr Pro

175
Leu Leu
190
Thr Lys
Thr Leu

Asn Gly

Asn Asp

Ile

Lys

Asn

80

val

Phe

Phe

Ala

Phe

160

Thr

val

Leu

Asn

Gln
240



Leu Au Lys Thr H's Asn Ay Lys Leu Cys Asp Leu Asp
@y Val Lys 505560 Pro Leu Ile Leu Arg Asp Cys Ser Val
Ala Ay Trp Leu Leu Ay Asn 65707580 Pro Met cys Asp
GQu Phe Ile Asn Val Pro Gu Trp Ser Tyr Ile Val 859095
G u Lys AcarAsftelrgbbacdsisA5R LeWwsbyp1.0080d 26 0
1 (;X As? Phe 100105110 Asn Asp Tyr Qu Qu Leu Lys His
Tie Asﬂewigguﬁf Ay GﬂVe‘\%Eggﬂé‘ePhba frsl@ellgﬁ @la I¥s Ile
Gnllelle Pro Lys Se er Trp ser Asp s Au Al a
130135140 Ser ser Ay Val Ser Ser Ala Cys Pro Tyr Leu
Lys Tlg YAl y¥s Sos Sbt APReSer4B150185M60 LPheSear §1AsruvElu Val
TriLeu Ile Lys Lys*®sn Ser Ala Tyr 48% Thr 165170175
Ile Lys Lys Arg Ser Tyr Asn Asn Thr ASn G n du Asp
Tyr GlyeAsnéys Vah 180185196 Lt Thirpeid yet @ yHasa Hils &m0 Asn
2%8sp Ala Ala G u28n Thr Arg Leu 398200205 Tyr G n Asn
Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser Thr Leu Asn
Ser se2MR1bPRPhE mi Ahgn Lae Nad ARboLdy Snkl B AR TG Afg Ser
305 Lys val Asn 8O/ G n 22523023520 Ser Gy Arg m&o G u
Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Al a

Pro Lys Tyr val Lys Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg
325 330 335

Asn Thr Pro GIn Arg Glu Gly Arg Arg Lys Lys Arg Gly Leu Phe GI
340 345 350 Y

Ala Tte Ala Gly phe Ile Glu Gly Gly Trp G1ln Gly Met val Asp Gl
355 360 Y 365 P Y

Trp Tyr Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala
370 375 380

Asp Lys Glu ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val
385 390 395 400

Asn Ser Ile Ile Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg
405 410 415

Glu Phe Asn Lys Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met
420 425 430

Glu Asp Gly phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val
435 440 445

Leu Met Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys
450 455 468 Y

Asn Leu Tyr Asp Lys val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu
465 470 475 480

Leu Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys
485 490 495

Met Glu Ser val Lys Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu
500 505 510

Glu Ala Arg Leu Asn Arg Glu Glu Ile ser Gly val Lys Leu Glu Ser
515 520 525
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245250255 Ile Asn Phe Gu Ser Asn Ay Asn Phe Ile Al a
Pro Au Tyr Ala Tyr 260265270 Lys Ile val Lys Lys Ay
Asp Ser Ala Ile Met Lys Ser Au Leu Gu 275280285 Page
58 corrected Sequence Listing _2 0492612-0502_sT25
Tyr d y Aerrreygseddsraqidircel ysstoyg G 04THHL2PR R0 sT2H y

N 90295 S P L I
Met (5;;5_"131" ryof” AZ'& ]%hr%g éeé Y %Tﬁgr@esr % %6%§%§§%§nwse

Tyr Val Lys ser Asn Arg Leu Val Leu Ala Thr Gy Leu

533 335AsnS Pro Gn Arg Gu Arg Ar Arg Lys
Lou A1RyRuARTR &S Heg VPhe 1cs G0 4GS ELTSEeATEY e AYS By ehe
IIeGIuGIy y Trp Gn @y t val Asp Ay 3 60365
Trp Tyr Ay Tyr Hs Hs Ser Asn Qu Gn Gy ser Ay
ASN G’Wyﬁ”ﬂ&%@ Al @F0875336 %ﬁolggs Gu ser Thr Gn Lys Al a
lie Asp &Py val Thr Asn Ly€%val 385390395400 Asn Ser
Ile Tie Asp Lys Met Asn Thr Gn Phe Qu Ala val Ay

<210> Ajfg 405410415 A u Phe Asn Asn Leu Qu Arg Arg Ile Qu
i Leu Asn Lys Lys Met

<213> Artificial Sseguence

<220>
<223> Sequence alignment illustrating conserved subsequences
characteristic of H5 HA.

<400> 36

Met Glu Lys Ile val Leu Leu Phe Ala Ile val Ser Leu val Lys Ser
1 5 10 15

Asp GIn TIle Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu GIn val
20 25 30

Asp Thr Ile Met Glu Lys Asn val Thr val Thr His Ala Gln Asp 1le
35 40 45

Leu g8u Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys
55 60

Pro Leu Tle Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
85 90 95

Glu Lys Ala Asn Pro val Ash Asp Leu Tyr Cys Tyr Pro Gly Asp pPhe
100 105 110

Asn Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe
115 120 125

Glu Lys Ile GIn Ile Ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala
130 135 140

Ser teu Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser pPhe
145 150 1558 160

Phe Arg Asn val val Trp teu Ile Lys Lys Asn Ser Thr Tyr Pro Thr
165 170 175
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Ile

Leu

Tyr

Gln

225

Ser

Ile

L.ys

Tyr

Ser

305

Pro

Asn

Ala

Trp

ASp

Asn

Glu

Glu

420425430 A u Asp Gy Phe Leu Asp Val Trp Thr Tyr Asn
Ala Qu Leu Leu Val 435440445 Leu Met GQu Asn Qu Arg
Thr Leu Asp Phe H's Asp ser Asn Val Lys 450455460 Asn
Leu Tyr Asp Lys val Arg Leu Gn Leu Arg Asp Asn Al a
Lys G u 466¢#Q4¢648Qubste GiyrAgn_Hougeys: e, AwysPhe
LYFykYsHABY 15gs Tyrs Ads prshsihidAsnOyn 4364004980 Mets @G U Ser
e AMP Asn Ay Thr Tyi8Asn Tyr Pro G nl¥9r Ser G u
SOB05510 Gu Ala Arg Leu Lys Arg Au GQu Ile Ser Ay
Trivad 1yl ybe lvde 1@ U pBerasmlabR0835a1d @ 1@ oinl e Tys G |l e
LetPser 1le Tyr Ser20fhr val Al a Ser ®8r 530535540 Leu
Ala Leu Ala Ile met met Ala Ay Leu Ser 545550555 Page
G1b%snCpFd abl-efhSegHeneeséé Shiingly 3nP49263R- 0202, 125
21€210> 43 <211> 235<212> PRT <2f§229\rt|f| ci al Sequence
<220> <223> HA sequence el enment consensus sequence
Arg QTRRAT 80837l ﬁ%’i‘?@%ﬁﬁff@?\?ﬁ 58 614%n

240

Gly Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala
245 250 255

Asn Phe Glu ser Asn Gly Asn phe Ile Ala Pro Glu Tyr Ala Tyr
260 265 270

Ile val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu
275 280 285

Gly Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn
290 295 300

Ser Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys
310 315 320

Lys Tyr val Lys Ser Asn Arg Leu val Leu Ala Thr Gly teu Arg
325 330 335

Ser Pro Gln Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gl
340 345 350 Y

Ile Ala Gly phe 1ie Glu Gly Gly Trp GIn Gly Met val Asp Gl
355 360 Y 365 i

Tyr Gly Tyr His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala
370 375 380 o

Lys Glu Ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val
390 395 400

ser Ile Ile Asp Lys Met Asn Thr Gln Phe Glu Ala val Gly Arg
405 410 415

Phe Asn Asn reu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met
420 425 430

Asp Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val
435 440 445
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<223> X= Tyr or Phe <220> <221> M SC_FEATURE <222>
(4)..(4) <223> x= 30-45 of any am no acid <220> <221>
NISC FEATURE <222> (6)..(6) <223> X= 5-20 of any am no
acid <220> <221> M SC FEATURE <222> ( <223> X=
25-30 of Ganyectrdnbequsnge NG @i <222>

Leu ’;’55&%5‘ Aspaghu éf?s}h’"xm% 5P B M 58?&‘52 Y>3 oys

465

aa Pro Xaa Cys aha Trp Xaa Trp Xaa H's H's Pro 1510
<210> 44 <211> 16 <212> PRT <213> Artificial Sequence

ASh LeuT90ASR2DeEs ?A&'@qt&éh&é”eF@hé‘r;g kgndensiis Seyidice
E

el enent <22d4%<221> M sc EEATU

teu Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Ash Glu Cys

485 490 495

Met Glu Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu

500 505 510

Glu Ala Arg Leu Lys Arg Glu Glu Yle Ser Gly val Lys Leu Glu Ser

515 520 525

Ile Gly Ile Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser

530

235 540

Leu Ala Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met

545

<210>
<211>
<212>
<213>

<220>
<223>

<400>

550 555

37
570
PRT
Artificial Sequence

Sequence alignment illustrating conserved subsequences
characteristic of H5 HA.

37

Met Glu Lys Ile val Leu Leu Phe Ala Ile val Ser Leu val Lys ser
1l 5

10 15

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gin val

20 25 30

Asp Thr Ile Met Glu Lys Asn val Thr val Thr His Ala GIn Asp Ile

35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys

50

55 60

Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn

65

70 75 80

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val

Glu Lys

85 90 95

Ala Asn Pro val Asn Asp Leu Tyr Cys Tyr Pro Gly Asp Phe
100 105 110

Asn Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe
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<222> (4)..(4) <223> X= 27-42 of any amno acid <220>
<221> M SC FEATURE <222> (6)..(6) <223> x= Ala or Thr
<220> <221> M SC FEATURE <222> (7)..(7) <223> X= Al a
or Ser <220> <221> M SC PRATURE Page 60 Corrected
Sequence 'eb%Féd’c%d_é’e #1204350 2582455009425 9)
<228 x= 5-20 of anﬁﬁén?no gcﬁg? ?ﬁ%ﬁa ;%
M SC FEATURE <222> (11) .(11) <223> x= 25-30 of any
G?ulg@n%ﬂPGﬁﬁlgl %%Q%W%zg Se r%? ?AT%%% 552%15 &ﬁ)A?éls)
139223> X=

no aCI

Ser Leu Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Pro Ser Phe
145 150 155 160

Phe Arg Asn val val Trp Leu Ile Lys Lys Ashn Ser Thr Tyr Pro Thr
165 170 175

Ile Lys Lys Arg Ser Tyr Asn Asn Thr Asn Ile Glu Asp Leu Leu Ile
180 185 190

Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Lys Leu
195 200 205

Tyr GIn Asn Ser Asn Thr Tyr val Ser val Gly Thr Ser Thr Leu Asn
210 215 220

Gln Arg Ser Ile Pro Glu Ile Ala Thr Arg Pro Lys val Asn Gly Gin
225 230 235 240

Ser Gly Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala
245 250 255

Ite Asn Phe Glu Ser Asn Gly Asn pPhe Ile Ala Pro Glu Tyr Ala Tyr
260 265 270

Lys Ile val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu
275 280 285

Tyr Gly Asn Cys Asn Thr Lys Cys GlIn Thr Pro Met Gly Ala Ile Asn
290 295 300

sSer ser Met Pro Phe His Ash Ile His Pro Leu Thr Ile Gly Glu Cys
305 310 315 320

Pro Lys Tyr val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg
325 330 335

Asn Ser Pro GIn Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly
340 345 350

Ala 1le Ala Gly phe Ile GTu Gly Gly Trp Gln Gly Met val Asp Gly
355 360 365

Trp Tyr Gly Tyr His His Ser Asn Lys GIn Gly Ser Gly Tyr Ala Ala
370 375 380

Asp Lys Glu Ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val
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<400> 44 Cys Tyr Pro Xaa Thr xaa xaa Cys xaa Trp Xaa
Trp Xaa Hs Hs Pro 1 5 10 15 <210> 45 <211> 18
<212> PRT <213> Artificial Sequence <220>

Corrected Sequence Listing _2_0492612-0502_ST25
385 390 395 400

Asn Ser Ile Ile Asp Lys Met Asn Thr GIn pPhe Glu Ala val Gly Arg
405 410 415

Glu Phe Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met
420 425 430

Glu Asp Gly Phe teu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val
435 440 445

Leu Met Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys
450 455 460

Asn teu Tyr Asp Lys val Arg Leu Gin Leu Arg Asp Asn Ala Lys Glu
465 470 475 480

Leu Gly Asn Gly Cys pPhe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys
485 490 495

Met Glu Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu
500 505 510

Glu Ala Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser
515 520 525

Ile Gly Ile Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser
530 535 540

Leu Ala Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser
545 550 555 560

Asn Gly Ser Leu GIn Cys Arg Ile Cys Ile

565 570
<210> 38
<211> 5606
<212> PRT
<213> Artificial Ssequence
<220>

<223> Sequence alignment illustrating conserved subsequences
characteristic of H5 HA.

<400> 38

?Et Glu Arg Tle val Ile Ala Leu Ala Ile Ile Ser Ile val Lys Gly
5 15
Asp GlIn Ite Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Lys Gln val
20 25 30

Asp Thr Ile Met Glu Lys Asn val Thr val Thr His Ala Gln Asp Ile
35 40 45
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Leu

Pro

65

Pro

Glu

Asn

Glu

Ser

145

Phe

Ile

Leu

Ty

GIn

225

Ser

Ile

Lys

Tyr

Ser
305

<223> HA sequence el ement consensus sequence el enent

<220>

Glu
50

Leu
Met

Lys

Asp

Arg

Lys

Trp

Gln

210

Arg

Gly

Ser

Ile

Lys

Ile

cys

Asp

Ty

115

Ile

Gly

Asn

Lys

Ser

Arg

Fhe

val

275

Asn

Met

Glu

Leu

ASD

Asn

100

Glu

Gln

val

val

ser

Ile

Met

Glu

260

Lys

Cys

Pro

<221> M SC_FEATURE
x= 27-42 of any am no acid

<222> (4)..(4)
<220>

<223>

Corrected Sequence Listing _2_0492612-0502_ST25

His Asn Gly Lys Leu Cys Ser
55

Lys

Glu

85

Pro

Glu

Ile

ser

val

165

Thr

His

Asn

Pro

Glu

245

ser

Lys

AsSp

Phe

ASp
70

Phe

Leu

Ile

ser

150

Trp

Tyr

His

Thr

Glu

Phe

Asn

Gly

Thr

His
310

Cys

Leu

Asn

Lys

Pro

135

Ala

lLeu

ASn

Pro

Tyr

215

Iie

Phe

Gly

ASD

Ser

Asn

Gly

His

120

Arg

Cys

Ite

ASN

ASn

200

val

Ala

Trp

Asn

ser

280

Cys

val

val

val

Leu

105

Leu

Ser

Pro

Lys

Thr

185

ASp

Ser

Thr

Thr

Phe

265

Ala

His

Ala

Pro

90

Tyr

Met

Ser

TYyr

Lys

AsSn

Ala

val

Arg

Ile

250

Ile

Ile

Thr

Pro

Page 49

Gly

75

Glu

Cys

ser

Trp

Asn

155

Asn

Ite

Ala

Gly

Pro

235

Leu

Ala

Met

Pro

Leu
315

Leu Lys Gly val Arg

60

Trp

Trp

TYr

ser

Ser

140

Gly

Asn

Glu

Glu

Thr

220

LYS

LYS

Pro

Lys

vai

300

Thr

Leu

Ser

Pro

Thr

125

Asn

Arg

Ala

Asp

GlIn

205

Ser

val

Pro

Glu

Ser

285

Gly

Ile

Leu

Tyr

Gly

Asn

His

Ser

Tyr

Leu

190

Thr

Thr

Asn

Asn

Ala

Gly

Gly

Ile

95

ASp

His

Asp

Ser

Pro

175

Leu

Lys

Leu

Gly

Asp

Ala

Leu

Iie

Glu

AsSn

80

val

Phe

Phe

Ala

Phe

160

Thr

Ile

Leu

AsSn

Gln

240

Ala

Tyr

Glu

Asn

Cys
320



<221> M SC _FEATURE <222> (6)..(6) <223> x= Al a or
Thr <220> <221> M SC _FEATURE  <222> (7)..(7)
<223>

Corrected Sequence Listing _.2_0492612-0502_5T25

Pro Lys Tyr val Lys Ser Asp Lys Leu val Leu Ala Thr Gly Leu Arg
325 330 335

Asn val pPro Gin Arg Glu Thr Arg Gly Leu Phe Gly Ala Ile Ala Gly
340 345 350

Phe Ile Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr Gly Tyr
355 360 365

His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser
370 375 380

Thr Gin Lys Ala Ile Asp Gly Ile Thr Asn Lys val Asn Ser Ile Ile
385 390 395 400

Asp Lys Met Asn Thr GIn Phe Glu Thr val Gly Lys Glu Phe Asn Asn
405 410 415

Leu Glu Arg Arg ITe Glu Asn Leu Asn Lys Lys Met Glu Asp Gly pPhe
420 425 430

Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met Glu Asn
435 440 445

Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu Tyr Asp
450 455 460

Lys val Arg teu GIn Leu Arg Asp Ash Ala Lys Glu Leu Gly Asn Gly
465 470 475 480

Cys Phe Glu Phe Tyr His Lys Cys Asp Ash Glu Cys Met Glu Ser val
485 490 495

Arg Asn Gly Thr Tyr Asp Tyr Pro Glin Tyr Ser Glu Glu Ser Arg lLeu
500 505 510

Asn Arg Glu Glu Ie Asp Gly val Lys Leu Glu Ser Met Gly Thr Tyr
515 520 525

Gln Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala teu Ala
530 535 540

ITe Met val Ala Gly Leu Ser Phe Trp Met Cys Ser Asn Gly Ser Leu
545 550 555 560

GIn Cys Arg Ile Cys Ile
565

<210> 39
<211> 569
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X= Al a or

(9)..(9)
<221> M SC_FEATURE

<212>
<213>

<220>
<223>

<400

PRT

Ser

<220>

<221> M SC_FEATURE
<223> X= 5-20 of any amno acid

<222>
<220>

Corrected Sequence Listing _2_0492612-0502_5725§

Artificial Sequence

Sequence alignment iliustrating conserved subsequences
characteristic of HS HA.

39

ﬁet Glu Lys Ile

Asp

Asp

Leu

Pro

65

Pro

Glu

Asn

Glu

Ser

145

Phe

Ile

Leu

Tynr

Gln
225

Gln

Thr

Glu

50

l.eu

Met

Lys

ASp

Lys

Ser

Arg

Lys

Trp

Gln

210

Arg

Ile

Ile

35

Lys

Ile

Cys

Ala

Tyr

115

1le

Gly

Asn

Lys

Leu

Cys

20

Met

Thr

Leu

Asp

Asn

100

Glu

Gln

val

val

Ile

180

Pro

val

val Leu Leu Leu
5

Ile

Glu

His

LyS

Glu

85

Pro

Glu

Ile

Ser

val

165

ser

His

Thr

Pro

Gly

Lys

Asn

ASp

70

Phe

Ala

Leu

Ile

ser

150

Trp

Tyr

His

Thr

Lys

Tyr

ASn

Gly

55

Cys

Ile

AsSn

Lys

Pro

135

Ala

Leu

Asn

Pro

Tyr

215

Ile

His

val

40

Lys

Ser

Asn

ASp

His

120

Lys

Cys

Ile

Asn

AsSn

200

Ile

Ala

Ala

Ala

25

Thr

Leu

val

val

Leu

105

Leu

Ser

Pro

LyS

Thr

185

ASp

Ser

Thr

Ile

10

Asn

val

Cys

Ala

Pro

90

Tyr

Leu

Ser

Tyr

LYS

ASnh

Ala

val

Arg

Page 51

vai

Asn

Thr

Asp

Gly

75

Glu

Cys

Ser

Trp

Gln

155

Asn

GIn

Ala

Gly

Ser
235

Ser

Ser

His

Leu

60

Trp

Trp

TYr

Arg

ser

140

Gly

ser

Glu

Glu

Thr

220

Lys

Leu

Thr

Ala

45

ASp

Leu

Ser

Pro

Ile

125

AsSp

Lys

Ala

ASD

GIn

205

Ser

val

val Lys
15

Glu GIn
30

GIn Asp

Gly val

Leu Gly

Tyr Ile

95

Gly Ile
110

Asnh His

His Glu

Ser Ser

Tyr Pro

175

Leu teu
190
Thr Arg

Thr Leu

Asn Gly

Ser

val

Ile

Lys

ASn

80

vatl

Phe

Phe

Ala

Phe

160

Thr

val

Leu

Asn

Gln
240



Ser

val

Lys

Tyr

Ser

305

Pro

Asn

Ile

Tyr

Phe

Asp

Met

Leu
465

Glu

<222> (11)..(11)

<221> M SC_FEATURE

val

Gly

Asn

Ite

Gly

ser

Lys

ser

Ala

Gly

Glu

Ile

ASnh

Gly

Glu

450

Tyr

Asn

Ser

Arg

Phe

val

275

ASp

Met

Tyr

Pro

Gly

Tyr

Ser

Ile

Asn

Phe

435

Asn

Asp

Gly

val

Met

Glu

260

Lys

Cys

Pro

val

Gln

340

Phe

His

Thr

Asp

Leu

420

Leu

Glu

LYS

Cys

500

<223> X=1le or
<222> (12)..(12)

Corrected Sequence

Giu Phe pPhe Trp Thr

245

Ser

LyS

Asn

Phe

Lys

Arg

Ile

Gin

ASp

Arg

val

Phe

485

Asn

Asn

Gly

Thr

His

310

Ser

Glu

Glu

Ser

Lys

390

Met

Arg

val

Thr

Arg

Glu

Gly

Gly

Asp

Asn

Arg

Gly

Asn

375

Ala

AsSn

Arg

Trp

l.eu

455

Leu

Phe

Thr

Asn
Ser

280

Cys

Arg

Arg

Ile

Thr

Ile

Thr

440

AsSp

Gln

TYr

Tyr

Phe

265

Thr

GlIn

His

Leu

Trp

GIn

Asp

Gln

Glu

425

Tyr

Phe

l.eu

His

505

Listing _2_0492612-0502_5T25

Ile

250

Ile

Ile

Thr

Pro

val

330

Lys

Gln

Gly

Gly

Phe

410

Asn

Asn

His

Arg

Lys
490

Leu

Ala

Met

Pro

Leu

315

_eu

Arg

Gly

Ser

val

395

Glu

Leu

Ala

ASD

Asp

475

Cys

Leu

<220>

<223> x=Thr

Lys Pro Asn Asp Ala

Pro

Lys

Met

300

Thr

Ala

Gly

Met

Gly

Thr

Ala

Asn

Glu

Ser

460

AsSn

ASp

Tyr Pro Gln

Page 52

Glu

Ser

285

Gly

Ite

Thr

Leu

val

365

Tyr

Asn

vai

Lys

Leu

445

Asn

Ala

Asn

Tyr

Tyr

270

Glu

Ala

Gly

Gly

Phe

350

Asp

Ala

Lys

Gly

Lys

Leu

val

Lys

Glu

Ser
510

255

Ala

lL.eu

Ile

Glu

Leu

335

Gly

Gly

Ala

val

val

Lys

Glu

Cys

495

Glu

Tyr

Glu

Asn

cys

320

Arg

Ala

Trp

Asp

Asn

400

Glu

Glu

Leu

Asn

Leu

480

Met

Glu

or



<220>

<221> M SC_FEATURE
X= 23-28 of any am no acid

M SC_FEATURE

<220>

<222> (13)..(13)
<221>

<223>

Corrected Sequence Listing _2_0492612-0502_5T125

Ala Arg %gg Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser Ile

520

525

Gly Egg Tyr Gln Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu

545

550

535

Gly Ser Leu Gln §%§ Arg Ile Cys Ile

<210>
<211>
<Z212>
<213>

<220>
<223>
<400>
1

Ile Gly

Glu Lys

His Asn
50

Arg Asp
65

Glu pPhe

Pro Ala

Glu Leu

Ile Ile

130

ser Ser
145

40
566
PRT

Artificial Sequence

540

Ala Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn
555

560

Sequence alignment illustrating conserved subsequences
characteristic of H5 HA.

40

Tyr

Asn

35

Gly

Cys

Leuy

Asn

Pro

Ala

His

20

val

Lys

Ser

Asn

Lys

Cys

Ala

Thr

Leu

val

val

85

Leu

Leu

Ser

Pro

Asn

val

Cys

Ala

70

Pro

Tyr

i.ey

sSer

Tyr
150

Asn

Thr

ASp

55

Gly

Glu

Cys

ser

ser

His

40

Leu

Trp

Trp

Tyr

Arg

Ser

Gly

val Leu Leu Leu Ala ITe val Ser Leu
5

Thr

25

Ala

ASp

Leu

Ser

Pro

105

Ile

Asp

Arg

val Lys ser
10

Glu Gln val

Gln Asp Ile

Gly val Lys

Leu Gly Asn
75

Tyr Ile val
90

Gly Asn Phe

Asn His Phe

His Glu Ala
140

ser ser Phe
155

Page 53

ASp

ASp

Leu

45

Pro

Pro

Glu

Asn

Ser

Phe

Gln

Thr

30

Glu

L.eu

Met

Lys

Asp

110

Lys

Ser

Arg

Ile Cys
15

Ile Met

Lys Thr

Ile Leu

Cys Asp

80
Ile Asn
a5
Tyr Glu
Ile Gln

Gly vai

Asn val
160



<222> (15)..(15) <223> X= 2 of any amno acid
Page 61 Cys Tyr Pro Xaa Thr xaa Xaa cys xaa Trp Xaa
Xaa Xaa Trp Xaa Hi s 151015 His Pro <210> 46 <211> 10
<212> PRT <213> Artificial Sequence <220> <223> HA
sequence celemartl sonsensus sseTeACI RIGEPENO2<HT0> 46
val Trpg¢p [Idg L% rAsp| éSfSé\ﬂasg;f‘ PRe Tarutlg 4y 859 0> 47
<211> 1 212> PRT <213> rotifi ci al Sequence <220>
<223> HA sequence el ement consensus sequence el enent
ser Tyr<290?§§212rm>AM sﬂfpg]mr%gg t.eu Leu val Leu 11"58 Gly Ile

His His Pro Asn Asp Ala Ala Glu GIn Thr Arg teu Tyr GIn Asn Pro
195 200 205

Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn Gln Arg Leu val
210 215 220

pPro Lys ITe Ala Thr Arg Ser Lys val Asn Gly GIn Ser Gly Arg Met
225 230 235 240

Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn Phe Glu
245 250 255

ser Asn Gly Asn Phe Ile Ala Pro Glu Asn Ala Tyr Lys Ile val Lys
260 265 270

Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu Tyr Gly Asn Cys

Asn Thr Lys cys GIn Thr Pro Ile Gly Ala Ile Asn Ser Ser Met Pro
290 295 300

Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr val
305 310 315 320

Lys Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln
325 330 335

Arg Glu Gly Arg Arg Lys Lys Arg Gly Leu phe Gly Ala Ile Ala Gly
Phe I1le Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr Gly Tyr

His His ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser
370 375 380

Thr G1n Lys Ala Ile Asp Gly val Thr asn Lys val Asn Ser Ile Ile
385 390 395 400

Asp Lys Met Asn Thr GlIn phe Glu Ala val Gly Arg Glu Phe Asn Ash
405 410 415

Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe
420 425 430

page 54



<222> (4)..(4) <223> X - 27-42 of any ami no acid <220>
<221> M SC FEATURE <222> (6)..(6) <223> X - Ser or Asn
<220> <221> M SC FEATURE <222> (7)..(7) <223> x = Al a
or Ser <220> <221> M SC_FEATURE <222> (9)..(9) <223> X
= 5-20 ofcanmycedrd Begaaicet KPA0Rg<22129MISCOHEATURE

Leu Asiit%ggﬂf(ﬂlﬁlf .W(leﬁ\S!tZ’EB%M tep3.e30Val LeHyMelinGhe ARwi d
<3P0> <221> M SC FEAYURE <222> (13).4%13) <223> X = 2
of any am no acid <400> 47 Cys Tyr Pro Xaa Ser xaa Xaa

Glu Q\gg}i@rm AEp %&az;l‘:sr psKagerHiasn Hiad E’gg) AEB 10456 Tyr Asp

Lys val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn Gly
465 470 475 480

Cys Phe Glu Phe Tyr His Arg Cys Asp Asn Glu Cys Met Glu Ser val
485 490 495

Arg Asn Gly Thr Tyr Asp Tyr Pro G1n Tyr Ser Glu Glu Ala Arg Leu
500 505 510

Lys Arg Glu Glu Ile Ser Gly val Lys teu Glu Ser Ile Gly Thr Tyr
515 520 525

Gin Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala Leu Ala
530 535 540

Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly Ser Leu
545 550 555 560

Glin Cys Arg Ile Cys Ile
565

<210> 41

<211i> 570

<212> PRY

<213> Artificial Sequence
<220>

<223> Sequence alignment illustrating conserved subsequences
characteristic of H5 HA.

<400> 41
Met Glu Lys Ile val Leu teu Leu Ala Ile val Ser Leu val Lys Ser
1 5 10 15

Asp GIn Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln val
20 25 30

Asp Thr Tle Met Glu Lys Asn val Thr val Thr His Ata Gln Asp Tle
35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys
50 55 60

Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
Page 55



Corrected Sequence Listing _2 0492612-0502_ST25 <210>
48 <211> 18 <212> PRT <213> Artificial Sequence <220>
<223> HA sequence el ement consensus sequence el enent
<220> <221> M SC FEATURE <222> (4)..(4) <223> X =
27-42 of abyrafedOseGb<2200i g2 21 04 60 56T URR5<222>
(6)..(6) 8223> X - Ser or Msn <220> <221> M5SC_FEATURE
<222> (7)..(7) <223> x = Ala or Ser <220> <221>

Glu L THIRE, f
! SR ESAUBETZE) A9 Lod R 38570 4 Py
<223> X = Thr or Hi's

Asn Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe
115 120 125

-(12)

Glu Lys Ile GIn Ile ITe Pro Lys Ser Ser Trp Ser Asp His Glu Ala
130 135 140

Ser Ser Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser phe
145 150 155 160

Phe Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Ala Tyr Pro Thr
165 170 175

Ile Lys Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val
180 185 190

Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Lys Leu
195 200 205

Tyr GIn Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn
210 215 220

Gln Arg Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln
225 230 235 240

Ser Gly Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala
245 250 255

I1le Asn Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr
260 265 270

Ltys Ile val Lys tys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu
275 280 285

Tyr Gly Asn Cys Asn Thr Lys Cys GIn Thr Pro Met Gly Ala Ile Asn
290 295 300

Ser ser Met Pro Phe His Asn Ile His Pro Leu Thr Itle 6¢ly 6lu Cys
305 310 315 320

Pro Lys Tyr val Lys Ser Asn Arg bteu val Leu Ala Thr Gly Leu Arg
325 330 335

Asn Ser Pro GIn Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu pPhe Gly
340 345 350

Ala Ite Ala Gly pPhe Ile Glu Gly Gly Trp GIn Gly Met val Asp Gly
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<220> <221> m sc_feature <222> (13)..(13) <223> Xaa
can be any naturally occurring amno acid <220> <221>
M SC FEATURE <222> (15)..(15) <223> X = 2 of any am no
acid <400> 48 Cys Tyr Pro Xaa Ser Xaa Xaa Cys Xaa Trp
Leu Xaa XaerrBcpeXeseqgbiescel 2108ingH 3 Re6x218p2 4925211>
103%212> PRT <213> X ificial Sequen¥® <220> <223> HA
sequence el ement consensus sequence el ement <220>

Trp TyR220> TP SCsFFATURE A22%u (chh: 6Tyl ker223> - aikenir 1le

37Correct ed Sequenée Listing 2 0432612-0502_ ST25 <220>

<221> M SC FEATURE <222> (2)..(2) <223> X = Val or lIle

Asp Lys Glu Ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val
385 390 395 400

Asn Ser Ile ITe Asp Lys Met Asn Thr GIn Phe Glu ala val Gly Arg
405 410 415

Glu Phe Asn Asn Leu Glu Arg Arg Ile Glu ASn Leu Asn Lys Lys Met
420 425 430

Glu Asp Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val
435 440 445

Leu Met Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys
450 455 460

Asn Leu Tyr Asp Lys val Arg Leu GIn Leu Arg Asp Ash Ala Lys Glu
465 470 475 480

Leu Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Ash Glu Cys
485 490 495

Met Glu Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro Gin Tyr Ser Glu
500 505 510

Glu Ala Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser
515 520 525

Ile Gly Thr Tyr Gln Ile Leu Ser Ile Tyr Ser Thr val Ala ser Ser
530 535 540

Leu Ala Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser
545 550 555 560

Asn Gly Ser Leu Gln Cys Arg Ile Cys Ile

565 570
<210> 42
<211> 555
<212> PRT
<213> Artvificial sequence
<220>

<223> Sequence alignment illustrating conserved subsequences
characteristic of HS5 HA.

<400> 42

Tet Glu Lys Ile ga] Leu Leu Leu Ala Ile val Ser teu val Lys Ser
15
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<400> 49 Xaa Xaa Ala ser Ser Gy Thr Leu du Phe 1510
<210> 50 <211> 16 <212> PRT <213> Artificial Sequence
<220> <223> HA sequence el enent consensus sequence

el ement <220> <221> M SC_FEATURE <222> (4)..(4) <223>

X = 27- A2cofreanyd a¥qien@ct ds$5230> 043161 M6 AT URE
<222> (9)..(9) <223> X = 5-20 of any am no acid <220>

o 2Rkl T 0 ) i g o 9

(13) .(13) <223> X - 2 of any am no acid <400> 50 Cys

Thﬁ.’% Pro X a Ser Ser %h% a Tr Xaa Trp Xaa1 H s

AsSp epfiet £ Asn va1 r H1 A]a Gln Asp I

Leu ?éu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys
55 60

Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp g1u Phe Ile Asn val Pro Glu Trp Ser Tyr g]e val
5 90 5

Glu Lys Ala Asn Pro Ala Asn Asp Leu Tyr Cys Tyr Pro Gly Asn Phe
100 105 110

Asn Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His phe
115 120 125

Glu Lys Ile GIn Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala
130 135 140

Ser ser Gly val Ser Ser Ala Cys Pro Tyr Leu Gly Lys Ser Ser Phe
145 150 155 160

Phe Arg Asn val val Trp teu Ile Lys Lys Asn Ser Ala Tyr Pro Thr
165 170 175

Ile Lys Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val
180 185 190

Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Arg Leu
185 200 205

Tyr Gin Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn
210 215 220

Gln Arg Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln
225 230 235 240

Ser Gly Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala
245 250 255

Ile Asn Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr
260 265 270

Lys Ile val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu
275 280 285
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Ser

305

Pro

Asn

Ala

Trp

ASp

Asn

Glu

Glu

Leu

Asn

465

Leu

Met

Glu

Leu
545

<210> 51 <211> 18 <212> PRT <213> Artificial Sequence
<220> <223> HA sequence el enment consensus sequence
el ement <220> <221> M SC FEATURE <222> (4)..(4) <223>
X = 27-42 of any am no acid <220> <221> M SC_FEATuRE
<222> (9)cor(r%)m§?%%aue&@ 5120 gl _ARMoReI NO5GLIsH25220>
<221> M SC_FEATURE Correct ed
Se uence Listi n 0492612- 0502 _ST2 < élss) .(13)
30 25D 3zl gg %yGHmT 6 A gez $ALD
SC_FEATURE <25 > (15)..(15) <2 %> X =2 of any am no

acid <400> 51 Cys Tyr Pro Xaa ser Ser Ala Q{s é(aa Trp
G ¥S

Ser ¢igt| Peo REA HI"rgpAXéaﬂH gis Pro 13_% Thr ile Gly

Lys

ser

Ile

Tyr

370

Lys

Ser

Phe

Asp

Met

450

Leu

Gly

Glu

Ala

Gly

Ala

Tyr

Pro

Ala

355

Gly

Glu

Ile

ASn

Tyr

ASnh

ser

Arg

Ile

Leu

val

Gln

340

Gly

Tyr

ser

Ile

Asn

420

Phe

Asn

Asp

Gly

Ile

500

Leu

Tyr

Ala

Lys

325

Arg

Phe

His

Thr

ASD

L.eu

L.eu

Glu

Lys

Arg

Lys

Gln

ser Asn Arg Leu

Glu

Ile

His

Gln

390

Lys

Glu

ASp

Arg

val

470

Phe

ASN

Arg

Ile

Met
550

Arg

Glu

ser

375

Lys

Met

Arg

val

Thr

455

Arg

Glu

Gly

Glu

Leu

535

Met

Arg

Gly

Asn

Ala

Asn

Arg

Trp

Leu

Leu

Phe

Thr

Glu

520

ser

Ala

Arg

345

Gly

Glu

Ile

Thr

Ile

425

Thr

AsSp

Gln

Tyr

Tyr

505

Ile

Ile

Gly

val

330

Lys

Trp

Gln

ASp

Gln

410

Glu

Tyr

Phe

feu

His

490

ASn

ser

TYYr

Leu
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Ley

LysS

Gln

Gly

Asn

Asn

His

Arg

Lys

Tyr

Gly

Ser

Ser
555

Ala

Arg

Gly

Ser

380

val

Glu

Leu

Ala

Asp

Cys

Pro

val

Thr
540

Thr

Gly

Met

365

Gly

Thr

Ala

Asn

Glu

445

ser

Asn

ASp

Gln

Gly

Leu

350

val

Tyr

Asn

val

Lys

Leu

Asn

Ala

Asn

Tyr

Leu

Ala

Leu

335

Phe

AsSp

Ala

Lys

Leu

val

LYS

Ser

Glu

Ser

320

Arg

Gly

Gly

Ala

val

400

Arg

Met

val

Lys

Glu

480

Cys

Giu

Ser

Ser



<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

151015 H's Pro <210> 52 <211> 8 <212> PRT <213>
Artificial sequence <220> <223> HA sequence el enent
consensus sequence el ement <220> <221> misc_feature
<222> (6)..(7) <223> Xaa can be any naturilly <
occurrin ] Ci > T >
(8) . gy SShhExR :g%y“s?%g? %S?ﬁg&&%ﬂ%@n&@ﬁ e
d,y Xaa Xaa Xaa 15 <210> 53 <211> 16 <212> PRT <213>
Aﬁ ificial Sequence <220> <223> HA sequence el enent
CPRBeNnsuUs sequence el enment

Artificial sequence

HA sequence element consensus sequence element

MISC. _FEATURE
(2)..(2)
X= Tyr or pPhe

MISC._FEATURE
(4)..(4)

X= 30~45 of any amino acid

MISC_FEATURE
(6)..(6)

X= 5-20 of any amino acid

MISC_FEATURE
(8)..(8) .
X= 25-30 of any amino acid

MISC_FEATURE
(10)..(10) _
X= 2 of any amino acid

43

Eys Xaa Pro Xaa Cys Xaa Trp Xaa Trp Xaa His His Pro
5 10

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

44

16

PRT

Aartificial Sequence

HA sequence element consensus sequence element

MISC_FEATURE
(4)..(4) i i
X= 27-42 of any amino acid

MISC_ _FEATURE
(6)..(6)
X= Ala or Thr

MISC_FEATURE
(7)..(7)

X= Ala or Ser

MISC_FEATURE
Page 60



<220> <221> m sc_feature <222> (8)..(8) <223> Xaa can
be any naturally occurring am no acid <220> <221>
m sc_feature <222> (10)..(11) <223> Xaa can be any
natural ly occurring amno acid <400> 53 Tyr Gu G u
Leu Lys HigrrketeX@aqieiceXamstiag Asn4bba 2PosnGsu2dys
<222> 1830018) <210> 54Corrected Sequence Listing
<223> X% hzdheframseritrasido11> 8 <212> PRT <213>
<220- Artificial sequence <220> <223> HA sequence el enent
<221> oansersusrsequence el enment <400> 54 Gy Ala lle Ala
<222> @dW)phdiple G u 15 <210> 55 <211> 10 <212> PRT <213>
<223 A 2p7 8F AYGBBHWR 269905 <223> HA sequence el enent

<220> consensus sequence el enent <220>
<221> MISC_FEATURE

<222> (13)..(13) .

<223> X= 2 of any amino acid

<400> 44

Cys Tyr Pro Xaa Thr Xaa Xaa Cys Xaa Igp Xaa Trp Xaa His ?gs Pro
1 5

<210> 45

<211> 18

<212> PRT

<213> Artificial sequence

<220>
<223> HA sequence element consensus sequence efement

<220>

<221> MISC_FEATURE

<222> (4)..(4

<223> X= 27-42 of any amino acid

<220>

<221> MISC_FEATURE
<222> (6)..(6)
<223> X= Ala or Thr

«<220>

<221> MISC_FEATURE
<222> (7)..("H
<223> X= Ala or Ser

<220>

<221> MISC_FEATURE

<222> (9)..(9

<223> X= 5-20 of any amino acid

<220>

<221> MISC_FEATURE
<222> (11)..(11)
<223> X= Ile or Leu

<220>

<221> MISC_FEATURE
<222> (12..(12
<223> X=Thr or val

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> X= 23-28 of any amino acid

<220>

<221> MISC_FEATURE

<222> (35)..(15)

<223> X= 2 of any amino acid
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<221> M SC FEATURE <222> (2)..(2) <223> X = 4-14 of
any amno acid <400> 55 Pro Xaa Ay Alalle Ala Ay
Phe Ile Gu 1510 <210> 56 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> HA sequence el enent
consensus t 52207 522361 re

<400> <222> (3) c§§§é§gg§s> gg@&gé_ﬂs e%a"ﬁ?/“nat gﬁaﬁﬁsﬁgﬁgﬁrri ng
am no acid <220> <221> M SC_FEATURE <222> (7)..(7)

7S YRR XRa g (9 Adg @A N8R dEPdXaudes %E Pre Xertiaa G n
ser Arg xaa Ay Ala lle Al'a Ay Phe lle d 1151015

] <210> 57 <211> 15 <212> PRT <213> Artificial Sequence

H1s Pre220> <223> HA sequence el enent consensus sequence
el ement Corrected sequence Listing
_2_0492612-0502_sT25

<210> 46

<211> 10

<212> PRT
<213> Artificial Sequence

<220>
<223> HA sequence element consensus sequence element

<400> 46

GIn Leu Ser Ser Ile Ser Ser Phe Glu Lys
1 5 10

<210> 47

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> HA sequence element consensus sequence element

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> X = 27-42 of any amino acid

<220>

<221> MISC_FEATURE
«222> (B)..(6)

<223> X = Ser or Asn

<220>

<221> MISC_FEATURE
<222> (..

<223> X = Ala or ser

<220>

<221> MISC_FEATURE

<222> (9)..(9)

<223> X = 5-20 of any amino acid

<220>

<221> MISC_FEATURE

<222> (11)..(1D

<223> X = 25-30 of any amino acid

<220>

<221> MISC_FEATURE

<222>  (13)..(13)

<223> X = 2 of any amino acid

<400> 47

Eys Tyr Pro Xaa Ser Xaa Xaa Cys Xaa Trp Xaa Trp Xaa His His Pro
5 10 15
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<220> <221> m sc_feature <222> (2)..(2) <223> Xaa can

be any naturally occurring am no acid <220> <221>
m sc_feature <222> (4)..(4) <223> Xaa can be any

natural ly occurring am no acid <220> <221: _
M SC_FEATURE-&x324 > dalibncd 1) st %22"04‘92@ Dlo59RYs-fEl NO
acid <400> Sfﬁégo fgh Ecs Xaa I Arg Xéa é'y Ala Il

<210> A8 @y Phe Ile du 151015 <210> 58 <211> 19 <212> PRT

j%%%;<: > Artificial Sequence <220> <223> HA sequence

<213> EARIEAL| LORSENSHS Sequence el ement <220> <221>
m sc feature <222> (4)..(6) <223> xaa can be any

<220> i id <220> <221>
<223> ”ﬂé gsre]algé ?%%Qg?%gnggﬁ%%hgence element

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> X = 27-42 of any amino acid

<220> _

<221> MISC_FEATURE
<222> (6)..(8)

<223> X = Ser or Asn

<220>

<221> MISC_FEATURE
<222> (7)..(D)

<223> X = Ala or Ser

<220>

<221> MISC_FEATURE

<222> (9)..(9)

<223> X = 5-20 of any amino acid

<220>

<221> MISC_FEATURE
<222> (12)..(12)
<223> X = Thr or His

<220>

<221> misc_feature

<222> (13..(13 . )
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222>  (15)..(15)

<223> X = 2 of any amino acid

<400> 48

Cys Tyr Pro Xaa Ser Xaa Xaa Cys Xaa Trp Leu Xaa Xaa Trp Xaa His
1 5 10 15

His Pro

<210> 49

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> HA sequence element consensus sequence element

<220>
<221> MISC_FEATURE
<222> (1D..(L
<223> X = Leu or Ile
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<220>
<221>
<222>
<223>

<400>

<210>
<211>

<223> xaa can be any naturally occurring am no acid
<220> <221> m SC FEATURE <222> (11)..(11) <223> x = 3
of any am no acid <400> 58 Pro G n Arg Xaa Xaa Xaa Arg
Xaa Xaa Arg Xaa Gy Ala lle Ala Ay 151015 Phe Ile Gu

Corrected Sequence Listing _2_0492612-0502_5T25

MISC_FEATURE

2)..(D

X = val or Ile

49
Xaa Xaa Ala ser Ser Gly Thr Leu Glu phe
1 5 10

50

16

PRT

<212>
<213

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Artificial Sequence

HA sequence element consensus sequence element

MISC_FEATURE
4)..(0 . .
X = 27-42 of any amino acid

MISC_FEATURE
(9)..(9)

X = 5-20 of any amino acid

MISC_FEATURE
AL..an
X = 25-30 of any amino acid

MISC_FEATURE

a3..d1»

X = 2 of any amino acid
50

Eys Tyr Pro Xaa ser Ser Ala Cys Xaa Trp Xaa Trp Xaa His His Pro
b) 10 1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

51

18

PRT

Artificial Sequence

HA sequence element consensus sequence element

MISC_FEATURE

(4).. (4 .
X = 27-42 of any amino acid

MISC_FEATURE
(9)..(9)

X = 5-20 of any amino acid

MISC_FEATURE
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Corrected Sequence Listing _2_0492612-0502_ST125
<222> (13)..(13 .
<223> X = 23~28 of any amino acid

<220

<221> MISC_FEATURE

<222>  (15)..(15)

«223> X = 2 of any amino acid

<400> 51

Cys Tyr Pro Xaa Ser Ser Ala Cys Xaa Trp Leu Ile Xaa Trp Xaa His
1 5 10 15

His Pro

<210> 52

<211> 8

<212> PRT

<213> Artificial sequence

<220>

<223> HA sequence element consensus sequence element

<220>

<221> misc_feature

<222> (6)..(7) : .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> X = Lys or Arg

<400> 52

Asn Asp Ala Ala Glu Xaa Xaa Xaa
1 5

<210> 53

<211> 16

<212> PRT

<213> Artificial Sequence
<220>

<223> HA sequence element consensus sequence element

<220>

«221> misc_Tfeature

<222> (8)..(8) .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

«222> (10)..(1L) ) . .
<223> Xaa can be any naturally occurring amino acid
<400> 53

Tyr Glu Glu Leu Lys His Leu Xaa Ser Xaa Xaa Asn His Phe G;u LysS
1 5 1
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Corrected Sequence Listing _2_0492612-0502_5T25

<210> 54

<211> 8

<212> PRT

<213> Artificial Sequence
<220>

<223> HA sequence element consensus seguence element
<400> 54

Gly Ala 1le Ala Gly Phe Ile Glu

1

5
<210> 55
<211> 10
<212> PRT
<213> Artificial Sequence
<220>

<223> HA sequence element consensus sequence element

<220>

<221> MISC_FEATURE

<222> (2)..(2) )
<223> X = 4-14 of any amino acid

<400> 55

Pro Xaa Gly Ala Ile Ala Gly pPhe 1le Glu
1 5 10
<210> 56

<211> 15

<212> PRT

<213> Artificial Sequence

<220>

<223> HA sequence element consensus sequence element

<220>

<221> misc_feature

<222> (3)..(3 ) . .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> X = 3 of any amino acid

<400> 56

Pro Ser Xaa Gln Ser Arg Xaa Gly Ala Ile Ala Gly pPhe ITe Glu
i 5 10 15
<210> 57

<211> 15

<Z212> PRT

<213> Artificial Sequence

<220>

<223> HA sequence element consensus sequence element
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Corrected Sequence Listing _2_0492612-0502_ST25
<220>
<221> misc_feature
<222> (2)..(2 . . .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (4).. (D ) ) )
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (..(D

<223> X = 3 of any amino acid

<400> 57

Pro Xaa Lys Xaa Thr Arg Xaa Gly Ala Ile Ala Gly Phe Ile Glu
1 5 10 15
<210> 58

<211> 19

<212> PRT

<213> Artificial Sequence

<220>

<223> HA sequence element consensus sequence element

<220>

<221> misc_feature

<222> (4)..(6) . ) i
<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (8)..(9) . ) )
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (11)..(11)

<223> X = 3 of any amino acid
<400> 58

Pro GIn Arg Xaa Xaa Xaa Arg Xaa Xaa ﬁgg Xaa Gly Ala Ile g;a Gly
1 5

Phe Ile Glu
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