1 HEMAGGLUTI NI N ANTI BODY AND USES THEREOF Field of the invention

[ 00011 The invention.relates to nmethods of maki ng hemaggi utinin

anti bodi es and uses thereof including prophylaxis and treatnent of

i nfluenza. Background [00021 Hi ghly pathogenic avian H5NL infl uenza
virus is a major public health concern. Gven the |ack of effective
vacci ne and recent evidence of antivirall drug resistance in sone

I sol ates, alternative strategies for contai nment of a possible future

pandem ¢ are needed r%% : 0t eunoni a
caused by highly pat W‘%‘F Jﬁb?éﬁﬁﬁ?@ﬁ%ﬁ@ Kong in
1997 resulting in the death of 6 of the 18 infected individuals (
Class et at.. Lancet 1998, 351:472-477.,and Yuen KY, et al. Lancet

1998, 351: -471.9 t potential for emergence of a pandem c
i nfluenza ﬁgﬁcﬂhegﬂe& n(de long et al.N ature 1997,389:554.). Mass
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viruses of Various ‘géenotypes have spread across ut heas la an
have cont i thereaf incduding pwephylagis andiretimint efinduéma.poul try and aquatic
birds. Toward the end of 2003, a single genotype (the "Z-genotype")
became doniBasheround was responsible for outbreaks in |ndonesia,

Thai | and and Vi et nam t hr oughout 2004 (Li et al. Nature 2004,
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has resul t d8piaief, dliseraivesingtegics fu conizimaent of ¢ possils futprependamtitare aprded s of
HS5NL i nfl uetﬁéa caysing mortality in poultry and aquatic birds

t hr oughout 93] Bt e mitipl optbreale of poewaonis pruseddyibigiltrpthogendc HENL i t y
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n from infection and

fromthe casgs_of Liglzan i nf ect1.on, but also

nortality i ‘GS‘I‘F&{CF seb¥ls Lancgh 195333 4)erkd 7 ornd Y s el Caeea iR88%ar oen
et  al Emer gsnensTl sh@ b DroP G panbd 4f a inder i idfRBnA ik reabd220 2B
306: 241.). Taken tl et her, the increased incidence of human
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of i nf | uenzaaskidesh inS0WHIER dodRsued\cagksl nati on or antiviral drug

[0004]  Since this time, the H5N1 influenza epidemic of the Asian bird population has
continued, In addition, infection of migratory birds has resulted in increased global spread of
the virus with reports of HSN1 influenza cansing mortalify in poultry and aquatic birds
throughout Asia, Burope and Afiica, From the beginning, the ability of HSN1 viruses to cross
the species barrier was evident not only from the cases of human infection, but also from
infection and mortality in domestic cats, captive tigers and leopards { Keawcharoen et

al. Emerg Infect Dis 2004, 10:2189-2191. and Kuiken et al Science 2004, 306:241,). Taken
‘together, the increased incidence of human infection, coupled with evidence of expanding
host range and widespread distribution of H5N1 viruses has heightened concem that
acquisition of the properties necessary, through mutation or genetic reassortment, for human-
to-human transmission is only a matier of time. Should this occur, humans would have



treatment with vaccination being the preferred option. However, the
hi gh virul ence of H5N1 influenza has inhibited the devel opment of
vacci nes using traditional approaches (Stephenson et al. Lan cat
Infect Dis 2004, 4:499-509.) as the patients actually die fromtheir
own hyp er- imune response rather than the virus itself. Hence, if
vaccination with an antigen is used there is a high chance the body
will go into a hyper-immne response. Qher approaches for vaccine

productlonma R hoAmfuBNPS %ecwatvhﬁ@w@{\d&n}@@ b8 4 RitaARsHIeDS Yafdenfd
r ecombi nant @? gluti nlon (Webby et al. Lancet 2004, 363:1099-1103.
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and Wod aﬂ%POR‘aB f@@ﬁﬁqnhtcpm@m%rob. ol 2004, 2: 842-847.), have been
nmet with Vﬂ}?ﬁéﬂg degrees of .syccess but a human vacci ne ready. for
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antiviral drugs are presently avai] I on channel

i nhi bi t or sI(EHPEFSERASAB SR thay %ﬁeﬁeﬂmmﬁ'f&wmmﬁ Péffian pefigge is used
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H5NI viruses resiStant to the M2 inhibifors at Nature 2004,
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their use he&ﬁ@ﬁﬁﬁm@?wét%ly'e?&lf ymazo@@sstmgam@Iaﬂa%ouraﬁaﬁbﬁe%&me

currently viewed as_the best choice forprophylaxis against- and

clinical  nifdGeraiof 200, 2:8¢ Xt ehayg besngngtmifh voivingglegrpesof geqeess Bula |
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studies in m ce have I-? ht ed grophyl actic efficacy agai nst
i nf ect i on HFOTHRALsFdug %‘&» ARk of Whelipelbvanasing xeags gqutsipment wopldedy ¢

Di e 2005, 'sbRB; fbhe fifcttivoneddQeBMUR sl HBRAN ShyIRYSndkiREs 18 R Bl spread

detailing the devel opnent of oseltam vir resistance during treat ment
of H5NL m‘?‘@bﬂséa"‘ﬂé?ﬁ”é’ﬁ‘?g and isolation of drug resistant HSNI vi rus

et Bl el
does sugges l?l%%aﬁ?‘%ignb %\ﬁ%mangqsdfnf <Eﬁ;‘)p&’%phyl axi s olro
5[5225?2% eziajﬁl oun ml{ﬂ%%%@ dce P%%e |n ‘ Znti/ig(raﬂisgs as well
Virus o S8l ?ﬁgﬁ*éﬁg?gﬁ%ﬁﬁﬁﬁ’éeﬁ%ﬁﬂﬁ Pl s [ o0 11
exami ni ng 200 4&@#3@%@1&: anddifiew of abiN Epgl Fddrg| 2004, 350 1879-1188), mntmhaﬁr WEN2

have i denty t 4
and 155- 164 (1503 Io‘gﬁ? ﬁ:‘éog%?%%%?hjﬁgb%ge %nﬁ?véeﬁ%&aﬁﬂégl te that

are anti bderrronhylasis ﬁ@imt-taeé clrgeal w@ument@ﬁtdawsezii&ngw 5 mnm Reefficacy
agai nst t B Soy{del § ilih@¥ar Blie Bla 1aRRE Hirfarnt B8 Recent studies in mice have

highlighted prophylactic efficacy against infection by HI5N1 virus isolated from Vietnam
(Yen et al. J. Infect Dis 2005, 192:665-672,). However, reports have also appeared detailing
the development of oseltamivir resistance during treatment of H5N1 infected patients and
isolation of drug resistant HSN1 virus in the same region (de Jong ef al: N EnglJ Med 2005,
353:2667-2672, and Le ef al: Nature 2005, 437:1108-1108.). While the current data does not
deter stockpiling of oseltamivir for pandemie response, it does suggest that alternative

strategies for prophylaxis or freatment are needed.

[0008] Hemagglutinin is an antigenic glycoprotein found on the surface of the influenza,
viruses as well as many other bacteria and viruses. It is responsible for binding the virus to



289: 373-378.). These |l oops are prone to antigenic drift and nutation
I ntroducing a potential glycosylation into this region inhibits

anti body binding (Wley et at Nature 1981, 289:373- 378, and Caton et
al. Cell 1982, 31:417-427.). These antigenic | oops have al so been
identified in the hemagglutinin of 115Nl viruses by structural

determ nation (Ea et at Enbo .12002, 24:865-875.). 115Nl viruses

I sol ated from human cases throughout |ate 2003 and -2004 were known

to differ i &h&aﬁﬂ%&iﬁ%ﬁk&tﬁ%ﬁb&(‘sﬁfdﬁgefa?xﬁﬂﬁgh{%%nﬁ%eﬁﬁgﬁ%r bi ndi ng

site, with a%ft,e,ntia gl ycosyl ation site in"t Iatter ffinann
et al. Prodesagsuting.af nfuenzy 2 rye Slentiffediwo potrudigptroys, residtesiddilde
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i ndr ance of s poPRig 15016t (SMIo@ Sl b el b s b anipodys
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Rev Bi ochengg: 697 meatle |, Qi i my, .
i nhi bit bi nﬁﬁ%@g@_ﬁe _aﬁ%?%a@“’é@éﬁ%% %gkﬁggd%?ahgﬂ%%@;gﬁ?ﬁ#ﬁm
proper t i es Eypesdlation intofhipeagion intilbitsaytibody bindibg (Whley & @ iVarop 2981, 289:373-

det er mi nanse, MiECAN o HickiFoua BEaPRIIECNC. L oGRS, ARK L s prane Lo

nmut ati on may somewhat overcomd thi's ‘I'§sue, a

i dent i fy sifenified inihe hosersglotinip oS EISNI Wiriscuby stuoDe0 Bbteruinative (Hd atll, Embo
drawback 1 928030216675 RN DAsEsdiiled Bin itk Bbes'bhrBleat¥iee Aod' 81 0°

scal e anti body’ product on. This raises € CcO0sS
utili zi ng #¢iwsedimesn tosdifftr in shefantigenRdnor Inéaimtt dbove thetkoepdrbindingnite, with

i sease, 't OnoUSt ook BT 0l 100 hARAREE of PFA IEF g KOOIY JTHE

present inyvention seeks to anellora ove e oned

provi di ng 4H95ch2i188ky1 288k idmiibodies Hrdfngd Fis antiizenic pp e @ewifalizing due to
neutral i zi agicHMdkdAeNFan4l ! ' i.ng. the
sane. Cener aIc [0011 Tyh%{segh%g%wg%fni%;e @%g&ér{“d@?ﬁtg‘gf&g’?g%#%t%&?ﬁ&t

t he i nvent'Peredpadls 5ob serfase (Sebel iaad Walgy domt Ryl Riodhen 2690, 9:535569%nd

nmodi ficati of %380 19555"913? ledak | : i nvention
i ncl udes a S_ugir?ﬁ\?gri_at ipén an ﬁﬁg%ﬁulh%ﬂ#)é?@%%r%ﬁﬁ%%%% al so

i ncl udes é}eptai’ﬁngﬁ?ém??%%ﬁuﬁbémaé@g husibedy whosswsiiopedetomipmts aisnot
referred tyged thi Betigsab Rpd fhdtl&ﬁ RIS shrrifdcd B so)l}ie?rﬂm%\ﬁlv&‘?&lté s Houg, bt

conbi nat i ons or "an or nore 0

coll ective nd any .and all
steps or %%@&W%@%@M@¥@8%FMF¢ ref erence, patent

applicati . patent cifed in this text is expressly incorporated
her ei n in(w%@;‘r gﬁqt@@wa?g%‘g%w@é?%P@ﬁswm ghicpsteflatged be
read and cedsindBsdBhritcidieThE AdRs @%Mﬁ&%&&l%ﬁé&%@&&, fi as for

docunent, %ence E t.ent gpl lcation,or patent cited in"this text
is not repeat BHCTIT 4Pf peoimmyme diseasayip pyerabthopssadsot dollas pes spaimentness.

0013] An uf urer..s instrugctions, descriptions, product
[sp eci 3: i Ca?.‘? ons . gﬁ%prﬁegﬁﬁg%nuon Satks to ameliorate the abgve menﬁongdproblems by

providing an aunfibody specific to hemagglntinin capable of neniralizing influenza viruses and
methods of making and using the same.

General

[0011] Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those speoifically described. The
invention includes alf such variation and modifications. The invention also inchides all of
the steps, features, formulations and compounds referred o or indicated in the specification,

individually or collectively and any and all combinations or any two or more of the steps or
features.



sheets for any products nentioned herein or in any docunent

I ncorporated by reference herein, are hereby incorporated herein by
reference, and naybe enployed in the practice of the invention.

[ 0014] The present invention is not to be limted in scope by any of
the specific enbodi nents described herein. These enbodi nents are

I ntended for the purpose of exenplificdtion only. Functionally

equi val ent Eroducts, formul ati ons and nethods are clearly within the
scope of t HBOTAverfarldocamentpeforentes gattmirpplivatifoQ datbat Bited inAMe ki 9N

descri bed L8, s ' or nore, range of .values (eq size
concentr at ?gg%{@%@g%bg&gﬁ%% FELEOPY ?E?egeém% e FBRitopgt fadid e
al | val ues regdtahd considered bptigesadiras atelofiis tdxe Tialk 1 Sodieeh) tdfteddd Satent

range, and Lacent.ta.the range ,ch l.ead, to _the sang or
subgt anti al c#ﬁ% @?%%&5?}?%’8%%5%“%% ?Pf\é\%é?@ﬁf%ﬁ’iséﬁeé‘ﬂiﬁ%a?ﬂé@éﬁf to
t hat val ue congisendss.def i nes the boundary to the range. [0016]
Throughout this specification, unless the context requires otherw se,
t he word 'iQﬁiﬂib_ri day manufga'une?s ﬁ@ﬁmﬂﬁsﬁ@tﬁbﬁ@ﬂﬂ@ﬂﬁcﬁ@ﬁéﬁﬂé&ﬁﬁn& and m‘EIuccE
"conpri si ng ersto QI e inclusion of a state

i nt gg er or gg? tg\g%lj ELC?Y B%r#%g%? © %’[ﬂef?b? qu?ﬁgﬁ/%%pxagqtbq?omor%byg?ﬁq@pw

i nteger  oherginorrpherebsi intozgeatad heteid by teforedcs,ond gl@He ERAbyddin iRinSactice of
di scl osureggng, particularly in the clainms and/or paragraphs, terns

such as "conpri sesn", "conprised”, "conprising' and the |ike can have

ol udos- ROV L R ek Sotdhiola orto o€ B in Bt RE gt kB or o
such as " coR¥dnenidesuibedbisrein.| Theos embuilinettconRiatial fosdhe plipasd of Of '

have the ngapi ' L 1) S .Patent law e, qg. hey

all ow for el ekgﬁﬁagéﬁéélp'ggﬁtcﬁ%n%ﬁfy ‘r‘éa%ﬁgf%’fa‘? ot g{lg?qyagn%%gﬁgq&ﬁga t hat

are found leptlyathisy the scope of theinvenkian asddseibied herkinsi ¢ or novel

char act eriébi ¢ of the invention. [00171 Ot her definitions for

sel ected t@PH! usElp ipvention denmibodertio myat inaludeions drimeoreletnge bxhiues (eg size,

descri pti afda&nirhttd dtd)V | O U S _otherw se
n i)Y Al B0e LS ALY U QUE RO Il 52 LA S©

defined, all other Scientific and tec erns use
the sanme &% HENEise tevabe defining theaengschnd yaluespdiaotnt tr e remgy which ldad ton

the art tahevaiehr | Md salle Qﬁbﬂﬂé?%thesvabﬁeg %% %t{ﬂ?/%%‘%l%gi&g%at xalgs

I nvention r,q%v' es an an iboc;lége specific to

neutral i ziv%d“ erdhebrupday odhe rapgp- net hods of making and using the
sarne. [003@% ﬁ;ihe ntipody.of the invention is further directed to the
140s pr ot rl%g F%t}‘ qut eqidnniion Ualersfhm ot Teayims othapwiss, theoford

neutral i zi"agnprieé! oread@ions §idb as "EHEpARLT BOSYmIRRE G %Pﬂx?é%&a?c%bﬁ' %%ﬁﬁ)or
humani zed, ‘I?hq ant Ibe may include an expressionproduct o é
NO. 1, SESSIBFRSmOT asiRgdaniRgst ar @pupspicntegstngyt got thexcision bbay ofey infeger

i ncl ude SkfErbily of integers. ‘It is also noted that in this disclosure and pearticularly in the claims
and/or paragraphs, ferms such as “comprises”, “comprised”, “comprising” and the like can
have the meaning aftributed to it in U.S. Pagent law; &.z., they can mean “includes”,
“included”, “including”, and the like; and that terms such as “consisting essentially of” and
“consists essentiaily of” have the meaning ascribed to them in 1.8, Patent law, e.g., they
allow for elements not explicitly recited, but exclude elements that are fonnd in the prior art
or that affect a basic or novel characteristic of the invention.

[0017]  Other definitions for selected terms nsed herein may be found within the detailed
description of the jnvention and apply throughout, Unless otherwise defined, all other
scientific and technical terms used herein have the same meaning as coramonly understood to
one of ordinary skill in the art to which the invention belongs,



NO.5, SEQID NO. 6, SEQID NO. 7 or SEQID NO. S. The anti body nmaybe
expressed froma nucl eotide selected fromthe group of SEQ ID NO 1,
SEQ ID NO. 2, SEQ 11) NO. 3 or SEQ ID NO 4. The anti body maybe
selected fromthe group SEQID NO. 5, SEQID NO 6, SEQ D NO 7orSEQ D
NO. S. [0020] The invention is derived fromthe surprising results of
a conparative analysis of the amno aggd sequences of numerous HSNI
hemaggl utinins identified over the |last few years. There is

antigeni ¢ Smmidar@nd nutation in the protruding | oops of

hemaggl utinins. Surprisingly, however, the genetic drift in these
rﬁgi 223 alnliﬂfl‘lﬁlef i mﬂriﬂmﬁmflpﬂ@vgﬁs2&a\ﬁf@ﬁcﬂ?hﬁ:ﬁéﬁct@h&iﬁ%ﬁhm{%ic%bﬁotfe in

t he s .vi,rus isal ated. in_Vietnam during appears to
occur norggzl%ﬁﬁ)%m%%%”%? %dﬁ?ﬂ}oé%%innﬁqlﬂif%di‘%%thpé@?ﬁ 100211 The
present i nig8] onTiad bty tddsventiorat hodefirebieg hth@mo@pﬁ%aiﬁgioob Brak

virus infection, which conprises The step

lleast affegt n.i.nfluen y Lior i s
of, cont agﬁlq‘%&?mﬂ B Porrdh's of newializine infvenasgiys- Jpe antibpdy may be
h | ut | mbuwckzaal Elftm@iized b ke [A)e
T oo ot i e e e S 00
viral infet r%ﬁ @Pr?@‘iﬁ"ss Nﬁ%émtﬁ&@@éqé% The patody mapippludgSEQ ID
al t er nat i ViOf SBQAD Ni\&s, BEEIBINO.I T &R mmo.e? ?Igsguﬂbed;ﬁ B&&?&?&Esteﬁn

nti no (0] e

ant i body ecif'c.oﬁre lutinin or_an_a specific
1905 pr ot r 0 AEABHRS SR SHBYP BTRPISHQD Nk 14SEQUNNE 2, SEQID NO. 3
i nf | uenza oriSEQSDING.eL Themtibbd Rk %ﬁ%

i nfluenza Vi QSDM%e,cti . 0)8]%% The prgggﬁ%?&mﬂentlgjnNgé’o r Fglﬁg's
to conposiq!?sgﬁib' I d’aﬁﬁé Prfaceut i cal conpositions conprising a
therapeut i[0020]y Qb envention iQBBIVEL 6t HehrMBing MshidOHY o5 &hﬁv‘e%n{alﬁsis £
hemaggl ut ipinor cg% an antj body specific to the, 14Qs&grotrud| g ?oop
of henmaggi Ut { AP he AP IIRSEPLHEmEcRs BrRohsenattingns idenfified megr fhsdeat ifeval | y
ef f ecti ve yedrs.iThededs adibenis erifebddanitatin m e £ 180pk BBhenRESafidAN-

[ 0024] Th% Lnventi.on als gro,i es, a net hod of "di agnosi ng™ an )

i nfl uenza W”ﬁ’f{&?’rﬁogff’?‘rbﬁf a@%ﬁg’?ﬁ%ﬂ%ﬁ#@%%@eﬁgm@%%@f@mﬂng
an anount ghfcodyltiomsitedit thsi 1500kob bEviaERbRted M Vibtrhf g 2004%H b4 tagc«i?uQOD

of henagg%é Iﬂé]{?@%gggﬁ’éé‘ﬁ%ﬁgétﬁ?sf‘@ﬁi ed froma person suspected o

having an 1 nflue 0%P0025] Accordingly, the methods
and conmpoltAS] deFhe proed: nesrtion alspyrobides taethbdlof tHa@SH WSk to at least affect

Pher ekt OB PRBBRE. SnBR boimirsen e Pl ef g e Ficsven 319 9 vom
a revi ew gftibofiesperifcitortgmagdgiaiiin pi (bPasaniBoB spRiee RAES140k bBirh@heIBp 6£
to the f Ohézﬁé@gﬂgnih.l Ilrgé}agf‘}{ ¥ Snfitody m?éfae%%&rﬁfeﬁéf ‘\'gral i%fectci)gﬂ *t:r-;/ergfga?ls
that nentralize the viros.
[0022]  Analternative form of the present invention resides in the use of an antibody
specific to hemagglutinin or an antibody speeific to the 140s protruding loop of
hemagglutinin for the freatment of an influenza virus infection, preferably the use at least
affects an influenza virus infection,
[0023]  The present invention also relates o compositions including pharmacentical
compositions comprising a therapeutically effective amount of (2) an antibody specific to
hemagglutinin or (b) an antibody specific to the 140s profruding loop of hemagglutinin, As
used herein a compound will be therapentically effective if it is able to affect an influenza
virus infection,
[0024]  The invention also provides 2 method of diagnosing an influenza viral infection,
comprising the steps of the defermining an amount of hemagglutinin or the amount 6f a 140s



Brief Description of the Drawi ngs Figure 1- Humani zati on of nouse
mAbs VNO4-2 and VNO4-3 [00261 A, Diagrammatic representation of the
expression vector used to create chineric antibodies; CL and CH
refer to the constant regions of the human Kappa |ight and hunman
lgG, respectively; L refers to the |eader sequence. B, ELISA to show
presence of human constant regions, ansi bodies bound to

i nmunosor bent plates were detected using secondary anti bodi es

speci fic f qrotmdingiodppEhemapghutinindn beip. Aufds/skepled Gor d dedsdOtisfited Mhaving
substrate 3%%%15 rreasured at 450nm Figure 2 - ProphylacticC
efficacy of 4-3-hud in mce 100271 Moe were

chal | enged [ﬂDZFd a Aetriiablydihe methds ddd 0b@Yodfs deddrited Hérbid ?’fbeusedm
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5 nice. Sugil %?n’ 8?1 g?réf"ﬁfeg 'ﬂé@ E&a@‘ %95‘9 dipsirgivesduavings of prefesed
chal | enge ambodimenisat es the |evel of protection fromnortality (C).
Figure 3 - Therapeutic efficacy of VNO4-2-huGl in mce [0028] Mce
wer e i nocuBaie€Deserivtomof the Dedwidese (10 M.D50) of AN et nam’ 1203/ 04
virus 24h, followed by the introduction of 1, 5, or 10 ng/kg

bodywei ght Figur&/NoBughahiz@lion afmidusethabe VNIEA addvi@4-sind three (C and D)
days post infection. The percentage of initial body weight was

noni t or ed 926D éamiagrmucmﬁmmoﬁ afraaa:p@sSIamdematbddabﬁafamenc

represents a Sur,vi.val. bser.y r
days foll o&'ﬁ'g %‘E}F‘ gﬁ% and i n3| 5 &1 Ifﬁgml gi/ﬁ’ﬁhwa‘bgﬁpé&gif)ﬁn rom
mortality meGQresPectﬂmgm refats t&th&eﬂmsuqeenné A, BRISX0toi shodl yrevance @bl e

asgbﬁpr;n'tjs%gn%l%gﬁ%%f IC ac&% am ho At %'\gqntg ng‘?&? é@?%%f
t he humﬁ%@@wbmdma@ecﬁqﬁomnmmmag@ Folidwigg adiétional TRIH e

regions., &Btratedps@PaRMvaah %Jsﬁlr%dgtqﬁb gi.c acid and am no acid of the
| i ght chal n of the humani zed nonoclonal anti body VNO4-2 Hud show ng

the variabkigutesl eRiphylatd etflded BFVR04 S 1A WONOLS EEH R and  am no

acid of the heavy chaln of the” humani zed nonocl ona ody

VNO4- 3- HUCNOZEPOWw%ﬁ%hM&h%@b&ﬁ&E%P&&e 100D 5Y) bﬁﬂﬂﬁ%ﬂgﬁt the

nucl ei ¢ ac nd the |i ght a| n of 't umani zed
nonocl onal ﬁ%’%ﬁ%&&%@gﬁ IntsfFelimPiing ov i mafke dodwypighhel antimidyur e
5. - ELI SAdgbreithgens diitidbo bif¥dri cRitTen B 9 el TR
i sol ates %615_4’\1]11 lufé rﬁg_lt hedsls‘/’t;l\%‘flﬂ ant i bo% ° hitn ) and
uG1 (8) periodically over 15 days. Each data point represents the average of 5
mce. Survival of challenged mice was observed for 21 days after chaIIenge and indicates the
level of protection from mortality (C).

Figare 3 - Therapeutic efficacy of VN04-2-huG1 in mice

[0028] Mice were inoculated with a lethal dose {10 MLD50) of A/Viemam/1203/04 virus
24k, followed by the introduction of 1, 5, or 10 mg/kg bodyweight of VNO4-2-huG1
antibody one (4 and B) and three (C and D) days post infection, The percentage of initial
body weight was monitored periodically over 15 days (B and D) and each data point
represents the average of 5 mice. Survival of mice was observed for 21 days following
infection and indicates the level of protection from mortality (4 and Q).



[ 0030] ELI SA detection was perforned on equal anmounts of each

hemaggl utinin from several HS5NL isol ates. These isolates were chosen
fromall of the publicized hemagglutinin protein sequences of H5N
viruses isolated in 2005 and 2006 as they are_representative of
mutations in the 140s | oop of the Hemamgglutinin protein. ELISA
established the ability of VN0O4-2 to Bind the hemaggl utinins tested.
Detail ed D sclosure [00311 The invention is derived fromthe
surpri si Nog; L | is ' '
equences pe o Sefenfs ST AN T aRRR 1ol thed fo AP NI Hfimuc1
few year s2nd[¥i8043EmGdNt i genic drift and nutation in the protruding

| oops ofhenﬁg lutinins. Surprisingly, however, the genetic drift in

these regi BR&%landA) Héenment Sdiramrisis asit aad proine aeifl of the eayy sham afithon site
|0 the 150ud58 AbadldnintiRl HaRA.o But] SRR i dritle likhs 0! S 1 O

occur nore in the Joop Wth less int 140s Igop. The Il ysine
at positi chigament o&kgineleie w@m@r@mnq avidnfithe light dhainnfiihe fasnapizeiogonosigng 2]
Consi st ent . R | : Vi j

coner 1 oy A AR it 20t O 8P oS o

maggl ut 1 ni n and,
1405 pr ot raRiNeid oihe keevpeaingi e manizedmenpslotslynthody ORIk | ude

pol ycl onal : ' %’am | | fobfes I ' e
ant i bodi es@oﬁg%@iﬂﬁéﬁeﬁﬁ%’m err%(% [ mngtug&gragﬂgﬁ%%ﬁn%gsa gggﬁﬁg_g?ﬁe
present i rifaiRof e humanized niongelpend reibady WNO#EtHuHabpwing e varghlensgions
the 140s protruding |loop of the hemagglutinin. 8 2. The

i mmunogl oBUEIE Sof EERSb detastion of HS feapagphntai profaimiramseryal isglatenehiiiNes

an i munog|spldihi YNaLa\WuRRRL N conprising a variabl e domain conprising
an anmino acid sequence sel'ected fromthe group consisting of SEQ ID

NCS: 5 ?ngeelkm 3.ELTHE dbinan ogh ph ok ledéﬁ?q@m%:ﬂﬁl v i af%aﬂshhmgwnﬂmc kifin Fedk(]

i nmunogl obul i onprises_an jmrunogl opulin |i chaip.c risjng a
vari abl e aswaﬁﬁlgkﬁﬁ%t@i Hpsaifolatah g C%mﬁg%&ﬂ@ﬁﬂv@ Puicized Biseebiiinn e
group COPqiré;%ith;u@&cemt | f{bﬁﬁ@es i%l@mmnﬂooséadzﬁﬁtﬁwtm}l&@&b_l f&’&:ﬁtdﬁﬂgéﬁ
anyone of enhodi e r , _Wherein saj u i s an
06 Kapp @ RER BGR B o OB s ROEP S EL ATF B DA et
wher ei n saNb4-IpmiEicheobudoplutiginipesis®s a human 1gGE constant region
within a heavy chain of said i munoglobulin and a human const ant
regi on w thetailal Dikelbinrehai n of sai d i mmunogl obulin. 6. The

I mmunogl obul i n of enbodi nent 5, wherein said i munogl obulin conprises
frilly or [pR&Mi allhy mvention if deaimredberk theegipoisiog wistlisiaf 2 bhmparetivieabdlpsis of

dormai n of ﬂ:?eaaingno acid sequences of numerous M5N1 hemagglutinins identified over the last few
years. There is antigenic drift and mutation in the protruding loops of hemagplutinins.

Surprisingly, however, the genetic drift in these regions and the introduction of a potential
glycosylation site in the 150s loop of virns isolated in Vietnam during 2004 appears to oceur
mére in the 150s Ioop with less in the 140z loop. The lysine at position 140 remains constant
in 21l the strains examined.

[0032] Consistent with the invention there are provided {2) an antibody specific to
hemagglutinin and, or (b) an anfibody specific to the 140s protruding loop of hemagglutinin.
Exemplary antibodies include polyclonal, meonoclonal, humanized, bispecific, and
heteroconjugate antibodies.

[6033] The following embodiments are encompassed by the present invention:

1. Az immunoglobulin that specifically binds fo the 140s protruding loop of the
hemagglutinin,



heavy chain and within the variable domain of said |ight chain. 7.
The i mmunogl obul i n of enbodi nent 5, wherein said i nmunogl obulin
conprises nurind framework regions within the variabl e donmai n of
said heavy chain and wthin said |ight chain. 8 The i munogl obulin
of enbodi ment 1, wherein. said hemagglutinin is derived fromtype A
i nfl uenza strain HS5N1 or Z-genotype of gype A influenza strain HSNI.
9. An inmmunogl obulin that specifically binds to the 140s protruding

| oop g}‘ Eemgg?ﬂf%mﬁmmm?m?ﬁm &thﬁieﬁisam:ﬁmwglm{inaom r?ses
vari abl e heavy 0 ecte romthe p, consi sting o
(a) apol ypeptide COFBFHS % W@&P&S@gﬁﬂ%ﬁgé dgpaggemprsing s 5
or 7, (b) a pol ypeﬁﬁm@lmm%\eﬁ@as@kcth@e&ht@@&bwﬁmom@@mmeeaﬁch?

amno acid sequence of SEQ ID NO 5 or 7, wherein said

i mmunogl obul i n ssmehﬁmﬁraigldbuMMbbﬂ!ﬁebﬂ MRS aalifnth s HhBe Bordrises
hemaggl utinin; (c) &L that is encoded the nucl.eoti de
sequence of SEQ | 0 pnoglop “eh&SPh@cwymegaa OPYIR HRFSIE n

encoded by a nucl Qﬁﬁﬂd&ld%ﬂé&@leﬁtb@ﬁom%éémﬁ;ﬁ@ﬁﬁm % $8eMd Ne: 68 8.
t he nucl eotide sequence of SEQID NO 1 or 3, wher%l@n s%?d

i munogl obul i n 4pabe imeealdelobiinéfSnidhe bfenbotGentPT HidughlB iehebedOgidf

hemaggl utin. 10. The i | obul of enbodi t 9, wherein the
i mmunogl obul i n coffBFs c@ﬁu@% W%OE{TE *chain conprising a

ble d t ed f t
bol ypept | de. conr 1LF TUSH 5%%%"%?%%@%&%3'5 ol dpiogphigpomprisey
8, (b) a polypept a&imnmng‘Ig:omﬁnt&gifshvﬂiﬁ%ﬂﬁﬂﬂﬁﬂﬁﬁdfdﬁﬂtmﬁlmogmbﬂhﬁmda
et 12 e S B B, o
h | ut d otid
cequence of SecH DreRRBERiLE kbRl SRRECAR R brliod MR St
by a nucl eoti de s@éh@np@haﬂldxumasﬁamewb:ka@oﬂmzdﬁﬂVarmhh domainlo€said

nucl eotide sequenge, 0ty BEQ 4 Helihé v@able domain of said light chain.

7. The immunoglobulin of embodiment 5, wherein said immunoglobulin comprises

muring framework regions within the variable domain of said heavy chain and
within said light chain.
8. The immunoglobulin of embodiment 1, wherein said hemagglutinin is derived

from type A influenza strain FH5N1 or Z-genotype of type A. influenza strain
H5NI.

9. An immunogiobulin that specifically binds to the 140s proireding loop of
hemagglutini, wherein said immunoglobulin comprises a varisble heavy (VE)
domiain selected from the group consisting oft

(2) a polypeptide comprising the amino acid sequence of SEQ ID NO: 5
or7;
{(b) a polypeptide having at Teast 20% sequence identity to the amino

acid sequence of SEQ ID NO: 5 or 7, wherein said immunoglobulin
specifically binds fo the 140s protruding loop of hemagglutining

(¢) apolypeptide that is encoded by the nucleotide sequence of SEQ ID
NO:1or3;or



4, wherein said i nmunogl obulin specificallybinds to the 140s
protrudi ng | oop of hemagglutin. 11. The i nnmunogl obulin of any one of
enbodi nents 1 through 10, whereinsaid imunoglobulin is conjugated
to an agent selected fromthe group consisting of a therapeutic
agent, a prodrug, a peptide, a protein, an enzyne, a virus, a lipid,
a biological response nodifier, a phargraceutical agent, and PEG 12.
A conposition conprising the i munogl obulin of any one of enbodi nents

1 through 11, and a ca@) aﬁﬁlypéﬁde’eﬁﬁtub&@bﬁﬁ@ﬂaﬁ&iﬂd&ﬁﬁé@ﬁﬁéﬂd@thatxsat
conprising a nucleic acid,e ﬁé}}i g a.va |ab e.heavy (VI domai n of

an i munogl obul i n heavy clfat el fp %?‘@WWWFP? ﬁ%@%@ﬂe‘&'
fromthe group consi sti ngs,afhere{aicBimubgbkilia Ghed: ¥Rl PRidSo @RMAAI Si Ng
the nucl eotide sequence of SEQ 1D N1 or 3; (b) a nhucleic acid

mol ecul e conpri si ng a nucheet oeRPRlEHREE Iy ng at | east 90%
sequence identi t he eot i de se nce of SEQ | . or
3, wherein sai c}to ??*FHJ Bﬁ%h“”ﬂ J@ d“f’:fl%ﬁs Whepsin e %“qu@%“%@@lms
protrudi ng | oop oé:hmmg@eﬁuw@toﬁahc@nm lvﬁnﬂﬁé&brﬁﬁi‘ﬁel&&ﬁ%&%h@

pol ypepti de conpris no acid sequence of SEQ I D NO or-7;
or (d) a nucleic %B?ﬁﬁﬁ%gﬂ?e t hat encodes a pol ypeptide that |s at

| east 90% i denti cal t he. am n aci d .,sequence of SEQ 1 NO.__ 5_or
7, wherein said i m’rungal R BeRE ﬁ@%’???%ﬁ?%?ﬁ&%‘ FWF@"%&B@DNO:G
protrudi ng | oop of hemaggdr@ti nin. 14. An isol ated pol ynucl eoti de

conprising a nucleic acid encoding a variable [ight (VL) domain of
an i mmunogl obulin [i ght(b)t}t]ﬂaﬂyp,epuﬂaénﬁhgaﬂeabwowseqﬁ@ﬂ’@imﬁnﬁt?toiﬁ@hﬁﬁé ed

fromthe group consistin E‘% 1C i%) Ie.cul co

the nucl eotide sequence getm%§ %W%%&i‘g’r Oaﬁ?‘[” F‘@"ng%gh’%“ﬂ‘g
mol ecul e conpri si ng a nucpeificatipbimdsjodhckiOhpoiradingloop bEifatag@0in;
sequence identity to the nucleotide sequence of SEQID NO 2 or 4,

wherei n sai d i nmunogl ok s pelyppmisie et #slehgoded bidibe pocl¢ctide s of SEQ ID
protruding | oop of hemaggksitd |n r(C) a nucleic acid that encodes a
pol ypepti de conpri sing the am nb aci

(d) a polypeptide that is encoded by a neucleotide sequence that is at
least 90% identical to the nucleotide sequence of SEQ ID NC: 2 or
4, wherein seid immunoglobulin specifically binds to the 140s
protruding loop of hemagglutin,

11. The immunoplobulin of any one of embodiments 1 through 10, wherein said
immunoglobulin is conjugated to an agent selected from the group consisting ofa
therapeutic agent, a prodrug, a peptide, a protein, an enzyme, a virus, a lipid, a
biological response modifier, a pharmaceutical agent , and PEG.

12, A composition comprising the immunoglobulin of any one of embodiments 1
through 11, and a carder.

13. An isolated polynucleotide comprising a nuecleic acid encoding a variable heavy
(VH) domain of an immvmoglobulin heavy chain, wherein said VH domain is
selected from the group consisting of:

(2) anucleic acid molecule comprising the nucleotide sequence of SEQ
IDNO: 1or3;

(b) a nucleic acid molecule comprising a nucleotide sequence having at
least 90% sequence identity to the nucleotide sequence of SEQ ID



sequence of SEQID NO 6 or 8; or (d) a nucleic acid nol ecul e that
encodes a pol ypeptide that is at |least 90%identical to the am no
acid sequence of SEQID NO 6 or 8, wherein said immunoglobulin
specifically binds to the 140s protruding | oop of hemaggl utinin. 15.
A nmethod for preventing or treating influenza virus infection in a
subj ect conprising admnistering to saipd subject an effective anount
of a conposition conprising the iuunuaoglobulin according to any one
of enbodi ments 1 through . ) i
wherein said influenza vi r%(g' 1c%§ ?ﬂ%@%@@g’gﬁiﬁg}‘?ﬁ@ﬁﬁhﬁ S r%gliﬁ%tol—t%?\ll
or the Z-genotype of type 1408 motruddngdoopsafbamaggBiling 17. A
phar maceutical conposition conprising the i munogl obulin according to
any one of enbodi ment s{® ameleiggrd iRt entedes sPolypepiide hogprisingdhecaminsiaid
infection with an influeng u\éﬁJe%?SiiQéﬁN%@o%‘t o£OMprising contacting
i ng

the subject with a conposition acco t'o ahy one of enbodi nents |
through I | and detecti | | U0k R : I
At bodi es [0034] The anPiod SessoRRue i EIBag ol Bltee B A5t BAF
pol ycl onal anti bodi es, MetoR¥déenseal igghepainp agdstqpeneseiFEQAD MY died, ar e
known to the skilled arti %ﬂs‘&i&%@ﬂ@%@ﬁ:ﬂhk@é}ﬁcﬁ%ﬁ%mﬁﬁ 1k sed in
a manmmal, for exanple, by one or nore Injections of" ‘an i nmuni z1 ng
agent and, if desired, amroi@gfioglnep ofpepogslutinippi cally, the inmunizing
agent and/or adjuvant will be injected in the manmal by nultiple

subcut aneous  ori% dirispeied pagleotidycomprisrga nurke adidunepding yvaskble Hght
response is det e{m)%gla&yufiﬁﬁﬁflﬁ{ogi?ﬁﬁﬂ@t I, WARRE shilagf_[?&o%fajjﬂcs the

i mmunogen nol ecul e, 'its chemcal Ccharacteristics, and how different
it is fromthe anfelfeteddiogyfhe pioge eansisting@fst natural i rmunogens are
proteins with a nol ecul ar wei ght .above 5 kDa that cope from sources
phyl ogeni cal |y far reno\RaFHarPEHBokere comprsng the nugleotidp saguencsr S SERN s
injected into rabbits or I®@:kShr4lt is desirable to use highly
purified proteins as i munogens, since the animal will produce

aRti bodi es to even snal ﬁﬁ)aiim]eﬁé&é@ﬁnokﬂﬂuédﬁﬁﬁsﬁ@masﬁﬁesaﬁmm'hhﬁﬁgzﬂ0
the maj or conponent. The,antiho response increases with r
exposure to the immnogen}eaggbg’Se‘é@?qeégeugg'mﬁﬁeﬂﬁ%@sﬁﬁm?‘@é’gggﬁ&s
intervals is needed to achiCegerfeitarehi phi ikevebglobilinapédifally binds to the
production and anti bodi es high affinily. 36] To the extent that
the antagonist is an anti B@&F‘?“%‘Qh"g&’ﬁ%&y‘?"rg"%ﬁlﬁs | oop of the

(¢) ‘anucleic acid that encodes a polypeptide comprising the amino acid

sequence of SEQ ID NO: 6 or §; or

(d) a mucleic acid molecule that encodes a polypeptide that is at least
906% identical to the amino acid sequence of SEQ ID NO: 6 or 8,
wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagghttinin,

15, A method for preventing or treating influenza virus infection in a subject
comprising administering fo said subject an effective amount of a composition
comprising the immunoglobulin according to any one of embodiraenis 1 through
10.

16, The method of embodiment 15, wherein said inflnenza virus comprises type A
influenza strain FISN1 or the Z-genotype of type A influenza strain H5NI,

17. A pharmaceutical composition comprising the immuneglobulin according to any
one of embodiments I through 12.



hemaggl utinin in an influenza virus preventing viral infection the

I mrmunogen wi Il be an selected fromam no acids conprising the 140s
| oop domain fromhemagglutinin Preferably, the am no acid sequence
will be selected fromthe region of about 94 to 156 in the

hemaggl utinin protein. Sequences of at least 5, 6,7,8,9, 10, 15, 20,
25, 30 amno acids from this region wil generallybe used to
generate those anti bodies. Desirably, the sequence selected wll

generate an ant i adyethHBSf dfpB6dg iEREM withla8 idiRlefsm Wb B DBl R BmRsing
hemaggl utinin. to the host cell receptor. [0037]) Not all "I nmunogeni c

mol ecul es wi | | hof@Rfstng R &rbiecs with 8 cpmrpsitiop pecaiflingse @gy oneed pobestimands 1
i ncrease the inte&&b&gﬁi@hd&h@wﬁ%ﬁ%@ﬁg&&%@ MaldBRBRIENS are conbi ned
adju

with conplex mxtures called vants. Adjuvants are a m xture of
natural or synthetic .conpounds that, when adm nistered with
antigens, enhance the i nmune response. Adjuvants are used to (1)

stinmul at e Rolytlekal AGtBRIERONSe to an antigen that is not inherently 12
i mmunogeni c, (2) increase the intensity of the i mune response, (3)

preferenti (03] st Thedntibedieself tHefiveatisifthAy dodiorisd polydfdHiDmBho i@ SISMEE: of

I.e., protection from disegse versus antipody . prqduction). Exanples
(()f adj uean?@wgﬂfyﬂﬁ%@m?ggn?%@% %Wﬂg‘%ci’é’ ta)éum&ﬁf'gﬂp;’ant
and MPI r TDb adbpdinasthaniil fopHRsRRObY dnelor Bioth ifectfnil bPe] ihendniA33LaS 8n

; . . . . d,
di eorynonygol ate). A nore extensive discussion of adjuvants and their
use in i mr&%es}!ﬁ&’ia&ﬁdfuﬁ%t ocols is given in Inmmnol ogy Methods Manual,

vol . 2, |.[003B] covyicllyabk imAGdaerdsentRh@6Sadjuvadiwidbe Gfectddtn thd §Bvmat .
13. Immn%%%t odfssal\/anua.l i s .avail abl.e as_a,four volune set,

( Pr oduct ,S%ﬁ- §ous Gr s epteRpal mEcheNsc dheBtrrsEnof thepgsngyse i
bot Bi ( Pr odhietninefbyl mwfa&3ﬁi%olﬁd:'i@ﬁ8§ie difthd ienin mw&,ﬁs&bigm
unabl e to generate an.acc abl e. response, jt maybe, conjugated to a
carrier pr‘%l"ﬁf’{?“ﬁ?%@ﬂ‘?@’ ?‘ﬁ%ﬁr@&gﬁ?m@%@@%@ﬂ%n%@@h as
dl‘:JgS,l Or igraming _'hgeneﬁa@mdﬁshwmdwgmklmw e mﬁbv]cesil@a&medlaﬁéfrgiﬁgw@sgh a
mol ecul ar t, ess t - i ke, for exanple, s )
segnent s iﬁﬁ@%ﬁn@?ﬁiﬁﬁ?’ﬁ?‘ﬂo‘feﬁﬁf’ﬁéﬁ h‘tsga Fed R P lﬂlﬁ?te‘{%?&él?hl or
i mJu nogeni goatskidndesirahie tachee highly eustfled paotﬁheaﬂmﬁﬁgﬁsmngadjewﬁm will n
order to [ n.J mune response..to these c 0 s, it is
necessary ? §5'“§? %@ﬂ‘%ﬁ% i ?nosngh P ff imppd I?éefe‘@g%’f g@f‘ﬁf’ hedpgiEd a
carrier t hrsmppgent. e adhedy espodisincredstoreitedpdatedexpesre 1€ thefihtit®igen, sbhe
smal | nol i is.called a t en.Hapt ens e.also,

con] ugat et SE BRI B el RerdBPb SRRl B oty o

protei n prgedudém sad matibodiends g effihitng. t he  hapten to a solid support

ttached (00T, delthPhubt Bhfng bikobtsh B e BFF alibert dot RS0 or e

ant i - hapt demagglithininas infllierp viraypreedntiog Vil irfetion thedmentezeA will be an

mul ti val eniag) 88 dnfddabicl bddpeRfhe 3 faol Rob b:lhih FoSheRnb S ALk R
the amino acid sequence will be selected from the region of about 94 to 156 in the
hemagglutinin protein. Sequences of at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 amino acids from
this region will generally be used to generate those antibodies. Desizably, the sequence
seleoted will generate an antibody that specifically interferes with binding of hemagglutinin

to the host cell receptor.

[06037]  Notall immunogenic molecules will however generate the level of antibody
desired. To increase the intensity of the immune response immunogens are conibined with
complex mixtures called adjuvants, Adjuvants are a mixture of natural or synihetic
-corapounds that, when administered with antigens, enhance the iminune response, Adjuvanis
are used to (1) stimulate an immune response to an antigen that is not inherently



conpl exes. When choosing carrier proteins, renenber that the ani ma
will formantibodies to the carrier protein as well as to the
attached hapten. It is therefore relevant to select a carrier
protein for imunization that is unrelated to proteins that nay be
found in the assay sanple. |If haptens are being conjugated for both
i muni zation and assay, the two carriefy proteins should be as
different as. possible This allows the antiserumto be used w thout
having to . Is

ant 1 bodi o< B8 (el s RbaG 2B mOh el BRI At
segnent s meemeﬂﬂmhemmb@smnsm(pe pprefectioalfton dxmse&mg giibedhi n

manmel e R e S8 Db il bt pa HEMOBOEM ool T
i ncl udeI demm and MPLFTAMeduwat kegdophasphdriliipd Ahesmtietia trhalqs«LH) | .
Ze[ g)r(n o?d uﬁ%ﬂn@%&‘é@%@ %Aé%(%g 9’3'8 ! 'dﬁausﬁ'% QFM%%@F& % i#) resp ; rag%r y
prgt teihg }‘qmtdcdlns wbhimstmunblbgylvhﬂ:g&lﬂml,mkhﬁ Edﬂcoms,)ed Amﬂm Bgsesisc,
Take 1t vari DR 187 o éyiia?timgjf%ﬁﬁ%%afi%%iiﬁ 4 i?j%g'yefﬁ?%‘ﬂi

[ whehCokasalss-8 RO CCahryd8,48 ;s ionbaiin, oy
Zﬁga; 2&Lg%e;%€:§§7%%flf%of cros)sg-zr}eact i sfi;tﬁlfo t;]gt ween anti b?)gi es (%gai nls:E Y

the KLH c aturally occurring proteins in manmualian
sanpl es. [[0038]] KitHetirenaddzen sdiibobdbleto gienesatmdcmtabhrmqpoﬁswit may be

conj ugati on Y m_nes._..angd. ¢cin C
car boxyl %ageftgagéﬁnﬁwrgﬁexéﬁﬁ% ?’}é 5?131 ugamfaﬁg'J'l c{li%c%%es%%h%}f%ugs,
containin g;rgamcmen:gnmdp,&n@ paptifiesamd ahg;ﬂmhaiﬁ)as witlaa oolzselat weighit p@lew' thin
car bodi i m d t he | N car f and
t he anine gf%‘ﬁ%@% rm‘ l"}’ilaaf)‘ﬁﬁ\éf}gegmf %%ﬁ%&%ﬁ% )éé%#: oéra;eg%ﬁj ug %r%ﬁ]
Ef lk)lapt ten S wBBHwammngamcmvei whennslyigstérod indthé preseaes diladitivans. In orfler to

abora ory :
Labor at or a'?i%?%k@r %&E’toaﬂgﬁfmﬁ%% thgne;zgﬁjg‘i}o e'r:1 OC%ﬁ%éﬁ%t
2926) [0044p Wﬁt@mpnmmwmﬁmm bis dnmneoieeic SEhevttechet yo vereriepiatdied
in the ar FHQHE EHFGM g
i mmnogentsfhélgln;rf'?rum zation of- g%rérra S ﬁaytegﬁiaﬁ ection %?éag%ﬁﬁg%{?ﬁx‘;‘ may
be found ipretdng fobustiie snmynongshyss ’ﬁhemayiewamm profidesdemesanobatachingthe ane,
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ant i bodi e@tﬁw&yd togsorea they mmlgpusmafo npwriisktinnf therpotithepter anti '%Ehmw
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descri bed er and Nat ure, 256:495.
hybri dona cn:splnma Whemehgoting m@mtemmenmnbeﬂhﬂt the enimal will form antlbodles to

the carrier protein as well as to the attached hapten, It is therefore relevant to select a cartier

:J

protein for immunization that is unrelated to proteins that may be found in the assay sample.
If haptens are being conjugated for both immunization and assay, the two carrier proteins
should be as different as possible. This allows the antiserum to be used without having o
isolate the anti-hapten antibodies from the anti-carrier anfibodies.

[0039] Where the immunizing agent is hemagglutinin segment such as from the 140s
loop preferably the hemagglutinin segment is eonjugated to a protein known o be
immunogenic in the mammal being immunized,

[0040]  Examples of such immunogenic proteins include but are not limited to keyhole
lirapet hemocyanin (KLH), serum albumin, bovine thyroglobulin, soybean trypsin inhibitor,
and a toxoid, for example fetanus foxoid.



appropriate host animal, is typically immunized with an i mmuni zing
agent as described above to elicit |ynphocytes that produce or are
capabl e of producing anti bodies that will specifically bind to the

i mruni zi ng agent. Alternatively, the |ynphocytes maybe inmunized in
vitro. [0046] Generally, either peripheral blood |ynphocytes ("PBLs")
are used if cells of human origin are l8esired, or spleen cells or

| ynph node cells are used ifnon-human nmamalian sources are desired.
The | ynphod§848 aXdH isemesbiatens priteih Famnd irmulhusasl Iiﬂbrgemb hlalcdsumqus i ng
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those that rgg f’ﬁD{ 0@ Y bl e, h, | evel [ ession of
anti body b{/ Et o%glggo %‘W@ﬁg@ {)W%ﬂ%?ﬁ g@’mﬁ}ﬁ %\ %’é‘nm tive
to a medi Lum&w asLadbitrore Masial, M{aezowramiarmﬁ ¢dNCYId eirioel |
from the sorprifr (e nat ey Bafihes e bttt wello. Carit
andI t he An@ﬂ#éhn 'm;epsnﬁuizaimn@t rﬁoskdll &ﬁyb@fellelcﬁdFWSﬁ@ﬂﬂﬂl edan thbiuﬂ%thb out

el oma a r e mce |nesasc1 ave_bee
(rjrgscrl bedn@J %gmgpro kﬁ“%ﬁﬁ% Pm%’ﬂ’i“'iwg’aﬂ , and

(Kozbor, 1. 00@&@@21)&‘ dnfinerae may b3 Souda &lﬂntzbo{lzﬁﬂéﬂ]abﬁ%ﬂo@ Wt eR. TRelbwahd D,
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and/ or t heProfiag£ofleAr2924). herraggl utinin or any of the sequences SEQ ID
No. 5 to 8. [0049] After the desired hybridoma cells are identified,
t he cl ones maybe suboloned by Ilimting dilution procedures and grown

by standard net hods. Suitable culture nmedia for this purpose

i ncl ude, rﬁ?—@%ﬂ:&wm b becco's Mdified Eagle's Medi um and

RPM - 1640 i u rnatively, the hybridoma cells nay be grown in
vivo as aégw i egnt%pa Aige 2y, 3 %%?IWW%WBW%{WMEGEI

secret ed hytifddts ﬁi&? Bt W@eﬂ% IS b AR ARR! subAd tflbs%(aescﬁﬁéaf’ﬂytmler and
cul t ]lc,lr e migi#] ﬁé@;ﬁ#@fg& i.d b convent [ ona{!l [ m'%rllog[mo ul ]I‘kg
purifi cat ﬁ’PB% FASIRL,TE QHAF ose,
hydr oxyl apppm@:ﬁtefﬁwmaﬁﬂ,qg apiylly ﬂlﬁhuqzzed with an immunizing agent as desoribed
above to elicit lymphocytes that produceor are capable of producing antibodies that will
specifically bind 0 the immunizing agent. Alternatively, the Iymphocytes may be
immunized i vitro.
[0046]  Generally, either peripheral blood Iymphocytes ("PBLs") are used if cells of
human origin are desired, or spleen cells or lymph node cells are used if non-human
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell
line using a suitable fusing agent, such as polyethylene glycol, to form s hybridoma cell.
Immortalized cell Hines are usually transformed mammalian cells, particularly myeloma cells
of rodent, bovine and human origin, Usually, rat or mouse myeloma cell lines are employed,
The hybridoma cells may be cultured in a snitable culture medium {hat preferably contains
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el ectrophoresis, dialysis, or affinity chromatography. [0051] The
nonocl onal anti bodi es may al so be made by reconbi nant DNA net hods,
such as those described in U S. Pat, No. 4,816,567. [0052] The

anti bodi es may be nonoval ent anti bodi es. Methods for preparing
nonoval ent antibodies are well known in the art. For exanple, one
met hod i nvol ves reconbi nant expressi ongof inmmunoglobulin light chain
and nodi fi ed heavy chain.. The heavy chain is truncated generally at

any poi nt idie bABofsRulistgha Mmfﬁ@gm@e?a&mbﬁ%memc% mmortalized cells

cross-1inking Al'ternatively, the Televant cystelne res es
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SEQ I D No. vaanm@emmnwte@mdm@g@e ("HAT m¢mmmdss@$t@cas provent the
sui tabl e f%EovRﬁ ?ﬁg QR&&Yéélﬁnt anti bodi es. Digestion of

ant i bodi es roduc ra nents thereof, particularly, Fab fragnents,
can be aCC(WH Sh@éﬁfﬂf@ﬁlﬂﬂ@ﬁ)ﬁ@wﬁ c@lmmﬂmmwfmwﬁﬁm&nﬂVMPMﬂabm man
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mani zed
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(recipient ant resfdues froma co
det er ni ni ngrodu@vgn momﬁlonﬂeu&t@éwp{@ﬁboral ﬁ%ém,ﬁ)ﬁ Beel)dues
froma CDR

g IR SRR gﬁmcz{fﬂe 819& a&gg@ iﬁi%&? Sndfagse.
rat or rab avi ng t esire speC| [y "an capacity.
In some i n%@@éé‘@fhweaemm@mmch@émm@w@recméammmmhmgmwm

are repl aggd 1y 28E Bpé}q%ggég;% s&%@é ni zed
anti bodi es na also co rlse resi due M%IC re tound neither in the
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reci pi ent bod§fterghe fasiredierbriderns el aeiirntiied, the slenoimiy brastjoronsd by
In gener al m&ﬁgaﬁm&%&&lﬁ%ﬁ%ﬁ%ﬁ&@&@ ﬁ@s&%ﬁé% Eﬂeld%f@ﬂtbls()f
at | east one, and I cal | vari ab omal ns n whic I

subst ant i aPFHOsA irclsgh, foraniiR Dwégxc@woé@reﬂ Eagioviediomiand REMVI1640
non- human jnBakka0 &ht@ﬁbﬁ\}e[y ﬁﬁ@}@ﬁdo:d&rceﬁékg%; B bt iRl affies ﬁ@%laﬁﬁlafl]

regl ons ar[egﬁ&]ose of a human I NMMuNog | 1 " consensus sequence

hunani zed boﬁgﬁ%*aﬂophaallagﬁwd%swqfﬁd Wéhﬂﬁlb@@neamwbaﬁplaéﬁdmpmﬁpﬁ
of an Iwmwm@nﬁmc%@&md ﬁ&&@ﬁa&fv@ﬁuonmg%ﬁﬁimaﬁé’n human

I mmuuogl obul in. [0055] Methods for, humani zi ng non- hunan ant 1 bodi es
are wel | KifetRdwes such as, fprexample, protein A-Sepharose, hydroxylapatite chromatography, gel

electrophoresis, dialysis, or affinity chromatography.

[0051] Themonoclonal antibodies may also be made by recombinant DNA methods,
such as those described in U.8, Pat, No. 4,816,567.

[0052] The antibodies may be monovalent anijbodies, Methods for preparing monovalent

antibodies are well known in the art. For example, one method involves recombinant
expression of immunoglobulin light chain and modified heavy chain.. The heavy chain is
tmpeated generally at any point in the Fo region so as to prevent heavy chain cross-linking.
Alternatively, the relevant cysteine residues are substituted with another-amino acid residue
or are deleted so as to prevent cross-linking, The light chain may be further selected from
SBQ ID No. 2, 6, 4 or 8. The heavy chain may be farther selected from SEQ ID No. 1,3, 5 or
7.



General ly, a humani zed anti body has one or nore am no acid residues
introduced into it from a source which is non human. These non-human
am no acid residues are often referred to as "inport" residues,
which are typically taken froman "inport" variable domain.

Humani zati on can be essentially perforned follow ng the nmethod of
Wnter and co-workers [Jones et alL., (4986) Nature 321:522-525;

Ri echmann et al., (1988) Nature. 332:323-327; Verhoeyen et al.

(1988) Sci HHE8] 235: ﬁzasmefhts&&ke alfysuBANNSTor freparg nloaeilnt SANBS ey, n@&%on

ences _ of human anti body
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(U.S. Pat. uﬁ@w&ﬁi&hﬁﬁi@hﬁ@@ﬁﬂh@mﬁubstant ially less than an intact
human vari abl e domai n has been substituted by the corresponding
sequence from a non-human species. In practice, humani zed anti bodi es
are 16 typically human anti bodies in which sone CDR residues and
possi bl y snmarfRdifwmedizedAatiediesubsti t ut ed by residues from anal ogous
sites in rodent antibodies. [0056] Human anti bodi es can al so be
produced US0B4 v aFlicausbddiss ofithe irventionawy firthet ignprize Iumadied detbogiepitage
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[ 00571 Bi speC| ?é%&arﬁef%ﬁggeeﬂgagggﬂﬂn%%%’%ﬁ%a?& prefe rﬁgﬁfy%ﬁtu Oie
humani zed tedBiegon assthoranie hmmmﬂogﬂmusehsmseqmcd Tihe Intnahieads t
two di ffeg,gm, 18 G g
specificiti esd%a‘gH f orQQS%Vg%&%rﬁ%%ﬁﬁg a segnem[mc@ﬁ&h%h]ga%gﬁf”{‘}tl nin
conpri si nEPEiopEF; tpisallyrihati &hmmlpogloﬁmot her one is for another
conpound [rEENT NERER&H ok Eltnibing non-tumen antibodies are well known in the ast,

Generally, a humanized antibody has one or more amino acid residues introduced into # fom
a source which is non-human. These non-lnman amino acid residues are offen referred to as
"import” residues, witich are typically taken from an "import" varisble domain,
Humanization can be essentially performed following the method of Winter and co-workers
[Jones et al,, (1986) Nature, 321:522-525; Riechmann et of., (1988) Nature, 332:323-327;
Verhoeyen e of,, (1988) Science 239:1534-1536], by substituting rodent CDRs or CDR
sequences for the corresporiding sequences of a human antibody, Accordingly, such
"humanized" antibodies are chimetic antibodies (U.S. Pat. No. 4,816,567), wherein
substantially less than an intact human variable domain has been substituted by the

corresponding sequence from a nen-human species. In practice, hnmanized antibodies are




[ 0058] Met hods for meking bispecifie antibodies are known in the art,
Traditionally, the reconbinant production of bispecific antibodies
is based on the co-expression of two imunogl obulin
heavy-chain/light-chain pairs, where the two heavy chai ns have
different specificities [MIstein and Cuello, (1983) Nature.
305:537-539]. The light chain may be flarther selected from SEQ ID
No. 2, 6, 4 or S. The heavy chain may be further selected from SEQ
ID No. 1, Z%piglphuian ahiibodiqeiewbichsimefebR rodituesind pesibyGOBBIFR residues are

Het er oconj g,g%{elt ero%on uéﬁkﬁmﬁh&%“&%&%ﬁb&ﬁpe of the present
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a0t ope (| 8§t e B0 5% ol URAHH . el oo RESERGHL O,
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Dt opi onat > SF PR S SUEL RS sl a8 5 lRid e SR s
of i m doest €P82)Ee/Cbehaglogly 1 778:783; Aditprgwe:das @OMINRuredisi856-86%;(Mersison,
(such as d% b‘@&!‘m &b F?sﬁ%h&)zfédatﬁSQ)ﬁa%&e BN @Sy 14, 845-51;

gl ut arel de S-azl do co

bi s( p- azi deémggyﬂ)%i Serbard Baoteah oy ﬁsszﬁjalammmgmr,\ﬁsﬁ)@m
as bi s- (p-giAzRN1YEheszoyl) - et hyI enedi am ne), dnsocyanates (such as
tol yene 2,b-dri socyanate), and bis-active fluorine conpounds (such as
1,5-difluoro- 2,4-dinitrobenzene). Method of treatnent and or use of
the antibodies of the invention [ 0062] The present invention al so
provi des apgE@dmReAMhodiseati ng a patient to at |least affect an

influenza virus infection, which conprises the step of. contacting
the infectjoos7 tHisgeasficantibodies are monoclonal, preferably human or homanized, antibodies

that have binding specificities for at least two different antigens, In the present case, one of

the binding specificities is for hemagghutinin and/or a segment of hemagghitinin comprising
portions of the 140s Joop, the other one is for another compound having hemagglutinin,
[0058] Methods for making bispecific antibodies are known in the art, Traditionally, the
recombinant production of bispecific antibodies is based on the co-expression of two
immumoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different
specificities [Milstein and Cuello, (1983) Nature, 305:537-5391, The light chain may be
further selected from SEQ.ID No. 2, 6, 4 or 8. The heavy chain may be further selected fiom
SEQIDNo. 1,3,502 7.



anti body specific to hemagglutinin or (b) an anti body specific to the
140s protruding |loop of hemagglutinin. Preferably; the antagoni st
interferes with viral infection by neans that neutralize the virus.
18 [0063] An alternative formof the present invention resides in
the use of an antibody specific to hemagglutinin or an anti body
specific to the 140s protruding | oop ofl7 hemaggl utinin for the
treatnment of an influenza virus infection, preferably the use at

| east af f SSEPQUIDEHQNRNYNERt | on. [ 0064] An influenza virus infection
or viral i é&@ii on may include, all types of known and new influenza

viruses th nt Bieterosonugrtaatibedieiare altoitinmibe seone affhe pesentinyenting.
whi ch ' ks ; 8bdi A
I ch may HeRflckifBadid nibleiiddnd bombled OF two d&g@%ﬁ%@( Bfﬁgrgz,e%%?@er ‘o

i 5N1. [0065] "Treatment” and "treat" an /
both ther aﬁ’éﬁlilpillés havedoraxampledhegn propysay iodengpidmanp sysiparrisls fowewanted cells

TRAsUres,  Y08I%kINd. BE7O08 Shd it teBnRECYERY BEciBh (WO IMseh wEsen) an

influenza virus infection,™ particular an in nza A Vi'rus

i nf ect i on. 2RO37Hdit 0308y 1t isrontennlaisd Sishije avfitiodiepmiay beprepmedin vitmttsiog

or i mmunot ResRRY tis : 0 : {0 SHE

treatment jncl ud%tﬁ{éﬁ?)% ae}ﬁ%g%m\?\;ﬁ%r%ﬁ%% JJ“iw-ril- engsgn{t}]ﬁﬁ'g}cgtq% Oh as S

as those Prrswemple igamnetaying mapbe sonsmietel nsingadisulfidé exichangereactiononby

i nfection i : i i ' din
E$ia o Pi0dth W6, Ao R ol BIE

heal t hy individuals particu y those a ntractrng an

i nfl uenza FEipihiolaferand mednl-gimerraptopyrimidate end thherdischesds o lexaragin in USS.
the viral pintgalgzgpshiave occurred or a person who has recently been
to an area where several cases of the viral infection have occurred.
| muni zation may al so be introduced to those nore susceptible to

i nfection such as the elderly or children. [0066] In one exanple of

t he i nvent hefurBédgicdRs i NMMuni zation is used. Passive immunization
involves treating an animal infected with a m croorgani sm by

admi ni st er[0A80] tT H_Hwameﬁﬁd;gmotﬂ;_rt?i?s Wiﬁ:thiilfﬁébbnﬁx@atﬁs @&@Hﬁh@g@hﬁf)&@ ]
m croor ganj sm S is.quite differepnt om the tradjtjonal approac
to i mmuni z%?? u@%e%&cg%g%maﬁ?tﬁ??aéi@tc ot’éﬁr@;&u%?ge% Pﬁmadﬁ'g'aﬁ? uvant is
gi ven to ammzmmitielly dotivetoidtialraing héragsining 9P 6 Roatiemcidpe AWt where

t he host Jmal . produces its own antibodies in response to the
vacci nat i %ﬁ@%ﬁjuﬁgtes)gi ve immuni zation the host animal is given the

r ead%/ gad doaet]i bdmujug\iﬂ&eoﬁhdlﬁ agibbiysind ayibigsnic agh?t Berrhatle asiby senictest
anti body wj. readi accepte i he .host, PassL.ye .
run ¢ FeSEa B B S : Ye BRSO RN N B QR rrearye
pat hﬁgeni dSERY), tzipetbiokne{IT) bifyyxeived derivativeses haidsatiery(suchhe difwgiyl ani mal
as there is; tr vacci nat i th anti gen ny
cause a h%ﬁ%?lﬁ%%%lu‘tﬁg’ arpfeigépéglr?g%gécﬁ‘ % %gucﬁ’gé@%gﬁ\ﬁhg%%gﬁd@'@ﬁﬁ Maﬁl c the
synpt ons @utarhidehydelbisezidmdompund (erch nebisfptazidobaeatiherdnedibainkpbis- A
host ani n%az%%ﬁ%%sa(wcﬂaals bﬁ-lfﬁ:ﬁiazaosniu%n%engo%b-étﬁy%nte%gmine), diisocyanates
(such as tolye:;e 2,6-diisocyanate), and bis-active flnorine compounds (such as 1,5-difluoro-
2,4-dinitrobenzene).

Method of treatment and or use of the antibodies of the invention

[0062]  The present invention also provides a method of freating a patient to at least affect
an inflvenza virus infection, which comprises the step of} contacﬁng the infection with (a) an
antibody specific to hemaggiuﬁm’n or (b) an antibody specific to the 140s protruding loop of
hemagghutinin, Preferably, the antagonist interferes with viral infection by means that
nentralize the virus.



to ayes (birds), manmals, humans etc. [0067] G ven the specificity
and efficacy of the antibodies used in the exanples, it would not be
unwarranted to suggest that passive antibody therapy with these
anti bodies could be 19 wused in a simlar manner to antiviral drugs,
drastically reducing the anmount of antibody needed for stockpiling
to an achi evable | evel that may be qui #8 cost corrpetitive [0068] As
used here| rapeutjcally effectivye anmpount” of a conpound wil |
be an ‘f‘x’% g&ﬂf ?}Eat’éfﬁg e of igrprosent dnysatiAnaesides i 6 BIRE Ay auibodi
least sl Omm:ﬁdmdaggaﬁxﬁﬂbf@)anﬁﬁod}ﬂsﬁéctﬁlﬂeaﬁ 1404 ﬁ&ﬁﬁdﬂﬂgloéﬁbfpa” ' CU' ar
an infl uenza ggﬁ%]rug% é{ﬂ;{ectlon Dosages and, adm™ni stration of
ant agoni st RF VﬁWﬁ%OWWWWO%W@IY%WBMW§
det er m nedad®etsQngrus BlfecBbgli nary skill in the art of clinical
phar macol o%giz phar coki petics. See, for exanple, ~Mrdenti and
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ﬁ?dseﬁﬁ&%ﬁtﬁﬂah%m Sca| | i | n t . %gchmay

Chappel |, "The use of interspecies I cokl neti'cs

Toxi coki neltf @e@ﬂmm@r&wm@ InenzechBoNGt al . (eds)
(Perganmon [BoesE: MWeatrddBOnd “Bear é%rsgﬁy Fﬁﬁ&ﬁ}é’oﬁ gér‘écﬁb glfaﬁw?&fz try.:ﬂigent

anti body to be eg}gl oyed therapeuti
upon t he tHdPRpEHestc %Bﬁ%ﬁlﬁt\ﬁ’é@l&a@*@ Whﬁ;%ﬂ@robjeetdW@{enfam sbw downd

the condi t(@gnPin biRnBBARR e ASE ORIk ABYY o Dad BRARR okl

t he theralst totlter t he dosage andrmlugﬂ e route
adni ni st r Z#%Hckde Rreghy] W%%V@mwmwrmwmrammmfa@mﬁﬁ ect .

A typical Thuidd n@&ﬁﬁgﬁ‘chrﬂegﬁienf ﬁBﬁ@e bR at%ﬁy ag%go 1

ng/ kg of the mammal ' s body weight or nore
g/ kg/ day t OSEQWEEIS?W&SPI%%@SWWW&%?@%WI@ onwybammmdany

where in tlhﬁmhﬂﬁﬁﬁrﬁi #idtrdd@cedin néhY SaRbadiR
preferably 10 r?g/ kg ofcbodyvvelght Conposi tlglg%s £ea@H%]keof

| nventi on %‘%@T Ky iriidrnas vl BEwdon eithenin ag agragereserand chsevelithe ¥rl can

be admi ni ghiesieg hﬁﬁoc&lﬂ%d ok b pakePRko &fsréebﬁt?}hebﬁlfo%fa&éa%e& shyifal bAVedde
of phannace%t I, cagméco ositions, [00701, Thus, the present invention
t

also rela ?PWEVE‘F-WFF@%%@@ER?O@W%@WIH ons
conpri si nguﬁeﬁﬂbﬁtaﬁﬁéﬂhbﬁaéoh&s&i‘efe%ﬁjrtf&hﬂai%ﬂ.”t of (a) an antibody
specific utinin and, or_(b) an antipody speC|f|c to the
140s pr ot &ﬁ%ﬁﬁ n%gg‘ffeéﬁglﬁﬁg EHVFFH%P”S}%"WW&W% asFsound Wi | |
be ther ap@ﬁm&ﬂon itolvectéBy b adidhaliiffedtbd ﬁlmgnﬁéraﬁg&nsﬂsﬂmmm
tlcal fornms of the invention 'suitable

i nfection 00 har u

i nj ect abl éh‘{PQEn e ag r@?&?ﬁoﬁéﬂrﬁgﬁ@égﬂﬁ@g@p{g@mgﬁg@m@ Hméﬁ‘@ﬁ?f@?*iﬁloél
phosphat e tlimifatlitions apprbich o nhefiRitiveiviire S0hiHdRedHRF alokll 6t RGILSH AfSvaADRS
sterile powde S fo&??ipe exte or aneous %_Oepar ation of sterile

i nj ect abl &85 T ’é“ed"FSPﬁ’qu EhiRp hest wh %P?}@rhﬁﬁw Y,
i nj ect abl ercelodenits Gmﬁaﬂmydﬁes Hebdpu@ eflthe vaccination, In passive immunization the host

animal is given the ready made antibody. Where the host animal is human 2 humanized
antibody will be more readily accepted by the host. Passive immunization is particularly
effective where the antigen is highly pathogenic and capable of a hyper-immune response in
the host animal as there is a chance traditional vaccination with the antigen my cause a
hyper-immune response in the host animal-that could mimic the symptoms of the disease and
or even result in death of the host. A host animal may be any animal such as but not limited
to aves (birds), mammals, humans etc,

[0067]  Given the specificity and efficacy of the antibodies used in the examples, it would
not be unwarranted to sugggst that passive antibody therapy with these antibodies could be




encapsul ated in |iposones to assist their transport across cell
menbrane. Alternatively or in addition such preparations may contain
constituents of self-assenbling pore structures to 20 facilitate
transport' across the cellular nenbrane. |tnustbe stable under the
conditions of manufacture and storage and nust be preserved agai nst
t he contaninating/destructive action o mcroorgani sms such as, for
exanmpl e, bacteria and fungi. [00721 The carrier can be a sol vent or
di spersion GiitEnmanne; ogntivis! dugs dssticallykedeing the thamd bf antibddyol
(For exanpliedodlieRtmilinglé APYTALIOlYE tlut ARFbL hildicthy BOLYGHDY! ene
glycol, and _the |ike), suitable mxtures tnereof, And - egetabl e
oils. The gﬁ’mr #4spedi hegeirea fthesepentidally efffeefive emduot” of a aompemd il b use

0% 02| Wirichede Sl o RF R o B e U5 B S GRShe

the required particle size i . per si
of surfact &fiusnzamipctiontin nerticwer anduftuewn Aofimiscuforiog dDissgs ahdadntistration

e . SR " ity et
ol or ant o e biebfist o oo i 4 BE NS el Yor RO R e PhS 108 b e
phenol , sofPbpdinagskill in theiarbof démdal phacnachipey bigshamiazokinetics.Sas dar, exirbplej | |
b : : . . PEy B

codt um ont oidf s R lifo, (R20P Rl BGILER cord o1 F DY Brenl BT Q08D

can be br oliegamageticel Resparrin 8:13§8-1859; eticMondnpibaidtOhemslpfTha gentf fnterspecies

del ayi ng abserptiol Al uni tear at Iatin.
00731 S b e tlfoordaBies” £ R oineds W S LR B R ROPLEF A G
active confSgtaaaen Press: N¥e 198%puipr 425G douefifective atnhentapthe antitiody ® teehiptytd
ith ¢ ' |.ent t.ed.ab , ired,
Fol Lowet! b Rl A 08 eny 208 EEL00 on SRR AN B et ©
prepar ed b3fniinigisatigaruad thegondidon efithernmmretled edofdindly, diotill be ntdegeadbehs
b ¢ o : : . Padier ; ;
ond ¢ he 1 omn P8 ep u8 e thy A8 B3l B Euich 3PEHEA, SR U,
the case ofPtEebippengeatiet. <\ typicalidady dosegremizhi rengedforsdbent 10mpikpjteap @bl e
N M e

freeze-drying, to_yield a e ac I ngre
addi ti onal™ F?%@Oﬁeﬁwm%@W@MMbwhestiartﬁelmgeiofﬂ.émem

sol ution t g@ffbodwgﬁ%riﬁhf‘eﬁ%aﬁg#j ﬂ?ﬁ%&&%ﬁ??l d within a

matri x which control s"the rel’ease Preferably,
the matrix conprises a substance selected fromthe group consisting
of lipid, polyvinyl alcohol, polyvinyl acetate, polycaprol actone,

pol y( gl ycdiomeppsitibomd,of fellychfied | ¢) aci d, pol ycaprol actone, polylactic
aci d, pol yanhydrides, polylactide-co-glycolides, polyamno acids,

pO: yet _hé| émesgﬁi dmﬁbiecﬁes}grdadméxlﬁcnarﬂﬁg ﬁﬁth? m}emhraah ?B &%]r%ﬁs%%d for the

pol yam de %;Q% .enes., . acr nitril.es, polyphosphazenes,

pol y(ort hgre%s Sre": %@&6’?&‘? g’fé?’ﬁ’t %PJQWF%P@EQ%NPB?- , and

conbi nat i §0R70] he Tod, temeesat: iventidolyFEEGs HUeRp&SidnD aeRdHipSakas6s s

U S. Pat e%}%ﬁ?g . 9 667, 3/71; 6,613 355, 6,596, 296; . .

{tions comprising a therapeutically &ffective amiount 6f (a) an antibody specific to

hemagglutinin and, or (b) an antibody specific to the 140s protruding loop of bemaggiutinin,
As used herein a componnd will be therapentically effective if it is able to affect viral
infection,

Q

[0071] Phammaceutical forms of the invention suitable for injeciable use include sterile
aqueous solutions such as sterile phosphate-buffered saline (wheze water soluble) or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions and or one or more carrier. Alternatively, injectable solutions may be delivered
encapsulated in liposomes to assist their transport across cell membrane, Alternatively orin
addition such preparations may contain constitusnts of self-assembling pore struchures to



6, 413, 536; 5,968,543; 4,079, 038; 4,093,709; 4,131, 648; 4,138, 344;
4,180, 646; 4,304,767, 4,946,931, each of which is expressly
I ncorporated by reference herein inits entirety. Preferably, the
matri x sustainedly rel eases the antibody. 21 [00751 Pharnaceutically
acceptable carriers and/or diluents naéhalso i ncl ude any and al
sol vents, dispersion nedia, coatings, ti bacterials and/or
antlfungals I sotoni ¢ and _absorption delaylr%k : ents and the |ike.

§

The use offﬁgﬂ}tﬁiﬁ tramatiozt agraer theyehinler membyang et undgicthe ganditions of
subst ancesyhg, éa&&@ﬁb‘?&e%ﬂdﬁaﬂ& b8 feser@&ca% 3R @ i fnAb¥uctive action
conventi ona Ia or adent ISI npat | evmththe active

i ngr edi entﬁfmlglmmmchﬂﬂafﬁm&m émﬂ@dﬁ@@om tions is

cont enpl at [ hof o
for tme) he@@ ggle e%%frﬁé% a %E@i@é%ﬁfgt %ogl nTnﬁuenza A f&%xaiﬂ;gé'ﬁa't&
[ 00761 Pasethanel, potsmliioz extaipte, ghwrﬁrwpﬂ@ealnrcal anéhawdm@etbrlpmé@pl s
both prop &%an

use of an%ﬁﬁc}erlt%%n}gn ]?gtt)t%%‘:;ggs gg’n&i ‘ﬁlledﬁ{gr?&?g?/{elé% anapﬁﬂﬁgactm d
si de ef f eclosexamgle bethe natuwde pmfungsumras,rfmxaaple; legithis breﬁnewmnamg ofthe

ANt o00Y, RGRRESERANILER hd bl St BRRRE TS e Bl dBGRALIDAN gt "

repeat ed us repor ot ec ve e
neutral|2|mgnmmhummmeamnmnadMumamoanmwb@ﬂﬁe@wmpausadwmmihyaﬂﬁ@g

hemaggl ut i ni A v ' t"Ebpr&
usedggs prop Ey eté])%?asné[ %&%&‘%Qﬁg%rdfw% étfsr%lg\n&ﬁbd }mmﬁﬁﬁ%

chal | enge agid, ﬁnrﬁ@rbﬁallaqdahdidqehlm@&aesmwﬂéwmﬁsdﬂewmﬂv@ggﬁmﬁmﬂmﬁ,of
A Vi et nan AES f

ver si ons |cs
using a nmogif o cribed by Kohler and M| stel n
(1975), Nat u ﬁaﬁ%%@l&& % %ggj?f of human 1gG constant ion
expr essi or{oowt orstmmsptawégolghon@farqmwa@xlwmmrﬁm&e@ptnfe@pm rnzn
1gG was gﬁg@%&ﬁ%ﬂtgﬁﬁﬂﬁfgﬁﬁtﬁw Al of Blo e Biekiodds] Nt Unol

Met hods, et1c construct nt al ni ng the

recogni ti cﬁﬁt‘i@%@é aaye,/ms praire ﬁﬂbﬁ’edhﬁﬁlferem@ﬁlmamﬁeu@uy, eneriass pre
wth a ;
‘eb%ﬂpl ARG i wfagﬂllé’fﬁg bﬁ%q%@&emaw iR R QB 0hidHd Bhici

used to r oning site c-tag_ and ER retention

si gnal of WW@F@@EWWEWFd fEed] meradiandrmthest ry site

(1 RES) of &ncepa bR b¥eS e Hfpekbiand
Ncol folloe\%nﬂ%g an%%?%g{eﬁgﬁﬁﬁ%ﬁe%%g@f%ﬁ%ﬁ{rﬁ%ﬁ tof\]ﬁntro%ce he

rel evant gluggns, theprefqmé wwmemommmma gadlirearding to saeid

regions, elly6ded FARScA t Blus ERPSREHdn i ResifdMbr64: QR G8mpRdvitREy et
al[..CGenom ¢s_1996, 33: 151 152 ? encodi ng the Kappa |ight chain Y
sterile-filtered solution thereof.
[0074]  The active ingredient may be held within a matriz which controls the release of

the active agent, Preferably, the matrix comprises a substance seleoted from the group

consisting of lipid, polyvinyl aleohel, polyvinyl acetate, polycaprolactone,
poly(glycolic)acid, paly(lactic)acid, polycaprolactone, polylactic acid, polyanhydrides,
polylactide-co-glycolides, polyaming acids, polyethylene oxide, acrylic terminated
polyethylene oxide, polyamides, polyethylenes, polyacrylonitriles, polyphosphazenes,
poly(ortho esters), sucrose acetate isobutyrate (SAIB), and combinations thereof and other
polyrmers such as those disclosed in U.8, Patent Nos. 6,667,371; 6,613,355; 6,596,296;
6,413,536; 5,968,543; 4,079,038; 4,093,709; 4,131,648; 4,138,344; 4,180,646; 4,304,767;
4,946,931, each of which is expressly incorporated by reference herein in its entirety.
Preferably, the matrix sustainedly releases the antibody.



22 (Clone ID 6279986) and the 1gGL heavy chain (Clone I D 6281248)

were anplified to allow insertion of the constant regions between

Pstl and Ascl; andXhol andl bal, respectively. Recognition sites

wi thin the anti body constant regi ons affecting cloning were renoved
by site-directed nutagenesis. Cloning of chinmeric Ig@ expression

vectors [0079] To isolate the eDNA encddi ng the variable regi ons of

t he nonocl WB an&a' bodi eg, .. TRNA was prepared from hybri doma cells
and used i Wi st FrRYEcAH ACCeDiAR e eastiers gRd/or dilenteres also include any and ali
hexa- nucl eesliahes disgdigort &R, ceIBbY, WetbhattBSs MRIRA a@@;é@gﬁk@&ﬁcgﬂa _

an I ght chal n using

reactions t,0 arrgl i.f both the vari abl e heav

the pri mer EOS3FRY %Pﬂ%@%ﬁgﬂtﬁﬁn“@%}ﬂ%@%@@éﬁmﬁmﬁém ﬂ?mms farphirneckptical

phage syst edtivé AfBRfa6 68 B WRIIASEWE ' | ;
cloned intp.pCR-Scr.i pt &gt r at aggﬁi%m}ﬂg%&st%ﬁﬁ%ﬁ%%@%@g@%ﬁﬁzﬁ%ﬁt

speci fic plierReals with he agfive ingmdint pge heent it ke thaapeyticmotipbiitins i hai n
vari abl e regifpigats, t h addition of recognition sites to allow cloning
bet ween the M el andXhol; andApalLl and.Fstl sites of the human 19gG

constant rEeiteHziexBERaSied Mol anthSBREHEINEIY the TR ABinRGFRFdI Ng toO
rom %:ll ch expre‘s%m

this protocol r gduce nstructs rise
to chi mri%@mgﬁaﬁé—z@gﬁm% the nouse variable and human
const ant r@g% s.,Jr.ansi ent expression of chineric antibodies and
puri ficati %oéﬁ“}“*‘@%’ﬂ%ﬁ PhgeTige ayEiemetyghiategefr befh prpphylexis
FrreeStyl eiNESanexiHpaiasipeiierdisiimbd, howedet QU nitndl RBVA Auiikdhadi es
pr oduced wﬁ%.defl ned, s%u%{iiree medi um Constructs encoding
chi neric I'§S AT E A Piledosieries g $heindugtipn offyames antiseoles wetifia
(1 nvi t r ogemyibodSuempomas RIS ks Be 6Fich@ract éggotﬁbs%fi&?%peﬁt%@ﬂs%f% QR
and pI‘OtEII‘é UI’IJIcgd L%Imgg f,lgqruOtel’n A sephar ose beads (Anersharn).
Purity of blge LOLReEN F of iqufreliziggdy maugclovalantipgdies apqrific for thirp
| abel ed artemagaintivin dTHT-iotyia nfiR ARk A MIEN iR In ke WINE G463k ropliftaid cal
& Scienti fi.g e(_)o%ng rat| or% was r@gfiﬂ}éﬁ hi %‘El i ght the.  introduction of
human | gG  cons B eige- eheg @é%?ﬂ?@ﬁ@lwmb%»w%ll
Virus neutralization tests were perforned in Narlin Darby cani ne
ki dney (AMCK) cells and hemaggiutinin inhibition (I11) assays were
per f or med Mbtto(TS584ashitinkeof A/Vibalino®20328¢ (H5BY) S as previ ously
described (Hoffmann et at. Proc Natl Acad Sct USA 2005, 102: 12915-
12920). | WWHEn MAbsse the HAof AlVacseyfl 2015704 and Willoms Kdiaiid /0D fversiptapared
wer e usedipRfle 9.kl ' Lue s. (TCl Dt wer e
used in each O%Q% ﬁ%geﬁ?%&%%%%e?y e’itsgjé? ?%‘%Lf%éﬁc}é@ ﬁ%iﬁ?ﬁ’f“tgg?qr;% Ton of
H5 neut r aFvEFhEENsRgsesing a modification of the method described by Kohler and Milstein (1975),
Nature, 256:495.

Constraction of human IgG1 constant region expression vector

[0078]  Design of the expression vector for human IgG1 was based on that described by
Jostock et al, 2004 (J Timmunol Methods, 289:65-80.). Bricfly, a synthetic construct
containing the recognition sites for Apall, Pstl, Ascl, Neol, Mfel, Xhaol and Xbal witha
synthetic secretion leader sequence between NeoJ and ml 'was used to replace the multiple
cloning site, myc-tag and ER refention signal of pCMV/myc/ER (lvitrogen). The internal
tibosome entry site (IRES) of encephalomyocarditis virus was inserted between dscl and
Neol following amplification from pIRES (Clontech) to introduce the relevant sites. For
insertion of the human antibody constant regions, cDNA. clones (LM.A.G.E., Consortium
oDNA. clones Lennon et al. Genomics 1996, 33:151-152.) encoding the Kappa Light chain



100821 Mbnocl onal anti bodi es agai nst H5N1 viruses of the Z genotype
whi ch had shown high titers in H tests against their respective

i munogens were tested for their virus neutralizing capabilities.
H5N1 viruses isolated from human cases throughout |ate 2003 and 2004
were known to differ in the antigenic |oop | ocated above the receptor
binding site, with a potential glycosﬁﬂation site in the latter

( Hof f mann %% aLpirQ7 lgstl Ac d et USA 2005, 102:12915-12920).

Ant i bodi es (ioRATNE? Bapo) ppdshs, j’@ﬁW&hﬁl@é@f’a?@ Bl 2483 Weps amplifiettoBow
steric hi ndesing6f8é conbentroiGde XhECaat

site of HA_and jts rgceBt ofgti gcattweagipz)%ﬁ&%ﬁﬁ%g{:%? sur%ﬁl%l( g@@%h?

W ey An= REGPEBIHGR filsh L1coB%TY regigny eifwiingelouing wor rechived bsoop

may i nhi bi gztdnmfg;teﬂgm&%eﬂegg antl body destroying it virus neutralizing
properties. Therefore virus neutralization was perfornmed with A/ Hong

Kong/ 213/03 in addition to A/ Vietnam|203/04 to allow identification
of neutralizing mAbs that were not dependant on this region for

activity. GhondgdfichipiiRdetn et@blspnieRofsh. VN04-2 and VNO4- 3 exhi bited
simlar virus neutralization titers with both of the H5NL i sol at es,

whi | e VNOA[0®78Nhd HKB3I® i dhNYD bncodihh eeeinitts PR & tRdHondddd FniMRhRs,
selected fo umanlzatl%) al}ggfflq%ﬁ studiesS in a nmouse nodel
Table 1 - f oy yBridqmng cgfls andrusedum dirgt saandaDNAnsyBtbesBHR

Vi r us neutmdonzhéxlamﬂcwcﬁ:ﬁayi‘hmwcpﬁhfﬁs R vhddl AYRXKH1R6 t reactidislt§ bipIf €

t he recipr |l o s that conpl etely inhibited
100 TCl D5§ gﬁ’l‘?"%ﬁﬁﬁﬁ' mwl}qggem&tszn%mmsls mguseseRy3- 3
A/ Vi et nant Laadifat Moda@haga@atamzﬁ@mwm&&c@g A bbbl
Humani zat i (f %% i zi ng, MAbs [ 00831 To humani ze

we constructs "‘8?1? g W‘é‘lﬁ lYetighigrasipn spesif? W@W@%e

nouse ant|$0ﬁ@@hﬁ%ﬂﬂhdﬁéﬁﬂﬁdﬁ@t&aﬁdﬁﬁdbl&ﬁbgldﬂ§w§tﬁ%ﬁﬂoﬂ& %11

t he consts?tg% @s o@ t’gvhe tﬁﬁ@‘{} gggoaz t chain and r eavy
chai n using CORSTPR TR ri @H@KS“IB@SI‘? ﬁﬂ%ﬁc
ant i bodi e§g@l/ksb)maﬁé1hgzﬁi expaclsiviNGebta3; ﬁq&ﬁvdwcﬁnmela&d&dﬁ%&ﬁi@' sofbehlr
purity vva )?é%%t?ﬁ- C%dPAGE anal /S1 S, re resol utlon

char acter |cs Of T he T8R! 985@% SHieatipdiss Fobaining then
det er m nednmemabbsmﬂmmmlcbystént&@oﬁi contam nants (data not shown).
Positive ELISA only in the presence of antibodies specific for human
| gG confirnmed the humani zation of the nouse mAbs (figure 1B). (0084]

In order to ensure that hunani zation of the mAbs did not destroy
speci fi ci t'l?fanwt expression of chimeric antibodies and purification

[0080]  Chimeric antibodies were expressed using the FreeStyleTM 293 expression
system (Invitrogen) fo obtain antibodies produced in a defined, serum-free medium.
Constructs encoding chimeric IgG1 were transfected into 293-F cells by use 0f 293 fectin
{(Invitrogen). Supernatants were collected 120 h after transfection and proteins purified using
protein A sepharose beads (Amersham). Purity of IgG was conficmed using SDS-PAGE
analyses. ELISA using HRP labeled anti-mouse IgG (Sigma) and anti-tuman IgG (Aceurate
Chemical & Seientific Corporation) was used to highlight the.introduction of tuman IgG
constant regions

Virus neutralization and HY tests

[0081]  Vims nentralization tests were performed in Madin Darby capine kidney (MDCK)
cells and hemagglutinin inhibition (HI) assays were performed with 0.5% chicken red blood



exam ned the performance of the humani zed version of the anti bodies
in HL assays (table 2). For both VNO4-2 hu@ and VNO4-3-huG, the
titers for the assays agai nst A/ Vietnanf 1203104 and A/ HongKong/ 213/ 03
indicated that the specificity was retained. Table 2 - HE assay
testing of humani zed mAb agai nst HA of HS5N1 Il| assays were perforned
in mcroliter plates with 0. 5%ch|cken2§)3C Titers are the

| ok t dil tibodjes that inhibite
e T L ”an'sare?ei e oo S0 A 00 251893504

HA M ms VNIZB2 w&@hmm FodNGAm; / 00
A . 500 6400 g‘zmo!"o) Hé'%:“ f.g %"E%%%%%?%?W

400 3200 8QQ Al 13/
[ 0085] Napg? H&“‘B C‘t G'é‘ﬁfﬁ dg&ﬁﬁﬁ&@é@bﬂ?@@w eapiofithp visprpevigduationdests.
per f or med i n data_.as an _i ndication of antibody
recognitio ﬁ W%'@F’é“ %ﬁ[ﬁ a}“'ﬂﬂg%béd strong binding and | ow

I Hi dat
LS S ARy B s e 3.
gUS:\EL i pl eI I—Bglitl’snshillﬂgmgagamsu&xbiﬁgaspefchﬂmd i 0 &ﬁl&lalgeAWB _ fﬁﬁﬁéﬁyaﬁﬁsous
ook e | S S S s s 0
Al'i gnment 206% Wefﬂddﬁnamm&erzgﬁednﬁ i Bﬁiﬁﬁcétaﬁab&%éﬁé% tf”‘tvhﬂns
in positio . of the ne ive isol at'es
wer e not iigéqtilggjoéycﬁﬂf %@%&Eﬁ’ﬁiﬁféﬁ% E ﬁéﬁﬁ ‘4%@4%5'8@ 543005,
3&8 zrrzn ne 10B€2016-12526). Antibdie:s bl ‘:%ztﬂm mgmag%@% fﬁéd&aﬁﬁﬁgﬁ%lt%%@y

e ani nQ, agi i {ferences between

HAs of HS&?“%&%&S@?"'%@%QL rlYVE? ’Df%gf@ adA £ny its 1eegping lagpted
assay { es uinltbe @i sarmma and g&maytubﬁzdxa?zaﬁiﬁﬂg@aés gbilsg%)-séé), %l%b@ylatzon
majority urre e s .an ) I geni c
| oops i de%t Fﬁyogém% Cﬁﬁ#”@sof\é\{fe aﬁéﬂ?ﬁ‘t \ﬂﬁ?tf?ﬁmgﬁmﬁg?wwfﬁi’mt
bel ow and mxeﬁuemusaiemmﬁmmepmmmﬁmﬁf 13/0%%@” itiof Ed
[27] . Two e et|f| I C | in a of the H
assay negat i %& at L0 ALo% HFifies D‘V\% %WGQQ‘FH %@FW‘?EQB”‘\I@PB%FIWtP%e
1;10 s | oop fhmme“or activiey. Mﬁgﬁx@mddn fm1mmmm¢94nd HNB&-BteEEbiﬁé@shﬂi%rOf
the HA tr| erefor
the epi tope recogm ze"lljﬁlégIl %ﬁﬁ’é’fﬁ’f%“@&%@%@ﬂ# PEKE ‘{%‘@
proximty W@EMYNM@@WM o selectell fordhindbigatibs Snd dcapdmindin a
showi ng signid t contribution to the specificity as even viruses
with nutation on y in this residue of the 140 |oop were not

inhibited by the antibody in H assays. Residues of the 140 | oop of
t he

Table 1 - Virus-neutralization titers of mAbs against HA of H5N1

Vitus neutralization assays were performed in MDCK cells, Titers are the reciprocal lowest
dilutions of mAbs that compjetely inhibited 1060 TCIDS50 of virus.

. mAb to H5N1 HA
Virus VNO4-2 | VNO04-3 | VNO4-6 | HKD3-3
AfVietnam/1203/04 512 >512 >512 2356
AMK/213/03 512 >512 12 >512

Humanization of H5N1 neutralizing mAbs

[0083] Tohnmanize the mAbs, we constructed chimeric antibodies where the coding
regions of the mouse antibody variable domains were fused to the coding region of the
constant domains of the human keppa light chain and IgG1 heavy chain using the construct



hemagguti nin protein that appear to be inportant for antibody binding
specificity are amno acid position 138 as a Qutamne (Q, or amno
acid position 140 as a Lysine (K), or amno acid position 141 as a
Serine (S), nmutations at all 3 am no acid positions |owered the
inhibitory effect of VNO4-2. Table 3 - Epitope mappi ng of VNO4-2
Viruses' where H assay titer data was ¥aken from Chen et al, 2006
[26] are highlighted by asterix., Residues matching that in A

Vi ot nant 120Gt ae e BE iy shories COUM-3-ReSt wid A bar A e
refers to thesp0adhehulity Wis\oatah) 808406E ﬁﬁlg@i@ et deR@itiohl on 10
HAl Virus ip 140s Log 150s Loo Titer 94 124 138 140 141 154 155 1
156 A/ Vi etTI&AFtarsE Q) oo aptifodies weropbsprredangths prepayitipp dejermined fobes/ 03
+4+ N A Alekleh GreKen@h2a8fn m bt i) ; F ' 05
4-1 NL P A | %kfﬂ angXi/21%/ Y@ag%nd-ts%w}ﬁ)'ss ﬁﬁ}&eﬁﬁ/ﬁ%‘f‘ |1§ti§akggr1rta}:‘éS 5 5 -
NDNDA 2Bfiegdiegrperifigfor humen feCreqqfimpedrheiuweanizetiorort the rmensoyndlhs (figure
chinmeric mipy, [0087] All nouse studies were conducted under

appl i cabl e é&p\% and gui delines of and after approval fromthe St.
Jude Chil dff REL@Epp enprgfhat Armagizatian of the méds didubdestnrppeifict; we

Fenal e 6- 8 cyegks M Blek 65 4 GndnbRS %&saea bARQ LA R e Y6 e@a d

5 per <cage in ABSL3+ contai nnent. Food and water were provi

li bi tum MEELQLVNRE-2dRE g5 YH04-3dubil\betitersdoy thelnssameghinsbount  of

anti body e /¥iemamd | 1 L, R of
steril ey ph gssjglh at e- %ﬁ%@‘g%%@gﬁfi %2&%%@ %@%%drfgﬁgﬁ%dr@é?%F %Q%ﬁd

I njection. The control group received 300L oPB S by I1'. For |ethal
virus challenge, mce were inoculated intranasallywith 10 M.D50 (50%
nouse | et halabRASENT asaypbii of BRMadizeBmAbghinsd AW SANIgenet i ¢ cl one

of A/Vietnam | 203/ 04 virus derived by reverse genetics. This virus

i's highly paussegertcperiormedia nitrotietilatpy wich 0.6%aRickén RIBC ANEsSyd e OB

pr ecedi ng are aht 1o >30%, general inactivity and t
v et opnant=rite b At ot sBRRoaie? dote HEDE bopnfe Gt dmiy i an
recei ved t bEvimmti bodi es at the indicated doses 24 hours prior to

| ethal virus challenge. To determ ne therapeutic potential, mce
were giveh a lethal virus dose, fiokbenweVidiyartM203/0dEaat ed anount s of

anti body eVither one_or_t|hr #0deys [pO§M-2¢hal ||enyN043 | VN04-3-huGl
A/Vietnam/1203/04 6400 400 3280 800
AMAR213/03 6400 3200 6440 3200
Epitope mapping

[0085] Mapping of the epitope recognized by VN04-2 and VIN04-3 was performed using
EHI assay dafa as an indication of antibody recognition, w};er'e high.titer indicated sirong
binding end low fiters indicates negligible or non existent binding. HI assay data from a
recent paper that examined the antigenic properties of multiple HSN1 sublineages, using a
number of mAbs against various H5N1 isolates including VNO04-2 (referred to as 1543 in
Chen et al. Proc Natl Acad Sei U 8 4 2006, 103:2845-2850), was also included. Alignment
-of the HS5 amino acid sequences wes and scattered routations in positions not common to ail
of the HI assay negative isolates were not included in the examination.

Epitope mapping

[0086] To defermine the epitope on the H5 hemagglntinin protein recognized by VN04-2
and VN04-3, we examined the amino acid differences between HAs of H5N1 viruses (SEQ



Morbidity and nortality were nonitored for 21 days and the nmice were
wei ghed on days 4, 7, 10, 13 and 15 follow ng virus chal |l enge.
Prophyl actic efficacy of VNO4-2- and VNO4-3 huGl agai nst

Al Vi et nanf 1203/ 04 virus in vivo [0088] To eval uate prophylactic
efficacy of the chineric antibodies, VNO4-2-huGl and VNO4-3 huQ
were introduced into mce at the |nd| c& ed doses twenty four hours
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determ ned for ,this antibody a The |

anti body \%‘F‘é'%lﬂ’ﬂnr%@éééewés)amuv%@t ol 3yaanipeacid pcetmas lowiered ghe

i nf ecti on idhidilyy &fedd of VfRMR, t he anti bodi es were given one day after
infection (figure 3, A and B), 1 ng/kg bodywei ght of VNO4-2-huGlL
showed 80% protection, the remaining mce did show significant signs
of disease but recovered by day 15. The hi gher doses of antibody (5
or 10 ny/ HgblGdyEpikgrinappagasivNoalyy protected the mce and showed
little sign of disease. When anti bodies were introduced three days
af t er i nf démbesrwifers @Iraesas tite dated Wi} , 1400 Npirk Chem by \aEi 2006 [0F] MBI04- 2-

and 5" oy KRR e NSl R G R b St e e et B o

ant i body #B&@ﬁmhmmmm@mnﬁmmmosmwever all of the

mce that.did not succunb tqQ infection recovered the initial weight
|l oss by day 15. [0090] Hufreni Zed npnocl ohminoanitiipbsitisreis HAMDbS) t hat
neutrali 7 QO N1 virus cou| dibg_used as| propigllasp s ahd t13afsmnt tlo
aid in the contai nnent of ] $ieH &4pankddn] d38 | 140 | 141 | 154 ] 155 | 156
AfVietnam/1203/04 +H+ | D ] Q K S N S T
AfHong Xong/213/03 4+ . . . . N A
AMk/Aong Kong/2086,1/00° | 13 N . " . . A
A/Mdk/ang X3/1653/05 Ky N L R P A
A/Mdid/Tiang Xi/2136/05" - N D ] R S
A/Dk/Vietnam/568/05" - N D N D A
A/Qing Hai/05 - D R A

Protection of mice with chimeric mAbs

{0087]  All mouse studies were conducted under applicable laws and guidelines of and
_aftér approval from the St. Jude Children’s Research Hospital Animal Care and Use
Committee. Female 6-8 weeks old C57BL/6 mice (Yackson Laboratories) were housed 5 per
cage in ABSL3+ confrinment, Food and water were provided ad libitum, Mice (5 per group)



[ 00911 Neutralizingmibs agai nst H5 henmaggl uti nin were humani zed and
I ntroduced, into C5713.U6 mce (1, 5, or 10 ng/ kg bodywei ght) one
day prior to-, one day post- and three days post- |ethal challenge
with HSNI A/ Vi et nam 1203/ 04 virus. Efficacy was determ ned by
observation of weight |oss as well as survival. [00921 Two mAbs
neutralizing for antigenicall y vari ant 2f5N1 vi ruses,

A Vi et nan 12038;84 %gg: A{/iHon g?(.)q%g/ 213/ 03 were identified and
humani zed WIFRBLIES ogicated gpo ’8368 edieg 1 BaachiOmkand dpdeveighhin t ed
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2 and VN043to bi nd [utinin from I et na
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A Vi et nam YUKy and mrgality g menitored §uRd dayssand sheyigtiwere teighadhon. dryd A5

wer e addedig)ps i 13 fSIE6HEN. %@hgyjeggglon 28 [0095] Based on the data
used to identify the nmouse nonocl onal antibodi es which we decided to

humani ze it was apparent that the 140s | oop antigenic region of
henmaggl utinin was that responsible for binding of both VNO4-2 and

VNO4- 3. Allhgphuadticefficaty ofVNIPE- an@WN04C3 BRG1 BofRd AlrviehRid 20504 Sirds in
sequences of H5N1 viruses isolated in 2005 and 2006 had shown that

this regi on Was i ndeed prone to nutation. W selected the follow ng

arife ' to qopeR s bk BRokiRuchBiealy ol SR il R B B ©

i sol at es WHM-mGl wemdntraduted éntd Al apﬁehﬁd:medgiobesm b ceaRE to
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Coast/ 178 M@cha%%.'&%& m6use Id%’{ %téanalﬂ%/ o]fe{s oniginal bodyweight with full
recovery by day 15 (figure 2A). Tncreased amounts of this antibody (5 or 10 mg/ks
bodyweight) completely protected mice fiom disease npon challenge (figure 2, A and C),
Prophylactic efficacy was also observed for VNO4-3-huG1, although not at the extent of
VN04-2-huG1, as three mice receiving 1 mg/kg bodyweigﬁt showed significant weight loss
of more then 10% (figure 2B), two of which were found dead by day 10 after virus challenge
(figure 2C). Treatment with 5 mg/kg bodyweight of VING4-3-huG1 exhibited similar efficacy
as with 1 mg/kg bodyweight of VINO4-2-huG1. Finally, 10 mg/kg bodyweight of antibody
VN04-3-huG1 completely protected mice front any clinieal signs including death affer
challenge with H5SN1 virus. |

pz-’

Therapeutic efficacy of VN04-2-huG1 against A/ Vietnam/1203/04 virus ia vivo



SEQ ID NO. 17 - A/lndonesia/ CDC597/05 SEQ ID NO 19 -

Al Duck/ Guangzhou/ 20/ 05 SEQ ID NO 20 - A/ Chicken/Indonesi a/ R60105
[ 0096] W then expressed the protein in insect cells using

reconbi nant bacul ovirus, an established met hod for henaggl utinin
protein production in a functional % ELI SA was performed on
equal amounts of each henagglutlnln | t*'was established that VNO4-2

was abl e nd .al | nlnsteted,
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position i \ivas&pq £ qogispeomplele groteciars with jowen doses @4@% 142
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used as prophylaxis and treatment to aid in the containment of such a pandemic,
[0091]  Neutralizing' mAbs against H5 hemagglutinin were humanized and introduced
into C57BL/6 mice (1, 5, or 10 mg/kg bodyweight) one day prior to-, one day post- and three

 days posi~ lethal challenge with HSN1 A/Vietnam/1203/04 virus. Efficacy was determined

by observation of weight loss as well as survival.
[0092]  Two mAbs neutralizing for antigenically variant H5N1 viruses,
AfVietnam/1203/04 and A/Hong Kong/213/03 were identified and humanized without loss
of specificity. Both antibodies exhibited prophylactic efficacy in mice, however, 'VN04-2~
huG1 performed better requiring only 1 mgfkg bodyweight for complete profection. When
used to treat infection VNO4-2-G1 wes also completely protective, even when introduced
three days post infection, although higher dose of antibody was required.
{0093]  Prophylaxis and treatment using nentralizing lmmanized mAbs is efficacious
against lethal challenge with A/Vietnam/1203/04, providing proof of principle for the use of
passive antibody therapy as a containment option in the event of pandemic influenza.

Range of specificity of the VIN04-2 antibody on H5 of isolates,

[0094]  The above results demonstrate the ability of VNO4-2 and VNO4-3 to bind to
hemagglutinin from A/Vietnam/1203/04 and A/Hongkong/213/03. Roth VN04-2 and VNO4-
3 provide effective prophylaxis against the A/Vietnam/1203/04 isolate, We demonsirated the
ability of VINO4-2 to treat established infection with A/Vietnam/1203/04 H5Na virus and
Tound eificacy when ths antibodies were added up o 3 days post infection.



Al DK/ Cruangzhou/ 20105 2.3 nd ++ L P A/ CK/I ndonesia/R60/05 2.1 nd + S
LDP [0097] In this study, we have reported the protective
potential of two mAb specific for hemagglutinin of a Z-genotype H5NL
virus Al Vietnani203/04. Mcro-neutralization assays using

Al Vi et nanf 1203/ 04 and A/ Hong Kong/ 213/ Q3, designed to select for

anti bodi es not dependant on the 150s [“Oop for binding, identified
two mAb (VNO4-2 and VNO4-3) which showed simlar |evels of
neutralization agai nst both H5N1 viruses, The sequences of these

monocl onal [B@R5]botBaes catie datastsediolidehBfy.thd BOR8InoBbikeR] AdRBodibsWHIB Qo
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versus the redu tionzof.HAMA response is still an open questi
human ant F2% MO'45t i bodyr esponses have been observed, however

sone human ant iSBIHIERO. a9aiVistadnb@/eonpl et el y humani zed nouse mAb
have al so been ﬁ&ﬁ@d %hel ess, _antibodi es humani zed by both
met hods used t H& i Hat gr/ShenepiBi08 y in the sane 30

i ndi vi dual aremmo.m/ej;ﬁ%nmsti on of which is the best nethod
still remains er haps. the ultimate test will be in phase 1
clinical trial m%gt L’Q‘Mﬁﬁ%ﬁ‘(ﬂg Shuman ant i bodi es agai nst
the i ntroduced SEQIEXN@ELS -AVChRREYIVEFTRE/19%P66 | nEnt al | y det er m ned.
[ 0099] As a pr e ssibility of testing the clinical

appl i cation of Qg‘@e&(gaﬁi‘%%g?'ﬁ?ﬂ’wqqumn trials, their efficacy in
an ani mal nodelSEQERASOL 1Y - IiebheiarGE®7/060 this end, protection
agai nst | et hal gy infection jn a.Cb /6 nouse nodel both in a
prophyl acti c ar‘%btfﬁg\llg{)& J%u@ghwoﬁ’é@oﬁerfor nmed. VNO4- 2- hud
performed bett 8EQID NONO - A/ChickddNodbndsilRED/ORS conpl ete protection
against virus challenge with very little sign of disease with the

| onest tested anti body concentration of | ng/kg was observed. This
| evel of [UP@B]- 2-Weithin wermesnal thagrorfifie fiskot ecllsiting PRukbdadt bhycildyans, 4g ed

one or thr YA i nf ect.ion, ,as pr,otectiop was reduced to 80%

and si gni fe'igt?l?}%? Sl %fﬁésdeo hﬁ%@%@%@@@#ﬂ@ﬁ n a jugghopalmanaer, BLISAges

t he dosageedbrmefi en aqital drochntchfeachdsinagiutiten I wisesEBRheIhit N Ehwhd 4Bild

illness. orrel ati.on o i.body dosa require or

of f oct 1 ve tf PEARE B Bboadu RS HLAN (il buaiinbr il ettt was

evi dent, gsoterp seguense aidbelJ40nastigeniploopédbntiGedibl reMizements for ‘escape’ from
VN04-2 binding (Table 4). Generally, 3 mutations within this region are required fo weaken
binding of VN04-2, gpeciﬁcally a combination of mutations at position 138, 140 and 141
relative to the 1 amino acid of the mature protein. The resulis sugpest that VN04-2 should
bind to H5N1 from all of the known isolates.

Tahle 4 - Comparison of ELISA data to 140 antigenic loop protein sequence,
Comparison of I data and ELISA data in relation to the sequence of the 140s loop. The

sequences are compared to A/Vietnam/1203/04 where a Period {.) indicates the same amino

acid in that location. nd denotes were the assay was not determined



simlar therapeutic efficacy when the anti bodi es were introduced
three days after infection conpared to one day post infection. This
result may allow for extension of the antibodies therapeutic
potential to three days post infection. The efficacy of VNO4-2-hud
both as prophylaxis and therapy suggests that this antibody should
be considered for further evaluation a passive anti body
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61 heavy and kappa light chain, The chimeric anttbodles refained the

specificity of the parent mowse mAbs. Humanization is a complex issue, designed fo

overcome the problems associated with use of mouse mAbs in humans, such as humen anti-
mouse-antibody (HAMA) responses that limits their repeated use: the extent of _
humanization versus the reduction of HAMA response is still an open question. Some human
anti-chimeric antibody responses have been observed, however some human anfibodies
against more completely humanized mouse mAb have also been observed, Nevertheless,
antibodies humanized by both methods used therapeutically and repetitively in the same



performance of the H assays, as was the case with nutation of a
serine at position 223 to asparagine (Hoffmann et at Proc Natl Acad
Sai USA 2005, 102:12915-12920, raising the possibility that the
negative result for the H assays may be nore a limtation of the
assay rather then the ability of the %ﬁtlbody to bind to the virus.
[ 00102] Apanel of proven protective ant"bodi es is established
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ID No. 3 therapeutic potential to three days post infection. The efficacy of VN04-2-huG1 both ag
prophylaxis and therapy suggests that this antibody should be considered for further

evaluation as a passive antibody prophylaxis against FI5N1 virus infection for use in humans,
[86100] A potential drawback to the use of passive antibodies is the current high cost
of large scale antibody production. This raises the costs of treatments utilizing antibodies,
such as for RSV infection and sufoimmmune disease, to several thousands of dollars per
treatment, If is also worthy of note that these antibodies are among the first comrnercially
available antibodies for clinical use, 2 factor which coniributes to the high cost and also that
the amoumt of antibody administered is very high, Should an influenza pandemic arise, the
increased burden on infrastructure as well as the likely effect on tourism and international
trade would have 2 large impact on the economies of many countries. Therefore, the
widespread nse of protective antibodies to mitigate virus spread would become a
governmental decision, as faster economic recovery through decisive and rapid containment
of a pandemic would make the cost of the antibodies negligible when compared to the cost of
a prolonged pandemic. However, antibody dosage for every member of the population may
not be necessary. Recent studies examining conteinment strategies for pandemic influenza
using a combination of geographically targeted prophylaxis with anfiviral dmgs and social
distancing have suggested that a stockpile of 3 million doses of antivizal may be sufficient to



CAGGT GCAGCT GCAGGAGT CTGGACCT GACCT GGT GAAGCCT GGGGCTTCAGTG
ATGATATCCTGCAAGGCTTCTGGTTACTCATTCACT TACTACTACATGCACT GGG
TGAAGCAGAGCCATGGAAAGACCCTTGAGTGGATTGGACGTATTTATCCTTACA
ATGGTGATACTAACT ACAACCGGAGGT TCAAGGACAAGGCCATATTAACTGTAG

ACGAGT CATCCAGCACAGCCTACAT GGAGCT COGCAGCCT GACAT CTGAGGACT
CTGOGGTCTATTTCTGTGCAAGAGAT GCTAACTACGA CTGGTACTTCGA
TGTCTWCCAC@T CCGTCTCCTCA VNO4-3-VL (light chain) SEQ ID
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possibility that the negative result for the HI assays may be more a limitation of the assay

rather then the ability of the antibody to bind to the virus.

[00102] A panel of proven protective antibodies is established against multiple 140s
antigenic Ioop variants in accordance with the invention described herein, It is shown here
the “proof of principle’ that passive antibody therapy is an effective tool for both prophylaxis
against- and treatment of- highly pathogenic H5N1 influenza viros, providing the immediate
immumity needed which combined with social distancing conld it the transmission of
HSN1 virus to others and contain a future influenza pandernic.




VNO4-3-VH SEQ ID No. 7 G n Val Quten Gn On Ser Gy Pro Asp Len Val
Lys Pro Gy Ala Ser Val Met Ile Ser Cys Lys Ala Ser Ay Tyr Ser Phe
Thr Tyr Tyr Tyr Met His Trp Val Lys Gn Ser Hs Gy Lys Thr Len Qu
Trplle Gy Arg Ile Tyr Pro Tyr Asa Gy Asp Thr Asn Tyr Asn Arg Arg
The Lys Asp Lys Ala Ile Len Thr Val Asp,Gn Ser Ser Ser Tilt Ala Tyr
Met Gn Lea Arg Ser Lea Tiny Ser G n Aézp Ser Ala Val Tyr Phe Cys Al a
Arg Asp Ala%;} Tyr Gn Ay Asp Trp Tyr Phe Asp Val Trp Ay Gn Gy
Thr Thr Val ev&wf G@rm@%warIWg@nwsegm¢w VIS04a2 oG leand) VINQSE-
Tilt Gn Ser Pro Ser Ser Phe Ser Val #uwGlen Gy Asp Arg Val Thr Ile
Thr Cys Ly3Vuleati®eReqfings #ftfe Varighld Yogiods forM AL Wab4A @ Trp Tyr On G n
Lys Pro Gy Asn Ala Pro Arg Len Len Met Ser Asp Ala Thr Ser Len Gy
Ala Ay Valvmmozﬁgr chg}g Ser Ay Ser Ay Ser Ay Lys Asp Hi s Thr
Len Ser %ﬁ% enGn hr Gn Asp Vat Ala Thr Tyr Tyr Cys On On
Tyr Trp M S hr Phe Ay Ay Gy Thr Lys Leu Gk Ile Lys Arg 34
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consi sting %%%’ (isbkeitsin)s and 8, 4. The anti body of claim2 or 3
wherein theﬁqmnmogl obulin is an 1gG@ kappa imunoglobulin. 5. The

anti body o I 'au n.the i nununogl obuI I n COE(PI’I ses a human
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Nucleotide Sequence of the variable regions for mAb VNO4-3

VNO4-3-VH (heavy chain)
SEQID No, 3

CAGGTGCAGCTGCAGGAGTCTGEACCTGACCTGGTGAAGCCTGGGGCITCAGTG
ATGATATCCTGCAAGGCITCTGGTTACTCATTCACTTACTACTACATGCACTGGG

TGAAGCAGAGCCATGGAAAGACCCTTGAGTGGATIGGACGTATTTATCCTTACA

ATGGTGATACTAACTACAACCGGAGGTTCAAGGACAAGGCCATATTAACTGTAG

ACGAGTCATCCAGCACAGCCTACATGGAGCTCCGCAGCCTGACATCTGAGGACT

CTGCGGTCTATTTCTGTGCAAGAGATGCTAACTACGAGGGGGACTGGTACTTCGA
TGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

VING4-3-VL, (light chain)

SEQ ID No. 4

GACATCCAGATGACTCAGTCTCCATCCTCCTTTTCTGTATCTCTGGGAGACAGAG
TCACCATTACTTGTAAGGCAAGTGAGGACATATATAATCGGGTAGCCTGGTATC
AGCAGAAACCAGGAAATGCTCCTAGGCTCTTAATGTCTGATGCAACCAGITTGG
GAGCTGGGGTTCCTTCAAGATTCAGTGGCAGTGGATCTGGAAAGGATCACACTC
TCAGCATTACCAGTCTTCAGACTGAAGATGTTGCTACTTATTACTGTCAACAATA
TTGGAATACTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGG



7. The antibody of claim5 wherein the inmunogl obulin conprises
murine framework regions within the variable domain of the heavy
chain and within the |Iight chain. 8 The antibody of claim1 wherein
the hemagglutinin is derived fromtype A influenza strain HSN or
Z-genotype of type A influenza strain 115Nl. 9. The anti body of claim
8 wherein the 140s protruding | oop conﬁ?ises a glutamne at position
138 or a lysine at position 140 or a serine at position 141 of the
protein. 1@wippackhiqaBenss of havarishlscedions dorimyAdh Wf8420 t he 140s
protrudi ng | oop of hemagglutinin protein wherein the hemagglutinin
Is a H5 of ViNo4iaVHuenza A virus, conprising an immunogl obulia
vari able h I L) domain selected fromthe group consistin of .
ggéﬁpgg;g) g p g

(a) a polype ‘onprising the ami no acid sequence of SEQ ID NO 5
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nucl eoti de seq i fLYEERP FTye Gl ity VehThr Val Ser Ser

i mmunogl Ob%\fb?— _g‘&c}ci fically binds to the 140s protrudi ng | oop of
hemaggl utin. E he anti body of claim 10 further conprising an
i mrunogl ob3EQ M Noght chain conprising a variable domain sel ected

;L?(T ngugjg%lﬁeﬁ%g%sag% . zga%sg;io%\% conprising the am
90%
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8, whereirp | Q0 1C '
prot rudi n lff ooy g toy ot ﬁg’éﬂﬁw Senlu Gla Ser Chyasp
by the nu%@h s ENGe P REY Sey g8 4 Gy FipGly Thr Lys
pol ypepti de that coded by aneucl eoti de sequence that is at
Amino Acid Sequence of the variable regions for mAb VNQ4-3
VN04-3-VH
SEQ ID No. 7

Gin Val GIn Len Gln Glu Ser Gly Pro Asp Len Val Lys Pro Gly Ala Ser Val Met Ile Ser
Cys Lys Ala Ser Gly Tyr Ser Phe Thr Tyr Tyr Tyr Met His Trp Val Lys Gln Ser His
Gly Lys Thr Leu Glu Trp Te Gly Arg lle Tyr Pro Tyr Asn Gly Asp Thr Asn Tyr Asn
Arg Arg Phe Lys Asp Lys Ala Jle Leu Thr Val Asp Glu Ser Ser Ser Thr Ala Tyr Met
Glu Leu Arg Ser Leu Thr Sexr Glu Asp Ser Ala Val Tyr Phe Cys Ala Arg Asp Ala Asn
Tyr Glu Gly Asp Trp Tyr-Phe Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

VYN04-3-V1.

SEQ ID No. 8

Asp Te Gln Met Thr Gln Ser Pro Ser Ser Phe Ser Val Ser Len Gly Asp Arg Val Thr Ile
Thr Cys Lys Ala Ser Glu Asp Xe Tyr Asn Arg Val Ala Trp Tyr Gln GIn Lys Pro Gly
Asn Ala Pro Arg Leu Len Met Sex Asp Ala Thr Ser Leu Gly Ala Gly Val Pro Ser Arg
Phe Ser Gly Ser Gly Ser Gly Lys Asp His Thr Leu Sex Ile Thr Ser Leu Gln Thr Glu
Asp Val Ala Thr Tyx Tyr Cys Gln Gln Tyr Trp Asn Thr Arg Thr Phe Gly Gly Gly Thr
Lys Leu Ghu Tle Lys Arg '



| east 90% i dentical to the nucl eotide sequence of SEQ ID NO 2 or 4,
wherein said i munogl obul in specifically binds to the 140s

protrudi ng | oop of hemagglutin. 12. The anti body of any one of clains
| to 11, wherein the antibody is conjugated to an agent sel ected
fromthe group consisting of a therapeutic agent, a prodrag, a

pepti de, a protein, an enzyne, a vi rusd4a 1i pid, a biological
response nﬂ%i(gi,er, a pharnmaceutical agent, and PEG 13. A
conpositioh ¢ i Sin he antibody of any one of clainms i to 12, and
a carrier. 14.% a@gﬁé‘b AiSpesHicaRy bipdy a0 mrptriding 1p9p qfiedwmagsiviyginor
treating infl uenzgotsin iireid 6 894degfih ifa 85 BE EOLEAARL A 300

adm nistering to said subject an effective anount of a conposition.

36 15. The Coﬂpoﬂietdnﬂl_ﬁbd?ﬁ)fﬁ&iﬁ IMyleteitBad ehibolP R aﬁ%&muﬂééo risin
infection is a typg A influenza strain H5NL or Z-genotype of type

i nfl uenza strain %gﬂ{n_unngb h‘?%P@%E@%ﬂWWMF—@@%ﬂ demagrepiprisingen a
nucl ei ¢ aci d encaoghifi®laci ¥ahidnddeRcf8 H4M thé Mbhy cAASEERY .

i mrunogl obul i n heavy chasi}éﬁ‘,ﬁ vvhgrgi n said %h %%HBI ngibggﬁgg?e%?séé Bip?g'm
the group consBstihegniHodf oy cldmNUshLiis aﬁ&hﬂibﬁﬁ%ﬁ%ﬁ'lﬁnﬁﬁ 3 i
nucl eoti de sequence of ‘ESEE% AD.NG Fc’)r 3; (b) .a_nucl @lg%%{é%%ﬁ&ph%g
mol ecul e conpri siFg VARG SR Mgt chaly erppsisng avariapledomeinepsprisingan
sequence identi tﬁﬂﬁ@d&lﬂa@bﬁé&@fe&t@@ﬁ&ﬁ%@%& RhsivER oF NES: @,
wherein said i munogl obul in specifically iﬁpds tlo ?ﬁeéb?%gyés Fands.
protruding | oop GhebeitaggbiddiaiyrBrteinthwianioiobiit is B TEEGkusd ni n
is a HS of an Influenz AB‘\’/‘i rus; (c) a nucleic acid that encodes a
pol ypepti de conp ;'I%ﬁ‘fq]f am no acid sequence of SEQID NO 5 or 7;

or (d) a nuclekc i | L.e that .epcodes a, pol.ypeptjde that _is at
| east  90% i de%t i@gk&hﬁgg 5(%20&]%4%&%‘?@%@8%@“@ s?ﬁﬂlﬂlﬁ‘m%@r 7,
wher ei 3 sai fJ i mMeestpntiegion withie pdeay chaihloyﬂv\fiimdﬁndglbhﬁmhaﬂddd)ﬁllmm
protrudi ng | oop t4.nin. t ei erein emaggl utinin
is aH of an In %ﬁ%ﬁ%&gﬁgﬁ%gﬁg%&mﬂﬁ?%dnﬁ%@%ﬁ%nucI eoti de
conprising a ngchgi i i i abl i.ght VL omai n, of
an i nmvnogl oblrjldlpi Eﬁ%%{%tﬁac %@g%%%ggﬁ%%%mﬂymm&ﬁy
humen framework regions within the variable domain of said heavy chain and

within the variable domain of said light chain,

7. The antibody of claim 5 wherein the immunoglobulin comprises mutine
framework regions within the variable domain of the heavy chain and within the
Hght chain.

8. The antibody of clafm 1 wherein the hemagglutinin is derived from type A
influenza strain ISNI or Z-genotype oftype A influenza strain H5N1.

9. The antibody of claim 8 wherein the 140s protruding loop comprises a glutamine
at position 138 or & lysine at position 140 or a serine at position 141 of the

protein.

10. An Antibody that specifically binds to the 140s protruding loop of hemagglutinin
profein wherein the hemagglutinin s a HS of an influenza A virus, comprising an
immunoglobulin variable heavy (VH) domain selected from the group consisting
of:

(=) 2 polypeptide comprising the amino acid sequence of SEQ ID NO: 5
or7;



selected fromthe group consisting of (a) a nucleic acid nol ecul e
conprising the nucleotide. sequence of SEQ IDNO 2 or 4; (b) a
nucl ei ¢ acid nol ecul e conprising a nucl eoti de sequence having at

| east 90% sequence identity to the nucleotide sequence of SEQID NO
2 or 4, wherein said i nmunogl obulin specifically binds to the 140s
protrudi ng | oop of hemaggl utinin protei @wherein the hemagglutinin is
a HS of an Influenza A virus; (c) a nucleic acid that encodes a

pol ypepti de conprising e paliparsidshrng af Lgel@Rteseqiensridentity tithe sgriny S
or 37 (d) a nucleic acid I : 1] 1S
at |east 90% i denti cal tOaﬁgﬁ%ﬂ%@%@%ﬁ%ﬁg@@%&%&%&n@ﬁéﬂgﬁ%
8, wherein said i munogl épasificallE binds to thedHPyprbirerting Ioop efhemdgpbsinin;
protrudi ng | oop of hemggl utinin protein wherein the hemaggl utinin

is a H5 of an I nfl uenza(thapphgeptids that inegshdediycbemicicatidessyypoes ofiSER 1D
conprising the antibody aggpndiag,to any one of clainms 1 to 12. 19.
A nethod of detecting an influenza virus in a subject conprising

contacting a sarpl e v idyabbpdh B oRARIH I uliGule Al Bl 121 T

1 to 12 and detecting t presence of hema utinin

hemaggl utinin is a H5 of 45iSAY4identisal tothe preleptide sqguente Rf Y6Q BI NO: 1 or
detecting the presence of 33, NSaRAGH Hiruito oﬁﬂiﬂ%@&ﬁmg!%ﬁh&o?ﬁ%%m
hemaggl utinin is a H5 of an influenza A Virus conprising: (a the
anti body according to anyPiHedias lesp afhpmagslgn.12; and (b)
instructions far, det ecﬁfi}({;’g igfl uenza A virus. 21. The kit of claim 20
wherei n t he i nfiluEhpaatbodyof gleup L0 frthawemprsing seimmoynsgiobidindight cheinaj n
HSNL or a Z- genot yaguighg byResbls dodaiienzad ﬁBﬁa%é‘grB@\gonfsihﬁrngQEr
conprising: (a) a substrate capable of producihg a detectable
product when in cont act(a)\ pélygeptiosioi@iisiog tHeAtim UcidRgvendd @ SEDED NO: 6
hemaggl utinin antigen. SEQUENCE LI STING <110> DSO NATI ONAL
LABORATORI ES ST JUDE CHI L N S RESEARCH HOSPI TAL

(b) a polypeptide having at Ieast 90% sequence identity to the amino
acid sequence of SEQ ID NO: 6 or 8, wherein said immmmoglobulin
specifically binds fo the 140s protruding loop of hemagglutining

() apolypeptide that is encoded by the nucleotide sequence of SEQ ID
NO:2or4;or

(&) a polypeptide that is encoded by a neucleotide sequence that is at
least 0% identical to the mucleotide sequence of SEQ ID NO: 2 or
4, wherein said immunoglobulin specifically binds o the 140s
protuding loop of hemagglutin,

12, The antibody of any one of claims 1 to 11, wherein the antibody is conjugated to
an agent selected from the group consisting of a therapentic agent, a prodrug, a
peptide, a protein, an enzyme, a vitus, a lipid, a biological responss modifier, a
pharmaceutical agent , and PEG.

13. A composition comprising the antibody of any one of claims 1 t0 12, and a
carrier.

14. The composition of claim 13 for use in preventing or treating influenza virns
infection in a subject comprising administering to said subject an effective
-amount of a composition,



<120> HEMAGGLUTI NI N ANTI BODY AND USES THEREOF <130> AY/ YF/ 2007. 3216
<150> US 60/ 844,246 <151> 2006-09-13 <160> 20 <170> Patentin
version 3.4 <210> 1 <211> 363 <212> DNA <213> Artificial <220>
<223> ANTI BODY <400> 1 caggtgcagc tgcaggagtc aggacctgac ctggtgaagc
ctggggcttc agtgaagatg 60 tcctgcaagg cttctggtta ctcattcact tactaccaca
tgcact gggt aaagcagacc 120 cat ggaaaga gf’@cttgagtg gat t ggacgt

atttatcctt acaa cactaac lQ 180 agccag gt tcaagggcaa

ggccgt at tt actg#%g]g‘ggombqs@ﬁf‘e Sk ohyesin W@ﬁ&%@iﬁmsaweA
gcagcet gac at ct gaggfendadtaio BENG bor &t Wﬁ%ﬁ@

aact acgagg gggactggta cttcgatgtc tggggccaag ggaccacggt caccgt ctcc 360
tca 363 <2 103 262 ﬁﬁao?attaﬁﬁolyna?&aﬁe tla%mtclérg%agfgletﬁeiotaﬁngti%ﬁmtz favry
ANTI BODY <400> cca acgc c ccatc

ctct aggaga cagagt égﬁ%‘? %ta é‘gpw% B@%P@@s@@%@%ﬂé&lé@%@@ttag
cctggt at ca gcagaasslefedlinin thd gRaataRisinkd@mggct ctt aatatctgat

acaaccaatt tgtggattgg ggttccttca 180 agattcagtg gcagtggatc

tggaaaggat tacactctca gerkhacdeasid tbletae agthprity thaRBRAd skelence 0f SEQ
ctacttatta ctgtcaacag tat gl%gtt ctcggacgtt cggt ggaggc 300

accaagct gg aaatcaaacg g 3

(b} a nucleic acid molecule comprising a nucleotide sequence having at
least 90% sequence identity to the nucleotide sequence of SEQ ID
NO: 1 or 3, wherein said immmunoglobulin specifically binds to the
140s protruding loop of hemagglutinin protein wherein the
hemaggntinin is a HS of an Influenza A virus;

(¢) anncleio acid that encodes a polypeptide comprising the amino acid
sequence of SEQID NO: Sor 7; or

(d) a nucleic acid molecule that encodes a polypeptide that is at least
90% identical to the amino acid sequence of SEQ ID NO: 5 or 7,
wherein said immuneglobulin specifically binds to the 140s
protruding loop of hemagglutinin protein wherein the hemagglutinin
is a HS of an Influenza A virus.

17. Anisolated polynucleotide comprising a nucleic acid encoding a variable light
(VL) domain of an fmmunoglobulin Kght chain, wherein said VL domain is
selected from the group consisting oft

(a) a nucleic acid molecule comprising the nucleotide sequence of SEQ
IDNO: 2 or 4;

(b} anucleic acid molecule comprising a nucleotide sequence having at
least 90% sequence identity to the nucleotide sequence of SEQID
NO: 2 or 4, wherein said immunoglobulin specifically binds to the
140s protruding loop of hemagghutinin protein wherein the
hemagglutinin is a HS of an Influenza A virus;

() anucleic acid that encodes a polypepiide comtprising the amino acid
sequence of SEQ ID NO: 6 or 8; or



<211> 363 <212> DNA <213> Artificial <220> <223> ANTIBODY <400> 3
caggt gcagc tgcaggagtc tggacctgac ctggtgasgc ctggggcttc agtgatgata 60
tcctgcaagg cttctggtta ctcattcact tactactaca tgcactgggt gaagcagagc 120
cat ggaaaga cccttgagtg gattggacgt atttatcctt acaatggtga tactaactac 180

a?ccggatggt tcaagg?caa g?@ﬁﬁaaadmm@a@ggwmmﬁdgmg?t%
at ggagct cc gcagcctgac atc {{g %ﬁ‘& a %a]g fiﬁ te
aact acgagg gggact ggt a cttc(g) 8@8@%&8@% Bg‘ﬂt 3‘3 B
tca 363 <210> 4 <211> 32]whe?giill%ﬁd%ﬂﬂﬁ%ﬁb@ﬁhﬁéﬂdcfﬂ&ll?bomﬁg2(9&1&: 148£3>
ANTI BODY <400> 4 gacatccaga tgactcagtc tccatcctcc ttitctgtat

ct ct gggaga cagagt cacc 60 mbtradng bpoa odggragguiein puetciatvaieatin sz eyepgehyginin
cct ggtat ca gcagaaacca 120 cta gct ctt aatgtctgat
gcaaccagtt tgggagctgg ggttég?fsa%a%gﬁﬁu g gcagt ggatc

t ggaaaggat cac a gcatta tcttca act 24 agatgttq.
ctacttatta ct gﬁgaéd’;l&“%?ﬂ‘ P‘&Sﬂ%fﬁ'g“é’g'(},}% Slltggfg? g%%ﬁgly ag%ﬁygmg to any one of

accaagct gg aaat cagagg Yiodel <210> 5 <211> 120 <212> PRT <213>
Artificial <220> <223> ANTIBODY <400> 5 d@n Val @n Leu @n Qu Ser

Gy Pro Asp Leli‘).vﬁlmétﬂ(?d & c%tegu}{g A Sfluenza virus in a subject comprising contacting a

sample with the antibody according to any one of claims 1 to 12 and detecting the

presence of hemagglutinin wherein the hemagglutinin is a H5 of an influenza A

virus.

20, A kit for detecting the presence of a hemagglutinin antigen wherein the

hemagglutinin is a H5 of an influenza A virus comprising:
(a) the antibody according to any one of claims 1 to 12; and
(b) instructions for detecting influenza A virus.

21. The kit of claim 20 wherein the influenza A virus comprises, a type A influenza

strain H5N1 or a Z-genotype of type A influenza strain H5N1 further comprising:

(a) a substrate capable of producing a detectable product when in
contact with a complex of the antibody and the hemagglutinin

antigen.



15 10 15 Ser Val Lys Met Ser Cys Lys Ala ser Ay Tyr ser Phe Thr
Tyr Tyr 20 25 30 His Met Hs Trp Val Lys G n Thr Hs Ay Lys Ser Leu
GQu Trplle 3540 45 Ay Arg Ille Pro Tyr Asn Ay dy Thr Asn Tyr ser
G@n Arg Phe Lys 50 55 60 dy LyS Ala Val Phe Thr Val Asp Met Ser
ser Ser Thr Ala Tyr met 65 70 75 80 Gu Leu Arg Ser Leu Thr ser Qu
Asp ser Ala Val Tyr Tyr Cys Al &SEBBE(E OBSTANG Asp Ala Asn Tyr Au Ay
ASP Trp Tyrbhe éﬁg ‘Hiﬂg‘ T%\ 100 105 110 dy Thr Thr Val Thr
Val 5er ser 115 %&1 2EARYG nosdtR PRT  <213> Artificial
<220> <223>_ANTI BODY <400> 6 Asp Ile Adn Met Thr A n ser Pro Ser
Ser Phe ser HEfAGERTIREN, ANTIBPDY ANPSUSERSHHEREQF Val Thr |le Thr Cys
Lys Al a Serasasu As,p(,:/t@yTyzlsAsn Arg 20 25 30 Leu Ala Trp Tyr An dn
Lys Pro Ay _Asn A a Pro Ar Leu Leu Ile 35 40 45 Ser Asp Thr Thr Asn
Leu Trp IIéJ-Q;/ E’é Arg Phe Ser Ay 50 55 60 Ser @y Ser
Ay Lys Asp yr Ser I1.e Thr Ser Leu Gn 5er 65 70 75 80
G u Asp Vaklég=a Iehr Tyr Tyr Cys @ n A@n Tyr Trp 5er ser Arg Thr 85 90
95 <170> PatentIn version 3.4

<210> 1

<211> 363

<212> DNA

<213> Artificial

<220>

<223> ANTIEBODY

<400> 1

caggtgcagc tgcaggagtc aggacctgac ctggtgaagce ctggggcttc agtgaagatg 60

tcctgeaagg cttctggtta ctcattcact tactaccaca tgcactgggt aaagcagacc 120

catggaaaga gcctigagtg gattggacgt atttatcctt acaatggtgg cactaactac 180

agccagaggt tcaagggcaa ggccgtattt actgtggaca tgtcatccag cacagcctac 240

atggagctcc gcagcctgac atctgaggac tctgcggtct attactgtge cagagatget 300

aactacgagg gggactggta cttcgatgte tggggccaag ggaccacggt caccgtctec 360

tca 363

<210> 2

<211> 321

<212> DNA

<213> .Artificial

<220>

<223> ANTIBODY

<400> 2 .

gacatccaga tgacgcagtc tccatcctce ttttctgtat ctctaggaga cagagtcacc 60

attactigca aggcaagiga ggacatatat aatcggttag cctggtatca gcagaaacca 120

ggaaatgctc ctaggctctt aatatctgat acaaccaatt tgtggattgg ggttccttca 180

agattcagtyg gcagtggatc tggaaaggat tacactctca gcattaccag tcttcagagt 240

gaagatgtig ctacttatta ctgtcaacag tattggagtt ctcggacgtt cggtggagge 300

accaagctgg aaatcaaacg ¢ 321

<210> 3

<211> 363

<212> DNA

<213> Artificial

<220>

<223> ANTIBODY

<400> 3



Phe Gy Gy Gy Thr LyS Leu Gu Ile Lys Arg 100 105 <210> 7 <211>
121 <212> PRT <213> Artificial <220> <223> ANTIBODY <400> 7 dn
Val dn Leu dn GQu 5er Ay Pro Asp Leu Val Lys Pro Ay Ala 1 5 10
15 Ser Val Met Ile Ser Cys Lys Ala Ser Ay Tyr Ser Phe Thr Tyr Tyr
20 25 30 Tyr Met His Trp Val Lys G n Ser Hs @y Lys Thr Leu Gu Trp
Ile 35 40 cé&gt@cygoﬁdtgcdglgmfﬁytgﬂtcmﬂiw‘ chpmgdday AspodhrtcAsstgdygatAsn ABQ

Arg he 50 55 60 S As S Ile Leu Thr er _Ser s
The Wa TyretiuRa Sefalo i ptiststid, Hta i Tas oo ot SR gaE p 120
Ser Ala Valcaﬂ'ggaaE’gljlae cC@'&gR@th@aﬁﬂgadﬁtaaﬁtgtéﬁ:m ﬁaatégsﬂ‘gaTwct&axaG y Astp

T T Ph 105 110 4 Thr Val Val
e o St Rast siiDostah gder s Bps bR okl et AR | 240

<220> <223%9Mtﬁ@¥agc6€@l>aﬁct@§@gdc| €ctgetigidet athitetdige Sejaghtget Ser 300
Ser Phe Ser Val Ser Leu Glty
aactacgagg gggactggta cttcgatgtc tggggccaag ggaccacggt caccgtctcc 360

tca 363

<210> 4

<211> 321

<212> DNA

<213> Artificial

<220>
<223> ANTIBODY

<400> 4
gacatccaga tgactcagtc tccatcctcc tittectgtat ctctgggaga cagagtcacc 60

attactigta aggcaagtga ggacatatat aatcgggtag cctggtatca gcagaaacca 120
ggaaatgctc ctaggetett aatgtctdgat gcaaccagtt tgggagetag ggttccttca 180
agattcagtg gcagtggatc tggaaaggat cacactctca gcattaccag tcttcagact 240
gaagatgttg ctacttatta ctgtcaacaa tattggaata ctcggacgtt cggtggaggc 300
accaagctgg aaatcaaacg ¢ - 321
<210> 5

<211> 120

<212> PRT_ |

<213> Artificial

<220>
<223> ANTIBODY

<400> 5
g?n vaTl G¢1n Leu Gin Glu Ser Gly Pro Asp Leu val Lys Pro géy Ala

Ser val Lys ggt Ser Cys Lys Ala ggr Gly Tyr Ser Phe ggr TYFr Tyr

His Met ggs Trp val Lys Gln Igr His Gly Lys Ser hgu Glu Trp Ile

Gly ?gg Ile Pro Tyr Asnh géy Gly Thr Asn Tyr ggr GIn Arg Phe Lys

Gly Lys Ala val Phe Thr val Asp Met Ser Ser Ser Thr Ala Tyr Met
65 70 75 80

Glu Leu Arg Ser ggu Thr Ser Glu Asp Ser Ala val Tyr Tyr ggs Ala
90



Asp Arg Val Thr Ile Thr Cys Lys Ala ser QU Asp Ile Tyr Asn Arg 20 25
30 Val Ala Trp Tyr Gn AGn Lys Pro Ay Asn Ala Pro Arg Leu Leu Met
35 40 45 Ser Asp Ala Thr ser Leu Ay Ala Ay Val Pro Ser Arg Phe Ser
Gy 50 55 60 Ser Ay ser Ay Lys Asp His Thr Leu Ser Ile Thr Ser
Leu Gn Thr 65 70 75 80 du Asp Val Ala Thr Tyr Tyr Cys A n A@n Tyr
Trp Asn Thardiagp The 8m 90- @u dFPheadd yri3ryr IAhkyasphvallysp I8y @Ginu || e
Lys Arg 100 105 <21¥08 9 <211> 552 Q32> PRT <213> K&l uenza A virus
<400> 9 Asp Gn lle cys Ile Ay Tyr Hs Ala Asn Asn Ser Thr Qu Gn
Val 1 5 1@idShrAsp AV Tht &aM3ler@der Lys Asn Val Thr Val Thr Hs Ala
An Asp Ile 20 251830 Leu G u LyslA0YS Hs Asn Ay Lys Leu Cys Asp Leu
Asp Gy Val Lys 35 40 45 Pro Leu Ile Lea Arg Asp Cys Ser Val Ala Ay
Trp Lea Leayfd.y é&sn 50 55 60 Pro Met Cys Asp A U Phe Ile Asn Val Pro
GU Trp ser:z r 1047e VaI 65 70 75 80 G u Lys Ala Asn Pro Val Asn Asp
Leu Cys Tyf %o *@TF ;Phe Asn 85 90 95 Asp Tyr Gu Gu Leu Lys Hs
Leu Leu Sercrrg 1 ““ f'H's Phe G U 100 105 110 Lys Ile Gn Ile Ile
Pro Lys serk2x®pr Trp ser Ser Hs Qu Ala Ser 115 120 125 Leu Gy Va
Ser Ser Al &%83ys M1éBIY A n Ay Lys ser Ser Phe Phe

<400> 6
isp Ile GIn Met Thr Gin Ser Pro Ser Ser Phe Ser val Sser igu Gly
5

Asp Arg val Thr ITe Thr Cys Lys éga ser Glu Asp Ile g%r Asn Arg
20

Leu Ala Trp Tyr GIn Gin Lys zso Gly Asn Ala Pro Qgg Leu Leu ITe
35

Ser Asp Thr Thr Asn Leu Trp Ile Gly val Pro ggr Arg Phe ser Gly
50 55

ser Gly Ser Gly Lys Asp Tyr Thr Leu Ser Ile Thr Ser Leu GIn Ser
65 70 75 80

Glu Asp val Ala ggr Tyr Tyr Cys Gin ggn Tyr Trp Ser ser Sgg Thr

Phe Gy Gly Gly Thr Lys Leu Glu Ile Lys Arg
100 105

<210> 7

<211l> 121

<Z212> PRT

<213> Artificiai

<220>
<223> ANTIBODY

<400> 7
GIn val GIn Leu GIn Glu Ser Gly Pro Asp Leu val Lys Pro Gly Ala
1 5 10 15

ser val Met Ile Ser Cys Lys Ala ggr Gly Tyr Ser Phe ggr Tyr Tyr

Tyr Met His Trp val Lys GIn Ser His Gly Lys Thr Leu Glu Trp Ile
35 40 45

Gly Arg Ile Tyr Pro Tyr ?gn Gly Asp Thr Asn ggr Asn Arg Arg Phe
50



130
Thr
Leu
du
Val
Al a
Phe
Phe
250
ady

dy
Al a
Arg
du
H s
Au
375
Phe
Lys

135
Ile
Leu
Adn
Gy
Thr
Phe
du
255

140 Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro
145 150 155 160 Lys Arg Ser Tyr Asn Asn Thr Asn G n Gu Asp
Val Lea Trp 165 170 175 Gy Ile Hs H's Pro Asn Asp Ala Al a
Thr Lys Leu Tyr Gdn 180 185 190 Asn Pro Thr Thr Tyr Il e Ser
Thr Ser Thr Lea Asn An Arg 195 200 205 Leu Val Pro Arg lle
Arg Ser Lys Val Asn Ay A n ser Gy 210 215 220 Arg Met Gu
Tr [LYFhisPl bes pda lﬂygaﬂrwww ASp GéuuaSEFrl EeMSAT W%mgy'z% 240
ser"Asn Ay Asn Phe'lle Ala Pro auyv yr Ala Tyr Lys Pie 245
Val Lys Lys Ay Asp ser Thr Ile Met Lys Ser G U Lea Qu Tyr

260 26BtN@ Peih Ay SeaieuTHIr B9l Gy Asel serThla PRO VSt Pl Yl a | e

ser
Au
Thr
Lys
Ay
H s
Ser
380

ser 275 280 283 Met Pro Phe HY Asn Ile Hs Prd Lea Thr Ile
Cys Pro Lys 290 295 300 Tyr Val Lys Ser Asn Arg Leu Val Lea
A WikewrdAhsp Adm AsarTyr3@B §1Y) ASp5SrrR2yPPhe @Sk VAlgT@ G1¥Arg Arg
Lys Arg Gy 8% Phe Ay Alal & 325 330 335 Ala Ay Phe lle
Ay Trp Gn @y Mt Val Asp Ay Trp Tyr 340 345 350 Qdy Tyr
sercTAsEl yJhr Ghin val yrh8eyalGsegr Fer Ala Ala Asp Lys 355 360 365

Thr G@n LY Ala Ile Asp Gi$%val Thr Asn Lys Val Asn Ser 370
Ile Ile Asp Lys Met Asn Thr A n Phe Gu Ala Val Gy Arg Gu

385 39Q13958400 Asn Asn Leu GQu Arg Arg Ile Qu Asn Leu Asn Lys

Met

2 107
G lZZ PRT

<213> Artificial

<220>
<Z223> ANTIBODY

<400> 8
Asp Ile Gin Met Thr GIn Ser Pro Ser Ser Phe Ser val Ser Leu Gly
1 5 10 15

Asp Arg val Thr Ile Thr Cys Lys gga Ser Glu Asp Ile E%r Asn Arg
20

val Ala ggp Tyr GIn Gln Lys ZEO Gly Asn Ala Pro Qgg Leu Leu Met

ser ggp Ala Thr ser Leu ggy Ala Gly val Pro ggr Arg pPhe ser Gly

ser Gly Ser Gly Lys Asp His Thr Leu Ser Ile Thr Ser Leu GIn Thr
63 70 75 80

Glu Asp val Ala ggr Tyr Tyr Cys GIn g%n Tyr Trp Asn Thr Sgg Thr

Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg
100 105

<210> 9

<211> 552

<212> PRT

<213> Influenza A virus

<400> 9
Asp Gln ITe Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln val
1 5 10 15

Asp Thr ITe Met Glu Lys Asn val Thr val Thr His Ala Gin Asp Ile
20 25 30

Leu Glu Lys Lys His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys



405
Leu
Val
Asn
Lys
Thr
Arg
Tyr
525
530
552
Ay
Met
Lys
Pro
60

410 415 Gy Phe Leu Asp Val Trp Thr Tyr Asn Ala QU Leu Leu Val
met 420 425 430 Gu Asn Qu Arg Thr LeU Asp Phe His Asp Ser Asn
Lys Asn Leu 435 440 445 Tyr Asp Lys Val Arg Leu G n Leu Arg Asp
Ala Lys Qu Leu Gy 450 455 460 Asn Ay Cys Phe Qu Phe Tyr His
Cys Asp Asn Qu Cys Met Gu 465 470 475 480 ser val Arg Asn Ay
Tyr Asp Tyr PPo On Tyr ser G#0d u Al a 485 4985495 Arg LeU Lys
AQUQdu lle ser Ay Val Lys Leu Qu Ser Ile dy 500 505 510 Ile
A n || erbaleusere Lbe afyrasPetysT8Er Val MAhagi9etrpoebu kY dilyaasp15 520
Leu Ala 130e Met Val Ala G% Leu Ser Leu Té6p nmet Cys ser Asn Qy
535 540 ser Leu A n Cys Arg Ile Cys Ile 545 550 <210> 10 <211>
<212> pPRMet2d@>as N 6h WeRZanA Ndd y81 pr408m +D AeP G Nrikel gacys Il e
Tyr H $Ala Asn Asn Ser70Thr Gu @ n Val75 1 10 15 Asp 8thr Ile
Q@ u Lys Asn Val Thr Val Thr Hs Ala An Asp Ile 20 25 30 LeU Qu
Thr H g1/59sAx hsts pkSWaPrsnAD LeV gg§prﬁ rovaly IAX% phavadd) 45

Leu Ile Leu Arg Asp8kys ser Val Al a y ‘Trp Leu LeUgsy Asn 50 55
Pro Met Cys Asp Qu Phe Ile Asn Val Pro Qu Trp Ser Tyr Ile Val

65 70 75 8Qsp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Ash His Phe Glu

100 105 110

Lys Tie GIn Ile Ile Pro Lys Ser Ser Trp Ser Ser His GTu Ala Ser
115 120 125

teu Gly val Ser Ser Ala Cys Pro Tyr G1n Gly Lys Ser Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val Leu Trp
165 170 175

Gly ITe His His Pro Asn Asp Ala Ala Glu GIn Thr Lys Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn GIn Arg
195 200 < 205

Leu val Pro Arg Ile Ala Thr Arg Ser Lys val Asn Gly GIn ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Ash Asp Ala ITe Asn
225 230 235 240

Phe GTu ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Thr ITe Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gin Thr pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe HWis Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tyr val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Ash Ser
305 310 315 320



du
95

100
Al a
Ser
Asn
Asn
Asn
Thr
Val
220
225
Tyr

Met
Pro
Arg
Arg
Al a
345

Lys
Asp
105
ser
Ser
Al a
Adn
Asp
Tyr
Pro

Ala Asn Pro Ala Asn ASP LeU Cys Tyr Pro Gy ASP Phe Asn 85 90
Tyr Gu Qu LeU Lys His LeU Leu Ser Arg Ile Asn H's Phe Gu
110 Lys Ile dn lle Ile Pro Lys Asn Ser Trp ser Ser Hs Gu
115 120 125 Leu Gy Val Ser Ser Ala Cys Pro Tyr A n Ay Lys
Phe Phe 130 135 140 Arg Asn Val Val Trp Leu Ile Lys Lys Asn
Tyrpror @inThFg kilig Argderglhly 195 60 rolyBy Asg rBercTiyalaAsihe Asn Thr
G u Asp Leu Leu3dal Leu Trp 16538P0 175 dy lle3Hs Hs Pro
Ala Ala Qu @n Thr Arg Leu Tyr Gn 180 185 190 Asn Pro Thr
| | exigeglyVahe @y cThra1gee1ylhep le@h) Agnuél RaNagp 1957A00yR205 Leu
Lys Ile Ala BA® Arg Ser Lys V¥d4f Asn Ay A n A Ay 210 215

Arg Met Qu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Il e Asn

230
Lys
Leu
Ay
Leu
Leu
du
Ay
350

23%1948r Bhe 1 WePeAsnABTU Gy cA§sdrhely rgr Alla Aroasd uydyr Al a
Il e 245 253% 255 Val Lys B§& Ay Asp Ser Aba Ile Met Lys Ser

Gu Tyr Gy 260 265 270 Asn Cys Asn Thr Lys Cys A n Thr Pro
Al gyl ﬁerﬁ@m %Wi a/grA":aZZﬁe 28p cAPSva1Merr REW Lhbeyvahi gsniser |l e His
Thr I1%¥od s Pra7iys 290 295 30080yr Val Lys Ser Asn

Val Leu Al a Thr Gy Leu Arg Asn ser 305 310 315 320 Pro Gn

A" G18r 8 PRh G?@ Me¥ Saghf ﬁwGGYn lbay dieafd Va’NGﬁy'Ar@ SRP PRS0 335
Phesgsl e G u y Ay3gbrp A n Ay Met3dal ASP Ay Trp40§r 340

Asn Asn Leu GTu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met GIu Asp
405 410 415

Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
420 425 430

G1u Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys Val Arg Leu GlIn Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 460

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 470 475 480

Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile ser Gly val Lys Leu Glu Ser Ile Gly
500 505 510

Ile Tyr Gln Ile Leu Ser ITe Tyr Ser Thr val Ala Ser ser Leu Ala
515 520 525

Leu Ala ITe Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Ash Gly
530 535 540

Ser Leu GIn Cys Arg Ile Cys ITe
545 550

<210> 10

<211> 552

<212> PRT

<213> 1Influenza A virus

<400> 10

Asp GIn Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Giu Gln val
1 5 10 15



Ay
360
Ser
Arg
Asn
Asn
Asp
Arg
Cys
480
485
Ile
Ser
Trp
545

Tyr Hs Hs ser Asn Qu An Ay ser Ay Tyr Ala Ala Asp Lys 355
365 Gu Ser Thr An Lys Ala Ile Asp Gy Val Thr Asn Lys Val Asn
370 375 380 Ile Ile Asp Lys Met Asn Thr An Phe Gu Ala Val Gy
G u Phe 385 390 395 400 Asn Asn LeU Qu Arg Arg Ile Qu Asn Leu
Lys Lys Met Qu Asp 405 410 415 dvy Phe Leu Asp Val Trp Thr Tyr

Al a d nsg-eHr ligd nal cheuydvieen vA20TH26aB 38r Gig ABNGG wsprgeThr Leu
Phe H s Asp Ser &sn Val Lys Asn X®u 435 440 44530Tyr Asp Lys Val
Leu On Leu Arg Asp Asn Ala Lys G u Leu Gy 450 455 460 Asn Qy

the G uelPleu Tyt Hirsnisy 8siO6sy ASR AsNc WspYiseuVRip Gy va#Glys470 475
Ser Val Arg3Asn Ay Thr Tyr 48sp Tyr Pro A n #yr ser u Qu Al a
490 495 Arg Leu Lys Arg Qu Qu Ile Ser Ay Val Lys Leu Qu ser

Ay 5p& 8% 130 clhirgl¥sp &8 derevdiediseny !+ 1o Le&e1FHsnVal Al a
Ser Leu A& 515 520 525 5Beu Ala Ile Met 8al Ala Ay Leu ser Leu
Met Cys Ser Asn Ay 530 535 540 ser Leu Gn Cys Arg lle cys lle

550  <RlDRed kys2b>cRPbhe T84 22nPRN BRI Erui1Hhl 8@NF3- AT¥ivays  <400>

11 Asp Anedle Cys Ile Ay70yr Hs Ala Asn7Bsn ser Thr Qu&8n Val 1
510 15 Asp Thr Ile Met Qu Lys Asn Val Thr Val Thr H's Ala G n Asp

I'le

Glu Lys Ala Asn Pro Ala Ash Asp Leu S%s Tyr Pro Gly Asp g?e Asn
8

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile GIn 1le rle Pro Lys Ash Ser Trp Ser Ser His Glu Ala ser
115 120 125

Leu Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu ITe Lys Lys Asn Ash Ala Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Ash Thr Asn GIn Glu Asp Leu Leu val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu G1n Thr Arg Leu Tyr Gin
180 185 190

Asn Pro Thr Thr Tyr Ile ser val Gly Thr Ser Thr Leu Asn GlIn Arg
195 200 205

Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln Asn Gly
210 215 220 :

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gln Thr pro Met Gly Ala Ile Asn Ser Ser
273 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300



20 25 30 LeU @u Lys Thr

Lys
Ay
Ser
Tyr
Ser
ser
Al a
Val
Lys
170
Adn
Asn
Asn
Lys
Phe
Asp
Asn

Met Pro Ph&TiiserAgm

35
Asn
Tyr
Pro
Arg
ser
Cys
Trp
Arg
175

Ay Gn Ser Ay 219

Met Val

yr @n Ay Se

Hs Asn Gy Lys Leu CyS ASP Leu ASP dvy Val
40 45 Pro Leu Ile Leu Arg Asp Cys Ser Val
50 55 60 Pro Met Cys Asp G u Phe Ile Asn Val
65 70 75 80 Gu Lys Ala Asn Pro Ala Asn Asp Leu CyS
Gy Asn Phe Asn 85 90 95 Asp Tyr Qu Qu Leu Lys His Leu Leu
Ile Asn Hs Phe U 100 105 110 Lys Ile @n lle Ile Pro Lys

PGS Gh Oy o

Lgrm rusEal Ley g
rlger Ser Phe Ph

Leu Il e Lys Lys Asn Asn Ala Tyr
sePrfyginAstg Abn ATArANGsAroG-ys G/s ARgpGlive ey &he @y

Gy Ile Hs H $2Pro Asn Asp ad
180 185 190 Asn Pro Thr Thr Tyr

Pro Asn ASP Al a
Il e Al &1PriyrQiis

Ser
Thr

Ala lle
Lys Cys

N%QS
Adn

370

Ile Ile Asp

385

Asn Asn

Leu

Gly Phe Leu

Glu Asn

Glu
435

Tyr Asp Lys

Asn Gly Cys

465

ser val

Arg Leu

Thr Tyr

Leu Ala
530

ser Leu
345

<210>
<211>
<212>
<213

<400

Arg

Lys

Gln

515

Ile

Gln

11
551
PRT

Influenza A virus

11

Ile Asn
Wig sAl ashyeluLgtn Ele s24561350y28%0a AVal Adpyeyd ys Gy
265 270 Asn Cys
275 280 285

LyS Ser Gu vaf?qu Tyr dy 369

Pro Thr

gty LEeU\rgl AF

Ala Ay Trp Leu Leu

2thr
P30 135 140
145 150 155 160

Il e ser Val

I'le

3R|a A u dn Thr
Ay

Th

Thr pro Mt Ay Ala Ile Asn Ser Ser
Glre Lk sﬂﬁ?r:_jp;gl_esp Ghy V2l erh@ )%lgorGLus Gpd AAmosdrys

Lys Met Asn Thr Gln
390

Glu

Arg
val
Phe
Asn
Arg
500
Ile

Met

Cys

Thr

Arg

Gglu

Leu

val

Arg

Arg

Trp

Leu

l.eu

Phe

470

Thr

Glu

ser

Ala

ITe
550

Ile

Thr

ASD

GIn

Tyr

Tyr

Ile

ITe Ty

Gly

Cys

Glu

Tyr

Phe

440

Leu

His

Asp

Ser

Leu

Ile

Phe

Asn

AsSn

425

His

Arg

Lys

Tyr

Ser

Giu

Leu

410

Ala

Asp

Asp

Cys

Pro

490

val

Thr

Leu

Al

395
Asn
Glu

Ser

Asn

Lys
val

Trp

Lys

l.eu

Asn

Ala

460

AsSn

TYyr

Leu

Ala

Met
540

Lys

Leu

val

445

Lys

Glu

Ser

Glu

Ser

525

Cys

a val ¢ly Arg

Met

val

430

Lys

Glu

Cys

Glu

ser

510

Ser

ser

Pro

5

Au Trp

Bser Ser
Asn Val

Ar

I p 165
g Leu Tyr

r Ser Thr Leu
An Argla @5 Ze0IDOSTulEy $lveTAr GThySyINes Wl ATGIAr TrpSEYT Lys Val
215 220 Arg%%t Asp Phe Phe 3?Pp Thr 1le Leu

Glu

Glu

415

Leu

Asn

Leu

Met

Glu

495

Ile

Leu

Asn

225 230 235 240 Phe GQu Ser Asn Gy Asn

rPhe

400

Asp

Met

Leu

Gly

Glu

480

Ala

Gly

Ala

Gly



290 295 300 Tyr Val Lys Ser Asn Lys Leu Val Leu Ala Thr Ay Leu Arg
Asn Ser 305 310 315 320 Pro dn Arg Gu Arg Arg Arg Lys Arg Ay Leu
Phe Ay Ala lle Ala 325 330 335 dy Phe lle Qu dy Ay Trp Adn Ay
Met val Asp Ay Trp Tyr Ay 340 345 350 Tyr His H's Ser Asn Gu G n
Gy Ser Ay Tyr Ala Ala Asp LyS AU 355 360 365 Ser Thr G n Lys Ala
Ile Asp Ay Val Thr Asn Lys Val Asn Ser Ile 370 375 380 _Ile Asp Lys
Met Asn ThaAspGGihn Rfle @isULIE &1wayr @iy AlagAg WsPHer AR Gheq139@1395 400
Asn Leu Gt Arg Arg 11e5@ U Asn Leu Asnifys Lys Met Gu'Asp Ay 405
410 415 Phe LeU ASP Val Trp Thr Tyr Asn Ala Qu Leu Leu Val Leu Met
A u 420 42% 4BO tAsrmdd &luALgs Tan MaduThksgaPhter His AspGBeAsAsHeval Lys
Asn Leu Tyr 435 4402%45 Asp Lys Va#? Arg Leu G n Led’Arg Asp Asn Ala
Lys Gu Leu Gy Asn 450 455 460 dy Cys Phe A U Phe Tyr His Lys Cys
Asp Asn G ueCgdu Mot fHrunBenrsn 469 L4Z20LaA7Bys1@38p Léal Aslr §1TWAYRT Ayg Thr Tyr
Asp Tyr Pro G n Byr Ser Au AU A% Arg 485 490 445 Lea Lys Arg G u
GQulle Ser Ay Val Lys Lea AU ser Ile Ay Thr 500 505 510 Tyr dn
Il e Leu seprd Leu Tyie 1sr adhasyays Aea &ar ABeG1eapAlar Lew G1816n520 525
Ala Ile Met VAP Ala Gy Leu S&° Lea Trp Met O&P ser Asn Gy ser 530
535 540 Lea Gn Cys Arg Ile Cys Ile 545 550 <210> 12
Ego Met Cys Asp Glu ;ge ITe Asn val Pro g;u Trp Ser Tyr Met ggT

Glu Lys Ala Asn ggo Ala Asn Asp Leu g%s Tyr Pro Gly Asn gge Ash

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile GIn Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

Leu Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Ser Ser Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Asn Ala Tyr Pro Thr Ile
145 150 155 160

LYS Arg Ser Tyr Asn Asn Thr Asn Gin Glu Asp Leu Leu val Leu Trp
165 170 175

Gly I7e His His Pro Asn Asp Glu Ala Glu Gin Thr Arg Leu Tyr Gln
180 185 190

Asn pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu I1e Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln ser Gly
210 215 220

Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
Z45 250 255

val Lys Lys Gly Asp ser Ala Ile Met Lys Ser Glu val Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gln Thr pro Met Gly Ala Ile Asn Ser Ser
275 280 285



<211> 552 <212> PRT <213> influenza A virus <400> 12 Asp Gn lle
Cys Ile Ay Tyr Hs Ala Asn Asn Ser Thr Qu Gn Val 1 5 10 15 Asp
Thr Ile Met Qu Lys Asn Val Thr Val Thr Hs Ala Gn Asp Ile 20 25 30
Leu Gu Lys Thr H's Asn Ay Lys Leu CYS Asp Leu ASP Gdy Val Lys 35
40 . 45 Pro Leu Ile Leu Arg Asp cys Ser val Ala Ay Trp Leu Leu Ay
Asn 50 55 60 Pro Met cys Asp Qu Phe Leu Asn Val Pro Qu Trp 5er

Tyr Ile Val 65 70 75,80 Q.u ysIIeAs Pr.o a n Leu Cys Tyr
Pro Ay ASNEJPI%BWESWSQ(?%@’& TR ey J GTJQLQB C|¥|F5P9"Ee'[¥5|_eu Ser
Arg Ile Asn His Phe Gu 100 1 110 Lys Ile Gn IIe Ile Pro Lys Ser
Ser Trp Ser H| s u Ala Ser 115 120_125 ser y Val 5er 5er Al a

Qys Pro TerYEa Tay 28 ASRLYSEeupliR! PRk A130] gs‘s'ﬂylltau A)X?g“sﬂs fval Val
Trp Leu IIe s Lys Asn Asn la Tyr Pro Thr]1 145 150 15 160 Lys
Arg 5er Tyr Asn Asn Thr Asn G n GQu Asp Leu Leu Val L u 65 170
175 dy |PE° 1418 A49sG Y Qﬁﬁﬁgﬁ@'ﬁ NSaAN %e/g] Lpudht ﬁlﬁ‘ qgﬁ aTyr Gn
180 185 190 Asn Pro Thr Tyr 1l e Ser @y Thr 5er Thr Leu Asn
Gn Arg 195 200 205 Leu Val Pro L s Ile Ala Thr Arq_ 5er Lys Val Asn
Ay G n Se€lgRiedlg %ﬁﬁmmwr dfeph@lphe? F1H-TTRrTN @eu LyS

Pro Asn Asp Ala lle 225 230 235 40

Tyr His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala Asp Lys Glu
355 360 365

ser Thr G¢1n Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser Ile
370 375 380

IT1e Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg Glu Phe Asn
385 390 395 400

Asn Leu Glu Arg Arg Ile Glu Ash Leu Ash Lys Lys Met Glu Asp Gly
405 410 415

Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met Glu
420 425 430

Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Ash Leu Tyr
435 440 445

Asp Lys val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn
450 455 460

Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu Ser
465 470 475 480

Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala Arg

val Arg Asn Gly T
g Y 490 495

o~
.0 Juin g
U

Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser Ile Gly Thr
500 505 510

Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala Leu
515 520 525

Ala ITe Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Ash Gly Ser
530 535 340

Leu Gin Cys Arg Ile Cys Ile
545 550

<210> 12



G u 5er Asn Ay Asn Phe Ile Ala Pro Gu Asn Ala Tyr Lys Ile 245
255 Val LYS Lys Gy Asp Ser Thr Ile Met LyS Ser Gu Leu Qu Tyr
260 265 270 Asn Cys Asn Thr Lys cys An Thr Prolle Ay Alalle
Ser ser 275 280 285 Met Pro Phe H's Asn Ile His Pro Leu Thr Ile
Gu Cys Pro LyS 290 295 300 Tyr Val Lys ser Asn Arg Leu Val LeU
Thr GI<)21L£U sApg Asn Ser 305 310 315 320 Pro dn Gy Qu Arg Arg
Lys Ly®12ArgP&y Leu Phe Ay Ala Ile 325 330 335 Ala Ay Phe Ile
dy Gi?-l-’r?pfﬁﬁ-'e@?%’n"“éal Asp Gy Trp Tyr 340 345 350 Ay Tyr
H s Segpfsnidu An Ay Ser Ay Tyr Ala Ala Asp Lys 355 360 365
Ser Thr An Lys Ala lle Asp Gy Val Thr Asn L \[@; n Ser 370
380 I14%@ ‘F“lfbli%p?mge“@ty RS HiRrATe ASTPAE! &R w8l Aarg G U
385 0 395 400 n Asn Leu GUAg Arg Ile Au Asn Leu Asn Lys
Met G u Asp 405 410 415 Phe Leu Asp Val Trp Thr Tyr Asn Al a
Leu LeASPVEI" E&R) MeBtGTu4NF A%Vi’sé They ‘@"AE‘EF @ﬂ")&ﬁgﬂmf\slé Asp Phe
Asp Ser Asn Val Cys Asn Leu 4357440 445 Tyr Asp Lys Val Arg Leu
Leu Arg Asp Asn Ala Lys QU Leu Gy 450 455 460 Asn y Cys Phe
Phe TyeuHs Aﬁ@ T@stﬂASFS"A§?1V g’ﬁl L@yscﬁﬁbf\sR}'—Gu ﬁBSGWUah?S548O ser
Arg Asn Gly r Tyr Asp Tyr Po dn Tyr Ser UGIu Al a 485 490

Arg Leu Lys Arg GU Qu Ile ser Ay Val Lys Leu Au Ser Ile Ay
505 5T Ryo ggu ITe Leu Arg Asp Egs ser val Ala Gly Egp Leu Leu Gly Asn

Pro Met Cys Asp Glu Phe Leu Asn val Pro Glu Trp Ser Tyr Ile val
65 70 75 80

Glu Lys ITe Asn Pro Ala Asn Asp Leu ggs Tyr Pro Gly Asn g?e Asnh
85

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

ser Gly val ser Ser Ala Cys Pro Tyr Gln Gly Arg Ser Ser Phe Phe
130 i35 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Ash Ala Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile ser val Gly Thr Ser Thr Leu Asn GIn Arg
195 200 205

Leu val Pro Lys ITle Ala Thr Arg Ser Lys val Asn Gly GIn Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr ITe Leu Lys Pro Asn Asp Ala Ile Ash
225 230 235 240

Phe G1u Ser Ash Gly Asn Phe ITe Ala Pro Glu Asn Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Giu Tyr Gly



Thr Tyr An Ile Leu ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala 515
520 525 Leu Ala Ile Met Val Ala Gy Leu Ser Leu Trp Met Cys ser Asn
Ay 530 535 540 Ser Leu @ n Cys Arg Ile Cys Ile 545 550 <210> 13

<211> 551 <212> PRT <213> influenza A virus <400> 13 Asp @n lle

cys Ile dy Tyr Hs Ala Asn Asn Ser Thr Gu G@n Val 1 5 10 15 Asp
Thr 1le Met Qu Lys Agn Val Thr Val ZJdgir His Ala Gn Agp Ile 20 25 30
Leu Au Lys Thr Hs Asn Ay Lys Leu Cys Asp Leu Asp Ay Val Lys 35

40 45 Pro Leu tle Ley Lys A5 Ay As
50 55 60 FHbC m?‘*sgﬁ i 78 et erondle SA7 Bl BBl B T 0o

Val 65 70 75 80 u Lys Ala Asn Pro Ala Tyr Asp Leu Cys Tyr Pro Ay

Asn Phe Asn 85 90 95 As A u s e Arg lle
Asn His Ph'éetgglg Pe0ti50% “13% gPrPeLe('fu'i ﬁ lﬂ gtuoe{%;zﬁ‘%g&tssﬂ Trp
Ser Asp His u Ala Ser 115 1 125 Leu Gly VaI ser Ser AIa Cys Pro
Tyr An Ay Asn Ser Ser Phe Phe 13Q 135 40 Ar n Val er17P Leu
Ile Lys Ly%%ﬁ'1 AYP R VAT ”'H‘?S 'r‘f”eA g @S Aﬁ%@sn 1356 Arg Ser
Tyr Asn Ash 'Thr Asn A n AU Asp Leu Leu VaI LeU Trp 165 170 175 Gy

Ile His H's Pro Asn Asp Au Ala Gu dn Thr Ar u
Pro GIn Gly G]upégg Arg Arg Lys Lys égg Ggly é%u gh Z¥y Agir&1e

Ala Gly phe Ile Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr
340 345 350

Gly Tyr His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala ATa Asp Lys
355 360 365

Glu ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

T1e 1le Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg Glu Phe
385 390 395 400

ASn Ash Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

Gly Phe Leu Asp val Trp Thr Tyr Ash Ala Glu Leu Leu val Leu Met
420 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys Val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu Leu Gly
Y 458 Y 455 460

Gly cvs Phe Glu Phe Tyr His Arg Cys Asp Asn Glu Cys Met Glu
ﬁgg y & 470 Y 9 475 480

ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser Ile Gly
° Y SO% 505 510

Thr Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser lLeu Ala
515 520 525

Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
530 535 540



180

185
Arg
Adn
Asn
Al a
Al a
Lys
Phe
Tyr
310
I'le
Ay
Tyr
Val
Adn
Arg
Leu
430

190 Asn Pro Thr Thr Tyr Val Ser Ile Ay Thr ser Thr Leu Asn
195 200 205 Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn
Ser Ay 210 215 220 Arg Ile Asp Phe Phe Trp Thr Ile Leu Lys
Asp Ala Ile Asn 225 230 235 240 Phe A u Ser Asn Ay Asn Phe
Pro QU Tyr Ala Tyr Lys Ile 245 250 255 Val Lys Lys Ay Asp
| | sehBteul§lB Ses AG) UL 1¥atysGrle Tyr Ay 260 265 270 Asn Cys Asn
CyS*8 n Thr Pro Met>>8y Ala Ile Asn Ser Ser 275 280 285 Met
H's Asn Ile His Pro Leu Thr Ile Ay GQu cys Pro Lys 290 295
Val<21L Eer Asn Lys Leu Val Leu Ala Thr Ay Leu Arg Asn ser
315% 3o An Arg Gu Arg Arg Arg Lys Arg Gy Leu Phe Gy
Al &5 w35 AGyuPhe 1le GUGAyY Ay Trp Gn Gy Met Val
Trp Tyr Ay 340 345 350 Tyr His H's ser Asn Gu G n Ay ser
Al x4MPa Msp Lys Gu 355 360 365 ser Thr An Lys Ala lle Asp

pasGInATS VA I PRharE AR oty 308 BB aen e

Arg Ile Qu Asn Leu Asn Lys Lys Met Qu Asp Ay 405 410 415
As T r el V u t u 420
ronctiitr 418 g DA gt iEriehadie g 45 R Lo

435 440 445 Asp Lys Val Arg Leu A n Leu Arg Asp Asn Ala Lys G u

Ay

ASEeu Glu §¥5 Thr His Asn Gly h%s Leu Cys Asp Leu Asp Gly val Lys
45

Pro ggu Iie Leu Lys Asp ggs ser val aAla Gly ggp Leu Leu Gly Asn

Pro Met Cys Asp Glu Phe ITe Asn val Pro Glu Trp Ser Tyr Ile val
65 70 : 75 80

Glu Lys Ala Asn ggo Ala Tyr Asp Leu g%s Tyr Pro Gly Asn Phe Asn
95

Asp Tyr GIu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
: 100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His GIu Ala Ser
115 120 125

Leu Gly val Ser ser Ala Cys Pro Tyr Gln Gly Asn Ser Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu ITle Lys Lys Asn Asp Ala Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn GIn Giu Asp Leu Leu val Leu Trp
165 170 175

Gly ITe His His Pro Asn Asp Glu Ala Glu GIn Thr Arg Leu Tyr Gin
180 i85 190

Ash Pro Thr Thr Tyr val Ser Ile Gly Thr ser Thr Leu Asn GIn Arg
195 200 205

Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly GIn Ser Gly
210 215 220

Arg ITe Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala ITe Asn
225 230 235 240



450

Ser
Lys
ser
ady
Arg
| nfl
Asn
Thr
Lys
Cys
Au
Al a
Tyr
110
115

455
Ser
Au
Leu
Thr
Leu
I'le

460 Gy Cys Phe Qu Phe Tyr Hs Lys Cys Asp Asn G u Cys Met
465 470 475 480 Val Arg Asn Ay Thr Tyr Asp Tyr Pro A n Tyr
GQu Ala Arg 485 490 495 Leu Lys Arg Qu GQu Ile Ser dy Val
GQu ser Ile Ay Thr 500 505 510 Tyr G@n Ile Leu Ser Ile Tyr
Val Ala Ser ser Leu Val Leu 515 520 525 Ala Ile Met Val Al a

Seshel g TP AL 1Y BsroBhe A8 AFaYprREGTu TP A3STh40ys g G n Cys
Cys |le 545 55045<210> 14 <211>28Bb2 <212> PRT 2%43>

uenza A virus <400> 14 Asp Gn lle cys Ile @y Tyr His Ala Asn

Ser
Val

Leu
ser
Phe
Asn
Au
Lys
120

Thya1Q g% %9 3 asplsér APa e RSPLNKeH I@uMRll &ty %THsn Val
Thr H's a2eon ASP |le 20 2%530 Leu G U Lyd70Thr His Asn Ay

Cys Asp Leu Asp Ay Val Lys 35 40 45 Pro Leu Ile Leu Arg ASP
val TirPLysClyd- Rt Ghy¥ ASMeD@1p2180r1ePih BBE se¥s Asp

st fs ‘%%{TPFOJéeEyTranso Tyr Tle \al  # 70 75 80 du Lys
Pro Val Asn Asp Leu Cys Tyr Pro Gy ASP Phe Asn 85 90 95 Asp

Gl 61 bHE HilsSadsPurd Gt 366 MO S14TyHers Bhe e lys100 105

I1'e Gup | ro Lyssser Ser Trp Sewdser H's A u Ala ser
125

Tyr val Lys Ser Asn Lys Leu val Leu Ala Thr Gly Leu Arg Asn Ser

305 310 315 320

Pro Gln Arg Glu Arg Arg Arg Lys Arg Gly Leu Phe Gly Ala Ile Ala
o 32% g aind g 33% 335

Gly Phe I1e ¢lu Gly Gly Trp G1In Gly Met val Asp Gly Trp Tyr Gly
Y 340 Y &y I 34% 350

Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu
355 360 365

ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys Val Asn Ser Ile
370 375 380

Ile Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg Glu Phe Asn
385 390 395 400

Asn Leu Glu Arg Arg ITe Glu Asn Leu Asn Lys Lys Met Glu Asp Gly
405 410 415

Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met Glu
420 425 430

Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu Tyr
435 440 445

Asp Lys val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn
450 455 460

Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu Ser
46)5, Y 4)7/0 475 480

val Arg Ash Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu GTu Ala Arg
485 490 495

Leu Lys Arg Glu Glu Ile ser Gly val Lys Leu Glu Ser Ile Gly Thr
500 505 510

Tyr G1n Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu val Leu
515 520 525



Leu
135
I'le
Leu
Gn
Ay
Thr
Phe

255
260
Ser
Au
Thr
Lys

Hi s
Ser
380
385

Ay
140

Val ser Ser Ala Cys Pro Tyr Gn Gy Asn Pro ser Phe Phe 130
Arg Asn Val Val Trp Leu Ile Lys Lys Asn ser Thr Tyr Pro Thr

145 150 155 160 Lys Arg Asn Tyr Asn Asn Thr Asn G n Gu Asp Leu

Val

Thr
Thr
Arg
Trp
Ser

val .

265
Ser
Cys
Ay
Lys
Ay
Ser
Thr

390

Met Trp 165 170 175 dy Ile Hs H's Pro Asn Asp Ala Ala G u
Lys Leu Tyr G n 180 185 190 Asn Pro Thr Thr Tyr Ile Ser Val
ser Thr Leu Asn Gn Arg 195 200 205 Leu Val Pro Arg Ile Ala
Serath YiSel hex Aeh AGh V616 rewseer Cey TZ*ﬂJOWeZ:lBYSZZGr Asg Gllyes€d u Phe
Thr 1180Leu LYS Pro As?Asp Ala Ile Asa*0225 230 235 240 Phe
Asn Ay Asn Phe Ile Ala Pro Qu Tyr Ala Tyr Lys Ile 245 250
Lys diyiscyd yrdspPesss The |le Met Lys Ser Qu Leu Qu Tyr Qy
27G4Asn Cys Asn Thr55ys Cys A n Thr Pro Met Gy Ala Ile Asn
275 280 285 Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gy
Pr a2lyss 2)90 295 300 Tyr Val Lys Ser Asn Arg Leu Val Leu Al a
Leu=21¥t>g Ser 305 310 315 320 Pro dn Arg Qu Arg Arg Arg
Arizg;/ @ Eﬁ%g?”ﬁ%a Ile 325 330 335 Ala Gy Phe lle Qu
Trp a pGy Trp Tyr 340 345 350 Ay Tyr H's
As rx4@u Gn Gy ser Tyr Ala Ala Asp Lys 355 360 365 QGu

o1 e 1 e TR T?ivrvéﬁ Ry A R G e

395 400
Asp Thr Ile Met Glu Lys Asn Vval ;hr val Thr His Ala gén Asp Tle
20

Leu Glu Lys Thr His asn Gly hgs Leu Cys Asp Leu ﬁgp Gly val Lys
35

pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Egp Leu Leu Gly Asn
50 55

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
65 70 75 80

Glu Lys Ala Asn ggo val Asn Asp Leu ggs Tyr Pro Gly Asp gge Asnh

asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile GIn Ile ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala Ser
115 120 125

Leu Gly val Ser ser Ala Cys Pro Tyr Gln Gly Asn Pro Ser Phe pPhe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Arg Asn Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val Met Trp
Le5 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Lys Ley Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu val Pro Arg Ile Ala Thr Arg Ser Lys Ile Asn Gly GIn Ser Gly
210 215 220



Asn Asn
410 415

Leu Gu Arg Arg Ile Au Asn Leu Asn Lys Lys Met G u Asp 405
Gy Phe Leu Asp Val Trp Thr Tyr Asn Ala Gu LeU Leu Val Leu

met 420 425 430 G u Asn Qu Arg Thr Leu Asp Phe Hi's Asp Ser Asn Val

Lys Asn
Al a Lys
Cys Asp
Tyr Asp
Au Qu
Gnlle
Leu Al a
535 540

Leu 435 440 445 Tyr Asp LyS Val Arg Leu G n Leu Arg Asp Asn
Gu Leu Ay 460 450 455 Asn Ay Cys Phe Qu Phe Tyr H's Lys
Asn Gu cys nmet Gu 465 470 475 480 ser Val Arg Asn Ay Thr
Tyrg PrQ Eunrly PrSerrpGir ©lal LA ay48arod8h A9 ATArylelssn Lys Arg
ll2e5Ser Gy Val Ly&0Leu Gu Ser 11853y 500 505 53 11e Tyr
Leu Ser Ile Tyr ser Thr Val Ala ser Ser Leu Ala 515 520 525
| pBe NRil, Y& A4 2190 AbnLene 388 A€W rdr gluTeir GYs 1SerLydsmldd y 530
Ser Leu G n Opd5Arg Ile Cys 11280545 550 <210>23P5 <211> 552

<212> PRT <213> influenza A virus <400> 15 Asp Gn lle Cys Ile Gy
Tyr H's A\a1Asp eﬁqG%ﬁsimerq‘M S & méel Lys16erlGlu Asp cllr Tid eTet G u
Thr Val 28r

Lys Asn Val

is Ala Gn285P |le 20 25 3®70Leu G u Lys Thr

Hs Asn Ay Lys Leu Cys Asp Leu ASP Ay Val Lys 35 40 45 Pro LeU lle
LeU Arg ASR, Q43 R&! WALy & &sFEn ?Fgg) ple8 Ghdeed yGhya %Ssg AsPOs&b 60
275 A 2

Met Pro Phe His Asn Tle His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tvr val Lvs Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg Asn Ser
3%§ i 318 315 320

Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
Pro Gln Arg 32% 9 Arg Y 330 335

he tle Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr
Ala Gly phe 348 4 y ey e 345 350

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu Ser Thr G1n Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg Glu Phe
%g? Tle Asp Lys 390 395 400

Leu Glu Arg Arg Tle Glu Asn Leu Asn Lys Lys Met Glu Asp
Asn Asn Led 40% g 410 415

1v Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
e 428 b 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445 .

Tvr Asp Lvs val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu Leu Gly
Y 458 Y g 455 460

Glvy Cvs Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
Qgg y 470 Y 475 480

asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala
ser val Arg 48}5, Y b 490 495

Arg Leu Lys Arg Glu Glu Ile ser Gly val Lys Leu Glu Ser Ile Gly
' 500 505 510



Pro Met Cys Asp A u Phe Leu Asn Val Pro Qu Trp ser Tyr Ile Val 65

70 75 80 Gu Lys Ile Asn Pro Ala Asn Asp Leu Cys Tyr Pro Ay Asn Phe
Asn 85 90 95 Asp Tyr Qu Qu Leu Lys His Leu Leu Ser Arg Ile Asn His
Phe Gu 100 105 110 Lys Ile Gn lle Ile Pro Lys ser ser Trp Ser Asp
Hs Gu Ala ser 115 120 125 Ser Gy Val ser ser Ala Cys Pro Hs Gn
Gy Arg Ser ser Phe Phe 130 135 140 Arg Asn Val Val Trp Leu Ile LyS
Lys Asp Ash Ala Tyr Pro Thr Ile 145 150 155 Lys Arg ser Tyr Asn Asn
Thr Asn Grhe Gyt dBpIieuetaerVdle Ty5 skeUhTryal 465 Sig(ﬁea NeU PR H s Hi s
Pro Asn Asp Ala % Gu Gn Thr 2% LeU Tyr Gn %80 185 Asn Pro Thr

Thr Tyr Ile ser Val Ay Thr Ser Thr Leu Asn Gn Arg 195 200 205 Leu
Val Pro Lysuldla AeamdhvaAradaSely Lats sealleAstrpaigt Gve seerasg §l¥ 210 215
220 Arg Met Q3@ Phe Phe Trp TH® I1e Leu Lys PP Asn Asp Ala Ile Asn

225 230 235 240 Phe Gu Ser Asn Gy Asn Phe Ile Ala Pro Gu Asn Al a
Tyr Lys |lser24% 2RDc255%rg\fk ¢tysstlys Ay Asp Ser Thr Ile Met Lys Ser

Gu Leu G545Tyr Ay 260 268 270 Asn Cys Asn Thr Lys Cys Gn Thr Pro
Ile Ay Ala Ile Asn Ser Ser 275 280 285 Met Pro Phe H's Asn Ile His
Pro Leu Theiple1§dy GQu Cys Pro Lys 290 295 300 Tyr Val Lys ser Asn
Arg Leu Va2lleu5M a Thr Ay Leu Arg Asn Ser 305 310 315 320 Pro Gn

1
dy Au Agir gPREg hys L¥g &g Gy Leu Phe Gy Ala Ile 325 330 335

<400> 15

Asp GIn Tle Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu 6ln vail
1 5 10 15

Asp Thr Ile Met Glu Lys Asn val Egr val Thr His Ala gan Asp Ile
20

Leu GTu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lys

Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly ggp Leu Leu Gly Asn
50 55

Pro Met Cys Asp Glu Phe Leu Asn val Pro Glu Trp Sser Tyr ITe val
65 70 75 80

Glu Lys Ile Asn Pro Ala Asn Asp Leu g%s Tyr Pro Gly Asnh g?e Asn
. 85

Asp Tvr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
> 100 Y 105 110

Lys Ile GIn Ile ITe Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

ser Gly val Ser ser Ala Cys Pro His Gln Gly Arg Ser Ser Phe phe
130 135 140

Asnh val val Trp Leu Ile Lys Lys Asp Ash Ala Tyr Pro Thr Ile
?.2% =nve p.‘LSO i 155 160

Lvs Ard Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu val Leu Trp
Ys Ard Y 165 170 175

Gly Ile His His Pro Ash Asp Ala Ala Glu GIn Thr Arg Leu Tyr GIn
180 185 190

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205



Ala Ay Phe Ile Qu Ay Ay Trp An Gy Mt Val Asp Ay Trp Tyr 340
345 350 Ay Tyr Hs Hs Ser Asn Qu @@n Gy Ser Ay Tyr Ala Ala Asp
Lys 355 360 365 du Ser Thr An Lys Ala Ile Asp Ay Val Thr Asn Lys

Val Asn
Val Gy
Asn Leu
Thr Tyr
Thr Leu
LyS Val
Asn Qvy
470 475
Au Al a
du Ser
Val Al a
ser Leu
Cys lle
Vi rus

dudn

Ser 370 375 380 Ile Ile Asp Lys Met Asn Thr A n Phe Qu Al a
Arg Gu Phe 385 390 395 400 Asn Asn Leu Qu Arg Arg lle Gu
Asn Lys Lys Met G u Asp 405 410 415 Gly the Leu Asp Val Trp
Asn Ala Qu Leu Leu Val Leu nmet 420 425 430 Au Asn Au Arg
Aspu Riag #icsLyssplserlaAgm Mg SeydvAsYRILASD CHIBSIAA&PT48Y Tyr Asp
Arg 1228 G n Leu Arg ASP Asn Ala Lys Leu Ay 450 455 460
Cys Phe Qu Phe Tyr H's Arg Cys Asp Asn Qu cys met Au 465
480y veercVabhdrge ASp 'CEryITrmn.eirnySAB% ASY ARp g HE\T/%% ser Gu
4885490 495 Arg 128Q Lys Arg Gu G 11e Ser Ay Lys Leu
Ile Ay 500 505 510 Thr Tyr An Ile Leu Ser Ile Tyr ser Thr
Sehe SAL $AUAM &1y Tkh BROTHRA1acroA T Asre ARR(TYValYSAFE Gy Leu
Trp Met Cys serdfsn Ay 530 5399540 ser Leu G&H CQys Arg Ile
545 550 <210> 16 <211> 411 <212> PRT <213> influenza A

<40Q% 148 Aspcl¥ mshl®rOner [ie nzn%y_y'ﬁysed—l'ﬁhi Akba %%n’l‘%ﬁhSer Thr
260

Val

ASn Cys Ash Thr Lys Cys GIn Thr Pro Ile Gly Ala Ile Asn Ser Ser
Y 275 ys & 280 285

Met Pro Phe His Ash Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Lvs Ser Asn Arg Leu val Leu Ala Thr Gly Leu Arg Asn ser
;%g val Lys 318 315 320

Gly Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
Pro Gin Y 32% ° i 330 335

cly phe Ile Glu Gly Gly Trp Gln Gly Met val Asp Gly Trp Tyr
Ata 61y 340 i 345 350

Gly Tyr His His Ser Asn Glu GIn Gly ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

Lvs Met Asn Thr G1ln phe Glu Ala val Gly Arg Glu Phe
%%g Tie Asp Lys ne 390 395 400

Leu Glu Arg Arg Tle Glu Asn Leu Asn Lys Lys Met Glu Asp
Asn Asn ke 40% J 410 415

1v Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
e ¢ 428 P Y 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 460

phe Glu Phe Tyr His Arg Cys Asp Asn Glu Cys Met Glu
Qgg Gly ors 470 4 g 475 480

ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala



15
ASp

Leu
du
Leu
Leu
Pro
Ser
Asn
155
Trp
Leu
Thr
Lys
Ile
Ay
Lys
Asn

10 15 Asp Thr Ile Met A u Lys Asn Val Thr Val Thr Hs Ala @n

Ile
Val
Leu
Trp
Cys
Leu
Lys
Ser
Val
160
165
Tyr
Leu
Val
Leu
Asn
Ay
Cys As

20
Lys
Ay
ser
Tyr
Ser
Ser
Al &
VaI

17%/

dn
Asn

Lys
Phe

et
<
<

<
<

<
A
1
A
L
p
P
6

G

A

25 30 Leu GQu Lys Thr Hs Asn Gy Lys Leu Cys Asp Leu Asp
35 40 45 Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp
Asn 50 55 60 Pro Met Cys Asp Qu Phe Ile Asn Val Pro

Tyr Ile Val 65 70 75 80 du Lys Ala Asn Pro Ala Asn Asp
Pro Gy AS”4E#"G Asn 85 90 93g99Asp Tyr G u G4ysleu Lys H's
Arg Ile Asn Hs Phe Qu 100 105 110 LYS Ile dn lle lle
Ser Trp ser glsp Hs Gu r 115 120 125 Ser Ay Val
rgy-8u F*ryé '%r(?gﬁ r?‘EﬂjeT?ﬁf% V%ir'-yﬁh'e‘*bﬁ 18540 “Arg
Trp Leu e Lys Lys Asn n Thr Tyr Pro T IIe 145 150

s Arg Ser Tyr Asn Asn Thr Asn G n .p u1IIeLeu
h'lﬂi‘" yI]q ée‘l'-lls§'"l-§1§ 5%5“5&3‘8”@”&‘ A Sér d‘eél N3 hr Lys
180 T 190 Asn Pro r Thr Tyr Ile Ser Val Gy Thr Ser
Gn Arg 195 200_205 Leu Val Pro Ls I[le Ala Thr Arg Ser
A%acﬁﬁ MRl Vg yﬂa%q beps Sen hen TPNVESL X SPREASBhEYTrp Thr
Prs Asn Asp Ala Il1€ Asn 225 230 2 240 the Gu Ser Asn
Ile Ala Pro Gu_ Tyr Ala Tyr Lys Ile 245 250 255 Val Lys
?I_éﬁuﬁ‘é"a WSeANétﬂE[y@’SSHe Glu Val du Tyr Ay 260 265 270
Lys cys @& hr Pro lle Gy Ala Il e Asn ser ser

210> 16

211> 411

212> PRT

213> 1Influenza A virus

400> 16
sp G1n Ile Cys ITe Gly Tyr His Ala ﬁgn Asn Ser Thr Glu ggn val
5

sp Thr I1e Met Glu Lys Asn val Thr val Thr His Ala Gin Asp Ile
20 25 30

et GTu Lys Thr His Asn Gly 255 Leu Cys Asp Leu igp Gly val Lys
35

ro Leu Tle Leu Arg Asp ggs ser val Ala Gly ggp Lteu Leu Gly Asn
50

ro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
5 70 75 30

Tu Lys Ala Ash Pro Ala Asn Asp Leu g%s Tyr Pro Gly Asn Sge Asn
85

sp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser

5

115 120 125

er Gly val ser Ser Ala Cys Pro Tyr GIn Gly Thr Pro Ser Phe Phe
130 135 140

rg Asn val val Trp Leu ITe Lys Lys Asn Asn Thr Tyr Pro Thr Ile
45 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu Ile Leu Trp

G

165 170 175

1y Ile His His Ser Asn Asp Ala Ala Glu GIn Thr Lys Leu Tyr Gln



275 280 285 Met Pro Phe His Asn Ile His Pro Leu Thr Ile Ay G u Cys
Pro Lys 290 295 300 Tyr Val Lys ser Asn Lys Leu Val Leu Ala Thr vy
Leu Arg Asn Ser 305 310 315 320 Pro Leu Arg Qu Arg Arg Arg Lys Arg
Gy Leu Phe Ay Ala lle Ala 325 330 335 dy Phelle QU Ay Ay Trp
Gn dy Met Val Asp Ay Trp Tyr Ay 340 345 350 Tyr His Hi s ser Asn
Gu d@n dy Ser Glyl;gér Ala Ala Asp s u 355 360 5 Ser Thr dn
Lys Ala lle Asp Ay | Thr Asn Lys | Asn Ser Ile % 0 375 380 Ile
Asp Lys Met Asn Thr A n the Qu Ala Val Ay Ar% G u Phe Asn 385 390
395 400 Asn Eeng_a'JhAr'@mAirbe See Vel (FIXsThrL8ar [The 4ausAsinS 1M 169 <210>
17 <211> 552 <2183 PRT <213> I nfi%lenza A virus 00> 17 Asp Gn lle
Cys Ile Ay Tyr Hs Ala Asn Asn Ser Thr Qu Gn Val 1 5 10_15 Asp
Thr 11 e Metewval Pys LasnIMah1aTAhr Vab SEIr Ly§ ¥a ANl @S SET &1¥0 25 30
LeU G U Lys TR H s Asn Gy Ly Leu Oys Asp L&t%Asp @y Val Lys 35 40
45 Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Ay Trp Leu Leu Gy Asn
50 55 60 Prrm Met A€y PhaspheGrcp Phe Tlee-etiskhysvgro Pse AQruAte 53S$3”Tyr Ile
Val 65 70225 80 Gu Lys A% Asn Pro Ala ASh Gy Leu Cys WP Pro Gy
Asn Phe Asn 85 90 95
Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Ala ITe Met Lys Ser Glu val Glu Tyr Gly
260 265 270

Ash Cys Asn Thr Lys Cys Gln Thr Pro Ile Gly Ala Ile Asn ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tyr val Lys Ser Ash Lys Leu val Leu Ala Thr Gly Leu Arg Asn ser
305 310 315 320

Pro Leu Arg Glu Arg Arg Arg Lys Arg Gly Leu Phe Gly Ala Ile Ala
g 32% 9. AT8 330 335

Gly Phe Tle Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr Gly
y 340 y Y P 345 350

Tyr His His Ser Asn Glu G1n Gly Ser Gly Tyr Ala Ala Asp Lys Glu
355 360 365

ser Thr GIn Lys Ala Tle Asp Gly val Thr Asn Lys val Asn Ser Ile
370 375 380

1le Asp Lys Met Asn Thr Gin Phe Glu Ala val Gly Arg Glu Phe Asn
385 390 395 400

Asn Leu Glu Arg Arg Ile Glu Asn Leu Ile Lys
405 410

<210> 17

<211> 552

<212> PRT .
<213> Influenza A virus

<400= 17
Asp GIn Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln val
1 5 10 15

Asp Thr Ile Met Glu Lys Asn val Thr val Thr His Ala Gln Asp Ile



105
ser
Ser
Thr
Gn
Asp
Tyr
Pro
Arg
230
Lys
Leu

Leu
Leu
Au

350
355

Tyr
110

GUAULeu Lys H's Leu Leu ser Arg Ile Asn Hs he AU 100
Lys Leu Gn lle Ile Pro Lys 5er ser Trp Ser ASP Hs GQu Al a

115 120 125 Leu Gy Val Ser ser Ala Cys Pro Tyr Leu Gy Arg ser

Phe
Tyr
du
Al a
Ile
Lys
Met
235
Ile
Au
Al a
Thr
Val
Arg
Phe
Ay
360

Phe 130 135 140 Arg Asn Val Val Trp Leu Ile LYS Lys Asn Asn
Pro Thr Ile 145 150 155 160 Lys Arg Ser Tyr Asn Asn Thr Asn
Asp Leu Leu2 al Leu Trp 165 %70 175 dy lleg4lis H's Pro Asn
Ala Au Gn*“fhr Arg Leu Tyr n 180 185 190 Asn Pro Thr Thr
ser Val Ay Thr Ser Thr Leu Asn Gn Arg 195 200 205 Leu Val
| | leeuAGBU B TArgﬂ'§e4\5ﬂ_9%Y\5§P LRInCxy PSIELRYGEP X, V216Y815 220
A U Phe PBfe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn 225
240 Phe GQu 5er Asn Gy Asn Phe Ile Ala Pro Qu_Tyr Ala Tyr
248 56u 256 LevaAra #sp Kys SeryvalsplaEly Ara LaueldeflY y8hiser G U
Tyr &PY 260 265 270 A3p Cys Asn Thr Ys Cys G n Thr Pro Met
Ile Asn ser ser 275 280 285 Met Pro Phe His Asn Ile Hs Pro
| | eroGigt Gyd) ASpsGTRr Bhd yde 260 \EISP30GIdVirp \&ar Tys T8 Vahsn Arg
Le®} Ala Thr Ay Lel®Arg Asn Ser 368 310 315 320 Frfo Gn Arg
Arg Arg Lys Lys Arg Ay Lea Phe Gy Ala Ile 325 330 335 Al a
| | €1uGLys @y AShypPrbr plaGaen @ly st CXaTYRPFO Gy A3 P ASN340 345
Tyr His Hs ser8%sn Au Gn Ay¥®er Ay Tyr Ala’Ala Asp Lys
365

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His rPhe GTu
100 105 110

Lys Leu GIn Ile ITe Pro Lys Ser Ser Trp Ser Asp His Glu Ala ser
115 120 125

Leu Gly val ser ser Ala Cys Pro Tyr Leu Gly Arg Ser Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Asn Thr Tyr Pro Thr Ile
14§5J P 150 Y 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Arg Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile ser val Gly Thr ser Thr Leu Asn GIn Arg
' 195 200 205

Leu val Pro Lys Ile ATa Thr Arg Ser Lys val Asn Gly Gln Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Ash Gly Asn Phe ITe Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asp Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300



Gu ser Thr Gn Lys Ala lle Asp Ay Val Thr Asn Lys Val Asn ser 370
375 380 Ille lle Asp Lys Met Asn Thr A n Phe Qu Ala Val Ay Arg GQu
Phe 385 390 395 400 Asn Asn Lea Qu Arg Arg Ile Qu Asn Lea Asn Lys
Lys Met G u Asp 405 410 415 dvy Phe Leu Asp Val Trp Thr Tyr Asn Al a
A u Leu Leu Val Leu nmet 420 425 430 Au Asn GQu Arg Thr Leu Asp he

H's Asp se n., yal S 5 4404 r Rrd-¥sn \@l- Arg LeU
G@n LeU Arggﬁgfﬂ Xgﬁ %a‘\ﬁgiéﬁgu L\éﬁr ﬁﬂygh%@aéyiﬁ?s rAés_n '&Jszgcys Phe
G u Phe Tyr His Lys Cys Asp Asn Au Cys Met G U 465 470 475 480 Ser
Ile

Arg Asn Ay Thr r Asn Tyr Prao d@n, Tvr r 85 490
405 nby LBoe 6 e ot Wra 08, S el Y ey Yt Sl sl 8PP 40,
500 505 510 Ile Tyr An Ile Leu 5er Ile Tyr Ser Thr Val Ala Ser Ser
Leu Ala 5 520 525 L alle M Y.le Trp net
Qys Ser AS%F@G)%,YQ’%@ ; 5%’4@1'3’ §lel¥erﬂ'8u§@h/§]i%y%gw‘% ‘\‘/}:ﬂ ‘3&5?‘"??@*‘545 550
<210> 18 <211> 552 <212> PRT <213> Influenza A Virus -<400> 18 Asp
A@nille Cys, lle Ay Tyr Hs A n n_ser_.T l,.,.1 5 10
15 Asp Thf!Y T¥r "élsusei_'"yés'héﬁu éﬁ'r S%IGW'%’" fa %%%gnl'yﬂsp Ile

65
20 25 30 Leu Au Lys Thr Hs Asn Jy Lys Leu Cys ASP Leu Asp Ay Val

Lys
y Glu ser Thr Gin Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

Ile 1le Asp Lys Met Asn Thr Gln Phe Glu Ala val Gly Arg Glu Phe
385 390 395 400

Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

G1ly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
420 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys val Arg Leu Gin Leu Arg Asp Asn Ala Lys Glu Leu Gly
Y 458 Y 455 460

Asn Gly cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 i 470 Y 475 480

ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro GIn Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser Ile Gly

500 505 510
Ile Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
515 520 525
Leu Ala ITe Met Met Ala Gly Leu Ser Leu Trp Met Cys Ser Ash Gly
530 535 540
Ser Leu GIn Cys Arg val Cys Ile
545 550
<210> 18
<211> 552
<212> PRT

<213> Influenza A virus

<400> 18



35 40 45 Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gy Trp Leu Leu Gy

Asn
Tyr
Pro
Arg
ser
Cys
Trp
Arg
175
180
Adn
Ay
Pro
I'le
Ser
Thr
Pro
300

50
I'le
Ay
Ile
Trp
Pro
Leu
ser

185
Arg
dn
Asn
Al a
Al a
Lys
t he

Tyr

55 60 Pro Met Cys Asp Qu Phe Ile Asn Val Pro Gu Trp ser

Val 65 70 75 80 du Lys Ala ser Pro Ala Asn Asp Leu Cys Tyr
Asp Phe Asn 85 90 95 Asp Tyr Qu GQu Leu Lys His Leu Leu Ser
Asn Hs Phe Gu 100 105 110 Lys Ile dn lle Ile Pro Lys ser

ser ' 138 9 Ye1¥a1mo9k1 Ser Al a
Tyrfﬁ%"“?;*?e %%%@% ke gl %%' 51”3?‘@'[18;“ Argifsn Val Val
Ile Lys Lys Asn Ser AI a Tyr Pro Thr Ile 145 150 155 160 Lys

oy 1 PPt EI B M S S TR R Tl e R

190 Asn Pro Thr Thr Tyr IIe ser Val Ay Thr ser Thr Leu Asn

sor 3510 e W ST it Teb Sreehll 2SR B9 0 )<

Asp Ser Il e Asn 225 230 235 240 Phe Qu ser Asn Ay Asn Phe

11 sl yle Cof aepopliuscf 397 A Rogpe YR FosiAeh L ach

cys Gln Thr Pro I\/Et Gly Al a IIe Asn ser ser 275 280 285 Met
Asn Ile His

bt R b et b th e i8S TR Bt oo

Glu Lys Ala Ser ggo Ala Asn Asp leu g%s Tyr Pro Gly Asp gge Asn

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Ltys Ile GIn Ile ITe Pro Lys Ser Ser Trp Ser Asn His Glu Ala ser
115 120 125

sar Gly val Ser Ser Ala Cys Pro Tyr Leu Gly Lys Pro Ser phe Phe
130 135 140

Arg Asn val val Trp Leu ITe Lys Lys Asn Ser Ala Tyt Pro Thr Ile
14% P 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Lys Leu Tyr Gln
180 185 180

Asn Pro Thr Thr Tyr 1Te Ser val Gly Thr Ser Thr Leu Asn Glh Arg
195 200 205

Leu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile teu Lys Pro Ash Asp Ser Ile Ash
225 230 235 240

Phe Glu Ser Asn Gly Ash Phe ITe Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Ash Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285



305
dy
Val

ser
Asp
Asn
Leu
Ay
425
Leu
Au
Asn
Tyr
Ile
Leu
Ile
Ser

310
Al a
Asp
Ay
Ay
Thr
Au
t he
430

Leu
Au
Pro
Ser
ser
Met
Leu

315 320 Pro Gn Arg Gu Arg Arg Arg Lys Lys Arg Ay Leu the
Ile 325 330 335 Ala Gy Phe lle Qu Ay Gy Trp Gn Ay Mt
Ay Trp Tyr 340 345 350 Ay Tyr His Hs Ser Asn Qu Gn Gy
Tyr Ala Ala Asp Lys 355 360 365 G u ser Thr Gn Lys Ala lle
Val Thr Asn Lys Val Asn Ser 370 375 380 Ile Ile Asp Lys Met
Gn Phe Au Ala Val Gy Arg Qu Phe 385 390 395 400 Asn Asn
A Getbo Iphe 1FsUAAS BT Qs ASD La(SThy T1MRITyGhlu &5 PAOGY410 415
Leu AgpoVal Trp Thr Ty¢P5Asn Ala G u Le®Leu Val Leu Met 420
G u Asn Qu Arg Thr LeU Asp Phe His ASP ser Asn Val Lys Asn

435 44() %’154 g;fygerAﬁﬁ k¥ LYAIVaAT Ceul 81 GhP d1QULAY Brahapn A Al a Lys

d yo#50 455 460 ASD Ay Cys Phe @3d5the Tyr His Ly®0Cys Asp
Cys Met Qu 465 470 475 480 ser Val Arg Asn Gy Thr Tyr Asp
G Prql¥in 308G HuUald Hrdlaig 4 AAP%1y Alell RUchYR1Arged u G u
G o A Lé‘u@g rinfo 152 é*’s?as 00 505 510 ThR3Tyr G n Ile
I1e Tyr Ser Thr Val Ala Ser Ser Leu Ala 515 520 525 Leu Ala

Va u 35 540
G er]wg'%y sl TR R & Ggé?f%?ﬂﬁz%&%é%zlb PRT

Gly Tyr His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

1le 1l1e Asp Lys Met Asn Thr GIn phe Glu Ala val Gly Arg Glu Phe
385 390 395 400

Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
420 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys vVal Arg Leu Ggg Leu Arg Asp Asn 2%8 Lys Glu Leu Gly

Y
W
o
.

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 ed 470 Y 475 480

ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lvs Arg Glu Glu rle Ser Gly val Lys Leu Glu Ser Ile Gly
g Y 508 505 510

Thr Tyr GIn Ile Leu ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
515 520 525

Leu Ala Ile Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
530 535 540

Ser Leu GIn Cys Arg Ile Cys Ile
545 550

<210> 19
<211> 552



<213> influenza A virus <400> 19 Asp An lle Cys Ile Ay Tyr Hs A a
Asn Asn Ser Thr Gu dn Val 1 5 10 15 Asp Thr Ile Met GQu Lys Asn
Val Thr Val Thr Hs Ala An Asp Ile 20 25 30 Leu Qu Lys Thr H's Asn
Gy Lys Leu Cys Asp LeU Asp Gy Val Lys 35 40 45 Pro Leu Ile Leu Arg
Asp Cys S5er Val Ala Ay Trp Leu Leu Gy Asn 50 55 60 Pro Met Cys
Asp A u Pheshbe pgp Val Pro Gu Trp Ser Tyr Ile Val 65 70 75 80 Gu
Lys Al a Asn2PBo Ahflulsia Aspirfueu cys Tyr Pro Ay Asp Phe Asn 85 90 95
Asp Tyr C§u4$$u Eﬁu Lys H's Leu Leu 5er Arg Ile Asn His Phe u 100
105 110 Lys'tte &n Ile Ile Pro Lys ser Ser Trp ser Asn His du 5er
Ser 115 12@pl@m reecydnie\@Aly Bear nEemnl1Al anQysh Beo Thyrclue@nGvyl Lys Pro
5er Phe Phéd 130 135 1405 Arg Asn Val VallOTrp Leu |le Lysiiys Asn Asn
Ala Tyr Pro Thr Ile 145 150 155 160 Lys Lys Ser Tyr Asn Asn Thr Asn
A n Gu AspshetidrLele Mat digUyEr #snlG81 TR0 VT SThrGHys la1e diinsadd s1Pro Asn
Asp Ala Thr Qu A n 78r Lys Leu Tyr @n 180 185 190 #&n Pro Thr Thr
Tyr Ile ser val Ay Thr ser Thr Leu Asn@ n Arg 195 200 205 Leu Va
Pro Lys Il eef@uThys ARE HSErashyS1yWals Ash disyadd Debakp @y vaiOLyd5 220
Arg Met G u Phe Ph®e Trp Thr Ile Léd Lys Pro Asn A9 Ala Ile Asn 225
230 235 240 Phe GQu 5er Asn Ay Asn Phe Ile Ala Pro QU Tyr Ala Tyr

Lys Ile 245r35§%u25ﬁ‘3 Leu Arg Asp %s ser val Ala Gly ‘ggp Leu Leu Gly Asn

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
65 70 75 80

Glu Lys Ala Asn ggo Ala Asn Asp Leu g%s Tyr Pro Gly Asp g?e Asn

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His phe Glu
100 105 110

Lys ITe GIn Ile Ile Pro Lys Ser Ser Trp Ser Asn His Glu Ser Ser
115 120 125

Ser Gly val Ser Ser Ala Cys Pro Tyr Leu Gly Lys Pro Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Asn Ala Tyr Pro Thr Ile
145 150 155 160

Lys Lys Ser Tyr Asn Asn Thr Asn GIn Glu Asp Leu Leu val Leu Trp
165 170 175

Gly Ile #is His Pro Asn Asp Ala Thr GTu GIn Thr Lys Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn GIn Arg
195 200 205

Leu val pro Lys Ile Ala Thr Arg Ser Lys val Asn Giy GIn Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr ITe Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe GTu ser Asn Gly Asn Phe ITe Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270



Val

265
Ser

Cys
Ay
Lys
Ay
Ser

Thr

Ile
390
du
Lea
Ser

Arg
Tyr

Asn
Leu
510
515

Lys
270

Lys Ay Asp S5er Ala Ile Met Lys 5er Gu Leu u Tyr Ay 260
Asn Cys Asn Thr Lys Cys A n Thr Pro Met Ay Ala Ile Asn Ser

275 280 285 Met Pro Phe His Asn Ile His Pro Leu Thr Ile Ay GQu

Pro
Lea
Arg
Trp
Asn
dn
Ile
395
Asp
Val
Asn
Asp
H s
Ay
LyS
Thr
520

Lys 290 295 300 Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr
Arg Asn Ser 305 310 315 320 Pro dn Arg QU Arg Arg Arg Lys
Ay Leu Phe Gy Ala Ile 325 330 335 Ala dy Phe lle AU Qy
Gn dy Met Val Asp Ay Trp Tyr 340 345 350 Gy Tyr H's H's
d ésd qrys@?;n ghr L@swwy@m\]é% Bra MasGllyysla Aﬁg AZB0Se¥65e" G u Ser
LyS Ala 112 Asp Ay Val TftY Asn Lys Val Ser 370 375 380

Asp Lys Met Asn Thr G n Phe QU Ala Val Gy Arg AU Phe 385
400et Ay ApnHisunsETeAtlg Prg Led ghd TleAgly Géw GXSrProykydys Met

405 41499415 dy Phe L€ Asp Val Trp TAY Tyr Asn Ala d a Lea
Lea Met 420 425 430 Gu Asn Gu Arg Thr Leu Asp Phe Hi s Asp
ValTyAng1Asrs Beu Asd35gd4d vafb Leywla ABY Evs Le@alararasnLeer G n Leu
AsiYAl a Lys G u Led™®y 450 455 460°1°Asn Ay COys Pha?la U Phe
Lys Cys Asp ASP AU Cys Met G U 465 470 475 480 ser Val Arg
ThirrdyainAsp G APy Ar@ argTyys Ses ABJUGTE LevAPbe 488 AIQ0TUO5  Arg
Arg GUG U Ile38r Ay Val Lys3Bu Gu Ser Ile 8% 500 505
Tyr Gn lle Leu Ser Ile Tyr ser Thr Val Ala Ser Ser Lea Ala

5281a Gly phe ITe Glu Gly Gly Trp GIn Giy Met val Asp Gly Trp Tyr
340 345 350

Gly Tyr His His Ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu Ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

Tle Ile Asp Lys Met Ash Thr G1n Phe Glu Ala val Gly Arg Glu Phe
385 390 395 400

Asn Asn Leu GIu Arg Arg ITe Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu teu Leu val Leu Met
420 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Arg Asn Leu
435 440 445

Tyr Asp Lys Val Arg Leu GIn Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 4560

Asn Gly Cys pPhe Glu Phe Tyr His Lys Cys Asp Asp Glu Cys Met Glu
465 470 475 480

Ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu ITle Ser Gly val Lys Leu Glu Ser Ile Gly
500 505 510

Thr Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
515 520 525

Leu Ala'ITe Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
530 535 540

Ser Leu GIn Cys Arg Ile Cys Ile



Lea Ala Ile Met Val Ala Ay Lea Ser Leu Trp Met Cys 5er Asn Ay 530
535 540 ser Lea A n Cys Arg Ile Cys Ile 545 550 <210> 20 <211> 552
<212> PRT <213> Influenza A virus <400> 20 Asp @n lle Cys Ile @y
Tyr Hs Ala Asn Asn Ser Thr Qu d@n Val 1 5 10 15 Asp Thr Ile Met

A u Lys Asn Val Thr Val Thr Hs Ala Gn Asp Ile 20 25 30 Leu Gu Lys
Thr Hi s AsnMESy Lys Leu CYSssp Leu Asp Gy Val Lys 35 40 45 Pro Leu
lle Leu Arg p Cys Ser Val a Ay Trp Leu Leu Ay Asn 50 55 60

Pro Met Cys _Asp Qu Phe Ile Asn Val Pro Qu Trp Ser Tyr Ile Vval 65
70 75 80  25%1y4%A a Asn Pro Ala Asn Asp Leu Cys Tyr Pro @y Asn Phe
Asn 85 90 ﬁlzﬁsp;{ yr Gu GQu Leu Lys His Leu Leu Ser Arg Ile Asn H's
Phe A u 16Q@13:051dfl@ehySalveued n Ile Ile Pro LyS ser Tyr Trp Ser Asp
Hs Gu A e}<4§>r 15 120 125 Ser dy Val ser ser Ala Cys Ser Tyr Leu
Gy Asp Pro ser P e Phe 130 135 140 Arg Asn Val Val Trp Leu Ile Lys
Lys Asn Seraspl@nTyte Byo 1Thrclyl Byr 845 A15Qshbasnl66r Thys:'IAr?TrSEa'l Tyr Asn
Asn Thr Ast G n Ju AspiLeu Leu Val Leu Hrp 165 170 175 1Gy Ile Hi s
Hs Pro Asn Asp Gu Ala Gu @n Thr Arg Leu Tyr G n 180 185 190 Asn
Pro Thr Thrasgyrhrl IR gg’f oval Lyl AsnTha ?1535 V'Ehr"rH:eHisA&na(gan Apgile

Leu Glu %gs Thr His Asn Gly k%s Leu Cys Asp Leu ﬁgp Gly val Lys

Pro Leu ITe Leu Arg Asp Cys Ser val Ala Gly Trp teu Leu Gly Asn
50 55 ' 60

Pro Met Cys Asp Glu Phe ITe Asn val Pro Glu Trp Ser Tyr Ile val
65 70 75 80

Glu Lys Ala Asn ggo Ala Asn Asp Leu ggs Tyr Pro Gly Asn g?e Asn

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Tyr Trp Ser Asp His Glu Ala Ser
115 120 125

Ser Gly val ser ser Ala Cys Ser Tyr Leu Gly Asp Pro Ser Phe Phe
130 135 140

Arg Asn val val Trp Leu Ile Lys Lys Asn Ser Ala Tyr .Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Ash Thr Asn Gin Glu Asp Leu Leu val Leu Trp
165 170 175

Giy Ite His His Pro Asn Asp Glu Ala Glu GIn Thr Arg Leu Tyr GIn
180 185 190

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn GIn Arg
195 200 205

Leu val Pro Lys ITe Thr Thr Arg Ser Lys val Asn Gly GIn Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Ash
225 230 235 240

phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile



195 200 205 Leu Val Pro LyS Ile Thr Thr Arg ser Lys Val Asn Gy Gn

Ser Gy 210 215 220 Arg Met A u Phe Phe Trp Thr Ile Leu Lys Pro Asn

Asp Ala Ile Asn 225 230 235 240 Phe Qu ser Asn Ay Asn Phe Ile Ala
Pro Gu Tyr Ala Tyr Lys Ile 245 250 255 Val Lys Lys Ay Asp Ser Al a
Ile Met Lys ser Qu Leu Au Tyr Gy 260 265 270 Asn Cys Asn Thr Lys

Cys A n Thr Pro Met Gyzaﬂ}slna Il e Asn Ser 2(§§r 275 280 28550t Pro Phe

Hs Asn Ile H's Pro Leu r-ile dy Qu s Pro Lys 29 95 300 Tyr
Val Lys ser Asn Arg Leu Val Leu Ala Thr Gy Leu Arg Asn ser _ 305 310

315 320 P¥al &¥s IA(ISQG% asm@gw@,wﬁgnﬂggnﬁww @lyg%Jyph‘é‘yG y Ala
Ile 325 330 335 Al a y Phe Ile G u? y Ay Trp Gn y Met Val Asp

Ay Trp Tyr 340 345 350 Ay Tyr Hs Hs Ser Asn Gu An @y ser Ay

Tyr Ala Al aSMMS{_zQ TIBSEYL69S 308 Thy Aresdet THY Adank §5‘AIS§V'I$/9€ Asp Gy
Val Thr Asn Lys P Asn ser 370 380 Ilelle p Lys Met Asn Thr

Gn Phe Au Ala Val Gy Arg Qu Phe 385 390 395 400 Asn Asn Leu Gu
Arg Arg || BeGPgo ARbe HeuAssaTe\HIsLR M Tor mAs?ﬂme"BJ £Y9 PA25-YSE y Phe

Leu Asp Val TR80Thr Tyr Asn ARG u Leu Leu Vaf®%Leu Met 420 425 430

A u Asn Qu Arg Thr Leu Asp Phe Hi s Asp ser Asn Val Lys Asn Leu 435

440 445 Tgyr Asb uyysselahsmmgg Ley \G@InLeed TATHrASYY heth AR &spy; & u Leu

Ay 450 4530%60 Asn Ay OPdOPhe @ u Phe Ty His Lys COys AstfoAsn G u

Cys met Qu

Pro Gln Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala ITe
g 32% 9.Arg HY Y 330 335

Ala Gly pPhe Tle Glu Gly Gly Trp Gln Gly Met val Asp Gly Trp Tyr
340 345 350

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu ser Thr GIn Lys Ala Ile Asp Gly val Thr Asn Lys val Asn Ser
370 375 380

Tle I1e Asp Lys Met Asn Thr GIn Phe Glu Ala val Gly Arg Glu Phe
385 3920 395 400

Asn Asn Leu Glu Arg Arg ITe Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

Gly Phe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
420 425 430

GTu Ash Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
435 440 445

Tyr Asp Lys val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 460

Asn Gy Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 Y 470 Y 475 - 480

ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro His Tyr Ser Glu Glu Ala
J 48% ¢ 480 495

Arg Leu Lys Arg Glu Glu Ile ser Gly val Lys Leu Glu Ser Ile Gly
500 505 510

Thr Tyr GIn Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
515 520 525



465

Leu
Thr
Leu
Ile

470 475 480 Ser Ile Arg Asn Ay Thr Tyr Asn Tyr Pro His Tyr Ser
Gu Ala 485 490 495 Arg Leu Lys Arg Gu GQu Ile Ser Ay Val Lys
GQu ser Ile Ay 500 505 510 Thr Tyr An Ile Leu ser Ile Tyr Ser
Val Ala Ser Ser Leu Ala 515 520 525 Leu Ala Ile Met Met Ala Ay
Ser LeU Trp Met Cys ser Asn Gy 530 535 540 Ser Leu G n Cys Arg

Cys 11 ?eé‘éﬁgg% Met Met Ala g;%{ Leu Ser Leu Trp 554210: Cys Ser Asn Gly

Ser Leu GIn Cys Arg Ile Cys Ile
545 550



