NOVEL H5 PROTEINS, NUCLEI C ACI D MOLECULES AND VECTORS ENCODI NG FOR THOSE
AND THEI R MEDI CI NAL USE 5 FI ELD OF THE | NVENTI ON The present invention
relates to the field of nedicine, preferably to the field of infectious
di seases. In particular the present invention relates to influenza
proteins, nucleic acid nol ecul es and vectors encodi ng those proteins, and
vacci nes. Most particularly, the present invention relates to the use of
any of such proteins, nucleic acid nolecules, ID vectors or vaccines for
the treatnent and prevention of influenza infections, furthernore for the
prevention of infra- and interispecies transm ssion of influenza virus.
BACKGROUND OF THE | NVENTI ON I nfluenza infection remains an inportant
infection in animals and humans. Influenza is 15 caused by viruses that
undergo continuous antigeni ¢ changes/ nodifications and that possess an
animal reservoir. Thus new epi dem cs and pandem cs may occur in the '
future, arMPUELAGIPROTEDS, MICUEHRACIDIEUEE VWS ANDEERIORSI cult to achi eve.

| nfl uenza vi r usSomINE FOR THOEE GIND THEIR MepidNaLasd descri bed More in detail -
for exanple by P. Pal ose, Nature Medicine, vol. 10. no. 12, pp. $ 82 to S
86 of Decenber 2004, with further references. Briefly, the genone of 20
the influenza A virus consists of eight single-stranded segnents, and the
viraP pAFWICEITEE INYBNTI®Mo nmj or gl ycoproteins on its surface: henmaggl utinin
(H) andrhaeusarivadticlarsietey tihe i tflneditine gefgtblykbthelfiddfotineritvshemaggl utinin (HL to
H16) angkesedlinf fRik@d thefRddbrdivdhiic a8 Res(tNinndeza ND)eins UDdIgDRE, there is a

consi de &{2&& AR CeakRlodd braansa@pdn@ce.aa{)wﬁ%aww yges. 251 nfl uenza

Vi rus o pe Vifus h c%cw? m‘ecu r at ed to infect

poul trypresﬁ d‘é‘e”é\%'de'?fﬁsn“’ hepEe f?”us"ésuc%ﬁrﬁe‘"ﬁ Lofls mtted directly from
avi df SYSeeT eyerhesHelferieat,et adoprexntioof '"@aﬁe@fedff@gfsﬂhefgﬁff 472; Suarez at
al ., J.fortherpahentioh @08re- afQinteGHRBs rWBerpirivr efdnfespzagtvs.  Sci ence 1998 279: 393;
Shottridge, Vaccine 1999, 17 (Suppl. 1): 526- 529) Mortality in known

human CéACRbﬁé{JNDC@-S;ﬁ§|@Qpﬁ§@ChES about 50% 30 Over the |ast century pigs
have begp.a .n#e%}aoaa,a%pstanwgg&dgm feflon WUl E DA RBRIRELGS s P OS, camels. and

seals, pre era 'F CPJ erve as dQ%t Er for avian i an uenza
Vi rdées‘:a“‘&?\ﬂy f"ﬁ‘éersé o Prgerpp SPERAY a"%f’e%frﬁf‘ﬁef@? Lk af' for for overcom ng

t he sperepsess ahanineHl aervpif. Gis PRYUAPIRTYICS 2pdrands A P Ty ey %oi r of i nfl uenza

Vi I' US eSgnd tradidasumatheiseab i bediiflanbtb bapieve? infuergra rigsepyre gellkbdvwe | nf ecti ons of the
SUSCeptnL BL & 28 idIBbSY, moRt ifldetad foexamiiid 0y FOsks, Nadle REtcabkdshed manmal i an
(porcing) 45 3Ss yﬁé $ aaao?o@cpm@emanwmfahuwaeéygnw mestuoae goubl e infection may

cr e%ée tEeslnﬂu%\%gg Vtrtlsréglnm %n eg"f"n? sm&'eapan%]ed se%ﬂegs aﬂcr| tﬁe vira upsag%iof human or por ci ne

pan ent evi fiat a reconbi nati on
of cur riEBh{oAI% AlYppeteins Bt FpRes \'/\ﬁr'faﬁgl‘f’l'ﬁ?r%lai“h??“rﬁ'ﬂ’? f82RYa viruses will not
resul t Wih dhiegghiydifierent idnengiutinie ¢ idditGlkand 8 dirent eerergjtidses (NRINd, avi an i nfl uenza
Vi rus cCrgdsubfifee Grerefd 38nsabrabidantigs povtiaiemasg imdnaivreas can becone adapted to
pigs. The critical hurdle will be overconme as soon as the virus can cause

hor |2§0ntf%enz% sr/}Iu?egférlg P%ﬁ‘@-‘owl@&?ue%w&l rQs l(egr( de%&@gted@muuﬁrp) popul ation. 10Yet,

a maj or een | ected with avian (H5)

i nfl uen%i A PR e YRS Y 25P P?Yﬁ‘iﬁ?’ﬁpﬂg"eft}yg?ﬁ‘ Gk 3?'?"ﬁnﬁnspoul try husbandry.
As t hosE=pye detanesh E99h 9% 120 HHF oI5k nVSubP8 I¢ ?@a?”b"a’faﬁé'y can only be

di agnos#dsdyyce| 18480278t36% phamixtoh deeina fE9.tTR (Feprar e STSrSéguaneityy  over | ooked. There
i's a hiiglknok Sknat dddal kb0 SR roSetbs Bhitiocal | y-infected pigs will serve as an
oppggptunity for the virus to adapt to the nmammalian system spread within

the 15p8\?e Jhé’llgst n8§ pag hage bnaef?l ngtlr!%gvéc fgpxﬂugm%em‘\% I}%§ Current influenza

vacci nes 1.nc accl ne 1999, 17(9-

10) : 122%™m§'o 381 segip. M%?P’H“&sc °%&5e“'%/a <t "RBS T8GYT ©f H §YVe%65_2274: Johansson
et at, SvudispreheldrdDreprasTt 3 Botantal gHy T PEYrcoRine Bhpatee dudttcci ne (Hol i not o at
at . Vacsm'nnsaulﬂf)@é, naREiy? 2¢etvéic 18NN R4 4in2SA P) maniDiA Tascommly (WAt abe at at,
Vacci ne 2001, 19(31):4434-4444) and inactivated influenza vacci ne (Coo at
at, Vaccine 1992, 10(4):238-242), with the latter being the nost w dely
used on a comrercial scale (Lipatov at al., J Vim 2004,
78(17):8951-8959). 25Subunit vaccines, reconbi nant hemaggl utinin and
neur am ni dase (Babel at al., Vaccine 1090, 17(0-10:1293-1218; Crawford et
Vacci ne 1999, 17(1 0:2265-227-4; Johansson at at, Vaccine 1999,
17(15-16):2073-2080) may be an attractive alternative to the inactivated
vacci ne, although none are currently in use as commercial vaccines. The
preparation of such vaccines is obviously safer than for an inactivated
vacci ne, Morreover, 30 subunit vaccines do not generate anti body responses
to internal influenza viral proteins and thus allow distinction between
vaCC|nated and |nfected anlnals (C}amﬁord at at, thcine 1999,

I P e o o b= e o~ — s N



from avian influenza subtypes (Babel at at. Vaccine 1999,
17(9-10):1223-1238; Crawmford 10 at at, Vaccine 1999, 17(18):2266-2274,
Johansson at al., Vaccine 1999; 17(15-16):2073- 2080); Nwe at al., BMC

M r cobi ol ogy 2006, 6(16):doi:10.1186/1471-2180-6-16). However, the those
reconbi nant proteins seens not to be protective in any case, or only |ess
effective at |east for sonme species (Treanor et al., Vaccine 2001,
19:1732-1737). 15Thus, there is a need to increase availability of

i nproved vacci nes and new vacci nati on approaches to provide better
approaches to control influenza infections and to have a positive inpact
on di sease | oad. DESCRI PTI ON OF THE | NVENTI ON 20Bef ore the enbodi nents of
the present invention it shall be noted that as used herein and in the
appended cl ai ns, the singular forns "a", "an", and 'the" include plural
reference unless the context clearly dictates otherw se. Thus, for

exanpl egccerelbyai@irddectods c'ffa:epcuseqyawmheln'b.gi e Withcpers, zaeqdbishell i ty of such

prepar akifhsan HRER] ANGEI {sOant HRn infudkidaivRls. TisSdodbld iBkdEeRge t o one or nore
carri er%ﬁ&%?&%\/&lte&gé téahﬁsyebgﬁhelsagm harpantomscﬁe sdtbdfeed in the art, 25

and so I]f? rlzt e dence ua however ln%caqt nmera fegorﬁbm%on oftcurr [’II (;:a%‘ll-{ and scienti fl c terns
used here Have YHe TaRe" nmon under st’ood by one of

or di ﬁarﬁ}’agﬁk“l"‘l" refReliprplluegzg Vinysss %mg'ﬁs“ltﬁl"@”’i W"é‘?f?‘?ﬁ?l““ﬁ%lcﬁ‘ngs Al'l given
ranges tnelhey sdndeamiamipfpergaifps bap infect rigs Brdby spintagesusi mgtiata®d ot herwi se or known
ot her Wi ssoniayadbdt@ tpRFsSTIa citicd! Ihir@e wil e blagongrds soohhemefios egn t he term "about'

Was oM tahRordzbddMhkdbhs URSG diglbrioP B mafihbiB ygplai@dny met hods and materials
simlar or 30 equivalent to those described herein can be used in the

practice or testi n? of the presené %E‘} gd H% rﬁref erred net hods,

devi @es et 2HIPIRRT S PufgasLpsen A% YR 8P MSEE YIRPrE" Y% ons menti oned

her ei n ‘a’#%étfP'Pﬁftﬂﬁ'mWé’P'éde’%é?“é‘?Qr?°‘Hy “F-‘é?’é?fe‘ﬁé’@”f"ﬁw'%‘h’é?v‘bﬁr pose of descri bing
and di sed @i ngcinks, tsaylzet enycle Sjagrexai bpilaberttey metbads prgrts:s agnd et hodol ogi es as
report eﬁtq&e‘ﬂtiytob’éﬂocﬁlélbhﬁﬁeai & OSisvhdt Bhse BibGHicallp @itettshs Wil s@@nnect i on with the

i nventign, o'bahmumr thé v.ﬂ?rtoebogpt'téthk ChahRRaiEPBSikbh UpdacAsnRtheadm ssion that the
qun orcmepbpﬂgm ndal‘so npqhuman e";t edat e such disclosure by virtue of prior

i nvention. rRe °Sol'd %he above technical probl emis achi eved by
t he descrl ption and the 5errbod| ments characterized in the clains.

| nf | uenGuwrenp infieadarvacciggrdncivircd Bb ot sectiep (Aot 8l Bxoreo@Phlyfor those The

pr esent 10): M@ rdse; Onawrd at €S Ve@in® 1645, proLEEF220f vorafsswenza virus, wherein the
115 pr ovRéife fbmimwnwm@eueameeva%a&wmmoem 3Bk boogat i on 328K+, wherein

numbgr ;%sanq }ztzntezlzgar?d;g vadbhe Bikidbe RO VhORS21. 4 Jég4ﬁ5-@)0t einrefers to the
nodi fi cﬂ?f"&ﬁv%gﬂ‘f"’ﬁéﬁ’ﬁ? (??'%{ QaYaCXnBQ;QQQ JJ@} %8' 'Lh S°%28 of H5 protein a
second efgitifempsk idely gsqd et caemerdpt ePle r(HpAAY & §’uchv’ﬁ‘52‘f9f’ otein and any

furt her78U'1B599r@86%i n according to the invention is an isolated H5 protein.
It has been surprisingly found, that FI5 proteins, having the

nodizki CabbndRstcf@Selombifgt RRQYR AL ngljréﬂhwlid}a'selmtej gEeMicgnsas conpared to HS

protei ng ¢t D&’}LqQQoJ{QEm %SLJ. e, Q)QLLE%AQD nggg,,ggﬂ cJ.,d.s at position 223
and 328/°329. ini N avi an i nfluenza

173
virus' SriHE® fi’?ﬁo{gg? H7(’§§6)g§g%o%éfn@i Re Fﬁaé\‘ﬁ% bg'fmat“? tﬁo'ie linited to any

nat ur al iaptvaled pceiRen §thaust Bong 3 @iTPRIA Mcs® AY SHTER vaxgineso®ef or s of | - 15

pr ot ei ngrepenaph atkuenyadings iscdliesly exfer tharuforsh inkaitated meceimediarovérnser t i on nut ant  of

| - 130pr Qb@it RacciV¥d Q6 Rdt PenbrB@ SAubbE rf3pdicRitNfteia hiuagka bikeprateRsN0 aci d 223N and the
modi f i Cé%h ey »?b%%fncmeoe@ungemagd ofa hibhees IR0 (AGrsly RQBI tions of the 115

protein fers to the 25 amno acid position as
exenpl aft 'ng]ﬁv?e? z%%é;é?l DNO1. SEQID NO:1 represents the am no

sequence of the hemaggl utinin of strain duck/Chinal E319-2/03 but | acking
the am no term nal signal- peptide. In other words, if reference is made to
the amno acid at position 223 (amno acid 223), the amno acid residue is
meant whi ch corresponds to amno acid 223 of SEC) I D NO:1. However, this
does not nean that the 1-15 proteins 30 according to the invention have
the identical am no acid sequence with SEQ ID NO:1. It only says, that the
correspondi ng am no acids of the H5 proteins according to the inventions
code for the anmino acid residue, as explicitly nentioned. In the current
case, amno acid 223 would be Serine (S). The terns '223W or 155N’
exenplarily nmean, that the am no acid at positions 223 and 155,
respectively - nunbering according to the amino 5 acid positions of SEQ
IDt40:1 -,that shall code for the am no acid Asparagine (N). In other
words, if reference is made to "H5 protein having the amno acid 223N', a
H5 anlno acid nDIecuIe t hat nornally codes for Serlne at anlno aC|d



20 am no acid position 328 of 115 protein a second Lysine (K+) is
inserted. It is self-explanatory, that any of the 115 proteins as provided
herewith are antigenic, which nmean they show antigenic properties in an
standard hemaggl utinin inhibition assay for influenza viruses. 25Accordi ng
to a further enbodinment, the present invention also relates to any part of
the H5 protein, which neans any peptide-fragnent which shows antigenic
properties in an standard hemaggl utinin inhibition assay, having at | east
the amino acid 223N and the nodification 328K+, wherein nunbering of the
am no acid positions of the 11% protein refers to the amno acid position
as exenplarily given in SEQID NO:1 and wherein the 30 nodification 328K+
means that at am no acid position 328 of 115 protein a second Lysine (K+)
is inserted. A 1.15 protein shows antigenic properties if it inhibits
hemaggl utination in a standard henaggl ufinin inhibition assay for exanples
as descrdnpegitiiim pReiariplhe rceptdioindinal dng recaribrne Bsiangcepestiincofpart of 115 protein
conpr i Sigfmien2 Osirusl R, thk6Rrget]l B0, infdef@ly-nelidddzing] 2@ipodikd OTrer em@st pref erably 105
cont i QUAHSRMiINREE [HAS 1@ 1k NBNAT BRpAL & sBEgHRNERs tWiat codes for the 115

protei nmgeculy%eséﬂt Oneh 2ROV mopRA! grisuggﬁ‘?-lh 1) 'ﬂlAiTRglnﬁs' &l meWHi ch shows

antigenic %2 i"es i n an stand |n|nhfb|t|on assay as
descri b&d ’T‘?‘l’“ RN &Y coeytl g 57 B ﬁi“? BEPR™Phi bi ti on assay for
exanpl efof remifarsdusigl O TgeEY. iPirelsStresptiesis 6194 622 129-7%% r us Research vol . 103,
pp. 91-95 (2004) with further references. However, the H assay as

descri bgdudviusksangah B;st?m&héﬂ deerDRed b Shresd HOAELglDIn REnes BBneiel evant ref erence
assay '%m%@.%ﬁ‘fﬁ@n&é)ﬂmwe& B :Jrara%?.-‘é‘ﬁéégﬁir(st-litﬁdzﬁlyﬁé‘t:}a%rdas described herein:

1OBr!hg1(}li%i Vacﬂmh@? ?(76%?38@9 rmgscm e[a, qgt ecggggmsﬁégki%;gce of HA-specific

ant i [ 232/ 94, was used
at a coffé@reatd-dHdfice iy %Mé‘%%fq HE VA S E5HTEMA units) in the H
assay. thqthbseleromirptcbrasing rseamistret to (b atoledive BranpFese.\oomoksd serum dil utions in
PBS wer @eguhsegiiaRbhespitieX @ebantt & B, @apoisd 2000tumes17685 pL) containing 4 HA
units of virus, and incubated at roomtenperature (about 25C) for 30 15

mm cChigkeg red bl OOQM?%L a%slabfﬂ&, ﬁ &wa@%:a&,re@tﬂ@qﬁgﬂ .er.oﬁ%l n PBS, were added

to the Serumvirus Contarn mm at room

t enper aPRPEMSTHEYE Petef @‘Tp‘é’a'if\'g‘rté °ﬂ'§fé?ﬂi’ﬁ"f‘?e&”é%“s?'éd av?)éal s of the hi ghest
ser um ciopitre impes o dgeaghoach | nhi biti on of henmaggl utinati on was observed. 200f
note, Haesebrouck and Pensaert (1986) found "that there may exist a

corr el atdserirhelveer: ivbentkdn t it ers agai nst the chal | enge virus and

protgct éem :ﬁmm&mls Lmq,%sem .H%ﬂﬁ.emhgmmmmt Rensiaetit adg1986) al so
det erm, ng'n aﬁpcfinated Qlai s the sm%ular g‘orrgs %e %" Qnd ‘t>4anw;eLP%ral %8@9(! et el yr esistant to
rre

challeng of “the' v I n the respiratory
tract a‘t”’eisn%lcé’ﬁ’ﬁb"”“r"l'l‘?ﬁ?‘es PW&MB%v@I‘%d?feﬁf'mp&ﬁ "9entS Pefs >40 in the

vacci natregratiopSinalispne Pyl ef ey preseatioss: treerped togtt i8fe” i B. Haesebr ouck and
M B. Penmg@es to,ond® 86rp canicfsfaeCéquigdients tierecitropra hdmbe sgifezinir=pge nf fatteni ng pigc
pr etk OUsk Yo fbrihnufﬂé@é deﬂr@d Mbi:énhse—é] td-cﬁ}nd'altai'ld/scteﬁﬂc tiarﬁlzﬁ Lda€nza kN1 vacci ne

(Vet er I Ell‘ca‘r" e im:amng aa uLIO'gélllf WNGCTsI00n oy Q))’I lmumdi blﬂil Il', ‘Y‘ie M§wﬁl§ assune t hat .
equi val en r 1 near V%n unless m%’cgedvm Il also result in

Ui va
a conpl &% fg"ei"‘,\ftﬁgfﬂ"gg ?b"ﬂ"é’brtai’g(.e)ﬁ%gf’aq’f W e R3t° BV AN ISf | uenza virus. Lower
ti ter S %i&ew'%agﬁnow%ﬁwse Pyhegpersgpskiisi ‘E)@E)Hgg‘fe’@i"'@ﬁ“edf"“taﬁ@“ vacci nat ed ani mal s
and r eswastoniitted [ram tthea beséripfrnn&thprab tapic tmededs ohd trieteés wmiemerl s, whi ch al so can
dr arat | @atdiert tb ek @escivbenefeinSdin Bf usél iPBE pediteaBtesthsr@OP@Ient an anti genic part
of the andk, OheipRieR&L Abttlaf Jadites! BRY HAMRRL 4O Mhod NEdkid@sar but is not linmted

to del et . at least 35 30
25 20 1%JLIHI‘%| r%e%% %ﬁhef’eml_al?e !Q&)%Ergtl 9@%’)\{‘5&@1&%&%‘? lrh§.%§'posea§rf] no acids of the

u
am no af?ﬂm§bﬂﬁ€ﬁ8@m?N&ﬁmﬁﬁwgﬁdﬁﬂgmﬁngmfﬁcFﬂd%g'fﬁ%ﬁéﬁlno acid 223N, and
ii. at 'ereagtin tispublzgiionspuyich mpight be gred i Gonneption wiftihe igyentigl: Nt pref erably 8
contiguous am no 5acids of the am no acid sequence that surrounds and

i ncludes the am no acid nodification 328K+, and iii. wherein any of such
antigenic part of H5 protein shows hemagglutinin inhibition in a standard
hemaggl utinin inhibition assay as described in Exanple 2. 10Preferably,

t hose surroundi ng am no acids of am no acid 223N and/ or 328K+ are encoded
by SEQID NO:1 or SEQ ID NO:4. Furthernore preferred |-15 proteins
according to the invention are: |. any of those nentioned above
havi ng the am no acid 223N and the nodification 15328K+; ii. any of those
ment i oned above having the am no acid 94N 223N and the nodi ficati on 328K+;
iii. any 145 protein of avian origin having the amno acid 223N, and the
nodi fication 328K+ wherein avian origin neans that the H5 sequence derived
forma virus 20isolate that was originally isolated froma poultry



type 5; or iv. any H5 protein of avian origin having the am no acids

94N 223N and the nodification 328K+, wherein avian origin neans that the
H5 sequence derived froma virus isolate that was originally isolated from
poultry infected with avian 25influenza virus type 5; or v. any 145
protein of avian origin having the am no acids 155N 223N and t he

nmodi fication 328K+, wherein avian origin nmeans that the 1-15 sequence
derived froma virus isolate that was originally isolated frompoultry
infected with avian influenza virus type 5; or 30vi. any EI5 protein of
avian origin having the am no acid 120N 155N/ 223N and the nodification
328K+, wherein avian origin neans that the /15 sequence derived froma
virus isolate that was originally isolated frompoultry infected with
avian influenza virus type 5; or 8 Vii. any H5 protein having the

nmodi fications 94N1223N and the nodification 328K+; or viii.any H5 protein
havi ng terein isTede feorciakd anm Qdhiskich FENGS P@Nioa isdhot drtsfedriodintbdateat | on 328K+; or

I X. anysubidigbhta) Mrdd amtidaGvdnli@d. nodi fi cati ons 94N1120N1155N 223N and t he
5modi fication 328K+; or x. any 145 protein having the nodifidations 223N,
the rmd‘l’hfelsgl F:‘:ul'a Qon8§2§ol§;tecﬁﬁg§%blgm Qs acﬂQJeg bfr)(he dQ %ﬂpﬁ&l JnQ\Meng am no aci d

clusters se consi st a. aa 93 - 95:G\F b. aa 123
- 128: sﬂ%""l'&t?‘“%aéa"*ffsd'“*“i%’i‘) ®SG d. as 138- 140 GSS e. aa 226 - 228: NDF t
aa 270 - 272: EVE g. aa 309 - 311 NKL; or 13xi. any H5 protein having the

) ) aatdicitibha . @il & v and one or nore of the
foll OW 'ﬂ'Q p%E@nn@veﬁ@h ol !&%tﬁp‘iote‘irﬁtlfeﬂ&eﬁfa' vfszoﬁHefefﬂ%egﬁthﬁnnconSI sting of: a. aa

93 - |n %he an&oa%2¥§ndﬁe%§§fc§§%ﬁm @@erelrﬁrﬁmbe%ﬂggf%noor 20xii. any H5

pr ot|§ Furt hernore

pr ef &r r &Y pisfg'% ¥ B E?Pfgte'?;\é"% o UE 8%&" %gr”%‘c’c&m? il e%mé) %Ve? Re 115 proteins as
descri bR ’B;Moﬂdfwfwﬁﬁﬁ thetmogjcatioppgBiAmeappiat akigngno a?’f’o°°%‘6" 38p. 12915-12920 of
Sept enbe@ s GroteR0D Seconvitesine | (R ) tishiagertell] Brefpreidt, evch $iSipmtsinpde sryone or nore of the
nodi f i CahiiONEs pratsin AasRing Bee inddticahowesoiatés He psttin. tihies asdnno aci d 223N and the

rlni)gl flr gstatplh Iy %?,.%&tat{q\@/@%ﬁg navmymb%a.ﬂ%g.o@fdeicrfh @a%?nge g@g?affls;t 'g.OCZ no:‘ nt g:l
nggﬁre‘c \a/%compared 5 epro‘ta’emarq@p a%n %av r%%gﬂ[z ﬁo 3 in %

| D i cation ns that at am no acid

posi ti o‘??s'%"2§23c?f‘d3123’i§ protein a second Lysine (K+) is inserted. The

di scl osure of this reference shall be entirely included herein by

r ef er ente terd edapoiithe Isresyeor prsedl evian gduehiabing! otHsipnginas vprdovi ded herewith

i ncl udenekhaneafisObuRisst iMdddad g GBIy SEcuRingIEPiréieeant BBt medioaIpr i ses t he ami no
aci gy 223N, %Pﬁs %]L\Qn Akt &%Lngaan 383K on YRRF RlcRoMMaReEiH3g of the amino acid
posi ti Ono ein, wherem thoseﬁ%’s pr(gelel hra]wmg J’-eegr%nt} aomdtﬁg\l g‘nd tpe mc%ct:‘l:agon

32BK+.

The numbering of the aming acid positions of the H5 protein a5 used herein refers to the
25  amino acid position as exemplarily given in SEQ ID NO:1. SEQ (D NO:T represents the
aminc sequence of the hemaggiutinin of sirain duck/China/E318-2/03 but lacking the
amino terminal signal pepfide. in other words, if reference is made lo the amino acid at
poéition 223 {amino acid 223), the aminc acid residue is meant which corresponds to
amino acid 223 of SEQ ID NQ:1. However, this does not mean that the HS proteins
30 according to the invention have the identical amino acid sequence with SEQ 1D NOi1. It
only says, that the corresponding amino acids of the M5 proteins according to the
inventions code for the amino acid residue, as explicitty mentioned. In the current case,
amino acid 223 would be Serine (S). The terms "223N", or “155N" exemplarily mean, that

the amino acid at positions 223 and 155, respectively ~ numbering according to the amino



9 position as exenplarily given in SEQID NO 1 and wherein the

nodi fi cati on 328K+ neans that at amno acid position 328 of H5 protein a
second Lysine (K+) is inserted, and: i. the am no acid sequences of SEQ ID
NO 1, SEQID NG 2, SEQIDNO3; SEQID NG 4; SEQID NO5 or SEQID NG 6
or; 5ii. any peptide that has at |east 85% sequence honol ogy, nore
preferably at |east about 90% sequence honol ogy, still nore preferably at

| east about 95% sequence honol ogy, even nore preferably at |east about 97%
sequence honol ogy, still even nore preferably at |east about 98% sequence
honol ogy, and even nore preferably at |east about 99% sequence honol ogy to
the pol ypeptide of i) that 10conprises henmagglutinin inhibitionin a
standard hemaggl utinin inhibition as descri bed above; or iii. any
antigenic part of the polypeptides of i) or ii) conprising at |east 35,

30, 25, 20, 18, 15, 13, 10, 9, or nost preferably 8 contiguous am no acids
of any @i ppdiptsi a 88Q ¢ NP:) -that shih)code I &ithe, aman peiplgerpgiregNIoh i), 1i) or iii)

havi ng dileewddd] iNererazk @ madkad Hs 30Kin nBRad\ihe Hdib,aci830Bn", B&min86V, 120N, 1205,

155N, laiéanoleéu@%t ngrﬁiﬁlpy1cod¥§%Ser%gg&msr%]aalﬂposaégﬁa AdrddEing 223N, 223N, or

120N/ 155 de of i) V) Aaul.ng one or nore of
t he f 7°°°rd'"ﬁ ° %e arrPno ac'd P 4o s OfeSFg lge ect (ka'%t a?{ngn% t se[ﬁFr oup consi sting of:

20a_ aa ugs\gtute Igsanéqmgragme {N). The term 328K+bor %zﬁm 328Kizgea§ aa 128 - 130° SSG

d. aa 188mino bdQr@ERES 328 of H5 protein - numberipgy acpPHG P Mg aWVDFBCQSl aa 270 - 272: EVE
g. aa 3fdstions BEda Mo 1 -0 sktond Lasing (@ Pinsated. Blaskywerd amjnopdids) or 1v) havi ng one

Or MO EseQfendedf pbRbods QS D 2BMRRNABEA i LiRd-BEi%e, SaL@GLLeshef rom the group

t o 138- 140: GSS.
anSISZ d(gﬂlglgtte ms%rtﬁdaﬁbw%%r mogiSc»f @‘%&9% s&genrleg%od'e a;l'jf%j?gt ﬁodagf det ermi ning -

t he P el Bp¥0H &¢% *%s 3%%\/\5' £54 ﬁ%ﬁ'”'%e L= fo” a“{’ @?sr%s ntEe seguénce honol ogy, two or
nor e se’Q‘lﬁ@??&@sZ“%@é%ﬁf@?f‘&l‘-ﬁ?e & F’@Wé’d‘se"ﬁﬁﬁe”&&b%”"&r"ép?Wr oduced i f

necess a2y andlArpinge Atk pesitoh 32907 he egiifen eaudnckentif tegd thapbyrnetxpiat-i ve anmino acid
subst i tagiiemxrar e counted as a match when deternmining 5 sequence

honmol ogy. In other words, to obtain a pol ypepfide or polynucleotide having

D50 3CUENGE AATDLIAY, 1 Waf]bm% (R A0GH AL RS PR, P ef erably 90% even

nor e prelr"e G'llgles acl sidu eotides in the

ref er erf&cé'd"é%ﬂ‘&éﬂ?f'én PSP TP < & BORBALEFY §f| ve substitution with
anot herHSariteing having thel 2miro g PR the Modieaiign REfitbweegPuatiNo aci ds or

nucl eot df desanip dcio phStps Eried 8% ablep refys tioothd @8ko eskepesii@rae 10 preferably up

t 0 5% OdxerditRly Giodnah SEEINRC:AGhdwieR S tbLREIinQtion NEEd: @@bisd@sst not i ncl udi ng

CONSEr Vakl Vs SYQRL isbdlbd r%”;?roteah R ste&ﬁd [ﬁfn@ﬁ@'ﬂ%ﬂnéﬁegu@r&%lf may be inserted into
t he referenc sgAngnge conprises at |east

a streteé‘ﬁa StPryéEf?qrg\?etﬁe }r-lr%?rotems asforowéledherevfn %rggntlgglc ore pr eferred of 250
even moP¥ SpMEnSpTRIPPEfiesERY) SEEF@Tdé'B‘?&IgEM@'" PSR aséil’(fﬂ f*Mdnment, sequence

honol ogyuses ascertai ned on a position-by- 15 position basis, e.g., the
sequences are "honolog at a particular position if at that positi on, the
NUC12§0t 4 HBFng @ a @KL LRbAGH, th&Hdsehd B%n@h Bsd (IRl Hihar ofliitaist ot al  number of such
posi ti Olesd; depti LL.QS ,lnsn;nbgr}_,ama\zl cLed Jny st;;%e ,,ptal <augher of nucl eotides or
amino acid resi d fhe ce §e 419,01 ve % sequence honol ogy.
Sequenc¥"HEhisT8 t"B'hHh'?ité" ra%s%llhimnga t e?m'ﬂf’ 2b°‘ 22 oWn et hods, i ncl udi ng
but not MydffiFRitnet OWhet'%@‘é'bﬂ’é%&’rt?{%%"W i P?ﬁ""@cﬂ‘rﬁ'ﬁt"‘ét”f"ﬁ’ﬁal bl ecul ar

Bi ol ogyrefets @cthke, amfino ahld positich as e@wfeianid gitgn ingP Ng-t Preghsreintkeywy Yor k (1988),

Bi 0Gonpidsinittgon sbaf-Gleamtiiaca aﬂiﬂdac@emmsz@mmswea,a s&nnd tsineON , ed., Academ c
Press, RNewiXpdk (1993); Conputer Analysis of Sequence Data, Part |,
Giffin, AM, and Giffin, H G, eds., Humana Press, New Jersey (1994);
Sequence Anal ysis in Ml ecul ar Blo O%J , A L—;le g " dG Academ c Press
(1987); §8(ﬂ[?3ﬁc5€°“ﬁna£f'%7§‘ F 8opseRl N ﬁeé'l??ﬁf mafigp 350 Devereux, J., eds.,
M St ocHkemessimingahipiiongsspyYist %afppiﬂaei)im&mjm ééﬁ”lP‘PI?oN""F%‘"Y *$nd Li pman, D., SIAM
J. Applied Math., 48: 1073 (1988), the teachings of which are incorporated
her ei n by reference. Preferred nethods to determne the sequence honol ogy
are designed to give the |argest match between t he sequences tested.

Met hods to determ ne sequence honol ogy are codified in publicly avail able
conputer prograns which determ ne 30 sequence identity between given
sequences. Exanples of such prograns include, but are not limted to, the
GCG program package (Devereux, J., et al., Nucleic Acids Research,
12(1):387 (1984)), BLASTP, BLASTN and FASTA (Altschul, S. F. et al., J.

Mol ec. Biol., 215:403-410 (1990). The BLASTX programis publicly avail abl e
from NCB! and ot her sources (BLAST Manual, Altschul, S. et al., NCVI NLM
NI H Bet hesda, MD



11 20894, Altschul, S. Eet al., J. Mlec. Biol., 215:403-410 (1990), the
teachings of which are incorporated herein by reference). These prograns
optimally align sequences using default gap weights in order to produce

t he highest |evel of sequence honol ogy between the given and reference
sequences. 5 Furthernore preferred H5 proteins include 115 proteins which
conprise the 328K+ nodification as nenti oned above, and the am no acid
sequence provided in TABLE 1, or any inmunogenic part thereof: 10 TABLE 1
H5 antigens Sequence nane Basic- sequence Amino acid position? 36 83 86
120 155 156 189 212 223 263 228N1328K+ any HA 115 - - -

35T1223N1328K+

antigenic part of H5 protein comprises 200, 180, 160, 150, 140, 130, 120, 110 or most
preferably. 105 contiguous amino acids of the amino acid sequence that codes for the H5
protein as mentioned above, modified or non-modified, which shows antigenic properties
in an standard hemaggiutinin inhibition assay as described in Example 2. A standard
5 hemagglutinin inhibition assay for example is also described in Stephenson et at, Virus
Research vol. 103, pp. 81-85 (2004) with further references. However, the Hl assay as
described in Example 2 shall be understood to be the relevant reference assay in

connection with ali aspects of the invention as described hereir

10 Briefly, H! assay was periormed to detect the presence of HA-specific antibodies. A
heterclogous HSNZ virus, Afchicken/Mexico/232/94, was used at a concentration of four
hemagglutinating units [4 HA units] in the HI assay. In U-bottomed microtiter plates serial
two-fold serum dilutions in PBS were subsequently mixed with equal volumes (25 pL)
containing 4 HA units of virus, and incubated at room temperature {about 25°C} for 30

I35 min. Chicken red blood cells, at a concentration of 0.5% in PBS, were added to the
serum-virus containing wells and incubated for 40 min at room temperature. The Hi titérs
were determined as reciprocals of the highest serum dilutions in which inhibition of

hemagglutination was observed.

20 Of note, Haesebrouck and Pensaert {1986) found "that there may exist a comelation
between the HI titers against the challenge virus and protection from challenge”.
Haesebrouck and Pensaert (1986) also determined that pigs with Hl fiters of >40 were
"completely resistant to challenge and no replication of the virus occurred in the
respiratory tract at challenge®. Thus, the deveiopment of Hi titers >40 in the vaccinated

25  swine would correlate to protection' (F. Haesebrouck and M.B. Pensaert, 1986). Effect of

intratrachez!l chalienoe of faMtening nine n(nvmntlu immunizad with an inactivated
1ge o ilztienin 8 pPigs nizeg nacivaigg

influenza HiN1 vaccine {Veterinary Microbiology, 11 (1986) 238--249. It has to assume
that equivalent or at least nearly equivalent H5 HI titers will aiso result in a complete
immune protection of swine against avian influenza virus. Lower titers, at least resultin a

30  seroconversion of the vaccinated animals and result in partial immune protection of those
animals, which also can dramatically reduce the risk of a pandemics.

Moreover, an antigenic part of the H5 protein according to the invention includes, but is

not limited to deletion mutants of HS protein, which comprises:



any I-1AH T - - 36K/ 223N/ 328k+ any HA H5 K -

83N223N/ 328k+ any HA H5 A

10

15

20

30

iil.

at least 35, 30, 25, 20, 18, 15, 13, 10, 9, or most preferably 8 contiguous aminc’
acids of the amino acid sequence that surrounds and includes the amino acid
223N; and

at least 35, 30, 25, 20, 18, 15, 13, 10, 9, or most preferably 8 contiguous amino
acids of the amino acid sequence that surrounds and includes the aminc acid
modification 328K+, and .

wherein any of such antigenic part of H5 protein shows hemagglutinin inhibition in
a standard hemagglutinin inhibition assay as described in Example 2.

Preferably, those surrounding amino acids of amino acid 223N and/er 328K+ are encoded
by SEQ ID NO:1 or SEQ ID NC:4.

Furthermore preferred HS proteins according to the invention are:

v,

i,

any of those mentioned above having the amino acid 223N and the modification
328K+; '

any of those mentioned above having the amino acid 94N/223W and the
modification 328K+,

any H5 protein of avian origin having the amino acid 223N, and the modification
328K+, wherein avian' origin means that the H5 sequence derived form a virus
isolate that was originally isolated from a poultry infected with avian influenza virus
type §; or

any H5 protein of avian origin having the amino acids O4N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived
from a virus isolate that was originally isolated from poultry infected with avian
influenza virus type 5; or

any HS protein of avian origin having the aming acids 155N/223N and the
modification 328K+, wherein avian origin means that the HS sequence derived
from a virus isolate that was originally isolated from poultry infected with avian
influenza virus type 5; or

any HS5 protein of avian origin having the amino acid 120N/155N/223N and the
modification 328K+, whersin avian origin means that the HS sequence derived
from a virus isolate that was originally isolaled from poultry infected with avian

influenza virus type 5; or



83T1223N 328k+ any HA 115 - T - - - 8301223N1328k+ any HA 115 - D -
- - N 86A/ 223N 328k+ any HA 115

vil. any H5 protein having the modifications 94N/223N and the modification 32BK+; or
viii.any H5 protein having the modifications 94N/155N/223N and the modification

328K+; or;
ix. any H5 protein having the modifications 94N/120N/155N/223N and the
5 medification 328K+; or

®. any H5 protein having the modifications 223N, the modification 328K+, and one or
more of the following amino acid clusters selected from the group consisting of.

@ga 893 - 95 GNF

22 123-125  SDH

aa 128 - 130:  SSG

@a 138- 140: (S8

aa 226 - 2281 MODF

aa 270-272: EVE
g. aa309-311 NKL: or

13 xi. any H5 protein having the amino acid 223N, and the modification 328K+, and one
of more of the following amine acid clusters selected from the group consisting of:
a. sa 93 - 95  GNF
b. aa 128 - 13C: SSG
¢c. a2al138- 1400 (GSS;or

20 xii. any H5 protein having the amine acid sequence of SEQ ID NO4.

L=
coe o0 oo

Furthermore preferred H5 proteins as provided herewith include the H3 proteins as
described by Hoffmann et al, PNAS, vol. 106, no.36, pp. 12915-12620 of September §,
2005, wherein that H5 proteins includes one or more of the modifications as described
25 above, at least the amino acid 223N and the modification 328K+, wherein numbering of
the amino acid positions of the H5 protein refers to the amino acid position as exemplarily
given in SEQ ID NO:1 and wherein the modification 328K+ means that at amino acid
position 328 of H5 protein a second Lysine (K+) is inserted. The disclosure of this
reference shall be entirely included herein by reference.
30
Furthermore preferred H5 proteins as provided herewith include HS proteins which
comprise a peptide that comprises the amino acid 223N and the modification 328K+,

wherein numbering of the amino acid positions of the HS protein refers to the aming acid



85V1223N1328k+ any HA H5 - V - - N 120N1223Nt 328k+ any HA 115 -
120S1223N 328k+ any HA 115 any HA H5 -

position as exemplarily given in SEQ ID NO:1 and wherein the modification 328K+ means
that at amino acid position 328 of H5 protein a second Lysine (K+) is iﬁserted‘, and:
i. the amino acid sequences of SEQ D NO:1, SEQ ID NO:2, SEQ 1D NO.3, SEQID
NO:4; SEQ ID NO:5 or SEQ ID NO:6 or;

3 ii. any peptide that has at least 85% sequence homology, more preferably at least
about 80% sequence homology, stili more preferably at least about 95% sequence
homology, even more preferably at least about 97% sequence homology, still even
more preferably at least about 98% sequence homology, and even more
preferably at least about 99% seguence homglogy to the polypeptide of i) that

10 comprises hemagglutinin inhibition in" a standard hemagglutinin inhibition as
described above; or

iii. any antigenic part of the polypeptides of i} or ii) comprising at least 35, 30, 25, 20,
18, 15, 13, 10, 9, or most preferably 8 contiguous amino acids of any of peptides
of i) or ii).

15 iv. any peptides of i), ii) or iii) having the amino acids 367, 36K, 83A, 83T, 83D, 86A,
8BV, 120N, 1208, 155N, 1558, 156A, 1567, 188R, 189K, 212K, 212R, 212E,
223N, 223N, or 120N/155N.

v. any pepfide of 1), ii), ifi) or v} having one or mare of the following amino acid

clusters selected from the group consisting of:

20 a. aa 93 - 95 GNF
b. a5 123-125: SDH
¢. 2a128~130; SSG
d. 2a138- 140: GS$
€. 2a226- 228 MDF
25 f 8=270-272 EVE
' g. 3a309-2311:  NKL; or

vi. any peptide of i), ii} iii) or iv) having one or more of the following amino acid
 clusters selected from the group consisting of:
a oa 93 - 85 ONF
30 b. aa 128 - 130 858G
¢ aa138- 140; GSS.



- S - N- N - 155N1223N1328k+ ' 1555/ 223N1328k+ any HA H5
$ 156A/ 223N1328k+ '

“Sequence homology”, as used herein, refers to a method of determining the relatedness

of two sequences. To determine sesquence homology, twe or more sequences are
optimally aligned, and gaps are infroduced if necessary. In contrast to sequence identity,
conservative amino acid substitutions are counted as a malch when determining

5 sequence homology. In other words, to obtain a polypeptide or polynuclestide having
 95% sequence homology with a reference sequence, 85%, preferably 90%, even more
preferably 95% of the amino acid residues or nucleotides in the reference sequence must
match or comprise 2 conservative substitution with another amino acid or nucleotide, or a
number of amino acids or nucléotides up to 15%, preferably up to 10%, even more

10 preferably up to 5% of the total amino acid residues or nucleotides, not including
conservative substitutions, in the reference sequence may be inserted into the reference
sequence. Preferably the homolog sequence comprises at least @ stretch of 50, even
more preferred of 100, even more preferred of 250, éven more preferred of 500
nuclectides. Upon such ai'ignmen_t, sequence homology is ascertained on a position-by-

—
L&

position basis, e.g., the sequences are "homoiog"” at a particular pesition if at that position,
the nucleotides or amine acid residues are identical. The total number of such position
identities is then .di\'rided by the total number of nucleotides or amino acid residues in the
reference sequence fo give % sequence homology. Sequence homology can be readily
calculated by known methods, including but not lmited to, those described in
20 Computational Molecuiar Biolegy, Lesk, A. N., ed., Oxford University Press, New York
(1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic
Press, New York (1983), Computer Analysis of Sequence Data, Part I, Griffin, A.M., and
Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular
Biology, von Heinge, G., Academic Press {1987}, Sequence Analysis Primer, Gribskov, M,

25  and Devereux, J., eds., M. Stockton Press, New York {1291); and Carillo, H., and Lipman,

SHARL A'II—LL.

m I Amelimd AD. 4n73 fANOHOY
W, WA O APDHIGU MGUl., 99, TS

{1588}, the
herein by reference. Preferred methods to determine the sequence homology are
designed to give the largest match between the sequences tested. Methods o determine
segquence homplogy are codified in publicly available computer programs which determine

30 sequence identity between given sequences. Exampies of such programs include, but
are not limited fo, the GCG program package (Devereux, J., et al, Nucleic Acids
Research, 12(1).387 (1984)), BLASTP, BLASTN and FASTA {Altschul, 8. F. et al, J.
Molec. Biol., 215:403-410 (1890). The BLASTX program is publicly availabie from NCB!
and other sources {BLAST Manual, Altschul, S. et al, NCVI NLM NIH Bethesda, MD



any

HA H5 - - -

A -

N -

189R/ 223N1328k+ any HA H5

15617223N1328k+ any HA H5 -

11

N -

20894, Altschul, S. F. et al, J. Molec. Biol., 215:403-410 {1990}, the teachings of which

are incorporated herein by reference). These programs optimally align sequences using

default gap weights in order to produce the highest level of sequence homology between

the given and reference sequences.

Furthermore preferred H5 proteins include HS proteins which comprise the 328K+

modification as mentioned above, and the amino acid sequence provided in TABLE 1, or

any immunogenic part thereof,

TABLE 1 H5 antigens

189K/ 223N 328k+

Basic- Amino acid positions®
Sequence name .
sequence |35 | g3 | 86 | 120 | 155 | 156 | 189 | 212 [ 223 | 263
Z2ANI3ZBK+ enyHAHS | - | - | - | - N - z - I N -
36T/223N328K+ anyHAHS | T | - - - - - - - N -
36KI223N/328k+ any HAMS [ K | - - - - - - - N -
B3A/223N/328K+ anyMAHS | - | A1 - | - N N - 1N T -
BAT/223NI328k+ any HA K5 - T - - - - - - N _
83D/223N/328K+ anyHAHS | - | D | - 1 - N - - TN -
BBA/223N/328KY . anyHAHS | - | - L A 4§ - - N - TN -
BBVI223N/32Bk+ gnyHAHS | -1 - | V| - - - - - N -
1 20N/223N/328k+ anyHAHS | - | - | - I N | - . - TN -
120S/223N/328K+ anyHAHS | - | - | - 1 8 | - - - TN -
155N/223N/328k+ any HAHS | - | - | = - I N - N TN -
1558/223N/328k+ anyMAH5 | - | - | - | - | 8§ - - TN -
156AZ2Z3INI328k+ any HAHS | - - - - - A - - N -
156 T/223N/328k+ anyHAHS [ -t - | - | - - T | - I N -
1B9R/223N/328k+ amyHAHS | - | - | - | - N T RTE -1N -
189K/223N/328k+ anyHAHS | - | - | - | - - TR - | N -
212KI223N/328k+ anyHAHS | - | - | - | - - - T K TN -
212RIZ23NI328k+ anyHAHS | -] - | - - - . TR INT -
212E/223N/328k+ anyHAHS | - | -0 - | - - T - | E | NT -
273N263A/32BK+ any HAH5 | - - - -] - - R T
SZANI263TI328K+ anyHARS | - | - | - | - z R TN T
1Z0N/1S5N/223NMB2BK+ | anyBAMS [ - | - | - | N [ N | - - . PN | -
Alduck/CrinalE315-
OBk PARTGEZS | Ti A FA | ST OD|AJRIK]|NIA
AJduck/China/E319-
o103 223N[328K+ AARE9E28 | TIAJA| S| D]ITAJR|KJ|NI]A
Alduck/ChinalE319-
/03 1a0N/223NmRDEke | AAR9E28 | T | A | A | N | DA JR]K|NIA
AdduckiChina/E319-
203 155N/223NT328k+ AAROEE28 [ T A | A S N A R K N A
Alduck/China/E319- ]
o3 120N SENDaNs2 | AAR99628 [ T A LA S ININJR]KINGA

T -

NI



any HAHS -- - - - 212K/ 223N1328k+ any HA 1-15 -

212R1723N/ 328k+ any HA H5 - -- - - N 212EJ223N 328k+
12
Bkt
AR 13/03328k | Av518363 | T 1 A |A | NI NI AIR|KINIA
AANIanami1 203/04 K17 IVv]S | ST |K|RINIT
HANIietnam/1203/04 |
s klTtv| s |siT|KiR|IN]|T
HAIVietnam/3045/04
ik Tlalvisis!|T|K|R|INIT
FHANietnam/3062/04 -
etriam/306: tlalv|s|s|T|K|IRIN]|T
Ha/chickenMietnam/
39/04 223N/I2Bk+ T|A|V]S | S| TIK]JRINIT
HAfalcon/HK-
DOO28/D4_223NM2Bk+ TIAJA|S}S|A|K|IEIN]A
HAMuck/Singapore/3/97
R opars TiplvisiN|fA|K|lE|IN]|A
HA/HKI1 56/97/328k+ T 1A A s | A|KIEINITT

the amino acid positions given in TABLE 1 refers to the positions as exemplarily defined in
'SEQ 1D NO:1. In ather words amino acid 223 of TABLE 1 refers to the amino acid 223 of the
sequence of SEQ 1D NO:1.

5 . means thatthe amino acids at this posifions are variable as compared to the reference
sequence.

Furthermore, the present invention also relates to M5 proteins having at least the amino

10 =acid 223N and the modification 328K+, wherein numbering of the amino acid positions af

the H5 protein refers to the amino acid position as exemplarily given in SEQ iD NO:1 and

wherein the modification 328K+ means that at amino acid position 328 of H5 protein a
second Lysine (K+) is inseried, and comprises!

i. a peptide having the sequences of NCBI Accession No. AATE5208, CAJ32556,

13 ABCATE58, CAF21874, CAF21870, AACS58398, AACS8997, AACS5BD9S,

AACS58G94, AACSBO93, AACS8992, AACS8991, AACS58890, AACS5E935,

AASA5134, AAN1T270, AAN17269, AAN1IT288, AAN17267, AAN17266,

AAN17265, AAN17284, AAN17263, AAN1T262, AAN1T261, AAN17260,

AAN17258, AAN17257, AAN17256, AAN17255, AAN17254, AAA43083,

20 AAA43082, AAB10079, BAE4B6Y6, BAE4B693, - BAE48696, BAE48695,

BAEABG94, BAE48692, BAE4B691, BAE48690, BAE4BG6BS, BAE4B688,

BAE48687, BAE48686, BAEABB8S5, BAE48684, BAE48683, AACSHB939,

ABCT72082, AAVS1149, AAP710083, AAP71892, AAPT1961, AAP71880,

AAPT71083, AAP72011, AAPT72010, AAPT72009, AAPT2008, AAPT72007,



any HA 115 - - - - E N - 223N 263A/ 328k+ any HA H5 - - - - NA
223N1263T/ 328k+ any HA H5 -- - - NIT 120N 155N 223N 328k+ any HA 115 -

13

AAPT2006, AAPT2005, AAPT72004, AAPT2003, AAPT2002, AAP72001,
AAPT72000, AAPT1099, AAPT1998, AAP719S97, AAPT71986, AAPT71995,
AAPT1094, AAFD99718, ABF58847, AAG38534, AAC32102, AAC32068,
AALTSB47, AAC32101, AAC32088, AAC32088, AAC32078, AAR9S628,
5 AAC32100, AAMA40555, AAL75843, AALT5839, AAD13573, AAD13568,
AAF04720, AAF04718, AAC34263, AAR16155 AAD13574, AAD13570,
AAD13575, AAD13572, AAD13569, AAD13587, AAD13566, AAKS7506,
AAGD1225, AAGO1215, AAG01205, AAGD1195, or ABDB3813 modified in a
manner described above, which means that those sequences inctude the above-
10 mentioned modifications 223N and 328 K+ which are not part of the wild-type
sequences; or
ii. any peptide that has at least 85% sequence homology, more preferably at least
about 80% sequence homoiogy, still moré preferably at least about 95% sequence
homology, even more preferably at least about 97% sequence homology, still even
15 more preferably at least about 88% - sequence homology, and even more
preferably at least about 99% sequence homology to the polypeptide of i) and that
show hemaggiutinin inhibition in a standard hemagglutinin inhibition as described
above;
ifi. any of the peptides of I} or i) having the amino acids 36T, 36K, 83A, 83T, 83D,
20 86A, BSV, 120N, 1208, 155N, 1558, 156A, 1.56T, 189R, 188K, 212K, 212R, 212E,
263A, 2637, o 120N/5EN; or
iv. any of such peptides of i}, ii), or iii) having one or more of the following amino acid
clusters selected from the group consisting of;
a. sa 83 - 95GNF
. 8a 123 -125 SDH

- e

. 2a 226 - 228 MDF
aa 270 - 272: EVE
30 g. aa 309 - 311: NKL; or

v. any peptide of i}, i) iii) or iv) having one or more of the following amino acid

b
c
d. aa 138 - 140: GSS
e
f

clusters seiected from the group consisting of;
a. sa 93 - 95:GNF
b. aa 128 - 130 S8G
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According to a further embodiment, the present invention also relates to nucleic acid
molecules, which code for any of the H5 proteins as described supra. Preferably, those
nucleic acid molecules are RNA, DNA or copy (¢)DNA molecules. Thus, the present
invention relates to a nucleic acid moilecule, preferably 2 cDNA molecule coding for a HS
protein or any modified forms of H5 protein, inctuding any deletion, substitution and/or
insertion mutant of H5 protein, wherein those H5 proteins having the amine acid 223N and
the modification 328K+, wherein numbering of the amino acid positions of the H5 protein
refers to the amino acid position as exempiarily given in SEQ 1D NO:1 and wherein the
modification 328K+ means that at amino acid position 328 of Hb protein a second Lysine -
{K+) is inserted. '

According to a further embeodiment, the present invention also relates to a nucleic acid
molecule, preferably a cDNA molecule coding for any part of the H5 protein, which means
enceding for any peptide-fragment which shows antigenic properties in an standard
hemagglutinin inhibition assay as described supra, and having at least the amino acid
223N and the modification 328K+, wherein numbering of the amino acid positions of the
H5 protein refers to the amino acid position as exemplarily given in SEQ ID NO:t and
wherein the modification 328K+ means that at amino acid position 328 of H5 protein a
second Lysine {K+) is inserted. Normally such nucleic acid molecules, which code for an
antigenic part of H5 protein, comprise 600, 540, 480, 450, 420, 390, 380, 330 or most
preferably 315 contiguous nuciéctides of the nucleotide sequence that codes for the H5
protein as mentioned above, modified or non-modified, and which shows antigenic

properties in an standard hemagglutinin inhibition assay as described herein.

Further embodiments of antigenic parts of the H5 protein are described supra. It is in the
commeon knowledge of a person skilled in the art to construct any such nucleic acid
molecules, preferably cDNA molecules which codes for the antigenic part of the H5
protein as described supra. This also include but is not hmited to the construction of
nucleic acid molecules, preferably of cDNA molecules, which codes for antigenic parts of
the H5 protein as mentioned above including deletion mutants of MG protein, which

comprises;
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at least 105, 80, 75, 60, 48, 45, 38, 30, 27, or most preferably 24 contiguous amino
nuctectides of the nuciotide sequence that surrounds and includes the coding
sequence that codes for amino acid 223N; and

at least 105, 90, 75, 60, 48, 45, 39, 30, 27, or most preferably 24 configuous amino
nucieotides of the nucieotide sequence that surrounds and includes the coding
sequence that codes for modification 328K+, and

wherein any of such antigenic part of HS protein show hemagglutinin inhibition in a
standard hemagglutinin inhibition assay as described in Example 2.

Preferably, those surrounding nuclectides of the nuclectides, which code for amino acids
223N andlor 328K+, coding for SEQ 1D NO:1 or SEQ 1D NO4.

Furthermore preferred nucleic acid molecules encoding for the HS protein according to the

invention are:

i

any of those mentioned supra encoding for the amino acid 223N and the
modification 328K+;
any of those mentionéd supra encoding for the amino acid 04N/223N and the
madification 328K+;

i. any nucieic acid molecules of avian origin encoding for the amine acid 223N, and

the modification 328K+, wherein avian origin means that the HS sequence derived
from a virus isolate that was originally isolated from poultry infected with avian

influenza virus type 5; or

. any nucleic acid molecules of avian origin encoding for the amino acids 94N/223N

and the modification 328K+, wherein avian origin means that the HS sequence
derived from a virus isolate that was originally iselated from poultry infected with
avian influenza virus type 5, or.

any nucleic acid molecules of avian origin encoding for the amino acids
155N/223N and the modification 328K+, wherein avian origin means that the H5
sequence derived from a virus isolate that was originally isolated from poultry
infected with avian influenza virus type 3, or

. any nucleic acid molecule encoding for H5 protein of avian origin having the amino

acid 120W/155Nf223N and the modification 328K+, wherein avian origin means

TAASNNRK
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that the H5 sequence derived from a virus isolate that was originally isolated from

poultry infected with avian influenza virus type 5; or

vii. any nucleic acid molecule encoding for H5 piotein having the modifications

B4N/223N and the modification 328K+, or

viii.any nucleic acid molecule encoding for HS protein having the modificafions

94N/155N/223N and the modification 328K+; or;

ix. any nucleic acid molecule encoding for HS protein having the modifications

94N/120NM55N/223N and the modification 328K+; or

X. any nucleic acid molecule encoding for H5 protein having the modifications 223N,

the modification 328K+, and one or more of the following amino acid clusters

selected from the gro:ip consisting of.

a.
b.

c
d.
€
f

a.

aa 93 - 9&
aa 123 -125:
aa 128 — 130;
aa 138 - 140
. aa 226- 228
aa 270 - 272:
aa 309 - 311:

GNF
SDH
88G
G8s
MDF
EVE

NKL; or

xi. any nucleic aclkd molecule encoding for HS protein having the amino acid 223N,

the modification 328K+, and one or more of the following amino acid clusters

selected from the group consisting of:

a. aa 83 - 95
b, aa 128 ~ 130:
c. sa138- 140;

sequence of SEQ 10 NO:4.

GNF
858G

G8S; or

xii. any nucleic ascid molecule encoding for HS protein having the amino acid

Furthermore preferred H5 proteins as provided herewith include the HS proteins as
described by Hoffmann ef al, PNAS, vol. 106, no.36, pp. 12915-12920 of September 6,
2005, wherein that M5 proteins includes one or more of the medifications as described

above, at least the amino acid 223N and the modification 328K+, wherein numbering of

the amino acld positions of the HS protein refers to the amino acid position as exempilarily
given in SEQ 1D NO:1 and wherein the modification 328K+ means that at smino acid
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positicn 328 of H5 protein a second Lysine {K+} is insérted. The disclosure of this
reference shall be entirely included herein by reference. Thus according to a further
embodiments, the present invention also relates to any nucleic acid molecule, preferably a
cDNA melecule coding for any of such proteins described by Hoffmann et al, PNAS, vol.

' 106, no. 36, pp. 1291512920 of September 6, 2005, wherein that H5 proteins includes

one or more of the modifications as described above, at least the amino acid 223N and
the modification 328K+, wherein numbering of the amino acid positions of the H5 protein
refers to the amino acid position as exemplarily given in SEQ 10 NO:1 and wherein the
modification 328K+ means that at amino acid position 328 of H5 protein & second Lysine
(K+) is inserted.

Methods, of how io introduce any of the above-mentioned modifications within the
nucleotide sequence, including the encoding sequence of the HS protein of an influenza
virus, are well known in the art. The genomic sequence of the entire influenza virus can be
modified according to the invention, for example according to the methods described in
US 6,051,754 with further references.

Furthermore, there may be employed conventional melecular biology, microbiology, and
recombinant DNA techniques within the skill of the art to modify a nucleic acid sequence
coding fdr an antigen as described herein. Such techniques are explained fully in the
iterature. See, e.g., Sambrook et al., Mofscular Cloning: A Laboratory Manual, Second
Edition (1989} Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; DNA

Cloning: A Practical Approach, Volumes | and It (D. N. Glover ed. 1985}, Oligonuclestide

Synthesis (M. J. Gait ed. 1984); Nucleic Acid Hybndization [B. D. Hames & S. J. Higgins
eds.(1985)) Transcription And Translation [B. D. Hames & S. J. Higgins, eds. (1884)]
Animal Celf Cultre [R. |, Freshngy, ed. {1988} Immobitized Cells And Enzymes [IRL

Prass, (1986)]; B. Perbal, A Practical Guide To Molecular Cloning (1884); F. M. Ausubel
of al. feds.), Current Protocols in Molecular Biology, John Wiley & Sons, Inc. 1994).

According to a further embodiment, the present invention also relates to a vector that
comprises any of such nucieic acid molecules as described supra. In other words, the
present invention relates to a vector, that includes the coding sequence of any such H5
protein, or part thereof as described supra. Preferably, said vector is an expression vector,
which aflows the expression of any such H5 protein or part thereof as described supra.
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Vectors according to the invention are those which are suitable for the transfection or

infection of bacterial, yeast or animai cells, in vitro or in vivo,

Vectors and methods for making andfor using vectors (or recombinants) for expression
can be by or analogous to the methods disclosed in: U.S. Patent Nos. 4,603,112,
4,769,330, 5,174,993, 5,505,641, 5,336,683, 5,494,807, 4,722,848, 5,942,235, 5,364,773,
5,762,938, 5,770,212, 50542,235 382425, PCT publicatons WO 94118718, WO
96/39491, WO 95/30018, Paoletti, “Applications of pox virus vectors to vaccination. An
update, "PNAS USA 93: 11348-11353, October 1886, Moss, "Genetically engineered
poxviruses for recombinant gene expression, vaccination, and safety,” PNAS USA 83
11341-11348, October 1995, Smith et al, U. S. Patent No. 4,745,051, (recombinant
baculovirus), Richardson, C.D. (Editor), Methods in Molecular Biology 39, "Baculovirus
Expression Protocots” (1885 Humana Press Inc.), Smith et al., "Production of Human Beta
Interferon in Insect Cells Infected with a Baculovirus Expression Vector”, Moiecular and
Cellular -Biology, Dec,, 1983, Vol 3, No. 12, p. 2156-2165; Pennock et al;, "Strong and
Regulated Expression of Escherichia coli B-Galactosidase in Infect Cells with a
Baculovirus vector, “Molecular and Celiular Biclogy Mar. 1884, Vol. 4, No. 3, p. 388-406;
EPAD 370 573, U, S, appiication No. 820,197, filed October 16,1986, EP Patent
publication No. 265785, U. S. Patent No, 4,769,331 (recombinant herpesvirus), Roizman,
"The function of herpes simplex virus genes:. A primer for genefic engineering of novel
vectors," PNAS USA 93:11307-11312, October 1996, Andreansky et al,, "The application
of genetically engineered herpes simplex viruses to the treatment of experimental brain
tumors,” PNAS USA 83; 11313-11318, October 1898, Robertson et al, “Epstein-Barr virus
vectors for gene delivery to B lymphocytes”, PNAS USA 93 11334-11340, October 1996,
Frolov et al, “Alphavirus-based expression vectors: Strategies and applications," PNAS
LUSA 83; 11371-11377, October 1996, Kitsan et al, J. Virol §5,3068-3075,1991; U 8
Patent Nos. 5,591,439, 5,552,143, WO 98/001686, allowed U. S. applications Serial Nos,
08/575,556, and 08/675,566 both filed July 3,1996 (recombinant adenovirus), Grunhaus
et al, 1992 Adenovirus as cloning vectors,” Seminars in Virclogy (Vol. 3) p. 237-52,

1993, Ballay et al. EMBO Journal, vol, 4, p. 386185 Graham, Tibtech 8,85-87, April, -

1990, Prevec et al, J. Gen Virol 70,42434, PCT WO 91711525, Felgner et al. (1884), J.
Biol. Chem. 269,2550-2561, Science, 25% 1745-48,1993 and McClements et al,
"Immunization with DNA vaccines encoding glycoprotein D or glycoprotein B, alone or in
combination, induceé protective immunity in animal models of herpes simplex virus-2
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HAI H14156197/328k+ | A AS S AK ENT # the amno acid positions given
in TABLE 1 refers to the positions as exenplarily defined in SEQ I D NO: 1.
In other words amino acid 223 of TABLE 1 refers to the amino acid 223 of
t he sequence of SEO ID NO 1. 5neans that the am no acids at this positions
are variable as conpared to the reference sequence. Furthernore, the
present invention also relates to 115 proteins having at |east the am no
10 acid 223N and the nodification 328K+, wherein nunbering of the am no
aci d positions of the H5 protejyn refers to the amno acid position as
exenplarily given in SEOID NGO 1 and wherein the nodification 328K+ neans
that at amino acid position 328 of H5 protein a second Lysine (K+) is

i nserted, and conpri ses: :

disease”, PNAS USA 93: 11414-11420, October 1898, and U. S. Patent Nos. 5,581 639,
5,589 466, and 5,580,858, as well as WO 80/11082, WO93/19183, WOB4/21797,
WO25/11307, WO@5/20660, Tang et al, Nature and Furth et al. Analytical Biochemistry,
relating to DNA expression vectors, inter alia. See alsc WO 98/33510; Ju et atl,
5 Diabetologia, 41: 736-739,1998 (lentiviral expression system}; Sanford et al,, U. S. Patent
No. 4,945,050, Fischbachet al. (Intracel), WO 90/01543; Robinson et al, seminars in
immunology vol. 8, pp. 271-283 (1987), (DNA vector systems); Szoka et al,, U. S, Patent
No. (method of inserting DNA into living cells) McCormick et al., U. S. Patent No.
5677178 (use of cytopathic vinuses); and U. 8. Patent No. 5,828,913 (vectors for gene

10 delivery), as well as other documents cited herein.

A viral vector, for instance, selected frem pig herpes viruses, such as Aujeszky's disease
virus, porcine adenovirus, poxviruses, especially vaccinia virus, avipox virus, canarypox
virus, and swinepox virus, as well as DNA vectors (ONA plasmids) are advantageously

15 émployed in the practice of the invention. .

Methods of producing the HS proteins according to the present invention
According to another aspect, the present invention provides methods of producing and/or

recovering high amounts of recombinant H5 'protein: i} by permitting infection of

20 susceptible cells in culture with a recombinamt viral vector containing H5 DNA coding
sequences, wherein H5 protein is expressed by the recombinant viral vector, and ii)
thereafter recovering the HS protein from cell culture, High amounts of HS protein means,
but are not fimited to, more than about 20 pg/mL celi culture, preferably more than about
25 pgfml, even more preferred more than about 30 pg/ml, even more preferred more

25 than about 40 pg/ml, even more preferred more than about 50 pg/ml, even more
preferred more than about 60 pg/ml, even more preferred more than abou
even more preferred more than about 100 ug/mL, even more preferred than about 150
" ugimk., most preferred more than about 190 pg/mL.

30 According to a preferred embodiment, the HS protein is recovered by harvesting the whole

(i.e. intact) BF+ celis expressing the HS profein.

Preferred cells are those susceplible for infection with an appropriate recombinant viral
vector, containing a H5 DNA and expressing the H5 protein. Preferably the cells are



| . a peptide having the sequences of NCB Accession No. AAT65209,

15 AB047656, CAF21874, CAF21870, AAC58998, AAC58997, AAC58996,
AAC58991, AAC58990, AAC58995, AAS45134,
AN17267, AAN17266, AAN17265, AAN17264,
AAN17260, AAN17259, AAN17257, AAN17256,

20 AAA43082, AAB19079, BAE48696, 2AE48693,
BAE48691 BAE48690, BAE48689,

CAJ32556,
AAC58994,
AAN17270,
AAN17263,
AAN17255,
BAE48696,
8AE48688,
ABC72082,
AAP72011,
AAP72004,
AAP71997,
AAC32102,

AAC58993,
AAN17269,
AAN17262,
AAN17254,
BAE48695,
BAE48687,
AAV91149,
AAP72010,
AAP72003,
AAP71996,
AAC32099,

AAC58992,
AAN17268,
AAN17261,
AAA43083,
BAE48694,
BAE48686,
AAP71993,
AAP72009,
AAP72002,
AAP71995,
AAL75847,

8AE48692,
BAE48685,
HAP71992,
AAP72008,
AAP72001,
AAP71994,
AAC32101

BAE48684,
AAP71991,
AAP72007,
AAP72000,
AAF99718,
AAC32098,

BAE48683, AAC58999,
AAP71990, AAP71989,

13 AAP72006, AAP72005,
AAP71999, AAP71998,
ABF58847, AAG38534,
AAC32088, AAC32078,
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or V) di@véntd, 1 erafa, x@gﬁt@f,,ket he follow ng am no acid clusters sel ected
fromthe group consisting of: a. aa 93 - 95: G\NF b. aa 128 - 130: SSG 14
. aa 138 140: GSS Accordi nég 2.k Fb nent, t he present
mvé?ltlT(S‘ﬁ rePRHRPYTEL EST PR é’]ecH aB %S?ﬂ’ﬂf”&s 8’ p'\/\/ﬁ”e@h code for any of

t he 1185™y3pistvef ipfectigpgMBR e Ertvese gPost §F8 a1-5. ppraprafeighy kpm PWR%E 5 nucleic acid

nol ecul -3, Si¥ sor&PdferatHNtdm eroucipy 1.(.apDMA pratdradly drbresbout Thus9, t he present
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whergi ) ng the amno aci and the

nodi f i cﬁHﬁW‘vngﬁ-Wrérve?unmrm?rbe'r’fw cehf™l AW "RAHPIREPYEYd positions of the
115 pr et f5 - 1.9 1 Efcels/gl pi Qﬁ@”ﬁ'ﬁ?"ﬁﬁ’a’a’éqtﬂciﬂé?ﬁ‘m PORP¥S2exenpl arily given in
SEQ | D dxstingtheHavh@sieianing S¥a0 nodipfidtcd infeginn) 38 Hreenmban®03t-hat at am no aci d
posi ti of, %2:8pr@fferathi5rmﬁara96uedds . 3SBCARChrdbly REm (dSdt.0b St maerted. According to
a f%t hgc;s SRk IR ot NEo Present invention also relates to a nucleic acid
15 nol ecu e, pretrer % 'y a cDNA nol ecul e coding for any part of the 1-15
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proteln whi ch neans encodi ng for an tide- fra nment whi ch shows

ant i geni"e MisFiehests Teten ‘ﬁC“EPrths“t’?iﬁcP&'l“’& K@ﬁ&% dﬂ’ﬁ“?ﬁ’enp $%#¥bi ti on assay as
descri Heo abaypradaysin doohtassidagg. il mregieferabiyiiiam appviiey #ays ©3223N and t he

nmodi f i ofieicey, 3@ kdktyrefabrgri@mnenou mzafaisng aodut tifte dani Pefeedi d positions of the
| -15 protein refers to the amno acid position as exenplarily given in SEQ
ID NO1 and 20 wherein the nodification 328K+ neans that at am no acid
position 328 of 1-15 protein a second Lysine (K+) is inserted. Normally
such nucl eic acid nol ecul es, which code for an antigenic part of H5
protein, conprise 600, 540, 480, 450, 420, 390, 360, 330 or nost
preferably 315 contiguous nucl eoti des of the nucleotide sequence that
codes for the H5 protein as nentioned above, nodified or non-nodified, and
whi ch shows anti genic



25properties in an standard hemaggl utinin inhibition assay as descri bed
herein. Further enbodi nents of antigenic parts of the I-15 protein are
described supra. It is in the conmon know edge of a person skilled in the
art to construct any such nucleic acid nol ecul es, preferably cDNA
nol ecul es which codes for the antigenic part of the F15 30 protein as
descri bed supra. This also include but is not limted to the construction
of nucleic acid nolecules, preferably of cDNA nol ecul es, which codes for
antigenic parts of the 1-15 protein as nenti oned above including deletion
mutants of H5 protein, which cgnprises: 15 1. at least 105, 90, 75, 60,
48, 45, 39, 30, 27, or nost preferably 24 contiguous am no nucl eoti des of
t he nucl eotide sequence that surrounds and includes the codi ng sequence
that codes for am no acid 223N, and ii. at least 105, 90, 75, 60, 48,
45, 39, 30, 27, or nost preferably 24 contiguous am no 5nucl eoti des of the
nucl eot ih&eatisCQuRBRancltas temblrt0d RelGmdut izn ¢ baarl esrst daerdpdi Ng sequence t hat
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i nhi bi t|r°5‘n§’3“§§ay98\§% a@%?f”u’t%’ag’i %"‘ié%?b JPFeelf_e%Ply'i%P%e?%lggbl y, those
sur r oun¥EHge iieTEgrGeRie BF chargtetilificPE Bt ad e s WHPRRS c 38 for amino acids
22 3NS5 anebsovaticd 2BKinclude mefiterigy feth penSFTRAETInKIDE decisise SEEPIMTNG 4. Furt her nore
pr ef er r egd piuitkBingpeai o vaw foe@Lhe $ea@ NED dirmig cts@ved Bisatads-ak8 pr ot ei n accor di ng
to the hf@eﬁé‘rmn% B3k B Froteid Bpresshi Yh tAf c_eﬁsh@%;;aisnﬁ&m@e@meﬁ sseupg,a ﬁncodi ng for é he
am no agi n +; ii. any of those nentione
supra e%ggm%%ngc%%?ﬂ?'%e}ea%?hg?gkue{%?gbggm\v 223N and the nodification 328K+
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H5 sequgieée odepdidtrsly f &Oma ¥t Mibdrodesil adde michabpidVatidendsi @i Nal |y i sol ated from

poul t ry»o§z9JniPJﬁ§1‘$otf B2 Mcbi AYds Aot ASAHIER ZrinY thk Bt-hY: pBrioa.OF Vi . any nucleic
aci d_nol ecul e encodi r HS5 [i%%%écgrd%f avian origin having the am no
: :

d ne n ar
aci JOIZWﬁ?"irgﬁﬂTE%Wcg?fﬂmt‘aﬂ%nSPrJDDU ication 328K+, wherein avian origin
nmeans 16 that the H5 sequence derived froma virus isolate that was
ori gi nafdr yecpen| ditr& chrefgirotiretpeilibe psed jim bie éepPogiict 45 ARVYRAIPEIRINT | uenza virus type
5; 0Or Vidmpostibhsudhla€ b @ic@nenttd iokiuad  erihagtivetog eieh iswefdmes in biBer ppr ot ei N havi ng t he
modi fi catdnaRse HNed#3N and the nodification 328K+; or viii.any nucleic
aci d,;nol ecul e encoding for H5 protein having the nodifications
94N*155N 223N and the nodi fication 328K+, or ix  apy.nucleic acid mol ecul e
encodi nff FEF TS P BTRPIF AV RY "t B8 nblricat| ons 94K/ 120N 155N1223N and
t he nodfompisat §t isast SEERtgen wiich elicity an impunolagiee| BIPE"sHRiME M P'écul e encoding for H5
pr ot ei nceder iamg) ot dmdbopyprokidiied atrivpn SsRABNY he Gerkvestigmefi vBclhari on 328K+, and one
or Nor en@festiti@nf, ed “lrohongica Fisgdaseitdiudes®hitisstoimBed to one or more of
30 the following éffects: the production or activation of antibodies, B cells, helper T cells,

suppressor T cells, andfor cytotoxic T cells andfor gamma-delta T cells, directed

specifically to an antigen or antigens included in the composition or vaccine of interest.

Preferably, the host will display etther a therapeutic or protective immunclogical response

such that resistance to new infection will be enhanced and/or the clinical severity of the



selected fromthe group consisting of: a. aa 93 - 95 ONE b. aa 123 -

125: SDH c. aa 128 - 130: SSG 15d. aa 138 - 140:GSS e. aa 226 - 228: NMDF f.
aa 270 - 272:EVE g. aa 309 - 311: NKL; or Xi. any nucleic acid nolecule-
encoding for 1-15 protein having the am no acid 223N, 20the nodification
328K+, and one or nore of the followng amno acid clusters selected from
the group consisting oft a. aa 93 - 95:GNF b. aa 128 - 130:SSG c. aa 138-
140: GSS; or 25xii. any nucleic acid nolecul e encoding for I-15 protein
havi ng the am no acid sequence of SEQ ID NGO 4. Furthernore preferred |-15
proteins as provided herewith jsnclude the HS5 proteins as described by
Hof f mann at al, PNAS, vol. 106, no. 36, pp. 12915-12920 of Septenber 6, 30
2005, wherein that H5 proteins includes one or nore of the nodifications
as descri bed above, at least the am no acid 223N and the nodification
328K+, wherein nunbering of the amno acid positions of the H5 protein
refers digaseh@uaiisam paedctbn pOIDE tderodnstasd exehg la agdidian agiaskeat in SEQ I D NO 1 and
wher ei Ngybhisms Rly Gdlaldy I2Hct-iBaNS dkat rdde@linithadtbd 17 position 328
of i-15_prat; HL@tn%%FéQQﬂo ysine (K+) is inserted. The disclosure of this
reference sha e entirely included herein by reference. Thus according
to a further enbodinents, the present invention also relates to any

nucl &i cThaT it AFSTEINAREen 3f5p &figias At B yrelot PSSR e &8 ng for any of such
pr ot ei rrscodiis=oY HSlpetkinbyrefddarkyfimmreantadesaibed aRINASY i} Regiitiing iectPQ6, no. 36, pp.
12915- 129 3bnvefor Dapjtieered (sd,abct)Qbuttudveth € fetorbhdt vird Ibtopsidt ei Ns i ncl udes one

or nore, 961 Js*a@nnsﬁ)ﬁwe' HakhQy r%sprdé%&syrth@eetmamtvﬁm vétkor, ligast the amino acid

223N and Lqulf cat.i on. 378K I the am no acid
pOSi t | Orﬁsveéu?g teh ﬁ’éessed in cg :so amef:! betwee;[-n da?é ﬂan@E!”RﬁFch@& agJIor osition as

exenpl afl Y‘V"'%F%?ﬁei“ﬁg%“ 3 R ™) "ﬁﬁ'&eﬂﬂ}%e&r’ﬁ'ﬁb'?ﬂé"ahﬁﬁ?rﬂ cation 328K+ means
that at am no acid position 328 of MS protein a second Lysine 10(K+) is

i nsert emleferMpt 16 chsstivaddn i@mMe biberijust FedBUE Bstamy thefitrdtibrestepbyaty e- ment | oned

modi fi catd @bl Bhbbdidgend fekRQt ind SoSRAueREE An} B&Ldthaig t he encodi ng
Sequencﬁacg\)/;tmﬁ mghoH%anH:r ggeglfopp?;jose%@f d\égrés%@%@tlo}('{hbgssnac%t%nV\Bl | known in the

zg Vvirus can be 15nvodifi ed
accdr"dl "ﬁ 9‘?”5 TRE b?’ﬁ'@m'cgla?)dﬁr pthucalelregtments] s pre%rred%dm %elf 0 the methods descri bed

in US 6°f9Fvestiyids is\gptprppingd, e H'@rte"ﬁ@faefeeﬁﬁré@” M RRPRGrE, there may be

enpl oy e®" < @pre emieiadintEiveerbeut B4 0" Chind Imag prefelrbiciebingbwd?,- and reconbi nant DNA
t echni queers Pwdrdibd iRactiviai®n Slsthddk inGifide tHa @ddib of by@lzadidhady wthpenimire | ei ¢ aci d sequence
20 codi gy, Ea@feraﬁ;nmar&gr!cgﬂﬁho@& H&8S € ol Bab20RM, eterarab@uelswtmhm ques are

| | t al., Mlecul
exp zﬂ-' °%\Lt r%¥m: rr{lre Q%%%BQF%I%E%M ‘?rﬁn stﬁmgm pgﬁi t g:ol g Sg” » Hare(l::)lcj)r ar
Labor a_t :btf’)? o T, moé@%&ra@% ph ﬂﬁ t R 5P exwple\?e ina on clu

onrng: A Practical

Appr oacthe addinpfre solutior ¢ - 51°P°{‘B'9"Wm’"@5’v’éﬁ°m'éﬂ prefegply \of abefti gonudeot i de

Synt hest.#4, (“hth has bdeakycizedic 0POSibpry efNdemimine ¢BENGH €3NHyAOHI itheat i on (B. D. fl ames
& S. J.nuklk 8YVES finsd RorRéhGatibrl H3BJu} bmMl IBEN SR Ekritlyl DA s dreTiens| ati on (B. D.

flanes s‘gﬁ'r con](muohgiyg‘gf]?es’%%gﬁs an(ilf%a%)ﬂ]vatem"vggilﬂutd’sﬂbrl beg(élrehure IR 1. Fr aChnny1
ed. (1988)1; |nmobil d Cel Ls And ess, (1986)); B. Perbal,

A PractTE8I2 &i°dé ”‘I"’o ISPERIPEF & on| n“'“" "fgégt ne I‘—‘"'””M“ Ausubel at alL (eds.),
Cur r ent SCEYH GRS soton RS ETRIBR 3 - oﬁl’sb?"&ify“’ “%ﬂ‘ﬁ’ W [eE2P%ons. I nc. 1994).
30AccorRitferepivt the spdifim thickuifete i riived] i rauivelent pheuntse exseeied 1 HYBFIt i on al so relates to
a Vvect odddddhg@br to for inactivation. For example, in the event BEI is added to a final

30 concentration of 5mM, 3 1.0M sodium thiosulfate solution is added to give a final minimum

concentration of 5 mM to neutralize any residual BEL

" Thus, one further aspect of the present invention relates to a method of producing
recombinant H5 protein, preferably in amounts described above, by i) permitting infection



conprises any of such nucleic acid nol ecul es as described supra. In other
words, the present invention relates to a vector, that includes the coding
sequence of any such H5 protein, or part thereof as described supra.
Preferably, said vector is an expression vector, which allows the
expression of any such I-15 protein or part thereof as described supra.

| 8 Vectors according to the invention are those which are suitable for the
transfection or infection of bacterial, yeast or aninmal cells, in vitro or
in vivo. Vectors and nethods for maeking and/ or using vectors (or

reconbi nants) for expression % can be by or anal ogous to the nethods

di sclosed in: U S. Patent Nos. 4,603,112, 4,769.330, 5,174,993, 5,505, 941.
5. 338, 683, 5,494,807, 4,722,848, 5,942,235, 5,364,773, 5,762,938,
5,770,212, 5,942,235, 382,425, PCT publications WD 94/ 16716, WD 96/ 39491
WO 95/30018, Paolett, "Applications of pox virus vectors to vacci nation:
AN updadre numbENAsasdelstitie 9eds (sdelaBdIrinlclidladnitn Ortombedn JB&or MASS, " Cenetically

engi neef (g, as_]uQﬁnQ&)&%\AJ;er Hseﬁéesgii?%m( 5G4 tméongiﬁﬂ?w@%p&oe% ion, vaccination,
and safetoxéng US, mth et al., U S

Pat ent Zlééa(grfsser? in the c ot%llame% e’en %s gand ajﬂ rﬁg@éc?{) ardson. C.D.

( Edi t orJoonel ¥r5E S5eRaskble ?&h‘f’%‘r’ 0% 357 ’5’@]‘9}“"3@?‘”9 ‘hBéﬁ"ﬂ’F‘B"{?i ¥Us Expression

Pr ot §c otestdr. Rraig@h. thimepripinaPh visg gecloniga Yeculopds pdptaising i3 DNA coddg oduct i on of Human
Bet a | niegueh@t axd theltells RREGt cfel|Frderbdihebbi@el stegstate t!aasd%aednimevi rus Expression

Vect or, sl ﬁQHLW ind&Vation ;@ergnﬁnleh Wriden Bo@bOOdsc Fm the prdB&3, Vol . 3, No. 12, p.
2156- 21 ’f’f hlmorep% édmt%&%qufa,ggwwg%t ed Expression of Escheri Chl a

soli B- act 03| Jase oifn It ec acul ovi rus vector, "Ml ecul ar
and Cellular Biology Mar. 1984, Vol. 4, No. 3, p. 399406; EPAO 370 573, U
S. appl Accuditgdmenpfyrtheggpectidthe predeet ipventiqndhrapetheddes B sboEisPat ent publ i cati on
No. 265@d88ss d)nelBalizdfod eyt aiNo stepl WF.ODs3B:D ) reewmidsi addingt of lver pesvi rus), Roi zman,
20 " Theeghitnat dntnt 6 an Reh RS n@irms%m&m&\ Heemin 1A spltioer for genetic

eng' neeﬁréf&%tyoifthglmyc@\latio\‘%%gg §El adEﬂNﬁ@ suﬁf%ﬁ tﬁgﬁuﬂageapgn ely&v%lln% Cct ober 1996,
Andr eanskxnt fgr%h on of St%erlletl cal | nEfgi neer ed her pes

si npl ex®™ Wi rﬁs"é%"f’ rfuﬁea“f"%e‘ P FRERES *Bri A tumors, " PNAS USA
93: 1§13pgum igaufste ﬁ':"f%H’earf”i@%e""%‘b‘éﬁf’?"gtdﬁ" geutgp mMeRK n- Barr vi rus
VeCt or sof Beaut jratout]d P .esiilymere pRelepTpiabrsy 2 tosibout PRMSSHISACO3:  11334- 11340,
Cct oberpréQ8y, of 2b2 3 kora6duOVmi@ tnod breferabiylf praatdiniM sheb &8 Bekti@dopr essi on vect or s:
Strat egigesis@Rd applications,” PNAS USA 93: 117471-11377, Cctober ?no,
Kitson et et. J. Wt 65, 3068 74075 1991 U S. Patent Nos. 5,591, 439,
5,552,143, WO 98/ 00166, cat Serial Nos. 08/675, 556,
and 208/ 'B P8 5B BLTH e?pe‘f‘aéﬂ'"j"u'l’s thaéw'w‘ﬁéhe r?%mém B ds fem ad€novi rus), G unhaus
et al ., mpgygenic AABRIENFT FYFE B8 veq%wewg “\/éfdtaBFsé“ HsS@Pﬁ“h’ﬁ'rbé’ in Virology (Vol.
3) p. Z@sTedBQ inactBPior GABssaddan the yncbdraga [depeiBOaduswnmadssertplel . 4, p.
3861- 65ndekt akliakuch Bk b emb) 18 BoteBed forn\pithid testidgd 860 cmPif epepicet al ., -J. Gen Virol.
70, 42434y o RSed B2l hdeaigied witiQlo H @Y indBiivatéd H5 nidsAAdhhaintahen Bi Ol . Chem

269’2§55£'> %é’g:"dr 148 %aﬁs vbtﬁb&t’ Ieaséwo pa%sage% ﬂt%\ ]E%:? gf tq%%gm'é@%e%%@t s et al.

"1 muni zat cl nes” encodi n
al one df® “?1' “"ﬁﬁ?erfaf'? o?ﬁaw'""ndnc'es"'%r'“%et“'écec F\/e"l“mﬁfi’ﬁ' ) ¥n animal nodels. of
her pes Bgiuigsrusx Prefeipgis paitiveMgustprialn 3@ 2'so %gu@ggrt;glgcaffq@g 11420, Cctober

1996, adidreldultufs.of FAteairitociNOa with B 9dn;IGEBzted5ei&80Be UpBculoginelar§, 580, 859, as wel | as

VWO 90/ 1hOA2sk o¥\OO 341 hkBRmaiV\BIdodlaldd 7 , ArMOR D allch 30T pasdBO 120660, Tang et al .,
gli‘; ?ggsél%gg{:é: cl'!'(nrtubm@&edQLIls mM@EVtFeEt@d%\Jxral ﬁ! Q%ﬁﬂoﬁsﬁ%ﬁ ;5 é&%ﬁi@@&h Bget OaPNA 5
Di abet urac vatuon ?eia [I'Eefglgroéﬁg in @u&ged g: etﬁe T er%nce virds tCPE

ystem; Sanford et
al f@'wpf’ BRI 2 ‘&4’?“6‘8@‘3 ﬁ‘?ﬁ’i‘ﬁ%\"c’ﬁ’é?"“‘%ﬁpa"y ?“f"ﬁ't“? %{cel) WO 90/ 01543;
Robi nsdT*i5 pgeuiogifus CBR riltpreatieelyi 4% the AIAPHIDS BRIJENYSP Pergl, thiygypermptpnt. 283 (1997), (DNA
vect or sygiteB) be Saiakea a6d inaduiated biito S50 Patvenplathovhic etbkeod of 1 nserting DNA
into living cells); MCormck et al., U S. Patent No. 5,677,178 (use of
cytopathic viruses); and U. S. Patent No. 5,928,913 (vectors for gene
10delivery), as well as other docunments cited herein. A viral vector, for
i nstance, selected frompig herpes viruses, such as Aujeszky's disease
vi rus, porcine adenovirus, poxviruses, especially vaccinia virus, avipox
virus, canarypox virus, and sw nepox virus, as well as DNA vectors (DNA
pl asm ds) are advantageously 15enployed in the practice of the invention.
Met hods of producing the H5 proteins according to the present invention
According to another aspect, the present invention provides nethods of
produci ng and/ or recovering high anounts of reconbinant H5 protein: 0 by
permtting infection of 20 susceptible cells in culture with a reconbi nant
“viral vector containing H5 DNA codi ng sequences, wherein H5 protein is



106 cells/m . Preferred viral vectors include bacul ovirus such as

Bacul oGol d (BD Bi osci ences Pharm ngen, San Di ego, CA), in particular

provi ded that the production cells are insect 10 cells. Al though the
bacul ovi rus expression systemis preferred, it is understood by those of
skill in the art that other expression systenms will work for purposes of
the present invention, nanely the expression of H5 into the supernatant of
a cell culture. Such other expression systens may require the use of a
signal sequence in order to cause 1-15 expression into the nedia 15
Appropriate growh nedia will @l so be determ nable by those of skill in
the art with a preferred gromh nedia being serumfree insect cell nedia
such as Excel! 420 (JRH Bi osciences, Inc., Lenexa, KS) and the |ike. 20The
recombi nant viral vector containing the I-15 DNA sequences has a preferred
multiplicity of infection (M)1) of between about 0.03 - 1.5, nore

pr ef er airdsd ith Sihcelb@od th nBHtaingd B 25 -PFC|I4r S fays-pihepale &MY fr om about 0. 09 -
1.1, anded@atstapeeiiorabhy aftibaimcadpgadd t0 FIIC-of a6y, lzbslkeantbsied for the i nfection

of the M%Eﬁbﬁs %J:lflc?votePg €. gpeap e dbhraceMEtrE, MERPréseied above relates to

one nL of cell i Acggrr‘%s c | e delealkBlPglisdescri bed herein
conpr i se&P O he*hfe IPL %gm}e&rﬁ gl’&;)ilil.)‘h ; Y m., still nore

pr ef ér a"dW““ﬁ?a ﬁmtfary@aﬁlvatmnfesg T)ree Otrobce\!s 1nai:un§[ted wn(t)h thenregﬁ%nce pr ef er abl y of about
0.46 - ﬂms?shwwl@tsbn@é’ﬁlasd/Iﬁtacﬁﬁnepdﬁ'ﬁs'tm-'mc@?t@rfamsvuw‘“éﬂ%t 0.5 - 1.5 x 10

cel | s/ ndoy widedte & HS @@0IDLsTHRA tandcomtay] noVFdGttgky. cont.ai ning a |1-15 DNA and
expressing the H5 protein having a M) (nultiplicity of infection) of

bet V\Ben'gnﬁpé)#ﬂlrthepasg) tdescﬂlbeﬁherémﬁe@atemoeeﬁ@\Eé‘mﬁ% thst R Pe@pibb tn@. 05- 1.3, still nore

refera 0 ] fromabout 0.1 -
1o, wTheéfe%{'Yﬁ“?éséf’ e 'Eaéﬁ'vftm" e & TRe mamaﬁV%Q’!eQBP&LresQ:Ei%ﬁéﬁm 5d of up to ten

days, n@PESH BT Bersl f}’“‘F‘f“Bgrﬁ‘éﬁﬁlft""f"?/Uo" )f%'t"fe ﬂulgbou 8 &8 days, still nore
pr ef er afetoybifanbrieialseutvith el inagery o8t KSBEPY A AEcBRy®edHd nost preferably
f r om abaitibg 4 devteaiitiy agehiOo edakte tis igphitvatiomagsnt. pRfeesblg py deeFibeB 1 | ncubat i on

condi t i QRR, dnBfi] dédBnifhg i+ FIRIBIBHLiRY )@le\WRER calBtibed2Bve. 32C, nore preferably

from.about 24 - 30C, still nore preferabl y fromabout 25 - 29C, even nore
preferably from about ref e 9: Yanahout 27C. Preferably,
the SF+ “8>I1“T°§"até?r“ h%ﬁ?@'ﬁ?@'&"”ﬁ 8 rF°°ab'"antrE%spr(3u1 gt | %ng har acteristic

bacul ovieterines R vEerr BTy E&eered Bhoss %B‘?é‘f“i}'ﬂ't‘i‘%ﬁe Tc‘Ha cI ude nonitoring
cel | dedsiibnyett.Eersdsend agma Mescioptien sugigethit ﬁwwaamwntqya 8% #ng t he
post - i Nfaefidei v iRdal Blcombd (samBgyf etnd ra@tSDPEARE Ve ptiided tort er i s observed 3-5

days,,af &u@r(maldﬁf EQtserpHs MQ.a:p&ﬁkmngl{h PkRkE bRouBXP resairan Hsn the cells is

obt ai ned_bet . Vhahi Li ty decreases to
| ess t harr%e"iﬁd)m °f(ﬁ“hey§°g§heﬁw asgm%l%m% ?JanQﬁgerﬁﬁAOLn enftl on provides a

v
net hod GFMBRBHTT PRIg" aﬁ&?'ﬁ‘?’d F%o‘\?'ép’%b prmgl’d%d T F °"ttheﬂf§ rotein, preferably
i N anpusimglehas the PRt obBRITRINANP '“I‘e“ﬁ‘@PW’ﬁsﬁ‘f‘?'ﬁ?j" P"’rFF’@’G‘ﬂ"F‘b of a number of
suscept idbb@ismetith sis(ssaprdaiey hecdupe BiAL are gentfalyhecagnizectsi nant viral vector
Wi t hhsa MickiydBnddRfidr BRigkn AN Aion, thky arepiqiii@sBi gagntithtiod 5 protein by the
reconbi nant viral vector, and iii) thereafter recovering the H5 protein
fromthe cells 15 obt al ned between days ”gd. m@[h gr infection and/or
cel | vi SRR reases—< 096 anf v, t he reconbi nant
viral vesegi tP Efua"ef @EﬁhﬁF Wa??f“ "t‘i%ﬁ‘f?j‘lrﬂﬁ}?sr“ﬂ‘?c%%‘t’ 'faﬁ?aﬁed' °ﬁl5 DNA codi ng
Ssequencespaiichs tripenecat kkigorgrieesSF + cel | s. Additionally, it is preferred that
t he gul t uf eclde: R d RelSAbing a0 ¥aFbAGEleif,0r Macr oscopi ¢ and i croscopi ¢
evi dence pf o GOPkATINAL hlc iy hilcudl %Plelebes GBARGGIG IR o1 | MOT PROI OGY
during the -1 nfection period Any cul ture exhlbltlng any
cont am natlg'ﬁ PRSI HEOWi scar ded. For recovery of H5 protein that will be
used in an i mmunogeni ¢ or inmunol ogi cal conposition such as a vaccine, the
inclusion of an inactivation step is preferred in order to inactivate the
viral vector. 25 An i mmunogeni ¢ or i mmunol ogi cal conposition"” refers to a
conposition of matter that conprises at | east one antigen which elicits an
i mmunol ogi cal response in the host of a cellular and/ or antibody-nedi ated
i mmune response to the conposition or vaccine of interest. Usually, an
"i mmunol ogi cal response” includes but is not limted to one or nore of 30
the followi ng effects: the production or activation of antibodies, B
cells, helper T cells, suppressor T cells, and/or cytotoxic T cells and/or
gamma-delta T cells, directed specifically to an antigen or antigens
included in the conposition or vaccine of interest. Preferably, the host
will display either a therapeutic or protective imunol ogi cal response
such that resistance to new infection will be enhanced and/or the clinical
severity of the 22 disease reduced. Such protection will be denonstrated




i nactivation nmethod can be used for purposes of the present invention.
Thus, inactivation 15 can be perfornmed by chem cal and/or physical
treatments. In preferred forns, the volunme of harvest fluids is determ ned
and the tenperature is brought to between about 32 - 42C, nore preferably
bet ween about 34 - 40C, and nost preferably between about 35 - 39C
Preferred inactivation nmethods include the addition of cyclized binary
ethylenimne (BE'), preferably in a concentration of about 1 to about 20
mVM preferably of about 2 to 20 about 10 mM still nore preferably of
about 2 to about 8 MM still nmre preferably of about 3 to about 7 nM
nost preferably of about 5 nM For exanple the inactivation includes the
addition of a solution of 2-bronpethyl eneam ne hydrobrom de , preferably
of about 0.4M which has been cyclized to 0.2M binary ethyl eni m ne (BEl)
in 0.3N NaON, to the fluids to give a final concentration of about 5nM
BE! . Pr efiérablbymord tighefveairdlss dascabet heein, in2lling tapyr suerchugagrcidnuously for 72 - 96
hours and trhwecmaasctdom.agtf@dnyhadhwesrbze.ﬁdauu&&nbecamreiaem&tored frozen at -40C or
bel ow or pefween aRQUL. Lo chis an@,f,,tegtrp,ehtnactl vation is conpleted a sodium
thiosul fate 'sol Ut on, pref erab l'y at 1.011A is added to neutralize any
resi QUaI BE. Pref erabl y, the sodiumt h| osul fate is added i n equival ent
anpuit H€ EBhpREEEceisat PP o RSB opirlEcdng BPOSTNacEi vat i on. For

exanpl edesdripedthirein. dogietes bBERStitinited thahaekinegordhefredqeipn o g@veptignefent rat i on of 5nM a
1. OM soghiinslion lai t0 s thmb &l S@htiei fbr Oa tréBmetichil@iebstring ofiav @fectiof. i Nal M ni num
concentration of 5 mMMto neutralize any residual BElI. Thus, one further

aspect Al oDl S5 IS LA, Lok ALED b @acareg \Qghggh, Pr oduci ng

r econbi na S ed above, by i)

per 't t THE=3 'F*FI’"@Q?f“i“B‘hare ‘f\%‘”g‘?" f°ée’ﬁ‘ﬂ%éf3“51"“’§d§%8%{9 g’*ré(”éel |'s (see above) in
cul t ur e78WiTer ebelr EeeATIIPIFadPe: 1 AP P Upec etot. (PR TEPNENIE- E87-def i ned above, i)
expr essisng Anp oiph@t eiethrods\tat he usee dontsi maindtiony pirradieiosatittesed iii) recovering the
115 eXWaee&Ssegre%eablp bENACRbdinss, Qbdind i1 ad ilehmeplay s Ssand 8 after infection
and/or gell viability decreases to Iess then 10% and iv) inactivating the
rec Ubl nant viral 5 vector. Preferably, the reconbinant viral vector is a
bacuf ovi rus containing 115 DNA codi ng sequences and the cells are SF-

cel I s. Weé‘f’eérar‘@if’“F-rYﬁJ(S?FWf'ﬁebHS BPEp " p&F"e‘hT’Wé%sedeaFéE"-ér*‘F'B‘éd above. Preferably,
i nact i vat beaedied periventathriyetcive.ery. alryerbir@® expre8G @ tegmigudsn t he presence of 2
to 8 nM: Bkl viockemichil puitbten RRekeaiRd tbdinidule ReE@BRMEC expaksiabout 5 mM BEI .
10Accorginigled OncRfiy hb!lekABLionds REEH Of aleNRnRr&SENneiAVERL i ON, the nethod

desg{)l bo%gcrit%gq exgﬁllpﬁaon ISQ&A%?%? ala M&F&F F}o}n]gak'l.g&raﬁnpﬁﬂan%t er st ep i V) Thi s
step v add agent that

neut ral‘?efcé'g Ei’”ﬁ’é( gﬁ%(?f"f’ég’t"? B’Ffb"éé%bﬂ"tamwpfeﬁ? frole ﬁ%’"%%’l’"fffl ori. Preferably, if the
i nact i VYA &gy énfreitical Bparoschy disfuesoh 2%t / B diuAPEhPrdsif¥ate to an equi val ent
anount ®igonpyefde Syrahsis Ml Sait et R8¢ 0udgje £ RybidzptionBr . deprsct , step V)

conpr i ses. sadehind §usQisss); 1B oRmdiATblveos [H Dataeesob Ut girst 0 a final

CoNGeNt g4t dap: Qﬁumgf%ytcwﬂjret[ﬁ 2PRUhey28). PilbsyP-Rbakabds Mo about 2 to about 10

mM still nore Fpm ,%abLybaqL @b,gypg,z ,to,nanguga,s. AAMeestil 1 nore preferably

of about 3710 ab °7 7 nost %” - “"“""”5'; when t he
i nact i Vatt 6‘!?”’%%ﬁ’t (G’Fss’ %E’P”’ PQ’(YF?‘P V&’?Cé'ta? WS P BN “VE&pecial |y in forns
t hat wihd 19k Ferher exerentsarisl Wﬁir?ﬁtat&ihsd [FEATtPBRT eXPresEiOR SYSATEIAGgeni ¢ conposi ti on

such aspagleriaegiessen sgdel shapt asof. cvasve stigitk, Yds5t-bpyedtegirassior | | be tested for
I Nagh i VaaddnaRudd¥s BaASSAER of § pbhiR, ARehaliagel SppRBIGREMs shacul ovi rus
suscepusmeg knéﬁ&gnﬁoﬁhéénasewms%s te%scéawﬁsws@re@eu%&fnerred formof this

Eegt Imrjq% hg'ar(?and gianeratllgédggé_% efgl com&ercsaq!ﬁd'nror%%i\ (EI nte.ch ergoraq?neygwr IZE I_ ngggl ?E)redl\zllm th
days vu%WP%ﬁmﬂwa@FmTﬁB %ﬁ@@ﬁ@%@34%qLF%é“@ﬁU”H?*P%%“ﬁ%?ntenance period, the
cel | noaroleragremmde desasbadimidseiat] etfabr Veedpe op P KRYGe p-c/28r €&t (CPE) typical of

115 bacul ovirus. Preferably, positive virus controls are also used. Such
controls can consist of one culture of Sf9 cells inoculated with a
non-inactivated reference 115 bacul ovirus and one flask of Sf9 cells that
remai n non-inocul ated. After incubation and passage, the 30 absence of
virus-infected cells in the BElI treated viral fluids would constitute a
satisfactory inactivation test. The control cells inoculated with the
reference virus should exhibit CPE typical of 115 bacul ovirus and the
non-i nocul ated flask shoul d not exhibit any evidence of 115 bacul ovirus
CPE. Alternatively, at the end of the maintenance period, the supernatant
sanpl es could be collected and i noculated onto a Sf9 96 well plate, which
has been 24 |oaded with Sf9 cells, and then maintained at 25 - 29 Cfor 5
- 6 days. The plate is then fixed and stained with anti-H5 anti body



iii. one or nore of the vectors as described herein, including any such
nucl ei ¢ acid nol ecul es and codi ng for any such H5 proteins as descri bed
herein: and iv. a pharnaceutical acceptable carrier and/or excipient. 5The
term ' pharnmaceuti cal conposition' Pharmaceutical Nacci ne conposition” as
descri bed herein, includes but is not limted to, vaccines for the
reduction or prevention of an infection or to a conposition of matter for
the treatnment and | essening of an infection. The preparation of nucleic
aci d based vaccines, preferably cDNA vaccines, coding for 10 influenza
hemaggl utinin are described fog exanple in Deck at at Vaccine 1997,
15(1):71- 78; Uner at at, Science 1993; 259:1745-1749; U ner at at,
Vacci ne 1994; 12(16):1541- 1544. Any of those nmethods can be used for the
production of nucleic acid based vacci nes, preferably cDNA vacci nes,
coding for an influenza H5 protein as described herein. I5 Mreover, a
Vacci NeyeirwhieC PO BRI 108 €0diDopp 608200 FRAfhepitFe, Secdnbd@ire@dendds descri bed herei n,
can be producsc s?&an%%@%@lﬂ&s{a%@h ar@ﬁ&?%ﬁﬁaﬁb&‘éanb& iflus SUs {48 CONDI nant expressi on

techni qou \ﬁ?fbﬁ?ﬂgéb watgct{} gal (r:?‘erenp dr I\/Iorlecgigrt Ivgcang‘q oxﬁ%ggrbggl on techni ques.

Reconbi hant expressi on | que ‘g e expression in insect

cel | s af&esiil TVS‘R'PFO\Bhe’iaﬁP“t T‘Fede?;ﬁ‘ ‘ifed’ V‘Fds 255 BB MUSEE™FEP™ exanpl e i n Sanbr ook
at af, abbklecwtiagstallisted | ang) suitabld_ plrsrdnaeorsp mieatTLETgenSe @seRte Edi t i on (1989) Col d
Spri ng ddapdsidn(sk asdheEddctirdhg Ry BS Bventoa| FartiBpsuitadly ekisesborsystddsY. ; DNA C oni ng: A
g[ac“ Crbdke ORI Q&Qﬁman\@dp%(&ﬁzsés\] aﬁg?;’ $val, ?;wl ?ngsvé%sOMﬁlfdor'&%s 128521 Hybri d _

i gon esi s it e ucl ei ¢ Aci ridization
[B. D %g“nq%“%gq Hi ggi ns eds. (1985)); Transcription And Transl ation _
[B D. Flanes & S. J. Hggins, 25 eds. (1984)); Animal Cell Culture [R 1.
Fr edhnelpe fé'EVa”‘(&@'8699}'“'73‘1"??ﬁ‘%|°‘l”1‘92%“5@ﬂ PesCRAY PRI yiPBSPSPI RL Press, (1965)1;
B. Per bainpris ifeptmsdi ot v@igh chempfiees M ewiginars @sebednter(n 384); F. M Ausubel at
at  ( edSapithogbAitivereit of Pive i€ Bdntrising HMRbEE bl cascritBl BdraaQyrepad@hn Al | ey & Sons, | nc.
1994) . Rt ?ﬁen@%%?%h&ém VR rep SR alos RGMlerk &ﬁ?ﬁbk@@@t expr essi on systens
are bacterial expression systems such as E. coi subtilis,
yeast - HAsE expression 30 systens such as S. cerevisiae or S ponbe, or
manttal i an cel | expressi on systens such as the BHK-, CHO and/or N90- based
expr essiherikited peraesknody edfilienglspoppanendy whichetdy EnBWASPh"t¥E art and generally
avali | abdempesinngvacresnmegatieal Vit taftivougkee Clieneaable.L sleoinaddri es, I nc. 4030
Fabi an Aéyhacebiakl GciblcbsD (1980 fah Qs 24bB0Rrs8M0The ekdSAAmay-Ltet her expressi on
strat eg!n@o% aé}erc{%bli %ys@%&!élm a%cegﬁﬁﬂtérﬂesgmﬁoﬁls EUSAEDON, Atea@ilo., Vaccine no. 19

20 9-425 t at 3 (2006
( 9&' g Q lult_lo Ftﬁxeous :sotbmc ?o%ztlons suc%las e% C??‘ne of cmgnnd(R%alas;hQ ( ) pp.

819 co ant “a Iat Virus systens are wel |
est abl |%%b5°8??as f’bfea@'xaﬁfﬁbﬁ Hé%am‘%%‘aml wmes"'%wa%%'ee T#F®or W200203872 with
f ur t herprasert ey arbylisptes Wbire prorerationg. adish pinabe (Fgroneiued wih @ kpa8ed expr essi on

syst enspjecfadlé sopK@pdcty bawre desnder Peid conditiddS e, BE51 6B wi t h furt her ‘references,
5 are also well established and suitable to produce reconbi nant

ant i, gem( SdaniorAfl dh AR OLGicABRSb bRIINSdr vRSrelPHeAGFOR il L0 Lhe 1 nventi on.
Furt sui't e _expression sys ke useop“fmrecqnpl nant popova

vi ruses™™® sucﬁ"" 3g° %‘Vﬁﬁ" HEW =P '°\’/|“F‘Us' *eBs SudBTABrET YV r uses and

F et r ovi PRI “P@I"@?Fa‘ﬂta””p%'&ra'hﬁé'é*ﬁ% [IEREP € &3 Tposi ti ons as

descr i bdidvahtersabifrjng egents.adileds.conpyaivve sithastid gaitasdured! pigss.whi ch conpri ses H5
pr ot ei NsciSic HRAS bisbeibn BedyRy shentd Brndafeakenogeni ¢ version of a live virus

comppi sing H5 protein as described herein, preparation and/or fragnents of

8 VI T U, 8L 0V, S Alfh BLRPALALLO b lro] LRGP R, GQURY 1 5 the H6 protein

as descri
agents can include sodium chioride, dextrose, mannitol, sorbitol, and lactose, among

others, Stabilizers include albumin and alkali saits of ethylendiamintetracetic acid, among

others.



The skilled person knows additional conponents which may be conprised in
sai d conpositions/vaccines together with antigen (see for exanple,

Rem ngt on' s Pharmaceuti cal Sciences. (1990). 18th ed. Mack Publ., Easton).
The expert may use known injectable, physiologically acceptable sterile
solutions. For preparing a ready-to- 20 use solution, aqueous isotonic
sol utions, such as e.g. saline or corresponding plasnma protein solutions
are readily avail able. The pharmaceutical conposition/vaccine may be
present as |yophylisates or dry preparations, which can be reconstituted
with a known injectable solution directly before use under sterile
conditions, e.g. as a kit of parts. 25In addition the

phar maceuti cal / vacci ne conpositions of the present invention can include
one or nore veterinary-acceptable carriers. As used herein. "a
veterinary-acceptable carrier includes but is not limted to any and al
sol vents, dispersion nedia, coatings, adjuvants, stabilizing agents,

di | uentsprespivatigeeds\uaddin@is,, reférk tol b atitr@drdomlogianativa Bdentf wErgalioragent s, i sotonic
agent s, exafbrOdcRbhRi, Wkt Yed AYMRLIS parlish bR of & KesenadQe B | ueNt s can i ncl ude
water, rﬁo@ reraegred ‘?R%t (’ﬁ%%gﬂon ﬁta%ggése ccgrlp&qgrr Qllose a@uﬂﬂacﬁo%gkéske I sotonic agent S

can inc rumchlori extrose, 1 |toltl S9 bltt0| and | act ose,
anony oat"ﬂ’é?%ems & Af5ed P sAPTTie e %ev?ﬁ e°°m “alkalt™8al ts of

et hyl erfefiaanfieienislopiest eopfaminaien ¢f for aﬁ’ﬁ‘ﬁ’g°fo"t‘>f1’é'i?f%".'°‘°9'??9’w”p‘?"*€§er vative as used
her ei n, thaehssitonbOntaest ant i - m cr obi ol ogi cal active agent, such as for
exanpl e Gentamycin, Merthiolate, and the like. In particular adding of a

r es eg:/?\lh g\}_{]aﬁ‘ls fﬁ u@ﬁéareup o5 4&2u?§gurﬁnglﬁ1 h?é?&tdpsﬁgﬁ@?&ﬁ grraspﬂste a_m Ir te l aggz e
cogggnts?” P oRg g’f‘Fecpg rz(1[""'“’" re %m%% fﬁ Cam%"'a '\Wl oﬁgf? interest for any

m cr obi (PP c?éi?r"‘?fﬁﬁ'faéﬁﬂ"f‘fatqmﬁghé'? ‘P"érwﬂteﬁﬁ“’i‘.)l 'i"‘“é“ﬁ E‘f‘f'“"%’ﬁ’l‘if m cr obi ol ogi cal

gr owt h emuksibri, wat¢rinevil-orefsogivisioon of i nterest. "Adjuvants” as used herein, can
i ncl ude al um num hydr oxi de and al um num phosphate, 10 saponins e.g., Qi,
A, 05- 2 (R ic8l08: BLAY 86 NakiflGr on GaMDkiiE§e bl (£BbezR100 (Gal eni ca

Ph arigra%%lac%gtjeé ’Lypé)ngopreno%l cr i E’&cﬁ‘ m&glané%?)squalmt g{reéu%g%orl'n e MU I'si on,

oi | -1n-wa on.. The emul sion can be
based |°r‘19°5’5’fzf“i°%ﬁfl aéhe”eé IPF@“r‘iF” ?' ’Samtea% dreéﬁ“? |eﬁte’6ﬂj acZEﬁ‘r% pean 15

Phar maciépsti ®nteigipsed ;inqag a5y edrgp. dmet Paricyiery piast Sudivanie®'dr squal ene ; oi |
resul t i pngyléne @imeot drizaofiategroprae)l gaéry! o capiyistabdemirbs propwengpglreeli cul ar of 1 sobut ene
or deceafitRateR8ikE6Srafdhe Aty dGdsQF ai@foisah ok sotamizal aengTha | | near al kyl group,
m)r 8o Patid G4 ﬁ\rJOMb.m.mL.th%Lé.rerse& hoth vl GRkien, THY QR%IEO 0] YCOI

(Capgéfer %}éerfogtg rfegtdntsg Bamcxlar Es'; IS ng%th%l %tt %L:%%pr(]?%e) or pr Opyl ene

gI ycol i ohols, in particular
i sost eaﬂ"i‘YE“’%i?ﬁ“'H’i é‘%ﬂ”‘ér‘g 9""[‘1‘|eOf p?l’?"’fﬁ“?’ 9 £r°ﬂéé?jg'l’°ﬂ‘ LORbPAAt i on with

- emnul si figostpasic.t drinpleje 197 thyreoxesteatics paisin whith ereetptitndlly faterygtedr @dpr ef er abl y noni oni c
sur f actpaméxgaropiihe payokyietyidna co@Bihe@ hisckefin Sgiedtr tha®jureat prodartni de (e. g.

anhyslr agoRiy i ol Sdeaah©) st aRfThgdeeQland BbcidaOAp@hiss 6f Muwan@f propyl ene gl ycol
and of EA &gvsgn_ﬂ.nsesfl 831 N WLL Qg,dr@,Lﬁhq D4 cbydgquﬁnem, £ acid, which are

t t'hy!l I
glpol Ega\/ac gE%}: %9?) F:ﬁmgﬁ fE)r sm)éqe XPn %{emtﬂs:on;p ¥r9)fsye I )8/.| IegeL(]:_(Z)go )éggr

‘Hunt er %’Ee“aladf“"a”ﬁnes"r‘hedfygﬁ%*%“actﬁp”’(‘:’h?'e%%r i 'E"é‘f"ls@ﬁ 8f Adj uvant s

([Ed. St EEMULBICTNTS® (M\D, LaoraiSSiey., Inc] frehaVWE. aipAla i tassisprs surrkpiaypp51- 94 (1995) and
Toddo etrounl,. that Wa@GicaBeabbedne 4obpliofsl BQ Tpmprikx afrphieis, frarebyui t abl e oi |l -in wat er
- emul si QBgmakaAt HeMPrhe LARADRARE Ferddlhdvy Bk sﬁeaﬁmajumteﬁwleﬁlnGEN

EMLLS! G Dl ks @mfee LSl M S kYR eiP@hat or i es, 1nc. Omha,
NE, US Ur | }kp l;w n ur| STUEW 3 jvoung w gt%ghgr maceut i cal / vacci ne
conposi v 6ﬁ iFa¢ “&U H5 prot ei n preferably reconbinant 1-15 protein
as descri bed herein, have been effecti vely adjuvanted with oil-in water

emul si ons, preferably with such Enul si gen-based adjuvants, nore preferably
wi th EMILSI GENe and EMJULSI GEN-De. 28 Moreover, it is possible to use the
SPT enul si on descri bed on page 147 of "Vaccine Design, The Subunit and

Adj uvant Approach” edited by M Powell and M Newran, Pl enum Press, 1995,
and the enul sion MF59 descri bed on page 183 of this same book. 5A further
i nstance of an adjuvant is a conpound chosen fromthe polyners of acrylic
or nethacrylic acid and the copol yners of mal ei c anhydri de and al kenyl
derivative. Advantageous adjuvant conpounds are the polyners of acrylic or
met hacrylic acid which are cross-|linked, especially with polyal kenyl

et hers of sugars orpol yal cohols. These conpounds are known by the term
carbonmer (Phaneuropa Vol. 8, No. 2, June 1996). 10 Persons skilled in the
art can also refer to U S. Patent No. 2,909, 462 which describes such



750 pg to about 2,5 ng per dose. Most preferred the adjuvant is added in
an anount of about 1 ng per dose. The pharnmaceutical /vacci ne conpositions,
can further include one or nore other 5 inmmunonodul atory agents such as,

e. g., interleukins, interferons, or other cytokines. The

phar maceuti cal / vacci ne conpositions can also include Gentam cin and

Mert hi ol ate. Wiile the anbunts and concentrati ons of adjuvants and

addi tives useful in the context of the present invention can readily be
determ ned by the skilled artisan, the present invention contenpl ates
conpositions conprising fromagout 50 pg to about 2000 pg of adjuvant 10
and preferably about 250 ug/1 m dose of the vaccine.conposition. In _
anot her preferred enbodi ment, the present invention contenplates vaccine
conpositions conprising fromabout 1tig/rnl to about 60 palm of
antibiotics, and nore preferably | ess than about 30 pg/m of antibiotics.

| 5Thus, Mamearidi pgsibiotoasé the tSRE emesidyGidicribehbn pagh &7 9f 8%esite | nventi on al so

r el at espdsign, and Batdrese Ubjinaal ApMaze dald ®P VP Beell in@v.ClewpEd, Sing 1. a

t her apedii i 6 eleley108 LR GelcMSsid RSN esQbed 3NN ORE o @ shtbodd® prot ei ns of

i nfluenza virus as described herein, wherein the H5 protein having the
amno acid 223N and the nodification 328K+, wherein numbering of the am no
aci d’ poMEepiRangsrof phasiuyan] is 2 SePRSyE P TPRIRPRYEE of #87%%i no aci d position as
exenpl andtiayryigi agig reni theSEEINRsNG, Malein g @idnalhen Spelve i cat i on 328K+ means
t hat atAddiitap@uaajueniRosiolide are B2 Bolpfersbf &fylicor otieimicacisdebnd Lysine (K+) is

i nsertefs c@Rnded, - e At BEIRIKe Ay athdry ofougRPERMAINEL THMANt S as descri bed

b | i sting of
- a g;/ea\i%%ﬁéf"“f g&% b(y)%l@qerm%égmmpnén%ué& webagd EW@&E MngL gr& consi sting o

. -in

oi | ' n-EewE Y 98/'\/\‘15'9 iR ﬁ}éﬁlﬁﬁl %I%ny"tad ¢y 0 %E W§2H de e (DDA); c) a

Pol ygensucharctisoyyaterossiuge ERELPSY ey ped °°5“"8P‘1 hai”l’? ‘Wifsé (o/ W with a

propr i etyérpxyl grovatl ipeEtabimabtardre gpn Eathbinggegen dorg of rOSESt INfepked pol yer 1)
EMULSI Gilox§i6 baingFep@edd By @istitdd\sinkts raai€aDiiing @t i@kt 2aarminktoinn- wat er (o/w) with a
Cross- lfhg %QQWGOQé%Q?Ere Gbsel cofainfiy o 230 WBIRA atbihs; Ok lvingdVegk 30 Most

pr ef er a nd XBET eg\élemcaAy unsani{a§edegl§ou95 %(f t*nLara:ra\{@trgdgca!?M tﬁén%gvegl'wh as an

emul'3i g rom:t gn5| sting of EMULSI GEN
EMULSI Gl W“’eem'gr"&mﬂp“ MRS PERIE Eﬁ(/%i "&R{ %9d EMULSI GEN-P. Mbst
_pr-ef er aBF GodricRNoSIBENe mU'ENBEF&PW'PY &P @osinser W o1 W8 for mul ati on of the
cur r ent sutrbbé@niith Rt perf@Goritali Avgng tenathdramdy e mentiepretstbopot 76,

phar macgus kd @k 15V REE hréteireg RIIROKE bi CaRSpeas 11 ewrgdedodapnaewsit h, conprise one or
-hor %a”rjhs{l&e!hhydﬁ)cfeeafnﬁ @Qrb%en\tar@t tnd UJpElhﬁ‘errs B M38and) WM a@Nt i gen of a poul try

L t that addit I
26 gﬁ%é"ﬁ"\eg o é?lalefc%nr{y?]nde and eghﬂeneg'rhe 955a1fltiokl oftlhege Lfolerﬁg?soghgﬁggzl ut i ra]‘I naH3I IH(;na

HO, or 'gadstodt P@r‘“‘l‘f@ﬁ‘ﬁﬁ@'l”df F"r‘ﬂrar‘fze&fp’ﬁ'emb'lyI?é’ﬂyi‘gf"gkfia'rpﬂén °%*hR& additi onal

ant i gendvs)the adivhie soldidedtd whigh Barinkineepnt. o YoaEeeh e Y°YF an anti genic

pr epar adomgdiitioni ittt vid ban@iporateki | | ed m croorganismor in formof a nodified
l'ivesm croorgani sm 15The term'antigen', as used herein neans, but is not

limted. Lo, S.QS.Q. Jdﬂﬁ.ﬁtt Bl YRERL L,de,,%m gl ¥eopeRii-A8s emQkinPOl ysacchari des

.., =T

whi ch are ca 'ﬁ”‘?ﬂ’i(’)ﬁﬁhég% Ataa%a é/A&I gkpeﬁaﬁkmpgmer}vhe antl gen recognition

mol ecul '&of® baYi n (antibody) or T
cel | arf’f“f“@é‘PPpF%'@ﬁt"o‘P“'”i“?F "B‘F‘d@'r“e 1vag) peariepie epterooyale® BF%st i mul ate an i nmune
I es ponsiecaibinert trathervise) shdiele fam Pfg@ﬂW'N'P%Pt'%GS’P"GW“WFféh said antigen is
admsni stered, The 20 term 'antigen” also refers to nucleic acid nol ecul es,

prefer acbéfyra@\tﬁe adllianRNAaBDh 85408 of BAL 10 0f toWhtGh mg plesef Or and express a
pept | de%v.erpmorv\F?f rFeld gle thth ntﬂ'aXé%QR%P%&iﬁt o‘; eﬁ@&t ‘ldo%g B%Pcﬁmo‘?ng()f specifically

i nterac 3 ef fle i mune system
such aspeéﬁ’sf r?ﬁ’ii‘rf@éﬁl BHHKH ("éﬂ'f"a%sﬂj'e d’Pa“Iamc?‘é{]I ) e‘h receptor in order to
el i cit,2badfimpaeraotr EBvan mere Paleweddip ﬂi"'ﬁ‘ﬁﬂfdﬁ“ﬁ’%%ﬁ%‘%"“h%é‘i“ﬁst the antigen that
IS coded by the nucleic 25 acid nol ecule. The antigen used for the
preparation of the pharmaceutical conposition which is used according to-
the invention is a mcroorganismor an antigenic part and/ or preparation
of said mcroorganism In this connection, the term | nmunization", as used
herein, nmeans but is not limted to, any cause or enhancenent of an inmune
response. The term "i mune response” is already described supra. 30

Adm ni stration strategies for influenza vaccines are well known in the
art. Muicosal vaccination strategies for inactivated and attenuated virus
vacci nes are contenplated. Wile the nucosa can be targeted by | ocal
delivery of a vaccine, various strategies have been enpl oyed to deliver

i munogeni ¢ proteins to the nucosa.




31 In a specific enbodi ment, the vaccine can be adm nistered in an

adm xture with, or as a conjugate or chinmeric fusion protein with, cholera
toxin, such as cholera toxin B or a cholera toxin A/I3 chinera
(Hafishengallis , J Inmunol., 154:4322-32, 1995; Jailing and 5 Hol nes,

I nfect known.. 60:4915-24, 1992). Micosal vaccines based on use of the
chol era toxin B subunit have been descri bed (Lebens and Hol ngren, Dew Bl ot
St and 82:215-27, 1994). In another enbodi ment, an adm xture with heat

| abil e enterotoxin (LT) can be prepared for nucosa! vaccination. 10Q her
mucosal i mruni zation strategi es include encapsulating the virus in

m crocapsul es (US 5,075,109, US 5,820,883, and US 5, 853, 763) and using an
i rnmunopot enti ati ng nenbranous carrier (WO 98/ 0558). | munogenicity of
orally adm ni stered i nmunogens can be enhanced by using red blood cells
(rbc) or rbc ghosts (US 5,643,577), or by using blue tongue antigen (US

5, 690, 938)q to hEpuACTor B ¢rge. Most amistrdddie adigyaids added freangresetit | nvention rel ates
to a mehhedni ok« eparing a pharnmaceutical /vaccine conposition as

descri bed above, preferably a nmethod for producing a vacci ne which

conpri reconbi nant Lo nr o S ; rep ein as descri bed
‘[& rfg?"anfﬁem'm?’ domfcﬁ,&: g\ ya! H le%flg?]a@ o$\§d0 Hﬁ: Bt%’

supr a. thi's i ncl udes. t SEERS, ! .Fransfectl ng a
consfrU'E‘?'P””I"’l‘l?"ﬁ‘a‘%a%“‘?/?”ic UE: & G BPEIIPS NEC RSN EFTY ’?0 Conprises i) reconbi nant
|-15 cDNAmasuidasassiielertbotiisnseiamalss ijclidq GANSEIED A M@@M‘ﬁéﬁ Y" 'egr owth media with
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descri bretoditrsly the PEFRTSVARIEDTTPRRPIE 2% &‘i”tpf‘f’é'f’“szi%"ﬂi’é%"tg DEPhe net hod for
pr epar i avgut avpend dbge 8P soroicpiBPtcd. o mae erbferaldy Ipsp e 2 Pe a vacci ne, for
i nvoki ngmakkahiBiBRene response agai nst influenza infections conprises i)
preparing and recoveri ng H5 protein, and ii) admxing this with a suitable -
adi Yyanks, 294 9k Oluobfy, VACGHAR RAABPSLE Lk af ot he present |
i nventi o ¢an SrudediTuent 8, 1'sot oni ¢ agents, stabilizers, an/or
preser v@?‘f“@@%““”ﬁ%‘ﬂ?éﬁ’f‘@s'i‘féﬁ°"?pﬂsénlgude water, saline, dextrose, ethanol,
gl ycer ol ,i. aatterdpheicdly dfiectivel aggent efiacy ‘H)gé‘ﬁ’ﬁesHscPéPFf'”F PlaTnYFaRe Vidtior gani ¢ or organic
salts, e.(.assiediitdimedt, Oticrethane rHbaxdidiram@ng theeemitio e 223 erditfiet ol , and | act ose,
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S
any of such"“]gﬁ'"ﬁ'i’e Pefippion %ﬁ’é’l means hat a‘?arr“r't'?ﬂ gccu vectors and vaccines The
115 pr ot ei nioteisa Sﬁ?‘{ﬁ&’/h&w"ﬁé‘r‘@%ﬁ‘?? ﬁ“‘* t he nucl eic acid nol ecul es coding for
any such il lbphpirateaticals aecctpirele wdiaentras desoirptdde®ng any such nucleic acid
nol ecul es coding for any such 115 proteins as described herein, and any
pharﬁacsr%éa@ﬁlné%{n%%w?e;e%mrmde ahBPcoRRIRY ot Si Ng any of such 115 protein,
nucl@i c acrd, n or vectsor an be used as a nedicine, 10 preferably
for the t?e’éi‘f‘ﬁ@’h’l‘"aﬁ&'"""r‘a‘“' AVT X <"0f i nfectjons, caused by influenza
virus, modt E"ﬁﬁéﬁé?“&ﬁlay" ‘B}‘?’a‘F’rﬁ‘f"F’&@%?ﬁe"ﬂ'dﬁf‘?‘jﬁ%ﬂamw&m Fer’L% proteins as provided
herewi t h, t@eanucl eic acid nol ecul es encoding for any such 115 proteins,
t he vect oSz eg@n & &bddgneany such nucl ei ¢ aci d nol ecul es encodi ng for any

suchy,115 pr ahRisREn®S deRGEEDSH) ies BbgRetarpRthudByhuphar maceut i cal / vacci ne

conposi t i O)HCa,b, ,sa%go gd‘%ﬂ%*yg‘t” such 115 protein, nucleic acid 1S nolecule
or vector Yes % '

eat ment or
pr ophy! axf’s “6LI’L ﬁ?ﬁﬁfﬁ T)%?i’tiluegagjwamg °°"fp['se 3 °q'm-w\(%t§{(g’£v)|v§'lt£?§;s ET’EdI ci ne. Wen used
i n vet eri natedp@dreEi ne, the treatnent of poultry, preferably bird,
chi cken, gushk7okawkteyn-divdlt he |i ke as well as mammal s, preferably pigs,
cattle, horses, seals, canels, dogs, cats, hansters, mce and the like, is
preferred. 20 Thus, according to another aspect the present invention
relates to the use of 115 proteins as provided herewith, the nucleic acid
nmol ecul es encodi ng for any such 115 proteins, the vectors conprising any
such nucl ei c -acid nol ecul es encodi ng for any such H5 proteins as described
herei n and any pharmaceutical /vacci ne conpositions conprising any of such
251 -15 protein, nucleic acid nolecule or vector as described herein, can
be used as a nedicine, preferably as a nedicine for human bei ngs and/or as
veterinary nedicine. Mreover, 115 proteins as provided herewith, the
nucl eic acid nol ecul es coding for any such H5 proteins, the vectors
conprising any such nucl eic acid nol ecules coding for any 30 such 115
protein, as described herein, can be used for the preparation of a



5 proteins, the vectors conprising any such nucl eic acid nol ecul es codi ng
for any such F15 proteins, as described herein, can be used for the
preparation of a pharmaceutical conposition, as described herein, are
suitable for the treatnment and prophylaxis of viral influenza infection,
whi ch preferably are caused by avian, swine or human influenza virus or
any conbi nation or hybrid thereof. 10 According to a further aspect, the
present invention also relates to a nethod for the treatnent or
prophyl axi s of influenza virus 'infections, wherein the method conpri sing
adm nistration of a therapeutigally effectlve anount of the 115 protein as
descri be herein, to a subject in need of such a treatnent. Moreover, the
pr esent invention also relates to a 15 method for the treatnent or
prophyl axi s of influenza virus infections, wherein the method conpri sing
adm nistration of a therapeutically effective anount of any H5 nucleic
acid nol ecul e or vector as described herein, that codes for any 115
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descr i betbehegcednitign trblecun et trei owaes eysivm] eclulse aprimpeedadylinencodi ng for any
such 1}ntiRiPtorT Bell d@ige@iRYepfoNialoIBCE diicit, Gatlvaté orsiiGdteN® iIDOIPOSI ti on conpri si ng
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TRMYR! 120 BALAOAE AN hOGALMIR e bHNERILOBRB, Ted] cl nal , hunan of
veterinary. use of iLional antigen. EXAMPLES The fol | owi ng

exanpl- e’$'"§e't“?d0‘°r’"’i°d’ Pe? '?‘?'ea‘" RCeT T AL S and. ’“r"“E‘é gtires i n accordance with
t he pr &&epEtiop ﬁfxfé'ﬁf'fcf?ﬁrga"lsi“ 'P§“St°6""x’3‘e'°‘hH‘dé‘?”gt"ﬂg‘ﬂ"za“ﬁ’bvﬁé\?eﬁd that these

exanpl esretr resapy ik ok ity toneny caybe ¢|ephestenert PIGA NSNS /esPeiidl not hi ng therein
shoul d Metecleenrmok respbriseTistadsbofesadipomuddhe overal | scope of the invention. 20
EXAMPLE 1 Construction of a reconbinant bacul oviruses coding for and

expr eSSAaFAQ.sJFAr%m"ﬁ.-a@%&' fgﬁaﬂnﬁ.erEQ%aJcﬁ&O&rblw@@%wmcm Q¥ iieaicont ai ning the H5 HA
anti gen_was grgnces of the 115 HA

(SEQ | Ijaﬁﬁat?? stra%gles ﬁr mac?waie? and a enu %g%rztxsegaccsne a!e nt([ﬁ-r%ned into the transfer
vect or V¥Vt Pegocosaen 'Bi‘?)’%‘iﬁ"é’hééaé"ﬁbﬁ 2P HRGEH "ag"éfﬁ“’eie%ﬁ&mc:A) The H5 HA Mut K+
( SEQ | DretGmalpyed kpsieliye iraruatoetic W'ﬂiéqum@?%ﬁgonucl eotide prinmers and the

Qui kChange(r) Site-Directed Miutagenesis Kit (Stratagene, La Jolla, CA) and
Subcl oned into the transfer vector pVL1392 (BD Bi osci ences Pharm ngen, San
Diego, 30 CA). The pVL1392 pl asmi ds containing the genes coding for 115
HA antigen (SEQ ID NO 2) and 115 HA MutK+ (SEQ I D NO 4) were then
co-transfected with D anondBac(r) (Sigm) baculovirus DNA into Sf9 insect
cells (BD Biosciences Pharm ngen) to generate the reconbi nant bacul ovirus
containing the genes 115 HA coding for SEQ ID NO 2 and 115 HA mut K+ codi ng
for SEQ ID NO 4. The reconbi nant bacul ovi ruses containing the genes 35
coding for H5 HA (SEQ ID NG 2) and H5 HA Mut K+ (5EO0 ID NGO 4) were

pl aque-purified and Master Seed Viruses (MsSVs) were propagated on the SF+
cell line, aliquoted, and stored at -70C. Insect cells infected with H5 HA
bacul ovi ruses as descrl bed above to generate IVBV or \ér k| ng Seed \/ i ruses




The crude whole cell 1-15 HA protein and H5 HA Mutk+ protein expressed in
i nsect cells by 20 bacul ovirus-based expressi on system wer.e harvest ed.
Bacul oviruses were inactivated in the presence of 5 mNl1 cycted binary
ethylenimne (BEI) (final concentration) between about 32 and 39C for 72
to 96 hours. After inactivation is conpleted a 0.3 M sodiumthiosulfate
solution was added to a final concentration of 5mMto neutralize any
residual BEI. After neutralization various adjuvants were added and the
foll owi ng vacci ne/ 25pharmaceutical conpositions were generated. VACCI NES
Generic product nane 501 Antiggn Crude whole-cell H5 HA protein expressed
in insect cells by a bacul ovirus-based expression system Fornulation An
“experinmental vaccine conprised of cultured insect cells and supernat ant
expressing reconbinant H5 HA. The vacci ne was adjuvanted w th Enul sigen
36 Generic product nane 502 Antigen Crude whole-cell H5 HA protein
expressed in insect cells by a bacul ovirus-based expression system

For mul ak b ofciierBXpRAt hERtdk haeeimasteapsd asguebiculst ared i nsect cells and
super n%%rate%xw&ﬁé*ugrgm Jrﬁ&rpml BaRt 1R, &b asldiGery BGEBREaWas adj uvanted with

Enul si g%r' ra foxin ggéhtmera f!-ﬁgsgenggﬂs PWBéoT?B#Mb?(?%SQ’oH&gan%Ol e-cell 115 HA

protein e %res Sé a bacul'ovir ased expression

syst ém Hamse iRcHE aﬁf?T%%péQrg?}ﬁ@‘ﬁ‘Fél" GAEEPHRE I €T of cul tured i nsect
cel | s amih Supei hare brst dexippebermgnt Beots e ¥ 82HA27 The vacci ne was
adj uvaniseq matdhePolbydednt, an Gamelrd ethpreatdabid entreatosin G0N AP i gen Crude

whol e- cglokred mrlmcdddvREQkS N expressed in insect cells by a
bacuIOV|rus based expression systen1 Fornul ation An experimental vaccine

C ° ITEI{) L;&ger%gco%{g{ﬂﬂ;égﬁgge;%t Bc Lédﬁ capsnldt nS HE%R\]Q %tm?fpotcapg)FeQ ressin g reco nbi nant

{US 5,075,108, US 5,820,883, and US 5853,763) and using an 1mmunopotentiating
membtranous carrier (WO 98/0558). Immunogenicity of orally administered immunogens
can be enhanced by using red blood cells {rbc) of rbc ghosts (US 5,643,577), or by using
blue tongue antigen {US 5,680,838}, ’

According to another aspect, the present invention relates to a method for preparing a
pharmaceutical /vaccine composition as described above, preferably a method for
producing a vaccing which comprises a recombinant, baculovirus expressed H5 protein as
described supra. Generally, this method includes the steps of transfecting a construct into
20 2 virus, wherein the construct comprises i) recombinant H5 cDNA as described herein, it)
infecting cells in growth mettia with the transfected virus, i) cauéing the virus to express
the recombinant H5 protein as described herein iv) recovering the expressed HS protein
from the culture v} and preparing the composition by blending the expressed H5 protein

with a sultable adjuvant and/or other phar}naceuticaiiy acceptable carrier.

25
Prefarred adjuvants are those described above. Thus according to a further aspect, the
method for preparing an antigenic composition, such as for example a vacgine, for
invoking an immune response against influenza infections comprises i} preparing and
recavering HS protein, and i} admixing this with a suitable adjuvants.

30

in addition, the vaccine composition of the present invention can also inciude diluents,
isotonic agents, stabilizers, anfor preservatives. Diluents can include water, saline,
dextrose, ethano, glycerol, and the like. Isotonic agents can include anorganic or organic

salts, e.g. sodium chioride, dextrose, mannitol, sorbitol, and lactose, saccharides,



Generic product nane 505 Antigen Crude whol e-cel

| -15 HA protein

expressed in insect cells by a bacul ovi rus-based expression system

Forrmul ati on An experi nment al

vacci ne conprised of cultured insect cells and

super nat ant expressing reconbi nant H5 HA. The vaccine was adjuvanted with

Car bi gen.

Generic product nane 506 Antigen Crude whol e-cel

H5 HA protein

expressed in insect cells by a bacul ovi rus-based expression system An

experi ment al

Enmul si gen-75. Formnul ati on
whol e-cel |

vacci ne conprised of cultured insect cells and supernatant
expressing reconbinant H5 HA. The vacci ne was adjuvanted with

Ganeric product nane 37 Antigen Crude

H5 HA protein expressed in insect cells by a bacul oyirus-based

expressi on system Formul ati on An experinental vaccine conprised of

cultured insect cells and supernatant expressing reconbinant EI5 HA.- The

vacci ne was adjuvanted with | SA 70.

Generic product nane 508 Antigen

Cr ude wiebdiage, oabrditol|sactiprdsiarppng derspitebiizdrainchisgribens e alk#t spisect cells by a
bacul ovifktigenbiatiRelaQXP5RIS Shad B oBy/S tseirble bguvantd, at ittose dscrigdper i ment al vacci ne

H5
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conpri sgeleOf cultured insect cells and supernatant expressing reconbi nant
HA

The vacci ne was adjuvanted with Emul sigen. GCeneric product nane

Medicinal use of any of such HS profeins, nucieic acid molecules, vectors and vaccines

The H5 proteins as provided herewith, the nucleic acid molecules coding for any such HS
proteins, the vectors comprising any such nucleic acid molecules coding for any such H5
proteins as described herein, and any pharmaceuficalivaccine composition comprising
any of such HS protein, nucleic acig molecule or vedtor can be used as a medicine,
preferably for the treatment and prophylaxis of infections, caused by influenza virus, most
preferably by influenza A virus. The H5 proteins as provided herewith, the nucleic acid
molecules encoding for any such H5 proteins, the vectors compnrsing any such nucleic
acid molecules encoding for any such H5 proteins as described herein, and any
pharmaceuticalivaccing composition comprising any of such HS protein, nucieic acid
molecule or vector, as described herein, can be used for the treatment or prophylaxis of
numan beings as wsll as in veterinary medicine. When used in veterinary medicine, the
treatment of poultry, preferably bird, chicken, duck, turkey and the like as well as
mammals, preferably pigs, cattie, horses, seals, camels, dogs, cats, hamsters, mice and
the like, is preferred.

Thus, according te another aspect the present invention relates to the use of HS proteins
as provided herewith, the nucleic acid molecules encoding for any such HS5 proteins, the
vectors comprising any such nucleic acid molecules encoding for any such HS5 proteins as
described herein and any pharmaceuticalivaccine compositions comprising any of such

H5 protein, nucleic acid molecule or vector as described herein, can be used as a

medicine, preferably as a medicine for human beings andfor as veterinary medicine,

Moreover, H5 proteins as provided herewith, the nucleic acid molecules coding for any
such H5 proteins, the vectors comprising any such rucleic acid molecules coding for any
such H5 protein, as described herein, can be used for the preparation of a pharmaceutical
composition, as described herein, for the prophylaxis or treatment of infections caused by
viral influenza. As mentioned above, those pharmaceutical compositionsfvaccine
compositions can be used for the treatment andfor prophylaxis of human beings as well

as for the treatment and/or prophylaxis of animals, such as poultry, preferably bird,



Anti gen Crude whol e-cel

H5 HA mut K+ protein expressed in insect cells by

a bacul ovi rus-based expression system Fornul ation An experinental vaccine
conprised of cultured insect cells and supernatant expressing reconbi nant

H5 HA. The vacci ne was adjuvanted w th Enul si gen-D.
510 Antigen Crude whol e-cel
cells by a bacul ovirus-based expressi on system

Generi c product nane
| -15 HA nut K+ protein expressed in insect
An experi nmental vaccine

conpnsed of cultured insect cells and supernatant expressing reconbi nant

H5 HA. The vacci ne was adjuvanted w th Pol yden.
product nanme 511 Antigen Crudesawhol e-cel
insect cells by a hnem | nvirus-h=tai
experi ment al

For mul ati on
H5 HA nmut K+ protein expressed in
ovprossion system Formulation An
vacci ne conprised of cultured insect cells and supernatant

Generi c

expressing reconbi nant H5 HA. The vacci ne was adj uvanted w th Enul si gen-P.

Generic product nane 512 Antigen Crude whol e-cel

| -15 HA nmut K+ protein
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influenza infection, which preferably are caused by avian, swine or human influgnza virus

or any combination or hybrid thereof.

According to a further aspect, the present invention also relates to a method for the
treatment or prophylaxis of influenza virus infections, wherein the method comprising
administration of a therapeutically effective amount of the H5 protein as describe herein,
to a subject in need of such a treatment. Moraover, the present invention also relates to a
method for the treatment or prophylaxis of infiuenza virus infections, wherein the method
comprising administration of a therapeutically effective amount of any HS nucleic acid

molecule or vector as described herein, that codes for any HS protein as described herein,

to a subject in need af such a treatment. Furthermore; the present invention also relates to-

a method for the treatment or praphylaxis of influenza virus infections, wherein the method
comprising administration of a therapeutically effective amount of the vaccine comprising
any such H5 protein, nucleic acid molecute or vector, as described herein, to a subject in
need of such a treatment. The subject in need thereof can be a human being as well as
an animal, preferably pouliry, even more preferably bird, chicken, duck, turkey or a
mammal, preferably pig, cattle, horse, seal, camel, dog, cat, hamster, mouse and the like.,

Preferably, .when chicken are vaccinated, the HS protein as described herein can be used
for vaccination at day 1 of age or later, e.g. at day 10, or at day 1 t0 10, or at day 10 or

later.

Preferabiy the influenza infection that can be treated by the administration of any HS
protein, the nucleic acid molecule or vector encoding for any such HS protein, or any
pharmaceutical / vaccine compositions as described herein, is caused by avian, swine or

“human influenze virus or any combination or hybrid thereot.



Generic product nane 514 Antigen Crude whole-cell 1-15 HA K+ protein
expressed in insect cells by a bacul ovi rus-based expression system
Formul ati on An experinmental vaccine conprised of cultured insect cells and
super nat ant expressi ng reconbi nant F15 HA. The vacci ne was adjuvanted with
| SA 70. 5EXAMPLE 3 Vaccination of swine (pigs) against avian influenza 1.
| NTRODUCTI ON The purpose of this study was to determne the ability of
experinmental vaccines containing 10a crude extract of reconbinant |-15
hemaggl utinin (HA) antigen to i nduce hemaggl utination inhibition (H)
titers in swne. Various adjuvants were evaluated with the F15 HA
antigens. The HA |-15 prototypes evaluated in this study contai ned antigen
fromeither conventional H5 HA or 145 HA Mut K+. Conventional H5 HA was
derived from Al duck/ Chi na/ E319- 2103, 15 whereas |-15 HA Miut K+ consi sts of
conventional H5 HA which was engineered to contain three specific am no
aci d chégreding taenoBar2gHRLt, the ples BONenBY 2B QA Ht S FBmitakeemerses gl so cont ai ns ami no
aci d 94N.anylbresupamd préteih @¢ daBALED hadd, GheChiangast maecdd br dddorMut K+ result in a
F15 HA L@fng Y Shy Cu@S BE YroleRS BITRAE ShafnR@utidh OfacdVe HiSALi®h03. The ami no acid

CoNposi Eamgﬂ.ngfan tfSich Bs gk fﬁfnud%{c';'tﬁé %31&%19§n)e§m<;yaeg¢%mdlhxmmhought to aidin
anti hod ition of t SIGN: Table 1. Study

over Vi efif® " SERFORUAEFIBIe Bhegse ?/2 Sc\,‘%’ﬁHﬁée"“r?r'" 5EG g8 a““’D B Day 21 Day 35 1 5

501 vector or vaccune for the treatment or prophylaxis of infections caused by mﬂuenza wrus
When chicken are vaccinated, the H5 protein as described herein can be used for

vaccination at day 1 on age or later.

10 According to a further embodiment, that kit in parts comprises at ieast one further antigen
of a poultry or mammalian pathogen and the information indication the medicinal, human

or veterinary use of that additional antigen.

15 EXAMPLES
The following examples set forth preferred materials and procedures in accordance with
the present invention. 1t is to be understood, however, that these examples are provided
by way of illustration anly, and nothing therein should be deemed a limitation upon the
overall scope of the invention.
20
EXAMPLE 1
Construction of a recombinant baculoviruses coding for and expressing HA H5 antigens

The recombinant baculovirus containing the H5 HA antigen was generated as follows: the
25 coding sequences of the H5 HA (SEQ ID NO:2) was chemically synthesized and
subcloned intc the transfer vector pVL1382 {BD Biosciences Pharmingen, San Diego,
CA). The H5 HA Mut+ (SEQ ID NO:4}) was generated by using oligonucieotide primers
and the QuikChange® Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) and
subcioned into the transfer vector pVL1392 (BD Biosciences Pharmingen, San Diego,
30 CA) The pVL1392 plasmids containing the genes coding for HS HA antigen {SEQ ID
NO:2) and H5 HA Mutk+ (SEQ ID NO:4) were then co-transfected with DiamondBac®
(Sigma) baculovirus DNA into S8 insect cells (BD Biosciences Pharmingen) to generate
the recombinant baculovirus containing the genes H5 HA coding for SEQ 1D NO:2 and H5

HA mutk+ coding for SEQ ID NO:4. The recombinant baculoviruses coritaining the genes
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coding for H5 HA (SEQ ID NO:2) and H5 HA Muti+ (SEQ I3 NO:4) were plaque-purified
and Masler Seed Viruses (MSVs) were propagated on the SF+ cell line, afiquoted, and
stored at -70°C. Insect cells infected with H5 HA baculoviruses &s described above to
generate MSV or Working Seed Viruses express H5 HA antigen (SEQ 1D NO:2) and H5

5 HA MutkK+ {SEQ ID NO:4) antigen as detected by polycional serum or monocional
antibodies in an indirect fluorescent antibody assay or Western blot.

After being seeded with the appropriate amounts of recombinant baculoviruses {(H5 HA
and H5 HA MutK+, respectively), spinner flasks containing SF+ cells (Protein Sciences,
10 ine, Meriden, CT) were then incubated at 27 * 2°C for 7 days and wilh stirring 100rpm
during that fime. The flasks used ventifated caps to allow for air fiow. The crude whole
celt culture containing baculovirus infected SF+ cells and the cell culture supernatents of

each culture were harvested.

EXAMPLE 2
Preparation of pharmaceufical compositions (vaccines) comprising HA H5 antigens

The crude whole cell H5 HA protein and H5 HA Mutk+ protein expressed in insect cells by
20 baculovirus-based expression system were harvested. Baculoviruses were inactivated in
the presence of 5 mM cyciized binary ethylenimine (BEI) (final concentration} between
about 32 and 39°C for 72 to 86 hours. After inactivation is compleled a 0.3 M sodium
thiosulfate solution was added to a final concentration of SmM to neutralize any residual
BEI. After neutralization various adjuvants were added and the following vaccine/

25  pharmaceutical compositions were generated.

VACCINES

Generic product

name 501
. Crude whote-cell H5 HA protein expressed in insect cells by
Antigen X N
a baculovirus-based expression system. _
Formulation An experimental vaccine comprised of cultured Insect cells

and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Emulsigen.
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Generic product 502
name
Antigen Crude whele—cell HS HA protein expressed in insect cells by

a baculovirus-based expression system.

Formulation

An experimental vaccine comprised of cuttured insect cells
and supemnatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Emulsigen-D.

Generic product
name

503

Antigen

Crude whole-cell H5 HA profein expressed in insect cells by
a baculovirus-based expression system,

Formutation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant HS HA. The
vacceine was adjuvanted with Polygen.

Generic product
name

504

Antigen

Crude whole-cell H5 HA protein expressed in insect cells by
2 baculovirus-based expression system.

Formuliation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Emulsigen-P.

Generic product
name

505

Antigen

Crude whole-cell H5 HA protein expressed in insect cells by

{ a baculovirus-based expression system.

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Carbigen.

Generic product
name

506

Antigen

Crude whole-cell H5 HA protein expressed in inseci ceils by
a baculovirus-based expression sysiem.

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant HS HA, The
vaccine was adjuvanted with Emulsigen-75.

Generic product
name

507




RI GHT side of 13 5 513 neck.) the neck.) 14 5 514 15 5 None Bl eed

Bl eed The piglets we, e 3 weeks 5 days of age at the beginning of die
study. The piglets were 5clinically healthy at the beginning of the Study.
Bl ood sanpl es were obtained on Study Days 0, 21, and 35. . Al study

animal s were observed daily on Study Days 1 through 35 in regard to the

gener al

heal t h st at us.

For seven days foll ow ng each vaccinati on,

injection sites were 10investigated daily and visible reactions were

recorded. At the conclusion of the ani ma
35, all

/ phase of the study on Study Day
ani mal s were hunmanel y But hani zed. 3. VACCI NES Vaccines 501 to 514

as described in EXAMPLE 2 were used for the pig vaccination study. 15 4.
HEMAGGLUTI NI N | NHI BI TI ON ASSAY Swi ne were vaccinated with the HS
HA- cont ai ni ng prototypes on Days 0 and 21. Sw ne

Antigen

Crude whole-cell HS HA protein expressed in insect celis by
a baculovirus-based expression system.

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with ISA 70.

Generic product
name

508

Antigen

Crude whole—cell H5 HA mutK+ protein expressed in insect
cells by s baculovirus-based expression system.

Formutlation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The

vaccine was adjuvanted with Emulsigen.

Generic product
name

509

Antigen

Crude whole-cell H5 HA mutK+ protein expressed in insect
celis by 2 baculovirus-based expression system.

Formulation

An experimental vaccine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was aditvanted with Emulsigen-D.

Generic product
name

610

Antigen

Crude whole—eil HS HA muti+ protein expressed in insect

cells by 2 baculovirus-based expression system.

Formulation

An experimental vaceine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Polygen.

Generic product
name

511

Antigen

Crude whole-cell H5 HA mutK+ protein expressed in insect

cells by a haculovirys-hased expression system,

uuuuu o m ~TU SAp TowiWil vy onwers

Formuiation

An experimental vaccine comprised of cultured insect cells
and supematant expressing recombinant HS HA. The
vaccine was adiuvanted with Emulsigen-P.

Generic product
name

812

Antigen

Crude whole-cell H5 HA mutK+ protein expressed in insect
celis by a baculovirus-based expression system

Formulation

An experimental vaceine comprised of cultured insect cells
and supernatant expressing recombinant H5 HA. The
vaccine was adjuvanted with Carbigen.




sera were collected for evaluation by hemagglutination inhibition (H)
assay on Days 0, 21, 35. The H assay was perfornmed to detect the presence
of HA-specific antibodies. A 20 heterol ogous H5N2 virus,

A chi cken/ Mexi co/ 232/ 94, was used at a concentration of four

hemaggl utinating units [4 HA units) in the H assay. In U bottoned
mcrotiter plates serial two-fold serumdilutions in PBS were subsequently
m xed with equal volumes (25 pL) 40 containing 4 HA units of virus, and

i ncubated at roomtenperature (about 25C) for 30 min.. Chicken red bl ood
cells, at a concentration of 085%in PBS, were added to the serumvirus
containing wells and i ncubated for 40 nmat roomtenperature. The H

titers were determ ned as reciprocals of the highest serumdilutions In
whi ch i nhibition of 5hemaggl utinati on was observed. 5. RESULTS H test used
t he Mexi can governnent official HS5N1 antigen (Atchicken/ Mexicol/232/94) [4
HA Uni ts}—\accination+regihen—of—t—x—31m—oenbays—Q and 2t 10 H Titers
Day 0 Deeperi pRayct35/:501 H5 - Enmulsicren 0 0 4 502 HY - Enmulsioen-D O 0 4
503 145%@™Pol ygon Ol 0 0 504 145- Ernul sigen-P

Crude whole-cell H5 HA mutk+ protein expressed in insect
cells by a baculovirus-based expression system.

An experimental vaccine comprised of ciltured insect cells
and supernatant expressing recombinant HS HA. The
vaccine was adjuvanted with Emulsigen-75.

Antigen

Formulation

Generic product

Thame 514 _
Antigen Crude whole-cell H5 HA K+ protein expressed in insect cells
g by a baculovirus-based expression system. _
. An experimental vaccine comiprised of cultured insect cells
Formulation and supernatant expressing recombinant H5 HA, The
vaccine was adjuvanted with I1ISA 70.
5 EXAMPLE 3

Vaceination of swine {pigs) against avian influenza

1. INTRODUCTION
The purpose of this study was to determine the ability of experimental vaccines containing
10 a crude extract of recombinant HS hemaggiutinin {(HA) antigen to induce hemagglutination

inhibition (H1) titers in swine, Various adjuvants were evaluated with the HS HA antigens.

The HA H5 prototypes evaluated in this study contained antigen from either conventional
H5 HA or H5 HA MutkK+, Conventional H5 HA was derived from A/duck/China/E318-2/03,
15  whereas H5 HA MutK+ consists of conventional H5 HA which was engineered to coatain
three specific amino acid changes at S120N, Di50N, SZZ3N and 328mutk+. it aiso
contains amino acid 94N. The particular amino acid changes in H5 HA Mut K+ resultin a
H5 HA that more closely resembles the HA of A/HK/213/03. The amino acid composition
of the H5 HA of A/HK/213/03 is currently thought to aid in antibody recognition of the HS

20 HA
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2. STUDY DESIGN;
Tabie 1. Study Overview.
Group | Number Vaccine Day 0 Day 21 Day 35
of Pigs Prototype

1 5 S0

2 5 502
-3 5 803

4 5 504

3 5 505 Bieed and Bieed and

) 5 506 Vaccinate Yaccinate

7 5 507 Intramuscuiary intramuscularly | Bleed and

8 3 E0B (brachiocephalic | (brachiocephalic | Terminate

g 5 500 group) by group) by Study
10 5 510 administration of | administration of

1T 3 211 1 miin the LEFT Tml in.the

= S €15 side of the RIGHT side of

13 g 543 neck.) the neck.}

14 5 514 .

15 5 None Bleed Bleed

The piglets were 3 weeks * 5 days of age at the beginning of the study. The piglets were
5 clinically healthy at the beginning of the study. Blood samples were obtained on Study
Days G, 21, and 35. .

Al study animals were observed daily on Study Days 1 through 35 in regard to the
general health status. For seven days foflowing each vaccination, injection sites were

10 investigated daily and visible reactions were recorded. At the conclusion of the animal
phase of the study on Study Day 35, all animals were humanely euthanized.

3. VACCINES
Vaccines 501 to 514 as described in EXAMPLE 2 were used for the pig vaccination study.

4, HEMAGGLUTININ INHIBITION ASSA.Y

Swine were vaccinated with the H5 HA-containing prototypes on Days 0 and 21. Swine

sera were collected for evatuation by hemagglutination inhibition (HI) assay on Days 0, 21,

35. The Hl assay wes performed to detect the presence of HA-specific antibedies. A
20 heterologous HSN2 virus, Afchicken/Mexico/232/94, was used at a concentration of four

hemagglutinating units [4 HA units) in the Hi assay. In U-bottomed microtiter plates serial

two-fold serum dilutions in PBS were subseguently mixed with equaf volumes {25 plL)



0O 016 0 511 512 145 K+ - Carbicfen 0 0 O 513 145 K+ - Enul sicien-75
0 0 16 514 H5 K+ - ISA 70 0 4 32 Control None0O0O0 BIV 115 (derived from

I nfl uenza A virus (A duck/China/E319-2/03(H5N1)) BIVI-15 K. (nutated SW
1-15 to include 6120N, 0155N, S223N. and added 328K+) 15The results
denonstrate that nost of the vaccine conpositions elicit an immune
response in the vaccinated pigs. In particular, npost of the vaccine
conpositions result in a seroconversion, which neans nost of the

vacci nat ed pi gs devel oped specific anti bodi es agai nst the avian influenza
virus used in the H assay. Aldtogether, the results clearly and

undoubt edly prove that the clained inventive idea works very well. The

ri sk of pandem c 20i nfection of pigs (animal of a second species), wth
avi an influenza virus (pathogen of a first species) can dramatically be

reduced by the vaccination of pi%s with a relevant 41
containing 4 HA units of virus, and incubated at room temperature (about 25°C} for 30

min.. Chicken red blood cells, at & concentration of 0.5% in PBS, were added to the
serum-virus containing wells and incubated for 40 min at room temperature. The Hi fiters
were determined as reciprocals of the highest serum dilutions In which inhibition of

53 hemagglutination was observed.

5. RESULTS _
H! test used the Mexican government official H5N1 antigen (Afchicken/Mexico/232/94) [4
HA Units] Vaccination regimen of 1 x 1 mL on Days 0 and 21.

10
Hi Titers
Day0 | Day21 | Day3s
501 H5 = Emulsigen 0 0 4
502 H5 « Emulsigen-D 0 0 4
1503 H5 — Polygen 0 0 0
504 H5 - Emulsigen-P 0 [+] 2
£05 H5 ~ Carbigen 0 1] 4
506 HS - Emulsigen-T3 ¢ 0 18
507 H5I1SA 70 0 ¢] 16
508 H5 K+ - Emulsigen 0 4] 128
508 H5 K+ -Emulsigen-D 0 [ 64
510 H5 K+ - Poiygen t] 4] 18
514 H5 K+ - Emulsigen-P 0 0 0
512 H5 K+ - Carbigen 0 0 0
513 H5 K+ - Emulsigen-75 Q 0 18
514 H5 K+ - ISA 70 0 4 32
Control ___| None o [ o | o

BIV H5 (derived from Influenza A virus (Afduck/China/E319-2/03(H5N1))
BIV H5 K+ {mutated BIV H5 to include S120N, D155N, S223N, and added 328K+)

153  The results demonstrate that most of the vaccine compositions elicit an immune response
in the- vaccinated pigs. In particular, most of the vaccine compositions result in 2
seroconversion, which means most of the vaccinated pigs developed specific antibodies
against the avian influenza virus used in the Hl assay. Altogether, the resuits clearly and
undoubtedly prove that the claimed inventive idea works very well. The risk of pandemic

20 infection of pigs (animal of a second species), with avian influenza virus (pathogen of a
first species) can dramatically be reduced by the vaccination of pigs with a relevant



antigen of avian influenza virus. This has been clearly denonstrat ed.
Moreover, by this vaccination concept, the transm ssion and adaptation of
avi an influenza virus to manmal s, including human beings is dramatically
reduced. Pigs are one of the nost inportant reservoirs for avian

pat hogens, including avian influenza virus. If the virus 5 replication in
pigs and therefore the risk of adaptation of avian influenza to pigs is
dramatically reduced and controlled, the risk for any adaptation of avian
i nfluenza virus to human beings is also dramatically reduced. In case,
where the adm nistration of amtligen results in lower 1-11 titer, which
nmeans titer |ower than 30, further boosts with antigen will be required to
further inprove the H titer and to enhance the i Mmune protection in the
10 vaccinated pigs. Therefore, lowtiter does not nean that no protection
can be achieved, it only teach that further boosts seens to be required to
i npr oveEntiged of 3vaR ke R KD This haspre ﬂ'eéé’tdem?’ﬁ‘&f"daﬁfﬁi"%ﬁhg response coul d be
measur ededingtioy gowemathe drarsmigsiond eforrgetetiar @b atidabiveie vitivient i ve i dea

under | yhdgnatshiecijaing S@mab beifyy éNdranercalyoedesedy Bigsyaraverie| of the rrot her wor ds, t he
exper i NRpdgnt REOVdiS @6 20ar Bbdehs, Gkiediy| yiad Aflertd dRusbt edlvyisgi ve evi dence t hat

the kn dr%&’ Eatlé/n mip%g CAﬁuathQrL,forL I}ﬁ ik gisﬁfg].t)taifopgleﬁrah Q\ﬁuemrtg |gs EXANPLE 4 Vaccination

of bir RCDU&:I he purpose of this
st udy \Aﬁ?“a?i?""d“edl”?f' ﬁ?drfé""f”ﬁ% ”515'?’125? g ad?pt%?("'\%awa" BNt a Vmétcom nes containing a
crude ewrpaksirans a'?@&ﬁl?’ff?’ﬁé‘?ﬁ‘t“’e%'ﬁﬁisﬁ#’hﬂ%%w'ﬁmf’%"f g5 HA nutk+) antigen
t 0 i nduesintdieiwg gl tist, ivhicttricers tieniwepinen rfurthpibyosts pitresptger il lehi cken. I n addi ti on,
a Conver@&tﬁr&ﬁakurtﬁﬁmb A tidDanki®o &mﬁdcg&l@ irgrifpe ptétpctiasintel | as t he

i naghi vake tey @r&c‘fhglgfor\JQOvy@eq (de) ndnednBRERY DiRORE chBPShBREM Vet medi ca, Mexi co)

wer e use reover e evaluated wth the

H5 HA afiti ‘ 'éa?P%e”@W eﬁﬁu'mﬁ%w Ethgg-lmu'fng&%w\?\ere vacci nat ed

i ndeperfél%ﬁ*!al‘il‘ TR PP be TBSERES ThERTEP DHERTHEEAM™ 1 or 10 days of age

by subcthd aveetive Sleq wdtrgingiht pre@nttnverition wprs Nery pellci °Bfr welfe teck; al | the birds
Wer e Nedxpdriabriesiovidéd efe@lhadeamsSand urdbubgdly biee ekper thargmwrtinverfeed and wat er were

Cpr 0Vik d€ka ofiRe @ded: inhdol WnsChal | enge was conducted 31 or 32 days post

vacci nation with H5N2 highly pathogenic avian Influenza strain. Serum

sanpl es were obtained by bleeding birds fromthe jugular vein at 15, 30

and days post-vaccination. The seruns obtained were stored to 4C until

runni ng the SHemaggl uhnat i oMfHfBition (H) test, as described in Exanple

3, to obtain the antidopadpedbics tsers avidg INREE| NES and CHALLENGE VI RUS: Four -

di ff.erent fornul ati ons were eval uated i ndependently: 10 1. Conventi onal

oi I emul sion_ H5SHA Mut k+: H5 HA nutk+ antigen was fornulated in oil

emul si oh ba¥&PYXEFBYNd i nconpl ete adjuvant) on Boehringer |ngel heim

Vet medi T Pypese efdhisrstudy, was to determine the abiliyeghoxprimefiigiyecqingt COR@MIE HA nut k+ ant i gen

f or nul ai ediewittalt otreq@abinabGtsonNerFregaivtidin (BEHE vatvt atipeB e ix0E W OQAN, from

Seppi C)hebﬁ@g&ﬁha@d’r\ idhlBonl (B¢ REATRIRAaEA. Qedaifon} h@nsafpRl @mbinad.  HSHA convent i onal

g' ! h‘%ml's%n‘t? Aaﬁﬁt%% »@PL& RS Jae&mklaato@m gb&mﬂbér IngdRdhnS on basgd on 0
oenri nger erm Vi ocedures ete adj uvan
g e&iiczl%fg werf_lgsegﬁr 5 fo‘? hR)r er vanors 1d£.| F\t?% eJalIIEt&”p J

204. Se a non conventi onal
adj uvantih(fegAriaedisergy OV, from Seppl c) based on t he recomendation of the
supplier. An Avi an I nfluenza Boehringer |Inge!hel m Vetnedica oil
enul si o) vaswoneesas: used as. 25control Vol vacOD Al (Boehringer Ingel heim

Vet %di &k bir&@(xg-ﬁ?)aere vaccinated independently with different experimental vaccines at
1 or 10 days of age by subcutaneous route with 0.5 mt in the back of the neck; all the

birds were maintained in isolators during the experiment. Feed and water were provided



Chal | enge were conducted in vaccinated and non vacci nated chi ckens by

I nocul ati on by intra-nasal

bird of the HSN2 chall enge virus. After the chall enge,
were recorded. Ten days post- inoculation all the 30survivors chickens
wer e eut hani zed according to animal |ab. procedures.

RESULTS: Results are described in the follow ng tables:

1 day old Formul ation Chal | enge 3days post vaccination
%i Seppic HSHA Mut k+ 8125 32% Conventional oil emulsion HSHA Mit k+ 0/24
&z)Sepplc HSHA 17/ 25 68% H5HA €onventional oil enul sion 4/25 16% Vol vac Al

20

25

30

ad fibitum. Challenge was conducted 31 or 32 days post vaccination with HSN2 highly
pathogenic avian influenza strain.

Serum samples were obtained by bleeding birds from the jugular vein at 15, 30 and days
post-vaccination. The serums obtained were stored fo a°C until running the
Hemaggiutination Inhibition {H!) test, as described in Example 3, to obtain the antibodies

titers,

3. VACCINES and CHALLENGE VIRUS:
Four different farmutations were evaluated independently:

1. Convenfional oil emuision H5HA Mut k+: H5 HA mutk+ antigen was
formulated in oil emulsion based {Freund incomplete adjuvant) on

Boehringer Ingelheim Vetmedica procedures.
2. Seppic H5HA Mut k+: M5 HA mutk+ antigen formulated with a non
conventional adjuvant (ISA 208, WIOMW, from Seppic) based on the

recommendation of the supplier.
3. HSHA conventionat oll emuision: HS HA antigen was formulated in oit

emulsion based on Boehringer Ingelheim Vetmedica procedures
{Freund incomplete adjuvant)

4. Seppic H5HA: H5 HA antigen formulated with a non conventional
adjuvant (ISA 208, W/OAW, from Seppic) based on the

recommendation of the supplier.

An Avian Influenza Boehringer Ingélheim Vetmedica oil emulsion vaccine was used as
control Volvac® Al (Boehringer Ingelheim Vetmedica, Mexico).

Challenge were conducted in vacctinated and non vaccinated chickens by inoculation by
intra-nasal route with 0.2 mi containing 10 7 CEID per bird of the HSN2 challenge virus.
After the challenge, signs and mortality were recorded. Ten days post- inogulation all the

survivors chickens were euthanized according to animal lah. procedures.

4, RESULTS:
Results are described in the following tables:

route with 0.2 m containing 10 61 CEID per

signs and nortality

4.
43 Vacci nati on
It Dead Mortality



Negati ve contro

Vacci ne Fornul ati on

10/ 10 100%
days post vaccination (M5 Log2) 1 day old

0.7 84 Volvac A KV

10

Seppi ¢ H5SHA Mut

Vacci nati on

% Protection after
k+ 0.56 68 Conventi onal
H5HA Mut k+ 2.59 100 Seppic H5HA 0. 18 32 H5HA conventi onal
- Negative contro

43
Vaccination 1 day old Vaccination 10 days old
Formuiation Chalienge 31 days post Challenge 32 days post
vacgination vaccination
# Dead Mortality % # Dead Mortality %
Seppic-HSHA .
Mut k+ 825 32% 0720 0%
Conventional
oil emulsion 0724 0% - 0720 0%
H5HA Mut k+
Seppic HSHA 17025 68% 7/19 36.8%
HSHA 4725 16% 2720 10%
conventional
0il emulsion
Volvac Al KV /14 0%
Negative 10110 100% 14114 100%
control
Vaceination 1 day old Vaccination 10 days old
{0.5mi) {0.5ml}
Vaccing Mt titers 30 % Hi titers 30 %
Formulation days post | Protection -] days post Protection
vaccination | after vaccination | after
(MG Log2) | Challenge (MG Lag2) Challenge
Seppic HSHA 0.56 &8 25 100
Mt k+
1 Conventional 2.59 100 4.3 100
oil emuision
H5HA Mut k+
Seppic HSHA 0.18 32 1.3 63.2
HSHA 0.7 84 1.6 100
conventional
oi! emulsion
Voivac Al KV 8.8 100
Negative 0 0
conirof -

(0.5m) Hi

oi |

Positive serum titer is considered logs 4 according te OIE standards. Based on this

criterion serclogical results were negative, but some positive values were observed when

compared with the base fine. The best serological titers are observed in the vaccing
formulated with oil adjuvant and with the H5HA Mut k+ antigen, in birds vaccinated at 1
day of age or 10 days of age. The lowest serological titers were observed in the prototype

formulated with Seppic and the H5HA antigen. In the challenge study it was observed,

oi |

titers 30
Chal | enge

enmul si on

enul si on



-- 5 Positive serumtiter is considered 1092 4 according to OE
standards. Based on this criterion serological results were negative, but
sonme positive val ues were observed when conpared with the base |line. The
best serological titers are observed in the vaccine fornulated with oi

adj uvant and wth the HS5HA Mut k+ antigen, in birds vaccinated at 1 10day
of age or 10 days of age. The | owest serological titers were observed in
the prototype fornulated with Seppic and the H5HA antigen. In the
chal l enge study it was observed, 44 that vacci nes prototypes confer
protection, particularly with ¥he conventional oil emulsion vaccine
formulated with the HSHA Mut k+ antigen. The | owest protection in the
chal | enge study was observed with the Seppic HoHA with 68% of nortality.
In contrast, the highest serological titer were observed in birds
vacel nat ed, 8t 10,98Y S GRSty B3 RuaSI MakAd, at one day old. 45

vaccine formulated with the HEHA Mut k+ antigen. The lowest protection in the challenge
study was observed with the Seppic H5HA with 68% of mortality. In contrast, the highest

serological titer were observed in birds vaccinated at 10 days compared with birds

5 wvaccinated at one day oid.



25 6. 30 H5 protein of influenza virus, wherein the H5 protein having
the am no acid 223N and the nodification 328K-E, wherein nunbering of the
am no acid positions of the H5 protein refers to the amno acid position
as exenplarily given in SEQ ID NO 1 and wherein the nodification 328K+
means that at am no acid position 32850f |1-15 protein a second Lysine (K+)
is inserted. The H5 protein according to claim1, wherein such H5 protein
has the am no acid 94N. The H5 protein according to claim1 or 2, wherein
such H5 (ilédMPn has the amino acid 120N. The H5 protein according to any
one of clainms 1 to 3, wherein such H5 protein has the am no acid 155N. The
H5 protein according to any one of claipns 1t \Mske ein such H5 protein
has one or nﬂ)ré*fbf’m?%of HlflP“c‘iﬁan\Q’“ént"VHBreé{b 'é%&%? as'QQBE?é'HWfOrG t he
gggug %035| sti '?ggﬂf andh thed @ndiFicatid?bd 3CHIE+, bwh@réinlﬁ@nberﬂ:@5¢fsﬂald amir@aadid8 -

1 aa 1

300 5311 NKL. PRREOTE 95Erids BT RCEGrh e SrigRyieishBogion.ps, STy s

wher ei n such Hyienahe$EQ ADNROL 1S @ad avheepdi itike mdd&ibatmnmal(semané thathed ami no
aci d sequences of S 6 H any
peptide that h&" %‘ta‘tgéa%ﬁ'“"é‘sé? fﬁ%’ﬁ@&'" aosr%?ogyyst e(Rh %éelptl de of i)

and that conprises hemagglutinin inhibitionin a standard henagglutlnln

i nhi b! t! on SFhe ¥ roteln c&o'rdln %"XKBWQ tferefn CHQJIQ" ﬂgét farhl)'loor
conprising at’ | east ? oUS ant no aci ds of a such pepti des of
i) od0ii) and whidr4Nn any of such peptide conpri ses henagglutinln
inhibitionin a standard hemaggl uti nin i nhibition assay; or iv. any
pepti de of A iii) having one of the ami no acids 36T, 36K, 83A,
83T, 83D, 86 Tt;e\ﬂS mm agemding 1gaRim1 5O 2, WAGRIN 3upbitid Proiein hesdhe 212F
10263A or 263Tanfifo deid # Peptide of i), ii), iii) or iv) having one or
nore of the followng amno acid clusters selected fromthe group

consi sting of: a. aa 93 - 95 ONF-

b. a@5123 - 425he S prdi actardidBio-ank e 0BB&@ims 1 to 3, wherein such H5 protein

has the amino acid 155N.

5. The H5 protein according to any one of claims 1 to 4, wherein such H5 protein

has one or more of the following amino acid clusters selected from the group

20 consisting of:
a. aa 93 - 95 GNF
b. aa 123 -125: SDH
c. aa128-130: SSG
d. aa 138- 140: GSS

25 e. aa226- 228: MDF
f. aa270-272. - EVE
g. aa309-311: NKL.

6. The H5 protein according to any one of claims 1 to 5, wherein such H5 protein

30 comprises a peptide that comprises:

i. the amino acid sequences of SEQ ID NO:4; SEQ ID NO:5 or SEQ 1D NO:6;

or



d. aa 138 - 140: GSS e. aa 226 - 228: MDF f. aa 270 - 272: EVE

g. aa 309 - 311: NKL. 20 7. The H5 protein according to any one of clains
1 to 6, wherein such H5 protein is originated froman avian influenza

Vi rus. 8. The H5 protein according to anyone of clains 1 to],
wherein such H5 protein 25conprises #fhe am no aci d sequence of SEQ ID

NG 4. 9. An nucleic acid nolecule, coding for the H5 protein according to

any one of clainms 1 to 8. 3010. A vector conprising the nucleic acid

mol ecul e accoildiany Pestida thpthas at keast 6% geayanse bempieay osthe Rolygeptidg of i) 5
protei n accor di ngdt PafRYmPREesOherbhgiiminl idkbithn I8 Gueded heptiggiutimhecul e
according to claim9, or the vector according to claim10, and b. a

phar maceuti cal AeHEPHRISEY:Qrrier and/or excipient. 512. The vaccine
according to gl ajnPphi.of MESRIpRpIdRE B XYW R EdthprishhgQit @af 8 BBHtQuUAE aviast s. 13.
The vaccine according to claim112, wherein_the adjuyvants jfs AN opii

Enul sPgenbased %95V, of 159ckh pepliges fL OF fiband MEPEIhENY 6F S BeRidss
claims 11 to 13,coMpliss ReinBggMENTIMELIBETRT iasS eanddle Idmaygglutinianinhipains .

15. The vaccine according to claim 14, wherein said further antigen is an
anti gen of 15a F5a™ Py or mammalian pat hogen. 16. The vaccine according to
claim 15, wheneidmypapttef ofi), por iMridvpgronesof i arhifo acids 3BT 036K, BBALEST; a

virus. 2017. A. h f p ugj r i f ins 1
to 8, wherein sgah’ %gf\hg%ivc rﬁéé@ H%Z\ sw?gps%g qlag%’l Mgﬁ%‘? %{r?p’i fying
t he mocl ei ¢ aci @6BAar 269des for such H5 protein; b. cloning the H5
encodi ng nucleic acid.in _exnressi : i . -

rotei n 25 160 ARG FeRdrCY T EdPar Ay nadnd BE 8 ofe o HPIARAIHIANEREY
vector is a recaistarantlediad frbm\ihe group consisting of: 19. The met hod accordi ng
to claim17 or 18, wherein the H5 protein is expressed 30in insect cells.
20. A nethod for predusa i thedb:va@iFne conprising a H5 protein according
to any one of clai 1t ), erghn said method conprises the steps of:
a.obtaining a 115 p ot & ﬂzsgc%%%?di%ﬁto any one of clains 1 to 9; 48

b. adas xi ng the 115 prod2ei128 013Gt efS@) wi th a pharnaceutical acceptable

carrier d. aa138- 140: GSS
e. aa226- 228:. MDF
f. aa270-272: EVE
g. aa309-311: NKL.
20 .
7. The H5 protein according to any one of claims 1 to 6, wherein such H5 protein
is originated from an avian influenza virus.
8. The H5 protein according to anyone of claims 1 to 7, wherein such H5 protein
25 comprises the amino acid sequence of SEQ ID NO:4.
9. An nucleic acid molecule, coding for the H5 protein according to any one of
claims 1 to 8.
30 10. A vector comprising the nucleic acid molecule according to claim 9.

11. A vaccine comprises



and/ or exci pient. 21. A nethod for producing the vaccine conprising a
H5 nucleic acid according to 5claim9 or a vector according to claim 10,
wherein said nethod conprises the steps of: a. obtaining the H5 nucleic
acid nol ecul e according to claim9 or the vector according to claim10; b.
adm xi ng the H5 nucleic acid nol ecul 47or vector of step a) with a

10phar maceutical acceptable carrier and/or excipient 22. The use of the
H5 protein according to any one of clains as a nedi ci ne. The

use of the n@clfée&lf»eafptsmrﬂﬂcer@mgéoaerce'ﬂ%i?frﬁba'%1&? Qﬂﬁ?gu‘élg'CaC'Hé'&ﬁ‘%q“ . 15

24. The use of at:&tﬁ‘dmgeéélémagqmwaMtdr@cé‘drﬁh@tomauamoaan@dl cine. 25. The use
of the vaccihne accordlng to an ? P to 16 as a nedi cine.

2026. The usk &fPhRHBAcPHEC laﬁ?eéiqpea%alffﬂ?r(ﬂnﬂé’rfe’(‘)c' ﬁ@} one of clainms 1 to 8 for
the preparation of a pharnaceutlcal conp05|t|on for the prophylaxis or
treat pent of ections _cau b i nfl use of the
nucl ePc aci dé’rg—T hgérai:c‘éned%%cgp@wq]ta clyaémcl a‘f\'%"r@'n ?e)fct%P'enﬁr'Seopné%r%trél%ﬁ of 25a

phar maceuti cal =@pw@asi ti on for the prophylaxis or treatnent of infections
caused by viral influenza. 28. The use of the vector according to
claim10 for the preparation of a pharmaceutical conposition for the
prophyl axi s 3. Theeatamnaccofdingoetzimddswigeadseadiayanis is ah Bnmisigrinza.  29.
The use accordl ?gngjg\%sone of clainms 26 to 28, wherein the viral

i nfluenza infection 1's caused by avian, swine or human influenza virus or
any d®nbi nation or hybrid thereof. 49 30. A nethod for the treatnment or
prophyl axi s of fhgfvhb@ﬁgécc\skdm&to'éh %ﬁébpa§|mswh%%rwﬁé?éinmmmaméormrI ses
adm nistration of a therapeutically effective anount of the H5 protein
according to clcamﬁf'ﬁsd)'@qré“%e%@eéét in need of such a Streatnent. 31. A
nmet hod for the treatnment or prophylaxis of influenza virus infections,
wherein the nethod conprises adm ni st ration of t her apeuti cal | effectl ve
anount of t h&-Abeygesng aceerqding R din F‘?S’”@Pﬁﬁﬁ”@”@ﬁ@ s @B EPIgen DL cor di ng
to chgi m 10 t o0 agolfigulinemimalmnzetbgsh. such a treatnment. 32. A nethod for
the treatnment or prophylaxis of influenza virus infections, wherein the
nmet hod conprises adm nistration of a therapeutically effective anmount of

t he vacci ne @&d‘hediacrgwé acczaart;ingme:lairh 16| ehersintggidfudberiantigercie H3i Hg. aro cl ai m
11 to 1516 to ‘%'ﬁﬁ 2d qﬂgeed of such a treatnent. 33. The nethod
according to aﬁﬁf N8 6F%¢Yai"hs 30 to 32, wherein the influenza infection
is caused by avian, swine or human influenza virus or any conbination or
hybr t here f

accorglng to?géy%gwgéfr%"%hkngtTpﬁ5$§$gﬁﬁgbﬁh@98{gmggfgﬁﬁ%?@gﬁftﬂg%cord|ng
to claim9, thenaleedeamprisedthdisepso claim 10, or the vaccine according to
any one of clgi nslsalétlﬁ@orjeﬁnplm BhehudeR3canf cb8e foPbudh™MB srateilg t he use

of such H5 protein, ndclelc acid
b. clonlng the H5 encoding nucleic acid in an expression vector,

c.  expressing the H5 protein

25
18. The method according to claim 17, wherein the expression vector is a
recombinant baculovirus.
19. The method according to claim 17 or 18, wherein the H5 protein is expressed
30 in insect cells.

20. A method for producing the vaccine comprising a H5 protein according to any
one of claims 1 to 8, wherein said method comprises the steps of.

a. obtaining a H5 protein according to any one of claims 1 to 9;



mol ecul e, vector or vaccine of a) for the treatment or prophylaxis of
infections caused by influenza virus. 35. The kit according to
clainms 34, wherein such kit conprises at |east one further 30antigen of
poultry or mammalian pathogen. 1-2150ST25,txt SEQUENCE LI STI NG <110>
Boehri nger | ngel hei m Vet nedi ca GrbH 48120> NOVEL H5 PROTEINS, NUCLEI C ACID
MOLECULES AND VECTORS ENCODI NG FCR THOSE, AND THEI R MEDI Cl NAL USE <130>

Case 1-2150 <160> 6 <17 Pat e er <210 >

213> avian | B | eREAG AL Rt o hrbgnegRledt S e
Asn Asn Ser Thr Grd/dieRciMaht 151015 Asp Thr Ile Met Gu Lys Asn Val Thr Val
Thr Hs Ala Gn Asp Ile 202530 Leu Qu Lys Thr Hs Asn Ay Lys Leu Cys Asp
Leu Asp Gy Val Lys 354045 Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Ay Trp

Leu Leu Gy 2sm meéhodtr Braubiay @ sactisp c@nprishgea HE eugleis agiglacperdingites Trp Ser
Tyr :3%16 Val 657%5@%5%%0&.\/%(3%#@{%%%% réﬁ%aﬁ%ﬂeth@dicékfﬁns&ihepro Ay

Asn e Asn 85§ Leu Lys I's Leu Leu Ser Arg Ile Asn H s
Phe A u 100105%kDskofs IIe Gnllelle Pro Lys Ser Ser Trp Ser Asp H's Gu

Ala Ser 115120125 & mofcaic@es J¥ SeF Ser Ser
Phe Phe 13013%140 bi‘%”%ﬁé h“éﬁﬁa?rg{ﬁ Leu ||eorﬁ{5§tLy§m%ErgAase§’eAl a Tyr Pro

Thr Ile 145150155@.@9@“9 to clanm 10;
b. admixing the H5 nucleic acid molecule or vector of step a) with a

10 pharmaceutical acceptable carrier and/or excipient.
22. The use of the H5 protein according to any one of claims 1 to 8 as a medicine.

23. The use of the nucleic acid molecule according to claim 9 as a medicine.

15
24. The use of the vectdr according to claim 10 as a medicine.

25 The use of the vaccine according to any one of claims 11 to 16 as a medicine.

20 26. The use of the H5 protein according to any one of claims 1 to 8 for the
preparation of a pharmaceutical composition for the prophytaxis or treatment of

infections caused by viral influenza.

27. The use of the nucleic acid molecule according to claim 9 for the preparation of
25 a pharmaceutical composition for the prophylaxis or treatment of infections

caused by viral influenza.

28. The use of the vector according to claim 10 for the preparation of a
pharmaceutical composition for the prophylaxis or treatment of infections

30 caused by viral influenza.

29. The use according to any one of claims 26 to 28, wherein the viral influenza
infection is caused by avian, swine or human influenza virus or any

combination or hybrid thereof.



Lys Arg Ser Tyr Asn Asn Thr Asn G n GQu Asp Leu Leu Val Leu Trp 165170175
Gy Ile Hs Hs Pro Asn Asp Ala Ala GQu Gn Thr Arg Leu Tyr G n 180185190
1-2150ST25.txt Asn Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser Thr Leu Asn G n
Arg 195200205 Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn Ay G n Ser

Ay 210215220 Arg Met Asp Phe Phe Tr#9Thr Ile Leu Lys Pro Asn Asp Ala lle
Asn 225230235240 Phe A u Ser Asn Ay Asn Phe Ile Ala Pro Au Tyr Ala Tyr

Lys Il e 245250255 Vval Lys Lys Gy Asp Ser Ala Ile Met Lys Ser Au Val Gu
Tyr Ay 260265270 Asn Cys Asn Thr Lys Cys G n Thr Pro Met Gy Ala Ile Asn

Ser Ser 275289 285hetMod fdrrtiee !?éwm%tsormwﬂaﬁsldf mifllnza vipus iffectibdsewkerginG u Cy's
Pro Lys 290295300 Tyr  Val eu_Al.a Leu Arg

u
Asn Ser 30531031%%5 °5F8m@" S/ﬂda" ’@A%Q‘RPé?i\hberﬁfrea IGe %eﬁ‘?cé"’?aa?"ﬂ'g?\( Phe Gy
Ala Ile Al a 32533A3pkotéh ycddrding keecléhnu 6 8/to@E subfecpin@end & suchet Val Asp Gy
Trp Tyr Ay 34Q345350 Tyr H's Hs Ser Asn Qu Gn Ay Ser Ay Tyr Ala Ala
Lés G u 355%8 Ser Thr Gn Lys Ala Ile Asp @Ay Val Thr Asn Lys Val
Asn Ser Ile 370375380 Ile Asp Lys Met Asn Thr Gn Phe Gu Ala Val Ay Arg

oy Fhe gg é%%%&?«%é%@%éﬁ@adnsm oo S oBinklh &z vHudRRckiés, ARbrely's Lys

the method comprises administration of a therapeutically effective amount of
the H5 nucleic acid according to claim 9 or the vector according to claim 10 to a

10 subject in need of such a treatment.

32. A method for the treatment or prophylaxis of influenza virus infections, wherein
the method comprises administration of a therapeutically effective amount of
the vaccine according to any one of claims HS protein according to claim 11 to

15 16 to a subject in need of such a treatment.

33. The method according to any one of claims 30 to 32, wherein the influenza
infection is caused by avian, swine or human influenza virus or any

combination or hybrid thereof.

20
34. AKkit of partscomprising:

a. the H5 protein according to any one of claims 1 to 8, the nucleic acid
molecule according to claim 9, the vector according to claim 10, or the
vaccine according fo any one of claims 11 to 16; and

25 b. a package leaflet indicating the use of such H5 protein, nucleic acid

molecule, vector or vaccine of a) for the treatment or prophylaxis of

infections caused by influenza virus.

35. The kit according to claims 34, wherein such kit comprises at least one further

30 antigen of poultry or mammalian pathogen.



405410415 Phe Leu Asp Val Trp Thr Tyr Asn Ala G u Leu Leu Val Leu
420425430 Asn Qu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn EEL $;$
435440445 Asp Lys val Arg Leu G n Leu Arg Asp Asn Ala Lys Qu Leu Gy Asn
450455460 Page 2 1- 21505T25 t éﬁgﬁ'%% . jhe G u Phe Tyr H's Lys Cys Asp
Asn Qu Cys Met Qu Ser ¢ I )Arg Asn Ay Thr Tyr Asp Tyr Pro
Gn Tyr Ser Gu Qu Ala 485490495 Leu Lys Arg Qu GQu Ile Ser Ay Va
Lys<ilies @ouhﬁeigefImgé]ligemhve@&@&“)%mHTyr Anlle Leu Ser Ile Tyr ser Thr

Val Ala Ser Ser Leu Ala L

L SoMVBEc¥Rl Alpily Fbeurnget, Leu
Tr pft@@g g% %ﬁgﬁ?ﬁ §§¥L%‘£§§gﬁ”§ l(_‘;n Cys Arg Ile Cys Tle 545550
<21 11 2> PRT <213> duck |an uenza virus <400> 2 Met G u Lys
Thr<nab leasele®1b@u Ala Ile Val Ser Leu Val Lys Ser 151015 Asp G n Ile Cys

lle Gy Tyr Hs Ala Asn Asn Ser Thr u G n Val 202530 Asp Thr 11
e Me
Lys<®9% V&I Thr Val Thr His Ala Gn Asp |le 354045 P tav

<170> Patentin version 3.3

<210> 1

<211> 551

<212> PRT

<213> avian influenza virus

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

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

Leu Glu Lys Thr His Asn Gly Lys teu Cys Asp Leu ASp Gly val Lys
35 40 45

Pro Leu Tle Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
50 . 55 60

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr I1e val
65 70 75 80

Glu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly Asn Phe Asn
85 90 95

Asp Tyr Gliu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 i10

Lys Ile GIn 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 Gin Gly Ser ser Ser Phe Phe
130 135 140

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

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

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

Page 1



Leu Gu Lys Thr H's Asn Ay Lys Leu Cys Asp Leu Asp Gy Val Lys 505560 Pro
Leu Ile Leu Arg Asp Cys Ser Val Ala Ay Trp Leu Leu Ay Asn 65707580 Pro
Met Cys Asp Qu Phe Ile Asn Val Pro Gu Trp Ser Tyr Ile Val 859095 A u Lys
AI a Asn Pro Al a Asn Asp Leu Q/s %\;JHSO ¥ Phe Asn 100105110 Asp Tyr
e, e 15120125 Lys Ille
a e lﬂ"'{’e‘%gpﬁl%" Uys E s oA r%“éer /SF% %ﬁﬁ uAPRI s drd 135205200
1 2150ST25. t xt 145150155160 Arg Asn VaI Val Trp Leu Ile Lys Lys Asn Asp

r roThrIIe 170175 S rT hr Asn A n G u Asp
LeuL‘i’_‘gqlga'Tmehs'FrS A % igl’"y"}“’f g/aHl %@yg%g Qir Gi%p Ala Ala Gu Gn
Thr Arg Leu Tyr G n 195 205 Asn Pro Thr Thr Tyr Ile Ser val @y Thr Ser
Thr Leu Asn G n Arg 210215220 Leu Val Pro Lys Il e Ala Thr Arg Ser Lys val
AsnA%Sweeﬁrﬁpseiﬁe @h9 gmm@szw AYE tA%ﬁSPrﬁéapﬁkefg B Thr 1le Leu Lys
Pro n Asp Ala lle n 245250255 Phée u Ser Asn Ay z\sn Phe Ile Ala Pro
Gu Tyr Ala Tyr Lys Ile 260265270 Val Lys Lys Ay Asp Ser Ala |Ile net Lys
Ser PI@ G1WaderGhsn By @wpﬁemso&%m@rﬁ@y@ym@ﬂnaw %)59?1@3 A n Thr Pro net
Ay Ala Ile Asn %8P Ser 2902953002

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 GIn 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

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

Pro GIn Arg Glu Arg Arg Arg Lys Arg Gly Leu Phe Gly Ala Ile Ala
325 330 335

Gly Phe ITe Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr Gly
340 345 350

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

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

Ile Asp Lys Met Asn Thr G1n Phe Glu Ala val Gly Arg Glu Phe Asn
385 390 395 400

Asn Leu Glu Arg Arg Ile 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

page 2



Met Pro Phe His Asn Ile H's Pro Leu Thr Ile Gy Gu Cys Pro Lys
305310315320 Tyr Val Lys Ser Asn Lys Leu Val Leu Ala Thr Ay Leu Arg Asn
Ser 325330335 Pro A n Arg Gu Arg Arg Arg Lys Arg Gy Leu Phe Ay Ala lle
Al a 340345350 Gy Phe Ile Qu qy21 YT Py in Ay Met Val Asp Ay Trp Tyr
dy_35 Sl bhbiS rHiR 568 ASMAG UskdiuGhys Ber dduysdiyr Ala Ala Asp Lys
d uﬁé’%?gg'%%%goG@éFhéF@BG n Egs Cﬁéa I'l @7®sp Ay val Thr4#sn Lys Val Asn Ser
Il e 385390395400 Ile Asp Lys met Asn Thr G n Phe Au Ala Val Gy Arg Qu
Phe Asn 405410415 1-2150ST25. § xt OcPherlelAsiy Val Trp Thr Tyr
Asva AreAT LRl LB WA Eﬁ_peﬁyi?/e%’%eﬁﬁ.ﬁggiﬁ%ﬁs RO Thr Leu Asp Phe
H's Asp Set' Asn Val Lys Asn Leu Tyr 450455460 Asp Lys Val Arg Leu G n Leu

Arg Asp Asn Ala Lys Qu Leu. Ay _Asn 4654704754 Phe G u Phe Tyr
Hi gitysnggjéﬁs ﬁéﬁ @eusﬁ/&‘wb‘gg}dﬁ s&f ‘271‘8‘5%‘6%35%& 'fg Asn Ay Thr Tyr
Asp Tyr Pro Gnh Tyr Ser Au Gu Ala Arg 500505510 Leu Lys Arg Gu du lle
set' Ay Val Lys Leu Qu Ser Ile Ay Thr 515520525 Tyr @n Ile Leu Ser Ile

TyrmBesinThHie Ve saraiSeysger THuVal 4 1BetF53053SHAAE 116 Mt Val Ala
Ay Leu Set*> Leu Trp Met Ser Asn Ay Seff” 545550555560

Ala ITle Met val Ala Gly Leu Ser Leu Trp Met Cys 5er Asn Gly Ser
530 535 540

teu GIn Cys Arg Ile Cys Ile
545 : 550

<210> 2

<211> 567

<212> PRT )
<213> duck influenza virus

<400> 2
Met Glu Lys Thr val Leu Leu Leu Ala Ile val Ser Leu val Lys ser
1 5 10 15

Asp Gln ITe Cys Ile Gly Tyr His Ala Asn Asn 5er Thr Glu Gin val
20 25 30

Asp Thr Ile Met Glu tys Asn val Thr val Thr His Ala GlIn Asp Iie
35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys AsSp ggu Asp Gly val Lys
50 55

Pro Leu TIle Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp Ser Tyr Ile val
85 90 95

Glu tys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly Asn Phe Asn
100 105 110

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
P 115 120 125

Lys ITe GIn Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala ser
130 135 140

ser Gly val ser Ser Ala Cys Pro Tyr GIn G1¥35er Ser Ser Phe Phe
Page



Leu dn Cys Arg Ile Cys Ile 565 <210> 3 <211> 568 <212> PRT <213> duck

i nfluenza virus <400> 3 Met Gu Lys Ile val Leu Leu Phe Ala Ile Val Set'’
Leu Val Lys Set' 151015 Asp Gn lle Cys Ile Ay Tyr Hs Ala Asn Asn Set'
Thr Gu dn Val 202530 Asp Thr 1(“!?15 25(3&1[ Lys Asn Val Thr Val Thr H's Al a
a nllesp Il'e 354045 Ley G u Lys i hgs ASn Ay Lys LewscCys Asp Leu Asp Gy
Val ys 505560 Pro Leu Ile Leu Arg Asp cys Ser Val Ala Ay Trp Leu Leu Ay
Asn 65707580 Pro Met Cys Asp G u Phe Ile_Asn val Prag IGfu Trp Set' Tyr lle
val A86999yapapd Hre #21’5@5?25%&@%655&%&,@’5 ARED 1@1[5'0 Ala Asn Asp Leu Oys
Tyr Pro Ay Asp © Asn 100105110 p Tyr Qu Qu Leu Lys H's Leu Leu Ser
Arg Ile Asn H's Phe Qu 115120125 Lys Ile Gn Ile Ile Pro Lys Asn Ser Trp
SeruySenrdliserGhyr Abm ASer THr3@.$8 531406 [ Asi Leuvegy g & 'SgrTM a Cys Pro Tyr G n
Ay Lys Ser SE¥ Phe Phe 14515035160 Arg Asn vs val Trp Leu Ile Lys Lys
Asn Asn Ala Tyr Pro Thr Ile 165170175 Lys Arg Ser Tyr Asn Asn Thr Asn G n

G uchspiéatslieis Vab Aseuadiy pia Ala Glu Gln Thr Arg Leu Tyr GIn
195 200 205

Asn Pro Thr Thr Tyr Ile Ser val Gly Thr ser Thr Leu Asn Gin Arg
210 215 220

teu val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly GIn Ser Gly
- 225 230 235 240

Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn AsSp Ala ITe Asn
245 250 255

phe Glu Ser Asn Gly Asn Phe ITe Ala Pro Glu Tyr Ala Tyr Lys Ile
260 265 270

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu val Glu Tyr Gly
275 280 285

Ash Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn ser ser
290 295 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr val Lys Ser Asn Lys Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
325 330 335

Pro GIn Arg Glu Arg Arg Arg Lys Arg Gly Leu phe Gly Ala Ile Ala
340 345 350

Gly phe I1le Glu Gly Gly Trp Gin Gly Met val Asp Gly Trp Tyr Gly
355 360 365

Tyr His His Ser Asn Glu Gln Gly sSer Gly Tyr Ala Ala Asp Lys Glu
370 375 380

Ser Thr Gin Lys Ala Ile Asp Gly val Thr Asn Lys val Ash ser Ile
385 390 385 400

ITe Asp Lys Met Asn Thr Gin Phe Glu Ala val Gly Arg Glu Phe Asn
4Q5 410 415

Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp Gly
Page 4



180185190 Gy Ile Hs H's Pro pan Asp Ala Ala GQu G n Thr Arg Leu Tyr Gn
195200205 Asn Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser Thr Leu Asn G n Arg
210215220 Leu Val Pro Lys Ile Ala Thr Arg ser Lys Val Asn Ay Gn Asn Gy
225230235240 Arg Met d u Phe Ph ' 5 igsﬁgrt)l(t}e Leu Lys Pro Asn Asp Ala lle
Asn 245250255, fne G u Ser Asn 4§£y nPhe 1le Ak Pro Qu Tyr Ala Tyr Lys
Ile 260265270 Val Lys Lys Gy Asp Ser Ala Ile Met Lys Ser Au Leu Qu Tyr
Gy 275280285 Asn Cys Asn Thr Lys s Gn Thr, Pro t y Ala Ile Asn Ser
Ser P@GQ‘@%%?OV%WFPFGFPH@ A %nGﬁ?ée‘HiLse”Pﬁﬂ- E@ﬂ N%ﬁrGﬁ-e Ay Gu Qs Pro
Lys 30531 5320 Tyr val Lys Ser Asn Arg Leu Val Leu Ala Thr Gy Leu Arg

Asn Ser 325330335 Pro Gn Arg GQu Arg Arg Arg Lys Lys Arg Gy Leu Phe Gy
Al aadi emmm%@ewlﬂap@?/e Phe AsPeSq aSGy‘GLX/S h '@n"™y Met val Asp Ay
Trp TyA5855360365 Page ®°° 1- 21505T25. txt*83y Tyr Hs Hs Ser Asn Gu G n

Gy Ser Ay Tyr Ala Ala Asp Lys 370375380 Gu Ser Thr Gn Lys Ala Ile Asp
A yasalkyThalAsrg Lys dlal LAs ArSeyrsp3858203954001Y ILeu |Gl Lys net Asn Thr

G n4%he Ju Ala Val 8y Arg d u Phe 468410415 Asn Asn*t®u G u Arg Arg Ile
G u Asn Leu Asn Lys Lys Met G u Asp

Glv Cvs Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu ser
y 485 Y 450 495

val Arg Asn Gly Thr Tyr Asp Tyr Pro Gin Tyr Ser Glu Glu Ala Arg
500 505 510

Leu Lys Arg Glu Glu ITe Ser Gly val Lys Leu Glu ser Ile Gly Thr
515 520 525

Tyr GIn Ile Leu Ser Ile Tyr ser Thr val Ala Ser ser Leu Ala Leu
530 535 540

Ala Tle Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly ser
545 550 555 560

Leu Gln Cys Arg Ile Cys Ile

565
<210> 3
<21i> 568
<212> PRT )
<213> duck influenza virus
<400> 3
Met Glu Lys Ile val Leu Leu Phe Ala Ile val Ser Leu val Lys Ser
1 5 10 15

Asp GIn Tle Cys Ile Gly Tyr His Ala Asn Asn 5er Thr ggu Gln val
20 25

Asp Thr Ile Met Glu Lys Asn val Thr val Thr His ﬁga Gln Asp Ile
35 40

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Egu Asp Gly val Lys
50 55

Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn val Pro Glu Trp ser Tyr Ile val
85 30 g5
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420425430 Gy Phe Leu Asp Val Trp Thr Tyr Asn Ala Qu Leu Leu Val L
435440445 A u Asn A u Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys A(saﬁ wgh
450455460 Tyr Asp Lys val Arg Leu Gn Leu Arg Asp Asn Ala Lys Qu Leu Gy
465470475480 Asn Ay Cys Phe G&'-zpj_l]%ﬁsf%rtﬂs Lys Cys Asp Asn Qu Cys Met
G u 485490495 Ser Val Arg Asn y r Tyr Asp Tyr Pro Gn Tyr Ser Au Qu
Al a 500505510 Arg Leu Lys Arg Qu GQu Ile Ser Ay Val Lys Leu Qu Ser Ile
A yeh15520825AsThPrawlaGhan Rbe lj\LgeSuCSeFYTIF’é"OTﬂY i%g pﬁ‘?r”‘ﬁ%l Al a Ser Ser Leu
Al a 5305355401%%u Aia Ile Met V4l Ala Ay Leu Ser Leu Trp Met Cys Ser Asn
Ay 545550555560 Ser Leu Gn Cys Arg Ile Cys Ile 565 <210> 4 <211> 568
<212 PRT c3318m awinas inf Luenza ver wsg H@0Ossm HiBtPE GlLys Thr Val Leu Leu
Leu Ala |1185val Ser Leu VaR2@ys Ser 151015 Ash G n Ile Cys Ile Ay Tyr Hi s
Ala Asn Asn Ser Thr Au G n Val 202530 1-2150ST25.txt Asp Thr Ile Met Gu

Lys, ASR1¥ahinThre Yab pFRr Lyd SisAl serGrip Aep ddrend54045aTe8ed u Lys Thr Hi
dy Lys3beu Cys Asp Leul¥sp Ay Val Lys 140 y r His Asn

teu Gly val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
145 150 155 160

Arg Asn val val Trp Leu Ile Lys Lys Asnh Asn Ala Tyr Pro Thr Ile
165 170 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu val Leu Trp
180 ' 185 190

Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr Arg Leu Tyr Gin
195 200 205

Asn Pre Thr Thr Tyr Ile Ser val Gly Thr Ser Thr Leu Asn Gln Arg
210 215 220

tey val Pro Lys Ile Ala Thr Arg ser Lys val Asn Gly GIn Asn Gly
225 230 235 240

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala ITe Asn
245 250 255

Phe Glu Ser Asn Gly Asn phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
260 265 270

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Giu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys GIn Thr Pro Met Gly Ala 1le Asn Ser ser
290 295 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr Val Lys Ser Asn Arg Leu val Leu Ala Thr &ly Leu Arg Asn 5er
325 330 335

Pro Gln Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
340 345 350

Ala Gly phe ITe Glu Gly Gly Trp GIn Gly Met val Asp Gly Trp Tyr
355 360 365
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505560 Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Ay Trp Leu Leu Gy Asn
65707580 Pro Met Cys Asp Gu Phe Ile Asn Val Pro Qu Trp Ser Tyr |le Val
859095 G u Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gy Asn Phe Asn
100105110 Asp Tyr u G u Leu L¥§z{§io§-r%§‘{x'ce“ Ser Arg Ile Asn H's Phe Gu
115120125 Lys Ile Gn lle Ile ProLyS Asn ser Trp Ser Asp His Gu Ala Ser
130135140 Ser Gy val Ser Ser Ala cys Pro Tyr Gn Gy Ser Ser Ser Phe Phe
145dBOISB 166G Wiy sAsmsvatlwalinTéy Ben qlveTYy4laydamssy A¥h Ala Tyr Pro Thr
Ile 165190175 Lys Arg S8f° Tyr Asn Asn Thi®%Asn G n G u Asp Leu Leu Val Leu
Trp 180185190 Gy Ile H's Hs Pro Asn Asp Ala Ala Gu G n Thr Arg Leu Tyr
G ncP5200205cAsnyPraiaThte Hap Al vhl erhBessivalys Glay Adw SSer Thr Leu Asn G n
Ar 38510215220 Leu Va3%Pro Lys lle Al &%hr Arg Ser Lys“¥l Asn Gy G n Asn
Ay 225230235240 Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Al a
| erfis 1124225020 mePhesnGrive 8k Af cHi Ya1Asve Phgy 1drg AuapReo G u Tyr Ala Tyr
Lys Ile 26026527@&0¥al Lys Lys G y4A8p Ser Ala Ile Mt Lys Ser Au Val du
Tyr Ay 275280285 Asn Cys Asn Thr Lys Cys G n Thr Pro Met Gy Ala Ile Asn

SerAé‘?rAsggLoe%géﬁpq\rEaﬂ% 81e GTu Asn Leu Asn Lys Lys Met Glu Asp
420 425 430

Gly pPhe Leu Asp val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
435 440 445

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
450 455 460

Tyr Asp Lys val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
465 . 470 475 480

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
485 490 495

ser val Arg Asn Gly Thr Tyr Asp Tyr Pro GIn Tyr Ser Glu Glu Ala
500 505 510

Arg Leu Lys Arg Glu Glu Ile Ser Gly val Lys Leu Glu Ser Iie Gly
515 520 525

Thr Tyr Gln Ile Leu Ser Ile Tyr Ser Thr val Ala ser ser Leu Ala
530 535 540

teu Afa ITe Met val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
545 550 555 560

Ser Leu Gln Cys Agg Ile Cys Ile
5

<210> 4

<211> 568

<212> PRT

<213> avinam influenza virus

<400> 4

mMet Glu Lys Thr val Leu Leu Leu Ala Ile val ser Leu val Lys Ser

1 5 10 15

Asp GIn Ile cys Ile Gly Tyr His Ala Asn Asn Ser Thr géu Gin val
20 25
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1-2150ST25.txt Met Pro Phe His Asn Ile H's Pro Leu Thr Ile Gy Gu Cys Pro
Lys 305310315320 Tyr Val Lys Ser Asn Lys Leu val Leu Ala Thr Ay Leu Arg
Asn Ser 325330335 Pro Gn Arg Qu Arg Arg Arg Lys Lys Arg Gy Leu Phe Ay
Ala Il e 340345350 Ala Ay Phe {14 A$p3y Trp Gn Ay Met Val Asp Gy
Trp Tyr 355360365 Gy Tyr Hs Hs Ser Asn Qu Gn Ay Ser Ay Tyr Ala Ala
AS sy $hi3 103 #3861 .GiLys Sen Wair TarvalyshialHas 14%@ Alp ASPyINal Thr Asn Lys Val
Asn Ser 385390395400 Ile IP@ Asp Lys Met As? Thr G n Phe Gu Ala Val @y
Arg G u Phe 405410415 Asn Asn Leu GQu Arg Arg Ile G u Asn Leu Asn Lys Lys
Met, 5 41 ASPs 4R04R543An Gy Phe Leaucydspsp/aleuTagp Thy VEJrivssn Ala G u Leu Leu
Val Lesonmef 435440445 G Asn Gu Arg THO Leu Asp Phe His Asp Ser Asn Val
Lys Asn Leu 450455460 Tyr Asp Lys Val Arg Leu G n Leu Arg Asp Asn Al a Lys
duyle 4624 £047, ~ Q@Y S ciPherrg velPheu Tyl Mirs Lys Cys Asp Asn
a &@ge%ﬁeé@gj ig%élti%é?l%ga‘%gr Val Ar gSﬂsr:@GI y Thr Tyr8QAsp Tyr Pro G n Tyr
Ser AQu Au Al a 500505510 Arg Leu Lys Arg Qu Qu Ile Ser Ay Val Lys Leu

Gu Ser lle @ 55205 red 1k 16pleM S6F fileevdyr Ser Thr Val Ala
Serp@eP"e’f_ecG{SAﬂ‘%/? g%ﬁ%ﬁéﬁe Egﬁ %Xag(b g Vet 'val Ala @y Leu Ser Leu Trp Met
Cys Ser Asn dy 545550555560

Glu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly Asn phe Asn
i 100 105 110

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
P 115 Y 120 125

Lys T1e Gln Ile Ile Pro Lys Asn Ser Trp Ser Asp His Glu Ala Ser
130 135 140

val ser Ser Ala Cys Pro Tyr Gln Gly Ser Ser Ser Phe Phe
iig Gly val se 150 Y Y 155 160

Asn val val Trp Leu ITe Lys Lys Asn Asn Ala Tyr Pro Thr Ite
A 16? 170 . 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gin Glu Asp Leu Leu val Leu Trp
ys Are 1§0 185 180

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gin
195 200 205

Asn Pro Thr Thr Tyr Ile ser val Gly Thr ser Thr Leu Asn Gln Arg
210 215 220

val Pro Lys Ile Ala Thr Arg Ser Lys val Asn Gly Gln Asn Gly
Egg alre 230 235 240

Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
Arg Me P 245 g 250 255

phe 6lu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Tle
260 265 270

val Lys Lys Gly Asp Ser Ala Ile Met Lys S5er Glu val Glu Tyr Gly
275 280 285

Asn Cys Ash Thr Lys Cys Gin Thr Pro Met Gly ATa Ile Ash Ser Ser
290 295 300
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Ser Leu G n Cys
<212> PRT <213>
G n Val Asp Thr
Ile Leu Qu Lys
Pro Leu Ile Leu
Metve@y srdspe Giis
Al a30asn Pro Al a
Au du Leu Lys
| I eryd @aPigslyes
Ser Ser Ala Cys
Val Trp Leu lle

T T
H?/;Pﬁs?'é?‘g gék

Thr Thr Tyr Ile

Arg Ile Cys Ile 565 1-2150ST25.txt <210> 5 <211> 263
Avi an influenza virus <400> 5 His Ala Asn Asn Trp Thr Qu
I'e Met Qu Lys Asn 151015 Val Thr Val Thr H's Ala Gn Asp
Thr His Asn Gy, 202638sLys: Leu Cys Asp Leu Asp Ay Val Lys
Arg Asp Cys 354045 Ser Val Ala Ay Trp Leu Leu Gy Asn Pro
Rbre 1k 1508660 eAsThrvale Ry @wCHy ﬁrSegyi“Tyr lle val du Lys
Asn 368707580 Asp Leu&s Tyr Pro Gy 0p Phe Asn Asp Tyr
H s 859095 Leu Leu Ser Arg Ile Asn Hs Phe Gu Lys Ile Gn
1991951140, #sh 18ar ATl phSerlySeeu Wrg AGNuSell a Ser Leu Gy Val
325120125 Pro Tyr33n Ay Lys ser 33&ér Phe Phe Arg Asn Val
i:g]j}.gS#O Eys LysﬂAsn@Asn Ala Tyr Pro Thr Ile Lys Arg Ser
s gl U ebsphd-eliylssa Yed Leu Trp Ay Ile
Asp 1%5%%125%a a @u Gn FBAP Arg Leu Tyr Gpn A}s/n Pro
Ser 180185190 Val @y Thr Ser Thr Leu Asn G n Arg Leu Val

ProA%éy%1¢|5%eA*f% EQ& G%?5é¥¥3§g§ Gln Gly Met val ggg Gly Trp Tyr

355

Gly Tyr His His
370

Giu Ser Thr Gln
385

Ile Ile Asp Lys

Asn Asn Leu Glu
420

Gly Phe Leu Asp
435

Glu Asn Glu Arg
450

Tyr Asp Lys val
465

Asn Gly Cys phe

ser val Arg Asn
500

Arg Leu Lys Arg
5315

Thr Tyr Gin Iie
530

Leu Ala Ile Met
545

Ser Leu GIn Cys

ser Asn Glu GIn Gly Ser Gly Tyr Ala Ala Asp Lys
375 380

Lys Ala ITe Asp Gly val Thr Asn Lys val Asn ser
390 395 400

Mat Asn Thr Gln Phe Glu Ala val Gly Arg Glu Phe
405 410 415

Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Giu Asp
425 430

val Trp Thr Tyr Asn Ala Glu Leu Leu val Leu Met
440 445

Thr Leu Asp Phe His Asp Ser Asn val Lys Asn Leu
455 460

Arg Leu Gln Leu Arg Asp Asn ala Lys Glu Leu Gly
470 475 480

Glu Phe Tyr His Lys Cys Asp Ash Glu Cys Met Glu
485 490 495

Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu Glu Ala
505 510

Glu ¢lu Ile ser Gly val Lys Leu Glu ser Ile Gly
520 525

Leu ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
535 540

val Ala Gly Leu Ser Leu Trp Met Cys 5Ser Asn Gly
550 555 560

Arg Ile Cys Ile
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Arg Ser Lys Val Asn Ay Gn Asn Ay Arg Met Qu Phe Phe Trp Thr 210215220
Ile Leu Lys Pro Asn Asp Ala Ile Asn Phe Qu Ser Asn Ay Asn Phe
225230235240 1-21505T25.txt Ile Ala Pro Qu Tyr Ala Tyr Lys Ile Val Lys
Lys Gy Asp Ser Al a 245250255 |heyMptriygxsSer G u Leu G u 260 <210> 6
<211> 290 <212> PRT <213> duck influenza virus <400> 6 Ay Ser Ala Thr net
A u< Tﬁr Val Leu Leu Leu Ala Ile Val Ser 151015 Leu val Lys Ser Asp Gn
IIe< Gy Tyr H's Ala Asn Asn Ser 202530 Thr Au G n val Asp Thr Ile
aﬁsmM%nz'I;h(m\@ Thr Hi s 354045 Ala Gn Asp Ile Leu GQu Lys Thr

HIS Asn Gly Lys Leu Cys Asp Leu 505560 Asp Ay Val Lys Pro Leu Ile Leu Arg
éﬁp<ﬁ}ﬁé isér VaL Ala Ay Trp 65707580 Leu Leu Gy Asn Pro Met Cys Asp GQu

e T 9 T: Iy ys Ala Asn Pro Ala
Asnl}l\s% ’psncﬁ ”ﬁ;ﬁﬁ 61%8;135\%1%0§ sghxsﬁfepk!:é@gﬁ pHsl'IJ;r Gu Gu Leu Lys
H's Leu Leu Ser Arg Ile 115120125 Asn H's Phe Qu Lys Ile Gn llelle Pro

Lo/yivgf%h%\frﬂgﬁ @? ‘ésé’r I}%O@%ﬁg OirHl 3(519 Hys“"?h§%{155;?4n 9‘9’ val Ser Ser Al a

Lys Leu Cys Asp Leu Asp Gly val Lys Pro Leu Ile Leu Arg Asp Cys
35 40 45

ser val Ala Gly Trp Leu Leu Gly Asn Pro Met Cys Asp Glu Phe Ite
50 55 60

Asn val Pro Glu Trp Ser Tyr Ile val Glu Lys Ala Asn Pro Ala Asn
65 70 75 80

Asp Leu Cys Tyr Pro Gly Asp Phe Asn Asp Tyr Glu Glu Leu Lys His
85 90 95

Leu Leu Ser Arg Ile Asn His Phe Glu Lys Ile GIn Ile Ile Pro Lys
100 105 110

Asn Ser Trp Sser Ser His Glu Ala Ser Leu Gly val Ser ser Ala Cys
115 120 125

Pro Tyr Gln Gly Lys Ser Ser Phe Phe Arg Asn val val Trp Leu Iie
130 135 140

Lys Lys Asn Asn Ala Tyr Pro Thr Ile Lys Arg ser Tyr Asn Asn Thr
145 150 155 160

Asn GIn Glu Asp Leu Leu val Leu Trp Gly Ile His His Pro Asn Asp
165 170 i75

ala Ala Glu G1n Thr Arg Leu Tyr Gin Asn Pro Thr Thr Tyr Ile Ser
180 185 190

val Gly Thr Ser Thr teu Asn Gln Arg Leu val Pro Lys Ile Ala Thr
195 200 205

Arg Ser Lys val Asn Gly GIn Asn Gly Arg Met Glu pPhe phe Trp Thr
210 215 220

Tle Leu Lys Pro Asn Asp Ala Ile Asn Phe Glu Ser Asn Gly Asn Phe
225 230 235 240
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Ser Ser Phe Phe Arg Asn val val Trp Leu Ile Lys Lys Asn Asp Ala 165170175
Tyr Pro Thr Ile Lys Arg Ser Tyr Asn Asn Thr Asn G n GQu Asp Leu 180185190
Leu val Leu Trp Ay Ile Hs Hs Pro Asn Asp Ala Ala Gu G n Thr 195200205
1- 2150ST25. t xt 210215220 Leu Asp-EHy0sArg.txeu Val Pro L Ile Ala Thr Arg
Ser Iig A NgaProaghu 52862380 405G e %& LS’ér LYy W)Arf”gp?% Aﬁ@ Phe Phe Trp Thr
Ile Leu Lys Pro 245250255 AS Ile Asn Phe ser Asn Ay Asn Phe
Ile Ala Pro Gu Tyr 260265270 Ala Tyr Lys Ile val Lys Lys Gy Asp Ser Al a
IIeIMetMettysysS%g @lu 245280285 Val d u 290

<210> 6

<211> 290

<212> PRT

<213> duck influenza virus
<400> 6

Gly Ser Ala Thr Met Glu Lys Thr val Leu Leu Leu Ala Ile val ser
1 5 10 15

Leu val Lys Ser Asp Gln ITle Cys Ile Gly Tyr His Ala Asn Asn Ser
20 25 30

Thr Giu G1n val Asp Thr Ile Met Glu Lys Ash val z?r val Thr His
35 40

Ala GIn Asp Ile Leu Glu Lys Thr His Asn Gly E%S Leu Cys Asp Leu
50 55

Asp Gly val Lys Pro iLeu ITle Leu Arg Asp Cys Ser val Ala Gly Trp
65 70 75 80

LeUy Leu Gly Asnh Pro Met Cys Asp Glu Sge ITe Asn val Pro Glu Trp
85 95

ser Tyr Ile val Glu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro
100 105 110

Gly Asn Phe Asn Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile
115 120 125

Asn His Phe Glu Lys Ile GIn Ile Ile Pro Lys Ser Ser Trp Ser Asp
130 135 140

His Glu Ala Ser Ser Gly val Ser Ser Ala Cys Pro Tyr Gin Gly Ser
145 150 155 160

Ser ser Phe Phe Arg Asn val val Trp Leu Ile Lys Lys Asn Asp Ala
165 170 175

Tyr Pro Thr Ile Lys Arg Ser Tyr Asn Asn Thr Asn Gin Glu Asp Leu
180 185 190

teu val Leu Trp Gly Ile His His Pro Asn Asp Ala Ala Glu GIn Thr
195 200 205

Arg Leu Tyr GIn Asn Pro Thr Thr Tyr Ile ser val Gly Thr Ser Thr
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1-2150ST25. txt
210 215 220

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

Gly Gln Ser Gly Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn
245 250 255

Asp Ala Ile Asn Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr
260 265 270

Ala Tyr Lys ITe val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu
275 280 285

val Glu
290
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