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FOR VACCI NE&OANDHGESE THERAPY Cross-Reference to Rel at edoApphinanidssns 5 The
present application clains the benefit under 35 U.S.C. 119(e) of the
filing date of U S. application Serial No. 60/473,6798, filed May 28, 2003,
the disclosure of whi dHGETIHER REGQMBINAYT INFEUENZA WERESES St at enent  of
Government Rights 10 This i i@VAQTUINGESR AR &RNE Faopant fromthe
Governnent of the United States of America (grant Al-47446 fromthe
National Institute of Allergy and Infectious D seases Public Health

Service). The Covernment may haumaGiidihRohldMpibiidage 1nvention Is
Background of the Invention ative- are classified into
seven fanilied (Rhabder#rescaappliphenglrips Seibenafihunderdd B\A.Ci dH&(e)BOr navi ri dae,
O honmyxowi i dae oSy ate of BACapildtioRs8HANol S0AR3)708Vued'Mxp 55 UGS SR

human pat hogens, such-as respiratory syncytial Vvirus, 1nffuenzavirus, ¢
measl es 20 vi rus, disslesreEpioriEchis ingerported\ig rdferenpe prictal  vi ruses with naj or’
econom c inpact on the poultry and cattle industries (e.g., Newastle

di sease virus and Rinderpest virus). The first four famlies are
characterized by nonsegnented @ . feverpmentBightst t er t hree have genones
conpri sed of g X-to-ej | Ve- S ts,
respectivel y.ﬁ)The con?m'g%&fv%ﬂgta{dr%gsg%&en@é%% @ve%@n@%%%e%?%gg@ is the
negative pol ari t \Btatds of Awicricafantybhéifdo fiomehe Natiopaldinstiatte FNNlrgRNA) i s

conpl enentary t o i3NA : | ipfectious hy jtself. .ln order to
i ni g=hate viral transcr?%g?%%%ﬁggg%é%ﬁﬁc%%nﬁet oge@é%ﬂf%?shay%ceﬁfgﬁ ranscri bed
i nt\@a/a pl us- sengighty@Nbe owertiRNA, respectively, by the viral polynerase

conpl ex and the nucleoprotein; for influenza A viruses, the viral

pol ymerase conplex is conprjsed 30 of the three polynerase proteins PB2,
Pill, and PA.15During viral repliBafermund of Riineatioves as a tenplate for the
synt hesi s of new VRNA.mpl.ecul e or. all = negati.ve-stranded RNA viruses,

non- codi ng regi ons ng bﬁe"?eﬁsees%NKgﬁ'és%mffé?sﬁéﬁimtSF“'“’.% and cCRNA ate
critical for trarRiebiptidee, PuxdmyvepriieqFilowidie, Bdreavitida) WO 2004/ 112831

PCT/ 1JS2004/ 0166 enong, - like, cellular qr vir transcripts, both
CRNA and VANA ar OB R e, Bt e PR B ARG ot 1 he
very 3' end. The hbasi gtfogas; suokss redpimdiiysyndytial vigs,dhficns Hawandeien el uci dat ed
bi ochem cal | y,.and/ or i tgacra.cont ext of ,vi.ral inftﬁctlon. However, reverse
genetics 5 &sté’ﬂs’ﬂﬁ’{}%’[’ ViTHEe S5 S Al VEUSeR BB faiqr SERACRYR PgHt on

nﬁgat i ve- slt r ande the3Rg® ahEehtiR iSMRBRSs oY MRNale B¥basy virtksma Ridetpestespect to
thelr vira

YA TaY i 120N

=

virs). The first four families are characterized by nonsegmented genomes, while
the latier three have genomes comprised of six-to-eight, three, or two negative-
_ sense RNA segments, vespectively. The common feature of negative-sense RNA
25 viruses is the negétive polarity of their RNA genome; i.e., the viral RNA (VRNA) is
complementary to mRNA and therefore is not infections by itself. In order to |
initiate viral transcription and replication, the vVRNA has to be transcribed into a
plus-sense mRNA or cRNA, respectively, by the viral polymerase complex and the
mucleoprotein; for influenza A viruses, the viral poljzmerase complex is comprised
30  of the three polymerase proteins PB2, PB1, and PA. During viral replication,
cRNA serves as a template for the synthesis of new vRNA molecules. For all
negaiive-siranded RNA viruses, non-coding regions af both the 5' and 3' termini of
the VRNA and cRNA are critical for transcription and replication of the viral



replicationgand naihogenicity, as well as to the devel opgg@h]SEHMdiﬁgg,
In

attenuated "Vitus Vvacci nes. Reverse genetics, as the termis use

nol ecul ar virology, is defined as the generation of virus possessing a
genone derived frmﬁhmc&m@mﬂmmems Bith cRNA abl@VRMARLt al .

2002). In order to_ initiate, wraH Ilcaﬁlon &f negat i ve- stranded RNA

vi ruses, vRNA(s)n%ﬁheweﬁm% ’15’&1’ wdsylatdattie iy R e pol yner ase conpl ex
and the nucl eoprotei nrheliamﬁﬁoﬁﬂn&uﬁnm&n&motémgﬁaverm@émﬁﬂmt ed

negati ve-sense R Vi rua whj ch was ng{) ,ng entirely fromcloned cDNA: .
Schnel | et al. (1999hemicsllyaniordp g op TiRATecHem Howeysr, jg¥eris genetics .
cotransfecti onsof sy@tcﬁ@%e%ﬂﬁéﬂ%ﬂﬁﬁmcx@ﬁ% Rﬁuvt'l efoﬁhégahﬁﬁﬁiaﬁdéElRNA and
protein expression constructs for the L, proteins, all under
control of the T78Wntﬁ%?%ﬁf@ﬁ§§@’ﬁﬂfeéM%Y’I“SP%W’@HGFI@Wt°\f/hetfﬁ’1fla]ecorrb| nant | -

s

vacci ni a virus, V‘fébﬁ&htxgﬁ%ﬁ%gﬂm@%ﬁ%ﬁ'ﬂ%@&%ﬂoﬁﬁéﬂ ob B¢k ardehiatdde

generation of |nf ectious rabies virus. éﬁ rase_system''the 20
primary transcri p%ﬁfa@wneﬁr&evmsenp@ﬁ@ﬁﬁheéﬁmsmew@ wairolpEytihe T7. RNA
pol ymerase resul t ghflafnd QpRARPE i PRI cinbilb derlWES olodell” €€

guani di ne nucl eotides, which formthe opti rral [ n| tiation sequence for T7

RNA pol yner asé0 Q%Nésﬁ’?ltia@we&ﬁebNﬁlﬁ%ﬂﬂQet@naﬂozﬂn order to create an
authentic 3' end of thg i producti ve
infective cycle, the hepatl ti shéfgﬁeg&%ﬂ%@mbg&?évﬁﬁ %% h@%&%gﬁce was used
for Mexact aut ocat @kl A (s} ordRadMalgaushbe ¢ooxpresed wﬂdﬂlgpolmerammp!@ianéﬂm i pt.

o e it 2 AR Yoy B AR o Bt bt Abniod SR RSAGRALA S SV St eme
sinmilar tech 3

f n|q enération on-'segnent ed
negative strand ﬁmmmgeﬁe@itﬂmlmmomm@ﬁcm&mmal (LIQ% Conzehnann

ﬁlfauﬁlan,n 2'? ilg?? %ﬁ%’t&k&%&bﬁmﬂ %b]re% R‘ 8@ %cu&!{ Of%%%%g) et | nemeﬁ'?ggof t he
original rescue gncod:tagtheé’ull-hugthd%ﬁmahépmteptw@smn @hsﬁlﬁitsmh@bmmerase from
stably traansf ect cel L 1] ein
expression plasm %qu\i %IH%F 1(10?3% %@&% @bﬁ%ﬁ‘g%@%ﬁ&m‘%’%a&%@#}%t ai.,
1995), or heat shWﬁqunbmbﬁakn Wasnﬂmnuaoﬂmﬂmom@ddﬁ?élmmbmrm, eguli(dPar ks et
al ., 1999), Based, the T NBrase. s t (1996)
created Bunyanmwer E‘Otg‘? g"ﬁ‘grafl?na ?% E’\?‘? %P&S@‘“‘?Bﬁ aﬁgrﬁ%ed"y DA t%’
denonstrat ed the f::ﬁﬂaylnjahsmw@fof&fetfﬂf ieﬁgtﬁb}klyAgamlcaﬁuomgfiae Té@mant ed
negative- 5 sense RNA virus by the T se.system In 1999 .a
pl asnmi d- based r evREEeI TRt mtﬂélelfl,ﬁ?l?ag‘g %“ﬂﬁsﬁ@yﬁ WSt U RRdpK o
cel lul ar RNA pol yhglcysiges| whiok fdrﬂmeg@ﬁﬁalahmﬁnmql&ﬁ@rmﬁr’emmolmma, A virus
entirely fromcl O\r!}gr% a%mucﬁggto(tggg end. %orﬁerto createaﬂau'ﬂ‘laengag' gnpthe a&@gka

transcript which is essential for a productive infective cycle, the hepatms delta

@ 25 ribozyme (HDVRZj sequence was used for exact autocatalytic cleavage at the 3'
end of the cRNA transcript.

l -

Since the initial report by Schnell et al. (1994), reverse genetics systems
using similar techniques Jed to the generation of many non-segmented negative
strand RNA viruses (Conzelmann, 1996; Conzelmarm, 1998; Conzelmann et al.,

30  1996; Marrioti'et al., 1999; Munoz et al., 2000; Nagai, 1999; Neumann et al.,
2002; Roberts et al., 1998; Rose, 1996). Refinements of the original rescue
procedure included the expression of T7 RNA polymerase from stably
transfected cell lines (Radecke et al., 1996) or from protein expression plasmids
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1999). RNApgbygaRidsse |, @ nucl eol ar enzyne, synthesizesy iNA 10
whi ch, like influenza VI rus RNA, does not contain 5 cap (gfr/ﬁ mlm

structures. The RNA polynerise | transcription of a construct containing an
influenza viral (EdMen ofdlaidosy] objeatNocipmbosderes wandreapt RsBlceffickmcied €r m nat or

sequences, resul nthesis (F 1999;
Neumann and  Kawd ﬁﬂ%gsaf]gdg%)l\é ﬁg%%p M%f?aﬁ?mé‘ﬁgq gﬁ%%@“@? 1999) .
The syst e{n 1|5 milﬂ%bhb&eéﬁﬁnymw&hm(&ﬂibﬂﬂwymgaﬁte}m fclon@cc?mmlelctl ngh
virus particles pe r n .ol asm ransf e cells ours.
post - t ransf ecti of: ‘E%P%& dztﬁggegsgﬁﬁ@c'gmﬁé?@ BT aggge%sggrg (S?Fg?fi“f er

ort homyxovi r uges smseRNAamdsbjrmemmmemhersystﬁmentl rely fromcloned cDNAs. 20
el of & aci d ol eoul o QMR EREH Ry e R P s Sy e,
pLot Eil(r)]?_O?];‘d a hi f@{itﬁdcbﬂﬁlarlﬂﬂ@polyﬁabtﬁ&ﬂ&‘ortﬁé@ﬁbﬁﬁoﬁ«ff&fﬂgtﬂ&%drﬂ]ﬂueﬁza%l gr edt e][
t han , influenza_ vjrus n .there or t enent o
t he nucl ei ¢ aci dvf%q@éfﬁhého’?lﬁb&?fg ﬁ‘ial @92§6Wnla§€§5 W>and/ or
purified nucleihc 1a99f)dlepaI§:uie&gemﬁﬁw@1aHénzyhi&h sylBeslzes BBgsomaMWANP, M or NS,
or a portion thereof hav, st the s act,jv s _a
correspondln to "&’ﬂ?@‘pﬁfdﬂﬁlgﬁ‘f%ﬂ ﬂgl[f‘g froomlpn fﬁp@d’-‘%’gﬁ%‘cmd herein,
"substantially th@em@ﬁﬁémumsmwoudﬁscmeémdmgaﬂmﬂudnaaﬁﬁ@ut 0.1%
1% 10% 30% 50% %gﬁgﬂ g BY to 100% gwrmre or detectable protein |evel

30 that is about © Rolympaze Lpmgter {nddpropnaerspapensste | |

regpectively, of rédiRed if MifueSRAGRNANEMthetid (Fb@R 8t N, PBloyNewhdnd@nd | N one
enbodi nent, the isol ated and/ or 9}1‘{| fi egaanucl eic aC| I eﬁ,gl e encodes a

pol ypept i de whi cHRawaokey F40;Neymanp ﬁ@magak"ézﬁ ° FPeast 80%
e.g., 90% 92% el (%ﬁl?ﬁ'ﬁﬂien@,%%du@mélﬂo@%/ lbiﬁ?aaﬁoﬁ%hméy AP&O

contiguous am no acid sequence_ identity_taq pol gep i de encoded by ‘one of
‘P“é%

SEQ 11) NOs: 1- 8 sumerragmbotnlsed-fensiected prlls A8 #ERsHOur i fi ed nucl ei c

acid ol ecule CO”D“Wt@nEHd@JEQ&ﬂe%dW ﬁ&ﬂ‘loﬁl mbe%@bdhally the
sane as, e.g., having at |east 50% 60% 70% 80% or 90% or nore

e.

contiguous 5 nuc Peindluenze & Wﬁ@b’é‘ﬁéﬂ?ﬂeﬂﬁ 5 one of SEQ | D /NOs: 1-8, or

t he conpl enent thereof, and, in one enbodlnent al so encodes ‘4 pol ypepti de
having at least 80% e.g., 90% 92% 95% 97% or 99% contiguous am no acid
sequence |dé-’t9t|tytoapolypept| i tieB of SEQ I D NOs: 1-8.1h one
enmbodi nent, the isol afRdingebR oﬁdédinh&“lﬁté&%ﬁh/%i@u%ﬂﬁuﬂ&bScﬁ&l{nﬁle@lﬂEOdeS a 10

pol ypepti de with one or nore, Tor iInstance 15, 20 or nore

conservative anipriynagicetide) pseding eieasine OEth@Pmteél@ﬁé?l@tﬁtﬁ?eﬁ SUHEEi t uti ons of

up tsg Ql?‘g) or 22%8gréaier£h*aﬁ 16%:51, dYE Sreatbhal 10t SRR HRERLd shRgncoded by one
0 NGCs
thereof, or the complement of the nucleic acid molecule. In one embediment,

@ 25  the isolated and/or purified nucleic acid molecnle encodes HA, NA, PB1, PB2,

PA, NP, M, or NS, or a portion thereof having substantially the same activity as

a corresponding polypeptide encoded by one of SEQ ID NOs:1-8. As used

herein, “substantially the same activity” includes an activity that is about 0.1%,

1%, 10%, 30%, 50%, 90%, e.g., up-io 100% or more, or detectable protein level
30  that is about 80%, 90% or more, the activity or protein level, respectively, of the

corresponding full-length polypeptide. In one embodiment, the isolated and/or

" purified nucleic acid molecule encodes a polypeptide which is substantially the
same as, e.g., having at least 80%, e.g., 90%, 92%, 95%, 97% or 95%,
3



" Conservat i goaglyApsgci d substitutions refer to the int erggﬁ?%gpbm&s%y of
residues having simlar side chains. For exanple, a group of am no acids

having aliphatic 15 side chains is glycine, alanine, valine, |eucine, and

i sol eucine; a gr oupnﬁguomﬁnﬁﬁoafﬁ@kdéﬁeﬂaaidbﬁtﬂyw, KiepddBidb by ofib g€ chains is

serine and threoni royp.of a acl.ds havi ng am de-cont.aini ng side

chains is aspar aglslr#gz%)algg ?§ TQH“I{?PB@S ated pndgr piitigd npcleir A9 ar onat i ¢

side chains is phmémle&mmpﬁseshmﬂ&ﬂaesaqﬁdmeﬁvhtéms%ﬁﬁwma%v e Qe £ am no
histidine; and a-

aci ds havi ng basic si,de ch 20 an

group of amgno aci®ds WHEDEA 3 gﬂ/s&r %’59? ?Qfgﬁg r&ﬁ"’o&ﬁa}%@?@ UgYRPst ei ne and
met hi oni ne. Prafermuadwa&ﬂsaiuwden&e@u@rfb%ﬁemﬂb BMROk: HISUbﬂ B cahfsBe ar e:

val i ne-1 euci ne-i S% %ﬁ% phee% ani ne-tyrosi ne SI ne- ar% ni ne; al ani ne-
valine; gl utam c- a&shand; n ghY ‘%%H?%Fﬁ%‘%’f’ﬂ?sérﬁ“me tidg hayieg #dsasenbodi ment, -
the isol ated and/ ®o%pugi, Dm%osz%;cgbw 079861 @*V%o S uhnoid RgudnBy €Nt i O Or

t he f:orrpl ;arr}[eﬂt thgée%g{ﬁgﬁpgn di ggwta%qg); S éi III ID%Ng;R:l 8, o[ t he t
conpl enen ereo o y or stri/mngen
condi tions. For eXaibblifiens the 1&%ﬁdm&ﬁﬁ%@!ﬂﬁlmeclﬂ@e&msded 7%

sodi um dodecyl sulfate SDS), 0.5 M Na , 1 mM EDTA at 50C with washing in
2X SSC, 0.19% I8s aPPYB?R‘;‘ oug ?Ii%téorfewsfa%ri’é 36 He 9 pPrimpsp, ?qqserwz%dl um

dodecyl sulfate (ﬁgﬁ)oacﬁs%%mﬁa@eg ¢ Weamﬁﬁntut{bgg:omﬁthl . in 1X
SSC, 0.1% SDS at 50C (npderate_ stringency), nore desirabl st|II in 7%

sodi um dodecyl sul°f Hegesidgpisyelatiyedo 3 p le epcadral B of §E Q818 washi ng in
0. 5K SSC. 0. 1% SDSRiseRfdabiin AGERbinRPiofs A0 ihalchaflsdiROQLAde
PCT/ US2004/ 016680 7% sodi um dodecyl sul fate (SDS m\/l EDTA
at 50C with washibAyeg fimiarsideshains. Fon expgple, mwvéldgth#m@@rpbyt}c nor e
preferably in 5% %ﬂ@'chuﬁsﬁiegxg&)aé %B%ﬁn%%&,aﬁhﬁol%cﬂﬁ ngapHMrE,LHA at 50C
with washing in 0.1X SSC 1% SDS -at C. (very stringen In one enbod
nent, 5 the nucl @@mwwéowlsﬂhéhwaW%ﬁﬁé%ma@‘p@l"fpept| de
whi ch i s substant lafioYactdd Ba R EmS-corfiaifing sildhhigisakp alrfgﬁg[anég%{anﬁn a, 60%

1 70% 80% or 90% or nore contiguous nucl e| c acid sequence identity to, one

| of SEQID NGs: 1- aroupa'ﬁampxp@ﬁéﬁhmqgwhgaégﬁlawn@hwﬂ@lh@n@mzmnﬁw ty as a
correspondi ng ful lr%JPe i %@%Xﬁﬁﬂhb%s%ﬁﬂgﬁﬂm%ﬁe%ﬁnﬁhﬁégdr oS 1-8. 10

! The nucleic acid he i1 nvention fray be enployed to express
| i nfl uenza pr ot ngtndbléh%ﬁfép@i%g@hﬁ’?@W@éﬁé&m@“@wcmmnmlﬂ@hﬂmw al genes

el udi ng ot ber  § RhMRDER M REre RNl SRS AR RbEGRIDEOGAL VI T US.

. Thus, the inventio rovi ate ol ypeptides, reco t virus,
and host cells camt a@imedeuﬁm@hsoﬁmmmbmiaéana@rtmm dxsifeasginineyakebwbi nant

| .
- virus of the 1? 'vﬁ%%?éh%c-aspamc, and asparagine-glutamine.
In another embodiment, the isolated and/or purified nucleic acid

| 25  molecule of the invention or the complement thereof, hybridizes to one of SEQ
t 1D NQOs:1-8, or the complement thereof, under low stringency, moderate

! stringency or siringent conditions. For example, the foliowing conditions may

} be employed: 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA at
| 50°C with washing in 2X SSC, 0.1% SDS at 50°C (low stringency), more

| 30 desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO3, 1 mM EDTA at

| 50°C with washing in 1X SSC, 0.1% SDS at 50°C (moderate stringency), more
j desirably still in 7% sodium dodecy! sulfate (SDS), 0.5 M NaPQq, 1 mM EDTA
| at 50°C with washing in 0.5X S8C, 0.1% SDS at 50°C (stringent), preferably in
, 4 .
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The inventi 3o3R1B50Vvi des at |east one of the follow ngP(ifﬁB%?% (?Oq“%@d/ or
purified vectors: a vector conprising a pronoter operably Tin o

influenza virus PA cDNA |linked to a transcription term nation sequence, a

vector . j$ r conpk &g dedepylCIBEEISDBP R PRINGPDL NkERE RIoTAR: §RElH@nza Vi rus
PBI cDNA |inked 20 to a transcriﬁatél on term nation sequence, a vector

conprising a promoV#PingFed-1%55C) G- Hie SPSiab SER (metd stringenb) waresrefBRLGEBNA | i nked

to a transcriptiong cal ' , t Qr | Si a.pronot er
operably Iinked t?}gﬁ&flﬁnd? udég’?é“l%?%?giﬁi%@%ﬂnf%eﬁ go"&%{ élggr‘lwsl@'ri ption
term nation sequeneashing ing X SRCODLIHH ISDSIanG5°g (vary einingant), hipeecdditpdinieaked to an

i nfl uenza virus; NP, ¢ 11 nked t 5 transcription ter.jnatjon sequence, a
vector conprisihg B° %ﬂrﬁcﬁm‘g}ﬁ%‘%a%l@e m ﬁ“ﬁ%ﬂl"? s&ngﬁp’ﬁ‘?ﬂt@%ﬁ’gﬁhﬁ rus NA cDNA
linked to a transcsubgwritially the saimenm) d. @ having GLIERE B0%, 2.8/, G0MQ 70%PSI% bSINY a
pronoter operably |inked t.o an influenza virys .M cDNA. LI li% 0 !
transcription terniAatt %’r’i’lﬂg@&ﬁﬁw a0 ack Sﬁ?g‘éeflﬁerlgmﬁpi %“1%?551&5 ﬂ‘gﬁiﬁ'@r oper abl y
l'inked to an i nfl umdpsefarabilyBashhseliiily thadetd abidvig a8 corfedpa@inigFall-RAgth

term nati on sequenc rei t |ea ect or conprises sequences
encodi ng HA, NA ﬁﬁ?@?%gf?"%y FO%E@Néﬁﬁégporti on thereof, having
substantial |y the saneTaehiclit stid@olacutosiiasinntongapbd sapfdddeapreoded by
one of SEQ I D NGs:.1-8, e.gt. % sequence encodi ng a.tﬁo&%{)e ide with at | east
5 WD 2004/ 112831 PENPRERIHSEPG fEBSE SHTUHSCAT: & Hith g Y‘%‘,gifﬁsa pol ypept i de
erc%djdf byhone of iaEHdihd oS _'fﬂue&aw‘xﬁbgeinesjaidfof,toptglphw[&_@bfbﬁdamﬁb@ _errF: oyed in
pl age,/of the vectap copprisi,ng .a pr.Qmater opera in to.an influenz
virus M eDNA |inke “’P’dﬁ%"ﬁ”&ﬁ‘g@?q IHFYIB‘?‘? ‘S"?aé?drﬁogﬁ?t@%s’%aﬁ‘gw,“%?@?ﬁl a vector
conpri sing a pronthoetcelpintablky with Hearlclto adld nlldctitd dtessbmbiantiarubof @ONA | i nked

to a transcription termnation sequence and a vector conprising a pronoter
operably |inketP t U9 ™hf | uenza virus M2 eDNA linked to a transcription
term nation sequence. Theinvaitien kis®propideydt kasg ohé of taé DlloRig ifvlkitéd dn@dr Vect or s
or plasm ds, whi ch@ﬁgﬁr ess or encode j.nfluenza vi rutﬁ)!31 roteins, or express
or encode i nfl uenZ VARIQES: 2pTSPHAT SRS & RPIOETE GRRSY R nfyeBERy ap y,
the vectors conprig@s PARDNMRAB] BLIINAns@ipBon teinithtéf Bememde( £v&ior @NY i nfluenza
A gene including any of the 15 HA qor 9 NA subtypes), B or C .DNA (see€e
Chapters 45 and 460B¥rifings promotgr pRarahdy linke 128 |virug BR§ cHNA linked

Li ppi ncott - Raven Ry RlkranscRptionasi@lifabb@seqitfcd, lg&ﬁar_,com?miﬁé"a Blofhotp 8drd al |y

i ncorporated by reference herein), alt hou[gh_ it is 15 envisioned that the

gene(s) of any or givedieapdylugers it DREEPNA lipkd i g BansFeption ermaleRis of the

invention. The eDNAy/@Rde, bee&&csﬂaﬁﬁsﬁe%ﬁﬁpﬁéte@wasmﬁﬁedt@rahﬁmuaﬁz'a%ug elative
to the pronoter. Thus, a vector of the invention may encode ..
HA ¢DNA linked fo a transcription termination sequerice, a vector comprising a

promoter operably linked to an influenza virus NP‘ c¢DNA Iinked to a

25  transoription termination sequence, a vector comprising a promoter operabiy
Tinked to an fnfluenza viras NA ¢DNA linked to a transeription termination
sequence, a vector comprising a promoter operably linked to an influenza virus
M ¢DNA linked to a transeription termination sequence, a vector comprising a
promoter operably linked to an influetiza virus NS ¢DNA linked toa

30  transcription termination sequence, wherein at least onc vector comprises
sequences encoding HA, NA, PB1, PB2, PA, NP, M, NS, or a portion thereof,
having substantially the same activity asa corresponding polypeptide encoded

by one of SEQ ID NOs:1-8, e.g., 2 sequence encoding a polypeptide with at least
J



an i nfl uenzawy %egipiet €i n (sense) or vVRNA (antisense). AI}}’?T%%&OQ}BLG%SO
pronmoter or transcription term nation sequence nmay be enployed to express a

protein or 20 peptide, e.g., a viral protein or peptide, a protein or
peptide of a nonvi¥0¥ amipaedidbigentity tora @lpegtida pautiedbypsmetof SBQID Mept-sde. The

i nvention provi degya PRSI LI rising..a plurality, of’ influenza virus
vectors of the in?ﬁ?ﬁ%ﬁ?%néegtﬁgnga&br%MH%IBPPaf?'u% hYEHYE COMPrYeA |
conposi ti on conpr ips@soterapembly ligksltto aminflueeh vins M eDbd! lated toaMrasadptbor
conprising CD 25 . . rably linked.to an influenza. .virus PA eDNA -,
[ iked to a ¢ randtiiB o SR ool i BRSHEs PRmp R RO R W 0
pronot er oper a¥l y infliendesdrus MlaDNAfibked heatranseriptioPBrhinefiddAelnicaleshdtao a
transcription termgnat.i ..sequenc a _vector . .conprising.a r operably
linked to an infl ?8%?%"“%?&%5 agﬁg‘omr%ﬁ?%ﬁ@‘&df"o‘mdmﬁ e&%‘f‘g‘é Sﬁ‘ﬁf@ﬁer m nation ¢
sequence, a vect orlinkshipritehsgptiond@nuationssguenoper ably | i nked to an i nfl uenza
virus HA eDNA linked tg,a. transcri,ptd er.m natij on seguence .vect or
conprising a pronoter gvgﬁelrng%’lhﬁn pﬁof'qugselaa%}g&%fﬁlﬁuﬁﬁ?‘t‘éeﬁ?ﬁs @Pfaﬁguqﬁlﬁva]é‘m | i nked

to a transcri pti orxpressnir aslodoinfluces viesgegteins, vLadpfss aanprdeSaffigna pr onot er
operably Iink to iLnfluenza. virus. 6 2Q0 2831 PCT/ US20041016680
NA eDNA | i nke %t 0 Vgﬂ}? hﬁ@&?ﬁ”&ﬂ?%ﬁc?’aﬁ'ﬂfmﬁgén?’?fﬂééﬁ © VeSS COmIS onpr i si ng
a pronoter oper alhijichiadORih, teg,, aifhieidal Al @7, any influenzVACIhWinkivak@dny 6F abl
transcription ter on ugnce, .an ector conprisjin .Qperabl y
linked to an infl J@n@kﬁf?ﬁg‘%ﬁﬂk ?’%1’3@3(?‘38 a??%ﬁéé?‘}‘bqg?%ﬁﬁg%r m nati on
seqygrice, wher ei n \Aioldg@@Bitldb el FedsdLipin AR 1S P APHHI0¢pRiLPAOQeseP| v | i nked
to a nucleic acid lLecul e f _ the inventio Iig‘}ged é? a transcription
term nation seque ‘fhaéen@eﬁﬁqcaé]ﬁ’“?‘@%faqd\?% refgrepce FremAlboyebdt ¥r om a vect or
encodi ng i nf | uenz anvikioned tidthogeNds) o knysig@dtinNgay herdrplaed & the hettorP& 1, a
vect or encoding influenza vjrus, Paﬁﬁ ﬁg@ a vectaor encoding influenza virus
NP. Optionally, tRPRASEpHREIgELgY. fhge BrRS B e E%E OF FHGEE or s encodi ng
NP, NS, M e.g., Mie@hnlyBlativdho e phdfaotd?! he aMdcyor of the invéREdnhsy @BsRdI Ng
viral proteins furthey conprise a transc;]%agél on term nation. ‘sequence. In

anot her embodi ment*® BRER FFRHREPEIIFEY Ph dantiggnse), Any suifablegrometer 1 or s

sel ected from a vegh@cHiiionkikinGorseRidtRe) beaRfldyel b dbilesploridt 15
influenza virus PA cDNA linked to,a transcriptjon term pation sequence, a

vect or conpr i $'ng PEPHsleoh®t b preteirpPeptdsiARTorH o5 ReRtide PLARORTE r us PB1 cDNA

linked to a transghihBdnOft o RériPelfd prBRinTR @46, a vector conprising a
pronmoter operably linked to an influenza virus PB2 cDNA |jnked to a
transcription .4 ter nitPREyEHoR peudsTEcomposiien HPESHS R PYTAHY of inivmst or

operably' |inked tygyafcRfs dftd iHeRmASn. VinoiS cdibbdiMof thotaoshtiod e L r anscri pti on
term nati on sequence, a - .
.. composition comprises: a) at least two vectors selected from a vector comprising

‘25  apromoteroperably linked to an influenza virus PA ¢DNA linked to a
transcription termination sequence, a vector comprising a promoter operably
linked to an influenza virns PB1 ¢DNA linked to a transcription termination
sequence, a vector comprising a promotet operably linked to an influenza virus
PB2 cDNA ﬁnked to a transcription termination sequence, a vector comprising a

30  promoter operably linked to an influenza virus HA cDNA linked to a

| transcription termination sequence, a vector comprising a promoter operably
linked to an influenza virus NP ¢cDNA linked to a transcription termination
sequence, a vector comprising a promoter operably linked to an influenza virus

6.



vect or conpry@hd@giasiAr onoter operably linked to an infl uenagishddbicsdy €DNA
linked to a transcription ternination sequence, a vector conprising a

pronoter operably linked to an influenza virus NA and NB eDNA linked to a
transcription tekW MAﬁnk@iéq&Bmaipﬁanmnmomqwnca,swetgora:oppxmngaar
operably linked t i HeR4 I hAe { r| ption
term nation seque %Og{bte%%%rgql} cgona\érl Sl ﬁ%%ra@%?’gﬁc dqﬁgggé&“ "% nfl uenza
virus NS eDNA i nMﬁ@:meqﬁmemWﬂmipmontmsmgnapazréﬂyhﬂ@damwpﬂmaa vect or
COmpr L ST n0. & P OB ENOBEA ke b B0 AL EREAGY WidR VB O

operably linked to a transc ription ence, er ern WSS ne vector
conprises a pr6nppmveopeccahprysedam@eoieﬁqpe;gb]&ﬂhn]mddbamuclacaddmleeniabfe of the
nvention |inked b .8 hEANRRCH R OB:chiGdl

Jhat.i guence at | east
two vectors selecté€d froma vecto in '"fdglf’? z‘nza Pbﬁqefﬂﬂ%a vect or
encodi ng i nf | uenzaeckors sedeckid fibm mwbstmoﬁmﬁﬂuﬁmgvmf%awzaor em:qsdng PBZ and a

vector encoding inf yenza Vidus NP, t.i onal | t he f
2004/ 112831 PCT/ U (‘H%%%%‘ B g§etargn "dﬁ‘é“%‘#gx%rmﬁ%f’ﬁf b e oncon ng NP,
NS, M HA or NA Eanoeflﬁg aiﬂuynzam NBe@ptmmllyeﬂxemrd&tag oﬂb)rlactlu@rcmb et meref ur t her

conprise a trapscri tion n 5|t| f t he

i nvention mayelgl 586020(5 gbg@%@g‘org i‘ggﬁ“m%&ﬁafc@ a fer ‘7 nt er est,

e.g., a foreign gemremﬁlg@rﬂpmwmmemmpxﬁe@&aﬂenﬁonmmﬁmm useful as a
vacci ne. Thus, another embodi ment of the invention conprises a conposition

of the invention " cribed above in which one of the vectors is replaced
W t i‘* or the conposi t|Inmnbméﬂehﬁbdlﬁﬁﬁp!hesaﬁposﬁmﬂemhmfsescammdasumg a pronoter

linked to 5' influenza

s optional l |ncI influenza 10
virus codi ng sequg‘?i’é‘ﬁsg?"teé B"rat 88 Pfqn?féeéc?p?r 5’%%???% nucl ei ¢
acid sequencdas euﬂluenzavﬁ%PAeDNﬁMedtbhl&kﬁdnﬁﬁbn&enmﬁaﬁbmmﬁmviar us sequences
optionally including 3" i.nfluenza viru ences o tion
thereof, 1inked t&" cf”i“ﬁﬂ?’&&??f?’i“gﬁr‘fpé?ﬁ%yﬁ'ﬁg?‘ﬁﬁ @gﬁ *#%ffa ly, the
desired nucl ei ﬁ aﬁh&dtﬁ@ﬁﬂ@ﬂﬁﬁlﬂ?@ﬁ]ﬂ@ﬁoﬁhe@ﬁh& h‘ﬁedtd’icﬁxﬁpﬁdiﬁgﬁ%ﬂﬁ&er ¥
orientation. The introdyction of 15 syc C on to a host ce
perm ssive for i nPP‘?i@ﬂ&g ‘F%W%‘%’E‘Fgﬁz cﬁ&gﬁ?’k‘g‘i’i ot PEEEREhant vi rus

conprising VRNA C%xﬁ&iﬂ&{%gﬁhﬂcé Qvédﬁﬁ@&ﬂpﬁﬁng@i‘pmrhaerqﬁfab@nmka'&lﬁ #Ar onot er in
such a vector for  vRNA prody

. r tio nerase | promoter, a RNA
pol ymerase |1 %Br oﬁﬁﬂué?z,avgu &%@F‘é@é‘W?cnpﬂ?rgﬁﬁ’%g’éarmnﬁeqf‘?n%raomt er, and a
T3 pronoter, and Q&ité&;@ﬁhhéiné mome@i &eraBly lﬁlﬁéﬁf)ﬂblaﬁ&ﬁluénﬂaﬁv&ﬁé?m EPNAON
terminati on sequence suc ol ymer ase transcri,ption ternination

sequence, a RNA pradep agfénspmop é?ﬁ%lmﬁ‘?ﬂ FeFHFICS % et SO BH AT a4 RNA

pol ymerase |11 tr 3nsesty Bhikedo APihifhdda] Vifdh NABAKNE EDNA Bk él th lb@dsftion! N one
enbodi nent, the vector conprising the desired nucleic
termination sequence, a vector comprising a promoter operably linked to an

D
—

25  influenza virus M cDNA linked to a transcription termination sequence, a vector

comprising a operably linked to an influenza virus NS cDNA linked toa *
transcription termination sequénce, and a vector comprising a promoier operably
linked to an influenza virus BM2 cDNA operably linked to a transcription
sequence, wherein at least one vector comprises a promoter operably linked to a

30  mnucleic acid molecule of the invention linked to a transcription termination
sequence; and b) at least two vectors selected from a vector encoding influenza
virus PA, a vector encoding influenza virus PB1, a vector encoding influenza
virus PB2, and a vector encoding influenza vims NP. Optionally, the vectors of

7



acid sequenq? W £s a cDNA of interest. The eDNA of p&mﬁéag ther in
Y

25 a vector protein production, may encode an
epitope, such as an epitope useful in a cancer therapy or vaccine,
pepti de or pol ypbphbld@ m@fuiordxmc@rsmﬁceﬁhgmms MhHA ¢ Na'p alPrefetibly, thus, the

vector or plasmd o ene or eDNA of interest: may. substitute
for a vector or pl a %Sgglé‘h Qﬁ‘%’ &%’ﬁ]?éc?ﬁﬁ?a&@?‘f‘gﬁ%‘mm % n" addi tion

to vectors or plasafqueiﬁzefor all 30 |nfluenza vi ral genes ApI urality of the

vectors of thé in tlonhrra‘éé% D b{SlcaI | i nked or @P %B may be
present on an ind Oﬁlﬁgsrl B Brere °°8m6nseﬁgeﬂﬁgrr°penﬁ% B8 M8 ci d
del i very vehicbe. ofxﬁtem,8@04/1’6:&1@836&Eﬁ%ﬁ@ﬂﬂﬁﬁﬁ%@ﬁﬁ@pepﬁbeomaaﬁt er or

Vector may be t heves Bracgity TPl iorerertir AP OR e Hry ot hor
vector. Preferabl yomﬁdﬁﬁoﬁeﬁﬂleﬁnv@ﬂhoﬂ baddaatribed\hbosh newmb]esmﬁtherﬁebwﬁﬁsza VRNA
conpri ses a pronote |Iabl ion in at |east one, particul ar

host cell, e.g., [8‘?#1 ﬁﬁﬁ? %Oﬁl)ﬁ mwwnﬁ%veﬁ?rﬁmﬁgﬁaf el i ne,

equi ne,  bovi ne, Pioirideer LikedRb B'rimuﬁm@hmseqﬁ@wdspﬂgmhy MRfudag s Biffudkza
preferably, for expression in nore thag@ong I.n OH ‘gnbodl ment, one or
more vectors f8r ¥ Ex‘lﬂga‘?ﬂé‘f”?"ﬁﬁm 1e0 hBﬁ‘?S‘rfo’&anfe Brgef #d¢ but not
limted to, a RNA;R@EERY.ASAlckirddcDRL ﬁﬁked@ogmﬂ@nzamubwqa@c ENprip@iilyner ase |
pronoter, a RNA pol pr.onot a RNA nmerase_l|] pronoter, a T7

nerase ||
pronpter, or a T3“’ﬁ¥’8ﬁ§t3e‘|nﬂu‘?3lz%’f“§’rsr° n&%ﬁ&?@&%%?? jop theproh & ‘?S‘r?"%equences

Lhe VRNA vect Rhrfcrifton 4 BinaB6t se@ﬁeﬁc&%efeﬂab ?"th@ﬂesir@d nRleWidol ynerase |
transcr| pt| on term nation sequence, nmerase_ || transcr ption

termnation sequefRIESNCE syalAs BGPYAE i ’§§8 EPWSP“SEBH‘PWC AP inEgarctier of nati on

sequence, or 3sri RRWEBmpHiRRAY FBSst WildihfsdihFosSiatitiza Pustr Rﬁ uﬁuﬁenti on
include, but are not limted to, tetrahynena_ ribozynes, se P, hamrer head

ri bozynmes, hairpi FPW#%W%?W@H&N“HP@W %ﬁ%“e%%“% tp S%ﬁ§°n°§§/?ft hetic

ri bozynes. - I n oneugRBGE, MR pronither iASK 2 Ffor YRGRNA frotucibNAag BsPRINAES a RNA
20 pol ynerase U pronoter |inked to a ribozyne sequence_l|inked to_viral
coding sequencesPPTIRIEE EQOQ?MHBNNHOW%H§W%ENWW§&W linked to
a RNA  pol ynerase,, ioknoﬁéxwlszbﬂuepané@rﬂ%ﬁﬁ%pan@%%ﬁa@%mto@ne ‘enbodi nent
at least 2 and prefer nor e . Qr 8, vectaors for vRNA
production céfpr P@éprﬁem%ﬂ”é@?m femamation Sﬁ?"@?ﬁ?tsé?h asg RyA po lyppisesdy e

sequence, which ig gnré g&Bn%émtx&u@n ﬁls’ﬂ@@ﬁ diﬁﬁ&@d&dlt&'ﬁ:s tihral sequences

i ncl udi ng viral sequences whi ¢h'is to_a second ribozyne
sequence, which i é@r@matl'@ﬁ mmqnam@ﬂﬁmqlmprasemtmnsmpmn termination sequénce,

or a ribozyme. In one embodiment, the vector comprising the desired nucleic

acid sequence comprises a ¢cDNA of interest, The cDNA of interest, whether in
@ 25  avector for YRNA or protein production, may encode an immunogenic epitope,
such as an epitope useful in a cancer therapy or vaccine, or a peptide or
polypeptide useful in gene therapy. Wheh preparing virus, the vector or plasmid
comprising the gene or cDNA of interest may substitute for a vector or plasmid
for an influenza viral gene or may be in addition to vectors or plasmids for all
30  influenza viral genes. '

A phurality of the vectors of the invention may be physically linked or

each vector may be present on an individual plasmid or other, e.g., linear,

mucleic acid delivery vehicle.



term nation sequence. Each RNA polynerase |l pronoter in each vRNA vector
may be the sgoBoqifds{ ferent as the RNA pol ynerase || 0 ot her
VRNA vector. Simlarly, each ribozyne sequence in each vRﬁﬁhﬁé@P‘g?l%%y be 30
the sane or different as the ribozyne sequences in any other vRNA vector. In
one enbodi nent, the rifkgpe Igﬁéieg&ﬁg the sane.
The i nvention aI SO provi d%s g net %ﬁ?u&%@%@gﬁ%ﬁﬁlﬁgﬁ%\r g%mfhe met hod
conpri ses cont act PR eﬂgﬁﬁﬁ%"?%oraﬂﬂp)’ Ibey ﬂ&lsﬁmﬁyomfﬁtrhﬁ relatttede ﬁle(pfomdm 9 WO
2004/ 112831 PCT/ 1%5%53&%& 164&0 Préf&ytﬁf' ttﬁe%ctoleorgylasmﬁf\%igﬁ]é)g:?é %ﬁ‘é iifHueny,
si mul t aneously, for_exanple, enployin on SVent i on, i,
an -amount ef f ecti \YBWO}*?W%almwﬁnsbﬂﬂbqum¢mm‘mmwtmeneTpWQuhvent| on al so
i ncludes i sol atsi NGoicEUS HJ onposi tion. Thus,

t he i nvention furtﬂerc pr &I/laglggaflg%ﬁalﬁgﬂéﬁ%gét}g%ﬂagg feh% "REst cel |
contacted with. t EW%@WQAqrmmatglceﬂmmallsimgfhumlaacﬂIantefembly,lﬂnr another
embodi ment, the in 109%1119 ltb’a‘;.eoﬁeﬁé’Pt acting the cell with one or nore/
vectors, either v pro ern prodhct|on vectors, prior to other vectors,
ei ther VRNA or prot elhqm@mhcdlmem m:eotmosve&btefmwdpmduchbemmptﬁatl on

al l ows easy manip Henaa I t.he introduction
of attenuating rru'%l %ﬁ%"%‘%&ﬁghe vtlzlr afkgéoéﬁgﬁ‘gpﬂﬁﬂ?[?ﬁérpry%(&gaﬁge i nfl uenza
viruses inducd0st humen Ridgrolimesasel] poibied, a RNApalyidryse IT prbmoter) «®NA on great |y

enhances these vi r articularly i.n view of the
availability of ng{hﬁﬁé varll)a}gnﬁl?t@r %;ﬁﬂ? ‘%ﬁ%%, PR P89 ol oy ed
sequgntially, al lemgpmc?ptammalhmsaqmcéﬁtfgrt]gevifl\mhaﬁﬁsmcluﬁﬁbﬁhﬂe agt hods of

lugi ng virus 0..N0 uire he Vi rus
infection, are us?f“ﬁta&Fﬂ %}?@aﬁ"h}ﬁﬁﬂs&ﬁ TSP [ O“asﬁ%“e?l??g A broduct i on
of vaccines (e.g. polfyﬁaéraéélbﬁanscﬂﬁﬂoummhdiﬁa@ieh&d SR&AIEtﬂj&ﬂérhéeIm C

r hi novi rus, f||0V|ruses her nd fooj.and noyth di sease) and
ggne therapy vecFS‘?sgnf%ongam‘?aBPﬁf?%eg of aliﬁ@'"’ GEmIfE v ¥R nuscul ar

20 dystrophy, oni bmnamvemmdamwhramm&um mﬁuynmdﬂbe@hreaumépous
system tunors). Thus, ., a virus for. use.in ne caJ e y%ﬂ! for a
vacci ne or gene gf‘f@?‘ d'ibozygpes, Aaifpt ribegyanes, B‘H Z&T‘g HAdes a net hod
to i muni ze an i néynciv@ibod@rk.Nst a pathogen, e g., a bacteria, virus, or

parasite, or a malignant tung The {TE'[ hod 25 copprises .adm_ni. Sterl ng to
the individual an ampoutfongfmaedimentaf leash ang wator fox FRNA compgses aRNA nyent i on,

optional I'y in200mbbpakiaSuT Bronfded Bnladitd /ABYzym @Eefqﬁéaicbﬁﬁkédqo vidTobdhgze the
i ndi vidual. The virus conprises VRNA conpri sing t1 1lylm£tl de _encoded by
Op onaily

t he pathogen or asﬁ%ﬁwsgﬁ@équDe%WW%eWCeS, ed to a RNA

polymerase II transcription termination sequence. In one embodiment, at least 2

and preferably more, e.g., 3, 4, 5, 6,7 or 8, vectors for vRNA production

comprise a RNA polymerase II promoter, a first ribozyme sequence, which is 5"
25  to a sequence comresponding o viral sequences inclnding viral coding sequences,

which is 5' to a second ribozyme sequence, which is 5’ to a transcription

termination sequence. Bach RNA polymerase IT promoter in each vRNA vector

may be the same or different as the RNA polymerase II promoter in any other

vRNA vector., Similarly, each ribozyme sequence in each vRNA vector may be

30  the same or different as the ribozyme sequences in any other vRNA vector, In
one embodiment, the ribozyme se(iuences in a single vector are not the same.
- The invention also provides a method to prepare influenza virus. The
method comprises contacting a cell with a plurality of the vectors of the
9



|
|

- all remaining 30 structural proteins (shown in

Al so provi degg o1 sBihod to augment or increase the expreggiRPn@hisash 30
endogenous protein in a manmal having an indication or di sease characterized
by a decreased anobunt or a | ack of the endogenous protein. The nethod

c8rrp|ri s\e/\z gg(r)n /ni stz'ewenugn,t' i e;ng.,tslag,:)enﬁanyah/ GGS%MW f@fexﬂjfilff,lé,%ﬁl@y%avi rus of the
1 i 4/ 11 P 4/ 01 i nvent.i on e [ive tqQ augnent or
i ncrease the armun?o:%}nsﬁ%oe %’6’6%‘%83’5‘“'5?W@nﬁé}%‘ﬁc‘ﬁvettﬂé"eﬁ%@“sﬂﬁg‘?@aabl Y,
thﬁ mamal OIi s a huvﬁ?,ts. TBeil;JFéntﬁaalsﬁ hmkﬁda%@dﬁ@hﬁuﬁﬁﬂhﬂ@!%iﬁtdﬁfaﬂ%iﬁﬂ%
Schemati ¢ di agram est. .shed revers eneti.cs.systens. In _the RNP L
transfection met hog nngl?lg%uﬁufg’ﬁg%lm@%ﬁﬂﬁ“%ﬁm%ﬁé%y S8 vgllasa gssenbl ed .
into RNPs wi.th fisehat cellrvontatiedwitly this hampastion wRMNAs ok hfeatid. thEmaskected with
RNPs, foll owed by het!m@crar ¥i us i fect'ﬁ% In th RH@ ) olqmarase | et hod
(B), a plasmid contai Ryt e %E‘Ft‘z‘ rcﬁ’%t%c“ng’re(? ‘Bf o4 fF THOTE HRgTRNC 0dj ng
the VRNA to be resedtletyRNAdr pbeiduebnyehasgidr to #BérveaaisodthbsvrNansf ect ed
into cells. Intracell u[l.ar tr%rlgscri tion by RNA C polynerase | yields
synthetic VRNA, whP"dHotPE PRARISBYEPSt o progeny virus particles upon .
infection with hel per Viteusthodiof the boiehtidiRlibOdssy Madpaheaiciimendar uses (i . e.,
t hose cont ai ni RNA derived_ from.cloned cDNA), are selected .15 fromthe
hel per virus pggul ‘Qﬁsﬁsn‘?'g‘lfﬁbﬁ'? éu%?.du@(‘,’ﬁéﬁ‘ﬁ’i"‘f“@“& YRS dRto thevagberaprme on of
RNA pol ynerase |  Bnthet, betabs infudohAsviflsdsintaek ditoAginidrhlban 8l iSuii/, ©
anplified by PCRa di,%ested ith BsnmBl and cloned jnto the BsnBl sites of
11121 vect or T gventiqgereaily, prhapges fhese irusss as vageine yeotorspaticylepiny er si ty,
ssen, Ger many) , vivkoEihe 2hileWiREyaif RatutalMuriBatEBNLEDiasPRIY IR S@exhpm;feqmt er (P)
and the nouse RNA polynerase | terminator (T). The thym di ne nucl eoti de
upstream of the t@ﬂ?ﬁ“ﬁ%@ﬁ%&’@ﬁ@@%“ﬁ“@éﬁ?@%ﬁs the 3' end of the

influenza virahs RNA. Ik ié@iodofhrikinkis vERWUQNEEBhaNiS, vAlISHD dofrlmkd T ace
letters. (SEQ ID :29-4Q) Fjgure 3. Praoposed reverse genetics nethod for

generating segnent e’?"!‘:“sﬁ%fﬁ%lti%‘-’E@%@W‘)‘Pﬂ@ﬁ%@mﬁﬁaﬁﬁi&@%ont ai ning the
RNA pol ynerase | 'ﬁrbd@ﬁ&n@ﬁ@écn@esqé?gﬂ,ﬁfof RS Aheh, HebpitRiH) BEpaitit @] RNA

segnents, and the RNA  polynerase termnator are transfected 1nto cells

| together with prot@meviresBlogisises mofriadieigs sadfoptrudareuthdiesasq) sudewe r uses can

be generated with hahssvacRss @XPRTRAR Aﬁm’ aﬁ’én%g,j%eg’egéﬁm@ﬂ%dyaﬂarefpressi on of

n brackets) i1 ncreases the
efficiency of ¥ rudstophydueithinsfragesehvayliep Giicierr spd penge 8 BXsEem

tmors). Thus, a virus for use in medical therapy (e.g., for a vacecine or gene
therapy) is provided. _ .
The invention also provides a method to immunize an individual against

a pathdgen, €.g., a bacteria, virus, or parasite, or a malignant tumor, The method

25  comprises administering to the individual an amount of at least one isolated virus
of the invention, optionally in combination with an adjuvant, effective to
immunize the individual. The virus comprises vVRNA comprising a polypeptide
encoded by the pathogeﬁ or a tumor-specific polypeptide.

' Also provided is a method to augment or increase the expression of an

30  endogenous protein in a mammal having an indication or disease characterized

by a decreased amount or a lack of the endogenous protein. The method

1

comprises administering to the mammal an amount of an isolated virus of the

“10



Figure 4. Titer of various influenza viruses. 11 1 WD 2004/112831

PCT/ US2004/ G4l 61t ai | ed Description of the |nvention jefiigobddifae AS

used herein, the terns "isolated and/or purified" refer toin vitro
preparation, isolation and/ or purification of a vector, plasm d or virus of

the 5 invention, so.th IS not associated wt an vi vo substances, or is
substantial |y POepH oo HERERL G 1ahwre e Biomiel e g UgPFQiein

preparation i s gemehhinal, @@f&hﬂ?d&@hé&ha\{hééﬂuﬁwture and propagation and
|s substantially free fromother™ 1 nfectious agents. As used herein,
“substantially free" nmeans below the |evel of detection 10 for a parti cul ar- .
|nf ectious agent usi ng st andar g_dg f.or that agent. A

"reconbi nant” virus is one whi®r €8 in vitro, e.g., using

reconbi nant HNA teChFngj:bCJE Sdhembitis amﬁm:ﬁoﬂasﬁnm@sd teﬁrefshgemttfcaby@@ﬁmrm As
used herein, the t 'reconbi nant. nucl ej ¢ aci d" 'reconbi nfant  DNA

sequence or seg Frgq{g%mpgn %&@ﬁﬁémwépg ymergseRYemE Aty  has béen
15 derived or | sababRd {ib &R WRHEGSS il 1b-sTkelifa VRIRRTESIN by chemi cally
altered in vitro, so t Its sequence Is not naturally occurring, or:

corresponds to mnsfecaédwlthab@a;ﬁoﬂq'geébnhdmrmshﬁechanelmﬁlbml ti oned- as

t hey woul d be pos tioned ipt nat i v none. xanpl e of . DNA "derived"
from a source, fﬁaijﬁl%ﬁﬂ?ﬁ%@&ﬁ%wg ‘?‘ﬁﬂf]’nﬁmﬁg@%{ %Fa%f'sl]ﬁoﬁ'g’@f’ul
fragment, ang V\’f&'cQNA&&H%%Aﬂﬁmﬁ%bhe%&mﬂym&ﬁ§mml?m@ﬁﬁ@m' ally pure

form An exanple of such i sol ated” from a.source would be a useful DNA
sequence that i $erasiastardytrasiocieddntorells. difracallylar GarpeeptianLRY cal neans,

by the “Sgaoﬂ}neh%?iﬁdeﬁ% %m%td&&'dﬁhﬁﬁjﬁﬁ%pa%ﬁa H?ﬁtobh )Fe’{iﬁ%t?? fur t her

mani Bul at ed, e. use | e i'nvention net hodol ogy
of genetic engi Wcleﬂgpoﬁm?éiﬂbmhhmémemsuﬁNﬂbbdﬁhmm traisfacmnza A VI r uses

possess a genone,of ej.g si ngl e- st at i Vir

that encode a t &t eszlret PreSPBREIRE %"ﬁf& ﬂ%ﬁﬁﬁm e eetﬁ | e begl ns
wi th bi ndi ngsof gdpenbemmetitisipabmaié¥y) to sialic acid- containing receptors
on the surface of the host cel'l, followed by receptor 30 nediated

endocyt osis. The IowFpgﬂIwih Scheaatin dingrrreef the gw&t@n@fwmlh‘nﬁa@ﬁél shift

ICg| ][23 :‘_lﬁ\y E)Eeg)gté ﬁgos#ﬁ% f‘f]u5|é>kﬁ§ W@Zﬁ’f‘h a ﬁﬂgmﬁgﬁt gfe fﬁ-e vi ral

- and endosonal ﬂﬁg@l’eaﬁh&thmﬂmﬂah@cm&dhmthE(HsﬂBmm(dMofﬂmﬂ-IM\Pvm}{Eexes are
12

Hoffinann, Ph.D. thesis, Justus, Liebig-University, Giessen, Germany), which
20  contains the human RINA polymerase I promoter (P) and the mouse RNA
polymerase I terminator (T). The thymidine nucleotide upstream of the
terminator sequence (*T) represents the 3' end of the influenza viral RNA.
Influenza A virus sequences are shown in bold face letters. (SEQ ID NOs:29-40)
Figure 3. Proposed reverse genetics method for generating segmented

25 negative-sense RNA viruses. Plasmids containing the RNA polymerase I
promoter a ¢cDNA. for each of the eight viral RNA segments, and the RNA
polymerase I terminator ate transfected into cells together with protein
expression plasmids. Although infectious viruses can be generated with
plasmids expressing PA, PB1, PB2, and NP, expression of all remaining

30  structural proteins (shown in brackets) increases the efficiency of virus
production depending on the virus generated.

Figure 4. Titer of various influenza viruses.

11



WO 2004/ 1128w H6H1343£004/ 016680 rel eased into the cyt OplPE%H?szdﬁNFfas gonsi st
of the nucleoprotein (NP), which encapsidates vRNA, and t

pol ynerase conpl ex, which is formed by the PA PB 1, and PB2 proteins. RNPs
are transported into the nucl eBgtailddddescripitionns theilavémtionand repl i cati on take
pl ace, The RNA polggﬁ ase conplex 5 catalyzes three different reactions:

synthesis of an a5 cap and 3' polyA structure, of a full-length

conpl enentary RNA (CRNAjs, usaﬁtiremi tl@emm“ﬁoﬁteduﬂﬂﬂmﬁﬁm rbfeetoGOMAvas a
tenpl ate. Newly synthesi zed.y

ner a telns re then
assenbl ed i nto RNPEPY B’r’foéa&lofl PR H"}Bﬂ?‘f’ﬁ‘{?ﬁlgﬁs toél?fjm[ﬂ%q{é’%%? to the
pl asma megbr an((asNAvrhﬁh) ﬁoﬂﬂ!dddia‘fhgls(ﬂf)t asﬁdagtwdwlnthl h rlﬁa l&xﬂys@ﬁdeﬁ Io@hs%?b@éiﬁh!lﬁb The
neur ani ni dase rotein plays .a crucia e.late in, infectjon
removing sialic arﬁ“ﬁﬂf"ﬁ g‘ﬂ?é’?‘&%ﬁ'&sﬁaﬂ@%'éﬁFFQL‘?"E}@?“SWWEF%@Q‘? ne\>//vl y
assenbl ed virions dbtaiBdtbhe: @eb bulfe dnd@eopagdion Al BibsAstidllEros Bofn ofiRggr egat i on
of virus particles._ Alt hou%P virus assenbly involves protein-protein and
prot ei n- VRNA i nt erBEFIWR2E M he nature of these interactions is |argely.: 15

unknown. Al t hough i nf| gnigal Hreai) dsubstititiallp §6e" i AnSbeld+e tht levkl of daBstion
functionally simJ]ar tq influenza A virus, there are song differences.

For. exanpl e, i M| Jerdpartigslaymferlioppngent iging F%%I@GWEB‘B}‘B?W fogithai ag®h channel

activity. Sinilarly, wﬁ&a&m&aﬂmwsﬂm&mbe&%ﬁnﬁw&zﬁwoeé% with ion
channel activity. 20 However h roteinis lik have thi s

activity. The act i¥mgyecom Wﬁwteéh‘&%wtﬂﬁéﬂ@ﬁh%?%@eﬁ@&%&?ﬂ@ﬂe by net hods

Cknown to the art, s3GSed Herdh, the 18] -%ceasﬁaaﬁsmaém abid O )eclbin P 01179273
Cel | i nes and | nfluenza Viruses That Can Be Used in the Present | nvention

According to the [JFNAEPAUeRIGPEFREMEH rﬁwy%@wleww@heguﬁs&w&éh@mmnt 25
replication of 4 NfdeHear s idliddSidhPhsonfoe R Y sﬁugec}ueﬁw dﬁ%ﬁ%ﬂf’ﬂteréd%' udi ng
mutant cells which express reduced or decréased | evel’s of one or nore
sialic acids whi oifrarse thabitssequspes i oot npfyrally eppugring; erporrespprdsdesateBllni ned by
t he nmet hods can b eASSPELa 1d MO e tifi ed
or certifiable, c?ﬁ%%%Ség Tsathz&aﬁmr%‘ h?gv woﬂdb%pg%ﬁ?l nes&lgThe

requi renents for omhvé gopome; Ame}tanwéﬁl ofDNAné@nwﬂ&rﬁamea @h@ﬁﬁ@l@db%@NAn With
respect to at |eas neal, nol ogi cal
mar kers, virus sustg%l%pgebtﬂ%“%% u%%@gﬁfu@ﬂ%@neﬁggﬁs %‘?%igszﬂéé’%ﬁe Cﬂ%s as well
as by testing2dn aﬂmhmeé;n @gg&aﬂmbahl Ag exampleeof sSdPNAisoktetefomat i on |
used to 13 :

\—I‘

a source would be a useful DNA sequence that is excised or removed from said
source by chemical means, e.g., by the use of restriction endonucleases, so that it
can be further manipulated, e.g., amplified, for use in the invention, by the

methodology of genetic engineering.

25  Influengza virus replication

Influenza A viruses possess a genome of eight single-stranded negative-
sense viral RNAs (vRNAé) that encode a total of ten proteins. The influenza
virus life cycle begins with binding of the hemagglutinin (FA) to sialic acid-
containing receptors on the surface of the host cell, followed by receptor-

30 mediated endocytosis. The low pH in late endosomes triggers a conformational
shift in the HA, thereby exposing the N-terminus of the HA2 subunit (the so-
called fusion pepﬁde). The fusion peptide initiates the fusion of the viral and
endosomal membrane, and the mairix protein (M1) and RNP complexes are

12
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WO 2004/ 112%@;&2@9]12%2004/ 016680 confirmthat the cells %@%ﬁolg{sg? be

det ect abl e adventitious agents. In sone countries, karyo
required. In addition, tunorigenicity is preferably tested in cells that

are at the same pagsaefintaletytafashRNEs sba66t of B nudasEbthia (RPPdzhi on. The
virus is preferabl

purifi by process that has been 5 shown to give
consi stent result$ Gﬂﬁaﬂad?sev?ﬁ%ﬂg‘?%a%émmse&mﬂeﬁewmk scformsd by figcci ne
production (see, @AQPB1,\08 PE2 PRAdidsh RNPY aRiaAdpbA intb38Pductelis, whtrePr ef erred to

establish a conplete characterization of the cell |lines to be used, so that.

appropri at e test s TeBiCTplipy and repficatign take plage. The BN pobaperase coMpletided.  Dat a

that can be used feghybdiqnebaiiREh&Ed-aats GRintlis & 18 BIRNA i@ &pdna ® t he
present 10 invention’includes (fgﬁrll nformation on its _origin, derivation, and
4 :

passage history; POl stretgienef epethicesplgmeniah RAWd(CRYirar ofemamic ,
characteristics; (RNA &Y thSIMA af @éﬁmﬁhﬁf MR K hinbdi A SRRGEMS, and d)
di stinguishing features, 'such as biochem cal,” i nmunol ogi cal ,” and

cyt ogenetic pat t ePRymRFseproteins 6 thanassembled inteRNBs, expogted fromtbesyised anong

ot her cell Iines; HadsBarteats HE hi E@&Eﬁe fR& B,gdﬁﬂ{'& Rt Yirus 15
Preferably, the pgggages‘%rée\r/g?l gr S‘%Iqrau ation Jgp |If$lg,30' thhe rs\c_)st cell used
is as | ow as ifosgetiiclss ogenrs; Thppestaminidase (NAY profain pliye asrusiebwldelé i n t he cel |
is highly purifie ' Shne / £ Qr j General |y,
the pari 11 ati on Sraasn oy K RP Efho G hARIQ e Bkill

cel lul ar DNA, ot heewlysisseniblad virimp o thescell anrfic@@ndpaaventinigithoself’ agent s.
Progedures that e Lvely . o} : % -0 ed. See,
e.g.,> Mzrahi, 193%?(@%%}3P%%@sg%ﬁgg%élﬁgg%wdﬁgﬁl nv Wgﬁ%@%ﬁﬂ%ﬁ se

i mrunogeni ¢ pr ot eiang protaire RN Angergttioos fheavmiond theke interacpersiolgegely e. 9., an

i mrunogeni ¢ prat eidlr]]kﬂorwam one 0 25 or nore bacteria, viruses, yeast or fungi.
Thus, in one enbodinent,; the influenza viruses of the invention nay be
vacci ne vectors for i nAltheghaninenaad wd C Gtuksrrostmethraiy sibiyectionallyc| udi ng but
not limted to lentiyiruses sucgh.as _H YV, _h It V] Nepatitis C
virus, herpes vir (JFUB! r&wquegga o@eﬁwsgpggg%’tt&m%hgmmu e’ch sea%de Vi rus.
30 A conpl ete viriRvinsaoes moehive adMiyrenirvithdoh dynnel satiaity.| $imakilyin. and t hen

' purified by zonal ,centrifugatjon b r onat agr.a .1t is indctivated

| before or after d{ﬁ‘f"f’?"c F’f‘l‘b’rﬁoﬁ%‘?ogba"?é%rf’tﬁmd’flﬁﬂgfg%ﬂ?%%f%ﬁt&ctone, f or
~instance. -14 30 20R¢&vdr] 48 EM Pdteid RGN0 haeaRis ackiviubTin dctiviggoefiandorconpr i ses

| purified glycoproteins, Such a.vaccine.my .b repare s follows: using
viral suspensions ﬁ?‘&?ﬁ?@ﬂ?@dﬂ%@%@fﬁﬂ#ﬁ“ﬁﬁ‘%@gw 8%‘?‘3,3“% fi& &8t f ace

antigens are puri fFI{ﬂﬂngeb&t dll (19 adtwoiugetiion for exanpl e.
Cell Lines and Influenza Viruses That Can Be Used in the Present Invention
According to the present invention, any cell which supports efficient

25  replication of influenza virus can be employed in the invention, including mutant
cells which express Iedﬁced or decreased levels of one or more sialic acids
which are receptors for influenza virus. Virnses obtained by the methods can be
made into a reassortant virus.

Preferably, the cells are WHO certified, or certiﬁéble, continuous cell

30  lines. The requirements for certifying such cell lines include characterization
with respect to at least one of genealogy, growth characteristics, immunological
markers, virus susceptibility tumorigenicity and storage conditions, as well as by

B festing in animals, eggs, at;d cell culture. Such characterization is used to
13



The subunit vs\/(?go%u?ﬁ gt hus contain mainly HA protein, and ﬁé@@ N%
sHEeE,
yI

detergent used”may De cationic detergent for exarrple suc
trimethyl amoni um brom de (Bachneyer, 1975), an ani onic detergent such as

anmoni um deoxy cholkédfRm(thaviescells M6 Bed Rbm ddSoflbls adéntHioROeRB] B dRbEr gent such
as that commercialized under the name TRITON_X100Q, The hemagg[l utinin may

al so be isol ated SPUEiest pmiogymaysfsops payirgd; %gd%qnhmawﬂg%@ d® such as
bromelin; 10 then fbwrmly@ﬁke@m@qu%t%%Maﬁasﬁigauevdp@%dsba@dw Grand and

Skehel (1972) A SE' it vacm ne _conprises_virions whi have been subjected-.

to treatment wi t KeSSGERTIueHpR: @PWI‘%W?GWB}YWQ@%PTPW?&%W% %N be

prepared as folsl OWiswiAD givd CLRMkht RHARIEIOBeiSY inkdHOatBYbl feRithiodifsUs oDt ai ned
as above, inactivated or not, is treated, under stirrin by lipid solvents

such as ethyl et h&iccB PEInEHa(ERens-2 1 W ord Health Argenigfion, 198%er gents. The

di ssolution of the virglks ﬁél’éﬁécﬂﬂ%sth!blﬁhQéoﬁﬁ&b‘l:ﬁa'iacke?:zaﬁoﬁﬁﬂ%%ﬁﬂléa% of ttri'e
viral particles. The aqueous phase is recuperated containing the split

vacci ne, constit ubesseAssotha) apgropisieigns @IPWOWD%E{?F‘WNEP&B@“Wt h their
original |ipid enyafQRIRR vd GEPHE the ABEdRRIMYES ol tolth TG ERYRE:LR

products. Then the residual infectious particles are inactivated |f 20 this
has not alread$ bdwvantiwriecluden () information apitsariging derivatinn, padpaseres Bstoiyenza vi r us

vacci nes of the vi rus of

the invention usi S@ﬁ%ﬁ%ﬁaﬂ@ﬁ%t g@g&ﬂ Su%}o@h@l&@%ﬁf&%@%&ﬁ& gq@cfbﬁﬁéa?or mal in or

(3- propi ol act one tesisefedweniitions agants; (B distingvishiog fﬁ@t'ltefp%lgh atbiechemisabe used in
¢! hvention can%@wg&%&ﬁg&&\ﬂ ft&ﬁsx@@@ 1&0be aﬁm\él rion (SV)

(Sp|| t) vaccines vaccine® contal ns I nt ac ol na ivate irus, while
t he SV vacci ne comcagn@dpmmgp&drceulhn@sanﬂl(smwtedfmtﬁfvrdmcmggémb’s t hat

sol ubilize the i ?g%a:%bﬁ?ttﬁ‘é ssa e Yely lg(]ga)oﬁﬁ %81% %,n(lgléﬁé}[’iﬁ:gt&ﬁuge ﬂcal

i nactivation o vacc can be used
i ncl ude those conﬂmmpwgsiblh.e 30 |soI at ed HA and NA surface protei ns whi ch

are referred to as sur ace @ nt uni.,t n t he
responses to SV and suifa]gg f‘é%ﬁﬂ Y’msgr uceSl]JIIl’l ?%Hsﬁ%ma)puﬁﬁ%ﬁ aCCI nes are
simlar. An exper ivariisak gm&b&rapya‘bmdﬂﬂ%h Gammllmﬂhemﬂi‘mammoadummﬂntl gen

i mmunol ogically related,to the epide 4/ 1 8%

PCT/ US2004/ 016680 Iesgtﬁ ﬁe’ﬁ'fiﬁsgleé?’%‘ﬁ’aﬁf&c Eég‘haé@f‘*]"g’%vﬂ“égg‘mé? %‘Ede t han
conventional VdccCiatesmtifégngents. FadcedurdsOifat pxtedsivatt degatie or deaatorerI¥$A cont ai ni ng
both rel evant surf ens rred. Live Attenuated Virus

Vacci nes. Live, tﬂfsgﬁﬁugieadlsg%ﬁgagh?ﬁﬂvﬁ%ﬁs 5 vaccines, can al so be used for
preventing or treatac#iflesi Nfl uenza virus infection, according to known nethod

steps. Attenuation is preferabgt&/ achi.eved in a single . .
A vaceme o e invention may comptise ogenic proteins

including glycoproteins of any pathogen, e.g., an immunogenic protein from one

25  or more bacteria, viruses, yeast or fungi, Thus, in one embodiment, the
influenza viruses of the invention may be vaccine vectors for influenza virus or
other viral pathogens including but not limited to lentiviruses such as HIV,
hepatitis B virus, hepatitis C virus, herpes viruses such as CMV or HSV or foot
and mouth disease virus.

30 - A complete virion vaccine is concentrated by ultrafiltration and then
purified by zonal centrifugation or by chromatography. It is inactivated before

or after purification using formalin or beta-propiolactone, for instance.

14



step by tranghehesAlagdf t enuated genes froman attenuated dpgp/ﬁ%%'géM?gsrgce) a

replicated isolate or reassorted virus according to known net
e.g., Mirphy, 1993). Since resistance to influenza A virus is nedi ated by

the 10 devel opment of %%ubﬂﬁ@%@c:ﬁ@n%ﬁgﬁ% phidd Moot Miic eam Akpi N, the

genes coding for these surface antigens nmust €o fromthe reasserted
viruses or high deswparedps fofless: ysingvirplsyspetiinns fegmenied dregtmaat withe deri ved

from the attenuat gy oé%ﬁ{ %Tsurfec@aﬁ eﬁg%@ﬁﬁ[ﬁ%ﬁmg ulfRaRif ﬁﬁonftﬁ{e]{x%ggt t enuat i on

preferably do not co opr ot el nsS t hese
genes coul d not bél"}leﬁ‘ab\@ﬁéf?qc@ésmﬂscqﬂ@m@m Hfﬁteﬁﬂ: prdalsafdAt Ake sur f ace

antigens of the Cldef&%ﬁ{ usé!dihh!sﬁbé GRbAL BotorlBH Yor dERRe, %&%ﬁﬁaﬁ&‘ﬁ? been

eval uated for their a t'o reproduci bly att eénvate | nfluenza viruses. As

a non-linmiting exdrpeayl mebﬁ?mdﬁr(ﬁm/@ﬂmﬂ(mdﬂﬁm@fwhpﬁ ed (cg)

d i b ﬁdﬁqlﬁ /
Eg\r/]vg d\s/I r liSQZ?nI\/ufaﬂ)t”ny g‘%}q&]%%%g‘?t I ongﬁf& qgﬁ%@@ﬁ‘@%ﬁ%ﬁ%ﬁ%&%sor t ant
vi rus vacci nes camswtgmnmraﬂwdbyderﬂamamgTRﬁ@I‘bXI%ﬁﬁwhvmng@-ltwnma}a
virulent v epll oat G oMb iudRurb e NI ions AR AD T OBRNAT © e

selected at 25C, (res r|C|ve rep V|rus . in the
presence of ani(H2 Nﬁenamnﬁs@u}wmewm @ich amatlﬂescsbefdéwlﬁm andrSkelpd (wm) Vi ruses

beari ng the surface ant e a N 25 ca donor
virus. A large series bgﬁg‘%‘l'mé %mﬁ?ﬁ%t"?%o sé’g ants %as\?‘g eéﬁé%o‘%%e\? uat ed in
humans atnd fouRdI gmlb@emzﬁmﬁ&;mlvehpi_dy A ptjt vaooine ctn lmysopatdd)es dilloenuat ed f or 4
serghegative children and i nmn i ¢ ri e S Qgeni c an
(d) d€netically stBYEs Sufﬂeélsﬁoﬁﬂﬁ%%ﬁ vﬁ‘@ bg’fm ﬂﬁ%qéoge H%%ég%}?‘*%{ﬁ{)g par allels
their 3]9 Iﬁvel of dtfeaﬁlinmaérlsmmg,'lﬁyuﬁndsoﬂn&ntae«rpwasethyl@thenérdhkeoﬁm,dt ragisfer abl e
genes of the c onor  Vir r cibly
attenuat ed t hese \ﬁs‘?’ﬁ’&@é tﬁ?\eg{?g Wlli]\{m?fi{‘??@tﬁ&} f:%f E@é' P%“él ﬂ'i]ltfgl and
children. 16 1 \WiaghRAkhidch2d b vRellp aiﬁh‘f&OQ‘Hé.ﬁil&ﬁlBQhasﬂshedfupaﬂateénuatl ng

mut ati ons can be introduced hnto i nflu eg VI I US I%engé 'ﬂﬁ‘i‘ e-directed

mut agenesi s to resCHETIIIPHLTRCCHT cosHitog majrly,of Hema - genes.
Attenuating rT}Jlt at l&ﬁﬁnﬁﬁahsgwh ﬂiefr@ﬁgﬁﬂdlpﬁd’ﬁnﬁmdiﬁﬁﬂmﬂbm, seghoede ofitst he |
genone, as well as_intq. codin i ons u attenarﬁtl nig nut at can al so
be 5 introduced i ritegrg @W@QTOHP al'r‘F“Fﬂ ougpariiglegare maghva %géfspol ynmer ase
gene ( Subbar agy etﬂzﬁh:asnol&%%ﬁybéEﬁﬂSne new donor Vi ruses can al so be generated
bearing attenuating nutati ons i nt roqlﬁlced by site-directed tEt)j{;‘tagenem s, and
such new donor virusednagtivaiedVageines EWE}HSWGW t enuat ed
reassortants RI N m@éﬁﬂmt!?ré@m\fﬁe&waa@mﬂtgdaﬁm&edmofrﬂfawenﬁaaisﬁ@ous to that

descri bed above for
kmown methods, such as, but not limited to, formalin or -propiolactone

{reatment. Inactivated vaccine types that can be used in the invention can

25  include whole-virus (WV) vaccines or subvirion (SV) (split) vaccines. The WV
vaceine contains intact, inactivated virus, while the SV vaccine contains purified
virus disrupted with detergents that solubilize the lipid-containing viral
envelope; followed by chemical inactivation of residual virus.

in acidiﬁon, vaccines that can be used include those containing the

30 isolated HA and NA surface proteins, which are referred to as surface antigen or
subunit vaccines. In general, the responses to SV and surface antigen (i.e.,
purified HA or NA) vaccines are similar. An experimental iactivated WV
vaceine confaining an NA antigen immunologically related to the epidemio virus

A5



10 the A/ AA nor virus. Simlarly, other known a ' |
Hasofs Wby

att enuat ed, Strains can be reassorted with i nfluenza
invention to obtain attenuated vaccines suitable for use in the vaccination

21‘99g;am’r}al s (Enarr:c ahdgﬁu?]relaﬁﬁﬂguhapbﬁﬁﬁtﬁfbewssdﬂepﬁve]tﬁﬁl cbhye‘ﬁﬁbﬁ%‘vﬁﬁin@é al ., f

. It is-preferred tha ttepuateed viruses nmintain the genes from
the 15 virus that @ﬁ@c’?&%l";%%'glg?ﬁ%gatﬁ‘&aé?lﬂ‘?sﬁa’ﬁ?@ngQB@t’%Pﬁanéﬂr{?"%i mlar to
those of the ori gisifigenshicpicfated) SOl ates. This is because the purpose of the
attenuated vaccine is 0 provid ubstantially 'the s%[re antigenicity as the,
original clinical isol a@&—%@ﬁa@—%@ ifen ceings; LS, pitepugiod duflnenga s | acki ng
infectivity to the vd@gi®ah Hisd bd lted Ra gRvéifing 6 HRA%s MTHNFRYinG1AR&RMO T

i nduci ng a seri ouségat hogeni c con%igéi on in the 20 vaccinated mammal . The
virus can thus be ZPYEHBRISHCHR TPHOY EiPRFardigTuation IpredTraily aFiiFvedtvA ¥aekt er ed,

according to known sipthhadssferdsateniAedienes Fdtn A HeatadHohtF S0 4 €SPONSE i N an
animal, e.g., a mammg] . Methods are well-known in the art for “determ ning

whet her such at t endgRiggfedisolnts SErRaRIvEacePIEg o koawvnmethedsi($e-® 25 simil ar

antigenicity to thajuphy,t5e) BidiréatantselifienAra Rl Seantdbpteai n deri ved
therefrom Such known nethods include the use of antisera or. antibodies to

elimnate virusds Sgplesranhef apimmgra eeoaetie hntifarnddNA elyeopsotgish dhe genesus; -
chenical sel ectiOnofifie for thet BAGEHGENO §t'cﬂﬁgﬁgﬁyt§1@&éssﬁ&dams%ﬂ@ﬁ' vity

and inhibition; and screeni ng (suchuas probe hybridization or "PCR) to
confirm that donor geovihelimienl splatsai Hap atrenated epups aredledenddion haattangiedg. ., HA or
Enes) are not J I +1 YAk } S rtson
o Ki | bOEE iy 5@%%&-mnrﬁ_f}r%t%eﬁg?@,ﬁpﬁe%s;]y%%%’éf??gﬁﬁ et al.,
1992. 17 WD 200411 ¥x884 apC¥Algbzopatens 6 0derwir, thespgeaescorld nomfpwskredbns
Phar maceuti cal ;g0 I Ll . %ﬂ:ﬁi ' I e “for
i nocul ation or.'lgopnggé?gﬁﬁﬂ%alﬁg%ﬁrg@?g#ﬁg m ﬁ%’lg%sr?%tg}:%gcalgﬂoﬁrgﬁ%g att enuat ed or
i nactivated influenza vMaogdeor viptsehmat baen evalvatesh fortheipatikityngreptoduéibly aqueous
or 5 non-aqueous sqluti [ g gg|§'! JRe . conmposi tions can
 further conprise auxr ?%?’?‘“Sgeﬁ&%'rggi%?‘g@’gﬁ?‘ , aﬁ%ﬁlc?\/\%ﬁlsﬁ the art. See,
] e.g., Berkow et aIArbor!L&B)Tt?/tSMQNZ) solma@pﬁdécai) ghmwtyinﬁ%ﬂbe Gedligr 1980; .
the Tormof i ndivi dusoneq sisen® prfbed-dDeb b iy DoRonShay WaB e * '
’ general |y cont &0n abtditionally] litepatR@Oatey repssafant wivs yacci®s tap be gendrged Iof
. hemaggl utinin from_each of the strai.ns enteri | Nt ir. ¢ osition. The
i vacci ne form ng t hé™ gﬁlefgﬂ%qof%nv O%W%egir\?g%&&eﬁg%u%%eolgﬁnﬁgﬁ of the
| invention may conpricagona propayate thetpeledted B A5PC,Gestoictiarfyr replication of

virulent virus), in the presence of an H2N2 antiserum, which inhibits replication
of the' virases bearing the surface antigens of the attenmated A/AA/6/60 (H2N2)

25  cadonor virus.

| . |

| A large series of HIN1 and H3N2 reassortants have been evaluated in

\ humans and found to be satisfactorily: (a) infectious, (b) attermated for

| seronegative children and immunologically primed adulis, (c) immunogenic and
(d) genetically stable. The immunogenicity of the ca reassortants parallels their

30 level of roplication. Thus, the acquisition of the six transferable genes of the ca
donor virus by new wild-type viruses has reproducibly attenuated these viruses

for use in vaccinating suscepiible adults and children,



|
|

conbi nati on thesePimsd0r exanple, at least two of the three types, at |east
two of 15 di ffereﬁtmgl}btypes, at least two of the sanme typg&T/ERM4QL8E0 t wo of
the sane subtype, or a different isolate(s) or reassortant(s). Human

i nfluenza virus type A Ofh&clteat@tingdnlionkdbeaRebdiiNgntS WHuERS Srrus genes

Pr epar at i onsl or pai;ente_al gdm’ nistration jinclude sterile aqueouS or non-
aqueous sol utions, %ﬂ?‘d{éﬁﬁﬁe. FYtageneets Sresewriniertings virges bearinghessgpntantn
auxiliary 20 ageniacqrAmiii9ilioki\@ibo okt B nonSHaR kaRObr BN 2dUeOUS
sol vents are propyl ene gl ycegll , . pol yethyl ene glycol, vegetable oils such as .
olive oil, and i nfROESASeS Y HR codmg tegions.shuch atieualingymutafiong can algdeer j er s or

occl usi ve dress§ nOmtr6dibed o AREFothe Hiah e @BS 6 19K b AR PEARIL 'érXse%@Qe enhance
antigen absorption {;i quid ~dosage forms for oral” admnnistration ma

general |y conpri selSy Pt el 995 dbrwkavbipnenyirisssvrmglse bremmprgiel Yeatiogage f or m
Suitabl e forms for aiignmRdiiiiond nRORARS shiGkAIA nfbRLANE sSUSRENST ONS, /

solutions, syrups, and elixirs containing inert dilfuents commonly used in
the art, such as pifFif viegesmanbe used il ductionef liveattenugie prestogants HENL
conposi ti ons can alYariNeclLds &ﬂhiH%’tF’sﬂLﬁniéﬁi i el Shdag! and
suspendi ng agents, or sweeaten? ng, flavorl nge,}bﬁc%?ogggﬁgga?ﬁ?ﬁ ng %‘Ee‘%tf@g See,
\%g. , Ber kow ?Eq al the éi@é@fﬁﬂmépwgmﬂggm}arwqumﬁndsaﬂ@lmumg%. 199t2.

en a conpositiongp LEBERLs at i (o} igtration to
an individual, it canr%%&ts%e_r co_n%érﬁggﬁéwg@bu sfe_er se,lyné [ ﬁa\'/g’n%%}n or ot her
-18 \WQ 2004/ 11283 1atkeamRtad8dtes/stibBIe ussindht wodraionkf mhmewls (Besiietd) e f or
i nprying the effi Y Ltion, - F acci nes, adjuvants,

rmal |y, e adj uvant Iltxgn Sa¥] in fhei genes esent ati on
to the inmune st I eSE I L.NLtO 1 5 me site of
the organi sm bZ?ng%mﬂ%%F%ggs@%%ﬁ%ﬁ%%%% %P%snénm taob Uese'f’tcsjtrﬁe use in
vacci ne conposi ti oorigingl eligivabispldtesl This iObarhuse 120 posd-eittisy Agemeddvacdime ima vacci ne

"1 uenza virus ste bR e il e BT shifl B R.

- therein. |nfluenzahdvious, Bhile stuis: sste ﬁinﬂhc]ﬁnyinfﬂyﬁﬁtyﬂﬂﬂ&rdﬁgfb@ﬂﬁfﬂlég@ﬁine

conposition are preferred. cordi.ng t.o the present.invention, ~Aaccines can
be. brovi ded for vaae pommel EB gheaid PEoR BRORd RIS y he. s ng

i techni ques knofh i vactiheedmimmAl. phar maceuti cal conposition according to the

present invention may urther aor additionally comprise.at,|l east one
. chenot her apeuti c conpo W%W%ﬁ%%%'%?%mf‘%?m Eﬁé"%?‘%?%

. i Munosuppr essant sadnfifiitteretl Hcb@MAR toknywR Gehbds, £ vateihene hehbancammmeand f or

v in h her i i.n i ng, , .
accines, chenot erea o%,éjet in%g anmgf, é’.g., a %amr%'éilt. Lgé%ﬁods are well-known in the art for

" determining whether such attenuated or inactivated vaccines have maintained

@ 25  similar antigenicity to that of the clinical isolate or high growth strain derived
therefrom. Such known methods include the use of antisera or antibodies to
eliminate viruses expressing antigenic determinants of the donor virus; chemical
selection (e.g., amantadine or rimantidine); HA and NA. activity and inhibition;
and DNA screening (such as probe hybridization or PCR) to confirm that donor

30 genes encoding the antigenic determinants (e.g., HA or NA. genes) are not

present in the attennated viruses. See, e.g., Robertson et al., 1988; Kilbourne,
1969; Aymard-Henty et al., 1985; Robertson et al., 1992,

17,



limted to, mygifzg ul i n, amantadi ne, guanidi ne, hydroxybenzi m dazol e,
interferon-a, 1nterferon-R interferon-ry, tunor necrosis ?%{JWQ“QIW&
t hi osem car barzones, nethi sazone, rifanpin, ribavirin, a pyrimdine anal og,

a 20 purine anal ogphaiﬁ@gaﬁdap@‘,m@%@onoaceti c acid, acyclovir,

di deoxynucl eosi des, a _protease inhibitor, or ganciclovir.See, e.g.,

Kat zung (1992), and t h&PrERaseuticel sempesitiogyiof hesresent isyeugion suitzblrdoB00 and.
680- 681, respecti viahdtlatibher fo° PROSLhI R Oral AnidbeRios WoHAHE: MRhlARI# but smal |
quantities of endotoxin-free formal dehyde, and presérvatives, which have
been found safe an@actigptodmiyenza yispses, spidnaly fehey sorapsising yterileaqueedsori n t he
organi smto whigh {6 GaRP Ssthiidnd Ruspeidhe i batiSbad -n@%&?ggs?@dﬂk kAl Purposes

The admini stration of the conposition (or the antisera it elicits) may
be for either a "plshrFPaeHicexibiry aginirosproinionts; apknoyade thewte fepeavi ded 30

prophyl actical l'y, glgowerROsdsyi Rﬁ%@?f&%“_ﬁea}nﬂ%ﬁﬂbhﬂrbs‘&iﬂlﬁﬁb- %&uﬂgggéﬂes, are
f p en 1 nie

provi ded before any synptom o ction béconds manifest. The
prophyl acti ¢ adni nfhetaoappationgit therfoveationis sinetabin presniaddn thy fpmeefdndividyal
attenuate any sub&g%ﬁ}dgsgg ection. Wen provided prophylactically, the
gene therapy -19 WO 2004 112_331 PCT/ 1752004/ 016680 conpositions of the

i nvention, arelprovi dedobesndipeal yeppineygeperalii eontain abputdhb e 208 ¢igameferabliini f est .
The prophyl actic agyd, RSt rahi 1-;_@3{ {. £ . .prevent or
attenuate one or n&%%?hb@%h@%om aftg&d%%é%‘ﬁ%%lﬁ{gﬁgém%gn provi ded
t her apeutical |y, asomgpotiden athedacnine forgng theimeid constiflentof s vaecing i s provi ded
uponithe detection . . | infecti et tic

adm ni stration of %%goggﬁ%%%{ﬂg%ﬁlg%ﬁlﬁgmfﬂgﬂ%% %ﬁ&gpg;gh? %ﬁﬁgﬁgl nf ecti on.
See, e.g., Berkowoatbimktion thi@8R for Axmupls, atleBitwomf thelrea typep, a3t twifedn

provi ded therapeut.l.call e ther conposi.tion is.nrovi ded upon the
det ecti on of a%)symd IS%%?WE%%%%&%%%%@FH@S |esaéct51fsa<§,t. ?ﬁ'g&teﬁ%?%peuti c
adm ni stration of 4ubiypd,@r e diffecmhd¢lsip(sp@areassrinm(sht Hemaanfuenzs yimpttypa Or

i ndi cation of that. dise S tfenuated or inactivated vaccine
conposition of themg'f’ieéml’ﬁ%gﬁﬂ%m’?m be provided ei.ther before the
onset of infection (so Pagatationgibepasmterdadmintstationtinchaie skenild apgms erndnnf ect i on)

' or after the-initiation of .an actual infectian. Simlarl foriiene
‘| therapy, the conpo%quﬁ‘?“(ﬁﬁ&ﬁ%‘ﬁfm’o%‘sﬁp%ﬂ’ﬂs OBﬁwgml%Wgﬁﬁ‘ﬁf%Wh di sorder
~or disease i's pgni zgg,@ﬁﬁs oflexeipicatdiQbwn thodrt. 'Exafples Y itinclBecnt soltkatsaed ed A

FE SIS SO ST R T M
said to be adn nigjeatzB otdanie estbid Qlich RS EthyiQidaley Cafriefsir bveusivenliaikings dah t he
armount admi ni stered . . o . . .
be used to increase skin permeability and enhance antigen absorption. L1_qu1d
o dosage forms for oral administration may generally comprise a liposome
@ 25 solution containing the liquid dosage form. Suitable forms for suspending
liposomes include emulsions, suspensions, solutions, syrups, and elixirs
containing inert diluents commonly used in the art, such as purified water.
Besides the inert diluents, such compositions can also include adjuvants, wetting
agents, emulsifying and suspending agents, or sweetening, flavoring, or
30 perfuming agenis. See, e.g., Berkow et al.,, 1992; Avéry’s, 1987; Osol, 1980,
and Katzung, 1992,
When a composition of the present invention is used for administration to
an individual, it can further comprise salis, buffers, adjuvants, or other
18



20 i s physi si gnificant. A conposition of the ent | nventl on is
physi ol ogi cgw)y Si gnl f| cant if its presence results in ade_“glﬁg{zp hange

in the physiology of a recipient patient, e.g., enhances at |east one
primary or secon@wswnédamcalar@dem%iéfgﬂﬁ{prdvmgliﬁheefﬁ&%?em@c@ﬂ?ds&&h at | east
one strain of an -jinfectious influenza virus protrection” provided
need not be absol §fEVacings, adiyvagts, sypsianess ehichican atpmesta yaseific fiBPufe total |y

prevented or eradigpémel can fae tisB@ rﬁoﬂnill}a ﬂga@{u‘vﬁt hadink ¥0m1§dsﬂ{ynfai‘ecrﬁﬁ5d
i mprovenent conpared with a contro|l population or set of patients.

Protection may bePRPHP Prgeriasiondo theyimyng sysiean, semiesanted separatelpsityf infp 9 onset of
synptoms of the i githd\R5Ath iofddfiskBbRE thuBithized O BRSO Gkid: R suftibie 8 Stration
A conposition of the present 1nvention d?e/ confer resistance to one or nore
pathogens, e.g., 8#fdngreciscampesitionee aroyidedin Gol@P#Y, by either passive

i mruni zation or acti V%&%@i ARl oY deﬁmgg‘h}’ﬂ Reat@ | Nacti vat ed
or -20. WO 2004/ 112831 P U§%04/0 66%(% atpt‘gvn at %iééﬁvgacm ne

conposi tion is adiffliFepesinuygs frephist trsrinuenrayine steeinsosich ag 2-5 straies granmal ) |,

and the host's '"g}tﬂpﬁn 0 57 W Telyy gt gai nst

i nfection and/or di sea%e&r%% éﬁlﬁ%@‘m% I rmu[r%ﬂlﬁia t oéggﬁsﬁé‘%e%eacc?%egg antisera
can be recoverl@d anfienidepmpositioner preforseds e\sptpﬂlemtotbmw@@tmel@bn,haw ng an 5

i nfection caused ] en I Jnerapy
conposi tion of thgxccgl%gséeaﬁ?ﬁ}) eng !ﬁﬂfr‘lr my@?él%@%rs%%ﬂyfactl C or%{%ér apeutic

| evel,s of the dessmgt;tclgmw forowahin thelst. active i nmuni zation. In one
enbdgj/ment, the vaccin ed é Bﬁﬁl prior to
pregnancy or parturi “%Rk:a?nn%gﬁeﬂ%aqc gfﬁg%%’g gtt?an%fpg tg“n"%ﬁ&r‘]“ suf ficient
to cause the pr odtﬁn‘ﬂnemrad:ﬁmenallynumpmseaﬁsqsbwmehmthémmuwmnouncplfm ect both

the femal e and.t he wbor of the
ant i bodi es acﬂgssep@ﬁ%?%(ggﬁ I8 ' upﬁg?% 3 mﬁtﬁ) ”§= tgrlllgfag‘[ﬁ;nrtsesrent
i nvention thus i nmhmdmnhaﬁhvs;hdﬁmmmmeh&moﬂ;pmuﬁcam@rd:@bﬂgma di sorder or

di sease,  e.g., an |nf t|on b east .one_st.r.ai f As used
herein, a vacci neh?néte é?g'{t”élh 0 dme’t%"ﬁlﬂ%flé%g& xébegﬁ aF‘gl’t S

admi ni stration re&uérfeaoxemgmhtaiferbmﬂ,tlherférom-@,ltumrmabms ﬁctoa-alphm,uatl an (i. '
in the total or

suppr essi on) S m or condition the di. sease

partial imuni ty gtfl Q/gﬁé‘%ﬁ%ﬁ?ﬂa AZPRPs fll Difh Baay, ,Rgf“ﬁ% ®AOR2 2 gene
t her apy conposiot i @ﬁimeé‘anﬂag,d“osch@etpﬁlﬁmﬂﬂhoaad&ucabidﬁdwdbﬁr,ahdibxﬁmsleomdes,lat S
admnistration results ejther int I te uatlon(l
suppression) of aPEHt ’GLHE’B?I’WB‘?‘?P%%F ec%@%“ggglsggb’ﬁl?ﬁ ?r% % ot al or
partial inmmunity thedt’ﬁ&eml%dlpugedG%—S@&hnﬂlﬁeo-dslsﬁapahveﬁ | east one inactivated

or attenuated influenza virus,,  or coppositi
The composmon can. a{TE) contain vanable but small quantities of

- endotoxin-free fonnaldehyde, and preservatives, which have been found safe and
@ 25  not contributing to undesirable effects in the organism to which the composition
| is administered.
Pharmaceuntical Purposes
The administration of the composition (or the antisera that it elicits) may

be for either a “prophylactic” or “therapeutic” purpose. When provided
30  prophylactically, the compositions of the invention which are vaccii:es, are
provided before any symptom of a pathogen infection becomes manifest. The
 prophylactic administration of the composition serves to prevent or attenuate any

subsequent infection. When provided prophylactically, the gene therapy
g



t hereof, of the present invention nmay be adm ni stered by any means t hat
achi eve thew@iRpeRgspur poses, using a pharnaceuti cal bR 18%0
previ ously 25 described. For exanple, adm nistration of suc a conpositio
may be by various parenteralroutes such as subcutaneous, intravenous,

i ntradermal, intranospoeditins of thevinvaien, droprodted befin myﬁbtonwfaldldaase
transdermal routes. Parent era dm nistration by bol.us in ectl on or
by gradual perfusi &fF Wéﬁa% ﬁ‘ Foé#%lf*?@(fdwag%xbot} IPRYtiop serves o .

phar maceuti cal corrmmﬁﬂoomttenﬁatéhﬁsq@mﬁﬁae ptdihi/s@@idcﬁt&dlm&thbbedmhieaﬁuscul ar or
subcut aneous applicatio See ow et, al 199 Avery, 1987; and-.
Kat zung, 1992. 21 WD 20%&2‘%@?%@@%@?@6@%@%% fed VIRLYBEGHEN £ or ,
preventing, suppressprotdediipoh BR@beibndl a byhptoia B2 nal IbetionR | Ble@kbrgaatio! 0gy,

conprises adm nistration of ef fecti anount of a vacci conposition as
descri bed herein, @?ﬂ%ﬁé‘fl‘&‘r‘%@eﬁnﬂw‘i F“’é"atslt‘éﬁeﬁ%tﬁany&?t“ah%% eds

enhanci ng or boost @lg., RARGAS al., VST, AReRFC1980ChndKatzAn@ N o7, rWhéjﬂir&ﬁdcrﬂ bet weeh
one week and about 24 nont ny range .Qr value therein, According to

the present invent if§Fpe Wa{]?éﬁg@i'ﬁ Qf@’yd%?ﬁiﬂﬂﬁt‘mndﬁp"&“ %‘Fﬂ?&é‘?"tqﬂ@ﬁ I0tdne 1 hat
is sufficient to aghhs¥m o dRationst th d¥ca@l TRé imBhheEit adthiniskBtionwpdRr st ood t hat

the effective dgsage wi |l  be dependent upon the age, sex, health, and
wei ght of the ri€ci ﬁP‘éPi?‘md@ §eren o attsmnate s ympton ripdieation of that dissases r equency of

10 treatnent, and the ”?ﬁwﬁla%nda&@o?fn%&ﬁzhbe&@&*c&gcoﬂﬁ%ﬂoﬁﬂﬂﬁépﬁ&en@ffeCt' ve
doses provi ded below are hot intended to Iimt the invention and repr esent

preferred dose r adgyEstionspaydhysbe prayidedgither pofaredhe uget gbinfrglionfsp ps Be t ai | or ed

to tke' individual p%%t%%maaewm%%&h&e%q%ﬁ%m&%b&%&me of
skill in the art. ~See, e.g., Berkow et a ; ver¥ 987; and
Kat sung, 1992. 15 TMectignstimdarly foigenstharnyathe gompasiion wag b pewvided beforsanmal i an
(e.g., human) REnik ARRY bnel@3ackd7 Pl aque
formng units ?PFW%@?MI’%%‘%‘?%SIZ&%%\}S ue ‘{sﬁg})el n. tn'll'he d%ge of
i nacti vat ed vacci neywpiams pigdgfected-om about 0.1 to 200, e. g ‘ 50 g of
.. hemaggl utinin protein. ﬁ@gﬁﬁ iBRd effective
1‘ anount as determ ned by conéggri]t? g%éeafdtggfé tho %E%s]pﬁac X1 stl ng vaccines as
J a starting point. Emnmwmmbetomﬂmwwﬁmﬂmt rﬁwh@hamtesgﬂtﬂ@pl i cated
vVirus vaccine can I 1-50
i fidhd a%ﬁge&ne%@%@fe@wa ottt $r3R o O?ag&bummﬁ&e% 5

! g or any range or ereln e anount recommen

1 Public Heath S#r viicghy§iPlagirellysignifivants Ambﬂ;mnl@ﬂgﬁpr@entmeREnt for ol der
i children. 3 years 2 I dren <3
. years of age. The sfml?qqcf‘aﬂygwangéﬁgwgfeg%n%%{em@{;gﬁ%igértgd ﬁﬁ'ﬁﬁ)\,\qugr this

gl ycoprotei n can b@hyszology of a recipient patient, e.g., enhances at Jeast one primary or

secondary humoral or cellular immune response against at least one strain of an

; } infectious influenza virus.

25 The “protection” provided need not be absoluts, i.e., the influenza
infection need not be totally prevented or gradicated, if there is a statistically
significant improvement compared with a control population or set of patients.
Protection may be limited to mitigating the severity or rapidity of onset of
symptoms of the influenza virus infection,

30  Pharmaceutical Administration _

. A composition of the present invention may confer resistance to one or

more pathogens, €.g., one or more influenza virus strains, by either passive

immunization or active immunization. In active immunization, an inactivated or
20.




| abi | e duri essor purification and storage (Kendal et at, 1980).
Each 0.5- n&nﬂgggfg‘ﬂg%sggacci ne preferably contains approxi nBtEUG204/81§68; | | | on
virus particles, and preferably 10 billion particles. 30 The invention wll

be 1 ur ther descr | badobild e vhelk b S VIR S ARpUNACAQ 442831

PCT/ US2004/ 016680 Exanple 1 Materials a and viruses. 293T
human enbryoni ¢ ki@sey mearna), ansthakest nimnbime bysporsn torthe ddutinistyative ptacefsVDCK)

vere mai ntained i ny LHOGLCRHSniBCEhed Eq‘ggl-ﬁmmgg - enent ed
with 10%fetal calf ser umgtg)rlll‘%nl n rr%éél%f F‘e’%’a agle's m%%éﬁ%%gaai ning 5%
newbor n cal f ser ungan be gespessed and pyminjsferedded tesipivet wspraied bfkavég aat 37C in 5%
C®2. Influenza gir

: ﬁ{ g@ 4 wer e propagated
in 10-day-old eggs@%ﬁ)ﬁsﬁéﬁ%gﬁea&%&uﬁlﬁ%& oag{é%\e%a e pol ynmer ase |
constructs, 10 clesmpdsiimnaSheaesentanvehticrmay WwldpdghydactidbPiRéBpRidc levelal RNA
were introduced %gﬁ = {Q'- tor sequences of RNA /
polynerise 1. Briefly, tﬁg%%%gagg%@[ﬁﬁﬁere grrp ified by PCRwth priners
contai ning BsrBl sitednoztgeotisgnithe NadirBl grovided to h orasuhaling frtaledatBs nB)
sites of the pHH2 2 i -l h n nerise | .
pronoter and the %Sﬁggtﬁ)&ﬁgﬁ&kggﬁéaﬁlé%tgdélg%&%}g?ﬁﬁ? 8@%%@5‘#&’%% by BsnBlI
sites (Figure D). silfeidaBd,canebhelprod@dtiontdfan MNipurddespdiss ahithNSvgaopmicef t he
Al WBN/ 33 strainvvenr tﬁ - Idififetgb ue?f.thefollovviﬁl |.asm ds:
DSONPE>. pGW PBL. e e i s e e ¥ boibe Bopt R ac 't he
Uni vessity of Cal idntibodias aclossthe pingeta@sin theovothet¥ailk), pVWNP152, pT3WNALS
(Castrucci et al., 199 20 pGr3 and S1,. respectively. The PBl gene
of influenza A/ PR/ 8/ 34%?’%@&%@%&%W@%W@gﬁ%pﬁgﬁﬁﬂg?ﬁ (PB 1) (Perez
et al., 1998) as atteinenting atlLord&r@e diséage)e@., n fndictibd sy A bastene eigei®bdf t he prinmers.
To ensure that.the enes, were -free of .unwanfed nutations, PCR-derived
fragnent s vier e\ e RIUERS ASHSIReETS 2 AT qURHLE FreVat of FOTAs BORETIHT ne. | A
USA) according to ddfidnigixtip febults @lthet achertved degshriy atdhsatisn (i, aappéseion) The cDNAs
encodi ng the HA, NP, ,and . genes of A/WBN/ 33 virus. were ¢l oned as

. described (Huddl es‘lfﬁr?yl&Ng“maﬂfP?%t@g??%ﬁﬁﬁeﬂéwe %@f#mmaﬁn@me?ouc
(N ot ol e 1001 esul L ne b e pEVER. Ha ARG, Ve Mo g oL er)
‘, iwa et al., , resulting.in.. \ - -

| CAGES WNALS, and Uhera s tienie {fisdaredt ih i B enls Rer RIS IS, genes
- from the A PR/ £ 34%awial fenuitioh @.c 8idprdskies) olb ¥ shadtor belccmbiRios df 1o Bigeadé AEGS/ MCS,

I‘ . | . _ H
| yielding DEPZAC A RS Sl ek or B EONL (B i REONATO2(PE2).

At least one inactivated or attenuated influenza virus, or composition
thereof, of the present invention may be administered by any means that achieve
the intended purposes, using a pharmaceutical composition as previously

| "" 25 desoribed. - ,

| For example, administration of such a composition may be by various

parenteral routes such as subcutaneous, intravenous, intradermal, intramuscular,
intraperitoneal, infranasal, oral or transdermal routes. Parenteral administration
can be by bolus injection or by gradual perfusion over time. A preferred mode

30 of using a pharmaceutical composition of the present invention is by

intrammuscular or subcutaneous application. See, e.g., Berkow et al., 1992;

Avery, 1987; and Katzong, 1992,

21



|

|

-23 WO 2004/ W@ 8RdnHsH US2004/ 016680 were used to expr es%é@ﬁsﬁ%ﬂggP 1,
- et

and PA proteins under control of the cytomegal ovirus prono
al ., 1998). Generation of infectious influenza particles. 293T cells (1 X

106) were transfect ed AMyplbabrefBh Bitedtutihd, sRbReEing SorirBatthglah @kRBhzaaMOUNT S
with use of 5 Trans |IT LT-1 Panvera?_} Madi %ggﬂ' ng’onsi n) gaccordi ng to the

manuf acturer' s i ngfysgeletrd piolegs, %‘?‘!‘P}Esesﬁmﬁ%%fﬁﬁgﬁ‘tqvﬁﬁmP@ﬁQ%t wer e
m xed (2 pl Trans yabeind domposiieh aPdedéubbiNysin, a0miRALESa st sikchORRatR@F at ure for

45 minutes and added to the cells. Six hours later, the DNA-transfection
reagent mixture wa¥Peaqsagerucipg oxoostendenasesapyss 8 pprad unda padiselyding g,

Maryl and) cont asni RiwlndHe Reut 4 abbli 3 & kP rBn R viludiherdnl et al cal f
serum At different tinmes after transfection, “viruses were harvested from

the supernatant and ti thsewiredn thomesent veasiongnistotifempart afetus was not
required by this p&dﬁ%@&l&&is_o?é‘&m{ﬁ&ﬁﬁﬁ%ﬁﬁ) dohRs] &é%fr&f'l%iolto AIGEEC. WE €

anal yzed wi t Hout pladue purification. ermnation o e percent age
of pl asni d- t r ansf ecensrstoefl Fhst e elfertiverdpsagesvill be densadentrypontie. qeaisex. Agalits af t er

transfection, 293T, . ] 1 9 i ,ngl e cells.
The cel |l suspensi o%ﬁ%ééa{tﬁgﬁgﬁ"pﬁggﬁggﬂflgg%%egn %%Igg%gff%ﬁw@g%gonfl uent
EDnOl a?/e[.s oI - MDCKirgagibrd, dind tiRnatyed of el effee gvantofis 'mmﬁmf@&?mng b%/. t he
emaggl uti nati on : t@ﬁﬁ . ection
with influenza ° V?ﬁr&?ﬁedé%&%‘%ﬁﬁéﬁhmgﬁc%ﬁms ggmﬁe@go W %e%rr)%o&st géf e-buffered
sal i pe. (PBS) and f dosedangist HowRveythp mostipodereed detagel will batai@s) tofthr 20 ni nut es

br ocossed A doscr PRIy Rg ot Atk it Gpiinatle f tyeldr et oo 0 PTC

of infectious viruSedhy.gpBakowetas, L92nAvorys.d987;end Batsyig 8992. RNA segnent s

t hree pol vnerase subuniis an rotein,. Lansk; i,0 cells
with a mxt ureﬁgf RNPs t@?tdaséa%?gﬁa?rlc'rrgt)egrllé |‘é§ Vi rf%%lg r{ésqut%'ﬂ}“ﬁ;n)
i nfectious i nfl uenasavinratiile bieanisth bine Stormadbengyl 07-50” pirtqué fouming vnits be ef fi ci ent

when used with eig Lfferent in vitr enerat.ed RNPs. Ta produce
~infectious 30 infl AT ARG BB RIR ?ni’g[:lﬁegfjﬁ&?m‘étfvﬁﬁﬁ V{‘p}??%gl%thPs wer e

]gelnfariat ed ihn Vi v;).ran'g’élﬂsmfabdxﬁemwsoo;\ag.esmmmfamﬁdgglhﬁhinprmgimithwe[r)gxlAkefor t he
ull-length vital RNAs .o e W 33 virus, anke t he. human RNA
pol ynerase | pr ommg%%“ldﬁ’ﬁésﬁéﬁ‘l‘@#ﬁwewPﬁ@? @%“e‘mfmﬂé’rﬁ%"s{‘%‘}?‘g‘ I'n

_principle, tranefesiitoms, ofing hesiog 2o RQGu#hgP8AL PCTI | JS2004/ 016680 ei ght

~plasmds into eukaryot I’fhecd%lsalgg o?nnmhoullmgreg&%gi-fp.iilréacth%sest}/fr}épﬁzsttle vi%Is all eight

vaccine can be standardized to contain a snitable amount, e.g., 1-50 pg or any
range or value therein, or the amount recommended by the U.S. Public Heath
Service (PHS), which is usually 15 pg, per component for older children 3 years
25  ofage, and 7.5 ug per component for older children <3 years of age. The
quantity o:f NA can also be standardized, however, this glycoprotein can be
labile during the processor purification and storage (Kendal et al., 1980). Each
0.5-ml dose of vaccine preferably contains approximately 1-50 billion virus
particles, and preferably 10 biltion particles.
30 The invention will be further described by the following examples.
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I nfl uenza VRNGS 4)1'?583 B2, PB 1, PA and NP proteins, generg&g@
USEMP65%0ne

cotransfection of protein expression plasmds, should the

VRNAs into functional vRNPs that are replicated and transcribed, ultimately
forming 5 infectious influenza viruses Ekhaibled 3). 1 x 106 293T cells were
transfected with rotein ession plasmds (1 g of pcDNA762(PB2), 1 jig
of pcDNA774( PBI),~-8%34 787(PA), and 1 g of pCAGGS-WSN- NPQ 14) and

| pg of each of the foldenyandgiriie PeITVHIRIAASAblyoslb REIAGYESEIS BPOVhdin VWEN- PB2,
pPol | - WeN- PB1, pPol | - WNE PA, “pPol | - WAN- HA, pPQl I - WBN"10 NP, pPol | - WoN- NA,

pPol | -WSN-M and pRHPY SRR y cefip MBEK) wersanainiainggia Dulhegen s medifistbunt  of

PCDNA787( PA) was bRdpRtnsdiund (BMERYD SufpReRia vith 16% fethRAR séhmaid in 1996), and
data on the optimal ¢onditjions for generation of viyus- . like particles

(VLPs) (data not sHoAHIE Eplfensriyrg Gondaining &6 neVbTa pAIE ST of  293T

cells, 7 x 103 pf Ueoctitielyll ATRRNs Whre Waintditd 63700 i 5% COP hMiRbA Virdes /
(Experinent 1, Table Srlh)r/%dermnst rating for the first tinme the capacity of

reverse genetics #0V (FEIND) Apd SR HINL) were proppgatsd ip dGdaypold 6885ds. .11 WO
2004/ 112831 PCTI US2004 (016686 %Msﬁid@r TE bR R bolyMeRtk { dnBhpdUce
i nfl uenza virus fromcloned CIL erinent RNA polynmerase | 1 2 3 456 7
pl asmi ds foff Pemed cDNARgerprd fmm&WSN/Eﬁ or A/PRBE4 viralRNAwese + + + PA + +
++ + + + HA+ + + ++ M+
DDA sttt ol o0 iy 1o N
+ o+ + PB2 + -+ -Briefly, the clonepsADNAs wereamplifiedby RER with primerscontaisingHA - + + +
* T T BmmSites, digested with BsmBI, end cloned into the BsmBI sites of the pHH21
" vector which contains the human RNA polymerase I promoter and the mouse
15 RNA polymerase I terminator, separated by BsmBI sites (Figure 2). The B2,
PB1,PA, HA, NP, NA, M, and NS genes of the A/WSN/33 strain were PCR-
amplified by use of the following plasmids: pSCWPB2, pGW-PB1, and
pSCWPA (all obtained from Dr. Debi Nayak at the University of California Los
Angeles), and pWE17, pWNP152, pT3WNA15 (Castrucci et al., 1992), -
20 pGT3WM, and pWNS1, respectively. The PB1 gene of influenza A/PR/8/34
virus was amplified by using pcDNA774 (PB1) (Perez et al,, 1998) asa

template. See Figure 6 for the sequerices of the primers. To ensuxe that the

+ + 4+ + 0

+
+
NA

genes were free of unwanted mutations, PCR-derived fragments were sequences
with an autosequencer (Applied Biosystem Inc., CA, USA) according to the

25  protocol recommended by the manufacturer. The cDNAs encoding the HA, NP,
NA, and M1 genes of A/WSN/33 virus were cloned as described (Huddleston et
al., 1982) and subcloned into the eukaryotic expression vector pCAGGS/MCS
(controlled by the chicken B-actin promoter) (Niwa etal, 1991}, resulting in
pEWSN-HA, pCAGGS-WSN-NP0-14, pCAGGS-WNALS, and pCAGGS-

30 WSN-M1-2/1, respectively, The M2 and NS2 genes from the A/PR/8/34 virus
were amplified by PCR and cloned into pPCAGGS/MCS, yielding pEP24¢ and
pCA-NS2. Finally, pcDNA774(PB1), pcDNA762(PB2), and pcDNATET(PA)

»



ML - + + + +wiood¥lamessh + + ++ NS2 - + + + + + + Virus ti | x 3
Xx 0000 pfu/mM) 103 103 104 . * 293T cells were transf ﬁﬁagﬁ&gﬁ%ﬁ

i ndi cated plasm ds. Twenty-four (Experinents | and 2) or forty-eight hours
(Experinents 3-38) Iwateeme;d b leepreds thesPB2, PBI, an®PA prdidiss widpasontblafithewas

determ ned i n MDCK Lséo Unsl ess ot erwtsmgjocat ed, plasm ds were
constructed with c £ } "B“e%%‘ﬁ?% “FRE f AVWBN/ 33 virus. 10
Ef ficiency of influenz sm:ﬂumzh arﬁdesmPEBeB]lenl mﬂOsaibvbreVI ral

structural protein h.expr r a rise
proteins is sufflgm%sﬁetlcgepgl?& ﬁ%‘llﬁPlgéﬂ#ﬁ]% %‘ 8’%%,"?' o ?5 enza .
viruses, it was5 ptl‘m:sm'bTﬂMBﬁnverh,a\dﬁxédanM&muﬂmdofﬂukg&ommﬁmﬂdm;dm previ ous
T oA e e, 16 il i PR R Bt Wb e e an
?K/L'f'c't al | VRNixgggmi‘Cl@eﬁggafmlﬁﬂpﬁﬁoﬁbz}té‘d’ﬂtﬁd’oﬂﬂlﬁlhf ttﬁﬁlfoﬁﬁaﬁﬁt hfegmals@ﬂeécatse ?éne :
na et al., e avai 0 e entire co ment o
structural protei ni" th?ﬁeﬁéggé’ﬂ la@ﬁltkf’a&ﬁ%sh@xﬁf RELIOR FeagFT BHXNIP FV2P ‘ﬂ%ﬁ\dn
replication and trapeetiMENMQGibesBBL} GiifiefsBitg, Mirbﬁn@fcbhﬁmﬁ@mwﬁomer us .

producti on his end, 293T transf ed with 26 2004/ 112831
PCT/ uszoo4/0166§o Se&b‘ﬁ%‘l‘“’hﬁ’?&@?ﬁ’t‘l’é’%&‘ﬁfﬁ As itfere erent WopAfter BapsBeti®@hi ds (as
judged by VLP prodﬂﬂq‘esﬂ&emwwalfmbﬂesﬁiﬁfr@bmtahdﬁu@ﬁedmm&eﬂmsamand

nd CAGES. VA 5, DelbrairabvenNaat i Frospdyl s soptprof SpeseAty. an 5
0. 03%g/ of pEP24c (fvﬁﬁseW}waﬁgwmoMAph&ue]mﬁﬁ@Jnoﬁach RNA pol yner ase |

pl asm d (Experinment 2, Table 1) A second set of cel I nas transfect ed with
the same set of RNA poPSEEEHE f the percantaee of plasmid-fransfected cellsproducing 1o ppg |
gene, for . whi gl pRghshs PRI uﬂ%@’ﬁﬁrﬁé&ﬁ&ﬁ&n}@%d‘dﬂbﬁ&eﬂs{aﬁeﬁﬁﬂ generat e

a reassortant virus her w th_plasm ds expressing aonly. PA, PBl, PB2,
and NP 10 (Experi nﬁt‘??/@lgfi%ﬁ!t‘és‘ e gsils.; Hascsll saspension;wag thap ditad 19-5old adn 2 o

structural protei ”%ans@éf%@%éd@ﬁ%ntﬂmn&ﬁéﬁl-é’ofMDCﬂbﬁlsqﬁzﬂfwe ¥ Vitisedi d not
appreciably differ at 24 hours_ (Experinents | and 2, Table 1) or at 36

hours (data not shd®rdefssisd by the ApRagsbitingion 2fBWever, nore than 4, 10-fol d
increase in yields of t{g.okiiRinbabsdy. ﬁﬁé%ﬁé&tﬁ?i‘nﬂﬁﬁnmﬂﬂm&ﬁ@ﬂuﬁﬂ t he

i nfluenza viral structura Ero erns were 15 provid aglﬁ &asserlmsnts 3 and 4,
SRR

Tabl e 1). Negat20ve cellsnterowashedicervithheahaiohutiorsd g fredpgth ¢ he
expression of PA, BBl i1 dahyddmER) &2 miliél afRomdtbbdlature. Next,

they were treated with 0.1% Triton X-100 and processed as described by
Neumann et al. (1997).
Resulis

25 Generation of infectious virus by plasmid-driven expression of viral

RNA segments, three polymerase subunits and NP protein. Although
transfection of cells with a mixture of RNPs extracted from purified virions

results in infectious influenza particles, this strategy is not likely to be efficient
when used with eight different in vitro generated RNPs. To produce infectious
30  influenza viruses cntirely from cDNAs, eight viral RNPs were generated i vivo.
Thus, plasmids were prepared that contain cDNAs for the full-length viral RNAs
of the A/WSN/33 virus, flanked by the human RNA. polymerase I promoter and
the mouse RNA polymerase I terminator. In principle, transfection of these
24



any virus (Bgrekl 5-8, Table 1). Thus, depending on the viru
gener at ed, exprog@é?%?] of all influenza A virus structuraff® EW(E’T”HESGS“
appreciably inproved the efficiency of the reverse genetics nethod. 20

Next, the kineti C%l@ftp%htﬁﬁ§uﬂ’&ﬂiﬂ9&ﬁ&&ﬂ@§hb@lﬁ iR AShEGIRRs 6f stk S Was
determ ned using set of plasmds used toﬁgenerate a virus with the

Al PR/ 8/ 34- PBI gené“ﬁ?‘?fz*tw-ﬁ% e LB o BAiBRE NE Proteips gancipied i r st det ected at

24 hours after trapeAs@etio®p r&réiﬂe girés@ibn Bﬁ@ﬁlug gRbudd théd@benitlo®e vRNAZ pfu/ni,
had increased to >106 pf u/m hours after transfection (Table 2). To -.,

estimate 25 the peplodifciges! W@%‘rﬁﬂ@ﬁ&ﬁ@ﬁ%‘?@&f@é‘i wltimately fopming produci ng
viruses, 293T 5:elmﬁcmemgﬁmem@reﬁﬁmx(&s%%cemgw%ér&%f&&e&mﬁr

transfection to di sperse the cells, t hen ger grimed limting dilution
studies. In this d%?%ﬁ“leﬁ?ﬁfﬁ‘iswnrh’@i‘m%dﬁé]eﬂgﬁfmgw 2FBYnbrgRt the culture

super nat ant at thl@mﬂﬁqgl,@lglpblﬂgw aﬁﬁﬂhﬁﬁ}’g z{lﬁllc}%t(ﬁgch@@s Wsio 103.3 chlls

was gener ati ng 1 nfectious virus Ki netics of virus

production after dﬂ%}ﬁ)&n‘i}&hgﬁ%ﬁh?fdhﬁﬁoﬂ?ﬁngwfkmeéasﬂ%ﬂﬁ@s@ﬁ)Hr " Virus
titers in culture fuResHa 2 Bli-wdbBl )speimsmuﬁgpsﬁtwsﬁrmgipeﬂt WoR-1 2 2 6
0 ND ND 27- i WO 2004/112831 PCI/ 1JS2004/ 01668 NDO 240
2x10 6x10 30 ND SHNE:pPol{WSNIEA.GReU-WEND, apd pBolIAYSNDIS) Fhedesizip i 48 8x10

> x10 1x10 * 293T 1&95lre?lumra‘ﬁmﬁﬁt%??{]ﬁ@k%#g%)tvﬂs%&@E FRGoRUnERIRAs | Pl asm ds

encoding AIWSN 33 virus genes w ch is

t1on o PBI' gene,
deriwed from A/PF@’S”—#ISAWJ!LH?{?) mmwwmgmd@mfesmh@mfms as

d WisDed th ty th
culture. super nat arff Par L] G bR, ARkl Tou b bttt b Y onza

vi rus cont ai ni ng tmTﬁtth?épiﬂi p@@fwwstpheml\wasfpmﬂtlethﬁ supgngtanti fy t hat the new
reverse geneti f§f I@é} gl% H&n&dﬁﬁﬁt&glf&ttﬁeoﬁ}stt%elﬂlgcagh&%tf%fg@s into

t he genome of 1n \/ i'rus contalning a G epi tope
(Castrucci at al. ,gem@&S)oprndmhmﬂmszOMSMnéSﬁg@msm@d 293T cells




wer e transfeqipgdoMbis;an RNA polynerase | plasmd (pPoll ?ﬁj}l— NA/ FL796%; t hat
contai ned a cDNA encodl ng both the NA protein and a FLAG '{[8353045’11

bottom of the protein's head, together with the required RNA pol ynerase |

and 15 protein exprl"&%loﬂi’lqgmabmsctsedtﬁrpmdmﬁnﬂummhra‘us frome clomedsIENAY Vi rus
(PRS- WsN- FL79) difd—™n rdcﬁex ress tre—NA-FEAG }a‘ra e ,c: +tRestat-Ri-Rg

assays%af cells i WEN-FEA9 -0 SRR —W-e—t-yrpe— Vi r-usi was
perf)(;rmad. A mnc%ﬁi faéabI dly to tzr;e FlL AG ep ‘{ope éet é;ét edfcel | &
infected with PRS- :ﬁ’;‘r Ht—hot—these-ri-ect-ed—wii-h—Wt-d-ft-ype i viry
Recovery of the PR8—26 Lﬁ'.j,?“ Hirus WAS—aS cl-entt~asli-hattfor Ithe

unt agged wi | d_typﬁ : ‘d{]a “not—ghliown) TThesle resigift st ndilcht e [fh t he
new r ever se geneti all dus die_to |+n'u ﬁ(‘@ it onsitnto*th

i nfl uenza A Vvirus A Gonerldtion |3t infdcti Lnfl Ya Vitus|+

contai ning mutati ¢gns—inBhe PAltene |*To pidduce ¥jrusds pwssdssi ngt /

mutations in the PA gend¥Ptwo dill ent |25 put &t onst wer e H nitoducled ¢reatli ng
new recogni tion sequenddSAfor rlgstridti on [endonucl eases (Bspl|20] &t
position 846 and Pvull |a posi tliton 1384 of [t#he IMRNA) |+Pr Ewi oUst y, | #t Was
not possible to mpdify {tS s gene by ri@ver set+gengt¥ cs, | +hecausq Hof {he ljack

of a reliable sel ¢ftatamegysssiom] Tr angf ect apt virluses, |PA-] T846C andd PA-1A1284
were recovered. Thelasmidewer ed tir ansf dctant | viruses wede 3P bi dl ogi ¢al |y

cl oned by two consgecutive pma tj+ng difhuti ohs. Td-wvert iy that tjlke [gcoviered
virusges were indegd transteggantis w b nut &g ons 3 n thg PArgene, g . VO
2004§112831 PCTI USZ004TUT6BEL [GDNA T[qr T e PA Gefle Wig Oprar ety rever se
transcriptase-|' MPA T826 NANG PA-ATZB4C VET USHS Tad | e gxpegt edyfrotgt i ons
wi thin the PA geng, —as  derggstrated hy thepresgnce ¢f t{g Tguy ixtrgduced
restriction sites /PCRO (e [same yLrar pamptgsyand T TS wthpgt—tihe
reverse transcri pfrom—step ¥ ed—5tgprofiuce gy proguctstaata—fpt
shown), indicating—ttat—th > as—thdeed ”_'Fri o .‘.$tc}+ rw_g%ﬂ%&i—i—mtead
of the plasm d usé¢d urgc.. care—the—tyirases——H €se—+e i >3 HEust4-ht-e—how
viruses with nutate resL At Be—praduced—andrecovered bt Hdut ﬁe se of
hel per viruses. DE%%? n 10 :them? bgs’g se E(%net i3 SY Qtew% de 'socri b8d Herein
allows one to effie-erAiy—producei-Aflueniza—A i0sed en Lrﬂlgiﬁ*ﬁmrl oned

CDNAs. Bridgen and Elliott (1996) also used reverse genetics to generate a

Bunyanwera virus (Btmwbmswa@uaﬁsﬁ:eﬂe&sﬁthtﬂalﬁdldated@fa%msn?w@ﬁwo&hr ee segnents
of negative-sense enﬁ&ﬂsmﬁiz)%ﬁdngle ERbu(EkicPinRhRAUD 1t i hQud i, 107,
pfu/ 107 cells. A thoys fgﬁgtaﬂﬂ‘{,gg%ﬂmgﬁ s‘mj,ﬁ)ggz@é‘lﬁred anong t he experinents,
consistently > 103 pfu/ 106 cells was observed for influenza virus, which
contains ei ght segyEiiiSss ofifRRFife RABHSEYERHs were constructed with cDNAs

representing the RINAs of A/WSN/33 virus.

10 Efficiency of influenza virus production with coexpression of all viral
' stractural protsins. Although expression of the viral NP and polymerase profeins
is sufficient for the plasmid-driven generation of influenza viruses, it was
possible that the efficiency could be improved. In previous studies, the
expression of all influenza virus structural proteins (PB2, PB1, PA, HA, NP,

15 NA, Ml, M2, and NS2) resulied in VLPs that contained an artificial vRNA
encoding a reporter chloramphenicol-acetyliransferase gene (Mena et al., 1996).
Thus, the availability of the entire complement of structural proteins, instead of
only those required for viral RNA replication and transcription, might improve
the efficiency of virus production. To this end, 2937T cells were transfected with
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i
|

expl anations for the high efficiency of the reverse genetics system

descri bed J . Instead of producing RNPs in vitr Luvtjes et at,
1989), RNPsth?gir()gﬁggér{?grat'ed in vivo through intracellular $§W%@§P@% VRNAs
usi ng RNA 20 pol ynerase | and through plasm d-driven expression of the viral
pol ymerase pr ot ei gstin@lsnddnts ofvi sl prétbif cktsioh piddsids @elddsed WLk are readily
transfected with grlasrri ds (%to et al., 1997;, ensured that a |arge

popul ation of cel | Erofysgen: paprbished daie): t hxs ofp ded PeIgNAYTARRD):

production. In addp.tiugbfpdDMNATSAEYY; NUHSPEWEN-HIA, POAGGSPWSNANEFLEG aslt by RNA
pol ymerase 1, which a&?&g { he nmost_ abundant | ZéS Sxprﬁssed enzymes in
growing cells, Ii k%q:éé@%‘ bt ‘tf@C{:\ﬁ@SoW§Né‘fI¥” § 9P HEQRBGA-NFZ fe system

These features §edpbhpugolGEPReas@EaMNBbstha WA d3iptof BAHIRNA Bhlym¥lad¥s transcripts

and adequate anounts qf viial protein for encapsidation of VRNA fornmation
of RNPs in the nucPlawud (rperimsd, Tablt i Asewnd sitpf eslls was gansfrsted gdhhenenpr ane,

where new Viruses g saSTRND fyRiseT8lSaRE With3ke Restio dB ity PR3 ekl fshed /
reverse genetics systens irgnam et at, 1990; Neumann et al ., 1994; Luyt ) es

et at, 1989: Pl eschhish pRoLPR/S(HoWS] waubstiiddn prpifortip geaerita e s@FOB/t and
therefore sel ecti opnaEh Wit MasBek TefresSing 5RY PANPBR ®B20fnd N ansf ectants to
be retrieved froma vast nunber of helper viruses. Such strategies have
been enpl oyed €& g&perneat f.rfabled) prthosecryessing gl thejpflsazmstiyplarabproteiys \\O

2004/ 112831 PCT/ U 6680b1c 1)yl LPWSRO G DM EIp B AL e at T2
(Subbarao at at, f@%@éjﬂgﬁ ’?%nacr#? atB gl ., 1991: Horiﬂrlgoto et al .a, 1994), NP
(Li at, 1995), My (Enpariments lgnd 2, Tahlgh) or ai3p baws fdatagiot showad post-1995;  Yasuda
et at, )1994), and émgm | N0- in VRS bR Ghh PRt hods,
except for those a%%sl ca g%v%hgoﬁﬁgﬁd?&y%kgi%w r33’| bﬁpn growt h

t enperat ure, host PRiBGHE-ERdsrasifeunidarhen alf the inflyenya wsalstrygtergl proteis weteni ti ng t he

utility of rev&s:ﬁg&a}% %ﬁ%‘fs”?@[“f“f%ﬁw rg%@r%]agg%ﬁ)ﬁ% Sontth s}@ﬁc fPfqd oR§ oduct s.

Even with the or whi e anti body-driven ~selection
systens are avai | abf tbe plasmidssfodthe eimpedsion pHP Ao FEd UBR2, of N8 peafeing, did not peilnent

o e T et B B5berhfs SR RERS) IS bl Sh ol R GLINES, NoT o

does 10 not requiré rus and per to-generate-fransfectants

“With nutations i nexpmssigeogallsefuears A girussirbétiuggveteins gproveisbliafreeved theHavi ng

|thetechno|ogyto ntroduce any viabl tion into the influgnza A virus
AP P R S

genone enables inv ess a nunber of |ong-standing issues,

"such as the nattOre of Nexjuheitinatigs shquepodstipmaiie rarsfbomeiaglls w2 ons of t he

|

i

|
i
!

' mol ecul ar basi s of “H3

viral genone, structure 15 fupcti.o elati i f Vi roteins, and the
ﬁ f&’t“le%‘é‘ﬁ’a%ﬁ‘ersﬁts‘%@ipua%‘?ﬁﬁgo'!r‘?ggﬁ” e@‘f’ct?tgf”ﬁpg“rfﬁ%%gﬁi city. Although
i nactivated i nfl ueAZRR/8/a¢PBhgseneca e tvanfithiredodxperingdns; virusfwais damt feteeded st @bopt i nal

due partly to thei Jt’mdrsi: a . E'g-gns%%hcl)tln t'ﬁletﬁ%r %efi;ts%%e%l a{ gﬁlmel, gﬁ)ﬁlﬂ/mq}ﬁaﬁ toxic T
increased to >106 pfu/m! by 48 hours after transfection (Table 2). To estimate
@ 25  the percentage of plasmid-transfected cells that were producing viruses, 293T
' cells were treated with EDTA (0.02%) at 24 houss after transfection to disperse
the cells, and then performed limiting dilution studies. In this experiment, no
free virus was found in the culture supernatant at this time point. The results

indicated that 1 in 103.3 cells was generating infectious virus particles.

30
Table 2. Kinetics of virus production after plasmid transfection into 293T cells*
Hours after ° Virus titers in culiure supernatant {pfu/ml)
plasmid Experiment
transfection 1 2 2
6 . 0 ND ND

“2F.



cell respons@s 2ed/imgsGal trials of cold-adapted |ive infl Lﬁﬁ?@s | pes now
20 underway suggest that such vaccines are optimally attenua e&gﬁ%%{?‘ﬁat

they will not cause influenza synptons, but will still induce protective
imunity (reviewed2in Keitel &Piedra, 199 However, poelimnary results
indicate that thed® |live virugs0vaccines W |Nbnot be signeficantTy nofe

ef fective than the2best inact{gated vaccingzknevi ewed | heKqpiel & Predra,
1998), |eaving ro¢sofor furthefNdb i nprovenesk jgOne possf®klpty would be to
nodi fy a col d-adapBged vacci ne ywkho>The TEVEX§& @€Net 1 CS| g¥3pEM descr| bed

above. Alternativehy, oOone coul@gnpiart from| oy U 0
genetics to produ¢gga "NMaster | gRIpUENZa A gigllroo WtTh n}]k[lbpl g-attenuat i ng
mutations in the genes That encode [ntermat proterns, —The —most—imtTigui ng

application of thesr24@Lef HeNEdsEsted Yith SIARSL LT el Rt BN, e in
the rapid producti apweiyatheDuaked: thg@xc\eﬁ}%ﬂs eﬂzeshfcpglsccﬁﬁs @Q" %Uspect ed

pandem cs i nvol Vi ng e : Z bk
P T
n be engi neere () express toreérgn protelns

reverse geneticsg SWshgi-u e d’

vacci ne vectors. T éls"l’iﬁu%?d al

or inmunogenic epitopes in addition to the influenza viral proteins. '30 WO
2004/ 112831 PCT/ US2004/ 016680 One could, for exanple, generate viruses with
foreign protei ns as a mmmdjn&mz%ﬁrmmntdﬂngthewmwmﬂém hem as

| i ve vacci nes. ﬂoven%%ﬁ%r\é{rerr e%ggeg?# J@%ﬁ%ﬁlﬁw ?ﬁ?fg@‘?l 1 - nedi at ed

and | ral |nnune responses virion
surface HA and INA pf muiefiors intethg genotds ofiaﬂ%zamdvxﬁisédﬁa mntstcyﬂemngﬂ@ﬁﬂ@| r

popul at i on 1 i1 uesBoe bl EREIOES b BEDL Bk Yndolet 3R oHE 2° epor t er
gene have been pr sewdmdsfofedexifr asSiAgolymembe Lsﬂasmut(pP@]lI-WSNtréA/iﬁ‘E’ig)nd vRNA

genet i o, one. 10 cBR: RbEREPNR RFRBENREER Ty Papgd FERGentGReln 07 o1 oi e

required for vRNAbbtteansiithd proten’s tend] tm@thbnwﬂiihmreqﬁmadd%NABélynﬁﬁsélanBBZ and
NP), as well asg vRN,tAs encoql nﬁa e't tjhnch@r%t uch g%ﬁé’g uld be
‘ useful gene del FveWe“{@erﬁ%‘s E‘1%}’1’%0 ?ﬁ? Ichvgli? ncodi ng
jwral structural me ldizﬁnfmu&pebsemBWﬁeFmedtaﬁQmMMngmgeew:etllh not be
produced after VLP: in ‘5 Iuenza Vi nes.gen I S not
| integrated into hodtte ?W@%@%@@%@@"é @? 3R EUp Y %B‘frf"grﬁ?‘g%eo gene
‘ therapy in situati @idsoclém@bintibédygo hidIFLAG @itbpel d2tebled tdAR Bftatd wih PR8-cel | s
(e.qg., for cancer adenpvi rus vec S ovesdi et
Cat, 1997), infl uen%ﬁ‘@%@nﬁ%}&f’@%"%ﬁ@ CﬂW’I&‘bWﬁd'HR"é{W&F RECTRTS ‘?af(rzt{‘f‘slf'I£ 31 | owi ng
repeated treat gent wEN-FBIORs 34s BQFHdiat bOMst for the untagged wild-type virus (data

not shown). These resulis indicate that the new reverse genetics system allows

Q one to introduce mutations into the influenza A virus genome.

Generation of infectious influenza virus containing mutations in the PA

gene, To produce viruses possessing mutations in the PA gene, two silont

25 mutations were introduced creating new recognition sequences for restriction
endonucleases (Bsp1201 at position 846 and Pvull at position 1284 of the
mRNA). Previously, it was not possible to modify this gene by revefse genetics,
because of the lack of a reliable selection system. Transfectant viruses, PA-
T846C and P-A-A1284 were recovered. The recovered transfectant viruses were

30 biologicaily cloned by two consecutive limiting dilutions. To verify that the

[ recovered viruses were indeed transfectants with mutations in the PA. gene,
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The fam |y @ Bpyneyi ridae conprises influenza A B, andpﬁ(%grz(r](ézﬁéﬁpg
ting

well as the recently classified Thogotovirus. The strateg
i nfectious influenza A viruses entirely fromcloned cDNAs descri bed herein

woul d apply to anyDdIA hpthy PA\Eetic¥as chBhop B Rapse tréhsQigiRe-PERYPRRTSBCNegat i ve
25 sense RNA vi ruse s avi.ridae, Arenaviridae). The ability
to manipulate . ﬂ%&mﬁwﬁ EIH%“@&? A 8RS Mas prof ound
i nplications for tdhﬁm&trué&bpﬂmwel&@he bii theeneSE In@6dREdirebikietidn éi@QlI*C&I éfon, the
function of wviral, protej fﬂsﬂﬂﬁg e .nol ectqﬁl ar. nechani sns, of viral

pathogeni ci ty. 30 “EXARBIES BTG yithed thedevegs fHnespusraen fpicsy

i nfluenza A/ Puert@oﬁba@éaﬁﬁﬁoductsl(ﬂmnd?%msmﬁe%hgﬁ{aeme PremNARa2l | ant oi ¢
fluid of A Puerto /8/ 34 %HlN ﬁ{n}, qﬁglhﬁlrgﬁamer vari ant (PR8HG),

usi ng RNeasy M ni r@%’i‘&’g }“dﬁeﬁg" R fogsngrakthes prot ocol .
cDNA was synt hesi Z/&dseleTHbSe DALY ilBdtrate how\BrdOMH HBRA ghfed bAdFHHnBO 680 - /
RTase (Pronega) and, Uni 12 were anplified overnight by PCR

usi ng the foll ow ﬁﬁdm?’?vﬁf?gg‘“@g‘ftgh%“s?’ﬁhe%ﬁﬂpesi andPB1- 1735R(f r ont fragnent)
andPB1- 903 andBa- Pikugs#adlR (rear fragrrent) Ba- PB1- 1

CACACACGGTCT AGCGAAAGCAGGCA | D_NO_9). 10, 173PB1- 1735R
GGGTTTGTATTTGRETGTCACCH eI s e RS Ewste?séﬁﬂmbeéésmmﬂw e efisienihr CTTTCAC
(SEQ I DNO 11) BRE eAa ez A G T RdrA TTHASAT AR BEL&SEQ | D 15
NO 12) PB2: Ba PB and B2 1260R (front fragnent) and N PB2 seqg-2 and Ba-
PBZ 41R (rear f(HHgRbA0ussdreppiserampetics @W@Gﬁ@?ﬁ@m@@m&m ( SEQ

13) B2126 Rt AT SntsiaS Gff de ﬁé@&ds@NM@n&ﬂ% 25 VBN PB2
seq 2 CTCCTCTGATGGIGGECATAC (SEQ | DNfd; 1 Ba- PB2- 234

CACACAGGT CTCCTATT AfSpisapyolds aradytior vps logg Hf}l/lmeli%)Although the virus yields
15 differed among the experiments, consistently > 10° pfu/106 cells was observed

for influenza virus, which contains eight segments. There are several
“ explanations for the high efficiency of the reverse genetics system described -
hereinabove. Instead of producing RNPs in vitro (Luytjes et al., 1989),’ RNPS
‘ were generated in vivo through intracellular synthesis of vVRNAs using RNA
20  polymerase I and through plasmid-driven expression of the viral polymerase
proteins and NP. Also, the use of 293T cells, which are readily transfected with
plasmids (Goto et al., 1997), ensured that a large population of cells received all
of the plasmids needed for virus production. In addition, the large number of
transcripts produced by RNA polymerass I, which is among the most abundantly

25  expressed enzymes in growing cells, likely coniributed to the overall efficiency

' of the system. These features led to a correspondingly abundant number of
VRNA transcripts and adequate amounts of vital protein for encapsidation of
vRNA, formation of RNPs in the nucleus, and export of these complexes to the
cell membrane, where new viruses are assembled and released.

30 Previously established reverse genetics systems (Enami et al., 1990;
Neumann et al., 1994; Luytjes et al., 1989; Pleschka et al., 1996) require helper-
virus infection and therefore selection methods that permit a small number of
transfectants fo be retrieved from a vast number of helper viruses. Such

strategies have been empioyed to generate influenza virnses that possess one of
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30 PA: Bm PA-i CACACACGTCTCCGGGAGCGAAAGCAGGTAC (SEQ | DNO 17) Bm PA- 2233R
CACACACGT CT C@idod AGENeAAACAAGGTACTT( SEQ D 35 NO 18) HA: 2004/016680
CACACACGT CTCCGGGAGCAAAAGCAGEEG (SEQ ID NGO 19) 40 Bm NS-890
CACACACGTCTCCTATTAGTAGAAACAAGGGTGTITTT (SEQ ID  NO 20) NP: 45 Bm NP- 1

CACACACGT CT CCGGGAGBAABIEACEINTA -de51Q gehdoNEB2 (SubBatad D aR P1994)] HASBham et

PCTI US20041016680 - 565R CCTAT TTT (SE
ID NO22) 5 NA Béi-sr&yi; W&ﬂm&@f% 2%) °

Ba- NA- 1413R: CACA@A@EE@E@(EA][TMA@%@MWH& NETRASEQ: all 0OIPNO. 24) M

Bm M | CACACACGTCTOOGR GCAGGTA Q@]l_hﬁs joXN iR B hiaded e

CACACACGTCTCCTATTAMY CRREGNRSH
CACACACGT CTCCOGSAGEARAASGAGEEHEh (ﬁ@aﬁ%&ﬁaﬁge) reBﬁttM‘ﬁ &P sensitivity,

CACACACGTCTCCTATTA@- %C%G(ﬁl’@gﬂémg %enghcsl%or t%?c’ﬂcmzl analysis of the gene
producis. Even with the HA and NA genes, for which reliable antibody-driven /
selection systems are available, it is difficult to produce viruses with prominent
growth defects. In contrast, the reverse genetics system described herein does

16 not require helper virus and permits one to generate transfectants with mutations

in any gene segment or with severe growth defects. Having the technology to
introduce any viable mutation into the influenza A virus genome enables
Q investigators to address a number of long-standing issues, such as the nature of
| regulatory sequencées in nontranslated regions of the viral genome, structure-
15  function relationships of viral proteins, and the molecular basis of host-range
restriction and viral pathogenicity.
Although inactivated influenza vaccines are available, their efficacy is
suboptimal due partly to their limited ablhty to elicit local IgA and cytotoxac T
cell responses. Clinical trials of cold-adapted live influenza vaccines now
20 underway suggest that such vaccines are optimally attenuated, so that they will
not cause influenza symptoms, but will still induce protective immunity
(reviewed in Keitel & Piedra, 1998). However, prelintinary results indicate that
these live virus vaccines will not be significantly more effective than the best

inactivated vaccine (reviewed in Keitel & Piedra, 1998), leaving room for further

25  improvement. One possibility would be to modify a cold-adapted vaccine with
the reverse genetics system described above. Alternatively, one could start from
scratch by using reverse genetics to produce a “master” influenza A strain with

| multiple attenuating mutations in the genes that encode intemal proteins. The
most intriguing application of the reverse genetics system described herein may

30  lie in the rapid production of attenuated live-virus vaccines in cases of suspected
pandemics involving new HA or NA subtypes of inflnenza virns.

This new reverse genetics system will likely enhance the use of influenza
viruses as vaccine vectors. The viruses can be engineered to express foreign

proteins or immunogenic epitopes in addition to the influenza viral proteins.
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25 DNA pol V'W('ib@ mz@{;“ Nati ve DNA pol ynerase (Stratagene) &Rﬁmg@ggégducts

wer e separated by gel el ectrophoresis and extracted from gel
using a gel extraction kit (Q dgen)., The extracted genes 30 were |ligated

into pT7Bl ue bl unt ouesdudd, fdt%ﬁﬁtﬁ&ﬂ@@énebh‘idﬁﬁs@vﬁ&@e@n'p&&ﬁﬂ%ﬁtﬁ ver. 11
(Takara). After 5 hours, the |igat edp%enes were transformed into JMLO9

(PB2, M and NS ge??gefnéﬁnmeaﬂpﬁ%‘»’la uspthem 25 Hye waeymessiNot eply §fi es for each
gene were cul t ur edipfifentBvi@és S strongd ER-RLBIN A2 HMRLRL %ﬁ:ﬁ%ﬁ%&g om t he

bacteria culture, d four cl ones per gene were sequenced A, NP, M.
and NS genes in p algg piford W@W%?f'ﬂ‘é‘?ﬁﬂﬁaceeﬂéy‘ﬁ@%\l&weﬁﬁ %nid
Bi ol abs). The PBI Hﬁ%dmﬁ?é %d%u%?ﬁeﬁc@%ﬁﬂm)ﬁﬂgm%ﬁh@&abs) The

exci sed genes were, |ligated overni ght w PoU R vector =~ which contains the
human RNA ponnerlglen‘FmﬁﬂF‘%‘h‘?fttE‘?sa%@fgqﬁéﬂm RNA pol ymerase | terninator

whi ch had been di gest edpnitidhbh P68 B aws%%nfammaq A CASHIER Slor\gnPB2 gene
in pT7Blue was excised by Bsr 01 (New | and Biol abs) and Bann ||

(Roche), and the rb@pbmnaﬂgcrﬂeﬁqdbimpre%wmssyctoglrpr@emse%vm@hgmaﬁhf Bi ol abs)

and Spe | (Roche)., Rs g, fg %(E% tﬂ:&%ﬁg’l
PCT/ US2004/ 016680 aﬁﬁl 3[)(7? ted b Bsa nwa hours %ested genes
were purified &8j ngﬂnalowmlfmwW&MWMWW@MBaWWMQWG @ver ni ght

bet ween the ism Bl ch@rpnil RRli..« PA, NP, M
and NS-pPol I R genes V\ere Se cftﬂ Ee%?%alg%sggf%gﬁﬁl 39%1\;( %gs%gw?ielr?ses) or
DH5al pha (PB1, PA alihNAWucg@negxptem\pémtwaghtSuctrH&Ps:mubhbeemm gene deliyeor ned

D sy 4 R Ao ek s SRRt U, o

cul tures and gene wn@élenmeﬂnﬂmde@muﬁmmdv%yoténpwduc@a@%ﬂbmnﬂhe col oni es

of bacteria tr sf P [ for 8 hours.
The pl asm ds ﬁ]ﬁ e%{ et%ef eﬁ %%’%é"%g gn%@?ﬁg%{n%aﬁ?@tconfl rmed by
enzyne di gestl on. ﬂirbm@slamleJmeWByMWould\bwmtdﬂqﬁmgwdhﬂapmsmaﬁoushat t hey

{ranstectod nto- 209t REAMCaH8rs SHPLCHRI S &y Dot wrises o veny - e

and NA, A/ Hong 15 t@ﬂ&gdt%&%(iﬂdt()ectd@ﬁ&ﬁoﬁesw aNA9I Y mﬂuenza VLPs could

Dot oxpr sesron G RSO kB B APat e v o

- ALVWBN/ 33. The gopepdalatigiss fromtrausfected 293T cells were serially

'diluted (undiluted to nfected into.the_allant vities of
9- day- ol d enbryonat ed gﬁlecf%@ﬁv é&é@"nyéﬁﬁlcPlﬁmsgf Wilpipnza g‘s df‘ﬁ%“‘isﬁﬁ’ ect ed
Oo-W as well as the recently classified Thogotovirus. The strategy for generating

infectious influenza A viruses entirely from cloned cDNAs described herein

would apply to any orthomyxovirus, and perhaps to other segmented negative-

25  sense RNA viruses as well (e.g., Bunyaviridae, Arenaviridae), The ability to '
manipulate the viral genome without technical limitations bas profound
implications for the study of viral life cycles and their regulation, the function of

viral proteins and the molecular mechanisms of viral pathogenicity.

30 Example 2
To develop a reverse geneﬁcs system for influenza A/Puerto Rico/8/34,

viral RNA was extracted from the allantoic flnid of A/Puerto Rico/8/34 (HIN1),
Madison high grower variant (PR8HG), using RNeasy Mini kit (Qiagen)
according to the manufacturer’s protocol. cDNA was synthesized using MMLY-
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20 were harv fheir virus titers tested by HA ass le 3).
Table 3 Vi rugﬁ%g@ggggflng HA titer (HAU M) of allantoic f%?ﬁ%gﬁqlgéfas

i nocul ated PR8 genes with 293T supematants diluted at: together with the
followi ng HA undi | (RESe EPomeka) anﬂ@'mﬂi]:rﬂﬂ: The cDRA's weNehpfied 6nesighBNHA NA <1
<1 200 <1 <1 <l c1 ?R HK- NA 100 <1 <1 <1 <1 <1 <1 <1 Kawasaki-HA <1
<1 <1 <1 <1 <1 <1 & PB&i ti ve samples (virus with WBN-HA NA at 10
and virus with HK-Brifaykdis NA at undi luted) were diluted serially from 10-2
to 10'8 and 100ui of each dilution was infected into enbryonated chicken
eggs. The al |l antdi @Bt uBd¥B1afant PB1i1TESCHRE: fegeRn)eiEPITROOEGE:-FNd t heir
virus titers tested by ?sgag 34 2004/ 112831 PCTI US2004/ 016680 (Tabl e
4). The 50% egg i nfecti o) of A/ Puerto Rico/8/34 (H NlL)
prepared from pllasm ds was 1010' 33/ntl, and the HA titer was 1:3200. A

reconbi nant virus havi ngatpm- 1%A@@o»@mdam@came@egbmﬁéoos
(H5N1) and the remai ndeip®fy:.)he type A influenza virus genes 5 from PRSHG

was prepared. Tie titer 1pfpHiberIseC e TARTATTIGTGRETGACO ($80 B Repfoyl . .and
the HA titer was 11600 Table 4 Virus possessing PR8 genes titer (HAU/ m)

In each dilition togethessphidast beatlcASrGAART#TEPTPCAL(§EAIp N8
following HA and NA genggs.p@piANA 160 40 40 320 40 640 <1 HK-HAavir NA 400

800 400 400 400 800 <1 cheApotiERCESCPATTIASTAGAAACAANGE TWA
GGTACTGATC CAAMATGGAA GRPIBIGIGC  GACAATGCTT CAATCCGATG ATT

TTCCGRAAAA AACAATGAAA  GAGTATGEGEG
PB2Z: BaPB2-1 and B2 1260R (front fragment) and WSN PB2 seq-2 and Ba-

PB2-2341R (rear fragment)

20 Ba-PB2-1 CACACAGGTCTCCGGGAGCGAAAGCAGGTC (SEQ
ID NO:13)
B2 1260R CACACACGTCTCCATCATACAATCCTCTTG (SEQID
NO:14)

25 WSN PBZseq2 CTCCTCTGATGGTGGCATAC (SEQ ID NéﬁlS)
Ba-PB2-2341R ]
CACACAGGTCTCCTATTAGTAGAAACAAGGTCGTTT (SEQID

NO:16)

30 PA:
Bm-PA-1 CACACACGTCTCCGGGAGCGAAAGCAGGTAC (SEQ
ID NO:17)
O Bm-PA-2233R
‘w CACACACGTCTCCTATTAGTAGAAACAAGGTACTT (SEQID
35 NO:18)

Bm-HA-1; CACACACGTCTCCGGGAGCAAAAGCAGGGG (SEQID
NO:19)

40 Bm-NS-890R:
CACACACGTCTCCTATTAGTAGAAACAAGGGTGTTTT (SEQ D

NO:20)

45 Bm-NP-1 CACACACGTCTCCGGGAGCAAAAGCAGGGTA (SEQ
IDNO:21)
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AGGACCTGAA
TCATGTATTC
GIGATCCAAA
TGGCCTGGAC
TACCAGATTT
AAGTTCACAT
ACATTTTCTC
AAAGCAGGEEC
GCCTCTGGEGA
GAGGAGAAGA
ACCAAAGTCT
TCGAACCGAA
GAATTGAACC
GITCTCAGCG
GICATGAAGG
GATGGGAGGA

CAAATTTG CAGCAATATG 20 CACTCACTTG E%gr
A TTCATCAATG AGCAAGGCGA GTCAATAATC GF ¢P4igl6630
TGCACTTTTG AAGCACAGAT 25 TTGAAATAAT CGAGGGAAGA GATCGCACAA
AGTAGTAAAC IAGTATIEESICA ACACTACAGG GGCTGAGAAA CCAAAGTTTC
GTATGATTAC AMEACACGACTATTAATAGRABAWAESMMTEGTA &G
ATACTATCTG ATAAAATTAA ATCTGAGAAA ACACACAT
GTTCACTGGG GAAGAAATGG CCACAAAGGC 35 AGACTACACT CTCGATGAAG
TAGGATONAA ACCAGACTAT TCACCATAAG ACAAGAAATG GCCAGCAGAG
TTCCTTTCGT |B5NXQ: 2ACACKRSRIT REGHERBOAAAECAGCAAFTEEGAGA
GACAATTGAA GAARGETTTG AAATCACAGG AACAATGOGC AAGCTT
CCCGCCGAAC  BRIGA. 5 TTGAAAATTT TAGAGCCTAT GFGGATGGAT
CGGCTACATT (G AGETETEETATGANY R JAICCARMEEA.
TTI 4 TTGAAA CCAC GACCACTTAG ACTTCCGAAT — 10 CCCT
GTCCAAATTC CTGCTGATGG ATGCCTTAAA  ATTAAGCATT GAGGACCCAA
AGA TA CCGCTATATG ATGCAATCAA 15 ATGCATGAGA ACATTCTTTG .

ACCCAATGTT - il MACSACACGTCTCCGGGAGCAAAAGCAGGTAG (SEQ
ID NO:25)

Bm-M-1027R
CACACACGTCTCCTA’ITAGTAGAAACAAGGTAGTI"TTT (SEQ ID
NO:26)

15

NS:

20 Bm-NS-1 CACACACGTCTCCGGGAGCAAAAGCAGGGTG (SEQ

DNO0:27)

Bm-NS-890R

CACACACGTCTCCTATTAGTAGAAACAAGGGTGTTTT (SEQ ID

'NO:28)
25 :

DNA polymerase: pfis Native DNA polymerase (Stratagene) -
The PCR products were separated by gel electrophoresis and exiracted
from the agarose gel using a gel extraction kit (Qiagen). . The exiracted genes
30  were ligated into pT7Blue blunt vector (Novagen) using a Takara l_igaﬁon It
ver. II (Takara), Afier 5 hours, the ligated genes were transformed into JM109
(PB2, M, and NS genes) or DH5alpha (PA, PB1, and NP), Six colonies for each
gene were cultured in TB for 8 hours. The plasmids were extracted from the
bacteria culture, and four clones per gene were sequenced,
The PA, NP, M, and NS genes in pT7Blue were excised by Bsm BI

enzyme (New England Biolabs). The PB1 gene was excised by Bsa I (New

35

England Biolabs). The excised genes were ligated overnight with pPolIR vector
which contains the human RNA polymerase I promoter and the mouse RNA
polymerase I terminator which had been digested with Bsm BL. The front
fragment of the PB2 gene in pT7Blue was cxcised by Bsr GI (New England
Biolabs) and Bam HI (Roche), and the rear fragment was excised by Bsr GI
(New England Biolabs) and Spe I (Roche). The excised fragments were mixed

40
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ACGAAAAGEG
AGGACATTGA
TAAAGTGGEEC
ATGTAGGTGA
GGATTCAGAA
ATGAGATTGG
TCACATCAGA
ATACTCCCTT
TAAGCAAGT G
AAGGAAGATC
CTCTCACTGA
GAGATATGCT
GAACAAATGG
TCCAGTCACT
ACATGACCAA
CAGAAACATG

AYTANOTGSA; AATTATCTTC TGTCATGGAA  GCAAGTACTG |
GAATGAGGAG AAAATTCCAA 20 AGACTAAAAA TATGAAGA% f@%ﬁ\‘&%&&ﬂ

ACT TGGT GAG AACATGGCAC CAGAAAAGGT AGACTTTGAC GACTGTAAAG

Al L e M e e it
A@A@%@fﬁ@&% ﬁ@gﬁ%@ém’%‘ &ﬂe@fﬁl&%&)&qﬁ‘ﬂiﬁ

GGTGT CResAPolIBGAEINCCA CAGAATACAT AATGAAGGCGA GTGTACATCA
e q&a‘é&%&%&%& SN BRI RTRET RS oATAA
TAGAACTAAGTEA &h AT Te TAA
CCAGT T Ao INENI04 A@&%TWHKE[&& BAGE ard GITTT
CCCAAGACTTM AAT GIGTT CTTGAGATAG
TATAAGRRRER of pchaefons wersseitred A
AACCT C%é\ﬁ%atédr ] TRA A I ey orkiFMID I GNichiGT TGCCTCC
TCAACAAATT_GAGAGTATGA TTGAAGCT CCT CT GIC AAAGAGAAAG 50
36 WO 2004/ Thopssmigicroressnoied Segdsdactzrp Griessmnd GasAReIRAT
GCCCAT W confieli®yefbythe digestion, The colonies of bacteria transformed by
10 PB2-PolIR were cultured in LB for 8 hours. The plasmids were then exiracted
and the gene insertion was confirmed by enzyme digestion, All pPoll constructs
were sequenced to ensure that they did not contain nnwanted mutations.
The pPolIR consiructs for PR3HG were transfected into 293T buman
embryonic kidney cells with A/WSN/33(WSN)-HA and NA, A/Hong
15 Kong/483/97(HK)-HAavir and NA, or A/Kawasaki/01(Kawasaki)-HA and NA
_ Poll constructs and four protein-expression constructs for the polymerase
proteins and NP of A/WSN/33. The supemnatants from transfected 293T cells
were serially diluted (undiluted to 10° 7y and infected into the allantom cavmes of
9-day-old embryonated chicken eggs. The allantoic fluids of the infected eggs
20  were harvested and their virus titers tested by HA assay (Table 3).
Table 3
Virus possessing | HA titer (HAU!mi) of allantoic fluid from eggs inoculated
PRS genes with 293 T supematants diluted at:
}ﬁfﬁgﬁhﬂe andiluted | 107 [ 107 [ 10° | 107 [ 107 [ 10° [ 107
and NA senes
WSN-HA NA <] <l j200]<1 |<1 |<I |<i <]
HE-HAavir NA | 100 <l |<l <1 [<1 |<1 [|<] <l
Kawasaki-HA <l <l | <l 4<1 {|<1 [<i |<I <1
NA
25 HA-positive samples (virus with WSN-HA NA at 1 0" and vims with

HK-HAavir NA at undiluted) were diluted serially from 102 to 10°® and 100ul of
each dilution was infected into embryonated chicken eggs. The allantoic fluids
of the infected eggs were harvested and their virus titers tested by HA assay
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AAGGAGTGGA GubAbsallsses ATTGCGAAGG TCTGCAGGAC TTTATTAGCA 5 01
AAGTCGGTATTCAACAGCTT GTATGCATCT CCACAACTAG AAGGATTTTC AC%(I:' wzlogﬂ ,&g&AAACT G&C
TTCTTATCGT TCAGCCTCTT AGGGACAACC TGGAACCTGG GACCTTTGAT CTTGGEEEEEC

CGTTCAACTC &%’*% TOATTCE I T AT ar G AT T e GoTAT 15

GCTAC TTTGCTAT 15
CCATACTGTC CAAAAAR %@??@F“F’F@‘ﬁ@é é%npgﬁgf}er P 1: ?&9 AGCGAAAGCA
GGCAAACCAT TTGAATGGAT EREAMBEREEAIORHVIRTITHA ahd N

T g e s e B oo

CAACAAACAC  CCASAC T PRIPRS Wk AréfsardCAME BlektY the re&ﬁfﬁm wal GUERGAAG
ACAATGAACC AAGTGGTTAT CAG, 30 ATJGIGIATT GGAGGCGATG GCTTTCCTTG

AGGAATCCCA TCCTGGEARs &ier s BI9PTGA AACGATGGAG GTTGTTCAGC
AAACACGAGT AGACAAGCTG 35 ACACAAGGCC GACAGACCTA TGACTGGACT CTAAATAGAA  /
ACCAACCTGC TGCAACAGGIA4TTGGCCAACA CAATAGAAGT GTTCAGATCA  AATGGCCTCA
CGGCCAATGA GTCTGGAAGG CTCATAGACT TCCTTAAGGA 40 TGTAATGGAG TCAATGAACA

FAiT :
AAGAAGAAAT qmwmqggg;ae@émngl Mo e DBARCAG, dion

together with the 57517073 [ 104 | 105 | 106 | 107 | 10-8
following HA.
and NA penes

WSN-HA NA 160 40 40 320 40 640 <1

HE-HAavir NA | 400 800 400 - | 400 400 800 <1

10 :
Sequences of PRS genes:

PA

15  AGCGAAAGCA GGTACTGATC CAAAATGGAA GATTTTGTGC . ¢
GACAATGCTT o
CAATCCGATG ATTGTCGAGC TTGCGGAAAA. AACAATGAAA
GAGTATGGGG
AGGACCTGAA AATCGAAACA AACAAATTIG CAGCA.ATATG

20 CACTCACTTG
GAAGTATGCT TCATGTATTC AGATTTTCAC TTCATCAATG
AGCAAGGCGA
GTCAATAATC GTAGAACTIG GTGATCCAAA TGCACTTTTG
AAGCACAGAT

25 TTGAAATAAT CGAGGGAAGA GATCGCACAA TGGCCTGGAC
AGTAGTAAAC
AGTATTTGCA ACACTACAGG GGCTGAGAAA CCAAAGT’I‘TC
TACCAGATTT
GTATGATTAC AAGGAGAATA GATTCATCGA AATTGGAGTA

30 ACAAGGAGAG
AAGTTCACAT ATACTATCTG GAAAAGGCCA ATAAAATTAA
ATCTGAGAAA
ACACACATCC ACATTITCTC GTTCACTGGG GAAGAAATGG
CCACAAAGGC

35 AGACTACACT CTCGATGAAG AAAGCAGGGC TAGGATCAAA
ACCAGACTAT
TCACCATAAG ACAAGAAATG GCCAGCAGAG GCCT! CT GGGA
TTCCTTTCGT

35



ACGGGTGAGA GHGANEATSSAY CTAAGAAAAT GATAACACAG AGAACAATGG %MGAA
GCAGAGATTG AACAAAAGGA GTTATCTAAT TAGAGCATTG ACCCTGAACA 6630

AGATCCTGAG AGAGGCGAAGC TAAAACGGAG AGCAATTGCA ACCCCAGGEGA TGCAAATAAG

GEGGTTTGTA 50 TACRGIGUGAGA GAGGAGAAEL GEEARTCTCGURGAANGEEB AGACACTGEC
AAGGAGTATA TGTGAGAANTTAICKRAGAATC  AGGGTTGCCA GTTGGAGCCA ATFGAGAAGAA

ACCAAAGT TG CCAAAT GRTIAA TREGEAXERTT TGCCEACRBEAMITO LT COGERAN AGGACTTTC.
TTTCACCATC ACTCGHEETACAGRECAAATG GAACGAAGAT CAGAATCCTC GGATGITTTT

GGOCATGATC ACATATATOA AGOASAATGAGECERGANTEA TACAGAT, TCTAAGTAT
TGCTCCAATA ATGTTCRGAATACAPATGEC GAGACTGGGA AAAGGGTA%C(?%TA%GAGAG

CAAGAGTATG AAACTT AGENGTAABETARR TR EAAGER AL A ABGOOCRACTACATTTGAA
ATATTTCAAT GATTCAAGAATAMAGAAGAT TGAAAAAATC CGACCGCTCT TAATAGAGGG

GACTGCATCA  TTGAGGREFErGAAR SR, A GTATT 20
AGGCGTCTCC ATQ@TG@@E@@FM@%&A%%\E & GATAC%C%QCA’ngTACTT %TAg;TGGGA

TGGTCTTCAA TCCTCT GheerOAGLEETEE ARATIE T iTG SRAGATRT T BRA A
ATGAAGGGAT TCAAGCCEAAGHEEAGGT TTTATCGAAC | CTGTAAGCTA CTTGGAATCA ATATGAGCAA

GAAAAAGTCT  TACATAN\ER A PASARTALIGAAGG AGAGGGAATA CCGCTATATG

ATGCAATCAA
15 ATGCATGAGA ACATTCTTTG GATGGAAGGA ACCCAATGTT
GTTAAACCAC
ACGAAAAGGG AATAAATCCA AATTATCTTC TGTCATGGAA
O GCAAGTACTG
' GCAGAACTGC AGGACATTGA GAATGAGGAG AAAATTCCAA
20 AGACTAAAAA
TATGAAGAAA ACAAGTCAGC TAAAGTGGGC ACTTGGTGAG
AACATGGCAC
CAGAAAAGGT AGACTTTGAC GACTGTAAAG ATGTAGGTGA
TITGAAGCAA
25 TATGATAGTG ATGAACCAGA ATTGAGGTCG CTTGCAAGTT
GGATTCAGAA
TGAGTTTAAC AAGGCATGCG AACTGACAGA TTCAAGCTGG | 4
ATAGAGCTCG |
ATGAGATTGG AGAAGATGTG GCTCCAATTG AACACATTGC |
30 AAGCATGAGA
AGGAATTATT TCACATCAGA GGTGTCTCAC TGCAGAGCCA
CAGAATACAT
AATGAAGGGA GTGTACATCA ATACTGCCTT GCTTAATGCA
TCTTGTGCAG
35 © CAATGGATGA TTTCCAATTA ATICCAATGA TAAGCAAGTG
TAGAACTAAG
GAGGGAAGGC GAAAGACCAA CTTGTATGGT TTCATCATAA
AAGGAAGATC |
CCACTTAAGG AATGACACCG ACGTGGTAAA CITIGTGAGC
40 ATGGAGTTTT
CTCTCACTGA CCCAAGACTT GAACCACATA AATGGGAGAA
GTACTGTGTT
CTTGAGATAG GAGATATGCT TATAAGAAGT GCCATAGGCC
AGGTTTCAAG
45 GCCCATGTTC TTGTATGTGA GAACAAATGG AACCTCAAAA
ATTAAAATGA |
AATGGGGAAT GGAGATGAGG CGTTGCCTCC TCCAGTCACT
TCAACAAATT
GAGAGTATGA TTGAAGCTGA GTCCTCTGTC AAAGAGAAAG
50 ACATGACCAA
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ATTTGAATTC
TCCCAGITTT
CATCAAAAAC
GITGITCATC
AACCCGAAGA
GCTGGICTCC
CTGCCTAAAA
CCCATTTGIC
TGGICCAGCC
AAGAAATCGA
AAGAGGAGTA
CTTCCCCAGC
TTCCAGAGCC
GITCACTGAG
AATTTAGCTT

A RhIds TCTATCGTTA TGGSGITTGIT 30 MTTT&%%%
GGGGTGICTG GGATCAACGA  GTCAGCGGAC ATGAGTATTG

AATATGATAA ACAATGATCT 35 TGGICCAGCA ACAGCTCAAA TGGCCCTTCA
AAAGATABESTTCEI R GAGHNAC SARATATA CARGETRACATTAGAAATACA
TCATTTGAABTTBBAGAAACT GTGGGAGCAA ACCCGITCCA  40¢ AAGCTGGACT
GACCCAGAGGASAGTHA GGAANGTIHIT ABRGGAA RGTOTBTACRGEATCAAGT :
TCCGAATITIATIXFTAAGGA TTACCAGGEEG 45 CGITTATGCA ACCCACTGAA
AGCCAT ARAGTCBSARTHON AT AGTCATIATGCATATTCIBA CA ATTANGCACA
AAAAACM GGAABTRTGATGC TGITGCAACA ACACACTCCT GGATCCCCAA 50
38 WO 280GETGAAGEA ACAAWIZAIGH DIOBBOrCGIOEAGGUIETAT ACAAGTCA
CTTGACGAGGCGABAGAATGTA | CCAAAGGTGC TGCAATTT' AT TTGAAAAATT

AGTTCATAGAABCESACECTTCRBATATGG ST AAGATGA AGCCTATCGT
CGANT TGMBTGAGGAT TGA TTTCGAATCT GGAAGGATAA  AGAAAGAAGA

ATCATGARGRRCTEA BF A ARA TAIT TR SIS TS O TE A AT VAAAATAGT G

GTCCTTGATErARAGAETGCC  TTGITTCTAC T (SEQ | D NO 2)
CTTCCTTACA CATGCATTGA GTTAGTTGTG GCAGTGCTAC
TATTTGCTAT

15 CCATACTGTC CAAAAAAGTA CCTTGTTICT ACT
(SEQ ID NO:1)
PB1

20 AGCGAAAGCA GGCAAACCAT TTGAATGGAT GTCAATCCGA
CCTTACTTTT CTTAAAAGTG CCAGCACAAA ATGCTATAAG
CACAACTTIC
CCTTATACTG GAGACCCTCC TTACAGCCAT GGGACAGGAA

. CAGGATACAC

25 CATGGATACT GTCAACAGGA CACATCAGTA CTCAGAAAAG
GGAAGATGGA _,
CAACAAACAC CGAAACTGGA GCACCGCAAC TCAACCCGAT ' ¢
TGATGGGCCA o
CTGCCAGAAG ACAATGAACC AAGTGGTTAT GCCCAAACAG

30  ATTGTGTATT ‘

GGAGGCGATG GCTTTCCTTG AGGAATCCCA TCCTGGTATT

" TITGAAAACT
CGTGTATTGA AACGATGGAG GTTGTTCAGC AAACACGAGT
AGACAAGCTG

35 ACACAAGGCC GACAGACCTA TGACTGGACT CTAAATAGAA
ACCAACCTGC
TGCAACAGCA TTGGCCAACA CAATAGAAGT GTTCAGATCA
AATGGCCTCA
CGGCCAATGA GTCTGGAAGG CTCATAGACT TCCTTAAGGA

40 TGTAATGGAG
TCAATGAACA AAGAAGAAAT GGGGATCACA ACTCATTTTC

AGAGAAAGAG
ACGGGTGAGA GACAATATGA CT AAGAAAAT GATAACACAG

AGAACAATGG
45 GTAAAAAGAA GCAGAGATTG AACAAAAGGA GTTATCTAAT

TAGAGCATTG
ACCCTGAACA CAATGACCAA AGATGCTGAG AGAGGGAAGC

TAAAACGGAG
AGCAATTGCA ACCCCAGGGA TGCAAATAAG GGGGTTTGTA

50 TACTTIGTIG
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15 PB2 AGCGWNSao1 1I283LCAATTAT ATTCAATATG GAAAGAATAA 20
AAATCTAATG TCGCAGICTC GCACCCGCGA GATACTCACA  AAAACCACCG T
AAGAAGTACA CATCAGGAAG ACAGGAGAAG 25 AACCCAGCAC TTAGGATGAA

GGCCATAATC
ATTGATGATG
TGAGAGAAAT
AGTGATGGTA
AGITCATTAT
AACCTTTGEC
TCCTGGTCAT
CCCTAACGAA
GAAGAAAGAA

GAGAGAACTG GT CCCCAXPAT ATADEA TIANGALEACAGHIICG
CATTGAAGIG TTAIAT TGN ANGEAGCCGAAC ATGCTGCGAA CAGATGTATA CTCCAGGAGG

GAGCAASBBGTABACKTTATG GAGT. AAAATG AATGATGCCG GATCAGACCG 30
TCACCT G TS GAGHGACATGAGRBGMAT AGG
CCAAAAATINGBBSAGMACTTA TTTTGAAAGA GTCGAAAGEC 35 TAAAGCATGG
CCT GT CGAATGATEAANATTIICAGGACAAZZGAA CEITOCHACAECTRAACATAAA
GCAGATGYCIGGAGAIBAAGGA GGCACAGGAT GTAATCATGG AAG -r GTTTT

40 GTGEGACCSAATGTASTEAG ANTCESARIG QIS CTARGEETTAACCAAAGA
GAACT CEAECATHBIEAAAT TTCTCCTTTG ATGGTTGCAT  ACATGITGGA 45
ABATHSTGTA

PECPBATAC

.l'

;

GGAAGTGAGG AATGAT(ARITT CEAATA GATITIAAG A3 AVR A0 GQ 2&1A (I GE32004/ 016680
GCTGCCTAARAGHCGAPAATIGAG AAGAGCTGCA  GTATCAGCAG V '

CTTGATTATT

15

20

25

30

33

40

45

30

TGTTTGAGAG CAAGAGTATG AAACTTAGAA CTCAAATACC
TGCAGAAATG

CTAGCAAGCA TCGATTTGAA ATATTTCAAT GATTCAACAA
GAAAGAAGAT

TGAAAAAATC CGACCGCTCT TAATAGAGGG GACT GCATCA
TTGAGCCCTG

GAATGATGAT GGGCATGTTC AATATGTTAA GCACTGTATT
AGGCGTCTICC

ATCCTGAATC TTGGACAAAA GAGATACACC AAGACTACTT
ACTGGTGGGA

TGGTCTTCAA TCCTCTGACG ATTTTGCTCT GATTGTGAAT
GCACCCAATC

ATGAAGGGAT TCAAGCCGGA GTCGACAGGT TTTATCGAAC
CTGTAAGCTA

CTTGGAATCA ATATGAGCAA GAAAAAGTCT TACATAAACA'

GAACAGGTAC

ATTTGAATTC ACAAGTTTTT TCTATCGTTA TGGGTTTGTT o

GCCAATTTCA

GCATGGAGCT TCCCAGTTTT GGGGTGTCTG GGATCAACGA
GTCAGCGGAC

ATGAGTATTG GAGTTACTGT CATCAAAAAC AATATGATAA
ACAATGATCT

TGGTCCAGCA ACAGCTCAAA TGGCCCTTCA GTTGTTCATC
AAAGATTACA

GGTACACGTA CCGATGCCAT ATAGGTGACA CACAAATACA
AACCCGAAGA

TCATTTGAAA TAAAGAAACT GTGGGAGCAA ACCCGTTCCA
AAGCTGGACT

GCTGGTCTCC GACGGAGGCC CAAATTTATA CAACATTAGA
AATCTCCACA

TTCCTGAAGT CTGCCTAAAA TGGGAA'I'TGA TGGATGAGGA
TTACCAGGGG

CGTITATGCA ACCCACTGAA CCCATI‘TGTC AGCCATAAAG
AAATTGAATC

AATGAACAAT GCAGTGATGA TGCCAGCACA TGGTCCAGCC
AAAAACATGG

AGTATGATGC TGTIGCAACA ACACACTCCT GGATCCCCAA

AAGAAATCGA
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ATCCACTAGC
TAGACATCCT
TGGCGACTGAG
GATCATCAGT
GAGTGCATGA
GAAAAGCAAC
CCGAAGCAAT
GAGGTGATCT
TAAGACATTT
ACAATGTGAT
TGAGAGGAGT
TGGTGAGCAT
CCGAGGAGGT
TGATGTGGCGA
GAAACTGGEGA
TGGAATTTGA

ATCTTTATTG GAGATGTGCC ACAGCACACA GATTGGTGGA 5 ATTAGGATGG
TWOREAGAZE1 CCAACAGAAG  AGCAAGCCGT GGATATATGC Am%
AATTAGCTCA TCCTTCAGTT TTGGTGGATT CACATTTAAG A 6680
10 CAAGAGAGAG GAAGAGGTGC TTACGGGCAA TCTTCAAACA TTGAAGATAA
GGGAT ATCRATCGATRA QAT AGTT AR AAGEBEANTHG A GEAAGACTCA 15
CAGGAGAATBANTIEINGCTGA TAGTGAGTGG  GAGAGACGAA CAGTCGATTG
AATTGTCGAB ASTAGIATETAA TEAGAAGEEAMN AACT ATERASTAOMRANGCAGICA
GAATTTAGTTCAZACAATAGGGCGA ATCAACGATT GAATCCTATG CATCAACTTT
TCAGNASEGA (BXBREGTOA TR LT S8 ARG T TORSRMGT TAGSAMICTATCG
25 GCERRICAGAGEEGATATTGC CCGACATGAC TCCAAGCATC GAGATGTCAA
GAGAATCBEA TASAAGIATGG AFES FAAGTIS A LTCCBGANCE SAGAGCGTAG
TGACCGIGARATIAGNGAATCC 30 GGGACCAACG AGGAAATGTA CTACTGTCTC
CAGT GAARTAA CTAEGAMPCHTES ASSAACTIGAT CNABETTAR ATEXT CGTCAA - .
GHT TABTC SGACBEGCCTGAATCAG TGTTGGTCAA TACCTATCAA TGGATCATCA /
AACTGTAAAA SRR GETTAGCABAACON TOANA GATRA A TAGAATAAAA
ACCAT TS TETAT AGTAC CTAAGGCCAT 40 TAGAGGCCAA
T . .
(SEQ ID NO:2)
15

rn2

AGCGAAAGCA GGTCAATTAT ATTCAATATG GAAAGAATAA
20 AAGAACTACG -
AAATCTAATG TCGCAGTCTC GCACCCGCGA GATACTCACA
AAAACCACCG
TGGACCATAT GGCCATAATC AAGAAGTACA CATCAGGAAG
ACAGGAGAAG
25 AACCCAGCAC TTAGGATGAA ATGGATGATG GCAATGAAAT
ATCCAATTAC
AGCAGACAAG AGGATAACGG AAATGATTCC TGAGAGAAAT
GAGCAAGGAC g
AAACTTTATG GAGTAAAATG AATGATGCCG GATCAGACCG
30 AGTGATGGTA |
TCACCTCTGG CTGTGACATG GTGGAATAGG AATGGACCAA
TAACAAATAC
AGTTCATTAT CCAAAAATCT ACAAAACTTA TTTTGAAAGA
GTCGAAAGGC
35 TAAAGCATGG AACCTTTGGC CCTGTCCATT TTAGAAACCA
AGTCAAAATA
CGTCGGAGAG TTGACATAAA TCCTGGTCAT GCAGATCTCA
GTGCCAAGGA
GGCACAGGAT GTAATCATGG AAGTTGTTTT CCCTAACGAA
40 GTGGGAGCCA
GGATACTAAC ATCGGAATCG CAACTAACGA TAACCAAAGA
GAAGAAAGAA
GAACTCCAGG ATTGCAAAAT TTCTCCTTTG ATGGTTGCAT
ACATGTTGGA
45 GAGAGAACTG GTCCGCAAAA CGAGATTCCT CCCAGTGGCT
GGTGGAACAA
* GCAGTGTGTA CATTGAAGTG TTGCATTTGA CTCAAGGAAC
ATGCTGGGAA
CAGATGTATA CTCCAGGAGG GGAAGTGAGG AATGATGATG

50 TTGATCAAAG
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TACAGTGGGT TTGRAMGAACSFICTGTTCCAA CAAATGAGGG  ATGTGCTTGG GAWCAGA
TAATAAAACT TCTTCCCTTC GCAGCCGCTC 45 CACCAAAGCA AAGTAGAATG
CATTTACTGT GAATGTGAGG GGATCAGGAA TGAGAATACT TGTAAGGGGC AATTCTCCTG
TATTCAACTA TAACAACCEISATCARGASHS CTAMEASATBT ATTNAGBIAGEDGCGATGGCACTT - 40 WO
2004/ 112831 PCT/ 1JGPATIAGIREB0 TAACTGAAGA CCCAGATGAA GGCACAGCTG GAGTGGAGTC
CGCTGTTCTG AGGGGATATCCACARGCTATST TRTTAGESA THNGUEAAGAGCARICAGCACT 5
AAGCATCAAT GAACTGAGARTROTETIACGAA AGGAGAGAAG GCTAATGTGC TAATTGGGCA
AGGAGACGTG GTGTT GGYREAGGANRTHTABA CATCCTAGIRIC AGSATAGTAACEGAXTAGCCA
GACAGOGACC AMAGAMIGCAALICUGIATGGCCAT CAATTAGTGT CGAATAGTTT AAAAACGACC
TTGTTTCTAC T ( SEGGATREBATGCLEANBCAGCAL SICARAR
AGTGACATCA  AMATCATCRITGHGTTAAGEE ACCAAMCGAT CTTACGAACA GATGGAGACT 20
GATGGAGAAC GCCAGAATTRG UBGAEAAMTA FIINGEATRGAR C AXBGAARNITA BOATEGT GGA _
ATTGGACGAT TCTHMCATOSAGAGRGAGACC GAACTCAAAC TCAGTGATTA TGAGGGACGG !
TTGATCCAAA ACAGCT TRASGAZEY PR ATAGAGE OXIGRTCITAA A CAATIAAGA TRGAAAGGAGA
AATAAATACC TTGAAGRAGEGUATGNGTGOG GGGAAAGATC CTAAGAAAAC TGGAGGACCT
ATATACAGGA GGGATATGAA GAGTTCACAA TGGTTGGGAG AAGAGCAACA
| GCCATACTCA

15 GAAAAGCAAC CAGGAGATTG ATTCAGCTGA TAGTGAGTGG

GAGAGACGAA

CAGTCGATTG CCGAAGCAAT AATTGTGGCC ATGGTATTTT

CACAAGAGGA

TTGTATGATA AAAGCAGTCA GAGGTGATCT GAATTICGIC
20 AATAGGGCGA

ATCAACGATT GAATCCTATG CATCAACTTT TAAGACATTT

TCAGAAGGAT

GCGAAAGTGC TTTTTCAAAA TTGGGGAGTT GAACCTATCG

ACAATGTGAT
25 GGGAATGATT GGGATATIGC CCGACATGAC TCCAAGCATC

GAGATGTCAA

TGAGAGGAGT GAGAATCAGC AAAATGGGTG TAGATGAGTA ;

CTCCAGCACG o

GAGAGGGTAG TGGTGAGCAT TGACCGTTTT TIGAGAATCC
30 GGGACCAACG

AGGAAATGTA CTACTGTCTC CCGAGGAGGT CAGTGAAACA

CAGGGAACAG

AGAAACTGAC AATAACTTAC TCATCGTCAA TGATGTGGGA

GATTAATGGT
35 CCTGAATCAG TGTTGGTCAA TACCTATCAA TGGATCATCA

GAAACTGGGA |

AACTGTTAAA ATTCAGTGGT CCCAGAACCC TACAATGCTA

TACAATAAAA | |

TGGAATTTGA ACCATTTCAG TCTTTAGTAC CTAAGGCCAT
40 TAGAGGCCAA

TACAGTGGGT TIGTAAGAAC TCTGTTCCAA CAAATGAGGG

ATGTGCTTGG

GACATTTGAT ACCGCACAGA TAATAAAACT TCTTCCCTTC

GCAGCCGCTC
45 CACCAAAGCA AAGTAGAATG CAGTTCTCCT CATTTACTGT

GAATGTGAGG

GGATCAGGAA TGAGAATACT TGTAAGGGGC AATTCTCCTG

TATTCAACTA

TAACAAGGCC ACGAAGAGAC TCACAGTTCT CGGAAAGGAT

50 . GCTGGCACTT

49



30 GAGTAAACGHOMMAIGATG AGAGAACTCA TCCTTTATGA  CAAAGAAGAA Eﬂ@,&

TCTGGOGCCA AGCTAATAAT GGTGACGATG CAACGGCTGG TCTGACTCAC AT OPEEIATTOCAA
TTTGAATGAT 35 GCAACTTATC AGAGGACAAG AGCTCTTGTT. CGCACCGGAA TGGATCCCAG
GATGTGCTCT CTGATGCTAAG TGHABACTTAEXTACSAEE ACAGCAGEASTERSGETECTGC 40
AGTCAAAGGA GTTGGAAGENGTAGTIGATGGA ATTGGTCAGA ATGATCAAAC GTGGGATCAA
TGATCGGAAC TTCTGCAGHG CATICBATATTCACGE AAARA AT AGCIAIG ATSAAAGAAT
GTGCAACATT CTCAAAGGBEXAGSABRTTTCAAAC TGCTGCACAA AAAGCAATGA TGGATCAAGT
GAGAGAGAGC  CCRAAGRGIA TERAT GAKRT CATCOCAGATGTCH A AGHAGAGRAGSGTC
TGCACTCATA 50 TTGSGAGATGTRASTTGCTCA CAAGTCCTGC CTGCCTGCCT — GIGTGTATGG 41 WO
2004/ 112831 PCT/ USAXTDGHE0S ACIXSACERSTAGERGNFTIICEEAAAGSTAAGA AAGCGAGEEA
TACTCTCTAG TCGGAARAGEGLOCTTTCAGA CTGCTTCAAA ACAGCCAAGT  GTACAGCCTA . 5

ATCAGACCAA ATGAGAATIOA PN CASBOAGTCANGACRGCHAGEAREAG AMBEEATTCT .
GOCGCATTTG AAGATCEEMGRGTAATAAGC TTCATCAAAG GGACGAAGGT GCTCCCAAGA

GGGAAGCTTT CCACTAGAGETAKTAETERAAA T TOUA AR O AATATREA GACTATGGAA
TCAAGTACAC TTGAA@Q\@ N()OgﬁGCAGGT AC TGGGCCATAA GGACCAGAAG TGGAGGAAAC |
ACCAATCAAC

15 NP
AGCAAAAGCA GGGTAGATAA TCACTCACTG AGTGACATCA
AAATCATGGC GTCTCAAGGC ACCAAACGAT CTTACGAACA
GATGGAGACT |
20 GATGGAGAAC GCCAGAATGC CACTGAAATC AGAGCATCCG
TCGGAAAAAT
GATTGGTGGA ATTGGACGAT TCTACATCCA AATGTGCACC
GAACTCAAAC
TCAGTGATTA TGAGGGACGG TTGATCCAAA ACAGCTTAAC
25 AATAGAGAGA
ATGGTGCTCT CTGCTTTTGA CGAAAGGAGA AATAAATACC
TTGAAGAACA B
TCCCAGTGCG GGGAAAGATC CTAAGAAAAC TGGAGGACCT
ATATACAGGA |
30 GAGTAAACGG AAAGTGGATG AGAGAACTCA TCCTTTATGA
CAAAGAAGAA |
ATAAGGCGAA TCTGGCGOCA AGCTAATAAT GGTGACGATG
CAACGGCTGG
TCTGACTCAC ATGATGATCT GGCATTCCAA TTTGAATGAT
35 GCAACTTATC
AGAGGACAAG AGCTCTIGTT CGCACCGGAA TGGATCCCAG
GATGTGCTCT
CTGATGCAAG GTTCAACTCT CCCTAGGAGG TCTGGAGCCG
CAGGTGCTGC
40 AGTICAAAGGA GTTGGAACAA TGGTGATGGA ATTGGTCAGA
ATGATCAAAC
GTGGGATCAA TGATCGGAAC TTCTGGAGGG GTGAGAATGG
ACGAAAAACA
AGAATTGCTT ATGAAAGAAT GTGCAACATT CTCAAAGGGA
45  AATTTCAAAC
TGCTGCACAA AAAGCAATGA TGGATCAAGT GAGAGAGAGC
CGGAACCCAG
GGAATGCTGA GTTCGAAGAT CTCACTTTTC TAGCACGGIC
TGCACTCATA
50 TTGAGAGGGT CGGTTGCTCA CAAGTCCTGC CTGCCTGCCT
GTGTGTATGG -
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15 AGAGCGCATGvJ FeeaGeAA ATCAGCATAC AACCTACGIT  CTCAGTACAG, AGAAATCTCC
CTTTTGACAQ AACAACCATT ATGGCAGCAT TCAATGGGAA TACAGAGGGG ACGAAARYE4Y16680
ACATGAGGAC CGAAATCATA 20 AGGATGATGG AAAGTGCAAG ACCAGAAGAT GTGTCTTTCC

AGGGECGEEG  AGT CT TAEARGEEET AR ERGPOAAPEASKC PRSI G bgeal TCCT
TTGACATGAG 25 TAATEAARGRCTAETATTTCT TCGGAGACAA TGCAGAG@C;GA%E«TACGAMATT

AAAGAAAAAT  ACCCTTGIJAGAMAE A CEERITOANR e CPrid ACHAMMSEANGETAGATATT -

GAAAGATGAG TCTTCTAARACAGASPRCGAAA CGTACGTACT CTCTATCATC CCGTCAGGECC

COCTCAAAGC 35 £GAGATAGAACGOATASERG TMGAT A AGTANGRASCCCGATC
TTGAGGTTCT CATGGAAg@aﬁ;@WCAA%AE%CAATCCTﬁc@;TKgACCTCTG AR eeA 10

TTTTAGGATT TGIGIT EA AT AR A TATRE AGFAG TAAIAEGACGCT
TTGICCAAAA TGCCCT TR, Aﬁ% ATCCAAATAA CATGGACAAA GCAGITAAAC

TGTATAGGAA GCTCAAGAGRAR el AALOEEEAEe CTCAGTT
ATTCTGCTGG  TGRACTIGRRCAG 5 e e s

CCACTGAAGT 50 r o
2004/ 112831 PCT/ 11. VLS

AAGCAGGTAC TGGGCCATAA GGACCAGAAG TGGAGGAAAC
. ACCAATCAAC
15 AGAGGGCATC TGCGGGCCAA ATCAGCATAC AACCTACGTT
. CTCAGTACAG
( AGAAATCTCC CTTTIGACAG AACAACCATT ATGGCAGCAT
@ | TCAATGGGAA
TACAGAGGGG AGAACATCTG ACATGAGGAC CGAAATCATA
20 AGGATGATGG
AAAGTGCAAG ACCAGAAGAT GTGTCITTCC AGGGGCGGGG
AGTCTTCGAG
CTCTCGGACG AAAAGGCAGC GAGCCCGATC GTGCCTTCCT
TTGACATGAG
25 TAATGAAGGA TCTTATTTCT TCGGAGACAA TGCAGAGGAG
TACGACAATT
AAAGAAAAAT ACCCTTGTTT CTACT
(SEQ ID NO:4)

30 M

AGCAAAAGCA GGTAGATATT GAAAGATGAG TCTTCTAACC
GAGGTCGAAA '
CGTACGTACT CTCTATCATC CCGTCAGGCC CCCTCAAAGC

35 CGAGATCGCA
CAGAGACTTG AAGATGTCTT TGCAGGGAAG AACACCGATC

TTGAGGTTCT
CATGGAATGG CTAAAGACAA GACCAATCCT GTCACCICTG

ACTAAGGGGA
40 TTTTAGGATT TGTGTTCACG CTCACCGTGC CCAGTGAGCG

AGGACTGCAG
CGTAGACGCT TTGTCCAAAA TGCCCTTAAT GGGAACGGGG

ATCCAAATAA
CATGGACAAA GCAGTTAAAC TGTATAGGAA GCTCAAGAGG

45 GAGATAACAT
TCCATGGGGC CAAAGAAATC TCACTCAGTT ATTCTGCTGG

TGCACTTGCC
AGTTGTATGG GCCTCATATA CAACAGGATG GGGGCTGTGA

CCACTGAAGT
50 GGCATTTGGC CTGGTATGTG CAACCTGTGA ACAGATTGCT

GACTCCCAGC

42
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AATCAGACAT GAGARGASAS TGGTTTTAGC CAGCACTACA GCTAAGGCTA  TGGAGCAAAT 5
GGCTGGATCG AGTGAGCAAG CAGCAGAGGC CATGGAGGTT  GCTAGTCAGG HAKBRAMA6680
GGTGCAAGCG ATGAGAACCA TTGGGACTCA TCCTAGCTCC AGTGCTGGTC TGAAAAATGA

TCTTCTTGAA AATT TOBAGGGROrGIOTAGGORAA RIGHGACREE NAT CEAWTECA Y\COGT TCAA
GTGATCCTCT CACTAREGCAGKAMRTATCA TTGGGATCT TGCACT TGACA TTGTGGATGC

TTGATCGICT 15 TTTE]&W@A@M@?@@A@%EM}&%@@@A% TRAGGAGEC -

CTTCTACGGA AGGAGT BgCA RASA STAT TCGAAAGGAA CAGCAGAGTG
CTGTGGATGC TGAWE@@E@@'EJ@K@%&%%&@% GEOGIHASAAGASTACCTTGT TTCTACT
(SEQ I D N0 5) NS GeirAFeAAAGCA GACAAA AACATAATGG ATCCAAACAC TGTGTCAAGC

TTTCAGGTAG ATTCCT&TAG A'B'm CTAGEC
GATGCCCCAT TCCTT %@C%%&?Amﬁ%@
& e AG G

ACTCTCGGTC TGGACAI@%;C i, AGH TT CTGAAAGAAG
35 AATCCGATGA ; GCCAGT R STCGCGT  TACCTAACTG [
ACATGACTCT TGA GAAAGTGG
AUSASLIILS GTGGA%AT @ﬁ@‘i‘tﬁfﬁ &ﬂ%ﬁ%aﬁ@ﬁ%@d@r&“
GCAAATATCA TTGGGATCTT GCACTTGACA TTGTGGATTC
TTGATCGTCT
15 TTTTTTCAAA TGCATTTACC GTCGCTTTAA ATACGGACTG
AAAGGAGGGC
CTTCTACGGA AGGAGTGCCA AAGTCTATGA GGGAAGAATA
TCGAAAGGAA
CAGCAGAGTG CTGTGGATGC TGACGATGGT CATTITGTCA
20 GCATAGAGCT
GGAGTAAAAA ACTACCTTGT TTCTACT
(SEQ ID NO:5)

NS
25
AGCAAAAGCA GGGTGACAAA AACATAATGG ATCCAAACAC
TGTGTCAAGC Y
TITCAGGTAG ATTGCTTTICT TTGGCATGTC CGCAAACGAG -
TTGCAGACCA
30  AGAACTAGGC GATGCCCCAT TCCTTGATCG GCTTCGCCGA
GATCAGAAAT
CCCTAAGAGG AAGGGGCAGT ACTCTCGGTC TGGACATCAA
GACAGCCACA
CGTGCTGGAA AGCAGATAGT GGAGCGGATT CTGAAAGAAG
35 AATCCGATGA
- GGCACTTAAA ATGACCATGG CCTCTGTACC TGCGTCGCGT
TACCTAACTG
ACATGACTCT TGAGGAAATG TCAAGGGACT GGTCCATGCT
CATACCCAAG
40 CAGAAAGTGG CAGGCCCTCT TITGTATCAGA ATGGACCAGG
CGATCATGGA
TAAGAACATC ATACTGAAAG CGAACTTCAG TGTGATTTTT
GACCGGCTGG
AGACTCTAAT ATTGCTAAGG GCTTTCACCG AAGAGGGAGC
45  AATTGTIGGC
GAAATTTCAC CATTGCCTTC TCTTCCAGGA CATACTGCTG
AGGATGTCAA
AAATGCAGTT GGAGTCCTCA TCGGAGGACT TGAATGGAAT
GATAACACAG
50 TTCGAGTCTC TGAAACTCTA CAGAGATTCG CTTGGAGAAG
CAGTAATGAG
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CGATCATGGA Td\emddyetss ATACTGAAAG CGAACTTCAG TGTGATTTTT C%%F GG
AGACTCTAAT ATTGCTAAGG GCTTTCACCG AAGAGGGAGC 45 AATTGIT FHoERe

CATTGCCTTC TCTTCCAGGA CATACTGCTG AGGATGTCAA AAATGCAGTT GGAGTCCTCA
TCGGAGGACT TGAAT GEAAIIGGEATASCNTAIA GIC AT CCAGRAKT AGAAXTGABABGAGAGATTCG
CTTGGAGAAG CAGTAATGEHEGAMO 2004/ 112831 PCT/ US2004/ 016680 AATGGGAGAC
CTCCACTCAC TCCAAAXQHT AGGTIHN GANG T TIGCOCARANT AT A AGETIAS APFEA TTGAA
GAAATAAGAT GGTTGARKRMGIGAGETGAGA 5 CACAAACTGA AGATAACAGA GAATAGITTT
GAGCAAATAA  CATTTAREOM ACHGA PARATA ATATAGH A 6T TEOAGTA ASRGATAAGA
ACTTTCTCGT TTCAGC‘CMTRW&ACTAA AAAACACCCT TGITTCTACT 10 (SEQ I D NQO 6) a

. NAVESAGCASAGAGATAAGA
ACTGGTCCTGTTATGT GRRETTHGAGATT CCAGAT
GCAGACACAAT AT GT AT AGGATTRIGATCONGTACT A AANCXXACEECT TGTTTCTACT
TGTTGACACAGT AGDCGHSHAGANTB) GACAGT
GACACACTCTGTTAACCT GCT CGAAGACAGCCACAACGGAAAACTAT |
GTAGATTAAAAGGég[T:é%CCACTACAATTGG 20
GGAAATGTAACAT TGGCTCTTGGGAAACCCAGAATGCGAC

CCACTGCT TCCAGT GAGATSA A GCAAONGAAAATAAAAACAACCAAAATGAAGGCAAACCT
GTAGAAACACCAAAGT C e e e i e A AR ETECAGAT
CATCGACTATCACGAGCHaX & XAEAATAPEPATAGGCTACCATGCGAACAATTCAACCGACAC
CTCAGT GTCATCATT CGHt s A A e Ad T A EABAMEDSFIACRGT

CCACAA R A A A X CTGC TCGAAGACAGCCACAACGGAAAACTAT

CAGEAT CCT CCCAT GAGH RAA A &G B MU A LA AATTGG

TGCCT GACCGAGAAECAE e XA S PR CAMGCCGGATGGCTCTTGGGAAACCCAGAATGCGAC
CCACTGCTTCCAGTGAGATCATGGTCCTACATT
GTAGAAACACCAAACTCTGAGAATGGAATATGTTATCCAGGAGATIT
CATCGACTATGAGGAGCTGAGGGAGCAATTGAG
CTCAGTGTCATCATICGAAAGATTCGAAATATTTCCCAAAGAAAGCT

25 CATGGCCCAACCACAACACAAACGGAGTAACGG
CAGCATGCTCCCATGAGGGGAAAAGCAGTTTTI‘ACAGAAATTTGCTA
TGGCTGACGGAGAAGGAGGGCTCATACCCAAAG
CTGAAAAATTCTTATGTGAACAAAAAAGGGAAAGAAGTCCTTG”TACI‘
GTGGGGTATTCATCACCCGCCTAACAGTAAGGA

30  ACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTAGTGA
CTTCAAATTATAACAGGAGATTTACCCCGGAAA
TAGCAGAAAGACCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTA
TTACTGGACCTTGCTAAAACCCGGAGACACAATA
ATATTTGAGGCAAATGGAAATCTAATAGCACCAATGTATGC‘ITTCGC

35 ACTGAGTAGAGGCTTTGGGTCCGGCATCATCAC
CTCAAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCC
TGGGAGCTATAAACAGCAGTCTCCCTTACCAGA
ATATACACCCAGTCACAATAGGAGAGTGCCCAAAATACGTCAGGAGT
GCCAAATTGAGGATGGTTACAGGACTAAGGAAC

40 ATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCGGTTIT

ATTGAAGGGGGATGGACTGGAATGATAGATGG

- ATGGTATGGTTATCATCATCAGAATGAACAGGGATCAGGCTATGCAG

CGGATCAAAAAAGCACACAAAATGCCATTAACG

GGATTACAAACAAGGTGAACACTGTTATCGAGAAAATGAACATTCAA

45 TICACAGCTGTGGGTAAAGAATTCAACAAATTA
GAAAAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCT
GGACATTTGGACATATAATGCAGAATTGTTAGT
TCTACTGGAAAATGAAAGGACTCTGGATTTCCATGACTCAAATGTGA
 AGAATCTGTATGAGAAAGTAAAAAGCCAATTAA

50 AGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTACCAC
AAGTGTGACAATGAATGCATGGAAAGTGTAAGA
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CTGAAAAAT T CWIATG ARGAAAAAAGGGAAAGAAGTCCTTC' * TACT
GIGGGGTATTCATCACCCGCCTAACAGTIAAGGA 30
ACAACAGAATCTCTATCAGAATGAAAATGCTTATGICTCTGTAGTGA
CTTCAAATTATAACAGGAGA GG I AT ITATCCCAAATATTCAGAAGAGTCAAAGTTGAA
TAGCAGAAAGACCCAAAGRAEGYM ABKEATATIEXATCGAAATRAGGAATC !
TTACTGGACCTTGCT AAAW&MM'@ATTCTGGCGATCTACTCAACTGTCGCCAGTTC

TCIIEACIJTATAAACACIJAGCCTEG(BITQEEQ%SEQ ID NO:7)
ATATACACCCAGT CACAATAGGAGAGT GCCCAAAAT ACGT CAGGAGT
GCCAAATTGAGGAT GGTIRACAGGACTAAGGAAC 40
ATTCCGTCCATTCAAT CCAGAGGTCTATI TGGAGCCATTGCCGGTTTT
ATTGAAGOGOGATGLACT GEAATGAT A A

GO ATGOTTATCAT .A .,. _F%TE‘Q@F&Q@AATCAGAAAATAATAAC
OGA T CAAAAAAGEACABA) Je 5 AGTCGGACTAATT
GGATTACAAACAAGGT ﬂg‘ é’ AOTOGETABTATAM GICAATATGGATTAGCCA
TTCACAGCTGT GG AMRES ,_‘% ARA '7 R CAATALCATACTUG
GAAAAAAGGAT FFAASERMAK AN HFCATEATEARETAEAAAAATAGCACCTGGGTAA
CATTTGGACATAT AP GIOAG TGATATTAACCUGCAATT
TCTAGTGGAAAATGAAAEMET ETEHA ?%%X%WTAT&CAGCWGACAAT
AGAATCTGT AT CAGAAABFRALAAGAATHGG R CRAAAGGAGACGTTTTT

AGAATAATGCCAAAGAAQIF%W%%WCACTTGGAATGCAGGACC

PCT/US2004/016680

AAGTGTGACAAT GAAT GERT B AGACHAARG TRECIBASHOAAEGR 31 PCTI US2004/ 016680

AATGGGACTTATGATTAFAAEAAA TATYTROOGEACTEA IAAPFACM GAAGCCCTTATAGGGCCT
CAGGGAAAAGGT AGATGEAGTEARETREEAHI CGGTGAAGCTCCGTCCC
AATGGGGAT CTATCAGAF FEACAAT L FAA A I I @ ERGE TEGGTCAGCAAGTGCATGTC
ACTGGTGCTTTTGGT CTEEeAE06EATOGEWATGGCTAACAATCGGAATT
GTTTCTGGATGT GH CTACAGEATCEABPIAMTACEABTOCEATTATTAAAATACAACGGCAT
GAGATTAGAATTTCAGASATARGAGARNOAETAASAABIE SR RERG, T(%ngl D.NO 7) . NA
AGCAAAAGCAGGGGT TTAAZATERAGCAOMMGHEAGARAR TRAPRT GCCTGTG AAATGGTFCAT
CATTGGATCAATCTGTCREET RSt DEEASTRACTGATGGCCCGAGTGATG

A&CTMTATT&AMTWWWHAT&%@@@GAMAGGGGAAGGNACT
30  AAATCAATAGAGTTGAATGCACCTAATTCTCAC

TATGAGGAATGTTCCTGTTACCCTGATACCGGCAAAGTGATGTGTGT
GTGCAGAGACAATTGGCATGGTTCGAACCGGCC
ATGGGTGTCTTTCGATCAAAACCTGGATTATCAAATAGGATACATCT
GCAGTGGGGTTTICGGTGACAACCCGCGTCCCG
- 35  AAGATGGAACAGGCAGCTGTGGTCCAGTGTATGTTGATGGAGCAAAC
Q GGAGTAAAGGGATTTTCATATAGGTATGGTAAT
GGTGTTTGGATAGGAAGGACCAAAAGTCACAGTTCCAGACATGGGTT
TGAGATGATTTGGGATCCTAATGGATGGACAGA
GACTGATAGTAAGTTCTCTGTGAGGCAAGATGTIGTGGCAATGACTG
40  ATTGGTCAGGGTATAGCGGAAGITICGTTCAAC
ATCCT! GAGCTGACAGGGCTAGACTGTATGAGG‘CCGTGCTTCTGGG’I”I‘
GAATTAATCAGGGGACGACCTAAAGAAAAAACA :
ATCTGGACTAGTGCGAGCAGCATITCTTTITTGTGGCGTGAATAGTGAT
ACTGTAGATTGGTCTTGGCCAGACGGTGCTGA
45  GITGCCATTCAGCATTGACAAGTAGTCTGTTCAAAAAACTCCTIGTTIT
CTACT (SEQ ID NO:B)

Example 3
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TTCAATTCAAAG ESRRAGHSAAAACCATACTGG 15
AATATGCAACCAAAACATCATTACCTATAAAAATAGCACCTGGGTAA
AGGACACAACTTCAGTGATATTAACCGGCAATT
CATCTCTTTGT CCCAT COGT CHabaGAmis ATAGAGANAGHEIA (H5N1, HE21 3) replicates
AGCATAAGAATTGGTI TCCAAAGGAGACGTITTTT

GTCATAAGAGAGCCCT TP e isehickenscepyinglathalinfertiqec Fygghermore, this virus s
TTTTTTCTGACCCAAGGEERGE ERCGAMABEAs, Thus although its surface proteins are highly related

CAAGCATTCAAGT GGGACTGTTAAGGACA! GCCCT T
TAAT GAGCT GCCCT GT cedhecanmentiysixelating pathogenic avian influenza viruses, HK213 cannot be

CGTACAATTCAAGAT Tr g {Fal ik JurbidabQhbdmiMaldonit ol émbryonated chicken eggs
ATGATGGCATGGEGECTGECT. AACAATCGGAATT 2 )
& e i ity eltgnpoicrfluid. Additionally, the use of

TCAGGT CCAGATAAT GA&&

AATAACTGAAACCATAAM%{W roduction of vaccines is unsafe for vacoine /
AATATTGAGGACACAAGA! TGITGCCTGIGT ,RAAT GGTAT
GTTTTACTATAAT GACTERIkersChoteaitieigatipility of using A/PR/8/34 as a master vaccine strain, :

GCCTGECCTCGTACAAART i,  LERAGA o$IK213 (cont tipl
AAATCAATAGAGTTGAATGCAC@X%‘%T CICAC - 4R Fh) ok (containing multiple
TAT@%AATGTT@ET@MWM@\?W an avirulent phenotype (from

GTGCAGAGACAATT —TETR). A
TOGOT O CT T e R, B P B0 R SCAT ARk /s containing the mutated HA
GCAG] GGGGTTTTCGGT@«@N@@@@@IM@ lgglized mfechon in chlckens Additionzally, the

AACAIESEMACCA W T%%%%ﬁﬁ&m wih of the mutated
GGAGT. AAAGGGATTT AX@Z' us, gro of the mutate

GGTGT TTGGATAGGAAGH N atifgEiantoic fluid, ahd in this
TGAGATGATTT GGA!

GACTGATAGTAA kA Fé%&%“&@f?f“ﬁ%’s

ATTGGT CAGGGTATAGCGGAAGT TRE@ER@AAIDes containing the nearaminidase (NA) and mutated HA
ATCCTGAGCT GACAGGGCT AGACT T

AT A A A BRI AR B Felbbel 53 from high-titer A/PR/8/34

AT CTGGACTAGT GCGAGEABGIARGHRE) Vi GE3a0E¢ QWA EGVE 10 times better than oﬂler

ACTGTAGATTGGICTT [GA 45 10

GTTGC@TT@GCATTW”FWMW Sy U =6, sefsraied 8)
Exanmple 3 - 4aomn&a@w®m&aﬁcmgysm&maﬁ&ﬁmanmm &ulsfaw Hong

Kong/ 213/ 2003 (%Nltfﬁ’sﬁél?‘ﬁfﬁ"é{‘g?l i C tesuﬂ{ %9111& &h%@éngm causi ng

PCT/US2004/016680

| et hal infection
grew to high titers in embryonated chlcken eggs (Figure 4), Thus, replacement

of the HA and NA genes of HG-FRS with those of a currently circulating sirain
of influenza virus resulied in a vaccine strain that can be safely produced, and

Q 25' demonstrates the use of PRS-HG as a master vaccine strain.
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| ethal to cwek®ewieghryos. Thus, although its surface pr i re highly
related to the currently circul ating pathogenic avian i g‘%ﬁ@%?@’%quﬁses,

HK213 cannot be 5 used as a vaccine strain as attenpts to growit in

enbryonat ed chi cken eggisiow ¢ etis. ThelMGIPHBIHE 1 5ARaRbn ARGk BUSL, Y al lantoic
fluid. Additionall¥, the use of this highly virulent virus in the

production of va » (1 afe for vaccine workers. To test the

feasibility of using ARkt Bec, NallBShEScY ¥ 81 AS3Sisu8h (o)t he cl eavage
site of the henmaggl utinin containing mul'tiple 10 basic..

E,HA) %en_e 0
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related to the currently circu ogeni ¢ avian influenza virus, grew

i-gh titers in enbBpembatel, Brod. MetinAcadfiol. UES.4u 823802 (199)s, repl acenent  of

&HA and NA genes .of ml{;ﬁ 1 currently circulating strain
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Or gani zati on PSRKS! c‘gl?%ﬁs("lgfa%@)om&eﬁgp%ﬂﬂyﬁﬁgﬂ(%ﬁ{l? Nzt tpédglﬂé linked e
appl i cat iNgaré@)tionGafiRtidh @étﬂiéﬁéeeh Rect®Wycofpkising A peomMNBi drdbly fidked k4L 90i ng
specification this invention has been describéd in relation to certain

pr ef er r ethflapiyvediime BBS cDhey bdted taa ransgriptieieemiinationtsgquenba ervester cdnaprising zor

purposes_of illustration, it .wll be a r 0, those skill.ed 30.in the art
Phat °t hePRmassrorgbd ngfyoat Mbten4 Srlar sl R Bt o s iafion
certain gdqubdre, dedcirlesmpnsiag b BRhJA@opERbAaMKELOHRAIThBEknSH MighsIgA RDINA Whitddout
departing fromthe basic principles of the invention. 48 CLAIMS 1. A
conposi t fohtransesintionitergization gequengey a gectorrpmpepizg apropgeraerablslinked bpati si ng a)

a vector. risin er. operably linked.to an influenza virus PA cDNA
inked ESREPE BRI STREEL o ARG Ainton kRRRUS P At ot Y0 BobfiolEe &
pr onot er pRpRtddpyrablytitkel foemanflueni ViIHENA cHNAUSNRE td 2 6BINGriblicikenihSich
transcription termnation sequence, a vector conprising a pronoter operably

| i nked t 8PABPNOCH YaSE £6mMPTiTing 2 praiaiepeiablydialied o aa influgase vivgt MePNekinkedat i on
sequence vect or [1.Si a_pr ter rabl.y |inked t Ml nza
Vi rus mtoe%%%ip%?élgg&?%a@h? r uﬁ%‘%ﬂ p %geﬁt({t%g?nﬁs%é{ %Rrrz)gréogﬁé) 8%?13{:%1“5/(%&;%0&%1
conpri si figludnAraD NSIcDIE liakdd/iolaitRk&gliption ffminafidl qh&Re W Hidigin N XN ok nked
to a transcrilption termnatl on sequence, a vector cqnprising a prqnnter

oper abl yPBi Po NEn M. and Nekase ¢ poding 1qaioa s palyieptde kpvingangmyee agd i on
term nat | o ; i si . ly.ljinked t
o uens el SR B R8I 8 RaBot B ARS8 kabh o0 ©ang

a vector p@lgpaplti'ds en@ded By Geif SEQIENAI1 Y5, hidwheeinah@EDNAB forUeA2ad NA disndiS

cDNA linked to a transcription term nation sequence, wherein the cDNAs for
have SEQ ID NO:7 or 8, and wherein the vectors having influenza cDNAs comprise 2 RNA

polymerase I promoter and a RNA polymerase | termination sequence; and

b) a vector comprising a promoter operably linked to a DNA segment encoding influenza
virus PA, a vector comprising a promoter operably linked to a DNA segment encoding influenza
virus PBI, a vector comprising a promoter operably linked to a DNA segment encoding
influenza virus PB2, and a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus NP, and optionally a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus HA, a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus NA, a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus M1, a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus M2, or a vector comprising a promoter operably linked

to a DNA segment encoding influenza virus NS2.
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PB 1, PB2, PA, NP, M and NS have a coding region for a pol ypeptide having
an am no acid sequence with at |east 90% conti guous am no aci d seguence
identity to a correspondi ng polypeptide encoded by one of SEQ ID NGs: I -6,
and wherein the cDNAs for HA and NA do not have SEQID NO 7 or 8, and

wherein the vectors having influenza C rise pol ynmer ase |
prom)terﬁ'and ?Wp&’l Vﬂﬁ?%}g‘é‘l*w 8?%%%& @gﬁﬁ‘éﬁééﬁ %B‘) a vector
conprising a pronoter operably linked to a DNA segnent encoding influenza

virus PA, a vector conprising a pronoter operably linked to a DNA segnent
encodi ng3i nf | Tegompogitioy of Amm 1 on2 wherctythe oAl SorRP la PB2oPd 8P, Mpardad$ y

l'i nked . di i nf | i d
comr i si RSP RECIRSERIE g Irer Bh 0T AR AT g PR Re B R B uenca

virus NPihe@gfl optionally a vector conprising a pronoter operably linked to a
DNA segnent encoding influenza virus HA, a vector conprising a pronoter
operably linked to a DNA segnent encoding influenza virus NA a vector
conprisipg a pro " IRVl £ e i ng, 4.Lf |l uenza
viras ot EACEREE R L AR L WIS OB Ae ki SE FRREATNE M BN ccgment
encodi ngericolid ¥BEIFPepyiE With MBe oOfoR coBGAItivE QIMRIifuSibdeRtiDE RIDéRfespR@nab! y
linked to a DNA segnent encoding influenza virus NS2. 49 2. The conposition
of cl ai npalypartdeensodedebycaral SR IHANPE 1ab.H5 subtype. 3. The conposition of
claiml or 2 wherein the cDNAs for PB 1, PB2, PA, NP, M and NS have at

| east 90% nucl ei ¢ aci d sequence identity to one of SEQ ID NGs: 1-6 or the
conpl emefit  thier @adposifion dhelaid0 Mpdisietn thaHaf is altpiea HAvherein the cDNAs for
PBI, PB2, PA, NP, M and NS encode a pol ypeptide with one or nore
conservative substitutions relative to a corresponding pol ypeptide encoded
by one of SE T A f aim1l wherein the HAis a
type A HA gﬂ%ﬁgﬁ%ﬁp&%gf%@gﬁlo e%ﬁla%%ﬁffsvﬁg ceél%ﬁlﬁﬁe HA is a type B HA 7.
The conposition of claim1l wherein the RNA polynerase | pronoter is a hunan
RNA polynerase | pronoter. 8. The conpositign of claim1 wherein _each
vector of a) The @mpgsisangf dpigm prhsisinghe RYA nolgmergspldapmpishisgshumagiRA

wher ei n C b) is on a separate plasm d. 10. The conposition of
claim1l ﬁﬂ@?gﬁ}éﬁel{ﬁémgt%%h of the vectors of b) further conprise a RNA
transcription term nation sequence. 11. The conposition of claiml further
conprising a vector conprising a pronoter linked to 5" influenza virus
sequence® conpht Wmpgsiton phelpine b whergin gaeh Keptr 2 hig o8 ddgapaele plasmitked to a
CDNA of interest linked to 3' influenza virus sequences conprising 3

i nfluenza virus noncodi ng sequences linked to a transcription term nation
sequence9. 12. THh@nporitios bf tlaim Divheledi eacl tecrdraif @) i3 dnhresepddd pidsmiidit erest is in
the sense orientation. 50 13. The conposition of claim 1l wherein the cDNA
of interest is in the antisense orientation.

10.  The composition of claim 1 wherein the each of the vectors of b) further comprise a RNA

transcription termination sequence.

11.  The composition of claim 1 further comprising a vector comprising a promoter linked to
5' influenza virus sequences comprising 5' influenza virus noncoding sequences linked to a
c¢DNA of interest linked to 3' influenza virus sequences comprising 3' influenza virus noncoding

sequences linked to a transcription termination sequence.

12.  The composition of claim 11 wherein the cDNA of interest is in the sense orientation.
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14. The conposition of claim 11 wherein the cDNA of interest conprises an
open reading frane encodi ng an i mmunogeni ¢ pol ypeptide or peptide of a

pat hogen or a therapeutic polypeptide or peptide. 15. The conposition of
claiml wherein the cDNAs for PB 1, PB2, PA, NP, M and NS have a coding
region for a polypeptide encoded by one of SEQ ID NGs: 1-6. 16. The
conposition of claiml wherein the eDNAs for PB 1, PB2, PA, NP, M and NS
correspohd t oTiSEQuipbBsitGs oflelfim NI7wheeinehdeDNA @f prtapaticinithd ddiRAEa ovbmthtson.
conprising: contacting a cell with the conposition of any one of clains 1
to 16 in an amount effective to yield infectious influenza virus. 18. The
met hod ofy4 cl & : . r i S 1 i i t hod
o ol ai L7 iRl EaNEoIRRIEY yRuBY EANTA g iR clinpe on ben SUERPT! (0
del i ver yfraphercoding an ipmusogegic pobipeptixei on getizlelo$ a phthbgdnhe a thoapageti on of any
one of cletims. 1 to 14 in an anmobunt effective to yield influenza virus, and
i sol at i P 'YRFBLCE ¢REPide A nethod to prepare influenza virus, conprising
contacting a cell with a vector conprising a pronoter operably linked to an
i nfluenza virus PA cDNA Iinked to a transcription termnation sequence, a
vect or cbnpr i Bierngmpogtiomof dainnpehabinythd cDIKNAG far@Bin PBR rEA Weh 2, andNEShRB 1
cDNA linked.to a transcription term natiop sequence, a vector conprising a
pronot er? gdﬁg‘ﬁnI@W@WB“‘%F“F?F%EL‘P@I‘P?&O%F@(SED@%QS:E’@NA linked to a
transcription term nation 51 sequence, a vector conprising a pronoter
operably linked to an influenza virus HA cDNA linked to a transcription
term natlon sBwuempesitian vibddior | wberpmithe cldNAs fordBit BB2dhe BN, dndMked to an
i nfluenza vi rog]ﬁ NE 6 ({)r%nged to a transcription term nation sequence, a
vector cHRSFRCH LS % {& operably linked to an influenza virus NA cDNA
linked to a transcription termnation sequence, a vector conprising a
pronoter operably linked to an influenza virus McDNA linked to a
transcription term nation sequence, a vector conprising a pronoter operably
linked tg an ,influenza virus NS cDNA |inked to a transcription terunation
sequencel’a VoSG0 RPHEINI HRSn T Eig FARASNE P ARLHID I CORRASLRE ment
encodi Nl LheBPdais 148 16/ oGk el OUR] yiok WreRiouR LATRASI viRRET abl y 11 nked
to a DNA segnent encoding influenza virus |, a vector conprising a
pronoter operably |inked to a DNA segnent encodi ng influenza virus PB2, and

a vector._ conprisi r.0 r, operahlly linpked to.a DNA segnent encodi ng

i nfl uenz¥:vir "ﬂfﬁﬁg%gf"iaénﬁgtfﬁfweélcawmlé%{s?%ﬂgggﬁer"ﬂ}??' wherein the cDNAs for
PB 1, PB2, PA, NP, M or NS have a coding region for a polypeptide having
an amno acid sequence with at | east 90% conti guous am no acid seqguence

i dentityl% o alleonetbahofivdhing 7puvheyge tiei B ien2¥dectllby one of SEQ I D NOs: 1-6,
and wherein the cDNAs for HA and NA do not have SEQ ID NGO 7 or 8, and
wherein the vectors wth the influenza virus cDNA conprise a RNA pol ynerase

| promotgy and ;o B%:[J%%rg%ﬁt?délivefyesfeHIcfh?Eérﬁﬁﬁs%?gq ¥EERing 2€ls wigt¥et hod of
claim 21 wherein the cell is a 293T cell.
composition of any one of claims 11 to 14 in an amount effective to yield influenza virus, and

isolating the virus.

21. A method to prepare influenza virus, comprising contacting a cell with

a vector comprising a promoter operably linked to an influenza virus PA ¢cDNA linked to a
transcription termination sequence, a vector comprising a promoter operably linked to an
influenza virus PB1 ¢cDNA linked to a transcription termination sequence, a vector comprising a

promoter operably linked to an influenza virus PB2 cDNA linked to a transcription termination
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23. The nmethod of claim21 wherein the cDNA for HA is a H5 subtype. 24. The
met hod of claim 21 further conprising a vector conprising a pronoter

operably |linked to a DNA segnment encoding influenza virus HA, a vector
conprising a pronoter operably Iinked to a DNA segnent encoding infl uenza
Vi rus C I

encodi ng* EFT G an s PUREhThE nftoRicaphiabiy PRREA o it BEE il 18 PV AR e
to a DNAtoseigmseriptien cardhimgion ﬁéc[uamzathdrwsmﬁdﬁsmga@rc&ndt&cdlﬁfabgﬂifﬂdéﬂEd #g a
pronoter operably linked to a segnent encoding influenza virus NS2. 25.

The net h’é‘@“@ﬁzad’FﬂdF WPEDNs Lipkedsty ﬁﬁ%@%meewbwpmnﬁ@%scawera YE619p FPRPIGN SR
promot er 'fiﬁg er'élgl thﬂ.ke‘il to'aﬂ]c iﬂ%ﬂ%&a\nms W%ﬁ&ﬁ%uﬁﬁég Yo &1 hﬁt’i@%eémnét{bfnl uenza
toa ¢ (6] |

virus noh o |ng seq ences |l nt eres ragiment
t her eof tdgnied, 4 wc®r compiisiegna promonampaeb]lgemkmstomnmiﬂﬂeﬁ'zmgrﬁ M cDNA ligtteda

Vi rus noncodi ng sequences, | inked to a transcription termn |on Eequence
26. The We'Hod WIOEItWa?SHWP@F’é‘iena VEFEPT CORBIENE P BERRUIETOPSERET HkeS t# open

readi ng {ales vl RYI BN 2 NnkddMy 9 QAR gaﬁ’r?ie%{;ﬁ&%r%ﬂgé%?gme?%?ﬁ g@‘ﬁfﬁ hogen

or a therapeutic polypeptide or pept wher ei n
t he cDNApootanbperelsly linked o atméAssegmmt endodingahflwanza 2i8us Phe mtohominplﬁsmg aim25
wherein the cDNA of ]eq( est |nthe anti sepnse orjentation. 29. The

met hod oPTOHINET SRgrakly | tSE')gnZ‘@tP H@rm Loiiisid Y‘§‘i‘srr63]| &3FHPT ?‘P@“Hﬂ‘?é‘gw rus.

30. The Qﬁtﬁ%&er%g ngM '\@Rﬁd ﬁfa BNAls éilt chéhd neh Dirk e RS vEQ6r PB 1,

PB2, PA, ave a co ng regio or a polypeptide encoded by
one of Sk@rBind@spram6ter 8derabli inkeelttt @ dNA s@mgenomodmgeﬂxmem AtustNP, 28 asmoer ei n

the cDNAs, faor PB1l, PB2, PA, NP, | D :1-6. 32.
An' 1 01 ATl PSS i En v heTRER DDA fghﬁBﬁi’ ﬁﬁ ‘Qﬁdpaﬁsgé iIpgjEgion
correspo t % , and

vi ral geﬁ)g"‘1 glygmlsd%?lorlﬁ%an Na,%\{asj'te {lé(ggﬁﬁgfﬁ zg\g)g/s%gglﬂé;gggéﬁ%ngaafgspondi ng

t 0 sequestgesnce ieSHY tb B chi@espdading phlgpaptide erivedad byadne o SEQULCNEMA-6,end HA is for

a H5 subt erein the reassorta 0 s,.toa titer of
at | east “%8’%‘ ET%%W’?%‘F foré%—‘_\ a‘?‘ﬁg b?‘fegéﬁQ b# K@ g ﬁﬁﬁ?dooﬂ@?egl? heVREO5 HA i s
a mut ant kB the infuenza virus cDNA comprise a RNA polymerase I promoter and a RNA polymerase 1

termination sequence.
22, The method of claim 21 wherein the cell is a 293T cell.
23.  The method of claim 21 wherein the cDNA for HA is a H5 subtype.

24.  The method of claim 21 further comprising a vector comprising a promoter operably
linked to a DNA segment encoding influenza virus HA, a vector comprising a promoter operably
linked to a DNA segment encoding influenza virus NA, a vector comprising a promoter operably
linked to a DNA segment encoding influenza virus M1, a vector comprising a promoter operably
linked to a DNA segment encoding influenza virus M2, and a vector comprising a promoter

operably linked to 2 DNA segment encoding influenza virus NS2.

25.  The method of claim 21 or 24 further comprising a vector comprising a promoter linked
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to 5' influenza virus sequences comprising 5' influenza virus noncoding sequences linked to a
cDNA of interest or a fragment thereof linked to 3' influenza virus sequences comprising 3'

influenza virus noncoding sequences linked to a transcription termination sequence.

26.  The method of claim 25 wherein the cDNA of interest comprises an open reading frame
encoding an immunogenic polypeptide or peptide of a pathogen or a therapeutic polypeptide or
peptide.

27.  The method of claim 25 wherein the cDNA of interest is in the sense orientation.

28.  The method of claim 25 wherein the cDNA of interest is in the antisense orientation.

29.  The method of any one of claims 21 to 28 further comprising isolating the virus.

30.  The method of any one of claims 21 to 29 wherein the cDNAs for PB1, PB2, PA, NP, M,
and NS have a coding region for a polypeptide encoded by one of SEQ ID NOs:1-6.

31.  The method of any one of claims 21 to 29 wherein the cDNAs for PB1, PB2, PA, NP, M,
and NS correspond to SEQ ID NOs:1-6.

32.  Anisolated reassortant influenza virus comprising viral genomic RNAs corresponding to
the same nucleotide sequences as SEQ ID NOs:1-6, and viral genomic RNAs for HA and NA
that do not have sequences corresponding to sequences in SEQ ID NOs:7-8, wherein the viral
genomic RNA for HA is for a HS subtype, and wherein the reassortant virus grows in eggsto a

titer of at least 10'° ED5p/ml.

33. The reassortant of claim 32 wherein the H5 HA is a mutant HS,
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