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term n sequence, ‘and a vector conprising a

oper abich ar¢ speeifically ingornonated eeferengp herginhaltaagh it i nked

tQ a r

19 eﬁxégigﬁegl t%%ﬁe%&né(?r@ﬁﬂgé@%sﬁ% %tg gfr?lpg) o aec}@véﬁors or
| i nkad:tltods af the) mVsntmnameDM eBy Ibe irpthe seniseot aniisanse on
linked t.o.a toL£AaNSCr Pt i

ot 1 Seh Rt haRs thbiel PAILANABLARINCHR R i tnbae
i nf | uebflendarvires pibteim(serse) (ﬁWRN#C(adtlwgse) i Afy suatabb pwmm@tsr

PB1, a,vectqr encodi.ng inf yenza vir

vect SF TEREGRHORG uﬁ%ﬁeﬂge% Rlﬁmp%g?‘ﬁg ot liess agrﬂtem or
voct pestidef e.f) a virut ptotkén ongeptide, mpfceem dfpepadd oﬁasncmmaidl ng
NP, NS, M e.g,, M .and M, HA.(?r NA. Preferably, the
vect SFLORc Y HERAUHS PO PTReREIS yr t her compri se a
transcri prh@mvéiofpfaidedn coﬁﬁﬁ&ﬁﬁ@@mpxhﬁng’mpﬁlﬁﬁty of influenza
‘enbodi nent, the conposition conprises: . at | eﬁgt t wo

vect &res esfosveldhe mvention [enesmbedimsn %f.%n&ena% % er
oper %&h?oélﬁd%%ﬁl phiSesad) at fhast kA bééﬁﬂgcéaeétealf@ni’fv&%mpnsmg

linked to a transcription term nation sequence,

P8ct @preweiprapsizhly laked f@rﬁﬁtneﬂue@@e\ﬁ% P4 aDMk Bakeddo a n
| T 1 yengdnidd Hnikibn S ce, 59&?{9 cbfd ﬁsntlé @&%ﬁfofewgg&!ibly

termnatibn sequence, E vettor conp Fisih
oper dioksd thian kréhhemza vims PRI cONAdmked m@mp@mmimk@u

f:gng Péqgu%ﬁ%cé IV%?OOI%D B}lsq%%le ﬁ%ﬁo&? P?e?%gfﬁr?%d i&a ﬁn‘ﬁh&{za virus

I nf | PBAZDNA linked tha ﬁﬁNé@nankadnﬁamomsdqnawsquotow oomprising a

ofcr atirye et dpe R kg PRt 2RO e

t 0 aulah@ApEed PinhiBatichSEqleAR) b ORtERAPTIsiRy a prowdedr Operably

conmprJ) st hg a onot er . . . .
P linlséed t% an nﬁ{uenza v?rus NP cDNA linked to a transcription termination

sequence, a vector comprising a promoter operably linked to an influenza virus
6,



operably linked to an influenza virus NA and NB cDNA
linked to a transcription term nation seqguence, a

WO e@io128sonpri sing a pronoter operably |inked POI/ES2085016680
i nfluenza virus M cDNA linked to a transcription

term_nation sequence, a vector, conprising a operably
| i nke¥ eBNA-inked fopFRSETIpFPR STBARNAIYENER &G ter mprising a

tr angedh it %@rabﬁfﬁfﬁk&%'aﬁ MREAMSAGE M ANYAnKEF{oQ transcription
conprising a pronoter operably l'inked to an influenza
Vi r uderBimmtiomieRueses 2B Ry et P loaprisiog a operably dinkqsttp on influenza
sequ

o ooty NS SERUfiketo | SR ROR ol FATRIE 3R ot pas
ob t lese ivmn:t)mpnsels i pkomebtar @perably dinket to pmindnictagidmoleguieor
sequ C n c

vect gl% g}f]%ng ﬁj llmed% fl h&&%@p&o%eﬁ{ﬁ‘&éﬁﬁ §eq§1§$c%t %nr%q)% ﬁ{: %%E‘: fvo

i nfl wectza SV]BdftPﬁSfr@B]l yvectonmacoding mfloacth ngus P Imnt)aencodmg

Vi rus and vect or en Odl i nfl.ue vi,rus NP.
Got 1 SHELERep iR B AP P D sty it BEZ aht a Voot
PCT/ \dbasdid/ i0Aen8Ovind3 INH. r@;ithdﬁlwﬂe VaEtoff B) Melnt®©6i% or more

SR vt B2 o B o, Mt

t I ansgstbiRtehUlideiiral fiofeind FurtBLEHHEE a trhnRAPRASEinifRioaf
the invention may al so conprise a gene or open reading

fram®dSNeGF interest, e.g., a foreign gene encoding an

| Munogeninga et eﬁeod%elﬁ rtﬁé SdnibosHio bothprites: A) ¥iA64t A
Thus, anot her enbodi nent of the invention conprises a

conp d§¢t915<§ﬁ13‘6ﬁd frema aivestal ROMPHSIAG a@%@%@ahwd%ed fqan
Wi chy, @ ?13 i MREA AfiditS a trEﬁsQ deibdtion Wqubh&, 2

conpaosi tl on er conpri ses, ector conpri si n<1:1
pr onmyeeipr ¢qnmnemgta®r®'10t¢rrwmablmimk@d toay nsfblqu@n@@s PBI cDNA

opt I (ﬁ%ﬂéd t¥) I t{L%LClIIl luét;lgteém{l%] ops o(iﬂ%ﬁ?e }ge gtlnr cUﬁ‘lgﬁggé Q ?rogloter

sequences & nke
nucl expera‘algllmkedsﬁe go éflvenzaevirgs PB2 cldN4i linded tolNggnsdriptike d
to 3 uenza Vi rus ces nal |

3 ﬁe. matm sqRuience, a; f%ﬁ gmrslpensméqa Cé%omo’ter %pe¥ab1}i lnﬁ«:(lfg

t2|0€ r éﬂﬂuenka vike HA CDI&A link&its @rtiapicriptiort ©rminatiini sequence a

sequence. Pref erabl the d |r d, nucl.eji ¢ _aci.d
e qu Rt RS AErdigwE SPerebiy ke LR aGRA Vit NP aDNA

or i eninéd L. trahteiptiod te@iAioneBquRhce] & vedisitompeiSiAP O pioniotst
to a host cell. permssive for influenza anif

" epl 10PSEPrktE an (PR RANE TN AJmkBH B i tepsrgption
VRNA (G085 R SlEdE, 4 RcREHMERERE HromblEopésblylinked ifan
prormter in such a vector for VRNA production may be a

RRA  ipfBiepraerinns & eDNAdRbedic a tRnpauRtipR feppiptianesegyence, a vector
pro m?:Bﬁl?mmﬁ‘g Mr Wil 854h ihfhenzP {0 S E]E)Nﬁ lilked to a -

pronot e pronoter, and optionally the vector
20 cdnpsdripien @nnm@tmeﬁqlpmeomdt agyesion 0QTPIFIngcARIOMOIST eReEdly

as a R4 |

sequence B%é@{ g%lev)l/l]H%Pas i A %ar%@g ﬁﬂg{d% Q@a{lsgﬂpmn

t er mseqteham) whewinein best oae F&‘dtbr pmhpmms agmniotdr operably lmked to a

transcription ter i.on n or a.rihoz

oo et SR e BRI o e bR fifon

nucl stquen&s il D& 1¢a4) G0 COGRE $d&&d<’frcmﬂt\b@ecﬁfr eheuidargdsfluenza

The ¢ 3]‘ i nt erest, whet her m%i ctor forﬁ/NA

or pr P I EROGIRE TR EBLrA YSFIRE Fbfgd iR dntionza

epi t G@s PB2, and a vector encoding influenza virus NP. Optionally, the vectors of
7




such as an epitope useful in a cancer therapy or
vaccine, or a peptide or polypeptide useful in gene

wo b@nams3l When preparing virus, the vector or PUEEA1004/016680
conprising the gene or cDNA of interest may substitute

for a vector or plasmd for an_influenza vir
r m)ingad ??P%ﬂénolf‘? storengedingNE, B, My Ha gr B ?Pd?fgapley’ the

30 | pdckdte iRt Mkl pgﬁ&ﬁ§ﬁ1rtﬁermolﬁ[rpﬁ.lsé 4 tarRbrigtidf tetRedag6:5
of the invention may be physically |inked or each
vect 8qUeREY- be present on an individual plasmd or
ot hep, ¢, g71t10ﬂ 6ﬂﬁ9ﬁwe +10h fla g'af/.%o gnﬁ Q _Fﬁﬂ@éryop\éﬁfk'a&ln@ frame
.8 WO 2004/ 112831 PCT US2004/ 0166 ronoter or
t anstintepest, 1. ,taé’pmgmpmecmc@bngmnwunngmwmdwr ¥oteits
P O Bl 8 B HeO e i r FRKo Rk 1R Rnftn Al READ!
rel a ronoter or an er vect
Pr ef ecnmtﬂsy],ontolﬁ mevmnmn a9 rdethhmbdvm wihcleeré dheersctors is
i nflue NA co 149)
expr &8 gl %dnwll E ?S tgoﬁleﬁrﬂ?er% C "I‘S’res S‘ASUJeE{EHD!fuucp
e g. promdt@ﬂnnmsd mmﬂhenamwhm&bqtmﬁd:dSSpmﬂy afcludmgl 5hmﬂuenza
l'ing, U|ne bovi ne
e B 6 Mnersiunends pea pasnc ares Bk A Bifiearie,
I N MBdqRerdd g 0N @eshOBEDNA JTinkBE to3TRifllbdA Nims Sqeerss dpdiosally
vectors for VRNA productjon conprise [,OND

i ncl e Hindlupse ViPhiofed seaences Rmp%?@mea@ rfed to a

pr Oﬁahﬁ‘senpt%lﬂenmﬁauoﬁ Qe bt N PRI (N ®EREEnICleRy Rt er
a RNA polynerase |1 pronoter, a RNA pol ynerase |11l

pr onBRAEPICE Suctas gt N angntigenss mmnéar?ﬁfle fhe piraduefipp of

45 anM'a%hﬁBBmﬁ@l{ Wa%&'c@l‘i‘ SRAURRIGSnflRnzd ReusY tion
vectors i nclude, but are not l[imted to, a R

pol ymshlisia r¢combmfcmupwmnsmwﬁ%wrmp@@eﬁgéﬁ sesuence RN
pol yRRIASG:. I'fhet;{ @p&%ﬁ RldnQVeb B i DRNAORo ARUMERGH be ARNA

RNA pol ynerase transcription termnation

sequeolymerase I promiotyn 2yRNA polynowsai sromaieri nRNAepobesese L1

of the_inve Nt I
tetr %mllr%é/nraa glg)iﬂ O%% salﬁg Eﬁa 3) %%&&e ?]&Pné‘?élohamg Jﬁ%l{%o Zynes,
Bai r pompmseb ) nymspndnemnaitm sqqubmz ym@ asaRNepodlymerase I

synthetic riboz In _one one
oot B fphoprRmn st et ERA TSRO ik &bty
pr ongdr@inatibmkegderice, aadRWA bo]&ymssﬂnmmmpﬂon ideméhation seqnenice,

CequeRE BRI KoRa FPoTRE Her G FUR B rfep s upli

t r anggitl isefukRcd cbﬁﬁame@ alcDVA. SEAIYRAC erhe EDNo ¢ igtiestchvhsidr in
at | east and referablé nor e, 3,. 4, 5, 6;

7

35 55 verer foF VRNAOr prIgin PoSeRICD: Y SrEeslhin mEtunolenys cpitoe,
POl Y BEH38 Gn lafiltdibe QABIRLIGH a chcbd thérhpy dr%aalﬁee oBE qa@&,
which 1s 5" to a sequence correspondi ng vi ral
s e q u @ﬂlms@tidﬁ ebafieiim gemutlveaapyc%mgregvémgéﬁe@ he vegjer erplasgnid
rﬁ])ﬁqﬁ%ﬁg géﬂeklﬁ’ R o Tbiest s%’étﬁﬁe fo? a%ect&oor Plasmid
transc termnation sequer
pol y rﬁtmaasﬂluehzqowmﬂrm or inay bammddmmtwwtom or nlmwldﬁémt e

di ffe ent as the RNA polynerase |l pronoter in

; gﬂy 61&[%\61‘12& v1ra genes.

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

72,

nga

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

nucleic acid delivery vehicle.



VRNA vector. Simlarly, each ribozyne sequence in each
VRNA vector may be 30 the sanme or different as the

WO 2iwa/2y2881 sequences in any ot her vVRNA vector. PEI/US2U64/016680
enbodi nent, the ribozynme sequences in a single vector
are not the sane. The invention also provides a
met hod t 0The paioeer onfrinseription Wirhitation shaquerﬂe i eRNA or virus

npri ses contacti Ing a cel urality of the
vect GrESBERTSY Ay Db eI B i G 1 e romote
I nvent amth@ v@ctor. SI&élfdﬁBIyL @k hyct@ior qala@midxamelwqirgssesﬁﬁluenza
exanple | pyi ng nposi ti on of the %nventlon

an a st 4 Diamptst Webla ForeREHIGAIS af l: GRpaicolar
Visr Ufhost-EQE o.g\Veibini 0P hatinfBlan Kst 4118 Sudh$e katind) Glivk, fddgine,
froma cell contacted with the conp03|t|on Thus, the
i nve®eViae avine Wé}nnmtwilﬂ@sluﬂ@s humag caflss rgrefeablyelor as
ab th, the conposition or virus
of tEgﬁ%ﬁﬁgk%Pgﬁpﬁﬁﬁggﬂgg%er enbodi mrent, the )

i nvent i onln ersl anehedineenh ongetimege vertors &irIvRRA prodirtiop eomprise
nor e

veot g Eeinciufbl 1kt TPt RRRAPI REAL TR Ak, o5, o
poot diumap ROGuUpeljmerased pramaer, T RElAnpilyroetassfll prlqeloter, a RNA

i nvent al sy
viru eigf?n%rase h?\'\%mo"i‘eﬁ ﬁ&? guc’t oﬁg’g%mﬁ(?% enuat i ng
nut attfansesiption termilnmuom seqiiemgae fiayriiee VRIFFA[ edtens inchele dug are not

i nfl V|r stron no and ce

| b et eR RobRERET Gadior Rttt et ook

Vi I U$RB/nitSase Mnﬁ@lpﬁmfeﬁﬁﬁatldm&équeﬁcﬂ arRINA pdslymvnam/\mof

t he avallabll of natural varjants the v

viRi ¢ TR B EHBINBYRAdCd SRt e S TS grhomwl Bt the scope

r epetdfieMfvantion neludg ®iearé Aetniaiied to), tetrhipmémitritogdfingf RNase P,
produci ng virus described herein, whjich_do not require

hel pdempcFhrad rihezyEes.dRIPE FBogyEs iepatHis yibpgyme, as well as
nut agengsicritdipdies, and in the productlon of

vacci nes &e g., for AIDS, influenza, atitis B,
hepat i ti slicone qnettodmant, gkleast Pmecmtoagég gospnriges a RNA

R P Ryt i35t BRE 1IN 0% SRS SauBR 1ERE iRl
mus c isequen@g lidget to apother rtbpmlterﬂefn@ncqsaMaﬂb’alm}cbé@’ea RNA
def i ¢j, ofifotas Pl GEN5RL 1cRE @X@Ss@mee% ohd! s&gg@ngelﬁm $oast 2

a vi use |n medi ca
vacc |ané pmferg}ﬂyu eword, hgr, apd,;)s 6,9 qn Bowctmselfor YRNA prodwtivron

al so pi ndi vi | rst i an
agai § glpn%e aS%TI\I 2&(}9@ erge glopro esrt %gozy\lll}ersagt%ﬁcgel, which is 5
Par ago b @equ@iice&ofr&ipb@ﬁﬂgﬁfb vﬁramequena'dfsendi‘mhhg)@iral 2&ding sequences,

ComPL RS DL TS ] RV, PR

0 pt | Q&ﬂhﬂla‘ﬁoh Beduendel FatH IQIﬂAWonH‘neﬁi@e HdjréMést in efdhl RNA Véctor
to i nmuni ze the individual e virus conprises VRNA

conprnay hﬁgh%sw%vﬂtf&mnaéﬂh%ﬁ@ ase EPIBROTeh ety SHhen
t uMoryRIRE Gddid:C SRANNRCRLH HBozyMeSOquRh&Vh 8% vm@vmdrw be
to augnment or increase the expreSS|on of an

fd ogbmusms g5 diffessnt 23 the HbomRMsEEAUSBRES ipany Pthen MRHAt\fesfﬁr olt
di seqgg o aalﬁl%tw,fhe%ﬁgzyn{yse@mﬂ@e@ ﬁéﬁxﬁ%e DAY Hre Rt 1R aREK

of the engogenous proteln
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



conprises adm nistering to the mammal an anmount of an
isolated virus of the “10 WD 2004/112831

wWEDAWERG04/ 016680 invention effective to augPENUSIIN4/016680
increase the amount of the endogenous protein in the
mammal . Preferably, the mammal is a human. Brief
Desc rlil]{ﬂmﬂ% eesf-» sedrentirlidr sigenlBngolugy fer axampleh employing a
di agr
ho R e Sah i IS ont 45 A HSRERNE R Rk hifluenza
poI y niéifugs Ehpingension slsa mludassdmmigdms fiom RidHsontattad with the

VR t [ ansf ect
o ¢ ebbEpE ARES EEShtEMbmnel Pk Be i aich VRS Wb e
RNA  lpel oeltepatsaed witke tliwdmp&)uona)r piresofithe moeitahnimgotiee

RNA pol ra |. pranot e t he VRNA
0 bR AR e i BEPR e on B SR ik ot sy vactors.
tran Seﬁthefc VRNA bt protbi?d préductiti veveds, ptibeto othednedtors, Hith@VRDYA

ner ase yi el ds synthetlc VRNA, whi ch is
packacg ?IHPEP%ﬁ?tB’ Y% rus  particles upon infection

with hel p%e‘iﬂeﬂid)& of Wetiflvea@éal IR A manigu@itivh O€ trdfiénza
1 ruses (i. t hose contai ning RNA derived from

%n e‘amém; , by fhe T dEeton @F ARG Ry HHON gyt the wrpk gggome.
popul @fihe bedah @ hffuedza ARG RIS stbRHufB? hnd &?Iular immunity,

gener ation of RNA polynerase | constructs. cDNAs
der i viBeiinvensienigreaily ephencesithese visisesas yapnine vesigpryppartigerly in

di gesgiad oink Bydis cﬁ*?lgtuFJ %}ﬁﬂts' ozﬂ% E‘)Jtulﬂ? windiBh a}%é &ﬁ%@ed

t he pHH21 vector t’hesis, -Jus
Li ebisgquentialtys sllawing Gpetifiveuse i@egmnlye)rapyvxhu ch 20

e 22 R P R 5 0 o

t hym mﬁmevinudhfecttdndae upHtlrie simal cmiutatgemesmtsmdmdsrmidon the

vt ranston 3t p RO IR Ry IS e et B, Bl o

bol d rhmoardseﬁ]benrm;es @ﬁﬁ(ﬁal hrpdsand Joat@pd miogtlirdisedse) and gene

Propqgsed reverse genetics for eneratl n
CegnaiFEn VESBr G g et (D SR e ke
cxont alystaphy dmtﬁﬁmrm&aymme déficideP imt Rhtradl neRdAs §y8fem
each of the_eight viral ments, and the RNA

3
pol yrfBPEsk Thuser Yifus derdise lTae BeeD REToRE %h IPFE BRcei 105 sene
t ogetth@sipyisdgionagt ei n expression plasmds. Al though
i nfectious_viruses can be generated with plasmds
expr essi nd hppmvempnplsoppvides g anetiod te inypunizq Brindividgpl against
r erralargaﬂﬂ,g@apegt bt |v1rﬁ’sr ot Sird¥fe, (08 Q%ﬂﬁﬁﬁuﬁt Rtz K ¢hSthethod
i ncreases the efficiency VI rus tion
Pep e rr@mngses admpnstering ie thgembvléltaé an ammgm pEatdeastiinedgolagdd virus

T L e

I nv e ritninwnizBgfei individoals The virus comprises vRNA comprising a polypeptide

encoded by the pathogen 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

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

“10



As used herein, the terns "isolated and/or purified"

refer toin vitro preparation, isolation and/or
w@eookfiizsat i on of a vector, plasmd or virus of PETESH04/016680

invention, so that it is not associated with in vivo

substances, or is substantially purified fromin

Vit ' t I ' ' .

oo R RS R adbb L st i A EBAL LA hchusproci

pr epdgahiminalRtefetably) isé mainnall is/a hursn.f r om ot her

i nfecti ous agents. As used herein, "substantially

free" means bel ow the | evel of detection 10 for a

parti cul ar infect ‘%ﬁ&@@:sﬂﬁ‘oi‘%éﬁ%&ﬁkg det ecti on

nmet hods for that : virus i s one
Swhi ch h&sgure én Solgem giie]l diagrami of evtablished eevgrse geneting systems. In

reconp] nt A techni,ques, .t.o.introduce changes.to

[ PIRRNE tateton RER0d (RS SoribRAND andipbyindiae ploteins are

" I QERAIdHERTo RINPS Riith vBE bflin 9ro-sURBBITRIINARTA, P¥fis are

sequence or segnent" refers to a nucleic acid, e.g

t o tpnEfected with ARENPs, &dltows] byehelies drirus inifeasiont dul tHerRINAG

source, that supsequentl.y. chem cal ly altered in

o EpffertstimdBi 85 ZHRERELhenfinl HTR A AqhyRerasé Fhromibter
10 0C QWDN A @ncddlingCtBe WRIRO RfiSe feScua! aldahé RNHSIetd38 I

sequences that are not positioned as they would be

Pgémnimi«grdfs trangfeeied de rells. detmnelulapfarseentiorebyRNANA
o P T A AR RN ol okl (RS HSIES R

C heaitivhdslupoR thfsativntveigh Belger virve s 3¢tk beth nyetodsetritfdttanfin
exanpl e of such DNA "isqglated" from a source woul d be

a 0¥@se (L pnRossennciRiBs DY deaveddapmalpnse cPM ate selested
sai %@% neans, e.g., by the use of

15I‘ e&%ﬁ@{%ﬁ%ﬁ)@g% I e%@é's, so that it can be further
mani pul &igoe 2e Sghemativpliagramchf thogenestion of RMNA polymerase I
i nventi on, { he et hodol of ,genetic epgi heering.
25 PR £DNAT SRR SORCIEEREA ViRl e Smal 07 BE BERS
POBRERA WiERNE £l FoHlind (RIBSBI §iRRYethd18883 1 V&tor (E.
sense viral RNAs (vRNAs) that encode a total of ten
pr dloffimann, Phe. ithesisubistus, Liebigidniviefsgty cGiishsenpSgimmany)yi wikich

20, PhAhe Rl uSesr ESAI R Lo plotes B b e Rava
f olpoBesilade) térafifRbA(T)3 Thewkmidae ROReEIS @ssti®am UTehd OW

pHin |ate endosones triggers a conformational shift

g ! .
i n terpunatpy segrnice KT agprssemigthedéend efdherdniluensss virdh N4\

ezt i i Bea ke e SO RIR B g (TR0 1619852040
endos onwigure BH Pasisedutselsh gematics mﬂwﬂ%ﬁgéhef%eﬂﬁ s8fiflented

RNP coppl exes _are 12 WD 2004/ 112831 PCT/ US20 016680
25 enegaibg-seRte RN Aevimiseso Flassmids roqrainingibe RNAppolymsrase I

nu N A( ' . . A0S e
Vi Eaoeps EORA MLt 0l A R R st g B R
PBbolymmatadeB2erprindter as iraliPsted irto telbutepethéradith pioteid he
nucl eus, where,  transcription and replication take

pl SEBresSioRePlRRgAIds o P hapgis BTectRps wkusss eat b gettedivil
ggya;sﬁg&% exXpPiGihk ®2S PBIY PR CRINE/ exBResHRNOF ¥t Fdhndining

30 structural proteins (shown in brackets) increases the efficiency of virus

production depending on the virus generated.

Figure 4. Titer of various influenza viruses.
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pol yA structure, of a full-length conplementary RNA
(cRNA), and of genomc VRNA using the cDNA as a
wo eoplizaset Newl y synt hesi zed VRNAs, NP, and ppRCT/D8208$@16680

proteins are then assenbled into RNPs, exported from

t he nucl eus, and transorted to the pI asma nmenbr ane,
where buddi ng of pReadsdDescripfon of theInvention occurs.

The NP0 dase (NA) protel n pl ays a crucial role
late Th T1nfection removing sialic acid from

sialyloli g\@s;a@dchf:mm,d termsh igolates) andor pgyifiaddyafer to in vitro
asse r oPK/ﬁ'Nsletthé”g
2 R LA LB P o UL BB P

viSr ugnventienisb that i isglovassoqiated with inpriot ssbstances dr ls Substantlally
pr ot

Pt e uRpKTO L LG 0%, Aol UhG rpipabBERR peperaly |

B andb@inddibysesitra mltlse am;t:;trupmngn audds #ubstmttlaﬁm et from other
sim Il?tr to | nfluenza A virus, there are sone

di f f SPERIME 288} “exanpl e, influenza B virus does not
have a M A{m@écbhdfetﬂyl Substantialiyfeseh alearmdielow thy level of detection
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(1994) ang\ M Pheldid, WeBrm GREdmBihAE BuddidladidY dr URBEAbinant
Viruses That Can Be Used in the Present |nvention
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puri f\ln;?lg li é/ leide gﬁ?@fgh Pfﬁﬁfng Iaf‘fhe ﬁ\@ﬁ%ﬁf@u Cf‘t@ sidlid/&id-

consi s esul ore~berng i
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o e Lt Rhonly e RN L b s RRRC SHERRd Qpfymatona
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12



Data that can be used for the characterization of a
cell to be used in the present 10 invention includes
W@ 20041086t mati on on its origin, derivation, anPCPESHaYe16680
history; (b) information on its growh and
nor phol ogi cal characteristics; (c) results of tests
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bet [ t [ 12831
e RGPS5 St St ol Rt
0 | fHedevet, YigopVO peitdis is 1ieigho Raveakis hetivitpa Thdsctipite pandon

7 car AL Aot mRLE PR O] RS Ttk ha B aec -

puri fl@eingdt sl {1vapend Wd opasa7en for exanple. The

subuni t vacc:| nes thus cont ai n ITB.I nI v HA protein, and
al so Gell Taflse EhatiCan B gPresent Invention
det er gent A&Brd‘ﬁiﬁ%ﬂﬁie%res%%e %Wﬁ%ﬂlch dupporitefidient
amoni um brom de (Bachneyer, 1975)’, an ani oni C

R$t erigplinationefinteenzayirsshube ﬁ@&&xﬁéh@ﬂﬂﬁﬂ@ww&% gclugding mutant
Viébst g | 3 A% dhat
R R T T T
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aqueous suspension of the purified virus obtained as
above, inactivated or not, is treated, under

w@rimniasgls by |ipid solvents such as ethyl ethP€T/082004/016680
chl oroform 15 associated with detergents. The
di ssolution of the viral envelope lipids results in
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Many donor viruses have been evaluated for their

ability to reproducibly attenuate influenza viruses.
WG@\300a/1m38t | i mti ng exanple, the A/Ann Arbor ( ARQT/65804/016680
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20 vacci nated manmal . The virus can thus be attenuated
or inactivated, fornulated and adm nistered,

waecwandisay t o known net hods, as a vacci ne to i PAIUS20841016680
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i nocul at i orf or_faqr parenteral or oral_ adnnistration,
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dosage fornms for oral admnistration may generally
conprise a |liposone 25 solution containing the liquid

waelomagessorm Suitable forns for suspending |PEDESWBE016680
i ncl ude enul si ons, suspensions, solutions, syrups, and

elixirs containing inert diluents connDnIy used in
the art, §\Wssatienupling mytatipngganche intrueedygte ipflyenzagrys genes
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Phar maceuti cal Purposes The adm nistration of the
conposition (or the antisera that it elicits) nmay be

wo or04128Br a "prophylactic" or "therapeutic" PCF/PSEE4/016680
When provided 30 prophylactically, the conpositions of

t he |nvent|on mhlch are vaccines, are provided before
y aeavtiod] gsitiesen i nfecti on becormes manifest.
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serves to prevent or attenuate subsequent

i nf edtocwlationAtrdor parasra ot ot asiotiy llstaaﬂonmpylse pifaugfeder

conplit pieseey Beei Seenlly nidre gl B paegusr

sy nphomaqicons wiwioas euspbnsmnsmsd manﬁsi‘oestThermmposmons can
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gene ther amparatlm,foqmmraliadmmmndnEmplmdwtddd agebuy @ non-
15 any 33{1 tom of a di.sord

sea S
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I f
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onsetan@fKatmygpoons of the influenza virus infection.

When a composition of the present invention is used for administration to

an individual, it can further comprise salts, buffers, adjuvants, or other
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30 Pharmaceutical Adm nistration A conposition of the
present invention nmay confer resistance to one or
worere/1pashogens, e.g., one or nore influenza vPETES2004/016680

strains, by either passive inmunization or active

i mmuni zation. In active immni zation, an inactivated
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| i ve paGEicNes SR, bR éeévamcqhaﬁ &ifla specif

prophy?acf?%% &ﬁpto a]ﬁogt (e. éﬁ asq%nlcnﬁgm?%e

host 'TespopseL¢Re bpelsqsio Ademally, ﬁhﬁ:@dmmtmn@ the&pmnwﬂpmmr@m@d

aga' ﬁs"{’&? nPéafs% but into th
ﬁ] tolr}%%% e @Fiﬁeﬁ:&m%% 11 Ser e can %éfgte ovuc_e#ne%l ©

arﬁgl adme sitstfeheatgamwsm beieg inphenizeds Bispeploecf rojtetiy suitgble for

5 | nfugg §Il| \%gcncl:ea (l}J(fnﬁjOSll&an are BIOVi%%d r@soll Qggﬁnza VI Tus

strai el a e present
|nventlonIhmgmymﬁbdnpmmﬁmﬂnanammmd&Mnmmm&gﬁﬁdkwm&eIs

of the_,desir.ed e duct . by active .i muni z on..ln
one. cniTHREePRs bR aTde il Sl CR e ag i rins
f emalady (atige oOvalyy thereint InflileRGYRBER vivis fAatdshavihg 0 Modern
under conditi ons, .of t| gd amoynt |10 sufficient to
c]é’useanflﬁf‘é“‘b‘i%‘m?élfl%ﬂe émﬁ &8 REsei A veRton,

ser VvagclifesRiPbEpovidbPion Viﬂ'h@ioﬁﬁﬁﬁ' sthgBNfainltE ah @ifléSnAlvirus,
newborn (via passive incorporation of the antibodies
acr ogsingiehpiapesdmern &t e Attt he nother's nilk). The
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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
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21 WO 2004/ 112831 PCT/ US2004/ 016680 A typical reginen
for preventing, suppressing, or treating an influenza
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a?? pr ef er'Bis| “protetion’] irpvidedneed nefbs absolire, Fhe thedyiiens

Wl Br q%@&&ﬁﬁ% 11
222 v%?ez"%g’i‘}&%‘gm %@%’bﬁi@‘é%%%d}%?fea@%%*@g%ns ay
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symptoms of the influenza virus infection.

30  Pharmaceutical Administration ‘
A composition of the present invention may confer resistance to one or
more pathogens, e.g., one or more influenza virus strains, by either passive

immunization or active immunization. In active immunization, an inactivated or
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A/ WWBNyester yhich gontains the human A polymerase I promoter and the mouse
15 RNA polymerase I terminator, separated by BsmBI sites (Figure 2). The PB2,
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-PBI1, and
pSCWPA (all obtained from Dr. Debi Nayak at the University of California Los
Angeles), and pWH17, pWNP152, pT3WNA15 (Castrucci et al., 1992),
20 pGT3WM, and pWNSI1, respectively. The PB1 gene of influenza A/PR/8/34
virus was amplified by using pcDNA774 (PB1) (Perez et al., 1998) as a

template. See Figure 6 for the sequences of the primers. To ensure that the

“+ + 4+ +

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 pPCAGGS/MCS
(controlled by the chicken f-actin promoter) (Niwa etal, 1991), resulting in
pEWSN-HA, pCAGGS-WSN-NP0-14, pPCAGGS-WNA1S5, 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 pCAGGS/MCS, yielding pEP24¢ and
pCA-NS2. Finally, pcDNA774(PB1), pcDNA762(PB2), and pcDNA787(PA)
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10 Efficiency of influenza virus production with

coexpression of all viral structural proteins.
wW@\dohowsbl expressi on of the viral NP and pol ynmeCEHES2004/016680
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the cells, and then perfornmed limting dilution
studies. In this experinent, no free virus was found

w0 pooshessul t ure supernatant at this tine poi ntPCTE2004/016680
results indicated that 1 in 103.3 cells was

generating infectious virus particles. 30 Table 2.
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i ntroduce nutations into the influenza A virus genone.




Generation of infectious influenza virus containing
mutations in the PA gene. To produce viruses
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VRNA, formation of RNPs in the nucleus, and export of

t hese conplexes to the cell nenbrane, where new
woroAaes3are assenbl ed and rel eased. 30 Previ OBST/]JS2004/016680
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30 lie in the rapid production of attenuated
live-virus vaccines in cases of suspected pandem cs

wOo pwal1visay new HA or NA subtypes of influenza RET/US2004/016680

This new reverse genetics systemw || |ikely enhance
the use of influenza viruses as vaccine vectors_ The
virusEs can be en®neered to ekPpPess foreignQ proteins
or imunogeni c epl®opes in addiNDon to the iiffl uenza
viral24roteins. -BO WD 2004/ 1128310PCT/ US2004/>016680
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proteidrs as a ninfexgegment (Epamix g al ., 19%1)0°and
use fdremas Tive VmRpci nes. Not |[snlyido i nf [j genmA
virusggs stinulate| gknghg celT-edhai®d and hunorel

| MMUNE T EeSponses, but they also aiford a wi de array

of Vi #ijgdr éarsfv%%me@@&i MefgﬁMA%lﬁ&r&e 1 pih3mid? ch®ding

and 9%1%}3@%{—?@% andint ﬁﬁ'e{(ce 16 s@?‘PBCI obhd,! 1131} denved from

al l V\%?&/g/entj 11 4 dl 9165( lgﬁll&meﬁl R%)text
oo St O SERT

expr essing vira st ructural proteins and VRNA with the

vacci ni a- T7 pol yner ase system (Mena et al., 1996).
Using r evéteeeveg;easfehﬂmza mns cﬂxﬁlammg thﬂi@h’g@nputcaten WePEA

t ai t
o Ba, BPIEHS Ao SR e U b et e Hppsflroduction
PRP, efifutiidhs inbsthagbdonisof infliivAe Aemasds RYimE cxtmmmag afFLAG

i nterest ch VLPs C ene de

vehi cfRiigpe igeh ’yl%8 )HB%F’ 1}5‘% lfl%’f‘ gogfasra cgéﬁ@eus

Vi ][ al werkt trdfdfabtedl w1ﬂf431t1|afn§mlym§tdsal ﬂggmm Q)HOHBWSI\{;IL\IS/FLW)

i nfectious viruses w not pl‘O uc r - gene
15 t hidrtgeytained s eRNARacoding bath, NAP@?K@%@&F&A@ e at the
i nt egﬁ(ﬁ%ﬁldof'ﬂ'ibtﬁi‘otgﬁssthea@ hé SRE QAR thetr&ﬁurv&ﬁ[\]%yﬁdlﬁﬁéfé&lﬂ adld

be suitable for gene therapy in situations uirin
oHl y BRigHexpepsion plasmds, ctq wrfian thekthe secpyerg Vlrurs R8-W
Cancegy of ﬁﬁt HFJE{ é)(frésyshemﬁf,ﬁ ryr&t@maﬂﬁﬁlﬁl\ékl HMhg'a8&aly 9 bfcells

(Kovesdi , Influe Ps could “confaln
bot h mo@d dVIMR\SaWShTrRIw Al W widdrvae wigus wasaenfermed. A

Of 1 a1 ARAMh 3D R 4 DfohRBlkoaQeh RMCA Y e
B3 hRHA] Aot

conprises I n ruses,
t he chSNHEM@ bﬁtalssﬂlbsesdfeaih@gfdhwlﬂftm vu’ﬁheRsIowaw@gjhefRRS

i nf ectious..i.nf.l u S tlreJ
oA BN o B b bR R B fhe SRS aREMY Pt e
or t hormot iewin) UShesa rdulpeindiagts thabthe héve reveisg gmietu&‘isystem allows

By a1 TRIAFHETY Pty PR sy s

mani pul at @5enklagovbfiinfectRid Qﬁﬁeﬂﬂatvﬁlﬁslﬁorﬁaﬂﬁﬁ@hﬁﬁhons in the PA
limtations hg profound inplication 81grthe St&l%/
of vi§ar Tepe E%?cﬂl@éesé’ﬁ?eisﬂgl TRUtARORS ILiNg 51} 8oRG, EWO stien
fact i@RHeHs wib iitfodidellcRialiSy MREreb iRt |sEfuiehdk for restriction
mechani sms_of vi.ral pathogenicit 30 Exanple 2 To
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aIIant0|cf Puerto Rico/8/34 (
because of the lack of a rehable selection system. Transfectant viruses, PA-

T846C and PA—A1284 were recovered. The recovered transfectant viruses were
30  biologicalty 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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Madi son hi gh grower variant (PR8HG), using RNeasy M ni
kit (Qagen) according to the manufacturer's
w@e@tocsBl cDNA was synt hesized using MLV 31 REI/US2004/016680
2004/112831 PCT/ US2004/ 016680 RTase (Promega) and
Un|I2 rimer. The cDNAs were anplified gvernight b)&
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ECRER TR A@&R‘?"Cﬁ&’ﬁb‘“@&bm NO 14) 25 WSN

PBZ S ct&s@ﬂ'CCTCTGATGGTGGCATAC (SEQ I D NO 15)
B PB2- 234 GGTCTCCI %AAACAﬁA CG]
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( SEQ ¢fficiengy of @fy production was low, 10 pfu/10’ cells. 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 thF reverse genetics system described
hereinabove. Instead of producing RNPs in vitro (Luytjes et al., 1989), RNPs
were generated in vivo through intracellular synthesis of VRNAs 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 polymerase I, which is among the most abundantly

25  expressed enzymes in growing cells, likely contributed to the overall efficiency
of the system. These features led to a correspondingly abundant number of
vRNA transcripts and adequate amounts of viral 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 to be retrieved from a vast number of helper viruses. Such

strategies have been empioyed to generate influenza viruses that possess one of
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NP: 45 Bm NP-1 CACACACGTCTCCGGGAGCGAAAGCAGRGTA ( SEQ
I D NO 21) 32 WD 2004/ 112831 PCT/ US2004/ 016680
WB200MP1B565R CACACACGT CTCCTATTAGTAGAAACAAGGGT ARTTITUS2004/016680
(SEQ ID NO 22) 5 NA: Ba- NA-1:
CACACAGGT CTCCGGGAGCAAAAGCAGGAGT (SEQ | D NO. 23)
Ba- Nahg fribming EREACaOGHCPERST RB2 Avbhaansd A& 9RG HH fHrpmi ot

cacacholt Cr B s R a9, WA st 19900

Bm MMQ@WcMA@HCYB@@EAWA@WM@@m@WW%

cacAcHBit e R oA AR s ppFt g i and N

an NSeeB64) Rly %WW&E&%W@E@IEM@EQ

pol y :EP%@%I“(%{‘ %9?%?‘%%%%%%% g)ir g? nal z\}%\galf‘;yesls of the gene

separ groétid )Ev@ﬁ |w1m|t1&£HA GMNA@h& foi d/hmhtrelmblmlﬁbcﬁdyeiﬁven

R i

bl unt gré e @fectINIH QR thS kdVersd gdRliey systbin@REdribed Kéréin does
ver. Tl (Takara) After 5 hours, the |j gat ed

W} e 1ot apRTE HRRREr Vi AnAmeRniSs oneiigenergte ‘éfﬁ’d eRjanty &ﬁfg‘él}ut%ﬂons
DHSal phay %g)r% segrﬁént o‘?@'ﬁh Na)ere g%vb‘th QeteOm) Hﬁvﬁ‘lg’ the@&thhology to
gene vvere cultured for hours. The plasm ds
wer e isipdusernylvinble mumen i the @rﬂuan@u‘F Vigysegenamel cnablos
cl oneg, RRbBRNE a(F}ﬁésg 2 SRAHEE RA -st’%ﬁdlﬁg?ssfeé’ subfPas &b n@BE of
NS genes ©'n pT/Bl ue were excl sé sm Bl enzynme
( New fgylatariseiaicesio nontneatpdiegipan ef the gird)genaed stctBe g
Ne I
% at }eﬂ Ct?@‘g?%ﬁg‘h F{pg fﬁ?a) BO%FK'& a’\qlfélgftlezlﬁlglegtﬁﬁ%sﬁ\@f fost-range
restriction and viral pathogemmty

Although inactivated influenza vaccines are available, their efficacy is
suboptimal due partly to their limited abili'ty to elicit local IgA and cytotoxic 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, preliniinary results indicate that
these live virus vaccines will not be sfgniﬁcantly more effective than the best
inactivated vaccine (reviewefi 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 internal 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 influenza virus.
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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whi ch contains the human RNA pol ynerase | pronoter and

the nouse RNA polynerase | term nator which clad been
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four phromesames ther\dsisysiemovowdd besuiteble B senpctherapy)/wesitpations
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trans Were seri

(undi kortest tb adeh@vir)s vaptdrsi (Kb esdieed ali, 1097) influerizh 3 Psicould
cavitie mbr e
al | antS alnﬁai)th%{dgg fxﬁ/gﬁann éc{'v%gg %Sggécgﬁgaﬂngﬁ%? targ-gt1
haovegpomdatong their virus titers tested by HA assay
(Tabl e 3) ssessin

T bI e Vir
of allantof (ﬁf}’i"@ﬁﬁ’ﬁ gep |?f3}3rﬂﬁegw§§enzﬁ éWVlruges
wi th 29wl ssumefeaatt@rmesmﬁed Thic@togirs. t’I(h@@fritegy ﬂwgetnetalneg

undlluted 10, 10" 1Q" .10 10 O 10

NA g G HERInenga Az eotygD i donetf DK diorbea Biein
HK- HAR6u1d Q0 anylorthbntykovirhs,5hd pdrhapk t Kﬁtﬂéﬁ&g}ﬁb tetfneghtive-
<l <1 <1 u?pliil a<1 <1 0ZSSHA- gos[ﬁfsl (\)/e sa < (V‘?r u‘;e

wi2bh vee RNANAruses asovell (&BeBypryisides, ﬁﬁenavmdae) "The abilty to

manipulate the viral genome without technical limitations has 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 geneﬁpS system for influenza A/Puerto Rico/8/34,

viral RNA was extracted from the allantoic fluid 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 MMLV-

31



HK- HAavir NA at undiluted) were diluted serially from
10"2 to 10-8 and 100ul of each dilution was infected
WO pdaoa/1€288r yonat ed chi cken eggs. The al | ant oi ¢ PCTIUSR04/016680

of the infected eggs were harvested and their virus
titers tested by HA assay 34 WO 2004/ 112831, ,

PCT/ m@@r@m%é and Yid g peimay. ThepfdNAp e fpnlified eysraight by
dose 2rto Rico/8/ 34 (HIN1) prepared
from%%%g%glggﬁwﬁo. 33/m, and the HA titer was
- 1: 3200mex seteconbi nant virus having the HA and NA genes
from Al Hong Kong/213/2003 (H5N1) and the renai nder of
tHe tBie BaRBl-LianiRBIA7R (Genidmgment) prhPIbREQIGNIHR-PB1-
pr epar ed. ' f. .4 he reconbi nant virus was

1010' 67 El%gg}#f"lfrq{f e Ha titer was 101600  Tabl e 4
Vi'rus possessing PR8 genes HA titer (HAU/ M) in each
dilition tRxg@Bher CACACARSGITIZCIGGAGOGCAANGEAGH (SEQ
10-7 10- 8 IDMNOHYPW ng HA and NA genes WEN- HANA 160 40

40p 320 40 164PB K1735RK- @6 TTGYA TG ROG AOACE (SEQID N®00)
<l 10 Sequences of PR8 genes: PA 15 AGCGAAAGCA

GGTACT GAT G38PRNATERAAA GERTATIGAA AGRTBATBCAT (SEQ ID NO:11)
CAATCCCATBATHETAIRCEC TTCCGGAAAA AACAATGAAA

GAGT AT GGG ACKARGTHHT AT ATAGAAGANAGECATAGISBOADG
205 CACTCAGIG &2 GTATGCT TCATGTATTC AGATTTTCAC
TTCATCAATG A GGCGA GTCAATAATC GTAGAACTTG
GTGATESAAR, IFRACT B 551 26%6%@%%{33 ald WAAYEYdeq-2 and Ba-
CGAGGGAAGA GATCGCACAA TGGCCTGGAC  AGTAGTAAAC
AGTATTTGCABRRATRORAGT@ICIOAGAAA CCAAAGTTTC

TACCAGATTT GTATGATTAC AAGGAGAATA GATTCATCGA AATTGGAGTA

300 ACAAGGAGASRY | CACACAGGTCTCCGGGAGCGAAAGCAGGTC (SEQ
1D NO:13)
B2 1260R CACACACGTCTCCATCATACAATCCTCTTG (SEQ ID
NO:14)

25 WSN PB2seq2 CTCCTCTGATGGTGGCATAC (SEQ ID NO:15)
Ba-PB2-2341R ]
CACACAGGTCTCCTATTAGTAGAAACAAGGTCGTTT (SEQID
NO:16)

30 PA:
Bm-PA-1 CACACACGTCTCCGGGAGCGAAAGCAGGTAC (SEQ
ID NO:17)
Bm-PA-2233R
CACACACGTCTCCTATTAGTAGAAACAAGGTACTT (SEQID

35 NO:18)

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

40 Bm-NS-890R:
CACACACGTCTCCTATTAGTAGAAACAAGGGTGTTTT (SEQ ID
NO:20) '

45 Bm-NP-1 CACACACGTCTCCGGGAGCAAAAGCAGGGTA (SEQ
ID NO:21)
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AAGITTCACAT ATACTATCTG GAAAAGGCCA ATAAAATTAA

ATCTGAGAAA ACACACATCC ACATTTTCTC GITCACTGEG GAAGAAATGG
WOAGARREEC 35 AGACTACACT CTCGATGAAG AAAGCAGEERLT/US2004/016680

TAGGATCAAA ACCAGACTAT TCACCATAAG ACAAGAAATG

GCCAGCAGAG GCCTCTGGGA TTCCTTTCGT 35 WO 2004/ 112831

PCT/ US200BmNE6365R CAGTCOGAGA GAGGAGAA
GAAAGGTTTE AR RERECCAATAA M¥%m D

ACCAAAGTCN@GRZUIGCCGAAC TTCTCCAGCC 5 TTGAAAATTT
TAGAGCCTAT GTGGATGGAT TCGAACCGAA CGGCTACATT
GAGGAEAAGC TGTCTCAAAT GTCCAAAGAA GTAAATGCTA
GAATTGAACBaINATTCAEAC AGARCRCCHE CASISIMARAE AT ACEERER
10 GGGCCTARMIO:ZNTCTCAGCG GTCCAAATTC CTGCTGATGG
ATGCCTTAABa-MATANBRATT GAGGACCCAA GTCATGAAGG
AGAGGGAAT £ ACDCAGTATTEG AR TABA AR QUG BAGATEATTT (SEQ
AQATTCTTTEDGRTBHAAGGA ACCCAATGTT  GTTAAACCAC
ACGAAAAGGG AATAAATCCA AATTATCTTC TGTCATGGAA
GCAAGHACTG GCAGAACTGC AGGACATTGA GAATGAGGAG AAAATTCCAA
20 AGACTABMM-TATHACAACGACASCTRAGRGTAAAGTGEAGGTAG (SEQ
ACTTGGTGAGD MACHTGGCAC CAGAAAAGGT AGACTTTGAC
GACTGTAAAGAMETAGETGA TTTGAAGCAA 25 TATGATAGTG

ATGAAC%G@A&TK@@T@@CCTF@@MNGAWGTTTTT (SEQID
TGAGTTTAAI@AEIGCATGOG AACTGACAGA TTCAAGCTGG
ATAGAGCTCG

NS:
20 Bm-NS-1 CACACACGTCTCCGGGAGCAAAAGCAGGGTG (SEQ
ID NO:27)
Bm-NS-890R
CACACACGTCTCCTATTAGTAGAAACAAGGGTGTTTT (SEQID
NO:28)
25

DNA polymerase: pfit Native DNA polymerase (Stratagene)
The PCR products were separated by gel electrophoresis and extracted
from the agarose gel using a gel extraction kit (Qiagen). . The extracted genes

30  were ligated into pT7Blue blunt vector (Novagen) using a Takara ligation kit
ver. II (Takara). After 5 hours, the ligated genes were transformed into IM109
(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.

35 The PA, NP, M, and NS genes in pT7Blue were excised by Bsm Bl
enzyme (New England Biolabs). The PB1 gene was excised by Bsa I (New
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 BI. The front

40  fragment of the PB2 gene in pT7Blue was excised 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
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ATGAGATTGG AGAAGATGTG GCTCCAATTG AACACATTGC 30
AAGCATGAGA AGGAATTATT TCACATCAGA GGTGTCTCAC TGCAGAGCCA
WEAGMATAEAT AATGAAGGGA GTGTACATCA ATACTGCCTT QBTIASIHGIA 6680

TCTTGTGCAG 35 CAATGGATGA TTTCCAATTA ATTCCAATGA
TAAGCAAGTG  TAGAACTAAG GAGGGAAGGC GAAAGACCAA
CTTCANrEgrsterttgBreATAfer pinamheatizesictaenry Kars@urified using a

AAT
cT d%%%m(@%%cg%eﬁ tﬁmgﬁ}_m BI sites of
GTACHETEPHROFIGAGATAG GAGATATGCT TATAAGAAGT GCCATAGGECC

ARCCTCAAAR™ TPk T AR e ftasd

CETTGAGTEE IMDNEVCACNS FeoadCANNPalpEAERITRAGA NP genes)

2004 1T THCH RS HPOTEAB0 PR AR

CAGAAREAZAT APBLARAIB GAas SSGIGEmEIcAn AUBIAGEBGEN.

GGAAAGTITCC, ATT G TCTECACCGAG ( TTTA .
AAGTCGGTATHS iﬁﬁ’f? g}fléﬁ% ahd gene inserts
AACHVETel dbafiffdIisAvh e @moT&ﬁEME%ﬁaWe@ﬁj

s A e R

AATCedd Gt bend el ey WakCohflirhied b WT%T%I pPoll constructs
GITAGITGIG GCAGTGCTAC TATTTGCT
were sequenced to ensure that they did not contain unwanted mutations.

The pPolIR constructs for PRSHG were transfected into 293T human
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 supetnatants from transfected 293T cells
were serially diluted (undiluted to 107 and infected into the allantoic cavities 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/ml) of allantoic fluid from eggs inoculated
PRS genes with 293T supernatants diluted at:
together with the T T ) ) X = % =7
following HA undiluted | 107 | 10 | 10~ [ 10™ | 107 | 10 10
and NA genes
WSN-HA NA <1 <l 1200 |<1 [<1l (<1 |<I <1
HK-HAavirNA | 100 <1 [<1 |<l |<1 |<1 |<1 <1
Kawasaki-HA <1 <1 |<1 |[<1 [|<l |<1 [|<l <1
NA

25 HA-positive samples (virus with WSN-HA NA at 1 07 and virus with

HK-HAavir NA at undiluted) were diluted serially from 107 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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15 CCATACTGIC CAAAAAAGTA CCTTGITTCT ACT (SEQ 111 NO
1) PBI 20 AGCGAAAGCA GGCAAACCAT TTGAATGGAT GTCAATCCGA
WEDDTACBITT CTTAAAAGTG CCAGCACAAA ATGCTATAAG  PCT/US2004/016680
CACAACTTTC CCTTATACTG GAGACCCTCC TTACAGCCAT GGGACAGGAA
CAGGATACAC 25 CATGGATACT GTCAACAGGA CACATCAGT
CT CATANAG. mgm&mwmowmwoﬂm (HIN1)

ACAA PETREL R as ot SR e

GGAGGCGAT & r&SHIbTtmT ihs ABGAATHE BAAaiOCK @TeA Tiom A/Hong

ACACRREE SRR R e o Y s

gﬁm}g@ﬁﬁm THTRAGCAGRAe ORBRHGERAADA was 10105
TCA AAT CA CGGCCAATGA

GrcTE A0, eadtha RAdy wWasd#PAAGEA 40 TGTAATGGAG
TCAATGAACA AAGAAGAAAT GGGGATCACA ACTCATTTTC
AGAGAARGAG ACGGGTGAGA GACAATATGA CTAAGAAAAT GATAACACAG
AGAACAATGG 45 GTAAAAAGAA GCAGAGATTG AACAAAAGGA

GTTAT CTARTs pod-AlcAs X TGACCAA
AGATGCT GREAGAGEG e @m&ﬁ‘%‘h CCAATTGCA

Acccmc%ﬂh?rnm' AR TTGFA PBO-STACTTSGTTO-B7 VMO8
2004/ 11 %gﬁﬁjs/ U$2004/ 01668( AGACACTGEC AAGGAGTATIA

TGTGAG T PHCST [ -CA 320 |40 640 | <l

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

10
Sequences of PR8 genes:

PA

15 AGCGAAAGCA GGTACTGATC CAAAATGGAA GATTTTGTGC
GACAATGCTT
CAATCCGATG ATTGTCGAGC TTGCGGAAAA AACAATGAAA
GAGTATGGGG
AGGACCTGAA AATCGAAACA AACAAATTTG CAGCAATATG
20 CACTCACTIG '
GAAGTATGCT TCATGTATTC AGATTTTCAC TTCATCAATG
AGCAAGGCGA
GTCAATAATC GTAGAACTTG GTGATCCAAA TGCACTTTTG
AAGCACAGAT
25 TTGAAATAAT CGAGGGAAGA GATCGCACAA TGGCCTGGAC
AGTAGTAAAC
AGTATTTGCA ACACTACAGG GGCTGAGAAA CCAAAGTTTC
TACCAGATTT
GTATGATTAC AAGGAGAATA GATTCATCGA AATTGGAGTA
30 ACAAGGAGAG
AAGTTCACAT ATACTATCTG GAAAAGGCCA ATAAAATTAA
ATCTGAGAAA
ACACACATCC ACATTTTCTC GTTCACTGGG GAAGAAATGG
CCACAAAGGC
35 AGACTACACT CTCGATGAAG AAAGCAGGGC TAGGATCAAA
ACCAGACTAT
TCACCATAAG ACAAGAAATG GCCAGCAGAG GCCTCTGGGA
TTCCTTTCGT
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GTTGGAGGCA ATGAGAAGAA AGCAAAGTTG GCAAATGITG
TAAGGAAGAT' 5 GATGACCAAT TCTCAGGACA CCGAACTTTC

WO TTACBATC ACTGGAGATA ACACCAAATG GAACGAAAAT PCT/US2004/016680
CAGAATCCTC GGATGTTTTT GGCCATGATC ACATATATGA
CCAGAAATCA GCCCGAATGG TTCAGAAATG 10 TTCTAAGTAT
TGCTCAATTE QAGATETGEA GRS\ EAGAA BHEAMEAAGGTTTG
AAAGBERITMA TAFGETGAGAG CAAGAGTATG AAACTTAGAA CTCAAATACC
TGCAGAOMAT G6 GCTRMSGARTGACERa AhaST GHTAFTPEASAAC
GATTCAATEEAGRRAAGAAGAT TGAAAAAATC CGACCGCTCT
TAAT ABSARR LRCT CASACRCCTATAPCCA TS GAA IGGAAGCGAA
GGGCATUGKTIARATATGITAA GCACTGTATT 20 AGGCGTCTCC
ATCCTHAMATCCARGEATBABACEAGA TATACEAA
ACTGGERAFCALGCTCTTCAA TCCTCTGACG ATTTTGCTCT GATTGTGAAT
GCACGEARTCG2S\ AAGAAGIGATAT CAXGDOGEEA GAGTRTACGAAT
TOTATSHACTICCTBTAAGCTA CTTGGAATCA ATATGAGCAA

AGCOTHVAEN A BPOCAGETIA TIGE PFFGFITTTAAA

ACAAGITTRAGESTATCGTTA TGGGTTTGIT 30 GCCAATTTCA
GCAT AGEA CECRAAGTE AT GAXEZT BUAGE GBATAAACGETATATG
GTCAGFAACAREGACTATTG GAGTTACTGT CATCAAAAAC AATATGATAA

é?AAT A TSR AT RHACHATE AT CAM GISROCCTICHGTT
TGHATCACAABCATTACA GGTACACGTA COGATGOCAT

J AT TEEAATGGAA
GCAGAACTGC AGGACATTGA GAATGAGGAG AAAATTCCAA
20 AGACTAAAAA
TATGAAGAAA ACAAGTCAGC TAAAGTGGGC ACTTGGTGAG
AACATGGCAC
CAGAAAAGGT AGACTTTGAC GACTGTAAAG ATGTAGGTGA
TTTGAAGCAA
75 TATGATAGTG ATGAACCAGA ATTGAGGTCG CTTGCAAGTT
GGATTCAGAA
TGAGTTTAAC AAGGCATGCG AACTGACAGA TTCAAGCTGG

ATAGAGCTCG
ATGAGATTGG AGAAGATGTG GCTCCAATTG AACACATTGC

30 AAGCATGAGA
AGGAATTATT TCACATCAGA GGTGTCTCAC TGCAGAGCCA
CAGAATACAT
AATGAAGGGA GTGTACATCA ATACTGCCTT GCTTAATGCA
TCTTGTGCAG
35 CAATGGATGA TTTCCAATTA ATTCCAATGA TAAGCAAGTG
TAGAACTAAG
GAGGGAAGGC GAAAGACCAA CTTGTATGGT TTCATCATAA
AAGGAAGATC
CCACTTAAGG AATGACACCG ACGTGGTAAA CTTTGTGAGC
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

. A
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GCTGGTCTCC GACGGAGGCC CAAATTTATA CAACATTAGA
AATCTCCACA TTCCTGAAGT CTGCCTAAAA TGGGAATTGA TGGATGAGGA
WA TROTASEGG 45 CGTTTATGCA ACCCACTGAA CCCATTTGTELT/US2004/016680

AGCCATAAAG AAATTGAATC AATGAACAAT GCAGTGATGA
TGCCAGCACA TGGTCCAGCC  AAAAACATGG AGTATGAT
T@T@@%@W@ﬁ@eﬁc&ﬂm@&%&&%@@ﬁ%s VO
2004/GHGBFICEEA/ US2004/ 016680 TCCATCTTGA ATACAAGTCA
AAGAGAETACTTEANGEATA CTICAARTEHG ATEREAG Tt AGGAC
TGCAATTRATAGZAAAAATT CTTCCCCAGC AGTTCATACA 5
GAAGAZCAEIG GLSEA TNWASCA GCTA TGN T ABCE CLPSACTAG
TTCCAMBEETTERATTGATG CACGGATTGA TTTCGAATCT GGAAGGATAA
AGAAAG TR STTEAGT SAG AT TRETGRA TCEEMEZEAGCTRTTGAAGAG
10 CTHCAGASCARACEAAAATAGTG AATTTAGCTT GICCTTCATG
AAAAARTEOSC CTEGITACTATTIGA T((SHEGEEGNOQTATATGRBAGC
AGCGAMTM GGRGAATTAT ATTCAATATG GAAAGAATAA 20
AAGAAGTASES APP G T COGAT TN GEACAAECEY TGATACT CACA
AAAAGERAETREA ZGEACCATAT GGCCATAATC AAGAAGTACA CATCAGGAAG
ACAGCHARG 126C ASBRCACAR: A TAGAATIAUT Q\GBBATTRRTTAC
GCAAHGAAATGOPECAATTAC AGCAGACAAG AGGATAACGG
APAT GRI A EXCTERERGONM A AGAECAEBEACTTCT ACT

(SEQ ID NO:1)

PB1

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

.~ CAGGATACAC

25 CATGGATACT GTCAACAGGA CACATCAGTA CTCAGAAAAG
GGAAGATGGA
CAACAAACAC CGAAACTGGA GCACCGCAAC TCAACCCGAT
TGATGGGCCA |
CTGCCAGAAG ACAATGAACC AAGTGGTTAT GCCCAAACAG

30 ATTGTGTATT
GGAGGCGATG GCTTTCCTTG AGGAATCCCA TCCTGGTATT
TTTGAAAACT
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 CTAAGAAAAT GATAACACAG
AGAACAATGG ‘

45 GTAAAAAGAA GCAGAGATTG AACAAAAGGA GTTATCTAAT
TAGAGCATTG
ACCCTGAACA CAATGACCAA AGATGCTGAG AGAGGGAAGC
TAAAACGGAG
AGCAATTGCA ACCCCAGGGA TGCAAATAAG GGGGTTTGTA

50 TACTTTGITG
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AAACTTTATG GAGTAAAATG AATGATGCCG GATCAGACCG 30
AGTGATGGTA TCACCTCTGG CTGTGACATG GTGGAATAGG AATGGACCAA
WA 20CALRTAC AGTTCATTAT CCAAAAATCT ACAAAACTTA THCTIVCGROMMAN 6680
. GTCGAAAGGC 35 TAAAGCATGG AACCTTTGGC CCTGTCCATT
TTAGAAACCA AGTCAAAATA CGTCGGAGAG TTGACATAAA
TCCT AGPEMC TRRCAATGCAG TATACER RAAN A AEABARCAATC
GTAABRGOIGITGACKTGTTTT CCCTAACGAA 40 GTGGGAGCCA
CGATACTSAR QIOEANGAGA ST ARCAMARRECHAMPATCTTG
GAAGRAAGA ABATTCCAGG ATTGCAAAAT TTCTCCTTTG ATCGTTGCAT
ASAT GRITG2C A5 ATACRENET SCETCCEAMATEAATCAISFTC
CCCAGTIGTAGATAGGAACAA GCAGTGTGTA CATTGAAGTG
TTGCATEEA AATEABABCGA ANAT TGN T CATABCGAHAT TTTT
CTCCAGRRT GERGTGAGS AATGATGATG 50 TTGATCAAAG 39 WO
2004/ACOBSIAFCEA/QISARA A ATCRESOCCCRAIOG ATC AGAPEETAGGA
AGAT AGUGAG GBXAGCTGCA  GTATCAGCAG ATCCACTAGC
ATCT TTATTE ANCARTTANC TEMEAMRNOM TGET TEEFSCIGS GA
ATTAGMGGGTAGACATCCT TAGGCAGAAC CCAACAGAAG ‘
AGCAAGRATT XA AT GAGRAGEA SASA TRGAZACTGAG AITRGCTCA
TCCTHCAGIGAARABETGGATT CACATTTAAG AGAACAAGCG GATCATCAGT
TEGARTACCCEOAAATGATIAABSAA
TTGARGM ABAAGAGTGCATGA GGGATATGAA GAGTTCACAA
TCGT KA ACA AAFAEAACBGCHCGATACTEBAGGG GACTGCATCA
TTGAGCCCTG .
GAATGATGAT GGGCATGTTC AATATGTTAA GCACTGTATT
20 AGGCGTCTCC
ATCCTGAATC TTGGACAAAA GAGATACACC AAGACTACTT
ACTGGTGGGA
TGGTCTTCAA TCCTCTGACG ATTTTGCTCT GATTGTGAAT
GCACCCAATC
25  ATGAAGGGAT TCAAGCCGGA GTCGACAGGT TTTATCGAAC
CTGTAAGCTA
CTTGGAATCA ATATGAGCAA GAAAAAGTCT TACATAAACA
GAACAGGTAC
ATTTGAATTC ACAAGTTTTIT TCTATCGTTA TGGGTTTGTT
30 GCCAATTTCA
GCATGGAGCT TCCCAGTTTT GGGGTGTCTG GGATCAACGA
GTCAGCGGAC
ATGAGTATTG GAGTTACTGT CATCAAAAAC AATATGATAA
ACAATGATCT
35 TGGTCCAGCA ACAGCTCAAA TGGCCCTTCA GTTGTTCATC
AAAGATTACA
GGTACACGTA CCGATGCCAT ATAGGTGACA CACAAATACA
AACCCGAAGA
TCATTTGAAA TAAAGAAACT GTGGGAGCAA ACCCGTTCCA
40 AAGCTGGACT
GCTGGTCTCC GACGGAGGCC CAAATTTATA CAACATTAGA
AATCTCCACA
TTCCTGAAGT CTGCCTAAAA TGGGAATTGA TGGATGAGGA
TTACCAGGGG
45 CGTTTATGCA ACCCACTGAA CCCATTTGTC AGCCATAAAG
AAATTGAATC
AATGAACAAT GCAGTGATGA TGCCAGCACA TGGTCCAGCC
AAAAACATGG
AGTATGATGC TGTTGCAACA ACACACTCCT GGATCCCCAA
50 AAGAAATCGA
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15 GAAAAGCAAC CAGGAGATTG ATTCAGCTGA TAGTGAGTGG
GAGAGACGAA CAGTCGATTG CCGAAGCAAT AATTGTGGCC ATGGTATTTT

WEACGAGSEGA TTGTATGATA AAAGCAGTCA GAGGTGATCT QPATTTBETA 6680
20 AATAGGGCGA ATCAACGATT GAATCCTATG CATCAACTTT
TAAGACATTT TCAGAAGGAT GCGAAAGTGC TTTTTCAAAA
TTGOURETTTHEACTAGOECTABNVGAGSA GEA EEERAKIAATO
GGGATATAGA TEXACATGAC TCCAAGCATC  GAGATGICAA
TGAGAGSAGT GREARGCANT THANT TGAAS ARG EREFRCAGC
CTCAGTACATAEBAGGGTAG TGGTGAGCAT TGACCGTTTT TTGAGAATCC
30 GEEAGMADG ACGHI Y ICC TG CCCAGLREEFGT
CAGTIEAASBAGTESGGAACAG AGAAACTGAC AATAACTTAC
TCATCGAGAS GV GACGGA TT TARTGBR BEI GERAFAREA
TGTTEGRGAG AAGATATCAA TGGATCATCA GAAACTGGGA
AACTETTAAA TERICACTAET ACCEAGAAGTITCUACABATIGA AGAG
TACAATAASA BEAATTTGA ACCATTTCAG TCTTTAGTAC CTAAGGCCAT
40 TAGAGGEHATEACHETIRETTT CEUSAGEAT GTAAGRICCRACC
CAAFEAGEECTAGGTGCTTGG GACATTTGAT ACCGCACAGA
TAAT CT TCITCCCTTC GCAGCCGCTC 45 CACCAAAGCA

W TCTCCT CATTTACTGI GAATGIGAGG

GAATACT TGTAAGEGEEC AATTCTCCTG

ATTCAACTA TAACAAGECC ACGAAGAGAC TCACAGITCT CGGAAAGGAT
50 GHRSGCACTT -40 WO 2004/112831 PCT/ US2004/ 016680

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
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 AAGTTGTTTIT CCCTAACGAA
40 GTGGGAGCCA
GGATACTAAC ATCGGAATCG CAACTAACGA TAACCAAAGA
GAAGAAAGAA
GAACTCCAGG ATTGCAAAAT TTCTCCTTTG ATGGTTGCAT
ACATGTTGGA
45 GAGAGAACTG GTCCGCAAAA CGAGATTCCT CCCAGTGGCT
GGTGGAACAA
GCAGTGTGTA CATTGAAGTG TTGCATTITGA CTCAAGGAAC
ATGCTGGGAA
CAGATGTATA CTCCAGGAGG GGAAGTGAGG AATGATGATG
50 TTGATCAAAG
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TAACTGAAGA CCCAGATGAA GGCACAGCTG GAGTGGAGTC
CGCTGTTCTG AGGGGATTCC TCATTCTGGG CAAAGAAGAC AAGAGATATG
WOEBOTAGBACT 5 AAGCATCAAT GAACTGAGCA ACCTTGCGAAPCT/US2004/016680
AGGAGAGAAG GCTAATGTGC TAATTGGGCA AGGAGACGTG
GTGTTGGTAA TGAAACGGAA ACGGGACTCT AGCATACTTA
CTGACATOAN TAXINGCEACEARINASATAS TAAC dMTaaeEREA
CAATGABIISA@CABTAGTTT AAAAACGACC TTGTTTCTAC T (SEQ | D
NO: SATOEAGT AGCATTIA TRESFAGATGT GCASTAGEALAC
AGTGSBATTHGTABATCATGGEC GTCTCAAGGC ACCAAACGAT
CT TAGGIACIGA BBGAAGACATE0 TEXRKEHAGNAS:
CACTAGOWAGAGSICATCCG  TCGGAAAAAT GATTGGTGGA
ATTGGEXPITATEACMGEATASIATTHAGA CTGNE PRAIARS CTCA
TCAGTGATTA AKSAISGGACGG TTGATCCAAA ACAGCTTAAC 25
AATAGAGEYS A CEUACKIIT TAKGE AGAKAA SGAGAGAAGA TUAGRATACC
T GARGMGAGACXAGTGCG GGGAAAGATC CTAAGAAAAC TGGAGGACCT
ATAT ARAGEA G GRABTAGS GGG AMNACTECATA CYGATEAGTRATAA
TCCT EATEACACAAAGAAGAA ATAAGGCGAA TCTGGOGCCA
ACCT AR5 AAT A EGAAAGCHESTEC ACMCEGCTEG CIAGAGIEAGCAACA
ATGATATCTAGEEATTCCAA TTTGAATGAT 35 GCAACTTATC
GAGRACABGRAAECTAGHA CCEACREHEN T TAWNHAGTGG
GATGHXA L6 ACHA GCAAG GTTCAACTCT CCCTAGGAGG TCTGGAGCCG
CA! @GA@T&@(%M@@AA@X@@%@S@C@TG@T@MTT
ATTCRIAARAG MTGA TCAAA
TTGTATGATA AAAGCAGTCA GAGGTGATCT GAATTTCGTC
20 AATAGGGCGA
ATCAACGATT GAATCCTATG CATCAACTTT TAAGACATTT
TCAGAAGGAT
GCGAAAGTGC TITTTCAAAA TTGGGGAGTT GAACCTATCG
ACAATGTGAT
25 GGGAATGATT GGGATATTGC CCGACATGAC TCCAAGCATC
GAGATGTCAA
TGAGAGGAGT GAGAATCAGC AAAATGGGTG TAGATGAGTA
CTCCAGCACG
GAGAGGGTAG TGGTGAGCAT TGACCGTTTT TTGAGAATCC
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 TTGTAAGAAC TCTGTTCCAA CAAATGAGGG
ATGTGCITGG
GACATTTGAT ACCGCACAGA TAATAAAACT TCTTCCCTTC
GCAGCCGCTC
45 CACCAAAGCA AAGTAGAATG CAGTTCTCCT CATTTACTGT
GAATGTGAGG
GGATCAGGAA TGAGAATACT TGTAAGGGGC AATTCTCCTG
TATTCAACTA
TAACAAGGCC ACGAAGAGAC TCACAGTTCT CGGAAAGGAT
50 GCTGGCACIT



GTGGGATCAA TGATCGGAAC TTCTGGAGGG GTGAGAATGG
ACGAAAAACA AGAATTGCTT ATGAAAGAAT GTGCAACATT CTCAAAGGGA
W@ B00AATIBTCAAAC TGCTGCACAA AAAGCAATGA TGGATCAAGHCT/US2004/016680
GAGAGAGAGC CGGAACCCAG GGAATGCTGA GTTCGAAGAT
CTCACTTTTC TAGCACGGTC TGCACTCATA 50 TTGAGAGGGT
CGGTTEATTE AANSCC PN TH EAGGLATAGETEIEANTas 49T\
2004CGECTETITCICT/ US2004/ 016680 ACCTGCCGTA GCCAGIGGGT
ACGASTGTGM FRCOTBIIC TCIRET S PSS FAERAFAGATATG
CCCTGGCABGCAGTTTCAAA ACAGCCAAGT  GTACAGCCTA 5
AT CAGA GONT QSR GHITCTS AGCAQUCARTS AGHAMMBGFAGAGAAG
TGTGGATAATGICATTCT GCCGCATTTG AAGATCTAAG AGTATTAAGC
TTCATEAANG GERACBEEGETA CGTCARIATIGC GBEAAIGA AR COSMETAGAGG
10 AGEFGGRTTCTCTTCCAATG AAAATATGGA GACTATGGAA
TCAAGEAGAR C TTGAMCRENE CASGHENABCGRCEGESARGAATTC
WC@G%@(T@%GBAAAC ACCAATCAAC 15 AGAGGGCATC
CCCERAGAA NIEACCARAA AROCAAGBIACGATCAGTAIAG TAC T
GAA{FS%A TTGACAG AACAACCATT ATGGCAGCAT '
GAGGGEG AGAACATCTG ACATGAGGAC CGAAATCATA
20 AGGATGATGG AAAGTGCAAG ACCAGAAGAT GTGTCTTTCC
m@ AGTCTTCGAG CTCTCGGACG AAAAGGCAGC
TC GTGCCTTCCT TTGACATGAG 25 TAATGAAGGA
TCTTAGTAA A AEERAGEEAA GRIAACHAG C ACYSAGATACATCA
AAATCATGGC GTCTCAAGGC ACCAAACGAT CTTACGAACA
GATGGAGACT
70 GATGGAGAAC GCCAGAATGC CACTGAAATC AGAGCATCCG
TCGGAAAAAT
GATTGGTGGA ATTGGACGAT TCTACATCCA AATGTGCACC
GAACTCAAAC
TCAGTGATTA TGAGGGACGG TTGATCCAAA ACAGCTTAAC
25 AATAGAGAGA
ATGGTGCTCT CTGCTTTTGA CGAAAGGAGA AATAAATACC
TTGAAGAACA
TCCCAGTGCG GGGAAAGATC CTAAGAAAAC TGGAGGACCT
ATATACAGGA
30 GAGTAAACGG AAAGTGGATG AGAGAACTCA TCCTTTATGA
CAAAGAAGAA |
ATAAGGCGAA TCTGGCGCCA AGCTAATAAT GGTGACGATG
CAACGGCTGG
TCTGACTCAC ATGATGATCT GGCATTCCAA TTTGAATGAT
35 GCAACTTATC
AGAGGACAAG AGCTCTTGTT CGCACCGGAA TGGATCCCAG
GATGTGCTCT
CTGATGCAAG GTTCAACTCT CCCTAGGAGG TCTGGAGCCG
CAGGTGCTGC
40 AGTCAAAGGA GTTGGAACAA TGGTGATGGA ATTGGTCAGA
ATGATCAAAC
GTGGGATCAA TGATCGGAAC TTCTGGAGGG GTGAGAATGG
ACGAAAAACA
AGAATTGCTT ATGAAAGAAT GTGCAACATT CTCAAAGGGA
45 AATTTCAAAC
TGCTGCACAA AAAGCAATGA TGGATCAAGT GAGAGAGAGC
CGGAACCCAG
GGAATGCTGA GTTCGAAGAT CTCACTTTTC TAGCACGGTC
TGCACTCATA
50 TTGAGAGGGT CGGTTGCTCA CAAGTCCTGC CTGCCTGCCT
GTGTGTATGG
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AAAGAAAAAT ACCCTTGTTT CTACT (SEQ ID NO4) 30 M
AGCAAAAGCA GGTAGATATT GAAAGATGAG TCTTCTAACC
W@EAOPIOBALA CGTACGTACT CTCTATCATC CCGTCAGGCC QACITCSMMED 6680
35 CGAGATCGCA CAGAGACTTG AAGATGTCTT TGCAGGGAAG
AACACCGATC TTGAGGTTCT CATGGAATGG CTAAAGACAA
GACCASTIGT (ETAGCTART GRGT ARG HOA PAIGARGASHOA
TGTGTACACBCTRGACCGTGC CCAGTGAGCG  AGGACTGCAG
CGTAGAGGAA TAGA COUYRA CAEROCTHON T CBEAACASGLSAAGT
ATCCOAATNGCATEGACAAA GCAGTTAAAC TGTATAGGAA GCTCAAGAGG
45 GAGNPANIATA AN RTAEEATCCANBGASATA AGACTIENIGTGG
ATTCTGEHEATAGCACTTGCC AGTTGTATGG GCCTCATATA
CAACAGGEATR TEECTCTGA TTICAS AGANGETT /540G GEIMTITZGEGC
CTCCTATETG A AMMECTGTGA ACAGATTGCT  GACTCCCAGC 42 WD
2004 GELRESAABGH GISPO0EAALIEE0 G AR CTCA CIINGCABATG
G GAGRAAGAM OCAATCCACT  AATCAGACAT GAGAACAGAA
TGGT GLAGE AAREAGTOCA EETAAGKCTATGEARABCAAST ACAC
CCCTGRAATAGAGAGCAAG CAGCAGAGGC CATGGAGGTT
CCTAGIKAKGETACAFARGTCRFRACAARTE MTLACARSIEAGTRAKRCTCA
TCCTAG QQT@@@cTGGTC TGAAAAATGA TCTTCTTGAA AATTTGCAGG
8 S AAEEEE0 AT REARTOT AAGAGKTIHEGTT
GA ,,:\‘ TG GEAMATATCA TTGGGATCTT
RAATEHTEECFTTIGACAG AACAACCATT ATGGCAGCAT
TCAATGGGAA
TACAGAGGGG AGAACATCTG ACATGAGGAC CGAAATCATA
20 AGGATGATGG
AAAGTGCAAG ACCAGAAGAT GTGTCTTTCC AGGGGCGGGG
AGTCTTCGAG
CTCTCGGACG AAAAGGCAGC GAGCCCGATC GTGCCTTCCT
TTGACATGAG
75  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 GTCACCTCTG
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
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TTGATCGTCT 15 TTTTTTCAAA TGCATTTACC GTCGCTTTAA
ATACGGACTG AAAGGAGGGC CTTCTACGGA AGGAGTGCCA

WORGTATATGA GGGAAGAATA TCGAAAGGAA CAGCAGAGTG PCT/US2004/016680
CTGTGGATGC TGACGATGGT CATTTTGTCA 20 GCATAGAGCT
GGAGTAAAAA ACTACCTTGT TTCTACT (SEQ ID NO5) NS 25
AGCAADEEIRT CIGY CAGH A AATE GG %@@txﬁi@ CCACT
TGTGRANKGATATAGGTAG ATTGCTTTCT TTGGCATGTC CGCAAACGAG
TT&WC&GM@A@MO@G&C@CEACK@@TW TA
GCTTAOGTIGACABATCAGAAAT CCCTAAGAGG AAGGGGCA
AET CM@}K@G@WGO@MG@G@@G@G@MAGGTT
AGCAGATAEITCEAGCGGATT CTGAAAGAAG 35 AATCCGATGA
GCCACTRANAC AR GACEATGCABGTT ETAAG ALUGATRGGIGACTCA
TACCTAATIAGAGATGACTCT TGAGGAAATG TCAAGGGACT GGTCCATGCT
CATAGEAACT G0 TCAGHIEA BBGAAGCCOCTTFAR TGN RITBCAGG
ADCACACR AGRATCATGGA TAAGAACATC ATACTGAAAG
CCAAGIAGARTEGHAGTEEA G AASOBACSIH TCARTIIRAMICCTCT
ATTGIAMECTREEETCACCG AAGAGGGAGC 45 AATTGITGGC

WAHJMEK%@@AT@TW@A@A@M@}ATTC
AGGA T GGAGTCCTCA TCGGAGGACT TGAATGGAAT

c'%ﬁ@%%% J EALCTIGTA ACABAGETICTG
AATGAG 43

CTTCTACGGA AGGAGTGCCA AAGTCTATGA GGGAAGAATA

TCGAAAGGAA

CAGCAGAGTG CTGTGGATGC TGACGATGGT CATTTITGTCA
20 GCATAGAGCT

GGAGTAAAAA ACTACCTTGT TTCTACT

(SEQ ID NO:5)

NS
25
AGCAAAAGCA GGGTGACAAA AACATAATGG ATCCAAACAC
TGTGTCAAGC
TTTCAGGTAG ATTGCTTTCT 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 TTGTATCAGA ATGGACCAGG
CGATCATGGA
TAAGAACATC ATACTGAAAG CGAACTTCAG TGTGATTTTT
GACCGGCTGG
AGACTCTAAT ATTGCTAAGG GCTTTCACCG AAGAGGGAGC
45  AATTGTTGGC
GAAATTTCAC CATTGCCTTC TCTTCCAGGA CATACTGCTG
AGGATGTCAA }
AAATGCAGTT GGAGTCCTCA TCGGAGGACT TGAATGGAAT
GATAACACAG
50 TTCGAGTCTC TGAAACTCTA CAGAGATTCG CTTGGAGAAG
CAGTAATGAG
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WD 2004/ 112831 PCT/ US2004/ 016680 AATGGGAGAC
CTCCACTCAC TCCAAAACAG AAACGAGAAA TGGCGGGAAC

WORNTAGSICA GAAGTTTGAA GAAATAAGAT GGTTGATTGA  PCT/US2004/016680
AGAAGTGAGA 5 CACAAACTGA AGATAACAGA GAATAGTTTT
GAGCAAATAA CATTTATGCA AGCCTTACAT CTATTGCTT
M@@%@GA@@@M@ACTWT@&MMAGAAA
TTAGTRETBEGHRAMEACCCT TGTTTCTACT  10- (SEQ I D .NO 6) HA
AGCAMATTAGGECA/ AN AARGAANCAANTATASAN TGAs
ACT GGEAGTTHEY GCACT TGCAGCT GCAGAT
GRAGATACAATATC AV BAEEAAIZEA GO IEGERT TTAASICAEATAA
TGTTC@.@M@\CKCGAGAAGAATGTGAOAGT

CEACT(@E?QTI@CN@‘BQAGATQATGGTCCTAQATT
GTAGAAACACCAAACT CTGAGAATGGAATATGTTATCCAGGAGATTT
CATCGKTAT GAGGAGCT GAGGGAGCAATTGAG
CTCAGTGTCATCATTCGAAAGATTCGAAATATTTCCCAAAGAAAGCT 25
g QEAACCAAAATGAAGGCAAACCT

WE@@@@@@@W@K@WTT@TA

B AAGAAGACEGEA CA GMCIMNAASTGCGAACAATTCAACCGACAC
CT W@%%BW%WM@@TGTACT

RWW@OP@G@E&A@@%@&GQCACAACGGAAAACTAT
ACAA GO CAGAA T ARAAAT AT TATERGTGTSTAGTGA

% A CCRSEAPATTGGGAAACCCAGAATGCGAC
PO ACCARETHEFAEKIHT GAACTA

Hﬁg (LaTAl K FAATATGTTATCCAGGAGATTT

o T X HFNGCTTTCGC 35

' ) TATTTCCCAAAGAAAGCT

C CAGCCE

ATAT T éf@éﬁ TTTGCTA
CT GGGAAAGAAGTCCTTGTACT

GTGGGGTATTCATCACCCGCCTAACAGTAAGGA

30 ACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTAGTGA
CTTCAAATTATAACAGGAGATITACCCCGGAAA
TAGCAGAAAGACCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTA
TTACTGGACCTTGCTAAAACCCGGAGACACAATA
ATATTTGAGGCAAATGGAAATCTAATAGCACCAATGTATGCTTTCGC

35 ACTGAGTAGAGGCTTTGGGTCCGGCATCATCAC
CTCAAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCC
TGGGAGCTATAAACAGCAGTCTCCCTTACCAGA
ATATACACCCAGTCACAATAGGAGAGTGCCCAAAATACGTCAGGAGT
GCCAAATTGAGGATGGTTACAGGACTAAGGAAC

40 ATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCGGTTIT

ATTGAAGGGGGATGGACTGGAATGATAGATGG

ATGGTATGGTTATCATCATCAGAATGAACAGGGATCAGGCTATGCAG

CGGATCAAAAAAGCACACAAAATGCCATTAACG

GGATTACAAACAAGGTGAACACTGTTATCGAGAAAATGAACATTCAA

45 TTCACAGCTGTGGGTAAAGAATTCAACAAATTA
GAAAAAAGGATGGAAAATTTAAATAAAAAAGTTGATGATGGATTTCT
GGACATTTGGACATATAATGCAGAATTGTTAGT
TCTACTGGAAAATGAAAGGACTCTGGATTTCCATGACTCAAATGTGA
_AGAATCTGTATGAGAAAGTAAAAAGCCAATTAA

50 AGAATAATGCCAAAGAAATCGGAAATGGATGTTTTGAGTTCTACCAC
AAGTGTGACAATGAATGCATGGAAAGTGTAAGA
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40 ATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCATTGCCGGTTTT
ATTGAAGGGGGATGGACTGGAATGATAGATGG

WOAT@STABEGT TATCATCAT CAGAAT GAACAGGGAT CAGGCTAT GOAM/US2004/016680
CGGATCAAAAAAGCACACAAAATGCCATTAACG
GGATTACAAACAAGGT GAACACT GTTATCGAGAAAATGAACATTCAA 45
TTCAGETCACEIAAATIIATARCAAAT A TCAGAAGAGTCAAAGTTGAA

GAAAW@@MT$@WAWW@%A TTCT
RO XASABRETEECAMTCTACTCAACTGTCGCCAGTTC
TCTA@WMW@ECT@(@WW&AAATGTGA
WWMTWMGGGGT GCAGAATATGCATCT
G AEAGATAGGASTFARGAGIT CTACCAC
AAGT@IGQCKMWCL’G@MWAAGA 44 WD 2004/ 112831
PCT/ US2004/ 016680
AATGOGACT TATGATTATCCCAAATATTCAGAAGAGT CAAAGT TGAA
QWBAAAAGGTAGATGGAGTGAAATTGGAATC

ggg A T A ATCTA AA T

ACTCHEE My i aicesc e frmcmmc

GITT AP ANTECATES p:(G] ewév‘

GAGATAAERATATAA "" % 5 w;( ECICRATAIGCR TAGEGA

D N& AMTC%ACTGGAAGTC AL A

ASCAPAA W&MA@W&WCTGGGTM

CATT RPALAEAST TR eFAGAAAIAAHOGGCGCAATT

AGCCT@AT@T@WW@@@@&W@@@E@@@WM%%&AGACA“
" A L-‘ A / ‘ K Y ip

ACGITTIT
GCAGGACC

CRERRATAGGGCCT

A T PO RS CAA T
C2ACCINT A GOAGUAGA A ST CGAGTNCATBACTCTATA PAGISDETAACGGCAT
TAAT GAGTAACOGIAGUOCGAGAAATAG BT GG@GGAAGAA

n TGP SATGGTTCAT

ATGAT@B@ATA@E@TWMCGMGATG

TCAGHEGCAGHSTANTEF MIOTACAXCRRGERAGGTTACT

30 AAATCAATAGAGTTGAATGCACCTAATTCTCAC
TATGAGGAATGTTCCTGTTACCCTGATACCGGCAAAGTGATGTGTGT
GTGCAGAGACAATTGGCATGGTTCGAACCGGCC
ATGGGTGTCTTTCGATCAAAACCTGGATTATCAAATAGGATACATCT
GCAGTGGGGTTTTCGGTGACAACCCGCGTCCCG

35 AAGATGGAACAGGCAGCTGTGGTCCAGTGTATGTTGATGGAGCAAAC
GGAGTAAAGGGATTTTCATATAGGTATGGTAAT
GGTGTTTGGATAGGAAGGACCAAAAGTCACAGTTCCAGACATGGGTT
TGAGATGATTTGGGATCCTAATGGATGGACAGA
GACTGATAGTAAGTTCTCTGTGAGGCAAGATGTTGTGGCAATGACTG

40 ATTGGTCAGGGTATAGCGGAAGTITTCGTTCAAC
ATCCTGAGCTGACAGGGCTAGACTGTATGAGGCCGTGCTTCTGGGTT
GAATTAATCAGGGGACGACCTAAAGAAAAAACA
ATCTGGACTAGTGCGAGCAGCATTTCTTITTGTGGCGTGAATAGTGAT
ACTGTAGATTGGTCTTGGCCAGACGGTGCTGA

45 GTTGCCATTCAGCATTGACAAGTAGTCTGTITCAAAAAACTCCTTGTTT
CTACT (SEQ ID NO:8)

Example 3



AATAACTGAAACCATAAAAAGT TGGAGGAAGAA
AATATTGAGGACACAAGAGT CTGAATGTGCCTGTGTAAATGGTTCAT
WOIFHTASITATAATGACT GATGGCCCGAGTGATG PCT/US2004/016680
GGCTGGCCTCGTACAAAATTTTCAAGATCGAAAAGGGGAAGGTI TACT 30
AAATCAATAGAGT TGAATGCACCT AATTCT CAC
Ao ) HEPEF IEplicates

GCAGTEEAGET WMWAWW ﬁﬁfaoe proteins are highly related
M@T%ACA%EMQ{Q&%M 13 cannot be

CGT G CRATAGGAAGBAOR ARG CAGAGTTRCABAOATIBEEHiTken oggs

CACT AR AR BN E R ANB NGRS N gopty gy e of

ATT%E%WW@%T b EAAGE vaccines 1s unsafe for vaccine

ATCCT GAGCT GACA GT. TGA
GAAT THEkeEs asa master vaccme strain,

ﬁgﬂq@g@@@xf WMMIW@%% multiple

Giorcimair wmm& bﬁ(@m@ﬂ&é’f@r@*@&e&mmweéﬁmhmwe (from

CTACT, e
PCT/ U%%%(g% 8 Ilﬁ??ggnz aﬁ::/TIPﬁgx X/QS%Q%{Mgﬂmtamd HA

Kong/ &8 prdeddmesiigthal Hrealizgd m@smnclatcb@kws Additiengllyy the
chi ckgnSred %ﬁ“ﬁ%?@n&gqgtﬁﬁlt hﬂt;l?e‘ﬁteh{%{:&os F*Ffulsh Etro%{ @ﬁ th(t, Hl'uﬁted
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erein be vari ed caonsi
Wi t hoybne ofeFa ) NOsfréonr thh eomdgmentpf fheapplpisac fsegfﬁ%ﬁ

i nvention. 48 WD 2004/112831 PCT/ US2004/ 016680 WHAT

IS CLAIMED IS: 1. An isol ated pol ynucl eoti de

conpni si N@\rAsdlated polgmattotdsamyeising e mudeic agid segment encoding

oot  Fonrepetss 18 WA PRE T RN o) plfnd i lnciny

aet i vid s%maﬁmﬂao%fdrsemwamoneéppmpg pdepeqaﬁd@deddeddy one of
one of SE l.ement of the
nucl SEQ I @S é‘@gﬂfé‘h? corﬁplelﬁ\?f‘t og n@ﬂc 6‘8? y?ﬁ%elne otide
conprising a nuclelc aC|d segnent encodlng ‘an
i nfl uenza virus HA, PB2,

P, .M. qr
haV| g sulbe mlmeémplyml@eqﬁﬁé 0%%%1 LR Zn%heé?}P E}“’*é%‘a%}%‘ﬁls
a isgife BiIcHAE sdaMerRBas O of SEQ ID
N&%%&ag&ﬁg%g]%gaco ?gkr}es%tﬁe of the ??Slc‘l3 ei CS acel 0d
slégnﬁ‘ﬁ@s 1-8 or thhgoinplemanteberpefl ynucl eot i de of claim 1 or
2 wherein the isolated polynucleotide has

substantially the sane nucl eoti de sequence as one of
SEQ 1D 15hm®1ateﬂp@1ynuclc¢1@e eﬁﬂpmweherrﬁ whesgin dhsrisolgted T e
i sol at c 1t5 oh\6F SE
i sol eﬁg‘@ 2 ‘?/dglﬁ {”%é%etsl dequ le ze uﬁgﬁmﬁgﬁgr ate <
stri mgﬁm@ylammdietdompkententmmeofof SEQ ID NGs: 1-8 or
t he conpl enent thereof 20 5. The isol ated

ynucl eotide of claiml1l or 2 further conprising a
pronos.er . The isbheed @hnatlestideof yiaincl eo fuihenfompriging 5
wherein the pronoter is a RNA 25 pol ynerase |
pr onof@R0H RNA pol ynerase || pronoter, a RNA

pol ynerase Ill pronoter, a T3 prom)ter or a T7
pronoter. 7. The isolated oI y tide of claiml
2 whef-ei n Thgdsolnig “%]8?‘? é’fc %&' E%%PVB‘@E R RﬁA

h &GaNs JIRerBdeTBpromatek QHH\IA@bEItHGWSe T
}A%ga %gsre gcg%ndl nmy}‘ggegtl deéencoded by one of

SEQ | momr afF3gromoter or a T7 promoter.

7. The isolated polynucleotide of claim 1 or 2 wherein the polynucleotide

encodes a polypeptide with one or more conservative substitutions relative to a

30  corresponding polypeptide encoded by one of SEQ ID NOs: 1-8.

8. A composition comprising a plurality of influenza virus vectors,

comprising
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8. A conposition conprising a plurality of influenza
virus vectors, conprising 49 WO 2004/112831
WO UEa804/ 016680 a) at |east two vectors sePETUBIN04/016680
froma vector conprising a pronoter operably linked to
an influenza virus PA cDNA |linked to a transcription
term nati a)mt besm\emcﬂtorasa?@tﬂddroncmmqrgpmgn%n@ peBokr
oper abl |an [ nked
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i nfl wenBma ofi2rinked,a tansteiption terminatimi ssquegeea apd onot er

bly I dt DNA t di | nf | 0
VTus PE B SStRore BB prrer Tand B et oy e
i nk%eﬁaﬁl 1RkEINO amégmene&ﬁ:@ﬂlmg influbfawéng BAya vagtor

PB2, or a vector conpri Si n er operab | i.nked
to a ONRISaEARFMAEHCBERMY ! tg é% 8 ‘I‘é%ﬂ‘ﬂ“enza
oY | apgk P13l v%@to? @&rﬁfﬂsﬂ% ﬁrﬁﬁmeﬂoﬁé%bl}qﬁnk@@m DBiANgg@ment
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i nf | veneding/influenzaairusPR2e e¥ %Yecé%ﬁﬁﬁ“?%ﬁl?f@a %rowﬁmeg?bqy linked

opér al@'ﬁ?ﬂh& Q%}%Lmt. Sic8dnSinEén-A SHIERP, a%ﬂ‘éﬁﬁﬁrﬁgy kb bdlevtetia
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| i nkefiorh @ vactmnmegnenpm@m«wpw w\mkfiﬁléﬂ 25) Fec%nem a
Vect of o ﬁ%}%glhgﬂzg glr?sl 1RA O DUt <O #/prbinBtee Qpetraﬂ)lyahm&\ to

segmsr?t Ing In uehza viru , or a vector
CIApri Bngsegnpmcenmdmg infenzdviys NA kegctorcomprNiag 8 PEer

encodi n fI u(gp a%ﬁér useégrll%a Cé)g@]g I S RO RAY %x,e&&

| east ronot er opera
I'i nk eéi)nhihsin@a pmh(ytémipbﬁblyl lh&edto ad])IdA seginapt ergod@g mﬂuenza

conmp OSItI on co rISI urali

vect OYIg.lS M% Sk V cgt?rﬁ;g 6519% E@H&)}e—f %)Eggtfy ﬂLlLeld‘?Q 4 ?DI\YA Eéfé‘?hent

PCT/ L@%Q@iﬂé hH868Q virus NS2, wherein optionally at least one vector comprises a
30  promoter operably linked to the polynucleotide of claim 1 or 2.

ﬂ

9. A composition comprising a plurality of influenza virus vectors,

comprising
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a) at least two vectors selected froma vector
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linked to a transcription termnation seqﬁeﬁgﬁed a
vect rmisaiigir seqiaee, & VeRPIAOBIPEFNE BN PR Mgked o AR
i nf | BA0ZG, ik e VOsAYKed Bfehnbstiphioh teangafibmicyasmce, a

termnation sequence, or a vector conprising a

PO omodogar comerising y piometes apareplnhnked e priwfyenzy virgEo g for

¢ | KR tifﬁfea t % ANREELRL A il GbA bR AE b R 8RR Rising a
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i pfluenza virus PA _a vector _conpfj:si ide of
SBer AP 3t edpnp et gRRPLRE ARl Bt p e Bbds o
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SR il s e e v
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p Lo nﬁ?@?ﬁ%%? BIgmpter PpRERRYY fieed t‘b&&&é’éﬁ’%ﬁw ati ipfuenza
hpf | QE’P&Z?B Vialvdstof ¥dmyfRisit %gyﬁm&m&fasiyﬂ@kéﬂ_ {oradDivA @egment
oper a y linked to a 5 segnent . encodi ng infl %quxfil{d
vi r usneotingrioflugmza \rusdBR oot ICERIF PRI a@rﬂﬁa@é‘ﬂ)em y inke
oper %@%})NA nft RcitdIASEIIBREs 10 GAdbRSnhIN delRRddom a
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Vi rus vect or conprisin a pr onot er opera _|
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or oraraieGLURAHA 4 ey BB ARR o R
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wherein . i S e A HA .. 11 Lt of
ol ai el Tk oA SR ieodind hitulf RTROBh4 (@
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pol YNRka$® thd pd? bde of tBim TR@2conposi tion of claim

12 wherein the RNA polynerase | pronoter is 5 a human

RQA pol ynerase | pronoter.
10.  The composition of claim 8 or 9 wherein the HA is a type A HA.

11.  The composition of claim 8 or 9 wherein the HA is a type B HA.
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14. The conposition of claim8 or 9 wherein all of the

vectors of a) conprise a RNA polynerase Il pronoter
wa015128FThe conposition of claim8 or 9 wherei PCEHESI004/016680

vector of a) is on a separate plasmd. 16. The

conposition of claim8 or 9 wherein each vector of b

i s on2a Thpeorapasitioh abetir 8 o1 8 whereinmhpluvalifyisd het vesterssif a)

cl ai re

Fur't el RN RyghE FprGBr Bia KR HEFIOLS Mxahbicr
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o 515 nf Rherga T 6P SR, 2yRedtn g oA pEBhEhast | ARG s

i 5f | uenman RINAIpolymeaedgrsgoterequences | i nked to a cDNA
of interest linked to 3" influenza virus sequences
conprising 3" influenza virus noncodi hg sequences

| i nkad. t 0TBe céhpRERR0PERIAIS b€ Whereihiall Bf the Goeoe ef aj2bmprise
19. The conPosition of claim 18 wherein the cDNA of

i nt erdYA pelymsrashll IR orj entation. 20. The
conposition of claim 18 wherein the cDNA of interest

is in the antisense orientation.,SO(%kﬁ The_ .

dénpds§i t i dhe eempasiopof gaifhdeie] Whersa cayECioF of hdeii
conpg%&gﬁe RsmPen reading frame encodi ng an x
i munogeni ¢ pol ypepti de or peptide of a pathogen or a
t herapeutic pol ypeptide or peptide. 52 WD 2004/112831
PCT/ 520044, 01668Qiticf 0t i B LI IndrBinRAGPREfr b¥)idi6i# 2
virus, conprising: contacting a cell wth the
conpesparateplasthidany one of clains 8 to 21 in an anpunt
ffective to yield infectious influenza virus. 5 23.

e nethod of claim22 further conprising isolating

t he MIi7t us The 2émpdditionsf cloinad metwhszeintie emeh hbille vécterk af h
22. 25.. A nethod repare ene. delivery vehicl e,
conp Eff‘@]i“?i (jf’mE’Eﬁ?te’zallgg“lX %@ngggwoéﬂel%ﬁnﬁo? R°Y*Reconposi ti on
of any one of clains 18 to 21 in an anmount effective
to yield_influenza virus, and.isolating the virus. ..
26. % us Thscampesifiopyt el fat ﬁgﬁ&‘fﬁ COPLPIRE 3 5/ectqicORIpTISIRE
o | Honbeetiadd\W §'infludezaGaupagudicedcoiprising Sointuaiza virus
clains 8 to 21. 28, A cell_infected with the virus.of

cl ai mopeeding spguenpep lmked;toancbiNA efipierest htked it GHBERA VAT
a NUGEldhc@ATofpRSaE T AN hotodial setiehRb Anladitdla
sequences_encodi ng an influenza virus protein, wherein
t he tramfdriptian terminatien §A¥NET-n i s an i nfluenza virus PA
havi ng substantially the sane

25 19.  The composition of claim 18 wherein the cDNA of interest is in the sense

orientation.

20.  The composition of claim 18 wherein the cDNA of interest is in the

antisense orientation.

30

21.  The composition of claim 18 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.

52



activity as the pol ypepti de encoded by SEQ ID NGO 1

an influenza virus PB1 having substantially the sane
W@ewuaiasyl as t he pol ypepti de encoded by SEQ | DPCTMISR)4/016680

an influenza virus PB2 having. substantially the sane

activity as the 25 pol ypeptide encoded by SEQ I D NO 3

an i od.] Uek nethodrio preplite relnburg virsu bsmriﬂima ichytacting asalwith

act i as .t he oI et'de an

i nfl E’sﬁgﬁ POIQROR AR ﬁ‘gf‘v#ﬁb“% tan F’?‘ éF%éfé@"m fleld

act i ifdcyio@Sinflshzpoirnypept i de encoded by SEQ I D NO 7,

an i nfluenza virus NA having substantially the sane

activity as the pol ypepti de encoded by SEQ ID NG 8, an

i §f | penzarnd hstsodbRAisDNAuktry tagprisitpssdatingabd yirushe

sarre activity as the polypeptide encoded by SEQ 1D
and/ or an influenza virus NS having

Subsg@nt ! ﬂrhyoﬁthﬁecﬁgmeﬁt@ﬁab&bwmﬁﬁzz the pol ypeptide

encoded by SE r6. 30. A nethod to prepare

i nfluenza virus, conprising contacting a cell with 53
41 Bl SsohiPrismedohtadlinpdcells

a prggmt e%l%%%%c’rd;tgﬂéﬂ?%g%%@t oéégvlenfl uenza V|gr us PAﬁg;Jc

d DNA withithekesuingtosition bf znyoue Pirlaima 18 & 4 inanieBRUR S eHEL

a vect onmpL operably linked to an
i nfl G’éex L ﬁ\‘}elr;gr%us 9@8@% eﬁﬁeé to a transcription
term nati on sequence, a vector conprising a pronoter
oper ably n.5 inpfl 4 rus PB2 cDNA

l'i nk g to émfegtﬁg’g‘il hleomr? Oggfna%g'{%/én sequence, a
vector conprising a pronnter operably linked to an

vect ! ter op to
B miotat | OvPeLGaBHEL T g shp isp AL PRI B,

operably linked to an infl uenza vi rus NP cDNA |inked
toatranscrlptlont er natio 1S ag avector
conpr2Bsi né\%‘?lﬁP%FFﬁilgf*t g}lﬁé’ﬂrﬁﬁ? ?“in 0 an

i nfluenza virus NA cDNA linked to a transcrl pt| on

term nati on sequence, a vect or conpyjlLsin a YOHD er.
oper &% y 1A Yretsd comprTng HPRelRLand A g lﬁ\ﬂ“'&%@“ eRIRRIEME

L9 @ hbRRSEld é@f}ﬁéﬁ@esteﬁw&‘h{gahwlﬁlheﬁﬁ%ﬁ@ pivtein, WiRedinthe
conprising a pronoter Serably lLinked to, an Iﬁpél uenza

Vi r usnfi@neDRrusitireiriads anduenzayiss PAavE subsiantipibathe spme
>ea Ry & t%{ﬁl%pﬁ%é&ﬂ BY sﬁgﬁtm@heﬁn RRgEER Vitus PB1

i nke segnent enco | uenza virus

PA dlavmgtsubstanoaﬂbr fhe sange aatlwtsmﬂheewo msetidgimgodedby OEQ 1D

co m éin r o ot %EB%%e r E%P‘Qﬂn‘(lhw Eﬁnéacn%y geher
SEY Weﬂdlyrfep@dwdnn@deld il |SEQYIE€N®13r a;smﬂmlza m@. N]%lhﬂﬁ@l@ﬁ or

infe Cﬁlﬂ@éiﬁa Viris B A hatiag aib@taﬁﬁuﬂy mecmme actmmy aathezxolypaatglp
one vector co risin a [ a
pr onotaspdadiby I%Nphg@ an %@I“Wﬂ y F%#lgg’g%ﬁlg S@?Stamal? e sage

| i nkeghit @y & the ﬁaﬁ;erplnaé £RBdddeyyTSBTEID NO:S; af iifhereza virBdM
The nmet hod of clalm 30 further conpr.isi

CBior FBNAGHne GHSIRBAY BESPABF DS PoR B A oted by SEQ

segnef Nes Qii/Bfad Rfthdteiths NI heSinbAubstandiblly @6 kafie activity as
conprising a pronoter operabl Ilnked to a DNA segnent

encodfhegolypeptide encoded by SEQ ID NO:6

30. A method to prepare influenza virus, comprising contacting a cell with
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31.  The method of claim 30 further comprising a vector comprising a
promoter operably linked to a DNA segment encoding influenza virus HA, a
25  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 a DNA segment encoding influenza virus NS2. -
30
32.  The method of claim 30 or 31 further comprising a vector comprising a
promoter linked to 5' influenza virus sequences comprising 5’ influenza virus

noncoding sequences linked to a cDNA of interest or a fragment thereof linked
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to 3' influenza virus sequences comprising 3' influenza virus noncoding
sequences linked to a transcription termination sequence.

\
33.  The method of claim 32 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.

34, The method of claim 32 wherein the cDNA of interest is in the sense

orientation.

35. The method of claim 32 wherein the cDNA of interest is in the antisense

orientation.

36.  The method of claim 32 wherein the polynucleotide is not one which
encodes an HA corresponding to the polypeptide encoded by SEQ ID NO:7
and/or not one which encodes a NA corresponding to the polypeptide encoded

by SEQ ID NO:8.

37.  The method of any one of claims 30 to 36 further comprising isolating

the virus.

38.  Virus obtained by the)method of any one of claims 30 to 37.

39. A cell contacted with the virus of claim 38.

40. A cell infected with the virus of claim 38.

41. A method to immunize an individual against a pathogen, comprising
administering to the individual an amount of the virus of claim 38 effective to

immunize the individual.

42.  An isolated influenza virus comprising a polynucleotide corresponding to

the polynucleotide of any one of claims 1 to 7.
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