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30 nucleoprotein; for influenza A viruses, the viral polymerase complex is comprised

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

negative-stranded RNA viruses, non-coding regions at both the 5' and 3' termini of
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Vi rus vaccines. Reverse genetics, as the termis used

in nolecular virology, is defined as the generation of
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'm %mgcéluﬁﬁér%chﬁﬁaa/srr@d to%wgsena%&eéf rhdn) FRABEmdRA negative

, ke influenza viru does“not contain
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2002; Roberts et al., 1998; Rose, 1996). Refinements of the original rescue
procedure included the expression of T7 RNA polymerase from stably
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cDNA, flanked by RNA pol ynerase | pronoter and
term nator sequences, resulted in influenza VRNA
WO sooantsess s (Fodor et al., 1999; Neumann and Ke@EUE®)4/016649
1999; Neumann and Kawaoka, 2001; Pekosz et al., 1999).
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of pl s 48
oot CE et BEPS Ot apCorbitabi I ncrerse rague srienciy
of RNRArkpet a}. ma998$e3alsedcesthe T pslyimbaseisetemf Bhﬂ@nRNd\Elhott

C e ] et B Pros (v s oeh FORBIEP FONAS,

r £Cogaidémenshiited tH?é&Ezfs[Bi)lhtS’ Q@O uGifihly pakbiBF ASmlente@ nPgative-
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nmet hod taq m@pabﬁsﬁﬂm RebrsdReatck YeRhsifieash deated based
Vi ruses, %é ort homyxovi ruses such as influenza A
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synthetic r zyrres or exen‘p ary ri Bozyrres see
linked to an influenza virus PB2 cDNA linked to a transcription termination

sequence, a vector comprising a promoter operably linked to an influenza virus
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et al. (1995); Pley et al. (1994); Chowira et al.
(1994); Kijima et al. (1995); and U. S. Patent Nos.

WO 2006828658 15 and 5, 683, 902). The ribozyne seqRPENTER04/016649
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enbd%"?"ﬁ%ﬁ%‘fm SFAUETIFE MaY\PE ﬁ{nPB’Hede’t"H’épréwgﬁe’c"r §§: a viral protein,

CONMRirét€H of @ homiral Salitdged, WP a WREpRItR retkbact ed from a
vector conpri sSi ngwa ronoter operably |linked to an
¢
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PB2 cDNA |inked to a transcription termnation
sequence, a vector conprising a pronoter operably

WO tdoskmsdsg o an i nfluenza virus HA cDNA |inked BOI/8S2004/016649
transcription term nati on sequence, a vector
conprising a pronoter operably linked to an influenza
Vi 1 ugoliReradaNiprdmotéreelgt @ haman RNAquolyicrasa I pnititetat RNA
sequence, a _yector copprising a not e erably
i nKRRP B EFR I3 A/ PIPRRen S ERROT Pk off Pregeny, the
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t er nirSETRSAN &amiehereseqynessefionths VRNSqeetopyhatde aopgomprise a
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Lo a8 (E sEJtlJé%a\,’ ¥, m%@.cﬁrefemlﬁ I?he| Ve érs Jo&ﬁpﬂse influenza
transcriptionterm Rat | on sequence;”'and By at Feast two
vect cdNAseg.cioflechzi Adegaaweinfloenze Acgsdé mgludinglanenfthe 15 HA
Vi rus vect ar [ LWnfl uenza . virps. PBL,.
vect & KncBuiS) B orRUERSCF Chbelban g h ohFiolaE vipofbay
enco@iadds et afl. (edefZappindottsRaNeh Pt Phitdblplyia, RA €l 996); vbich are
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t r ansaisgiition tarematierascquence.aoNseiot eomuaising @tpoemoter operably
i LR S Gt S s i
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tr ance PSR L ATRERAEHOL BamianEe e 351k Smprising
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virus NA and NB.cDNA [inked to a transcri ?ti on
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. cto .
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selected froma vector encoding influenza virus PA a
vector encoding influenza virus PBlI, a vector encoding
woRelslopssgza virus PB2, and a vector encodi ng i PETUSED#016649
virus NP. Optionally, the vectors of b) include one or
nore vectors encoding NP, NS, M HA or NA Preferably,
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i boz odi ment | east 2 and
p r e f ﬁ%eg)l?a ylﬁ,bc. r%A n%ﬁﬂqm‘ﬁgj 10 Lfl tragscn@tlon]termm t’lonvsee eg(r:eg a for
v RNAveptmehmﬁrismg aqxﬂmmtemeﬂbRMkmommfhsezal irue INPRaiINeA |
a fll{@ ri boz ne_.sequence, .sequenc

b
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vect;QfiudiBy viRR M BBNIAMRe®fo Lkdnb&IpBBH tedfinkiiéh fi¥ence, a vector
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Si migoEPri§ing a apeially heked ieasafuere sirpsNe g NARKed ettt or
TRY s %oééwmn%onc&e{pfeﬁeee Bid Avectd? E%&bmggyaﬁo%&y SRRty
I'n any other VRNA vec I'n one enpodi ment

ri bdinkadtosmduidurozssvifug BMA¢INA dinkeslop @ transcEpheTt seaprace,

sa P

o g e pIEAb b veb Gk GR AT TR R st A Wi
t he rllmzyam saqnerme;mdm}aeg ta acequpnei coiresponding toeviiahsegnéncem
as de I ve further cgngag,i sin ay ect or

e oo S e PO teaPere P bR P 15 R ARD soquence,
sequaiicies SOtptaltﬁna:Inlpyon tﬁﬁhlu@tidﬂgecﬁﬁma hmmomoxem S0 eetirng
seque 0 portlogth r eof ‘gedtoa sire
nuclsé eteifzfioﬂl as"é&tﬁé?ﬂf’g ng myuenzg VH&%P e"d"f’SBfo“m g gers

3" Gjifub PBY X0 fod Snco8ifl ATfueszaGiut PBAahY a vedtbrsc 6ng'
orthonyXOV|rus codi ng uences Qr_a portion thereof,

se
| i nkBlReng yrus N sfamomlly@ etvestpss 95 b) ‘Bﬂugee%ﬂﬁ’éﬁ more vectors

Pr efatalhgy e e Mag bedanucl ei ¢ aci d sequence such as

a cDNAis in an antisense orientation. The

int r oduc #resprably. thevtstaas ensagiog viral preteins Brthyycompep 2

per rﬂa?éd z)ﬁor{: RfmALA YRRV, THR pmatedqﬂm%rﬁ&a%; fhe vBbtors

reconbi nant virus conprising VRNA corresponding to
seq u:@mpggmgfnﬂuenza virus cDNA include a RNA polymerase I promoter, a RNA

polymerase II promoter, a RNA polymerase III promoter, a T7 promoter, and a
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the vector conprising 5 orthonyxovirus sequences
optionally including 5 orthonyxovirus coding

WO s@mgumeses or a portion thereof |inked to thePCDER004/016649
linked to 3" orthonyxovirus sequences optionally
including 3" orthonyxovirus codi ng sequences or a
por t TIoprombter, énoWeveTraelepstommmtorlfm VRINA campriset @ RNAOr

BTG H0BOP e BN BRI B0

p ro nIlDbthnoteﬁt caiﬁplﬁrreﬁmﬁl ebdm@mﬁu&&'@ﬂa}ﬂcw ﬂbozy_ﬂle dequences,

optlo aII | C r co |ses a. transcr|§ i on hich i

OP A et B e R bR o PP B adgdpnce which s
ty ans e theB'irfbhazind $¥qiledce. Ol che emBEERentObnetor ¥Re, but not all of

pol ynerase || transcrlﬁtlon t erm nat1 on sequence,

RNA tBoYsriast fog RN prequgiientinelyds & HansghipHon 4grmetatien éﬁﬂ@?ﬂ?@

or a4 Idomxrpayrdeaasenﬁar% fynr{@rmmaubn@eq\a@&teoarRNA polymerase
conprising the desired c DNA of interest)

conp¥ fransgriptioRNgxmstigneqqyense, 4 REAm@b@WaSP ik apCription

f LT Stfelg{lhﬁfaﬂ&ﬁeﬁc%q&% %;rhé‘ K@k me&ﬁ ERNG lé}fst 3 g};der est
linked to a second 0z sequence I nked

0 armsefeiaplyinagre.teey: rﬁ ﬁa’t 6o o (yeeiens dor wRﬁ\Iz"an@dufémn comprise a

enb e II

o oAl BEnYREn S ERPIbEST: Jo Rk AHLHR £2

5' cwmhmﬂyxmmMnmémgequeh&asmwptmOhdhgynanﬂmgsﬂgeﬁms

orth |rus co uences on t.hereof
R R R e A T A AL
ort h@m&mMn setmieseq [EMEISA@ptwmb IIIyprmeﬂet,hdleﬂ@ \ERNA vector

ortho oxlrus caﬂ* g% ces . or a rtlon her e
i% nk‘B dhGSAELE A ?I%SC Pﬂ?g‘&t‘:wl apy ot er
t r anRNA Pédedin StrilaityNéch BP0/ etce ihRadNERNIE Vector may be
enbodi nent, the cDNA of interest may be present in

vecttBs samsor gffsreat as 1By Pheryaie Spauenses n‘cmset@r VRNPeyesst, In

whet g embbdimeMEht GbodyRie s&ﬁmﬁcég in ¥ ElQE]@ v BotoH a‘?éjh&tﬂ')eoéﬁm@ay
encode an i nmunogeni ¢ epi such as_an epi t ope

s o Rupferahlyathe ApRier Comerea p\}ﬂt@nza\ﬁalﬁé; hg, infpergade B or C DNA.
0h erapy. omefJ ddf Bf {h@ ﬁw\ﬁtfo&m%‘bﬁlgﬂgesg&gmbg@{%t dromk

may be physica or each veCtor may be present
on anvennnch as dsts;aibeqbalwnﬁmh@r campnsing ag/eefor cmpmgmg a promoter
nucl ' 0 .

oo LR G SRS SRR ot Rovi

et hoding seypencseer cpmti@ctheradf, Bnleeltd a desired augidiciaad setqyem:é,

t he vect n equential |l y or
A BTN BT byt sREHER shonaly °F
of f tihcudiny & rd)h?iémyxolvftumd&ig&blqﬁen&fsfo!éﬁ) porvien thalreysf @inkled to a
i nfectious influenza virus ti.on al.so .
R R TR sriPablyoiE St aNSa o5l n

t he seQIFRGSIuth &% cDNIAISs in fah @ntiseNR Bk At rthe Sitrddh &16n GE S
isolated virus, as well as a host cell contacted with

t he SEEIhbERERROSIHAN Kya Kost Gsdl PeFmigtiye fongRhAMYEAYIrYsTenlicaiorer

emb Gelinl¥® H recdntiindnPVIRRCbRPridif %Lmﬁ%oﬁ%t)ﬁ&ﬁé RGeflBcs ok !
with one or nore vectors, her vR rotern

Pr odboYactR corBRTisiesS' Oﬁhqwovwwwm@@tl y insjudiegrS'
VRN%rﬁl cRJir‘Eé ﬂﬁi{&‘%@gﬁk&é%%xx 6148h hefdr ARG E‘%@DNA linked

hereln Avir ses wer e prepar
ent itp 8 gthbmwmvmme segdercBNAgionalbriadyding 3'tobomyxayirus coding

app rsgéu%nceg%}[a Bc?rngﬂ‘RJePeXF dl‘lfe%’ror%tgrelﬁ such a vector for VRNA
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viruses to generate nonsegnented negative strand RNA
viruses (i.e., Paranyxoviridae, Rhabdoviridae, and

WO Biosors6s8 dae), or ot her segnented negative streEnusibN16649
viruses, e.g., Arenaviridae and Bunyaviridae, entirely
fromcloned cDNA. The nethod of the invention allows
eas yproddtipiimay b@mRNfA poﬂyfxﬁeﬂﬁez @rdmmetsﬁRNA@owrnerm II h e
i ntroductio q gllln%Ep ons |ntoqth,g%J
gendifmolEy A po %’é‘&%ﬁf’ R Ptﬁ’éﬂ 4 NP ULetnd 4y B’é’m"‘er
st r amg obﬂéﬂhﬂﬁkhe%doﬂ@in{mk@fa traBaIptibry terrhiM@ti dn BéQiEnt Ofuch as
greatéﬁ enrances these viruses as vaccine vectors,
par t3 RUpdelxmersse | frateaptionfaminatipy %FSP?WC?WG}‘“%P%’HW‘SC 1
VAT i ekdipfbn feli‘lﬁm‘z(hcfd'b‘équéﬁ@& & RNPRYolPRer@ iy Rt ription
sequentially, al ng repetitive use for _ gene
t hertarpynatrpnasquetlmor M%éww ninng gmbedimentothg vecioremprising

pu][ | thé 8@ CHNAICONARI AR S oonit G e R 5@@§,epdrse AN QHGer

| uenza virus proteins, or express or enc
i nf |linked to a/ﬁmmb%mh saqueric dnkaddo the s @famereetﬂmked toa
Th uss*eccﬁld%% e &r @ﬁﬁﬂeﬂ t(% tr!lrﬂgrf)ﬂtfa}{ ?%#xﬁﬂomuence In
conprise a ar6 open reading franme of Inter
&, g.anothef m@dgmrgehﬁeveem o@nmestNmmhmme dI pempied bnked
or praot usef ul Prefer r
or St 2 Sfe t Eb m%se%&eagee lér\g(gg? = ]pfthom ovm% XUenEes olpylgnatllg
pr onntleding §idribingydviris exdpfpessieacesiona gora themuf Hiikeld 0 the

cell , . avi r npal i an. host cells .such.as .. _,
canisnA Bt Pyl o ToRRRrain S ysaces sl Juding 3
cel | sthomsd sidiug lodwgmau&leésl Fa p@fuoa fiRkRF dhiked. to b 6cond

expression in nore than one host. Al so preferably, one

br rihioeyesadssnse Hf‘kﬁs‘lt% HFRRASTIRGARIFTARAYGN PRQRERFS o R FRothsT

Pr e RASHR dintnk, URNZIN A BiNBibRMRLY 5EpENAY iR QI VEEBF B$ Brokdin
transcri ptl on term nation sequences For vectors or

pl aswPyssie nicicBNfyofanigeste Whethe i a Vet dPiR N4 ghirogin
|t &g Edilotion hay SncBELEHERRRL epltDfe, BRAGs 85 e RBE useful
rea fng l?anéylé:?fanked Bé 5' ng%:S |%f agn?auﬁirdga
seqmn@eﬁleramloumcn@esﬂr gemadh@apynon codi ng sequences,

specti ve f .
b met P of LR o hitheo P bRl linked or
f | ardeeldvdeyor maydia gre3ént onbh individualplasnsd secthenecgsliner,

RNA pol ynerase || pronoter and a

oper
'E%*%ﬁ%Fﬂﬁ’v?Yvﬂp Qfiscription ternination sequence.
V\hen pr e (T fimgntiin'alsd, prévides d eedtiiand to preparasifivenzaosims.i Sheng

t he or open readi ng a .S itute r a
oG B can e darel R AGRTAI OF B VEAS obPe

Be iifveadoh,lelgdRedu@nivA 0P EitnuRlinddlidp, Tortkkainple, @hploying a

i nfluenza viral genes. The net hods of produci n%\?w rus

des COPBeYtioEefEhsnVentiorHn anament elertive o yield jections ypluenza
| nf QG Ohe RYELHR Blsd incluﬁe%k&lé’tﬁng%@E@ﬂ%%eﬁ c&ﬁ&é@&ﬂh the
and in the production of vaccines q Al DS,

i nf |cgEwesitioth eBws,i the wmvetion &pther mfpgld@ 1sq] ﬁPCh‘GWSr grovell asa

fi : ! Ch‘éklr ﬁ%&ga&@d \thlln fl:ne c&ﬁé&ﬁﬁ)’n o@Oﬁju f&q’l‘ie 11’1}6%18?? ufnrhnother

di sease gene t herapy vectors .g., for cancer,

R DSmbadierens ithednvration makides q@ntsgtmgahe @isrithopigypr more vectors,
or ni SHLNRNA &Eﬁ:&%@l‘nﬁ%&&ﬂcﬁ&%&%ﬁé, GHENG YRR Eltfdr vRNA
nervous Syst

or protein production vectors.




tunors). Thus, a virus for use in nedical therapy
(e.g., for a vaccine or gene therapy) is provided. The

WO 2009/@28650Nn al so provi des a nmethod to i Muni zePGEIUS2004/016649

i ndi vi dual agai nst a pathogen, e.g., a bacteria,
virus, or parasite, or a malignant tunor. The nethod
c o rrp ri sesAsaitsdrived heelhhgow,dniﬂlthé, Adirused vaeke prapaacdoantitehof

t d f th '
opt 1 BRI OV e e et HERh: SRpyed oo
t 0 i virasex t2 @endidte hordegnietited Inegative stvandl]@IA: oirpes Ges VRNA

corrp I Sing a. polype e en ed t he atho en. or
ok SRy e R RERerant RIS oF Sl Sedmd ety
t:Q AHEARE RN AOVirusEXS . Faﬁ@nbhﬁdwﬁhﬂ%ﬁy@mw éiﬁragﬁﬂ‘&ﬂ%me&
protein in a manmmal having an indication or disease
chard®ari zed by a decreased anount or a |ack of the

endogenoUuge REeRdai Jf the TRV n#iH A1R4s @%Anzﬁﬁ;}tﬁ%rmﬂ%&&al ng

to the manmmal an anount of an isol at rus of the
i nveYitusesne-af beteiinteodpgion of Atarpatsie Mg dro thseirakgsnerne.

of tHgmen @%ﬁ&%ﬁue%é)\%ﬁ}s& ihduck BorPaTRal aﬁ’g @Jlﬁraamlxumty,

the manmal s a hunman rief Description o
Dr awhe inyerioggreatly enlBotrs thesé viruspsagrvansiod vestors naritlsuierév in

r ever %\g ()g@n %Hlﬁﬁl#ltcsy(g{ Eﬂpal v%fﬁn{srb? t}@NPruts rm(gl{ e %geoéa}?})eloyed

pol yneras€e pr
assesm’qhmdalil)nhﬂmﬁhﬁsapmﬁvb usesfor géneitherapir - synt hesi zed

VRNA. Cells e. transf ect th Ps,. f.ol | oned by .
ol por ui TS iR RETHE ot B S8 ST pRdvids,
( B) , whichbxgs¢ss dr @nodecinfiieiga +iR8 phiding ok y)tmésaSﬁedcode influenza

Fhe RO ot REb 8 RN UK (1005 AARGPLGPATTI RO

cel | @ventioh kg bhpHisela gehcddtopen Rhdiap frave BNAtdIaL, KB addRigh
yiel ds synthetic VR which i s packaged into progeny

Vi r UBEPp 5¥q0|de1|g &8 THHBRPLERF BeRtide AT DOt REfUbATA VACFIIE. W t h

bot hppRlMRd the vEEBNR PBEMANhiYH E*ﬁ%%es(lhﬂ@enza I8 @omprises a
contai ni ng RNA deri ved fromcl oned cDNA), are selected

f r orprometehalitglle foriekpressipapn b dartiorarogiged, @g., Badedtat i ¢

| a Lt f
305 HAPSELL S0 PN R WSS e e
anpl deflp imlubwgﬂi@ﬁpn cillges tpeferably HoBsipBissiam th wore s qnﬂb@st-

t he DE’F 30 pic efer$bl o1 mgr% vgﬁgg be ‘Yﬁ&n‘a& c r@nsr!%fﬂﬁ "Wl to

ni-ve
Ge r nrarapa)fc mﬂhenzh vRNAtaampsset RJIéAIpulyaurdRBlH tpanlsqnmom&enhanon
prormter ?.and t he EDUSCF RNA . olgrrerase efm patore
(T). Seﬂeé’c hy il GCHE HRA RS Si°8‘é'p{]§§% é%"éf’l’?"lfsa ing fidme’S
ber ninfRedsn it iSHEfEBE tha( thd ferc@p bpsviding femdis flankbddly 5t 4 3'
[ an,uSnza viral RNA _Inf] uenza Aviru se uences are
showRTHEZH IS SPRERCES dRcfuding > FReENPThHe USRS, Fi gur e

3. RegResRfy, bevah&Ra HanReildGa oﬁ@&h@&ilrﬁ@m USRS @ink BBopen
segnent ed negati ve-sense RNA viruses. Pl asni ds

contSr¢insame ankribin g apdd rinluenza yrussequsnces Ivprigbivdinked

eachy QFRNABoGefAte N bfdlotddiAd £ REDEHIPmerd AT LR AP

30  termination sequence. When preparing virus, the vector or plasmid comprising
the gene or open reading frame may substitute for a vector or plasmid for an

influenza viral gene or may be in addition to vectors or plasmids for all influenza

viral genes.



polymerase | termnator are transfected into cells
together with protein expression plasmds. Although

WO 20uSezsesOHuUS Vi ruses can be generated wth pl aBem/us2004/016649
expressing PA, PBl, PB2, and NP, expression of all
remai ning structural proteins (shown in brackets)
i ncr easedhe methell$ pLiredusingofiruy flesobedrherdirs whinh ddapbrediing
on t r F f. e
FL A(E e}/%'l%ﬁ‘;ingﬁt%gléﬁfe%gﬁ%lfhgtﬁlgnu%ag[e%%gsesﬁ}dlle% n% E’;l}{r%t
VI r qsoduémm bﬁ)dycmetss(e Bi, fog AIBS, iufenhza, dlepalheslBl, hgpatﬂnec NA

%’QCK cel 1' @vir@sefe ;LZar{?\rMF Lhes(ezgéntdr}'e rt an ml&ls@ige?aé&eng) )

nsDc kthd:rﬁ;ﬁﬁ\@k&ﬁk (CHorahdes, AIDS, E)enodﬂuel&athaﬁes mabdudr

nfection, cells were d ar Ideh
AT S L S R Rt

ant i tufbA Tis @ vififs famist indbbliditHefapyJe. gIPROS b3 or gene
anti bodi es. Intensive CGolgi staining (red) is apparent
in pfb%ri‘lﬂ)\‘ﬁeprg‘éﬁiﬂ es (A, D, and E). Figure 5. Recovery
of PA NUt@BRventddifalddprOBRR aQhetiRRAGH infinliMSe HBiHdiHMRAN Aghst
by RT-PCR with prinmers that yield a 1226 bp fragnent
(Oposﬂi RAthoReTs P2 PaqioNB VRS, OhRATAARRART 2mphigaant tunpr. Ee method
t
%m%?eastaﬁglghsxéﬁétzrﬂgstg g'% é%l%lﬁu{] 188 aﬂlﬁ%ﬁ b} gtr%éeagpor’QQ@:ﬂgd virus
Pv uldf tl(eanvq@cgm,tqpomallz Scapfbindtien withiap adjaveas effectdp to The

pres st 0

Vi ell t ($ 1Bél§%§al rThgl Hlla!usl 6)&1?{‘1 e% vg?d%%%pg%gg %g%g;gtgde
fr agﬁmeasttes by ltlmﬂmgervcﬁl aytumiMpecifio belgpdpide. wei ght

mar kers. d6 g}?gg Priners enployed to. ¢
Mol i1y viiede Sadiiies do «vemed) 1 e P B Siangton
7. Tdﬂeoglﬁ’ﬁllslprﬁaﬁ iph amfinth] hoinggRrigdiedtion @r disdaseieazaterized
virys-1ljke (VLP) RNA odi.n he GFP rotln Ths

pl aﬁ%%ao‘leerﬁﬁsce aﬁ’Q“‘Btﬁ’éa%fg g g‘%‘%&%’ﬂ“\?@ ' 0

G ordogiphisesRammisérin to B)mantinf ah bmERE Of & is@l@featvir@sﬂof the
between the 5' and 3' noncodi ng regi ons_of influenza A

vi r uBveatiginefifrctine tofaugmrpi@r Bigreatsehmamennt efie prslogerops pigtein
B OMRuRmARHall PRorombs anédambal ¥aBuAge | term nator.

I ndi vi dual protein expression plasmds and a plasmd
contai ning the RNA polynerase | pronoter, a cDNA

encodi ng the GFP r NA pol yner ase
encodi ng_the G°P 1 gReF hEkriffiFor 1 BrilifielVA

| nt r acel [Figugg 1.t Schamati¢ qbagr@m o[iystﬁhmqu@wmergamcae sygiegisddn
GFP f Y

U A Bl 98 TR Gl iy o

Trar wesshibikd muo)mﬂ)swlt}fuse of inuenz-@nhelslpm’vRNA u€eldrmte

i nocul at ed, i cells.. Figure. The PA, |,

i tagdecirgevlh RNUS o ed imelpeP s irtostie e KN Ua o
GP pofgmrne oehgg?d (B¥ Ia B%npmo)iﬁﬁﬁﬁg&ﬁe RNA ;ﬁﬂyalhhﬁgseu@rcﬁr;d?er
exp C re tr Wt Sm ds
exp %mt"ﬁlé‘grﬂ@z%ﬁ%m € Te5EU iﬁ' %f\g%a? Iyae %)63 or

W t Rerglihatdt i Mseete@ X6 R&11st mxﬂra@aﬁxm)&ﬂﬁ@ﬁﬁﬂ]d]ﬁ)ﬁ}UQANp

otein (B) ether with the RNAE ynmerase |-GFP
g)enepobflnggq,?payp synthetic VRNA, which is pac aged into progeny virus

particles upon infection with helper virus. With both methods, transfectant
viruses (i.e., those containing RNA derived from cloned cDNA), are selected

from the helper virus population.
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intracel lular synthesis of reporter gene VRNA. Cells
were fixed 48 hours after transfection, and GFP

WO eognesss on was determ ned with a fl uorescencBCT/US2004/016649
m croscope. Figure 9. Generation of infectious
i nfluenza VLPs. 293T cells were transfected with nine

pl asmi ds, rigagh. seﬂeﬁﬁm@ afd o@mefg%ﬁ&mon dfrn'a\&A ﬁwasiaw P

protein (A), or with elg t plasmds omt
c onsfqﬂé’é‘t“sf DN depyed framyinfienza Wmhwﬁmenﬁhlﬁﬁqaw BGRr ase

ey inl mlqnd E18hda%t® it s B Wi d’% HH21 vector (E.

trans1gect| on, VLP-contal ni ng supenat ant s
col | Beffwann, Bhethesis, T hstus) ehigIdnivasipe ﬁlassemu§¢mmnyl) Wthh

o g S T B Rl R

det epalymeesedit¢rmiratdr (ThorThs dg»m«hnﬂnmﬂmlde pestrefmh @Bthe 10.

ot | G oNeat e 1T B e e |En o B¢ gusite ol Biich
is alngtmm Advitk Echluéhcéeﬁé) mmmanu)ollamenakeeg wmg 10 \®s:26-37)
genone oF t he ri ses a reconpj nant

mol ecul e THATEH TSWFSgggrs%lg‘ﬁ’FBWeé?oq ﬁ%%@&raflag geegiepted

SPe CricfghtiverseRR AN A Ginised) MasnBdd @nflinind BXRNA f)d’l%ﬁé’razt.eq a
transcrlﬁptl on st op se‘gf uence linked to a second
t

si t SEPBETE § EPNEOsrhelithorieliviral RINAtspgmepisrend the RNA

ori Wﬁﬁdr&k@l@&mhﬁ%r El‘eru%hsf@dtédqnt%rb%ﬁé tfo%@thér bl | on
site linked to t NS2 gene. Figure Preparation of

repl qxélé’ﬁ‘@hpléﬁé'ﬂé%tAltb@uglhmfeGWaqus g&n bergegenated With
Vect I cells
Xsnﬁ@soex?xfe g Ve-SP%EI and NB és?xlgﬁ g#:ﬁ rﬁmaldnﬂlgbl o

pol ynmer ase t'ranscti | on
5 bospeterat proteatst(showntin eriackess) imcbeses theefidatcyoff viods t he

strg;;gdu%ﬁgp&§&$nﬁo%ghgwpl{ not er { CW enhancer cassette.

dovvn Freamof the hamrer head
ri bozyne Figureed. (IDietexRph ofithel Fu,aéitdp&a;m iafcelisiafetlol withozy me

ool SR, A Bey'stining e Byrd o Herdh Fdh g MDAR"
f ul Ice]lsam@thdmﬁ%ﬂ%xtﬁ@rPRl86!VSN$EL7Q%AeD) @IlsAWMBB’K*‘lﬂF&f’I* virus
anscri ol ynerase

. nc °5°W§ﬁt& ‘PP%E @25@? C?ﬁ;&ﬁcr F)oé‘llyﬁbmgf pléeg 1r(fmaw1=azcells
and Wﬁ&éd wildgaegahilashyde, ﬁém\/vﬁqﬁ*rmn khﬁ)ounﬁw B with
resul s in wi th aut hentic 5' 3
ser \Fét eruti- 5%&@1 & anH-WeN A (I Eh@@n%@nabm@ﬁ@es
oo s AR SN GRS,
viru
HA vRNAs Figpre ik eopensof fA @P@ntSy Ahé Bélgzwoftﬁ}clawnRNAs
80 MR YOS R 3 R B S Rt
vi r 40 1908 ofthe RN nlenesde3 pﬁ),ofeleclnwas thmpdlgmmhythp re@tnendsn
exp e I i C

A AT B s 3f MoBRRa Besd PG Tl poSion
p_r otlé&h@f thmuiRNIAe lagesZ; 6t Tlmpren‘encre&ﬁlBspaIO'ﬂ BOPllf ditdEindie
VIT§eR products yielded either 169 bp and 1057 bp or 607 bp and 619 bp
30 fragments, respectively. MW = molecular weight markers.

Figures 6A and 6B. Primers employed to amplify influenza sequences

(SEQ ID NOS:1-16).

11



Figure 15. Generation of WSN HK3PB2- 627E virus from

cloned cDNAs. PA, PBI, NP, M NS, NA and HA vRNAs
WO/ 00808833 are synt hesi zed by an RNA pol yrmer 26&/US2004/016649

system whereas PB2 vRNA of WSN HK3PB2- 627E i s

provi ded by the RNA pol ynerase I1/double ribozyme

system Figerevi. rie pRPI&T® paomjdror geeraping irgluesza virus- hke

ana (TPEFRuRep i RABRTRR Bte PREMHIO bl ufr L &Rk

of @ddrived fradh p;EG(FIPe\J h<lametht Peto g0, aCA) ih antisehise onentatlon

r eﬂ%cat i 31%( #—| ﬁ gﬁ%ﬁ%fﬁ{l:%rr%i%s ogﬁ'gﬁl%ﬁé% Yi%%%&? ¥ flanked
3€0bg mﬂﬁﬁwﬁl PoINGEa23F ErhoterSaMditkk raﬁwsewA p@i'ymahe I

sel f processin | Det ai | ed Des

|nvé%WBfPDe%qd%il@aj)wgteﬂgewgféﬂ%@ﬁ%mﬁ r{gi %S@P%Omammg the
"1 seN pSlyRBdiOT promblef, a RON A &fc6ding Be GFP\EAdI@r gene, and the

preparation, isolation and/or gurl fication of a

vec VA pelymermsed tepmitaton age Bnsforied ie 29T GsHs- latrceiuler | ¢
IS RhscARSAAUEA Nﬁﬂ%rds@l VieliO G¥ QﬁW&ﬁx% atle pbﬁngnas

substantl aI |y puri f| ed fromin vitro subs ances
i0s olingicated\byinpsripd kegens afupematants gerianiag MEPe brediapiseted yniked

vithg ﬁ#ﬁ&e&i% et v {}Esoa‘?ﬁ%chﬁ{%d%ﬁghdﬁclé hptantially

free romo er I nfecti ous agents. As used herein,
" subst anFigatel8y The BA; PR X8B3, ab]@lINR/\pmhms lo€influergh A virus

detection .f rti e |ous n
st afPd e PR FoR Hofiteby RN ST dpRing 0 Cl%
r eemr‘essmmgﬂ\mnumne&aﬁﬁ&t&&w:dhplmﬁdm@resmthp wiBaj eRil,

e Foctia i K] S e R b A€ TR e R,

t he ptausi(B), REemer widiihe RUC! }amne@sed GHO genk plaeiiti foant
DNA sequence or seqgnment” refers to a nucleic acid,

e. gn}traeeluﬂawmbqﬁto FepSTiETessRe WRN A edIsarers BdL8duuradm a
SOUlgRsfectiBRland@FPREpRSATAMARIHYinER1Th & Alb¥sRhdecr €d 1N
vitro, so that its sequence is not naturally

~ occUH¢IP§FgPe.or corresponds to natural ly occurring

»equences; gtl neratlQf oiﬂﬁﬁbt‘idu@ 'ﬂﬁﬂeﬁ‘zﬁ VL%VZWeﬂs Rere
pOS|t|one in t enatlveghe;‘r; exanpl e of DNA

demvﬁwtedfw@mme plosmids eackoubigssing aedlmnts\ékqb@ﬂ@@rql hat
cheFfeRdh () BEn i oBnt A Emide dri AR con8Ct HENF T, TodslicH
examvﬂhehd)RNAumlynﬁh%e TiGF® @neplﬁsmiddnrla e$glmhws witarl d be
au e nce that ex0|s d from
ool Bttt I ST e bt tnglels SR e Ol Al SO |
25 €S AV WSIN/ 38 helied 0ifuk; hl&ﬂﬁ&aﬂatanntoh\dDCKtcena ICebewterfixbéat 10

ul at ed ified, for sel

o Rt s 5o end et Ston et deieined vitha heeronge

| nf Inu@[agoapé/l rus replication I an uenza A. viruses
possess a genong of eight single-stranded

negat i veSigHgd Oypthgmatgpisthg YaRIQASTe ERRIDIRASE IRfaPEEst ipflugnza

of t }IZIRFQLiRKNS cellT n@ gﬁm&@mﬁcwﬂs BibSindnkeldBuiBY L e orlMR B S

W th binding of glut|n|n(I—|A)to sialic

Aci MNhmalesilag The genome of the cell comprises a recombinant DNA
molecule which comprises a promoter linked to a site specific recombination site

(e.g., l1oxP) linked to a transcription stop sequence linked to a second site
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receptors on the surface of the host cell, followed by
recept or medi at ed endocytosis. The low pH in |late

WO eovdosssses triggers a conformational shift i nPehesiddd/016649
t hereby exposing the N-term nus of the HA2 subunit
(the socal l ed fusion peptide). The fusion peptide
ini tépatlﬁs rdchmbiﬁmtmncsrte of th¢ femevirieatatiamnal tenfiss Sitembecific
rrerrbran t X otein (M) and RNP
conp‘ie‘é% S\Ieellerg(ngg’ hy Hgg 8tMe cytopl asm RNPs
consi st aflgdrhel nme;bammmf&Jpnca(nbli?)iefemeﬂiﬂlenm\aﬁxsdat es

VRNA, and..the_viral poly which is
formed by IEHERA, VEigrmag pIPRADGSY - SBo-Taln vepGet s RNA
ty ansdahéedd 11 dives RN tdisdridion oNBS deutle AbYE9k Rhdserte, aRidh
replication take place. The RNA pol ynerase conpl ex

c at ais yndes therpontol of fhe streng chicker B1aemspr0@9m/ﬁé/é\( gnhgneegn

f
Ul 1 e, P DAt Bk ARRHD gt EnesibByme i
v RNAHagi Rz andpstétofahe HDNerrhotZﬁnesneNE\H\&RZQy nt h esi zed
VRNASs, NP and, p a [ ot gl ar | ed
i nto RNPs lgué§<g%)r Chgm? r ocfrii‘%r %{’e 015#3'(; Lﬁ?(ﬁ%%%g%rlz@glg%?t ed
t® tﬂﬂﬁazpﬂnasymnnm@naﬂe fullilesgte vRNddiongvere gmoge;n’yfhe/pmnwy

t id t
D RN g et AT KB e 1 bRt G EUR o
aci dbn}LTm(rjﬁbﬁlzﬁhe/hmk ](Cmﬁmt hham‘dm Atidocesalyed amggbmt?w y
asse e VI TriLLons m e ce.a reventl n
t he SRAZymesgsuligin 3 6leW.u ifégds xgt%alaﬁs asa 0

Vi r UgmpRESAIHM &aﬁmbﬁ&salﬂrrémﬁhwr otein and
pr ot ei n- vRNAlnteractlons the nature of these

Int er act ifagre 14 Geerdry of AKARRMO2 /A YiFs digm lAnqd fBNAs. BA,

and ﬁaVNPJM?Ns&‘N% shd W& e s 'dfm‘ﬂPézJ@ﬁE 20 tbesized by an
S|mlar tO |nf uenzaAV|rus here are sone

di f f BNAmobmersol sysieampibercas 782 ﬂ@ﬁfzas Bovided/ay He&NAot
have I h Wi .

S r oA il 83 S0l AP e o
pr ot @qpmswdtbly prcm:m expaensoh camstriiats, trgplicio wed tansciipeethVRNAS,
g# otg rre]:su tn:;gslgk I ensl){reltl)rllesbsr %tjtlfe‘ vhraltrpgrot%glggltld tm: éé(neaa-[lgﬁ oﬁ%eﬁ;h%&é@%
vel | nRoesavings. t he art, see, e.g., Holsinger et al.

N

O t hapy X ©PiAr, PBRENP, MaYS, A4S ahd H[AS\FRNAQQ’ AwNmskareand
have been found in donmestic ani rral S, é%uw amel s,
goat ¥Nthgsigedbyian RNA poln@eratresigm, Yhges? ate in

b c kw@mleEﬁbrm i8 pﬁaeldb§ by %N&Wy&eﬁ@mm@m@ Fib&&e
si x segnments of _si ng e-stranded, negative-sense RNA.
P

The PFitelhsviehNBaadpolymerge prpteiss KEFeGEd OY PERIFIB fxRyession

showgb@ks tepfidhte ﬁ@%ﬁ&ﬂﬁe Eh@ vkms' ﬂ%gd]ﬁ@% Qhé’dyﬁﬂr%sw of all
pol ynmer ase proteins PB2, egnent

encodes peoteinsend the geedraticsdf mphi%nmg ifherzan s NP The
THOV gl
gl YGHRI[:O 'i & ' E&em%%}rf Haérﬁn?xﬁ&%qm ﬂ%ﬁ&qﬁﬁ glﬁd II%IRVI Eut

not honol ogous to elt uenza’vi
Bt siimagms expuentee(SEQ ID NOS:23-25). Solid arrows indicate self-

processing sites.

Detailed Description of the Invention
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simlarity to the Bacul ovirus glycoprotein. The

smal | est segnment is thought to encode a matrix protein
WO 2and/0zkess not resenbl e any of the influenza VPETES2004/016649

proteins. Like influenza virus, both the 3land 5lends

of the vVRNA are requiredfor pronoter activity, and

t hi sDefimitionsty is |ocated in the ternminal 14 and 15

nucl eot i ” o

"~ respecti \(;AgslshsgCf ‘Jﬁt%ggnﬁﬁ\bi sy nté)hé‘gﬂp%ﬁ{)?h]ﬁ}—@ Y@@P i'%t Oby
hostprqalrdtrod,esolwtmai aodlpr mrrﬁsr@tumds veHom.elasmd ar rvircmﬁthcast
;8 di : 1?}'eln 18 A ng tly It 1rt l1’|sts riot, %lk)é{at%&‘%l ﬁ ?rpvz%t Juggtgrﬂ: % er fs srllt)sta al]y

onal’ "nuc I des) are aved from
rﬂ?l\lﬂ;mn@édi fromet vizdo. subsizﬁﬁé‘s; Areiadiyte vingsl prepafld®9i js pddérelly et

) n. vit favage .assay eveal.ed t hat
Dot FotERERY i i osulon G B PRERRT YT pbSHTRLS tie o other
endQﬁfé@ﬂl(ﬁﬂigerM} tAvistd/ hdréinaRybseintislly. free d28s beluw the level of
addi on of a nodel cRNA prompter does not sti

enddiftfclientosa BE‘?‘FWrtIS}feEtI’_‘é‘éﬁ%ﬁ“éPs"ég standgigisy ect%mﬁg%&s for

beennhsho¥. A0HecoRiblndiNZfuyis bHSwhich ﬂih%eetﬂnaﬂlbulatea 99%iro,
Hagen et al ., 1994). hook' structure has been

H o;fo&el&lrfgdﬁcomhw %@Eéﬁfﬁhé‘tq“ﬁ%a to intrordype chaggesyto die vial |
1997enobli £buded h§1‘em hRferhOrdBRib ngﬁmgl%ﬁvz\/cﬁt' BP'%d&n%mant
proposed for Influenza virus (Flick et al 96) .

Thi sDNAseduenest orgegmang’, refgenie v ancleic geigrd. g tp(m%l thzﬁ hagecen
THOV;

ot o TRy R lm o Ko T RL BBk BROARBAR P Bibred n
p03| mnrmms tifat ami:q@qncarsdmbmmmlé;noc@ummg @ catresphads506 namnally

3
Bis Rpurre Ry Bt ST R o8B0 b PR g i liheBon B
endontiod gasmeadhiexarhple ofNDNAH' deﬁveﬂr froma ssunpp,o;vdmlm@ a DNA
o Senge ol BB RS B LA 5B

f or siyh’thesﬁ@f@lih aésérﬁﬁlljl?]f)u& E@mIHQ/eﬂamfp& dfy@dhanNAhaoMBPlAﬁom
pr onot er ormng the (o]0 structure, St ate
PB2 FoSESh on ke tsefe] DNp\seayeres thplys chvsse\ph%move om said

b¢ angeick B? tRnical ARakRNA, BY MIREEST redtActioR Rhdstleass® Yo that it
formthe "hook' structure and nay therefore be unabl e

to stan ke futher BaripHeed. 8gsampifipd;feryse inheinvensions byifhe i n
repl&%ﬁ&do@&y o?gfh‘éﬂé’bx{gn%@ﬁn JThe fam |y Bunyaviridae

i ncl udes sever VI ruses t at cause henorrhagic or
encelpﬂmmawmfremlwat@on n humans (e.g., Rift fever

val | ey, ang i = ()| e
henor r haé I C %’grv krfi‘s %&%ésgﬁén caﬁq#gﬁégﬁ%{gg%ggd negative
24 1 i sens viehRNAR (RN A tlsaeglmm stotefl offengtoteinst Theudfugnza

or gl TSGR R b RGBS e Behud Mg g3 i e

pr otcmnram(iﬂg rlaédptcﬁs o) the whréice abtht hest btlk égloavet bgreegles t he

t wo VI and .a nonstruct

or Bt B e s o L i B GRS e bt o

nucl sam:anﬁd HApﬂh@Jesy Ekpodihg BRN-RnEREOHThOHAS lstibifiitihelso-
tein Virus replication, andtranscrlfptlontake

84 ac@llsdy “P‘H% pmds)pﬂa@ fysionrephidadnipates thedpyinrihe Yigheand

bud dnBsQUANMERBraAE IR BR &S tdl prbledh @01 Ghd RRPRGADNKSes are
Bridgen & Elliott (1996) have est abl'i shed a rever se
generpﬁeg@d nghgﬁyqog]asm RNPs consist of the nucleoprotein (NP), which

encapsidates VRNA, and the viral polymerase complex, which is formed by the

14



generate infectious Bunyammera virus entirely from

cl oned cDNAs. They followed a strategy first described
WO psmrdasel | et al. (1994) for rabies virus: PCT/US2004/016649

intracellular transcription of a cDNA coding for the

positive-sense antigenom c RNA (but not for the

negaPAyRBk end BB protamisc RINQApre transpeirted indihe oscleusgwhére

e
ex IO r essly g thice cpﬁbrymeaasmsammemanﬁzhenma wittes 8' cap hids3'

ana PORBSRve SRRl B Plfenan TR fTR) af Seedpers

t hir egRWAasiip s HNOEE Ngmblatd. Nestgbyttesitzéd VRNAQSINP, ahiNAS

flanked by the T7 ner a pr.o er and t

hepab§! lymersspanrpising ?lr%d'aeyn BEBlano WP%%*?&J;% theRisRs
of  biekpdied Rtht Fﬁkrﬁagméﬁbﬁhé melteqmamg Ednyhrus
vaccinia virus icles, the authors used nobsquito
cel | BATH¢les,peeprs. %@%wmméass RNANBROtOYBRIBYSHH Cé“‘i}i*lrf9]§ late in
repl n¢atisS by o9 %199(9& ﬁSﬁ@lagﬂol&%%cﬁh%ie@ ¥ rdasing
genetlcally engi neer XaV|r| but al s6 generateée
l@aseoOYly assembled yigiogs frWatt ecogh neface and pryvastingeaeiied by
coin d |

To oIl SRS pIilIR, W GE e B B IRE e Fhcin
pr ot mdrmotbima\tRl%ﬂi etereqions, g ntwre ofithase ortdrpttionnisdardely

r epl |]%m1(;) Dunn et al. (1995) cloned the CAT gene in
t he nega |ve sense orientation between the 5 and
31nont r ansltlateld inflegnize Bsand {C \thesEAmmtanmmﬂa aBd Rivationally
segnent.. Cells e. transfected construct

3 o BRUHE e P Do Etrats B eE o o e
and BRir@s dde RottHaas MRGSredinwiithhion havihé] exivityaSsaildried
RNA, . which resulted in CAT activit The bunyavirus S
segnBhpenZA Cotws despdophase aMrsProRInai iqghanppl activity.

over HaRpieRghd ERMipdieih IANRE to havedBis @t e THOBERAY oP St fon
of these prote| ns are required for transcription and

r epl thearql greieie B1a% be measyTed;by meeshadp i ebngvinadhe NS e
best Adistgér e%Tg@ﬁi)' 2l o olY7p3at ei nexpr essi on,
together "with protein, resulted in CAT activity,
wher Ebagoteyir@AT activity was detected with the NSs
expr essi are
SUF T o entopaBTE RS elcifh fe i Mo h LD

bu ny@ntharmweolvuidee Rl%y arestransthitted by ticksandharierbgen fouhedin

t erm, nal ue f bun aV| rLus

compi SRRsHE el e PR s Jnd ot Yoleequpntiy THOY can
bee nreﬁB&mmmck hmt vet‘thbiﬁté&:eldw dihe THEE gmotm cdmptises sixhe

buny ar.e

| d
oot e sLTRAIR SEgRl Pl SRR a8 pREEnEbaeg by te

of tiheeeVirgéesh sdpidon sRSA sigdfitant haaldl6@sto G TinBNPEEL SiBisON
(Dunn et al ., 1991)3 In contrast, addition of two

nucl RYYPEass paeteiny EB2, PRIpgnd fifh. Jpgment Lgnca SAEYEHTIaed o
at tf@uchza Ok ﬁpeﬁhmw cb]?xhte%%h%m&ﬁﬁaéarby(s@gmémat is
al ., 1995). Therefore, he influenza virus

BOI yRas ha@alogeye gither trﬂeert?a HirasHLA 95 Nfo bytribihesis spruseesi n
can s’iﬂﬂ@:‘it‘?% {h¥ Bab@bdind GRESHbER! AR sANKseghBRtlit £:3H4H b

i nt ernal
encode a mamx protein and does not resemble any of the influenza virus

proteins. Like influenza virus, both the 3' and 5' ends of the VRNA are required
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Cell Lines and Influenza Viruses That Can Be Used in
the Present Invention According to the present

WO 2ovsemses®on, any cell which supports effici entPCT/US2004/016649
replication of influenza virus can be enployed in the
i nvention, including nutant cells which express
r edufoe dromotaﬂ acxr\masmd thiggativety osflocates 1o thertenmenad il dbhnd15
aC|ds r I f | virus. Viruses
obt af't ggh c?ﬁg %Péé %g&% RN&' %Sgﬁ?g Ya reassort ant
Vi rus. Prﬁfeemmb.l\yynthdss af@HIOQV arpenw&@ bestcelf-detled odp
certifiabl e, conti.nuoys cel ui renents
or tmpBry HaGoRiA o e oty hESHY RO
char @&theit adaitiod) nuélédides apatdaveédirah cblRAStmRINAs Abo et al.,

ar K L4y B Lo lePeif g OBty ARV s revested

st ortagteooﬂptng ktain@NSend A6 VRNA aSediiirell EstlehfGut]Bas8 RERRyS |
and cell culture. Such characterization is used

Lo cbasrhk 1205 i Agdiiprolza aodel GRNA iAol ot pjisEmulate

advefiabidcfdse zf'ég@iﬂl f eahﬁet%‘l) MBy9RNUDhis Heen sHEANYSH iRBYenIRY
al so be reqg ui red ti1on, tum)rlgemCIty i's

p ef‘ém-ilﬁqigan@ etaled99% H@em et ak,H2P4)arde hapk tshactyigrhes been

p as 5}3[9;?05[3(?}’6? sy i é et Yp e1@9€7 OWeWe?Qf“dl n ?9@72 QAHG} 4 Qﬂm ar to
us I's preferably purified by a’ proCess t

_bee nthe h@knrftvostgxcmee wopstd fozmtfluesmulins (Flisketal e 1 w) nljhls
e, 1R SRR LR G0t BRChSy RRROUELhoR: (FRE
pr ef (RN A& drdim)tt&sécplbhdesheﬂmi alml/ eteéomhmbmof lease gaisibotweer
t he cel ne e used, .50 .that r.o ests
For a0y B AR PN SAgd e it e foa iy
t hat psRidanOB USRI badehRirilpcatdet iez@inicldtidds simaRltds t 0
be used in the present .invention jncludes

i nf oFRBRICEASCATIY s WBICh & Stong é‘fHW‘éPSGWdC%Fﬁd’gH‘)ﬁé’E,‘&’Q%“

hi st@byk’ sfridrrk NLIHYRE AIQN99Y). MdtedeR WMidlstARfire might be crucial
nor phol ogi cal characteristics; (c)._results of tests of

adv eﬁ‘?f the repylatian efthe THOY) lifgicyele:iba iy RING mepealer forauig t}éf‘uc h

bx ,
1, OO 3k AR a1 A i

r ec ogscr@tionnBirrr RN promotar] infeprieast, map dof(feym théshnqks of
t est
€s ﬁ?ruf:tgfe a‘g)lggﬁp REOh R 3%&3@1@(0%%?&%%%%&&@& ﬁ%ﬁ‘%gé thus

| ev ation ost ce
i s assultoyg ingepbog®nbl e. It is preferred that the virus
proq#ced |Ezthe cell is highly purified prior to

nyaviri .
vaccrn¥—0r—gene therapy formulation. Generally, the
psu rifi catlihe lﬁarml}o&ﬁtjbmﬂsczevmélhdds asutkdl virtiset thet @xseiesiovagic

nmoval of .cel] ul ar , DNA, oth ellu onponent s
L e R rtsth bpas Bo i oy HRRRENE Kisg and
degr@tfeArCshgd attbehalie ) TleSphdpiealine dnvefeped visiofs |
M zrahi, 1990. Vaccines A vaccine of the _invention
conpfontin theRSFEmRFaIiof SPRlsrErHEd; W&?twarSﬁ@%éﬂN/%@st ’Hs

of amnyoabhDIaRe 128zeSt seg@bnti(IYRHIOHS McCviRl RNAI l)fn'iéi’szb one
or nore bacteria, viruses, yeast or fu gw h in
? Miga

Yhe REABHALPENEN), thereasthe Néwg@ewwe&dégths |8W8PFPECB’(§
By BEaMAGEaRE 2 Y& Sral Rbtetd INSHEN Z8e VhailkSt @Ement (S)

encodes the nucleocapsid protein (N) and a second nonstructural protein (NSs).
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ot her viral pathogens including but not limted to

| entiviruses such as H'V, hepatitis B virus, hepatitis
WO 09/028658, her pes viruses such as CW or HSV arCT/osfoos0de49

nmout h di sease virus. A conplete virion vaccine is

concentrated by ultrafiltration and then purified by

zonaViraeteplication and @ansesiptipy takpplaeean hpravpsipjasmi and newly

' hacf syrﬂ&@aiv%smﬁ thon ﬁl@{nefﬁ'ﬂfah%é Gdd @&gtj@gm%s.

orma I'n or beta-propl ol actone, for instance.
subuni t vBmdgen& Elbinf (1996)xhape estabilishedglrgveassrestaticn systeButoh

2 e pEnten RS R BRNGE B el M R b

t he filiovad e staanégyg‘estslemnbeqow $dhndbl¢t ab&l 994) for I'ables virus:

+ hus REBH o AR priaRe PSRRI S dfe g istnst ARG
det emmutuﬁa@ ebr m}ee)mebaneatamse et RBAY endells eXprevsimgihetyiral

such hexad trinethyl, a iu rom.de
( BachorEpepse @31%& eopawelan%HW@@@P%MW%MT“ cells
AMDRih P GARX VAR e Rirgl MBI ynderddl Bid @insfel@d Gicsd/ @IS Wath

et al., 1977); or a nonionjc_ detergent_ such as that

dBrmBlaEmids exrEcssing gtensracoisiby theiSTENasd besements. They then
hemagg]seliel itk sdBt1s %mhr@@plhéﬁh@élﬁgdla%mtleﬁgtﬁ %tngegﬁn@é

the virions V\Athaprotease such romelin _

pur i ¢PEAs Bynkgd b theold polpaperass ptmerdé@thelhb@dﬁlw(?l@r\aﬂlé

and gﬁ‘)le ﬁ"&%’?c?gas eﬁﬁﬁ’xf&éf oY ﬁ.lrs[églq;@fek féﬁzﬁivg kd th@RBmber
ve been su Jecte to tment wth agents

t hat ofthiasginia waud pqmtld@., thAastﬂansmsadac@nuie) einirbehigh epar ed

as ol L onse A AGUE. %lasv‘i'r% ’élfléa?e@ is oGl LA deGfed not

vi rus obtal e asaove at ed or not, 1S

t r eatdyto genekiallyg bmgmaengunybwzb'aqobwt aisolgvmits reasohta@t/iruses

The trCaBrUer SBeSeRes b b eanwar e el Fldfftdae

in fgagrentation of the viral particles. The aqueous
phase i s recuperated containing the it wvaccin

const i t ut BRSO By VS PROmRIFg F'ﬁ%ne’htﬁ e Vil ol ibabce
vh t Nrebyiiedd foPtrdrdiilon hhdiefli@AYA, DRRABIMUI. (1999) ¢REed MBE AThE
core or |its ggagr adation pr, oduct s. Then the residual

i nf e8¥F e pegabive-sese ericatatinn betvoen thelS'iand Hiostranglatedot

al r edibnbEERe BRARmMWAAS RN\Aaéegxqer}(a@GHJ\@&e trh ARG daWke d

i nfluenza virus ‘vacci nes of The invention are provided
by i ¢rastriolsaxpregsineibe prosaiescenoeded by 8t Lt 4nd S segapntiand were
US) MK AN i D6 RsReq RUK Afh kshddSH P achviy
formali N or ropi ol'act one treat ment nact dl
vac chnaebmlypems Shagmem pndodesitwe girateing, Neani rNSsnh |owrlapamg

i ncl ud r pr.SY S

(spl i ‘fm a%’g?sn\glso Aje%hngl% vacrgllmnec’fctoeric’{a | ne§n8| 3 re@% lréQ for

I nactrangeipgidn dhd t@hczmbn [condtinets Sxpresaimg ionky N oriNSd weare tested

purifi Vi .u. ted with de

Dol ulst By ¥ Bt b b Sl SR LpuPBigsutiea in CAT
f ol | sutiedy, b%eﬁ‘dﬁ@ﬂb CAIT actidiwasabicosd @ith HRNSHERprevdidnls .

| n addi tion t hat. can b i ncl ude thgse

e
B nt SAPRTYRG Ths. gﬁﬂaa Nepreiging arg s wgemfgawsmﬂoalan
whi clRprdaBion 6f £5ungahifue-1R8 RMN.f ace antigen or

As with influenza virus, the terminal sequences of bunyavirus RNAs are

complementary and highly conserved. It has therefore been assumed that these
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subunit vaccines. In general, the responses to SV and
surface antigen (i.e., purified HA or NA) vaccines are
WO (28658 An experinental inactivated W vacciPO®/US2004/016649

contai ning an NA antigen imunologically related to

the epidenmc virus and an unrel ated HA appears to be
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genes. Attenuating nutations can be introduced into
non-codi ng regi ons of the genone, as well as into
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Osol, 1980; Katzung, 1992. The conposition of the
invention is generally presented in the form of
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synptons are detected. A conposition is said to be
"pharmacol ogi cally acceptable” if its adm nistration
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partial attenuation (i.e., suppression) of a synptom

or condition of the disease, or in the total or
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are not intended to limt the invention and r@ resent
pr ePenfivyuglot gan B CompRttes ity butfere agpyants; OBPBFT ed

2610S aBStaidiel WhiRE afedichipibROof ﬁhﬂr&ﬁngbﬂlg eficHtAdf e dainfpebitios

I s understood _and determ nabl e by one of skill in the
ar t F®eigcciges cadjuvpts.isuhtancesgyhich qapgnemens g gageificamngne
19993'5 d%gé tan usé@. 81‘361111%99,%6 ad}x%ﬁt' an@% (!S%P%Hflgn aré tided
The dosage of an attenuated Virus vaccine for a
manprdrit@pregeatagion tottheramhunsrsystern ot pacsented seperaielys hatdatn thee
fr oggn%q}ﬂg'bf 9 BrekDidm %hﬁg Hﬁmﬁx%%.{]ﬂ r%(a}ﬁgieg ?Sf LEERS .khgtab]grfor
any range or val ue thefreln. e dose of Inactivate

2y acudene varaine campmeitionoare ployided Gn Osdl§1BOP, e.g., 50 ngy
of hemm Ituti nin inr ot ei.n. I—Iowever.,daé he dosa%el.cséggul d
be a saf & dREFISHY B PIENTME PY PR LG PP RSP IS
CONinflnérze Ridhse§T R BOEST ttSinflgen2X visis shginy,aach BES50@srans or
starting poi qt. The ﬂg@ua%%e 8f [,nmunor eacti ve HAdi n
eacHVdBEe o5t 2lPehricta T AT PAUYF FEARLIF Vg @ modem

St anfigeslt ZQfpdsitiof QfipA fBrrdd. Wchaitgho aEqEREnt ivetion, 1- 50
nmg or any range or value therein, or the anount .

30 ec WSRBERTRA b59ro|yhléd for xarigtigps In2 sipglg s{rain of an mfluenza virus,

using techniques known in the art.

A pharmaceutical composition according to the present invention may

further or additionally comprise at least one chemotherapeutic compound, for
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Service (PHS), which is usually 15 ng, per conponent

for older children 3 years of age, and 7.5 ng per
woconpexsesst for ol der children <3 years of age.PCTMiegs2004/016649

quantity of NA can al so be standardi zed, however, this

gl ycoprotein can be | abile during the processor

pur exangde, iforgean thempprimyen¢sipprawsints antdinflanh@8ey ap@ty oret

al ., 1975 f rahl

con TR SBRaL il o5 g S sRiopeBRELIE rRRALE Attt

and hpmedi e, gzhhnyna gmbhiuri bmamaqam, guanidise, hirdraybnmmtdamie

further. de d by.the follow.n anpl es.
Ex P D PP iR bt et MRy Rhhces
293ﬁndfﬂdﬂi&jartﬁfﬂ@hésoﬁﬂemlskmﬂ&&yfamﬁlhj $baaith, Mpgtiridineanilyg, a

cani ne Ki dne cells wer e .mai ntai.n in )

Dul BEdEgalogfarcAmsh P%éf@’l‘%%ﬁ%? a%#a fmtéw E%B%Y@H%?ﬂséj&s’ a
Wi t Brol&% iﬁ‘nﬁi‘bﬁbr Gﬂéafncﬁﬁbiﬂ ”S@nggl Kafi@lﬁ’g 11992; &AGhéreferences
medi um ﬁI\/EI\/p cont ai ni n(t):; 5% newborn calf serum

resﬁ’é‘?fitt ¢reinyen pages /P800 ars G808} riesperidgyat 370C in 5%

. Infg Wo&hBM@ﬁ%lsﬁ/c%M%nmﬂ Nt)sm@ﬁ@ua‘f\/nf; ey 61/ 34
(H NI re propagated in 10-day- ol

I%nsmgqmn -Bee fsmpal epyflel gnd PTFEPHQOélN%Sﬁ afb@h%m bsep §oved safe and

Conabiddft Bucidyl BRAGAINSrAR!h Ue drfd A BAMRN fioedposi
Rg’ ('7634 Smr%al vvere E?ntlr }(;ngucr:éeg E?etvveen ﬁ% position

promdefnmamdterm nat or sequences of RNA pol ynerase |.

Bri CDNAs were anplified by PCR with

pri met ?Ldﬁaceﬂ:ﬁ afh IZ])‘ECCAB snB] sites, digested with BsnBl,

an d cl onEkt ddntimistrdien BﬁmBlcompdsemn(Qér thdrantipétriBiat it ei¢isy may

h contains t ujjan, ner as r and
P St SR o et e i R SubePBPUREE
Bs nBlopBylh@izallyf iti@gLtompasitionk b€ theBdenttfal whictPsre viul;%meNBre NA,
M and Nﬁ?gfenes of the A/VWBINVV 33 .strain were
PCRBf?ﬁﬂdie PEaraARy sEBPigh of g gathagen dufesipn Pecnss guanifest. The
RyladfSdGRiistra@ibslo AR WIRpokitibh sétsad pRUerft bPsRebliate any
Deb yak at the University of California Los

Ang&sbsequentipfgctipnhenppgyrded pronhyla¢ipgalls thageae ey et
28 - %,?&%Dons NgmMnt%ﬂdarPgWﬂded bESReGY h})ﬁ%t&]p of B alsé’aﬁé

gene I nfl uenza A/ PR/ virus was anpl i
u 3| hg:op@mm‘feﬁt (]3}3| p;op(hplgpt@zad@'pmatratlon Qgglg):oxagosglon serves to

}e%tﬁ oﬁ_ﬁ?e%uf it O & n@or«t, %ﬁn&&&ﬁs &@MM Qlfe dsBfe.

pr| 0 ensure that genes were ee 0 .
u nvvant e dWﬂm provideg theRpRuMdelly, veatichnaigheminastiveedviral vaccine

o Preed et o e BRI TUGHAR draBy il e g
2by hdminis&mtﬁxfraﬁ’ttlufrmnpoﬂ'ri&és)GMo anﬁmdueragy adnanl kidectini®, See,

deseRr Betfor i atn ot sipodemnrt oL, LEU5AYE: 3981387 &8s nt o
t he 1992k awyeﬁi pr6w@édlh&5;$duﬁ&hlly ecient tHetapPchhPpbsBion is provided
OB dbn e b s i N ke, koS
P CAGE2EM AN of IRk oRfpOEERYBOedYb httefudte als§HPRAT driflidation

The M2 and NS2 genes fromthe A/PR/8/34 virus
30  of that disease.

Thus, an attenuated or inactivated vaccine composition of the present
invention may thus be provided either before the onset of infection (so as to

prevent or attenuate an anticipated infection) or after the initiation of an actual
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were anplified by PCR and cl oned i nto pCAGGS/ MCS,

yi el di ng pEP24c and pCA-NS2. Finally, pcDNA774(PBI),
wooda3e&8( PB2), and pcDNA787(PA) were used t o PETrL6E/016649

the PB2, PBI, and PA proteins under control of the

cytomegal ovirus pronoter (Perez et al., 1998).
Gen efféxtnioﬂ rslmﬂarilm fa gbxheahaap}n thewempasmxa‘r mhycbeelsovxdaﬂ&“fore
cells maxi mum of

pl adM “H“ 8{)‘1‘ %‘é‘?\@ﬁ o AR g ma“%d %ré‘f‘S? PRARY T

LT- kyrﬁ;ﬁamy%aletewaﬂl son, Wscon3| n) according to the
manuf acturer' s.instructi.ons DNA v s

t r ansf ecficBMPPELPIRH IS Hﬁ’%ﬂco %’#lyﬁcﬁﬂgggﬁgﬁs I

Ber afMin®kraidWan be fldiitad Ba RtipiepopatieaiBatiniignf i9kaid o be
m nutes and added to the cells. Six h?gs | ater, .the

DNAaEmiriTediniac erperficpty FHERH R NRs ' Bp PRy afjfpinistered
Opt %ﬂio G tdesosivigh Of thiRreséra vk

conltlsal n?fh}%@cﬁlg{% ovme se(?ﬁﬂm al bum E@and 0. O%/%nflét al
cal phwwallmmgmfm@pfeﬁtprqspwgesam Bra qefoghblechnggin the

vir £ e QMehRBAUPRARILEPlimBRD
tltpﬁﬁég%r&w FF&H Sl%nge hgl per vi rug I\l/\1/a§1§, rr10t
10 e séaoadirphumdralsor pelbwdar dmmene rehronseagsinst 4 deastan stat phat
vir ed wi thout plaque purification.
Det glﬁgf?lﬁ\gflngﬁ%ggbﬁse per cent age of pl asm d-transfected
cells pr ﬂihhfmratg}:tmnrpmeiﬂed ne‘Edmnﬁlgc-abmlmte,hc&u tige infloempza
tran , 3T . cells we wit hQ % EDTA
| i et et peibalf predentd § s RRBIST ol Ry
di | ldigﬁﬂicér@nﬁ@bdemdcdmp&mdfvaﬂfaed)ntro] }mfpnfahblteblt set of patients.
Vier ST g T b MG OB Reite gt Savo B ALy of ot
| MypRsbAL bf e inksedy vird echer s after infection with
i nfl uenza VI rus, ceI s were washed twice with

PhEageusical # 240N ne (PBS) and fixed with 3.7%
par af or nﬂ'c@ﬁlmfsql@on(df MhefReakntlifVentéh MhybdB& rddistdrRO W one or
tenperature. Next, they were treated with 0.1% Triton
X- 100 eprihqsensc e.Es ovf IS HEPETFa §irks stensrheithet pagsive
199k mgﬁﬁ)ﬂlol' RctE D @ik f13n Ofn Acﬂ@fﬁﬁﬁ]ﬁ}ﬂf‘atl\ﬂh FSnd¥vated or
pl asmd-driven expression of vira NA segnents, three
pol ytenaseé lisenngring sonspeditinPisndotimstered paiphylaciighlly to a host
tra sfectl on Qf
fro %Uz}m mmaﬁvﬁn??%enliosﬂeﬁs]nﬁ“?‘s '}f%sﬁsl n e{g{e ?@5@“%%@%@%
par hgaihst mfedtibn sndédridiseasgy Foispassite iminkelization theeelisftéd antigans
when ed with eight. different |nvtr ner.at ed
et Serersetad o8 fpinblereg S Fim uibhrRELRRT o1
s onnfedidASaused Bhit leakt cak iftNeszawerue smmeAQEMhempy/i vo
Thus, Iasmgs were prepared that contain c

t he CPRIPSIoB 04 g Pgssenyjin BYY Y16 PROPRERFUSPTRY "tw levels

fl agkeg d@é{reﬁ?&]eﬁiﬂ&ﬁl@t @M‘c&umwﬁmﬁzaﬁen 1pr onot er and the
mouse RNA polymerase t erm nat or. princi

transf ecl’ Qﬁﬁ e@boélﬁlégtethé vVgeine it %rgwriegtq arwan@aﬁ%f%ﬁl? gt

cel losp §&Q&'bx@ﬁ&?§}‘“pahﬂnﬁ&?§ v BB SitiSnsf tidle! an@ aMBhnt

i nfluenza VR PB2, "PBl1, PA and NP Er ot ei ns,

genevificient thyause the productlon of an immune response which serves to protect
both the female and the fetus or newborn (via passive incorporation of the

antibodies across the placenta or in the mother’s milk).
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cotransfection of protein expression plasmds, should

then assenble the vVRNAs into functional vRNPs that are
wo apbozsaseed and transcribed, ultimtely form NBCT/US2004/016649

i nfectious influenza viruses (Figure 3). 1 106 293T

cells were transfected with protein expression

pl asmi dsThe pieseny imfentyDhs7i6cdeBethods fag prsfventing or

pcatalakalprdtg: e R MMRAT g Gt B

RNApapialgyinreA eissed herpinas nacdme (sl th YeNent BB&fenuate a disease if its

AT N B T S

9l 3&787 )F<>>Ra Jﬂt@n&igcsﬂ sﬂgﬁadﬂs@sasginahe ®hll 6eshrigdTrtimunief of
pc 787, was  based on evi ous ohservations,. (Mena
et tp mdvidpabip thexdiseaseai A8 A S
gen@hAdvieRbr @ftentihe Widesc® DR ddhilifatioVkeRsls citdlatia tHQbtal or
shown). Twenty-four hours after transfectjon of 293T
cel pagtial ptisnualim (he-ysuppregsion) f pBrmAem RECOTIBIRRA! s disse, or
SUPSRhAND{BXRE By ok theiadyRua ko thd @RS rating for
the first time the capacity of reverse genetics to

19r oduce Atd¢dsteneznachivaied agtienaied anflpenzagiup| oa sprpRsition

Tab, ' : | 0f | '
B, PP LT IO OB Rt
5 6th7 iendbdippakes, fusing a pRBmaeeutical composition appgveBdly - - +
PB2 + + + + + + + + PA+ + + + + + + + HA +
+ + NP++++++++NA++++++++ M

+ + + + For ¢xample, Aimiistrattontof-such atcompesiobemay bxpy esmuoHn

lasmds for: PBl + + + + + &+ + PB2 + + + + + + - + PA
15 _lpa_;en_}_erq_l rg_utg:s s_p% s_pbg_utq_negus_]_m ay'_enpuwtr_adqpn_al,_}_ntr_f_lm_psc_}_ﬂal,

NA mtraperitohedt, thtranasalMral-or transdémtal foutes+Pifnterakadministration+
+

ot
+ 4described.

can be by bolus injection or by gradual perfusion over time. A preferred mode
of using a pharmaceutical composition of the present invention is by
intramuscular or subcutaneous application. See, e.g., Berkow et al., 1992;
20 Goodman et al., 1990; Avery, 1987; and Katzung, 1992.
A typical regimen for preventing, suppressing, or treating an influenza
virus related pathology, comprises administration of an effective amount of a
vaccine composition as described herein, administered as a single treatment, or
repeated as enhancing or booster dosages, over a period up to and including
25  between one week and about 24 months, or any range or value therein.
According to the present invention, an “effective amount” of a
composition is one that is sufficient to achieve a desired biological effect. It is
understood that the effective dosage will be dependent upon the age, sex, health,
and weight of the recipient, kind of concurrent treatment, if any, frequency of
30 treatment, and the nature of the effect wanted. The ranges of effective doses
provided below are not intended to limit the invention and represent preferred
dose ranges. However, the most preferred dosage will be tailored to the

individual subject, as is understood and determinable by one of skill in the art.
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NS2 - + - + + + + + Virus titer 7 x 1037 1 x 3 c 00
O O (pfu/m) 103 103 104 * 293T cells were transfected
WO nios/msekse | ndi cated plasm ds. Twenty-four (BEXperUsmod/ec649
1 and 2) or forty-eight hours (Experinents 3-8) later,

the virus titer in the supernatant was determned in
MDCKSezet s Betkowisl ds 4984 epdinancet ahdif8&tAnery pl 188 i kbadi,

wer e nstyr bt h CDNAs representing the RNAs of

A W\S 3§n\9i$53§§$g’l':l\f§%'ci ency of influenza virus

product i dfhewiosdge obaxgtemssdadomue Vacaink fori amammbaliange gr, Alman)
proteins. Although expression st.he vir NP an

pol y?ﬁvggédlﬂ# %rtg%l%ﬂg MRS f(l)t%:olugL '1? oPlai’lhe:flommg s

p$ as(AFUPNME, orany gagesrakive theddin.i Tid deenakinadtivateé saccinke cavs

possi ble_that the effjcie coul d be .inproved.. In

P evieaEer et o ¢ pd Bt EIPrireln IR o oy ver, the

Vi I Ugosgdd H6lildbah sift efddffestieiRbuntiBldeteRAined By cdFentidAal
,.and NS2) resulted in VLPs that contained an

M, M. and NS
ar t | PPEPYY UYTAGKILHE SRECHGS 35 & W5tRg RNt

chl or anphgRide@lge 3ERfnfldofabHleal R ffeaR 86 e VRPACREd Alus,
1996) . Thus, the availability of the entire conpl enent

oF svaceise canehe sgandargizersto cppgNA Yt FROUAL.eosled G kR 4K d
for yi i cati [ D i '

o SR TV R B A ARG 01 b
end, S@eRT (RIH)] whivleisasually § fugatee conponbntdpr ¢ldetichddrom fyears

or outicr R i FERERE 20 QU TRIES A0S Bl
and @abiAGT NARBNnajso Be dtamiprdifedcioNAYS7 (hidglycobratgin can be

of p CAGGS- WEN- .14, and - on

0% P okt dineRiericea s pirtes g ng At ioel (REET ol sk
of | pP&R3475)( E@dhl M2jn Sd’)sf(&@ew’lﬁfne\ﬁeﬁ‘d}alﬂy B@lt';al[iﬁs @)@ﬁd‘xiﬁi@ly 1-5C(l)
pol ynerase | pl.asm [ at, 2, T e 1). A secon
set B‘%h"é‘é’llr%p%éest i’%&ég{?@d%&ﬁm‘ﬁ“ P%gg%ne set of RNA
pol yrmer asphelinRhasiWilie fdHidn déEbDUTARS folBwitg ekhaplRsl
gene, for which pPoll-PR/ 8/ 34-PBl was substituted in

an effort to generate a reassortant virus, together
whth plasm ds expressing oplampiéds PBl, PB2, and NP
(Experinment 3, Table 1) or 0S€ expressing all the

i nf | Matezialsand Methadsl proteins (Experiment 4, Table 1).-
Yi el ds of s ' ]@Qﬁ j: ab: ' 24
hours ( Ex%i\érﬁ_iq'\ll%%f% Cﬂggrgl 'ng,ha Ta rg&{ll?plg%{e)gdteﬁlg gﬁdhlg%?lé

( dat Ranbp cargeokvidney polit (MREKT were nointaibdshie albecends modifiadh

a 10:f ol i-NCr, i N Vi jqr i .

ory arat Pt BRAR] ok bdle Dl J0F AR tllbod iy

31 r umbdifiad Epglet eedismv@®fEM peontaitherls % hxwkorn malfisgui8, and

4, Table.l). ive control i.ch, lacked,one of

the ariihs AEP i RSRlgn 7l e Ry TR Shustyo
pr ot &wWISN/3di(H1NOtandl iAZPRYSBAYHYNI useré fropagatateintl 6-day-8ld eggs.

Table 1). Thus,. dependi.ng .on the vitus generajed,
expr ess : 5 wanginie JoVA pofitaa] construct,

prot 8bR c@%ﬂ(sﬂﬁh@&i fYorh APWSNED dr AEPIEBIUGRRMAGkeré he

reverse genetics nethod. .

30  introduced between the promoter and terminator sequences of RNA polymerase
1. Briefly, the cloned cDNAs were amplified by PCR with primers containing
BsmBI sites, digested with BsmBI, and cloned into the BsmBI sites of the pHH21

vector which contains the human RNA polymerase I promoter and the mouse
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Next, the kinetics of virus production after

transfection of cells was determ ned using the set of
w@rmsnisdss used to generate a virus with the  PCT/US2004/016649

A PR/ 8/ 34-PB1 gene. In tw of three experinments, virus

was first detected at 24 hours after transfection. The

ti t RNAefsuarasd 1 srminator, separased byl B@nBifsiténiFigurea?). The PB2,

L aheF g o NS 1 Sp s B B MBS Bl o p

of phraplified-bl nenafftbcotiowing iplasmids apSCVEP B2, GO 1 nand
VI ru 93T. ce d T. 9. at
" BT RAZR Griéed fap T i R Mshuery s Cafifothi By
5 hennmésﬁ Qh@pWHlep@Wngszj plrwm ss((tj:usimee et aln wm)s
experi nent (0] ree vir n In.the cu [
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t hadirgk wa3 aﬂf@ﬁg'@d tfyglsir% POBNATE N EFRI) i(Pled AARECIOOQS aVi I' US
a e {

particles . : netics of virus production after
pI alsrplite: A STeaEn § Bntheseienes of e prigerso Jp snurg Bat the

%Jn@é"%éx% flek of Gfwanted nftdioH§ @@@&fv@@ﬁ@@ﬁerﬁm&é E‘é ences
Expe prent transfection ND ND 0
IND With aip @BTegedntey (Mwlwdt&@ﬂystﬁ@dv@&m lﬂ%)eﬁcgqfﬂmgzmhe
I
p° %%%&%Scokn&énﬁémﬁr} g@nﬁ‘éérﬂ&r Afm&& %k&d%ﬁ%&@@gxs NP,

he exception ene deri
A/ PRASAIBUMY igenes of AﬁMSNm eitps wemichoned py deseribed (}élll@ém@d@t
d i_bed,i X f f n '
e a 75D aRe GiobRabd oy fibuaPbiif LLGHER hed R ASTNGs
cel (centrdiled by ﬂta:tchﬂthﬂeﬁ acRqunmeotyr) ajlfhwam‘t hludf2b), xesultsg in

GorpRy i REaSGET ARG, pEabeR N R it
t hewigN-MI AU T trespectivElyMThaM20mg NS’ltganésffﬁ)ng&lB QNTPR/8f34 virus
i nfl uenza A viruses,. a virus contai FL%%E) n%pe

( Ca¥pic@ewiified by¥CR andygoned; ‘WOPﬁéGl@S o¥’8 de

eng i t f
8ol yrr§ rl\g%e F%%%?aﬁggl\jﬁ (7 ps\%ﬁ%@@%g)g%d %WAMA)
D Broeel 8 s (ARG a@ém PR soRidhokhe 2

zELA@tﬁgééamﬁu%ro&Bér gf&efz%%ﬂfwédje protein's head,

together wth the required RNA pol ynerase | and
pr ot ei n @snsratien phinfegticusinfinenzamartichasf 293 ce (! % HE) were

re C%E&%&d Wltﬁ] Lﬁna(xﬁﬁﬁn %Nfglzg‘hldginddxffé}elgtqg#u% RERSSe 661€

rotein, 1nmunostal ni ng assays cells
| nf Emheﬂ“ 4 mPa?RSramhulﬁan W lmonmmwramg\m the ntapplectuier’ss

erfor naI ntibody to th

o ORI aaY afiegs TRRRAG FARePR AR bReN R Tomge 17-
2put Lhotpet h©sEDNAJ, exmubde&\attrhommdncbetaytpe fori4t msintéd apdradded

4) . coyer f the PRB-WON-FL79.virus

o § ouTesaS:she Rours Bl Ghe DNB-EART et oo TRy e w1 Teglaced

( dabﬁOﬁwQO)co/B"ﬁmgselmee@ufgt Makyl§id} adritaihing 0. 304 lovirRwW

rever se etICS Sysﬁtﬁ«ﬂl m al | ows on‘(fgto |ntro uce f

it SRR AU A0 et calheEmTA, O1 Gffereqtee € Eansfection

Cengihibd Vére Bhrvedddeednh BléSupdhdtat RrPtitydtddush MD@Kadeﬂh NSince

mutations in the PA
30  helper virus was not required by this procedure, the recovered transfectant

viruses were analyzed without plaque purification.

Determination of the percentage of plasmid-transfected cells producing

viruses. Twenty-four hours after transfection, 293T cells were dispersed with
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gene. To produce viruses possessing nutations in the

PA gene, two silent nmutations were introduced creating
WO p@#/0esssogni ti on sequences for restriction  PCT/US2004/016649

endonucl eases (Bspl 20l at position 846 and Pvull a 't

position 1284 of the nRNA). Previously, it was not

pos S1.63% EDJ Amotdi sﬁr&gle[ ¢¢lls Drervell ysperesicareas then diluted 10-fold and

Iyt RPE R bl Rl M sl IR RS S s

wer ewgre deteaedlol, thél’hemrgghlovaroedssay ansfectant viruses
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di | uti ons® BEOVEFR G VI  uS e ier e
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PA- Ahey? 8 ti¢htedISRB 0N sTritbe Xepopaad prbcesdéddsidensibed bii n
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nevvllﬁl/e‘i“?ﬁ“PGEﬂ estriction sites. PCR of the sane
Vi r atesgdTPl €s and prinmers without the reverse
transcription ste P falled to produce any products
(Wat a notCenpraiipn of infsefios JAVeD £XP

| nde@dA Qi ATEL AN R b ASHRAe Sk e oS

used 10 ge nerate fThe viruses. These results |I?ustrate
how twnsfaeténn afjeells with zamithrgehRNSPoeiraged fipmautbed wrens

FeCqY&h& g‘l %e}t%g&ﬂtlnﬁdgﬁzalﬁlﬁlc?efs tH%'s{?ﬁE Vi Bbﬁes r | gg gfﬁment

Di scussi on everse ‘genetics systens .
her eWlenalsédwith cigle dlfiﬁereftfm wire gtreyatgk RNP €l'd m‘bdhu:e mrectidus

virusgs entirely fro

| BERenea s i R RV Pl o R E9ER 8fBheg o
a B;J]’tyl@,ml&lhﬁds\/wegel ﬁre{)szmmawtohlad?&)NM'lﬂ;ok the fulbltmglhtwral RNAs
cont gi ns ree_s nts.of n e-sen NA,
ona e RPNy SRR B e et REA belneiags ! prgnoter and
pf u/ tﬂ}@%oﬁ&l 184 pblyileasditeiniifai. Mhl §mydqﬂb dfansteéticdrofthese
anong t he ex erlnentspCP§n3|stent 103  pf.u/
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Neumann et al., 1994; Luytjes et al., 1989; Pl eschka
et al., 1996) require hel pervirus infection and

wothevesase sel ection nethods that permt a smeCli/usaemBOI6649

of transfectants to be retrieved froma vast nunber of
hel per viruses. Such strategi es have been enpl oyed to
gendéExgteamientf 1, Teble ), démenstrating-far thp fizst e themepasfity ofigeverse
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and the nole ar~ basi s* of hoét-raﬁge redtri¢tion and+
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i n PREGpdheeEegR GRIdOE mprodet A @8 VIquY Emgies ik
vacekfieRidn/bf SR fRetth vRUSRREMSH pRAGKSIPBOSPE 1) PAl, WAD PN EeW
HA or NA subtyges of influenza virus, o

NA, M1, M2, and NS2) resulted in VLPs that contained an artificial VRNA
encoding a reporter chloramphenicol-acetyltransferase gene (Mena et al., 1996).
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This new reverse genetics systemw || Iikely enhance
the use of influenza viruses as vacci ne vectors. The
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nprises influenza A B, viruses, as well as
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rom cl one

descr her éi apply 1o any
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or Tops RS 2R BT A ey LY O S Al fad '
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i nfl uenza VLPs, the fp nerase | systemfor the
€

i nt rthepqreentage o plaspiddians q¢H's thahwere vmda?m@we% {937

Vi Ve ek HRhRY R5th HDTOU0D2%) at 34mdub died dds@iRtioRtodi¥brse
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30 arthe yanglﬁl@ngverfgmm:dgrmlmfb@gpm@udles 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.

Table 2. Kinetics of virus production after plasmid transfection into 293T cells*
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regions of an influenza viral RNA. This cassette is
i nserted between an RNA pol ynerase | pronoter and

WO soszsasor . Transfecti on of such constructs i PEDUS2004/016649
eukaryotic cells leads to transcription of the
reporter gene by cellular RNA polynerase |, thereby
generating influenza virus-like RNAs (Neumann et al .,
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1ex pbasi mfnhcqﬁrolém § Ireadn togwlep with mhedeqm;d Béﬂ%p@merase I and

LBl PRt orte et  PECNRAT Hal bk @B RTPREV N,

NP, FLT%8 di’mm @act Stpress theNA -FEAGDOEI umﬁumlanmtgmskaex efcqells

hi gh a asni d e e
e v RN AT Sl it ey A
n ot maﬂmcﬁﬁl Abydyab HRFALAG epitdperbetctaf colik Rf@oal withBRR93T

ells. In addition, ri ous. a unts of %he sz and PB%
2 oPOIF L Pt BRI b ch gy BT % Reo0Em3

DY) thdipR NP ENAT79 Glrud Ve a@%ﬁi&eﬁpﬁsetw fefthe ﬁnt&@g%a viRldse
Hence, in all subsequent experinents,

of PEIDNAGE7 peEARownIn dhasegesiis Bricpe @Mpﬁmp(:ﬁgmerse genetics
Fo %ﬁ%ﬂ:g% bne QQ%&G%%%N 6 gejiﬂﬂuéﬂﬁac'A%ﬁﬁj genome.

tion i nfluenza VLPs from cl oned
Pr evi ousGeewtioe of infectious firflugnzaciinyis gonfining mP‘ratmwn the PA

2P ol g&%r 93 ‘f)ro%l}ﬂéet \ﬁmsésrb%%gslﬁéﬁ‘&ta&&% if e PAL éegg, t@b silent

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 reverse genetics,
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i nfluenza VLPs requires nine influenza virus proteins:

PB2, PBl1, PA, HA, NA NP, M, M, and NS2 (Mena et
wW@2005/08896) . The NSI protein, by contrast, is PCT/US2004/016649

di spensable for particle formation (Mena et al.,

1996). To establish an efficient plasm d-driven system

f or bedhiRe g€ the akiod a reliebbléclection gysgpan eTrans&i:tmahaxtruses; cmd ed

t he

ol oA RS A AL erf e o B G2 <A et B Vs were

P CAGHIDE VRIS d16:udtbly awd e&]sbmntrdﬁlanﬁihg dietions. STacéring that the
pronoter), resultin

p CACERYTRENITUfes “zefelmgi?érﬂzﬁ%evés agﬁmlﬂtﬁuws ip Q@d’é‘c@ﬁnem y.

£x p&mﬁlfmh@m%e@ww&tamea YRS e RrbhdcHBEsDCRE AL SHown in
bl ot anal ener ate VLPs, 106 293T cells were

t r aVEPIE Ot é‘a W“@ﬁ an bATﬁj 284C wigpses brddhesrpegishputatiprvithin
pl aﬁg‘PgsngWaE Berﬁ&ﬁtr?(é&@}pﬁlb Qfésé?lfce QM@@ Grﬁ@ducefdQEstnctlon

) was enpl oyed), and wt of
r epotes.ePCRe @eé@n%t”rﬂ\ll sampi@Eaingl pmers "GGTIOPU %TGQ’EFB@ rrat ant s

vve r
w t ERRARR 5P it RO o Hro bR I E D B AL e
upr othe thcsPA@@NAr wabs indyed oepinated frowryRatdinsieahefdhd pladnod of

G- Pl]l S\édR oT%enexi%?e tH%S Vlg% L Se %a@g&%ﬁ? il iug@a(iﬁggb gqu ée I&’\g}}é b%g

ceI galeev\mne)e@eddacddexﬁd rmvareiswmm: the uteoc_)félﬁﬁaepantsé&:l es/m
of ﬁugerinat ant (Table 3). Thus, plasm d-driven

ex of all influenza viral structural proteins
resul t edrHeltedeiR gedtizBbyiseths @émﬂﬁaﬂta@m slldwifdnt @nefficivhiBs
cont ai_ni ng. GFP VRNA. Nbreo red
¥ o Weedayesza 4 ‘bﬁt@%Fﬂt‘é% C;'pnaﬁ fsﬁﬁsuﬁ?@%w o

VL P%lb% )RR gl I‘é@egrsea%eﬁéhc??E&%&qtda@@?ﬁ&&eﬁﬁﬂﬁ@@ﬁdnﬁ@mdae
di fferent anpunts the R merase | reporter

gen@nilyh dptigeqntaigssonfsthree é@gnll%\ts QflAegaIW e-sengp!
p! mlgn% } JAu oGl Wﬁ@z Wuh” Rife!l hrfdugn t};'e \Qruggleﬁfs

t he was hi ghly efficient mgeneratln
VL P@ffewﬂ emeng the Nepeesmfen@; @nwembry 4p gli’ﬂl'flp gglts|was pbegied d

5 orfo% inful%a % us, ﬁ% i onfafas 8 'lﬁﬁteﬁ gngglté\lsﬁme?@ge Mef Ot €i ns

re expresse oW anoun te i'ninfection, it was
| i kedpjanatlltats forehabigl effigieseyadfitheamvanset gonesfcs BYseene&qsme@sh on

pl a ee r
et P G e kel g e e RRrs AP AR ey el (5B e

t 0 Werd gemperated il sz1®dhnonglﬁlnﬂmﬁuthnthbamé@WAmn@a@éA| n
t he nunber of P-positive. MDCK cells

Fur PR deg MBS ePresss O e pelmerase
25 NCHORHR ah BIPN wmﬁme@tse MIST céizf wiNoR arelreway transpeonidswicd
pl asm d test eﬁ‘é’ﬁo wer e associ at | ess.

ef f Plasiif (Gage b?%ﬁns\vmﬂstha(t# E%P%‘b“ﬁ‘t‘?ﬁéft ooils pegived Al

i's §Mke ﬁlﬁ&n@i@s ﬁéeaekpfoy vidks pr&diRAde Nh a@ditiéd) éneMhrizt Bimbellags,
hi gh | evel s of expressi on are I|ker required for

ef firgnsennts pr@féw&fl by RNS¥ pajyresaseFryvhiclsaiong thgmaghabundantly
t esé)@%skéa IR H’%&%ng;&ﬂp %ﬁc&lggoﬁﬂnﬁ’uté@{o'{ﬁé &Rl éf%éli\%{c&s

transtfected Wwth plasmd
3ns efftbosysiem. TRisbecfedurenjegliet cmmmdmgbfabpn@@hmnber of

' eS\l,iU'q R%ah&n%ts%ﬁ ‘&‘deqﬁﬁé‘ a%glmtsoéfqnja%[)@ﬂlsfgr é&a]sshﬁn&vg@ er
vRNA, formation of RNPs in the nucleus, and export of these complexes to the

cell membrane, where new viruses are assembled and released.
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different anmounts ( 1 ng vs. 2 ng) of plasmds

woexgesessng t he HA and NA proteins did not rerealusaomg/016649

appreciable differences in VLP formation, leading to
sel ection of 1 ng of each plasmd (pEV\SN—HA
p CAGGS- \Relwpslf estahlisked ravessglpsaefige sitsteans{Endamiest aks,. 1990;

Over. e S r.esuf

e gt 5 e R oS bR, i TonS) auire hetper
ul t iviFat mfectibiead therefore ste]eetxqmrmdhmnsltlm pexfmrmsrmlltﬂumbeﬂém

i nfectious influenza, virus particle

L e B er e o froabyeR Mgt ShefE vt cSugh
ng%ifht@glﬂ%vé Béenteh@kfy@(:cl t@ehgﬁte @ﬁﬂUeﬁiae\Giuls@LtBat‘ybe‘éss on® of
* T cells were transfecte expre

( o g Folling CONA-SRELe T B S Bearar t pio O P Fap t
Wi t Ryt 191 RNGiR&b ¥R 255 Pegaﬂnmzl) axemgnaﬁqret M, @dayt
hours’ after transfection, VLP-containin super nat ant $

wer M §@astraei elchl., h9%%eHasupa of aby 1884). 3nd NS ( ’éarrm\ﬁt #lud998nd
I noqybabefle 5&?&0‘30#@%&0&@ bR BLmeS Apﬁhé’ﬁ%feQO HieseA adPNA
after 1nfection an expression was determned with
a) f |gensserstyemcgzowthderoprrayre, IO ipngetvestaetinnnersireg senpivigy,
dei etﬁu%qlrr]rg@%gh@xk g&ll‘% %?r W?rrsg éﬁ%ﬁct%g‘orgig?ét%&@e«%g gélge gfs tﬂ% ene
I\/DCK)r@habﬂss EtvenTi¢h the lHaH andeN e périee,i femlyach) feIMLIE’ afltdmrimdnm
etermned b 0Si ti.V
o R T S R A
1 1Gréwgh ﬂéfeﬁ@.Ch} dohassaitik x(eMs;ecganguce by‘imln d&Oribedflecin dogs
VLP/ M of su r nat ané?p chosen as % rtef erﬁécemt.
Pv alnl%reﬂ‘l'”"’l H’é‘fﬂaﬂ’ ?‘V“EP“WF@“W%‘ &i‘iﬁ& A Vi mytations

f r o phyagent E}e%mem'l'& Wit sebete Eldaith ddEEss. i Thid ddabagerib ect i on
in the sane manner as authentic influenza viruses,

VL PSlemansiraied i Figiie Setrhigh the raov ey od fransbectant ViusRe wish a
VPL-GARERD RigBk. SHRBIZRRE @&Hnd10g$ td MBEdICE @ viable mutation into
plasmd-tr ansf ect ed 293T celI's were incubated with a
pooltheinflugies A wisnesameoTit enableinvestigaters & adsdress a ppmber of

n 0
0P ORGP AR oR o Ale RGBTy B opy F s Pl
at regionstod theerirat geneme . AtrPFg/Buction Irqi@_tronvhlpw virghpret§ing.s
not neutr onal

algg ﬁ'x n%léc{l?ag b?%f CPtFEB%tHQIf%% ré)sfrtﬁc)?ltg{lj l?%&/gﬁ% %%ﬂf&ﬁ#'

| nt 0 I\/DCK]t!halghSnac(m&tgd mﬂmmmVach&\hrb{Avaa]abch thelcefﬁcacy is

R R S e B S Y R

15Nt ekt @dspnsesNeiinical tlﬁnelslaifmldﬁahap%ﬂthveﬁnfnreﬁiaaraﬂane’semm red
for the formatlgla{of VLPs was i de

L AIPTYRG SHEEF. At FHeh VHRERES R P UL A SO Bonels

and foh&udPinfidhze 6ﬂ1§i|butf\@1ﬂl stillénduEPproteativedmnamcly
transcription of Honda et al., 1988). Therefore,

eacHreyreves éélée‘feb@rpl‘fﬂ%t 89%)s Hpsrevernrelimimary tepts ppdicapghat
M, e 1i¢ vilR%adiaits Wmﬁﬁ%‘dtsigﬁﬁcilnt@rﬂl&% @ffectiz¥ @lad ThedgestOf
any of these plasm ds did not affect the

e plinastivateshyaceiamgeviewnd ip Keiel. @’@edmw&)nlew%sop@cf%d

295 Rufft nfonp SUREI NGRSO AR ST AN RRLBAG 293T

not vpeamovith BERversp g@sgcmstpm dlewlhbed wVWD@kere@tNeb; one
i ndi | »l OUS
V1 P3G s AeE s PR el RERER AR bR o b DU

was | ow (> 500 fold reduction conpared to the full set
of structural proteins). Thus? all influenza virus
structural proteins are required for the efficient
formati on of infectious VLPs, in accord with data from
studies of the vaccinia- virus system (Mena et al.
1996) .



VSV gl ycoprotein can replace the HA and NA proteins in
the production of VLPs. The influenza virus HA and NA
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These particles are infectious and can deliver a

desi gnated gene into target cells, where it would
wonreg/i28@8e and be transcri bed. Because these pamtiseé@®16649

do not contain a conplete conplenent of viral genes,

they can not produce infectious progeny viruses. This
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packaged into virus-like particles in the packagi ng

cell lines. These virus-like particles can be used for
WO e@smes6e8 and gene t herapy purposes because (i PCT83008016649

not contain the full conplenent of viral genes and

thus no infectious progeny particles can be forned,
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Culture supernatants were harvested 48 hours after transfection and mixed with

A/WSN/33 virus to provide the influenza virus proteins required for replication

and transcription of GFP vVRNA. The mixture was then inoculated into MDCK
30  cells. Ten hours after incubation, GFP-positive MDCK cells were detected,

corresponding to 450 particles/ml of supernatant (Table 3). Thus, plasmid-driven

expression of all influenza viral structural proteins resulted in the formation of
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Di gestion of the resulting Polll/double ribozyne
vect or pCAGGS- 2Ri bo-I (Figure 12) with Bbsl and BsnEl

WO yooslozksss a | i neari zed vector for insertion ofPer/us1084/016649
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pol ymerase 11, and autocatal ytic ribozynme cl eavage at
both term ni of the transcript results in the
wogersangdss on of aut hentic VRNA (Figure 13). ToOPCEAIS210h016649
feasibility of this approach the plasm d pCAGGS- 2R bo-
PB2/ 483- 627E was constructed. This construct encodes
PB2 vRNA of HK3/PB2-627E containing Gu at am no acid
position 627 between the two ribozyne sites. Thig
construct was tested in a reverse genetics appr@dch
coexpression of 12 plasnids in 293T cells: PB W RNA

1
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<
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expression of an RNA transcript encoding an influenza

A VRNA which is ) flanked by ribozyne sequences at the
WO 3005@p%h5¢§ HRz) and the 3' end (HDVRz) of the vRNMAUSTI0@016649

autocatal ytic cleavage of this primary RNA transcri pt

atthe ribozyne sites resulted in generation of
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glycoproteins did not adversely affect VLP formation. To the contrary, higher

numbers of GFP-positive cells were reproducibly found when VSV-G, rather
than the HA and NA, served as the viral glycoprotein. Thus, the VSV G protein
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fibroblasts are likely to be approved for the
production of live vaccines; therefore candi date

WO 2005828688 i N t hese cells are generated by revePEEUS2004/016649
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useful for therapeutic gene delivery. VLPs can be prepared that contain the
VRNA encoding the proteins required for transcription and replication (i.e., the
NP and the polymerases), as well as a VRNA encoding the protein of interest.
These particles are infectious and can deliver a designated gene into target cells,

30  where it would replicate and be transcribed. Because these particles do not
contain a complete complement of viral genes, they can not produce infectious
progeny viruses. This feature, together with the lack of integration of the viral
genome into host chromosomes, would ensure the biological safety of gene
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20  virus also contains an additional vVRNA encoding the Cre protein. This virus is
not viable in normal cells, because it lacks one of its vRNAs. However, in the
packaging cell line, the Cre protein which is expressed from the VRNA results in
recombination at the loxP site, resulting in the deletion of the transcription stop
site. Thus, the respective viral gene(s) is now transcribed and expressed,
25  allowing the virus to amplify in these cells (Figure 10).
In addition, packaging cell lines are prepared that express the late viral
proteins (i.e., HA, NA, M1, M2, and NS2) controlled by the loxP system (Figure
12). The HA and NA can be replaced by other viral receptor-binding and fusion
proteins (e.g., Ebola GP, Marburg GP, Bunyaviridae glycoproteins GP1 and
30  GP2, the G and/or F proteins of thabdovirus and paramyxovirus, thogotovirus
glycoprotein, and the glycoproteins of positive-strand RNA viruses). Virus-like
particles are generated which contain the vRNAs encoding the proteins required
for replication/transcription (i.e., the polymerase and NP proteins), a vVRNA
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2% constltutlvely expressing the gene for the simian virus 40 T antigen (DuBridge et

al., 1989), were maintained in DMEM (glucose concentration: 4.5 g/1)

supplemented with 10% FCS, 4 mM L-glutamine, and antibiotics. Madin-Darby

canine kidney cells (MDCK) were grown in minimum essential medium with

Eagle’s salts (MEM) containing 5% newborn calf serum, 4 mM L-glutamine and
25  antibiotics.

Plasmid construction

The construction of the RNA polymerase II driven VRNA expression
vector was based on pCAGGS-MCS (Hatta et al., 2001; Niwa et al., 1991) in
which RNA polymerase II mediated transcription is driven by a B-actin chicken

30  promoter/CMYV enhancer cassette. The HDVRz cassette was amplified from
pX8dT (Schnell et al., 1984) using the primers 5'-
GCATGCGAAGACTTGGGTCGGCATGGCATCTCCACCTCCT-3' (SEQ ID
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DNA segnent encoding influenza virus NP, so as to
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WO b@asesessie vector conprising a viral cDNA conpCT/E8B0&016649

RNA pol ynerase || pronoter linked to a first ribozyme
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|nflmﬁnza§ Ni (11952)N82 29. A nethod to prepare influenza
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<400> 3 cacacacgtc tcgtattagt agaaacaagg cattttttca
t gaaggacaa gctaaattca 60 ctatttttgc cgtctgagct
WO eaoso28858)g 89 <210> 4 <211> 67 <212> DNA <213PCT/US2004/016649
Artificial Sequence <220> <223> A synthetic primer
<400> 4 cacacacgtc tccgggagcg aaagcaggca aaccatttga
at ggat gt a t ! <210> 5 <211> 103
<212> DNzﬁg%% gﬂA§}| Yglé ggggﬁgzl<220> <223> A
synt het i (Wprld Health<hr@dnizafion FaRMNe T (1982) at t agt

agaaacaa t.actttitgt cagta I 2964
gtagcattgghggkgﬁéP&gglggaggﬁkgﬁgggﬁgggg§§§3l%%& 103
<210> 6 <Pdkida 673l J2VRel., BBR14RUBY4)Artifi ci al
Sequence<220> <223> A synthetic prinmer <400> 6
ctaacccgt ¢ tccgggagcg aaagcaggta ctgattcaaa at ggaagatt
ttgtgcgaca 60 atgcttc 67 <210> 7 <211> 40 <212> DNA
<213> Artificial  Sequence <220> <223> A synthetic
primer < mbgub}ications,%atents and patent app%lzcations areyincorporated herein
by reference. While in the foregoing specification this invention has been
described in relation to certain preferred embodiments thereof, and many details
10 have been set forth for purposes of illustration, it will be apparent to those skilled
in the art that the invention is susceptible to additional embodiments and that
certain of the details described herein may be varied considerably without

departing from the basic principles of the invention.
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cacacacgtc tcctattagt agaaacaagg gtgtttttcc 40 <210> 8
<211> 45 <212> DNA <213> Artificial Sequence <220>

WO 202828688 synt heti c prinmer <400> 8 cacacacgtc PCTUSYAYCEG49
aaagcagggg aaaat aaaaa caacc 45 <210> 9 <211> 47 <212>
DNA <213> A«tificial Sequence <220> <223> A synthetic

pri 'Tﬂg) cgtc tcctattagt agaaacaagg

gt at; #lf‘t aa <210> 10 <211> 42 <212> DNA <213>

Artificial Sequence 5 <220> <223> A synthetic pri mer

<4O > 10 ICbaca ac tc tecc agca ca taatcac
e d> <o fuSprena ST eI A SRR IR

Seqwempﬁmm§20> <223> A synthetic prlner 20<400> 11

cacac
qacacacgle, togtablagh agaaanagq 2oLl Ll ea, acagac, 40

operably linked to an influenza virus PA ¢DNA 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
10 linked to a transcription termination sequence, a vector comprising a 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 NA cDNA
15 linked to a transcription termination sequence, a vector comprising a promoter
operably linked to an influenza virus M ¢cDNA linked to a transcription
termination sequence, or a vector comprising a promoter operably linked to an
influenza virus NS ¢cDNA linked to a transcription termination sequence,
wherein at least one vector comprises a RNA polymerase II promoter linked to a
20  first ribozyme sequence linked to the viral cDNA linked to a second ribozyme
sequence linked to the transcription termination sequence; and
b) at least two vectors selected from 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
25  virus PB1, a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus PB2, or a vector comprising a promoter operably linked
to a DNA segment encoding influenza virus NP and optionally from 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
30 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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<213> Artificial Sequence <220> <223> A synthetic

primer 30 <400> 12 cacacacgtc tccgggagcg aaagcaggag
wotbdsaasdsgaa tccaaacc 48 <210> 13 35<211> 47 <PC2RSDINA016649

<213> Artificial Sequence <220> 40<223> A synthetic

primer<400> 13 cacacacgtc tcctattagt agaaacaagg

tagtttttta ctccagc 47 <210> 14 <211> 41 <212> DNA

<213> Artificial Sequence <220> <223> A synthetic

prier <AQ@mpasitieaeapasip e pludiygbgtheamyaayna yedtors,
gatattgaaa g 41 <210> 15 <211> 53 <212> DNA <213>
Ar t i°PPEPEPE Sequence <220> <223> A synthetic priner
<400> 15ayxatasangivectds sdlatdddgim agaaacandysigs @pionididra

 aeaala. e S50 16 stk Gyt e ol

<40@etmifation 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 sequence, a vector comprising a promoter

10  operably linked to an influenza virus HA cDNA linked to a transcription
termination sequence, a vector comprising 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 cDNA for
NB and NA linked to a transcription termination sequence, or a vector

15 comprising a promoter operably linked to an influenza virus M ¢cDNA linked to a
transcription termination sequence, or a vector comprising a promoter operably
linked to an influenza virus NS ¢cDNA linked to a transcription termination
sequence, wherein at least one vector comprises a RNA polymerase II promoter
linked to a first ribozyme sequence linked to the viral cDNA linked to a second

20  ribozyme sequence linked to the transcription termination sequence; and

b) at least two vectors selected from 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 PB1, a vector comprising a promoter operably linked to a DNA segment

25 encoding influenza virus PB2, or a vector comprising a promoter operably linked
to a DNA segment encoding influenza virus NP and optionally from 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 and NB, a vector comprising a promoter operably

30 linked to a DNA segment encoding influenza virus M, or a vector comprising a

promoter operably linked to a DNA segment encoding influenza virus NS2.

3. The composition of claim 1 or 2 wherein the HA is a type A HA.
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cacacacgtc tccgggagca aaagcagggt gacaaagaca taatgg 46
<210> 17 <211> 40 <212> DNA <213> Artifici al
WOSeefueses8<220> <223> A synthetic prinmer <400>PLT/US2004/016649
Sgcat gcgaag acttgggtcg gcatggcatc tccacctcct 40 <210>
18 <211> 31 <212> DNA 0<213> Artificial Sequence <220>
<223> A Sydiofipblifionsd i 125400k kBRI fila AR HA
agctctccct tagccatccg a 31 <210> 19 <211> 0<2i2>
DNA <213> Artificial Sequence <220> <223> A synthetic
ol i g0| I n’h?e co% oé‘iggn of]c?an%qt(;r%t\;/ﬁe%lng fu?atl CC OI'S ofa
gt cCogt gagg acd’aaacccg gagtcccggg tc gag cga ‘6
0<2 tOmprid® a RNA polstiera®l 2 propidber<213> Artifi ci al Sequence
?<220> <223> A synthetic oligolinker <400> 20
cgtctccga cccgggactc cgggtttcgt cctcacggac tcatcagagt
agagag Sthdkempositidd of<Rdith> ¢4 wherein all of the vectors of a) comprise

a RNA polymerase II promoter.

7. The composition of claim 1 or 2 wherein each vector of a) is on a

10  separate plasmid.

8. The composition of claim 1 or 2 wherein each vector of b) is on a
separate plasmid.
15 9. The composition of claim 1 or 2 wherein the promoter of one or more

vectors but not all of the vectors of a) is a RNA polymerase I promoter, RNA

polymerase III promoter, T7 promoter, or T3 promoter.

10.  The composition of claim 9 wherein the RNA polymerase I promoter is a

.20 human RNA polymerase I promoter.

11.  The composition of claim 9 wherein the transcription termination
sequence of the one or more vectors that do not comprise the RNA polymerase 11
promoter, is a RNA polymerase I transcription termination sequence, a RNA

25  polymerase III transcription termination sequence or a ribozyme.

12.  The composition of claims 1 or 2 wherein the each of the vectors of b)

further comprise a RNA transcription termination sequence.

30 13.  The composition of any one of claims 1 to 12 further comprising a vector
comprising a promoter linked to 5' orthomyxovirus sequences comprising 5'
orthomyxovirus noncoding sequences linked to a cDNA of interest linked to 3'
orthomyxovirus sequences comprising 3' orthomyxovirus noncoding sequences

linked to a transcription termination sequence.
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<212> DNA <213> Artificial Sequence 5 <220> <223> A
synthetic prinmer <400> 21 | Ccgtctccggt cagtagaaac aagg
WO02407R28@38 22 <211> 23 <212> DNA 15<213> Arti f iPCiTAIS2004/016649

Sequence <220> <223> A synthetic prinmer 20<400> 22
cgtctccacc cagcaaaagc agg 23 <210> 23 <211> 96 25<212>
RNA <213> Artificial Sequence <220> <223> A synthetic
hanmer head (HH) sequence 30 <400> 23 gggcgaaagc

c cagaaggilite cuyasig e gitclagadaggedytha aDagefda@reayis irct)e sange
60 cgqﬁquagu cgagaugaaa gcaucuccug accuca 96 35<210>
24 S5 <212> RNA <213> Artificial Sequence
40<220> <223> A synthetic hairpin (HP) sequence<4 0 O

> 2 gg aaagc. .ccagaa C .cugayga cgaaaggcc
Saaddcen SHEE O 6B Mgt the SRR EAES TPine
CCagagRarRGres@G@lIuUgug guauauuacc uggua 115 <210> 25
<211> 110 <212> RNA

16.  The composition of any one of claims 1 to 12 further comprising a vector
comprising a RNA polymerase II promoter linked to a first ribozyme sequence
10 linked to 5' orthomyxovirus sequences comprising 5' orthomyxovirus noncoding
sequences linked to the cDNA of interest linked to 3' orthomyxovirus sequences
comprising 3' orthomyxovirus noncoding sequences linked to a second ribozyme

sequence linked to a transcription termination sequence.

15 17.  The composition of any one of claims 13 or 16 wherein the cDNA of
interest comprises an open reading frame encodes an immunogenic polypeptide

or peptide of a pathogen or a therapeutic polypeptide or peptide.
18. A method to prepare influenza virus, comprising: contacting a cell with
20  the composition of any one of claims 1 to 17 in an amount effective to yield
infectious influenza virus.
19.  The method of claim 18 further comprising isolating the virus.
25 20.  Virus obtained by the method of claim 19.
21. A method to prepare a gene delivery vehicle, comprising: contacting cells
with the composition of any one of claims 13 to 17 in an amount effective to
yield influenza virus, and isolating the virus.
30

22.  Virus obtained by the method of claim 21.

23. A cell contacted with the composition of any one of claim 1 to 2.
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<213> Artificial Sequence <220> <223> A synthetic HDV

ri bozynme sequence <400> 25 gggcgaaagc ccagaagguc
WOQUEFAg@E§JC Ccgaaaggccg aaacuccaaa gggucggcau @QT/US2004/016649

ggcaucucca ccuccucgcg guccgaccug ggcuacuucg guaggcuaag

110 <210> 26 <211> 33 <212> DNA <213> Artificial

Seq nce he $ WeehPr sequence <400>
Bsgttéf%ggﬁgééégg}acc%g%gﬁ%@?cggpccc 33 <210> 27

<211> 33 <212> DNA <213> Artificial Sequence <220>

<223z A ynthetlc ga

Sacant achy Rttt RE R BAUBEEE MhHE fildE899890

DNA ris@dydie séqltenéa lirkad to&mquﬁtmnemﬂﬁ@:emmﬂceé\tcsg/mchmt ic

vect r/influenza sequen <220> <221>
%P@/gteﬁ%ueg%z yﬁer(elf)the PﬁA firgji 9 5’2‘2‘@‘1’% 15.an An ulenzzbvu&s é

<421C1>gm\@8 ah (EREGCH GHhERBE agmgaﬁnﬂﬁenzeﬁlam P2 GINAL%nl7

< m>ﬂu21l1\lz§ virus NP ¢cDNA, an influenza virus HA ¢cDNA, an influenza virus NA

cDNA, an influenza virus M1 ¢cDNA, an influenza virus M2 ¢cDNA, an influenza

virus NS2 ¢cDNA, an influenza virus BM2 cDNA, or an influenza virus NS -

10 cDNA.

26.  The vector of claim 25 further comprising a RNA polymerase II

transcription termination sequence linked to the second ribozyme sequence.

15 27. 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

20  influenza virus PB2 ¢cDNA linked to a transcription termination sequence, a
vector comprising a 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

25  influenza virus NA cDNA linked to a transcription termination sequence, a
vector comprising a promoter operably linked to an influenza virus M cDNA
linked to a transcription termination sequence, and a vector comprising a
promoter operably linked to an influenza virus NS ¢cDNA linked to a
transcription termination sequence, a vector comprising a promoter operably

30  linked to a DNA segment encoding influenza virus PA, a vector comprising a
promoter operably linked to a DNA segment encoding influenza virus PB1, 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, so as to yield infectious virus,
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15<213> Artificial Sequence <220> <223> A synthetic
vector/influenza viral cDNA sequence 20<220> <221>
wormem28638at ure <222> (1) ...(17) <223> n = A PCTUSR00E016649
25<400> 29 ttttgctccc ngagacg 17 <210> 30 <211> 17
30<212> DNA <213> Artificial Sequence <220> <223> A

Sy k TEABLG b SIS0 Sty

, T RBlApol@nansedd pmosy linkgddiv ¢ figy giberyoraaeuenectinles tathe
21 5an R fifed b sSodd Ak bkl I RRANE AGRnSARAH

<2235%K synthetic vecto uenza vir quence
<22@ermuBdrsaquecef eat ure <222> (1) ... (18) <223> n =
A, T ,Cor G<400> 31 ttctactaat angagacg 18 <210> 32
2211> 11

28.  The method of claim 27 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
10  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.

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

15 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 sequence, a

20  vector comprising a promoter operably linked to an influenza virus HA cDNA
linked to a transcription termination sequence, a vector comprising 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 cDNA for NB and NA linked to a transcription termination

25  sequence, a vector comprising a promoter operably linked to an influenza virus
M cDNA linked to a transcription termination sequence, a vector comprising a
promoter operably linked to an influenza virus NS cDNA linked to a
transcription termination sequence, a vector comprising a promoter operably
linked to a DNA segment encoding influenza virus PA, a vector comprising a

30  promoter operably linked to a DNA segment encoding influenza virus PB1, a”
vector comprising a promoter operably linked to a DNA segment encoding
influenza virus PB2, a vector comprising a promoter operably linked to a DNA
segment encoding influenza virus NP, a vector comprising a promoter operably

linked to a DNA segment encoding influenza virus HA, a vector comprising a
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<212> DNA <213> Artificial Sequence <220> <223> A
synthetic vector/influenza viral cDNA sequence <400>
wO3Msiagdsagt aga a 11 <210> 33 <211> 10 <212> DRATAR1*/016649
Artificial Sequence <220> <223> A synthetic
vector/influenza viral cDNA sequence <400> 33

9903RLARGdpddoIT £hR 198 DA Iepnch kb oA Vs NA, o

Arti eqlence<220> < A synthnetic )
v ec tveetpi qofriprieing a proimodr op@rlAly dinkeden @ N §EBmeptiencoding

SO0l 0 42 RS b o7 R o

0<213> etic
Vv ec segntdnnérdcuding anfluenza lvirgONBR2 ,sdgpudm atd eds ek@0=ct8bcomprising a

ttttgct ccc 13 > 36 <21 13 0<212> <213>
Ao R St RS2 6D I OBy RT e 0 st ozgme
V e c s@fuendeflink@nid aheniraht DN DNk e mpLiesscond Jibozyme sequence linked

to the transcription termination sequence.

30.  The method of claim 29 further comprising a vector comprising a
10  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 and NB, a vector comprising a promoter operably linked to a
DNA segment encoding influenza virus M, a vector comprising a promoter
operably linked to a DNA segment encoding influenza virus BM2, and a vector
15  comprising a promoter operably linked to a DNA segment encoding influenza

virus NS2.

31.  The method of any one of claims 27 to 30 further comprising a vector
comprising a promoter linked to 5' influenza virus sequences comprising 5'

20  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.

32.  The method of any one of claims 27 to 30 further comprising a vector

25  comprising a RNA polymerase II promoter linked to a first ribozyme sequence
linked to linked to 5' influenza virus sequences comprising 5' influenza virus
noncoding sequences linked to the cDNA of interest or a fragment thereof linked
to 3' influenza virus sequences comprising 3' influenza virus noncoding
sequences linked to a second ribozyme sequence linked to a transcription

30  termination sequence.

33.  The method of claim 31 or 32 wherein the cDNA of interest comprises an
open reading frame encodes an immunogenic polypeptide or peptide of a

pathogen or a therapeutic polypeptide or peptide.
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<400> 36 ggggggagca aaa 13 <210> 37 0<211> 15 <212>

DNA <213> Artificial Sequence <220> 5<223> A synthetic
woveetmsdssnf | uenza viral cDNA sequence <400> 3PCT/US2004/016649

ttctactaat aaccc 15

34.  The method of any one of claims 27 to 33 wherein the HA is a type A
HA.

5 35 The method of any one of claims 27 to 33 wherein the HA is a type B

HA.
36.  The method of claim 27 or 29 wherein all of the vectors of a) comprise a
RNA Polll promoter.
10
37.  The method of any one of claims 27 to 33 further comprising isolating
the virus.
38.  Virus obtained by the method of any one of claims 27 to 37.
15
39. A cell contacted with the virus of claim 38.
40. A cell infected with the virus of claim 38.
20 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.
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