Met hods and Conpositions for Expressing Negative-Sense Viral RNA in Canine
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[0003} Pandemic influenza spreads very quickly and can have devastating impact. The most
severe pandemic of the 20" century, the 1918 pandemic, killed over 500,000 U.S. citizens
and between 20 to 40 million people worldwide. The pandemic may produce waves of
disease, with peaks of incidence separated by several weeks to months. The relatively rapid
onset and spread of pandemic influenza presents several problems for responding to a global
attack of this magnitude and imposes overwhelming burdens on emergency responders and
health care workers. Rapid identification and response to the emerging pandemic is clearly a
necessary element of the solution; several programs are currently in place worldwide to
monitor emerging influenza viruses including avian influenza viruses that infrequently cause
disease in humans. These surveillance data are used in conjunction with predefined
pandemic alert levels in order to identify the likelihood of the threat and provide guidance for

an effective response.
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Production of Vaccines pp. 141-151). Typically, these methods involve the infection of

suitable immortalized host cells with a selected strain of virus. While eliminating many of
the difficulties related to vaccine production in hen’s eggs, not all pathogenic strains of
influenza grow well and can be produced according to established tissue culture methods. In
addition, many strains with desirable characteristics, e.g., attenuation, temperature sensitivity
and cold adaptation, suitable for production of live attenuated vaccines, have not been

successfully grown in tissue culture using established methods.

[0007] In addition to cell culture-based methods that rely on infecting the cell culture with
live virus, fully infectious influenza viruses have been produced in cell culture using
recombinant DNA technology. Production of influenza viruses from recombinant DNA

significantly increases the flexibility and utility of tissue culture methods for influenza
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[0009] Further, such human or primate cells frequently do not yield a sufficient titer of
influenza virus required for vaccine manufacture. Instead, Madin-Darby canine kidney cells
(MDCK cells) can be used to replicate vaccine strains to a sufficient titer to manufacture
commercial vaccines. Thus, production of an influenza vaccine using plasmid rescue
presently requires use of at least two different cell cultures. Identification and cloning of the
canine RNA pol I regulatory sequences would allow plasmid rescue to be performed in the
same cell culture as viral replication, eliminating the need for a separate rescue culture. As
such, there remains a need for identification and cloning of canine RNA pol I regulatory
elements which can be utilized to construct appropriate vectors for plasmid rescue in MDCK

and other canine cells. These and other unmet needs are provided by the present invention.



i sol ated nucleic acids, vectors, and cells conprising the canine regul atory
sequences of the invention, and nethods of using the sane are enbodi nents
of the suwpeota7/dopwenti on. [0012] Accordingly, in certai RCRASe@bH238650! at ed
nucl eic acids of the invention conprise a canine RNA polynmerase | (pol 1)

regul at ory, sequence. |Ln certain enbodi nents, the regulatory sequence
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nucl eotide) of the corresponddng n&umMaapr onoter or a functional derivative

t hereof . 1 n one enhodi nent, the regulatory sequence is operably linked to a
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I n one enbodi nment, .isol ated nucleic acids of the invention conprise a
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t he pgdstent sdgnesricoopripesoy prdastan Ih saltadh eshbodiedenise theatghlitbat seqoemei ses a
canine RNA pol | propoter. Preferably, the_canine RNA pol .| prgnoter is
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!nfhﬂéﬁéﬁwﬁﬁﬁ%ﬁbﬂmﬁuﬁzIﬁBn@Eﬁb&ﬁH&ﬁLﬂ%ﬂ%gﬂhﬂﬁ#Qgﬁﬁﬁ&ﬂﬂmﬂﬁmé$e nucl ei ¢ acid
into a canine cell results in transcription of the iInfluenza genom c RNA,
and,nuicteotifies 36 @ seric@n weflatimmito dlid frst midlendidz drapsaibed firom thia pra@hiXer, alnscri pt can

be packed into, an.infectious influenza virus. In one enbodi pent. isolated
ol P8 B P AR LB Sairror e Rels HometfhoR PR BN ER Y cequence
of tiheksy ghtoneRmbedihent,ah€ AsguleoriRNgRALe 1s dpERBDLIRKed VA &frel DNDe of ,egul at ory
sequence | s operablﬁgl linked to a nucleic acid to be transcribed and, in the

pr efefieredofiral gPNAb| I8 qiesdiodingnd, the clogad migd AN Icagoden VirARNAsd aof  a
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enbodi nents, nucleic acids of the invention conprise a polynucl eotide

sequéif€e or a functionally active fragment thereof, e.g., a canine RNA pol

| requl atory sequence, .that binds a human, pripate, nouse or cani ne pol |
pol yIP&kililgeng smbpdimgnt, igolated nucleic acids of the invention comprise a canine RNA

polymerase I regulatory sequence and a transcriptional termination sequence. In certain
embodiments, the transcriptional termination sequence is an RNA polymerase I termination
sequence. In a specific embodiment, the transcriptional termination sequence is a human,

mornkey, or canine pol I termination sequence.

[0014] In certain aspects, the present invention provides an isolated nucleic acid that
comprises a canine RNA pol I promoter. Preferably, the canine RNA pol I promoter is
operably linked to a nucleic acid to be transcribed, such as, e.g., an influenza genomic RNA.
In one embodiment, introduction of the nucleic acid into a canine cell results in transcription
of the influenza genomic RNA, and, in the presence of suitable influenza proteins, the RNA
transcript can be packed into an infectious influenza virus. In one embodiment, isolated

nucleic acids are provided which comprise a canine RNA regulatory sequence of the



100% or about 99% 98% 97% 96% 95% 90% 85% 80% 75% 70% or 65%
identical to one or nore nucl eotide sequences selected fromthe group

consi sti nyoaho7/@E@S| D Nos: 1 -19. In one enbodi nent, the poryuscacaeiscte
sequence or functionally active fragnent thereof further retains the
ability to initiate transcription, in the presence of appropriate
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sequence. [0017] In  other enbodinments, isolated nu c a t he
i nve(etg. dnneagrpriingts, BovsmdaniRAop bpylypesies), of 2egrebad polynsdepigiece and a

ri bozyme sequence. ..Thi b for exanpl the hepatiti.s deltag, virus
ConoiiE R EREeNE Sy R oY RS eot R TERER. TnohSrPih et - Buriobing 1 one
enboghitive fitagme e’ 6f heatitide RidstREfrAVE SHCPID BREOHE0 GRAAMNE oY idodd RNA from
any negative-strand RNA virus known one of skill in the art w thout
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98%, 97%, 96%, 95%, 90%, 85%, 80%, 75%, 70%, or 65% identical to one or more
nucleotide sequences selected from the group consisting of: SEQ ID Nos:1-19. In one
embodiment, the polynucleotide sequence or fragment thereof further retains the ability to
initiate transcription, in the presence of appropriate polypeptides (e.g., human, primate,
mouse or canine pol I polypeptides), of a second polynucleotide sequence operatively linked

to the nucleotide sequence.

[0017] In other embodiments, isolated nucleic acids of the invention comprise a canine RNA
polymerase I regulatory sequence and a ribozyme sequence. This may be, for example, the

hepatitis delta virus genomic ribozyme sequence or a functional derivative thereof.



Phl ebovi rus, Tospovirus, Arenavirus, Ophiovirus, Tenuivirus, or Deltavirus.
In certain enbodi nents, the viral RNA encodes genomic viral RNA of a virus
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I n anot her aspect’, the-inventi’on provides a vector conprising a nucleic

aci @oofavirdiine] Ovthatiyooviritae, Banyaiinderoodiamnirslae.t eceviait @nbidématisexpr essi on
vector., | ertain enbodi nen t he vector conprises abacterial origin of
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ori %&bﬁﬁviwkhs@ﬂawﬁ&b, Heﬁiﬁ%{r&mﬁm&a@gg!pﬁ%ﬂﬁw J}Méf%e%o@{wpﬂ ses a

sel ectabl e marker that can be sel ect in a prokaryotic cel I'n certain
enbobisiselvveps, thyssavaus,dipheowpriisesCrogebéatials] Nuceodkebdtiias, can be sel ect ed

in eukaryotic.cell. Ln rtain odi.nen t he.vecgtor, conpr.is a

i DYSHERACS S T Gopia s el S o e e HHRRER B tho si te i s
or i endeazEehald, MRokeoties, taRirNE JRINLERY HARE AFshthviFRINLRE AR, Sequence to

al low transcription of polynucleotide sequence introduced into the nultiple

cl ofhle§osirese Tpsramirehe\teagiiiuat Oplioviset, derelvirns o Beltavinsefhditatent s, vect or

o g et B B Bl B bR F B RRSE A ER « i PR A B iies = =

expressitig of Sehdui Sirus Mledsldsotirus QU0fDE A0, [BendesatisnNewcaste disehdeom cel |
culture, e.g., MDCK cell cultures. Cenerally, the vectors are useful for
r esYUPhGTHRIR RESRITALOTY SOy tab Vighe ASIAD ISHION I &/ esicplay stomagitis fndigtoduct i on of

RNAV}Q’}JH]M@?JSR@%Q, 5HESe %Hehﬁgal Iebwer Wirh€ L%Kﬁ%&@necﬁﬁ’cﬁ&e\ﬂiow S4s, PAgigde, but are

not mted to, negative-sense strand viruses, such as those descri bed
aboyellowdwhehnatusylnfechiouvhemmopaetarmdenddisuanmalelia Visfore igarbueavinusf | uenza A,

i nf enz€ B,. or_inf Idgenza .C virdgus. 0?}'.%% I ﬁ certain enbodi nents, one or
or G45F SPHE e BBTE Breathd il ﬁlﬁvéﬁf\{ 8ISt Yi5ws PEMRA T rdier i pti on
t er mhogdtb @ftus,GARGAGE: salilof &ichah Rir8 G ARNE vikReHhAAAS HrhPDu@Be t €r M nati on
sequence is selected fromthe group consisting of a RNA polymerase |
t r aifEus Rafti ley Sever Hiws, dipnzabe sietie WikNIUp Iy gléc ehortommdigitist i on
ter g patdigs %&%’sﬂlﬁ?us %1*6‘ S r%y 2k I—Ilél%ati.rti'é %@ﬁn%{n'r@st lon termnation
sequence, and a 1 bozyme. 2 I'n"cértain enbodifrents, the expression
Vechﬁfﬁ] W Endt ér_acsif)gcﬁ%ﬁé %@grlltioenx Yoviaes § Qe(%grccto%psrising a nucleic acid of the

invention. In certain embodiments, the vector is an expression vector. In certain

embodiments, the vector comprises a bacterial origin of replication. In certain embodiments,

the vector comprises a eukaryotic origin of replication. In certain embodiments, the vector

comprises a selectable marker that can be selected in a prokaryotic cell. In certain

embodiments, the vector comprises a selectable marker that can be selected in a eukaryotic

cell. In certain embodiments, the vector comprises a multiple cloning site. In certain

embodiments, the multiple cloning site is oriented relative to the canine RNA polymerase I

regulatory sequence to allow transcription of polynucleotide sequence introduced into the

multiple cloning site from the regulatory sequence. In certain embodiments, vector

comprises a polynucleotide sequence that can be expressed in canine cells, e.g., in MDCK

cells.



I n ot her enbodi nents, the expression vectors are bi-directional expression
vectors. In sone enbodi nents, the bi-directional expression vectors of the
i nventi orwOnoavqomate a first pronoter inserted betweenPaTASec@aa2336DNOt er
and a pol yadenylation site, e.g., an SV40 pol yadenyl ation site. In certain
enbodi nents, the first pronoter is a canine RNA pol | pronoter. In certain
enbde020% de ene eppodiments thejnpersioarregdes exprassien Rropsalseful ferorot er. 1 n one

om0 B 8RO 01 A0 SRR ORI EARRR, St vared 1 n

enbeditomnirs uscfll foexpiess uonvivesdinms e empkitied u fhichezy FeqBRAHEMEEi ol
transc&\i@gt i,‘ﬁn erm nati on sequence 3' of at |east one cloning site relative
to thBNAM éle%k\\ﬂi enls dprige dsdifeseycle. nSecdy vigises walidai b aresnot dinaiteshipr essi on

Y eCL0E R R QBN BENARNDOFITE SEAUCHOE, Blschib@MIRILPRIAN bR HaNAk QN peduence
3' of~at least one cloning site relative to the canine pol I pr onot er
suclnfldeaza viki)e.ggan ieflienza Ac &lflushze ByordyfitdresiCzeiguswi t h exact 5° and 3’

ends. [0024] In one enbodinment, in the bi-directional expression vectors of
t he [00R4§ T b@thin Bmbedigeats, 66N hrel 0TI RsttdIe bR AInAMtHR FirkRA TRk sds!

pronmoter and a downstream canine pol | reqgulatory sequence (e.g., a pol |

pr oRBEA fragscripHan tpaRation fequmns s by sepeingrnidimpris dha tragycripha fr om t he pol
I ifives- ! ranscri ption

fr oner RSk PARELE R RORA IO b P e TR, KL | AR SChce, Plincapped
v RNAangrifpeiom sdrinirentiyn séqueace) RN pebincomel 1 irewscaipti Gy ®hafatibn tégehes/ent i on,

t he e or ¢ is located downstream of a pol, | and a pol |l pronoter.
TheR%‘QPPM&W | Sansripiap s miadioa Seaner Ad SaeyPer al nRNA and the pol |
pronpt er produces uncapped positive-sense viral cRNA. [0025] |In another

as p&422] dm eerfaixy aRbodMepisotlic FEBregsien Herbers erowritdigeti e BX RIS BOHYRSLOTE. N0

thr ?K?Othtﬂoé{‘?b cfifn\é&ts, Rk Express il vectrd Qtte’bimiﬁgﬁoria?gx rgﬁo\ﬁev%ctotr%winvs%met hirteen,
fourteen, |?teen, S|xt%en, or seventeen vec orsl? ereln the vectors
conmpmbeéinemes, tre bidirectinnel expestindecols dftde inweatibn tiofperge a fastcani ne pol |

regul atory. se nce of the jnvention) operably |inked to viral cDNA, e.gqg,
| i PUSHOS USTIH SRR 58] PO AP A RO DG HARSS Gea SKAO { hr e, T our,
Fi v@olyalishyl 8RY8Re. B &Hifhin GhBKImbRR, the FBY PRombite]s\eoanfile RIASol fan tvel ve of
the vectors of the invention are present 'in a single plasmd. In certain

embptinpei dn cartaih eabodiorents, theosecomrd promoteyis a cinineRNG mol Igwymntereinght , ni ne,
ten, el eye or .twelve of the vectors,are present in. a separate plasmd. In
cor PAT REESmST e st miaotrae S SeEo Platicly AT Ps st & R PPPpBiz ] 1

cer baktatteisdtiinkiRg tas leatthme\chatigy sitedf the invention are bi-directional
expression vectors. A bi-directional expression vector of the invention

typioaBl o tdlinl88BoBmbhis Sthe expression vectors comprise a ribozyme sequence or

transcription termination sequence 3' of at least one cloning site relative to the canine RNA
pol I promoter. In certain embodiments, the expression vectors comprise a ribozyme
sequence or transcription termination sequence 3' of at least one cloning site relative to the
canine RNA pol I promoter such that VRNA can be intracellularly synthesized with exact 5'

and 3' ends.

[0024] In one embodiment, in the bi-directional expression vectors of the invention, a gene or
cDNA is located between an upstream pol II promoter and a downstream canine pol I
regulatory sequence (e.g., a pol I promoter) of the invention. Transcription of the gene or
cDNA from the pol II promoter produces capped positive-sense viral mRNA and
transcription from the canine pol I regulatory sequence produces negative-sense, uncapped
vRNA. Alternatively, in a unidirectional vector system of the invention, the gene or cDNA is

located downstream of a pol I and a pol II promoter. The pol II promoter produces capped



pronoter and a second pronoter, wherein the first and second pronoters are
operably linked to alternative strands of the sanme double stranded cDNA
encodi ng wbeowvimadosnucl ei ¢ acid including a segnent of wPrh&/useddcoesssa Vvirus
genone. Cenerally, at |east one of these pronoters is a canine RNA pol |

ter.. Opti | he_ bi - di ' I J Lipgl ud
pol yadst Rk arHN-A e e Pal TEPRENT rraARECERaRd Rl R SRR iR 112 @

pol yagdamyl ation signal and/or the term nation sequence can be | ocated

fl anking a segnent of the influenza virus genone internal to the two

pr Omﬁﬁzéaérgl}?otpéwﬁg&lﬁl the RRMASIEpN et 8RoSbOSALN i1t Sor4des patyadenyl ation
si gnal . 8 n ohe enbodi nent’, the invention conprises a bidirectional
pl as nitlttet doe fiorpie ssvamn cight ning tendelavam buelye deirisem fowtepaniifeaa ssteen,
expression system wherein.viral c 1S ] : i pol |
regul &F B?Vngeglal M@?TB@ ng_erﬁl_n, thsz%Prslc%nsé %??Flél?l%ﬁhﬁﬁeﬁé’\@ﬁ@s & tﬁ@ﬂ{\%ﬁh&ﬁ)

P OFYD? e 1 nvention an
term @ég{e QR 2 S8E YENCREuIEI oM Squbk@NFakd Plveaionyopebly Tinked komiedl dONhsce) pti on

unit i's"flanked by an RNA polynerase Il (pol Il) pronmoter and a
pol yadefiydnas viosl GINA. (outer transcription unit). In the unidirectional
system the pol | and pol Il pronoters are upstream of the cDNA and produce

posi t i[0826} dn sertain cayppdunenii\ang, frworthtdeefqyes) five, pixosryeergighindingden8lgsisense

capped NA (fromthe pol r onot g . :

Cor i EnGrProesraahiee g ofhe BB bEMe IR isR e Rl Sheelbleplia a1

uni di reghiQRAodENSHEMR MBY i, fwef aire€ dotrpfias sboBprenséinlt, aie, ten, eleven, or
"upstreamto-downstreamorientation”. In the bidirectignal s shem t he pol

| and puklvelof Breovestoss sreareseaiingispapiedlasmids b sertabembReameAtsy €Ah VERtpst r eam

pol 11. pronot er, %[aororll.&es positive-sense capped nmRNA and a downstream pol |
pr omot'@P" Brffit &S Reqdt i vesense uncapped viral RNA (VRNA). These pol |- pol

| | tart. with . the initiati f.t i pLi |l ul
NG iRt o e S TR e S Nt S L el
conpaniaRil. SA 8f-dlrB&iRHCs:SH&siohRRcOb the piamtibe typivatly podludestaelingt nat i on

sequence in the bidirectional systemmy be referred to as co rli'riclﬁ g a
" downgtrewater eed apetond ammeeten fthatain e HEcandsecqadePrgBetery afﬁr%’ﬁﬁg@r !

pol yadenyl at . on s | el ' SYSIIRID MR YirRendcRiiensigd to as
corrprid[gial 8“13 Vqsﬁﬁagg?g%tr}rl}e{g% gaﬁ@?%ﬁfd@??g’%{%?{onm [OOIZrQ] I nlot her aspects,
t he i nuenlingn sdpmehiaseke ndiuena virs|gatese.cGapasily,iablrestooniitisag an

expression vector that .co i ses a polynucl eoti.de sequence tr. ribable b

p AR AL 18 Gl R e A e O it

produces iﬂu&e{q #H?%yléﬁ%s&hal%%r altBrsBsddH RqeeRedFeEatasaplé,hRe conposi ti on
a

conprises a plu Ity of expression vectors that_ each conprises a
pol ynugilgaiehyletisesjged @adior dresemiibatineseayensashnbe Riqatep dlapksgasegment of,

CRae e iR Vs seap i Rt is S BT RERD LR vttt phlbdebladoRl T IEn2e
ei ght d;iafd uengasy Bisad syl LichARnal. ’

[0028] In one embodiment, the invention comprises a bidirectional plasmid-based expression

system and a unidirectional plasmid-based expression system, wherein viral cDNA is inserted
between a canine pol I regulatory sequence (e.g., a pol I promoter) of the invention and
termination sequences (inner transcription unit). This inner transcription unit is flanked by an
RNA polymerase II (pol II) promoter and a polyadenylation site (outer transcription unit). In
the unidirectional system, the pol I and pol II promoters are upstream of the cDNA and
produce positive-sense uncapped cRNA (from the pol I promoter) and positive-sense capped
mRNA (from the pol II promoter). The pol I promoter, pol I termination sequence, pol II
promoter and polyadenylation signal in the unidirectional system may be referred to as

comprising an "upstream-to-downstream orientation". In the bidirectional system, the pol I



[0030] In other aspects, the invention disclosed herein includes
conpositions conprising a plurality of expression vectors of the invention
t hat, whewoiznevoogsed into a canine cell in the absencefprasenss23sh7 a

hel per virus, results in production of an influenza genone. [0031] In
cert ai andepdldbiproatas ated GRHOBHASHdS hé) i i §€s,.a
pIuraIi{?mgf %xpression ¢g?tors tﬁ§?§h§%%§m$%¥§g§ﬁ%% Fg 0 81§§EWH8mEeII in
the abBROHEHSPOEbupEensgrappedanRA aridaidowastsamts! 1 propraetynbiess abgaive-

i nfect i i i rtai iments, the infectious influenza
Virus [ EUSURaPREREE A Ll (8ol P T et Wb BomBRS0SE ¢ he

i nf ect franssriptid ofethaBNO/Tcaihn&lrimwaPoﬁhﬁ@@é&%n@ﬁnk@frbhﬁﬁé@o%tﬁﬂémo{eps certain
enbodi nents, .the infectious influenza virus is a tenperature sensitive

i nf | uelfSmAbly, @ differeppeampaituegpbioel; the ateleus. Abe pnf Bobimots: andfpblEnza virus is
a col deadapt ' it US: t ai n, enhodi ents, the infectious

i nfl uenza \E/%tl frgsséqiﬂgﬁdggﬂgt%tﬁé%%éaétﬁ 8%‘%1%13/ g%z%%% bree %?fgg’tﬁﬁs\?g{np%lln&aadapt ed

i nf | ueilewnslireans to-pEm32H dr'rentaabﬁ'awne@apmifyasemlﬁom@@mbél&m Phiohhe

i nvent iionlcot[ﬂﬁiﬁflse a vector cong)ri si.ng, from5' to 3, a pr or}FDt er operably
li nked'$¢" B -I’EBH?%SSYSFWW@M 5 T6ioried te ayenprésing amkedireand®NA | i nked to
3" nondosadirBdn oAbhiegsza Vi rus sequences |inked to a transcription

term nation sequence. In certain enbodi nents, one or nore of the cDNAs in

the v i - i eptat i In . i n_enbodi ments, .
of 1 U B nlotck Bl B b o here R SRS DB romptongmn | 1 |

cer t aieAprestioniveaot that doheprisevepdly ocl pstali s@g@genc o TRASHLARR By'\MhinD RGPAPri se a

pl ural ii of vecfors,. wherein the plurality of vectors conprise a vector
conpr i %%erﬁsec[an n{ertpngaeadpents dhe pelyaudpitidergducenketh fluonzavRNAl arenz a

Vi rus cROALBY @$i@iB&hisHds el » I to.a transcription
ternination sequlence, dgm\%tg’ttgé Ebé%ﬁg%?@%%ﬂ%ggg’}wuégl?'té’é’gleél?r(??sg}org?é‘?fﬁ%rﬁce

oper abhaf epshricaeprises apolyntélesileacyiancs tpodoyiteliase chaiak RN @bBinfbrdse@PBl ) CDNA

| i nke [ a i ption term.nati on sequence, a vector conprising a
cani ngeltrtéeigg 2%) gl;ﬂ;e%ésé 0 HS{?&‘%??I Rfof?‘i“?? ugaditsaef infAipenzayRANAS eeR¥AEy mer ase

bas o lipcartcts emBodiRRa, BONBILLOOMILGran e ANSE I RIAAA,L PN EAR, peauence.

a vector conprising a canine regul atory sequehce opera i nkKe 0 an

i nfl upo3a] Vi btasr PEEREThaHrvEhdbd di10 &N R dih BkEhek gor%Pésrdﬁ? R P{}} s

termi nation sequence, a vector conprising a canine W CRPrSEffence
oper aBlWality Ak epressioarveciors efshe mventios thatjcvteapnwsdicad (W) csiAcbi pked to a

transgyrd.pt } i.on.sequence, a yector conprising a canine regulatory
seque%:éeeg%é/ r%%'l%%?ﬁ%}é%f ‘flglsgli‘?s qﬁsfllnl})é?l UoP of a0 HilyensA 2AngEee (NA) cDNA

| i nke ranscription term natiQn sequence, a vector conprising a
cani nﬂmt?gb& éaﬁr%%e@%‘&%‘gﬁ@é’ tg% 89%@%}@%@3@ HyeRitpn oAy a plirality offat ri x
pr ot eéxpredih vebtokeat Ghan ItRRSE Wtd 2Badifd HNatd §ACS.. Apd a vector
corrprf'l ing.a cani ne regul at orty s_equencae O%%Erlggﬁ%@%sn %zpr%engﬁo Af | uenza
Vi rus TN 1esHisar prasiugtion of an infectious influenza virus. In certain embodiments,

the infectious influenza virus is a cold-sensitive influenza virus. In certain embodiments, the

infectious influenza virus is an attenuated influenza virus. In certain embodiments, the

infectious influenza virus is a temperature sensitive influenza virus. In certain embodiments,

the infectious influenza virus is a cold-adapted influenza virus. In certain embodiments, the

infectious influenza virus is an attenuated, temperature sensitive, cold-adapted influenza

virus.

[0032] In certain embodiments, compositions of the invention comprise a vector comprising,
from 5’ to 3°, a promoter operably linked to 5' non-coding influenza virus sequences linked to
cDNA linked to 3' non-coding influenza virus sequences linked to a transcription termination

sequence. In certain embodiments, one or more of the cDNAs in the vectors is in the sense



transcription term nation sequence. In certain enbodi nents, the conposition
further conprises one or nore expression vectors that express an nRNA
encodi ng woeoavooamse i nfl uenza pol ypepti de sel ected fromrCrThsS2g6023367
consisting of: PB2, PBl, PA, HA, NP, NA nmatrix protein 1 (M), matrix

pr ot ei griént4thR) .In 2BEaiA @ﬂrb%&ﬁﬁ%&% bA¢ 0P8t e éDﬁl?\% ift thd ot B gs, eifl}llﬁ,%‘) ?rg] n one

enbodi nent, the conposition, en 1 ntroduced 1nto a canine Sults in

t he pre&iseofignatsm. i nf ecti ous influenza virus. In certain enbodi ments, the
i nfectious influenza virus is a cold-sensitive influenza virus. In certain

enbodi [B8ABKIn ¢etein enimaliments, thefrvesticeprelides compaditicis WRVRLEpH 4 uenza
virus. |In.: eré‘ai n _enhodi.nents, E,he infectious influenza virus is a
tenper@PEﬁl QLYRFqrs e iR (thpapipaalipy pfeectory conaptisg svesisempeising 2 aahine

i nfecty td | 3! : | enza .virus, . | ertain
embodi ant s . 4 %i@g@?ﬁ%g M abiddp Bl Irlllggé\g o Egg? %&yﬁl Sp 8%%&%&?“% @r@ée rature
sensi t tNA lodded taa sposedpiion teomimation sequsncd, @0@4ir boln?ﬁiihg"th RaA®RGuIRGYS, the
i nventjan rovidﬁ a c& osi tion which Penerates,in ectious influenza

vVir usesseqp?rg:&ogpr& é’c}lr\}ﬁe 1q an-Renzaqims ipeswperasedasicarrotsingk (RRBD oA ei n each
pl asni ghiedn® b et eRGRdLA b ' nt, and
wherein viral cDNz\i%porrespo.ndi g%(ﬁ{eg&?ﬁ?eﬁa?g?ﬁgé%gﬁg?%%g@f&?@ i nserted
bet weef¢qBenss eperebisNinged ynar mfleenzardys patymerasedmuienretenf 2 (FR2)icDreAt i on and a

regul at . (e.g.,.a,.canine pol | term nation sequence) for the
sy%t hgﬁsI?{%Xct) L‘?‘%@ﬁlg%%ml%“?ﬂ Sgieps,a ecter CURBTISIHA A CRUIPE ERAaony
expr esseiyiehco bpstBblAx 1aked RN inFl083A]vidud h%@%@hﬂnﬁmi JdFRUA Sinktd'R 4 nvention

provides a conposition which generates infectious i'nfluenza viruses from
cl oned aASFRMOAMRIRINEHPHCHEINSE avestar comppisiagra dwingregwatoreseghenmeas d

[ %%{ b 235 I 1 ¢ segnment, and. wherein
\(iio;rglr IO?%D%Ab gér reggggﬁll.l ngﬂ%%blgﬁse#&%rggfo\(égnézgﬁ? gﬂgggﬁ’élﬂe?igfp é'quar'i@(é? ¥ bet :Neen a
ool ot oty Bl et (B G Tt e o cioell Bitado an
g; %? hggﬁgé/n&fe‘ v&%&g&%@%ﬁ@e @N?\ cNAcknled tga t@ﬁé?ﬁmldﬁémiggtiﬂft @éﬁlﬁ‘mcex&pr essi on

! \ . . - |
of VRNACRF c&Rphsindh %ﬁﬁh@régﬂﬁt&?gﬁgﬁ?%quﬁé 'T@{;gt? ﬁ) dn 1&1%9&2\%&{%&%’ PN Eir ¢ S

viral cDNA, and a regulatory e esis o Or CRNA with
an exdeetent clNg limked foe transariptieetetretiatient vepenee) aRNAvpabysmigsendd (pol 11)

ronot ey. ol yadenyl ati.an.si | , which resul inh expression of viral
e S8 RPuBd SRRRE o B P kB0 dn ibErta el ek diedio st the ful
set oftrankixAsion teraMddn3Bghants. aln REehno Sk he b&nﬁéﬁ?&iﬁ) th@lt an

nts,

infectious influenza virus, [0036] In certain enbodi e regul atory
el emefPIPHFCS HE OF TR BERTESSH YARIAS thet empEsswintrhRNA encading®ne enthors an RNA

o T il L 0 RSO 5598, R LTl
very spedk biaeisddMencestratprofet 5(Ma))dndnosReactafal bhreimBNAnd Zhirsskik! ed
artis %23.61 Th gr?eeen?bo%i\lnﬁ\ent, the composition, when introduced into a canine cell, results in the

production of infectious influenza virus. In certain embodiments, the infectious influenza

virus is a cold-sensitive influenza virus. In certain embodiments, the infectious influenza

virus is an attenuated influenza virus. In certain embodiments, the infectious influenza virus

is a temperature sensitive influenza virus. In certain embodiments, the infectious influenza

virus is a cold-adapted influenza virus. In certain embodiments, the infectious influenza virus

is an attenuated, temperature sensitive, cold-adapted influenza virus.

[0034] In certain embodiments, the invention provides a composition which generates
infectious influenza viruses from cloned viral cDNA, comprising a set of plasmids wherein
each plasmid comprises cDNA encoding at least one viral genomic segment, and wherein

viral cDNA corresponding to the viral genomic segment is inserted between a canine RNA

-10 -



polymerase | (pol 1) term nation sequence to ensure that the sequence of
the 3' end of the RNA transcript made is defined to be the exact end

desi red fwo 2ed7dogioent replication and/ or transcription eCTiUs2@egessen ¢ RNA.
In certain enbodi nents, the regulatory elenent for the synthesis of VRNA or
CRNA wi.th an exa ' i i i hdrent s,
The pB1PeBrs gy sl o Ry e e ol
t er m NRthRALseHiRsRR) fe the ynitlrais of SRNZeopdBNAIwith ametaet3' end, whichai n

enbodi ments, the pol | pronoter is proximal to the pol Il pronmoter and the
pol | reselisinpapiession ebiRNALTIC8®Ndk-oxi mal to the pol yadenyl ation signal. In
certain enbodinents, the influenza virus is an influepnza A virus. In

cer t aj0038boatirtaimenshodiments,ithe invapEenRTAVKlCS @%ﬁp?wﬂqwﬂ%ﬁ BHeRs. [0037] In
anot her ect, the.inventli ' . I 1 bif | uenza
qenontEoRRE e dr iy B B AT E Ak R RS e

t her epychN A8 cBspAsesicDN Al endairgen denstorfeNAral encneic segmere daddvirentns, t he
influenza genomc RNA is transcribed in a cellfree system I.n r}\ai n
enbodivirare VA chespandins Hy ke yabasnonpfpegnaent ?'%HW&?S%WH aa?a%laﬁiiﬁg cel |,

e.g., %Nl%géé %%h%t%gggﬂfng{'afﬂgﬁ BERAGH FRN reghRforRIRRMAB (LLMDEAERe pol

corrprP% ity of nucleic acids of the invention,
t her epyerpiGua samencd) foirtat sgnthesis FNR Nrbloe cRINdswitle ag exach 3 pindy whialy of

v a5his AP oBP! ERYAOT AR SeRaEogaRb iR b hse HepRier )

certaj odi N 18108y Rmedf foi ifd syaihess 9L MRNIACORINVARA ivsith an
translcszéﬁu%{e!%’g*rn ce@%’a@rﬁl enbodi rr%nt gl,e tr?e i nfl uenza genomc R when

t r ans exady@tkeridrerairctani meerted| Hejweengn RMA nobarerese I (pal AD pHpEEYENR e of PA,

PBlI, PB2, and NP, . expresses dnfluenza nroteigal | lrent s,
e’ | RESUARPoIEAn T Cer dbobg P SRR E) Bl ol RSP Rt iRTEy
PA, Hﬁrotéﬁﬁ‘, whtreinVhe efRessi8l of tROEIIINGRof VRINAE b BRNAsrhd diralgmoisinstrhsltsonpl et e
set of 1nffuenza genom c RNAs, when transcribed in a canine cell, e.g., an

MDCK ¢rehdsembly afteg ipfeet@ndeillemzpmirudp| | PB2, and NP, express an infectious
i nfluenza virus. In certain enbodi nents, the net hods.corrpri{ge i oduci ng
PA,  PPIQ36PER certainl etdbodivgetshie regulatoryril¢nentdar e spHhesirpjaR N QT € in

enbodi nents, PA, PBl, P and NP ' : p '

cert ai"‘f’:ﬁﬁ’ear?o‘?ﬂ‘&ﬁéle ﬁ?‘f}s @t@%é&‘?&"é‘f%ses e@ogjg) %l/r%\nglﬁﬁlgﬁ)zég@ugeg ﬁ% mgg Ol\ll?éNg}AdgﬁF% h?r om a
col d- gelapt athwa& %@@i&t@%ﬂh&&mﬁﬁd tvscripticenifan fubniza VR Nénegquivésresy [ 0039] | n
one enbodi nent, ‘a net ho i

) of transcribing a VR%[%G ment of an]t{ fluenza
Vi T US Specifie ssviveects sk d RSt TSRO Rip YAy Thkiledeinn o) uehRAR i ng &
pol ynucl eot i d | Si ' ' ' fFaeneeid dhdeeof )
sel ect® ef%sn‘%elt(ﬁgﬁgEégéé&ggﬁg%%bﬁéggo@?&%é%?F}b@%ggé&%? 19 with one_or nore
i nfl ugnZA tRRsEi RBdPB defilRB2to Béthe arabt Py dedieed omefEeient naplé¢adive andiod i s

iogg[ gg}a%\éri-}gi%g%f Ethois gen%%l\iléRﬁ(PA.efnuclse%alennecn(ﬁ%d?l%en gl tge }/e%ul\llba‘ttosr? UMt £ We 2)

synthesis of VRNA or cRNA with an exact 3' end is a ribozyme sequence. In certain

embodiments, the pol I promoter is proximal to the polyadenylation si gnal and the pol 1
termination sequence is proximal to the pol II promoter. In certain embodiments, the pol I
promoter is proximal to the pol II promoter and the pol I termination sequence is proximal to
the polyadenylation signal. In certain embodiments, the influenza virus is an influenza A

virus. In certain embodiments, the influenza virus is an influenza B virus.

[0037] In another aspect, the invention provide a method for producing an influenza genomic
RNA, comprising transcribing a nucleic acid of the invention, thereby producing an influenza
genomic RNA. In certain embodiments, the influenza genomic RNA is transcribed in a cell-

free system. In certain embodiments, the influenza genomic RNA is transcribed in a canine

cell, e.g., an MDCK cell.
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transcri bed vVRNA segnent. In one specific enbodi nent, hel per virus is used
in the nethod. [0040] In one aspect, the invention provides a nethod of

pr oduci ngwoeo@miozeeant i nfecti ous reconbi nant viruses comrpTitEsRvg/o238sEgNENt ed
RNA genone (e.g., an infectious influenza virus), conprising the steps of

cul tuph B9 NSRSt Srctfodd comMREedifblsing SATDILIEE B@RMAyQF MTOI &

expr ctors he invention“that conprise viral CDNA corresponding
to eaghlgenads of thbgventiod, thesonproducing aelusalitsof BN motesylegre.g&ett or s t hat

express viral nRNA that encodes_one, or re viral | ypept i a,and

i sol aplpriitaef inHPenzeissaemiA Rﬁ SpOpeRiaT gﬁgocﬁwegﬁqeorgm&/d?h&%tf?&? lgg’i nf ecti ous

virus.p OSQU%rﬁtok g%h- ﬁlﬂﬂ@niargelﬁHﬁT@ﬁNWs LStrRRBHbaL 11aRertdin caded@mdagament , the
er ¢€o

met hod™ ¥ ur nprises e step of introduci nlga.t he one or nore expression
vect ognplafeaet dfanftaciza eehasic RISAS i tpanserberdo s gerépin papodimests) tgri ng. 1 n one

enbodj nent, the pe d further conprises th te 1.A0; .t one or nore
expr e@@ﬁ@#%&?@}%&gg‘i’ Sihep ag%ﬁrﬁeg?rb%ca&nq chet‘i?ll’ %‘gij(%ln %DF%AZ? 9] N tﬁgone
e_rrbod}i)ellggéﬁge ofpAEPROIPISS, A AeH Gl PidsdeS 60 Tl URAM priofdie Clnl cettain’eacmidiherast

viruses conprising a segnented RNA genone (e.

...an_infectio influenza
vi r ustheiisfhpmey préan wheslesitad frons thegbp) cW@gS B@h%BEtPengé‘%fﬁg aI}IAr nserting
into one re essi on.vect or. | L QR: :
corr eg/goh/gﬂ{’ anfgﬁ@ﬁ- g%ﬁ%&}“}. e?i%g&l@}eﬁ{ér {hgg:ﬁ%l%e?él%%??%n\r% r%gidaué(;e%m( e.g., by
el ect RRPQT #hbRMnRAbE BXPERSE @, ¥8G o MDERkelinm the prescreeX PAesBilon vect or s

that express viral nRNA that encodes one or mgre virtal polypepiides into a
host BBRJandeNRy, expeese aminfectoup miluspzaavipisp Ji SE5HR © 0‘5118?{1 Sc&%ﬂ%&?‘g)

i ncubat i ng. saj : Pt L iR ch A RAGIMAUENK! BS

popul &R 1{1{59%&%:2&%%5%}%3 ?r’ePrﬁaﬂ q?ﬁ}e\n)i tggée%%%\glt?gl r egorrbf’l%%alnt Vi r Ss is

i nf | ugKTaa embodigichi] PACRBOAPBE rind N1 dre provideddrnzahalpergrus s ImcaBim - adapt ed,

t enper at uresensi tive, attenuated influenz irus. [00 ne enbodi nent,
a net FeBodmetse e COREp R S‘?tﬁ’g “reB%?sgf?né’%ﬁm&P %\9# ?J%(ﬁ%%%&?cgi ng a

segne RNA. DB aiBnhted ARubiYa8Gdkous influenza virus) is provided
wher el&t%\]?é%ﬁe rre%ﬁ%lg c’c?rrp?i sees tﬁe steps of: a) inserting into one or nore

eXPT SR8 1 64 QhiBodthn %‘Qﬁlﬁéﬁﬂw&%g&i%g AVRENoRnt 65RO hAgataueach gene
ViTal genong; f

inth introducing (e.g., by electroporation) said

expr egSirovide@ahirmethod oomptisiag theettdps 0f 1ycontactingri nedyngeleptideeomprsdifia at i on
of host cells; (c).incubati sai d, host. cells: an .| salath

i nf ecPYEis a¢1G (@8 28BS aﬂﬁ?eﬁi‘ﬁa’%‘?e" 55168%%!0%‘?%%?0? gm%%slmelgt% ?OS?SQ ?gtl:\g)ﬁbi nant
virus i xivﬂlg bHEBZRord IANGEIA3RteRE PRI PBD}INP, drlieP A,Nillangn 2aid nincler deidl ia

col d-adlapte , tenperature-sensitive, attenuated infl ugnza virus. [0043] In
one enpedblydinked the cPNesmntecilneanedingspd sRNfeseamsnt; 78¢ RHHSIAHFE Gener at i ng
infectious.rec inant influenza .¥ir ks WS LOO; Legohon

vect oF@nWbFﬁé( i %We&h {'“ooneex ?Ceﬁ;l‘g eﬁg&l&ﬁ%&%&@%ﬁgﬂﬁ% sﬁg?&glg?})rﬁe)s pondi ng

CRNAS [(?Orllc(i)] IIrrll ]Z)Lg gsrf)%gt, ’\tﬂeriyn?m irogtp%vqgés a fethod of producing recombinant infectious

recombinant viruses comprising a segmented RNA genome (e.g., an infectious influenza
virus), comprising the steps of culturing canine host cells, e.g., MDCK cells, comprising one
or more expression vectors of the invention that comprise viral cDNA corresponding to each
gene in the viral genome and one or more expression vectors that express viral mRNA that
encodes one or more viral polypeptides; and isolating an infectious virus population. In one
embodiment, the infectious virus population is an influenza virus population. In one
embodiment, the method further comprises the step of introducing the one or more expression
vectors into the canine host cells prior to said step of culturing. In one embodiment, the
method further comprises the step of making the one or more expression vectors prior to said

step of introducing.
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particular PBI, PB2, PA and NA. In accordance with this enbodi nent, hel per
virus may or may not be used to generate the infectious reconbi nant

i nfl uenzavoiznara®2008[ 0044] | n anot her enbodi ment, the i npemttisemwepeisei des a
met hod for producing a reconbi nant influenza virus, conprising culturing

%‘F\‘Iz\i B@logmfnson%%@yoidﬁﬁ%}gzt AmBIHAGRr ?d’du@i‘ngrile'é‘dtl)ll%iﬁzluﬁ%fé&icﬁ@ Mokt & cani ne

rase regu ory sequence operably li1nked to one or nore cDNAs

encodvingeseahprisifig o eepreentEnRNACgRNMednd. ,@ndnfectionsrinflesnps vised) déhpipeidedr s t hat

express viral nRNA that, encodes ope, or re influenza polypeptides: PB2,

Bl | Bhcreihe RISTROQROTRHISCIEE o1BP L TREBDEGRY SPEdY HTR GIEHEr SE Qb1 nant

i nfl u@fﬁ@iﬁdeﬁﬁ'ﬂm HirQwoNe c@l%slp%nﬁiﬁg‘i(ﬁadhrgeﬁg irt BleRViRIRRLIEE () $nirddieinget hods
odu

conprise intr cing into canine cells expression vectors which direct the
expr e@sd. Ory électtdperatieh) saidExpyessinm vectars amt PrpeeTONLS oYpreatioRNKIGEHiént s, a

nucl eopr ot ei n n, RNA-.dependent pol [as Q ri cl.eoprotein
conpl BSREESs VifAl ﬁg‘%ﬁ%ﬁ}?ﬁﬁn?ﬂﬁs gﬁler%rlmgrgrv%aﬁp%gp %pgiﬁle%gltég gé%ﬁggyg hl&t he absence
of helpete 31§ Usa ppiatidd) oftdst s8lisN@) trdtabaelg saidMhee &dli; aid @) ispating ahes are
packaged and rescued. In certain enbodi nents, the reconbinant negative

st r anthfedtious virss poputatiose fmene enibedimgst, theainkeshee ISCURPBAMENES t he

nihfudtious Virs pombo odimast, thaint . he
erboaibRee: TERE UK GupbBRNT M ekl i R BT ) G 1

cer t aidhsRivBOdienBitSinflubszardtusods conprise introducing into cultured canine
cell s expression vectors which direct the expression of the genom c or

ant i ggﬂﬁﬂl £ BNV SR IRBBLSa BfetldSEPIBANIcat Ac@dictives RtsabidamNAugi rus, a
nucl eoprotein, and an RNA dependent pol%marase under  conditi %zeg permtting

f or natomoprishg Razncavss! BNsgenomedp.si. 15 inletiopsiBipzrNaS dyMontd€dof the virus

and assenbly of viral parti.cl i, %ﬁﬁ e..of L& USvechd

cul tuW?‘ﬁlé’IQ%@lI&eélilcfécqﬁﬁé}sglg %hetstﬁez)s\?? 're} Pl%gar (E}foe%r%aorrgﬁ (%rggg}ﬂr}:%%@eﬁ certain
enbodppBRtiSventibe a S%aT ESNAQdriessdndin Wichec terexiptiessiad genimgdhonm ¢ RNA
segnents of the virus. [0047] |In certai.n enbodi.nents, the canine. cells used
in t hintrednpisa se.gf by BECoREAETY FadSHBresEan YRS ARG oSS &8s 12 P ct or s

t hat r i I ghesligdodiiom; the anusiapipratisfediard t he
subunl‘e"%(ﬂs3 Og?ﬁ)toﬁ{e}ﬁﬁ ng%szﬁﬂiesggséﬁ%b%olénérage.c I'n cer?ai n g)tr%boéi ments, the
expr esiuopoptdationr $n die enbodixpns s mfectibusreeombinant drusfis wikendse lRopr ot ei n
and the subunits of sai.d,RNA-dependent . RNA polynerase. |np..certai

enbod PR §010P gleg?pﬁ’éé’éﬂ‘bff’i‘zﬁf" “gf‘ués orad-g aﬂxr%}eéé/t\}l?ef Ao %1??75&%? I!rughr%’?dt he
expreﬁﬁi&ﬁzyﬁﬁsprs is under the control of a regulatory sequence sel ected
fromthe adenovirus 2 major |late pronoter linked to the spliced tripartite

| eadery af4LHLEeRbodHERN 1RIFBRA} i endotfiSoRides forHeehuiTRl seidrammgoal ovi r us

i mediat e riy pronoter, unctional derivative of the regul atory
s eque irgfectidu GetBmbimanc erfluanze Endsadihoeiriels usihg expregsson WCss Phihp ie8HOR/ r us of
type "?\o’ ex%rgsrs t}% VI&IQA%%[C;&%&Q or corresponding cRNAs and influenza virus proteins, in

particular PB1, PB2, PA and NA. In accordance with this embodiment, helper virus may or

may not be used to generate the infectious recombinant influenza viruses.

[0044] In another embodiment, the invention provides a method for producing a recombinant
influenza virus, comprising culturing canine cells comprising a plurality of nucleic acids
comprising a canine RNA polymerase I regulatory sequence operably linked to one or more
cDNAs encoding each influenza genomic RNA and one or more expression vectors that
express viral mRNA that encodes one or more influenza polypeptides: PB2, PBI1, PA, HA,
NP, NA, M1, M2, NS1 and NS2; and isolating said recombinant influenza virus from the

cells.
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enbodi nents, the virus is a reassortant virus having VRNA segnents derived
fromnore than one parent virus. [0049] In certain enbodi nents, the nethods
of the i nwerbéram2@snpri se introducing a plurality of veeCons2ab/ozise?

i nvention, each of which incorporates a portion of an influenza virus into
a popu [ : l.S+C f ' viral replication. The
hogt ch Igpghaﬁéﬁt?gp %ﬁ?ﬁ#nggtshﬁgg?éﬂg%é% P |o§és){ntpt)lg)rﬂﬁ1m§§i@8 Py e\(}‘?r(i al grow h,
and i nexpressim wactouswhichalirebethe expressi@din the callsraf genhiald drentigsnoblievicall | uenza

Vi ruse re attenuated viruses, cql dapt ed viruses and/ ortenperature
sensi t VAEf .anligf"olgf%?ﬂﬂala@fi ap%&%ﬁﬁ?we%%ﬂnﬁ@m@ thate vect or-derived

[ ecombiiaicldoptditiRREpl bl S5 RMBE A LR YAHETRs Ol ARG demperature
h e for adm

sensitive viruses, such as are suita nistration as ative
at t enualseticoefdwipee vires; gnd (b)revdtuiing thenmilawhestc vingl gaetidies &¢ baukagddardn

| di t, .t i . d d by introducl | it
of oot BT amtad i RS FerPibuRnERER AT SRmay e AT SRBRICTISD Vi T us
genoneyir@. dn.ceRaifi dnfBlodierty, B YedbBBinkht" ﬂé%a@%%@%w& s Ish s%gliﬁ%?ted

enbodi nents, a plurality of vectors conprising encodi ng east the 6

i nt er néirusgdn saais egbedinents thy neggivostmnd & niws énmoidfingnzalvirus.nf | uenza
proteins except for HA and NA) of one influenza strain and cDNA encodi ng
one or [08d6 elngeentpireersegimmatts, the mpthodsitompasdNAtroBiNAnS Baerenitg}d ednige HlIkf er ent
i nfluenza strain can .bgdi nt rﬁduced into g opul.ation of host cells. For
exanpl EPEPOPIELiors WhiCh dtRetdhe SXPESHERE the BFROMHS of antigenemmiqdiiJAcepments o

sel ect §th @phRAAREtRAHEnEHAN odud @%@feoﬁﬁ%@ﬁ%”aﬁhﬁﬁq{ﬁf; Mehddad | nfluenza A

or Bstrain, e.g., a ca, att, ts strain o nn Arbor of an
ar t i f i RAlEMPsseARlen serdiionsaperaitting farmatiph 0ERP® chnylexis sbntaining tha gedenic

intro into. acpopul atign of ,host cells.along wi.th one_ or nore segnents
encod?lﬁg%:jse r?gtgsgeorﬁa}:eo\gﬂ“’tsia&gﬁgsegé Y@‘é&“ﬁ%ﬁ@%{‘ al\??‘?‘i?é’%élﬁfPS’i Yrusgnd cal |y
the i neulincigg hicCcetly ffhaten BRtvige particles kdao@ideden 88rtROERDOdindchB, the

hemaggl uti nin (HA) and/or neurani ni dase ISINA) antigens. In enbodinents where
a si ngPPrSsgRvRetloB et agpressionfheseeelsi RNAsegmenss ahtliegémsi s i ntroduced, the
7 conpl enentary segnents of the selected virus are also introduced into the
host cl8P44. Iy ooty embodimentsi desaniodicetssd it the nesthodssditminvertonr s ar e

transf i |1s: by el ectroporation. In certain enbadi nents, the
expr escg)lYﬁ gﬂ\e/gg{; grr %Bger%{%lrens? PEISER tithﬁtt%pﬁeéf pae BVnPYeé?{g?eé‘bqtngﬁteg%ioén Ils in
the prreskopmteh aad tHepabomiad oftthaR3aépdbekt RIS PolyRherlie. MBARS R cal ci um
phosphate precipjtation, In certain enbodi nents, the expression vectors are

pl asmi GLOdiments, the pxpressinpdientont direqt BEPrEssHTRIKinGPr veere of theawalspproteinm
separ a8 RXRIHBRH Ofsa¥PRNAL i e bGaiRaSggent of
said virus or the cgr r esponﬁﬁg%gﬁlﬁgo%ﬁg&el ﬁgg%r %glgﬁl]béd 5t |ts ts, the
expr esgpessiof oételvngenowire viRNArstegreitm tdre expetissign RMAoisds tindbe thet do@atrgpnt r ol
of a pr.onot grosequence er i g%d from.a canine Pol | .

of a regulatory sequence selécted from the adenovirus 2 major late promoter linked to the

spliced tripartite leader éequence of human adenovirus type 2 or the human cytomegalovirus

immediate-early promoter, or a functional derivative of the regulatory sequence.

[0048] In certain embodiments, the virus is an influenza virus of type A, B or C. In certain

embodiments, the virus is a reassortant virus having VRNA segments derived from more than

one parent virus.

[0049] In certain embodiments, the methods of the invention comprise introducing a plurality
of vectors of the invention, each of which incorporates a portion of an influenza virus into a
population of host cells capable of supporting viral replication. The host cells can be cultured
under conditions permissive for viral growth, and influenza viruses can be recovered. In

some embodiments, the influenza viruses are attenuated viruses, cold adapted viruses and/or
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pronoter as described herein. [0052] In certain enbodinents, a plurality of
pl asm d vectors incorporating influenza virus genone segnents are

i nt r oducewtoizna7oa00popul ati on of host cells. For exanpl epCirrSe@ociaisay

enbodi ments, 8 plasmds, each of which incorporates a different genone

segment ,ca gg%n% ti\JCIXZII%g?St Frolr %;(%El‘ﬁgllécl% c%rtﬁi%’%%ﬂﬁnérﬁi kieVecordRREE | Nto the

host CEPPEIAPEEINE TV nunber of plasm ds, incorporating
snal | @EorgEinait iflGenaa @Qumccaﬁ be anemmtednmldyé@t{ach masgeratmmslh@e viegssct , the

present invention provides a.net rating in.cultur ed cells

i nf ectuich@s axg Suipb 1§§(Prt4dé9?1@§tr6tf°naassa3§j‘f?€ﬁ e@%ﬁ‘i&%‘i"?@ee e PLAIREA i r us havi ng

gr eat &acoﬂg il AEO rfh%n\é%f)ﬁt%g&ﬁ%cﬁmeﬁp 'Ehee%ﬁﬁ&i ﬁe @fbduﬂéd beiERdvtings such
sa

as anin uenza V|rus d net hod r|3| introducing into a
popul gitriadify Gifvabﬁirk mcoqmdﬂrg abiforpapmdan infiegre AqmoAr@aﬂéﬁﬁ/Ylmﬁsgeaomﬁr st set
of expressig ? ééa@abl e of expre55| ng in said cells genom c VRNA
segnehfsaCd Aaor{ly BRHPECE yenoni ¢ VRNA segnments of said virus; (b)

expr eOBHG RS i o T S ot (oL ARl SRR FabgER! o o
cul t ur ) niciHal g%h&ﬁg ?%%ﬁ?n\wger %b en%ﬁfe@e%lhéﬂls eﬂ&fdﬁﬂg-"ahﬁﬁlﬂﬁé&aﬁﬁ@t@iﬂé%ﬂceﬂt Horcertain

enbod anl ne In certain enbodi mrents, the cells
are MAGKar@ENAS of brie inflinéerarstreintzadiciym sncddieg e arIngrs ZEPATNe BSEmENts (Gigus. | n

t nbod the fi t t d
B PHASHAEA VA spemrre dgonitREn: SupHe FERLER pESRhRhEed Bud 8 B DoC, U
N Cogé}?d B89 dihotnee! BsNidmpld) if RhtahA6 aithiagdi feois seghents ¢ehand set of

1 O

expre n vectors is contained in 1-8 plasmds. In certain enbodinents,
t he sbadkbdnadbf afkelestpd aiteveisdyendd é@@tﬁ?dsaf@&ftt@lpﬁ@émi%seé‘ﬁéwﬁll B A

t nbodi t ,
e | hevatngea vy abderrapef B nRETR et ARy « i SRR BRSO VCel o

expr egFiveRz /8 Gk B fradi) ¢aflBe aaciduvddNAtSeeRiItitionf ofdinst ceils aleng avithi cmstsor I n
certai n enbodi nents, ‘t he second set of expression vectors enc

MRNA
of on®ce sagoreats eREPdiag FATYBPYPRHEIEEEnS @W‘@Qrﬁ‘%}? AR o URSITRS: yﬁbca ?’r st set
or segond Setorg Olic %ﬁfr@{lc%sa%'tlg%‘rs HEGhAE SitfePlor Q%%f%?é@né‘ggmﬁﬁrﬁﬁlﬁ) Mdgdei ¢ acid

of theSHvVen a canine regulatory sequence of the
i nvenhb@ami@dge (N@aranngemo[[n bmbodlmeutsrwlaarﬂaemglfcﬁegmnntsencvdiég Birst set or
enco of a

second set of expre55| on vectors ets +JIRNA
s econdMAURPZENi GHYTaPH SRtigrads mérogé‘feﬂdo he&o%‘?%@gmg tﬁ?r%e%‘”d“ gnt(%r?\gmgée%tr)r e vectors
enCOdbﬂ%&@%lmlﬁ‘&ﬂ{c% e IR e/ or  VRNA of a second influenza virus.

[ 0054] e present 1 nvention also provides a nethod for generating in
cul tur gk ) usfﬁlll LStdif? ERBLE ﬂﬂﬁt Ve pRALIbA GE&Srs Qe RakeGIERNhRONBBGRIBY - st rand

RNA VI[ aving grea han 3" genom ¢ VRNA segnents, for exarrpl e an
i nfl uerezaopbram slm:hrtm eanfoadnhemmh@exprmsmsvecmﬁ afe indradoeedigineelsitig: (a)

e R, B e PR SUERO BBt o
genomc&lcfﬁ%\'ﬁhosphate precipitation. In certain embodiments, the expression vectors are

plasmids. In certain embodiments, the expression vectors comprise a separate expression

vector for expression of each genomic RNA segment of said virus or the corresponding

coding RNAs. In certain embodiments, the expression of each genomic RNA segment or

coding RNA is under the control of a promoter sequence derived from a canine Pol I

promoter as described herein.

[0052] In certain embodiments, a plurality of plasmid vectors incorporating influenza virus
genome segments are introduced into a population of host cells. For example, in certain
embodiments, 8 plasmids, each of which incorporates a different genome segment can be
utilized to introduce a complete influenza genome into the host cells. Alternatively, a greater

number of plasmids, incorporating smaller genomic subsequences can be employed.
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segnents to provide the conplete genom c VRNA segnents of said virus and
capabl e of expressi ng nRNA encodi ng one or nore pol ypeptides of said virus;
(b) cul t wwongorme@scel | s whereby said viral particles areTarseadoesss7 | n
certain enbodinents, the cells are canine cells. In certain enbodinents,

the cabksy @rfoMCK LRnCRIERdR ﬁsﬁa@'g BRI fhNgenéldting ih Sulbitbd uenza B

Vi rus. #33 certaln ég 6c}1%rpénts the set of expression vectors is contained
i n 1-dePplrfsetions vichhparéclesofa mmtadewgst}V%ﬂi@né&N@f\’lré&bﬁﬂésg Bisatey8ors i s

contained in 1- lasmid,. In certai.n enbodi nments, the f r ion
Vect of EenouiE SRR SR, o ABr BRI oy B a8 bt & THRLERE, O o
expr §t‘h85' 031%?{]%1% qé)’ RitloRbEREHRAE E poyulalies bf QPRabdbdslof du@p@xﬁhé@ldﬁwth of
enbo ment s expression vectors encode each VRNA segment of an

i nfl uamzar\m a fist satof cm%smn estsgltapshlenf expissyieg lfbﬁ’alcbc)‘@é]ﬁ E8RITBIS V(Péﬁ‘fxor s

encode the qRNA nmore infl z ol yp

enmbodiRETES, OPFFE’I‘iee@eS?mB%?Eﬁ %eélgpg%vggg gelggl Ie%gcoo aldg\g'élﬁ @B?ﬁlﬁlr tsdgglﬂ B¢ an
i Nf | USRT g1 ol dd8orRNGt bHex piERBdnOeciofecaPhblERE exprofsingenRA Apetosiptdmder | n
certain enbodi nents, thé set of expression vectors conp élf?igaf&}f? ucI eic acid

of t hmorerpadypeptides ¢fcsmde\54m$pa@ (chcelgmingesaideeplls therepy said °f K

expr oRanbyec 8 psr A8 BB Hyogels SRS - B SRaR e Bl B ance,

the sgillsafe MENTIQICEIIS: OlkitsiaentbodimentsTolieyivecs mfhleem:Bda'irrmg frheertd and/ or NA

MRNA and/ or VRNA of a second influenza virus. geiﬁal @gee[nbo i.ments, the
fi r st ersadipeniscibe Austset OfERPERHPR ¥EFION 1t extyped {r‘o]r BR8P WiBode a VRNA

or MR, Jnn%nt%e&lggﬁlst\éle{ nﬁ%xpg\ég&o §<§t@1@9§corﬁa1ﬁ€& mo(fne\fﬁ&shﬁﬂs LEQRIA ses one 1

nor e vec ors "ehco /or 'vRNA of a second
i nfl ueﬁz@(hmnmsthe [s&ﬁﬁﬁ]seﬂcrfaxprdsanm vecmmda; Malsed inhle8 r}péqsméss Ipgextpiar

| i f I t d th
o1 6. PR B sar ERP I S8 SRR B A YR ELTI G G THPEERE Same or

di f f egapdaifle) HRSirS2MPRd, 08 bbf selsbfeRpiedditn esdodiareEintsdudetidymet hods
further conprise isoiating infectious viral particles. In cg?]gal n

enbodélegtmmratione Insettaid st gdmmts denfst sk oBeXpres§IonAeFORLEPIRCAE kil | i ng
step. M%ﬂégseergplae}g{] ?)f s}l?r}%?t e% 1? oditAEhShe SOITRE 'sét%f'eggﬁﬁﬁ% ating

atten tlc €S INto a vactine conpositi 056] In

one ephasts BB&Sde theiRods o@Bn@melUfa influstiza pobpeptide He cmmam rembodmnm the i n
virus titers (24 hours, or 48 zours after introducj f%,{%rs of the
i nvenﬁIS@ﬁetloﬁls@POﬁé§Ft Qf@IXP%ef5161P vaqtoqs gisloth seshcomPIISpR L, elc WA NP east 0.5 x

103 eﬁ@i()fbg&ré%bn ﬁtcaﬂmgr Jgﬁéﬁhe oPthedhveénBag e, g Sank®pdtEi S Bl , or at

Ieast or at | east, or in the range of 0.1-1x
103 PEddlair embodmrentshﬁmrfas'tgsetmfsebond 0 8f eXfessiB WeFdthior both sgiskarw@dehan 5 x

103 PFY d
an i nPR 2 BRGY PR SehR S barinent ot of KE P REP RS YRFEEE Lor T capond

to anyidbk BB AN A Snd/bINSERRA A afBOMR RN sebdiel iBhbeds/idusc] ude
recovering reconbi nant and/ or reassortant influenza

[0054] The present invention also provides a method for generating in cultured cells
infectious viral particles of a segmented negative-strand RNA virus having greater than 3
genomic VRNA segments, for example an influenza virus such as an influenza A virus, said
method comprising: (a) introducing into a population of cells capable of supporting growth of
said virus a set of expression vectors capable of both expressing in said cells genomic VRNA
segments to provide the complete genomic VRNA segments of said virus and capable of
expressing mRNA encoding one or more polypeptides of said virus; (b) culturing said cells
whereby said viral particles are produced. In certain embodiments, the cells are canine cells.
In certain embodiments, the cells are MDCK cells. In certain embodiments, the virus is

influenza B virus. In certain embodiments, the set of expression vectors is contained in 1-17
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viruses capable of eliciting an i mmune response upon adm nistration, e.g.,
intranasal adm nistration, to a subject. In sone enbodi nents, the viruses
are i nactwoaberhoprosor to admi nistration, in other enbodPOENISS)06/023867

| i ve-attenuated viruses are adm ni stered. Reconbi nant and reassortant

I nf I ygngaad ﬁﬁéérﬂaﬂlfélﬂ%a%ﬁeﬁsvmé DT eRFresGErbcRRS & GnfinddanibepmBhbinds of

theifvention are also a feature of the invention. In certain enbodl ment s,
t he \roegein dmtodiments theget A qumslanﬁebméovﬁamﬁd in é—%}dhﬁnlédabt @ﬁtairhf | uenza
ture sensitive infl uen a Vvi,rus

Y ont éntodR R, thr SusobEaT o hPEF i tbdd By pifehotiione s oS8 | uenza

Vi I USoph BERMBR BhE Set I ek bl atd3s Siddddehar vEINAGesineat JT avlififigenz@ vus. a cold
adapted, tenperature sensitive, attenuated strain of B/ Ann Arbor/1/66. In

anot Hercegripculitmdiments, e satof gesession vegtors ereodp BreanBN Anef anefar gadiga A/ Ann

Arbor./ 6/ 60 st d
2t CerpipgiedereRtd WRsRnRribsRERd BT B bE SRy EBiRE 10
Vi I USEEN Al ReRERGadniiyenza b irassa the et ofsne e adtagilubgzagiokypeptiés.nal  VRNAS

of a viral strain selected for its favorable properties rggﬁ{edl ng vacci ne
pr oduetderiain sbasimpithdhe 875 OREXITCSFEUL MK TRARIBRILISH WIRMAC 8@, s of the

surface nt| ens [ For
exar‘rplfle 3 gﬁ\’en? %élggﬁ?egafa a?;ggiu%%ee%e §g§"§g‘ﬂ@‘i§) g&gg% nlﬂgal |y
rel ev@’ﬂﬁalri-&mbddimeﬁts,ahs bétaif Rxpr@ssioms veotart enaldyg apiRNA omeR ¥ Arof \aasemrxde
production. Simlarly, the HA segnent can be sel ected f r.gi ng

pat hogam: & of fisignge, §b% Fet s Veﬁowzogtpﬂé?wqeé)r&wfe #@%955 en, ?f{lilgh?ﬁ?g d%
H5NL)y@ry, ﬂ{ﬁtgmcf&r \ﬁkﬁé(o? a%ecortdiNhenzAWiSE. MR de¥i@lYomBEmERY 8he ﬁ@dﬂﬁét@ﬁ nt ar y

gene ‘'segien irst strain are introduced i n combination wth either
t he Hacond MAof axmreisig wegme(tr bothnset eneride aeﬁﬁ‘éﬁlOﬂmIRNA afase¢anderingl gene

segnments, are derived fromthe. infl B/ Ann Al
Ar bor e 8978k &P 0F REERAOIERE® aif FER S asoRr VPR Yoty (e, .
an HoNRNAIING or FRNA ofof sebbdWinfwbehsis! -9 and y =1-15) that conprises a

nodi f1 ed HA gene For exanple, the HA gene may be nodified by renoval of

the p Gerahf Shtk She ARk f&ﬁhe%@ﬁaiaﬁée ARPESing ViRE phrfikRRt i ON

provi ost cell conprising a nucleic acid or expression vector of the
inve npnoducedl by the cérana c@hﬁwdm@@m tngore fither wllularsn&ca@m ptees geplpyinggeer t ai n

cani mERERRPecas of SR st Ky b SarRehPels BRERGLPRT o The

sel ectgghef 5% scﬂéﬁkﬁln%&ﬂﬁh§htﬂ@aﬂfcle‘s’erIﬁ c@ﬁhlhsemﬁaafm@s ¢led nsthoBHK cel | s,
PCK cel | s, MDBK cells, 293 cells (e %QAZQBT cellé)gfisandcw
ei@%

cel | sfllﬂlhﬁr W@rﬁb‘cnﬁl gitprugtion ot killing sies Iefceﬁalﬁh Enepts, ghe Pglhiofs  wo of
these L3 Qﬁﬁara MoK va&didScoMipRiti
corrbl I 5?10m g%é&%rgo%tlw {%ﬁt& Q{g%)egsvﬁ tute t e pogu‘fq'gt I Con of ' 1r?(r)ls
cells st cel CORPri,Si:n . t he
i nven‘(ologglogh%‘inebeen oW We{,}\?fif o Brodhgs Vlé%n i ? |th)e ﬁgo%%ro %{n?gstsu?[\} e for
repl i gRtd @8 10k, 36 RMIhbuRfafiek intf@dscing Witoa! dfhe MOSition into host cells) of at
least 0.1 x 10° PFU/ml, or at least 0.5 x 10° PFU/ml, or at least 1.0 x 10° PFU/ml, or at least 2
x 10° PFU/ml, or at least 3 x 10° PFU/ml, or at 4 x 10° PFU/ml least, or in the range of 0.1-1x
10° PFU/ml, or in the range of 1x 10°- 5x 10° PFU/m, or greater than 5 x 10° PFU/m.

[0057] In some embodiments, the influenza viruses correspond to an influenza B virus. In
some embodiments, the influenza viruses correspond to an influenza A virus. In certain
embodiments, the methods include recovering recombinant and/or reassortant influenza
viruses capable of eliciting an immune response upon administration, e.g., intranasal
administration, to a subject. In some embodiments, the viruses are inactivated prior to
administration, in other embodiments, live-attenuated viruses are administered. Recombinant

and reassortant influenza A and influenza B viruses produced according to the methods of the
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cells incorporating the influenza plasm ds can be cultured at a tenperature
below 37 C, preferably at a tenperature equal to, or less than, 35 0C 1In
certain ewbadivemios, the cells are cultured at a tenper acuns2weozzsen 32 0C
and 35 0C. In sone enbodi nents, the cells arecultured at a tenperature

bet ween about 32 0 : i re for a
sui t dBV%n%ﬁ’élrair%és% %?a?%g O? ﬁlegﬁenr}l%tog'r é%?%ag?ﬁghocgéeﬁﬁ’eﬁ\g/ I‘v&f&lg\@sp gClggé {ul&'c ul ar
tit eraiteheaedrhifenta Midsys esldadaptbeinfrenzacriod, a Coptpeatatelsypsitiveinflsewrzer ed

viruses can be inactivated. [006 L I n,_yet .anot her pect, .the iqv ntion
pr ovi dBs, er aErHouith aRy eqiapinaden W‘é &9 die%‘f’% W?Befﬁf%ﬁ@l QeAPgoTEpeRy Weqr gyt
is restrict I j i t 2 kbl 0,

7 SRk B GRSl BAPESNB0L 05 0 g8 LT el

M/ | Lueripeitite e@istthe), attdnuatet Issaiarnd Ba&8n debdr/ 1t/§p ko, anbihen aabeditent, ikt |, growt h
is restricted such that an, influepza vjrus n, not .grow i n a h primry
cel | ipdugpza vugs SRPIPQrAles Abt n@rf%ﬂnréﬁl?f%/ 6%@3WW WSy a8 f ic8]tde2§1g§%gh t hat

an i ' c W JE/ARn ypEs/8pi thelial cell. One skilled in
t he er;t{e{n%\g\n&l%‘ﬁegée%sggvﬁi’ gtgen{& a?g?%\e{l{dgf%wth restriction phenotype nay be

conbi hedel 1o ORS. Qs RS AL b@BAlLBRPRPIRAR:RHSELAS cbdnadinied.

t enpe nsrtive, attenuated, etc so be recogni zed that a
mut at in@indleRPDAsH eirfleirain sgleotst] Horiesvoabledrpieenestrygardimgyagdis® contri but e
and/or b e responsible for additional types ,su as those. |listed
abov eProflaeEpy 1 Gonphiptigy WiEs perers eP‘i‘le_n?i\r’}gﬁ& %Emﬁ?t&?f Ssuﬁ%%ee %Wg_f’ ods for
[eSOUPG ERO0NINARCoR, £ EABRALEARE | HANAEAIOMIIIA LuBNER ntor uSes

pe and varian

(i.e.; W e strains of influenza A and/or_influenza
Vi r usasprabiyosel RO rame 2l pmittiogenivhltyurekevantd b di of B sepipos insontelya plurality of

vectors i ncqrporating an i.nfluyen Vi I e iption is
cont r BTEEeRy OV Ee deo P oE B e BT S R Po a6 A

el ect éﬁ&%‘i@% $ahdRER RafRORh al bR R2Gta ML, FEIND, anTHS streinl (s.ec #6ME) graown
under conditions perm ssive for viral replication, e.qg., in _the_.case of

col d Hdaprisde cati BFDadbamativrhycha seiea complgmaniay genq someptsiafdhe 15k vpok

cells are ar.o at .a te 0C\pr : e\gn%tna ature
equal Stfadr,l a rmﬁ@%%ceg ﬁ%%?ﬂgiggt%@]{v% %ﬁiééa}%e;ﬁ}\t (EeN ‘geeﬁ{xgﬁlgér)gé cul %'ulrlléﬁﬁgfi{ a
t enpeg@absditrchfl Rentedd] GerkivdgdbntCard derivodniroenthe thfirentas B/Atre Adwir| 146 Gete

cultured at a tenperature between ahoyt 32 C and 34 C . e, at about 33 C.
Opt | ot Mrpcor b0 gt AR AL BpBoRcR oS ik PR FRT E e W own i n

seru eH@ﬁ?i H}'ZNW YeRRETE) arfdey £1.86) dhochhsirises b @QiBfied HASOME
enbogﬁr%ﬁfs of "the h%{]ﬁgﬁg%ﬁegcri bedéﬂgig}f)ve, )lnfl uenza viruses can be

r ecovegered Hoolekamplegthe HA geme why bheodifiad hyakmevaled dremen deastarledyass ff9- uenza
genone plasmds. In sonme enbodi ments, the recovered viruses are reconbi nant
Vi I us em59| M seitRerewpadi theiventidmgrovideuis Best aele cormpidsiog e aneleicrcidi@nza vi ruses

havi ng genetic contributions fromnore than one parental .strain_of virus.
Opt i oREMIESFION, YStar Of SREEertio8 e JRBF AR FmBPé}Fbe&%s@P Cﬁﬂﬁs %/Far“&%ee“seﬁaﬁ’é‘

certain embodiments, the canine cell is a kidney cell. In certain embodiments, the canine
kidney cell is an MDCK cell. In other embodiments, the cell is selected from the group
consisting of Vero cells, Per.C6 cells, BHK cells, PCK cells, MDCK cells, MDBK cells, 293
cells (e.g., 293T cells), and COS cells. In some embodiments, co-cultures of a mixture of at
least two of these cell lines, e.g., a combination of COS and MDCK cells or a combination of

293T and MDCK cells, constitute the population of host cells.

[0060] The host cells comprising the influenza vectors of the invention can be grown in
culture under conditions permissive for replication and assembly of viruses. Typically, host
cells incorporating the influenza plasmids can be cultured at a temperature below 37 °C,
preferably at a temperature equal to, or less than, 35 °C. In certain embodiments, the cells are

cultured at a temperature between 32 °C and 35 °C. In some embodiments, the cells are
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further anplified by passage in cultured cells or in hens' eggs.[0064]
Optionally, the recovered viruses can be inactivated. In sonme enbodi nents,
t he recowspadomiocawses conpri se an influenza vacci ne. FoPCERSs2@cA23sbhe
recovered influenza vacci ne can be a reassortant influenza viruses (e.g.,

6: 2 Qiylthred d’cﬁ@&ﬁ@érh@fﬁbétwwﬁ&%ht 3 aad 8 oBAe 2N e Moufs &Nt Fgiedyigder i ved from
a selected strain of influenza A or infiuenza B. In one enbodi nment, the HA

or NAvudintd fpen sidablepértdded immtogsrmiireplication abthe vanbtdparéenla, titethe

reassort ant uenza.viruses ve a enuat ed henot aI I y, t he
e as SEHUENPa SR P8 Y e B 8%51%@7%%?0%%% eI R A

an attenuated, cold adapted or te ture seraéjtlve |nfluerbf§lA or

vi r usl00&l]clR vieh pqthss ASPSst. s wyeniion %%‘ B @ mefoddRhpraleerigg ap irilienzg enuat ed

vaccifjag SBEH thfahﬁs Qﬁo%lﬂ}é'@&hbt%dw G1h ORI g%)@s']nblﬂﬂﬁh@ebdt%f)}?ﬂ%d gpecific for

a sel ecte ) ogeni ¢ I nfluenza str | uenza viruses, e.g.
at t endRiR0, WM§$Ethr2t Pmﬂ6u2% NIpr gty €8iF, a0 M- gVew, MIECHBMVd&Q, of the

t dit f t f t t th
nepectn i frg seond SfEeeneiis o At bPOIh S Uiy TR R
infl %ﬂﬁﬁuyﬂza%uy@m&egr&@ BP4 h&h&gph&tafﬁé’élp('e@ p?er@!sy rlahbePf vectors

|ncorporat|ng an i nfluénza virus genone whose transcr|pt|on is controlled
by a watmidimenteguoiwdl csrrystsefqdu@wdﬁh@trantmﬁuﬁmemls oan et gow imachwinae RNA pol |

of i raribi o0, PaB SR PR o vl 3%insbu B EOBOVh bRl LRy on o

equal bd @n¥indd waRené BEMVRY ddagionnl phrhdtypBZ SicHiak UsldeARsed ae@pergtir€i ting an
i nmune response upon adm nistration to a subject The vaCC|nes can conprlse

ei t hesensifive, wetamenterl, eic. ilhwilladso ke Beegnizadthet 4 myission ropeetible forsogrewth
emo@e%”&eﬁp&%@cﬁ%{&é&/’%@? %oﬁltﬁﬁﬁt'e ﬁd/\ﬂ‘ BH?&%ﬁoﬁsnrﬁla li’&eadﬁﬂmﬂﬁl 6‘@%& influenza
Vi rus I ensi

enza virus, rature ve influenza
Vi r ussuch @s t@ké Hstad ebdedi ment s, the Vi ruses possess a conbi nation of these
desirabl e properties. In an errbodi ment, the influenza virus contains an

i nf | UBDBTY K ABthePriREY, BleBAveantibaipfowWdes el Hetdb foe FesCiiibg 8éoraibinant be
i nfluenza virus incorporates an influenza B/Ann Arbor/1 /66 strain virus.

Al t erfgasspyiantynilygnaa Yaerdniieenza B imees (aﬁt, ivfildciyne pyd wiinheerRel ipflegAza A or
I nf I ugng g By ﬁueﬂga%ds@@%?mgm be. %eceﬁa%se&ﬂﬁouhﬁgﬁ@rpm d which
aracteristic bi OFOQI ca Ar

i nfluences propertres of ca or/ 6/ 60
or caﬁBr’eémrs Acdpbraling 66 infhieakn amsageumwdmaa”tmmsc&phdn ofcontreeal st 2 ai ns.

[0067] |In one enbodi nent, a vaccine risin ul-ation conbi nant
vi r useEedrERpipps g ueRseiol dip PHEFaR i if maﬁe%aﬁ%gp dation ¢ d@‘b t he

i nventd@nThs c&[s%éh@%%rodn’ﬂuﬁde? 9@&11{1618 &%‘f&@iv@%ﬁ virdl ?ﬁoh‘é@ﬁ'&i B, GRARY | ses a

l'ive virus produced by the nethods. I'n another specific enbodi ment, the
vaccisaee chenid adapteda ait¢riviated, ismpersane sereited wiiussaps obie MHACK cetlhaicet hods. In

anot he{)w%%?m efnllpceraetgpe%dellow 917 Ct Qreefe\rle%%? Iap ae te%?nprthrseee%lue%%, SRR ?Igaerﬂ%g °C.
Typically, the cells are cultured at a temperature between 32 °C and 35 °C. In some
embodiments, the cells are cultured at a temperature between about 32 °C and 34 °C, e.g., at
about 33 °C. Optionally (e.g., for vaccine production), the MDCK cells are grown in serum

free medium without any animal-derived products.

[0063] In some embodiments of the methods described above, influenza viruses can be
recovered following culture of the host cells incorporating the influenza genome plasmids. In
some embodiments, the recovered viruses are recombinant viruses. In some embodiments,
the viruses are reassortant influenza viruses having genetic contributions from more than one
parental strain of virus. Optionally, the recovered recombinant or reassortant viruses are

further amplified by passage in cultured cells or in hens’ eggs.
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conposition prepared froma live, killed or inactivated virus produced by
the nmethods. I n another specific enbodi nent, the vaccine conprises an

i mmunogernwo 2o0ampe®st i on prepared froma |ive attenuat edpctalsdocadaisced,
tenperature-sensitive influenza virus produced by the nethod. In another

speci fi I t | Jolp o1 i ; | d adapt ed,
t grrpe Jg?ﬁuﬁ ?@ {t;-fijr)??ﬁ’l it}\}%;%aﬁ},%f%ggg‘gﬁ\s/ie rus lllp}?%g,& geg d I% smﬁ% gﬁﬁg@ﬁ]n%gtso rﬁl%a Vi rus
der i veecovhedefimees compriBe ias finfesza vaetinen Fof exahel&;itigreesvdr@Dm8leriagur e 1

resents .growt.h curves of, and.ca B strain (B/Beijing/243/97) in both
Per 06 VAR EOT g G dirifes (e Galih B WeraEHeN S RV inEEd by

TCl D5 - N[AO L 1 . \Y, d strains
e R e e s R R s G L R

titer embodizaeth, the A poNAtanigen enatifiehdd dostaiiCh Eablassbydinied@/@e Fi gure 3
presents 0 curves of. w and ca train (ALAnn_ Arbor/6/60) in both
ber b B HBLI RE A riser b PrpS g BisbRPr. 2o oAb IS<cHERE i ned by

TCl D5Qiasae cd@Qdddted b SehpBiaFe MSith 8. o ! ARt Sdotd Maptdd@ RNA of
Al Sydney in PerC6 and MDCK celpl s, using Tagman(r) (Roche Ml écul ar Systens;

Pal 0 A¢tnperatgr) seppidive nfbisaed Aot Bidrust Bechvindlagraartiruses arh@safitl, dbr RAMplg,0072]
Fi gure resen row h. curves ,o a AlVietn . 203/2004 (H5NL). in MDCK
celgl 548 \?}iv‘?atge ufl{egr\’%? %?esefgﬁﬁletp %y&agﬁﬁprq%gtmdle? PSR E PP DR Bis ay .

[ 007 3JforRd @lcted Bl @adEENia irthhREF A3 OMFlOEh A 8SGNE, 0., aRetuatdali eaRbAatgene
segnent as a 7:1 reassortant generated by the ei gﬁt- | asm d rescue

t echnivigess, prodyerd geperding te thy medadsoigheitvenitar are an ofldidged fertuternd the 1

reass \;g{]&% in PerCcells; virus titer for each tine point was determn ned
by TC assay. [0075] Figure 8 presents a restriction map of an Eco R

fra t rises,a.cani.ne ol | requlatory sequence. [0076]

i gor L0 IR e RIsb R S BRI B stoch Sl S FEBR BPNG 1) o an
appr oxiflEhed yird wckide rau_ﬁlhoﬁbi@§ agtddiueing AgMurbiQBreRbREnER Poatisg BINA, Whi ch
encodes_at |east a portion of the 18s rRNA gene, beginning at nucleotide
1804 influenga viskeepemepyhose freawripfion prpnirpliadry a crnpresepporasegpnestofpl asni d

pAD30Q(), : | n i . hessl or: of the
rvent A LB 2o ar R o B b o D Pt o o1
const sugtostingseglicationtod imfiluenzgemayeulasigythe h&d ¢€]s dFiagemperiRirgleesthah or t he
results of m.ni - genone _assay. The EGFP signal generated fromthe -1, + 1
and +2qm?§>@<?§>oﬁ3a anddpentstiag 2B JHERA R Yigus£apablt ol Ging HemBwa I8FRONSei ddl e

upon administration to a subject. The vaccines can comprise either influenza A or influenza

B strain viruses.

[0066] In some embodiments, the influenza vaccine viruses include an attenuated influenza
virus, a cold adapted influenza virus, or a temperature sensitive influenza virus. In certain
embodiments, the viruses possess a combination of these desirable properties. In an
embodiment, the influenza virus contains an influenza A/Ann Arbor/6/60 strain virus. In
another embodiment, the influenza virus incorporates an influenza B/Ann Arbor/1/66 strain
virus. Alternatively, the vaccine includes artificially engineered influenza A or influenza B
viruses incorporating at least one substituted amino acid which influences the characteristic
biological properties of ca A/Ann Arbor/6/60 or ca/B/Ann Arbor/1/66, such as a unique

amino acid of these strains.

[0067] In one embodiment, a vaccine comprising a population of recombinant viruses (or
viruses derived therefrom) produced by the methods of the invention is provided. Ina
specific embodiment, the vaccine comprises a live virus produced by the methods. In another

specific embodiment, the vaccine comprises a killed or inactivated virus produced by the
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and right panels, respectively. A mnus pronoter control shows only
background fl uorescence (bottomleft). As a positive control cells were

al so tramnsbeoctm208t h a CWEG-P construct (bottom ri ght pCTAIS2@6023862d
Description of the Invention [0080] Plasm d rescue of influenza virus
gener O Wl ' [N o TRNINY NECL Ok pressing viral
pr ot e?{ﬁéﬁ{%%sdmragﬁ@% %’p%%g%\% trog é@’ﬁ%ﬁ?c cRNA ol tn 0 s%ﬁt%g‘{ugggﬁ%)sét cells.

Tr ans coinfplokition @ierattel from allivgeitied or Rhtiviagedgere paddugepby flermetbodsi t m an RNA
pol ymerase | epzyne, as these enzynmes produce transcripts with ends

Sui { abmetsTPeGEE GRborkRgHt HENBTILS COMRILes RRITBUTORCT I BRSO FFRPEEh cr
regul atan Y 1R QBRI beidUaRSled Qerh il Gl ABHETICRE BRuhoBRRAY GhdNAS
during plasm d rescue. Unfortunately, RNA pol | pronoters are highly
speci aesethpéclnf danotheT bpacificemiRdimpua, the viaceine oomaprisse ailivs atteryuated, ed¢ not  bi nd

efficiently to an RNA pol I. pronoter frgm rel ated species..

Accor dﬁdﬁﬁtreé’, teppgragygss fgﬁi‘iei“e VR RIS %ﬁ“‘“reﬁg%ygﬁﬁi% %Iqlr?ivtl@sﬁﬁgv%del s in
whi ch L, aghind rescue can be perfornmed. Prior to the present invention,
plasm d rescue was not possible in canine cells. For the first tine,

plasm d rescue in caning cel lgqd Lo 6r BRs8duR the disclosure of the
present invention as follows: ., 1nafirst aspect,

i sol at[ed6SiUtipaied @mesals gdwthheurveswevitiand ce Bnytrairs(BiBeging@A48/98) BNWtlpol yner ase

| regul ator nc are prqvided.. I n certain enbodi t he regul at or
sequortieChang MPGRGEDR Vieh d5aorsngn drirnt Yo S eacs, (Do ente (s a
cani ne pol | pronoter sequence. In another enbodi r}e}r#gohgg regul atory
sequed@gﬁﬁ?]sﬁéb‘@r?al?fle%mﬁ FREH pves Aredngice 4t SteammAA P08 sRer

enbodi (Nt j P VLK : ikve or
positive i]%nrg?r@/%)?ﬂggtg\r@etgﬁéea%or re@%gn |’§/§rY1(IS:E%rA.f (ﬁll\ér%‘:}g{r%géggggﬁagsc
enbodideerininddiey TCOMEdaseay. al cDNA encodes genomic viral RNA (or the
correspondi ng cRNA) of an influenza virus. [0082] In one specific

enmbodi [(870], Figee! presenigbeiicareests vafantifee A sivedm (A/Boncadpr/6466) @ waini ne RNA
pol ynerase | regul atory sequence and a transcrjptional termnation
sequentsCo ppd MIPLK; ellsppg it deseach HaeRaint ¥3s Eqmlf@rhyrﬂi@ aS¥duences is
a pol | term nation sequence. Incertain_enbodinments, transcriptional
Ler i 807 HrF e emees s saldimemalySHoniB) KNGk 0B ARDHES o1 Parch ansrHat foon
sequenceg. .[.00 t.al i , el i 3 i ion
conpr 1 G0 AR B antePab At DR STERY: PR, EaT it Sis Bheck o A

t her eakgmentpf,thavear®M¥a. RNA pol | regul atory sequence, that binds a human,
pri mate, nouse or canine pol | polypeptide and is at |east 100% or about
99% 9eby 2]%%’@1%%&8@569@3@0&@?/%1'8&%1” BOYVicthim/ 1703200 (H6D9D)iial 8D CKalells;0 one
or nore nucl eotide sequences selected fromthe group consisting of: SEQID
Nos: | -vigs titer for each time point was determined by TCIDS50 assay.

[0073] Figure 6 presents a diagram showing rescue of each influenza gene segment as a 7:1

reassortant generated by the eight-plasmid rescue technique.

[0074] Figure 7 presents growth curves of each of the 7:1 reassortants in PerCo6 cells; virus

titer for each time point was determined by TCID50 assay.

[0075] Figure 8 presents a restriction map of an Eco RI fragment that comprises a canine

RNA pol I regulatory sequence.

[0076] Figures 9A, 9B and 9C presents the nucleotide sequence (SEQ ID NO:1) of an
approximately 3.5 kB nucleic acid cloned from canine genomic DNA, which encodes at least

a portion of the 18s TRNA gene, beginning at nucleotide 1804 in the sequence presented.

[0077] Figure 10 presents a map of plasmid pAD3000, which can be readily adapted to make

an expression vector of the invention.
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I n one enbodi nent, the pol ynucl eoti de sequence or functionally active
fragment thereof further retains the ability to initiate transcription, in
t he pr esemoeowiooappr opri at e pol ypeptides (e.g., human, pCrnst@sonssese or
cani ne pol | polypeptides), of a second pol ynucl eoti de sequence operatively

| i nke the nucl ] o I . i ly active
fragn&ﬂ@gﬂ 6$HFE2pﬁ%@hggg%§%#§g?gggdpg%?ﬁﬂﬁﬁg%%égﬁEﬁ%%%&g?g%gﬂggkain one or
nore fwatpbé aségxt.i vities described herein of the fu ength sequences o

f Eéronad asapy.i Vit d i bed h [ f the full | h q f
SEQ I D Nos: 1-19. For instance, functionally active fragnents of the

regul aperoyf IBEGEEN Geeseb tHeakhitsas a%ﬁﬁ-g&ldﬂg dss@. ETIS PGFH ebnwhemeRyed he

regul atory sequence fragnment is operably linked to a nucleic acid to be
t r ansdranbde -dndt] and+2 MDEKepd hpronpftesernsapite agsrsbpwnas therfon lafy aniddlei n vi vo,

| nvon e AR ORIl B Rs U TR BRI S PSP EBR R O o ¢ .

cani negBMNAcRRE (botfRP AL AkY poekive B6rol lchid whienis @arditevrsd, with & OME, nouse or
canine pol | polypeptide and/or is 100% or at |east or about 99% 98% 97%
96% /EP%Tﬁigug\f{g@tt(B@%ght?B% 70% or 65%identical to one or nore

nucl eoti de sequences selected fromthe group consisting of: SEQID
Nos:1-19. In one enbodi nenDetdiled Deskcyintioh b thelnventiornce or fragnent

t here rther. . retains. the ability tqg,initiate.transecription, .in the

pres e%‘égoifﬁ%?ﬁﬂfl6????%?@“1@8?%3&?? §é§er%& QOPETR RSO XPESHSR or cani ne
pol | veebyePbiHesing Wal Broidfond BHsyimbial ahl gRoseERBICRIOnERBId ARt Y | 1 nked
to the nucleotide seguenqe. [0085! n certain aiPects,_theRSEesent

i nventceBn Preosdripsion ah thesdiohsendtie i geoplly petfomperhivits @8 RiNAani ne RNA pol
| pronoter.. Preferably, i j: I inked to
 huclenhealel T2V AR s SRk WolRg BRterp B RRLEL s BBE A2 o
| nt r ogiegdmes) Thud, RNApel Epromacirslaididtheraregalniong eleglehtsrags tdetigo initiate

transcription of the influenza genomi c RNA _and, in_t resence of
sui taBqa@sqmlpa@ﬁgan%ma_tl?é%%éu&wlmdtrﬁsgﬁg-cpﬁlgﬁ\@awhb@‘?)B*S@R PTOROET 8N
| nf e?%’r@hﬁ%}ﬂy&ﬁk%ﬁﬂ el Utnat I RROE, QTR Hﬁé‘%pecie%%a%ft&%wt%irﬁi acids are

provi ded I'se a cani ne regul atory sequence "of the invention
(e. g. efficiesthy toenMMA ol I propraerdien pn untedatel specive Acguidingly, yhesasgilebibity | s

oper abl | nk to nuclei.c acid tpb ranscri bed and, in the presence of
o0t At Sy B0 woferD e s s T 1B AR vt Pty perlePiahE BARGR mont
the nygd SleSerGvinBRE PRI kdsBlefad fot pBkbIE 8 UARADEMsS FatBRARs tin@h

i nfluenza vVRNA segnent. [0086] I n another aspect, the invention provides

vect omiasand reseehimcaningreels isdessiblg bessdomigha diseloswrlof iepresant yestionascani ne
cel | %ﬁ&%e entirely fromcloned viral DNA. For exanple, influenza viruses
can be produced by introducing a plurality of vectors conprising cloned

of QU Rl e SRR aR avg s M RRH Bl Y01 Che

i nventdaife RINA p6BMdMe I regulatory sequences are provided. In certain embodiments, the

regulatory sequence is a promoter. In one embodiment, the regulatory sequence is a canine
pol I promoter sequence. In another embodiment, the regulatory sequence is operably linked
to cloned viral cDNA. In yet another embodiment, the cloned viral cDNA encodes viral
RNA of a negative or positive strand virus or the corresponding cRNA. In one specific
embodiment, the cloned viral cDNA encodes genomic viral RNA (or the corresponding

cRNA) of an influenza virus.

[0082] In one specific embodiment, isolated nucleic acids of the invention comprise a canine
RNA polymerase I regulatory sequence and a transcriptional termination sequence. In certain

embodiments, transcriptional termination sequences is a pol I termination sequence. In
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host cells, culturing the canine cells, and isolating the reconbi nant

i nfl uenza viruses produced fromthe cell culture. Wen vectors encodi ng an
i nfl uenzawvoizoargogwaone are thus introduced (e.g., by el ecrrusp@catiséen) into
canine cells, reconbi nant viruses suitable as vaccines can be recovered by
st andar s S ds of
he. | ARl ob e e b R S o O A B TR e
segnepobl Rimmatibn séqueseel ected for its desirable propert| es with respect to
vacci ne production, and the i mmunogeni ¢ HA and NA segnents from a sel ected,
e.g., #Qﬁ@&'taﬁn %in'b@dlﬂlenfsaﬁué)@icra@ﬂdls gt theanvbneibhicem@rité ¥ poiyaadlestliel n tissue
culture hus, the system and met hods described heiein aré useful for the
rapi d sprusaioe el dfmchonedlyiagive Brgmenithaiee!, o8, pearinp RN Pobhgewels¥or t ant

i nfluenza A Vi_T Vi vacci nes,

i ncl u&?%‘benﬁ %ggflﬂqdé &1;('@1 %‘ B”é@g‘ﬁh@s 50cgﬁ%§§of?%$l§$%a§1dg§é%r léé o met hods
of t he 0DPYVETHbOOIOIVBYIE, T8, 19684, 98%, BU‘V@B&%@BO%, 05%!, m@%amﬁﬁ.?,ﬂhcmnhyal tp0087]
Typi cal ly, a single Master Donor Vi rus rain is selected f each of
the Aocag@r glog@mcgm@e SPRHONPRS S@k@g@d&%the.gr@umqr@waag @3 SELQ &P htos:1 tﬁi Mast er
Donor Vi es, e.d.,
terperob ErBBIEeH o bofPhERorie SARRAR ol bl A A e BRI, %1 &
vacci farthdraetaiis Itlmlabﬂlﬂgrto endHap itxanscmpanml iathe mwxee oDepyopriite polypeptivel ude

such tenperature, sensitive, attenuate nd,c adapted str of A/ Ann
A" bor /(EEBGUEHE TBITAR TP SREBS Py dSGEEPYLE, OTEGORBI] TGS ERRr 0.
sel ected, RS ra@quﬂEeﬁﬂ? tHe Mlc'léb‘ﬁd(a MVefide. ﬁforf@éﬁl%dlﬁgﬂor‘ﬁﬁl&ﬂﬁlaﬁyv' rus

(I\/DV-§) can roduce roma urallty of cloned viral
const idctive frggmtrﬁs \/c»ﬁ”chd: ngréﬂo aeids Be:t farth w%ﬁﬁll@ﬂyo&é thlftictasn Dne @Tel@olrﬁbl nant
viruses are

repre ?ﬁt}oﬂﬁl ﬁ’@? g%ﬁ%fg ‘lﬁkfb@‘j W}legceés cf&?h(ggﬁ gég ngs PA,

NP,  HAnsthide, MnsiishaliS adfi® £A0NGHs bMhe reb] £X%fs8§EINE so 61D bs SEQgD Ne:1
bi - di recti onal exprgssmn vect or such@ggs a Igsmd gﬂﬂk%’n pAD3Q00), such

t hat tah@pmvrd@ﬂ wherahyithe ragnlatin swem%lﬁm@rﬁéﬁowm forfEnTRhgAC ﬁféf%er ase
| | t th d
from df ”?aﬁ%rlést% ?96?1%5 PP Bsbidmath e ROt BreSertiety oot ¢

Optio en an b i f.ied,.inclu ment
Cor o b8 o it ERBo e BugRE of éﬁ@ﬂf&ﬂ@ﬂ? o et bl e

r ecomeR@dtice YPYfrAcREntYEMeY, ¥igl, UScahihe RIEA poELRgelaasdty beddeavd, mlgat bimsaf ecti on
of plasm ds bearing the ei ght viral cDNAs into app ropriate rk?if)t cells,

e.g., hvDeK, pempts, mogseRy ceniae prhkprlyrepsde aﬂ@@h@d&%@%r&tﬂq?ébo Bt %4 he

i nvent Q $ o §,06n0enar abdo 2 Jenza
vacci nde8 bd] /%3%% ?{’gés/ §%A’o?°ﬁgh2@/ ?dn)tqg?r%aslﬁ é‘g’%ggg{%%ﬂ% OIIPI%g} PA, NP, M

and NSiuchf)tlﬂ&@q&elhc&@ tsﬁdcwcil from the gopup chEdstig MDVER, IDPRBY:1110gdhhee with the
\tlf\ r 32 gcgn!\llﬁ)dgrggrlltv € po y(r)n%lgétmeesrecelggncg (()); %rgglggrﬁc%kenrgo% %Ptﬁer( fgta?ns tE?a all)im}! t%enz a
initiate transcription, in the presence of appropriate polypeptides (e.g., human, primate,
mouse or canine pol I polypeptides), of a second polynucleotide sequence operatively linked

to the nucleotide sequence.

[0085] In certain aspects, the present invention provides an isolated nucleic acid that
comprises a canine RNA pol I promoter. Preferably, the canine RNA pol I promoter is
operably linked to a nucleic acid to be transcribed, such as, e.g., an influenza genomic RNA.
Introduction of the nucleic acid into a canine cell results in transcription of the influenza
genomic RNA, and, in the presence of suitable influenza proteins, the RNA transcript can be
packed into an infectious influenza virus. In one embodiment, isolated nucleic acids are
provided which comprise a canine RNA regulatory sequence of the invention (e.g., a canine

RNA pol I promoter), wherein the regulatory sequence is operably linked to a nucleic acid to
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For exanple, the HA segnent is favorably selected froma pathogenically
relevant H 3H3 or B strain, as is routinely perforned for vaccine
product i ono 28mok@s| y, the HA segnent can be sel ected f Poms2&k023867 Wi t h
energi ng rel evance as a pathogenic strain such as an H2 strain (e.g.,

H2N2) heafantdibsl bad, in (iR ;ﬁesenb@b&i@ult%le%ﬁot'é%s $h Vidobr(if vEbo,; ishlal Qrib Hﬁe’ﬁ% sortants

i ncor porating seven genone segnents of the MDV and el ther t or NA gene
of a §@P é’@b@ n@pt,éhwt(c?elqamé@gg@bb/dnﬂ@;l te seid st sitatdny spquahice eschn influedsi t i on,
this nltlseful for determ ning the nol ecul ar basis of phenotypic
char ac erls cs e.g., the attenuated (att), cold adapted (ca), and

t enper, itive henot rel evant to vaccine production. 5.1
Dem) nil @’g‘ii f"@fgéﬁ]asﬁﬂt é@% Dd'gf”il B‘ygidﬁ%VWt%ré angp}eﬂg@sgﬁqmpﬂ@ce%d t echni cal
t er ms e nFhuersh \F@lsgﬁiﬁ%ahﬁl‘% c%ﬁ@ﬁltﬁ%%ﬂhﬁgy BSR4 Bred 'prht he art

to which they pertain. For the purpose of present invention
f ol | omimgplpemﬁnermae’nmm qag (11>e peddised o 08ddduding atpémmhty dfu&ebms:ccmcprtkmg

| | tid |
o er LGP ence BRI r A dstnre P e deter b UpRebBRUEY CoRTSTr
ri bOﬂu@ﬂlﬁ@RI\D\BrdgﬁlaW?? uefée (é@ n@éa%%le%ol@@?dlﬂ&é'ﬁ%f Ttﬂé‘%h@&ftronp‘ﬁto%%ﬁgwher ein,

the termoptionally udes erers of anal ogs of natural occurring
nucl ebost@els, gulivting tthﬁéa@@%éfﬁlsb and iselating thefreeramhinant lmﬂnﬂnemtmdms in that they

otcur PEger bR SIEARRE NI ERTNS R iR it ferau e ©

i ndi cattediucal (eay, tbyoaludaoaxropmclbﬁ) mtacanthesRYaBeENBihadtMimsésva@able@f enconpasses
conpl enent ary gﬁe uenceg in addition to the sequence explicitly indicated.
[ 0092]V2°FHES CaR RP egaKEe by staadad prgHeatiprinsosedpess. Usingihe veetpiesysteat sl

assocChihiefds WF EHB iflydtiBh A8A&Atardt %Eésqﬂcoﬁgg?n% ﬁl%{%?)?gl')t(%ﬁ%lé%ﬁe geog%ﬁ%% ?te Auences

and/or the regul atory 'sequencesrequire I"on
" genestraipptleded fay ita depesbld propgeirewith respguisn cecciaspdhttions atdthe cDNA or an
i nes al so include

nRNA encoded noni ¢, sequenc 0093]
non- e%@g&%@&“ﬁé@ %1 é?%n%“éb Wtassefq?taf{d eLoPa ‘ggg?ﬁéf’ graipgiamhegaRight t i on
S equeREESfiicRAtlP biduch AltRkiSeul s - BHR ﬁr%%%eﬁleaﬂﬁln%tﬂééé &@&i’o%ﬁ%%%lh Ag! ude

‘promot ers” and "enhancers," to which regulatory proteins such
t r ansByalfgtfpoherand srosuptienin qaaingl cell @gltum off reposhingmt amhreaﬂsoatdpiamﬁnenzar

b whi ch
" equt Sy PEES nQuaibl SRS R RUP A s Bl Ui Pl no BRMBINE il 1) pes.

[ 0094}/ao&1neprvﬁﬁchﬁés pr&faréPARORESY toSAGHEMCE! the venfRWimb ey U@l‘i\ﬂa&yd regi on
capabl e of { nitjating transcription of a nucleic acid sequence to which it

i s opBiEBISpllK Ot BARBWSCUSh appropriate transcription-rel ated enzynes, e.g.,

RNA p olénerase are present under conditions, e.g., culture or
physi K084 Eﬁﬂ’lc@bhélStﬁg&MaStﬁhBﬂ@@‘yVm‘We(l\éEZ’y fesinas Szelmtmtbfor oadl of the prapdot er

can bB%thryﬁése Th PSEE SAMi0L atge(ﬁﬁn%d Laad cine, rtl?eni\/ltaster onor FudS {ra(iin poguence whose

typically chosen for its favorable properties, e.g., temperature sensitivity, cold adaptation
and/or attenuation, relative to vaccine production. For example, exemplary Master Donor
Strains include such temperature sensitive, attenuated and cold adapted strains of A/Ann

Arbor/6/60 and B/Ann Arbor/1/66, respectively.

[0088] For example, a selected master donor type A virus (MDV-A), or master donor type B
virus (MDV-B), can be produced from a plurality of cloned viral cDNAs constituting the
viral genome. In an exemplary embodiment, recombinant viruses are produced from eight
cloned viral cDNAs. Eight viral cDNAs representing either the selected MDV-A or MDV-B
sequences of PB2, PB1, PA, NP, HA, NA, M and NS are cloned into an expression vector,
e.g., a bi-directional expression vector such as a plasmid (e.g., pAD3000), such that the viral

genomic RNA can be transcribed from a canine RNA polymerase I (pol I) promoter from one
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transcription it initiates. A pronoter sequence which is |ocated upstream
of a cDNA is bounded at its 3' termnus by a transcription initiation site
and ext emnal® 20qrae@am (5 direction) to include the m ni momusaoneme3sef bases
or elenments necessary to initiate transcription at |evels detectabl e above

backgr ound. r onot equenc .chi kS | a cDNA (to
expr os8g pnd AT BRUSE AR E b ST gl
initi afdthebther shRbd eOHEBRE]yHMYSdneaai b calibe @eddifel), indudingihedeAt he

m ni mrum nunber of bases or elenents necessary to initiate transcription at
| evel ssegmerideghlte rempexethp sulkiibatneleavags sBedi r ecti onal system of the

i nvention includes both upstream and downstream pronoters; the

uni di r[@089)cnédctisysteeombinehtldBY -dranMDpsBraamipthennecsvered Wlidwingor adj acent

to the pr ter_.sequence will be, faound ranscription,initiation site
(co nvetﬁarné%fnﬁ?/n B@Fﬁgﬁs ?’ 8?“”&5&1?1‘5’@3{, Vlfﬁrj Cpib}kﬁ P e ﬁpl %%P%%g %ﬁssle')g;’ and can
al so i pcKd el OhRigMhdpRSMIIY 1O FRIHbIS (eQMBHEN BRI BfiaNaRDh it hadfulpe.gnot e,
regul at e, enhance, or are otherw se responsible for the bi ndi ng of RNA

pol ynefoagenerdtp@ghd reassastant induenda vpedipesryaeretrinsieaiion of Sio0 e menes or
"cani I |.at I L { cliV
fr agranll {Rerebr Heniabg Rt EER L o, MDA R PR PR BEE . ¢ e
i s capaith theTA iang Nagérivgdtffoun aiffdr@iticofegfondingughei/c 0eB) thilemtaenased 0 whi ch
it is operably attached, when canjne. RNA pol ynerase | and, optionally,
associ %&r@aamp&n@@r%ﬁ%em a&:ﬁa&?r@blwlsecﬁﬁég@w pathgernicalydiclevamdil,d1g0r

cul tur P I i EL tdig; Vi jional .
Bl S e B L B Bl T e
RNA pdejaeexddsen b spraianoitieemengingoblev amreaa sgatitogans ctrajptsucdnaodn H2 stralnei ¢ aci d

operably 1] d thereto abo ckgr d, .and i RNA pol yner ase |
enhan ﬁa%ﬁhaﬁl ﬁga@éé-gtaﬂgﬁ@ﬂfgf*%ﬂ@ﬁn %ﬁéﬁgﬁtngﬁsﬁor@g‘ ably |inked
to a Gagl @raﬁh@ealew%ﬁ@ﬁ@séglﬁnwtﬁé MO VARA hiBer tBY B1A QDSAIeRE0F R the

absence of a cani ne RNA polynerase | enhancer. One test for identifying a
cani neseR&dpoRim@ lasesspriamgdaatatroypegiredumed. Tsadditiomtlris dystem isesepuert i ve

i . pol | I . bly |i | ei
i d gl ReRRe e PREy SRRt FRE ke RS EY, hegh Bt fu BHE 5 ©

det ectadapB$ed)] fid temperanir& Senbitick €isy plaiotypet, relel &1tes vadtidigodudtionyent i onal
assay, e.g., a Northern blot. Conparison of transcription |evels of the

nucl eig£y aci Pefiklitibhe Presence and absence of the putative cani ne RNA
pol ymerase T regulatory element pernits the skilled artisan to determ ne

whet hel009HeUnlged dbfimed ofhgrwise mblricientifig apd ichelcpNarmpoirg padesteod to kaygithe or y

| . [0096] Th " " ref Lcoacid e
ol asm it sdpab Tkt o RLEREnefalb bl S e ® 00 usea 10

i nt r odsteenhpiventdrofie dsllowdal eirkis ard dbfizedbeloes into a cell. A vector of the
invention typically will conprise a regulatory sequence of the invention.

The VeBhOr|STKARIRE RidlHNMIBY Sbé/lgﬁl@cﬂédtﬁi@,t”i ‘DR 1y@iicleetid A aEo s Ynucleic
replicating. A vector can also be a naked RNA pol ynucl eotide, a naked DNA
pol ynuasidssapetece” gefer to single-stranded or double-stranded deoxyribonucleotide or

ribonucleotide polymers, or chimeras or analogues thereof. As used herein, the term

optionally includes polymers of analogs of naturally occurring nucleotides having the

essential nature of natural nucleotides in that they hybridize to single-stranded nucleic acids

in a manner similar to naturally occurring nucleotides (e.g., peptide nucleic acids). Unless

otherwise indicated, a particular nucleic acid sequence of this invention encompasses

complementary sequences, in addition to the sequence explicitly indicated.

[0092] The term “gene” is used broadly to refer to any nucleic acid associated with a

biological function. Thus, genes include coding sequences and/or the regulatory sequences
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pol ynucl eoti de conposed of both DNA and RNA within the sanme strand, a
pol y-1ysi neconjugated DNA or RNA, a peptide-conjugated DNA or RNA, a
| i posonme-wonpargat@d DNA, or the like, that are not aut oRQEIIS200$/023867
replicating. Most commonly, the vectors of the present invention are

pl asm ; : ; eshl \: er" Jj.s .a vect.ar, such as a plasmd,

whi ch fgsaugéa%%glz%mﬁ%pg?%%f ?ﬁ%%gl%pggﬁsesiagﬁi,léset. ¢ S,pe?lflgﬁg%qlplﬁtsf’ﬂﬁﬁncgfasg’ Hucl ei ¢
aci d i actorapdNd eat an meR Nidrencédedebypheisganomiveghieiceof the invention typically
will conprise a regulatory sequence of the invention. The expression

vect or f093INGaeesailininORTE by-ckfibtded ahiélBiRt 201d S0BmeAR IR Hiiz},nx 1&6%11&10 ating.
Typically, .the nucleic acid to be expressed I's "operably |}?1 e to a

pr oot EFOFHEToTeaBaReES derothefmaoteins s Diopespraseedme guistory paquences eglidat or v

controd . 110 I . anf r. 098 "bi -directional _.

expr es |r§1§0tt\?§§taglrd dg}lﬁté °§I§1 gélc&l%&cl%gﬂé@f}ép{o%éas %Vﬁ\taﬁgmﬁ?cf@%ﬁ’éﬁ%'s Bikrot er s
or i entieulting inhtearspripont 6f adfjdoent drararbglsadientest QA ATRMS PebifiR® pbrsditat ed
between the two pronpters, such that expression can bé initiated in both
ori ent GARGFE lsr‘géeu‘f*’hlirgg geguiptesdranscriptionis @rspprifie tiswl tyyes ¢t qsllugpe; o) types.sense
strand, and negative (-) or antisense strand RNAs. Alternatively, the

bi - di ri9894lohaPrasngted<i Bromaietssauanan’ ise RINAawgilsensegiandapebleiofi whi ch t he

viral . ' .G R as_a cR are ex ssed from the sane
strand. | é&%g?n%lcl#i)? hggggﬁglelgltc ag‘,@ St%ﬂ%enicﬁ\gloew Cgr’l{lstoﬁﬁrpa[’ raifachedoPheRd" refers
to a mppmpgﬂateatamﬁmdmfelatemmyﬁ@s@.%ynmi ol ABEMsQlardpiE@h Ghdbr Whi Ch i's
substantially free fromconponents that normally acconpany or interact with
it in GoPdIQns. Gy PUUER e RSOl SeR) corshfiens whatsby freoinayeds amtfendtminehti onal | y
conpri ' j pal_in.its.natural .environnment,
e.g., pz&?gﬁ%ﬁ{:%?bléeggﬁnﬁlﬁ)ge}% Wt(i?&mﬁsrgg aé{rq?}a?ﬁ{ chh% niuﬁféllct W 39YPG° RSP r onment
such dsanscriptioh it inftéatemt e pramhottrassqbares wilidcie dodtedaupspeah boh cDNA e cel |

(e.qg. b %ga%m%.or . %%gleti i’ el.ement). nqt _native to a material found in that
envi r O1THERTC AT HS P Ems &Y adransertion ipitighen sits ang extrads ppstepsmu(S| direstionk

codi ngo HRUURNES miAink? AhBEr ofHAs &P ANERInts 1@0&321@“?98%& t#a?x?éhrg;ttf%g AP It is

i ntroduced by non-naturally occurring neans to ocus o genone (e.qg.,
a vectl®yels daeetable abovsi taskardunt. Arproumtasequnge ehichripldcated)donobtremat byg t o

t hat i i ucl ei cids.,are.also referred to. as. .

" het e? gjli\i)g gtgs? gﬁ#\eg% Ff‘ Sgﬁja ilﬁéqu%€6ﬁ¥s ¥ ﬁ?mt"@?sﬁ?y'ar BEBRBPHhntigtiqgstased t hat

t he mekendadovestgam @' divetiohCioasdlddethe PEigiRiA hufder bagledbtddhgiral 1y or
synt heti cal | ¥ (non-naturally) altered by human intervention. The alteration

can b&SHEFFYINERIYR teperipiee py lgvelgietaetable ghovechaskandund.oFhe tidisectianair al

envi r QIBALFHe i : L fy r rring to.a virus...e.g., . an

i nfl uegza Vi ?{uesl?&térﬁgmvl?@ggésiﬂso (ﬁ?h %rﬁ%ﬁpﬁr%glﬁtdo\%\,{?gtﬁea‘l RUCHR Sélﬂidwc'?%’éﬂ

expr esgiten infudesroatouirtreantpromotess. iddh dr adj@dd2io thegrdester seygaseariiant , "
irus,. indicates th the virus includes genetic and/or

wh f i to.a.vi| t
pole;pégtf(?eur ‘rg | aggar?&gﬂ@ﬁrgmg@ppg &te @BWWIS’ qefigpd Eexpapenbrmapping|wigh r ai n or

nuclease S1), and can also include protein binding domains (consensus sequences) that

promote, regulate, enhance, or are otherwise responsible for the binding of RNA polymerase.

[0095] A “canine RNA polymerase I regulatory sequence” or “canine RNA polymerase I
regulatory element” (or functionally active fragments thereof), as used herein, refers to a
nucleic acid sequence that is capable of increasing transcription of a nucleic acid sequence to
which it is operably attached, when canine RNA polymerase I and, optionally, associated
transcription factors, are present under conditions, e.g., culture or physiological conditions,
whereby the enzymes are functional. Examples of canine RNA polymerase I regulatory
sequences include a canine RNA polymerase I promoter, which increases transcription of a
nucleic acid operably linked thereto above background, and a canine RNA polymerase I

enhancer, which increases transcription of a nucleic acid operably linked to a canine RNA
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source. For exanple, a 7:1 reassortant includes 7 viral genom c segnents
(or gene segnents) derived froma first parental virus, and a single
conpl emrenvarzgomioe@8 genom ¢ segnent, e.g., encodi ng heneg@iustenaioz3seT
neur am ni dase, froma second parent al virus. A 6:2 reassortant includes 6

8??82})&&&1%&1@??%% oGOMRaR & obfiv& 1hr{ﬁ@£%€111c&ﬁfbec§1nfrfeq{w& Pl c}ﬁﬁéra&ar ent al

two* conpl enentary segnents, e.g., henmagglutinin an
neur ahtrhiales e Onerestnfa 1d@rft1ff§emgmtcapmeém a Ipomen@e I[regud@pryTHememristo

"introduced” when referri to.a heterolo cl.eic acid

ref er Gpgege e PREGY SRS B Arolsinfier ettt it SoBiaBli i £ 6,

pr Okaﬁm&i; ac@%lfhnt%ar futd B QuitdHrd @drﬁn@@dudegaan BEDERCIPMBIAEL T Nt O the genone
of the ce : hromosome, pl asm d, plastid or mtochondri al DNA)

co nvenmmdnpm@ﬂethé audleivaniduy mepast @mg a g@nwenewl essayye. ex@Nestbe@ l{let

transf ect ed nRI}JA .SUc. t hods as

"t r anSPERETINR ot t ‘)‘"‘P?%W?PBE‘H%}% %{“e ]élhc emta?grliggt?cql FOR arrd %f% Ceo Bxt of the
I nventigiy@eanid IelK ﬁbﬁwﬁ&him%gﬁ@fbr? Blefi¥Rl Sar@bts tige dkillddogtian to ueieﬁnmeam ds
into prokaryotic cel'ls, includin ectroporation, calcium phosphate

pr eci phetei on nubllem&ﬁldﬁl@mmte@l atcmangR&A pdﬁlil@rqs@ér%iqt@melerm% [0104] The
term"host cell" neans a cell which can or has taken up a nucleic acid,
such H996] The teom, “vacid:” fmmtd&nmdh@c neig] ¢.gat posmid direl veskqyr wwseinbimant t he

nucl ei c _aci d,, an nal | 0 t|on f e or re en ucts

i ncl uawa%m&&rﬁg&gf }ﬂ‘g ]i’fy ’Foﬁlélceiﬁ% Q@PP%H °ge Sfcglf?g‘f: §Sol ?)c cells
such agelE- A%l:ﬂor of’ﬂw@#&‘%@ﬁbﬂﬁ)b‘;ﬁc&@l\bﬁ UERisas roRd8bry sefiget of tuigphi bi an,
avian or mammal i an cells, including human cells. Exenplary host ceIIs in

t he cumeetmn oFhet Yestorncasrhe astoriamequg eﬂe@a@ngm P@fcf’élﬁprtj’ﬂeelﬁ YirePIGS{ngi dney)

cel | S, Per I I\ by hanster

Ki dney? t%reﬁap SO&’F.%F&%W%W@%S@“‘{%& p%kga I n- ?%y Cani ne Ki dney
( ol@ﬁﬁdléohdh’&ﬁh@oﬁ&ir&}boBQDNRaﬂﬂ HN@syw(tMBBl@ samaé $teand29Bolgdydise{ e. 9., 293T
cells and CCS cells {e.g CQasy, cel |P§21 T[]e t er m host %ﬁiﬂﬁ
enconparysgsed B Wa?\Nén% PSIPthﬁ %i%‘ﬂ%’éechNéequ fnd IO, copyypate &d

cultu I B&sm i He pFketel | s) .
A co- Bleﬁlte ?@(g?!%h %ﬂ;}ﬁ(&)ﬁ B %ﬁ%ﬁﬁg@éa&%ﬁvg%kcel I %ﬁ];ygthge\/\ségro ?sb?(} for exanple
i n PClvidk #2p8nfidd. ed Decenber 22, 2004, which is incorporated by
reference in their entirety. [0105] The expression "artificially

engi NeE9eH Anl ‘@xpiesdomesceort is mvécndri eladlmﬂalpiasmm,ewhiich dscapublleaplfpmmweig: aci d
or virally, encoded product pept.i de, cci ne, rise

v
| east CHMESSIAN, &> dﬁnﬁ‘%ﬂﬂhﬁatﬁfe@dlwel? 3%18 ORREpgte eﬁ‘aﬂs eexaresslglil i Yect ed
mut ag %‘ﬁbéﬁﬁmﬁ@ﬁngﬂfﬁgﬁl%ﬂﬁseedtregulailaf"y SYBERIDF Rk 1n‘§‘érftiofl' qihlekyresdign neer ed”

when referring to avirus (or viral conponent or product) conprising one or
nor e necbsehn e anwhamboshyg rephditorg @amion eu‘ranomowlljompﬂlp@tmgo nyriqalyctiees t hat

RTINS TN R NS

nat ur ghtliYct to transeription regulatory control by the promoter and/or enhancer.

[0098] A “bi-directional expression vector” is typically characterized by two alternative
promoters oriented in the opposite direction relative to a nucleic acid situated between the
two promoters, such that expression can be initiated in both orientations resulting in, e.g.,
transcription of both plus (+) or sense strand, and negative (-) or antisense strand RNAs.
Alternatively, the bi-directional expression vector can be an ambisense vector, in which the

viral mRNA and viral genomic RNA (as a cRNA) are expressed from the same strand.

[0100] In the context of the invention, the term “isolated” refers to a biological material, such
as a nucleic acid or a protein, which is substantially free from components that normally

accompany or interact with it in its naturally occurring environment. The isolated material
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occurring or previously existing |aboratory strain of virus produced by
non-reconbi nant net hods (such as progressive passage at 25 00, e.g., a
wi | d typewonroemlocboadapt ed A/ Ann Arbor/ 6/ 60 or B/ Ann Ar becrhuse@stoezsbn.
[0106] The term "% sequence identity" is used interchangeably herein with
the tgbiBnaly cRBlibNmaiBil loPiRhE vith hdfaldiiPin B naHalervAohtheheauence

i dent ynbe ween two or nore peptide sequences or the | evel of nucl eotide
sequendk Fatembinpie, Hahewmaterinlis inits nonsl audtaméndeuskagemlb she mhteriablhdsgned

Gent PEP TG EAELERE: Do (D6 BOOBRGentE Stern I THer et Fars) o
def i negakigala: LiNRorel "PANKafBRL 2 RalGkABDEBHRERldSacM (d.£28bo BRI

identical to another length of another sequence. Exenplary i evel s of
sequepEEenate apidyoten ah edanchiy etcarbecoraes isolateddtiit ivintrgduced ®y ngo-naggallpo, 95,

98% or nor.e sequence identjty to iven sequence, 7]1. The term” %
seque H%“éu‘we%‘w@ aﬁgcwsog éh‘? %@8%?5‘%’@ Ba5P9THE rg% gﬁa R,i{a?l #)4 %%evnfug rm tog,lor

homol a@ylicéH) ot BitRieSo tint hhi@elcavl Sth atiibie aetisdreagueiatedtonl ogy between
two or nore peptide sequences or the |evel of nucleotide sequence honol ogy
bet we&reteraty gops nicteinaeifieot i de sequences, when aligned using a sequence

al i gnment program For exanple, as used herein, 80% honol ogy neans the sane
t hi ng [191B 0% seqsecembioaT ogjcatts tlet thamatetigh(edofd mstiaiydpi piotginkrag

accordi ngl y.a honol ogue. iven en as_gr.eater ..t han, 80% sequence
honol g%%? a&é@gaﬁy Pe e%(‘}%ﬁ}f &@%d}agﬂﬁl?ﬁgéﬁgﬁggm%%é re;llltl%ré'vipes of sequence
hono! g@dfati BiEEAHAR pPfbirmed 6n RREmhteRAltveithih Qor r&@ovediroM0its BfuraPEhvimmedBY% or
nore sequence honol ogy to a given sequence. [0108] Exenplary. conputer

pr olg r grrstaWn i%hciﬁaﬁl}b@/lh% exfermgde  SHHP-Ifel. | ueRzayEREEs VitdpiSsequences
' , L ' ; 7%, €.g., BLASTN,
EEXS#’%%O%E% a?g‘rﬁlgggllﬁtls E@ggélﬁ‘gdbzi}ntge ﬁ‘-%{}%éﬁﬂ# éf%ur%ﬁl%%v@ﬁég{b@'onet ge | nt er net

at th bsite. See.also Altschul et al. ,1990 .- Bi, 0ol .

15 4007 AR Sy arsp SHeE il et el eRe e iBifesg 1 e

par ampgehis andr pbFypéptiRNEnPoh&tdérivel fim mb?@ than Nue peieaitalCirelstraisor,

25: 3389- 3402. Sequence searches are ty7p| cally carried out using the BLASTP
a

pr ogr aeHreh eForesxample; Pyl wagfoviart inghidrs /aviial SERQIIEHEEMERP 431 8PBC FEEMER0 aci d
sequences 4 M tein s . r j es. The
B ASTE e froah A SRR S, Bl A ENE e R P B ol S MREDRETY ave
been eficdslghiethggtutmlii o maeinigidasa feen agaiond paseniahoiraci Al 6s2rpagsoctest i n t he
GenBank Protei n Sequences and ot her gﬁglg&c dat abases. B htBLA§%P.and
BLASTIAHSS P EFnRIIGigSHER g POSSAFERANL L S 6gftexhal ¢HRey o aﬁ’tgmaw{ "% 0, and
an eX%ﬁ‘&‘Wc eRRRBH YegRent; O, ﬁ@lﬁ&té’%lhﬂiﬂiﬁ and ReuBlERM SR o8 différenee i d.
[0109] A preferred ali gnnent of sel ected sequences in order to determne "%
i dent panghtal virus.

[0103] The term “introduced” when referring to a heterologous or isolated nucleic acid refers

_ to the incorporation of a nucleic acid into a eukaryotic or prokaryotic cell where the nucleic
acid can be incorporated into the genome of the cell (e.g., chromosome, plasmid, plastid or
mitochondrial DNA), converted into an autonomous replicon, or transiently expressed (e.g.,
transfected mRNA). The term includes such methods as “infection,” “transfection,”
“transformation” and “transduction.” In the context of the invention a variety of methods can
be employed to introduce nucleic acids into prokaryotic cells, including electroporation,

calcium phosphate precipitation, lipid mediated transfection (lipofection), etc.

[0104] The term “host cell” means a cell which can or has taken up a nucleic acid, such as a
vector, and supports the replication and/or expression of the nucleic acid, and optionally

production of one or more encoded products including a polypeptide and/or a virus. Host
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between two or nore sequences, is perforned using for exanple, the

CLUSTAL- W program i n MacVector version 6.5, operated with default

par anmet erwQ 200moload8ng an open gap penalty of 10.0, an errCensedsgagsepenal ty

of 0 1, and a BLOSUM 30 siml ari ty matrix. [0110] "Hybridizing specifically
i r . refers to

the b(feo E}?ﬁﬁé %}O%?IS%BE Qﬂ[szg'ﬁfc {E;i)dl'hz |0ﬁg&1§d?§d§%§3gs %dg%ﬁﬁ&%t&ecul e

pref eaﬁﬁplﬁhah,l ewldrooranmarrtahmubdls mohlldmghmtmnseﬂmem@nplnrifdtosstqﬂﬁ rmgéwt

dit wh t hat t , total
ol | RGN DRk AR TEOIELY Soif S A o PG R R IS P er's (o
condi &,0R% eHﬁ])gﬁf 1&"&":1?15% G118y, B Y‘Mblty haRfek ﬁidﬁ@y)%eﬁg q&ﬁﬁ& i ahick kidheht s target

subsequence, ess@ér exten al | to, other Sequences.
"Stri (rl?@ﬁit)tceﬂy,tMmﬂnszbpﬁ?anmndilﬂsttyr(ll\ﬂ@@m) Gﬁ%M@umB@IWWAE‘ﬂ%ﬁMl tions" in

t he cont C, aci idiz erl S $put hern and

nor t h@fh ﬁ%blf? Hyi ?gtcpll(l)sngega,r?&B E}@na‘%(?{'}@g Cﬁﬁ%ﬁ tla?égzp FI?SZ'ren under

d' F T efeBRtho &R reﬁ%tﬁﬁés@és RASAARIAE 51 mARuRY 'bEBélls\dﬁclgalilngee #.omicted dajtbres di zat i on
nucleic acids can be found in Tijssen, 1993, Laboratory Techniques in

B| oc hefrmﬁblre;nt eadictyives @mllémeB(aﬂ oYgro-anshEHK eellet Aow-slli¥AeRI% ¢ Acid Probes,
t | h t
Drr ot g e P Evera el BisBbeB Ik BEmRb B BT S R MBrDRREAT,

2001, 2 Voloes %ﬁ&h@lﬁﬂor@@rateﬂ Byadegaraderiy tdaranikety.Col d Spring Har bor
Laboratory, 3rd ed., NY; and Ausubel et al, eds., Current Edition, Current

Pr ot 0 Tﬂe B%Y&%w@artﬁt&mgéh @e@e@n @s ﬁtu:a It RUInARSRAhAtesyiaBdvivill ey
I nter 112] GCener %II Y, hly stringent hybridization and wash

condi nma}els aande)r szah]é‘zm@dte@pb@uabé@t, 853 eBiike; atvAEHNS. ISEMPRETS AR ISAHEITC ng

t f t th and pH.
The bt PRFG PR R R AREF kAo A Pl BB ST 1 AN PO
50% ofnutdpendsdy, gRt '[‘;h%qablpfb@ﬁoﬂilY@ﬁﬁdﬂalﬂﬁ:Snglﬁeeﬁetﬁéwhﬁmtefqnn@tocmgmsdootmeal Very

stringent conditions are selected to be e tothe Tmfor. a ‘ggrtl cul ar
pr obecothpanEs} omed@the@n@wg %Itwrﬁg@ﬁtn%%? ed‘i“E‘ét‘PP%a MATPVAES or

hybrl gbzsti{‘dtlgﬁs Rl (fggféﬁrtfé"{n 1%cAMR 6t gerﬁﬁie%ﬁx%htcéﬂc&ﬁﬂ g tHidis(BaAragbout 100

conpl efren resi on a ter In"a Southern or northern blot is 50%
for rrabdnﬁpwehhoﬂp@dodt) isemadermvezdtfrodﬁ nﬁlprauytdmcurhtmgtsymcw ispelt 4Sc§1rnal§€ﬁ]ﬂﬁg carried

out overnight. An e 0 hly strin sh condi 0.15 M
NaCl 8?011?12“8:;011‘12??"185 Mtgp‘fﬁgn%';art? QY SEANSE Cescwyrﬁge%tet: gr%mﬁﬁtcondl tions
is a ) A¢5z U es “éaaay]%@ﬂxroqwgd tedad/Anhor a
descrl pti o%%ﬂ%% r@eﬁﬁlega %e Sr51GtUr)| n‘gearllcy wash can be@per eceded by a | ow

stri n@eW/@@eﬁBt@ném/é/dﬁa@klgr ound probe signal. An exenplary nmedi um
stringency wash for a duplex of, e.g., nore than about 100 nucl eotides, is
| x SSMiis] Fhe @rindi% :k&qummutdestttyAtrs wxd mptuhyngdeaioly derdimyéhdle \@eBsh for a

gi-gp lmeé‘,’v/fflégnttty’g and rm%ers to Eta Qeve? OP gln%l%%c{au scelq&é)tt[cle gc%nttty @etwegf(tw%%q n%red'o C for

peptide sequences or the level of nucleotide sequence identity between two or more
nucleotide sequences, when aligned using a sequence alignment program. For example, as
used herein, 80% identity means the same thing as 80% sequence identity determined by a
defined algorithm, and means that a given sequence is at least 80% identical to another length
of another sequence. Exemplary levels of sequence identity include, but are not limited to,

60, 70, 80, 85, 90, 95, 98% or more sequence identity to a given sequence.

[0107] The term “% sequence homology” is used interchangeably herein with the term

“04, homology” and refers to the level of amino acid sequence homology between two or
more peptide sequences or the level of nucleotide sequence homology between two or more
nucleotide sequences, when aligned using a sequence alignment program. For example, as

used herein, 80% homology means the same thing as 80% sequence homology determined by

-20 .



general, a signal to noise ratio of 2x (or higher) than that observed for
an unrel ated probe in the particular hybridization assay indicates

det ect i orwofoer/®p®si fi c hybridi zation. [0114] The term ‘Pabaiseoos/oamseused
herein, unless otherwi se indicated, refers to a value that is no nore than

10% ab b ' bk 8di o€, th
a g‘%’}ﬁﬁgraégo%l}%ﬁ’g&ﬁeac\é@d 195 hB8ho bfo!fggh\léﬂ sbdiRnt&RARD %'Eagér tﬁ}i&ﬁlg@’y e e

term?® neans ange of  from4.5 ng/l1<lgto As
anot hgiuermehplogyabent ldngtioof the gbansequenom géxeptplinydaval8ofseduerss to 72

i nutes. [0115] The t "encogde, " i Boo, I Ef t t
of "5 maraelop instids, b 56 OGBS PHEh D ERESRd Pt aneEprehd” ProPertY

| ' id, includi | ei id that be t | at ed
conp g&g%%gop?gﬁlgﬁlsﬁgéﬁ&éj I NnCl udl ng a nucli el c acli al can pe ransi at e

into r exanpl e, a deoxyribonucleic acid can encode an RNA

that | nscri bed fr i i Lo St her
deoxytqslggLﬁé?‘@?lérya%qlﬁmg%prﬁ rggrgglgg&%é%o ;/‘clf)égdp?t@ d|i goe@‘?zﬁlgﬁg?iaﬁgﬁgﬂr%%n RNA
t r ansgdgubgeds ifaimd be deasylimbaoctieisoitaof BLBST foglagisce. ¢ BEASEMpr i si ng

Cani ne RNA Pol | Requl atory El enen 6] .l.n._one. odi,men i ted
nucl eBEASIRH sind T8 LgkDLX %?éﬁnggm% éﬂbbgﬂ i 313{311%@0’? ggeﬁpé%ert ?}%‘gquence
of N ANGALONGL S8 AlSHERD! A1C 150 PAlor | RDL OMDLOS 0 (Wi spéxgal at ory
sequencé can, Tor exanple, be operably linked to a nucleic acid to be

t r ans gdfblogek @Nbe pablishbddefhelt petisgies pafanstirs wiittetdr bend Alsdhnl ¢idlso or in

ivo, be t i bed. | iment, th | i i v | i nked
o oail 85 ieas drige Setnmady SHBH eFrise s At i Gafral et pRsiotue | 0Tqi o
aspects, gt RETPY ?@g&% &%égeﬁailuaﬁnga MicH @fifdadi6 dqaibaet ielitive tcaraimodicidhat

conpri'ses a cani | pronoter. Preferaitidf/, t he canine pol |1
pr onok@juehaesdp dreaBénBank Piretdin vequenes bad ethgepeblicslabatgsadde Bl X such as,

i nfl ic.RNA . I.ntr. ' ' i dyi
e T e s S o R

a
ron~of the influenza genomc , and,

i Nt he. RLASBRRSs Dhirtihahl Rid #hereez i the GeaBask Ptoein Rfudncemmelrdthper or
transcripts can be packed into an influenza vi rHs ?% {ém if;f ecteinous

i nf | upnizlac databases. B BLATIR and BLASI dhaarwrtas defaullt BRramgls ol @ t he

i nvention c rd i I U ; EI0ESUM-67 agaent
there@?p%’%q?tr;gqﬁr%zg)’ %nﬁfl%?n%%,gn%g%ee@l%ﬁgé&?ﬁﬁ?gﬁ?ﬁgﬁpoI | pol ypeptide and
is at seeast or about 99% 98% 97% 96% 95% 94% 93% 92% 91% 90% 89%
88% 87% 86% 85% 84% 83% 82% 81% 80% 79% 78% 77% 76% 75% 74%

73%  13009] A Yoot AR alAMen b8 el 5 s GEHreHn YKrd G4641et6Bhine 6 20ideditYy or 60%
identical 'to one or nore nucl eotjde sequepnces sell

t
consi PetwrRenGWO OSEOTE FPAYERIES:1I9 DYy _ IR ,e’etf‘_ﬁ W%W _ﬁ’r%ééﬁf)at ory
sequens Qi {B9aRIM, d Af8Rled With efautt Bhbitfert, iclalihb bb Ypbdedy iy of

transc?i geng gpera Ively ed to 'the nucl eotide sequence.
10.0, an extended gap penalty of 0.1, and a BLOSUM 30 similarity matrix.

[0110] "Hybridizing specifically to" or "specific hybridization" or "selectively hybridize to",
refers to the binding, duplexing, or hybridizing of a nucleic acid molecule preferentially to a
particular nucleotide sequence under stringent conditions when that sequence is present in a

complex mixture (e.g., total cellular) DNA or RNA.

[0111] The term "stringent conditions" refers to conditions under which a probe will
hybridize preferentially to its target subsequence, and to a lesser extent to, or not at all to,
other sequences. "Stringent hybridization" and "stringent hybridization wash conditions" in
the context of nucleic acid hybridization experiments such as Southern and northern
hybridizations are sequence dependent, and are different under different environmental
parameters. An extensive guide to the hybridization of nucleic acids can be found in Tijssen,

1993, Laboratory Techniques in Biochemistry and Molecular Biology - Hybridization with
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[0119] Furthernore, the nucleic acids of the invention also enconpass
derivative versions of nucleic acids conprising a canine RNA pol |

pr onot er .wBukodr/merosvat i ves can be made by any net hod kneem/usgoosnessef skil l
inthe art without limtation fromthe canine RNA pol | regulatory

SeqUERLESici AaNPiJHE ahal Glaprt bETOvIrdewfpiRkDlesdEhlybAlizNesh ARithbe made by
sitespecific nmutagenesis, including substitution, insertion, or deletion of
one, ttmtegytdfmeeleicfdcidsprobe assays nBlsevia &N Ectambseck ¢faly, RROhdéileqdaraci ds.

Al terpativel erivatjves e. 0 [t ag S| S, t hod
for r %&?B’fﬁ' ;fy ?rﬁ? GG %aﬁz&a%(&ﬁ’gjc?%r?ﬁ%bgy%é%r&?@égu fﬁiﬁﬁ\?‘fﬁnﬁgﬁ*ﬁgdﬁcl eic
aci d imn gs PCRrEQRFAHS) CubrdnhBrdib @IERCR o RELRY BidldiMikbeheamBlishiihgl anced

nucl eoti de concentrations. These conditions increase the m sincorporation

rat e Assopiatespoll WWideyakersangei NYt he PCR reaction and result in random
mut agenesi s of the anplifiednucleic acid. Preferably, the derivative
nucl ef0d 12cGeseraldy, ighly steingdit hiybydivatidnrindi veash conditisny dgtseloptedto be gmmeé

operatjyvely linked to the nucl eotide, sequence.. [ 0120] | tai.n .
opbodr 1 Toter B e D BHE pR L Eif RS B Fiiehddiaba Al S idiP ses at

| east g12heM aniBH. Ahe 130 is A0 tenBfbratbfd (udfor dBBnePnicldngthlhid 6)1-@@1 whad, 140,
150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290,

300, 3¥5% of d8Cargesquang hyhrdizeuna peafestly sptched ppbes¥ery gungeny oenditiosy, 800,

850, 900 1 Cve. I g : I 8
oo RS PR TP o5, o, & oo gl oot

Prefe t he nucl ei c. aci onprises a.sequence .that cap initiate

trans@i%ﬁ/paﬁewn egﬁﬁ&%ﬁ&?‘gﬁl@%ﬁ})ﬁ ?Oﬁa’é‘&nf 't gnﬁ@(%{l%rbf’ de sequence in
cani Ngfebisatadshcldibigcill $which haed indRadhadl @bdut 300 ¢emplemepngy esshixdi oeat , t he
nucl ei c ‘acid conprises a sequence that can bind canine pol | polypeptides

and i filteriinedouthery o pasthern blat igiSP8H formakie Biithpl me @t bepain 4t L] GeWth tRaRNA i n
i lls. O i ' , ' ' f th
et elp b bhrlsd F DR@hiInk MR SriiliiJ il SEAoREAKETRS 1 N

(i n rehat dnd et 11 forrbéutndch@ates den exansle oif bietigéntoash venditionniser , al so
known as the + 1 nugl eoti de) of the s-e%e cedgrfgsegt ed. as 85%4:[8 %g) 1, or a
f unct §-8RatS sl atqoy & foR e BERUtesFpge Sam EGti1gea £ETCTIPHRD 9 i"H88bmal RNA
expre - ] f : | d DNO 1
Pt rA T pEBERD SR BTG P%%edfs6’?%@%%@%%%@%%?‘%%? D P
enbodprobatignalt e esmpleypoddium segpgbatyorsshsforja dnplex of, etdremprevtbarnt oyt

conprjses, ,or. alte vely nsiLst.s _of an isolat nycl ei c_aci or the
conp LibHicl iR il el BRIS e oD ssEBRAb o in Gy MR 2atton
condi §if8Sot @ g2 nidte kiginGabd6i ThGRIFOLEEN) & A6RESICaita0acifr sRhgatied thr om t he
group consisting of: SEQ ID Nosl-19 and can initiate transcription of a

gene gperata signay ¢ npiketitioef 2réorigharathan yhat efersyiedelor an sarrlaied pebe & [ 0123
[N O SRRl R)briaitdifor R0y 1RaiRRes betb SBH G Yp¥oiREAYGHESaRn. t Ne T NVenti on

conpri's

[0114] The term “about,” as used herein, unless otherwise indicated, refers to a value that is
no more than 10% above or below the value being modified by the term. For example, the
term “about 5 pg/kg” means a range of from 4.5 ug/kgto 5.5 ug/kg.  As another example,

“about 1 hour” means a range of from 48 minutes to 72 minutes.

[0115] The term “encode,” as used herein, refers to the property of a nucleic acid, e.g.,
deoxyribonucleic acid, to transcribe a complementary nucleic acid, including a nucleic acid
that can be translated into a polypeptide. For example, a deoxyribonucleic acid can encode
an RNA that is transcribed from the deoxyribonucleic acid. Similarly, the deoxyribonucleic
acid can encode a polypeptide translated from an RNA transcribed from the deoxyribonucleic

acid.
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nucl ei ¢ acid sequence that can bind a canine RNA pol | polypeptide and, in
one enbodinent, initiate transcription of a gene operatively linked to the
nucl eot i dwoeeuwome i n cani ne cells. I n one enbodi nent, pChaSaweloeise7 aci d

conprises a sequence that can bind a eukaryotic pol | polypeptide and
I ni tlﬁze (Niicl¥ic A @dOComprisintOCaking RICA IHol I R ﬁrat ERhled@nza VRNA. Li
certain odi nents, binding_of canine RNA pol paol ypeptide to a canine

pol |[01t@dn@psﬁylb§ém@ﬁdéolm§d a%lav@eldmwravw%M@a@bcoamwé@tqaaweassay I n
t
ot | RATERARORr Hfenc R v iciIBEN S, MRl A P PR BERE. OFnd © 2 eaei ng

pr ot ekegulbtolesegatncenan Bt acamisle, betopersbdly nedd td@nutlepsalidio tevedsaibdd0124] |n

cert ai n enbodi ments, the nucleic, acid conprises, a se ue e that binds
cani rédRAR 1p e presqnge eE%ttlﬁlglﬁf RIS HRRITiosOT it e os G 8<% ani ne RNA pol
wi t r t , gr oup

consi SPeEAL LRIl ARG B TRE porf%qﬁ@ﬁ&qzﬁ%ﬁ*‘?;%“%o N
cert aiRN&nbgdentent s, the sequence binds canine RNA pol | with greater
affinity than canine RNA pol Il. In certain enbodi nents, the sequence binds
cani re1RYAnpettaih agpdcls, dleqatent mfvémtrdntptomhamam@aiafeel ipadid fHat . 1 n certain
enbodi nents, bindin cani ne ul atory_sequence is assayed with
a BI Aemesm@wef%%Aa@@éw%t%rlgﬁ&rwlyaﬁg%P%E@q N& 1e<é|1a>é@}1@te¥m ernati onal

or ormL(J{iB nk%ﬂqg%%cle O%C?ds 0 ﬂen[rz&lg r;i/@e'dnsxf'cmgdé %955 ﬁ!ﬁ’l %’?ﬁ\ %éﬂ@fn'i‘@ RRMA pol |

nprises, or alternative consi sts ng nucl eoti de
sequ dnne@dﬂiﬁﬂ%‘hﬁﬂﬁﬁ%&ﬁf@ﬁﬁﬁmmm Wma

ﬁfﬁﬁ H&%@é\%ﬁlénza virus.
TGGCCGTGT %GGTCGCGGTGACCTGT GGT CCCCGOCGEC

A g;;gﬁ CAACATTT SEQ I D NO 2).

[0123' | quﬁ\el:rértkagﬁrlflﬁ podi rré-rli-lt S, t-E-ela Iﬁgﬂ%ﬁ@ ?% Sr?ogt%gir%m%orrprl ses, or

al t erpodhi regalajorycaguents onfragrhém tﬁanbdfdhatﬁ:g;ndu:wlwm gan®Bg UBNsEor canine
G, 93%, 92%, 91%,

g B0
AGGC@@@QE@MWWH%@@%@%W@ ok T3] g@@%@@%@ﬁ?@%ﬁ@%%%sﬁ%l D NQ 3).

[0127] I'n cértai'n enbodi nents, the canine ronot er conpri ses, or

al t erid&h.i’o%. y2¥o 4 Ve 78%0 p9% AV 67%06@%965%{:@%{631%» quEfeer 60%
G AT b B A S RN S el P I Fnsisting of: SEQ ID

Nos1-19. In one embodiment, the RNA pol I regulatory sequence or fragment thereof further

retains the ability to initiate transcription of a gene operatively linked to the nucleotide

sequence.

[0119] Furthermore, the nucleic acids of the invention also encompass derivative versions of
nucleic acids comprising a canine RNA pol I promoter. Such derivatives can be made by any
method known by one of skill in the art without limitation from the canine RNA pol I
regulatory sequences identified hereinafter. For example, derivatives can be made by site-
specific mutagenesis, including substitution, insertion, or deletion of one, two, three, five, ten
or more nucleotides, of the nucleic acids. Alternatively, derivatives can be made by random
mutagenesis. One method for randomly mutagenizing a nucleic acid comprises amplifying
the nucleic acid in a PCR reaction in the presence of 0.1 mM MnCl, and unbalanced
nucleotide concentrations. These conditions increase the misincorporation rate of the

polymerase used in the PCR reaction and result in random mutagenesis of the amplified
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GGTGACCT GT GGCTGGT CCCCGCCCECAGECGCGGT TATTTTCTTGCCCGAGAT G
AACATTTTTTGTTGCCAGGTAGGTGCTGACA (SEQ ID NO 4). [0128] In certain
enbodi mrenwe,200te2@ani ne RNA pol | pronoter conprises, oPCaiusesnaisee! y
consi st s of the foll ow ng nucl eoti de sequence:

TGGOCG e TTCTTGC
CCGAGATGAACATTTTTTGT GGTAGQTGCT GACAéE]g}gEé% t?"gg@%@ o1 T%;g]niﬁ\%:grtal n

enbodiofergess opdratiinliniedrdithqumicldotide sempteace.conpri ses, or aI ter natively
consists of, the foll ow ng nucl eoti de sequence:

GTGACQD: HW%EWWT&%%E%TW@T%nHOH comprises at
ACATTTTTT GGIAGGT GCTGACA éq I D NO. 6) . In certain

enbodil#Asht utth),e’zoeé%%SﬁqNﬁQ 164 r Hifbt &9> 128nbi4, ééé 159 160,t1dPnklG vel y

cons! 158, A 2 RSO SkE O IREIMSNGEl2s, 1. 415 WA | b v 7.

[ 0131]475;150%65@6:@036&61;60@&760580(1 1360,c30%, AEO, I&NAOO@boﬂse@Itﬁz@ﬁhélreoﬁMmﬂ ses,
alternatively consi st s of, the f oI | ow ng nucl eot i de segue
TTGATERT P FP st HEEPLU T TR KEQ 1D Nos1-19.

CCTW%%@%%&% 16% 8).

[013 zppbnati&@yﬂiakcd rtho divctestids, seqinmce andanéneRlls pold thupisarfotetonebnpri ses, or

'?'!I'tGirl' t.i vel y consi S? si .Of l E!he fgl I ovmin nucl eoti de s U%Qnglnd canine
mliﬁg ih@uenza vRNA in
Wm (SEQ I D 9). | 0133] In certain enbodi nents,

t he c&ARiae cENA pol | pronoter conprises, or alternatively consists of, the

follow ng nucl eotide sequence: _
TTGAT GNRIT TT CANAGE BTG EEBEAGATIAC FGEGETBECE CREO omprlses or

[O1SATIHRIIY SRS AR HEHES, ZONE” Cofi FRIMHRACJER T BRI EBRBEf ses, or

al t er gl #RlpyoraeRs iakb%kndlvn dshike + PhhQuhiR) Bﬂﬁlb@@cﬁue@l@e gﬁ:@éﬂﬂ&?@s SEQ ID
TTGATGATTTTTCAAAGT CCTCCOGGAGAT CACT GGCT TGGOGRCGT
NO:1, or a functional derivative thereof. The +1 nucleotide for the 18S ribosomal RNA

i

expressed from the canine pol I regulatory sequence found in SEQ ID NO:1 is the nucleotide
at position 1804 of SEQ ID NO:1.

[0122] In certain embodiments, the canine pol I regulatory sequence of the invention
comprises, or alternatively consists of an isolated nucleic acid (or the complement sequence
thereof) that hybridizes under stringent hybridization conditions to a nucleic acid comprising
anucleic acid selected from the group consisting of: SEQ ID Nos1-19 and can initiate

transcription of a gene operatively linked to the regulatory sequence in canine cells.

[0123] In one embodiment, the canine pol I regulatory sequence of the invention comprises a
nucleic acid sequence that can bind a canine RNA pol I polypeptide and, in one embodiment,
initiate transcription of a gene operatively linked to the nucleotide sequence in canine cells.
In one embodiment, the nucleic acid comprises a sequence that can bind a eukaryotic pol I
polypeptide and initiate (in vitro or in vivo) transcription of an influenza VRNA. In certain
embodiments, binding of canine RNA pol I polypeptide to a canine pol I regulatory sequence
1s assayed with a nuclease protection assay. In certain embodiments, binding of canine RNA
pol I polypeptide to a canine pol I regulatory sequence is assayed with a BIACORE system

for assessing protein interactions (Biacore International AG, Uppsala, Sweden).
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(SEQID NO1 1). [0135] In certain enbodinents, the canine RNA pol |
pronoter conprises, or alternatively consists of, the follow ng nucl eotide
S eque nc e : \BFHOBRDDMEDDVDDXDXODOOXOOO0ODOOXOCDOODOOXODOODOORCDOSRMIG ZEECGT GT CAC
GGTCCCCEGAGGT CECGGT GACCTGTGECTGGT CCCCECCEEC AGGCGCGGTTATTTTCTTGCCCGAG ( SEQ
| D NQpi74- Inl R#idikl endtibdeRétalithe £IAIE6 R RbRpricdies fatédte tRDIRR!cahinh RIAL er

conprises, or aI ter natively consists of t he fol I oW Nng nucl eot i de sequence:
, - \oHme Té&@@@?@lf ads ez R3S xibcoeater affinity

CGCT Gt ahPSPEEHIG RS PoCEnASISaIi &k oA ¢t Gl d s3dueh®in&RQn!He RIOA pbs) .
[0142] In certajn enbodi ne ts, the_canine RNA pal | pronoter conprises, or
aI t erlisith geseler effinitydhan @fﬁnnetli’qEAmﬂl ﬂlovlpr?@ﬂwa@@@fhna@t%ém@ﬂ Bence binds

5. 3 Sec or's gg’%gerrs 'Wﬁﬁ%ﬁ%@@é’%éﬁ%ﬁ E\?eﬁ'?l)on

provitdeding &t oising peit] regﬁmfﬁ&qaemad; essay@icwrﬂh o BIARORMywrenh for, i ncl udi ng
expressi on vectors useful for conbj. na es da virus fromcell

cul t (ASEESSIBg REptsiny 19teratcﬁén%§§3?‘é’§% Iﬁ?im@fé‘?ﬁagﬁg &i@séé’e‘?‘g‘l’ fbr rescuing any
virus known to one skilled in the art to require production of RNA with
def i i@ Hnlascertain angpadiments.ithe eapinaRNAGol d psampeter comprifes i siematilve, the
influ r ave a defined 5 and 3' end to be
effecct%lﬂ\‘zrlle Syf’rﬁé{g |c§ﬁ%ﬁ gﬁ‘ hﬁgg& gll n a reconbi nant system See, also
revi MGATWHTGAA"AGTCQWOZ)CGGA%HBAQH?GZ}CWGG@GC@GWG@G@@@Gﬁd by

ot GOl a B d e R b e A O A T A BB R R B e °
vi r U%ﬁc@;@’r@éﬂﬁ@c@@ﬁ éc@;@dtgcéhGT‘t@é@féG@frdd‘&céA@%ﬂAGU@@MGon

[0144] In accordance wt e present invention, in one enbodi nent, cDNA
enc o@@@@?@@@TWGG@@G@Gﬂ@@@@W@@Cﬁ&‘ %@ﬁCﬁG@ﬁUEG@&GQM c

R s G e s S n e I S LR o

r econbGoRtCEeaIN T PrCTRaCRd@AGATGACATaduati@ITOECAd G nRGEETGETUSES. A
vari etg of vectors, including viral vectors, plasm ds, cosm ds, phage, and

ar ti fGACA (B BAdKSABs, can be enpl oyed in the context of the invention.
Typically, for ease of manipulation, the cDNA is inserted into a plasmd
vect dP12¢ir dvcettany emhediorentspihe coning RMNA pbl I promoter comprises, or alternatively

consists of, the following nucleotide sequence:
GGGCTCCGTGGGGTGGGGGTGGGGGGGCGCCGTGGGGCAGGTTTTGGGGACAGT
TGGCCGTGTCACGGTCCCGGGAGGTCGCGGTGACCTGTGGCTGGTCCCCGCCGGL
AGGCGCGGTTATTTTCTTGCCCGAGATGAACATTTTTTGTTGCCAGGTAGGTGCT
GACA (SEQ ID NO:3).

[0127] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:
GCCGTGGGGCAGGTTTTGGGGACAGTTGGCCGTGTCACGGTCCCGGGAGGTCGC
GGTGACCTGTGGCTGGTCCCCGCCGGCAGGCGCGGTTATTTTCTTGCCCGAGATG
AACATTTTTTGTTGCCAGGTAGGTGCTGACA (SEQ ID NO:4).

[0128] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:

TGGCCGTGTCACGGTCCCGGGAGGTCGCGGTGACCTGTGGCTGGTCCCCGCCGGC
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replication functional in bacterial and eukaryotic cells, and, optionally,
a marker convenientfor screening or selecting cells incorporating the

pl asm d swqQuesmo®2008ee, e.g., Neumann et at, 1999, PNAS. PUBAIS2@6033867 9350.

[0145] In one enbodi ment, the vectors of the invention are bi-directional

expr eﬁ@mm(\z@Gfrqwmm@pf@c@E:GMGMQIAMAWGWGCGA@GEA@GMcvenom c
segnent fromthe inserted cDNA in either direction, that is, giving rise to

bot h GALCASHPBRAIDANG:Y)-) strand viral RNA nol ecules. To ef f ect

bi -directional transcription, each of the viral genom c segnments is

i nser0a29]i Intcertain emdmddmsdtsg rihes eaptier RNAvpal § padmoteemunigss,iondépmatieny
prom)ter u htg}‘{‘}j |es f viral genomc RNA are transcribed by a first
RNA pon§ists e flisape ‘{180%5{% SeQUASHi ne RNA pol | promoter), from one

str aF@TG‘A@E’FGT@bd"ﬁ@@@c@@@@@GW@G@G@M@AWT@@CQ@A@ET@%

pronoter {e.g., a canine RNA Pol pronoter or other pronoter that can

i ni tlﬁCéﬁTﬁiﬁﬁiﬂTmCGnﬁCﬁﬁTﬂﬁﬁwTGAGM (BRI IRENO&)I s) . Accordingly, the two
pronoters can be arranged in opposite orientations flanking at |east one

cl oni [0d36ji ]Ine:e(rthmeamboahme:ﬁk rthe tandme RNAypE I ipewoofar ¢d1mrisse,cgnehcm}1timlgf erably a
uni que cJonln% Z . suitable for insertion of viral genom c RNA segnents.
Al t er$agispatythe ‘HOV%}H%PEQF\%‘ © SEUYESsi on vector can be enpl oyed in which

the (Ab@iGeod TRV ANETEECCAASKTERAVAEITIRVETRSCEACRNA GIBGCT

transcribed fromthe same strand of the vector. As discussed above, t he pol
| pro@BCey (YEQ IDNEMSeri bing the viral genonmic RNA is preferably a canine
pol | pronoter. [0146] To ensure the correct 3' end of each expressed VRNA
or cREA31JemcderteiiNAntBIdimn e the pardissR DA padtpormetancimprasepar atternativélpoz yne

sequence, or riate ter nation sequence {e.g., human, nouse, primate,
or caffnqe SME@&MP&%@“{ SHMHCFon sequence) downstream of the RNA

codi ”PT@%WTT@A%A@Y@@TCWG@A@?@T@ACT@Q}@PF@GCU@CG?GGC@GCQ}SF genoni c

ri bozyme sequence or a functional derivative thereof, the nurine rDNA

t er mi G@GCKBC§§@§KE@@C@@@GGO@’E@§Q%CQ@MGWT@@MCGAQC&%BAT%I y, for

i o dgy ook g R EB TR R R TREE GG s e

sane (EEWED Nengl.he VRNA expression vectors described in Pleschka et al,
1996, J Virol. 70:4188-4192; Hof f mann and Webster, 2000, J . Gen Virol.

81:28 32]81417 R oA 88 the 8&9126RNACp‘dmgr&Qet%ﬂ&ﬁnﬁis%@,orlaﬁ%@neél yat, 1999,
J "tol . 73.9679-9682; Neunann et at 9, P.N.A S. USA 96: 9345-9350; and

Hoffnmmﬁl%tofaiﬂle f@l@@@nnglgm@seqwcslo 317, each of which is hereby

i ncor re ; vi ral
sequeﬁ@égﬂﬁﬂszgg‘@%& fgﬁg Ct(?(}@@‘ ?%%%FTW%%&@ ggﬁﬁ@?ﬁ%?rﬁgﬁscn bed
from GGU@G@GTG@%@G&}MG@@G@MGGUG@@e}se}ce(n@w@rrmﬁcscmm@rﬁm@m odi ng
each of the viral @%ﬁﬁq ¢ _segnents under the control of a canine regul atory

sequeﬁ@@C&TQ(ﬁECﬁ GrCCECECCECEGnIHQ FOING:9br onot er (" vRNA expr essi on

vectors") and vectors encoding
[0133] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively

consists of, the following nucleotide sequence:
TTGATGATTTTTCAAAGTCCTCCCGGAGATCACTGGCTTGGCGGCGTGGCGGCAGT
GGCGGCGTGGCGGCGTGGCGGCGTGGCGGCGTGGCGTCTCCACCGACCCGTATC
(SEQ ID NO:10).

[0134] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively

consists of, the following nucleotide sequence:
TTGATGATTTTTCAAAGTCCTCCCGGAGATCACTGGCTTGGCGGCGTGGCGGCGT
(SEQID NO:11).

[0135] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively

consists of, the following nucleotide sequence:
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one or nore viral polypeptides, e.g., influenza PA, PBl , PB2, and NP

pol ypeptides ("protein expression vectors") under the control of a pol 11
pronot er wanrodroumed. [0148] In either case, w th regar @ctrastéve/opssb | |
pronoter, the influenza virus genone segnent to be expressed can be

oper aQ&EAT@)@@TWc%m@@mwd@@%@@%md@mmmmc@m@@@@d@r ont er)

to direct nmRNA synthesis. A variety of pronoters are suitable for use in

expr e SSGAGCEARABEGLHGTEGIGRTHFCHCHSCATIGeR TEITGRALCCEMLLUTTd Genone

. PRiges BB T ORI e ol R R QTRER I GHE AT AR CrRRp o
r egul gid@orecendidderaicErEGITHEAGELOET (T PHUGHCA CaT T GEascAGEd whi ch
i nduce RNA transcri Btl on under the sgem fied conditions, or in

th
speci TGS EEEGTEA GBOTEINGEORMATHIG CHG P ALK GHRGETGHTCECEOCEGRE
1 i i t . di 1 th ifi
Do e A AT R T B RO B O 00 L ere obrai ned from

t he gena of . ani npl ,.and,_hyuman .vi es jinclude such .pronpters. as, the
adenowqu’g_i ?1( e Qg‘g‘%@’_éﬁ{ﬁ@i ty‘ﬁ§ar§§‘? f{ﬁsésbi’?ll ﬁ?’rﬁl %1 ﬁgl,npﬂgeﬁa?‘i %lf%gl}ahﬁe\x rus, and
POl Y OB Ydtd HS theABHoW ATy RURofi®S §cguédcd! pronoters. Mammalian promoters

i ncl ude, anong many ot’hers, the actin pronoter, |mmno&I obulin pronoters,

heat - SKHERGEOIBITEESCERAGORGTCERECOGUR G CHTE EBOE R CCERa TC

| i i j 4 nked
Lot h O T P R BN ST O TR Bh A SRR e da ke
ges ;:r idesd %mcmrcm@?mcac}embdte@tmim@gcm YPGB @;\quamm. : h@?GACAGT e R
acteri opnage ronpters can e e oye I N conjuncti on W e
ol y e T R eHETRE e hor T 0] ek M Lo e ToRechiaGos”
eXPr eSS LRl PRI AT CIIBAXSARHSRG Hy Kb prot i 1S for RV compl ex

for mation, ef erabl'y express vital proteins honol ogous to the desired

i rus, i on.of vifal j 88| b
R e S O S S e T S
The r eamdisté 6f YhesRUURTpUTRYiBEsueest i t utive pronoter, an inducible _
My D6 CEGHTES TES TG B OO RE G eee o0 T PR BT CA AR TaRtara e " <"
. . o ‘
Feg on e G R B Qb G A G R oot e
cont ail@ECCOTATE BCGIOAIH C@EMHAGETE6EHT T 0 (OIS TeaEIEnaT LA CYainot o,

ot ol AGGagCq b TRETE TR oA R O "1 4%5) . "the Feoun atory
sequences of the netallothionein gene (Brinster et al, 1982 Nature 296: 39-

42y MVB8hr Boeriainsrhodansh hecaniick N ae! A BTampencqmpseiw el AUHmatYLE

(Vi 1l azKagm 1Bt1dPkRGenddat | . Acad. Sci. USA 75:3727-373 1), or
t he tgg pr oérgztﬁeert%%lﬁggléer ee?maﬁ?,éal%%& Proc. Natl. Acad. Sci., USA 80: 21-25);

see al@EECCUCEEICEOATGGECY SN GECEIBCOaIGHatGECAGAHI BGerCGATCHTT _
AT 1 GRS TG EF o cBA G FERRSS HAA YEFERES CRIBT LRI LB deopal | ne

AGGCGCGGTTATTTTCTTGCCCGAG (SEQ ID NO:15).

[0139] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:
GCCGTGGGGCAGGTTTTGGGGACAGTTGGCCGTGTCACGGTCCCGGGAGGTCGC
GGTGACCTGTGGCTGGTCCCCGCCGGCAGGCGCGGTTATTTTCTTGCCCGAG
(SEQ ID NO:16).

[0140] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively

consists of, the following nucleotide sequence:
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synt hetase pronoter region (Herrera-Estrella et al, Nature 303:209-213) or
the cauliflower nosaic virus 35S RNA pronoter (Gardner et al, 1981, Nucl.
Aci ds Reswo2@@nigos and the pronoter of the phot osynt heCt/usamgesss? bul ose
bi phosphat e carboxyl ase (Herrera-Estrella et al, 1984, Nature 310:1

15- 1295GAUETETEA GEETRUCH ECABYREGCCBTOATSTATGGCTEETCESCHTE @t 4
pronoter, the ADC (al cohol dehydro enase{\]@g{)ormter, P& (phosphogl ycer ol

ki nasdFGFGaECETABI KEFT hE /faﬁégﬁ%nb vbber, and the fol | owi ng ani nal
transcriptional control regions, which exhibit tissue specificity and have
been [} Zederiain embndigeentss thervaniak KN4 pabl progotergonprigesn oF dfernaiebn whi ch
is active, i g\gg(:ﬁeati c acinar cells (Swft et al, 1984, Cell 38:639-646;
Oni t ZCYISE 01y 9%&1&%@?9%@6%@1&1&%?- Synp. Quant. Biol. 50:399-409;

Mac DogalcliTd88GTd Rpeh ot CCCAA X TIGECOTEUE TOCOTEARDECACaEYLeaGi ch
is active in (Egncr eatic beta cells (Hanahan, 1985, Nature 315:1 15-122),

i MUNTECOSTGGCEERA COMOATIAGEECIRGROECTCCEECIGLCTHAGHEREGECENG

(G os ; - ; A (N

318:5 ?%’F&IZ{F@%@% &@4}&%6%%%%@?&%%%3@%%@%%&%?&hermuse
mMamMmaCGETHERCCYGTGGCIGITECCEGOUGUNACGCSCadTMATTTTCESGAIC@AG br east

| ynphoi d and mast cells (Leder et al, 1986, Cell 45:485-495), al bum n gene
cont r IEQ HJN§%18hi ch is active in liver (Pinkert et al, 1987, Genes and
Devel . 1:268-276), aIJ_)ha-fet oprotein gene control region which is active in
| i ver [(QHRLIH cautaireembgdimegigsthe kytine RNIA polEinspmo®r ¢erBprses4d: aliegnshiselyet al |
1987, Scien 235.53-58: al pha 1- jtrypsin gene control region which is
act i v%oris}?%c%@‘F%@%‘%"”{‘%e“%%?ﬁg S"’é\‘%‘%%?, Genes and Devel . 1-.161-171),

bet a- gLOTGGIENE CHHT GOICTEGETOICETCHGEE ACCTGEGATTRTATE TRECSC@A¥bgr am et
al, 1985, Nature 315:338-340; Kollias et al, 1986, Cell 46:89-94; nyelin
basi cGIFBRAILNGEHD: control region which is active in oligodendrocyte cells
in the brain (Readhead et al, 1987, Cell 48:703-712), nyosin light chain-2
gene 88nt r Mectorgyiadh exyhriession gectorsi ve in skel etal nuscle (Sani, 1985, Nature

314: 283- 6 and_gapadotroni c rel.easj e i on which
s aolnar PRt Romel R SRl P GRS BB AR RS A00 6888 03,5

[ 0150fnvkatich, HRBGifg exprednai wents usefid e rcaxbinastdy eecuirg b oiras GHmt dell
invention conprise a pronoter operably |jnked to a nuclejc acjd sequence,
one oﬁ“lﬂ%?-eGélﬁ‘?fglilYa§hfb?XP_F9eﬁ§1_0iné’§P‘iO_Eﬁﬁre HRful OpTSSEHALRYY VBRS WIh’iS’r‘E‘esel ect abl e
mar kegsiéemdhe af o ‘aé\?'-]é‘ié? gf&dggmgxﬁéf BNANG &L 98MRk: enlid déf?ﬁ)ép iﬂ@llfifeeépa&d ignt, a

proteln expression e invention that 1s capable of producing
bi ci stxammple, asidiMaussay abevep thednfeshzhyiringeromingNoA shatld baveca detitadSequénce.

CertaLpinternal,.n.sosone entry. site KItis] seguences may, be utilized.

Pr ef of 16 PRESTEPLTONFBIPHET P e a TR Pl To SER S i &1 p
| RES 8@mbhiecNgnabbl) §3.86Y3-0662, Wik is ifdo2ddrated bgRefcrmbodemBNtThea nucl ei c
acid of the invention is inserted into plasmd pAD3000 or a derivative

t her ebfllowdepdistussion foquset ompyilresseni vsptopudiiiabetipopseorpitis ipenzs havever gur e
10.

it should be noted that other viruses can also be rescued using the vectors of the present

invention.

[0144] In accordance with the present invention, in one embodiment, cDNA encoding viral
genomic RNA corresponding to each of the eight genomic segments of influenza (segments
may be from different influenza viruses, e.g., 6 from stain X and 2 from strain Y) can be
inserted into a recombinant vector for manipulation and production of influenza viruses. A
variety of vectors, including viral vectors, plasmids, cosmids, phage, and artificial
chromosomes, can be employed in the context of the invention. Typically, for ease of
manipulation, the cDNA is inserted into a plasmid vector, providing one or more origins of

replication functional in bacterial and eukaryotic cells, and, optionally, a marker convenient
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Thus, in certain enbodi nents, the expression vector is a bi-directional
expression vector. In certain enbodi nents, the expression vector conprises
a SV40 powvpadevypb@si on signal flanking a segnment of thePCmfuse@an23se? r us
genome internal to the two pronmoters. In certain enmbodinents, the

expr e?o?'s%eﬂiﬁgto‘?Vsel@&fﬂ%@eﬁ@ﬁmh@@rz@i}ﬁkfﬁ{@;ﬂadr@iﬂlséq@en(:gw)f, dRIANdepenstenil.,RNA Pol
Il pronoter. [0152] Vectors containing gene inserts can be identified by,
e.g., 199, EVARL RSP0 903 dhes: (a) nucleic acid hybridization; (b)
presence or absence of "nmarker" gene functions; and, in the case of

expr ef0i46 Ivend @nlsodifedt, trepreeos aithoivenzarareli-disegiionslesxpréssiontvectoiy st
approach, the presence aof .the viral gene inserted i.n.an vec s) can be
det ec FaWblsiipidRENg trgq’chp%%qfi adY“?ZlgF%ﬂmﬁ SPEREH g"b’é ?1688?%? | scw é%: quences
that g RRADEQYAS id gidiﬁgerige% %bﬂﬂdgﬂ?ﬂﬂ(a%ﬁ-(—f)|sﬁah@9ir§lﬁ€lqﬂdnaléb\ﬁ1@§c’ho t he

reconbl nant vector/hoSt system can be identified and sel ected based upon

t he peffsamidirectiaibbeateripions eschaifthe viel lgeromigsagmenia ét ingeréed(iatopn

i st .t tibioti t ransf £ h by th
| hoer ERBRT YaHP aBea) o RS b RerR e R A g HRF b fE ARy "
expr egsiific FaCA AFStraRBribR1 tydefist RiNedpdlymassapiongpitte. ggenenfiieiNAtpol 1

expressed. Such assays can be based, for exanple, on the gh sical or

f unct pomadteny bpmrone stranst, andeirglimRNAS arn sinfhepireqd Hoys ¢ 35084 i*i}*syst ems, e.g.,
bi ndi ng, of viral proteins t i Hes. I .4 ] i ment,
one. oPoiesgelimlist iy St VA ISRt 3P bl pleRRG g Gn iR

pr ot eAsscipaes 5 RN A 9b] 1 e cidndiaatls)o M @brdiNgy,aheaplve yesnoters anbehernged
enbodi nent, one or nore protejn expression vectors encode and express the

vi ral ippRiositpgripristiansdlapling of lsashopp LIS (et e TESIHFHPBENARBE her
e”bOd%éEt% itiofR @&p&%%«;%}ﬁ:é@fe%% ae%rﬁgﬁe(aéﬁﬁ 590 sVRMIO b6t iIRRERALo RN g¥RIRRS L he

all o e vira I'ns articulfar negative-strand RNA virus. [0154]
Tr ans &N psegerdits. oAltenptiesdy ian(fambistmned expmssoyt Vgt chy bb emipheyed as sdiidhy

o, oA ) PG BRA L P AL S LR oty et Ratiieatbtn i Bencr case

transcfipf bhe vABHY LNMIAKEID HBULIRCHS IPRUBORERN tlagedri@titeraml mammal i an
genes (henogl obin, elastase, albumn, alpha.-fetoprotein, and insulin), and

eukar getansicdBVA iy prefigeldly aTarine pbllgemotesin be spliced into the vector at a

position 5 or 3" to the heterol ogous codi ng sequence, but is typically

i nser {@R6R{ToensinteehStortast 8'teap 06 parhexprefsadi VRATA w1 cRAE\, sranBR YA, oragRdNAf

desired, additional transcription enhancin sagguenc S ar.eﬁg o§e§peﬁc%
e

opt i MCHR SRR LA RO GL1POEERP SAGRCS TSR D ogous DNA
is tohe hphhRJIHERE, SRl ér @hind RNA &S%eﬂgau t&iifiggHnpeqi@icey s and
transcription factors Results Probl Cell Differ 20;125-62; Kriegler et al
( 1990)lowgsterat 9f e ROWh apdiag sequenesndhisiaay bendPreprmpls. Sedieaprdtis ¢eleohtsol
expression. of transferred ge . | lind BRrinR 1ANAY) -
Opt i oﬁ?ﬁ“fr?fc rfl?%ylélﬁ%f’ ¢ Sﬁe %%nﬁgﬁtédgg%g%ﬂgflkggg%&% g}ﬁegﬁflﬁlgl}ng site or an
termination sequence (Genbank Accession Number M12074). Alternatively, for example, a
Pol I termination sequence may be employed (Neumann et al., 1994, Virology 202:477-479).
The RNA expression vectors may be constructed in the same manner as the VRNA expression
vectors described in Pleschka et al., 1996, J. Virol. 70:4188-4192; Hoffmann and Webster,
2000, J. Gen Virol. 81:2843-2847; Hoffmann et al., 2002, Vaccine 20:3165-3170; Fodor ez
al., 1999, J. Virol. 73:9679-9682; Neumann ef al., 1999, P.N.A.S.USA 96:9345-9350; and
Hoffmann et al., 2000, Virology 267:310-317, each of which is hereby incorporated by

reference in its entirety.

[0147] In other systems, viral sequences transcribed by the pol I and pol II promoters can be
transcribed from different expression vectors. In these embodiments, vectors encoding each

of the viral genomic segments under the control of a canine regulatory sequence of the
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internal ribosone entry site (IRES) for translation initiation. [0155] The
expression vectors of the invention can al so include sequences for the

t er m nat iwo 2067/e@Bscri pti on and for stabilizing the mRRET/USA@E/023867

pol yadenyl ation site or a term nati on sequence (e.g., human, nouse,

Pri MafnQent@n, €3N iaNAniddoPDhyRIia e/ RNA ek piessibh vectsstjuarceltorSedingquences
are comonly available fromthe_ 5" and, occasionally 3, ugcfr nsl at ed

r egi oo @fmelgkara) pelypersidesieigal nibpgnza A, EBnsB24 4 olyheRiifieRb et} he SV40
pol yadenyl ati on, se i yl.aty 5ignal . [0156] In

addi t PEHESSKE ‘(fgtsf’zsr ?ﬁg%gglﬁ%%?%{ ﬁiﬁa @oé?%%(y@?cﬁ;grtc%agyg%??@i ncl ude one or nore
sel ec | e_marker gen to pravid he I It i of

Cr anslOARGE Rkt et Tt e Eladty PO T PRI RRL LR b bR e ARG
such as,dbyasaf Ghndled pRBUCkASE O in ARREHELS thasiiptian centeslsequentabl e f or
selection in eukaryotic cell culture. [0157] The expression vector

cont almomgterhte digspiroBNlasywatioRia. devaitetcel prompsas propuHablBsdeseas wel | as an

appropriate propoter. or.cont | t fansform a
oot B Eesful YRR Lo B RERRchar RS EPLeXEnb B RS 0

vect Ob&tdh efnBBdinitMeNihic@ftod@pabeirie(@MyaDadA idepbaiecheRNAl Papinksse Ho@o!
frequently it wll be desirable to introduce theminto nma |ian cells,
e.g., Weraneter isatiligdc 1€ desized, qpcier sggulatinggpndition , eI S nor e _

Pr ef e A HelokH & Slfirud iR . RIUE RRGCH o AREF BRI e IR ShEigNpr eSSi On
vectofs 0 he“Irnvention can be used to directing the éxpressing of genomc
vRNA( 8) indthe §pdcifisinieaisng celRNA(whernhs cinallrad enamaalom, agr,dumanaromai e. g.

part | SeREIT P eH: B° PRREHE ST TEs SChede ey o 5 ons ey
resul ty bk NGtedidis e g?érh&ers%tati&% Wrh W pdiOfes ¥amhRl addieuRNArsegnent s may
be the v ' segments of an influenza A Virus having an attenuated base pair

subst idalideauch proanqsem 2 thedidenavigys ésuich as Aderevires gD arepillomayyirys, Bepasitis- f or

exa e,. the kngwn att enuati ng base i i i . U for
o Bour RS S A SRR DAL B, MDAl B L
et al am%ﬁggﬁa#%;otﬁéri} Bho actifD30rAGRA) imBinbglobglit henmrebdaat-sfockpeomoteent i on to

produce réeconbi nant negative-strand RNA virus, new attenuating mutations

may bend therlikef iled spgatfiGenbedimenis the ragjatary $9HCREEFOBPESEHIDG JLFIIVEUéscr i bed

in US .P t . 13 i 1, 634,
T g L G e S R o g
U.S. Radceibed Bp el gatdloBidFlTadhndmes thoRDE78. 200601198 bacte2QiiBge 58BARers
20050037487, 20050266026,, 20050186563, 50221489 20(% 0032043
200409@213@9@12@9%%}10%% S0l PO Bt 66 1RE AL TBP R e wi t h
the present invention. Generally, the vectors described in the

publ i d@k49 Fxpecspiop EeHEERYL FPTAS @iral_,prgt@g@f el rt\?‘ra{ H@%%’EOE AP
I nve ntc'oglgle@(yfohﬂétfo%i%ﬁi PRt&aBly Sk A Praling REmbHEEEN loGhe &idd virds.

The expression of viral proteins by these expression vectors may be regulated by any
regulatory sequence known to those of skill in the art. The regulatory sequence may bea
constitutive promoter, an inducible promoter or a tissue-specific promoter. Further examples
of promoters which may be used to control the expression of viral proteins in protein
expression vectors include, but are not limited to, the SV40 early promoter region (Bernoist
and Chambon, 1981, Nature 290:304-310), the promoter contained in the 3' long terminal
repeat of Rous sarcoma virus (Yamamoto, et al., 1980, Cell 22:787-797), the herpes
thymidine kinase promoter (Wagner ef al., 1981, Proc. Natl. Acad. Sci. USA 78:1441-1445),
the regulatory sequences of the metallothionein gene (Brinster et al., 1982, Nature 296:39-
42); prokaryotic expression vectors such as the B-lactamase promoter (Villa-Kamaroff ez al,

1978, Proc. Natl. Acad. Sci. USA 75:3727-3731), or the tac promoter (DeBoer ef al., 1983,
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cani ne regul atory sequence of the invention such as a canine poll pronoter
sequence) as described herein into the expression vectors to direct

synt hesi swof2owia2a008VRNA or cRNA. 5. 3.1 Additional EXxpre®sirars2dticonsat s
[0160] Mbst conmonly, the genone segnment encoding the influenza virus

pr ot epfci Nedl U@sl. 88y USARG:2 0PSY, sGefte iRl PEseias abmn fe6émbingnebarteidi on,
including translation into a functional viral protein. In other situations,

a i ningnentifisrAwetiean, 2980, RH4 7404 cplart exiprassian ¥ erdots GOMRESPE the nopabing ns,

R T e R R S

t r anshakdionired 35 MRNPehenRke@qGusinenetiaig] $&iq ek dcidiiResed 2BPhaksd den i ncl ude,
e.g., the ATGinitiation codon and_ adjacent, sequenc To ins

t r anspramiaser ajithe Photesynihetic prmEaTibuless biphosphias %bwg%ﬁ (HempriskTda o n the
corregf .1@%3%&@&% Zfﬁl)nﬁ o ?ioz;;ﬁ(#ﬁo{e? eleifents ffcg'!a g@z{s‘%ﬁbtﬁer X QORI YS the Gal

t ransciiptiona enent s intiation codons can be of various origins,
bot h #atamakr, dndABYnalvehdlalehfhegafafé)qiremoter, FGIE xphoestsighyreca rkiteselnhanced by
t he i nclusion_ of enhancers appropriate the cell systemin use. [0161] If
desir@@ﬁuﬁﬂ$@K@@W@ﬂ#ﬁﬂ%ﬁ§@ﬁﬂgﬁg 58 & d%ﬁﬁW%EdWF?%ﬁ@‘mE¥$98g§? gg}enentsz
such &%io?fs%ﬁfch%ﬁﬂi BNGER spsQRLES hRThRE beQCRiliZakh Bln2BMAMARGRSs: ddadehe |1 ke

S
can be“I ncorporated into Stphe vector, usually, in-frame with the
pol ynligéneabntiel ®empneriteh Sfaciing mrpestreatis apinar tcells @vgBtet pbl MWBdpEelle expressi on

to a I cel L.ul ar t.yent. rane r qrganel | .anto the cell
cul t Ut SO G O Goqdimactd Speng PRt csien Shat PRLd Foo -2y’ el ude

secr e} f:enohfadBIs D ERAERSy 701818); ligsulliarees tédros egianeaihieadive inucl ear

| ocal i zati on sequences, retention signals, mtochondrial transit

sequepassdatic hetanelln Slansban, 1988, N pgrd Adr S%Lm@a@og@bglh} BOPIIOANST er
Seq”enceswﬁgﬁ# é'sa%ﬁl*%‘é’ﬁn gﬁ%@%gﬁfeﬁ#ﬁc}%}&h‘eﬁﬁetu KPoga thefPSRIATHSRN AUGREST S for

Maki nIQe ruse € expressioh vettors of the’invention can

al so beylugess NatamRiee 8c3B 3R] Alexbindes esalt,naB7,a8Mpr €sH. Begukes14E)er ol ogous
to a viral genone. Expression vectors directi ngét he exg;ess' on VRNA( s)

of,
or CcoOMOEEHBABNNAGY SFREN(E1us SPRIL AeSioR IR if ATt oHB &sIE R, STe36l hgRRA,

expr e§1;§ L st Rfil Qfe%iefj.ktr Chodd) ‘%‘:eﬁ&l%&%%%igé?, a?guéﬂiiﬁ@he MiothdBod Rnagner ate

novel ectious reconbi nant negative-stran viruses or chineric
Vi r usediveSe diver(PinkertdB ap at 87t Gemslaind dxeiveln 12681276 3 telrba-fnloprdi$2@B16002061.

Het er ol ogous .sequences whi.c be. engj ne i.nt Se V| LfUS i ncl ude
ant i s‘é‘ﬁg’g) AERP g“‘%‘d? a‘étwg_ﬁ’aﬁﬁ%&&?@%@%ﬁsEéﬁg%&agfﬁgﬁli’g r’%e'1 é%rf%rghat ively,
het er LGS SEAURNCES cM3IEB: 58 X93; Effia 3-RERYHHE goife datryPRpIdndehiaRYs be
engi neered into these viruses. Heterol olg%us se@quences encodi ng the
f ol | owdtivg ip &t livis Kelseyperl af.p &Pt T, Gseand Bevebdgi tebiledathelobimeg@e vi ruses
i ncl ude: anti gens that .ar h teristi 5.2 i gens
that - Srir ke ERAG: paR R LR LARU LRk 207, s BN TR AL
Kollias ef al., 1986, Cell 46:89-94; myelin basic protein gene control region which is active
in oligodendrocyte cells in the brain (Readhead et al., 1987, Cell 48:703-712), myosin light
chain-2 gene control region which is active in skeletal muscle (Sani, 1985, Nature 314:283-
286), and gonadotropic releasing hormone gene control region which is active in the

hypothalamus (Mason et al., 1986, Science 234:1372-1378).

[0150] In a specific embodiment, protein expression vectors of the invention comprise a
promoter operably linked to a nucleic acid sequence, one or more origins of replication, and,
optionally, one or more selectable markers (e.g., an antibiotic resistance gene). In another
embodiment, a protein expression vector of the invention that is capable of producing

bicistronic mRNA may be produced by inserting bicistronic mRNA sequence. Certain
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characteristic of an allergen; and 4) antigens that are characteristic of a
tunor. For exanple, heterol ogous gene sequences that can be engineered into
t he chi mewpeowvioe®es of the invention include, but are mot/uszoneineset o,

epi topes of hunman immunodeficiency virus (H V) such as gpl bO hepatitis B

Vi I US b agbsaikiege std BRAY) sequbtceg naydprutilieed) Prefbrrb@ IRES eleirtents {e. g., gb,
gE); VPl of poliovirus; and antigenic determc? nts of nonV| rf i‘eat hogens

such wlmb@rﬁﬁn@dﬁmﬁéﬁaﬂ%@émil@hﬁ%w BRES ang iaghepajitis sy s that are
characteristic of autoi mune disease typically will be derl ved fromthe
cel | $eiShdepnegmopliment, a nudeiewsid afitheimenithn iaingaded inéo plareidBARARAMRAI | an

Sci or Geb SRR BOTS, GIAE AR ERIE! bR 2FFEPERR im0

anen ghuddalc&hn SmebSEARER, the CkBleOiST V@tioraslh ol- mﬁm@naltdx@wssxon gastor.i I s,
juveni | e ‘di abetes, and discoid |upus erythromatosus. [0164] .Antigens that

are alcelémg@m@o@m@n@eﬂ@reapmym@m M@‘é@frf@lwlsﬁﬂ 2 ¥HP dodyadsnylatien si@nalg anti geni s

deriv f rom n K

01657 AP R geRenyRar s R bsngl QS por AR R BB oo pRAGGLS, BOCARAS 1 e
der i veghbba@ients) eheCRbtessivh aser co@nﬁrmeé s rytoneghleusys @MaNEN Aseperdlenhe |i ke
of cells of tunor tissue. Exanples include antigens characteristic of tunor
pr ot elR%APPhHIPlTJ‘?}PW@r proteins encoded by nutated oncogenes; viral proteins
associated with runors; and glycoproteins. Tunors include, but e not

i mi t $eLE20 Vectposeondaining ang inseHs Cﬁlé beygretifish by efireq gorerah aRRIBA

phary ora avy-1 e " l |1
o A0 L by PRS- EOIBE Pt LBt 68
Cer Vi Xaselfekpitesio®Védtdts, () a@@’sxonlﬁfﬁmseyfed sﬁqaems:s hr’the rﬁrs*:trm;ipttolaein thart s of

t he nervous stem thyroid, prostate, tes di, ease
non- F@H@Rﬁlﬁ‘rﬁ' (gy the, vigH @eae nserfadiipea Vﬁ?}@’f@d“&n ﬁdie eéggg I n one

speci 85’%% g@ns)oqﬁgﬁg eprgif)e téa@gﬁ,@%%@uﬁ&acesttha ﬁ@h&ﬁ@b@&% tﬁ@ﬂﬂ&f&ﬁgerﬁ

derivé none o mrunodefi ciency virus (HV), pr e$ erably
human In trasecatef dpprab,ythy rercumblrfhnbvectmﬂmt syahwmmdé:felléanélﬁﬁ@gl andl pelected | n
anot her enbodi nent of the inve

, eter ous cod|n guences nmay
be i nd@FPORItAHRLELAC AEYRERSFL: §f"%§ﬂ vg‘?nﬁgmb(‘g S (S 155 saélaeﬂgnce such
that anGhioieS 61%&1@%?111%&%01 ePoER §éﬂ9c%5t‘ﬂemleﬁf@m(%ﬁ|ﬁi@gdh%(sy hethset er ol ogous
peptide sequence W thin t viral protein. In such an enbodi nent of the

i nve ntwecfm (sx He ﬂhﬂa@@ﬂ@pp@@d@, egp@mt‘é@tqmyaralp%@e@;éﬁ@ém FEE1E BIEHE genome
8, rUS _prci ug}; Iep?%%g ps&ﬁ]%' Sgsgg%/ca%'bre%sdsedp E&%%@B & 8@@;%&%}9@' JORNePsh ci ency

i Ci ency virus I nstances whereby the

het er @hr@aptis oTelgireng @sotéingn b Mtrdasetayeglstemsmdrg slﬁqdmg @és'lraﬂmtoiemsl tude, but are
not limted to sequences derived fromthe env gene (i.e., sequences
encodiapfbedies. or part of gpl 60, gpl 20, and/or gp4l), the pol gene (i.e

sequences encodi ng al |
[0153] In a specific embodiment, one or more protein expression vectors encode and express

the viral proteins necessary for the formation of RNP complexes. In another embodiment,
one or more protein expression vectors encode and express the viral proteins necessary to
form viral particles. In yet another embodiment, one or more protein expression vectors

encode and express the all of the viral proteins of a particular negative-strand RNA virus.

[0154] Transcription from expression vectors can optionally be increased by including an
enhancer sequence. Enhancers are typically short, e.g., 10-500 bp, cis-acting DNA elements
that act in concert with a prémoter to increase transcription. Many enhancer sequences have
been isolated from mammalian genes (hemoglobin, elastase, albumin, alpha.-fetoprotein, and
insulin), and eukaryotic cell viruses. The enhancer can be spliced into the vector at a position

5' or 3' to the heterologous coding sequence, but is typically inserted at a site 5' to the
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or part of reverse transcriptase, endonucl ease, protease, and/or

i ntegrase), the gag gene (i.e., sequences encoding all or part of p7, p6,
p55, p i wWORo@oopidd/ 25) tat, rev, nef, vif, vpu, vpr, ardrars2006023860168]
One approach for constructing these hybrid nolecules is to insert the

het ergha@esuSTHEACHINGHEHNIA0RE, dndiDdaiBAJaRiTRhiar®@Btrifonenhaghaid ve- strand RNA
virus gene so that the heterol ogous sequence is flanked by the viral

s equesegBeNceL 3igi chesenfle PPz exﬁfﬂSVﬁ% imihe hastrqellityye into yhich Qlecl%ﬁq’rﬁ@gRﬂﬁA pol |
pro and

oli golhﬁ]ré 857 b%gg o&ﬁ%%%ﬂﬁgezg@n W@ 6%[';35%;*0920%% 7Yc?t;979.swz$989 facto;s 5ol ement
of t hRegdlts PEIBNQRUDiber @@112!5—'62;( IKThélgleﬂitaTlK@9%)WSeiﬁjﬁﬁ0ﬁwdzasegmants can be
|igated to the heteroal og}ous COdI ng sequence tQ construyct brid

mol ecilogioteTheng|SREenBEHalbi0 Gonrgl %ﬁ”@’élrfé[ viggs §€@F4§ﬁ’ﬁesé¢$—€%ﬂ§%¥ﬂé’éne

Wi t hi Lget o of

Appr o 122 o P e BB R e ot e ™ e
recenmt@ﬁlalai’m@@@ne enthpdieoliRBY) for tdangytidraméiatiessened this problemgreatly.
Restriction enzyne sites can readily be placed anywhere within a target

sequ eFHSSF ThOGgReditR vesordf the vetlidieainedsondtiage pepiscet dorghs tesmenationr
exa the techni ques descri bed by Kunkel, 1985, Proc. Natl. Acad. Sci.

u. S. AOf tgmsag@gion auérfola&tah;h@ng HledaRWe rsa@lbawlﬁaqeé&@f%ﬁte( @@FHPE’@HHH ogy,
d f
oS | fithoet 30 1 o it % biiBaRPGCLbI FIOR PolirfleQI1 BEAHANEASqhind).

restri or t acl e construction of " hybrid
nol eCSlh@ﬁseqﬁéﬂcei mtcbﬂmiqrﬂy B@ﬂabkea“ﬁhm tresS' andilodcdseonalip @', votrprskpet wgions

PORr calce g e Shr g GS éBcﬁ@A%Figgﬁ?rﬁé’a@&B& Sis?ﬁmép\%o@%?a%#@@m%s

: i T3,
_(Ii_gn;?g%B%% RW J]ﬁ(ﬁg“ d séqlgglncﬁeretr:g?]?amlogt ?Le(ﬁe?erol g;gﬁgl ggngsgnd a
can neEh P Rlaidorh b OMRE R ed {ﬂ% LREREALEDpROMIE J}laﬁ@e B 4 ABRGEibagIdi rect |y

fromthis reconbi han et anot I ment, the reconbi nant vRNAs
or cofnafi@pgattsng meMfé& psl’a:ylotyplqdra&pﬁ)r selediionl dfgmnisﬁognﬂl\w@t s@ibscinfadditgort he

negative polarjty, the etero S e an he cani ne.RNA. pol |
pr ono?oegenﬁ%l’li‘?&lo&ﬂy B S”Fg fggﬂlg‘y@%g‘? ateg i Sﬁﬂmeodmllareﬁ]égP%ﬁst ruct ed
to perishithyil ﬁfr@@ﬂecﬁcﬁl 1&1'6%'[(5197&19{:6:11 tahstation of viral sequences and al |l ow

for the expression forei gn protein coding sequences fromthe regul ar

term 57]egh%\h)gﬁrls:£{bn5\5e§:§)r cbt %ﬁﬁﬂe%% rﬁ})ngte BirgA SEERAEC RN RAGIBREE MY be

const ein the vira s translated fromthe regul ar
t er m aaweld pem sgacpriage p:rommer omfwhieoltsheudmc,elag ive soyplasied ¢o irgnsferim papstd from

an internal .site. Certai al..r.i bosone entr sequences may
be ut F‘g{ Eeé’ﬁﬂt“‘i"ﬁéxl?rﬁ@@%%f?ftl} WBLF tg? S RSB escioém)%élﬁén eﬁ g%nough to
not i pt goligki8a Yﬂﬁzﬁte\ﬂaf ébilspﬁl%k(ﬁgé Ontly AiwiRbe @BSirabldwdsntroduck Sheipf Bft€r abl e t hat
t he | RES chosen or such bi ci stroni c approach be no nore than 500

nucl eokimgediangellsagt, Werwcgl&s BHK cells, MDC(Cell 293 cells, COS cells, more

preferably MDCK cells, for the purpose of expression.

[0158] The expression vectors of the invention can be used to directing the expressing of
genomic VRNA(s) or corresponding cRNA(s) which have one or more mutations (e.g.,
removal or inactivation of a polybasic cleavage site in the HA gene of particular influenza
pandemic strains such as H5N1). These mutations may result in the attenuation of the virus.
For example, the VRNA segments may be the vVRNA segments of an influenza A virus having
an attenuated base pair substitution in a pan-handle duplex promoter region, in particular, for
example, the known attenuating base pair substitution of A for C and U for G at position 11-

12" in the duplex region of the NA-specific VRNA (Fodor et al., 1998, J. Virol. 6923-6290).
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| ess than 250 nucl eoti des being preferred. Further, it is preferable that
the IRES utilized not share sequence or structural honology with

pi cor naviwaloelmwemat s. Preferred | RES el enments incl ude, Pomtusase/ozsss7 | i m t ed
to the mammal i an Bi P FRES and the hepatitis C virus IRES. [0170]

Al ter Bylsing liifo mBthbAY 6 188 inehtion d SFBdud recih A HeghiiveQEANRNA Fiwsal
transcriptironal unit in which the transcriptional unit has an initiation

si t e mewlapaivptivemplasionpmayibe édentifiedinot her enmbodi ment, the foreign gene is
inserted into a negative-strand RNA virus gene such that the resulting

expr epso] Pudiiesj anyiof the Expsessionprectped desciibed ivVEL B.dtideny NoSem BT 373 g

Gencr 868 A0 AT B0 b AL R Saai T b SEHERE RS EP B P oduci ng
Pr ot ek e B eﬁlﬁi501'?56‘,’(%‘7ta%ﬂ%.g.n@at&ﬁ%pﬁﬁatﬁﬁﬁmé’cftﬁf W&, ORWDEPsRSSi Ny

expres’sion Vectof's of the invention into host cells in the absence of
hel pe200A0H 68342Pp@FO0ATA87, 200206836, 28050 8676, 2001138 1 ¢%4, 29050934043, MDCK

cells, T S [ ntio vi des nef.hods_qf [ i.nfectious
FecompHneEHE, IR e AT PR ) SR L g sror el B elBeht e on
vect ofseftitch. VEMNR:Afy, BRVeEDRALIGRNese pabIRSHbMTcRX Il @apted Forugeiror s of the
invention into host cells in the presence of helper virus. Preferably, the

host eedordange withalhd presens inventien by intnopexng anpelefcaeitf the Bventipndegr &ssi on
vect ors_.and ression v Lrecti i or
corre§%3WHFﬁ6acﬁ%ﬁ%“%%ﬁﬂggggﬁﬁ?g&JE%%h?% %Qﬁ%gﬁgigﬁfgﬂﬁﬁg %¥% y techni que
known déRrib&bs@ciafintdkhé bxprossidnevedtors i diteotidynttiesis tofiviralnvR Fedror eRaifp| e,
expression vectors of the invention can be introduced into host cells by
enpl oyi ng el ect 5apPr AlddfiienPENEr 681t Blémesift! Ci um phosphat e preci pi tati on,
| i posomes, mcroinjection, and m croparticl e-bonbardnent (see,

' e.d.,
Sanbr oBl60EMast convpbakyutherzeayoa seament eneasnaihe iilugarwrus polgH inclpdey ol d

Spring Harbor Pres | i . = = i ors of
the 1 ARCRG B E B e s e R acfpne ARG AR5 bl
sequeRirhlairbi¢in. [10bA3F sitmatione, emboginepat otharetificialnonstnes prneslgigthe viealt or s
directing the expression of

VRNA(s) or carrespondi ng. ¢ . e i ntroduced
i nto RE¥EnGEld SUgAGK Nip PEHED; G, OF aﬁ&b@rs&lg}s&rpfm@ Bt et ng
the eﬁ&ﬁ&%%@@&ﬁmmﬁé&{o%' si oL §hih aid iR (ROSERRAt SAHRAHARAthe HRALOIBEOWED! €

expression vectors directing the expression of viral proteins are
i nt r ododieg séquiencen dBtese sighals par ioclute, e hethie it TG thidatiomrroden adkadigrenbr nor e

expression vectors direct.in he expressi,on_of .VRNA(S). xr ondi ng
A R e I A AT Mo SN e

di r eclohigtt tORIRDPLRS Bl AV eab tidarat PNACiS) BRbg@0Ls BaReigiing] clié(s)andny

i ntroduced together or separately in different transfectigns. Further, in

accor dafatendodhns ¢rade erveodinengiss, botenasxphwdsvaheiecles Sligiretel ng t he
ie)r(l P (rj Iefss?sqérggsmog ?E{[Pa%se;r/’}e‘%?c:eg %g%ee IR BRI RN LS AFHOEHate QI RINRN sPfienigRar at el y

use.

[0161] If desired, polyﬁucleotide sequences encoding additional expressed elements, such as
signal sequences, secretion or localization sequences, and the like can be incorporated into
the vector, usually, in-frame with the polynucleotide sequence of interest, e.g., to target
polypeptide expression to a desired cellular compartment, membrane, or organelle, or into the
cell culture media. Such sequences are known to those of skill, and include secretion leader
peptides, organelle targeting sequences (e.g., nuclear localization sequences, ER retention
signals, mitochondrial transit sequences), membrane localization/anchor sequences (e.g., stop

transfer sequences, GPI anchor sequences), and the like.
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[0174] In another enbodi ment, one or nore expression vectors directing the
expression of VRNA(s) or corresponding cRNA(s) and one or nore expression
vect ors dwvoeediagooshe expression of viral proteins are ipatrrusduwseessnt o host
cells sinmultaneously. In certain enbodinents, all of the expression vectors
are introduced |nto host cells u5|ng Ilposones [0175] Appropriate anmounts
and r &4 os Jafpression 0 VI Jaig . AP ng out a nethod of the

i nvent & ;i n the
case dPERIITEE néfeq??ﬁ‘nvg%t@%fﬁfﬁﬁ% %?é%ﬁﬁﬁﬁaﬁéﬁéﬁgﬁﬁ%é FbRe: e\ iaRehar 1
the hceacprssekéqaenaets heteradoutus ag e dirhhgdnoarc hEpprasitndveciys «ﬂneeoemgrtlmeyed at a few

ngs, e.qg., .1 tq 10 , for exa e uted to, a |na t ot
concerf*PESHER obYRYBERIOT GOH RN ngr?ul[{ll\g# s} %‘er’r?t%?%e‘i\]”tt% ﬁ@"f deng Wﬁhr eagent
| n CO}&% LiBR3Ley FLoBRMUASE: thé Exé}%ysumaoﬂ:\ﬁ ngortéﬂs Ipsty xﬁ&frepﬁﬁec%wg essing NP

and/ o epen ent RNA pol'ymerase subunits at™ a concentration than
t hose rempnlﬂﬁmtmgga/tﬂmtwﬁ@m siru@ser skinldried iiusest h&e aérg USIdateappr eci at e t hat

th t d t t d di
the novphtiondrphsiHsR ronUSpOCATRA e erolfeon e Tates Wich REPE: abry or
| east e]aggﬁﬂere@ﬁntb@ﬁé“s% vuses Weludd arltﬁ@&’e nRcldh acids dnfastle 48 sieh akgast 10 ny,

at | eas ny, | east 20 ny, | east 25 ng, or at |east 50 q? of one or
nor e pitozging. z@km@ts‘mlb retesalpgous sgquetnlqes whighexpuses apeptidator pelypesti ermay host

|1 f rrb
ot hdt BmRa e f B R R B A G T e B P i oy 5

g, atp oﬂﬁfb?hd& Iﬁﬁyb@éngu%ﬁéd iBtoMeseatirdseimtlulle: lr)gmtlgénshﬂﬁs‘afre dtratieriséic | east
20 ny, east 25 or at least 50 ng of one or nore expre55|on vectors

of the |amam%r2)dtmlgms|th@ aphehagaghristis péﬁuteﬂnmm\mélseﬂse&;}%g%nsé ‘itﬁ‘f‘? oduced

i us g Eat h AERARGC LR LEEL O LRI OATL SRR TR S ana

RNA viltetiselogods gene sequeacdsithat canbdk unlgn@aredrmtgr theadhimericuldses efithe ﬁn\&:ﬁtmlmdar y

Il's,. f d t ed cel | 293T cel |
oHO cunide VaRowar e tele. Rme: SRR 4 Ao REBRIET ey Sfip ISPy o -
pr ef erahky. 1Rpheid BG&hb §urfe{E@ a8t 9 f@rﬁss@kggyth@w@bfo@anwﬁﬂépesws ®st gD

pref erably canlne cells. In a preferred enbodi ment, infectious reconﬁlnant
negat igk; ¥Pi aﬁQOIRMrw; arnsllsa@ﬁstggmlctdht@nnmensufmnmaépg@newatSé@h dbavCiE cel | s.

[0178] ﬁ Rresent Q@? ilon provi des nethods of generating infectious
r ecomfiPH AR ﬁ%ﬂﬁf?@g PART RNA virus in stably transduced host ceII i nes.

The st ransduced host cell nes. of the inventi ced by
"t od L3 ABRAS KR recnrae Byt epbtamrs Sxpresicony s be rr B

{e. 9. . thPLARIrBe, SRAREE huclRB WEBSndrld AISES 1iRE bPRainBlaNah Abdues) Sequences
pol yadenyl ation sités, etc.), and a sel ectable marker into host cells.

Fol | ovmdgde@nilgﬁrxs@h@r@@tpquﬁf dishetdsondlips, IDNJlN,plq deborosia Fyst et | s maybe
o e W;“e%l :?g‘# gor ‘t:pl%gﬁ%%ttl %F%?Clema{n%ﬂq 1 Amad%o% c@s%gset 088r03b5n S,W' tched to

a sel &¢ K61
autoimmune atrophic gastritis, juvenile diabetes, and discoid lupus erythromatosus.

[0164] Antigens that are allergens are generally proteins or glycoproteins, including antigenis

derived from pollens, dust, molds, spores, dander, insects and foods.

[0165] Antigens that are characteristic of tumor antigens typically will be derived from the
cell surface, cytoplasm, nucleus, organelles and the like of cells of tumor tissue. Examples
include antigens characteristic of tumor proteins, including proteins encoded by mutated
oncogenes; viral proteins associated with tumors; and glycoproteins. Tumors include, but are
not limited to, those derived from the types of cancer: lip, nasopharynx, pharynx and oral
cavity, esophagus, stomach, colon, rectum, liver, gall bladder, pancreas, larynx, lung and

bronchus, melanoma of skin, breast, cervix, uterine, ovary, bladder, kidney, uterus, brain and
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resistance to the cells and allows the cells to stably integrate the DNA
into their chronosones. Transduced host cells with the DNA stably

i nt egr at eslocar/do2008] oned and expanded into cell |ines. [POTASRoosomIsaber of
sel ection systens nmaybe used, including but not limted to the herpes

SI M{RX % e d SSihE RYRLEE BRtdh 1RRSId, ?ﬁﬁtﬁé tedhds, H'odglgt%'zatsegé@ ﬁori‘-ﬂ-loagk?ﬁts
hypoxanP i ne- guani ne phosphori bdsyltransfefase (Szybal ska & Szybal ski,

196 2ymptramea, mdttplenA@a\QmamdleuksmaAS 2026), and adeni ne
phosphori bosyl transferase (Lowy et al, 1980, Cell 22:817) genes can be
enplj@yesd Ih Bné kpecifivgmibodimentagiithe mebhtion, tmmblioge\hwseq@ér&es aranfetined abol i te
resi stance can be used. as th asi s of ctign for dhfr, which confers
resﬁﬂ%%&%@n%? Rpre Rapenedefigresey &m%f TSP IR MR . Soi . USA

77: : | i apt,

whi %ﬁﬁlcg%&er S r ﬁrg? a{noéé[l%t:ﬁ%a & lﬂ%g%&%%cyﬁg gz o an?tlggtﬁe 1%&%1?13@%981 Proc.
Nat the iAgamttionSthie. hetdBAoZBus2@ddRig senqemcesvniag bhe a:msnfted sllthmsanslt@atme stoantdhe

de G418(Col b t .. J . M Bi, ol 150:1);
na KA VG5 aifectod i ranence sutual il pr GRpERet it SiteSPd whi s 084
Cengoink4Hd heelafo?gout PRk sdfRntdiatid Y $irkBSeE. "R uCR Y Blaby¥@niht and RNA

viruses generated by nethods of the invention which are not attenuated, my
be af therinutnsidnothe kictorddzdip, sequsncesaany ko be Halswdcfrmtthmmmmemf aexanpl e,

reconbi nant ne Lve-stra uses of the n killed by

neatugeh gmHaTA B it E B ot HERE: et OaR LB DB gar

r eplijhfRnboehicikReamisrant negative-strand RNA viruses of the i nvention which

are not attenuated may be attenuated by, e.g., passage through unnatural

hosgm IR U4 6s me%pme\ﬂetéf&egomeqﬁb@waﬂeW@mcsuchtst urkedrat hogeni c.
ttenuat ed, live or killéd viruses produced in accor dance with the

i nvmﬁbflloﬂluda)but @bg@qhemewo b@tupmldpmeﬁ &omithe onagangdie-neequerqedsi tion in

convent on o) d ti eggs.

o FEdh B ofRATEE esol B0 BPL TR BEGaRO Do febisalerapinbdradt,
enc @dp@n af te%eb gﬂanedﬂpt@e mndbhume,qﬁoteagd;mﬂtcabmtdg@asa}; heey aemeci.oat i on

agai nst nore t han gne pat hogen si nul taneouslgDi At t enuat ed reconbi nant

VI r@%@nﬁﬁﬁ?ﬁé‘@agﬁﬂ 05@%’695 3%, R I7HS, PREM P ESWARE NifpBas &85 a chineri c

gﬁ,@t may al so be designed for other therapeutic uses, e.g., an
ant| -turm

agent or gene therapy tool, in which case pr oduction of the
ol . .
U gl U8 ABERSRRN G AL PRREREIBIR,

car rcb@thgeéquanbuem a TINA 8@inplalapeof a/hegmvéxseaqct RN@uerusrgeae@@ﬂdmrtme with the
i nventi on Is particularly favored for generatiaon of rea sortant viruses,
espéeicH! P%OWSéS%‘é?@P? islanichf by i ara) pedreBees JeatiFador gral PRBERFHE s o

par bbibar, as%a fife @kﬁ%t I BIRLNAS (1 FadlBf1aNSRERY Thonfddhafie cul tLre of
per Pri 0183 s of e’ present 1 nvention nmay be nodified
t 0 iapEoapy ro;hgemaéqmdbs erm‘odlng a cantne RNA pol I promoter, e.g., the complement of

the 3'-terminus or both termini of the virus genomic segments can be ligated to the

heterologous coding sequence to construct the hybrid molecule. The placement of a foreign

gene or segment of a foreign gene within a target sequence was formerly dictated by the

presence of appropriate restriction enzyme sites within the target sequence. However, recent

advances in molecular biology have lessened this problem greatly. Restriction enzyme sites

can readily be placed anywhere within a target sequence through the use of site-directed

mutagenesis (e.g., see, for example, the techniques described by Kunkel, 1985, Proc. Natl.

Acad. Sci. U.S.A. 82:488). Variations in polymerase chain reaction (PCR) technology,

described, also allow for the specific insertion of sequences (i.e., restriction enzyme sites) and

allow for the facile construction of hybrid molecules. Alternatively, PCR reactions could be

used to prepare recombinant templates without the need of cloning. For example, PCR
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met hods known to those skilled in the art, in order to inprove efficiency
of rescue of infectious viral particles. For exanple, the reverse genetics
t echni quewDro@l/ove®st he preparati on of synthetic reconbi mamiuszéocal3sRNAS t hat
contain the non-coding regions of the negative strand virus RNA which are
eSS eHctighs oId bdresel 86 Pedpatd @tbRYsttnied DN YT ARS %oﬁt'aﬂli{x%é pagekagi ng

signal s necessary to generate a mature virion. The reconbi nant RNAs are
synditegied RAN/ peliingrase pertbotieales. Draterionhiset’®, AndrS@odmst thedybddi n vitro with

(e S Pl R R B8 Bl R A R PRt RRENEnBRE et on

i's asllieNadd tanshtbed ditdotlp Hoy Bl CobDhAl DNAAIT yof S5RY: efiboliffent
transcription of the synthetic RNAs either in vitro or in vivo. The

syniifeesenbiseyiNvanher @yEspendingeRNAS srpyde preparehbr bemtingsRNAsus parti cl es.

The i i : i in. U Paf .. . 1 57,1 ssued
Nov.s"g%f? g‘%lgtggné%eaﬁk}%bg%%g{)ﬂhgg’%@l‘g%%s o L s Traipb B })Olilgggx,nolt% U. s.
Pat usihigan RN/BUga&29 i ssued Aug. 4, 1998; in European Patent Publication EP
0702085A1, published Feb. 20, 1996; in U S. Pat. application Ser. No.

09/ 16598 Bicisttdnid MR AabilANR coRah@mid tByRlhE #tbRRBINRERMNE? tadd A3 stbl i shed
Apr. 3, 1997, WDR6/ 34625 published Nov. 7, 1996; in European Patent
Publiralsenesmeesransdzaiony Br trgoresios pf feisigngielgineadingsequargse fromobe/ 53078

bl i .20, ; 08/.0253 | i.sh an, 22, 1998: W99/ 15672
Bﬂb?‘%gi‘ﬂf‘ige‘%%“r@ “,ag?tl‘;fggg? AY\'QU )’%gca(l)b%tl‘gﬁo’:“g rggNJ/i\pSr’?qui‘?dei’é%‘/s,é W97/ 06720
pubtoshactel elhered the 8T seqrtcERQardoted TOM tHeubhilshetnibdNopedTeadi®97, each of
whicgh is an rq,orated b%‘%?ref.er_ence herein in_its entirety. 5.5.1 Specific
SegHaf N‘e@*&_t PReesTS AR cRRRINA P Bomrso At el sie. [((priaiy intdreal piboseme
| Ve AR PREY) dBSef BN i MRIRES Mahdhcbiihith Bk BRIk HdUiPEL T OUS

reconbi nant viral particles of a segnented negative-stran VI rus having
gr eshat enough t@ngfentsrfere wihAirsepariagisg liotationsffilus, iais prafetabénthat ther us such

as influenza A virtu sai d nmet hod conprjsipg: ( introducjng.jnto a
pOpliIﬁ{%$ ?12)%_616?‘)@3@? & é%%é%l“ea%ﬁf%ﬁ}gﬁdw% tb%%‘&?g@g%"\}??@i%’ ‘_g{“fﬁi rst set
of BxprasI50AuVEsE Do Rblef <@/ FuRiRE, 868 iphdelablesBAdnE B ES uEBAQIME VRNA
segnents to provide the conplete genom c VRNA segnents of said virus; (b)

i nt FRgRIBGIMERGeE Streiuml Bemology widrpisemssiralsfierasysy. dseferad RIS olementspabl e of
i odi . | i . saj.d viruys: and
out PERTD L AR G0 B9 el R e BR A SR B e ia RS IRES | 2 Cer + i

o o R Bl Py PR R e Soed o oo ReS PR Aol 1 Lenza

A otn Which thestrank frigtediabuit BAROGhIRALS sité ARl pdlysdenSREioREitEXRIRS8lepn Vectors
i's cogt ained in 1-8 plasmds. |n certain enbodi nents, the first set of
ex pFERGIBRLY therforaien gencgs insereintoa spgetiye sard R NAvises gaesuentbetiibeent s, t he

Secfé@ﬁtiﬁ%%xﬁfess‘éé%@éﬁhg’gst'?&rI BeihS contained in 1-8 plasmds. In certain
ment s,

enbodi the“second set of expression vectors is contained in one
pl aggl d. Me?hods of Generating Recombinant Viruses

[0171] The present invention provides methods of generating infectious recombinant
negative-strand RNA virus by introducing protein expression vectors and vRNA or
corresponding cRNA expressing expression vectors of the invention into host cells in the
absence of helper virus. Preferably, the host cells are canine cells, e.g., MDCK cells. The
present invention also provides methods of generating infectious recombinant negative-strand
RNA virus by introducing protein expression vectors and vRNA or corresponding cRNA
expressing expression vectors of the invention into host cells in the presence of helper virus.

Preferably, the host cells are canine cells, e.g., MDCK cells.
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certain enbodi nents, the first, second, or both sets of expression vectors
are introduced by electroporation. In certain enbodinents, the first set of
expr essi omovectrme®sencode each VRNA segnent of an infl uenzaseencosiset n
certain enbodi nents, the second set of expression vectors encode the nRNA
of one or nore or all influenza polypeptides. In certain enbodinents, the
first D&T2lofroteitruession vortossdeasrassion sestoisslireeting therexpeessiyn e61RNitse a

nucl ei j : f aventi r >ani ne I gul atory
cequertisSEpheptir RNV ERedrod itk BB S BT SRS ow LT 21
enbodi these of skilhia the #r$ witheit lanit&t&mo Rdr seimsle, eXpseivaiveBtoVEsitihe frvetiodot h
sets) encode a VRNA 0{1 nR[ﬁ\@of a second virus. For_instance, a set of

vect or@ndsiprodiced Biehest cally by gaploping clasararaion, RREAR-dexbps calgmRNAaNd/ or
VRNA o I f : i | is used
¢ ha hegpRECtplor B cs Mferoln RS AT RAGOFE ol Db RRimEN (e, ¥ G ar e
cani nez.gebambropk £84)], MélecylareSleningt AVietbbradery MantiatleSed, 1H80hGdldf $yiringener at i ng
in cultured cells. jnfectjous r [nant viral partjcles of a segnented
negat i I%;g%gﬁ? 2 Gie C%Rk‘llﬂ\gll?}'i‘?&xféarﬁaﬁ .ﬁﬁ%o)g? é%l?’é?’estSWé‘nvegt%é%ﬂ%%F ém(PRR@P S8y ¥énts, for
exanpligugduded ikt D& SitthlaHEIsBSrAgdeRfiliignza A virus, said nethod
conprising: (a). introducing into"a populati'on of cells capabl e of

suppor ik r . S A i i O bl e of both
oy o R b o e R M L R et e
genomyRNR¥Aos egnepdsling cREAGs)wire insrodnctddatodiokiccetis peiop teths imgpdubiith ehcodi ng
one or nore pol ypeptides of said.virus; (b) .culfuring said cells whereby
sai d \ﬁXPEﬁSSIBgF’P%/tEIISé]ém%%g %P@aar@ésa@n P PEAFIRS. Rt FEDOdIRAL D18 ar e

cani ney,6Rldxfresdibn G R Id 6 b BSteSsiod S8 i EhloteiRd SreYREKIked fto nbg certain
embodi nents, the virus 1s Influenza A or B virus. In certain enbodi nents,

t he setellppriexiortbsBitodustmntafitse emecorqnone exprssidmvectdr? diectsng ths expresi@r t ai n

enbodi he set of,.ex ion vectors i ontained.in 1-8 plasmd. In
cor ¢ ail BN Reseer i BESAR ol FGEkRhRe vk BBRs St " o1 S

pl asm Hpreskibn &8EbRIde ke BRPreSsion HEths QRN (st RIESSHHAIMEHIOA ) nfay
contained in_one plasmd. In _certain enbodi nents, the sets of expression
vect oriiragueeq fngethgr eetprpiptady ardifispat wensdertionn Fugheniin aeoopdraceibdhesehe set
of exp i A S | wlrus. In
cer t an BRI Qe SRE A EPRL KA ERNED, B cRMTRHMREBIIA ST one
or noriatrodifced eopzthepot yapeptdlden differenetrhmsfectionbodi nents, the set of

expressi on vectors encode each vVRNA segnent of an influenza virus and the

MRNA - q017fjen@hotier énbdtfilmeg) 3de POhyRaRbdgon Vect6R IdiRicingeRspfRibs of t he set
of expression vectors conprise a nucleic acid of the invention, for
exanmp RNA(s} aheoeesppuding SRINA{Dginfl 90 pPymeErdrsaiopfveeives dirsetipgiln (e. g., a
canin Nl 1. Qr ) - A L: expressi on
voot or iR be LBl AR S bic (o BaRRl AbRon R R eo kl)? BShnth IET S of
vect orentodimpents el ofitiee epression weiotstars irtrodoacidngtot et E¥llsandigdiposidmefNA and/ or
VRNA of a second influenza virus. In

[0175] Appropriate amounts and ratios of the expression vectors for carrying out a method of

the invention may be determined by routine experimentation. As guidance, in the case of
liposomal transfection or calcium precipitation of plasmids into the host cells, it is envisaged
that each plasmid may be employed at a few pgs, e.g., 1 to 10 pg, for example, diluted to a
final total DNA concentration of about 0.1 pg/ml prior to mixing with transfection reagent in
conventional manner. It may be preferred to use vectors expressing NP and/or RNA-
dependent RNA polymerase subunits at a higher concentration than those expressing VRNA
segments. One skilled in the art will appreciate that the amounts and ratios of the expression

vectors may vary depending upon the host cells.
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certain enbodi nents, the first set or second set of expression vectors (or
both sets) encode a VRNA or nRNA of a second virus. For instance, a set of
vect ors cwopnerm®sooene or nmore vectors encodi ng the HA amrdiars20d6/0edbA and/ or
VRNA of a second influenza virus. In one enbodi ment, helper virus is used

inth od. In one e i , the cultured cells,us in the thod are
cani nz()]cn%5 Iq’% ong @T@%@Wﬁg%ggaggﬁ HE, W%Fﬁaﬁ@rﬁ% Eﬁ'aSti/]C H%?sa% éeaﬁtee{j'ﬁblg’ ?tgPasé nerating
in cultu ly loS i ! i Or R3idt 26 @S

negat 1B o L e s ?ﬁ%: B st 0 1o a

popul af benoofhorerbieineypatsisionokctorsmidhe innentinone intiorluess) istohast sells i r st set

of expressi on _vectors capabl e of. expressing. . i 2nom ¢, M to
provi GEFRE u&%ﬁ%@&lgco alﬁg?ﬂtélewﬁgf‘migﬁ W Su;ﬁ ag%‘}i%! éﬁ]t%l?cglg‘&gg%nét It sai d
cel I's 0% |9€GR@ra5B} atQéasEX pg,em@a@m.s@%,t ANGastaPaLiteesf 8 prniesst DY uERNA
encodi ng one or nore pol¥ eptides of said virus; and (c) culturing said

a

cel | s lagelhy, & dagt 20 ket sastiiSaieey ahleestplgearfame oF maEe PXEPFiRS® Fent s,
Lo SR} SR MG RE e Sk RGPS A0TALOPASRE A Snirb R b hoBf &K

cells. ncerftain e e Virus is i uenza n certain

enbodigs®dibie infebBodsireSdmisfint abgaiprsaasd RNAveeisor s is contained in 1-8
plasmds. In certain enbodinents, the first set of expression vectors is

cont aijed) iHbseB&1sRV ATy bb RiséEiola@h&aRTROAABNE Strarld ENBeGAREs §£theof
expression vectors is contained in 1- 8r§f)l asmds. In certain_ enbodinents,

t he séewntion écluste nsimpare seliso aulused o sscorflapnerlli #rddrangiosmed pr Hupogtalizgd

certai n,enbodi , e fir t -On vectors
are in W}Sogb&’géﬁg%hg’l 2e9té ? rCSI;%éd rczlﬁc;) 8?11%? S}r%g%%e?{saﬂlg% erﬁg’lson@;& S, § ﬁeéjfcl rst set of
expr essliYNHYs LN srepncfoddlyeadhaMialg mag pesterably mmmimafibniesizpand most 1 n

certain enbodi ments, the second set of expression vectors encode the nRNA
of on&rderahbyr@nmsiaelienkg Rfef%éﬁtn%e@mqnﬁ lgf[éP?%Sﬁe%ﬁ”ﬁB’a?%ﬁ@%}vef%ngi rst set

OF 5GA0A \Rfkesdlr RIAVEIRIAN. KERLALEI(MD A0S et S) conpr i se a nucl el ¢ acid

of the invention, for exanp canine RNA pol | regul atory sequence of

the i i Q. : i : i t,
et ped 7R (3ot ARt O e R dr BRATE Elpteclls ARGREIRRE M0t )
used nBgdthve-simahd BN AKEucAnitady tedddsced B!l [Hifes. Tireessairy tramsdantd bostpr ovi des

a method for generating in cultured cells infectious vir articles of a
negat Wihg@% © RNEYOTH R be ar@uﬁ%&%@&tregws Ng- Coelgyh?ﬁ¥ CPHE®I nto a

popul %) Qi cGfld %m%ﬂ&f{k.g, giorﬁ&eg%ﬁdne&, Qéq%\éﬁ&sptfrar%&iéﬁe’clio?ﬁistéﬂﬁinﬁti%t of

expression vectors capable of both expressing in sai ]genpm' c VRNA to
pr ovi dequehees polyhdsnglagien eitess ete RN dof sebesiatlavinpidrst mtwhespelts EoBewimgghessi ng

mMRNA encodi 0 [__nor o] eptide said virus; (b ul f yrj ng. said
cells 1’&%‘5&8%&‘ ggﬁ%ﬁ%ﬂ)ﬁefgé‘l &ng {IN%ETE‘EIEA%F@ C%&dﬁ%%%%ﬂq“ﬁeﬁg 8 %f%v?’ ﬁore]%g 611 & ?’%éqnt s,
the cehlefiridic MadhNRdeRd fe shilcedrd aisdleaitRaedi®MS, selebBbRehdrkent@n ICK
cells. In certain enbodi ments, the virus is influenza B virus. In certain
enbodirerisianse to the aslls apd allows the cells to stably integrate the DNA into their

chromosomes. Transduced host cells with the DNA stably integrated can be cloned and

expanded into cell lines.

[0179] A number of selection systems may be used, including but not limited to the herpes
simplex virus thymidine kinase (Wigler, et al., 1977, Cell 11:223), hypoxanthine-guanine
phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA
48:2026), and adenine phosphoribosyltransferase (Lowy et al., 1980, Cell 22:817) genes can
be employed in tk-, hgprt- or aprt-cells, respectively. Also, antimetabolite resistance can be
used as the basis of selection for dhft, which confers resistance to methotrexate (Wigler et al.,
1980, Natl. Acad. Sci. USA 77:3567; O'Hare ef al., 1981, Proc. Natl. Acad. Sci. USA
78:1527); gpt, which confers resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc.
Natl. Acad. Sci. USA 78:2072); neo, which confers resistance to the aminoglycoside G-418

-48 -



expression vectors is contained in 1-17 plasmds. In certain enbodi nents,
the set of expression vectors is contained in 1-8 plasmd. In certain
enbodi mrenwe,20ate2@et of expression vectors i s contai nedpcm/ub2@6pkamsm ds. | n
certain enbodi nents, the sets of expression vectors are introduced by

el ectr ation. ln certain_e i.ments, the_ set of expression vectors
encode&ggé‘?fr‘?i PELY nﬁ&%)lf’ J é%%l%éﬁ%);@ng hygro whicgconiers iepisisasatent s, t he

set of hexBhEsRI (SAnYRE EOAIS 1988 Aet30el 4 f one or more influenza
pol ypep}‘fglfde;9 In( certain énbodi msr?ts, ?ﬁg&seg't of expression vectors encode

ot w80 b AR e Pp kbt PRAR L SN Vir PR o S B e

vect or sivemtiqr whieh aremut lattemuasel, chagbe tatiemiabedesiiiiloet byl, @ RUAPRY, Elassic cani ne RNA
pol | regulatory seqluence of the invention _(e.g., a canine RNA pol |
pr oot BEhods. Fog gxampls, teppBbRARiTiegativendragd R varpssed dheonversionanay encode a

VRNA o1t nedt oﬁ‘f&%@iﬁqfﬁéhgé{tﬁhsgﬁ ttgagl}ngér‘ﬁﬁxt %%ﬁm%%tfr flicXtﬁ%zr s conpri ses

one or nore vectors encodin and/for v of a second
i nf | ueReg@mhinamg negativerstrandrBOUA nizmdes ofidtleprvention wehidtsart sethticAudtb@magtaod. | n

one e dinent, the cultured cells used in the nmethod are canine cells.

[0 188?23[%98&%?1 gé’eﬁ" PW%%ﬁthﬂ’ng P&(}@ta@i g‘éﬁ“ﬁr@tﬂf@&@d’? OgFEN ViHBGSirhateyl t ur ed
cani neingﬁ{llllosgehﬁ[g&tﬂo@gﬁh@;fg&ﬁ\g. particles of a segnented negative-strand RNA
virus having greater than 3 genonm c VRNA segnents, for exanple an influenza

virus @‘15 ﬁﬁeﬁﬁtédﬂi%’@f‘ﬁiﬁe@vﬁ&g?rocﬁg%djinr%tcmgnc%w bR\ 1&3] Rroviding a
first population of canine cells capable of supporting gro 0t7sai d virus
and hasnbsgguiently belincerboaatéd st a sedcind comypsiivaiin bomeations neapatdrasaf todi rect |y
expr essig in.said canine cells nom c, VRNA iegmsn,ts to_provide the

conpl '8 '39—? t@“@ﬁ\‘lﬂ‘sséén%f%gso S %‘Cbiar"é%‘,s ésraFIH@eEISWB&%W%a%RNAS,

I Nt heqisRBsedicAo0é whidhednR6des\d foltSerd ShdeRVit A8y BBYorMAlLBRQEENt . said
canine cells also being capable of providing a nucleoprotein and

RNA- deysepideien #@dnsholoyerthan 9oe phibp gdnysiRNParmongly eA tenuvetedtre¢omibigartt kgruggsnonmni ¢

VRNA se nt.s. of . said vi can be formed and said .vi articles can be
asseanrg%?%dtnﬁlgﬁcoggﬁnﬁe c‘fvétﬁ?l%ﬁ%llgg?ﬁl(gl, Wg]ﬁg%%s)essc%? IWFHQ’@Q gegggﬁf WéYcel I s
wher ebylsesied dosidned lforPRhér tEéraperdicRisey, 03U GAAnti tAmeLideAt br LB sk ARNbS1, i he
canine cells are MDCK cells. [0189 he present invention also provides a
met hodVhigh ceremapdidtiag of fhegius mllé&ecfal&nw@p ity incomppeation datg agiapproppatet i cl es
of a NA Vi i rising. (i)

or ovi o A A<l eApLY Ao T AR T oot TS SR Fi Mo

suppor gt rromd of said virus an ich are .nodifi.e 0 as, to be
capabl[gh%g %@ﬁ%@‘ﬂﬁlﬁgﬁf Ay THE™ FEROIIES WRRAL 1B er?’é’rnds Wl?lﬁglaﬁ}‘n%atvﬁéeda%gence of
a hel peneation st foaskoftant Eri3ug leegpilll @tads@tht el fPANGENEcsRMA RGOl Y ERE ase
wher eby RNA conpl exes containing said genom c vVRNAs can be fornmed and said

viral jsapeiticpielysaceselegiunpibads arg apbnesdedin dd (reutsaifhglpgr vises | y
expressed in said cells under the control of a canine RNA Pol | regulatory
seque 10883 oFhermpibpdopidhe geasentanveption may be modified to incorporate aspects of

methods known to those skilled in the art, in order to improve efficiency of rescue of

infectious viral particles. For example, the reverse genetics technique involves the
preparation of synthetic recombinant viral RNAs that contain the non-coding regions of the
negative strand virus RNA which are essential for the recognition by viral polymerases and
for packaging signals necessary to generate a mature virion. The recombinant RNAs are
synthesized from a recombinant DNA template and reconstituted in vitro with purified viral
polymerase complex to form recombinant ribonucleoprotein (RNPs) which can be used to
transfect cells. A more efficient transfection is achieved if the viral polymerase proteins are
present during transcription of the synthetic RNAs either in vitro or in vivo. The synthetic

recombinant RNPs can be rescued into infectious virus particles. The foregoing techniques
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thereof; and (ii) culturing said canine cells whereby said viral particles
are produced. [0190] The present specification also provides a nethod for
gener at i nyoizno7oekdosr ed cel ls i nfectious viral particlespofi/is2eegasat ed
negative-strand RNA virus, said nmethod conprising: (i) providing a

popul atign of canjne ceIIs which_are capable of supporting the growth of
sai d v‘irﬁégscéi‘ﬁag%pcgn Pat Nowsdiopiled l%r?BedaEIObe?%éB%llé%g d‘g? 30 the

t h b
Puc coef. 20, 190 L Ser Ro AR udg %@egfhﬁgr @éaﬂ‘%arﬁoi :
conpl ekddicetdmt BP ﬁV@@Sﬁ;\ildp@ﬂﬁhm Bely RW%@Rmeﬁ’@f rap%h@nd{[l lSan Novi ral ;
artic sse enom ¢ e irec expressed in
a1 o AT se s i RGREeL hese S ERaP F MR H0A BBl ARyt aloery
Seéque n%%rB@ZfS ?ﬂﬁﬁéh@ﬂ Aovder 9ot 1nvl§ur5f.?&1'h%ftent ?ughcatlgn OhAgo4A Pol |

pronot er as above: and (i1)" culturing said canine céells whereby
sai d erQﬁ9/Q%|5f7 ipobléshed dan. @ﬂotﬂ%WO?@iWS pu’mhahedpiécv f2i6¢ 1298 §'d0H¥AL530an

fect t d, RNA i enat | 4, at
| cast mOSedBaoE 480L WPBRHsET: Bibies fanay 1OGRBMR A5 aBBRL ARt [
cani ney, h@@g Weld7/06720 9slishes HeblSI0NYod NAnIEPOOTRD ABSCT higRhaERRl D5 [0192] I'n
a speC|f|c ‘enbodi nent, the px-esent invention provides for met hods of

gener at99geachfod sehiduis mc@md@mrefewmp@bmm ipjits gstitety.host cel |'s using
expression vectors to express the vVRNA segnments or corresponding cRNAs and
i nfluenza virus ppdt eSpesific Snegmmt'eati}llegatiﬂBStraﬁ&iRNRNmmsthibodimemcor dance

wth thi odi nent, hel per virus not, be in t ener at e
the i PSR ERP b eI it  Foedit 0 e Bt ia Syiesd of g tschs

r econbyeb@fbinkifVitae pAficlél bPS SSer¥intdd iR chiVE R dAMRNABWIRE AR g 'Tg@éatérff@e{ﬂ zate and
produce prog referably, the infectious reconbinant influenza viruses

of t h@qnﬁmecrwR%A sweaenlst fon gxareple aninfiyenza weus wichb@s o uﬁluee@mﬁmxmmald

i contanad RABARRETLi R HF IR} FaodfulhiiSki e Bkt g8 Rotr i on

can besaitseehst:0fipt @ of expréRin Wetous &pabls@ff dkpressiny BRaldceils EaEihiRe/RNA
corrp05| tion of the invention. |In one enbodi nent, reconbi nant or reassortant

Vi r us SSSHERE iR B VISl the remplste WO{%VRNWSWSé’lf gaid yays (& infRdupipgElet i on
of additd QMR s¥idridSef Off ext xpA&siBA Bol¥AL ofgg,rs%ﬁg% O @g%h% gp of
ed ods of "t

reconbi nant or reassortant Vviruses pr e I nvention
whi ch moegopgreatidesatcaidivies R (p))d:uliurmggankiazahs thmhyemderiraf partieles areent ion

(e.g., a.canine RNA pol | pro Subsequent | t he Jatlo

U O Bl BT B hedinPhR e Els e craine calhe fhicritis sRRPCraiats, A 1 uses
are predysedMbUK tOR. BR @&%dlﬁ%hl%ﬂdi%{en‘t’sa%r@&ﬁn@haﬁﬂqﬂu@‘i@h@ﬂgéﬂﬂa% 610]31305' tion.
[0195] In certain enbodinents, the i nf ecti ous reconbi nant influenza viruses

of t hevifusy &mesrinin embedisenisetherfubtagbefsexpression vagarsiintonteingdiny]-Sypdgsmids.
S equeqﬁ%grtam%n%ga}me%ts, ?}r}pﬁ% 0% %éxpres%lon vectors is contained in one plasmid. In

certain embodiments, the second set of expression vectors is contained in 1-8 plasmids. In

certain embodiments, the second set of expression vectors is contained in one plasmid. In
certain embodiments, the first, second, or both sets of expression vectors are introduced by
electroporation. In certain embodiments, the first set of expression vectors encode each
VRNA segment of an influenza virus. In certain embodiments, the second set of expression
vectors encode the mRNA of one or mare or all influenza polypeptides. In certain
embodiments, the first set or second set of expression vectors (or both sets) comprise a
nucleic acid of the invention, for example, a canine RNA pol I regulatory sequence of the
invention (e.g., a canine RNA pol I promoter). In certain embodiments, the first set or second
set of expression vectors (or both sets) encode a vVRNA or mRNA of a second virus. For

instance, a set of vectors comprises one or more vectors encoding the HA and/or NA mRNA
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i nfectious reconbi nant influenza viruses of the invention express influenza
virus proteins fromdifferent influenza strains. In yet another preferred
enbodi nernwQ 20ér@ozeeBect i ous reconbi nant i nfl uenza viruse®CofUskéve/02386ENt | ON
express fusion proteins. 5.5.2 Introduction of vectors into host

cel | s[0196] Vectors conprising infl uenzgmgenorre segnents can be introduced
(e. g. angfoa BN pleaiyecprd tilyerga s dn gpe spBpdigent hoides $8ped RABSN i n the

b 680G B one GuBRLARY, APBULEA! bAR BB FBLAMI A8 caAR200R0200020 and

20050 for Tntroduci ng ogous nuclerc acids 1nto eukaryotic

s, includi . g.... cal ci. h o
o ect 8L e enf i Pttiof bt RERBR I o R BULAL) i infeions oyi ng
pol yamtagnbihal Siersdridled R0RBISntcE Heg i 0d RICA VRS haeing greaflth @RI S, can

be transfected into host cells, such as, e.g., MDCK cells, COS cells, 293T
cel | s, gepemicorRN Azesmenis.tfheeesiple usinilyentrevipsl spepnen inflapazach virgs spidagent

Transl| T-1LT. M ni.s). ;&G i g . f act 81 ]

Appr ot t ?Aefé}n nsﬁ%g(@ @gécﬂ‘w\l/ 1%1§rgl$§mg§§?%n rcggég@&ﬁ}enﬁﬁé%gl%%ao% f)gn of
host Geid Eirnsanebel x@raatiog destbrstapdtis oRbomtegpiessingin 9id deli’pshdmicMRNIAI ut ed
in 160 mM nedium preferably serumfree nedium .in_a total volune of 200 n

. The sepients imprpeideitmeqneplgesentmier a6 seamens of ridriEenheaPeRls A
: ?gﬁggegé#gﬁné R{RNJ?? em&iﬁ%)%#eeﬁ&glgo&gé)o?}g)%k)ﬁ%é%h%f(ggida@%sgé,b) gilflql : esldfcae e lge

ron"mxture 1's ost ce S are
cul t urvdtbretsy sdabvirdl ipedichds aveeprodeaedr din eegdtain efnbodinnty tiecietls awrcaninercetonbi nant

or reassortant viruses in gell | tur ector.s incqrporating each of the 8
genoman SEgHB AT IES tgells g MR brllod SHiRi SErDQAISG e St 15 t
appr oxhiidneh W &3 Hrus '@anshdinleflbodferdts, aRs §& oF 8thrb&tidh NR&rs &l dofprised

Optionally, serumcontaining nediumis replaced prior to transfection with
ser umif el presiidsn Inecegtain appirddinvging,| the agtdfienprgbracrededtas ideoptamadrin.1-§ 0197]

Al t tivel t ti b I to i .0d t or
ncor B it R L EROS BeNorile SAgtaRPE T onpars LaMGAER Y B o
pat entin @pRdih eaiboindit) tHeGRE 6 xPrddsidd 0edf00 2bntandd 200RIPIaGSHW2In wlaih ar e

i ncorporated by reference herein. For exanple, plasmd vectors

i ncor pethedimentanhg yety Aferpresgonyeqtons|age il dpead @ edraporatippo U eBHIR nt o MDCK

cells i.0n: i l.owi L.OE . bri ef,
= oMt E iR QROF Bl ARACRAOH QRohO A RIh SUNDR oPLR Sl vitdh.

suppl dneattsid embblinld Hetsat ofBayprassiobarciory drB&je tieenR Hauspandecorer 0. 4 i
Opti MEM, and pl aced. j n_an eLectéo oratiagﬁ%uv tte. Twenty mcr of DNA

gra
in a Vot 8elyapptids 38 coain myerEtFiisy L ?ergeSﬁwntVﬁ%tom?é)ee?aCHEi chis

then miRieAl sO8RHGF Y irdfRBR)ErusEhE $hd ARN ALK 8 bSmBRY thARIRE pa%gﬂieng to the
manuf acturer™s instructions (e.g., BioRad Gene Pulser Il wth paci t ance

Ext endecefiin smbodimemtse the sat of3apressionyectosicominisoRaralts: agid pf thet i me const ant
g]}; plr)g%\{\%g@gﬁ?foi g)%%ﬁ%fﬁ céét-é-pnree 3{[}? %lﬂ%h ggeegu{a?@yxsggue% e 9F ﬁ'lte liﬁ/vetn?lglg) ker.lg , an d

canine RNA pol I promoter). In certain embodiments, the set of expression vectors encode a

vRNA or mRNA of a second virus. For instance, the set of vectors comprises one or more
vectors encoding the HA and/or NA mRNA and/or vVRNA of a second influenza virus. In
certain embodiments, the first set or second set of expression vectors (or both sets) encode a
vRNA or mRNA of a second virus. For instance, a set of vectors comprises one or more
vectors encoding the HA and/or NA mRNA and/or vVRNA of a second influenza virus. In one
embodiment, helper virus is used in the method. In one embodiment, the cultured cells used

in the method are canine cells.

[0186] The present invention provides a method for generating in cultured cells infectious
recombinant viral particles of a negative-strand RNA virus, said method comprising: (a)

introducing into a population of cells capable of supporting growth of said virus a first set of
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el ectroporation 0.7 mMl MEMw th 10% FBS is added directly to the cuvette.
The cells are then transferred to two wells of a standard 6 well tissue
cul ture dwvehoecmme@sning 2 mM MEM 10% FBS or OPTI - MEM wipCmaistoos@e3sat The
cuvette is washed to recover any renainingcells and the wash suspension is
di vi dé%r&ﬁb%@&oﬁs %éBl@oP\@lﬂr%sn@ iR @hid \eelly BEholnSc IR0 fretiak YheSOO'i_hﬁTEt% The
cells are then incubated under conditions permssive foor viral growh

e.g. geawman‘ﬂ?xNAl afeseid wrB 3(bTimterduciniz dntadaist eitls stseennd set Qfmpﬁpmmm her

gui danc roduction o ctors into host c found, .for

O amateciory Feneble'o? S BRNE Sh@iad e e 8% riBipebid 6 595 R gy T g,
6, 001 &ﬂtul Qard, 2By wh&e@?@mﬁ@@r’al ?alﬁél@s 22brodu3d 0 118 dektaiDent B&ik2ifts, @Bd
5, 166, 057 an U. S. Patent plication Publication Nos. 20060019350
20050588 3rExanPe@sin ﬁmmaln@@mgt;@r@%he cglbs0a 8E36E, cellp 0BORA2INZ9,

{0157y aRenbe AFORRyePgR BB i oo ESEMEBA AR R4 O e e

CONMPOsipkdsiBa vedtottis edhthined BOBR paklidd. sm&semrﬁlﬂodauhemg ehe filsubdtapl e host
cells for the replication of influenza virus include, e.g., Vero cells,

Per . GEXDERSPIOE Ve@plg 1& e9ntained mapneddpnaid. 3o gergan pmbadinentsstheserand sehed udi ng
293T the
2027 Siphlsion (PRE 18l anhPRIe SSHGAL ARLRL BRI ESEQRORILGOE Lhe |
an enéa@@hsmeﬂtveaﬁrshmontmmamn are plEsmidul Inuweesini emﬂdddnetgs tthofint, seémdabove cel |

| i nes, MDCK cells and either 293T or COS cells can a be enpl oyed
at a pogh ﬁ%s ofexpressiogveqtors arg ifqdyret kY PlprqRoARH BN [B CRTER éwi’g)gmg%% e.g.

200504,2834 2et @éﬁ&%@éﬁryve&&g %ﬁc&feeeaawmrAe&gh{énaoﬁatmﬁaé&a%ﬂyerrpl al culture
medi um such becco's nodified Eagle's medi um suppl enented with serum
(e. g.certalrenftetdahenishasecond setjof empressiorsegctors EnerlerfeainBMNA aholesr orooerter ol | ed
hum di entration UI t i nt ai ni neutral buffered pH
o it RoliopnEln 15 S h ampodimend e i 1 o M ad A RS ns

ant i bxlrefeid@@)rn)@ﬂme ye&h@w& gdiak BN infettion R Rix@inblel A carihd ROy Ci N,

etc., and/or additional nutrients, such as L- [ ut ani ne, sodi um pyruvat e,

non el dreguidtoryrseaenge pEEe inertion (g 4 SeEpe pel kmsompisibtla ORgvor abl e

gr owt t r h i ke.
o200y BrRea, FbSHua i Rellin e ORMT LSRR G AR B0 UM 2
ext enaithemythodpey dapthe elidl are knovvn to those of skill in the art. General
protocols are provided, e.g., in Freshney (1983) Culture of Animal Cells:
Manugjo187) "ﬁ%%r@seﬁﬁﬁﬁ@ﬁtﬁtﬂﬁprovﬂbﬁﬁ! nfRthdd B8 gerNemingah keultiiad el(slidf)iotel | and
Ti ssue Culture 5th ed., Livingston, Edi ngurgh Adans ((1980) Laboratory
Technvitph@articles Bf @@ﬁ@aﬂvmsrfryn%l%gl%lr@% stigmaghes] erjypieing: (Qupkredusingointo a

Bi oc nal

det o TR L o B P B BB o e £ A b 1 e
pr odugipklda obbothrkpreesiz@indaidiselisrgenomico/R Al to ghegvide the complete genomic

vRNA of said virus and capable of expressing mRNA encoding one or more polypeptides of
said virus; (b) culturing said cells whereby said viral particles are produced. In certain
embodiments, the cells are canine cells. In certain embodiments, the cells are MDCK cells.
In certain embodiments, the virus is influenza B virus. In certain embodiments, the set of
expression vectors is contained in 1-17 plasmids. In certain embodiments, the set of
expression vectors is contained in 1-8 plasmid. In certain embodiments, the set of expression
vectors is contained in 1-3 plasmids. In certain embodiments, the sets of expression vectors
are introduced by electroporation. In certain embodiments, the set of expression vectors
encode each VRNA segment of an influenza virus. In certain embodiments, the set of
expression vectors encode the mRNA of one or more influenza polypeptide. In certain

embodiments, the set of expression vectors encode each VRNA segment of an influenza virus
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Merten et al. (1996) Production of influenza virus in cell culturesfor
vacci ne preparation. In Cohen and Shaffernman (eds) Novel Strategies in
Desi gn amstORp@rdwedoson of Vacci nes , whichi s incorporat e@#Chnarseena/ o236t s
entirety. Additionally, variations in such procedures adapted to the

pres eaﬁfd éiéﬁﬁg { 8Pof¥ & 1h%qhhﬂe&§b§{y%ﬂﬁﬁ. thceygh emaaﬁﬁ&tsem%rgt aisqﬁnt ation.

[ 0201 or production of infl'uenza virus can be culture
ser unsxpoessian Necigrs@ompeise amiicleis acsdifithe inventdandorcxsmple aganing BNA hel I

preparation of purified viruses, it is irable to grow the. host cells in
ser uﬁ?ﬁlé@r%ﬁq&g’iqe&%}?e ’&?I?téoncéﬁ"’B‘ecaeltﬁllegﬁ\i%él’omp@%t%'s geLtainy | g., less
than 25 Jiim &R ithtet 68 bipteRidiRRBrOEndoli 8 8 KRN of MRNA € a kbadall virwk.t Ror
agitation, inrotator bottles, or on mcrocarrier beads (e.g., DEAE-Dextran

m cr dostrndegthelsetaefsvectouctoneprisos pnaeanpre e encodingdhgyHay ardipgdidead, Fl ow

Labor ies;, styrene copolvyvner-tri-nethyl am ne hea uck I ex,

Sol orlﬁ( A %Of/i’ﬁﬁ%‘g)‘)?iaﬁe%“&& ba ol {r}l%sf]o eregh@flg?erga?etlﬁe g’ré]ru 9& 11czs!re !(ijtl:%r rier
beadsyanfiRIh of®BRbeSin{dnt) thd@ulfuddiuele isdDR-tROM o raddisanine ¢dllamet er) t hat
provide a large surface area for adherent cell growh per volune of cell

cul tU{'i)TSSr%Fﬂ{e ; Pl eftic MBVRIeS b i ol BLiMrGan clifGled dgnii®Edtst han 20

mllion crocarrier beads providing greater than 8000 square centineters
of griafdchosuvifa perticlesof e segreentedihegativetsicaidoRNAf vinisthasiog greatey.tharf r  vacci ne
production, it ,is often.desirable.to culture the cells in i.or tor or
Per meroam iAckeRorS. s sanae et ez ViiGnel% ok R ER Lo i
excesSgetfibd é&gpﬁéih%re(ﬁ) Bvilling &4k BoRil M BASH Ahine CeNPDEIpaBle dfls a, M;
NBS bi oreactors (New %r unsw ck Scientific, Edison, NJ.); laboratory and
commegrowl ofssid wirsi avddaringristredusad Biirgsaif mprssEen vediens caRalopkdirecBy Br aun

»I[B ihce)t gegirlﬂ){eég{b@lg ?# Qa?ﬁ NaniSELAR OmECO\?E%gJ%,sggx%@ﬁtg ltcfeﬁl%vfge tﬁ@gorggllefﬁgeﬁoﬁﬁm ume, in

€ present” 1 nven e cultures can ntal ned at a

t enpevRtArseghess of kad vivts, o thad cor@s@md(g cRI0A, 18 tieeabséddecif arielpeeeiover y  of
reconbi nant and/ or reassortant influenza virus, parti cgl arly col d-adapt ed,
t enpelPQide SBBIChIRNA SSE N RS A e aP S PEBCYEIHER | nf | uenza

4 r”émacnegivgogé‘iggﬁh %’NAJ&%P%%MSR&% LUEEHh &b FRNPRBEAL S RoRBIngEMeabout

32 0 typi ca at a tenperature between about 32 C and about 34
0C, usmahiiyvRNAxeguien8f04d vild2 03] baiapined khq said virelpariaclesy candeg. , a

t her nost at,, or_other device for nsing and mai nt aj,ni he .te rature of
t he caéls?n%&lﬁﬁl f"’&tthén PERRS %e%ér@doéiaahgg’igﬁg cém?jlffé’lﬁhﬁ ng&eé%ael?é’%%fe does not
exceeth38eCard PrddiBed. "B REGICINIdiMEANShE eRlihcadiisare MDOK Beltovery of viruses
[ 020 ViruseS are typically recovered fromthe culture medium in which

]
I nf eclfbﬁg%](i‘l‘i@@%&%@hﬁ»@ﬁﬁ&%ﬂs&{ﬂﬁi’&s RESA G BMRenchyit L8l duufei uasingREiUM i S
ied pri I

clari r to concentration of influenza viruses. Common nethods
i ncl udéectivhs vied perticlaslaf matghented negafivedardgRNdnviens, srad methoshgofwrisingn d

ool PP B e TR B s R LML RRRSR
for asald #Rus and which are modified so as to be capable of providing (a) the genomic VRNAs of
said virus in the absence of a helper virus and (b) a nucleoprotein and RNA-dependent RNA
polymerase whereby RNA complexes containing said genomic VRNAs can be formed and
said viral particles can be assembled, said genomic VRNAs being directly expressed in said
cells under the control of a canine RNA Pol I regulatory sequence, or functional derivative

thereof: and (ii) culturing said canine cells whereby said viral particles are produced.

[0190] The present specification also provides a method for generating in cultured cells
infectious viral particles of a segmented negative-strand RNA virus, said method comprising:
(i) providing a population of canine cells which are capable of supporting the growth of said
virus and which are modified so as be capable of providing (a) the genomic vRNAs of said

virus in the absence of a helper virus and (b) a nucleoprotein and RNA-dependent RNA
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sufficient to renove cell debris and other |large particulate matter, e.g.,
between 10 and 30 mnutes. Alternatively, the nediumis filtered through a
0. 8 mMm cewbubow@set ate filter to renove intact cells a&ou/ustévenzisar ge
particulate matter. Optionally, the clarified medi umsupernatant is then
cent &J@g&q é&g&%' RNP éb%llﬂlébi b StedscdfiifinSsdd gertimié YR canbe f O

appr oxi tefy -5 YﬂOUI’S. ol I ow ng resuspensi on OF the virus pellet in an
appr oformed endnaid eirgl pedichesasn $TEsgembdel, Midgesoric RNAs beingidiadly 0. 0001 M

EDTA hosphat e buff ered, sal | t 4. the. vi i
conc )e‘?i‘t%ir*§ @g%%ﬁﬁocgﬂ’é’i%tcﬁﬁ%&%q?? g?‘?lt C%g‘gﬁf‘?%is% ?f’g‘é‘ﬁ%lopr? 1 l’j%geu&%érry l(JS%@’é/e:nfﬁ % or
POt asShBld A HER Sive @(&%&fﬁe/%r aBhitile RNZOPLT NMBHStR las ERBPILEA AsHveNrkl ﬁii?- g., a

0,
sucrose gradi ent between 12% and 60% i n four 12% steps, are sultable. The
gr adi @ittusngsad cemne célisgehbrelty spid pedpartinles froprogueédre, sufficient for the
viruses to concentrate into a visible band for recovery. Alternatively, and
for np3o1] Iargpesitialeenbodiment cinaihfeapiphs :eadmbinsnt negetire-stmnd RNA ivatied from
density gradients uysing a. zonal- centrifuge rotor o ting in continuous
mode. heriRE: 6 SRAF dpast Psatdiet bt diiet %a&rgﬂhfgea% SHRBOBHC DRNPY SEEREBEIRt he
Pr epaLatdeisOdell i0 GEAERERuMAE UREHcthb @Rdsbabdinepstht ure are provided, e.g., in
Furm?é]agzadre%\s/ace}:llln% Pr odugti%n, i?\ Ni chol son et al. (eds) Textbook of

I nflu p 1\ . g I i a virus
i cettoR i e tifiodli A0 BhosBloint IRk AT G Ehofl of SaHIES) Vhovel
St r at ip@icesud rcdebingmt iafider2a oitus i loost oflls\Vi@oy expsespipn veéetbrstb xprassdheni t ed

States_patents no. 5,690, 937, S. publication applicatio 0
20040‘2%T§é§?$ln2§i9902@6‘t§28? A8 c%g%@ix@e@ﬁ%mwwlﬁf%n% HOB RO 2R by
refergpee Nef 8N Thfacdsahd8dyint % SRSANBERInMbEUSRS b oifapidbed at -80C
in the presence of sucrose-phosphate-glutamte (SPG as a stabilizer. 5.8
| nf | vankdedtor gemesitd h2 Octidve reendrieant influehraieinusgs.vi ruses i s conposed of

ei ght segnments of linear (-) strand ribonucleic acid (RNA), encoding the

i Munfpd e8] Thdafagghitecambinghtihflaatandusendfithdayent{ddAnapoomey net, and si x

i nternal. core, polypeptides; the nucl eocapsi d nucl.eoprotein (NP); trix

pr ot e’ieﬁgca(tM‘?d WBHU‘%W%?IM 5¥ef‘f¥f‘ e%ﬁém(%ﬁ&u,s T n?ﬁlﬂ’%ﬁé‘?‘gﬁo K, PBI,
PB2) ﬂEWQﬁtﬁJnrh?e a3, ARBlUaEAlihRRohRcABPRAMGnhdEh v singayt Fanscri bed
into (+) strand nessenger RNA and (-) strand genomic cRNA in the nucl eus of
t he hosinpiglbhve Eashatioh in e WEYlgengenoni ¢ segnents i s packaged into

ri bonucl eoprotei n conpl exes that contain, in addition to the RNA, NP and a
pol y ngadelncanpinesmi{deRihentBBR, infeetoddkcorhBiped] vituséd efehe tnventiarse@s behi ch may

be produyced hy th roocesses .of the invention in the cells of the
PR Pt R I et ML SRR oS Do S St O

| ncor pOr &k dRkACERIMPRAROG HidsBitiht INULRpro@Ite@BY RIri@RSd aftht @BREtI6M t he
cont ext of anappr oved_ att enqat ed, 't enper ature sensi tive master strain. For
exanpire used fou Swsprodurtioo wf rilditonal siws fartusaien s vesrane. dias cspeplsranore of, e. g.,

te rrpe{)(?ptullle{t%}lso ?ésciogﬂb\llr?an@ 183 }éass%%leuqt"\gglasgst Sr%d&ge%)by H8E methods of the invention
which incorporate a canine RNA pol I regulatory sequence of the invention (e.g., a canine
RNA pol I promoter). Subsequently, the population of viruses is grown in eggs or another
culture such that additional viruses are produced for the preparation of vaccines or an

immunogenic composition.

[0195] In certain embodiments, the infectious recombinant influenza viruses of the invention
express heterologous (i.e., non-influenza virus) sequences. In another embodiment, the
infectious recombinant influenza viruses of the invention express influenza virus proteins
from different influenza strains. In yet another preferred embodiment, the infectious

recombinant influenza viruses of the invention express fusion proteins.

5.5.2 Imtroduction of vectors into host cells

- 54 -



an attenuated (att) (e.g., A Ann Arbor/6/60, B/ Ann Arbor/1 /66, PRS,

B/ Leningrad/ 1 4/1 7/55, B/ 14/5/1, B/ USSR/ 60/69, B/Leningrad/ 1 79/ 86,

B/ Leni ngrwd/2007002@8 B/ Engl and/ 2608/ 76, A/ Puert o Ri co/ 8/ 32Ciuseoos/oPiR8), etc.
or antigenic variants or derivatives thereof). 5. 9 Influenza virus vaccines

[ 0207ﬂ01%]5V@étb1%QJohtpnsin@f1hﬂh%M@ gedniSsegaratsas baaneodueed (dy o fdtddn
enbryonated hens' eggs using strains of virus selected based on enpirical

pr edi iatd kass celts aceprdingrie nagthadsieell Imovan indbaetit (Sge. ¢ gabSdaraieaheprhicaies have
been g]glﬂag ut;i;c)elf %ésh@@p R 65&6&}1&1 2%%'58%82@2?{6?%9%&6%{ 11%te?&9%§1§%‘h@1'8d”“ dase

ant i rove enua re sensitive

Mast efcidd ihfd dukafyotit @ulls) Sobudifig) ey, afaldilne phbspliatet dor p‘dgbltmdﬂ;l pl e passages in
hens' eggs, influenza viruses are recovered, and, tlon?lly, i nacti vat ed,
e.g., ela@rmrarb@nn@m@mﬁ&s%Awp&ctlanamr@maaﬁfa@t%@npmw&p@ YaRGduct i on of

| nf| u&%?ec}ﬂ@ﬁ?éa%énﬂs nFE)Ih% n‘[r?é" Etﬁe hsgszﬂ/a‘@ﬁl%s 55 Lma}:(tecﬂﬁﬁ')"mﬁa‘?gﬁ}s

Cont aii nants r eral ni n afe ntigenic, pytogenic,
and fgrbyuendd. yMIKSIﬂIcélls ICGS galisf 2a3ah¢ells) cde:oﬁfoimtoas tl;cmoamf,a;*mgrthst ration. Mre

tantly, st d t oduct b | ted d
ot PO S HEEI s RO L ) foriad Holbe SRR AR h o al | ow
time fng{rucq{oﬂgu%}a%%uﬁﬁgw dlnﬁ%Bf Y2h v2BoPlo b thdri@Ea 11‘(1%9?& @fﬁulﬁoh%%%ﬁ at

produ0|ng reco assortant vaccines 1 n cel ture have been

hanpeggd cay be Bemb@b intiiht appedximatelyof pt SRTEAIRHIB] dipeditetb(f drmetioni ne
production to grow efficiently under standard cell culture conditions.

[ 0208prefdreblpsesanfres medivni, dha prtehwiodese af 2Ukitlohe W@Mﬁnﬁéﬁ%ﬁ%&e@hs and
met hods for ducin econbi nant and I & ssort | t.ur.e which
make XSS §?Ib€%mt08bﬁg3‘{)?tcfp9mﬁ?18aifé r‘?/g’cfc g f8 E%t%ﬁ%ﬁ %ﬂ% A many
sel ectRfiy tﬁha%hgfeaidrﬁhﬁ&u@ﬁs ek H8ded!th tRAIst 681lsAhind BeREINS d alr@ Beln@Bdast r ai ns
are provided that result in efficient production of viruses froma mlti

pl as micj;csly@t ghovenAcwerdingly] fonthe propedtionaif kgcombinagé of ressportepievingsesigeslican be

further, a cel l cIt di t he
cul ¢ ureR e RerorgnpuBeltERE rafting® efmeeteleiona Pprt P R MABL0E
possi [lacaddoN Al 8 thik@d kwith! dg&@ﬂﬁ@naem ,ﬂrmﬁﬂmmr BhdihRardfdeasd/ idoGsunder
standard cell culture conditions .g., at 37 0C. In the nethods of the

pr esecrllsi ©psionalty sempi- @@r}jmemglra@iwmgs replichd preidiogeanglertien with é@fﬁ%fre%f an

fl d t abl |1 d t d
n curenreas RENgadr oro PR RERA M2l 15758 & wopically. the

| t t d at t b f bly bet
about 19970 e G A ROREoh 5 e APDRUBAL 5000 (0D TOT IYBILaRl y, che

cul t UL BReAH e%e'ﬂ@in@ts@glﬁ@rﬁs idlo Boft e Wee, UL NURPat@ntplicitnl piblicitimpbat or ,
under controlled humdity and CO2, at constant tenperature using a

t enpel&R00 V26601 ands3005¢ ‘%swhlch laeerinerrpatateddyi iekuiprcetisEdin.t Ker t enper at ur e

does not %

example, p?asmlg ve&ors incorporating an influenza A or influenza B virus are introduced

into MDCK cells using electroporation according to the following procedure. In brief, 5 x
10° MDCK cells, e.g., grown in Modified Eagle’s Medium (MEM) supplemented with 10%
Fetal Bovine Serum (FBS) are resuspended in 0.4 ml OptiMEM and placed in an
electroporation cuvette. Twenty micrograms of DNA in a volume of up to 25 ul is added to
the cells in the cuvette, which is then mixed gently by tapping. Electroporation is performed
according to the manufacturer’s instructions (e.g., BioRad Gene Pulser 1I with Capacitance
Extender Plus connected) at 300 volts, 950 microFarads with a time constant of between 28-
33 msec. The cells are remixed by gently tapping and approximately 1-2 minutes following
electroporation 0.7 ml MEM with 10% FBS is added directly to the cuvette. The cells are
then transferred to two wells of a standard 6 well tissue culture dish containing 2 ml MEM,

10% FBS or OPTI-MEM without serum. The cuvette is washed to recover any remaining
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[0211] Reassortant influenza viruses can be readily obtained by introducing
a subset of vectors conprising cDNA that encodes genom c segnents of a

mast er i rWburesTz@2008r us, i n conbinati on with conpl enent aPgTamsgemsntiseteri ved
fromstrains of interest {e.g., antigenic variants of interest). Typically,
the n@e?l{s%b d 8l v%sﬂ%u%e?sﬁﬁll@&ﬁ/ﬁﬂd%@t&e‘%ﬁ t}}i@t%}oswéﬂs Cfﬁﬁélr\@hhﬁe Rroperties

rel evan 0 vaccl ne m ni stration. For exanple, for vaccine production,
e.g. appi@imatebgBiSthion Toe celld arvﬁlwtm@bamdemdmdﬂl@ns pe@igfaes r vifelhor vi rus
strain may be selected for e ted henotype col d adaptati on and/ or
temeﬂﬁW@ié%e"H@PPﬁoﬂl‘{l@ﬁelyﬂﬁ °§C€]3 apted tﬁ‘if“f uenza A strain ca A/ Ann
Arbor/6/60; influenza B strain ca B/ Ann Arbor/1/66; or another strain

sel ecj0aasy Em“chetfguw@sw(ztblln@oéh@mtofpfﬁ@toﬁrl@@éwﬁ ealls neaycpe foupd, {p% @smpled, col d

adapt ey <AL orl AR BT £8PRS) [1o18 S!Sy 186 & §AVIAblNa g et ed as

mast el one e Ient é ‘conpri’si ng cDNA
encods gou 5@@, 55,840B52®t 8180037V, R\PsG EYRAd S, 166 ,06end hTfS (Patena AppidagionVi r us

NSI NS2 f d
T B oo 0060 RS LSO moswmszﬁwg%gﬁaﬁn%oﬁr@ﬁ%ﬁﬁfg N
and. nsysB (iAot TN A 30BN Sp 660 MbBTASKT A8l s sdpR. bl & stfal

predic 0 cause Significant or global influenza
|nfec i_on. g& i Eing replication of the reassortant virus in cell culture
at apépopr eratures for efficient recovery, e.g., equal to or |ess
than ff99Crysidsily, %ﬂ&g&mﬂﬁfﬂﬁ@@iﬂﬁs B2cQmplitedm AEmir copmmsitioas et ween
about 32 C and a out 34 C, or at about 33 C reassorggnt Vi ruses is

r ecovehisll, th‘tméit sethis qpmreemdy calbaverattablierhost eelln fodhe FRpdicating dniigmgy a
denat uri ng ? 2 SYER c% fl%? '&l% Wlﬁ%ﬂ?ﬂb | QIRCI A& s and B0t hods and
corrpog 85 BRs ot nis

br ophy &cti C ratron VaCCI nes [0213] Reconbi nant
and r eaksiichditg 293Musls, ©DST bells. MBAK milscampﬁafermdnn tliestopteatiof the

prophylactical lly in an_ approprjate er. or_ e ient to stinulate an
| MMUNBreRRY HReEEOLpkiEs 1 P tymRiseenic MbH:Cls 2 iR S RfseuR SipOHpl
TYPi Caf ¥ inddBof 2661 BTtk 1r§9f1§dn§;% & of the @BbRRATBERYLH £ aM'DCI@@@lﬁFﬁrﬂm e

carrier or excipient, such erile water, aqueous saline solution,
aqueoeishdp 2P3 Eoe 6C§a¢eﬂls easalsabe @nn@loyaé abotrtiodegs PHEE, 'Eibllmnf?‘(ﬂf;@Ph%lQéo us

gI Ycerﬁjw S0l u I OP%ntZg)bESﬁ%an%f k’mﬁ cel sI alilrI %ulft rrgmnug%tﬁﬁc?a%?&n RRFa1 €995 |

“hatons ereo

pr epap@hir® ﬁxe@fun? Webh 80DUIbeedRSs mﬂ&iﬁeld ﬂ?gtglﬁ ﬁmleﬂmhysupp}émdn&dtvmm SHrlhm and
stability is effected accordi ng to protocols establl ]ﬁgg in the aé(s

Gener éd-4.y10% fetal bavéne Wfé)e@if[m e free saedien senden contrpliss Mamidihengi (Oand

ot her undesi.rab ff £7 01 2

admi nf¥ Cen@tmn Ju%aﬁ f&%}%m %g%tﬁdf:bh{f%%%@{] ‘é %bﬂ?eﬁgg&ésa an%t7 c) [ 0214]

Gener @iptipnaltshehd xﬁédmmrrz)atamsramﬂéﬁmoﬁ td frevénh becteria grawd, agnipmisiléred in a
quantity sufficient to stimulate .an i ner qu)emflc{or one or

mor e SEPAPTRYCIBS otf n Qg ANl RUITIRIgrSHP g?uatgl?ﬁnﬁ)’r SPEPSHYSTC
I nf 1 UBRZ RGN IfHSESci 8, hBAitiSnd sBpRESEALS Y@pﬂoﬁmﬂ@ﬁwbﬁzﬂ@g}ﬁﬁdh characteristics,

e.g., trypsin, B-mercaptoethanol, and the like.

[0200] Procedures for maintaining mammalian cells in culture have been extensively
reported, and are known to those of skill in the art. General protocols are provided, e.g., in
Freshney (1983) Culture of Animal Cells: Manual of Basic Technique, Alan R. Liss, New
York; Paul (1975) Cell and Tissue Culture, 5% ed., Livingston, Edinburgh; Adams (1980)

Laboratory Technigues in Biochemistry and Molecular Biology-Cell Culture for Biochemists,

Work and Burdon (eds.) Elsevier, Amsterdam. Additional details regarding tissue culture
procedures of particular interest in the production of influenza virus in vitro include, e.g.,
Merten et al. (1996) Production of influenza virus in cell cultures for vaccine preparation. In

Cohen and Shafferman (eds) Novel Strategies in Design and Production of Vaccines, which
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Dosages and nethods for eliciting a protective inmune response agai nst one
or nore influenza strains are known to those of skill in the art. For
exanpl e, woaoctvowaioed i nfl uenza viruses are provided in trhg/usange233h7 about
1- 1000 HI D50 (human infectious dose), i.e., about 10 -10 pfu (plaque

form 1@%1&6%5@9& B&relrgi‘iﬁ% AURtRI AlSHBHallY \vh8AtIAE iy Qlch prédedutes 2028 fiD, €. 9.,
about 15 is admnistered without an adjuvant, wth snaller doses

bei ngthaghndseitstesnsion are teadity def¢rningst thronghireatineexper@mentbea i | | be adj ust ed
within this range based on, e.g., age, physical condition, body weight,
sex, [zel] Ctligder pfodadmm&hﬂastﬂze vjrugcech toet tvdturad insecal- ccbré;@inmgsor s

prophyl actic vaccine formnul nis s St e .adm nj ster.e eg by
subcu%%ﬁﬂé‘@@&mbr Injspime £asFs €81 ?1 tﬁﬁPk‘fé’f‘T ﬂnﬁg]i’%%ﬁyﬁ&esa? &t 13.483“5@’? or a
needl o%/stﬁe BAtQEiid ﬁlnseﬂﬁ{ € coxtﬁhﬁ&{sn@e'll‘é%ﬂ be ENRIYRGIME] §c@lre”élba1lds§)n i's

adm nT st ere I ntranasa by drops, large particle aer osol (greater
t han thhoaf mlGnediempadiure tmbessmmm mtmlm‘ge ﬂapi;sewlth egipitioat iprgtator Hettles\wi | e

any of the, above rou results. i pro €_SVS i mrune
r espofis¥! mjGrpGaziierhe ‘asa@rﬁ ,P]ggl'iﬁ né%‘ﬁ‘foe?lglef E%adg % ?Ré?a ¢ %Fe elF citing
MUCOS @1 4 FBM M do¥rtRhd, IH16w Siab6raffrie§ Niyr¥n@Eogol@né bl MemzRming bigads,Fsath as

i ntranasal” adm ni stration, attenuated |ive Virus vacci nes are often

pr ef eHilled, Seloglill, Amm Attognindlasks, beiles onrsapior gulimey. dwqu@‘f@ﬁé?fé’%‘ilsear@enm tive

T RS AR Lo MR PSP gl sl s

dosagfy a@RdteiechGid WihSlee K 8llmedf cbi eulsite For e)dmrip‘leﬁ emglerlﬁettcff mé¢dumchheve t he
desired prophylactic effect. [0215] Alternatively, b(?mme response can
be st inelvdameate Biang0 willien w01pwm¢r\h9a@%9r@él@ir%€ggr6$teﬂ@ﬁla§ (29988 |'s with

i nfl ugen%l%qe\{erg g? &% ?%rfa%)éa@w gomIBEIQ: (ﬁxrch&gofﬁﬁg% i £ peldciRr e exposed
to virus ci ent “anount or a sufficiént” period of tine to
per mi pro@aatamr & mbfterhéeslralﬂlem@ mﬂturatha c@ﬁmm d)bloréaetoden&lmlﬁnt@r cBiokeactoThe cel | s

then t f d int t tob inated by st d
i BB BV BYRoA<ReL KGO RosRePt AN BHar ) CTRa HOFREIPEL i on f or

pr Ophté GeddiGs, RAThabAtS AP NEH bibh8clol (NESNBRAINK ISk RSentific, BUBKMNIN.$.);t her eof
al so contal nd one or nore adjuvants for enhancing the inmune response to
the i tabbmmryananommal sslie babtastars fiowalit Bravp dietgeh Inferpaiinnal (rilavml gel s
such s al.u nunhx xi de.. surface active substances such as |ysol.ecithin,
pluro ?%S%W% %[‘ﬁ?@n pept| des, oil or hydrocarbon errul si ons,

bacille Ca BCG bact het
ad] uv 0] Egu?ﬂﬁamfe b B O RERRSEEL ) BRI FOh e et
adm np 5 E@Itnhﬁ]l&tll?éd At réﬁéﬁ'l?&éﬁlré’ 15UBES of 8fualR PEIE,Qb IRArd dTfi6ieR] réB&lekPBf W t h

adm nistration of one of nobre | mmunosti nul atory nol ecul es.
| Munesbinitaat ardformehsottde snflueokardieus, puitiovlerly yoldkidapted, teypptabke nes and
chenoki nes with i

tory, QLent i at d t
act | vSEsEYe, %ttegﬁat ecmsqﬁp}r}aél %(ﬁéyr(s%sswant IHE u[e%ge :\il%ésl rich eggmpl{%ri%e C%EA amat ory
I'L- 13)re Q0% b AGHhA StutEo Bweer BN DY hEIBS POPRBREILY at a temperature

between about 32 °C and about 34 °C, usually at about 33 °C.

[0203] Typically, a regulator, e.g., a thermostat, or other device for sensing and maintaining
the temperature of the cell culture system is employed to insure that the temperature does not

exceed 35 °C during the period of virus replication.

5.7 Recovery of viruses

[0204] Viruses are typically recovered from the culture medium, in which infected
(transfected) cells have been grown. Typically crude medium is clarified prior to
concentration of influenza viruses. Common methods include filtration, ultrafiltration,

adsorption on barium sulfate and elution, and centrifugation. For example, crude medium
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(G -colony stinulating factor (CSF)); and other inmmunostinulatory

nol ecul es, such as macrophage inflamatory factor, FIt3 ligand, B7.1; B7.2,
et c. The wormoera®eiosul at ory nol ecul es can be adm ni st er e@CIrUS2é06/033BAE

fornmul ation as the influenza viruses, or can be adm nistered separately.

Ei t hefomNBieBledlcBithre® bardfr ¥ P ERESEOBy vatiificabOCadk Bg 100R200004 gifér Tame be

adm ni stered to produce an imunostinulatory effect. [0218] In another
embodsufeient tomemoeceadrdebais and ethenlpegn nasiculate magen g-& retwrsnZ4 4d 38me

oot BHgAR ohrgnaiBss tranratitk TG ER RS SEn IO SR e Ve
from PelﬁH*{r@?ﬁkaét%lg@&xﬁd othBr | Rdul RO mbhtbi @ptﬁiﬁhﬂ%tﬂl@clﬁﬁﬁédﬁ%&um cal carrier

or exclpient as described above. Typically,” the heterol ogous nucleic acid
i s i nepetrathni isttheracentifuged tmpdllst theagflumnzoireseg e, BrlSg¥PR& Sdegent, e. g.

the M t 7. The heterol | ld |
encodB I BBABE AL TEbr B PAG T Brn s AR P e RO R,
" i bozyipe a5 B®: (0I1VOH2gHEY, MUEMENSCROI0001 81 EDAM jigrphodlarduikted saliost or

host cells by producing reconbi nant viruses incorporating the heterol ogous
nucl e(RBS)andH: hé thé viresess caneenidien hiysieariberadicrfesairiiBeaioa BB vecoth one

enbodj he heterolo I I I j iyed froman
o | U a1 EpOR DS RIS A ADRF Rkt RO S EELYET | LG g

a het gicpbRORAEel betviicd 1205 hd60V, be fiunt yckieB darandltabke Ths geadlidnts @ehost cel |'s
by co-transfecting the vector intg a cell infected with an .infl uenza virus.

Opt i opcitrifpged pea spspd.angd far 3 Hus, FdhcipMdar Be VHupss e CerpenEate fo & s IRIg: |

typic Siyt ' r | : cations,
e, cBpfdfol Reeblity P il B Pl bR o ol B A B A L bed
abov epluafatédfremekhsityshdignsstsalgla heldcentifhge radersiperatio igeeftinuags préeedur es.

For exanple, stemcells of the he opqgietic.linea such as hone marrow,
cord Brgigna et%g]rsflgéfé‘?rﬁlto BY 88“?!&%1‘\}]28“?1%%88&1’@%&@ 8?@%“8%%31 WREh e
del i vehatidfe BuRkbERGroHALNE. %S.}iﬁ anthode! Vaeny Pmbdhdanshusicislson et al.

techni ques. [ 0220] Alternative the viruses conprising a heterol ogous

nucl efalspEedbeckonfluenzaper w-gﬂ;ﬂ\ﬁ@’[@eﬂt kb (b396a PsediicEer of w/lyerzs virtgpi cal |y,
such et hpds, i nvol ve the adm ni strat| ect or A .t arget

co | Dottt on ety B Rt i BobRls SpalBO A 8NN SSabRefid

(i ncl udking ahd RidtucE&) bEVaddiniaey. t4l- 51, aud hited Stedsipatentiusc 590 HBT S,
intestinal cells, cervical cells, vaginal cells, (ﬁ)r&% aéggu el gs etc., as
wel | BsS-mubbeation) apgliersionios. 3008 G99 4r 30050205026 apd’ 400301 s VAH#/%$ or gans.
Adm ni strati C el t her i i bALstration
of i PRIy b BerBehis L (USHBE e rored P O o o T e
or si tigSpredentHdBfuesdsePhosphuter fletaynacd (SPE)hsodstabilizet.udi ng i nj ection (e.g.,
usi ng a needl e or syringe), needl el ess vaccine delivery, topical

adm niggt r alph ARenzaViRlsEl! Ng into a tissue, organ or skin site. For exanple,
the viral vector particles can be delivered by inhalation, orally,

i nt r alRA8L g]hy gerarbe of i@ﬁgg@g@\gguses is composed of eight segments of linear (-) strand

ribonucleic acid (RNA), encoding the immunogenic hemagglutinin (HA) and neuraminidase

(NA) proteins, and six internal core polypeptides: the nucleocapsid nucleoprotein (NP);
matrix proteins (M); non-structural proteins (NS); and 3 RNA polymerase (PA, PB1, PB2)
proteins. During replication, the genomic viral RNA is transcribed into (+) strand messenger
RNA and (-) strand genomic cRNA in the nucleus of the host cell. Each of the eight genomic
segments is packaged into ribonucleoprotein complexes that contain, in addition to the RNA,

NP and a polymerase complex (PB1, PB2, and PA).

[0206] Influenza viruses which may be produced by the processes of the invention in the
MDCK cells of the invention include but are not limited to, reassortant viruses that

incorporate selected hemagglutinin and/or neuraminidase antigens in the context of an
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subdermal ly, intradermally, intranuscularly, intraperitoneally,
intrathecally, by vaginal or rectal admnistration, or by placing the viral
parti cl eswoizbdrim2@scavity or other site of the body, e.@CT/usacocne3ssur gery.
[0221] The above descri bed nmethods are useful for therapeutically and/or

pr Oph%b%fea aabluatdd, fRRldcRluR ShEBASRagEr Habr EETexBypientiadsy Earn@nﬁprl.sect or of
t he invention conprising a heterol ogous pol ynucl eoti de_encodjng

t her apesitristralns yhas erqporephynere vfceg | iperrasEeisoesiise] We‘fﬁm-@éﬂp@?ﬂ(cﬁbp‘ﬁ de) or

RNA (e. i,.sen ) t cells
T i e dieedtod D (B8 ATATD dablr /P TR AbRLP TG bRl Ot ahaliae . TR
pol y pgRkisHE Ewssam/asgi@/mrﬁﬁgﬁ&mms B/ﬂleﬁfr%ﬁetd/lzsﬁl,perabl y |inked to
appropri at e regu atory sequences as _descri bed above in the sectjons

ent i tBANglaEs {3688/ IrPesta Bice/8/ o REd16t0 1Pa PN ESGHCESIABI ELEHERESS -
Opt i aII nore than one heterol ogous codi ng sequence is incorporated into
a si ng‘ ector or virus. For exanple, in addition to a pol ynucl eoti de

encodi ng tEeraEe,utl cal |, é or prophylactically active pol ypeptide or RNA,
the v&&tor addi ti onal therapeutic or prophylactic

pol ypRphY ]dﬁfstorﬁzagy,:mﬁﬁ‘éﬂzﬂ 08s vaRirfk hild Bde@fodike GUtBSryosattdkdnzeeggs

anti bodi es, etc. d/or markers, and the I| ke. [0222t]r I n one enbodi nent,

t he i wsiemstiadms qfrvmlms @élgct@d)hwéomemmﬂ@@émﬂdﬂ@mﬁg of eckeyant $EHS. MRFer econbi nant
Vi ruses n‘%f%,ﬂ{:eﬁgsa?ﬁgtﬁﬁe”%d al he(v%rt%egf? gfddﬁ@esd @Qﬁ%‘é@%&a&@ ec%%nﬁggﬁﬁhfn%hed with

an ag® ﬁ? nase I'm na nti oncogen Accordingly,
an ongREANRIdRE EntURAE lrﬂt(he@@ﬁtﬁﬂmﬂan@ppm@e& aﬁmdatedaiemperamb welsdivei t hi n t he

enbodi ments of the invention, OZZShgTh and vectors of the present
i nvenmpgar Srn. tRollesang ¢ ture of Hiseius PP@?@P%?%BW@&&P}% 51 §8&reat a wi de
vari ef ¥, r}zaq,lﬁl%sdﬁé §eco'v&gh U, g@ﬁ%}ﬁi 'ir?acﬁ%e@%%'dsﬁ% RAhagues/e ,an@/og , as

vacci nes ectious di seds Vi ruses, bacteria, and t
l'i ke. B-ptdpifliatdné. Oﬁaﬁdbv&pplfoaﬁcttidntcﬁhmﬂmea eficclrtecin this tromserdig swwtlor syst ens

of the invention, any of the vectors, ﬁ? sensus 1@I}Lyuenza Vi rus
pl as wla@lﬁcwrd@mad%f CortAzanast r&ﬁl@@ﬂ%ﬁ %l the egz%srﬁr?h #008F Y Fept i de
i br a{)}yrogErgé Mo Sre gﬁ% y’rfegtﬁfjlnas‘fghﬁédﬁ'i@ihe CABROOFSM smidtehtigs Mod fer, cells,

cultu um “u aging and infection of influenza viruses for
ex perim@rta&ﬂy,mtratrtseﬂeage&tbdl ﬁ)rmum@miges mustlve @éecp@]ca(ﬁgbﬂﬂblﬁe‘ﬂ Hepiedkym of a kit.

Typi cal | Kit nt a in addition t

addi t POH Snﬁﬁ BRra Pkt %ﬁ,{l}%tyﬁ%%ﬁqs?fh&?ﬁlﬁlag’ tirge g"rl’f?‘%“P (?181% olr%%erform ng
the "ﬁ{fﬁ@ﬁlz% RlecihBe AliaMBRY 4t pRoduRABK8enIndR taad | k@dssor&ﬁdve&cm@mnadeﬂer 5.12
Mani pul ation of viral nucleic acids and proteins [0225] In t he context of

t he | mvbme hove basn bh@p@reébwdlse wehhity of 7y afdbg HEARNRPERYIEd | Orr‘éaﬁﬁpﬁt ory
o1 B et e ThSnRE Sl L e e RS are mant pul at ed
accor f'dz'ﬁg] I1‘%&: presentﬁl?\?e 1orr1r8roev1&les a vector system, compositions, and methods for

producing recombinant and reassortant viruses in culture which make it possible to rapidly

produce vaccines corresponding to one or many selected antigenic strains of virus. In

particular, conditions and strains are provided that result in efficient production of viruses

from a multi plasmid system in cell culture. Optionélly, if desired, the viruses can be further

amplified in hens’ eggs or cell cultures that differ from the cultures used to rescue the virus.

[0209] For example, it has not been possible to grow the influenza B master strain B/Ann
Arbor/1/66 under standard cell culture conditions, e.g., at 37 °C. In the methods of the
present invention, multiple plasmids, each incorporating a segment of an influenza virus

genome are introduced into suitable cells, and maintained in culture at a temperature less than
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bi ol ogy techni ques. Detail ed protocols for numerous such procedures,

i ncluding anplification, cloning, nutagenesis, transformation, and the

i ke, arewdesewiobd in, e.g., in Ausubel et al. Current pPraSe@slos3scn

Mol ecul ar Bi ol ogy (suppl enmented through 2000) John Wl ey & Sons, New York
(" Ausybgdual to FANBI POKcAly, Ble cullaled Gl RhintdidH ABetwein aBHRT ! @F chﬁ@f’@?l (2nd
Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, "New

Yor k, picd@ably tsandenabktit)32 dhashdBéoges4 stk i ambbut@8 W2 t o Mol ecul ar Cl oni ng
Techni ques, Methods in Enzynol ogy volunme 152 Academic Press, Inc., San

Di ego[023h] T'yBREOEthe cullPedZBt ndahtdidled fl P§ystedn, lshieh AO¥El sdfufd BRE®sor, PT Ot 0COl S
for in vitro anplification techniques, such as the polynerase chain

r eact PadercPaRylled enipity arbCoOnHt sorsan teraper¢itGR)singblemmst dtetggegulator,
anplification, and. other RBNA _polymerase .nedi ated hni ques {e.g., NASBA),
usef uP" aﬁatﬂ? 08 %WVF%@%\YRX‘BP@%‘@ dggs f{‘ﬁ&"‘feﬁééﬁt |@on, are found in

Mul |1 E@et g\l (1987) .U. S. Patent {)\Io é 683, 202; PCR Protocols A Guide to
Vet hod21dh&eagsprtpeafiumnga virpses sabe tadily gRipmad by dpreduengsissubaet ofsan Di ego,

CA (1 " AnisT) s i i C : | ONIH
Roscar SR sebBsREL DMK BaF bR e B RSt Sl o e o Wt e ") 1 75
Guat ekombiztian with tO8P)enfntry Megrhendcdatived ifrouSatrBifs dfifittrest (i) antatenial . ( 1989)
J di Ch 5:1826; . L t al. (198 Sci 241: 1077; . Vi B t

( 16007 A BORISEH Doy B30y ot St e peS865 eSS LISHBIE Bar 11 nger

et al grdp@ﬂ&@}el%?t@\%céin@Edmﬂﬁﬁraﬁléﬁ.k FRPathndNe ARl &K%ide138RI:tBh oS g?hﬂol ogy

13:563. Additional methods, useful for cloning nucleic¢ acids in the context
of t herqspedemnef 4 liesitenvated vansingdthenadstes donert vials straingnayhe sel¢ased 1426, 039.

chong ‘A Wi B he. AR nedtaleh BlitGefio Bl ol B0z 7 "

Cer t aidflupalay Asarhi@al Aasin lrbbiie/ 60N NEdAMB steaif) ca BAA DA 1868; iodesothan be
synt hesi zed utili z%rég vari ous solid-phase strategi es includin
Ad/O6P

d
mononéEiaselpefed i irablq PREEPBBIG RIEPHHSR ¢ St OSRBIAUPH, @pkdead@mg@fh s
chem %ﬁﬁél-rarg%&ie&giﬁw&gmé@%&C%a%ﬁgﬁﬁge%c?eﬂ%%%gaf d8f'i‘cE} sgirsynt hesi zed by the

sequentia tiron o ctivated nbnonmers and/ or rimers to an el ongati ng

11 SAEE NI e Fafnfts selBrh OERR bl el B, 21T

any nePninG efthélindawentemedat-ans efrgiar €4., PRINPBRYPAf NB, NBI M, BME, :¢onmer ci al
sources,_such as The Mdland Certified Reagent_ Conpany _(nctrc@l i gos. com,
The GREhNSAhurit@aFedsh BtesHERIRITheTISR reBbEaHyn Wil GPYS easpding ¢ |

VWV | I . ; : .and many
Ot her S e e o R b, T o
in viegl, apohingepdicidd so cane bigndivenriptdl ohglbbblinflecya infertien. ol ewingd

t is. F l e, viral pol ypeptides with ani i d_substituti
funct TGRATTY Cdbs SroBarion hiee! CUEFeRAERF A EreRares & FEIEY e g., an

recovery, e.g., equal to or less than 35 °C, such as between about 32 °C and 35 °C, for

example between about 32 °C and about 34 °C, or at about 33 °C, reassortant viruses is
recovered. Optionally, the recovered virus can be inactivated using a denaturing agent such

as formaldehyde or B-propiolactone.

5.10 Methods and compositions for prophyvlactic administration of vaccines

[0213] Recombinant and reassortant viruses of the invention can be administered
prophylactically in an appropriate carrier or excipient to stimulate an immune response
specific for one or more strains of influenza virus. Typically, the carrier or excipient is a
pharmaceutically acceptable carrier or excipient, such as sterile water, aqueous saline
solution, aqueous buffered saline solutions, aqueous dextrose solutions, aqueous glycerol

solutions, ethanol, allantoic fluid from uninfected hens’ eggs (i.e., normal allantoic fluid
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attenuat ed phenotype, cold adaptation, tenperature sensitivity, can be
produced by introducing specific mutations into a viral nucleic acid
segnent ewmoadimyg2doie pol ypeptide. Met hods for site direeCedSpubagBaesi S are
wel | known in the art, and described, e.g., in Ausubel, Sanbrook, and

Ber gesy ABtir&omuiiBibad theteb . SThOprep@ufion 6F igh solutomd neakgosienlitagelesi s are
comercially available, e.g., the Chaneleon Site Directed Mitagenesis Kit
fﬁ%mo

(St { aisaftg_ei@'éy, angl sgabilitarys o Wing feduotaedls Feiblished it the artatisngrllyr &r's
I nstruct.l ons _1.0. " . i . i i s i
a ge nmerso‘g%ﬁ,gl%{éng%sgsg%#%g tQ ﬁm%} iz& ﬁFer&k agg E@eg%c&glr%?% ggf%&{p,sahgttb' %1!11? ns, into

g alnrlruenza e rrespectively.

5. 13 @ehefticViar uaes offiEninlsahor oAt subcutpougristramntulet inpamsaf eiche present
invention can al so be used for expression and purification of other

reco U@iz@@]nseﬂérm}gﬁ e infl16nzh Qhtuo dTahSlinS et 28 adiBNitERE 198 gdanee for
consi derdations inportant in adapting the vectors for use with other such
vi r usedficipli2aGlimufate sreinmanrsstespanse spasiimpior susoumpessittinseofdnfiuenga viseyment ed

RNA i ne.. i 1
the cBRIHYCHERRIsRGon CRe s PREAR ol St st e 5B T This

enmbodpBBipks aRPSkthodefos liafidy Rifoteaivganenaleaespbase ialiecbond araaseor ati on into
new vi ruses. However, enbodi nents wherein target viruses cqonprise negative

str an@ﬂﬁs@@rﬁéﬁi@@rﬁﬁww@ﬁdh% oA skillgn der e d'on X #pplenigaciiatRdiBERSBAal syst em
are within ' ti - : ' i
e L5 AP ke G OBl ARGl £ o<

pr ef ey @l y® pluqpRtesfd@wpsinispperafost hémaBived Nltdigativeiyg boutdsi igt i on uni t
(bidirectional system). In this enbodi nent, nea{iléi ve stranded RNA is

gener agedbdwrl SdigAts pdroimistoedwitbaut an asjyent. vt sealer Bagso §eivBnt s wher ei n

o oduE R PR Bl a: Fomi e SR s AR B AR~ ©

I nvengh Qi {8283 ksichheoridiiese bbdy Wweight, sex) diaytiab spadginis@don,anfodtuce Vi ruses
conpri $I_n§ infectious or noninfectious unsegmented RNA genones (sjngle

st r andiénicad faciergbiThe praphiiaeidy vaoeipedarailafion ’§isﬁﬁP‘€1anY|a@‘@HB§tFrgﬁ’ f- Ij}”lf ecti ous
vi ral ] | . - I,Ch 0, paktiation of the
Vi ot STERET G P R B B BT bk PR e R LS ate
Vi r usésvicd-oklt@nainele thesvarpine formtulgithndt hdmimdterpil datranasdliyatitipe bydrgpsRNA i nt o

a host cell is sufficient to caus ti f | et i i )
i 1 BEEGRTBEIS RSPl (Eisatsy o8 2By (UM ICERAS b SPPEING e ReCEEPBUS henom o
RNA, Lygl W‘l}uﬂé’an ST £‘tﬁ§/err$lﬁe§6’iqieﬁiiv&%hsdlt@tiﬁ QRHALIRR sQdteidiBimd al

prot el ns ch are usually carried wthin the viral particle along with the

genoneespdioe, iekamshlednpaistitidd eoafirs theiadded benefit af elicdngmuresal dep #t RNA
Ipﬁ: %/i / ?sgs)tﬁ 0 ?r?t{s}yfe ?ﬁ ‘gs Cﬁ%ei:éin{s?%ir rirﬁgan\é\éatl Qhrrﬁin?stpa?i%y at{elﬂ{lﬁg& ﬁge Oﬁ’ﬁg cell for
vaccines are often preferred, e.g., an attenuated, cold adapted and/or temperature sensitive.
recombinant or reassortant influenza virus. While stimulation of a protective immune
response with a single dose is preferred, additional dosages can be administered, by the same

or different route, to achieve the desired prophylactic effect.

[0215] Alternatively, an immune response can be stimulated by ex vivo or in vivo targeting of
dendritic cells with influenza viruses. For example, proliferating dendritic cells are exposed
to viruses in a sufficient amount and for a sufficient period of time to permit capture of the
influenza antigens by the dendritic cells. The cells are then transferred into a subject to be

vaccinated by standard intravenous transplantation methods.

[0216] Optionally, the formulation for prophylactic administration of the influenza viruses, or
subunits thereof, also contains one or more adjuvants for enhancing the immune response to

the influenza antigens. Suitable adjuvants include: saponin, mineral gels such as aluminum
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RNA replication and transcription of viral nmRNAs; in the absence of the

pol ynerase, parainfluenza |1l genomc RNA is not infectious. In enbodinents
of the prweenta7/domwenti on wherein viruses conprising inf@ecriusa@s/oesssegnent ed
genomi ¢ RNAs are generated, sinple introduction of a dual expression

pl as %ﬂr&&’ldé @@rféd’é\ﬁ%ﬁ{/é Qmstaﬁ@ésrsﬁbms Bsole6itieh,plachit pddedis PoR@nions, Vi r al

geno I'ntd a suitab host cel is sufficient to causé generation of
conplmaedw, oil s’ehydrbcarmtb@dulﬁmsdoaﬁﬂ]@r(éqlmew -Quees (BORDr Covnepagrdritfiect i ous

unsegnent e RNA .ar e ditional expression plasmds may
al so Wgn’ta&gg %‘8&8@&%@?&53? cg][vn% along with the dual expression
plasm d carrying the viral %eno Qe addlt nal Iasm d hou d express

the pf 61&%@@% ePfaPRYACHCOFACEiRP ATRIMEHRtIoN of WF% jsep gany Tfs/“’c %€h are

nor ”%'CX DL SS ﬁﬁﬁ%’ggxgﬁi’raﬁoﬂ %4 Bn&&l ﬂloi‘ér{ﬁﬂnﬁd?)fs@&hla%y{n%lQeulesRNA dependent

RNA poly rases I'n enbodi ments wherein picornavirus, which
conpringhmgstimuladrycndleudes inclsdgnaime ¢yRkinegdpmpbokines @ﬂcfd@m@hme@ PR

conprjsing the conplete vi is.inserted i a dual pronoter
expr sSENHRsErateny, 18?“1‘4%’0 eﬁb%‘%‘i‘ Bﬂngp’ﬁnmélﬁ?fl?aé%{%gfﬁﬁﬁﬁ? SFYH an outer
tr an%ﬁféﬂ@&lhﬁé\(éég' iL.- mrLei qrabhy.4, aLngl 1l l3)p"gﬁimh$£cto@|(é eChfanploegict i on of a

positive stra onpri sing the corr§> ete viral genone--a polyproteinis
t ranStha¢replha‘gle(ﬁﬁ'M)l=®lmN¢uTaﬂ@tlﬂgﬁPwréﬁlﬁﬂ mndw@aqnsmamoaﬂlé@l@@ay and |i berat ed

the VP arlige sbicecongr e i B0 hERI T R E, BT BT BSCRe D o oot

I N anpneSstibfiAGS mhdbdudet difibe a(tinictereddh Itlmmirneﬁﬁbﬁhelﬁ’)lon py the énfhldnya cani ne
RNA pol |, directs production of a _positive stranded copy of the genone. If

the vviruses, genenke abnipisaedisaagielyy Elté?rrtaﬁ BIAST 340 SERIEFHPTHRAE r eam
promof & c&ﬁ&g Qhefalg}lolc &L ‘t%fragﬁ"ﬁﬁfs{e%d f?)goﬁg(f[l\]\cte a.(loxinmurn%%ﬂmﬁlﬁﬁ;r yepsdem . preferably

cani né ect pro on a negative’ stranded copy of

bre 8@23@?@&1@"@1&5 51%‘3-}“{?“? S AR LR IR ind PIEUTRIGGRTA 1 T oes
| NVenddeBitnts Jaffbk aflplbyee i REoERY et Rpeunmpddt hiideisd nansiedganiss egment ed

RNA viruses are produced using the_bidirection systﬁ{Fn are V\Athl n the
s CopehQﬁ celh sughasenmpmmalipy sz@h]e 8 Gelis é%ﬂ%‘r%? %ﬁ‘t}% Ee i1 Srebingi¥egnent ed

ER TRSi e ?ﬁ 1 hafeRRb YA Exﬁér%r %x&lﬁpeﬁg%s @s&%’e@eﬂo@@ nTahisaPengener at ed

€ present 1nvention. For exa he present system may be used to
pr odulggerohabdonidi¢idaed\s mssss mto q:)mramﬁxmial régiereold gersex gepe sdgareabl y

parai nfl yenza virus 111 i ncl udes oductlon of
nul _ti‘ﬁ)geli}?dﬂcﬁ?fl%f’ Wﬂhﬁ% g‘? ﬁsﬁgﬁ{ %8 UL SRR By a virally
deriv yﬂ%%d@%P aegRt o VR IA sﬁ@l@'é@&eantiseﬁge\ﬂld}ﬁl&ir rido2i18k MEhedcter6dopoes s ed
fromthe noci stronic nRNAs. I n these enbodi ments, an outer transcription

uni t modge aeidigthan prtmdoeest intr ko oabesy callpy profugipg HSPEILIA} Viseses
roducti on jove Shr t nome

P om v on-peRu ity osGu Hi TR ity “EkE AR il o Rlplightbote

Addi t jogirl dnybodadient, the heterolo gous polynucleot1de sequence is not derived from an

influenza virus.

[0219] Alternatively, a vector of the invention including a heterologous nucleic acid can be
introduced and expressed in a host cells by co-transfecting the vector into a cell infected with
an influenza virus. Optionally, the cells are then returned or delivered to the subject,
typically to the site from which they were obtained. In some applications, the cells are
grafted onto a tissue, organ, or system site (as described above) of interest, using established
cell transfer or grafting procedures. For example, stem cells of the hematopoietic lineage,
such as bone marrow, cord blood, or peripheral biood derived hematopoietic stem cells can

be delivered to a subject using standard delivery or transfusion techniques.
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i nner transcription unit conprising a pronoter, preferably a canine pol |
pronmoter, directs expression of an RNA copy of the genone for incorporation
i nt o new wonose®2008i nce the parainfluenza |11 viral genecE/USINENLIBES
negative stranded RNA, the pronoter of the inner transcription unit is

5{ ef %Qf’dAVAﬁ&ﬁéﬁ\}%@y, M%E.@%ﬁﬁmﬁ@@hg%é&{sﬁiubl%ﬁidcm@dn teyElioskd b f t he
e

ral” genome conprises positive stran \, pronoter of the inner
t r ansthe cets offa subjett insiy. éFarieddlyy sucbonetbadvuipyelve s asiminisiatiqngl vector

(unidirectional system.. Enbadi t i i LSk iti
St IR A AEial e BB C 8 ST S e rpr e LR P e SRR dng s 1 Ve
e”bo%g@ EQIMRRE) Bl HIISES cARMRIukEE Rellf imediahl setls derviedledlf;NAgipehome ar e

pr oduc using the unidirectional systemare within the scope of the
i nventellsprosiatdictlinatsel, agiwekll asgropesalls deoiy ek fromrmyprieheoisiels dissuesditSsed from

ropl | ERH o ey SR RER GG, Lo B ERRERNRR Al o

repl i % prot érns”’are provi

Separ 16 BF B$ bRk ASIWid paftR3atirettie td Mviendd sites abintaess byianakiayeot

enbodi ments wherein viruses conprising double str@nded, se msgt ed RNA
genompsthads inpdidinginietion fe.gh 8888 8MSEHE PBAYIEISS) 156 §11‘?F%I"a€ﬁwgrd? Y#% each gene
inthe ta . Vi @Bg I AS ' A Pk R R B raEXPr €SSi On
pl as rﬁoalcgf;gfr‘{}%rells:[r%t\?(lenﬁtg ?gl(rgl igl@opgggé#l@’d&rﬁ%@greﬂgé ?%%r a u?li gi F ect ilrgnal pl asm d
or abyedidreattichmahn pk dshveded By phahtibey orbity, dntrowehevsly, sabedatiepusignal  unit,
preferably a pol Il pronoter, directs expression of. an . nmRNA transcript of
each fedemmlycintradermaliysnprygssularty. {Herns £°6‘8 b’ : ﬂ)l?t&ﬂéqcﬁl.ly’,&ypvrag}ﬂﬁlygﬂ: in an

i nner LERLEON YR biacRIEihERah] YarBolCaRithe DOlvity dPbAIPLIES of tHE beY,S
transrggtrag%kﬁlglﬁbgl% 1gl:ﬂtoﬁe?ltpaacpog?ifhti ve las/% r%nd (uni di rvégti onal systemn) o}:( a
negat ¢.yedsfim@nagdrpi di recti onal system. Subsequently, the first strand

whi ch is produced nmay act as a tenplate for production of the conplenentary
st r anph2by] Yhe sdovBEAsapibky mertasi archineful dsuthtiapgutitallp ked/ot prapbiddctRAY pr oduct

is incorporated intQ new viruses. 6. Specifjc.Enbodinments.[0236] 1. An
i sol atedinggcigseee gdispr %@érlp'gf)ﬁ‘{fl%g ey %0%1“6811%?0&%@8?1{% 3egu} atory

sequ eH&&ong@&?écg%%ucl%ﬁe REGEhEa %@ré{;eﬁﬁceﬁfm%ﬂiﬁﬂﬂaoﬁcdﬁ]ﬁf@hﬂe t he

regul atory “seq e Is a pronoter. [0238] 3. The nucleic acid of enbodi nment
1, whpslgpeptitlh éorrregtifiaitoo RN A égge e enfissnsmRBdherrdazymedmsod papulatien ofuc ei c

acid of ga di rent 1, .wher.ein th@ﬂjr.e ul at or IS % an enhancer
and atafﬁeg fséf‘ VA0 BT HYE S é?aglyamedj Oéfnﬁgfr%gg%%&ngﬁ?m ?ﬁé\;\her ein the RNA
pol Y s195& e GoH ;b any), SERINANGEiteaRIis seEablytinked iodgprdpriate bfldtony SEQ | D
NO 1 or"a‘functionally active fragnment thereof. . " A 4 20as

sequences as described above in the sections entitled “Expression Vectors and “Additional

Expression Elements.” Optionally, more than one heterologous coding sequence is

incorporated into a single vector or virus. For example, in addition to a polynucleotide

encoding a therapeutically or prophylactically active polypeptide or RNA, the vector can also

include additional therapeutic or prophylactic polypeptides, e.g., antigens, co-stimulatory

molecules, cytokines, antibodies, etc., and/or markers, and the like.

[0222] In one embodiment, the invention provides compositions comprising reassortant and
recombinant viruses of the invention (or portions thereof) that have been treated with an
agent such as benzonase, to eliminate potential oncogenes. Accordingly, an oncogene-free

vaccine composition is specifically included within the embodiments of the invention.

[0223] The methods and vectors of the present invention can be used to therapeutically or
prophylactically treat a wide variety of disorders, including genetic and acquired disorders,

e.g., as vaccines for infectious diseases, due to viruses, bacteria, and the like.
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[0241] 6. The nucleic acid of enbodinment 1, 2, 3, 4, or 5, wherein the
regul atory sequence is operably |inked to cDNA encoding a negative-strand
viral gerwoi2007RM2008r t he corresponding cRNA. [0242] 7. Phe/usaaiemesseaci d of
enbodi nent 6, wherein the negative-strand viral genomic RNA is an influenza
genom ¢ RNA. [0243] 8. The nucleic acid of enbodinment 6 or 7, wherein the
guckeﬁcllam_ﬁj urther conprises a transcription term nation sequence. [0244]

n I 2, 3,

) A ol PRI S EcRG HR o  eon D, e of n

t he e)@[y Qﬁ)&k@ﬂgus/ﬁaﬁhaﬁzao.@lmp pisasds vindatt mﬂlmhzaapolgperptldé ptaspiidsc atfluenzd 0246]

11. The. e t f t
Compt helsHobl RS AT Her SPOAAALOBR G5 nOBPaE A i PRTSE GRS GOIE  col |
[ 0247]  dum TREASXRT ﬁt%?eieg‘?ﬁga%fﬁh%ct@ﬁ o HIRELBRFusSs fo‘f‘"éﬁﬁc%hﬂerftil%rex pression

vect or conprises a ‘se mar ker that can be selected in a eukaryotic
cel |. t]ﬁ@i’pla&hc PBrpodise caxlpr pekiged indios formalff adnt Sipaeatly, B kittvonteins, ithe

expressi on ve ri ses a It| Ie cl n| n S|te 249].14. The

expr e@ﬂ@ﬁn%g{eﬁ%oﬁ? rr(g ?‘f{HJ Wr%f?r SV C?ﬂﬂntc L{SIIE’e %%H’ﬁ TRyt e i s
orien r%ﬁﬂg&ﬁe hRidR o%w 1H%M %h{%%’[ﬁg ﬁfa@erial r:8@ 4 Rheinersequence to

al | ow expressi on of a coding sequence i ntroduced into the multi pl e cl oning

site fgpm tﬂﬁnfgﬁ%'@tﬁﬁrﬂﬁﬁdﬁf@&ldi %@}ot@ A nmethod for producing an
i nfl uenza g the nucleic acid of
enbodi[0E25] I the dvatebyf hednnting, mieldinididemnaprearpeanineNAA fod2sxulady A

nmet hod for producm a rec I hant fl
Cani R B A SR G OBy BOE B Vb AT AES YrerBigy 13

13, Oryg; aﬁﬂ‘@r?ﬁ 11‘?5r arf&'h@ 1iR& Qfeeiﬁﬁhﬁlﬁlaﬁéﬁ%h&fréln%m@%eﬁ%b@%ﬁn@@clﬂﬂ\m encodi ng
one or nore intluenza pol ypeptide selected fromthe group consisting of:
PB2, PBblpgPrchidanesNMetaited pybtocip forngimerawscsunisprocadieres.setladingg t he

r ecombi n enza Virus. thad 6,

wher e et KRS e it Yo Ghmiiopg M R A SueSRERITR R Y 1

wher ei AusBéll 48N Tririehi PistddoRAH 086l etrfar Bkl (Suilerh@2EHhrdifh 2006) Fadinhod of
enbodi nent 16, 17 or 18, wherein the nethod results n,the roducti on of at

I ealst Wiley 63S@RUNEY Y ork ((hpshel ;S aadsooks ¢z ulanC t he
nucl ei f
T B gt by P

[ 0257]1989 (“Setbrosit’), ki Rerpadinddimnd Guidotb, Muleeuler Glanfrer Beshhiguss.a cani ne

cell.
Methods in Enzymology volume 152 Academic Press, Inc., San Diego, CA (“Berger”).

[0226] In addition to the above references, protocols for in vitro amplification techniques,
such as the polymeraée chain reaction (PCR), the ligase chain reaction (LCR), QB-replicase
amplification, and other RNA polymerase mediated techniques (e.g., NASBA), useful e.g.,
for amplifying cDNA probes of the invention, are found in Mullis ef al. (1987) U.S. Patent
No. 4,683,202; PCR Protocols A Guide to Methods and Applications (Innis et al. eds)
Academic Press Inc. San Diego, CA (1990) (“Innis™); Arnheim and Levinson (1990) C&EN
36; The Journal Of NIH Research (1991) 3:81; Kwoh et al. (1989) Proc Natl Acad Sci USA
86, 1173; Guatelli et al. (1990) Proc Natl Acad Sci USA 87:1874; Lomell et al. (1989) J Clin
Chem 35:1826; Landegren et al. (1988) Science 241:1077; Van Brunt (1990) Biotechnology
8:291; Wu and Wallace (1989) Gene 4: 560; Barringer et al. (1990) Gene 89:117, and
Sooknanan and Malek (1995) Biotechnology 13:563. Additional methods, useful for cloning

nucleic acids in the context of the present invention, include Wallace et al. U.S. Pat. No.
5,426,039. Improved methods of amplifying large nucleic acids by PCR are summarized in
Cheng et al. (1994) Nature 369:684 and the references therein.
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[0258] 23. The canine cell of enbodi ment 22, wherein the canine cell is a
ki dney cell. [0259] 24. The canine kidney cell of enbodi nent 23, wherein

t he cani nwokneveyoogel | is an MDCK cell. [0260] 25. A netrhod/staw/ogeseer at i ng
in cultured canine cells a reconbi nant segnented negative-strand RNA virus
havi ngasieet&in bhBiudeGRRe BF GO I NbISontdlettidRt A Be GPMRESSIdNT: ()
introducing into a population of canine cells a first set of expression
vect anﬁizamﬁﬂr@usﬁoléﬁph@s sirsiggieninshidingmpnenuglentde-andfiiselgatidedasesl provi de

the c l.ete om c,.VRNA s ts of said.virus; (b) introducing into said
col | SRR T EaP PN SFRSE iR grBRe ik B soitRbehr 4B e
encodi,BeheeiRed 8Y HEXeGudiaY RER drleBacalats@ hidnymettSind AR drifa6ds 16 dh lbnighgng ai d

cell s"whereby viral "particles are produced. [0261] 26. The nethod of

enbodpahemiclebide ghaine See ¢.gf Eenitias Nt et eh£8092) Mgth Bazymel 244 :Jr e produced.
[0262] 27. The method of enbodiment 25 or 26, wherein helper vins is used.
[ 0263[0228. InAiawsiflsgothesizing ¢heedeatredspquanaes) dssandidlly amy mecleielabid dantbect i ous

influenza viyal, particles, said_.nethod.conprising: ( i ntroducing.,into a
popul S oanotterebihang o F vedl B EgnTigiifatkieeh Shdbrorte MiAR! Lot

expr eR&igBlh ¢ AmpAAnsebEBlikds. GANOThE GYENASGIAR Uetie (Oniafty| de the conpl ete
genom ¢ VRNA segrnents of said virus and (ii) nmRNA encodi n(g one or nore

pol ypepr gescofons)aiBaprass@n, Ifd { Wyl expréspgenseinn), Opelos hogbrapgicsdnel vi r al
partigles are proquc%p. %?%ﬁﬁ% 29. A nmethod of transcribing a VRNA segnent
of ar™ThY PREITZLoM HE MESDPTSi ng contacting a canine pol | pol ynerase

Phe” g ot s iRt IHosEe! Tels Res ey S p b iF i Cpofaepile SR o O™
oper aéﬁcxmgiiﬂ@gog 0 02 sADMRedIE REHHoEnRNC T eﬁmﬁ@b,dviyawgl'\y&@gma twigH arfiiod

negative strand’virus; and isolating a transcribed v segnment. [0265] 30.
The netihabstfution Guictientlyxorrelgtest with desiablerptianotypicrcharsicriped cigr» 2 host

1. 0266 1. .Th f nbodi .6, .. 17 26, 27 28,
Crer aitteasteh ol pR Qe Sl PRSI AR Nend i) bap B protifopdiy 0, 27 Of

COoNPOsitrbi@An€ SFARIAShBAtianPintty &b irdlyhuoleid/fid Sgmentraioding thégolpbeptalei ty of
vectors conprise a vector conprising a canine pol | propoter operably
| i nkeMletheda for sieIdirapied nitagraesinare N nonpgy theath @ﬁéﬁ%‘%ﬁﬁ-%n %t er mi nati on

S€q ueﬂﬁﬁfbeﬁs\éﬁﬁﬁ%, ﬁlgﬁ%gﬁ, g%g% GARhABuPLs for g&?&?&iﬁ% siePgraldy 1inked to an

i nfl uenza Vvirus to a transcription term nation sequence, a
vect omukgepssissira gommeadidlheavaihble, pg.otist@GranwirenditeyDir¢addeMlutagengsis fitl uenza

virus _PB2 cDNA |jnked to transcription_.term nation.sequence, a vector
conprﬁséﬁaf?@e%e’éérﬁoﬂé’ ﬂ%‘% Carnatber‘t‘ﬁ?gta% Org‘ﬁgg%meﬁnﬂuﬁ% e‘isdn§ﬁm|%ﬂ?§ Qenza virus HA
CDNA ihirelf@&r £ anbLARRSS £rﬁfﬂol%id RIbSH A6 htS 8 FURAEE segin B SRAIIMROAPT i Si ng a

cani ne pol pronoter operably
influenza A or B polypeptide, respectively.

5.13 Other Viruses

The nucleic acids, vectors, and methods of the present invention can also be used for

expression and purification of other recombinant viruses. The following discussion provides

guidance for considerations important in adapting the vectors for use with other such viruses.

[0230] If the target virus comprises a positive strand, segmented RNA genome, a canine
RNA pol I promoter is, preferably, located upstream of the cDNA in the inner transcription
unit (unidirectional system). In this embodiment, positive strand RNA is generated for direct
incorporation into new viruses. However, embodiments wherein target viruses comprise
negative strand, segmented RNA genomes are produced using the unidirectional system are

within the scope of the invention.
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| inked to an influenza virus NP cDNA |inked to a transcription term nation

sequence, a vector conprising a canine pol | promoter operably |inked to an
i nfl uenzavoiznargoddscDNA | i nked to a transcription terni rariusaoospepsence, a
vector conprising a canine pol | pronoter operably linked to an influenza

Vi r usjobB gOihd thrpee thrlisccodngirisans aegapive Sfaid seaMeitt ORNIE SeRRes theaatine

auS2006/ 023867 vector conprising a canine pol | pronoter operably |inked to
an i MNAet & pudmpeter iNgpreforgkly, il daynstrearaed ¢y ﬁgNAﬁnﬁl@rW?rati on sequence.
[0268]_33. .The ¢o Yy i . . rther ¢ I 54 .Qne or nore
cxcpr akaap R E R shterd 1R iRt e o B S RALPRRA B0 17

pol yﬁmﬁaﬂ@l e lieedt egtofgopmridnhiatoienu pirgenstEmbodigents widbsn t4&2Bét VBiddes HA, NP,

NA, , M2, NSI, and NS2. [0269] 34. A host cell _ conpri si ng, t he. conpposition
of erfvouiFERROsE estrantpd, jegmpnied FONA gepames #e PEfHsRT iithghe Wrﬁﬁfsonafgduced
by t s{éﬁ}ﬁ}g%iﬂlﬁnﬁ’QQQﬂJeWﬁei}l@entﬂn 18, 19, 25, 26, 27 or 28. [0271]] 36. A

. 1 P .
vaccl ne conpri sing an I nmunogeni ¢ conposli tion prepar ed froma virus

prod fr.om t he, met hod of di t 16 s 19, . 25 . . r 28.

[ 027 g[fﬁgﬁ rfhﬁ% e%egﬁﬁgg?tfqnolﬂa%@ggﬁﬁg gele d&g r?% O%%é?m%%, CO\;}}%lrséjl%ﬁnég%ﬁzseog pressi on
vect Glonfiffe@ibus ubSpaieated RINASFhemey (sidptasiaindsd bO&otdle sihaded) [Tawengalexanpl es
serve merelei/i toillustrate the invention and are not intended to limt the

i nvertimple ipfodupjionay infectipugyisphgeaomic RNSwnkp dhogt sell trespsicigtiarasei n MDCK

A Ly L

wer e emaks Foe dxdnpple t sheplerinitiediiction oHichmahirali dedtmjmeR Kt ihtcamblosy eeletsi ¢
reassortants derived from| aboratory adapted, e.q., | d .adapted (ca),
i nf | UBHREECRIP S7UFE SORGREOTNOLGOPRIGHS &1 AR Sd ilw&aﬁﬂwét%e&f@ STe Pl - 2,

Per CBying Wmpktle bt felohs slidinicBNA ; ty¥RARY, rBfdrdVdaddidd 8 idi@aYciRin the cell

types supported-the replication of some col d-adapted influenza strains to a
| i m tabtlesrtvanat protaihsywhitiCkreosnalls caried yithinode véd! partjelenlangretiothebot h type A

and type B viruses, For.exanple, PerC6.cell e fou 0_support the
repl i%e%{)fngnﬂ%tfexé@lpleapﬁmwgﬁﬁ{‘% atpsd pcgnﬁs\finrlﬁlg‘\gg‘{eg’ @‘%ngﬁﬁfﬁ %@yﬁgr\?é? as that
seen hodYipedseh@ ik Seqiiited Hithih 4 RewBriaMctedkioseddlichr afigatitinfdfefi@ngenbgge Fi gure
1). In contrast, PerC6 was unable to support the replication of a nunber of

ca tyRp¥AAcplicationgnd rpgseription ehyiva i Agrigvihnalsarcea thepolmesase ca _
docs TR ARl 184 G RO A R gttt T e R BB e r owt
cur veshdreih witusenebngaisiigAnfechoin nh&shntdmensmiccR NAg atdgdnetdte, samde r ai n
introduction of a dual expression plasmid of the invention, carrying a nucleic acid including
the viral genome, into a suitable host cell is sufficient to cause generation of complete
viruses. In embodiments wherein viruses comprising uninfectious unsegmented genomic
RNA are generated, additional expression plasmids may also have to be introduced into a
host cell along with the dual expression plasmid carrying the viral genome. The additional

plasmid should express the protein(s) required for initiation of the viral life cycle which are

normally introduced into a host cell upon infection (e.g., RNA dependent RNA polymerases).

[0233] In embodiments wherein picornavirus, which comprising an infectious, unsegmented
RNA genome, is produced, cDNA comprising the complete viral genome is inserted into a
dual promoter expression plasmid of the invention. An upstream promoter in an outer
transcription unit, preferably, a pol II promoter, directs production of a positive strand mRNA
comprising the complete viral genome--a polyprotein is translated from the mRNA and
individual proteins are cleaved and liberated from the polyprotein (e.g., by a proteaée within

the polyprotein). Since the viral genome comprises positive strand RNA, a second upstream
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does not replicate efficiently in PerC6 cells and the replication of w

Al Ann Arbor/6/60 is not as robust as in MDCK cells. Real tine PCR anal ysis
of i nfl uenoaovioe®sr eplication in PerC6 cells showed thacTamiseale/obRidsT (v RNA)
of both the ca and wt A influenza virus strains increasedduring the first
24 ho}%‘(‘bﬁlo@éﬁﬁ ah HBErhRRriPONEHEE (RiMivectibfal ‘é?st&h)’, rdterabBahHeGFANA Yol ICT ease
out to 120 hours, the ca strains did not. In contrast,” both wt and ca VRNA
i ncr edisets podudtioncfie popitiae standstd capy oBthe gendoK Kéhd giral geworme gomprised [ 0275]
The MDCK.cel ls also tested for their abil.ity to support.replication of
a pot &eeiYg St@ﬂgﬁ\ﬁr‘gca %88?5 ﬁ%?vnsgz?am%%oﬁ%ﬁfﬁd%‘?%ﬁﬂ?m YR I's were

| nf ectypdlradtiol lspitedi)l iptdBlabBi dairRfRINATRE L, vesul ikt GRodicibebNaniddatid®3/ 2004
and virus in the supernatant was quantified at various tines post

i nf ecstianded 8y y4d thogenomse Embiodfrests whereinzegptivestengded, aasepmangadnBiNA

203/ 2004 reached appr.oxi,nat el: .9 TCl r.emeal n ble for
t he n&XI5eBaEP" u&8@§§ln%é%e %1$¥?C§OEQ%P%§§%P%%%QQggogée rolqirillfeéqnlﬁl g?rﬁ cells
obt ai gRd1AKOBMbOEMATEGHoAGE o6itios stindeCilnsSbherted RNexpiauseearedrddued ed
nunber of tines in either nmedia containing 10% fetal bovine serum sourced
f r om usiee theibidicpeenal cxsten arnwihindpp pespeioAfis BEnienf r ee nedia {e.g., SFW
100) to produce pre-nmaster cell stocks for initial characterization

st udi E234AFpuescompesvgrminieetmus ndegmented BB cgitloas iwhergisa pPhypiateional

lication . ,No., 60/ 638, 166 il e cenber. 23.. 2004: Lsipnal
A | B3k BboNge B ekh Persgeraldd ik B REERS infeluisBobot cxpmle HepLRRODS
11/ 304ysa@Pntaly be dsdrioeib@ice 1RabddORRlac @aGEs 0F pwahBRoVisidBevielnys, preforapbyr at ed by

reference inits entirety. Cells were readily grown in both types of nedia
and bparinduenkyins Idevhesedifp suele agrmally ipepdesupsdughiopof aBiltpladapt ed vacci ne
straip ! I LA AT . g Figure 5,
res pe%%%Pgégf/&%%g%&&ﬁﬁ%’ e§§rlng% rrllé qwérsg%dclgﬁéﬁ%a ggglé:}g?\éélggg{p}g‘gd i nfl uenza
st r ai 8&pehders RNMpaIyehesaseyimdfvidel prmindVbExpekded. frdnd hethodwidtrongst | gat e t he
gene segnents responsible for the restri.cted growh in Per cells the

ei ght % %n'I&tP%@H@@@&%%&HQ%%@%WE}%HWg(’f&@ﬂ%}i‘%_{ﬂ‘é’r‘ﬁn *% reassort ant
for e@%&r&ﬁ?% yggﬁ;ﬁ&hoﬁ;, dif2Rtsi b AUBDE BT AMpONitd GRhndl lf')(ﬂ%rélstro?ﬁ@co@ &F-the U. S.

Pat ent 6, 95 or a representative description o he eight-plasmd

i nf | uendgenese fiensybickngenkiajlyr enl§ thehbnes gened BIRR ieiranslagidadrddinioanldy.tshe nami ng
strate for each 7.1 reassortant. The resyltingr t hen
assay’@g‘g’f t(g?nsglﬂﬁtian UEHT RTINS § RISPIOLGEr BrOf Aty A GaTg eﬁl’?g%@%@% (gﬁ%cgs 7. The
gr owt Bpfrstdnl ditah RNRREPPLIME cRpRaars iheorpRBtis0intheewBRuendSiRE thgene
segnents. Fine detail mapping of the exact |qcation responsible for this

phenopypieflssnratll ied BeramucQRPIS fegatioa siroier RAduihe Rramiereiithe IBFT exanpl e,
w1 PR B et P B A A B . e e hen be
back the viral genome comprises positive strand RNA, the promoter of the inner transcription unit

is preferably located upstream of the cDNA (unidirectional system). Embodiments wherein

viruses comprising a positive stranded RNA genome are produced using the bidirectional

system and embodiments wherein viruses comprising a negative stranded RNA genome are

produced using the unidirectional system are within the scope of the invention. Additional

viral proteins (other than the protein expressed from %he polycistronic mRNA) are required

for viral transcription and replication (L and P), and these proteins are provided individually

on separate expression plasmids.

[0235] The invention may also include embodiments wherein viruses comprising double
stranded, segmented RNA genomes are generated. In these embodiments, a plasmid
comprising each gene in the target viral genome can be inserted into a dual promoter

expression plasmid of the invention. The plasmid may be either a unidirectional plasmid or a
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nutated in either a wt or ca strain. Such nutants are then anal yzed for
their ability to growin PerC cells. Any nutation that either prevents
growt h ofwe 2ea7/®eeoai n or allows growm h of a ca strain i #CraseachHezsd7 as one
that contributes to the growth restriction phenotype. 7.2 Exanple 2:
Tunori;aeainkYpl miDEHorSabler 1 m&&%@hg%w&g Rdfalablyaylitgeni city of
the two pre-naster cell stocks of MDCK cells, one grown in _nedia containing
ser unprnmbterhdrestshexprission of anniiled tippeirpt ofhesd mgwg&helél trapsleted ide Mg ¢ nude

mouse nodel at .a stage.that woul d represent. 5 I [ fter that
expec‘f@ﬂg?(tpll‘.?%‘"&séHl'oﬁbqler\}&@&ilwgrgl e IPBH?ltﬂ%g%%/a&)ﬂﬁg? ROl genicity, 10
cel | spiaaioferl Mik@e @fhsSHRIIA TReRbIS] Yositiledt@ho GREdiddctidlalHyslemabela aégative84 days
the animals were sacrificed and exam ned. Neopl asias were observed in six
of t hetrand (hidimeetianal system)abeseqiantlys the fawistrang whichderadrcakpayp¢tded nedi a.

 noculbaital T p B8 By bR hrBRER, AURIOR o 8B PRI ovi ne

ser ungofié fiengbd ROEplodbeias icoprhaedditenobsaussd at the site of

i nocul ation, cells passaged in serumwere not tunorigenic as shown in Table
2. Table 2 Tunori enicit agd Kagp&lif@¥ntHBoduaelftscel | s assed in two different
medi a *TP50: Nunber of cells required to i nduce tunmors in 50% of aninmals
ND: Not done[0279] As shown in Table 2, karyotype anal yses were al so

per f of028d] dn Anhissiated woclpicewlstommpristlg a cnosRNAtpobynerashlerepwlagiorh and

twenti eth passage in their respective nedia. The nontunorigenic cells
passa@@&el?‘rp‘?' 10% FCS had a medi an nunber of 78 metaphase chronpsonmes with

relatively limted distributiaqon of cells.with other 'chronbsone nunbers (70
to 320023k dle Racleieird GiAelagauentd: SEFEIA T S SN SR RS g an
nunber of 78 netaphase chronosones, significantly nore cells were observed
wi t h HR38hauphenucleiseeidod sidbodimet > PARGIGE FeBAe SLauase fethaphase
Chro”&ﬁ%ﬂ?@r hi both cases, the karyology did not change foll owi ng passage.
7.3 Exanple 3: Adapting MDCK Cells to G ow in Serum Free Media [0280] MDCK
cell s t ATCC ar a | ' i N 3 jated FBS.
These[ﬂf(,zépr]é : 358 nP%lﬁ aﬁgds"gg%’z’&%ﬁg‘?‘i‘ﬁf g@g;eﬁluﬁggégq%%%e S | nlga&gg%m free
medi achiRnoel aatliaghRowbreen to support cell bank production. Serumfree nedia
are described in U S. Provisional Application Nos. 60/638, 166 and

60/ 64f9248P 5. and nkklSic Rt SHmRARhéR AL vdBredilihd RN 2§81ymidiesaeadaloty onal _
passages nmay be perfornmed at either 370C or 330C._ Passage of MDCK cells in

t hr eesqnudiee eoomrabniysieobidant tabSOARPEQ Hp N or ¢ Thagtivaally pcityedBemityi el ded

cells with karyotypes simlar to that of MDCK cells passaged in FCS
cont afhﬁf??' medi a (data

[0241] 6. The nucleic acid of embodiment 1, 2, 3, 4, or 5, wherein the regulatory sequence is

operably linked to cDNA encoding a negative-strand viral genomic RNA or the
corresponding cRNA.

[0242] 7. The nucleic acid of embodiment 6, wherein the negative-strand viral genomic

RNA is an influenza genomic RNA.

[0243] 8. The nucleic acid of embodiment 6 or 7, wherein the nucleic acid further comprises

a transcription termination sequence.

[0244] 9. An expression vector comprising the nucleic acid of embodiment 1, 2, 3, 4, 5, 6, 7,

or 8.

[0245] 10. The expression vector of embodiment 9, wherein the expression vector comprises

a bacterial origin of replication.
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not shown). 7.4 Exanple 4: Cdoning of MDCK Cells [0281] Cells were
biologically cloned through limting dilution in order to ensure that the
product i onocedlm2@se derived from a uni que genetic constPelritskoosn23ser ones
were screened for various phenotypic properties including doubling tine and

rel at [DY%]tMnDFHe%‘(Bf&élbﬂ ve@Sr ORIt bdSm¥hiroa whisfeirtl thetexpressibi vedior dunbpridles pr oof
of concept experinment, fi fté four NMDCK cl ones were obtained in nedia

contalsﬁwglbmaﬂWh@@écmbﬂfé CWérl?éapPé%l@éiﬁi@ %Hd each was infected with a | ow
mul tiplicity of infection of ca A/ New Cal edoni a/20/99. Several days after

i nf ec[mzm 11 ﬁﬁlesaxpmsman anttomalenteriivent % mdhetdie theexprassign gectot eaeprisss t he
super na ured b ori,ty of the clones produced

rel ate} / Fﬁ‘b‘ﬁlkﬂ ﬁ’é?%a %eﬂ? mgeégi‘féff’{]? ﬂ%{t was produced in the

non-cl oned parental cells. Cones wth superior, biological and .

physi [8%83. I8l Therexpeassipa yegpieof pakpdigenidy, aferdp the SRLSTPT SagtpT g8t BIICRIB) as

descrc EIPF"S‘IQ%Y]@%%@B Exanpl e 5: Testing and Characterization of a Master
Cel | € MCBis exten5|vely tested to ensure that there is no

evid entiti.ous vgral PCR
and/ 2@5‘2% Abaﬂ%f’ CPESFPP Y e?g e%? or&%\?lgl ﬁn%{hgreéﬁﬁgllﬁltlggtcgorgé %o%duct ed, as
shownyridateliaBladivaio thekanind R Aepdyiesdst mgegilegbﬂm@imce tmﬂldmlﬁenmmdf tests
PCR* /| Ab specific Sterility AAV Ty sl&2lvy CMV Adventitious
agentacadingsegpenceniredusedingeihe lmiﬂﬁégﬂ)cl@ra%ﬂ&/ ﬂl%”l.’f “l’ {?ﬁ%} AYAFELPHC-vi vo HSV
PERT Hepatitis B, C & E Co-cultivation HHV 6, 7 & 8 Karyol ogy H V 1&2

El ect noaﬁolni Srdsuatimyd faPprotiuningiag énfledney genaais tRNA] onrspihyanspiyng the |

Onco CI t PoI AOncogenicity of
cel | Ue? 1§ 9%39@6%5?%%? ZI I}éﬁglgi? gglg%ﬁﬂ\%n%%%%l&%%\ﬁ]e Par vovi r usy
Porci [%SSY] {6158 dioa I%?;%d%rﬁlg relleregénﬁtt)ﬁ%elrrlﬂ&%%g %yr{lsr %%m]%nsmg culturing a

canine cell comprising the expression vector of embodiment 9, 10, 11, 12 13, or 14 and one
or more expression vectors that express an mRNA encoding one or more influenza
polypeptide selected from the group consisting of: PB2, PB1, PA, HA, NP, NA, M1, M2,

NS1, and NS2; and isolating the recombinant influenza virus.
[0252] 17. The method of embodiment 16, wherein a helper virus is used.
[0253] 18. The method of embodiment 16, wherein influenza virus produced is infectious.

[0254] 19. The method of embodiment 16, 17 or 18, wherein the method results in the

production of at least 1x 10° PFU/ml influenza viruses.

[0255] 20. A cell comprising the nucleic acid of embodiment 1, 2, 3,4, 5, 6,7 or 8.
[0256] 21. A cell comprising the expression vector of embodiment 9, 10, 11, 12, 13 or 14.
[0257] 22. The cell of embodiment 20 or 21, wherein the cell is a canine cell.

[0258] 23. The canine cell of embodiment 22, wherein the canine cell is a kidney cell.

[0259] 24. The canine kidney cell of embodiment 23, wherein the canine kidney cell is an

MDCK cell.

[0260] 25. A method for generating in cultured canine cells a recombinant segmented
negative-strand RNA virus having greater than 3 genomic VRNA segments, said method

comprising: (2) introducing into a population of canine cells a first set of expression vectors
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7.6 Exanple 6: Preclinical Characterization of Cell Culture-Derived

I nfluenza Virus [0283] This exanpl e describes characterization of influenza
strai ns pwodoerem2dosom cel |l culture as well as from eggspamaSecawp2a3ses t he
viruses produced fromthe systens. Cenerally, the influenza viruses are

sul tap;h)%blfe%"fe USiRs 38 MAGEd S gbﬁblﬂiérwmA s@gaﬁerhﬁteﬁp@vitab% Sthpl&E @pRdthices t hat
make the viruses suitable for such use. In this ‘exanple, the influenza

Vi ruseBNArwgmhtS-OéﬁapitiS,((bhthdV@ng krdo adidicelya sezoné peticd gkereesidqn ci ent |y at

v YRR ERR N PR AL S po SR Ot P Embis n e e A "

repli fc?TC lﬂﬁmg‘kaic%wlstw}{%?&ﬁﬁwﬁi pﬁrﬁ&te@hﬁe)pro@xﬁ&dare referred to herein as
catsatt strains. The conparison includes: biochemcal, antigenic, and

g_enet s 'ﬂ;?éu?hé ARHIRAURDO TNt 95, Wihdréin 1@6@@?\%t1nﬂ9érﬁh% tlﬁé'éjare

bi och aracterization of the virus ng replication in hunman
cel | sproﬁeq:dch cation in a perm ssive animal nodel; and i Mmunogenicity in a
perm ssive animal nodel. 7.6.1 Genetic, bi ocheni cal and ant i genic
conpafeek] 1.y ThO2B#odGH ehtbodiniens R ai 26, wlicreiyielpdt Mikdilis vdédBNL, A/ H3N2 and B
replicated to relatively high titers in MDCK cells. In addition, passaging

these [62@3% 88 aNm@thB@!fd}Sgehé}a &ttt dhthenells alfe@iout Hﬁlden@ﬁxﬁﬂﬂn c sequence.

Three ca ts att strains, Sydney/ 05/ 97, ca A/ Beijing/262/95, and ca

B/ An npmlbbrs,/smdgnethed éomggage(a) BHeBUERE P @@opw @@mesceﬁﬁa Setié entire
codin i ons o the
start Vecgqrs g%b%uog Ir(]J Egzllleg &hsgﬁds%e\éﬁ ser ve %&gﬁ%% Ogltgqe:]g t hat

this pRSSAPIANG AP FRNA Se@wmt sfsaRl vdrut amdt(n):mwe ehchﬁu@asr&tdranmrenpom tion
of these strains. Further sequence ch a te]él Zaél ons i s erforqrﬁrihe‘g(f

di f f epelypeniides Phanid viras: ) wiyEne eaid Fﬁlﬁ\)ﬁgﬁ‘é Ly VH%@\““& F F hat are

expected to mmc the production process including nmedja conposition, input
dose (Qﬁﬁﬂ) 291 dripethad of wawseribing dpdtN o negnentiaf ga Tnfucnzs viEdy, COIB@%%H?% on the

preli m dat a t in.the
DB i SR GL B DRGS0 langEn il
genet h&alselyced ﬁbheth%cgkéwdngsma@s@gﬁq Ir]D NBE:IK 1®e lehﬁrdlmﬁudbnmdlclg lcidlistrai ts of
t he vacci ne produced _in eggs or f\N re expec

Y

ed, to be
i ndi sePHaRlydmked fo a PBN@V@P lecylg @nf}?ql%$a}d S%&h%ﬁ safg B?%ag‘éff i t ure may
have § and R a‘?ﬁ@' o BEENGES ROPARASSLht 0 the egg based product,

particu ér y W th-respect to postt ansl ational nodification of viral
pr ot ejps; LAl
rermor 22! B HE Rl b8 p0PRARI O DRAIA ST 1 PR M o

rope he wvir Pr.el n h ntigenicit
gf (F:)e[(fi6§ﬁﬁ?u?ée “ coggmg’r?gméé g’r od&%ég&vng%??g getrf%ba‘rx{g%rgite%aﬁt h:a'? tlhelrey
ver e Byre@iRciaalres o hegene gRsinid.t hi s i nport ant

[0267] 32. A composition comprising a plurality of vectors, wherein the plurality of vectors
comprise a vector comprising a canine pol I promoter operably linked to an influenza virus
PA cDNA linked to a transcription termination sequence, a vector comprising a canine pol [
promoter operably linked to an influenza virus PB1 ¢cDNA linked to a transcription
termination sequence, a vector comprising a canine pol I promoter operably linked to an
influenza virus PB2 ¢cDNA linked to a transcription termination sequence, a vector
comprising a canine pol I promoter operably linked to an influenza virus HA ¢DNA linked to
a transcription termination sequence, a vector comprising a canine pol I promoter operably
linked to an influenza virus NP ¢cDNA linked to a transcription termination sequence, a vector
comprising a canine pol I promoter operably linked to an influenza virus NA cDNA linked to
a transcription termination sequence, a vector comprising a canine pol I promoter operably

linked to an influenza virus M ¢DNA linked to a transcription termination sequence, and a
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parameter. Egg stocks of several vaccine strains were passaged through MDCK
cells and the antigenicity of both products was determ ned by neasuring the
HAI titerwousemy200ef erence anti sera. As show in Tabl e 4pcalus2aoa@23dédt titers
were within 2-fold of one another, indicating that replicati quilﬁ\?‘]fs t he

vacci ne | Lcls aeGet SiRradly ligledd o dnyinfifierizh & iruadiS onpared to
egg H%&?E@ﬁ%i@f‘gﬁ%& zftl)ﬁg 4 HAI@% tg%s of strains roduced in e gs and
MDCK{;gkéd 9 afrahsErkaivpl ternvinationf ssquéngA. of Hurman Epithelial Cells in Culture
[0286] In one enbodinment, to evaluate the biochemical, biological, and

St 1 UghagsRla3s THb kampbdigsn bbhiswiimgniri@piitbertdoorprising ore WHBKEERHEHY" pr oduced

[ |1 f h i.gin, K '
o1 cwadbrsdhpieaptssnimER RIS s AE AR RN PB R R e R f o

cel I s (NHBE).... Thj S ik ROINA, ML, MINNGS B astiNgf2 i nfection eventin
t he I%Wﬁ’ncog%ﬁs%bggg%t %g’q)e‘ar(i\fabl & conpari son of the progeny virus, the virus

that is ulti el espons f b bEl a&id ecéd e i mmune response.
St udi[@%@gf%t @%é’@l? R pmf#%%&%g °U ioﬁlklgﬁ%%ﬂr}g?ng and fusion) and

neur am ni dase activities, can bhe neasur iRt a%, el 18, as

ot herl0BTH et ¥agCng fePFISRE LY ES p§?%u§ F‘Zgy ﬂ%c#ggﬁﬁﬁg@(%g@gn M cr oscopy,

i nf ecty | particle ratios, and viral genone equival ents can be
eval ﬁglf gﬁszétO%%g?? t hese conparisons will serve to denonstrate the

conp 1 ddy, of the - derd mefuipesit RBmbositibg pedphedit frare aammis saf e egg

pr odﬁ@ﬁ];a%c[%%%@h% %Om}%l anal?(%t@i cal ?t udi eg ipfg umrari zed in Table 5.
" CONph&uded ifFoai themalao Serabrlimbutelo, dhe 3pdR g d0i2d Hdftan cells 7.8 Exanpl e
8. Preclinical Aninmal Mdels [0287] The ferret is a robust ani mal nodel
used @78V} Upiecdnisiivherfeabodimeands ondedesinshely HICHINHFGRN &7 hif | uenza
vacci nes ‘and conponent vaccine strains. The performance of cell-derived

i nf | uepaatesplegiids produced fromthe MCB are conpared to the same strains
produced in eggs. Head to head conparison of these nmaterials in controlled
studi es enabl es a high | evel of7- ass HXRNYEeHT t he conparability of these
viral pr t 0288] |ln_order Ahtibh byd ef rohmténded vacci nes
to i nkﬂgégldﬁﬁe %&W&Vé%e’%m@% %ﬂ%rﬁé@mﬁﬁl g#%t%,thgﬁ? mals are lightly

anest path gk dpshtionaguhatvag. i ntranasally with either the cell or egg
produced viral preparations. Nasal wash material is collected at several

tinme pqi nt bl 0gowlP6flidhieana Sadiistia MD&K Gellsof virus is eval uated by
one of “sever avall abl e net hods i n orde

158
in r to eval uate the.Kki I and
ext enf020#] Thisaixamels| deserities shitaCteREAUAR;0 ?Vse‘”ﬁ &B’\;@Pe? £°§ &l{rag?‘{‘% {I}%ltill?lg%t .
Experi,nent.s..are pekf.or i Qe rodadtivter fivoth wipd-e
str ai ﬁg"e&ﬂdhg?riﬁwgcre lrﬁnegrS 1?‘\1/ %ﬁ%ﬁrﬁﬁ 13?%%655%%% gené?lgld? ze the rel écl ve
i nf ecwp\sgw) A1 gefbtic resbrinets dedvad fsim dbomatery adgpisrotise é%idé‘fi?l%ﬁ:‘ﬂ ) These

same Studl oS e Ao aed e B, AR RS, WITBH) 29GR. HeYC 8208 NRTH
3T3, CEF, CEK, DF-1, Vero, and MDCK. While many of the cell types supported the

replication of some cold-adapted influenza strains to a limited extent, only MDCK

consistently produced high titers of both type A and type B viruses. For example, PerC6 cells
were found to support the replication of certain wt and ca type B viruses to a similar level as
that seen in MDCK cells although the growth kinetics are different (see Figure 1). In
contrast, PerC6 was unable to support the replication of a number of ca type A viruses.
Figure 2 shows the growth curves for wt and ca A/Sydney/05/97 and A/Beijing/262/95
viruses. In both cases the ca strain does not replicate well in PerC6 cells. Likewise, Figure 3
shows the growth curves for wt and ca A/Ann Arbor/6/60 demonstrating that the ca strain
does not replicate efficiently in PerC6 cells and the replication of wt A/Ann Arbor/6/60 is not
as robust as in MDCK cells. Real time PCR analysis of influenza virus replication in PerC6

cells showed that viral RNA (VRNA) of both the ca and wt A influenza virus strains increased
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i nfluenza strains, a property that is inherently linked to the ability of
the virus to initiate infection. Aninmals are bled and nasal washes are

har vest edweat2ovznoeass poi nts (weeks) post inocul ation; tIRETASIPOOLIBBENS ar e
used to assess the serum anti body and nasal |gA responses to infection. The
cul md}ﬂ‘fdg‘?ﬂe ﬁfst bh8S&s g@ﬁt%febmr?ﬁvlféﬂe} ¥nly Stffé Wi@ahé bathuad e idbeasedytant i body
response be us to conpare and eva uate the relative infectivity of
t he ctelllzomnmuﬁmcta stios did tod Irh@n@gg, potbatcad caa®N A éncrarsed prskicaghele| y

out co the cell and e roduced vaccine strain
have ﬁf‘{aﬁ’g‘f@é\&ﬂQ ﬁoﬁpﬁﬁé év qa}rg’rWHIf?oAgem city. | ?gt IEle cgl I d\éri vled v:tcci IneS
appeared to be nore infective or re.immnogenic th he - ived

pr odul®275k The MEICIS cellf were Itﬁ%‘fq ]{‘T?D ﬁ%ellfé‘bﬂ)l&é’ s‘fg SPPRAELX e§£ 4@%@3’8%&5@1 :r e
pert ofRtid MEBRL, & ANTREEm A0S AT Kicklls 3R infRldicabiqn studies are

per f ferret to evaluate the cell culture-derived vaccines
W t h auBiphigitye ofimifdctibn néth crdoés/éﬁethmﬁﬂ@%/aﬁommvm mhasupematmt wasgeneral |y

elicits s ng and r.apid antj body e nses i.n ferrets..ln addition,

i ndi vﬂ%ﬁ%e‘gé’: aéloﬁﬁu@fl’%tﬁéé rr?ri' %s%o }(ﬁ) QY PRSI 4G WS’\IW{%C% express the
atten ?\h%ﬁ'l {405/4008 ?%H&?aﬁ%oilﬁﬁ{élﬁ@tlég?gJTC‘I’lD§o%Etah&@élﬁalhécghaﬁlb F&@ftBei N the
nasop arynx but to undetectable levels 1n the lung of these aninmals. The

i npactexdB t@éldlayssufeteanglrgﬁovw h on these biological traits is al so assessed.

However, it is unlikely that any differences will be seen, since the att
phenompe] Insthaexpeninegisa MIPEK:ceti§ obthined Emet fhe kB@ﬁdé\lcwsel@nd‘fO dse4st rai ns.

Th wth kipet d t f. th | d
(o | ShiPscaten R GATSE OBHSER ) S efiscotrne L AuoBd R FiF st
elicifsy r&AHh %Uﬂ%&' istel bt ﬁra?ﬁﬁfph@&%rdﬁl e ddid L, SEVEI 1H)W thin a

genetic neage; and it Is expected that a cell-derived vaccine wll have
t he smméumma-bndstdrycll stoglgofor iniéel sharepiseirativn stadice vAPRIAPTIYASCTIROF provi de

si gni f| nS| t ot ent I

i 1 creibate BRCERE B opt YUt s SBPBUGE o nac sEO R e of

t heseo @i, gﬁ@qirbclsi@hmf&mﬂm@@@ NO. 60764 1EF, ﬁllém]m&a@fs phes:; caadtUSSatt strains
measured by first ssaging the virus in human_cel r animal studies.
BasedADnhQaﬁéné\BXq&élEl@éng% Eﬂ%rﬁ%qeﬁﬁeﬂﬁ&gp% ea@h@f@’%i“gllﬁg @E%SEE?P@H“? act on
the c r I tion on
Voo Bel @i Bibthitn, cUIRER 6 R e ATRNGRN C o i R oB! AOUE Lenza
and apgcells eﬁb;fo@ueti itteedepli¢ation wd ba)ldtadapthé vmmmmmmdmad@mp@amﬁ a@s

i mrunqgeni ci t { ﬁL‘i" tt strau,JlC eneral, 8-10 week old animals are
used SVEEESDIet.bsIRTaLROH Figyis é?slpﬁcéve dy designs eval uate n=3-5 ani mal s
per test or control group. Irrrrunogﬁnl city studies are evaluated in aninmals
from8 weeks to 6 nonths of age an der al | reqwre n=3-5 ani mal s per
test article or coﬁma@ﬁmﬁpwﬁwwltﬁ@ﬁﬁ@lﬁsa%@ Ut i cient i nformation
to obtain statisti caralmmabmmdm@mﬁtgrmi\@cmﬁﬂm ant _conpari sons

bet ween [groups. During nost studies |nfl ueGH)synel (logy)
Virus strain (6:2 reassortant) MDCK with serum | MDCK w/out serum
A/New Caledonia/20/99 (H1N1) 8.1 7.8
A/Panama/20/99 (H3N2) 6.8 6.4
A/Sydney/05/97 (H3N2) 7.0 6.5
B/Brisbane/32/2002 7.2 7.5
B/Hong Kong/330/2001 7.2 7.4
B/Victoria/504/2000 6.9 7.5

[0277] To investigate the gene segments responsible for the restricted growth in PerC6 cells
the eight-plasmid rescue technique was employed to generate a 7:1 reassortant for each gene
segment of the influenza A/AA/6/60 strain. See, e.g., U.S. Patent 6,951,754 for a
representative description of the eight-plasmid influenza rescue system. Figure 6 shows a

schematic diagram and the naming strategy for each 7:1 reassortant. The resulting
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signs may be noticed, but are not |likely. Ferrets do not display signs of
decrease in appetite or weight, nasal or ocul ar di scharge; observing signs
of i nfl uenoaedidoeoosl | ness is a necessary part of the stedy/useae/023867

i nterventions such as anal gesics are not warranted. O her signs of

di sconfort, such as open sqres or. significant, i ght Joss, would result in
appr oprassereniivege dieniassryed faribeinabiki torepligis lﬁggff%%‘ﬂgs P8 F%ﬂufﬁhg't ﬁ@e
attendi ng. vet erl i : i oprent
0202 Cp AR et T 08 S M e B
avi anpeehing ofitidexachiotationypgponsiblesfoatids pheanbiype chebe paforaedusingpeetBodDV and

i | ati d i th f the desj 6: 2. ti. )
cons: Bl dmopiin T Bdauld SqUPcTarbRa ObNbEieS iRoR B PR ough
avian ¢el Ac?gﬁng{s:)bgigggg?ﬁfgpfheﬁ&tﬁ&aéon REGRBIRC ViRt ARE Wi eGSR UBeGSbARREN

i nt r offtiCe influenza viral preparation. In this process, Vero
( Af ri gaated aesithiepake ) cratdis. Sndmmatnsxre thenwedlyzaddor teirabdity haemwet dr i zed

cell bank are electroporated with, e.qg., asm d each containing a
CONA 8655 lsonesaPUe B itcuby R s v Suagay anar B efdPede
el ect LORALdeARALISR SHERRABhAButR o Eﬂ?ee%?@wﬁi REHERRPpIRBE peel | s contai ns

i nfluenza virus. The supernatants are then inoculated into SPF eggs to

anpl i £y, anixlg&ngdlggi»fﬁlﬂl&ig%h] JPADYIEELl1 i5bg @i N Both of these procedures

result™in ; %&;—m—mugargoé ' into SPF eggs to produce the

MWS. \¥i78% Tihke@stantial tesorigetiaisy stthe twb paamasteagpbistoaks ol ¥MIgKreste ongl i abl e

timng, nore genetically accur ;te ne segnepnts and | ess otte tial

cont af@FqyaR irblﬁeWFﬁnté%Sﬁ“frpﬁﬂg }éfg‘gﬁ?rsmﬁ?%m E‘f‘ﬁeel Ve r%gliug 8? A& gl,e

i ndi viggial;e W«ﬁédm%u&%ﬂ@diafa?&is@ge trhessuldwepRBinh 9 @sll paRagerdifiet inageibrbl e from
c

one anot’her an an be used to initiate bulk vaccine production. Using the

net hods banstddonpasirteipyodustion HEo eyalente fuorprigenicy k) 1selds eredaigpieéd to use

MDCK cel | s i f th 1] s f ' . i nal
o | PreasATDY Tt eias of KErBes S et 3% BTy U e Rl R e
MDCK  e@hihidan Keeopihbias whidised@@li §ik ©8tHeolD ihaléncaohitaivaith ehevdetlh

smal | -scale cultures (<20L) of MDCK cells. The supernatant fromjihese cells
i s colpeesesedin scome &ise medind [asanErrhrthere ayas A8 Ervidsnseef ReaP3Fgdn &y PHEC WS,
7.10 Examnl e 10 i f i te¢ 294]
Thi's Gt Gondee B O s e B e St and. the
nucl eiatthagdhtkoseafilrosescorbis Weretobsavebatehd SROF]inddutasion, crdlapasseg®NA f r om MDCK
cells (Accession No. CCL.-34 ATCC),:r ﬁ%% i sol ated using a MasterPure DNA

Pur i fisé@mWﬁr%Qt“PmWéhBWBt“é ASl“ogi es; Madi son, W). Sequence
alignnment indicates that 18S rRNA gene is about 90%identical in dog,

human, nouse, rat, and chicken. A €of priners were_designed based on
the seguenc&smiongenieityabRatyetpeyadMIACKesells pasedin yadifferensmediong gene f or

PCR tlo anplify a ~ 500bp re§eom free 10% Serum
Passage 4 Passage 20 Passage 4 Passage 20
T Neoplasias No neoplasias.
e .
Tumorigenicity ND ngte d ND Fibrosarcomas
at injection site
Estimated TPso’ ~107 Not estimable
(no animals with ND ND 1 07)
tumors / total
animals) (6/10)
(0/10)
78; Large 78; Large 78; Few cells R F 1
distribution of | distribution of with W7i ﬂ; arel:(‘);vmczﬁois
Karyology cells with cells with anomalous chromosome
Medla:n?:mber; chromosome chromosome chromosome number (70 to
comm number of52 | number of 52- | number (70 to 82)
to 82 82 82)
*TPso: Number of cells required to induce tumors in 50% of animals

ND: Not done
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from MDCK genomi c DNA as a probe to detect the digestion fragnents on the
menbr ane whi ch has conpl enentary sequences through Sout hern hybridi zati on.
A si ngl e we=nevweioen fragment was identified i n genom c PDRASAIg@sIseT
separately with BanH | (~2.2kb) and EcoR | (~7.4kb). Both fragnments were
cloned into the pGEM 7 vector (Pronega Corp.; Mdison, W) for further
anal ygj ' AL 8 tldrhichRdtel OF
deposﬂﬁ% %E%Cﬁtﬁi{gﬁlgg’g&?@ge erf&%?%&,%?léllse{: «?%;!F}i%(@)%ofg"gﬁsl 19, 2006, and
was assl govkd afbdth Ghdfousbaad swentieBopassaded #6dir rEbgectiviemetiionddiesionai ned by

restriction digestion analysi re ali.gned and orientati f the t
e s s e B A e of R F Bl P v
rest rbvfth QB liﬁfiteﬁ?%t@ﬁﬁioﬁ'offcémﬂbtﬂe% cRoBTeRhe dudbersi(Bfes.  Next, the

conpl ete nuclelc acid sequences of the fragment between the 5 EcoR | site
and t Whileake cdBmmidsdaged tneseium tilse n3:diadilsaelead mmedias nuaber off THewietaplpséssenbl ed

into nucl eoti de uence cont ai ni abagut. 3530 ba i guence is
pr es efTAEROSYMES, @@Pg‘g"%@t @0(“5"&%3 Ivﬁr?\%‘{e%[v@%ﬁ arﬁgglfo?c?%}}rl Hn‘é)gmggt ensi on
exper | ahd:SaNBhe B8l 50f0" 8 nk@phA6 Bhioosbmes.i M bbtalcasiscihe Raiydigfdid
transcripts expressed fromthe canine RNA pol | regulatory el enents.

Bri ef hgt,chhugeafollRNMggassdgeol at ed from MDCK cells. A | abel ed ol i gonucl eoti de
primer was anneal ed to the RNA and used to prime DNA synthesis towards the

5' eng3of EkempBs3:rAlptiioMINEKTCEl { insSer iai n the transcript,

the sane priner s.used t uence the r using a ¢ I: I

di deo%ﬂﬁ@iﬁﬁggﬁhgﬁr@{@@g ewagsﬂ&%% CPWS“‘?%%}%‘F%%%@%%[Q%UCI eic

aci d phtaired ddishRethBS bAREe H IRRRPRkBertdTeimes i Q¥euRUfteahediaci ds obt ai ned
in the sequencing reaction, the first base of the 18s rRNA coul.d bg

i dent FdrinmdhtioTirvhosenrts suppaanestiriank grasuetient Beramyfgsamadia apsgissenbsd)in (sSat base

1804 qf the nycl eotide.se r I T ORY 8] To

conf i PFﬂVE%%Ral%r?@ﬁga&?&gﬂ%segaﬁggﬁP@%ﬁ?@%ﬁmﬂ% ?’saﬁﬂgg?g%%%gﬁgg%tgé?n suf fici ent
regul @l/90&!,SQQ.GWBéHe%dHﬁiodMgf@iagég faag bg ppitforamedaft leﬂhn/m‘ié’f E] C eaﬁrﬁo@la essage of
construct conprising an EGFP gene under control of the requl ator equences
was cORIEKLReilBn Wistatgedio SARIAREE BENHIoaed SuppHan et hsE FRengeee PIrdef s
const LYgL  Jug i bdhsHAbhaB /LS 8dntaihiR3QRddia (MR sense”
ppr o ST K B T S A e

synt hasi shbran one tenplate Virol ogy 15:267(2):310-7). This construct was
then wastransfected into MDCK cells using conventional techniques. 24 hours
fol | owigng ExaRFN€8: CloninRDFVIBGKIGdlsat ed from the transfected cells and

subj ected to Northern blot analysis w.th. a ].abel ed encodi n EGFP
gene. [B381¢&ells vest biglogrcsfy ickonst i(rhr%%}%nfq“&dé@l%f%o Ghio S tﬁzﬂéﬁe t he

pl asni - ' P{Qrgé 1cToR QBN RIAE T160E W Rt Mr¥erR@dences

t hat %&?g&l@ﬁé{lﬁ%ﬁ%ﬁ%&iﬁ%@ggt egglgécglfer?ces 3' to the _regu_lra?t ory el enents.
7. 11 Euaop pheddtypicdeopdrfieciativdimgaiouing time RuGtodatie! tymerigencity, regigHas or y

H emer%rgl production. In an initial proof of concept experiment, fifty-four MDCK clones were

obtained in media containing FCS. These clones were passaged and each was infected with a
low multiplicity of infection of ca A/New Caledonia/20/99. Several days after infection, the
supernatant was removed and the quantity of virus in the supernatant was measured by
TCIDs,. A minority of the clones produced relatively high titers of virus, greater than was
produced in the non-cloned parental cells. Clones with superior biological and physiological

properties are used to establish a Master Cell Bank (MCB) as described below.

7.5 Example 5: Testing and Characterization of a Master Cell Bank

[0282] The MCB is extensively tested to ensure that there is no evidence of adventitious
agents. For example, one or more of several PCR and/or antibody-specific tests for available

viral agents are conducted, as shown in Table 3, below.
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[ 0299] This exanpl e describes identification and characterization of a
t he cani ne RNA pol ynerase |
and ot her reguitst@xyp23s6yi ons
are identified by inspecting sequences 5 to the initiation of

cani ne RNA polynerase | regulatory el enent,
pr onot er . wpQa@@dj2@@ani ne RNA pol | pronoters

transcription of the 18s rRNA for Easeni cal

simpl e del etion experinment sregﬁggfé%ﬁﬁ&”@qletmggjentl fy the sequences

pronot er sequences. Fur

t her,

a

reqUI re rcrent—t ranscrl ptronal T 19“ d}ﬁ sSuch deleéti on
eXperI ﬁneraff‘e‘st:m' -et+on—=st 1*6 s—ntrod ce §tl /AUiI;QPg it ITU T

nut agendbicaplashe restriction site is intfod
fr om t hAdverttitious hgants ideviird émultinleeelbiesb| n

pr esent advasitiougugenss 2A4@ Anot her restr|ct

sequencepRfT Figures 9A-C relative to the|+

| Hepstitts BIC i8SEi dent i fi eg

i ntrod @%C!:uﬁi’vaﬁbﬁe directed nmutagenesis. [ O]

3@V Ehe yectors contai 1

t hese j@ﬁo‘lé’ o sites are then tineari zed

@Mvdl‘gfstlon with the

approp IY]’ﬁtJ{TLT on—enzyne—Next5—amn] app Tate nuct ease (e g
Exonuc T EXOAYe i k i t-o—¢h QUDL te
nucl ei ; P 3 nt c*ﬂT D\{mcﬁ POI-AtS

si zes oﬂnd%e@uqﬂdmi 0?1&111%@ Pem ons 5 he

Polyoma Bk argi yxruﬁes%n

obt ai ne@ncodEenicitytdieclilackysatel asmi ds_are feci

Ciigpsiezed and transfo

appr opl Batmehdsitesqrl PEFR hen screened to|i defianing Nolhagmivds cont ai ni

desire PIRIRI ViRREs p MNolcggrpat el y, appropri ate

Qahentikémpdr des can be

synt hestzed that cont ain sequences Tl anking

a\déﬁbﬁ{rdson to be introag

Such ol i gonucl eotides are then used to nake
del etions using standard techniques. A igon

@onatl VeS contal ni ng

teotides cam atso be

make site-directed substjtutions using standard techni ques. [0302]
gﬁbwﬁer&a ity

abi | i 7% of Expaplg ¢ fPerte'é'wca

transcri pthell &uliares}arged

descri bed above. By conparing the sequences

of plasm ds that allow

rect ed

Co— IO uy oILC ul
1
@bgul_ao_—mgtel—eeu—des 3

EB3bt i de 1804 in the sequence
bivVsite 5 to the nucleotide
| or
)i ng

i near
i fferent
can be
nmed into
ng the

uced.

| oop- out
sed to
The

bstitution nmutants to initiate
y ghsHesting the plasmids into MOCK cell's
and detecting RNA transcrlbed fromthe pl asm ds by Northern Bl ot as

t r ans {02i8p} This ewampletdessebes icheradierirsionaifinfivenrasiting pefesed ftame cdbquence of

ar'c ¢ RBRRGETHOH 8 EPBAEEa O P RPR ca e Rk 4 A B %‘?@é"?%é%%?? s

Al t er pRtgMYonzh bﬁué‘e@@td@@bﬂ% ﬁa@hsel asplaodiBésEin haﬁ;ian@an&hm&eldlofdgmm t he nucI eic
acid provided as SEQ ID NO 1 ‘gé ot her et hods. known | art,

usi ngpeepeities ehorse HPPHBEEHsI

s fopsush vspu ) tihssrf'éam@@st P‘?rl?ét"i“Bﬁ

Sg? ﬁ 0 é%?c%?%éa%&ed“tog Bile Z}gﬁ: %‘tﬂﬂ W& Qéﬁ}cme@fﬂﬁgﬁﬁa‘[ &Y t%ﬁbeﬁﬁﬁéQ nat ed

nt'al n e “negat

by

ve sense "CAT gene ¢l oned under the

cont r gdmetattilReepitivd (1phanetstrictdl splisdien TEEHR a’rihrghgetmrr@ratweﬁbfalﬁdmn n et al

2000) "Anb " hfor th t
fnd. R RS HESI TR G G FoP b

uen

Gl 30 5 Rofd i

M Ni 9GNONE,AHR M The comparison includes: biochemical, antigenic, and genetic evaluatlon

(sequencing) of viral product; biological and biochemical characterization of the virus

following replication in human cells; replication in a permissive animal model; and

immunogenicity in a permissive animal model.

7.6.1 Genetic, biochemical and antigenic comparability
[0284] Ca s att strains of type A/HIN1, A/H5N1, A/H3N2 and B replicated to relatively
high titers in MDCK cells. In addition, passaging these ca ts att strains in MDCK cells did

not alter their genomic sequence. Three ca fs att strains,

ca A/Sydney/05/97, ca

vRNA

A/Beijing/262/95, and ca B/Ann Arbor/1/94 were passaged once or twice in MDCK cells and

the entire coding regions of all 6 internal genes were sequenced and compared to the starting

material. No nucleotide changes were observed, demonstrating that this passaging through
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pPOLI - CAT-RT in Pleschka et al. (1996) J. Virol. 70(6):4188-4192. [0304] To
use these systens to identify and characterize the sequences required for
ef fi ci entwonaorgmedopt i onal initiation, the different del ecrarst@alosissct uti on
nmut ant s descri bed above or ot her subsequences of SEQ ID NO 1 are introduced
i nto fhesubeRAs BRI LREF: theghett eshyi@itin, offtibss-st@hl. FuhkerEe&hiRknot ni genone)
such that transcription of a negative-sense copy of the reporter gene
depencherasterizationsds perfoiediangiferenisraceine piyains greseced inddDEK gellsindetit i on

nmut ant . . The Pcont ai.ni i . : l.ently be
used sciRs T aft BhRuf BRI B GRRGHLASY 1 FRRS, foMaCOmKERE

RNA- dgperndiss (mR) eppbinge agmcayaniohand tiew qirirtdsy eBisednd thdpsélifuiemy t he
negati ve-strand RNA transcribed fromthe reporter plasm g@&yf]s

posi t faje-ikisexpeptefial ‘i@fet"}‘igrbetméﬁ@‘ll%é‘dg’ﬁﬂepﬁ’é“‘b%qql‘lﬁm“&r"f dery so that

t he r@%ﬁﬁéeﬁrviﬁ@m ein (either EGFP or CAT) activity can be detected. [0305]
I n the assays, a set of expression plasmds that contains the cDNAs of PBI,

"oc (RsRl Bttt pEramt Ny BindicA R ila RuRRHAL pX&EORIBIAK Lo aneT oot o
& mp g

EGFP piolicg@naams oF tht hecchid proGREd iepaistoe MIDAOTetel ks hee egrtidko B a putative
canine Pol | regul atory sequence. The cells are_then cultured under

condi indistisgeinkably dhewveverthapemeant Yieth Peadyct Framaqelqulpregnay hyesamsr t er
sequenge.. i Act 1 Vi f I, 4 sin
coﬂve?ﬁ%ﬁg r?%ﬁ? rg lgéce i r?%‘h%ﬂgm(? ﬁetegg%%{fgﬁ‘i’%@&@%%uﬁ@ {Vﬁggéékgcgﬁg Oé(ifel I g are
obser ygelanvael mplifisstichuttvimab promdicy iasinding HA ahtl A ascempesitive pbHEpidpé at 48

o o e rearasgebesh ARl M heke TS Yo L PRRHRS o2
gene, ydesign ?&%@ﬁ@g@éﬁbﬁ datd dd &@qnﬁgegﬁw&umwwrﬁ&@e@aﬁd ¥edy. In

such an assay, ression is nmeasured by detecting the .CATﬂprot ein
di r ecploduéet yrceinbyletibhsBAyed thet thiert ecré ngdetRMablendBetioness Gathig enpprianty

Northern blot), or b etectin T .activit €0 e i er of

r adi oPHBRCEG ﬁ&%???k%?%ﬁﬁ?gltV&Cgﬂ%ﬁ%}l?}gﬁeﬁ%sa&ﬁ%gffrp %&@Kggll%% i cét or of
repor Bﬁigeﬁfc‘itk\bifbmh[&ﬂgﬁﬂs Wy dxammdny hbaubhA the Hamerds ufin@refédercdVDCK cl one
whi ch had exhi bited pronoter activity (see primer extensign a,nam )

t r ansemtiseta. ohs ﬁ@wgnélp bl )l theHAT éﬂt%ﬁé@rﬁjﬁgﬁm@aﬁﬁlépf%ﬁ ot INYSRIERE

cont ajned i.nf.l ue ' : ang/ LegLans sdviQiddhe 5 and 3
ends, {hrag%eggg%t}o\%eq%?e g%ccglgg%g%&swéahsenggéeggglgﬁggﬁg%%%ovéd i)y a nurine Pol

| ter ghmpdred td §gelerive@utaeeribl) . Three separate constructs were made which
differed in the inserted MDCK sequences: MDCK sequences 1-1802 (-1), 1-1803

(+1) and 1-1804 (+2) of SEQ I D NO Tableach of these constructs were
separat el y conbi neg AMriiRr<RiERE bRIAuMFiHFES ad PMDOKIceBnza replication

proteins (PBlI [PB2 PAand NP) andf el ecCtlr opqfgf §§tel N0 MDCK'|cel I s. At 24
hours post- elegtroporation,—the Tett : Xam Negng Tugr escence
ni cr oscopy. As:éil%{}m in Figure 12, alqégtvéﬁ%gvgﬁw:l( fEIMQHU(?J“S, -1, + 1 and +2
top left, m ddle—and—right
(top A/Panama/20/99 256 256

A/Wuhan/359/95 1024 2048

A/Wyoming/03/2003 512 1024

B/Jilin/20/2003 64 32

B/Hong Kong/330/01 64 64

B/Jiangsu/10/2003 128 128

7.7 Example 7: Infection of Human Epithelial Cells in Culture

[0286] In one embodiment, to evaluate the biochemical, biological, and structural similarities
following replication of the MDCK and egg produced vaccines in cells of human origin,
vaccines may be passaged once in relevant diploid human cells, such as normal human

bronchial epithelial cells (NHBE). This passage will serve to mimic a single infection event
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respectively) resulted in EGFP fl uorescence while the construct | acking
pronoter activity exhibited only background fluorescence (bottomleft). The
1- 1803 (™ 2be7z0pea@st resulted in the highest |evel of flpaonss@enciss? A
plasmd wth a CW pronoter driving expression of EGFP is used as a

POSI tih ¥ie AN am&%w 96 AN émnﬂsz@fs@ﬁbftmgir@@nzame,nhé otid @At Rroteins wil |
only replicate authentic influenza VRNA ends. The EG-P signal from each of
t he piltisuteals responsittla forglisitingpakisetive imseiesamonss dhtudice o1 tigaaceines’ cani ne

A, ViR (o HRPOR DRI Bt EIRE RIRA R QR eV T iy 8E07 oo @

r epl i G &t oR-as FRBAY ot Beichasfay sduseittiral fsididsdaeltidihy iehgiran chicloacapst eri zi ng
the canine RNA pol | regulatory sequences include RNA foot-printing
experinfrstipes tol tatad petticlsratiesd andiral prRROMS PEEVA B s¥hps Falvried. Oyerallt he

sequetﬁfg%e Oﬁﬂr ell%%@(t) sdwf-llnseﬁiégc? rd%ﬁwﬁ@ia(%}@%rcgmﬁgﬁtoﬁﬁ%%gthtec?:eﬁ- ri96d PRcEheIyoUNI TS

of ca pol'ynerase or re subunits of canine pol |
bi nd the capai@pndatf dNdrsRIYERERIea s aurdinagy dfanhlytical spaties is winamaatzéd ni ti es.
Next, an RNAse, e.g., RNAse |, is used to degrade RNA unprotected by the

one of T®t®eS.subunits of cani ne RNA pol ynerase. The RNAse is then
i nactivated and the protected RNA fragnents isolated fromthe protecting
one or nore subunits of RNA pol yneFalle3| . The isolated fragments contain
sequences bound byclitieal shvdiasrto pompars bl and egprofpgRdpersines ase | and are

excel | ent candi dhi eRof(frr@gquences havi ng pronot erlhedtraiicer activity.
Fur t hentiehhass freglicMidmt | ng exper i nentsingindiagper formed in the presence
of diffepgRh StBHNtSH Af uSRRLAGFNA Pal Y NEEAsEdtidaboh det i fy whi ch ubuni t
bi nds | whieh. BINGy SBHURRGS uiheSEwaYPer || T NiinamabraekReliQidRlRId@ ne t he

acti virty—or the_gifferent—bound sequer o) e conmpari ng tne sequences
of thei 8%%%19.}' ani ne Pol | pol yrreraLg%lg%l r{g}g%nes

¢ gitiere . . Y i ybtg NA pol yner ase
subuni t SPISHAEEHB species with known s%a léogfsifqi gﬁ?@&&?ge )

speci 1icHEPRSS 10310] In vitro technigde TN

t rans¢iigeti el from put ative canine pol| Husio8qGH%Hry sequences. In these
t echni quease requiredifpr deteqiableegplicaty suljst PHADLEH MUt ant s descri bed above or
ot her | s ibsegeqncddooint®edy rdpNGel ar e |opéanapsirgiufe ol o a transcript of
interest. The set of cani ne RNA pol ynerGsenlic pequiesdens required for
trans¢ription are then added to the trlanagsihptidase Bfifvegti ve transcription is
det ec T IRV maAs &yist he cani ne RNA pol yner ase
I protgﬁﬁgﬁﬁ?ﬁ e. g?@ll\llgﬂrgt%ﬁern rt)clﬁf(%)?)t%?sﬁgmn[ 0311] Simlar assays can be used
to identify other canine RNA pol | regulatory elenents, e.g., enhancer,

reprezgor,E_or oi h@rg elien:eglt ]th a fsect transcription by RNA pol 1 .
Gener aPl y, 9\%%—-&%- | evel s fromreporter constructs

conpr jo2BMOTHE k@tet YSrobastBirhdluhddeNEsedab esalbsie gucanasatih 488Q 1 D NO.: 1 are
conpared to expression |levels froma mniml RNA pol || pronoter identified

as dewemimpraeniciy\ed attgyatedipluensa vasranes,apd €e@pepent geaing stiggs. The

performance of cell-derived influenza strains produced from the MCB are compared to the

same strains produced in eggs. Head to head comparison of these materials in controlled

studies enables a high level of assurance of the comparability of these viral products.

[0288] In order to evaluate the ability of the two vaccines to infect or achieve a “take” in the
ferret, animals are lightly anesthetized and inoculated intranasally with either the cell or egg
produced viral preparations. Nasal wash material is collected at several time points following
inoculation and the quantity of virus is evaluated by one of several available methods in order
to evaluate the kinetics and extent of viral replication in the animals’ upper respiratory tract.
Experiments are performed with a range of doses and include multiple strains and different

trivalent mixtures to generalize the relative infectivity of cell culture grown strains to egg
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presence of an el enent associated with enhanced or decreased transcription
can be identified. 7.12 Exanple 12: Influenza Rescue in MDCK Cells [0312]
Thi s exampbeodemersbes use of the cani ne RNA pol | regulpatrarsgoosioessent s
cloned in Exanple 10 to rescue influenza virus in MDCK cell culture. [0313]

Expr eg%ﬁ%ﬁd‘éﬁﬁihgr PLERGRAAL SRS bR 210EHQNTE RS Hdaimidbgegiony botheof the
pol T p

cani rit ronoter and/or other nucleic acids of the i|nvention
pr es gnfluetpatsirems) 4 propertyhibatlis snheritlydied & the@biliy plidreadrua sl Widdnvent i onal

nmol ecul ar, bi ol ogy technj ques. .Such construct re. . i nfl uenza
T odestinmoRnEel 8 bR es Gaanioes ofv pict Bl ERs st o

expr esshat @-Fégl; RerR %R €28 tb Bskiton s 8eR0intibbdy andhgenipn esgiées n or der
to ogi?lgl&%%@r’a R%M%:Cgssoci ated w tsh rqt.eli ns that?}yi el d inf ec{i oys viral
par t i toliefectidre MThaxtulmihation of hese @a@@nngﬁratse sea antibagy ped pygesdl adihedy i n us

Patent Nos. 5,578,473, 5,576,199, 9 871, : ) Lonal
pat ontesmBE AR PERSSEO DBttty Rah i Blpe P iy PUsbiglee
2002/ QLEHE 10 1k QO $2:20103 THeasdkt tikeMfvutdoniesis pesdidigtd {ortechgdhatad by
reference inits entirety. [0315] Wile the for_e(igm ngﬁhgl\é?egﬁl on has been

descr artsbepgi produses vaesing strainsrhaye Figys nfsetdlyAnd dpiLmg Mg, it will
be cl t killed in the. art. i s i, Sek t hat
var i o e AAGaEe fiberish i hmohSpdiivhish Mo LRdhdin mbilR SO o e

true §oan&, Akthehaudiny enlliing topossibiitplogJovadridosdpe arepdrfirgqieds and appar at us
descri bed above may be used in various conbinations. Al publications,

pat enjoagoPAl fiitbeR BPIruG hd ARty @hd défiRbtisloguden e peifoaded m thifesreappl i cat i on
are ihcorporated béareference in their entirety for all p rgolsngs to the
same mwtlelit exslupte thaeshl qulitierdarivar vpemRescsith 6ﬁﬁgk?d%“étr¥f‘{ma|5’afiéé t dgdioPcat i on,

or ot her_ docunent were indiyi 1.AgL cat ' e, by

refer gﬁ%‘éaf%gg Q{r‘riunf) %?nﬁaag@se\.ﬁcﬁ% 9%% 4@%1?1@ ﬁﬁg?éﬁr%%d&g%ﬁg F&I%%% eglt

prPl idﬁ&eiiﬁ@x}ﬂ iNaSidualléaSs afiQtraiR® ;e’tre‘iaﬁt,inaijf te];sttldApd ishclnm fo @006 the feng®ed 793, 525,
iled April 19, 2006; U S. 60/702,006,. filed Ju 22, 2005: U S

60/ 696:BPbendtyply wpljcatme t%@?},mfx @.ggé’é?fégg&“@%‘%§3lpﬁﬁaﬂ’élé% g%’yur‘%ﬁfgc%{?s; U. S.

60/ GQ%V%BSinfth% ﬁ.g‘xg‘]olfl&?es% Inin @05 heABHabl oF: cefl (ife®e Wit dd tBesebistegied, 2005,

are incorporated~by reference in their entirety for_all purposes.VWat is

cl ai megits &:alsh. aséesseds Blosteret, ftus idilehabiatiansotifeionresgvidl ReasPmeRRANSY! yner ase

| regu| atory sequence. 2. e nucleic acj. | , | -he:

r equl BheNOfYRSEs AR Hé‘égrf%spaét (ifyg%efné’ 1¢ c@ypﬁ{ég%géﬁhg%egét%g%d %%ﬁ@n@ lli‘é,%m\slxlner ein
the R\Aj pOLYMAGKAS & thebSaHiR 9 kYalsRad BRAviAQARNImemtinnof esinghdsimiant 0 1803
of SEQID NGO 1 or"a functionally active fragnent thereo The nucleic

eof . 4
aci d_dbsacindheme@pinzlor Tigs eligitsrssrim epbadigsihaitcensyT e HihdB BIeGHa bl y | i nked
to cDWAencod N9 1808980 ¥ % Seaad mi: b Rbn AR GackNe vAlI HabE e Qtkes pondi ng

capability.

[0290] These comparability evaluations should provide significant insight into potential
biochemical and/or biAophysical differences of the primary virus product and demonstrate the
impact of these epigenetic differences on the performance of the ca ts ait strains measured by
first passaging the virus in human cells or animal studies. Based on the sequence information
to date, there is no expected impact on the ca ts a#t strains immunogenic performance

resulting from production on MDCK cells.

[0291] Ferrets are a well document animal model for influenza and are used routinely to
evaluate the attenuation phenotype and immunogenicity of ca ts ait strains. In general, 8§ — 10

week old animals are used to assess attenuation; typically study designs evaluate n=3-5
animals per test or control group. Immunogenicity studies are evaluated in animals from 8

weeks to 6 months of age and generally require n=3-5 animals per test article or control
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CRNA. 5. The nucleic acid of claim4, wherein the nucleic acid further
conprises a transcription termnation sequence. 6. The nucleic acid of
claim 5, wbenevm2tie negative-strand viral genom ¢ RNA iPETAIs20060/0R3s6NZza
genom ¢ RNA. 7. An expression vector conprising the nucleic acid of claim

Thad nhiffbeRTROHES BFfidRni 1derﬂx@ﬂé@tcg@dlﬁlms€at BNAILys@Itg ol Si N
trans%AulgEng t he nucpglc acid of claim®6, thereby 1prodl¥gv?ng an |?1 | uenza

genonpiseRhAonLly mpmmt@dmﬁ)@msq@s belivesen @@Pﬁe@@ﬁlﬁg Bt Studies Z3r{1Kgs,

clal L%ér'ls&%ay BRI TR SRRl M PSRRI o

one of. JakLk hé&fai b&edbﬁﬁlr ﬂ%ﬁ%@tdb@&vﬁ@se@iseﬁlﬁﬂmé-hhe fnesyis (acrre:sessanyng of :
PB2, PA, . NSI, and NS2; and isolatin P
r econpnrhaﬁhe simlﬂ}/ aedmﬁerwrrtms suah asRalcAEeTRE NEt WaIated- @t%@ﬂg? At i nfl uenza

virus_ produced s infect in the nmethod
resul ihécc?nﬁyfth%ucb Ll r{:s\’o(g%:]s Si%%&?aélgg/t%lgﬁw%%%@ﬁénﬁhl n%f Hie zz;cgvi ruses. 12.
A cel hispoiiid §f theatifel Rllphessdiscusyien tdth thé aitdraling vetdrtarithe cel | of claim
12, wherein the cell is a canine cell. 14. The canine cell of claim 13,

V\,herey? thﬁ)ﬁﬁﬁ’l@le”@ Nigkter bﬁu@sé@ﬂgﬂfVSE@ivleh@ntThe cani ne kidney cell of

cl ai 4 € cani ne ney ce I's an MDCK cel | . ? A nmet hod for

gR m er HoRY ﬁurrenﬂy inflnenracantinestesdny are genesetedby ﬁ&ﬂlﬁfe%@@ﬁﬁrb@ Kyt # vest rand
vi rus havin a

conpr éllﬂr‘i}j‘_?e Yl%s%ﬁfﬁﬁ?ﬁ@?ﬁ@ F&n?r tg’lagggﬂéﬁ’% ion %\fsﬁé&?g% t[{@? i ret set

of expieRsH&ired 8 dgbhétl@@tﬁﬁﬁhﬁtl@f ”ﬂiﬁppmssmgqumSsaveﬂalqmbdagegeﬁbmvcruvRNA

segnents to provi the conplete genom c, VR ment.s d . (b
intr oducmghgawm @llscs}itareé@nd/gr abk @ggfndleggqﬂy@pm%fg% gedies 8@?%’11@d\éé1r agi e( 012

expr e?c?‘} queing 1nﬁ\1%n%g V\};l' ar%oﬂﬁ%19?¥é6@%o§\ﬂeﬁ?§kﬁfca§ gicen ﬁidrﬂté};) and (c)

cultu viral particles are produced. 17 he net hod
of cl gbm érﬁext&i:ﬁﬁregt tasted hed thaparserizofl lceléhaigk are ekectrpportied Mét, age HPDduced. 18.

A nmethod for generating in cultured c |1
part i Blaggidss&ach CRBEHERS LN <apy %0(‘956}9 hsi¢ r%ﬁﬁ?ﬁszﬁgiﬁﬁ B géj%‘qo:ou \l:f iﬁgﬁao:‘“ el
cani nﬁa)fsealﬂé ef'%pt?@;\;/oré’tfonecﬁp LGehdht Ve Ao SeaARpbltel edllseypagpInfigenza said

cells 1) genomc NA segnments to provide the conplete genom ¢ VRNA
segneniras.oThsaipernatantssirathdn échylamﬂmtﬁﬁsz@ggﬁ do emelibr andgnelogisplip&ipiedes of

sai d \{}Iler\lzjasccmg b?ralg.u EBto ofntﬂesséaﬂrgce ures %es\'\'n% gb/XCC?I?é fra¥d i3 is inoculated into
SPF eggs to produce the MVS. While plasmid rescue has several advantages including more
reliable timing, more genetically accurate gene segments and less potential contamination
with adventitious agents from the wild type isolate, individual MVS’s generated by these two
methods are indistinguishable from one another and can be used to initiate bulk vaccine
production. Using the methods and composition of the invention, this method is adapted to

use MDCK cells instead of the Vero cells for plasmid rescue.

[0293] Final amplification of the vaccine strains is conducted in cells derived from the
MDCK cell banks. This final amplification can be achievable with small-scale cultures
(<20L) of MDCK cells. The supernatant from these cells is collected, concentrated and
characterized/tested to produce the MVS.

7.10 Example 10: Cloning of canine RNA Pol I regulatory sequences

[0294] This example describes cloning of the canine 18S ribosomal RNA gene and the

nucleic acid sequences 5’ to this gene.
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particles are produced. 19. A virus produced by the nethod of claim 16. 20.
The nmethod of claim 16, 17 or 18, wherein hel per virus is used. SEQUENCE

LI STI NG a10@poecdosmune Vacci nes, | nc Duke, G egory KenpCe,us@mengseyYoung
James Wang, Zhaoti <120> Met hods and Conpositions for Expressing ’

Negat i s DRNAR 6 NEBOIKNE1 G A kSessida M. BICIL 2P TRER G 522
<151>['0§%??%§%f§ <150> 60/1793, 525 <151> 280013?%)4- 19 <1’501; 6%?7%%6{)%?;151>

g88g:%Wgﬁggfrggf@ggu%ﬁ?ﬁom3‘1t>(EEIIEENERE115iot@£@@JOgie€é\/letb@,rs $D<151>
2005-¥pgrgced 16@9?&@“&5%%&@5%%?%\%3% ?Sga:?% 1t. @gg{e&@!ﬁg ?Tﬁﬁl 2122 12> DNA
Sg i 2 Slgg%gégag ﬁgglgg gléigoggfg I % 6)51‘}(2)@bn'ilne?éi\%l‘étc’@ﬁ@ﬂe(ﬁmeagﬁ&lﬁegset]géﬂcaﬁ anha aagaaagaaa

conserved region near the 5° end of 18S rRNA gene for PCR to amplify a ~ 500bp region

from MDCK genomic DNA as a probe to detect the digestion fragments on the membrane

which has complementary sequences through Southern hybridization. A single restriction

fragment was identified in genomic DNA digested separately with BamH I (~2.2kb) and

EcoR I (~7.4kb). Both fragments were cloned into the pGEM 7 vector (Promega Corp.;

Madison, WT1) for further analysis. The plasmid containing the EcoR I fragment was

submitted for deposit with the American Type Culture Collection on April 19, 2006, and was

assigned A.T.C.C. Accession No.

[0296] The two clones obtained by restriction digestion analysis were aligned and the
orientation of the two clones was confirmed by sequencing both ends of the two clones. A
restriction map of the Eco RI fragment is presented as Figure 8. Next, the complete nucleic
acid sequences of the fragment between the 5 EcoR 1 site and the next BamH I site in the 3’
direction was determined and assembled into a nucleotide sequence containing about 3530

bases. This sequence is presented as Figures 9A-C (SEQ ID NO:1).

[0297] Next, primer extension experiments were performed to identify the initial nucleotide
of transcripts expressed from the canine RNA pol I regulatory elements. Briefly, total RNA
was isolated from MDCK cells. A labeled oligonucleotide primer was annealed to the RNA
and used to prime DNA synthesis towards the 5 end of the 18s IRNA. To identify the first
nucleotide in the transcript, the same primer was used to sequence the TRNA using a
conventional dideoxynucleotide-based protocol By comparing the length of the nucleic acid
obtained in the primer extension to the various nucleic acids obtained in the sequencing
reaction, the first base of the 18s rRNA could be identified. The first transcribed nucleotide
(the +1 position) is at base 1804 of the nucleotide sequence presented as Figures 9A-C.

[0298] To confirm that ;the sequences upstream from this nucleotide contain sufficient
regulatory elements to direct transcription of downstream genes, a construct comprising an
EGFP gene under control of the regulatory sequences was constructed using standard
techniques. The EGFP gene used in this construct is the EGFP gene described in Hoffmann
et al. (2000) “Ambisense” approach for the generation of influenza A virus: VRNA and
mRNA synthesis from one template Virology 15:267(2):310-7). This construct was then was
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gagaaaatcc ttatgttctt tgagcctccc ctccccccca gaattgagtt cctcttccac 120
gacctcttct cattcaaccc aatagacaag tatttggggg ggggggt cag gt cccagacg 180

ct gagaggowoggeryue@aag gt ggt gcggg 9g9gggggggg cacaccgt cc PCTASaYeYe3saA0
ctttggttca gacctccttc gtgacctccc tccctcececctc cctecectect ccctectect 300

cct C“t}a%‘éfé%teﬁﬁﬁts ﬂ&ﬁtkacehéaéihgfcaﬁ@en%ﬁﬁ ggfueg 2230RaraBlleRapagaaaa 360

aaaaaaaaag gaaggacacg agaaaaaacg gtgcatc ccgtcctg agagtcctcg 420
cct ggtetntsfegtngn RN eyt isobatet frcmttgaumf@ggh 3@@@@@9@0 Nettlews @éﬂja 480

B40c GARGa AL LaPred DA SGtpcing th PG AT el R ARG PRSIESEC ocq s00

gcc gtt%gcﬁ{ t£ CA89968 flat BRIAEIHIAS Eraf TSI HRE theQIDIRD &S CofiRalRd gegilgob60
acggcctcgc cgecccggatc tgtcccgetg tcgttcgege gttgtcgg tgccactgg 720
cggCogqudntes thttadjegtedtirags ariptionsd gheatgguencgg e ot Og‘g agct 780
ttggtgtcgg tttcccgggg ccgagttcca ggaggagggc ggctccggcg cgagcgtctg 840
t cgccyupgCEimplg ddc Identification of CaniypddNAGRE] ‘ 1s A
gtcg C[OtQQQ]QTl?@ 6}&%11@151@ géscabel deatietiba age clhargmieﬂmﬁog gﬁg gamgg RNﬁ g c g g 960
gccgcct ggg cgacc agcaccgccg, gt ctc ctc cggaccgacc 1020
t gggd@ﬁﬁ@awgﬁs@@@%d@%%&ﬁ@ﬂm&t X‘@ eré‘%ed? {ngfeg gctccgggeg 1080
atcttcgggc cttccttccg tgtcactcgg ttgtctcccg tggtcacgec ct 1140
gg?c tcm%it CougeRNdged [gugaets otlegy eI GELAY é@ééﬁltﬁ@gg’ﬁdﬁﬂ??ﬁmi@oo
gtg .QC Al 1%»%& gg 1260
agut gugtaRe %g %%P%Et18§§§§§6%§3 tlé}éég@(gég%? ggfé)? bt PR 09 1320
?ggtc gét‘eeﬁ&féeé: Cﬂﬁi}&ﬂ%ﬁﬁplﬂdéléﬁ@ﬁ egperfgattgaetpetfoguedogdettdy @mqum& 1380
ggcc agagccgggg ggggacgg cggt aggcac tcc | ccgc,.1440
gggggaaers for é% g jensgaphopeal dafatyligaliteng %lcgg‘g]gfl&? ?’fﬂ? gﬂ%@f%(‘ftl‘i%oo
cg9adals 1ntr[togggedt ifA8%1 i @e%?itf%g 9199?1&@159(9 EP 1995096 RBGc58868 bHBArcsS60

gcgtgdel ccaccgacc cgtatcgcc tcctcccct™ ccccececcece cccegttcecce 1620
; ggg: ﬁt&g@tﬁy a@@dm@mhutgmslst Thg réstigpnodeds Ptigdudgheutgdoniclrgges 31680
g g c ccgag C ac ct

o chenan Shge e e eer TG ThECTaaT R S RHb ARG ol ShERE, PO

99t g¢4 9ae a FGhbAehthof9RCOa6 M1&?®ﬁ@@§&ﬁﬁn@&@ﬂgg@@§9AgE @él@ta\@bal@ahé.%o
gccggtccgt ccgtcgctcg ccttagagat gt%ggcctct gggcgcgggt ggggttccgg 1920
gct t gat pogitigriygdantifigd oviptrodoetdgry it uiegsiéct ga gccgt ccgee 1980
t gggcct gcg cgecggetct cgtgetggac tccaggtggec ccgggtcge tgtcgccct 2040
ccggt pRoLpTHE aatag aguaigagdheggtgrithyys teg grathge gtagiged gy 81&6@%@&& the100

appropriate restriction enzyme. Next, an appropriate nuclease (e.g., Exonuclease I,

Exonuclease IT1, and the like) is used to digest the linear nucleic acids. By stopping the
reaction at different time points, different sizes of deletions in the regions 5’ to the start of
transcription can be obtained. Next, the linear plasmids are recircularized and transformed
into appropriate host cells, then screened to identify plasmids containing the desired
deletions. Alternately, appropriate oligonucleotides can be synthesized that contain
sequences flanking a deletion to be introduced. Such oligonucleotides are then used to make
derivatives containing loop-out deletions using standard techniques. Oligonucleotides can

also be used to make site-directed substitutions using standard techniques.

[0302] The ability of the different deletion or substitution mutants to initiate transcription is
determined by transfecting the plasmids into MDCK cells and detecting RNA transcribed
from the plasmids by Northern Blot as described above. By comparing the sequences of
plasmids that allow transcription with those that do not allow transcription, the sequence of
the canine RNA polymerase I promoter is identified. Conventional techniques are then used

to clone a nucleic acid encoding this sequence.
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gtgcgctcca tgccgtgggc acccggceccgt tggccgtgac aacccctgtc tcgcaaggcet 2160
ccgtgccgeg tgtcaggegt cccccgetgt gtctggggtt gtccggtcge tcctgeccce 2220

cccececececcgyoggarmeammggg gcttgeccggt gaggcggaag caggtccccc egyusq@o®r3sga280
cctcgetggg cttttgetcc tcgggaagecc ccctcgggge cgcagcecttge tgccgatcga 2340

tc gag%m%l&@ﬁaﬁél‘}%g eatifié RO N PHLI 510610 6E Cadbe RLPFE BadaAhCARNIGAEHY
2400gcgt ccacgg cggatgcgac cgctcttctc gttctgcccg cgggcccctc cctcccecgge 2460

tect argdgel SCUg BTLY | CUUIbOeboSeRsnct Shousctluing ! BRGHIRe 2520
e 0TS OB RN RS HG0bE 4598 85 b fRaRCCa 2500
O Do et con 5700
0 o g L coet righdssctd dageaetcea 2700
Coag i TS, BRRAS AL U 800RR0AY0 R U PITHRS RELLAREARNOCDS

E tc Ct GoRMESs ]}[3’6@3@@ 9ergqaeCtigelagal §:2680y9 to/ypnddCAD nghanahe ggagyac 3000
ggc c tc aggcc _gcggc cC ccacgec geggcgettg ccagccgagg 3060
ggct g%gﬂgtc%féﬂfg%é% 8§ ‘i’lgglt%é’@ gg%&jt %ﬁéb“&gg%@ct ct ctcgcgectcg 3120
cgggaggcgg ggagctctct cctctgggcg gt gacgtgac cacgccgtgc gc cgagg 3180
cgggd 3l T aasechesg apdens gc@@@@@@ngggqagt@g& th@@g@wﬁwéq@ff%?fg%ﬁﬁgtené 240

cccttgcce agat.c C : 300
cooo RGP BRRUEGIRES SEETETERn LonER B A R BEHRRE IR 300

t a? C %@b%@?arﬂ:@@@ﬂ%QQD NDglgg@:iﬁecﬁm;gg(am theaap@te phisgic seletattect Jigu3420
cgtgtagtg ccagcgac gcggg gg actcccgtcg cgacgtgttt tg,3480
ccgcteATitge PE@@E%&%”E@%@%&@%@EH¥EEH§E@f§@Iﬁ%@ﬁg@%@ﬂbuggggggg%ggﬁﬁS 2
t<(2: 3;- 3;- ;gg’:i?ig a?p%%&g Sn MR oF R Rioh Y the 8E1bRorsGi0BsthutibOfugat.  Thd EGaRAgL CC

agat” cactggcttg gcggcgtgge ggegtggcgg 60 cgtggeggeg tggeggegtg
gcggaghgidngtaistuaaigcrirdavat cop cnveticaiche U0 te otake sedbadsldivodeccgt t

ccctgggt cg.accagat a cct. ct, ccqt 80 t cgt gg

RO e D G B i S D A G R

t 90t GEGRIMRAIN FRHY ARG g M Atk RN A G EEEREA id@Dthe reporter plasmid. This
positive-strand mRNA is then translated by the cellular machinery so that the reporter protein

(either EGFP or CAT) activity can be detected.

[0305] In the assays, a set of expression plasmids that contains the cDNAs of PB1, PB2, PA
and NP or PB1, PA, NP (-PB2 as a negative control) is transfected into MDCK cells together
with a plasmid comprising an influenza A virus EGFP minigenome or the pFlu-CAT reporter
under the control of a putative canine Pol I regulatory sequence. The cells are then cultured

under conditions that permit transcription and translation of the reporter sequence.

[0306] Activity of the reporter protein is detected using conventional techniques. In the case
of EGFP, the transfected cells are observed under phase contrast microscope or fluorescence
microscope at 48 hours post-transfection. Alternatively, flow cytometry is employed to
detect EGFP expression. In assays with a minigenome comprising the CAT gene, designated
pFlu-CAT is utilized to measure polymerase activity. In such an assay, CAT expression is
measured by detecting the CAT protein directly (e.g., by ELISA), by detecting mRNA
encoding CAT (e.g., by Northern blot), or by detecting CAT activity (e.g., detecting transfer

of radiolabeled acetyl groups to an appropriate substrate) as an indicator of reporter activity.
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tgaacatttt ttgttgccag gtaggtgctg aca 333 <210> 3 <211> 168<212> DNA <213>

Canis famliaris <400> 3 gggctccgtg gggt gggggt gggggggcgc cgt ggggcag
gttttggggaocagiie@scg 60 tgtcacggtc ccgggaggt c gcggt gac eCTASgyegissT
cccgccggca ggecgeggtta 120 ttttcttgec cgagatgaac attttttgtt gccaggtagg

t 9ot gR8a7ILRS exahBR, the TREATrabfins2ian RNNDER oneartiich hanbtisitdls <400> 4
gccgtgggde aggttitggg gacagttggc cgtgtcacgg tcccgggagg tc%cggt gac 60
ct gt ggomngter rciedtyyceyprinangdens anddranserintion asays abrite & s eloned yrsireamo

ttgcc t.a t gctgaca. 140 <210>_.5 1> 114 < > > 115

fam |9 ilgse%glﬁg@f"%o%ﬁﬂééﬁfgﬁeezaa%ga&tﬁ?éélagaﬁsg%ta(ﬁ%éogn% geggéﬁbetgga%g? ggt ccccg
CCO9CHYYGasflti b gt dfatdebhtivd deHSLCEQHD goh@RAloatet bytahagtitgrsid tgaiiaggt gct gaca
114 <210> <2112 85 rI<e§12> DNA <213§ Canis famliaris <400> 6 éﬁggﬁ%ct gtg

gct goiSeedtiggeddycBse sepaaaje eenstucts srargareds whidy GHsred in theongarted

aggt agat 9¢ 1. 938 8qatds 11503143, RPs(PdAT ol 1804 (+2) of SEQ ID NO:1.
Each of these constructs were separately combined with expression plasmids for influenza
replication proteins (PB1, PB2, PA and NP) and electroporated into MDCK cells. At 24
hours post- electroporation, the cells were examined by fluorescence microscopy. As shown
in Figure 12, all three MDCK fragments, -1, +1 and +2 (top left, middle and right,
respectively) resulted in EGFP fluorescence while the construct lacking promoter activity
exhibited only background fluorescence (bottom left). The 1-1803 (+1) fragment resulted in
the highest level of fluorescence. A plasmid with a CMV promoter driving expression of

EGFP is used as a positive control (bottom right).

[0308] Influenza replication proteins will only replicate authentic influenza vVRNA ends. The
EGFP signal from each of the plasmids containing an MDCK pol I sequence indicates that
the canine regulatory sequence fragments contained promoter activity which produced a

RNA with correct influenza VRNA ends capable of supporting influenza replication.

[0309] Other assays useful for identifying and characterizing the canine RNA pol I regulatory
sequences include RNA foot-printing experiments. In such procedures, RNA molecules
comprising, e.g., the sequence presented in Figures 9A-C, are contacted to one or more
subunits of canine RNA polymerase I. The one or more subunits of canine RNA pol I bind to
appropriate RNA sequences according to their particular affinities. Next, an RNAse, e.g.,
RNAse L is used to degrade RNA unprotected by the one or more subunits of canine RNA
polymerase. The RNAse is then inactivated and the protected RNA fragments isolated from
the protecting one or more subunits of RNA polymerase I. The isolated fragments contain
sequences bound by the one or more subunits of RNA polymerase [ and are excellent
candidates for sequences having promoter/enhancer activity. Further, these foot-printing
experiments can be performed in the presence of different subunits of canine RNA
polymerase I to identify which subunit binds which RNA sequence. These experiments can
help to determine the activity of the different bound sequences by, e.g., comparing the
sequences of the different canine Pol I polymerase subunits to RNA polymerase I subunits

from other species with known sequences and binding specificities.
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<213> Canis famliaris <400> 7 aggcgcggtt attttcttgc ccgagatgaa cattttttgt
t gccaggt ag gtgctgaca 59 <210> 8 <211> 164 <212> DNA <213> Canis famliaris
<400> 8tugeugmmm2mmtcaaagtcc tcccggagat cactggcttg gcggegrgseonggeisbygcgg 60
cgtggcggdcg tggcggcecgt g gcggegtgge gtctccaccg acccgtatcg cccctcctecec 120

cctc Cr,,GG ) )
TnG55 6 fehlhesCah @Y HeG e P oAbt S oo 137
<212 %m 23}13> %an{qsesf am li1ari se<400> Qﬁgfagat gp'lito'gat tlfggggé?gfﬂﬁ%gggagat

coct JgeklsoacegoglByc eyt loguugnes e diffryey delsliongugieyioy eigheqt ggc
oo <asiideo e he b inier 5ol DORE S SPeBRRLRTR A diifRe” =1

tcccggagat SR IE Litn IRNICHIGReragaCabEaRA8BiteCtt BE8gEipdoh ggabeT gt
gcggcgtggc gtctccaccg acccgtatc 109 1§<lg10> 1% <211> 55 <212> DNAgzglg» Cani s

fam | ddded t théOOnsctipts. tRfecyae transcriptemigtdstecteddugiriepiins b RYget1§cRliggc gt ggc

cot <
g99¢9 mg e by2 t g%ar{i%e ﬁ%}& 1>301%/19ngerase I proteins by, e.g., Northern blotting.

[0311] Similar assays can be used to identify other canine RNA pol I regulatory elements,
e.g., enhancer, repressor, or other elements that affect transcription by RNA pol I. Generally,
in such assays, expression levels from reporter constructs comprising deletions, substitutions,
or subsequences of SEQ ID NO.:1 are compared to expression levels from a minimal RNA
pol I promoter identified as described above. By comparing the expression levels, the

presence of an element associated with enhanced or decreased transcription can be identified.

7.12  Example 12: Influenza Rescue in MDCK Cells

[0312] This example describes use of the canine RNA pol I regulatory elements cloned in

Example 10 to rescue influenza virus in MDCK cell culture.

[0313] Expression vectors encoding viral genomic RNAs under the control of the canine
RNA pol I promoter and/or other nucleic acids of the invention present upstream from the
18s rRNA gene are constructed using conventional molecular biology techniques. Such

constructs are used to rescue influenza virus in MDCK cells.

[0314] Further guidance on protocols for using expression plasmids to express influenza
proteins and genomic RNA in order to obtain viral RNA associated with proteins that yield
infectious viral particles when introduced into appropriate cells may be found, e.g., in US
Patent Nos. 5,578,473, 5,576,199, 5,820,871, 5,854,037, International Patent Publication No.
W000/60050, and US Patent Publication Nos. 2002/0164770 and 2004/01422003, each of

which is hereby incorporated by reference in its entirety.

[0315] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus described above
may be used in various combinations. All publications, patents, patent applications, or other
documents cited in this application are incorporated by reference in their entirety for all

purposes to the same extent as if each individual publication, patent, patent application, or
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<212> DNA <213> Canis famliaris <400> 12 ttgatgattt ttcaaagtcc tcccggagat
cactggcttg gcggcgtggc ggcgtggcgg 60 cgtggecggeg tggcggcgtg gecggegt gge
gt ct ccacowoacemye@Bcg cccctcctcc 120 cctccececceccc ccccececcl/use@seisbT g
accagatagc cctgggggct ccgtggggtg 180 ggggt ggggg ggcgccgtgg ggcaggtttt

099926k dofaa&s vah€ mdeagi415Gad6atéd b FORtb6POHdd WAetdrei@der 419 B&ds9C
cggcaggcgc ggttattttc ttgcccgag 299 <210 13 <211> 244 <212> <213>

Cani s If agdilipzry S<Rpuisiar Bgté pRliggtienyYost Hot 0GR o dided 4palgty260¢;
cacc C t C C t cgacca
ot aocit o qatet e A P S AR TR g AN (¥ Goaga

cagt t g099,566] Gl galtycl 51 3005; CUY IEUICHGS T GUAIRLE1 5, OIS $YEO/69Z,088 GECa
ggcgc 244 <210> 14 <211> 190 <212> DNA <213> Canis

ggtta ttttctt%:c 240 cgaig

fam | P8pg &1, 2009:and ). §ce¥e9% 2 {1 filed drreth 2008 e e igrated by teigjghes igaccagat ag
ccCt 0gag 961 ?% %ngﬁgg%esgggggt gg99 gggcgeccgtg gggcaggttt tggggacagt
tggccgtgtc 9 acggtctcgg gaggtcgcgg tgacctgtgg ctggtccccg ccggcaggcg
cggttatttt 180 cttgcccgag 190 <210> 15 <211> 134 <212> DNA <213> Cani s
fam liaris <400> 15 gggctccgtg gggt gggggt gggggggcgc cgt ggggcag gttttgggga
cagttggccg 60 tgtcacggtc ccgggaggtc gcggtgacct gtggctggtc cccgccggca
ggcgcggtta 120
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ttttcttgcec cgag 134 <210> 16 <211> 106 <212> DNA <213> Canis famliaris
<400> 16 gccgtggggc aggttttggg gacagttggc cgtgtcacgg tcccgggagg tcgecggt gac

60 ct gt ggwoQgITe®Msgccgg caggcgcggt tattttcttg cccgag 1@6ETARI®/0186x211> 80
<212> DNA <213> Canis famliaris <400> 17 tggccgtgtc acggtcccgg gaggt cgcgg

t gacchgt og chgaphccccg ccggcaggceg 60 cggttatttt cttgcccgag 80<210> 18 <211>
217 €§%5> ﬁﬁk <g%§> Canis famliaris <400> 18 ggcgtggcgtgctccaccgac
ccgtatcgcc cctcecctececc tceccececececce cccecgttce 60 ctgggtcgac cagatagccc

t gggggct cc, gt. t . COC

g S b S e S S
ttattttctt gcccgag 217 <210> 19 <211> 56 <212> DNA <213> Canis famliaris
<400>7 19 t THE gaEIoRGoRE Gt @ gviecde tpaegdatonggrgenytis b aremetet t g cccgag 56

3. The nucleic acid of claim 1, wherein the RNA polymerase I regulatory sequence
comprises nucleotides 1 to 1803 of SEQ ID NO:1 or a functionally active fragment
thereof.

4. The nucleic acid of claim 0, 2 or 3, wherein the regulatory sequence is operably
linked to cDNA encoding a negative-strand viral genomic RNA or the corresponding

cRNA.

5. The nucleic acid of claim 4, wherein the nucleic acid further comprises a transcription

termination sequence.

6. The nucleic acid of claim 5, wherein the negative-strand viral genomic RNA is an

influenza genomic RNA.
7. An expression vector comprising the nucleic acid of claim 6.

8. A method for producing an influenza genomic RNA, comprising transcribing the

nucleic acid of claim 6, thereby producing an influenza genomic RNA.

9. A method for producing a recombinant influenza virus, comprising culturing a canine
cell comprising the expression vector of claim 7 and one or more expression vectors
that express an mRNA encoding one or more influenza polypeptide selected from the
group consisting of: PB2, PB1, PA, HA, NP, NA, M1, M2, NS1, and NS2; and

isolating the recombinant influenza virus.
10.  The method of claim 9, wherein influenza virus produced is infectious.

11.  The method of claim 9, wherein the method results in the production of at least 1x 10°

PFU/ml influenza viruses.

12. A cell comprising the expression vector of claim 7.
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13.

14.

15.

16.

17.

18.

19.

20.

WO 2007/002008 PCT/US2006/023867

The cell of claim 12, wherein the cell is a canine cell.
The canine cell of claim 13, wherein the canine cell is a kidney cell.
The canine kidney cell of claim 14, wherein the canine kidney cell is an MDCK cell.

A method for generating in cultured canine cells a recombinant segmented negative-
strand RNA virus having greater than 3 genomic vRNA segments, said method
comprising: (a) introducing into a population of canine cells a first set of expression
vectors capable of expressing in said cells genomic VRNA segments to provide the
complete genomic vRNA segments of said virus; (b) introducing into said cells a
second set of expression vectors capable of expressing mRNA encoding one or more
polypeptides of said virus; and (c) culturing said cells whereby viral particles are

produced.
The method of claim 16, wherein infectious influenza viral particles are produced.

A method for generating in cultured canine cells infectious influenza viral particles,
said method comprising: (a) introducing into a population of canine cells a set of
expression vectors capable of expressing in said cells 1) genomic VRNA segments to
provide the complete genomic VRNA segments of said virus and (ii) mRNA encoding
one or more polypeptides of said virus; (b) culturing said cells whereby said viral

particles are produced.
A virus produced by the method of claim 16.

The method of claim 16, 17 or 18, wherein helper virus is used.
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