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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 fo 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 cleatly a
necessary element of the solution; several programs are currently in place worldwide to
monitor emerging influenza viruses including avian influenza viruses that infrequently cauvse
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.



[ 0004] Vaccination is the nost inportant public health neasure for
preventi | caused by annual epidem cs of influgng ddBsshort

i nterval qﬁ%?b\@%ﬁﬁﬁ%enti fication of a potential pandenc aﬁs 0the:ionset of
significantly increased disease |evels present significant challenges for
produgs GEih G ¢ itk ?ﬂ@ﬂe‘h popul ati on.
Havi ngbd\}g(]:généh%@zﬂ%]o ogggtgﬁ%&ﬁ%}%gﬂ%eﬁ ?%gé?n er)g(g ructﬁ?%dfsﬁﬁgl ace prior
t o t heawwoebyenosl epfieitive ohimiineman Mhisbomvidttrvildepwedan idedtifioatiamefa orati ng a
significant, ampunt of .illness and death. The.short response.tipges needed
C o pr BFERALE ARG ARt e oS oR B RR Y Bt RGP oV STOROIEHEGRAr ch or
pr oceggaiftayey @p?ﬁﬂhciggsﬁﬁcféﬁﬂ%@fh@@o hidieRE 8 Bhgd RoRcAVo e ?Bpﬁﬁtﬁ&i?t Ive
response. [0005] To date, all commercially available influenza vaccines for
non- paRuig vacene wchrology andenanuficheihzSniadsichinyin Heceprin dp dpatesdgénce

or oclt Rsnost 04 En iR v pliG R e Dt T8 St BB S Fistped &op T2

of eg@se Bt rebsorE gakt Zeded aNghogtded MRnd@hicwacghdeniadulbvay, sel ected
nmonths in advance of the next flu season, limting the flexibility of this

appr oBkHongZEA desseich 9T prosessdergjopment de bagendipigd éneideniparoyide gp gHfgetiveon and
di st r%etg &is%?‘ Unfortunately, sone influenza vaccine strains, such as the
prot o yge / Fujian/ 411/ 02 strain that circul ated during the 2003-04

" cor algSp7BRhe SPLoRBL G ot DR ERTE G E REERERE e BREnRRe  o0oc)

Syst eURittdBtapisQEUE D& protfdguiRd LibeMbidEA8d héh’ ¢ eds. UlHoupR itTRNazaVies been
devel oped in  recent years (See ., Furmn Vacci ne Production, in

, e.g., er. cine
Ni chofs sl iyhen(segss, preduchoprt Yﬂccmpﬁﬁ‘llﬁl?éﬂée&? pip thegpalanbity afieggen et al .

(1996 j j [ ' - f ne

pr epa?%ﬁ%g ld?i&%ég%%‘%fégé gé@hﬁg%g?\f{rgﬁa seiéag)vﬁﬁé{x/ee‘fr Hé@#@? (Sasalleg{sedidn%s@gn and
Pr oduadvaore of th¥aedifhesasop, lihdihglhd jlexibifpy cihisyapptdaels endwifteo desuitingahve t he
i nfecti,on of, .syitable imortali.z host |Is with a selected strain of
't s CEIg 2 BTN PG Ry A0 T RO FiEEbs o8 FMTED AR no

pr odugtdify) shdh £38Re Sro@AES AM}iadh | 1/0250EH &AL Sir&lldtad B thel20b3J0gnza grow
wel | and can be produced according to established tissue culture nethods.
I n  agdber, da noheenlicale wall isembryhnated thiglkdnecgeh and beeg fodte isslated by cell

tt 1.on, . LELVI d | d adapt ati on, itable f

o oM LSRR S AR g 01§ adaptation, sultate for
in ti |, t ing. established t hod 0071, | ddit t |1
B SO TR S AT TR BB 009 BT St ]|
Vi 1 usseckmtlyledrsi(fdeee ki, Busimingéd. UeRzde Vb Aeas, NAVEHERA D detis TekiBosiEbt

cul ture using _reconmhi nant DNA technol ogy. Production of influenza viruses
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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 ail 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.

[6007] 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 celis) can be used to replicate vaccine strains to a sufficient titer to manufactﬁre
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.
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[0013] In one embodiment, isolated nucleic acids of the invention comprise a canine RNA
polymerase | regulatory sequence and a transcriptional termination sequence. In cestain
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 franscription
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
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nuc firsiestion {ae. opeaninsl BN put é grdrootsd)j wherepLthatapujatorysapenceisiopeaibly nf | uenza

VR Se nt.,[.001 | n_cert.ai nbodi nents, nucl eic acids of the invention
compft (g o W‘{’zﬁ‘?&‘?gb‘?? ﬁ%“sc’gé?d}éﬁc@ P PEPSPREF& iSB‘ﬁgﬁl‘F Prokees (- favagnent
t heRegf corBplBx in Be AR TR oA PRYd ndof _ﬁhﬁﬁé‘nzaw.@? erk tvi'%%gdﬁz a human,

primate, nouse or canine pol | polypeptide and is a eas o or about
999ivo guiragyayibed.oin orgsgsbaimentgtemugein acitboperadtiydinked 5% dguibiocal to one
or uGl i S nces selected fromthe group consisting of: SEQ ID
Nosgg(ﬁl-gﬁ%.lg aﬁ%%“%ﬁzaeﬁ@g& Sr‘?glf‘nltm,lt't he pol ynucl eoti de sequence or functionally
act | agment thereof fugther, refains the ability to initiate
tram/ﬂgﬁg‘ﬂ?‘?ﬁ i ?lﬁg‘?(ﬁ’é‘_%‘is g agfls %%%F&WPB?%C?}BPVWQIMIGOG@?Q., human,
Pri BRfuBncd BIUS@n&HonaBPLAR AR ﬁenPE'JeYé%?,p%. %9&%& infRna ]%ﬂci(?@%;hlﬁ&l nucl eoti de
sequence operatively I'i nked ggo t he nucl®&oti ope sequence. Tn ore enbodi nent,
" f upRsIeetea ey binde & humah, ranaatisdusefor thenapall lgiolymptids amsis af lagth i n SEQ 1 D

o FOTeD ehe R AR S5 Sl B R ooy R s e el 1y
act bie@od hogRRIcoHAd sdqh&mde@%le@tb&frﬁrrﬁtﬁ@lg?dh?aecoﬁ%tiﬁ@diﬁ REaSDFER:IQNO. 1 are
provi ded whereby the regul atory sequence fragnent  is operably linked to a

nucltepne erbedingnt, e pelvansleptiidrttquente or Aunclienghesdine Sagiesiiherabf e pr ot ei ns

i N YifL0..06 | i cribed. . [0016] In certain enbodi nents,

nuc ghgpéeﬁ%ésﬂg%bifﬁétc% 1%&%‘?\%?%“@“@% r’inééleé’ I%SISP% APREPIEE prggj@’(fﬂg%i?e or a

f r a@meriturbdre peiafate, o@se ovcanar ok I Riipasidek), bEgubRhADYyREAURIRE, that binds
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sequence or a fragment thereof, e.g., a canine RNA pol I regulatory sequence, that binds a

human, primate, mouse or canine pol I polypeptide and/or is 100% or at least or about 99%,
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 1ibozyme sequence or a functional derivative thereof,
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| nf F%&E“’B‘u\?pr ﬁg?gqtﬁ‘flf‘{?e Fanes 9(&8‘%‘3“3’&%gﬁBta\yirP%g\Ta”ioﬁfr%t i ous sal non
anephRbWiS ToBUONAIEEBIhE, USphi FRR: BEiFdsS or DbIERAus VId déftainRi ft Val | ey

fever virus, Tonmato spotted wilt virus, L rrphog:ytl c chorioneningitis :
vi r asthodiintentssthp yombBNg. ancpdss, geRbwe gral iRé\éX@fﬁNQ'PS seheptedelpernithd &0l t a vi rus.

0019] . 1. her he i | b i Si
o Pt e PRSHA KESE Fiaiat VEws MR AR HRA S BNPER BO0RE 01 P

eXPLRSES Mihataedmiatory By tiblaifus, 800 $hemnbErust Wesivdat womstitigindizes a
bacterial origin_of replicatign. In certain enbodinents, he vect or
conpips Babigs ¥iipamayinecersergichicyer Yigm FeIGeaserofis YERPYRY RS b8t nent s, the

Vec&a[qw 8@%@1&?%&ﬁﬁ@ﬁsﬁféﬁ%{%ﬁie{fﬁr&%osfs%S,C@dite%ct%ﬁh%Paﬁ"liﬁggd}iﬂlsa prokaryotic

cel ncertain e me e vector conprises a selectable marker
t haZatasbdiaviss) RonedisemeaimukKaflyendach vived, [Inflyenze BriwisnndnpwdiCrsinss, t he

vector conprises a nultiple cloning.site. In certain e‘;% ts, the
mul TtTBBg‘gO B ﬁ?%c%qxpéa]inédpnme@m ‘é‘&lﬁggf’%ﬁn{%e&ag niuﬁ’eﬁgc“é?“f g _ '5%% | yner ase |
r egylad Wil VeReY BRCL v, TbhRw dpbats ¢ilt Pirhgyafphpotticrietientiidgitisequence
introduced into the nultiple cloning site fromthe regulatory sequence. In
cer vin Cairpoprorasin grusyRise siripevamprand alepatibbigiiiensot | de sequence that can
be expressed in canine cells, e.g., in MDC{ cells. -6

[0019] In another aspect, the invention provides a vector comprising 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.



WO 2007/ 002008 PCTI US2006/ 023867 [0020] In one enbodi nent, the invention
provi des expression vectors useful for reconbinantly rescuing a virus from
cel | cul twgmp7/e02008, MDCK cell cultures. Generally, thepcaanhoisnzssse usef ul
for rescuing any virus known to one skilled in the art to require
production of RNA with defined ends during its life-cycle. Such viruses

i ndP0Y, Injpge embedinpnt, lthainvedtianoprovidegetitessicmenserstse@ndoRNA vi ruses, such

as thg descri bed above. Preferabl t irus is an _influenza virus,
o PR ARSE AP eRl R e; NRUKIEEE colfuRF geneaBBahe | n cert ai n
enmbegion®ite sisefol@r SdsciliBg AnP b irhdBn@Cloine sﬁf11e¥ih§tﬂerh\£%tﬂe§rtggef O;i%w&foncormr i ses

a RNA transcription termnation sequence. In certain e nents, the

t r e dEYa pyeifhodelined prdsrbringntsd faurriee Sheh wiedses instidey rhardieotdimoitel topnsi st i ng

of . r . nscri pti on .term nation_sequence, RNA.pol ynerase
1 Re R TR R TR B R b SRRy pERREET Bie RRSEH bt on
t erinflnaizh olrus eQuUendefluand A9 inflkazy Beer hBQ& d Pirgert ai n enbodi ments, the
expression vectors are uni-directional expression vectors. |In other

entjooR 1TER cestaih REWLBIPRLRES bR oV ﬁ%%@éﬁhél(/@clt@s oFidEaheRRal ﬁlff?f&rc%gl?)im?%e vectors.

In some enbodi ments, the bi-directional expression vectors
i nAdRNAJrtseIgBiopderminativnf segence p froeastadr erbedimeetd, the trassmiptiosecond pr onot er

. | at | i.te . 0. SV40 | at i ite. | t ai
o BB e o eSSl PSRRI Rg2l o Lo 1 certan
enmhedidrhnion teritigatHAGOqEnBE, FIVA §oljrSerased@ RaftriBibn Mniﬂaﬁ@ﬁ%@fg}e%&e, In one

e

embodi ment, the first pronoter and the second pronoter can si'tuated in
oppoitwelyesrasei{ldianseriptiondateringticn seppense, e whagmeg site. [0023] In
certain enbodi nents, the expression vectors conprise a ribozyme sequence or
t r A0 iIp cedain cabatlinentso thesaguassior vettosfaraiunit disstions explessivmygeddte rel ative

to ; LN ol | pronoter. |ln cert.ain enbodi nents, the expression
vec gﬁlse ¥ %hg&ip{;ég@‘athr%ie%@?ﬁ%n Vgc&fﬁé‘ﬁecl@"cg?ecﬁl?’éaﬁ?6?5%?‘?%%“&%‘?' h%%n sequence
3' enfbodimdirg shic EAkrecliOni BYpiBEdich eRtAt b¥ Bictifvdnfitn ifdRidMae RM¥RstpOl | pronot er
such that vVRNA can be intracellularly Sﬁ’lt hesi zed wth exact 5° and 3'
en@Eompighpusriadpeseenanissendiomoterand gerobyadgnylaian Bivar.2enpSd&di on vectors of

theolyAUERAR si. GERLA! bR LS %ﬁ%@ﬁgt%?%xggfeé SN BEhUPS I 83 pol 11

pronot er "and a downstream cani ne p ory sequence (e.g., a pol |1
pr gnwheie). lofcetthie smbodintéss) thdsensdt piopidtaris afcatine Rg&oeollprocidNA i om t he pol

Il _pronoter uces capped itive-sense viral pmRNA and transcription
f rgﬁﬁef”ﬁl Ogﬂlg}ﬁ%g&p@ﬁsﬁr@@gﬁl a&ﬁ?@%@%@ﬁwtﬁr%ﬁeé@ﬂs@a} ?RROS¢®nse, uncapped
vV RNAentAli bay Ml tYeasﬂdheQ:Ié{ﬂhgkiE&Cti onal vector system of the invention,
the gene or c is located downstreamof a pol | and a pol Il pronoter.

Theoa 1h berdiR ERbELnRAAIME R pRARBE Yestdrs 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 Jocated between an upstream pol Il promoter and a downstream canine pol I
regulatory sequence (e.g., a pol I promoter) of the invention. Transcription of the gene or
¢DNA 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 [ and a pol II promoter. The pol II promoter produces capped

-



WO 2007/ 002008 PCT/ US2006/ 023867 positive-sense viral nRNA and the pol |

pr onot er ég&m}giﬂokjncapped positive-sense viral CcRNA ;@98@00&/&3@0'[ her
t t Wo,

aspect, on provides a conposition that conprises one,

three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
f our t esitivd-ichieeingl IBRNtee, the pol Igevmateserodvesspeanpedivesidy proeife VWakt or s
conprise one or nore nucleic acids of the invention (e.g., a canine pol |
regul‘é@ﬁﬁy sequence of the invention) operably |linked to viral eDNA, e.gqg,

i nfluenza viral eDNA. [0026] |n certain enb 3hree, four,

five, (28] Insenasher spephithe MivRRiionEpvides LoUmP %ﬂiﬁﬂt@%@%&%%ﬁr\é@%dn twel ve of

the vectors O I DVENLL RN L RE SeR! ESRAL twdlvea ttsitag] enpleds, Tiftben) dixteaer t ai n
enbodﬁ’r?%ef*ltﬂglfl’ gﬁ’%&dé&%h&?@ﬁ%&’ '?h’r ee, tour, five, six, seven, eight, nine,
ten, g} evemecavectbrpiieenithe hestare compriseaons Qyeere ptclpls agids &b rePEehICasni d.

In certain enbodi nents, each vect is on ' 0027] In
cer t al@g-eBHINSBAISE SIWQI XE8rBE oﬁheﬁﬁgﬁ:ﬁﬁ%}ﬁ%{fﬁiﬁ%ﬁ& gblgecgﬂlof\gﬁ g]gltqlhd (r%%’

expr essd eat@ies A bi-directional expression vector of the invention
typi cgﬁ%ﬂfan‘\élfﬁges a first pronoter and a second pronoter, wherein the

first é@%&zﬁg‘%&qn B&%ﬁ%@%ﬁ% Dﬁ{&é? t@&qm@@}l Hut, ik ek, sePendbipht Medd, ¥, slevands  of

the s e’'stra encodi ng the viral nucleic acid including a
segneRclel, drieot tidntenha ofitharscpenofibe isndemptepresart inaineloABsH- tiese

pronoters is_a_canine RNA pol | pronpter i I t L= dl t4.onal

expr eSSit#ER epdetigpenty éhllg?ﬁ@ﬁﬁdgoa[%ﬁﬁ é‘&efh‘ﬁﬁ%%i %&glg’i %hé’l ﬁg?‘,g!;% (ryleg’%ﬁ’ o

term %E{LR;BBfﬁE%%%eare Badsc iR ERESratt BRisri®| Madanin ediodimaitgreath aenidor t he
term nati on sequence can be | ocated fl anking a segnent of the influenza

Vi r us igemaseparai¢ plasmid.t o the two pronoters. One favorabl e pol yadenyl ation -
signal is a SV40 pol yadenyl ation signal. [0028] |n _one enbodi nent, the '
i nventjpeay] dooprtiis esibadiiabis; Ectvectosd ofghaivealionae 81-dikprtions) GRICSEV-t em and a

uni directional . pl asm d- based expr.essd.Qn. b WRY & i +CDNA i s

i nser (VEeOTH et \{/Ve'g’ﬁe ORANTERETSHBI v Ct?re%ﬁgfng(r%&mlenceﬁ{f gld\éb ?%gStpo_I I

pr Pmtp?éxﬁo@f k8 sd U8 BidnedterdftlercirefhBifiatind Secoad permetsrs(arnopsrally dinked i pt i on
unit).” Thi's inner transcription unit is flanked .bé }?n . RNA polqyrgarase I
(pol It pltgrretins: Srandhelf the s derdhe sEapeh CRNAeencading s FsHSRFRA%h unit). 1n
the unidit.ectional .s e RI1eARbHeE 6 k& upstream of

t he elﬂ“\ﬁu Hﬁasggrggﬁc%%eolgp %‘.&@g-@gﬁé‘l’enﬁ%a@;%%éﬁ%’m (fromthe pol |

Pr ONDtREhoRAds AARINE RN & polkeprompired OpHERMAl, fhedindithetiqnsl eXUresSIBNSLCRF) . The
pol | "pronpter, pol, | termnation, sequence, pol | (o] d

pol yadenyrdedesnrayayleayiajion sigarl grdar # nbﬁlé?f] S%@%epéem %yer{gltgﬂeé?{e} rred to as
gog{);irﬁ%h%g NaidlP S AR bPHRMASAIRATQIden bl bolbbated flatltiag biseimen of onal

Y the influenza virus genome internal to the two promoters. One favorable polyadenylation

signal is a SV40 polyadenylation signal.

[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 unjdirectional system, the pol I and pol Il 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 1 termination sequence, pol 11
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

-8-



WO 2007/ 002008 PCT/ US2006/ 023867 and pol |1 pronoters are on opposite

sides of the cDNA wherein an upstreampol |l pronoter produces
posi ti vepgeighonaiered NRNA and a downstream pol | pron@lcgiyRiRAYEES
negati ve- sense uncapped viral RNA (VRNA). These pol I-pol 1l systens start

W th LN AN Q he. two cel | ul ar RNA pol yner ase
enzy rrehg@P?lgm%b%(ﬁ%?treﬁg\?\%e%%@gﬁﬁlgg 5%’38 g@ F?Q‘b}”%)e’iew W YSEFERPOE Hnggmgms nts of
t he npuddeges poptibvepohsel cappahmRBIA antla BOkndtreakBSoTT PRIAGRE: SBAHER G edtflel NE

bi di rectional sste1 y. be referred to as conprising a

" domg?’f}ﬁs&ﬁ%%l’e??% pet M&(&RN@.A{&% iol Inpelrlk sysstantrestpd withl the indtiasicerofand

ol yagd ot I | (Mol i.onal stemmay be referred to as
pol yacametiplibiopf iH0 8infidl 1R oGS LOVRL, Y1 80

conprising an "upstreamt o- QTlof%Ssot her

as pecPresumplly iim ddferénd nompathesedf ﬂx@rrﬂb]&ub.%e%%pfbﬁ[ﬂ@&%@nﬁgﬁ!ﬂ § conprising an
t

expr essi rises a polynucl eoti de sequenc ranscri babl e by
Pr eRn

yector that. co
cani ne Eﬁ&t%‘gg?%}%?edgéh‘?b gﬁ'ﬁm@@'f‘]t Saﬁs%ﬁbﬁ’ﬁbép nefpired tadsecopypirigingal eot i de
pr odutRSyrtredrifth O EZA " ; | nbodi nent s, —the
conposi ti Qneclo DI ?s,esm\é&?fﬂﬁ%’ﬁ tyléjigé’fEIS g{% r Zggﬁgﬁmgeé@f“gpgﬁa%%’é’gm’é’&ch
conpr figed l%t’]@dlqglfﬁfélp@dtsVﬁenswlmmmdan a6 cophtifg By "gareng.-tRNA pol ynerase

I ngove il gy i pents, the pol ynucl eotides produce a plurality of
i nfl u%onza ‘%&h&é‘%g%agfﬁzm In certain enbodi nents, the pol ynucl eoti des

pr odu I ight influenza VRNAS or cRNAs [0030] In other aspects, the

i nvenlt?’lﬁ%%ll i&]iogfé‘%&'g%ec?t%g’reépﬁeqnﬁe Hﬁﬁ?&se%wwmkudmcmmﬁm agmarisipganal i ty of
expr espréBior 6et0F thapl ' ' : n.introduced int cani ne
cell in the absengezoﬁﬁ@gﬁggaﬁh%ﬁ%ﬁ%ﬂ%@6@&:‘%’@@@? PRI ction of
an i ialyeRse e Fopastai] @obadiments,dhe palynuelsbodt prodices ab HELRARDIRIW gns of the
i nvendg i plurality of . .expression vectors that, when

intro ﬁ%dﬁ?%ﬁﬁgg%gﬁqlﬁlgn%gh C%/IHPPF?HO%B@BH’&W pidahyeol srpressipe vpaersvi r us,

r esultha dach pempkices i @olyahiclRftidd 8684 QYsS | [ LUSg Al ertai

embodi nents, the i%?eygt?ou; i.ngllﬁuenlzﬂ%n\blﬁgggﬁi g}ﬂélgl 4 %ll ?feséﬂﬁﬂh uenza
vi r uEg ohedinents thoeplimsiestidesprodivgd ephiading of mfluuesaRINAE SR NARN

att enyatedn! HEN, jof I taln enhodi.nents, the infectious

i nfluenza 3ieiralf32 i S gs’ weer}% Far @Péeigésseg{gfhfcie\r@ ?lﬁqﬁﬁfi%av}r_{%ﬁrl%tai n
enboq; t . infectious influenza virus (s a col d-adapted influenza
i L I@é’?hte%?%egﬁb@gignﬁﬁﬁﬁ%’} disglesed hipeipindpdesicampgsitions samprésinga an

at t epbuiéof sppesiat wotors Ok Briof Al EANLENIIRH NS VaBninl Ly ¢0032] 10
n_emrrbodi nent_.s npositions of the 1nvention conprise a v tS

certaj co

com%%epﬁﬁPres?WSﬂf g'helpgt grus, resplinirpredudsivercdoh ynflienkegertome’ non- codi ng

i nfl i‘?@é virus sequences linked to cDNA linked to 3" non-coding influenza
viru 3&%@@ phrdments, tecomnesitiont ofithe irsentioatimprises apUeAER-ofl N certain

€ ”bogiﬁf%@ic?n véditrs Blat, THleh ir‘ﬂiocfu@gd f:nl’-t)oNAS;cari}iQe E:ftlfinvtﬁg tfztgsreiceilgreggnc% %?‘ as ense -9
helper virus, results in production 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 viras, 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
¢DNA 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

-9-



WO 2007/ 002008 PCT/ US2006/ 023867 orientation. In certain enbodi nents, one
or nore %Qtzn‘?’é&%s in the vectors is in the anti - senf,g,n%rsioﬁgfﬁggg,pn.
In certal

[ 0033] A enbodi ments, the invention provides cofpositions which
conprise a .plurality of vectors, wherein the plurality of vectors conprise
a vect %‘Ferﬁﬁlﬁ%r iLhé icﬁﬁmé eRRAfients; @@W@F@ﬁ%ﬂf%ﬁﬁﬁﬁw i theraebloys simKedintio an

i nfl uepsge ¥li&siRE! ynerase acidic protein (PA) cDNA linked to a
transcription term nati on sequence, a vector conprising a canine regulatory

(Pt (RRAPE] ot BB A0SR hefp SR SRR et o - |

U TUS Dol yrer ace bast e pr ot e n 2y e R el S8l el o
term nr&BP%E’I}é sgeResrerie bk te aipriusnevisuseolymeraseanidiaportyin (Baguence

P aneciNpHER 14 £ 1cailoliBlod EREBaUbA W RIPETLHA Shibuddind o St sk ™eBhul ot or y

sequenegquespepalably likeé exad miasndanfiu @oBmerhdetbasio pedtSRNr @) BDANNP) CcDNA
i nkeg.rbo g transcri,ption, term nation sequence; a vector conprising a
cani nelf&g ?3#&?@%&5%@&@@%85@#%% PAREAT eONRHSng rdieneguiianys

neur argefh s @p by 1M d A8 ded=3 vk hARRRAR YR g%oeﬁ%}g]zn(%ﬁég Q]a guence, a
vector conprising a canine regulatory séquence operably Tinkéd to an

i nf | udhEkgd o & trenseriptio terpination pequg, & ivaktedcdmprisidg anatid pigilatory er m nat i on

sequen an ector .conpri.Sing a gcanine regylatory. sequence operably

| i nkedg% %engﬁgp%ﬂ{largw%gd% %ﬁ&h}{@zgws fc‘?rﬁﬁ%éu?%gzliﬁb FQ%@ACP i'81# t ermination

sequengscriplioneéringhiti B geknE N wectdk B&nﬁﬁ%ﬁ%\i chhi@B rdHid rse%&éﬁgpr i ses one or
e .

nmore expression vectors that express an encoding o r nore
i nf | uweERbbolighsd e paatlenzavicy melsaprotein NBLgDYdrgiket itmg trofiscripBdy  PBI, PA,

HA, N : i i . natrix protein 2 (M),,.and

. serifiatior Rhhénte Rl Yl Rofuok Mk a FTRKE BB S Seudicl Bl Mcs 1o an.
conposiflicma vishenetiratindthse €dA) oDN Adlikedith e teabdriptivs SHdisation sth@ncgroduct i on
of infectious influenza vir In certain enbodi nents, the infectious

i nf | uelfZq" SYPPHEE 8 Cﬁn{iiﬂe@l@gﬁ% PEquFRCT Greraidn aked to s inflypnge virey matrix
enbodip@BtoDNASinked B0 fraisripiith 8RR on deHande Sarfth \?‘écfco‘?%ﬁmﬁﬁgini'gs%f L”e nza

virus. In certain enbodiments, the i'nfecti‘ous 1nfluenza Virus
t enpeCaRIGE EeBEFIEytSeqEEnEnpparay dinked osin ihflueen tvain NEndA dipkedto 4 he

i nfect) - knf | 1za.  Virus is,a cold-adapted influenza virus. In certain
e nbod}ulaggr@? ?18{1 ﬁ%@%@g rclts?(i)lifgcef' ﬁlplcﬁlg'ﬂ?a? |°g§§enq‘?’§ﬂ%?‘?r%ﬂqsg’r?@£”§€‘?f t enper at ur e
sensi tbmerisealnd-oagap: ethrestfdnuenmas bl diSresk QQﬁﬂiNArepé@diﬁ?bﬁb &edi nents, the
i nventi rovi des, a conposition which generates infectious influenza

n
vi r us 8¥luesneapayBRtige selesied Epmpuhe suwpcpRsisineofs BB2IB b Pds HASNIMSAgi n each

P 2SS PRSIV ERGASER i) SAPLoRRR AR AT SRIERLY 200
bet wedi$2). baerenmniRAment, 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

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

- 10~



-10 WO 2007/ 002008 PCT/ US2006/ 023867 pol ynmerase | regul atory sequence of
the invention and a regulatory elenent (e.g., a canine pot | termnation

sequencewof@i7dodessynt hesi s of VRNA or cRNA with an exagtusroemmcksshi ch
results in expression of vRNA or cRNA. [0035] In certain errbodi rrents t he

i nvention provid a co f i nza

Vi ruB%lém’ﬁaéFr? E‘Z‘HWW c 1%"8%‘%‘{]%‘]%%‘%@ %@? Y Sff:gl ﬁ&tsrﬁo gl ]!Jej(ﬁ each
p! asmeﬁnﬁﬁﬂeﬁ ‘s SncPhify (RO @ﬁdmésg AvRINYast cRING. with &b e;genymd wh@ne nt, and
wherein vira DNA " corresponding to the viral genomi c segnent is |nserted
bet \Aﬁeultsammmssommﬁ\VRﬁdqum&%e | regul atory sequence of the invention and
a regulatory elenment (e.g., a canine pot | termnation sequence) for the
synt (96} iptertaRNAmbodimBhA, the ithveatioreprayidega cempositien whichgeauties i n

expressi on of VRNA or c canin i egul atory
sequiHediouy irrfaaen%cnwe%ﬁamad?@aa’ﬂ‘&f%‘?@%e F‘g}}%lﬁ{f g N%t?’% "gig‘ n ﬁ’gl%%rgf of VRNA or
CRNA 1&a4f Bnd Vigd phesnidetpren, ad wRiepo! yner ase
11 (8#[1 ﬂ}i@ﬂgrcgﬁ%?ge?&gyﬂgné%%lll%/%denyI ati ongS| gnal g&»ﬁ‘whl ch resm in

expr egsl (ﬂ)NAfcomm;mhdm@mﬁmdmégmméﬁgegm@t ifgingaTied (b etwataéiawne in the

expressi on of t set 0 t ults in
asseii'?B]IS ebﬁseéﬁeg‘ﬁ?t@é’tﬁegﬁ@cf‘ HF tﬁ%ﬁ\% Fﬂﬁs %g(g]y\é} rl%?éél é?géi eﬁb%}ﬁn%é g;élrre nts,
the ﬁ?&iﬂuﬁ&i@h%e@ieﬁ@@%1 %@@yﬁtﬁ@sﬁ(}’ﬁﬁmﬁl@ RN A/RNA a0 exaRBendwivhictan exact 3'
end 1s an RNA pol ynerase | (If term natlohkgﬁence IAs {'aﬁ skilled in
t he aesults & expaessionef VR enit ¢ IW YEINgAC §HUNG YHERsh BB Y uenza vRNA
reqw res ver ORNAYMRNA. The
ski | PEERI" é’%&ﬁiﬁ %%cfa ?e%;%id}ﬁ P&h%goggéésyn?&giS%fVR%%l nat i on1 sequence to
ensukadtBaénd e 1§ﬁﬁuﬁm6@edijeﬂvh@1 B REAcbodymetage (LR IDrmsemeter grd Ande i s
defined to be the exact end desired for ffICI
t r an®ehiapensiationrsignal, SVIHShERHIE 1 1RN?5\PIGFW’II: yizg! ﬁ“@%&&g r%:ﬁfrgépog ﬁm%p‘gégul atory
eI e %texfno(vhgéﬂl th%%{?;?}:{@?s%r?oﬂhe YR\t 8 vIERNA oWeR N ABne ¥ael priteirgndsiits a

yme sequ certain enbodiments, the pot | pronoter is proxinal
to thﬂamhﬂo&d@ﬁ’@tﬂmfacbousgnﬁnaizaamdﬂhe pot I termnation sequence is

proximal to the pot Il pronoter. In certain enbodi nents, the pot |
pr ongbe36}ila cpitginiembdingents) éhepepulhtorypel mentebs 'écmynmemmﬁ VENA@r R on

sequence is proximal to th tion . si n

cmbodTHbHR Sxet hend i RN AP CPanD T e emengbr 0§55t Qledin, |
emo@%@%@% w&ré%fﬁaéﬁt%@g&%uh ﬁﬁ@trhr%cﬁﬁwrﬂﬁﬁ iHgndza BRWA tguirO@37] | n anot her
aspec e I nvention ovide a nethod for producing an |nf%ﬂ%ﬁ§a genom ¢

RNA, specific B&;mgcetsraaﬁsci’ i Fcpnds piibe RN AacThoe Salledatisanen o er eby
pr Oducim%&a 59 JIS&’PJr }gﬁnz & g)e r%%!#e%c%nsﬁ]% tﬁ?s&ﬁé"ée’&u&f@%@‘tﬁ’@?%ﬁd offig i nfluenza

genori® ree system In certaln enbodi nents,
t he ip{huppiaideneicddiddis bt trnaedtiche demredafox:ﬁﬁlcmt replication and/or

transcription of this genomic RNA. In certain embodiments, the regulatory element for the

synthesis of VRNA or cRNA with an exact 3' end is a ribozyme sequence. In certain
embodiments, the poi I promoter is proximal to the polyadenylation signal and the pol I
termination sequence is proximal to the pol Il promoter. In certain embodiments, the pol |
promoter is proximal to the pol II promoter and the pol X 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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cell, e.g., an MOCK cell. -11 WO 2007/002008 PCT/ US2006/ 023867 [0038] In

g
one enboqj nmet hods conprise conprising transcrihj lity of
nucl ei ¢ g&%@}?@&@ﬁe i nvention, thereby producing a pl uirjgtlli}?ziﬁ%@3m
mol ecules, e.g., a plurality of influenza genomc RNAs. In.cerfain
embod00a8]tls,one mabotlinesnt,t the swihods gemprsacEMprising raasqrbine HPUERe! | nf | uenza

genom c, RNAs . are. transgri . -1 Al j t l.et e set of
or | GBS o B FNARG T T srto BEEAES PurTRp P AR SoleleG BT e

infl %ﬁ%ﬁtmﬁﬁ&zﬁz@émommm.ahﬁczﬂfﬁabminboﬁimerdardnn,éwoethlrc;e, éoug, fivean MDCK
cell,” n the presence of PA PBI, PB2, anlﬂEhIP exgllri esses;.an i.nfluenza
pr ot eiin.seven, creight nflamsedcneniakNAS fEs tFamspihet, 3 FFEELPROVENER St ed from
t he group .consiSti ; HEA, - nboimen¥® thdNS1, and NS2.
I n ce‘fof’Hﬁ?Fegé}boﬁl}' f}r‘%%g g%e{%@%%ﬁnﬁ r'e‘L)ttleaﬁs&é-ltblé'é}f Ir%\l%‘ltlag?rﬁza enom ¢ RNAs, when
t r ansghifed deforiccRNADeher binsceibed in meanibCllcegl an MPGIReelhbiesince of PA,

B0 dhente of PACP LU End S0 sKEse (it Ponrera SRS herpgbBoilchRy "
t Ogettlﬂgglnﬂﬁbg% #)1%%&%?&0&%%@% cdrRistie@b BB, IR 0di, RN 0E, N2, PB 1,

P132, e provided by a helper virus. In certain enbodinents, the
conpl et eMe NSt andiNERe e certpemembedimrits, the compieteschol il awgp serpmic

tenperature:sensitive,. attenuatged in h I

ok i REREtebi R Rt f MR Ll e A o B Vi s
'S P Pith AR N hrodPid oD g ihe. $1 epairnémbgdiments,ahe inthods

pol ynucl'eoti de conpri sin nucleic acid (,%Bn ctive fral%i %t er eof)

a

sel ecd:cenpﬁaedmmchéif@rwgbrﬂ?ﬂsﬁﬁlﬁ}@%‘r’gﬁ@&:@“ﬁ @za penn or nore

i nfluenza proteins, PBL, : [ bEudugleitginacid i s
oper a%qré“f %}ﬁ%cg ¥ tsaﬁé[;\gﬂ%%?gﬁl Q%ér]‘g%g‘ﬁy.vﬁdgﬂ? %dﬁé\ll%ﬁm segnent ; "and 2)

i sol aghBeiiments @0s6mphtdser BRifmegremnomicRYAe isfenisfdold-edtptsdi ment, hel per
virus is used in _the nethod., £0040 | n one aspect, the invention provides
a net??ﬁwetﬁlfmrﬁrsé%ﬁ!w%@tt?%%%ﬁ?ﬂ a¥fffécti ous reconbi nant viruses
conprising a segnented RNA genone (e.g., an infectious influenz virus),
conpr (093Pt oree epptegsiment, e matind QféfaE%%%H}a% O ACEERE O 2y FI}A‘W% T s,
conprjsin - ES 8 otefing heolyavasstiderombeisinganpri se
vi ral 15&5?@%“%%?"32{6%%ﬁ%‘ﬁ?‘g“’r“gﬁ‘?%ﬁﬁgiﬁn them%i ?glyﬂvg_enorre ang one or nore
expr egsdlan avdqboicive fagmexpihessHiseieated frRAhEERUD WREFHEHREQIP Nt e vir al

pol ypeptides; and isaqlating an.in td i p td :

Cbod TR PHEOTIRPEQR LR pr e BB o S n o7 PAR VAHeF, el le 861s

popul %ér?& 1nRe@REs BRROELIEBML entdiend@iheRINAWEhent; aahDribclainghe step of

i ntroducl ng the one or nore expression _vectors into.the,capine ?‘?jft cells
pri or trascshed VB NSpsegnent | InpmiespecifihenbrilimploBplREfIUS dfysed ﬁ%{?‘ﬁ%ﬁt t her
conprises the step of making the one or nore expression ,vect,otrs.cpri or to
sai d [0040] In one aspect, the invention provides a method 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. Inone
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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step of introducing. -12 WO 2007/002008 PCT/ US2006/ 023867 [0041] In one
enbodi nent, a nethod of producing reconbi nant infectious reconbi nant

vi ruses wemhigobdd a segnented RNA genone (e.g., an inbeghiswgobRRE} uenza
virus) is provided wherein the nethod conprises the steps of: a) inserting

into o r nor xpression vectors . of the.invention viral.c

corr Bi]ﬁﬁi%eﬁ@oggg?ﬁg%wgﬁ}oﬂ Offﬂ?éo i Ile‘boéﬁkfiﬂ@}t u%tﬁsthuﬁll?ct%ﬂl%}aggﬁ (e.g., by
el eCli-QROEGhb e 58 FnEURT RN ShoVRAEQ!, SndNfcRAR idlludiipd Ging) Ry B60ided vectors
that express vital TRNA that encodes one or nore viral polypeptides into a

host whetein the ngthodacompaisehibestdph pf.ov inseBEginigtang R BT0rH SHECEEN| v§etorsc)

popub LA eR R D ORGbarRenERcRke Gl olfhe TMal bbb e

i nfl 4enz@y elbflrdpidRuNs RO BRste RN Fectdrbiend Hid slanag@ cxpretson Sectore tlad- adapt ed,
tenperature- sensitive, attenuated influenza virus. &*8042}1111 I n one
enbodipresstvirahmBeiA tut eficodesd e GOk ViTah pelyperiides iie s pitsahie & fus

or ovPtits it EPRPTNE SR HEIRTE) tatlinelid MLEERLOHT OOMERER Y, 11T one

Or N{fEctRNPYRESHEPRIARE! Of Sne ehbbdigeht) denhiwetioas rebsmbinedNAusor r espondi ng to
each gene in the viral genone;, (

S iz A S crp ARy e benzags i 10 e st mbergara ) o a1

popul tsh% ﬁienﬂﬁg&in?ﬁlleh% iy incubating said host cells; and d), isolating
an i RFectrous VITUS popul atton. In one enbodi nent, the infectious

reconhy t virus j.s influenza, .l C 1 I ; . i nfl uenza

Vir ug&’@g?gn ¥ %?utéoéfét&fﬁétd,a n}eg%&g?fﬁrgc}uec?ﬁ%@n?elc@ g%? é)%th eﬁlhg%te‘;éﬁgi nfl uenza

Vi I UgempR9A3h ségin@iiel RINPOSINTBI (2.t A ipfees@ntinflimoentiros) ippoviddds for met hods
of generating 1nfectious reconbinant influenza virus in host cells using
ox pr SATeHe ERtbakoRsRPHISee oGO MSee BdBHbSE FHROTG RRCSUTHIIL or

corr i i Ny Qi ul ar PB 1, PB2,
A adiRAof 2YRL A (riclBa ot B R B Ben R OF 0 oy ot
be ugetbducing€ngr by elethiepirafi@disamisprassiontyeetarstiniorn logeertldexgl. rupgae [ 0044] I n

anot her. enbodi rent, .1 he invent.io rovi.des .a peth f.or_.pr }

r ecoﬁﬁlﬂ)rfgﬁtpowﬁﬁf’% Qifl]ti%tgt \9?‘?56 Z‘B IBB%EP% F‘H‘g %ﬁf?ﬁ%iaﬁgﬂéé ql%tglg%g%%@%%‘%pr i sing
a pl yral ?é})(ﬂﬁfon.miﬁbﬁé 6mB6digfent, SRORIEcHoNYreRoSdHaneyviliNAs poluyner dse |

regul ato sequence operably linked to one or nore cDNAs encodi ng, each

i nf | weraa cybadimentsRs inflaersa s ine inmeadd-adprted rBperoir BRE Y Rt R o5 s

vi ral. NA t.hat encodes one or nore influenza pol ypeptides: PB2, PBl, PA,
HA,  "RPMY R, M2, NSI and NS2; and isolating said reconbinant influenza

vir U?OJJB?% torrx]ee emlgc%i}n%ht, the present invention provides for methods of generating
infectious recombinant influenza virus in host cells using expression vectors of the invention
to express the VRNA segments 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, PB1, PA, HA,
NP, NA, M1, M2, NS1 and NS2; and isolating said recombinant influenza virus from the

cells.
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-13 WD 2007/ 002008 PCT/ US2006/ 023867 [0045] In certain enbodi nents, the
met hods comr i i ptroducing into canine cells expressj] rs_which
di rect t%gg%ﬁﬁ%og?on in the cells of genom c or anti ge#n(gﬂ}’%ﬁ\%/&ﬁ?m RNA
segnents, a nucl eoprotein, and an RNA-dependent pol ynerase, so that

r i bonut0d3plotesiamn eobrstimgras, thamatiwds compdscaintiodiaing inpaednind @fs can be
assenbled in. t absence aof. hel per.virus: and.(b) culturing the cells
wher or Fig e SEer RER Srd vl Sl Eteptiae o0 betont o BRUSAMETGGNI nent s,
the r eREmADicpARhisNEGEdlbRotRir, aRdaty RINIS dbfern@e POLARINRNE PRt ViTUS. In certain
enbodi nents, the reconpi nant negative strand RNA virus 1s a segnented

vi r us. hqpugieppigtein spippigretnde formehanhtiral pargicieansh R\Assetinbled in ean

i nflue [ . §) ' pents. the nethods conprise

intro uc?l}lc\gé erflrllllt% 1 e%: u’%lsﬂ]f%%Ebc?%ﬁlft%@hgtehl%{%ﬁg{é@%?@s‘gfaiRar\"}‘g%ts 81respz\?(ﬁ3r£ﬁ Bfrect the

expr esgtard ofIntcheaig enbotlandts, 8ind iegenbitist M we@IBRN L Fus Rfa RnsegEREed
negati ve stIrand .RNA_vi a nucl egprotein, and an RNA dependent

pol ynefidse Ty AeréAn E’é‘ﬁa@igfiueés?ﬁs theapeRTRRINAY negativasirard BNARKNPISde Aptaseted
cont &% fikfag 14 B AR IARbEm AN RSRIRISaha RAG, ViR AR ARSETRLY Of V1

particYes in the absence of r virus; an culturi e ctells wherein
t he vi ril.cle r C l.n _certai.n_enbodi.nent t.he . expression
vect or@ﬁ%?]ﬁgcoiehgﬁlpe?ne@g ﬁ%%{tggﬁ %%%glr%dg CRRIE1EEY %Egdf@%%immdﬁagm [C%M] n
cer t ai expesshiod ivesntssyhitih direa thex peedksion of siedsenbmid\@ dmEihimsic ®NA B&yhdhvent i on
conprise one or nore expression vectors that express one or nore proteins

sel ect¥d SFEYRYEH Beeqhve sEpt BNS virsma npeleonsotsingprd apRNdhderriderdiependent  RNA
ool y Het g . : R '

Db oauraReral el Lo BRI Emah B ARAD €520 of R AE B e &5bpic o 4
RNA- ddpdAdegmeRBIAL el wime rad esseiiblcef tizl pagivieod thenbssnct behelp pis;singn of

t he ong,.or re yiral proteins fromthe expression vectors is under the
cont roqultura?g eﬁ’&ﬁfﬂ”ﬁ*ﬁ&&y gé(ﬁﬁifr‘?d'églg%f‘@éf C?‘ioﬁﬁ“@ﬁ@%@%‘?rﬁ% e maj or late
Pr oNDteRpresiitk Qecth@ dilde: oxpRistie A LEARRE RN L st BRde ois8dypace of human
adenovirus type 2 or the human cytonegal ovirus inmediate-early pronoter,

or a fanet]i phertadshNdimi@s the bAEns s&mlﬁé@ﬁmégﬂm%agSfthkg%ﬁli%kn certain
f type A, or C

enbodi nents, the virus Is an Influenza virus o In certain

enbodiogptise orher wmprespiessian vedarsdhatanpress onesormance prpteiRNdel segheamsheler i ved

from nor n rent \i.r [ 0049] | ertain enbqdi nents, the

met hods C%P b 1{3%%11 ?ﬁ@@ﬁ{g}%%ur?ﬁég\r%}ﬁ@% ?preg%‘i%% BOLSISFaSF 39031 Byectors of
the i rewehotlinamts, eiRcdk padssionivebtot THIRICD O R BONDIRAE bt ABrelf R nidMdpustaiaa Vi rus
into a _popul atjion of host cells capabl e of suggortl ng viral replication.

The ha8t hssupunigert said Ielipedaperdent Riek pelarsrase.oscepiemesisidimentarthe | r al
gr oW Rxcpi@0dort B th 8RB bFAAER pf AR BoREARYENR Lo dge&o%’{g%n%mﬁghl WS, the

i nfluenza viruses are attenuated viruses, ed viruses ‘and/ or
of a regulatory sequence selected from the adenovirus 2 major late promoter linked to the

spliced tripartite leader sequence 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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-14 WO 2007/ 002008 PCT/ 1JS2006/ 023867 tenperature sensitive viruses. For
exanple, in certain enbodi nents, the vector-derived reconbinant influenza

Vi ruses wanobgoodbdgsenuat ed, col d adapt ed, tenperature sepghidskoigoyiggrses,
such as are suitable for admnistration as a |live attenuated vaccine, e.g.,

in a intranasal ..vaccine fornulation,. .l adi.nent , the

vi r uSBY e SPHNCSATUSES: ﬁ)t‘reé?f%fehﬁl %’rtag’l %?Dﬁ%i)ﬁ?gm%% %‘é@%&%&ﬁqﬁ%or por ati ng
al | QoRBlnhnChififéh 7 Ridsanaa bBatemuafd) oslllatdaied, itersergaresersitive viyusesa ca

B/ Ann Ar bor?l/66 virus genone. [0050] In some enbodinments, a plurality of
vect arch as ergtitsbledorahuinistiatien aip Bye dtengpted Nacohe, £-gp &} ﬁé’rtm&%fﬁgrre segnent s
(e.q. enone .se ts en i s o]0 | | HA and
) oo BRao ARG ghod A e g el R R RSP B 2 ot
(. IphraliiPofnebididindOhid @B grENGariodf aa intilfden Bt Afjaubiiavistsrgenomean be

i ntroduced into a popul ation of host cells. For exanple, at |east the 6

i nt ee.gal cgdHdne Asbepnd A 3PS gHVWMGackbone”) of a sel ected attenuated, cold
adapted and/or tenperature sensitive influenza A or B strain, e ,g., a ca,
att, [00505 i siome ehb®liments e plorality 6Bventora gomprisig ePRIY @C@%@g ﬁ%gﬁﬂéﬁheé, att,

is influenza A or B .strain, ca jnt J i l.at f host
ol | Wi aeseme Sl 2 Sreilshlep  oROMMERALBLGA BOBML AR 10

der i yedadd qm) anetd@fuvidalisatiit 4ndi DN A eptading yne dimmorie grnorog evginvensufefmce
antigens include either or both of the hemaggl utini ngfﬁlﬁ .?nd/ or

neur &if adMNdevRINAscgmentgeris diffareahindrmtiemgne, 08 i Hgfhi;‘%@grnent encodi ng
an i 0geniC face. I {.S o ¢ ntary segnents
o ¢ R st s B L e e e . L9051 I
Cer t BhakbeAPydir aBeksted khanaied; esé ndaptukaidinsemperatirasrapisive dflusnedAtdie cel | s

1t r Schboe A oeeo al s By of L Bcbaron i o1 mtifraly Rl ek B8 o 75 °
:O'r ggﬁr&g@g%i haRH 86fih Wn bERGRRMcE] kY a st of Hodl @ilsMonh s dhaiesr

ron. In certain enbodiments, the expression vectors are
pl asmals segnenteeicaiingémbouiogene sotigane desiynddswn spothactiE StaBnpPially

separate expressio vector for .expressi enRom ment of
ol d T G eSER ST SRS Soi ) D o AR 1S e BT P
expr §ssiaffnikseqA) MEBEE In BNAoSRGNENWhat a skt segmidhiericedingder the contr ol
of a pronoter segﬁuence derived froma canine Pol | pr ongiler as egltescrl bed
her eilmmyno@BRY surface SREEANIS EYREHPFh % CMPEReart SPEBEnSICAdH ¥kt or s

I ncor Olg %%_}I al’ll

i |rtlld§ one segnents are introduced into a
popul o%’ lﬁ{o}é{i&%gl%ﬁg% or t8§g§|r'rpl e, in certain enbodinents, 8 plasmds,
each ich i.ncorporates i [ QBN CRE DR pWtilized to
i nt rcgwac 6%Ie@§)§8]il 611]1?81’1glﬁez%péégglgﬁe%?tgﬁgggﬁgﬁﬁost cell s.c_ Al t}gr natively, a
gr eate®ictroporation. In certain embodiments, the expression vectors are introduced into cells by

transfection into cells in the presence of a liposomal transfection reagent or by means of
calcium phosphate 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 Poll

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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nunber of plasm ds, incorporating smaller genom c subsequences can be

enpl oyed. ?%?W}ﬁgﬁ@ 07/ 002008 PCT/ US2006/ 023867 [ 0053] +¢}”@€%%E’H§Zé spect,

t he presevﬁ on provides a nethod for generating cells
infectious viral particles of a segnented negati vg)- strand RNA yirus having
gr eat[@053]HamnotBeryenporti teprranisayrriisnrovides g l‘aa@n?rﬁﬁ%@ﬁlimrﬁdr us such

as an j,nfluenza A virL i Rrergjii' ‘A (i) 1 L into a
populcgllf’ Bﬁe fouR & L agtg%%sbcf & OF négﬁ%fh)glggfﬁng glr?L ?)%\KR%TAO‘%@SSH&]%@#%%H%&% rst set
of  exPressiioIRNECiPhEnRaRakkenplk aexpflemsa nyvs suchas dn tdlueszagk Vows,caidRNA

segnents to provide the conplete genqgm.c v se nts of said virus; (b
i ntg r au@thcqhmgmising&a) fah‘eéwqrirgg Htg @%@gﬁﬁa 0%&5&@3@@6@%@%‘&%@@3&8 bl <(a ZJf
expr essj j . i af } i3 nd (c
culp ¢ BRI ﬂﬂls”aﬁﬁé\cg@ﬁgg}lﬁgss geveg{ms A B‘P%ﬁé@ﬁﬁgﬂﬁ%aﬁ ceBab&horis YRNaand (c)

ng" sal ereby said vira es are produced. In certain
enmbodiepmBAS to pReideahé sompletecgenbmés CiNAsseginents ef sad mirentiodiiredincing ke cel | s
are ] C cells. In certain enbodi nent enza B virus. In

\ | bﬁ’ %he virusq;'gﬁ inf(l)(r1 .\ .
cer t aieHl celfBEarandiEkol GXRECSFIPR YECIRRSCARADIE RhPILEH TR RN P SO EE 28405 ned i n
1-8 H%?l%mog?e%){i@es(‘tﬁrsﬁﬁi\?ﬁus;ezfﬂalc{gj SBRESg shidQefls WhbreBREalONiED(RIGIS HB Vvectors

i's contai'n n one plasmd. In certarn enbodi nents, the_ _second set of
expr gesiwredy dctatadn psbedimeaisniyg cils aregapina seisddn cerfpie empagimentsnBisdi nent s,

t he second set  of .expressi.on vectors. i.s t.aj ' / 0. In
certa‘?"ﬁS a@ng)ﬁlﬁéﬂﬁ’s,ntcﬁim’le f’,u@&%ﬁ#fﬁ%@%@l@ﬁg@égﬁs{%o '@%?@slgi on vectors
are i Qi Reuesd, MY frebaUitRPeERd Gsttorh s @atdigddinerdpldimignt & cartatn i rst set

of expression vectors encode each VRNA segnent of @g@i fluenza virus. In

cer t atmbastineutiba fiEst seiied cxpieavien Yeorpfs RSP oA P 18 °eh¥Bde the nRNA
of one .or..nore i ' - :.ad [ | t ) cdifagn first |
set o?mgoedélgﬁ%ts’sﬂé‘{;g%#ggégroggg%gﬁéﬂe‘gﬁgﬁrg Eg((g)(r?IE %!tdﬁngggt)g )gédg%?rpr i %e a nucleic
aci d ghbddi@ents e sédond setfofiexpoessigal esctas tauntrenaddgvhapbsmid elpeaiea of t he
invention (e &;ani ne p irst set or

(e.q. ol I%}}n In .certain enpodi neérg}t_sd Cé e f
s econtmaQiments e et siontndy 8t P o Of CHYPH QoY SIOTRHE SO or nRNA of a
secong.\j 10ROl bABliRBGRedithef Bl theffirtast O pfRiiPh vekss @A dereatiDr e vectors
encodaﬁééh{pﬁiato zgrrl]gé}g({} NA w and/orr VRNA of a second i nfluenza, virus.

[ 0054{RFAescpmesterftaniinfremzs vitus| Woeppiganthesinens tiowcdst sehehePassNg i n
cultured cell i nf i QMS Vir i S negak trand
RNA qu,c&gs ﬁ’&?ﬂ%ﬁéhegtpgﬁ%?y?r}?aoﬁ r’g&reg@%&%ﬁ@ﬁﬁ%ﬁgggrﬁrgﬁgﬁ or exg%’ﬁgéan

i nf | UBAZ gut bk E&tBnS & faspragidmidetien @ bAtlviaty) sompabaa mmdtibeddodbpr i sing: (a)
introducing into a opull)ation of cells ca gle of . su porti.ng g{ﬁw&h of

sai d nvenjeona fgereppleek pruRsicgHl 4AEY BERE YR BB BIER ERPPE8EI iy T n sai d
cel | s BRI 6o, HE AL CoiAY HenbRBSERTRISICOIRIORH B Segment s
of sard Vvirus and capable of "expressi ng" mRNA encodi ng one or nore

pol ypepNiadasnRNAsaf aksevondrarus( For tnstange,iargt eayagtosetdRprisgheredymssi d vi r al
particles are

vectors encod?r{got o ?-le‘ﬂfi anc{/gr ﬁ&rx%m & (g‘d\}ﬁﬂt&a séc%gd ¢SS Aifucani ne cells.

[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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In certain enbodinents, the cells are MDCIC cells. In certain enbodi nents,
the virus is influenza B virus. In certain enbodi nents, the set of

expr essi is contained in 1-17 -16 WO 2007/ 002098;52006/023867
PCT/ US20 ,%’@é@‘@ﬁiﬂ% plasmds. In certain enbodi nents, the set of expression

ectors |s contained ipn 1-8 plasm d. |n certain enbodi ment t he, set of
o aami. TeeEBLanoBaRns; Beasttl s She s et RS v rencs,
the geleaf] ek Ahe Y& GF Sk Sro@ich VRidro tunachidd g1 ErhleaR@E ald Staid N

certain enbodi nents, the set” of expression vectors encode each VRNA
segnanbodifneats, ihefsbtn of zepredsiansvectornars dntredused b elgrinemraion: He cgidain of

expressi Qn vectors code .t he nRNA of, on e In e peptide.
RS AT i e e T SR N
SegMElerAfn &bd b8 NES sétioFegpiaashrd RRtdFRMcodt IRNGRIVA BDER: dritididenza _
pol ypeptide. In certain enbodinents, the set of expression vectors conprise

a nunifleicazeapdlypeptide.nkn cetpipeambasitperntarthe sehvh epressionayickas eregds 888 y sequence

f [ [ . . ' I 1.8l .0: [ sk h f
oxcpr BRVDN Rl B e ofonsd 00 B oy BB MRl 7 20 2

the §eter@fn YBBSMMSNIEORPEEITSXPREIOT veviIe cvpptioy snwdodiidgftiee HA and/or  NA
MRNA and/ or VRNA of a second I nfluenza virus. In certain enboclli mca(nts, t he

fi r stnveationfor exapiy asating FealagnySeausncy BEHSARVEREPD (g ncaEes) o dhdBde a vRNA
or nmRNA.of econd . vi . . for SN Al ST aCRBRHd Ses one or
nor e° '\@&é)(e)pgo%ﬁ%eggr trlll\gé SE’ [ﬁ{geﬁ) %gxglgn%%?l@%%\mwg%do} or vRNAaof a second

i nf | YRR aFatiihstence] B8 5&]ofvectosy doaiprisesinidmeoates/ectoeenceding de HArander

O aRlR wobr oA ok o Tesrso PR e SstY e PreSe Br Shst Y one "
or diddogh gﬁﬁporf{egg@%%ﬁ&% 05t 108l bets) ehBoded HRINA. GIHRREIANGMY ®cotidMdruget hods

ating infectious viral particles._ In certain
enboibrizstance, alvet ofstehmascontiprisehone Gomprd wetoss wiopdingdbe HavamdiasMNdr kil ling

step. In, certai nmbodi nents,, the net hods further conprise incorporating
atte MHQ%IWW%BPWW?&WP@%@ST nto a vaccine conmposition. [0056] In
one enboadi ment, nethods of producj viruses. of the.invention,result in

vi r ud0053] fie P@*%‘@&mﬁe@ff@%@e I%‘FtHin? HRGrComAniSe ampf%%glff%& 211\g/hecclztfsor s of the

i nventd Qi el f |reABdr RidlaxinkBoREldhabmpriatcelleast 0.5 X
103 E@U‘%ﬁ?dg%?wg? Aaetele B 103 PEU M, or at |ea§%_% > 08 PR, or
at | edsth SethdOMerEdiHftrentdiomthelcanineoapFly sartaineembodigentsfhe ethodpge of

0.1-Ix.. 103 PEU M, ..or.i.n.the range. I - greater
t han T tHEr PRAPBEYJRIRLNE Bechouy yu g&%gmg%ﬁ')og]l Q%Q%%%éﬁ?%%ﬁeﬁ%%g%eﬁl Fruses
cor r gspaRdoiPrieda virhll denzAioB orikilusg step. s careireerhbellimentssthe hivthddsf | uenza
viruses correspond to an influenza @k%/%@p In certain .enbodinments, the

met h&eghar sempeas HeePPEing glipaabrdn BRICISS AUS SresfPe PP,

viruses capable of eliciting an inmmune response upon, adm nistration, e.g.

.

i nt r 4008641 one embodiment, methods of producing viruses of the mvention result t virus ’
titers (24 hours, 36, or 48 hours after infroducing vectors of the invention 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/m), or at least 2
x 10° PFU/m], or at least 3 x 10° PFU/Mml, or at 4 x 10° PFUANL least, or in the range of 0.1-1x

10° PFU/m, or in the range of 1x 10°- 5x 10° PFU/ml, or greater than 5 x 10° PFU/ml.

[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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adm nistration, to a subject. In sone enbodi nents, the viruses are

i nacti vate riﬁ!lgr éo adm ni stration, in other enbodi men(&]s | i ve-attenuated
viruses are2gM'M%8t ered. Reconbinant and reassortant ??”P%?é’ﬂ%g:‘%%nd

i nfluenza B viruses produced according to the nethods of the -17 WO
2007/i0Q2008 1RCGI4JISRAOG4 OD1BS 6iventiv.eln deoninanebodingents thesirgses instudetsa

invention. |n _certai.n enbodi nts., .the viruses i . , ted

i nf | S {eenza g %o%isﬁ%aef ‘Hfl}‘%}gﬁé’é{“_?/iaretﬁl_??gfg‘!“?éejﬁ%lgﬁlé?E‘Ir‘ft&%@gﬁ sitive
i nf I Ugnza,, MiFiSyitifinyPeotibikkion JFihean MeG bR asdrass. Gh ohbessodiarit, ad e
properties. I'n one ertbodi nent, the influenza virus incorporates an

i nf | usfizenzBAADNInAotporatey BenEuenan B/ Ann dabordl/6p strain ¥ty egadproddiadapiedoper at ur e

sensitive, attenuated, strain of £ hdel di ment ,

the 'PRPPGERG %"’n@#‘rvﬁsa feﬂ‘&%?%%f:aé’? 853?&{]} }gﬁt&%/nézé éqwgﬁelArl gootrzllfl é? rgg{[ﬂ gt rain

Vi I USyfifera virBs §RbeodaPiad luertza MBRAAb&/E 6N sidin viys, atg encdd edbpsdd; ai n of

Al Ann Arbor/ 6/ 60. [0058] Cﬁ:ti onal ly, reassortant viruses are produced by
P

i nt r Gempembiy sstive, dirsedtehgrainel 474m AEGHRY VRNAs of a viral strain
selected for its favorable properties regarding vaccine production, in
conbi [0as8]cDptivrtakyeessortant ehusssi angprernddegnispdusing vectass giefmadhaii gens

(HA and NA a sel.ect ed . q. t i i ; e, the HA
segnéﬁ?e“&?é%fp‘&“ Q%Vvd’fagﬁtlr@hggﬁgsq 8%%?%%?@%8‘3’%@8%?%5@ }gﬁere; evant HL, H3 or
B st gﬁb&hcti%ﬁ, inSoolr@ikaHog With rRfdoénedink R NAseinmetpofdte sirfape antgans| arly, the
HA segnent can be sel ected from an e,rrerPgl ng@gﬂt hﬁ%ﬁ%c str{';u n,such as an
H2 st(Ehh and MAQ of asplrgtpd, o, pathagienisisaine FyT eXamNg)t MG YRR n (e. g.,
H7N7). Al ter ' ntaAr. iselof the first

0 1 o v B[ AR Mok 2 bREOBEHE ORI LRI FIRAE, O B R O o ng
segnefHrforhBd Geraatine pahatinyeSimilarly fihe Hit sgmaht garbe sslegivdiitosm at e deri ved

fromthe jnfluenza B/ Ann Arbor/J) /66 .or t An rbor/ 6/ in In

addi t¥ResgPIPere A NGRS & éﬁ%mﬁﬁ%%ugfghédl>@?3{.5,%’t%n (%Eﬁ?ﬁ%ﬁ%}’ E17N7,

or quqw S{rxv&%_gﬁﬁk@. Afenively, R) sevBirbofplemenaBtadac BBt tHAfirgene. For
e, the gen

exanp may be nodified by renoval of the polybasic cleavage

si t e. strafi088Itrdducehin dosbizativacrith ¢ifher hehor Dt gcedingssgmeiod CHEIR

conprising a nugleic id o i : I i

cor e aBaoin ittt Sem SIPLE RO MEE IR inflhat AT AMMODLLINGS bE

t he c@RiABneAboi&saskiigngyadiididn, ah nftentavinsendyde predeed (e.be agani ne '

kidney cell is an MDCK cell. 1n other erl‘qogcigrrents, t.he Ce{zééfiéﬁsel ect ed

f r om HANTGHONB, HEShsttdtiNg(vdrersar b et /sl - Paribassogiises 2 g ied fiy | po

cells I - . it 8 di+606
gerﬁ'thQS%ogr,ngAéﬁn% gg@l ﬁnelﬁn%:ésﬁle r%ag_%aﬁodiﬁ@é bg %E(tﬁb\&} of RE331y68dit SleavaRdit

cel | st tures a mxture of at |east two of
these D88 o6 i A @ 58diSadtl 0B
conbi W@? H)H‘ %‘Eﬁleﬁ Q%F%aﬁhgq%%ggﬁdé?&cag&)g%ut g%%%ggéopu_l ation of host
cel | sexdr@86R]vedioe ohstineatibs. mowpninsintepdithents, i crdiza cowiveoels BF the
i nvention can be grown in , ) . . .

certain embodimenits, 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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cul ture under conditions perm ssive for replication and assenbly of
viruses. Typically, host <cells incorporating the influenza plasm ds can be

cuI t ur edwafroadenmer ature bel ow 37 C,  preferably at apigrpesaiwser equal
or less than, 35 C. In certain enbodiments, the cells are cultured at

a te S e ' b | s are -18
o SIGH B AL el B0 P Copl 2SR TR, il o e

32 Coiifitle B4 aGnitebld pericd ofabaeito p’izﬁnit?xelﬁﬂiatlotwoﬂgte virub tarpetifidar theisui t abl e

period of time to permt repllcatlon of the virus, to particul ar titer,

rec mﬁﬁ?lﬁh@nwmﬁﬁ%@%@ﬁe%@@éc Spdpagtly. Bt resawared vingsse Cft“et&i\‘}%‘? Batedi r uses can
be inactivated. [0061] In yet another aspect, the invention provides a
met hW61bin wmghelberdshertathe inverlinarravides p aeethastior @m&meqlmg agrﬂtﬂttenza s

- s e Ao S it if KRASuEH GRSl Gl g Tl .0 | [

hurrammust mlasat?t{ﬁglz PeY] 2@’59«1@@9’1‘3 OB CEY. rDBﬂ?V@fﬂ?MiDG’KDMVlQMPV\K his
restrict ed SUCh hat an i nfluenza VI rus can not grow in a human prl mary

cel |hwer@algepﬂlwba1@@}ls apgSEhelhapes. dnpBaicbatimaetaue wih i§ restidied cedhaduch t hat

an influenza I |. One skilled
T e s B 00 e P BB P e BT 0B e ey e
conbembstiiehl) grvethaf regPicdaddi thiomah fApbenctiypean avichtoasn anhdmagapt ed,
terrperature sensitive, attenuated, etc will_ also be recognized that a

mut aepitelirlesBofemicdled dn the f’ﬁtr%\ntfﬁc‘)&ﬂé@t?lﬂ'bti’éﬁmdﬁgﬁ%*ﬁrﬁ’é’nd’ﬁﬁnoa*b’%‘“omébnt ri bute
and/ e RsieH Y/ listed
abovgé C‘fiﬁ%g‘f%ﬁ%gﬁ& Jg?é%s eél%d ﬁ{éﬂét}?)%%%%%gr%}é %gzt&ng ?ret hods for
r es cesnsigive etenbated ete. dt wilt dash@retcagmzcdﬁttatjenumtt@ncresponshbheé“mzag@wh ruses

ri ant sirai s of an uenza

: wild.type and v n /or
Vi rugeé%"t‘?drlg’t‘?g R |2459 PR ’(}?Htetaﬁpé’r bFﬁeﬁ?QPtl 9 O’é?ﬂ?@b‘? }? blurality
of Vﬁ%%%hds@%@(eﬂ%@&é ng an influenza virus genome whose transcrl ption is

control cani ne regul atory sequence of the invention is
el ec VR I gr own
u ndetdﬁ%ﬂﬁf 1t é)*?tég Q%J&Cﬁ t%éwéerﬁ#oh%%\?éreas r elp %?a)lti |§ gorlt -F&%Uﬁ% réct%n t ﬁhﬂ? %f: ase of

col dreassmpieiinflatitze et efpertze Henstulice. s\mrh&tytm\aad \vamam smmaofmﬂueﬂm MDCK

cel | own at a t I re..bel o eferab te erature
cquah aigoriftega My FIR BLRGHE B e, fodBlal haPithedh bt

t enPef Pl @ iRBIpRAM oA iffl@Rda 3§uﬁenbﬁms@mf: +RIBQ TR M @ontf‘oh@d Behl s ar e
cultured at a tenperature between about 32 C and 34 C, e.g., at about 33

C. ogammgulwc(lﬁsgauenqu theinypniongs egaeeparald u@tﬁ@ ma@@ﬂelépf ML grown in

serumy,fr e Q sonme
enbo'aeurre rrtit% § gﬁ 9%@%1’@@%@%8%&%% %@ﬂ%@ rglo%/slé‘ye gl uen %&%}?IE us‘%glkéﬂaﬂ be
r ec oyt ed cbldladdaptedigtieded, engferdtine sht@ﬁtw@eilnh&ttalﬁcsoma@dbﬂmﬂts hee i nfl uenza
genone plasmds. In o
grown at a temperature below 37 °C, preferably at a temperature equal to, or less than, 35 °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.

~-19 -



sonme enbodi nents, the recovered viruses are reconbi nant viruses. In sone
enbodi ne , iruses are reassortant influenza vir i genetic
contri bu%@ﬁgﬁﬁoﬁg‘#mre than one parental strain of vi EQ@S&%%&% ly, the
recovered reconbj nant or reassortant viruses are further anplified by
passad@ddh Quiionaiydbercpeeret virgsen aansbe ippgiiyated 1 in wneoosdinRoBsthe

PCT/ U : j 1y, the, gver.ed viruses.can be

i nact ?%‘%’?’ g@g%ﬁﬁ@%socr?%ﬂ%gg% i ner?ﬁish?vatcgnele' E@c%(\%@ﬁj }e/ed)E it ﬁ%vgbedg%%‘nge an

i nf | ueBZdny eapCiaereafsortagafiidngs viches (£ 0§:2 e d: 1 Rhdsu/ARdiruY@s Bhvifg 62N be a
reassortant influenza viruses (e.g., 6:2 or, 7:1 reassortant viruses) having
an  HAE/AARYeF NRsendigen geveddrony d gelestehstipin of sdnenrash puinfluesza By Inza A or
influ Iejgp g@iﬂts L4, J is..modified. In
certai%ﬁ%? g@é?ng’ngp%w%o |0rrdglnI S, ?%%m? éasgéﬁ%@ﬁ&%@?%@h@%@ﬁ%@& have an
at t enuaissutaphadiobyperinGpd horahlajtemitated pheas ges. t@ptionallyy rilis ess@iianicol d adapt ed

and/ or , tenperatyre se sﬁ,i ve, e.g., an,.attenuated, cold adapted or
t enper iR Ere GdiHmIe! P SRR SR HIBYE. @, niehoaiHp bR S Pises ar o
uSef UhonyfPhtufX QARG infRntd Xer 81iRAUBLAGANMAGEL VESsd Qe %&é@xp@?gﬂh@g ¢

production of an imune response specific for a selected, at hogeni c
i nf | uenkize sitenanted vhedihesdhr heprophybstic godustioatdfen datrede respesserspesific vi r uses,
produged according to the hods of the invention are an additiopa

Peat uFE oRTeRet e paekaic FEbGRe soain dROHHEH Vaufects HEURIGHETERT of at es

to neyRogs, HrefudideRbsiing 18 (ot aRbd\PMhe inkaitloaeRNe & YddilSnaY B&eirB6f &RMPri si ng

introducing a plurality of vectors incorporating an influenza virus genone

whoselinveghelsri ption is controlled by a canine regul atory sequence of the
invention (e.g., a canine RNA pol | pronoter) into a population of host .
cel | s [65hbh enasher aspgspahe invgnitamplelatrattd methofls farfpredseig adecarsbinent! t uri ng t he
host ¢ Igzatl. as‘;aerrigeraltur.(-% Iera_s t han of ﬂﬁﬂugl to 35 C _%nd recovering an
i nf | WBRIET0R 1S EERAE CETBESEE O PARE ARMTHIIAL Y FAYUp SR An

admi nirFhieatd Gifust @ndme WHo8€ transEHAH MRS ChMAsel 3% 2CRANRR IS AbinRudmEbeenza A
or influenza B strain viruses. [0066] In some enbodi nents, the influenza
vacci H® Wpyveniivade.gneicanee FAlAreldremelghiintol apopzietionof hest callsespabla@bpt ed

influ ' o b S I, bl ' ' : ertain
embods L8 ¥ptoon S BTREAEHNE A ARRAE Wthel Qs PN Rt S o T
pr opeedquatso 35 AC aamd restbvedhgreminflubie ing katebkeo\d itisitg @a iingiuns réspondef | uenza
Al Ann Arbor/6/60 strain_ virus. In  another enbodi ment, the infl|uenza virus
i ncor Bm%%téem&ﬁahm faretrPiech) RRVasFIET 92 coBPEiss aither iRfucnga AQrariveart vel y,
the vacgnevildied udes artificially engineered influenza A or influenza B
viruses incorporating at | east one substituted am no acid which influences

the Cﬁ%ﬁf irgédnfé %I@%O(an%}l O A 1RABPEI Lk € Fires SRR ORL] B8O AT

ca/ B/ Ann "Arbor/1 , SUCh’ as a uni que
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.

f0067] 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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amno acid of these strains. [0067] In one enbodi ment, a vacci ne conprising
a popul ati on of reconbinant viruses (or viruses derived therefrom

pr oduced p&t hods of the invention is provided. | c
enbodi ms‘rll‘}tay tﬂe vacci ne conprises a |live virus pr oducecf&by zﬁg%%gf(’ ods. In

anot her specific enbodi nent,  the %gcm ne conprises.,a killed or inactivated
Vi r usmgtheas: I@owwee RReCIiRIlo dioert/ 1 Y aeRnROrRISSH A5 O RBRE et hods. | n

anot her ]il]?o%ﬁfdnfﬂrg ?ﬁi@Wc A8 o Eﬁﬂw ed-AHRS r§&§:c§9g J{Eiﬁ&ﬂgﬁé"

conposi red froma |ve or I nactivat I rus produced by
t he nmidﬂluﬁiSpemﬁc cabodihent, dpecicéine cenjuihs ratarmmmmbgmicampmltmmwpas@t an

i nmmunggeni ¢ conposi red froma lLive attenuated,  col apt ed,
{ e e g GBI E 60l R D PR 5P SRR ZE HUS OEHGS DY Anot her
speci | 3&oam%&ﬁatsge&hseﬁﬁ9&cﬁiﬂaﬁt b SoRplibdse zﬁteta@t@m&&ﬁ colgo! d

adapte tenperaturé-sensitive i nfluenza virus produced by the method or a
Vi r usadhptddy ethpetdterceinotive fluBrnoirubpscucet hoieafiethdveorf Yusestiy@b68] Fi gure
1 pre?ents rowth curves of wt and ca B strain (B/Beijing/243/97) in both
Per C6!g cells; virus titer for each tinme point was determ ned by

TClI D50 assay. [0069] Figure 2 presents growmh curves of wt and ca A
strains (A Sydney/ 05/ 97-and B _w@wwﬁw%%oth Per 6 and MDCK
cells -HAE(8 4 (o assay.
o070 BBt Blest Rl s RAR P e S e R T & T8

Ar bor PECBONAINMIDIOHE bellsPenGgitanidr dMobBKincepdist wed daisntinedgry TOID ¥eaaskayt i me poi nt
was determ ned by TCI D50 assay. [0071] Figure 4 presents real tine

anal yﬁiowphg\a'td abreB&iﬁs Qxfovxﬂﬁ G)ﬁda@MdvmrH&faGB steaids MISKdneye V%7 andsi ng TagmanQO
(Roche Mol ecul ar pr obes Sga&ﬁlfl c for the M segnent
of t h&/Beling26R(as) lﬂid@ﬁzlj’erﬁﬁ@mi M@C&@Eén‘ﬂ’éﬂsd’ﬁ%v@% REP Rt vEas

A Vi ef &%ﬁ@@%%@@#g\?@gg in MDCK cells; wvirus titer for each tinme point

was d erm ned assay. [0073] Fi gure 6 presents a di agram show ng

rescufigabl FRgl B OFLEE D S BEHTa3, @sluh (ATLAPRALIAR) aeRgral ed bY

the e resc nrque presents growth curves

of eaBélCté‘fanﬂn&DZ:Idcemas;mrttta%seam thes ffincwhd &temmmby TCIRF0 4s04y.each ti nme
poi nt was determ ned by TCI D50 assay. [0075] Figure 8 presents a

rest rjont7it Prigieds pfesaits FaDtifk ahdlggeBnVird] REYA GOPSVdERS i@Pe@siang MBOK pol |
regul atory sequence. [0076] Figures 9A, 9B and 9C presents_the nucleotide
sequefidls, ¢ pEnaR® (Roghe l\écpiecu ar Systems; Palo Alto, CA) probes specific for the M

segment of the viral RNA.

[0072] Figure 5 presents growth curves of ca A/Vietnam/1203/2004 ($15N1) in MDCK cells;

virus 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 PerC6 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, 98 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 rIRNA 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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approximately 3.5 kB nucleic acid cloned from cani ne genom ¢ DNA, which
encodes at least a portion of the 18s rRNA gene, beginpj t eot i de
1804 in tHe g(g&l‘f%@ge presented. [0077] Figure 10 preseﬁ\l:@%g?orqﬂgﬁgéf pl asm d
pAD3000, which can be readily adapted to make an expression vector of the
i nventjpans) Figite WDp2BOMs AERR08n BOTENER0NE) 02 PB@A0tef O0EBYctFgadrie thid present s
a diagramof the MDCK pol | pronoter constructs used in the mni-genone
assayml[lbée,’@}nqjisﬁﬁf'e 12 presents the results of a mni-genone assay. The

EGFP s generated fromthe - +1 and +2 % r onot er

const r{m@'/t% Figuse d R ovigsents thareselig el Fl@fml-gffﬂoam 4§53 %E@ﬁlf Siﬁaﬁeaeeefa‘w

respe 0 h | escence
gjr% 1?/ ﬁ‘ﬁp 1, AAS%@ Ys \pH 20 t@?@j{%& I Bﬁﬁﬁ%t Aon ar8’ 1é/wf? aLHe tﬂgféﬁ hiang

(bot t ntro were also tr fecte with a
CW- & thqmersufdspc(dmtﬂtyom miirgds tp)omd&el @eﬂtmi stedvsDedgbigkgicomdof  t he

| nventj on [ 008 Pl asm d rescu influenza vir ner.al. rises

i nt roﬁ?@tﬁswcﬁﬁg’@%ﬁl o 21 f"BP%ntfoéF WrE ﬁba“gﬁeefjgfl “ﬁb’tﬁ@ " and
trans QieRhc RNA into sui tabl e host cells. Transcription of
t he v%%lﬁj Egtglrsl%{rlﬁgt%omﬂ § 3ener ally performed with an RNA pol ynerase |

enzyme, as these enzyges pmgﬂrégﬁgsgﬂ ﬁ{)ﬁg}ﬁj Wb Br§llgds suitable for use as

viral genones. Thus, egul atory elenents are
used tjo0$0piPldsatia redcn@osintlufizaeirue fergeaibriomRNdsinthotdictpnpifaspicssiorescue.

Unfortunately, RNA pol | praonoters are hi S eci fi c That is,
RNA paectprstl P%ﬁwﬁelrep‘@ﬁi BROtoHS Al rapg g V‘gi'r]r%m%fcﬁ{@%éﬂf e BAstRNA pol |
p(r)om) s, f”fl%ﬂ%ﬁffatlﬂﬂ ?Jdﬂtt\f‘?lgl %&ﬁﬁil@ﬁNﬁéﬁ“g@ﬁ&‘aﬂﬂ bé’nfoﬂr% vARhd RN‘A[ ity of RNA

pol | promoters’limts I's in which plasm d rescue can be perforned.
Pri or potymdrhe Imneglea,tasﬁ}mennzms mmmw@m&msm@xta@@&m asvigalcani ne

based AT dPetFaveel TrorR s rsuhE rRTuhtk SRDSRS R (L BupRR, ) ©

Accor diRedrbtioh @f@eﬁdm@mmmﬁ{ng plasliatedud UohBirenaeiyd RN pslieromyent i on
conprising a canine RI\IA’]%%@ yner ase I regul atory sequences are provi ded. In
g

cer t aiare kighlydipaeipt-gpecifite uRBitore) | Serueiroweriss mayob sy Pt Yind one
embodi | aéntglngg%gfr@ﬁktp%i Pé%nﬁ)‘?&"fﬁ%?%l hﬁeﬁt&iasﬂ;'e&gs ROLordin xlryOfﬁ@ta%ﬂa%eﬁ ence.

I n ano e regulatory sequence I's opera l'inked to
cl onedfRNA bobmlémotans ymits greofehein whith dlament restuivecaclbe rpetfoxzmd’;ll PrgDiA encodes

ral _RNA of a ne e osit str nd rus qr ondi n
\(;:?NA theprssrat W@Eﬁlg Eﬂ‘g@&gﬁe‘lﬁ?g nv'f RessHy %H]e(\iliilnm%rcgﬁ %ﬂﬁh‘éﬁ ggg gelnog‘l c
viral JpNfyi§ Mschdif GRIde@SROR Pofidble 6RNMonhe &Bcibilir BEMEDraehifivention as

follows.

[0081] Accordingly, in a first aspect, isolated nucleic acids of the invention comprising a
canine RNA polymerase 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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[0082] In one specific enbodinment, isolated nucleic acids of the invention
conprise a canine RNA polynerase | regulatory sequence and a

transcri®ig Sabo2b@ M nati on sequence. In certain enbogRRbSs/023867
transcriptional term nation sequences is a pol | term nation sequence. In

-22 WD 2007/.002008 PCT/ US2006/ 023867 certai n. enbodi nent transcri ptional
¢ m RO RGN A P ORE A GGG omFS S GrTES, BOFLNSY: O AL | on
SeqUﬁﬁqgtem[ng%%]]S&{heﬁgét ai n enmbodi ments, nucleic acids of the invention
conprise a polynucleotide sequence or a functionally active fragnent

t he Latﬁfé?s]%g:serétaiﬁ HidliRfe 51 a'cildrs &9 H{‘*ﬂ%}g&ﬁiﬁa‘%ﬁgﬁ’g@& F Bgfﬁﬂ&ig%&d s a hunan,

pri or canine pol | Cpo ypepti % or about
99% R8nco e EUPNABAACtiVO g B&UhEBIA e £5%cailDRIRNA pobPadgdiattiriycal to one
or nore nucl eoti.de sequences sel ected fromt roup. consi,sting. of. SEQ I D
Nos: Tequsmoe G BOR 2 RO GO0 | BUYBERIAERE8 I8t [Fihct | onall y
act | ot BOIRAL 93RCORRT 070 UdkADI501, 204, 8304, REeRRsYA, T Br 68 liddieal to
transcription, in the presence of ‘appropriate polypepfides (e.g., human,

pr i medne,or mous eudeotikerteqecnped selecqzal fygre flta glew)) comsisting 9 IR osnliéd.eot i de
sequence operatively linked to the nucl epti de sequence. |n_ ane odi nent
" UnciiioaR ambgamgo; YepebatRiie sebien e mactanely AET e rago 0T n SEQ | D
Nos: g i £y 1ARER trahbBGhioaialth@flckdick o itk 6 ®kn of the
ful J[%g%tgtlrﬁﬁis%c}g%%ggpﬁgfﬂgEQ R TR e cEapSiopaiteD uﬁ'gib‘iﬁ onal | y

act i ve.gf.imgrmenpsmete, mhsse @gatiae poll prdvpeptides)sefta fegprdpdsn®iotdp NO 1~ are

provi ded whereby th egul.at or uence fragnment i S.. a J1mked to a
nucl FaUSHEP GPEIgTVEHY ?T{(%Cﬁéééﬁ? %%%eogﬁg ,Se(ﬂ%%?fh e?‘g 7% %ﬂ%@d%]?ﬁé uiﬁ{né%(lfﬂeaﬂg rot ei ns
I N VidckiQe BhginBnid? ¥Dthe inSclbicARis ketaBeth in BROBA Nb&t 1oy tetdin caabogiorent s,

nucl ei c acids of the invention cog%dl%gga pol ynucl egti de . _sequence or a

f r agridactianbaiitiesalegeribeg heigh ofdh thisequsgarsriorER dadipsntd - #8at bi nds

a h ' ' [ =0 %0 or at
P L 8 e R R O e

i dentdre plovidedonigerelry thio regulaniylseaisnde fisgqeeric epersilydiiked td a mml¢ih ecigm_up

s quErCEBr AR e RS of B IIP G T hE BT £y PO T ¢ at e

br | iR WK eI HES Bl 55 BBt P on SPTRCE acBAIIBP Wlcl cor
pri : UIFNGOSHIAES, g F 1< , cl eotide
Seq“e{égﬁer{%ﬁ%wtf}agﬁ!e}{t theRBed o t0ahie HIVE!RPY [R1R6IUSNERce [1Bpldslan certain
aspects, e preSent inverition provi}ggs an | sol atgd ucleic acid that
conpriusem, arioatd, meuRkhér @ainelpopf polgpartide Rndbe isalll0ys ot dtdeastni shwuRfopol |

e o Ok e DR R T P T B e o RO PERE et 4 1o o
cani ngf&Rkille &RMhES sbiRclel FosFth Rideotistifieof: SEIQEMERs:1-19. In one

embodiment, the polynucleotide sequence or fragment thereof further retains the abitity to

initiate transcription, in the presence of appropriate polypeptides (e.g., buman, 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 au isolated mucleic 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 cagine 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., 2 canine

RNA pol I promoter), wherein the regulatory sequence is operably linked to a nucleic acid to
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genom ¢ RNA, and, in the presence of suitable influenza proteins, the RNA

transcri packed into an infectious influenza yj e
enbodineﬁ%?%ﬁggggpgd nucl eic acids are provided which %%ﬁ@S?@é&ﬁgganine

RNA regul atory,sequence of the invention (e.qg., a canine RNA pol |

pr OITDﬁ@Ih)aI,I chigEd 8nd 1 e resnraionyials priras i ‘gﬁ'@@éﬂa‘dn@, i travpestibed W nucl ei c
aci d z ARZH08.; i I bed._.a Lh the
pres etr?g%elggoasﬁet% gbée pr o(t?g?lgsgg éﬁ#ﬁ\%&?@%@éﬁ é’%re\glm\%ow?%ﬁlt%lr:l%eﬁlgglrli"%glcﬁnk? n one
enbodivRBIA segiteat.nucl ei ¢ acid operably linked to said regul atory sequence is
an influenza VRNA segnent. [0086] In another aspect, the invention

provi @ES6Y fictimtseranstcihdipgsntar providecdonds aficsemdU attprédifcldgenza viruses
in canine cell culture entirely fromcloned viral DNA "For__exanple,

i nf | ugsePEbiaphndcRagVipBeinsguide g pultuie eaarghy fom glosied virel P AofFarect or s
conpr i.si : I h: Vi : . under. 1 he
N R S R L s e

cani neloped cDNpr arodieg eadf vitdl @ehaue pignomt iindep tlestpinseripthos! ca@lol 8fa cul turi ng

t he cani.ne%ﬁ%l I s,lla%?d i sol atd?ng t he. recopbi nant i pfluenza viruses produced

from FHEICRIN EEHATH L SCHRRTF Feotidir8NemOb PRI Phifie dtepH oY IfBSaBRome ar e
thus hbalbindueReidgdhd caniBy clsC&Id 9N inQ @écohgﬂhgan?ﬁmu@gz&ﬁ%és _reconbi nant
viruses suitable as vaccines can be recovere y standard purification

pr ocetindaeed figritlap edtleculisen. GWhey seators ancbdingearhiotisenuh vitue gbmrensiedins

reass%rhtog the six internal gene s nts of a

Nt _viruses,incorporat. ng j .
strain sePéeeélt(lg‘g"fsbgrel?Cltré’p?llélgi)}f%dﬂ{becaﬂmﬁgb% R U V%@sﬁéé't‘ﬁ%gbgg ¥acci ne
B Nogen o S T B B Ty B o o ST r) e
cul t ulethortppkthedngentgn respseniant rsbess decomeasatinatbe sindrisinel gere segmentsiofaor t he
rapi dpr: i I } : f i . and reassortant
i nfl u?etgegggé{%&%ﬁg)rE@ggﬁgge&?ﬁ%{%ﬁ%%gésgfér%_lﬁ%gg&sui rg(gl{%?ﬁ’oarndlﬁ% as vacci nes,
i ncl uthwmyndgeve Db taed Mt eggmanscitdmeseleviedrs. aepaths gpby @chigeaobdiagdiyo met hods

f the j Nt | del i d_.,nt | i nt ] ly. [0087
Typi o8t ST R Beadki Groassiiure. vt e ie R 81 Bofpons durBed biFemtire cach. of
the Auamdl folhs Wi d pRJuctich ht@nkas8l efinde bF i‘é%mﬁ%fn%ﬂ&%@ﬁerg?s\éé’i@eﬁit Meaudale Master

Donor Virus strain is typically chosen for its favorable properties, e.g.,
t enpefidind Bevisesas itptluding vireess guidabdpfoatbons vaspints indudieg line ptenpated] ati ve to

vacci r I on. Le,, ex ary, Mast er Donor rai,ns incl ude
such eﬁ%gggyggféé&g Flsp%ﬁd\e;ge&?&gaﬁgetﬁ %%%Séjﬁgljecllgyﬁl%gﬁéﬁyg%e % ]rvgﬁeﬁs of A/ Ann
Ar bor infhfiddaldndr BitrAmnsoidrdr./ | / 66, respectively. [0088] For exanple, a
sel ected master donor type A virus (MDV-A), or nmaster donor type B virus
( MDV- @n87Iceyhibalyph etdradadttonbaorP iisaMIbY) afaitisaerdieMifbAdack BRAR A and

constituting the ) )
B subtypes. In the case of a live attenuated vaccine, the Master Donor Virus strain is

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
Atrbor/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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viral genone. In an exenplary enbodi nent, reconbinant viruses are produced
fromeight «cloned viral cDNAs. Eight viral cDNAs representing either the

sel ect edywPofloRbosVDV- B sequences of PB2, PBI, PA, NP,PC‘T‘ﬁaszl\‘ﬁszﬁnd NS
are cloned into an expreSS|on vector e.g., a bi-directional expression

vector such as a plasmd (e D3 000), such that the viral genom c RNA

can b#randand dha wd mRNM&alt%mélemad ory sk Neepalyingsse Hy(pellbrase@otetr om one
2 Ve R007 L A9P00R PEH USROG 0205 L oSl ARG INGERE iNii b HRMR can be

synt h S|zed rom a pronot er e ot her

st r angkgnfant (e(;g_\gﬂohymoa@megmﬂﬁ Imeig bt ageatitene rmdl fied, including the HA
segnent (e.g., to renove the nulti-basic cleavage site). [0089] Infectious

r econtuewpxnféda\sué\l&blﬂm&@\m%oﬂ BIONSWiIRRGe iehetcdvelddaulifgingt r ansf ecti on

of plasmds bearing the eight viral cDNAs into appropriate host cells,
e. g., tranicios off pbtsmwbuhegnng@em@é wiraiscNAS nde ApRISPARS Bpstisels, lser ei n, t he

i £ ul f
e MER0h s3e Bt top Bienats Ao mIEOE RRIRA By TREBORRRR s BRAL B 6
and N@) g@tﬁelhth@g @Q'l@&%@ﬁhn‘iﬁrfﬂm%nﬁaeva@cmed\@r/cdﬁraﬁé%étﬁn JP8%) 6 ir@@ﬁ&l@hes wth the

HA a NA derived fromdifferent correspondin &’é@ i nfl uenza
Vi rus@l’§3 PBgr P Ax BifpMeand NE) ¢fAhe exjprtert virup (?évd\%QB%l grﬁ é" 8 tegptler

th d f
Do AR A @llke bom Strd: Bt didhe G5 (£ of BiiliEion PRGEE] T00 Tor
str ai Fiomxhimp&nﬂtajihgseg@bﬁ\/iafm@reﬁky @lepmdm@am ;mtl&igtmuomllme@dmmsﬂa,rﬂm1 strain

(e.g H2N2) ,. an H5 str or. an_H/7_str ,
ReassBrSEfa&% as isirputeiehoPe qrﬁﬁggw@ﬁ%%ﬁm%wg@g n%‘ﬁ%‘%"‘ﬂé!ft%ﬁyg W‘%a% ? her the

HA or éﬂgctcgﬂ‘?&ngl dsh%m #ih %ﬁfegg%gfe[a‘aﬂcéis a]pz{ ﬁ&rsh%&t sokh G&8n ALSGaRE

pr oduce I n addi tion, stemi1s usefu determ ni ng the nol ecul ar
basi s(e., B%Eibtayﬁiksttahaf@ﬂéﬁmklorw Hestegpin (QgLeHziN’/'é,nEaaSsdrtz(ma t), cold
adapt ed

acei REOBPONRERF b SEOT-BERT RIS Pbe MAIDGOY UPOCE TP R BERERwi se. al

sci engdiddisd dach {RT Mbﬁﬁ!anﬁs?édﬁal@f& }hk@d@éeﬁt QR dddifom AN SS/fﬂ@m isaggeuleani ng as
comonly used in the art to which t ertain. For th tggose of the
¥

pres e@@teﬁrmv@ﬁtth@wd%éim Spsinod nhgn@fépwsc alrﬂéteaéﬁwsﬂéa g fﬁwnu i), b terns

" nucl I "nucl ei c
ore BLERTA0 nd REPUPUSLSELE R ) pRBLIANS! SRR SRR
deoxy bonggtegtlde or ribonucl eotide polyners, or chineras or anal ogues
t here erein, the term optionally includes polyners of anal ogs

of nambaj UnieRs gefidednghdriise Al oikasifloavt hg:hhial teB 8 aRtundérsivat] té Bawftheat ur al
nucl eotides i.n that they hybridize to S|ngle-sttanded nucleic acids in a
nmannefand HEMHRS ROCHENOR |1489d wdbepitimghinidheopates Fe the puipess 9idbe nucl ei c

aci ds)esdlfhR3ftion the following terms are defined below.

" 4

[0091] The terms “nucleic acid,” “polynucleotide,” “polynucleotide sequence™ and *“nucleic
acid sequence” refer to single-stranded or double-stranded deoxyribonucieotide 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 enconipasses

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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ot herwi se indicated, a particular nucleic acid sequence of this invention

enconpas | ementary sequences, in addition to t

explici tﬁgaiz%ogﬁgg’tagd. [ 0092] The term "gene" is used bpﬁ%@ﬁ%ﬁg&ggﬁer to

any nucleic acid associated with a biological function. Thus, genes

i ncl udeqeiend faythediorereseionaey torm f*penef’ egpliation ypatiipigmoetc seq@bnddDas well

2007/ 0Q [\ 2386 r ired for their expression. The teen

"gene"aséggﬁpeﬁgf’ %))‘?é%sqgg‘giGPF%&?S@P(%#@GE@H{?@%@M%S well as to a cDNA or an

nRNA ¢ ed b hat nonm ¢ sequence., [00931 Cenes al so include

non- ex@ ﬁg:gsgﬁleﬁ ﬁ‘i:gloéf“&lgg%P‘EP’%F%Fff’éu‘ﬁﬁﬁf‘?dﬁ@%m@%&%h dor gxgmple, fegogni ti on

sequengesmith sehigicep FRtRhd - J r r i ncl ude
e ek or Do e ar o Bh et A EALRDGEE

“pronoters” an "enhancers, ( I I NS su
t r ansciprgoters” hnd{'ortmnpbémd to whishukgilatgryi proteiransach hpirirgorigfonaditacesihd,or

near by, ences. A Ti e specific" pronoter or enhancer is one which
regul 4t %Stﬂiér lgglsailfflbqtfo%osi}saﬁj agerg&g BFEF]%% S‘%)qug%?fé' fy iSS&}P Sﬁ%iiﬁ%‘?ﬂ&’iﬂ’@,ofeé Prtypes.

[ 0094]enRarichf BEREiCIDFeguRE R TRINSE i BE lih%‘@}?ébiﬁostiﬁu%e LBeYl Bherof i on
capable of initiating transcription of a nuclelc acid sequence to which it

'S _OPDRN YA FirbAtie or "iBihot@RBERAES AL & INANSHIABY Bflgh ShiHhRthsenzY Mes.

e.g., RNA polynerase, are present under conditions,~e.g." cul'ture or

physi ohiggiemiranserigiion ohsnudtie rallpequveceivzyinels itds epdraie iteuhadl,. wifen pr onot er
can b upstream or downstreamfromthe nucleic acid sequence whose
tr ansglp B 1:9? iagtnﬁtuiatl@%}ﬁ tiolnérte%?d eﬁzﬁpﬁ%ﬁﬁeﬁg‘g@ﬁma%?@ P56 gt ed upstream

of a ebhAtibss, eROUWGLE @lphiybislodical &HANTIS, WNerd  th8RES L RIIORmbAbLA 2L On site
and extends upstream €5' direction) to include the 'm ni mum nunber of bases
or el PHERLLET FatSsRigFapt Bpstieamqr lownstreans Gpinghe owcleit acideveiencelohest abl e above

back . A Ar. ich is.located d t f. DNA ('t
expr ooanSpith RURIRAE & BAERG Bttt b bty SRR s e S on L O
i ni ti dbieleds tte 3atetninex be adansteiptist ieadtidnitedhd egtehd Vpstrearh (9 ldudstidd)e

m ni nym ntljlgb r of .bases or el gmsnts necessary to initiate transcription at
| evel £° HSTOE {HRE EIG BUBAEIOG PR AT clomEnBngrqsesy fotraiate Eyarcdpiiet att he

| nventdven defflaBHesH RO LACKPSIHIC ATraRd:ed URSH L SHIREANDLES & .Igﬁgz%am ofa_ .
unidirectional system.includes only upstream pronoters. W ERA Y adj acent
t o t heéDpHottpeenresey (relRé.) i bdundgbatfisih tbrminus &y sdrangdiption initibtiat sitrandi t e

(convepi.ent fined f.or..e I mappi ng_ Wit h uclease S 1), and can
al so ?%egﬁ&l}dae&%frg%? é(larin‘r?sgibc{nﬁ3 F?{é%gquﬁgﬁ"(%‘Hﬁg‘élﬁ'g%méeééfég?ﬁ?éé’ﬁ elemgrts” pr onot e,
regul at@ssaephanittite BEnRIPOT NEEWIS@IERENOMTVRIbEHREuddhenbbiading i RNA

pol ymer ase. ]. A."cani ne RNA polynerase | regul atory sequence" or

Q095] .
" cani AGtERAL 58% Iy YREHigE dnqludes bgth wisteam and dewestregorpremaists; trealnigireetivnale

f . i N : L ej i d t hat
|6 oS an i bRIIER bhiy SRR Brdf B Wit il Sdy IR for SRR o hi ot

it i sbofendbiiypnatipndditiatibresitai@onvenicRNAdphhedner asenple, aydnagdiid @nal | v,
associ ated . o :
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 [

enhancer, which increases transcription of a nucleic acid operably linked to a canine RNA
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transcription factors, are present under conditions, e.g., culture or
physi ol ogi cal conditions, whereby the enzynes are functi onal Exanpl es of

cani ne RO RehyAkikase | regul atory sequences include ?’C% %
pol yner ase | prormt er vvhi ch increases transcri pti on o nuc elc acid

bly I dt b back I
Sﬁﬁége@ i PR SAE L ISR Y EhTob OB e A GRORABIY |1 nkced
to arcaphng. R 149 VauA00T00200% (BC RRA0R02380sorpabiaRrigss | promot er

above t served in the absence of a canine pol yrerase |
enhangmducedhe puitive Paring Bl pélyinetpsa [ cenlatay Rqu@lqmmbaslerﬂqedrtegul atory

el enment is to |ntrod cet ut ative, canin regul atory
el enﬂﬁ‘flelcéﬁ’é]roiﬂ’iﬂﬁmﬁ 24 St gtgg CHHRE & egciaa{i/(l)ﬁﬁﬁn‘?@r é‘rﬁd&?ﬁt 0 a suitable
cani pane@htion 6f e nudBicMed & &&hdst udh a@@ﬁ@%ﬁomﬂ ra@d’el? %Ioh N@;ﬁ*th@xfn gibe nucleic
acid of interest using a conventional assay rthern blot.

Conp&loinperisasr ofttraasgintioptieshs pithe nycloic apiddn Hmﬂlemce@mchabsnnqewé’ th¢ esence and

absence,.of the ve ca NA LY, I t permts
he. BRrTeeis RBE A Gabel eI BR T RRIS she fRY Q"o ReRERD, £°5

cani RAeMINHRAUYIRT RSEelbmesdl laddafiny R L pelinerds0 0 96dulathe dienent’ vector” refers
to a nucleic acid, e.g., a plasmd, viral vector, reconbinant nucleic acid

or Ciiddef l‘m& t&ﬁa”‘v@@tok’%@er& & aﬂﬁél@iﬁl%i% het, @ﬁ)!ﬂsﬁﬂ@uﬁhaﬂﬂ@tﬁ* fec@@bfhagequences
into a cell. A vector of the invention fypi caIIy wll conprise a

r eguhatloicycrleyeRts thot cmhbe usadivie mutrasivce Mterologonprecleigacidscauamepfotsus| y

repI i C n aut ononmousl |cat so be a naked
a@/ ﬁ“qfe&%)f Og&‘e 1RVeRR }'%Rﬂ ﬂ/ dggglr%@laté%}:stegﬁ%n%%@ eotl de conposed
Of b@i\)@nﬂ)\% "Bl dobdAs WA e ziutbﬂitﬁn@tﬁﬂjele’@hé%ﬂﬂﬁé ,or ﬁomitmdrﬂtﬁisnﬁ'epmmmggat ed DNA
or RNA, a peptide-conjugated DNA o posomne- conj ugated DNA, or the
| i keve(ttPFaﬁanaﬂrlFé’]??cﬁ nakge Gls\m}ldre@tﬁ)% éé‘@k‘?ﬁ’d)Nﬁﬁ%(’(lWFﬁ?HﬁPaya the vectors of

the @5@3&&& nde%ﬁ{z}okgaﬁo &h PINeg &*’RNA %@?ﬂm@ m@g&msggsg %ﬁﬁeor is a

vect Such'@s a prasmd,  whi c I'S capa pronot | pression, e.g.,
tr anecm;ugﬁte@bNﬁofn ENmuelpepnd@cmnjugamebIm atRAL hEpesome-dumjegeprdddlidon vect or

of lnventlon typical | onpr i ar seq ce of the
|nveﬁﬂ Aikesihat @96‘?%5@ g‘*ﬁﬁﬁ%h@“@&n t&?ﬂ’%’%ﬁh@h‘fﬂ?}c’fo&? &PTREor not
aut onNARRHSL ylerp%;mg@tl ng. Typically, the nucleic acid to be expressed is
“operably linked" to a promoter and/or enhancer, and is subject to

t ran (%9'7@ A O%g?z%%&%@&éﬁ”%)&fvé&br Qﬁfc}f ne )}ﬁééﬁﬁﬁt @fncﬁnéjéa@; I%'Hi'gﬁﬁ%tmg[ 00981 A

Ire expression vector™ is typically characterized by two
aI t EICKI@ESS‘!KEl e@r,dmnscar;monr ofentedeic aclﬂhmommxpaisd tlerdiur dotdxpressieh atttoeof o a
nucl ei c aC|d etween the ressi on can

neCt B pa e i i S e Re ot PP R g tbny ik eEFREESS | °0
bot hyRkibs chitbe BhitoBERSEs1$ teARBIin@Hthdl e%hbmeusﬁy YepBicat@il, I BRfGfystheand RNAs.

nucleic acid to be expressed is “operably linked” to a promoter and/or enhancer, and is

subject to transcription 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 sitvated 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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Alternatively, the bi-directional expression vector can be an anbi sense
vector, in which the viral nRNA and viral genomc are
expressea"(??@ﬁ{()?’r‘?gs sanme strand. 101001 In the context oé&?“%%?mtl on, the
term"isolated" refers to a biological material, such as a nucleic acid or
a pr aipgionallywomprises meodrit ant found yith thesmplerph iadivpehen cavironmentios smit| y

" Col aa aare . & Tty gy Buebal Bt Beso a5 aent SERAANTRN - T

conp rlﬁe%ﬁ%)id@@& &1 4 Rlcatl®f mftﬂél&ﬂl Qfé' i hpehfi@e FRE@Tdtialeldutent) ot namrta la me[tmluﬂo nnent ,
e.g., a I'l. For exanp t he materlal isin |ts@a2tural nwronrrent

such ‘@gmém:@au envmqgm,emtt éfql g;;amp@ 2 PRI PEREH & UYCI Be4 e 8n 2cAT0Be cel |
enV| ; %ﬁiﬂ enone‘f]&%gn %31%11&8 ?”&?E cfb?ﬁes 1@)tldt¥@1f{191s@nt%h€5d@n%{?&[}ﬁnl},n t hat

occurring nucleic dci

codi nnﬂ:cuﬁﬂfguﬁétﬁﬁ,toam{u@@ﬁt}@rgen@ﬂe @@aw&aﬁol stah. gs alpé&scrrrész vised edcbd, ¢f it is
i ntroduced by non-naturall occurring means.to rre }pr';he genone

(e. g. amplicpag pefrnatige éhthgkn ¥%‘F Bt guch Iiﬁl‘i“h%m@%@?&}wr S con) not

I’latIV; » fgccpsm d. Such nucleic acids are also referred to as
"het ergeg%%ggﬁs %&g eg% cIaC| ds. [0101] The term "reconbi nant” indicates that

the n@#ﬁyaﬁlxilge i O1éco b?ﬁé%}’e" ?1091% %a?@e%ﬁ%}rﬂngé ghgﬁuclpl%%&dac{rtp'rét'e&') ghdy or

synt h h=nat ura Iy ere intervention.
al t ergdenQnt faitlber @ﬁt}feﬁcmﬁdnomnhﬂumnmmﬁsrefhby\tmlnlan mteraentromrrﬂ“\hed f rom its

natur al environnent  or_ state. CI ficall referri to a virus,
alématquambﬁzﬁarfvm%on flhﬁéna\?‘?r% ithan, of Ta%li‘)‘?w‘\gﬁﬁ%ﬂﬁ? ‘51“‘19%11 YEompEuced by
the & s G a8 iiAudi0d 02, sy ik rin
reasé&g%f?tgntgﬁ&l%aﬂﬁ {%P%rﬁgggooygﬂ\l/ﬁere%s |1nd1|1cat es Sthat 1t hé virus includes
genetr&ombmbmrwhsmWmembdmd(bgrmﬂmemsswd@fﬂwwmbimn’éﬁlﬁctaﬁén one parental -

viral strain or source. For exanple, a 7:1 reassortant includes 7 viral
genonjoa0SeUheri® “teksgans” ségmerftsing tdevinve dndicaen thatfthe Sﬁl‘umd@ldc‘sal Vi rus,

and a single conple vi ral Cc se

hemag@ingif And{oppol HeAR ﬁ%a%%félts 4P EO BitD &?%erﬁﬂg?ﬂf%}.vﬂﬁﬁfﬂf%ng 2
reassgptaltpor eﬂ&ln?l@e§ 78 19S8N RBUIE MtSal FEIDINIE SBRRALY of BehreGepbeknal
genes froma first parental virus, and two conplenmentary segnents, e.g.
henag@d:mzted rfiom arﬁdstlpemmhvn'uﬁ aseéa Sfmglﬁrﬁowmm@!iﬁ}é’ﬁﬂfal FEOEHE BIEMENE T | 0103]

The term,” tro d. en ref. S A0, nucl ei c
aci d ?Qecf)g% e{rggglﬁﬁn nnoé‘(?r péra ?égr’?% aa Sr?g%@%&%l ?n#oégliagliara?gtl c or
pr ok afaides 6 gehdmisheseithendsry ebaironlyahé @ igamabgerien ﬁonm)ﬁﬂ;t pateatat vintshe
genone of the cell (e.g., chronosone, pl asm pl as chondri al
DNA) , arsbipetoraiempta y62EaRts rfo&n%%n%gé&tinebw 1%?13@?%2%0%& Qﬁﬁﬁf@gs ed

(e. g fralavriﬁj ect ed NnRNA). The term i ncl udes such nethods as "infection,"
"t r an8F&Ct on "transformation" and "transduction.” In the context of the

I nven[dl(ag] Fnd B e uytro%ucé?’tv%)&sref;eﬁ@ng 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 transienily 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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be enpl oyed to introduce nucleic acids into prokaryotic cells, including
el ectroporation, calcium phosphate precipitation, lipid nediated

t ransf egheBsddobgef ection), etc. [0104] The term "host pgldsroodBaas; a cel
whi ch can or has taken up a nucleic aci d, such as a vector, and supports
t he repllcatlon and/ or._expye of t.he nucl cid ptlonally

pr oderdE P8k DGPrOSAYOBE CRlby iC ﬂ% d i, OF BEEICi SR SHEP A ygasgdﬁlvgept ide and/or a
virug, 1“91%{1 avidh M%ﬁ%ﬁ&%’@&%@@%&%&@&l c@ﬁ§8@§em1ﬁ@ﬂy|lﬁ)smﬂls fxethpr okar yoti c
ceIIs uc E. or eukaryotic cells such as yéast, insect,

anphédaiten pf ﬁmum’mhpn ineciectel Ve (A8tidas, gleaman@ndiem@nmmhwll@é? &6 @lenpl ary host

|1 th | u k
i andyoeemberotpbreri Gush STk PR HERist DERPD Sl E Rt A b PERi B Fany
hams#g%fK kdefl @Mh&ﬁ%dﬁy oaﬁinwluneéhmbcm) dagy M(dﬂ{:fﬁ)m@eﬂsdme Wiy Dar by
|2 3 n- Dar by Bovi ne Ki dneé NI@ i cells, 293
cel IS\/IDBKQ cgli@@?&’ccﬂéﬂ (e, 29%BAkeliDs e COS s (.., €OBL COBPRTRellPe) . The
terms 110 hﬁp{;ﬂﬁﬁé@%ﬁ%?@@%@b éﬁf‘fn'l P]lses ak céﬂsﬂ&ﬁ&ﬁg of g1 f x?ﬁ)!eﬁ c'uﬂﬁxle's'd' ng,

e.g., es or ce g., Vero and

CEl %P@iﬁh@ht ol %%Ts:(w dell Ve OVero&lndC(IRIQpéﬂsa.t acbosﬁllﬁz‘&ttmncél | s i s described
for exanple in

/ US04/ 42669 fil ed Decenb
i ncodp@rcaxoeﬁecb%l? Vet pelids d?&@ﬂbﬁ'éfqer eéﬁ%l}glteeé?%ET @%%%2%?;@1%&13'3%@66” |
"art g% CZ%Q@ 1cﬁn&n@&ﬁp@@e&ﬂﬁg@ﬁ%&%ehglﬁfgnr\?&i?ety ndi cate that the virus, viral

nucl or "vira uct, e.g., a polypeptide, a vaCC|ne

P TRIUPSEoht emERingonGin il e ke BT QAR RRRIR A e IRIDORR.  ©

SI te ageneslt s exXpr essi on

"art hhdigicabiderengilyesestidd prddent, egf, Q:Ip’dlﬁ@pﬁd)e a witding comprivésratleastameponent or
product) conpri si ng one or nore nucleotide nutations and/ am no acid
A 2{}}@

subsmmaﬁmnoﬁsodu@qﬁl resombingnt pethod reat» §erfineated magrsrsis. & nt encodi ng
the virus i e o4 terghé MeLvikusqay Migdiur al |y
occultifgneth et ey BRENOR ARy ﬁ@‘**@%%%ﬁ??ﬁgfor Brovi ot et sting

| abot@hpsens bir @rodu@f cMhpxuﬁng)cm@mmdrebmchondefmumnbnsnmdﬁ’or amdphaddd (such as
progr essi ve passage at dt ad Ann

Ar boFylstiBrions g Sﬁf’r yaF;Igggclﬁgpﬁgertogieosgﬁ% te Df: ﬂb%vsnglg&‘gﬁ‘cé/ll dentity"
IS US&dbUEh gﬂ%@@&?@ﬂbt R R tnBiuk 418 do@ﬁmng%m@muéwas antuekf ers to the
| evel of am no aci d sequence identity between two or nore peptide
sequengesnpor pﬂemohévezlmbflg ffﬂb@r?é@ﬁf stretnsiran pEdDERHY RP-E56e ’é‘ﬁn WO or nore
nucl eot.i se when a rogram For
exanﬁ?eéh‘)% 5“08%8“}%?33 N pa%q@&e ?f%irjlo d ﬁeg‘/ﬁ@q?ﬁigﬁ%#g&%%%mgﬁ 80% sequence
I denta byr/aled 8F RIAedAB6rA/66dghinned al gorlthm and neans that a given
sequence is at least 80%identical to another length of another sequence.

Exenpy @y The ¥&hs RiseGRaue eatilyd eitbdet ntbfth hiytabl yiieteimmithnins tetrhmi t ed to,

“0/, identity” and refers to the level of amino acid sequence identity between two or more

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

“o/, 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 determiined by
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60, 70, 80, 85, 90, 95, 98%or nore sequence identity to a given sequence.
[0107] The term "9% sequence honvol ogy" is used interchan eably herein with
the termW® 3gy and refers to the I evel of am no %T;’Pﬁyg@ &ce

honol ogy between two or nore peptide sequences or the |evel of nucleotide
sequepgefinea ngo@ggmbmdvmemrdtngby phomologue nfiz Ever Femencehe geetr @ al i gned

! E 80%
horol gy basiotons i et 8 En Rt ol R eBReRtEy 00" 20 vo
2007/ 1983&8@ PCHYS20Q6 RA3IBETed 18, Stetronss) sa) anoi] 8% oﬁﬂﬁr@@qmrﬂhengl y a

honol a gl ven sequence has gr eater than 80% sequence honol ogy over
a l enmmologytdmg@we@nusemence Exenpl ary | evels of sequence honol ogy
i nclude, but are not limted to, 60, 70, 80, 85, 90, 95, 98%or nore

sequeaes] Emmlblegycoﬁxq:uaex@wgamse@mbe[@@@] detxwins] léﬁlyltﬁbﬁfﬂ@ﬁ’eﬁw%r ogr ams
whi ch can be used to determ ne identi seq ncl ude, but
are neAUERGHP twdteob“ttaﬁ‘én%tdii?lee%tp %Eﬁ?fyﬁf%‘&gﬁ?m%mas B U%‘Tﬁﬁlﬁﬁ\ﬂ’ BLASTX, and

TBLA T, TR A SgipuaRl omabtheod the th@tet @tthd he
E T B T AR T B b O e 303 10

(Wi t hNEIREGiakite, rfdeerens Bsahol et , pOH), Vehled Riek &lﬁ ‘3'03513‘? ﬁ‘V%SPeFl , parameters

w=4, t=17) an 1997 —AGL S 9- 3402.
Sequeﬁ’(f%m%‘?aﬁaé f‘e%“b%ﬂ 4@%?‘8@?#?%5???311\%% ﬁsfeﬁg% fﬁﬁ A&E&%’?’Ig%g?ogr am when
eval UgbdNgyRleel YEHs RGNS FEHB MR Sequece standlioy erciigpianinarael dit usisguences in
t he GenBank Protein Sequences and ot her publjc dat ab%ses The BLASTX

pr ogr draBISAFTR beagray wWhen exaluptét hgivay émé?ocac FoGUEEE R ATE PRI A4l been

translated in al th
Conarie PR & e e s B Bl B e S AT and

BLAST ¥y ééﬂefwﬂeagmdﬁﬁﬁhiﬂg mm?emm@smuamceaﬁla@b@wb@gaﬁfapﬁﬁaql tyalbf 11.0,

and an exte d gap penalty, of 1.0, ti i X. See

"o [ oo Tepmenapebamapiabienegs She bt bR SaE A PR

det er Nty 4y PARRI R ar S BIpRusHRAIENG mhetepafbanped using
or nhﬂ da{ﬁﬂa%% &U%‘?&AFS\?V pr o;!%%%nBTl narMacVeSct or verﬁiala%n S%H\% operated with

def aulghp para&atgreiféi@ andvol exdémigd gap pprattygu 3 - endpelzeghe BLOSYMAR 1 E?{tf%nded gap

penal';sygl{ 0.1, andaBLOSUMSO simlarity rratrlx [0110] "Hybridizing
speci PFedt |y to" or "specific hybridization" or "selectively hybridize to"

f to th h d nol ecul
or ef elgHDI an?g; 5 g PR L oA s s d OhE B thd R i ? D ol et ;
condi %BNAS Br ﬁﬁa?é se’éﬁé&&tf‘e@ qeg SorB{edS B fbexamptenip @kUB‘iI‘MuWepr()gragi t ot al

cellula he term "stringent conditions” e to
condi tin MwthactdeVequn éhS @pgﬁ@@émm default parameters, including an open gap pena ty of

10.0, an extended gap penalty of 0.1, and a BLOSUM 30 sitnilarity matrix.

[0116] "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 celtular) 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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hybri di ze preferentially to its target subsequence, and to a | esser extent
to or not at all to, other sequences. Stringent hybri di zati on" and

"stringeqly fpHideliszat i on wash conditions” in the cont %trﬁ%%?u:gg%sg c acid

hybri di zati1 on experiments such as Sout hern and northern |za ions are
sequ d jLerent nt. envi ro nt al
par a lewsﬁp"i% @3@»&?@&3 Fﬁg (I)‘éerf”ﬁ?é’ HCH“] C{f%é’ﬁ a‘fzamlbfi‘r@i aci ds can be
f oungdifoy Téﬂrﬁz%?e'fb acid ea&sa?@ Brsemr,mhmme&c Emn1Bhoghem sy, and

Mol ecul ar” Bi ol ogy - ﬁx&g“ di zation with =30 WO 2007/002008 PCT/ US2006/ 023867
Nuc| Elaning:i 4 LRbotwesy Myanut!, Cold fpypgHabor Layaniprew ofl., MYnmdMWbdfet

hybr i | t| str f.n e id El sevi er,

WV Heftrhor cofi Pl ar ol B0l 8 T hiniar ool &
Spri Msdd?dtémindhﬁﬂgf Bli@Edlencd/ yed. , NY; and Ausubel et al., eds., Current
Edition, Current otocol s in Mol ecul ar Bi ol ogy, G eene Publishing

ASSOFO 3h P EeAQdIYY éi%y Et!i‘ﬁﬁé %?%&%atl&%ml[@ééﬂ?don@%ﬁi el s¥ectdl %‘bé/ alfhuf | Ngent
hybrl zatl on an con ions are selected to be about ower than
t he ﬁ‘h@rlamdn thet thertlgerpel meltiOFipoint { om) fhrehs grecific S@qlsfelqaahméefatedamdef i ned

ionic H The Ti |s t he rature n efi ionic
St v e LT Tty TR T R SRmtare e e el renet HRGED i 2EET o o
perfg@%loxft Q’eq%ﬂ&%ybﬂﬁifzﬁs ﬁ:tafﬂméi'ﬂa%ﬂy 1Bk ?@%Veﬁfﬁnﬁ n@@ézﬁzmlar@ be
equal to the Tin for a particular probe. [0113] One exanple of stringent

hybr msz@pﬁedrﬁob@maﬂtmthg%fommrwamwbm of conpl enentary nucleic acids
whi ch have nore than about 100 conplenentary residues on a filter in a
Sout [EiA] Ome epatblerod stoingentihgbBd%atiar a:midit'mmifmﬁhybﬂd@&i@n h€parin at 42 C,

with th hybridi zati an bei carried ou rNi An exanmpl e of highly
ot r1 FBReRAGH Sistel i Biod hagS ot qitng abodhih Bo ok AR o B e o
exanglter iafa Sdufieng 8NkoriRENbIGPRAIOYY Rithalif vAth Dmé%fH hppat, &héhd or 15

m nut es. See Sanbrook et at for a description of SSC buffer. A high

st r i hyjsifigetinadeingaarring g eveieht. Wy exampke of highlystringonhwhsh eondisiony &
bac kgﬁ oW ‘iﬁrod? %P?% S %o%%&tu 1%’1}6131%3%91’;1\3” %éalg@%'o‘ﬁi!rﬁ]{géﬁt@%%fl%}snéggé% isd Qr a dupl ex

an abo nucleo
m nuo esc Smmxlemﬁsal(yfok @Wnahmtbﬂgﬁa&csamlﬁsdﬂc &t far adaml@mombfsscgmffemr e than
about 100 nucl eoti des s 4- 6 C at 40 C for 15 nlnuteg eneral, a
si gn&iglstHgeEey s aa% 69590% R8T SREERAY sk toosEOME EP‘fgb‘?“ n unrel at ed
pr ob e I I t f a
R hach FhRsighl APElainS mlindh S*““%% SRRBRRPY duEk DRSS, M6IARM Al 2 s

ot het 9@ stg:lwmdma$ d3S@ eifﬂé‘ir"él foa 15 mvabtge ﬁhwemslambmriagmﬂqarwam%rabove or
bel ow the val ue bein ed thet Eor, ex I t h t.erm "about 5
ool KIREEhE o el oR (el it £6 s BB Grbles o &

" abopénetal W8I ENal 1B BBiSe PatioDTAR (@ﬂ‘ hiph&@nih8 thatub&scd Br 48 ultdMié®probe in

the particular hybridization assay indicates detection of a specific hybridization.

[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 pg/kg to 5.5 pg'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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[0115] The term"encode as used herein, refers to the property of a

nucl ei ¢ acid, % deoxyr| bonucleic acid, to transcribe a con‘(?I enent ary
nucl ei ¢ AXPA7OAMOBdi ng a nucleic acid that can be transl/BRPAHE a

pol ype t| de. For exarrpl e, a deoxyrl bonucl ejc aC| d can encode an RNA that
|S t A 7 ~‘L'.‘p‘. I_; .;_ & la".* -_J '. the

deox an RNA
tranﬁ*éirﬂﬁqﬁ%?%%b?ﬁ“@&éé%%ﬁ 5088, ciPh ARGy RSl SCh g

PCT/ WNQ@L@&&B@&E@&GB oNthBImvantxAm(dg é:omrpne B.Nﬁ’gp@drpxmaoﬂal\lATFh@I | Regul atory
El ement s 01161]1 I n one_enbodi ngnt, arg g nucl alﬁl dg C% |ded

whi c HeBBHPI EEUEICE SRR BT IR\ 5.919%}@ U fep BUIEF PO Prian (e.qg., a
cani f&gg'@ﬂf El &Jze&hems% thble PRReink BOM ;@t&’iz)’vﬁgcﬂée&'k%@cr%ﬂa 14 8ke €xanpl e, be
oper a in to a nuc efc’acid to be transcribed and can, in the

pr es&n&mdmﬁerﬂ uhe abtleicpootagondly hmlmdttcb said reguiatoinssqudee isreansinezed. | n one
enbodi t, the nucleic acid operably linked to said regulatory sequence is

an i RN ASERCIRNA segnent. [0117] In certain aspects the present
i nvention provides an isolated nucl eic agid that cani ne RNA

pol IO H'B%F@Fam@?@c@r G PyeseRBVRHRP RE 499f0 f‘teBPB é‘f“ tg% oper abl y

l'i nk f e nfl uenza
genoer?lglgltpgﬁ% anééﬁnt rmgﬁgjtoﬁizhfbl %Ithg% ﬁ%%llb!e}??%a%a?lgﬁ |th1}?§ pg E:grr?lmnozé}é&el | can

r esuldpefahlt licked ¢ puclom agfd tofbe tiansdribedzmich gg e randnRpenza gerbmic R Ae

pres nce of. influenza rot eins a anscripts
can BBIIHCHE Of 67‘“8 19 %‘i’ffr r’ﬂ}riier?i%l cagrasutzgrtlraps?] 132?%&%61%?? &%{hza Vi rus.
[ 0118kendicTeNA2hAY, %ﬂhﬁ@ré@ﬂéeﬁofsﬂiﬂ@dl@i@l@ﬁkﬁgx@%@ﬂﬂ&l@haaﬁmlﬂbt on conprise
a cani ne RNA poI T regul atory sequence or fragnment thereof that binds a -

hunarsangeripieeas bensgkses iBto avinflpenza yims, e.p oty HEEipueingHenZayiHs. | east or about
99% 98% 97% 96% 95% 94% 93% 92% 91% . _
90% 39%8M¢a7% Sﬁ%m&w@@%awwgiwf @@wvgﬁw@wpmw F 6B A

74% 73 % 71% % % 69 dent I
to %r?é’ %géyﬁa%ﬂe ?Pa‘ga edlgg?ﬁ ﬁ%aZﬁ?en?e Q% r{ﬁ% r%ﬁ% Oggﬁéglétlezgl g?
SEQ |ﬂalIﬁl§lZi;ep1i%e ah@1m%£m%bﬂ$)ﬂ%, gse, JRBIA 9p0d, 05%4, @g%l assar 92%egLience or
fr grrent ! ¢ L ret %lnsthe ab|I|t to dniti ﬁsr)ptlon of
GO FOP R e Y7 Bee oot Dl tbciiabide B0%b Qs (4TS LRa b her nor o
the nuel e, 864d5;0f 7bhecd VO] @f@/ﬁ;éA@/Q EIEUIMALIILE0YN B4y & y@RS! Ons _of

nucl ei ¢’acids cénprfsing a cani ne promot ér. Such’derivatives can
be nddentioy! tamye omeohootdientidn sdpcncts selbcts&fﬂolm the grévp cnsista ¢loGEQ Ilhi t at i on

oy oma- 15 05¢ FoealBiet s AT feRflts WG RunbE Sl ST el e For

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

sequence.

[0119] Purthermore, 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
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

- 32 -



speci fic mutagenesis, including substitution, insertion, or deletion of
one, two, three, five, ten or nore nucleotides, of the nucleic acids.

Al t er naty\welo¥0096Ki vatives can be nade by random mut a?@?ﬁfs.b(ﬁmmgﬁﬁ'ﬂ met hod
for randomy mutagenizing a nucleic acid conprises anplifying the nucleic

acidin a P eact.i.on,in the presence of 0,1 MC12 and unbal anced

nicl dBEIGR AN BB R AT B U oHhIQPaREI e FENBIo R R RGO at i on
rate gfaéeggopﬁgﬂiya}aﬁmtgg@pnﬁdﬁe&ﬁ@Sg’%ﬂgn;@act| on and result in random

nmut agenesi s of the anplified -32 WO 2007/002008 PCT/ US2006/ 023867 nucl ei c

i d. o P3G YoentoRBiSEh Lol | RS in the abil it
o TR B Mo etdBurhs, Wb EAME R oo B30 BERR RS Rl ol 0
bt i Sonsr oy et o
the 1 nve n co rp se as apou , , , , , ,
100, 1995200, 380 286236, 340, 50266 250 5% 29G.6190. 335,350 566, 460625286, 230, 240,
250, 4%@05002%90, 065%336,), %@g?O%ég?,%%,95(2,ZO§%8@@Qons%@tﬁivel}ﬁgl’eoﬁdleé%f 500, 550,

600, 650, 700, 750, consecuti vé nucleotides of
one amempneroncd edidedeqweqesseerdsaine dicegrotp omsidhiag @f KR D MRIss11ONg of : SEQ
| D Nci§_l -1a?b Pr ef r.abl.}i, the nucleic acid conprises a sequepce that can

i ni t i'APEPPAMRTIIIRS B SPRNEE fS AR At o8t Jitigth Rapscrigtiomel hEwiceot i de
sequepeativBlyaalbde ©8 hhsleodtthebidite b caihddls! Slahus derdN@ldnye- | n one
enbodiment, "the nucleic acid conprises a sequence that can bind canine pol
| poldgpEpivedds oandmbaditieat, she huvlsit neid compiinesvd segpertaedivgcni pindeaniof an

influenza WRNA in_canine.cells. [0121] In certaln enpodi . a nucleic
et o 10T BN BRIk  enEAMAOE 6 Pt s ghapot e btoL Bt By I TS e P st's o
nucl eahindes)ls, 250 to -1 (in relation to the first nucleotide transcribed
fromthe pronoter, also known as the +1 nucl eotide) of the sequence

presqiie BeathRehBodiidnts, a AhcRicl ARCidqABRe HelRd MIbAR DR ofhe +1

nucl eotide for the 18S ribosomal RNA ‘expressed fromthe canine pol I
r eguladiemeiivel g qorsidect ausheptides SBQ0 B Gor¢lation toHbe fitst hedeotitle traascripedi ti on

1804 of DNO1. [0122 n,certain di ments, the cani |1
regul%l%ﬁé%géﬂagegcaisoo$lot ezlsitiﬁvgﬁp}l%lﬁotl%eg%ﬁlessggt}en(gf; paqsgrgfetﬂgs[ %%W consi sts
of amNOg0bed fthcibtl dblvave dndrest, T 101l RHES fordRE VS EBoschiieRep( ) t hat
hybri di zes under strjngent hybridization conditions to a nucleic acid

conpreikBiestpd tepm the @pree] bregilatey serveremionrd inSBRIDLNRS! iithegrdotidsEQ |1 D

Nosl 'a@?oﬁ@&mdf@ b b Rro-franscription of a gene operatively linked to the
regul atory sequence tn canine cells. [0123] In one enbodi nent, the canine

pol | : fo 1 [ ntion c rises .nucl.ei ¢ acid
Pequdl 2SR FBOUEES, Ble e Y ERARRGE RN BE Bt Ao iR o e
enmbodbmphtes, of dltcrhaivelst doanslof ph istated meclge aeidapematcon@lemdnt fk@ehdeo t he
nucl eoti d seﬁ%endce in_canine cells, . L L
thereo§ that hybridizes under stringent hybridization conditions to a nucleic acid comprising
a nucleic 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 enkaryotic 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
is 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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I n one enbodinent the nucleic acid conprises a sequence that can bind a

eukaryotic poI golypeptlde and initiate (in vitro or_| %{‘d
transcri pY9ap @onﬁ i nfluenza VRNA. In certain enbodi n’éWE/ESZOB?f $g of
canine RNA pol | polypeptide to a canine pol | regulatory sequence is

assayete4li Imeemmmb@dgeerm dhreamrcledmaed seRpprises a@éﬁlﬂ%ﬁ%%ﬁb@& m% NBi ndi ng
gfssggggw V&nt%au%? %@QA%Hﬁ@&éq%gnée%lﬁds%%ﬂln%%@ o eI &ﬁﬁﬁe‘%&e‘?r “e“Pe s

or assessing N erac s (Biacore

| nt eniat AORNIA Aébymbipps @éiactecﬁﬂradehe group 3on§dﬁn@@ﬂ)‘7d mﬁ%&mt)waoow 023867
[0124] In certa| n enbodi nents, the nucleic acid conprises g s ence t hat
b| ndéluﬁélﬁll}‘?é ;RQA a pepsepol ,{wﬁw&%@%@@tﬁ@m@wm%b Gy canee R5i4BY cani ne

up i Ongﬁ@é&baﬂ{nﬁ?tﬁ{n &&1 derRTtIX goﬁ harl‘n @Sl“rﬂl\lénﬂ%ﬁﬁgﬁ{saﬁl% c‘fdeﬁ«% Gdad rom the

gro tin human pot and a nouse pot

1. | ragige®RANA pehbwdh rgmata afﬂirmy thaqczemcﬂlﬁ@miﬂ [Gam mtaﬁl\ﬁmbmmentsw th
greater affinity cani ne RNA pot TI odi nents, the
sequé’%@n%%@@n‘%"aﬁ ﬁéewlﬁiowewew iSrPSB?yé?Qt"Q %ﬁ‘#ﬁ? PHER 25ni ne RNA pot
I AitBinGHR Dinfdh b PA S, CRPSINE SHRled).  egul atory sequence
IS aé"g%ﬁgg% t hna %C%FQSE%@CS% erIrl1 for nassesg?gg pr ot e?n) i nteractions

(Bia tl odi nent s,
the A0k dBRARE W%?@%ﬁ%%%@?ﬁ%ﬁ@%ﬁ?Egom&%ﬁﬁkfﬁgé‘séﬁiﬁﬁeﬁ%ﬂg"?&ﬁ of , the
foll @ms_ngts mﬁ,dheﬁ:tliod.engemlmmle sequence

TCIII%TGATGA ) A ‘ FHICGTGGCGGCGT

ACCCGTATC

i e T

CONPriGesCErGEAeEr ¢ ee GG AQRICHIGGATCGACETGIEIATN GETaICIERTC A& C
sequence:  GGGCTCOGT GEEGT GEGEGT GGGGECAGGT TTIGGEGGACA

T CCOREI AT EABBACABTICCCEEr M ME PSP & EET EEEABESEAICTAGGTGCT
GGO%;%T@%QT GATGAACATTTTTTGITGCCAGGTAGGTGCT GACA (SEQ I D
NO 3) n certain enbodi nents, the canine RNA pot | pronoter

COTPUNERY s AR e SRR A e B o R SR

con31sts of, the following nucleotide sequence:
GGGCTCCGTGGGGTGGGGGTGGGGGGGCGCCGTGGGGCAGGTTITGGGGACAGT
TGGCCGTGTCACGGTCCCGGGAGGTCGCGGTGACCTGTGGCTGGTCCCCGCCGGC
AGGCGCGGTTATTTTCTTGCCCGAGATCGAACATTTTTTGTTGCCAGGTAGGTGCT

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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GGTGACCT GT GECTGGT CCCCECCGECAGECECEGT TATTTTCT TGCCCGAGAT G
AACATTTTTTGTTGCCAGGTAGGTGCTGACA (SEQ ID NO4). [01281 In certain

enbodi neg}(?wo%/ﬁﬁi)@gm ne RNA pot | pronoter conprises, qJ.CT%StZEJGQ)%Jﬁyel y

| | owi ng nucl eoti de sequence:

consi sts

PCT/ OS308- 6555 T4pRshTAcoraT

GACAGIARER (SR RlD: 5][0129] In certain enbodi ments, the canine RNA pol |
pr onot er corrprl ses, or alternatively consists of, the follow ng nucl eotide

e e SR ey S s

013 I'n certalin

enbodmrrmtmsﬁ,tlteffellmmgnmcﬁbwdwﬂqudmcpr om)t er cbnprl ses, or alternati veI'y

COnS e, Qe LOLLRA NGO COLLAC. SeUBOE e cOCE@AOAEE | b

NO 7AcA@ﬂ?ﬁhG?T@@d&GGTgmﬂea¢@mAt@@qﬁw@% fRNA pol | pronot er

he follow ng nucl eoti de

COprISGS ternative consi sts

i B st b 2

TTGAHA, W TCCCGGAGAT CACT GGCT TGECGECGET GECGECGT
GGCGECGTGECGT CTCCACCGACCCGTATC

t he Ea(ﬁgﬂ;% po promb erglgg%[p{#\?’sggﬂ%?mbﬁ’er na 1{1%13\5/;2(??&9@1&:{%%&5@?3 g?nt fhe

f ol | comsts ﬂilﬁ,ltﬂeefoﬂd)‘dﬂlgmqlmendxesequence
CCT CA

Sl

ACCEE GT%@ECI@ 10) .
[ 01Bék}d@G@@ﬁ@@@G@@@ﬁ@@@@@c@r@@@@@b@ﬁ@@m@rdcmem@c@@m ses, or

alternatively
GCCCCTCCTCCCCTCCCCCCCCCCCCCCGTTCCCTGGGTCGACCAGATAGCCCTG

(SEQ ID NO:S).

[0132] In certain embodiments, the canine RNA pol 1 promoter comprises, or alternatively
consists of, the following nucleotide sequence:
TTGATGATT”ITTCAAAGTCCTCCCGGAGATCACTGGCTTGGCGGCGTGGCGGCGT
GGCGGCGTGGCGGCGTGGCGGCAETGGCGGCGTGGCETCTCCACCGACCCGTATC |
GCCCCTCCTCCCCTCCCCCCCCCCCCCC (SEQ 1D NO:9).

[0133] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:
TTGATGATTTTTCAAAGTCCTCCCGGAGATCACTGGCTTGGCGGCGTGGCGGCGT
GGCGGCAETGGCGGCGTGGCGGCGTGGCGGCGTGGCGTCTCCACCGACCCGTATC
(SEQ ID NO:10).

[0134] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:
TTGATGATTTTTCAAAGTCCTCCCGGAGATCACTGGCTTGGCGGCGTGGCGGCGT
(SEQ ID 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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consists of, the follow ng nucl eoti de sequence:

TTGATGATTTTTCAAAGT CCTCCCGGAGAT CACTGGCT TGGECGGECGT GBCGECGT, {SE% | D NO 11).
[0135] | W@ &PH8nbodi nents, the canine RNA pol | proffot/Er20euisfd’ses,
alternatively consists of, the foll ow ng nucl eoti de sequence; -35 WD
2007/ ”D’DG@,(IEHE’GTT'DBQ%‘GX@QGQE‘@CCGGAGATCACTGGCTTGGCGGCGTGGCGGCGT

SRR e G AT A A CCCaTATC

%W@@@@Wmmm@m@mmmmcmme
GGECT GCOGGT GGCEEGET GEEEGEEECECCET GEGECAGGT TTTGGEEGACAGT
: : AE BRI = aoCERrt ey TTGGGGACAGT

MJFE}&%?@@ G@d&é@ramé%@rd@c@@@wcb@@é@@@@nt s,

the C conprises, or alternatively consists of, the
foll Om@getﬁmAm’s@wemeAG (SEQ ID NO:12).
GGCGGECGT GBCGECGT GECEECGT GGCGECGT GECGT CTCCACCGACCCGTATC
(AL S dibtes Gl eq %ﬂ@éﬂmml alternatively
GGOCT GGGGGGGOGOCGT TGGGGACAGT

TGCCCERGEFCATEET CIBBHE BBTORTRGF@EROCT GT GGCT GGT CCCCECCEEC

Al ment s,
Che ooy %@é&%ﬁ%ﬁ%&%%%%%ﬂﬁge%@éTdéﬁéiﬁﬁgﬁ%@ﬁ@&ﬁﬁ;?§?§ o i he
foll OwomzmmmqooﬂermeaceccCCCCGTTCCCTGGGTCGACCAGATAGCCCTGG
GCCCCTCCTCCCCT

GGCCT 4
%.2\'&{:;‘5 (¢4 A S ST P EEEFEETCCCCGCCGGC
A Q1D NGO 14). [0138] In certain enbodinents,

the cAGGEGBRGPATTTPETROGUSCEAGIBEQED, Nox1Bl ternatively consists of, the
fol I owi ng nucl eoti de sequence:

WWW eEn SEGRCARprises, or alternatively

T GTI'CACGGT CCCGGGAGGT. CGCGGTGACCTGTGGCTGGTCCCCGCC(XI:

AGGOGETSH T ird e oemNEcoSiSEeM¥s @) 15). [0139] In certain enbodi nents,

the ca niﬁf,\eotl AiT(Ekﬁ@@wcmccmc@T@mwcwmm@w@meof t he

foll ow ng e sequence:
{ ¢ TG v ETTTGGGGACAGT
TGGCCGTGTCACGGTCCCGGGAGGTCGCGGTGACCTGTGGCTGGTCCCCGCCGGC
AGGCGCGGTTATTTTCTTGCCCGAG (SEQ ID NO:14).

[0138] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively
consists of, the following nucleotide sequence:
GGGCTCCOTGGGGETGGGGETGGGGGGGCAECCGTGGGGCAGGTITTGGGGACAGT
TGGCCGTGTCACGGTCCCGGGAGGTCGCGGTGACCTGTGGCTGGTCCCCGCCGGL

AGGCGCGGTTATTTTCTTGCCCGAG (SEQ ID NO:15).

[0139] In certain embodiments, the canine RNA pol I promoter comprises, or alternatively

consists of, the following mucleotide sequence:
GCCGTGGGGCAGGTTTTCGGGACAGTTGGCCGTGTCACGGTCCCGGGAGGTCGC

GGTGACCTGTGGCTGGTCCCCGCCGGCAGGCGCGGTTATTTICTTGCCCGAG
(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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GGTGACCT GTGGCTGGT CCCCECCGECAGCCGCEGTTATTTTCTTGCCCGAG  (SEQ | D NO 16) .
[0140] In certain enbodi nents, the canine RNA pot | pronoter conprises, or

al t er natyyuehyrnesaasi sts of, the follow ng nucl eotide spgggReRs/023887 WO
2007/ 002008 PCT/ US2006/ 023867
> G G v

GEW%WCCCCGCCGGC
. ) 41 n certaln enbodi nents,
the a@GOECRA YOI TITOTOGOEIGAGRESESNDI7)al ternatively consists of, the
foll owi ng nucl eoti de sequence:

SN CGREHAT Haalind BT AT $/0CtCORpHESCEY alternatively
TT : CGACCAGATAGCCCT CGEEEECT CCGT CEGGT GEGEEGET GEEEEEG
CComneEatAbe T GaaaraasTdREeIEBTET CACGGT CCCGRGAGGTCG

odi ment’s, e

bei

CGGT ; EEFeRG -18) .
[014%@%@%%%%%%% [ pr ocrjrétj)t@gr@ dc(%)e:n(%g} ses, or
al t eTm@UOMGGTmmGA@mEAGCne:m&om}mmmmﬂﬁa}"d@mmﬁafmGGGG )
TCGCCGGTGACCTGTGCTGGT CCCCCGGI TATTTTCT NO 19).
5.3 VECAY SR CABIBI OGS L ORI O At e LGRSO RE B vent | on
ProvigRsragetairdbacroriiteectachdeaed st tercmeeildong i nel uding
expression vectors usefu or recompi nantly rescuing a virus from cell
cul t (BB IGa&@r18).l y, the expression vectors are useful for rescuing any
virus known to one skilled in the art to require production of RNA with
def i ad2pnfserthin &nBodiinenis] the canled RN AFp6l I peasaopet eompised) acilissetivalove, the
i nfluenza virus_genom ¢ RNA should have a defined 5 and 3' end to be
ef f eeqnsia §f, Pegpllewimedugisatidnilag¥a i n a reconbi nant system See, al so
" evi eWAdLRBNEORRbRITG(REREbGEGEeRaappb AT T et eeral ed by
ref er énce herein. e followng discussion focuses on expression vectors
sui t aSEQ iy Naxgow t h i nfl uenza; however, it should be noted that other
viruses can al so be rescued using the vectors of the present invention.
[ 01443 | nvackes dadeepiwkiibn bb@ofr esent i nvention, in one enbodi ment, cDNA
encodi ng viral genom c RNA corresponding to each  of th? .ei gt enom ¢
seg } & Motk pEpRch TH BRRRHISPIONESS Yol BH SOPPRTEHES i POISSS Bii 1 uses,
€. 9. i By fi4P %ﬁﬁcﬁhg e%i)r@&g)nzveuo bl %ﬁg&mﬁ%ﬁn@ﬁmshﬁﬁ@ h &8s FORCcel
reconbi nant vecto or mani pul ation and pr.oduction of influenza viruses. A

culture, Generally, the expression vectors are useful for rescuing any virus known to one

skilled in the art to require production of RNA with defined ends during its life-cycle. For
example, as discussed above, the influenza virus genomic RNA should have a defined 5” and
3” end to be effectively replicated and packaged in a recorbinant system. See, also review in
Neumann et al. (2002), 83:2635-2662, which is incorporated by reference herein. The
following discussion focuses on expression vectors suitable for use with influenza; however,
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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variety of vectors, including viral vectors, plasmds, cosm ds, phage, and

artificial chrom)somes can be enployed in the context_of the invention.
Typi cal | 9” PHFO8YYR of nani pul ation, the cDNA is i nser'f%ﬂu?%‘?f’?fm&sgl asm d
vector, providing one or nore origins of repli catl on fun I\CI'[I onal in

bact efoir atreenid euaeéwmgﬂ:élla:}@p@lﬁomamthed?&%%{?ﬁlﬂﬁnct‘a Fariker NEERUERSAT - 37 WO
2007/ 0 for screenlng or selecting cells
i ncor ?ﬁ%@cﬁﬁgﬁ%?ggﬁf equence See, Neumann et at, 1999, PNAS.

USA 96:9345- 9350. 014 e f ntion
oo bli1ash B  BrARLLe ea0s TR lev&?gﬂﬁbﬁ‘%% SSRLe Bxplabbdayent ion
of a Vihele FRAMike 586 }tﬁjﬁonfdﬂamntahgedo[’rﬁ@l%égﬁﬁnt?% the 1nsertécheIDNG\l fhect i on,

t hat %) gi ving rise to +) strand and %}%strand viral, RNA m)lecules

To ec.&lf@c tirbétici fhatisi BVl 113@5@@@}1.(15} stesnd apdch seamd vieal WA MQYesdiH d%egment s
br o HS{E‘? ig{j gt@%ﬁ)}flaﬂf an%%:ggté %Séﬁﬂ of ﬁl%t\}?l al g&\éhpg S%&fﬁ%% indeWRa itggRENdeENt

pr onot ranscri bed by a

fi rSte@%sﬁﬁ'W@ﬁﬁn@h@ﬁ@ﬁ%o (m?legende@t ranbiees, Rivh tha coplespmf@m:ﬂt er) from
one strand, and viral are s nt hesi zed from a . second RN@,N#? rase
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CRNA) transcri bed fromthe sane strand of the vector. As di scussed
abovexecbgtetlpmbequemq) mfenablﬁz@runaq@wmﬁagﬁlwgsuﬂﬁble\ﬁor isertiga 98 iital FANATHS

prefe a cani Q end of
ach BRG ey e Bl Bl RN SN o RGOS BIR0EL filmidh 2

I NCor PRI GrahdrthRNZY 4R the (U ened x@rral RDI[N @plalcRNei\)tae tramsatibod fiverihesaee (e. g.
human, nouse, prinmate, or canjne RNA nmerase | ter, ng)agtal on ,sequence)

downs strangrafhe YW@I‘RPM’ EHIPIFE 2BEGu Hi5RS] I OGO Ranseibi t he
hepat | do?mg‘%ﬂﬂz%%rrefé?abl?%\l%%&% II};%@&M&@T sequence or a functl onal derivative
: r

there m nation sequence (Genbank Accessi on Number

ermpl o Ueof Rk tihotiec! §GaSEAGR) Sl Rs N SR B R IRBATEY o

vect oegprERjorDEcte Rat (isotmethte mnbhmmuma Ioeappiepmdte terRiNAtiOR PEEEDCON
vectors described in Pl eschka .et ﬁt é \/rok 70:4188-4192; Hof f mann
and Webst Byman, Jene, Rimaie.pr grpins RNgyp mgr%&tﬂm% 107 SRS at, 2002,

Z?C ;![ Hg‘fégﬁe%%&ﬁﬁiﬁ%}&ugﬁgg% eS%anC_@t Thid %1%9 bleor ¥ drohle, RS h&Suliis %@ﬁ@ yirleumann

genomic ribozyme sequence or a functional demvatwe thereof or the murine tDNA
termination sequence (Genbank Accession Number M12074). Alternatively, for example, a
Pol I termination sequence may be employed (Neumann ef al., 1994, Virology 202:477-479).
The RNA expression vectors may be constructed in the same manner as the vVRNA expression
vectors described in Pleschka ef al., 1996, J. Virol, 70:4188-4192; Hoffmann and Webster,
2000, J. Gen Virol, 81:2843-2847; Hoffinann et al., 2002, Vaccine 20:3165-3170; Fodor et
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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Hof fi nann et at, 2000, Virology 267:310-317, each of which is hereby
incorporated by reference inits entirety. [0147] In other systens, viral

sequenc rﬁ@ﬁtﬁﬁﬁd bed by the pol | and pol Il pronoters$-¢a3:08024skANSCri bed
from di fYQrent éXpression vectors. In these enbodi ments, vectors encodi ng
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g one or nore viral %%e pti des el}lﬁ%(Luenza PA, PBI, PB2, and

NP petprpesidri vhetory™) pn@@réhfhconéwbﬁ E@léﬁpmqt@r@h)b r the control of a pol
Il pronoter can be used. [0148] In either case, with regard to the pop Il
pr ompiies] I bighdr ohdeyeithaegard tosthg pelorproyeefat rﬂnc inflgenga VERH ERRUBY SEHPbe

oper ably |inke an a te transcrl e
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maj or e pronoter to the spliced tripartite | eader sequ?ndce of
humarB auﬂwamﬂ pu]syoﬂ,a virsts, 2 serpisediroyiraBergnetersa Mampp B BRI e 420

14: 972-978. ddi bact eri.opha r C in

conj @Wﬁgd’ﬁaﬂkﬁ Qt erB; I"fb HHEP’@O "B‘b r& 1@32@%&&5&@1’8 ?%tg%&{?}gﬁn%%r [ 0149]

EXpresg 'tl?é“hk’&%%rs%eéiﬁ@@rrﬂn@dﬂi@@f Ql%regblraaulxy pdsqiteﬁcdfm),mpuse,qs)dxetademb\amsﬁl ral

proteins for RNP conplex formation, w || Ereferabl ¥ly gaﬁss Vi rg sgrotel ns
g 58

homolmjoukite prometer dislksed wdhe prlicsd trippgie degdeb Squsresy FIBIRE A5y t hese
expr n rs t b n L&ALY, al0h RERokOWN t 0

t hosedsa(fn%§g\ﬁycé§ %}Bklg%l‘:%@ergelggria?gfgyxggquence ma?yog ei:‘nconstl tutive
pr onhfbe emf'pm;redu@ chhjenqionwitiethe oograte R¥Qupolypenisé,ie. pihe Aoteemortr t her
exanpl es pronoters which nmay be used to control the expression of viral

pr ot g\g I e %ctoemm;e 36 bptess &b Dpotdims inpaficiet vied @rotoins fomRNBd t o,
t he 40 "early pronoter i on ( Bernaqi st

complex formatlon will prefer gly eXpr ess viral proteins homologous to the desired virus.
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, ef af., 1980, Cell 22:787-797), the hetpes
thymidine kinase promoter (Wagner ef al., 1981, Proc. Natl. Acad. Sci. USA 78:1441-1445),
the regulatory sequences of the metallothionein gene (Brinster e al., 1982, Nature 296:39-
42); prokaryotic expression vectors such as the B-lactamase promoter (Villa-Kamaroff et al.,

1978, Proc. Natl. Acad. Sci. USA 75:3727-3731), or the tac promoter (DeBoer ef al., 1983,
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and Chanbon, 1981 Nat ure 290: 304-310), the pronoter contained in the 3
long term naI eat of Rous sarcoma virus (Yamanoto, et al., 1980, Cell
22:787- 79"7?20?%@2 Brpes thynidine ki nase promoter (WagREF/US200§138671981,
Proc. Natl. Acad. Sci. USA 78:1441-1445), the regul atory sequences of the
et al PochNethehendg SeieUBBr §031-89); eee aso "Useti proteipg fipe rmniagantgzéptem

PUr 1| I R PRy Tost SRR o e Rl S A LATBO Bl RS e .
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ogenase hosphogl ycer ki nase) pronoter, alkaline
phos plegtoms.evipich ephibit txsmpemﬁcﬂ:)omddwvn geamititiakd mtsmgwmmm elpstase ol
regi whi ch exhi bi.t. tissue speci ICIt been din
£ anohinedonfint ek sk v R RREEA ARSI B AR b L4ET, e 1
pancr a3 E.6A6; Omitz ek, 5198@\/@61& S%%n@Harbegfmp@hdnt 881 683964@9; Oritz et at,
1986, Cold Sp i ng Har bor ant. Bio 50: 399- 4009; thDonaId 1987,

Hepat MlagBgnald 5Hmtelogy]§&{2§ﬁ 8 aesulip gerecronirelicsien e is astide 14 ve i n
t ; f | obul i
Gone. CREt P4F S B Kl R IDH Nae3 s ATE8, Mol o A iaer TR Ot
1984, reginl wiigh ﬁs%lﬁéﬁxllyﬂ@anﬂ&egegixggschedﬂ%& a4 el B84 H838;58@meN exander
t at r virus
gon?r@fla Fé%‘?% gﬁg ESEEY Ségaf\y@x?rﬁief é‘sf{]*’ %% Mo@&éﬁ@%%ﬁ&ﬂ band mast

Sﬁl | Sbh&AREmBlar ﬁ‘iumor%%@ corftRh | egfél #8rh 459@1!&/6 8l RstBulhr Qﬁ@@st C@prh@id region

ch1s ‘active in liver (Pinkert et at, 1987, Genes and Devél
1: 26831217:6)13t calllepﬁad&zeett@érb@%, fely ¢ne85-EohL ﬂlblurrmgﬁ:r@wonhéhhgios Vd@@h!ﬁe in liver
(Kr . <5 6 , 1987,
ot onidivs € gl eighcditon gl lon Siries oBd Brvet 21 26R T APna- (RITREg Slac®, o 20T
in th@)rﬂtﬂo‘i/ﬁfgufﬂ@hﬁ:m{s &tivain @K rukienes canhsenei.. Cell. B@dl 1:7639-1b¢8;a- gl obi n
gene control glon which is active in nyeloid cells (Mg ranuﬁt at, 1985,

Nat ur dagus: se@-,é 87, Saiquse L3 3368; elpha owErynem genasarégﬂmgwwém hiSbasi ¢

prote I,on ] g&gg@; ¥t& cells in
t he bér'dgllvg%?%quﬁ ggélsertyeeg b, 119§Q7@ S%PQ?SB%‘O% 1%21 U myosi n 19 ltﬁ chai n-2
gene cmidol tdgigreghich jwvitioh id myelotd aells (Mogleel @tadl 19ﬁ5$bﬂaelr¢ Sh.‘ﬂB38-3985 Nat ur e
?g4a§§p{}@§§gg¢4,@§g, C%H]gédgé@gp rlngehrneba%%sﬂ1&glnhg%¥1gggnefxog?e'g}of \%ﬂl 51 18 a.ctwge' on whi ch
in oligodendrocyte cells in the brain (Readhead ef 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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hypot hal anus (Mason et at, 1986, Science 234:1372-1378). (0150] In a

speci fic enbodi nent, protein expression vectors of the invention conprise a
pr onot erwepdiadbigl | nked to a nucleic acid sequence, operAkRiesef 1 gi ns of
replication, and, optionally, one or nore selectable markers (e.g., an
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I'nvention capabl’'e of producing bicistronic nRNA may
be primdutzebutiye hoislénitédiy the wisrabinn SIS sebjile hepatiticdr viaunREH WO
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vect @ertiifi embbilinginte tite axpadssien weesisiomprisect 8V40 Ipvlyadenylaion ghaldi ment's, the
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( m%&r%ﬁxﬁlg@gég h‘%%ﬁ@%hﬂ %I%%?zpé&xﬁﬁis%th\é%{o?fegﬁﬁﬂﬁﬁé eIV N & ibparRzat ovi r us

[l "pronoter. 152] Vectors containing gene
i nseM¢A Pahlllpeotindient i fied by, e.g., three general approaches: (a) nucleic
acid hybridization; (b) presence or absence of "marker" gene functions;
and, [0152 héectarasentaibingyaene astoncandetidemified by, expthessiamrabppneseresed
sequences. In the first approach, th presence of the viral ne . nserted
in arf_a)\f‘?é’&l%‘f g hybifipdioge ttl SFEER5PT FRRINET 8F 304" Rt ﬁ'&f"li%ﬂsi' 81%?’&'% %y pr obes
compr, & 8y %ﬁ@ﬂ%ﬁ&oﬂsh@ cRfrEssRBTRGALS séRehdds. INBerhadppRaAek She [ n the
second approach, the reconbl nant vector/host system can be identified and
sel eqresdncehafdbel vingaent nsepedeisancector(shtradecistested bymugleir 20idhr ker " gene

functions. (e.qg., resistance.to antibiotic r i type)
caus SOy R pRp B i sliers) B E RS b b RERSH AT AR RARN Y §
appr qaekb sebXi ApeéaN, MestRibialvagoidendysfehechnine idasddngd séectgéne
product expressed. Such assays can be based, for exanple, on the physical
or f (nsad wnealthe piesgnse of alesenge afivertyin, marlgr be@edungiions (4,81 FSISEESEIP syst ens,
e.g.,..hinding. ' : ' i j > : pecific
errboc'fing lr?g ?Q%ntgg'ng?dnﬁr%{rl%&%?%lt%{es{bg) %@B?@%géhggx%\?ggnoc{r S e%]él S’SSZ 112%% express the
vi r alveptogspi Ingh geisparaach,axptessof veatasicambeidefifredlnpisexag thel genanot her

enbodi nent, one or re protein expression vegtors e d th
T e e L v e
enbogjrrggfh&es ke ﬁa-a1gﬂt?6t§inﬁlﬁ% Bid RN LHSQe. Y. 6 of ¥REDSBteARG0EXPr ess the

al | e viral proteins of a particular negative-strand RNA virus.
antibodies.

[0153] In a specific embodiment, one ot 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 franscription. 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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[0154] Transcription from expression vectors can optionally be increased by

i ncl udi ngbvan enhancer sequence. Enhancers are typical I¥ short6 e.%b,
10- 500 bp,O@P@NQ@{Oan DNA el ements that act in concert PaFUR%8 /?)433 ter to
i ncrease transcription. Many enhg(?cer sequences have been isolated from
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type LntLo.mhi el Lh& Helss Rbl(9)919%?exﬁ?ﬁio‘n%f%%n@@rﬂzﬂ'kéi%M@Ebecﬂssuﬁﬁ}?_?gi& 16t al .
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and splic ignals to.co | .expressian. of. transferred genes Methods in
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ri bosone bi ndin ite or an, . internal riboso entr ite (I.RES) f.or
t r ansi0pFloRng ?ﬁﬁg?sgﬁpd’ﬁ?tof%ﬂfﬁgéf ml"ﬁ%“‘ﬁk‘ﬁ‘?? ﬁ ﬂg%‘i?ﬂg %’%gor#?ete?ﬂz%ﬁ?? on can
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izl ng e :

st abi such as a polyadenylation site or a termnation
sequessgaer(oe (¢ g, hmammouseysEnalor drmatiae RIVA pahvimeeasrIlterpinajivn seditenpe).

term pati on sequence). uch..s ences are, commanl val.l abl e if he 5'
and, 9 ﬂ‘b‘?’i’&% i‘feﬁogllWHﬁf %V@P@ggic?n? g’ﬁisﬁ%d’ oo?asg&&lgyr o) I:‘t%a%graé%\(}iréép}l or
CDNAS o diftaSBHE oL VRADNEE bEDNPS. BY4bhnpohyadieriisaih SWA0Peluasesicn ovi de a
pol yadenyl ation signal. [0156] In addition, as described above, the vectors
opt i oseances pesivideer pigadshylateresigatlect abl e marker genes to provide a
phenotypic trait for selection of transformed host cells, in addition to
genes{Hs6)Inmdsition, isdesdiibedeablore.she vestiora spdenails ietledesne or expuesdedalle

neonycin resistance., are suitahle for .sel i j i {4 cul ture.
o157 e reger s AP R R o TR LA R ol 1 alftion
descr ihadeaheviusly AstewBhbrkass sath ap@ihgdrotalite raiuonmt erncmychntsistansequence,
can be enployed to transforma host cell permtting expression of the

pr ot efig suigile Erplectiopipeykrynticedt 18 %f the invention can be replicated
in bacterial cells, nost frequently it will be desirable to_introduce them
i nto [0&Ah&he expressionyecier gontangiedhe apnreptigsHRNA pyayenqomekercbpd 299, cel | s,

COs cel | nor e er ahl , foSy B on.

[ 0158{ W%%ase%(rb?‘pé%splrn%frtle Ii)/lgc (%?rs o{;}&}ﬁgg(#l%\z}%%? ?%{r)l@grgﬁ}égg&%gé%fstoo gal[ recting the

expr esdi pamating gemesich MRS einr Witiertes panekisiog veRNA(&)thainaitidnasag one or

o he };&h&é}imﬁf@%ﬁ el Boah e NAE LY BL 1o 15 uBRNAARLS ifloeavage site
mammalian cells, e.g., Vero cells, BHK cells, MDCK 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 HSN1). These mutations may result in the attenuation of the virus.
For example, the vVRNA segments may be the vVRNA segments of an influenza A virus having
an atienuated 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 vVRNA (Fodor et al., 1998, J. Virol. 6923-6290).
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pandem c strains such as H5NI). These nutations may result in the
attenuation of the virus. For exanple, the vVRNA segnents nay be the VRNA

segnent sygffhoked! UeNza A virus having an attenuat edpppgRaodabisse7
substitution in a pan-handl e dupl ex pronoter region, in particular, for
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nega ql\sg{”%{){ggér}%%ﬂé% EifRessighONCRH &RUAhdNA UTH LB Nos MBS 1Bs4, dent i T ed.
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5. 958,835609, GEBITILOSAIFBAN GRS, 0, B4A0T5WR 670 W02 0 BB ba7,
y ), , , , . . n L O. at ent
Aol EIRS 80 e IR ARaNGS: PhtduBtibaay PissRasRes 0S80 17 sy

2005 g@ﬁﬁ b3 ; 8221 48850126060 088553 1 48R 008ID4 20453,
2003% 58%%3,4%% Zoogég@igggggggan be used in accordanc% with the present

i nveno4n 42@8n 803003 58 thend 80929 64 dikeaniiseded it acpadangsupih BEPrSAE can be

adapted for use i accordance . 1.h I I L oducing a
nucl SPEnEG- gqequﬁ/e theNFg ?%?‘?Cfﬂ\é\é.égm,&%% p@éﬁ?ﬁﬁgﬁsr éé%u%z%td%ﬁgd ggc? Sg%{:e of the
i NVeRtispdinst ¥ithaBe BreS@imenioh by prednties asedernes) ofthe investm leed cher ei n
into the expression vectors to direct synthesis of viral VRNA or cRNA

5. 3. tanigeifegibaterl serisnesel i inveahehsucha 26a1RBLY PEERHEHCIUCCRASyenone

>¢9 ngﬁ%ggggtlfl g%'gglgﬂgﬁo;}ﬁ? ie%r!e%é?&iz@eo\’(jrg HrdibdcP E;ﬁfé}fbaig NEkUdesrRNARY cREQ.t i onal

sequ Or*1'ts expression, | ing translation into a
functional vir prot gi.n. [.n other sit j ons, a mnigene, or other
artificial conéﬁhcé‘%ﬁhgﬁldﬁ‘ﬂrﬁ%ﬁ% ﬁig %tf)gr oteins, e.g., an HA or NA
pr ot @)150] 386kt BEmBIFRI O YRtzenbielsBiBert@noding thesnfhienemvitesprownl mcludes i ncl ude
specific initiation signals which aid jn the efficient tran I%%.i on of the

! ; e
het eroy additienal seHenersIEGErsHy dor %@%3%106n1&F@d%ﬁ1'@#6{3%@F0 plggctiondle " ATG
initiatjon o -adi aceng . u . 1 K hattherigf the
entir' 131 ?{giéeg?'?ﬁin%@é}%ﬁtlﬁ%%t%i %‘?\nl}(l:l %%hgfgﬁﬁlnzﬁﬁglgﬁﬁﬁﬁ&hg@oﬁ ect lrr eadi ng
f r amgrdteingtd o part HALdeN Aipretbinprat ted emplExalydndis caseai scoliqprdesirablle 81 ement s and

initiation codons .can he of various origins,. both.n r al t hetic.
The dR9IpEs PRENICHTMARGHT ?B’ﬁ“’%‘a”t‘h&l E’Et&é ﬁﬁ%é’heé%ga E{%}Oﬁgbtf?}%\e??ea%?@ﬁé%%] enhancer s
appr Q:BHiingts &eﬂ%é. hense klens¥ $h€ Mclude, #158 thel ALE itibfiortasion anld adjetepnucl eot i de

e

sequence codi ng additional expressed el ements, such as j gnal
sequenpespess S nsviomarstatioo cdtheatiromses qheindiation sadon HACHREIAR be

incorporated.into the.vector, .. L]Y.eJn: . { gl eot i de
Sequézﬁbrgad?aql?ﬁ é%lg Ilélat Yegt.o,tg‘% *\611%1};1%3{&' Ep%) @3‘%%%?’?8%&“@98%&% St 0 a desired
cel | yhidhti GOt BRIs ofedna0Egineboti gatnel kel syatheting Ghe bificiency of

expression can be enhanced by the inclusion of enhancers appropriate to the cell system in

use.

[0161] If desired, polyﬁucleotide sequences encoding additional expressed elements, such as
signal sequences, sectetion or localization sequences, and the like can be incorporated into
the vector, usuaily, in-frame with the polynucleotide sequence of interest, e.g., to farget
polypeptide expression to a desired cellular compartment, membrane, ot 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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cell culture nedia. Such sequences are known to those of skill, and include
secretlon |.e epti des, organelle targeting sequence . g.. nucl ear

| ocal i zat" 3@@&6@&0%, ER retention signals, mtochon T’&gﬂ)ﬁ?/%ﬁ%
sequences) menbrane | ocal i zati on/ anchor sequences (e.g., stop transfer
sequences, MO hetS ROt the AlithetReviriides. -43 WO 2007/ 002008

PCT/ u%%om%%%-ﬁa&%mm ng Chinmeric Viruses

[ 0162]{0T6 Ehepressiion vedotsof shedflv@mj@nicﬁn elstibemsehio leal@@llbeezm‘émsc&)thnfake
chimeric viruses tﬁ%ﬁ SS_S& ncesS]?et erol o ﬁ %‘P genre.

Expr eS&PH® YESEHTS ’Pé%%f—i“ﬁ ?Pﬁga B]F‘S’s esS‘fonO%Nﬂsz%mS & 8r espondi ng
CRNA( %k%)@“sﬁoﬂa BE VREUEH Gr icBir @sp'@ﬁ&fhg%RNﬁﬁ(s)adz@ Rrofubdl infXIRSsESSis AMbngSEEOr S

direct the expression of viral proteins to generate novel infectious

r ecorrtﬂxz:remmomeg:zi«tus\dee@ftthm@prmmmfm@bsmmmwugmm@ mwehs@stloeee e.g., US
pat ent 6 He us sequences
whi ch 15%%19@%%? %\%ﬁﬂggﬁ%&é Rﬁt V]t“ﬁsréggl ﬁﬁ%@gg@%@g] l%%% §£1t| 28 nsg[ nucl ei ¢ aci ds

and nlb@)bﬂcdhoﬁ(phﬁhﬁiﬁ@h naSUB2004000200Te . HettroRigoad dedatnees aiodnedydgous sequences
whi ch express pepti de or polypeptide may be engineered into these

vir uséslng@le@#fSP él&éegirgscfa Lié‘fr]a‘é@sa”élﬁ%E me}eltcr?éldﬁ ang BWI?FQ apd s HEs? or

pol yp ns t hat
R e S T
aut oi rhmlmgmdexsé age the3y viandes gideisraidmis acquench@nemiieg thstfolbowifig aeptalel er gen;
and 4) ns that are c eristic ,of

t . F le, ...
het er 4P hBReEd adrete S 186yt 0 Atgens fat B bR iststic

vir USQ)?a(i;aﬂrR) en Izwﬁméne Rhat bRACHAESR torRE o%ﬁmﬁﬁﬁuﬂe MReasd 3? Onti R apgs of
hunman i munodef’i ¢ci ency virus (H V) such as gpl60; hepatitis B virus

sur f a@éaxanﬁehgtmwof(aﬂsélﬁ@en, uledginfigoprtbatei mha@actm“eilpegaw?mrs FQreeXgmplng gE)
VP 1 Liovirus: and anti c deter i.ral such
2 badcishiaboh felie sordibfesd M BREAEATh LI RIS QAR RHLIE orbR HIGRNS

char agh@nde bucare fno Elih REOTR) BiSitaies eﬁﬁmarymm&hddﬁﬁmmy *hmsC{BMV)/ﬁd:hfaE om the
cel | surface cyto lasm _nucl eus, mtochondria and the |Iike of mamalian
ti ssueplo Osihebpt &m%gl%wr&e%ﬂwr(mé@ dh¢ slygerrateiserd Berprer iy L. 8l tipl e

SCl f ) SvROYSh ATk U i G BOTRLARHS of AARHARSASLRE Lk blorePr N o ous

anem ’Addl SO sease ero aut ol ne "atrophic gastritis,
juvenlahépdraa]h’ettesamahdt dfescoi d | upus eryt hromat osus. [0164] Anti gens that
are allergens are generally proteins or glycoproteins, including antigenis
deri vqa163]cmtipehd insare dhatctentods avkpanese dbamdeypicillyseitl ts dnded fods.

[ 0165], Ant s that are c aracter stic of t r antigens typically will be
der i vébe ?“r”lo‘%%’?t{;ﬁ% oytoglasms Bivg ateemﬂ@yfe%ﬁnasaﬁflt fesianan @%ﬂéﬂ%@ »and the Iike
of celj qu@hg bR bhaa 8EristiAMRILe s xﬂéﬂ%yql@ulﬁﬁlfe'sgl%ﬂﬁm%ﬁ&%% @fjugtic of
tunor proterns, including proteins encoded by nut at ed

erythematosus theumatoid arthritis, pernicious anemia, Addison's disease, scleroderma,

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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oncogenes; viral proteins associated with tunors; and gl ycoproteins. Tunors
include, but are not limted to, those derived fromthe types of cancer:

i p, nasgphasyddsegPharynx and oral cavity, esophagus, pg{@RBdbio2381 ON,
rectum liver, gall bladder, pancreas, |arynx, lung and bronchus, melanoma

of skin, cer ar, b r,. .Kidne t er,us,. brai d

AT G O e O

th I in's di sease, non-Hodgki I h
X?ﬁ%}ﬁ]map 1@@%@%@1;};}%&%%3@%%&91%166] In one specifi cgelrrtr;o?il rre%?po?mtihe

6111"1’13 ond g[g ool GHOR mﬁﬁ%%?‘%g‘b%&ﬁ@&wé% seli@iFkd g degvae of human

Cy VIrus uman- | nmunodefi ci ency virus- |
or ﬂ‘mmm deronwe od ainean ﬂmmnada’ﬁmmnﬁy vimns &W)hp}@f@mﬁiwﬂumm of the invention,

t he heterol Qgous . coﬂ sequences [ be i.nsert.ed th| %II ve- strand
RNATQ4 Y CORIFT ARERLR R S TR AP RSP BERCE
ex%fﬁ%&%dw %I@het&&%%ﬁﬁ%‘%d%% gﬁén%Q rﬁ%@%ms@ﬁ@a aRirSRONRAGR:- mdnial 0 the

viral protern. In su rment of the invention, the heterol ogous
seqiehc@ss lgazye aldsng @qudmelsuddﬂm’r @mlmc@n@wdw igexessah whigkunodef i ci ency

Vi rus I mmu enc

i m?ﬂﬂgﬁgftﬁ%ﬁ‘étﬁl@ g\??‘? H © Sfﬂﬁ%‘ﬁ ﬁl g%lg%e\}%eﬁn]%l%flﬁ&q{ﬁgg% st ogous
SeHBCRT R, tﬂe\ﬁett%lbg@ﬁ se§1%i1}&e§1%§jd@&§% defTaat frﬁm|thkd§enohiﬂofaare not linited
to sequences derived fromthe env gene (i.e., sequences _encoding all or

paﬂ!ﬂm‘@ﬂ lgmmmde@@erm vigsapretergpnpi L mﬁéﬂ%m‘(},f@ﬁéw@?y wirus-5 g p@Ades encodi ng
@ 151 o, i Guer se transcrl pt ase, endonucl ease, protease, and/or
mt@éﬂ ég 5’ W‘lé/ éag gene (i.e., sequences encoding all or part of p7, p6,

7 24/ rev, net, vif a [0168] One
b oapu g 5?%8?%&?%8?&0%@%&}1@% Bl sBop o Jheat e, ¢
hetrﬁiﬁh@ﬁﬁésbut @&chdmﬁeaaqs @&ﬁx@héﬁs@eﬁv%oﬁﬂﬁ@ le@ﬂgéﬁe (E., Bequegati ve- st rand
RNA Vi rus aene so that the et erol og’stgs sequence i s f [ anked by the viral
&

sequerding @qum efizp 0, gp 128, apdpyerilache PalctTgi(hsy; SCEUGCSS EneOditiEd RNA pol |

glr ?Ogg) nu (ﬂfe ot et ga?xg n%g%ry&ﬁfg Ing(ge&l ;‘5&?\%&9“' %ﬁd/%k M:.E(%)gf["}rt)é’geb e éég%?én@%ﬁ e’ conpl ement

of seflrgicas eﬂo@dﬂﬂgm&l&n@tarttmcﬁ@h, e mab a1 7088, 113@26) tat;se*gelnﬁrwﬁvmag«me,nts can be
ligated to the heterol ogous codi ng sequence to construct the hybrid
mol &P ¥PXThe pl acenent of a foreign gene or segrrent of a foreign gene
within a target sequence was fornerly dict presence of

ted b
apdPbefli Greannsech;fer FenstrasigRessiybEd \Xﬁl‘flﬁ?‘ﬁesflﬁép %/né g’c"’ RelERIgBRE  However ,
r ec%agn&s%g% &R0 OB SEHidhedt b?ég‘%ﬁt evp ah@%?@(‘@ﬁ'ué P BiRflwm greatly.

enzyne sites “can rea aced anywhere within a target
seduenckgbin @qginck heflused by tbé viealdequmicedrequired for viral polymerase
activity; e.g., a canine RNA pol I promoter and a polyadenylation site. In an alternative
approach, oligonucleotides encoding a canine RNA pol I promoter, e.g., the complement of
the 3terminus 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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nmut agenesis (e.g., see, for exanple, the techni ques described by Kunkel,
1985, Praqc, Natl. Acad. Sci. U S. A 82:488). Variations in pol g/merase

chai n reatPi?8HPBER) technol ogy, described, also all OV\’)@HPS{%H@ BHdcific
insertion of sequences (i.e., restriction enzynme sites) and allow for the
f acriastiemrropid e ¥56f toprapyisrdoybleniiendsdeloN Annptacnias cuskipingRGRNAeact i ons coul d

exai 55 RRPEGERG RS BESTOB030: PR S5 8 o 38b 7P Oy Bkt B oul d b used
to pas@pm@a:o@mﬁmgﬂ&tneammoﬁu\@mmh@mhﬂmmm?bm PR AdEERERd RNA
rase pronot bact eri ophase T3, T7 or SP6) and the hybrid

poly r (e.9., . .

seq G&ﬁé éh“@&ﬁ"tt’é‘inﬁ‘ifﬁ’&dt%‘:% frapoiisgecrmiyas RINA. dn petrmnaterpabgbment, pr onot er .
RNA : gﬁm AR5¢ i irec tom t hi.s, r econbi nant
DI\lA.tﬁeﬁgmﬁ%ﬁ%%gt ersd%ﬁnéggﬁf rﬁﬂ thj!éAé ?%gé)%ﬁrﬁ’é%dyb\;&ﬂ%?né?g@%sr respondi ng

c R\N#isecifping e pagepes polatiyy ¢f thahétagldguis gempal thy tagnd REANRIAbiodtgote! arity of
t he hetergk}g{g us gene and the canine RNA pol | pronoter using an RNA

| i gB¥Bs 2} ﬁg%fj'ci stroni c nRNA coul d be constructed to permit internal

i ni Ei %él gn of trapslation of viral sequences and allow for the expression

of 1081 FirisoateP RN 87 HE bs sonsimeted to pomit sempldgitintien eiranishatibniofi ti ati on

siteg; t.] . 1..Gd i \ be canstructed wherein
the i S REE L oY By Bleplehah bt B D S ER AR B cat g

f r aregplantricingnal frétidtomediignAlienatvety atHciknotit aiRdAfseqQuenasmanber nal site.

Cert ai incﬁ]eénal tﬁi bo;srrre ent,rgl s'k)%e 1£r| RES) se?uences may be utilized. The
I RE%OHSQQH‘E}% EEE T EN "2 WRATE TR 4 & thsmﬁlarm% oPn is8HinEnt erf er e

Wi frath S WISILBE kt@igAGelh ot alih@Afkd T8 Sn idtbroaBsify éERﬁgﬁﬁtgx&gﬂ%osbﬁl% | RES

chosen for such a bicistronic approach be no nore t nucl eotides in
| en@fttty, sitgi(HRES)| sequenchamap 5o utilicdde §hé HRES bainegegsrveficl sredhofeurshdrdd bei t i s

pre | ut.i | i zed not.. share uence ar .structural

Rons e W ol iR el i de iR BRRESS BBl 15 e uce, bur
ar elREs cHosen foedudhoa bistroRiTmpioach B Ro MESHARG0b hacheRakif ieng, Withus | RES.
(0;%%]C N%g@ﬂ‘gﬁi vel a foreign protein may be expressed from an internal
{r SRS L7 GRIHCARE beifis DUaTrTEN. Fidhery A ieishlofl henREShbizehnotni 11 at i on
Si t gagngd [ ' 4 - j i.gn gene is
R A R N D et e
expirekdeduppiginet hnited 4o thesnomnpliat BiPFRBS snd/tteHegstittf C GroelRid.ng

Reconbi nant Viruses [0171] The present invention provides nethods of

geni®i 28] -Alernat @by, iacfos:i grepobdin g}ajﬁbe eRE@adet \ions ki ﬁﬂﬁfnﬁ%n‘g%{'&iﬂﬁmb}yuﬂiﬁt roduci ng
prot ei.n .expression vectors and vRNA or orrespondi ng. cRNA expressi ng

ox pr LU LR R teEPLOB idias A% Bt eiAR Sireed RebRIGBITEONHor Fomolience. of

hel @gtiodvhéntsthe Riref gl @Bk Yo intdRaMABt 1feghlive- A £dG80A EuS Bl Souck it meMPCK

cells. The )
resulting expressed protein is a fusion protein.

5.5 Methods 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.

-~ 46 -



present invention also provides nethods of generating infectious

reconbi nant negative-strand RNA virus by introducing protein expression
vect ors @pd yRiheer corresponding cRNA expressing exppesgkansungiors of
the invention into host cells in the presence of helper virus. Preferably,
the host cells are canine cells, e.g., MDC{. cells. -46 WO 2007/002008
PCT/ L[?Z@ﬂ@l@%%res{sﬁah%btoﬁ mdedxpm‘sﬁpﬂi escdir¢ediOms capssopoeaRlilan vectors
directing the expre55| on of VRNAs _or_correspondi ng cRNAs can be i ntroduced
i nto MoSTTeRRINEPRNAS féﬁ)b@tl%?ﬁﬂc%éﬁkh‘éﬁﬁeﬁ S%@aéteelpm@\vﬁ FIO%HOt he ar t

wi t ho, - on can
R R S SR 0 ey
cal ci @mbeﬁhtmwnai miphet ol It d:mpipyiln;gmmtrmatzm OBABjdestrimalcamu

m croparticl e-bonbardieent (se Sanbr.ook et ar C oning:

A L abBioapisiy Dsialon, Abetpmcs ywisyotnissign, & }fﬁ&opﬂﬁwﬁowa&/g@em&w % Spring
Har bo‘%] g&uﬁbﬁ)oo k EPgr %&%@lﬁéﬂ Ck%a%oﬂftm&t}ﬁadﬂ&yef@d 0@8@%01‘3@1}11 troduced
into ABst cells siHuiltaneous y r sequentially. 10173] Th one enbodi nent,
one oHarbor Eleesg fiobd Sproe Hebbo i Yoi The tiprepsidneveelops e‘éﬁueo:mveotlon vRNAEs) or
corres ond| ¢ RNA( sil are_introduced mé@%host cells prior to the

intr @1‘“6’ @Ph‘)%t)gﬁ UGG Y SSHPEH ng t he expreSS| on of viral

proteins. In another enbodi nent, one or nore, ex res ion vectors directing
the ebd7alsk ane sgrbodinnent. et SRgHs CHPIESsiGn: Yestt digeqtingd ‘i’l@&‘tress{?é‘l s prior to
the i / r e @6 duRBord He

expr e‘gtglﬁoﬁsﬂ%tr &?ﬁﬁk?&iﬁ?gSgﬂéﬁo%raégg%ng?ﬁ% 1@%%0%90%1%%1]{633%()? (%Iance}-f1 with these
enbodéxprextion viebiers diveptins tie@npresdompbvidil rpecdelm&glrt M@M@ﬁé}@dlrmntmnetohe

VRNA(sS) or corres ond| _cR S) na i ht.roduced toget her or .S rately in
G 1 AP PTNGR St P e bt koo D SRS AR Le SR BB ment 3.
the ei‘d?lrs%%l RIhY SRtRESGH 6885 bﬂéloztlﬁ&e@kﬁfe@éiﬁh Q8ctefs diftetin, %thelexpxresm@; ns can
be introduced together or separately in different transtfections. [0174] In

anot h@ﬁV@‘kﬁﬁﬂpm‘testn@ﬁRW@ dx peassdanen Wik dhesesnaiodiaenthdhe he expressi on
t
B IR IO P, oo LS A o

si mul ﬁlﬁﬂemlwgetﬁdﬂ o€ Sdpafitély i€ Hifeadmenhsectivink, R:irtnehanaxmmb onthvihedeor s are
i ntroduced into host cells using |jposones. &% %31 propri at e, anounts and
rat i ognbgdipgatscihp pERgTsI \fﬁé&%ﬂ%@%& ﬂéf’a?WSﬁ’@ﬂ {theyvisgl PEJRNG £20 P e

[ nven%#rga?ggaxog&ﬁqgggé{ms#ag nwlffe?éﬁt'tﬂ%l sfEkRGk] mentation. As guidance, in the

case I pos tion or ca ciumprecipitation of plasmids into
1 RPN, 05F ek 8 S0 ALARMLTY il EY 2 2 o
CoNncCeRNA$)@R cofrespbading ,QRNAK(derﬂi on]a foir @tord expressiangvestdrk dtrecamgfth@t i on reagent

in conventional pmanner. r’r%}i Pref erred, tq use ec} ors _expressing NP
and/ ofXnup§Alon of viral protems are 1nt1 ced nto host cells simultaneously. In certamn

embodiments, all of the expression vectors are introduced into host cells using liposomes.

[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 conceniration 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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dependent RNA pol ynerase subunits at a higher concentration than those
expr essi ‘ﬁ VRNA segnments. One skilled in the art wll g& reciate that the
anounts a BzP‘Ht’quJ@sof the expression vectors may vary ﬁ@?ﬂf’f’ﬁ@?%ﬁon t he
host cells. -47 WD 2007/002008 PCT/ US2006/ 023867 [0176] In one enbodi nent,
at | egpit76 Iéone &nb@chﬁlfeﬁtr @ﬂ%%{st@tﬁ plgeﬁﬁeffer&blg at Blastl 1 @gr@tat Ra& 26 ugtat h@ess S5 0,
at | east g, least 10 g, l'east 15 1tg east 20 g, at |east 25 g,
or at ugeeaé@asm ug, atd¢asb Heugrat }ﬁaﬁtel Sprgaa@@ast aR Me@téﬁ?@hzﬁléﬁat%@blﬁaﬁt Fhieg

- coonbl Al RalbOut G SdSior BB vy PP BFC BB HPRER MR 4 cast 0.5

g, pr gfelﬁﬁé?t@m{feaﬁods@&ﬁﬁnblm@lt n@gatlk@aﬁﬁndZREAQunu@t Ih e@sherendodidbedte@géasBlag, at
| east 10 hg, at least 15 g, at |east 20 at | east 25 )% or at least 50 g
(&

of oné 5(#8; Wf@raélamté%?éﬁ DS IRg s LBfat 998 HeahiTard kb b G Hemat

expr e er ate

i nf ec ous % @llﬁﬁwﬂ{g’negat 2§g§ %rggalﬁ%q \;flf;&&goﬂ‘[ﬂg%fﬁ %—% qfeo whi ch
may bef theenvdniog eirectiipethe beprespatdf wvBNAy @tk Nare intriiesedoifitd ]mt cellwlﬁnt i on
i ncl ude pri cells, cultured or secon ary cells, and transforned or

i mor Efé}‘?f%%éln e té?“lséec(oé‘ﬁﬁ“am?%mﬁ%ﬁql%n BYATiYs |'s, CHO cells, Vero cells,
PIC, MDBK, OMC and MDCK cells). Host cells are preferably animl cells,
mor e BAGT & Hiatst gﬁlmvhm DAY be Biadd0 sanraptpdhanespiivr-drams RNA XAPies dhs s. In a

R L L g T e Ve

provi ces (emt, fﬁ@d&eﬁé Zgé’ﬂeelm, CEYD talfseBeioaret s, IREC AviDBEa (MK raad MINEE st r and RNA

virus i ably_ transduced host cell |ine he sta ans uce host

R O S ot s R AL L At A SR
by apﬁfe@&ﬁb@c‘é‘mn@’é@l‘l@Slﬁ'a%eﬁﬁ‘&! EQbo BhBAE BirSctofs QecomB{rﬁHPﬁe%ﬁtw@«E*ﬂi‘@fmcer
sequences, transcription termnation séquences, polyadenylation sites,

et c. ) Rignalirases of dhetinpndiomard@eneiatedan M€K awsilEs. Fol | owi ng the introducti on
of the foreign DNA, the transduced cells may be allowed to grow for 1-2
days [0178hiThepriseticovambicdh arovated nidiends af gerswitinghiefictioisae®ettecaitve medi a. The

| ect abl rk f t tQ t | N h Ils t
ot abl JoEA egRar SRR BRAT sieb B e b g bl Gmes o3 saREBoaB R 1S ar s "wi o1
the DNAI BhRINhd RkeSHALRE, Kaholted hoRatbdbihg EXPARRELTI0HY agagfdpﬂatmes

[0179] A nunber of selection systens may be used, includin ut not limted
to th@cm@%p@scon@phﬁpmnt\? (¢ 15 PIORYPIHGT R TRENGEr g4 eenCRy, Gascriptipn @tﬂmqagw Cel |

&y oo A e A AT g AR RIS ER GBI BLARE, (TKAR SR
phos pheridbesod 6ftae ﬁj‘ralgaw;& | thwtaestuedd. celld B9 be@Hbive @Ry @rﬂﬂ«)fog pdataysam  be

I din tk- [ 1 t bol it
(ra gg i g%/rgﬁ@‘léc Iainet%a ané then azr"e s%v%{cﬁiec(f‘ teo a sselec'ruses me((:i ¥ﬁe g/electab?e mar Qﬁr |Cg§ e?s olite

resistance to the cells and 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 o the herpes
simplex virus thymidine kinase (Wigler, et al., 1977, Cell 11:223), hypoxanthine-guanine
phosphoribosyliransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA
48:2026), and adenine phosphoribosyltransferase (Lowy et al., 1980, Celi 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 difr, which confers resistance to methotrexate (Wigler et al,
1980, Natl. Acad. Sci. USA 77:3567; O'Hare et 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
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used as the basis of selection for dhfr, which confers resistance to
nmet hotrexate (Wgler et at, 1980, Natl. Acad. Sci. USA 77:3567; O Hare et

at, 198LyoRuesenadNat | . Acad. Sci. USA 78:1527); gpt, Wprehisempbeks:
resi stance to nycophenolic acid (Miulligan & Berg, 1981, Proc. Natl. Acad.

Sci. USA 78:2072); neo, which confers resistance to the am nogl ycosi de
G 418(CABerwpG20Q 7 8020088 PCTVMOERI06 /A H23867d hyfol hicheoEkrapsisiaete tal ., 1981,

J. MoJ. Biol. 150:1); 0, whj confers resistance to hygronycin

( Sant hygr@né{f’ma({%?l?te’fé§ﬁ‘?ﬂ(ciagﬁég(%ﬁ‘.ef%4%gE?Fee& [0180] The infectious

recombi nant negatjve-strand RNA viruses, generated by nethods_ of the

i nveniqléﬁl thP ecijous Feprmbinash pegadye-sisang %E%%ltl@%%&n@@twyklnpqheéﬁ gfythe f or
exanp 3 i . i ivenstrand RNA
M e e S L B R R g O
t hat triethods.ros ekample recapbinhast wfpatiwpdtiand (RN viruReodie inserttionegatbese- st r and

RNA vj ruses . of the invention which are not attenuated .be attenuated
by, ei_.“é}.ea %Hé@'sﬁa(ﬁgmf“?fﬁw&?uﬂﬁﬁaﬂfﬁéﬁ tﬁﬁﬁ@?%lstnGt &Wﬁ@ég rﬁﬂ’%é‘é‘}%r viruses which
are  RETBHINEERIfegatlilst A0l RBGA RRGSRI0F thelildEitbn AfHi &I B LG Hattenb¥iEd H{a%' :5:7' 'bgd

viruses produced”in accordance wth the 1nvention may subsequen
i ncor ptanasted biyne.g., passagcthregbompasial bosts foprodmegmogemyatirunstrwioch are used to
e.g., in eggs. Wiere such a virus has a chineric

produce_addi ti O'Batlcﬁii r@ls

VRNA ZEGHRPRCD, DUt fol PNCEE S bove which encodes a foreign antigen, it may be
fornmu to achjeve cGi nation ai nst nore than one pat hogen

si mul tﬂiﬁiﬂé&ﬁewﬂtﬁj@ﬁeﬁ@aﬁrvaemr fed {1 3958 oW B eaE ATHOR ARG dance with
the i auRBfdeally BB RREE HRo & vaOiABEdnSOsRINN iR RBARALo AR YnandbS@ REd Hesi gned
for other therapeutic uses, e.g., an anti-tunor agent or gene therapy tool,

in  whicdhceakhtignabdiney, egn inkggh&here sxhwi ditusibes f chivmned RYA stgnent as

i ncor porati intqQ.an appropkiate har maceutical .conposi.tion together with

a pha&%‘@éﬁf&&wl n%b%ﬁ@%?bﬁp Rty P _ it _Hlfiyll{’ﬁgﬁfmlatfg?%ﬁh“ﬁgl per virus free

I esCUadcthafles Q& ARG RordkidA drldathdentiRRahsuliR! Attemladdd edddiahRdituds

generation of reassortant viruses, es%em ally reassortant influenza viruses
¥

desi re@dpend paeeqraence vt thainveatipmvhichgiontess 8 ghimericoR N seasent &8¢ not

neede j er. Vi . .t he
or esonts PaleipTob b BBt 2 B ol Do TR 1%, o
t o t hekghsksd hredustivntdfehavitys will erfdBowtdby itpimegpoedtianchenmyappfoprietecue of

i nfectjious viral partjcles. For exanple, the reverse, genetics,techni que

| nvol S Rstcgh esBiosi DB Ao dAtna o I R e R H AR ED GIE SRR cont ai
t he non-codi ng regi ons of the negative strand virus RNA which are
essentU§7] Hehoer Kty Beoigatuciip aceydapce sithdbe inventaels pareularlydayaed &g ng

sign t : J Lol : apel) t are
yP P o P i e lrhop 0 el g AR A, 0% 1
pur i fusedavticuddrly since selection methods are not needed to rid the culture of helper virus.

[0183] The methods of the present invention 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 exaraple, 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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pol ynerase conplex to formreconbi nant ribonucl eoprotein (RNPs) which can
be used to transfect cells. A nore efficient transfection is achieved if
the viral WP WWU%Ee proteins are present during transEFTHEFEHOBE0T he
synthetic RNAs either in vitro or in vivo. The synthetic reconbinant RNPs
can be,

"3 VoS85 BEIO0N e B 08P S5 L eI RbY £, B00ns -1 TEAY s e

5, 166, 0§”diRxuee, 1N6§; in24.5. R&9Np. 3L isfet A4, BS54 PRépeangmittad Dec. 29,
1998; in.,U S t =2, 7189, 229 i d Aug. 4, 1998;.in E Pat ent
Publ | c%%llﬁﬁ“%gg%%%%é&i P‘%ﬁﬁ%?‘gﬁéﬁaﬁgb(%%;gxlj-ﬁgﬁe% apificptiast g .‘e)-agpp?i cation
Ser. ntio i t ﬂ)% [ i: P 1 12032
pﬁ[)l i ’s\bk?e/}jio%s.ﬁ%hﬁ%g%%éﬂm %ﬁgg%%%g%{%hg@sﬁ?dg V.BQ%B%%%%A p??”gg%pean

Pat ent Wl 34626ipuhlithrd Neg02,75996; M09 026 FtantBiblitatidn ERRA780275,1999:

Voo 1508 By bfhRa. 22 105bgWPotigas paBishesint 2R B RO S s1k0g.
W97/ Qibkighdahi 31)a99&el0980.561DPilb1isBBd ABR®, T66b, 4¥553/18501 hibngsealAt. 25,

1997, each of which is |ncor§ora e reference herein in its entirety.

d b
5. 5. 1 Bg828f MORBLhTBRveelited Heb- 20, Q%%mmi BRI A30r47S Arhbiisheddus. 25,0184]  The

prese I-N ti - A Qv ) enerating jn cultured cells
i nf eCﬁngsé/a%ﬁgggﬂ%ﬁigﬁc%&o%rr %Fﬁrgg?‘%}?lgpgéh%?mén%%Sﬁgﬁtyed negati ve-strand RNA

virus having greater fhan.3. genom g VRNA se .Or exanpl e an

i nfluenza virus gégh %%ecﬁﬁf $$§i‘ﬂ@%§e&§b‘fﬁf%§9ﬁm"f Stﬁ‘_ﬁ‘gg&ﬂﬁlﬁt%i ng: (a)
i nt r ode8410Thei@seht PRBRHGH provided a GRIHoY BRRARIHRINlin SHIRREA RGN BERMh of
said virus a first set of ‘expression vectors capable of expressing in said

cel | s tgeavebinantabpartelghaht scamenipdcedévet ghand atres haremisateRiian Segnent s
of sai L E LISH i ' | .0 .cel e et ..of ressi on
vect or e P el R BBk BB BB s B APREREATE v HBLS ot
sai d wunethusd camgriging: (eLintraduaige Bio dperilitonwfesBbyapabled M el tinagbivgl 65 are
producslgdcé;1 In certain. enbodjments, the cells are canine cells. In certain
enbodi FHENTELS & st St 8f PPTEFOmMSRISEPrS of FRIEETIE  SEHO6HT BATIC VRN&
recomep@Bkts Yb pH¥ideShé BShpERZRnAHnRY vI@\IA‘ék:érH\Zpts BPsa‘F@Qﬁ'ﬁs!; @b)ggi?@cﬂlc?%qht%’ t he
first set of expression vectors is contained in 1-8 plasrids. certain
enmbodisarietls aspeontliseisal expresgion ssgere sapabie viexpossing silidAtearekug ome ane

Cont arzs AOPFRAE R TSRO IR Qo g ERRBH ey EVERBOMSER o ° '

expr eggbdueed.ett il énbalihanietle bellsehe cai@ssold. Td PertagebhBodimenRods nent s,
the first, secaond, or both sets of expression vectors are introduced by

el ect rEPoralYIBEK ralisc ér perfain emberimenis: e reaembinans virgeis tefuesspreydt on

vt o B UE SR EORSSROIR AL SR VBRSNS,

or norle certainlembodinhanén e fpsl sepepxipamsion vactomsris admiained 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 ate 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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enbodi nents, the first set or second set of expression vectors (or both
sets) conprise a nucleic acid of the invention, for exanple, a canine RNA

pol | re‘?glz%ﬂ;ogo@equence of the invention (e.g., a C@E‘f@ﬁztﬁ%‘zs@g I
r). con

pr onot e I'n certain enbodi nents, the first set or se set o
expression vectors (or both sets) encode a VRNA or nmRNA of a second virus.

For Bk @RBEA oba SRbndinfMesta0lisisC GPhé SBodiment) helfer ervsds ggisingie odi ng t he
HA and/or NA nRNA -50 WD 2007/ 002008 PCT/ US2006/ 023867 . and/ or VRNA of a

seconaethed. | emesmhodinent, the gHBreherlisiysahin thpaeiaad ap cerdng seli§sed in the
met hod. I n one enbodinment, the cultured cells used in the nethod are canine
cel | 018§ 188 prafeet ipregiontprovidess mothog fovgaentiag weewbued efllsgeleetiansi ng in

cultured .cell.s.infegtiou reconhi nant vi.ral i C . Se t ed
megat Pt YRR PR seirng P et er ol ARt Vi Btk e B done s, o
exanpefodit RAUABGY, fotiskasiftdadifRRntd WikuienZRadarvinflusnzas@ivfus, BBithod
conprising: (a) |ntrOJUC|ng into a popul ation of cells capabl e of

supperethedicampinting: ¢r) inttedusing intesa popydetiossoferPy eapsblerpivupnashiag sapibre of
bot h .eSSi Ng._J i K ' '
cot o BB S a e ST SRR B e

MRNA sefaertts Rgp:eRRicalic doMislcRGei@RRI VG sefmedtt df vdid wins fia) capublewfi ng sai d
cells whereby said viral particles are_ produced. I{1 certain ,enctéﬁdi ment s,
the @&Pressing alibiaicheoding pue or meye pebspepHdes H seriaes(d) FHErHe s cells VDol C
cel | %ﬁhélébr}/gsedgi Gkl %HRR%'aP@ FuceliN8n bR eh®odintkd @RS ¥ caBinkicklis- 1 n
certaln erbo |mentps, the set. of expression vectors are conprised 1n 1-17
pl asrhdsttaihrmbedinents, drdetls meDC hellss dh caftaiexprbed snants, Wectionsss i s

contgiped in 1-8 plasmd., In certain enbodi.nents, the set of expression
veot ardtengs ek & i orpeticia io0diGus, B B L PRAFT BT R RO RS sot of
eXPr 8L LY HERIAS! $n ¢tafPAEEH MRS ThO B8 dPleRSrEbdon Vebi&i8ld nfhin&IRQAS Ment s,
the sets of expression vectors are introduced by electroporation. In

cer t gilassmidnodirtmesbodimenisahe oft aeppresgprecfess tbrantanebiel -2 atagidINA
segnent_of. an.influenza virus. In certain e Iy 1 e

peadl e B R R e AR S R e S R S R O N
I n cettidinedhant snbSexptdisios etetoils £ MRt bvEedipdrapaodecaash VRNA
segnent. of an influenza virus and the nRNA of one or nore  influenza

pol ygadadieents,{he &t OAeFPIessIRBdCRERT Ficofn gadigiRISA sexped dipg AHEBELY S onpr i se
a nu L.G.:ACl j i : i I

7 o guin e ShiboRlméE nd At SeaBsiohecfICROE: i GRIANG ROOCRRKe oy

| n ceanflainza pobpdptidentls cetdie embodiofents fireess bk pvessivornscioncadedacackiRNA or

MRNA of second .viruys. For, i nstance e.set of vectors conprises one or
mor e vmgﬁmer&ﬁéaaﬂ VIR a&ﬁ?ﬁﬂwﬁ&@ﬁéﬂw FrPE IR PR R Eond

i nf | UBRZAaiKIchibDdirhdhts, BRY deBb xRS RBSs cdnfifiskiahicleieici@bf @cond set of
expression vectors (or both sets) encode a VRNA or nRNA of a second virus.

For iinsendiooefor gxarapleot capinstRNA pod hprgudaterysaeudsice gbiie invention (e.g., a
canine RNA pol [ 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 vRNA 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 vRNA 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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vectors encoding the HA and/or NA nRNA and/or vRNA of a second influenza
virus. In one enbodinment, helper virus is used in the nethod. In one

embodi merVO 20Ot ured cells used in the method are RERUS®OEBIBE [ 0186]

The present invention provides a nethod for generating in cultured cells
i nf ecdxipoassion vedaistvapait oléxpatssipgrin saif esllangenalmegﬁNlAvte-pm\riémﬂaeRMpwtw us,

d neth d | at f cell bl
of sulbports Wa ariark Gt ) ineAdhr8e HpRrateREs SRl s Mt BeBiboz00s o
PCT/ UR2R06 RI@&@@%@?GX@%&E@@RM v&eumgs)reawi&@p m%mmree@ﬁmvzr@s saqd cells

genomc Vv rovide the conplete genomc v said virus; (b)
| ntr o(dh@ﬂhlgng Neid c@&ss whershy said vyebmmﬂclge@re@iocbwm elssqednln\ﬁemhosingeréepth@l e of
expres

ol eGSO ealT o hdr Bng QG iR PR LR B Thbatha™ | M Certal n

enbOCBnli{ﬁﬂhﬁent& hige vied ik mfaieﬁzaCaniﬂl@ Getdriin éhbedkats rtheﬁb@@etrm“nt s, the cells
are MDCIC cells. In certain enbodinents, the virus is infl uenza B virus.

In cewprsoRivp@ensibeadaingdha ¥-8plsmids: [afcertein smbedimgmtsy gerisptsef 6f cont ai ned

in 1- e§< sﬁ%ﬂ’vn{tors Qe d&ﬁ.{zhé‘d i &{é}@%ﬂhﬁ& r?ceﬁaﬂfm%ﬁ&ﬁ%%tg}thggecoﬁé Bﬂ:%%s' on

vect 0§ 18 CORtarned I'n one P n certarn e e second set

of  expreasion oectsdd corsainad LONS diasadds. Mn teBaipleadotsents, thewecdral gat of

enmbodi nent.s, the second s ﬁfi of e L essi on ve&%}ors is %031 ined in one
theygs

pl as rﬁxafesvlﬂn LEAThORINEBEH RAEISTHG: AR oSein SEoERenEy hey g seepd &1
XD L 80 YGRS AN tb AL OBl RIBHIRRALA! LOfrul P B ALD

enbo first set of expression vectors encode each h VRNA segment
of arthc fifdt smermi axmiessirs vectors emrodaieacherld di seemest, oftah anfusvendireset nof

expressi on tor ncode ne, or a pol ept| de. .
. CArraT TR oF Eibredion TSR R e B e B Do o
(or Qﬁﬂﬁerﬁzebﬁﬁyp@pzmr 1§ @erBaifl URibEllien oAt theGrst daod RO de0Bf exfppdssnanpl e, a
cani ne RNA pol regul atory sequence of the invention (e.g., a _canine RNA

pol  [¥epiognior bmﬁ SQ"S}‘OQ’“@‘SWWIW@O fhstiperntions fos cranRleeceniretiA et hod. | n
one %}}?%{EA Séjé)itlltﬂ[e%eﬁ%rkf déé',saegamﬁé'ﬁﬁﬁ%eqdﬁbm ahersani ne cells.

(018 I'nventl on prov or “gener tlng In cultured
ceI I Scmﬁﬂdenéntﬁmperwnmais ysad i thleasetbtfd dnoag atibedinsdnt, aivdciRibed/dallasiseds ai d
i ng: i ntroducing into a population of cells capabl e of

t had corrp%§ a)
supdetﬂFeH@e podetapessily virus a set of expression vectors capable of

both expressing in said cells genom ¢ VRNA to provide o | ete genom c
VRNA 18155 akhe ryesepisinypriiopapanies vrebep rfers&qnﬁamﬁgm%%%{ﬁ% @E&l%ﬁs mor e

pol yﬂﬁgl gﬁﬁﬁleQBf a g%aﬁvé( frbii RAR) vikdd! § h%ﬂlo%‘%oﬁxp%{ﬁlg (Ca‘jvf}ﬂf&m’iné%tg aVviral

particles are I'n certain I ments I's are cani ne
cel | Spophmxoleof eaﬂls cemwmjoifmppsrtmglgeombldfsa}dmm dekpession veat@rst ai n

ggt)ogc:agf‘bq of botﬂ exﬁélegs%sg 1lnssa{dncfc-3hlsJ ggnzoer‘mlé VY{II\LE % prov1d%ef‘1§e[ %nglplgtgt)g%rqenq%nt s, the
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 cettain

embodiments, the set of expression vectors encode each vVRNA segment of an influenza virus
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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 mewRioSnothpoget of expression vectors is contai negity2desd2fRsasm ds.
In certain enbodi nents, the sets of expression vectors are introduced by

o B EobEgE B PSRRI G, 1B IR BbgBER AR ectors

set @fpressdBrREBICDMBREARcRACRtET the inihiRog ffoonample, arbgine RNAIgokZA
polypeptlde In certain enbodiments, the set of expression, vectors encode

eachrogiRiATE sesvshte ftha MVERIIN @R SAHERN A oD PomF0 nerstain
PCT/ LS8 1%/ Qg%ﬁéz?t o%%ggég&g%xpmlgtm&ﬁ% JQURNR 5?4&1& %%aéémaalvmspivb In

i Tei
cert inen expressi on vec rise a nucleic acid

of t iﬁ@tandsw amgeoaf vdctors exapiides on@ocmoiarecsciifepmiding the éI@uMmTNAs equence of
the invention gl a Ca‘fdiﬁ RNA pol | pronoter). In certain gbodl ment s,
i

t he %@Nﬁeﬂmyszw%@ Qfrit Speei %d&és a ARG diRRgt: lflpe RS ShHed B us. For
'nstﬂ%@ﬁ&&h&@gﬁ} gﬁooﬁﬁﬁ Piife £ HR&dé&ﬁéﬁ Qhe IRARALES LRLiSe &mgodi ng the 11A

and/ or or v a secon uenza virus. In one enbodi nent,

hel p S 1S , | tured cells
usedﬁnﬁgft #éj Wgzne‘%ﬂg%gwgﬁde%ﬁﬁ%(}d 110 §%§Ttﬁﬁg%{lﬁ§{§%n? El?ﬁsglﬁ;t i on provides
a metfedohovirg @agiodds Tg sepmented uémveanamme\l Yisus 11anhgcg1 bayessthy Bal
particles of a segnent ed negat i vegﬁtrand RNA virus ving greater_ than 3

genofreRKANSetemen, farsramRlempialiugnzp NEHu R4S 97 F weggE A WS nf | uenza
A vi on of

o PP BB GATIE L3 D0 boRE el Bl bt o

i nt r gducledt eid virsd amitiavifp iekpdesd adirstwetoDaxprassipabb@osicapitieof cﬁxyectly

expressing i.n sgid canine cells om c VRNA s S rovi de the
conpP A ESHEABAPE CAYRRAS Wl"s"%ﬁ WEQWSF%EIOVW?\BOIEB]PF&Q%W&? ng cRNAs,
in tm@%gﬂ&ﬁts%ffsadwue% tNd Ed%ﬁas;fa&riﬁnﬁg OYINAS, idMe S4eHoVA 1epeRils said

cani ne cel al so bei ng capabl e of providing a nucleoprotein and
RNA tsbapewdenny RNAIﬁ&Awmma@esmgmmcmm@d}mge;@é@bl@@ﬁpmvmnmgat he genonic

ts of d; vir can be
b o obtamk pyi FOEM PR R PEymEEE FupREy R safP e RRb bl E T
wher ghipnEavRINA §ctinenpaditsail \Qﬁlsa:ﬁ@b@f@ﬂitd%dd shid vﬁﬁ? paticleecdiosi nents, the
canine cells are MDCK cells. [0189] The present Hventl n also provides a

rret hasgenbled geidn aald fgning cellsh nig Gy chligringesaikeanine Gells wherehy savdivity parti ol es
of 2pAAATPRGNRIR! b Cerild ARK B fiu3anifaldhaet asoromRE] Sing: - (1)

rng a first population ol ‘Canihe ce are capabl e of

S uppg{lkbg?hég ©S ?Wehl 18{1 ZJIS g&‘c()jﬂa/és aﬁetﬁ%&%&aﬁé}aﬂa@e 1 r@ﬁ’t‘u éde(g,nﬁl% c@ﬁs to be

capa oVi |ng virus 1n the absence of
a heinfestious viu& pAftitidsnt a&egmehm ne@tﬁemrmdiRﬂmemo eaid emtthdNdmpoiingrer ase
wher eby RNA conpl exes cont i ni ng gl?enom C l}lAs can be for m%d fand

{1) providing a first population o camne ce ch are capable of supporting the growt

said virus 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 vVRNASs 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 segmenied 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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said viral particles can be assenbl ed, said genom c VRNAs being directly
expressed in said cells under the control of a canine RNA Po regul atory

| 1
sequence, W8P WBR¥P onal derivative thereof: and (ii) cUVUPRY' SR canine
cells whereby said viral particles are produced. [0190] The present

specigol gatragnwizdrety RNS\dodudexaommsiripdekes gentginingrsaid grgoindc eRNfacabeel | s

infectious vjr .particles of a se nt ed ne i,wve- st rand virus, said
et hch“E‘?Pﬁiﬂdi S@f&nﬂpﬁ P@ﬁts"leﬁrca‘(hi"a f‘?fﬁmgi%o%?ﬁ?r}og(ﬁ& W%S:m?%g%‘%%s which are
C apatb‘x@réﬁcdﬁﬂ RRAIhARE ctiCurilePMettodfroiSsi abanite RISA 2RI Wl @k@ueREH dii ed so
as be Capable of providing (a) the 1genomc VRNAs of said  virus in.the

absencingforal feivative theraes, agda caninaRNdePeldpremelenasdricrod abe s fad i) RNA - 53
WO 2007/ 002008 PCT/ U$S2006/.Q23864/. . by RNP conpl ex or
conpl@i@gn%%%gg?mp?@e zﬁq r‘%é’n%?%l %Ir@%k}%\sﬁeég‘?lee%\é@&{egf ?/red and ggi d viral
articles can be_.ass | ed, sai enoni ¢ bei.n ir ._expressed in
D & [T Sropra® SR atintant BonirBRgRonn ABSi - Baf RNA rR oy
SeqUaNGRgOht left 4 MGkt SNillca9Es, 1Y BlaktVe of REESOR geforfic, vRN & afini@tRNA Pol |
pronoter "as described above; and (ii) culturing said canine cells whereby

sai d ashinalhogianetliic pewraedusing theaeethodsoipsajbeffesgispeci fi ¢ enmbodi'nent, an

i nfectious reconbi nant negative-strand RNA virus having, at |east 4, at

| east[0$92]dh a spasific Gnbatirieashe Fresont iratentiemptovBley &mondthodsrilsenagimt s in a
cani ne_hqst cell .is geperated usi,ng the nmethods descrih her.ei 10192] In
o B Qs BuE I e Su B SRR B BRIV DL o HERSALS of
generghitRGeerhB{t86f LRSS REATORNARand Riflueanzarsigietdins NinlpagicukePBY, usi ng
expression vectors to express the VRNA segnents or correspondi ng cRNAs and

i nf | RBZRAmdNAp o eetondance wiihisi eshogimens elper pips mpy o Y RAL 0 n

cccordansey KoLl i FARA0 TR ARk PRRALUERY o ey nol be el uded

OuUsS Teco uenza viruses. [0193] The

infectious rec inant influenza viruses t.ne j. j or may not
repl i@ég %ﬂ%ﬂ%&c g‘é‘@’ﬁv.nﬁ?‘?“&?é’f‘g%qsf?hfeﬁ@s?nﬁ@égl%)ooggn e&8nbi nant

i nf | URPEEYAdEBSuR bRy, PRYIGRSY R affectiut etuabatnt Affuematiedes offieet | ous
reconbl nant influenza viruses nmay, for exanple, have a mutatjon in the NS

| gerievetionguq atfanuaied.t Altenuates daichiinsg ccompPinat SHiueaTR VIFSEOMBY ANt vi ruses of
t he i”‘éﬁgﬁé QR upa‘?ioP'i'rfﬁrght@l gé duce ot her viruses useful to prepare a
e’inv

vacci g onposition o ntion. In one enbodi ment, reconbi nant or

reass viruse rod . S , i t:] . ar ed for the
b oo P B e RR BRSSOl s DY ik Phuio bl €0 1T
popul @l %pﬁﬁué&ﬁﬁé@iﬂ@éﬁ useful k€ pEparetaaniccivie cormpssiforodfithe thveytidthenmet hods  of

e e oL e ST A AT e
popul L0 BF me! frbfRTch S MAMBhdl VirIRS u8E aPMUBRE. For example, a

population of recombinant or reassortant viruses produced by the methods of the invention

which incorporate a canine RNA pol I regulatory sequence of the invention (e.g., a canine

RNA poi 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 TIntroduction of vectors into host cells
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cul ture such that additional viruses are produced for the preparation of
vacci nes or an immunogeni c conposition. [0195] In certain enbodiments, the

i nfecti oyg Zro@gm;snant influenza viruses of the inventipeRusBsRiERS7
het erol ogous (i.e., non-influenza virus) sequences. In another enbodi ment,

t he V. ress

i 1 LUREE ¥ PR ARk R St BBl e L RRBANT 200, o
pr ef B¢ Bkt ealioshicoriiig totxhahdadnf\eeithwmmtﬁemmeaaag iU paten 2pplictioises of t he
i nvention express fusion E)rot eins., 5.5 2 Introduction of vect O{ﬁf"rl nt o host

cel | publiciiongye G208 EH082 ey LWESObE 923 s Futrqdyeog hetrsploaens welelt i si ng
| nfl HABE B OENORRSRTE BBl 4F LGEAUEShalLedlor c%ft&‘d’kﬁ{ ected) into host

cel | sTaccor nown i*n - US pat ent

appl laleatcbmmahq@n,lhiwmﬁt_]edmnnﬂﬁmfedﬂﬁﬁﬁﬁﬁiﬁ%@ﬁﬁﬁoraa@&@ﬁ@@%ﬁ&ﬁﬁe for
introd |ng heterolﬁgous n cleic acids in oeulj g%ﬁ cells i{mluding,
e. g. TARAPEORRPIATBE D KA EXERRLBrEEIoRT €& iPRITIS CRR PF 5P SR nj ecti on,

i pOEﬁﬁtdsoy ch%%%&%@ batk, oot eausn& Qtw@dﬂdﬁg thddAnafigohbon reagents.

For exarrp1e vectors, 'e.g., pfasmds, can be transfected into host cells,
suc hpalyammegtra,nsfﬂ%@aag&:ﬂt SraGUG1d8| (Ma;‘usi 8@ Drdieg Itcsthe@man@&m’trwéft i ons t her eof ,

using the, polyamne transfecgtion rea t. Transl T-LT cording to
t he w&ﬁmtaﬁlﬁuﬁ@pr%ﬂnﬁ%&fasp 8 V%’ﬁ?% g’ﬂg‘ﬁdl infg *é?é 109@3518?‘5 to be

intr | th
apprg%}énaﬁbf’35§‘b fvﬂﬁpﬁjﬁ?#ifﬂ%eﬁzg‘? ? ﬁIT E’]iggﬂ}u% rg?ét;p) lr}ﬁgdrne érably

ser upielidiiely Fedintifee hitdmd, Gh altotdDYdlime of 2{2@@1 IThe TheA NAsfectiunsbagt on r eagent
m xtures can be incubated at roomtenperature for 45 mn foll owed by

addi mignresfcasde incubsted peomicphrature fr<kSanin folowies by pdditian eh&lY jddded to t he
host c l | s

For  TREST JuCTroelT PevaRs At PaRCtor PRt 07 MolRl By BB IPL o

vect aés%nbmgfc%rﬁudwmggc Forqhe faﬂm@u&u@eﬁe&r@n&ﬁ@mm Seas{oniBat viftBds inRAIl NP, M
NS, HA and NA) are m xed with approxi mat el y gl Transl T-LT |._and

t r anstlae.egcion mcmratmg@wlsof thp i gsneme yegrwﬁaarﬂ’ SrithRk: At FPddiNRn i s
I {o.t t t VEM |,
g PRC Ty are ol SN GRS ARt fo AP PHITEE Hfﬂh@%ﬁ%&%ﬁ&%&ﬁh can be

el eyRd GMidnally, Q@ﬂﬁ@c&ﬁﬁﬁﬂfg&n&cﬂlﬁﬁlﬁ@%pﬁdeﬂgnoi nf rarsfzdog et verussgEent S i Nt o

host cells. See, g US patent application publications US20050266026
and POOBOYLEERAOPHWARMHL, aﬁ‘émﬁ%?%ﬁér@how reference herein. For exanple,

plasm d vectors incorporating an influenza A or influenza B virus are

intr &H@dhddtemmemcmoraﬁmsqan@e@n@&qmeé pomaodsee wrstws HicAoringhe

Eou DR Seat tefineh i nke cofls er 08, [FpReRP b flicafiofpuni@ERUR | 1 VDI T ed
US20050266026 and 20050158342 which are mcorpoxated by reference herein. For
example, plasmid vectors incorporating an influenza A or influenza B virus are introduced
into MDCK cells using electroporation according to the following procedure. Inbrief, 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 fo 25 pl 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 II 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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Fetal Bovine Serum (FBS) are resuspended in 0.4 m Opti MEM and pl aced in an
el ectropQ | cuvette. Twenty mcrograns of DNA in a to 25 |
is added"{@%“?ﬁgzoﬁil s in the cuvette, which is then micoﬂéblégggn(?‘{

tappi ng. El ectroporation is performed _according_to,the manufacturer S

i NSt roets nmh@e(velsgsusanﬁl)%w diwided b’%ﬂ"@@? theltwwwaﬂscgﬁlé&w 9HEE Ext ender Pl us

CoM sty 308 ntE! e o3 S ERREUE ok AR A il bt v

4 678 Femxed appl ng an apprOX| mately 1-2
m nut2sy fok 0w H@l@ﬁlhﬁl"é@l?@@ecefbt@}dgd%téﬂ stidl Wi th 10% FBS i s added
direc ytothe cuvette. The cells are then transferred to two wells of a

Stanqgs ey Sl ehihgaonGlb MictioAb? VockQa it BbAGoHs by VERund 1RYeRBRpIer

OPTI serum e cuvette is washed to recover any remaining -55
WO 2007/.80P068 NRETHUSL006/(QBIBP, 6,649 832, dnihd4 e, 0A9ho3tspertsl3dn i s divi ded

or o ChiHh it P aa0 B B0 5 s AR O R L e Abe e iam e o
appr b'i‘i%&t?dn)’N?@ 26060019950, Qoastm‘wiz &bommwsi Qmeﬁlzsﬁuza IZGOS(QISEEI«ance on

|ntro uction of vectors into host cél nraé4 f ound or exanple, in US.
81

Pat erz005022 1489 951050632048, MOM@O%M@QO EA208% 778, 001, 634,
5, 854, 037, 5,824,536, 5,840,520, 5,820,871, 5,786,199, and 5, 166, 057 and
U S. #$at erﬁ]e@gﬁllﬂucati on Publ i cati onNos. 20060019350, 20050158342,

20050037487, .200502660 050186563, 0 02 1489,. 2 ,
20040839908y PieRyRBIPE &?n Oi ‘ﬁ&%ﬁéﬁ)i“é&‘f‘?g‘oh %&??dlﬁj%%ggsggfrgﬁg]

Typi cahioy th&{&?@&ﬁ%lceﬁwnm Banyeéd. Ssithisie B6% QO Ho05 firdeplicatibeonidiuanza
conpositions I n he host cell is commonly cul ture?s@ngwbl e host

cel | svifusringlhée, re@a,IV@IatCﬁldm Pet.CP eell BHG celis, MRCK welluda3 cd o cells,
ESETC%ggﬁgLﬁ%!?gé Hés, W{e 5. ﬂ!ﬂ)é}i i al%fplréfﬁm th%nt&ﬁlolf%he i ncl Uﬂ' ng

s are pre erre the context of the
Pr es effesdnRitekitic)- Uéé&ff 10h-taSBriEe® MIDEKI cel1 M oSt @cé]lsllsalacsamcmbochmeh‘s is also
an enbodi nent of the |nven{| on. Co-cul tures wcl udi n ﬁ&soh thcg above
gl CeCAR™M Al

cel | ofthemveation. Coprifeesciudingfyo ofitihghove §3riigss: 68 so be
enpl O&%bg‘% ’%g)ggggc&f]d?czgr cpﬂc)e ém#hoyé@at' ARV I &P 1,68 lhpidve Bpllicadi@ncy. See,

e.g., ypl ca cells are cultured in a standard comerci al
cul t usficierdy. uﬁae 84HC EOWIB&B%C’Eﬂlwlmmmla@@C@@@ﬂﬂ stendridraogupBrighent ed
with serum (. 100/ tal . bovi um under
cont r@ﬁi“é?jmﬁ azf ! SCTB%‘E}ELRQ Eg%lg %dgﬁllpa%?ﬁ&?mgng’?{ﬁtsg@ﬁ{l ng neutral

buf feged fjh @&alg)omr@tseﬂiﬂl)bﬁi Meefn e adiufn, &hder doptrbldsunyidity bed B8di um
contal ns anti biotics to prevent bacterj al

st (rj eptanepuitationstitable foanaintainies squbiahbuifiied I%ér%g ﬂ%&%%e%@% Dot la? ne,
A 5 O oy e i

prono e gro aracteris _ _
streptomycin, etc., and/or additional nutrients, such as L-glutamine, sodium pyruvate, non-

essential amino acids, additional supplements to promote favorable growth 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 Anima] Cells: Manual of Basic Technique, Alan R. Liss, New
York; Paul (1975) Cell and Tissue Culture, 5% ed., Livingston, Edinburgh; Adamns (1980)

Laboratory Techniques 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 ef 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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e.g., trypsin, (3-nmercaptoethanol, and the |ike. [0200] Procedures for
mai ntai ning mammalian cells in culture have been extensively reported, and

are kno t of skill in the art. General protoc j ded,
e.g., i‘r’]WOIg?(é@(Eg(g@ (1983) Culture of Animal Cells: Nangg?/[%?(%(é’g%%#

Techpi,qu, Alan.R .Liss, New k. Paul (1975) Cell i lture, 5th
ed. ,13@?91%@&33 ll?,eleﬁhﬁ“ﬁ%tﬁ”&ﬁ‘?ty'Aggﬂ’ngi@éfﬁ’(‘%@W lnl’%lf:c:l?ﬂ)ll %’%ggggi& ?\ga%?%c enistry
and M)Elp?fs%t%véitféh%%’re%w ddtntise@thf ehBbaehaxpsiisentaigbor Work and Burdon
(eds.) "El sevier, Ansterdam Additional details regarding tissue culture

proc wpardd b | j AU L Q- B8 nthin: gamyirus in
Vit r@g?%ﬁ?ﬁ@%{&g{%&%&ﬁ%@ gﬁé{aztg %ﬁarlu.g e?ﬁ199%"§hr Pr oghs??li&ogénofl in%;bl@ Eenlzﬁz; virus in
cel | freanriedives haomeansd, ag.,foethapaipaoion lof puhtkviresas) iiShdefiabledn (eds) Novel

Strategies.in si gn and Prodyctio f Vagcines, .which -56 WO 2007/ 002008
T/ BSBOB HORS80T ™ Seat s i G Grds atnor FAFRE ETAER AGler onal ly,
vari ghy 993nl'tzﬂe(ﬂhﬁﬁhcﬂﬁﬁ&ﬁﬂ9§ &S ARt BdalsR flabiRewith SSition) iR YeRior BBtiREE readily

determ ne rough routine experi ment ation. [0201] Cells for production of
i nf | olemraiordcaserdmadbie. cUDEAEddeitranguictaeaxsien beddsi vgh 68 Deanaasll, Pledler nedi um

In s case, .e.q. or .t he preparation o ur,ifi LI i
desi %nge?;éupgyb%\%p,tlﬁgwﬁ&g?mg%} SSHIR0E 8935’1%"%%@‘%%%&% |1lgers1§e§d&%es$lfﬁs §S(: an be
cul t gied kPSR AnS AR R) infldks, boBES or fdadmr 28 turts. MMitirderie blehdy e t ubes or
flasks or in Iar%e flasks with agitation, in rotataor bgﬂtles or on

S 1

m cr soall spheresanihe ringegf 10DRAEmeens andipmeicodhstarayide s fuge susfhcn aa
Do Ll . Pfeif : d Les: St
coporgadbeest Sy ey ERER o BLRGR  pof PR RS URRE

f | askgludehdrk esanm0 mbR6H MlicrotHitieeads Moeidbopgiciter thhe 8080 suere smal | spheres

(in the range of 100-200 microns in diapeter) that provide a. large surface
ar eacentipreter RE gearth swifaceg FOREPMBEICial Brofnstion OLurisey @& JPEVAEEE exanpl e a

Si ng}pﬁ)dhkﬁcﬁ*{ iﬂ% oﬁﬁ?h&%@%rﬁ chiRGL YOERECa bIAcR? ofFdriniepter. "BREQCREE | er beads
provfding greater an 0% square centinmeters of growth surface. For
commerecivailatfie odudtinenfrofn wnidewk By teingxcedsof MAdutwee. gptowddipwactort is

often desi.rable to cu r . cel]s j.n a_bioreact or r .

Bi or £3URYHES: SOk, %;Z\Ié’gg\?ﬁqaﬁ %@%ﬁf‘ﬁﬁ% c#m?r}t]?%cr E&S&F’rﬁ'g;oess of
100 idbbehsry a8d SomnferdifZcRlePifdsdi@s fronOBMBRiuaBiolth Netankdal (BN)BratiBS

bi oreactorS (New Brunswi ck Scientific, Edison, N J.); |laboratory and

comrBi@eel, singeni @yregYors from B. Braun Biotech International (B. Braun

Bi ot ech, Mel sungen, Germany). [0202] Regardl ess of the culture volunme, in
t he ¢200¢Regafliashef the esleme vohwenin the confest efithe present ivwhtion theasWHtaisned at a

" ecofbi PR & EABEBRr S S AR 01} o puts iR EETYBE Yapt e
t eNPeLBibidint and/or reassortant influenza virus, particularly cold-adapted, temperature

sensitive, attenuated recombinant and/or reassortant influenza virus. For éxmple, the cells

are cultured at a temperature between about 32 °C and 35 °C, typically 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 medivm 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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sensitive, attenuated reconbi nant and/or reassortant influenza virus. For

exanple, the cells are cultured at a tenperature betwe C and 35
C, typi c%?ﬁooﬂfoo%{’oﬁenperature bet ween about 32 C and a%%ﬂﬁgéﬁ&@%gﬂsual |y

at about 33 C. [0203] pically regul tor, e.g., t her nos or ot her
devi cleorndefcelsn shligenrrn %ﬁt [ %lﬁ%ﬁ?fgby F‘Tﬁlé“ STk G e@p %oﬁg xcé’efOF adigs ur e

syste f{ﬁc&@ke‘?ﬁ&% & deDaYhS 5¢1§1tclg£§a§3§h&gﬂgé ahige egos&meﬁ 106%Fed 35 C

duri e period of virus rep ecovery of viruses [ 0204]

Vir Uslﬁﬁm@ése Alwphgiaklyy theesaiienadfifiaretirbeghcaid. B yme cefllisu avetata filer wh i nf ect ed
(transfected) cells have been %r own. Typically crude nedi uh%{ls clarified
¥ 0

pri orretove sag eally end Gherdprgemn iy @ué&mn%#ﬁf’ HHtHgt el ude
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e O SR 09D AR PLAL 83 BB iroa o URERRS: MBI Bpeen 1230
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a spegdditiang (feﬁlliis dufficrey tosgifidld ereeditskilbfhrddph the pregestidnofdoicen vetesi nto a

visible band for recovery. Alternatively, and_for nost
commfr@mélss%‘?}lliué%@ﬁ@?@ﬂ% Fds 1R EUTRNgET |Vé‘F@68 ¥ f?f?’r‘\cﬂ%él? #’f‘afhgﬁ’%l g%es usi ng
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58 Influenza Viruses

[0205] The genome of influenza viruses 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, PBI, PB2)
proteins. Duting replication, the genomic viral RNA is transcribed info (+) 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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5.8 Influenza Viruses [02051 The genone of influenza viruses is conposed of
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production to grow efficiently under standard cell culture conditions.

[0208] The present invention provides 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. Optionéily, if desired, the viruses can be further

amplified in hens’ eggs or cell cultures that differ from the cultures used to rescue the virus.

[6209} 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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production to grow efficiently under standard cell culture conditions.
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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 prophylactic 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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recombinant or reassoriant 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 inctude: saponin, mineral gels such as aluminum
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In one embodiment, the heterologous polynucleotide 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 blood derived hematopoietic stem cells can

be delivered to a subject using standard delivery or transfusion techniques.
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i s opapesHon Elomes- Oniioprbpimee anais et Srioeoussnd §UHK® fescri bed above

int rﬂ?coﬁ?ocf‘atje&) B5o 8Reld fltor BXRIES SEQNLMBIAQ S ad@Abh toAHEbI @tide
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 virvses of the invention (or portions thereof) that have been treated with an
agent such as benzonase, to eliminate potential oncogenes. Accordingty, an oncogene-free

vaceine 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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Expression Elenents.” Optionally, nore than one heterol ogous codi ng
sequence is incorporated into a single vector or virus, exangle,

addi tion V8 2307619F'§Pﬁucl eotide encoding a therapeuticall ycypszeﬁﬁmzs 67

pr ophyl actl cally active polypeptide or RNA, the vector can also include
addi ti iferapeutic or prophylactic pol ypeptides, e.g., antigens,

co- st i at‘D‘r'y nol ecul es, cytokines, antibodies, etc., and/or markers, and
t he | ijgx24] [[@222]itdtausmes therpentitrend yeqtcbr@ystnmenf tltennmmimhm of tnposias,ons
corrprisin reassortant and .rec rrbl nant viruses of the inv nllo%%

por t i Gl CREFTSHY INTRRAR LS SlaSHATS: ¥erant W?W@WGPESQH]@S@ nzonase,
to eli HI & t?da%}l%wl@é;m@@%Qgecﬂﬁ%ddﬁ%ﬁﬂrc@m@@héms %ﬁc@ﬁ@@gﬁaecélfse@ﬂtu‘fﬁcm ne
conposi t o is spécifically included within the enbodi nments of the

i nventielium, §sofe 3jr p‘ﬁhbagm treldiofestion OéwﬂﬁﬁlszadfllvﬁMOpﬁmmentﬂh@éntl on can be

used to ther.apeuti cal ph I t.y of

di sor &lé@%peu]{ ﬁ%ﬂ?c?ls‘?fg gg%eelea[cgg%eﬁdnﬁle IPe?ga ?P@&ﬂgy’ iy Eg Cgﬁafélg’vécm nes for
i nf ectyli@iion @b BRABESe c reftsVadditses] mhaehRidch addinthde,|d K Sinstr@fiodD

2007/ 002008 PCT/ US2006/ 023867 5.11 Kits [0224] To faC| litate use of the
vect orfer pasformésa the majrade vk therinyamtiopmaskegiegrnaighigl gnd erenipigétors, e.g.,
consensus i nfl uenza Vi rus pl asm ds, varl ant influenza pol ypepti de pl asm ds,
i nfluéitZa Nia ing ny s u.,-' ¢ins , and addi ti onal conponents,
such fter, eI I cult fection
sueh sl 6F b TR s Rrilng it S BL T BRd

packageghenBest @il hiiefc Ridsic thefpétinhl dkprdsti@nkictiot) tifRienss vitus nuelditi tion to
t he above components, additional materials which can inclu

i nst r deids epd/or p@ﬁelmmﬁdhﬁilh@aneﬁ@awlﬁé@ gecgrdingdo VRN Kpewp o ?w@ve agl ng

mat er i i c acids and
pr ot elb%!slo%g%g@?q\? Lﬂééggegrﬁ@gg&s%&%g%l %gnﬁl O,Cé[dl{r@% gly&gﬂl% ds conpri sing
cani nenfghficpidn, blonaggirat apeyesis aqnﬁmmion; angitthetikeacd éescribei idse.gf it he

t t fl I
or ot oA BhCureR e MAlPe A B RS e Fro B D B o

bi ol ogy1L LEMURUGSw Wk %‘A&ﬁb&”ﬁ%@ﬁl@b%kfe@ bl MMBEQMSCIBHEE - Y DERAOES |
including anplification, cloning, mutagenesis, transformation, and the

li ke, MarmiaH@sdridoedol.H -3, ajd Spimg HAubwﬁ@bor@IouathdﬁSp@m Hprhor,Qdew  orlp

Mol ec ol,.0 n | s, New Yorlc
(" Ausﬂgg{){)%;m@éﬁﬁ 57 B%Ie?%ﬁ kﬁ%‘ﬁ] e%gg/%leqlu? ooz Fectiniat nual (2nd
Ed.) . MehodslinFinzéiablbeSpioliige fﬁ@@a’dehﬁbbﬂ’eai, Oy, SendDde@TA (Bddaerior , New
York, 1989 ("Sanbrook"), and Berger and Kinmel Guide to Ml ecul ar C oning

Techni [00485% I alBHkiBR €45 thie RLENZIEREREY, PrabeiTe fol 32 vARAGIeTi ficalb @ fshnilbes, ,  San
Diego, CA ("Berger"). [0226] In addition to the above references,

pr ot ocottsas the pplymerase shaimpeactips 8GR h thedigsse efuds 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 et 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 ez al. (1989) Proc Natl Acad Sci USA
86, 1173; Guatelli et al. (1990) Proc Natl Acad Sci USA 87:1874; Lomell ez al. (1989) I Clin
Chem 35:1826; Landegren et a/. (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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such as the pol ynerase chain reaction (PCR), the ligase chain reaction
(LCR), QX 3-replicase anplification, and other RNA pol ynerase nedi ated

techniq NASBA), useful e.g., for anplifyi ngP@gﬁgz@g@Q@@ of the
i nvent i gﬁézg‘?’é& Tind in Millis et al . (1987) US. Patent 4683, 202;

PCR Pr ot | A QUi | () d
Acad@éﬁoﬁoég‘@%g pP]ri’@“gS%tH?eﬁiNgg@ InER lf’lfkf%p b F}lgé]ts“ie(s AP hﬁé}”}ﬂl%sﬁ%i’ Ee\s;i) nson
(1999 ?{b‘r}%Ev 03@ ’soﬂ_ctlgha]s@'éﬁ%éwgncl\tﬂdﬂﬁﬂ%‘(ﬁ{uﬁnoﬁa@%ﬁ/& 1@rkiclddab-vadedat (1989)
Proc t 173; CGuatelli et al. (1990) Proc Natl Acad Sci

USA }ﬂ%sﬁlﬁﬂaundltﬁrmuphm cleimist(yl 9Bg)example; nuclen @wdssqmm@ capdgdegren et al .

(1988) .S 241: 1077: Van B 1990 d
Vel | RbiogzeR 8y teaventioku Bt p e mhaReR BEGT FBES g dn Pibuadlt "
Sook;swy&ﬁm&mewﬁ&lﬁk Sﬁégg5baﬁitﬁé1§q\h'}9|e@gy(ﬂ®2§ _ﬂl_ﬁ_elmg_mats met hods, usef ul

for cloning nucleic acids in the context of the present invention, include

| ar lg@ E%]e#l 2 Bu o yg?h g%tn% {NOdesired §BelRe; eslséﬂ%ﬁy afly MR BRe 48idan 3BP! | fyl ng

el c acl are su rized Cheng et at (1994) Nature
369: (6,&4;1ranfﬂetd5tbﬁnmfamy@|ﬁa@*sneth@rfemmnefcﬁ?d smcg@@w}omﬁmmmmwsﬁ 023867

0227] Ce tid " | hef 023
O e RS20 T i AN Byl 27k 0 0 o
MRNORHEY %théj@om)*"%%s(%ﬂ 1 Rty dersiasattonpliopplar B AIbE S Ol | Ng

che For eXanpl e, nucleic acid sequences can be synthesized by the
s equntwalpesdadant)o andmang othesst ed nonomers and/or trinmers to an el ongating
pol ynucl eotide chain. See e.g., Caruthers, MH et at (1992) Meth
Enzy[ono9pikiadiitig) 288 itutions Dﬁwlmeckqmmh esidzesiguestin vueiswamabpﬁé@ﬁmﬂ&@

essenti al | nucl e ac can st d t
o - cuAmopd o dioade AR sOTRRES dIthrarraie, T carRRid v teaistny o
(m:r&c@ Eﬁiﬁﬁﬁxtﬁﬁl@fun&@ﬁal@&ﬂela%%itﬁ ABsifaB N HEATR BIRYCHaMOMEriSBE RN, anC Oi N)

ExpressGen, Inc. (www. exXpressgen.conm), Qperon Technol ogies, Inc.
( Wwetpeated pbcnqtyp@m:dldrmiﬁgtab@rhé¢mper{1‘r@282®}181tlw%d>é‘ntbie@FP useh8Y i t uti ons of

| | | i shed by,
L e R S A
aC' dI\/ﬁMbﬂ% %Mltdm&cfadﬁﬂdth@ﬁahh ¥reOdll lelcatrenh the tit, abesiesaiiied, @ge[mt ypi c

characteristic, an attenuated ph ype,. cal d adap
t enpéiaibet, egaé}@ﬁg?lfu@ii@?lg%éﬁp’ﬁb Nypergee lt%IgP p ’F@E’W&Eé}ﬁa %‘E |f| ¢ nutations

| nt Omgta:égfé%m DUGL R Cor85HH an AR, o © Qe Akl ERESIRODHBABE MilRagenddpd Raads for

site nmut agenesis are V\é% E&om In the art, and described, e.g.,
in Gustdehe, laﬁ;calnd camUle mdgmcqrdmgﬁa she MemdadusTLinsisudtions perfornmng site

di t t I Sit
Di 1+ oo e dgambar S et S pes o 4y gERane Sednent sBdRIRET 200 B 1
to t hRIeRALA RIS QY Sertias reiiikiiadg. t o

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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i ntroduce, e.g., one or nore am no acid substitutions, into a genone
segnment encaqdin i nfluenza A or B pol ypepti de, respectivel 5.13 O her

Vi ruses 1‘%82?1‘11@3%‘1%8 acids, vectors, and nmethods of the E?'Bgé%ﬁ’gﬁf?%ﬂi%@nti on

can al so be used for expression and purjification of other reconbinant

vi r ud82311 R BreftBiaeb Wi oS ISEEA NeATIEF SiATde 8NN & SeBPMEJRE FAIERSL | ons
I TPOrg@Rt, o f‘}[n%%?'o%ﬂ B ERELYE G QFedl donstiSfn WE I § g ﬁl%qlt&lde\f' ruses. [0230]

If thé target virus conprisés a positive strand, segnented RNA genorne, a
cani nensdiWiopahitl (bidireabdrat systm)pie thes ebbydinieo; atgdivepibnded R4 i he cDNA in
the inner transcription unit (unidirectjqnal syst . In this enmbodinent,
posi 18D B TRk P PogE BOG GPsa PO AYS FOGIER 0 PRV new

v USRS ¢ SIRARU TR 1A RNGA %eﬁcﬁﬁ&%e YiJUSEBwaR AR Hidgectingglat i ve
strand, “segfent eg RNA genrés are produced using the unidirectional system
are swstoin ane witbinsthe peopwfoftimeinvenient i on. -65 WO 2007/ 002008

PCT/ US2006/ 023867 [0231] If the target virus conprises a negative strand,
segng023] R¥Argenpnwentidnengaalsmnbe udlido poldute prasedcempriising priefteuabt y,

(b QITCBE TIPS CEPEITEREY N B DRI OAE o RGN e vat i LERRIRL

genersﬁ{lel@ ihPs b€ 6F infREBHP LA b ffinicHIOA Y MIdstSEBis sHTRRML ERLSe Wher ei n
target viruses conprising positive stranded, segnmented RNA genomes are

pr oduuigidtion ofithe vérablifioyeletwithiathe osl ené theaaveniwpk troduation of copplets t he

i nvention. .[0232] .The prese i.nvent.i on nmay al so S t,0 _praduce viruses
compr SRy PP Paaig donile Sk b e R e Efe o ARRS gahsal o g ¢

st r anderbi@it t6lendl gesdritmndEbmpldle Biet@hakuses.S nifdtn dTtHolelbiens af

infectious viral genomic RNA into a host cell is sufficient to cause

i ni tivars spmprisipg anipfections peemig RN rripally, teswitesthe addiioppldnigodistion|

pr odygt | L. 3 Sl i i on of

B! corhaury yfteHERSHER AT cabRia ARG virdl AR UBLE RENIA 00
genergahomp. Kfr ceanplegparaipiloatzaniug (i esrics a RNA dependénttRi€A lpofyenarysel e of a

vi rus .conpri sing uni nfectjous nom c . typically, requires the
dd] DY BRAPTSS AT QUTRIE VO TRADY THEFSR DB PO ER LGSRy car i ed
Wi t NN A BEpIatish aRBirhisehiftid] ONEraMdRNANEn t1RABOER e o e RAANRLE,

parai nfluenza virus 11l carries an RNA dependent RNA pol ynerase_ whose
pr es enrnileenze U sereanigiRN i zptigipptiovsnfreembetlimests of dhd pregpnt jnvertia | on of

viral_.genonm ¢ repl i. i i Df.i Vi . 1 N the
abserdOR e soryrEReaRtia, AREphBERE EhIR: SRy ET kel B Wi
i nf eghir@digtion bf £ dbsldixpREdion plhshidefieneaitidnvaniihga nuvibereeidinvudinges
conprj si _ngi i nfectious, .unsegnented %gn_om' c RNAs are generat %d, si npl e
i nt r GEUEEHETIReA0 P raTERIs 08B As BITHERRIGO SRILHENPRIEHET GHIPIESr ryi ng a
nucl €} Gs8Citd chidGhiitiiGwherein 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 1s inserted into a
dual promoter expression plasmid of the invention. An upstream promoter in an outer
transcription unit, preferably, a pol Il 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 proteasé within

the polyprotein). Since the viral genome comprises positive sirand RNA, a second upstream
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the viral genre, into a suitable host cell is sufficient to cause
generation of conplete viruses. In embodinents wherein viruses conprising

uni nf ect%% H{,}ﬁ&gmant ed genom c RNA are generated, a(}%‘ﬁdﬁg 02ﬁ%g.?ressi on
S

plasm ds ‘nay al'so have to be introduced into a host cel'l h the
dual d h I I i d
ShoUPEHBET888 it Catetiap i (B R RSBl SR ORR |1 e
CVC' gnam @%aﬁé@ﬁA&% Oq&h W% straa@%ﬁgegﬂ{atg'enﬁnmﬁf hE el JRORe bhhpRdddon (e. 9.,

ependent mer ases n errbo I ments wherein
p| com@me HisandvRNAl;\asenmmdsmgrml pxrmir&rtcm mummwriﬂgamqi‘ced unRNA genone, is

Gl (B U RPN Svnr Tk H oL ARRD R tah 8 FBEA™SY omot or 1 n

an o r SdnteddRNBC S
e Pt W g “é‘%ﬁf-“@g@é‘t% Viral

genontrasea appopryuast eisingithe tridivedtmnels ysieonare ath sedmet ofithelinypefiosd  pr ot ei ns

d f t t i t hi
the SungaRocapRimeaR Rt gkt yRR B et Bad it BREBERE o "
Secoﬁgng'ﬂﬁetm@ﬁéﬂtmﬁﬁ NV RerORE HRGROHE se&gmamaeé&%%%? promoter in an inner

transcription unit (unidirectional system, preferably canine RNA pol 1,

di remmgmﬁ@sé AbrRin g{%rﬁﬂ%bﬁéﬁéeu R%}A@ﬂ@@mgeﬁn&%@ﬁﬁﬁ%mﬁ@teﬁlhe viral

geno mprised negative strahd a second downstream pronoter, in an
i nneis itat prescedeancaisag gen@mte:ﬁ with theqredenbipseming, For efaanisitse wasithe RNA pol

[, would dir ducti on ative stranded. t.he one.
ORI EREE RS BN ol Sr v o St R VirGles MG HERE

prod B&%M@hm&mw%&é BetdyeRbrEYS REkdsLpotiadtion dmlﬁp1@pe of the
invention. Simlarly, enbodiments wherein positive stranded, unsegnented

RNA wionosissorie eRYN A8 fiogtizenesiingegnisrasiand BaA byaviralfy demyedrBNai t hi n t he

scop of .t unsegnent ed
e T s Gt S 08 SRR By R R e e
Wi t hxrtmeApr BSIBBde dribRiithbws, anFarteraran@iptionubit cpmpsieing a symbdiem may be used to
produce rhabdoviri dae viruses or paranyxoviridae viruses, Erefeaﬂg
(5{?/ BipRig © £ion of

par aPHiteraklyApa) il premoisr, diggsbarrotydioncy apesitiue A3y PPIYER
mul t, phﬁ%g%ﬁ%% LAY g% Gty LRSI OREAI R ed tAcﬁi’ﬁ’ozBNﬁ Ry a

vi ral rrve pol ynmerase; 1ndividual proteins are
expr mettar&scuptwmmmmmpmsng epranotaRpeferably adaeie pohbprinkden dircdh out er

transcription.u t conpri.sin r.onot er r ef.er.abl ronot er,
i P o et oA AR o Bl S SuR T BRGromuB EhE hP R minBa Sipckindt O™ BT 1)
geno ?Erafﬂfﬁﬁh%llﬁﬁral PenenakbiipriRintgithe stihddd mengtt(em?dmbm bf e siuat ed.
Additional ly, an inner transcription unit co I sing a prono

pr ef deapriptian saihisrrefmbly lqseshdoanstrenn agihg cD Etég%‘i’cé‘ﬁ%lfsyétﬁm&l\ﬁ copy of
the GeNANe oL md AGERRE 3bkife bt KGN, e pisifiSter o tBE Snrle? Granscription 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 systerm are within the scope of the invention. Additional
viral proteins (other than the protein expressed from the 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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parai nfluenza Il viral genome conprises negative stranded RNA, the
pronmoter of the inner transcription unit is preferably | ocated downstream

of the cmzﬁgfoﬂ?qﬁécti onal systenm). If the viral genon%cygwp?/%gmposi tive

strand RNA, the pronoter of the inner transcription unit is _preferably

| ocatEdiregsioneladesnuf. A peoraoiRIN AR BB ENRRalsd: BigferatB &l Hent s wherei n
Vi ruses_conpt.Lsi.n Ny re: i.ag t he

b1 i raoE ey e B B O B R e ot ve
st r angdeed&NAoGan A Broatoter iphadure dansiiplod beit, préfelablyct coniralposy st em ar e
within the scope of the, i nven%i on. Additional  viral g‘;s?t ins (other than
the premete, digstsdEsserimiosRieHBCIARIPRIVE SR QujfRiaasions] @a‘?mrf 8%t viral
transgri ptd. r ' [ . | ovi ded
i v a1 e e B e H o e ey

al so templaieforerddiioreo the whmplEmentary stsas! lgoripl RN A golgmetsse Thetresidides],
segnment ed RNA gflenomes gre.genera{@gd.. {On t hese enbodi ments, a plasmd
conpriPisteats RNArfugtieeargeted ofieyEhsE can be inserted into a dual
pronoter expression plasm d of _the invention. The plasmd may be either a
unidirectional plasmd or & - 675RqoifiBmbedbmelds pcT/ US2006/ 023867
bidirectional plasmd. A pronoter-in an outer transcriptional unit,

Ccn BERE bt BRSqd pREP Rl e RS Kot T BN ST er i

i nnergehhargcription unit, preferably a canine pol | promoter, directs
transcription of either a positive strand (unidirectional system or a
negat joge7] st TROSudSL dbileFleh®BaimeY 31 Whdrein BubsglatRy baquehdis biprahotst.r and
which is produced may act as a tenplate for production of the

conpl %%ﬁh@ﬁﬁ@&@ 2B o lefbafANAY ROk NBILABEreglfry S&jtkehddig andoubl e
stranded product 1s incorporated into new viruses. 6. Specific
Enbodémimntes. [ 0236] 1. An isolated nucleic acid conprising a cani ne RNA

pol ynerase | regulatory sequence. [0237] 2. The nucleic acid of enbodi ment
1, wheadn4t ke nedeit atidrof embgdierne 1 whacipribmmmgalatory f@RE8qe 18 bottran nucl ei ¢
acid of enbodinment 1, wherein.the regulatory sequence is an enhancer.

[ 02397740ceF B AREIRTE: aci d of embodi ment 1, wherein the regul atory sequence

is both h r and ter. [0240 Th | ej id of
eboaltaat 51 TReREIGr ACBIE RRATHERY Y HEB AR NA By RaG BHEL Lonpr i ses

?ﬁg 'r g%?h&?c% bindpPissBRAIBHdSERQ RoNGf SEQRD ROk LBES haRabdallyaetivy/Ragmagment

thereof.

[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 fermination 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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[0241] 6. The nucleic acid of enbodinent 1, 2, 3, 4, or 5, wherein the
regul atory sequence is operably linked to cDNA encodi ng a negative-strand

viral ge&,@%’ or the corresponding cRNA [0242] 7, ic acid of
ment ,87/{%%8 'PC;E%&)?@%W

enbodi wherein the negative-strand viral genomc

i nfluenza, genom ¢ RNA. [0243 . Jdhe cl.ei ¢ i : i r 7,
Wner@rzﬁé]t hg FREFESSR| th’ﬁ?’i %’gt?o%mwlj§”§§r61%ﬁl%regﬁgécsﬁs%??%ﬁn&gépnﬁgﬁgt i on
seq . . 16k MeEdrosticcpri si ng the nucl eic acid of
en‘ogig|£t§rr€crt1rtﬂ1§%ﬂu/éﬂe1 gxatﬁihlgé%%&&ﬂlﬁ pr{ 8.19d[s%245] 10. '?’he expressi on vector of

1 1 1 ) ) 7 0
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of r@%ﬁﬁc%‘?g}ﬁ? é‘%‘%@l’)&%&ﬁ?gﬁ%@é CrUS5006/ 023867 | 0246] e
expr £s8eably aatier tief canbogsustind, euheode nclt.he expression vector conpri ses
a selectable marker that can be selected in a prokaryotic cell. [0247) 12.

The @RSESS DRe %§R&sonGlctolbPehb®dlinedt 9 Wietdh thd hpraxipn esstoncometsesr
conprises a selectable marker that can be selected in a eukaryotic cell.

[ 0248pultgple Peaingsgressi on vector of enbodi ment 9, wherein the expression
vector conprises a nultiple cloning site. [0249] 14. The expression vector
of efidd] ibnThd Sspresiionsientot hBembipdimshi! T vderaig thei rpaltiple cloppg pted rel ati ve

to the i ne. RNA . pol yne l..requl at i on of
o ot e siaR e e QR Ce LA PR e d e TR e 1 e B ESRAE
regul é&ﬁ%z&ﬁ%@lﬁﬁedm{e@ 280 kheliultledibhiag sitofronr thd uegubgoarsequenkceenza
genom ¢ ,_ conprising transcribing the nucleic acid of enbodinent 7,

t her ap%opPi £duGhag &ﬂ:r'ﬁ%d&ﬁ{},ze@a HA08 P Geitic ROASddmbdsindubmibagiies
prodluci ng a recon%lna t 1nfl'uenza virus, conprising culturing a canine

cel | nedeipriigiafgmbhdinesnp 7 stheichy puashicmng apfinfnissagpramicRNAg, 11, 12 13, or 14
and one or nore expression vectors that express an nRNA encodi ng one or
nor e[0251] uénaanethod fpepodidieseteecmbihaht infintire vinsperasisyigsnltagnss: PB2,

PB1, PA, , NP, NA M, M, NS|, and,N32: d, 4 50! Af i . nmbi nant
i nfl GRS SRS PR el S OR g Dt P Cateral B8 hel per
VI TUgy h%ré@@%ssibg%%rsltﬁat kBB HIN Afenesddodoienimd®. infifkewei n i nfl uenza
virus produced is infectious. [0254] 19. The nethod of enbodi nent 16, 17

or 1Bolyptmideiselettad fivet Medrowswinsisting of: K82, BBodRd Hon NS Nt Mbdde, | x 103
PFU/ i nf 1Za M LUses 0 ; l..conmprising the nucleic acid of
erb Ogsrlﬂafmcf lggﬂzandésol%ﬁqgsthe %eic%gn%%r%a%g?nfﬁeﬁ%! virds

[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/m! 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: (a) introducing into a population of canine cells a first set of expression vectors
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[ 0256] 21. A cell conprising the expression vector of enbodinment 9, 10, 11,
12, 13 or_14. 7400257] 22. The cell of enbodinent 20 or 21, wherein the cell
is a canine &Y ?OOPOZSS] 23. The canine cell of enbodi ngﬁT’UQ@,Wﬂﬁé?"'ei n the

canine cell is a kidney cell. [0259! 24. The cani ne ki dney cell of
enbodéapeble of sxprgprénginrsaidheslle gangipic yegutits fosprayide HOCRMpELE geogre0] 25.

A net for real.l L. I i i segnent ed
negat VoS AR ERRG e LG BT ER o Seelhd S A R G et o, sai
met hogectr® Babsd fExpledging MR URLGLng ﬂﬁ@oﬁn@@gj@h%ieb@dbs(@)ﬁ's;ﬁammg dlls a
first set of expressiaon vectors -69 WO 2007/ 002008 PCT/ US2006/ 023867

capabf ceifureepeskedlls grhaeby il paricles geiumiecedRNA segnents to provide the
conpl ete genomic  VRNA segnents of said virus; (b) introducing into said
cel | s[0d63k2dnihsuethofl oe‘m%eé@thSwl@qr@nsn@etpablie Wz Xiptl $e8ichy aRNA
encodi%ﬂ one or nore pol ypeptides of said virus; and (c) culturing said
cel | sPARABFS by viral particles are produced. [0261] 26. The nethod of

enbod] t, 25, Wherei.n_infectious.influenza viyal particles are produced.
[0262i0r£§21 Z%hgh?r’é‘teh@é Oéﬁmi’ﬁ%lg&ﬁnﬁé%fﬁ é‘% V@Per%%?ﬁe{}\’/ﬁ‘e‘ﬂ@fsds HSper virus is used.
[0263] 28. A nethod_for generati ?J%gleg cul tured, canine cells {nfectious

i nf | ubR$3l 25.r Aimethad for @eReratinginCURted SEURE GHHS ??B?us(l&%u?q??ﬁ’ﬁﬂhci ng into a
B L L S L S B G Ry
genonexpressiia weipnecHpsblefof sgprdssing insamlingil§ i) genoRVRMA sdgmentotveprovidaor e

pol ypepti des of sai.d virus; (b | turin i..d S ereby said viral

Par 1| Ebcomalees prbiic sl NA Tispters e inang forE AT PBORY CX 0FAA segent
of a“pél?fy%ﬂﬁ%@@@féé‘id%%us; CORIthGhHShid CARLAI NG GiddliphRichRtard pro@basger ase
pol ypeptide with a pol ynucl eotide conprising a nucleic aci dpsel ected from

the g Ngi-Sid . glﬁg}r Q@@@ 5 j | AR Uh@rGi@ci d i s
opera[)qayg* ?%kédﬁ%%&gog%ﬁl& no gcu e %%%%%?nrﬁgbggﬁi \?%%A se’gme_ntr %) said
negat cagacsing ardnine polbpolamdrass pblapentige avithr apdpnidkedide RMNPE SR fuclefc0265]

30. The t hod . of enbodi nent. 29 Lt h LS transcribed.in a host
el | R BB 59 BRERHaRBe G A hE Hatb el bR ISR RIS "5 O
28, Vhsr@iD iaREd o LAPNASEOIRNUIY edoding sHiDVRNASepALRIE spliasgittie sh@@B7] 32. A
conposition conprising a_plurality of vectors, wherein the plurality of
vect ovisus; guthiselasiag & tipaeqried ¢ BAR: feEMfgt-a cani ne pot | pronoter operably
linked to an influenza virus PA cDNA linked to a transcription term nation
sequeiR65] 30.vEbe method wf eindpdigneat dnvhrseip he YRNAs fraessribeshigradisisycall nked to
an influenza virus PB1 cDNA linked to a transcription

[0266] 31. The method of embodiment 16, 17, 18, 19, 25, 26, 27 or 28, wherein each

expression vector is on a separate plasmid.

10267] 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 termmination sequence, a vector comprising a canine pol [
promoter operably linked to an influenza virus PB1 ¢DNA 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 ¢cDNA 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 6DNA linked to a transcription termination sequence, and a
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term nati on sequence, a vector conprising a canine pot | pronoter operably
| inked to an influenza virus PB2 cDNA |inked to a transcription

t er m natyy@n.GesHGIRCe, @ vector conprising a canine potpch REQEIRLRE, Operably
| inked to an influenza virus HA cDNA Iinked to a transcription termnation

sequence, a vector conprising a cani . r ef@lipnal i nked to
an vAStPURPBRIISRE %%awng%&lﬂlql}qﬂtﬁ'e@)e?%bqgh r%c’tnégcgﬁpll 1%??%r%ﬁtvg?m§%ati on sequence,
a vegc . I Sit DOe@nicaNbl&ql&ice] pronoter operably linked to an

i nf ﬁ@%%? ﬁ?@g&h% ceDNA} linked to a transcription term nation sequence, a

xle?ltjgiq\zﬁ ggﬁk@:cﬁ%ggs@&? L P &P imenPIORBLEY PRI dne diifikiedxpesaom i nf | uenza

0 a transcription termnation seguence, and.a -70 WO
2007/:00200% RET:LS2 A0 A2886lng vrceionorssribangs nglvaciids ssecis8 o ffonot er

operably linked to_an_jnf] a, Vi sm | ?@éiztoatranscription
ter @‘M¢WIS§@&9§€@8?PFM%‘§]6§§3N¥’T ’ gl!\ftels&nang erbodi ment 32 further
conprising one or nore expression vectars,that n?xgie_s an nRNA encodi ng
one [026%jue A hbstweh zemposmg i fodpositica of suLPIEAH 0193?’(jup consi sting of.
PB2, PBl1, PA, HA, NP, NA, M, M, NSI, and NS2. [0269] .34. host, .cel |
CONoRH]ES. t A eacanpasipisorg ofirersodieed fydhamegiodl ."’nl%]@%% AT@ ’ ?%A VWacci ne
conpri si g%a Vi I’kIS produced by the nethod of enbodi nent 16, 17, 18, 19,
25, b 25; @Y 098¢ (0271] 36. A vaccine conprising an inmunogenic
conposition prepared froma virus produ £ odi@f enbodi nent
16, 027113 AgACQES CORPUFMERD %?1“1@?%315]00%?%5’%1}?%%%%@%1?0” “of enbodi ment
35 of 18860  LXRPERRIAM 6/20] 18, 102912627 wdfar ate plasmid. 7.
Exanlf)rlog‘gcefl\gg@é?l#ﬁe ?olol ow ng exanpl es serve nerely to illustrate the

i nvenl ne L& i Bimdi® 351086, Wigeinvach bk@Bssion aolorwagn a 7. 1
Exan&aggﬂgﬁcﬁ%\f%@h}dﬁﬁfﬁgﬁ%an trai r?s in MDCIC. Cells [0274] This exanple
descgdapse slaani@ct eri zation of several cell lines for culturing influenza.
Several different cell lines and primary cells were evaluated for the
production of both wild- type 14wt) Exwhmoleneti c reassortants derived from

o Hop e o i R o 8 DR RG g e, & o

DF-1, Ver and i,l e many of the cell types supported the
r epl ioc]é‘?’ftghe%Ve%t%%hgg?’%;/dapt ed influenza strains to a linted extent,

only_NDCI consi stent | j {l i®cKdelRot h type A and type B
vi rudds. tda,ow = 4 Siili‘d%’é“f’ﬁl‘J'r'T(‘:i’_t'b“'s“upport 't h,ef{epl i cation of

cert g AT hayékabild SperiRs\chnuseszatmnofsevartlaellllings forgeliuring influenza.

Several different cell lines and primary cells were evaluated for the production of both wild-

type (wt) and genetic reassortants derived from laboratory adapted, e.g., cold adapted (ca),
influenza strains, type A and type B, including MRC-5, WI-38, FRhL-2, PerC6, 293, NIH
373, 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, PerCo 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 PerCé cells and the replication of wt A/Ann Arbor/6/60 1s 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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that seen in MDCIC cells although the growh kinetics are different (see

Figure 1). In contrast, PerC6 was unable to support the re%i cation of a

nunber OfW9&0Q7§pﬁéOO§\ viruses. Figure 2 shows the grow hPCHPVRLOATB W and
ca A/ Sydney/05/97 and A/ Beijing/262/95 viruses. In both cases the ca
st r aiduridgélse fist 24 bt pedtdnfipetian hayvaver @8y dhed whstrainkenntiseed tRiRfigase 9ut shows

th for. w. Al bor [ 6/ t .th

straith 1 25eSEnHE o affirt @R, Ferhl b ARsa e VRS BRER AR Al L 0
of Wy At dag,lgqialf\@b@ﬁ deBs.NSte Figdrerobust as in MDCIC cells. Real time PCR
anal ysis of influenza virus replication in PerC6 cells showed that viral

RNA (b 1ied st &8 aR0Gesid By 1Rf WANY %o Vigpes ShliciinSof Mpdeased - 71 WO
2007/%%0%@PCT/ LIJ{SIE%%%}' 02%867 ° duri ng I‘tahe i rstﬁpg4lh%5)urs1 %s{‘ﬁis nfection

howeyendemicyactiee,we A¢Vicnas/ 1 2820 MO celly weisénigeted at lo¥20 hours, the ca

strains di.d not.. .In contrast,,both ca V NG reached

pl at é&ﬂltlgh"%@%@chﬁml\ﬁ%ﬁ 082’1/ Véegn%é%/ 3@@4&@. VI%Q‘% #ﬁ%iw&a s were

al so L estige awal-ibﬁsednﬁe@@st {rif¥ction. durd gk ifadtioanthetitas pbeent i al

pandem c vaccine, ca A/'Vietnam 1203/ 2004. MXCK cells were inf ﬁegtl eﬁn at a | ow
mul t i i Vietinesp/1203(20pévaacknd spproximately 8/jcsnbrilp o sabrengedsiadlstor e ne

super nat ant uantifked at various tinmes post infection. By 48 hours
post qeﬁfigé?ﬁ:@%?&t‘%g%%%ée;s of ca A/ Vietnam 1203/ 2004 reached approxi mately

8l ogl I [nl and reppihed stable far t 98e Figure
5. [O@%gﬁ Iﬂqﬁﬁ? ﬁ?%’%@\{si‘ @@ﬁ,"@b@%@%‘ﬁ ﬁgmotg?éb?qﬁ\tg%h??cc?%nﬁ?rﬁgg%%% ccessi on
No.  Gire34pandel heinsiaandadr af fided iaskhoumbeia cohtatning 50% fetel Hdvete serdn a

contal ning 10% fetal bovine serum saourced fromthe Unit ‘?é&bgs or in an
appr opuiegt drose e miied Statedprdn @e agpropuigertgbires ge ﬁ&é&u@gg/b U8t er cel |

st ocks. L0t al ' ' g r ' free nedia
T e T e e e e S e
Decenfedia 2 des@dd;in U.S. PrBvieivinsi apmaicatippNocéd/p3%) 166 filaDDexrmbese3, fil ed

January 5., 2005; and U S. . | i i.0 1/304.5 fil Decenber 16,
2005, 20%s H-SF rvoﬁ?leﬁﬁi@?ﬁ&?f@%pﬁ?-r@%dgﬂ?gkd]JBQ&“%f%Pef@r?c%ﬂ Sts entirety.
Cel | spAMBIEBLEE R | Y304, S¥(iiel TREERLEYIE 00, AR BwhRH DRk bbysihastksratedl cel s

supported the replication of cold-adapt ed' vacci ne strains and panden c
st r ai srefigrencstioin ehtirethaliialls werpedadily Zeavan inrboth Hiperobmedia apdbethyicys Tabl e 1

Conparji san _of npr CLiViti l.d- i - A i n serum and
sor e <08 sGioshir sk ioalitn 8 GRALRANE M Blhe bl a0E BandetClufiind &b SCT UM 20
MDCK' okt i8 Grabld VRGN FEgiidIB, respectively.

Table 1

Comparison of productivity of cold-adapted influenza
strains in serum and serum free grown MDCK cells.

TCIDsﬁ/ mL (logm)
Virus strain (6:2 reassortant) MDCK with serum | MDCK w/out serum
A/New Caledonia/20/99 (HIN1) 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 PerCo6 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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A/ New Cal edoni a/20/99 HHNI 8.1 7.8 A/ Pananma/20/99 (H3N2) 6.8 6.4 A/'S dne
/ 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/ }7ha@412000 6.9 7.5 [0277] To investigatgqt gegnent s
r esponsi Ie ?or the restricted gromh in PerC6 cells t%g Eﬁéﬁ) }agﬁ‘sa md

rescue techni que was enployed to generate a 7:1 reassortant for each gene
segnMgfksdfantshere Ml dnugsigad fdrf%ﬁélﬁélﬁ@t}sﬁorraplﬁbateﬁaé’el(é6 cells. YeSFighad Bntlhe, 951, 754

for a representative description of the ei lasmid influen scue
syst gmwilirgdirietion @W@Q&yp@apwéwéﬁampcmdh%ﬁ%ﬁg%ﬁ%?ﬁ%ﬁ%@ $E8HERE %t“?‘%ff ﬁ for

h 7:1. 23867
e e N T S S o i s
cel | syeliSeRwHngHs &rt.7 Forldxemply, Suquencesimpartsbonf whmdﬂayqumppé&rlslelttdiadap to
t he PB2 d PBl t det ai J th ti
o8 paanst HERREr RIS HRE RSO BELANoD B HEFiS A eS ARG SRR know i n
the af tateg o ex%?m\}vt%i o %ﬁnﬁﬁclpﬁﬁ%ﬁ a0 fan%zé%ﬂ"él ﬂﬁﬂ%‘ili’ﬁ!}/n@gﬂoﬁ/ fnhe

i dent'i gene segnents w ow for the identification of "specific

di f f greane edlswighnatation theneitier pesentsmntwathed aiwt stiinherallawagrorthedasar ai n.
Such mutants are,then anal d for their .abi]i t.0 owin PerC6 cells.
Any RO sieniifigd a%‘i"%eﬁg?t cﬁﬁgﬁ’élmsg 0 theoRtP W thfes témﬁf}/ﬂ lﬁngfyﬁ’eor all ows growth of
a ca strainis |dent|f|ed as aone that cntrl butes to the growth

rest riZt i dXasRIng morigenioity oRNIDCI CellddBeieni city of MDCK Cel |l Lines

[ 02 7%@2@ el"ﬁ%g o%Htmla'ﬂumto‘ﬁ@Qﬁkﬂg BE ﬁ*fett‘)(/og{reu}ﬂﬁgte} VA1 06&s TRIMIBCKGRIL, onkoCcks  of

I'a containing serumand the ot her in serum
free gigghén 1méfae:oﬁtaﬁim@$@ﬁtm and theeothert inysenine freentediapeises aveleledan the st age

t hat woul d represent fter at..ex ecte o be d for
vacmW’%‘P@Hggfno&’W m‘i’g @géﬁﬁﬁ?g"a?g' ‘?ﬂtgfeﬂfﬁ 2 or %Xpeﬁt% ct ed
Subcyf, gRGOUSEY vhatiR: #B&&Uﬁ%nofo @%lﬂtéﬁnﬁél‘ijgeﬁfcﬁt?rI(S‘beﬂs'i%wtlhﬁct%ﬂl rral s were

sacrl?lced and exa Neopl asi as were observed in six of the 10 aninals
i noculubtwenheaisly intherapsiof 10 prise aybeftdr $4geyuthe prisealaicsaciiccddRir ast, there

h |1
v s 5 BTSSR g st 1 oLl

fi br gmadGeanssenan Sree Ryl 6d @hirbdietheietveasafo dvitonad aifmampiasmeh sy pithsaged in
serum were not tunorigenic as shown i n T ble 2, T g T%ITDI‘IEI’]I city and
A it 0% fee

Kar y oingggls drocntatsd with pelispassagad immedis sapn fsr@plg ovine Serufi;

although some fibrosarcomas were observed at the site of inoculation, cells passaged in

serum were not fumorigenic as shown in Table 2.

Table 2
Tumorigenicity and Karyology of MDCK cells passed in two different media
Serum free 10% Serum
Passage 4 Passage 20 Passage 4 Passage 20
C lasi No neoplasias.
Tumorigenicity ND Neggtz(s;as ND Fi‘f)rpsa;gcomgs
at iyjection site
Estimated TPsy’ ~10 Not estimable
{no animals with ND ND (>1 07)
tul‘nors [ total (6 /10)
animals) (0/10)
. 78.; Lqrge ' 78.; Lqrge 18; Feyv cells 78; Few cells
distribution of | distribution of with with anomalous
Karyology cells with cells with anomalous by
Median number; chromosome chromosome chromosome ¢ ogn osg;}n:
comments number of52 | number of 52- | number (70 to um g)( ©
to 82 82 82)
*TPs: Number of cells required to induce tumors in 50% of animals
ND: Not done
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Elgrulmf_ree 10% Serum Passage 4 Passage 20 Passage 4 Passage 20

Neopl asi as No _neopl asias. Tunorigenicity ND noted ND Fj brosarcomas at

i nj ect i ontYQAPEOR} nat ed TP50 107 Not estimable (no an HEPLOG ¥ 'ND ND
(>107) tunors / total (6/10) aninmals) (0/10) 78; Large 78; Large 78; Few
cells 78; Few cells distribution of distribution of with with anomalous K
cel | SopF9jhAcetove ini Fdbled daslotis anelyiesvere alsoparforred @hthesrdwerEemaseent s

chronosone, chro 0 roppsone,. nunber . ( 70. t Nolj f 52-
munbeel RS 8 35 Tieouai a9t Bopicrmage ¢ i Spr LB LI 2 BTG Pnavee
tunor m'/ggggxﬁ%/ocais_ ﬁaszg%h% 1002 F A% addonediad BuMEe 20’/ HA28: REIMUSAA6/ 023867

[ 0279 own in Table 2, karyotype anal yses were also perforned on these
two pwithesdaterly baited disttrsionof pallsivithetheghterosomee RURRRFS gt%ﬁo Sassage in

their spective nedia. The pon- [ [ ' 0% FCS had
e VAl Riisd Sorte et Ao BeL el AR R Ao S BR ST PR ROV
g Ie Islt ;é}%&&hbwnégf sigSifilcanti 1]§lbreqieh@fjv_eﬁaml amﬂ mgthrummemlsoi(dmrcnmssﬁ:)e. Wil e the
assaged in serum free nedia al so ha medi an nunper of 78 metaph
cﬂr onpEwres angin Pt Paadlyneterhase eirpmosEnes. o@b@ﬁ@@%ﬁ%%%aéﬁda%éﬁl oid DooE
chronpso r Lhg from 52 to 82 netaphase chronosones. |In both
casesll,l()%tC %%?z?#%ﬁ%&f%g]ﬁga not change foll owi ng passage. 7.3 Exanple 3:
Adapt j ng el]s, 10 ' 3R
ATCC 4re pad@BBELL, et Comta g~ garre S10 ] prs FBS. These cells
?(r)‘r? rTL tﬂ(_)]p@ﬁﬁ@hg%gll@?b nthé ATOTIAH iplassgéed inmeslia comaiseg gaineaeadattida
ati'on chosen to support cel, ank productjon. Serumfree nedia are
dezchB&dThese&eEs arephesypassased b LngiadineaYeh AT NBes Ingoiceds g 61 60/ 641, 139
and U; S, t ' ' : i my be
port o tizab hotER 45 RbK 0 p gefdaciin. SERARroBitild @OaLuBEsROGS. MY be
Provisional Application Nos. 60/638,166 and 60/641,139, and U.S. patent application

11/304,589. These additional passages may be performed at either 37°C or 33°C. Passage of

DCI C cells fromthe

Qi MD PRIY T B YR Rl iHe8

MDCK cells in three media containing plant-derived supplements rather than serum yielded
cells with karyotypes similar to that of MDCK cells passaged in FCS containing media (data

not shown).

7.4  Example 4: Cloning of MDCEK Cells

[0281] Cells were biologically cloned through limiting dilution in order to ensure that the

production cells are derived from a unique genetic constellation. Clones were screened for
various phenotypic properties including doubling time and relative tumorigenicity, as well as
viral 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
TCIDse. A minority of the clones produced relatively high titers of virus, greater than was
produced in the non-cloned parental cells. Clones with superior biolo gical and physiological

properties are used to establish a Master Cell Bank (MCB) as described below.

75  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.

- 74 -



MDCK cells in three nedia containing plant-derived supplenents rather than
serumyielded cells with karyotypes simlar to that of MDCIC cells

passaged&q?oﬁ;ﬁg%nt aining nedia (data not shown). 7.4 %ﬁﬁsriw(%szma oni ng

of MDCK 1] Cells were biologically cloned throu ting

dilution in order to ensure that .a,hgl roduction cells are derived froma
uni que genetic constellati g ened for various phenotypic
properwwww ¥ Sie—t-urpr gen-et+ty-—as wel | as
viral |Sfepeualitesh, |n an initial proof of cd :GRa“f/AbrsBWlfiﬁm, fifty-four
MDCI C|&kariligy were obtained in nedia_cont aildid s 1 &R wer e
passadegyanthseach was infected with a Fow|{HIMWIicity of infectilon of ca

A New [GalRHGRIR 2D 8: vine\Bhudlipleaslsliadsh ¢r i|mEBCtion, the supernatant was
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of Cell Cultuxe-Derived Influenza Virus

[0283] This example describes characterization of influenza strains produced from cell
culture as well as from eggs and compares the viruses produced from the systems. Generally,
the influenza viruses are suitable for use as vaccines in humans, and have biological
properties that make the viruses suitable for such use. In this example, the influenza viruses
are cold-adapted (ca; have the ability to replicate efficiently at lower temperatures),
temperature sensitive (fs; bave restricted replication in vitro at higher temperdtures), and
attenuated (a#t; no detectable replication in lung tissues of ferrets), and are referred to herein
as catsatt strains. The comparison includes: biochemical, antigenic, and genetic evaluation
(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 ts 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 s at strains in MDCK. cells did
not alter their genomic sequence. Three ca fs att strains, ca A/Sydney/05/97, ca
A/Beijing/262/95, and ca B/Ann Arbor/1/94 were passaged once or twice in MDCK ceils 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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A Sydney/ 05/ 97, A Bei | i.ng/ 262/.95, ..and, ca nn_ Arbor/1/9 passaged
once niaced o Ressoe el imateeiBRF Eng Ry ChRB R g
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bi ol ogat@blitatmhtos thefvactiee waadls dist prt chugedhé tigggiligof NBCKCEBE | s are

ex pecgfrgpe}rgd E)eegg derived material.

Table 4
HAT Titers of strains produced in eggs and MDCK ceils
HAI Titer
Strain Egg derived MDCK
derived
A/Panama/20/99 256 256
A/Wuhan/359/95 1024 2048
A/Wyoming/03/2603 512 1024
B/Jilin/20/2003 64 32
B/Hong Kong/330/01 64 64
‘B/Jiangsu/10/2603 128 128

7.7  Example 7: Infection of Human Epithelial Cells in Culiure

[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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I nfection of Human Epithelial Cells in Culture [0286] In one embodinent, to
eval uate the biochem cal, biol ogigghte sand structural simlarities

follow ng repli ??ct:hf?i@al%ftucﬁéﬁo MpXabire?Rl 2R 8 PpRAUSRIvACamed nes in cells of
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PCT/ S288806 9558 at}oﬁl?ﬂépqﬁﬁﬁﬁfﬁyal rwaly anff %ﬁ tg ompayi son of the

pr ogenyXypeties of replicgian j8 UPReAITWY 1)) ¢ Y raBRding ing an

ef feg tlnwnorgnmt?é}’response St udi es of| Rineicabpreppiiss hemaggl uti ni ni(binding

and flusCme}-resstivitgur ani ni dase acti vi tli esMogphobeginsakMr ed on t hese

mat eri dtimetiss wel | as ot her bi ocheni call amdectionscTotebbartithesl(gssoinesl ydi ng

el ectinpRchiigy 0oscopy, Infectious to tiofaionpativitgl e ratlos and viral genone

equi yal 8hdeSregaedRr a¥RkHRL 98hlicN& al 1], pH optimum

Dose required for antibody response temperature optimum
: Genomic sequence

Neuraminidase activity

*Compare primary products and after one passage in human cells

7.8 Example 8: Preclinical Animal Models

[0287] The ferret is a robust animal model used to evaluate the attenuation and
immunogenicity of attenuated influenza vaccines and component vaccine strains. 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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eval ubivelst inghé hngod these enimplsofThefi@pact of cell culture growth on these biological
traits is also assessed. However, it is unlikely that any differences will be seen, since the azt

phenotype is an integral part of the genetic composition of these strains. The growth kinetics
and crossreactivity of these strains is evaluated following administration of a single human
dose in these apimals. This elicits serum antibodies that cross-react with multiple strains
within a genetic lineage; and it is expected that a cell-derived vaccine will have the same’

capability.

[0290] These comparability evaluations should provide significant insight into potential
biochemical and/or bibphysical 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 fs ast 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 fs alt 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 evalnated 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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performance resulting from production on MDCK cells. [0,2914{ Ferrets are a
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Vo 2%)&{19&2399 ﬁlcﬁs%yg&{%@@ﬁ%%@%nother 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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[ 0294L02§hj ReX BRlLcA88E H@Sritletivige pérfdrhed tcaidensfyiBSiniiidoscivalidRNA gene
and the 'nucleic acid sequences 5’ to this gene. -79 V\Q .2&07/ Og§8p8
PCT/ USPDoB0ps 8emessed 595] theicarpe RYhpok lacaNpon: JrmfsexBEa Y <OPatts si on No.
oCL- 35}0’&3 iAs‘-glca:t@d AR I\’Iﬁek@éeﬂg A labeled oligonucleotide primer was annealed to the RNA

and used to prime DNA synthesis towards the 5” end of the 18s RNA. To identify the first

nucleotide in the transcript, the same primer was used to sequence the ’RNA 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 franscription of downstream genes, a construct comprising an
BGFP gene under contro! 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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bl 2 ECHBR ESR i eHaREaBRTT o aafren e YGK Bl Sl Re BB, 1 TP e
Amr&&[ﬁéhc-gy%t bl '@'Hﬁ@lll €61 bONe SueREds!3’ Pthe20Qfatogndemdigs, assi gned
T.C.'C. Accession No. [0296] The two cl ones obtained by restriction
d' ge§t1!lon13§’i‘ﬁlltﬂes 13 I&@n{tﬁl(ﬂtioﬂm'ﬂﬁﬂem POlynERhAL REDAtolPEIEMENg| Ones was
conf E@gﬁglfﬂ% R '?fé'sé]%eg?c entifibAndn cﬂﬁa&%@zﬁ o‘ﬂrlﬁsa o neRGeA 1 Ction map of

t he ragmen esented as ure : e conplete nucleic
acid @muﬁa@e&g@fatdrpeleﬁﬁ@gmabam menpcﬂmeﬁlse Epmmdtersu te and the next BanH
I S|te in the 3 direction was determ ned and assenbled into a nucl eoti de

SequURIes ]9@9&1’51@![{'1‘{}0 oFlRLoBRSthd HRGESeuldivis rapmy encdentifiqiriesmepetngs
Fi gur es Next, primer extension experinents were

i [ 0297]
per f swquebes §’ thfémmtlgilqﬂhié) tramﬁmmmnmféheeiﬁﬁ IB&A Brr conoiie®d Preteexpressed from
th | at ed
RN VARV DN e

and tg@ted for Wfﬂiﬁaltlﬂ‘dﬁs@ﬁpﬂbhﬁ&hﬁlattoﬂvaﬂd Snd? blﬂ:hfdeleand egperithent,lBeesirielidn  To
sane i.mer was used

dentify the f t leotid t
![ 0 © 2 @%ﬂﬂé ﬁ@@equﬁ%{ ;Wnﬁgﬁtfr&dén%g%ﬁ ﬁ‘ﬁé‘gﬁ?ﬂﬁﬂ‘g EOHPTHE %Sgs%‘ﬂiesp r ot ocol
By cgupa Hf e Hﬁ@ctecﬂﬁgfageﬁ)émst hﬁe@@ﬁh@ﬁ&l ﬁfé‘ 19 mtﬂ)tﬂﬁé’éd%@ut 50 Aledlides BT

extension’to the variotis nuclelc acids obtained in the sequenC| ng
reac fmm‘theﬁ-hemblemscﬂe idamd'iazdf abtohe, mekzonmw%ml tue isueriemrpdented . as Thgurey r st

tran ucl eoti de . Sit bhas 8 ucl eoti de
sequggc@ gﬂfleaﬁmeéﬁﬂ‘%%&ﬂ Fillt sth@ﬂg Ohd[eﬁﬁ %ﬁncel'S 1§H¥e§r9 %1‘ E%gl]t% IV%1{e])(a%1§quences
upst #?%Bh&bﬁli@lﬁ&ﬁtﬁidauﬁhﬁﬂidﬁed boBt@ineds fueigedsis. regul atory el ements to
direct “transcription of downstream genes, a construct conprising an EGFP

gen e SF fThé QQ(EtE)ﬂlcoHtfanﬁ(ﬁéethe%@fcﬂbﬂ sSQUHE TR JinvRSzca O Higdia bR vithgha g
stan t echni ques e EG-P gene used in this construct is the EG-P gene

desc apﬂtreplmtﬂ 1¢5¢1icfnon@nzym@t Nakt, a zm@m)wneftmbﬂg@qéeg sppredesic Lor the

generati o nf | a.A Vvirus t one tenpl ate
Vi 1oF6 °? %f’y’(affl% ¥ s 8 dh“‘-’t?ﬁmf‘ ﬁm?ar “m%ha%m %ﬁé@i‘};@% 007/ 002008
PCT/ E@%Q&ﬁé@ﬁﬁ&@ﬁt 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 mmtants 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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transfected into MDCK cells using conventional techniques. 24 hours
follow n transfection, RNA was isolated fromthe tra s and
subj ect eg"?ﬁﬂwppﬁ%r n blot analysis with a | abel ed D&éﬁﬁ%ﬁgﬂ%%gﬁ EGFP
gene. Detection of appropriately sized transcripts confirmed t£at t he
pl as 098] ditermetadptibelcaninoRNdepaDeroBeler cndsripaned draeBEImeigaAci g equences

that directe Rt X PR r 3 el enent s.
7. 11Eedi0E SEP AN Byl ahethotR BT ARG pe e Ryl FARPRE P

El engpirsact 02994 ¢ Thilstistad s expPlisation 26850206026 forr oad ofrm iafiverehar act eri zat i on
of a canine RNA polynerase | requlatqory ele t, the cani ,IRNA pol ymer ase
| pr OXDBIZEROINS FROUE @mnﬁ@dmﬁkl—%gﬂ W %faé‘?“‘réﬁetgﬁﬂegﬁlﬂﬁﬁm}s‘é %r a¥8Fy regi ons
are identifi [ [ n ' iRhdhall eerek

tr angfc%r%fa%lnlfl%eg%(l) yotnlﬁgéﬁgg@%ﬁ%p gﬁﬂ%\ré%g% %31 ngg%%ﬂeg?héﬂslg uences., Ie:turt her,

si mplug (YRRt Unibiexpet inpeatds: far diepenéativedf iuerdent vifus: vREA osduetéés
required for efficient transcripti L. dpitiation. .l.n one such del etion
expeEYHEHS /ren Pé‘%f“’l”?Prc)‘W 10 iﬁé‘?@ﬁ%%@té‘@gaﬁ? TIBEGE Y 1F!Ied ina

pl asmi | NG t i1desseauRNCE(©f4188aupes 9A-C by site directed
mut a e%&gggﬁ%nrﬁggc%%fﬁug?tg is int r(%)duced about 50 nucl eotides 3'
from ' ' B £ : [ }&1@4} i FortdiBcisgguence

pr ese[ﬁ:{lfeatljﬁés&g%eggggsg&@%ﬁg%‘%ﬂgg ﬂgreﬁér}g(g%rrlilégﬁ% gé%lhl;?c?g 5 te 0 trhe nlucl eoti de
sequenascrigtiofil gnitietor) MaQliffetat deletiodsubhetution nytits deseribes abgenel gthed or

{ e GUPEQHTIOR SOV QRPBLOHr 6o FHERMEFHRI Pocibony B o h: L

appr Qg thinGdeh O e P OFNTBat tHRXdriptioh oBRRESNTE abmetupy 6Bthe rgr
ExonSig FE’ZE(EEIG?%IEXOWCI ggse [11, and pt he like) is used to diagieefﬁt@glpe i near -

nucl ejege deiedss orBipitttiop i rgnsdription dadd dnketin isPhsEEivn rpViHY-
R e L R e L B

I'near plasm are recircul ari zed
and tRARhiBEanisNNex 8 RRBDRNAAH epdndait RA bslyntehwen sgethestzee gotitive-dent i fy
pl asm ds contai ning the desired_ deleti ops Al ternat elﬁ%ﬁﬂ %@@r riate
ol i goteand BB oM B nEEAtEFrIEd RAYY UeReFOELRPR e "PeHHRREY "k ng a
o P o L Qulif LRNOAUARE atfby B hEAWHETERRLRRY 36 ek iRTepRA pioimkce

deri Vat1'ves contai nin op-out deletions using Standard techni ques.

A i gqaiticdr ERAPdRC ABpactpvityeabbe dsedied.o make site-directed substitutions

usi ng standard techni ques. [0302] The ability of the different deletion or
subst[pse8]i1athdBt@R 554t 0f enprishsidreplasmids drat peritains the cDMAeefl e PHsy PA
transfecting the plasmds into MDCK cells and.det.ecti L i bed

f r om A NI R AL BYP NEPL IR ~ACBIbe Goatr %sctﬁnﬁgeﬁ%g%@éﬂg@%gﬁﬁ%ﬁ% t he
sequ i &g&ﬂ' ke NI aRSeP infthigeRomb tdh thdsme- QATRtepdaten ot

al | oﬁ}r?gﬁfs%gﬁdsél n,Sg%e se(lqluer?cevof t he car%i@ne RNA ?O ynerase | pronoter
i s i dexts the edntraCofieentativeshnine Eahi yadstony ssquenas. Jdegells @ figmaltareduct ei c

acid uen gro f(:jolnggiotng Ithseu‘, ;S)g e {}gnes'cxig&on 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, desi gnated
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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WO 2007/ 002008 PCT/ US2006/ 023867 [0303] Alternately, the canine RNA poI I
pronoter can be napped fromthe nucleic acid provided as SEQ 1D NGO 1 by

ot her gr4nen in the art, e.g., by using a mni gq.@qy{%m@j@gsg@ch See,
e.g., pu Ilshed U. S. application 20050266026 for use of an influenza

CaT Bﬁﬂif@@q SRR Ry e MO it PR RE R R 2E, VB

m n| BRRIIE 2 %ﬁvﬂfﬂsﬁa@ﬁﬂﬂxeﬁ&me@émn 40N Crighion 8138 %bo‘ai) Rrpacibnédtipstieam
generation of influéenza A virus: VRNA and i nRNA. synthesis from one

terrpo’éarenwtthwoml@emﬂl)enaaé md 3’ amanﬁl?rte@rﬂ?ﬁlwrfaw teylag EANAFPOL| - CAT- RT
in Pleschka t al Vi se these
syst%I s 1°PSC g(ﬁltyi ?ﬁf“ é%gpé%%%ﬁe Fgf%l&)z%%?lﬁe Oéwée%u naéégﬁ?%ﬁ%ﬁgéll i %Pyeffl ci ent

t r anggee] PlbenaAl). Thideisapdred cohditucth Frée meade vdﬁd:}ednfﬁarb’dsn h)lsd intartdddviDEE ant s
descri bed abové or other subsequences of gg %ﬁwobtﬁrﬁe@ﬁ ﬂuced into

t he sesporacarMRGS searencasdct8id (1, & 180PEr).and AT S0AKE2 H{fg one) such

t hat a § depends
o’ BRI GoneaRbeN R RIaR ERR KRt ERAL ke innaar, COPENT
EGFPye gﬁ@ﬂt@ﬂbﬁb@lsQBB$I?B@;ﬂ’M&ﬁthPb&ﬂi elbdvepocaed mh«ﬁ)ﬁlﬁmﬂly Ae2dised to nake
such | etion or substitutjon nutants. vi ral e nt

ol yHeNESestegREFRISFA LS, Sril VR Serind RIS B R REL | SRSl hnd RuA
tranggc f I i tand MRNA is then
tran}sﬂf Flg %d]bz Q?h%gggﬂ?@g%égﬂnggﬁl %Z??q‘gg-ﬁ? (gotp I?ﬁz‘h?dgfﬁ?@#@gr otein (either
EG:PraspecﬁAzﬂ)y) acsulted inyEGEP floercdetnec twdle ttp@@@mst]mqt fecking mewaies activibet  of

expressj o l.asm ds cont ai or PB 1,
Pa,  Ripnipit @Bgfllﬁ’aﬁ%ﬁwm%%&w&@?éw deip ﬁ@é&?ﬁ% %g%%&(%ﬂ F(N; t oget her
Wi t ht}% HxRsMede CPTRbEREGc AR plRrhidaFRa amvwnaacﬂhﬁhg eg@eei of the

pFl u- reporter under the control of a putative canine Pol | regulatory
sequEﬁiF@ is Whesl asel positivesontiel{betiomaigd8. under conditions that pernit

transcription and translation of the reporter sequence. [0306] Activity of
the {43087 Gfueproteplination etebstvall andy reglicaa vethentoniafluerae RNfuerds. |Thet he” case

of E the ranse | s..are observ t Ccroscope
or f é’m?ﬁ ﬁPﬁgE&gﬁl%His ﬁ‘?%“%mgsa“g‘g?wfﬁéln@@ %Icgﬁﬂl% eﬁrlér?atl vely,
f'OWtHeVéaﬁm%trég/umt@ryegsqh@%@qh Ogﬁlen@%ﬁraﬁneagfaneaepws.suy@mcﬂl prodssalys with a

m ni genomne corrpr|5| ng the CAT gene, designated &FI u-CAT is utilized to

meas polhyoeseasiallagzp viRiNA ends gige eaﬁsg@@&ylg ERAPREEYh i s neasured
by detecting the CAT protein directly (e.g ELI SA), by detecting nmRNA
encodg] mh'el(assegs usdiyl fioidentiFnnhimst 91131@%?@}'“&%?@@1’9{1% Neoldgesul YR (e. g. ,
det ect di ol t t

Ry LD N e O T L

PCT/ U§20R668 238 6the sequence presented in Figures 9A-C, are contaoted to one or more

subunits of canine RNA polymerase I The one or more subunits of canine RNA pol 1 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 I and are excellent
candidates for sequences having promoter/enthancer 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 1 subunits

from other species with known sequences and binding specificities.
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[0307] For exanple, the DNA fragments fromthe MDCK clone which had

exhi bi ted pronDter activity (see priner extension and transcrl i on assays
above) wet 8 2807gRas upstream of an insert which contai neGl/ Paopes &'H@ 5" and
3" untranslated regions fused to the 5 and 3' ends, respectively, of a
negat{pyH] Je e E@ﬁq@rﬁ@nfatsblh@mcﬁ Wnﬁllml Plapseripgpn Iﬁotle}?‘-iﬁlfﬁ@tcéﬁme(PSJee

Figure 1 Three sep const ruc in the
i nser]:tlé%l]I qu%rlfﬁ%n ese & é ereft ri@gtg r\(lyg%%amﬁ %&ﬁ%&%ﬂ) and
1- 18Qd Likeh a%veiﬁ%tﬁ@ DetekuendsaehIBh IDhe@e RODSEEM Bl e toen sapariptafl y
conbi ned h expression plasmds for influenza _replication &;egt eins (PBI,

PB2, iRereh drmdmet aﬁ@anmee%mcm&na@r@@p iﬁfP@IWI@élf%“wﬁPﬂ@E’n HH post -
| As
ghg\(/:\;f‘r 8?&{%}1@&5}.@3 % ﬁecﬁvg\ﬁgﬁﬁ\w @%@w@@éﬂfbb‘d%%%ﬁﬁgﬂféq{dmg{ai(%&%@t i3 lye i

i ddl g the 9hine Rz\exsp@«ﬁneyeebypmmmbmcg iNorE@EPbIottirgr escence whil e t he
construct 'l acking pronoter activity exhibited only background fl uorescence
(bot '@ mgeﬁlhﬁlar Iﬁﬁys%a%%@%séd‘ ) idbggFaRt cigsd RN@dpdi reglistolyi doélﬁﬁtts | evel of

fl uorescence lasmd with a COW pronoter driving ex res?%ré EGFP is
used @g, alhanemuepmsmmrr@hm(ﬂbawﬁsﬁhﬂi affect trasonpigyn PrRMNaerr BF’iaHé& i on
proteins will o

h f P
si gnaf SPRbRSESe ﬁx%?sslgﬁ‘ele}’ﬁ %gﬂ]lnds c?:loe%l ;Cg?éﬁlﬁné%g%wieﬁgﬁss S‘é%ﬁi gzr;acog@:

i ndi Ct@8sdqhdtices bNSEQADI NE.:1 agidoaiparyd to egpressen fevelg fiont s mimintdRAGY pr onot er
activity which produced a RNA with correct, influenza, vRNA er}?s capabl e of

suppopd! il peornetes xdenifré@dr%pieﬁ riher GhOVY dRoeMRE RS heeessiond et ¢
| dent L Lydgo f&d?lsﬁr . gagsoec&atéa Bt RGN PBknsbri RELIAbR I JontiSieaUENCes

I ng experi ment I n such pr ocedur es, RNA nol ecul es

corrpuﬁ#m . 0, ( [ . %e'll@ Figures 9A-C, are contacted to-
one r€ sisieis RA-potynerase |. The one or nore subunits
of capsng ﬂ}i/s\eiaehplb descmeé Qse @mm cpineR S ARNAL mlmweéemmlm@gnt otheir

particular affinities. Next, an RNA@@ ﬁ RNAse |, is used to degrade
RNA uﬁwmledﬂé@lf%waﬁﬂu‘éfﬁ’é%‘ﬁm%w 564 F‘ﬁglr%f canine RNA pol ynmerase. The
RNAse is then inactivated and the protected nlt i solated from
the pi3taLExprgssbamevastorsroradingniinm enoare R Rlz@ égetf? ° ﬁ%"%ﬂé‘%ﬁ ated

frag gg&t&%&%nt al Dver cﬁ%{e&ﬁ%%ugﬁw 1(%)/ ﬁ@lﬂ@&ﬁloﬁr ré@éﬁﬁuﬁ%&fﬂ iffosn e RNA

pol y are exce can ates for sequences havi ng

pr onoi & /ReNA aaeedre acistivictey usiﬁlgrcbhean,tlonaﬁ esdedubabigipgntdchigiquesx peeR ment s can
be perforned in the presence of dlff g)r&% q%nlts of cani ne RNA

pol y nBRYHCIE Ak YSEé it 1CFSHART 28 TB MY RS Rhi ch RNA sequence. These
experinments can help to determ ne the actjvi E'ﬁ}é qfl% e different bound
sequefd4d] Byrtheg ,ggldanwmeqorcrs:@ IstfRpUSIBRETETEIOR PP tocﬁxme & BAEYYEni ne Pol |

pol V”Er S8 S %ﬁﬁ }% rﬁ’&ltbf 3] faﬁ§‘ﬁra'|1 R?HﬁbEﬁb&l&tedﬁﬁlﬂ’(@l@idﬂ%ﬁhﬁ@@ﬂdes with
known uenc specificities. -
Infectlous viral partlcles when mtroduced 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.
WOO00/60050, 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 purposeé 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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WO 2007/ 002008 PCT/ US2006/ 023867 [0310] In vitro techni ques can al so be
used to nonitor transcription fromputative canine pol | regulatory
sequencewo don7daeme t echni ques, the different del eti on/mubszbdeuisan nut ant s
descri bed above or other subsequences of SEQID NO 1 are operably linked to

a tr aymsgdobhmenht wérd iRl fighallyingicaRH 16 be GRBIFMRatENDy RELIABY 5 8l guﬁfoge%s?i ns
required for transcription are then added to the transcripts. Effective

t r ande efigitioanUiSs Paastitens datept Appléeation glashd). RN/ (7P2:882filpd Aprihtis 20961 he
i | aye, . i th ting. [0311
S 105 00 R PR d9 e Bulaor (o PRI 2. ARESIR% T | equi bt ory

el en&?(W@Q,S_S@, @iled JenhBs)Ce0s; U.SDG@’S%D,%S,(IH@@N]?HS,GZCE)B?U'E§ 60?@2,9%5‘ ffﬂé‘d
transcription b in such assays, expression |evels

y RNA pol |. Cenerally, .
f r omIPBHAH12805 B Su b9/692.87p files] Jﬁéeéésl 05z incoupeyeied by relarsnce r
subs S, 1.1 are conpared to expression levels froma
nini2@#?%&ﬁ&yg%fafg%¢§%%fzr identified as descri bed above, By conparing the
expression levels, the presence of an el ement associated with enhanced or
decreased transcription can be identified. 7.12 Exanple 12: |nfluenza
Rescue in MDCK Cells [0312] This exanple describes use of the canine RNA
pol | regulatory elenments cloned in Exanple 10 to rescue influenza virus
in MDCK cell culture. [0313] Expression vectors encoding viral genom c RNAs
under the control of the canine RNA pol | pronoter and/or other nucleic
acids of the invention present upstreamfromthe 18s rRNA gene are
constructed using conventional nolecul ar biology techniques. Such
constructs are used to rescue influenza virus in MDCIC cells. [0314]
Furt her gui dance on protocols for using expression plasrnids to express
influenza proteins and genomic RNA in order to obtain viral RNA associ ated
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.
W00/ 60050, and US Patent Publication Nos. 2002/ 0164770 and 2004/ 01422003,
each of which is hereby incorporated by reference inits entirety. [0315]
Wil e the foregoing invention has been described in sone detail for
purposes of «clarity and understanding, it will be clear to one skilled in
the art froma reading of this disclosure that various changes in fonn and
detail can be nmade w thout departing fromthe true scope of the invention.
For exanple, all the techniques and apparatus descri bed above nmay be used
in various conbinations. Al publications, patents, patent applications, or
ot her docunents cited in this application are incorporated by reference in
their entirety for all purposes to the sane extent as if each individual
publication, patent, patent application, or -84
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WO 2007/ 002008 PCT/ US2006/ 023867 ot her document were individually
indicated to be incorporated by reference for all purposes. In addition,
U.S. Provisional Patent Application Nos.: U 'S. 60/ 793,522, filed April 19,
2006; § C%0/ %93, 525, filed April 19, 2006; U. S. 60/702,006, filed July
22, 2008 5. €"MEH)699, 556, Fled July 15, 2005; U.S. 60/699,555, filed July
15, 2005; U.S. 60/692,965 filed June 21, 2005;. and U. S. 60/692,978 Fl ed
June 21, 20Q5; i ; [ 18] e al |
ur posts, - B8 AR hAGE B0 Sh R g L RRE RO byt Lp B SR HEY S g
cani ne RNA pudrabielislsel tb aplivb ecoddepreintiecnza genahicyR WA rk dct dooresponiDNA

encodi ng anﬁ&gfl uenza genomic RNA or the corresponding CcRNA 2. The

nucl ei ¢ aci f- ¢l ai m 1, wherein the RNA pol ynerase | pronoter seguence
conprises nucleotides 1 to 1803 of SEQID NGO 1 or a functionally active
fragment  tigs goficic Aeid SREIaNNG! Fh&eRGhERAA E(I#?in@a%e Pf)ro&oté’f’f%@‘ixﬁ:'n@ethe nucl ei ¢
acid further conprises a transcriptionte nat1 on sequence. 4. The

nucl ei ¢ aci cbrgfrisenyucdedides 1 ¢d &808s0fISER) IIMNED ¢ ion atfinectioDNIY dcsivafragmédtuenza
virus eDNA sel ected fromthe group consisting of. polynerase basic protein
2 (PB2) cliﬂlﬁ\‘,'eoﬁol ymer ase basic protein 1 (PB 1) cDNA, pol ynerase acidic
protein (PA) cDNA henmagglutinin (HA) cDNA, nucl eoprotein (NP) cDNA,

neur am ni dagge (l¥Bic aGPVACLalRY s, PhOLRI Re AR 22ACARG B ldHEd:uy @l protein
cDNA. 5. An expression vector conprising the nucleic acid of claim4. 6. A
met hod f or parsdtptiangeaminamdd segnamegenoni ¢ RNA, conpri sing transcribing the
nucl eic acid of claim4, thereby producing an influenza genomc RNA. 7. A
met hod4.f or Phoautdingeia of @GOG dfafdims N3, widzan tHeldIENA ¢OMPMEIGEDRE vius t uring a
canine cell_conprising the expression vector of claim5 and one or nore

expr essi on ¢Agekcted Hipm BepreupsconnisiiNal pakysrrasg besie peteing(BB2hf | uenza

pol ypepti de l,e fr t he r oOnS; st i of . PB2. PBl HA, NP,
KA, hatri xR Ster et pesic i P e BRI b pflose A pi i (PR protel n 1
(NS 1), andcNR; Bématplntingh (APEBNA, Audi®ipidtein @TY DN AHeliRhihildgser (®RQMDI nant
influenza virus. 8. The nethod of claim?7, wherein influenza virus produced
i s infecti otBNAgmaiTieprateith BN, apr apmsTuctitié peitein A& Aret hod results in the
production of at least 1 x 103 PFU mM influenza viruses.

5. An expression vector comprising the nucleic acid of claim 4.

6. A method for producing an influenza genomic RNA, comprising transcribing the

nucleic acid of claim 4, thereby producing an influenza genomic RNA,

7. A method for producing a recombinant influenza virus, comprising culturing a canine
cell comprising the expression vector of claim 5 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, matrix protein 1 (M1), matrix
protein 2 (M2), non-structural protein 1 (NS1), and non-structural protein 2 (NS2);

and isolating the recombinant influenza virus.
8. The method of claim 7, wherein influenza virus produced is infectious,

9. The method of claim 7, wherein the method results in the production of at least 1x 10°

PFU/ml influenza viruses.

10.  The method of claim 7, wherein the canine cell is a kidney cell.
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10. The method of claim7, wherein the canine cell is a kidney cell. -86
11. The nmethod of claim 10, wherein the canine kidney cell is an MDCK cel
12. A cell conprising the expression vector of claim5. 13. The cell of
claim12, wherein the cell is_a canine cell. 14. The canine cell of claim
13, whéfei nTﬁﬁ@e&fmqf@laé@HOa whergndhe gaineleney et is ThMRGKI 6 ki dney cel | of
claim 14, wherein the canine kidney cell is an MDCK cell. 16. A nethod for
gener at2ng Breeiomprisitechmermeessisn|wsctar pedainbf.nant segnent ed negati ve-
strand RNA virus having greater than 3 genom c VRNA segnents, said nethod
conpri sk Nng: it roducing intg a popul ati on,of canine cells a first set
of exp?%ssigﬁgzﬁg%ﬁ%?glg%ﬁ%ﬁﬁ%“@?cggﬁg%gﬁv?&qulsajd cells genom ¢ VRNA
segnents to provide the conplete genom c VRNA segnents of said virus; (b)

i ntrodu¢i ngThatmisadd aeidit 1@,u&eﬁaﬂmes‘a@ﬁin@éelepsm&&ﬁfﬁfy%u.vect ors capabl e of
expressi ng NMRNA encodi ng one or nore polypeptides of said virus; and (c)
culturing said cells whereby viral particles are produced. 17. The nethod

of cl aittn 161 heREYRS Hdagy ¢elliafictimddy wherewebe aeninekidpey cadlds an MRGKprellse a
nucl ei ¢ aci d sequence encoding a canine RNA pol ynerase | pronoter sequence

cre 41, b M DA A IR LN ASTRE Pl

met hod of chtadnah RIGA osirud Raving graaten tHane fNAmOVRNAIsegBchts Bakimab@sd sequence
conprises nucleotides 1 to 1803 of SEQ |ID NO | or a functionally active
fragment t AREPRTNG: {9 intraducing Wida pepudationmit e@ring gells@firsigset ghexpegspion

i nfecti ' i i .20, t had..f
generat i ng VPRI AorRahb LR o Eep BARUSER sedton TN Y o1 e,
sai d et hodcenpiptei gghagic (RANAiseihedsi6f £ itk (19 ipesilcatd 9 @fd «apune cells a

set of expression vectors capable of expressing in said cells i) genomc
VRNA segnenté&ongset of gxprgsianeciosnerpable of exrgrsstna RN As eprdimgonobr B@id vi r us

and (ii) Qdi - 0 ) tides.of .said virus; (b)

cul tur i ng Sordr URPL i A nd TS GuRBIE NG g R @ent S AbtAEleet *h ) 21
The met hod pfodatadl m 20, wherein said set of vectors conprise a nucleic acid
sequence encoding a canine RNA polynerase | pronoter sequence operably

| inked_ to a_cDNA_ encodi ngi an_influenza genom ¢ RNA or the corresponding
CRNA ahtl a ThRamethedgf clggm 16, wherein said first and or second set of vectors comprise a

nucleic acid sequence encoding a canine RNA polymerase [ promoter sequence
operably linked to a cDNA encoding an influenza genomic RNA or the corresponding

cRNA and a transcription termination sequence.

18. The method of claim 16 or 17, wherein the RNA polymerase [ promoter sequence
comprises nucleotides 1 to 1803 of SEQ ID NO:1 or a functionally active fragment
thereof.

19, The method of claim 16, 17, or 18, wherein infectious influenza viral particles are

produced.

20. 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 i) genomic vVRNA 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.
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term nation sequence. 22. The nethod of claim 20 or 21, wherein the RNA
pol ynerase | pronoter sequence conprises nucleotides | to 1803 of SEQ ID
NO | or a functionally active fragnent thereof. 23. A virus produced by

n | ai 6-22. 24. The nethod of any one of clains
ag_ezrzn,a &\%ﬁ gr gLﬁ %%é}ogég c@;rpég?%ggrﬁéw}zdz set glgvectors comprise a nucle?c Xcu? sequence
encoding a canine RNA polymerase I promoter sequence operably linked to a cDNA
encoding an influenza genomic RNA or the corresponding cRNA and a transcription

termination sequence.

22, The method of claim 20 or 21, wherein the RNA polymerase [ promoter sequence
comprises nucleotides 1 to 1803 of SEQ ID NO:1 or a functionally active fragment
thereof.

23. A virus produced by the method of any one of claims 16-22.

24.  The method of any one of claims 16-22, wherein helper virus is used.
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