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microorganisms, but also have been identified in viruses (Ewart et al., 1996;

Piller et al., 1996; Pinto et al., 1992; Schubert et al., 1996; Sugrue et al., 1990;
Sunstrom et al., 1996), where they are thought to play an important role in the
viral life cycle.

The influenza A virus is an enveloped negative-strand virus with eight
RNA segments encapsidated with nucleoprotein (NP) (reviewed by Lamb and
Krug, 1996). Spanning the viral membrane are three proteins: hemagglutinin
(HA), neuraminidase (NA), and M2. The extracellular domains (ectodomains)
of HA and NA are quite variable, while the ectodomain domain of M2 is

essentially invariant among influenza A viruses. The life cycle of viruses
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generally involves attachnent to cell surface
receptors, entry into the cell and uncoating of the

viral genes inside the cell. After the synthesis of
new copies of viral proteins and genes, these
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TM domain itself can functlon as an ion channel (Duff and Ashley, 1992). M2

protein ion channel activity is thought to be essential in the life cycle of influenza
viruses, because amantadine hydrochloride, which blocks M2 ion channel
activity (Hay et al., 1993), inhibits viral replication (Kato and Eggers, 1969;
Skehel et al., 1978).

The genome of influenza B virus, a member of the family

Orthomyxoviridae, consists of eight negative-strand RNA segments, which
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Although there may be several antigens present on the surface, only some of
them produce neutralizing immunity. One method to produce a vaccine is to
“attenuate” the virus. This is usually done by passing infectious virus into a
foreign host and identifying strains that are super virulent. Normally, these super

virulent strains in the foreign host are less virulent in the original host cell, and
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provides an jsolated and/or purified reconbinant

i nfl uenza virus which | acks a nenbrane protein gene.
The lack of a functhmmdhy SEHY BRenfs®Pt € N such as an
integral menbrane protern Tn a reconbinant influenza
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at Ie%st on% of the muta i?ns is not i.n_a . .
recombinant mftluenza virus provides for recombmant influenza viruses which

replicate in vitro but are attenuated in vivo. In one embodiment, the recombinant
virus comprises a mutant membrane protein gene which comprises one or more
mutations which, when the gene is transcribed and/or translated in a cell, does
not yield a functional membrane protein or a functional portion thereof. In
another embodiment, the mutant membrane protein gene comprises at least two
mutations relative to a corresponding membrane protein gene which encodes a
functional membrane protein, wherein at least one of the mutations is notina

region corresponding to the transmembrane domain of the protein. For example,
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regi on corresponding to the transmernbrane domai n of
the protein. For exanple, 4 WO 2004/ 094466
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gene. In yet another embodiment, the mutant membrane protein gene comprises
two or more mutations, e.g., two or more mutations including a nucleotide
substitution in the initiator codon that results in a codon for an amino acid other
than methionine, a nucleotide substitution that results in a stop codon at the

initiation codon, a nucleotide substitution that results in a stop codon in the
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MiHeGedRiiBark VRS bithk URRARo includes genes from influenza A virus. In

another embodiment, the recombinant virus of the invention includes genes from

influenza B virus. In yet another embodiment, the recombinant virus of the
invention includes genes from influenza C virus. In a further embodiment, the
recombinant virus of the invention includes one or more genes from influenza A
virus, influenza B virus, influenza C virus, or any combination thereof. For
instance, the recombinant virus may comprise a mutant NB gene derived from

the NB gene of B/Lee/40, B/Shiga/T30/98, B/Mie/1/93, B/Chiba/447/98,

6

results in a stopCT/O8ZNN4/012050



WO R0MDI4IBy conprise a nutant NB gene derived fPONMUS100€012050

10

15

20

25

30

30 virus, influenza B virus, influenza C virus, or any
conbi nation thereof. For 1instance, the reconbi nant
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S RIS L A R L R,
ctherl‘& gamhlﬁtgalfem the seyiicatedf thANFe gene A8 yleskaNAewRh N,
"sybstantially same activity” includes an

atbstantigll sfflhatsamg a%amas theNAenqaded bygy coggspondimgynoa- g. |
4
(Pl Red QAL Qe i, Sty Be LIS EOLHAIRNNAA

Oﬁctﬁfl[t?lﬁl&l’t |m@oat 0.220 b, naytt 30%f 5@%{1@% gp EdJISOO"/f? @ffﬁlbi‘eg tHeg
oes not encode a

a nutant menbrane protein gene
f a5+t o the comspranding fpil I’éﬁhpQJYP@@tlfl@mctl onal portion

t her eof, reI C spondi n i.l d-type .

merbr Ao §¥1%?<ﬁlsgaéﬂ3h°<$?f TReried Tttt
acdifsrisifeh nutab hitndraRPRGSInt eﬁ@ WhIhRIdeS hétnBodd 4Hudbtidnal
of influenza vectors, including a 20 vector conpri sing

amﬁmbéme Prefei arnaafupﬁtmr@l pprgem dler@(f relativegtoi c@nﬁspondmg

SRS AG ol it Ten 8o, TR Bor o Fompis®s TG B ¥ ot et
S@itﬁ alcaphpbkieith aom?mlﬁg a PR 8f ﬁﬂué‘nz@r\@@{‘éke IncARBEAD! Y
linked to an influenza virus PA cDNA |inkéd to a

tvm@pnmmmg atr@mtnmtrmmlmn@mm gene, so astegiadd recombinant

conpr i ked to an inf|uenza
g s e B ST ewdh eedmeiEceriritr, o o e o
t RIchArs 8d1e A6 HERUBRERT c&niffﬁﬁﬁga pFOMIONES oiie%l}alnﬁfeﬁqgﬁﬁ r

operably linked to an influenza virus PB2 cDNA |inked

tioflaenzaatisis PispeDISA linked toi azarisoriptiecferminetiorssequartce; a
t i nked, t [
e PR R oRaf Pobedb B e eza i SN

SEReBRE 8 trafscription termination sequence, a vector comprising a promoter

operably linked to an influenza virus PB2 ¢cDNA linked to a transcription
termination sequence, a vector comprising a promoter operably linked to an
influenza virus HA ¢DNA linked to a transcription termination sequence, a
vector comprising promoter operably linked to an influenza virus NP ¢cDNA
linked to a transcription termination sequence, a vector comprising a promoter
operably linked to an influenza virus cDNA NA and NB linked to a transcription

termination sequence, a vector comprising a promoter operably linked to an
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vector conprising pronoter operably linked to an
i nfluenza virus NP cDNA 30 |inked to a transcription

operably linked to an influenza virus cDNA NA and NB
linked to a transcription termnation sequence, a

Vigftidiza SRIPM SHNA Ishkied diredscapisatelyinkiiok ssjutreeamdz
WO 2004/ 094466 PCT/ US2004/ 012050 i nfluenza Vhﬁéﬁ%&%

cBRiAr comprsing a promotanenerdbb iinkedie phiHienthvIEss

koo BB eriGRT et ofofofiER, BheRRhER dhehedtrtte | ©
t G51Th H8E NBEoSRRIYENE SeasthiRr Bitatibhtaemege anceorcpariuing NB

CDNA for NB' conprises at |east two nutati?ni,%eI%tLve
t gena vhinty @spdrsci ngetimabNGenenbiane rogHbowe $1 g/hich mutations

if érr]lﬁ %1‘%?%&{11%51%%&%2%@0%#’6 AR %{%Scn%@ 3 ?&ic%ﬁ Gl AthAdeRa s

ane mal n, € presence o

WL &hthe Rdt4iR B RRtang@ibed andviemldibeinthié hodt colbriees ot yield
transcri bed and translated in the host ce

: ] . |, does not
v Gindtionsl iembtrangn afoteie Ahe Gmetipnad pevtiendhergof; @?@o?ntwﬂglfy

rijon th d. optj | i i
R B utondiin 5o, PSPl b RHEE S1qcltitdefStctor
gﬁ?&&@ﬁ{%&@oﬁ%&r&ﬂaﬁgj 1fhked @D DRTA Sieeanb biycodingkiafiudnea a

egmen

encodi ng i'nfluenza virus PA, a vector
coim P Aj apctorgompoisieg appemetst gparaik Hakeddo s IPNA ssggfint

' | nf | ' B 1 . i si
A
| Dihie P@?ﬁléﬁ& A ARBAN 8ot 8§88 PBREVdciirRgmprifing apt@noter

oper ab I nked to a DNA segment; encodi ng i nfluenza
VopetabliBnkedl toecDNA seEmentpeodinginfliepzaovioisell.Gper@bl v

l'i nked DNA . di | nf | |
A CPBERURE £ AR OO L Db ey ety Rugte

DMy &fng@ | fbhideR aBeiwbiyunkbio ADWECEepment
conpsflﬁg’rﬁgggogro tsg% %%%r abl yﬁlei nlggd to ° a DI\lAégﬁl

s egeuditts iafloacta virus MA, aoretar cimprésing a prpmpsestaperably linked to
conprising a propoter. operab linked to a. ,
c euh TR AR THEHB A Mis 20 P BsRa prgmosty
COmRLLS! N §lonfRRE&RBEM g inMleash Vidus B arkiegveenir
e%gg%?lﬁéﬁlgﬁ fogec[a%za \‘(/gin{r%us NS. %‘he i nvention further
prcombtisig a peanposopdray bomdrtd siligAsephentanpedinginfluenza
vectors such as those described above, and a host cell
coivaded with such a conmposition or isolated

reconbihan i . q - ] ; ¢
et FR8 et Bufher bidfidetY EinpOihiorbeprighy #plutdty o

C &lebtofB¥cIDEs B05E Etisbdwibbte, ead h hugarBiepntacted withisbeles
of vectors, sequentially. F,urth@i1 provij.ded is an, .od
i sompositiomatiselated rsombitant yEPepithe SEIYL &y S8 25 to Y1

infectious virus. Alternatively, the host cell may be contacted with each vector,
or a subset of vectors, sequentially. |

Further provided is an isolated and/or purified nucleic acid molecule
(polynucleotide) encoding at least one of the proteins of influenza virus
B/Lee/40, or a portion thereof, or the complement of the nucleic acid molecule.
Tn one embodiment, the isolated and/or purified nucleic acid molecule encodes
HA, NA, PB1, PB2, PA, NP, M, or NS, or a portion thereof having substantially
the same activity as a corresponding polypeptide of one of SEQ ID NOs:1-8. As
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enbodi nent, the isolated and/or purified nucleic acid
nol ecul e encodes HA, NA, PB 1, PB2, PA, NP, M or NS
onsed hpmir, i“substaneinidpthelsave At vdtyD sichutdes ah hytivityitRatdaaout

act S a correspondl ng. pol ypepti de of one_ of SEQ
1 k@é% 18%, 30%. 80%¢> 80 6m oW & mevs, Gestinitpebyso

SR SRR oL B OOR ALY 13 B SARAGH: Hilyod oy

Sﬁ&ﬁﬁ&d rglc],eldmld ﬁlo]ld&ﬁ%dﬁbodm B§plypbptidetiavitigtay 1cakt 3096, e.g.,

ndi n fuII-Iength pol ypeptide. In one
e§W z‘i&w &0 P4t @At FIngagid ﬁ¢@é1‘1<?ﬂ}éﬁrélt15 tosnept

g@%@%g@%g%@ 9510 81%96@)(%%%%?@ bsg%\(é ahd hgﬁg& n1§che/ 1© acid

anotkcsle guepeisesi Alarldotile bauene }ﬂﬁ/mgSEIéa!;tBONQ?& g 16(3’0, 7|0'%,
one embodi ment, the isolated and/or purified nucleic
a%(? %4 or A Yosw RQTe comiioy e Buciein aeifl sequienee h@a@e@c@ el $Q

il nt\@%u L ggglé %18 F‘:Orgg]?em%g el ond O/n%'l?éogg $QPL Jﬁ?%?eg}lences

acid sequence

SElQmeldBSEQSID NOB;1-®rentbdes @Qﬁwpepmahatvh@ae oéast 0% d. g

honol ogous to codi ng sequences 10 of one of SEQ I
NR¥) 2270, 9ép(ec9a’e/so%\9 o1 SPHEFHqUd AIHRR 4i¢ swen@ad@ntsm% one of

SRR 42K ot Bt Seitoll FAMRUIINP R Bt

agad hﬁ)lecﬁm&bdlﬁ? bt leédﬂ oné 5%@@&%1@@61 B fluisaivirus B/1 ee/40,
nucl eic acid nol ecul e encodi ng at | east one of the

PP qurh@,n herqopfqr m@nqcanplﬁm@@ oémeemvckﬁ@c acig rnoépcpbs byhgidizes
t
g sEefirh s EEEoTHE R tiindEs, iiecdh Singency;

t ﬁ@d&@t@]@{rﬁfg@ﬂéy &fsﬁﬁ@g%s coABfARhs.| PYY &hﬁ@ﬁg ef¥llowing
moderate stringency or stringent conditions. For

e@@dﬁm@s mafydefeoiplaigilng’e sedita dadeeid snidte KD 8Pl SOVAP (94

BB RO ey e )RS O RS s Comeee doirebly

0 f
I e T M
owa.aﬁr@as 1X SSOM.19818S desicCakloye ddsirhbly isfill 94 %addnm

dodecyl sulfate %SDS .. 0.5 M NaPO4, 1 nM EDTA at 50C
mﬁith?cyd/églﬁatﬂ SPR), 06 BHNEEY, 1 MEBREDS ah $0%heith prasliiag &bl y

[ % Ll sulfate . ... 0.5 M NaPO4,

ok S B R Rt i Boh 75 tadpumgogspbpitiag s

SPSM RRPO, P N ERRIA of b @ gubf 9]

(5D, 6™ NaFg4 T rﬁvﬁ‘%%%mé%g] %z\lls\llst hb\}\gs Bt

| 50°C, M¥reéSHCferdblil s "SBSdlafn dieeyl Hilgate (SIS, 0. 58NI|N’aP04,

nmol ecul e of the invention maybe enpl oyed to express
mM EDTA at 50°C with washing in 0.1X SSC, 0.1% SDS at 65°C.

The nucleic acid molecule of the invention may be employed to express
influenza proteins, to prepare chimeric genes, e.g., with other viral genes
including other influenza virus genes, and/or to prepare recombinant virus.
Thus, the invention also provides isolated polypeptides, recombinant virus and

host cells contacted with the nucleic acid molecules or recombinant virus

comprising influenza virus B/Lee/40 sequences. Such polypeptides, recombinant
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i nfluenza proteins, to prepare chineric genes, e.g.,
with other viral genes including other influenza

Thus, the invention al so provides isolated

pol ypepti des, reconbinant virus and 30 host cells

c virhagaiddsbst\eell 18 nidyeberused &i @edicaldhermpyeeisl, @S imdice a protective
reconbi nant virus conprising influenza virus B/ Lee/ 40
s SHBUAC ESPONSE OhINHIG Hissinvdes, reconmbi nant 9 WO

2004/ 094466 PCT/'US2004/ 012050 virus and host cells

may be used in nedical therapy, e.g., to induce a
protective i mMmunBriEBRRERIN ofithe gRiied her apy. Bri ef
Descriﬁ%ion of the Figures 5 Figure 1. Schematic

di agr afigyFe bsPeismatindipgray af @Séabgléh@tne@w%mwssysqem& In

t e NP ' t ified NP

p'ét)lfe ymer éﬁ%ﬁg@%’? gﬁtlér‘%fs?&a ’Blglg%égror%? ggdjf)gr)#’%i e%ﬁ&gm\?m&?ﬁwarﬁse
O hssembledtifto-RIYPY Wk uzesk M M¥A-sfafldsze@VRNAL r adlkfeet ed
with RNPs, followed by hel per virus infection. In the

Rigansersed with RAWs) foklewisd &y beper irysiinfestion. dotkaRNitng t he
| 10 ding t RNA
DO hRAd R R oG PR Bk DG

t aaDdf/eeicedineiOvREAl 18 beléiched; ghd tHedRINA RREEIrALRIII on by
RNA polynerase | yields synthetic VRNA, which is

p beEReingE 13 wanstostegjaieycellp.r gracglllariteansasiptipn by RiNA&ct i on

Wi I - ML W ot h. et hods. .t.ransfect ant
DR EsP Pligtds smedd SNRO Wil AT OdRo sy e
C baiels GpIWihfecab® witdl dirusl SWith ot Methbed, RahsbthMs
popul ation. Figure 2. Schematic diagram of the

g&hByea (i carthesfe crnjainyes iy derived froppeloned INA), aBhAdected
deriv from.influenza virus were anplified by PCR
d?rﬁglstﬁggelﬁfrt‘ﬂmégﬁ%\%aé% cloned into the BsinBl sites
of thef L y@ehffic ARagrantef thb BamiatidbfRNA hes) I
Just us, %i g- Uni vlgr sfg{y, G egsen?l Ger many ,ghv\ﬁr%sﬁ 20
comstuets. ePN AR drevedipmpnilyenes wices Wersraoplified by PCRand

+ RGeeiTE REn BrepL B8 HERATER berbbBr i Seels dimdl Sporor .
SERERNRGR, KiD) thef P TaSANISeli R mdyver8@Rd Gdssdal @ehﬁi%ﬂﬁ,e\{?lﬁ@h

viral RNA  Influenza A virus sequences are shown in
bedrdaifisithie hnean RNA peISE@raspI Nsnota0P) and thiedn@Be RNA 25

oefteingiebe L LRRRRR Lol MR B iR R TR e e
Pledsiffath? s&fRhed 'I?‘ Bepr&@niEhie Pl BB HRSAenzR VRNDIRA. &
cDNA for each o he eight viral RNA segnents, and the

Rigfluenza A virus sequences are shown in bold face letters. (SEQ ID NOs: 10-19
and 28-29)

Figure 3. Proposed reverse genetics method for generating segmented
negative-sense RNA viruses. Plasmids containing the RNA polymerase I
promoter a cDNA for each of the eight viral RNA segments, and the RNA
polymerase I terminator are transfected into cells together with protein
expression plasmids. Although infectious viruses can be generated with
plasmids expressing PA, PB1, PB2, and NP, expression of all remaining
structural proteins (shown in brackets) increases the efficiency of virus

production depending on the virus generated.
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together with protein expression plasm ds. Although
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expressing PA, PB 1, PB2, and NP, expression of all
remai ning structural prote| ns (shovvn in brackets)
i ncr eadagurt He Selfenatic diagyunobf irtations iptradliced intothe NA segment.
nd| ng on the Vi; S ge er at ed 10 WO 2004/ Q94466
P GAPUE & qiaé e eBon< Hasegian. dibggwsherstshown are
NA segnent. Mitations
g?{é]%isetﬁgﬁpc}sﬁi({ng?@@?jm lgebge%(?g * insertion). The

nunber Figiro \‘M}Aaalyms ofihe empne@woxmﬁﬂ Bipgatein. (SFQeteblidi(s NB
of the expression_of NB

2 s i e R el by Smsuncélwwwsw FibesiGd

A St 'Wﬁ? TERPESETRRlpL BobBERE: g, #2. and
uri3nBeed¢NRBistop#l, Bit2eNBstop#24 3nd BLBQNE’ﬁbﬁ;B#ﬁhfected cells

BLeeNBst #(2 and BLeg@lBsto #3-infected cells
r SESPEEHY ) Detsy-tiow pPEE Reptesy inniugminfeetrd MIPCK cells by

‘ég@%@;gbﬂfﬁa@ %?or{;@%é Rl B G HAGR kP ¢ 2T on

i nnmnmpp&cnpp:taﬁeatméﬂh a/rabtht antf-AiBpdptidd tdrudNBnp apAll £l Her-00%
and anal yzed on 0% gradi ent pol yacryl arnide
ETadB?Pé@RB@‘Eféﬂ@#lld? gﬁl%d%le@LeﬁliBsth%lemégqt%#z BLetf I&m«m#z—

#%infggtbz %B%maﬁﬁ%tbﬁ%f@e%% E‘Dax;fmgercee% %sgf g/lolécuga [ e
6.weﬁgmmdﬁkasl(m af@hdlBéﬂeeeRG and mutant viruses.

cells _15 were infected with virus (0.001 PFU) and

i ncubattégprap. Srewthauryes oy RdiceRGend muisns yirasese MDCK cells |
| S e Wi WBud {0l B PrtSY i YELBRMT B8] Addfc indicated

super nat ant he v

demrs aftesinieefien, iiug tteEs WereREUDMEASH Be JupénaRZ ThY VEIUSs
B/ Lee/ 40 SEQID NGs: 1-8). 20 Detailed Description
oRremeans(ESMiosA detsthiniatipims As used her ei n, the

LT ARk S i bR BTl Ry K P

vector, plasmd or virus of the invention, so that it
is not associated with in vivo substances, or is
substanti al |y 2DetnileidfDesdri driptiomof thedinvemtigubst ances. An

ol.ated virus preparation of the invention is
gm obtained by in vitro culture and propagation
and i s Az4R&d Eé%&lhadhtaYerﬁfs@%olaftédodﬂd%gﬁfiﬁédﬁr@fé} tPSitro
y f

agents. As used herein, "substanti ree" neans
beteparation, isolation and/or purification of a vector, plasmid or virus of the

invention, so that it is not associated with iz vivo substances, or is substantially
purified from in vitro substances. An isolated virus preparation of the invention
is generally obtained by in vitro culture and propagation and is substantially free
from other infectious agents. As used herein, “substantially free” means below
the level of detectign for a particular infectious agent using standard detection
methods for that agent. A “recombinant” virus is one which has been
manipulated in vitro, e.g., using recombinant DNA techniques to introduce

changes to the viral genome.
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mani pul ated in vitro, e.g., using reconbi nant DNA
techni ques to introduce changes to the viral genone.
11 WO 2604L0R44B5thBCI PRk BBEleicABidY HE theb@hiBinint
the term "reconbi nant nucleic acid" or "reconbi nant
DRAA é%ﬂﬂ@ﬂ%eeorcﬁeg@@gﬁ&f@rs tcr éfl’é(ﬂ%lcta@dae fube BNA, ht has been

oy Pl s Q9P RS EN FYSBAL RS, B

| Ritrof kb B0f it§ Qeqhb@de ik hot rﬁﬁﬁal%f&féutrﬁlgn@ﬁ corekptindk ky/naturally
occurring, or corresponds to naturally 5 occurring

s EgRIERRS SCqupRAes Hagatsdiot pesttiqned ae &leaswqumabe prsitianeg an the

p in the native genone. An exanple of DNA
ggﬂl‘%\ég‘sgﬁom a source, would be a DNA sequence that

i's i demtnl dxafighleast BN SBErNed! HRETEHurcd RbuBLADNRA $ddBhce
chemcally synthesized in essenti al [ y pure form

efhuihis idegfliedins la um‘x\l fragrognatand whiehoimthensdhemdenllyGynibesized
uence Cl. [ .renoved
¢ P oSl putlout o P RiEple T RRRE SSTg e R iRg e,
OkvoluRBHd 4 @Jdﬁﬂ@l&)&@@c[ﬁéﬁb@ﬁﬁﬁ§ ex&fed d}%mb{/edcﬁéhl R&id source by
further mani pul at ed, g., anplified, for use in the

i ahemmiclgneansye.g.hey ﬂnémh@dﬁieagyﬁomndgen@cascs &0 diah deai hg

%a%f B & e S PO 5 v S o e piipodoloty
eneﬂl%b e(r§1d| um dodecyl sul phate) at 37C, and a

in | SSC (20X SSC = 3.0 M NaCl /0.3 M
t r | sodiTew” emmgatoy)comltlm indudsigybridiatien sutidh'a buffer solution

asbe O o framige 8%%&% S B a5

' @7‘% %dta‘%va@fu§§@t§§ @Xt &K®9G o 1\/1%1 hEDES ™ 1 tnsod1um

condi’tions for hybri |zat on of conplenentary nucleic
acitdse) anbi whs3ave nore than 100 conpl ementary resi dues
on a filter in a Southern or Northern blot is 50%

f or mntgRde@ted- smd;mry @hdiibhOmclue RYSAdI2ABRTH 46 to 459
NaCl , 1% SDS at 37C, "and a wash in 1X SSC at 60 to

6 S@magtidays thedSadf 1% S]lﬁ’mtﬁ?ﬂl"Coéndsaeva{Mué)sSX ar 1X SSC at 55
co arjson are well known in the art. Thus, the
d& & nat i on of percent identity between any two

sequences can be acconplished using a mathemati cal
al gor i t'bimingente tenditéans forchybridizatiomef complementary nucleic acids

which have more than 100 complementary residues on a filter in a Southern or
Northern blot is 50% formamide, e.g., hybridization in 50% formamide, 1 M
NaCl, 1% SDS at 37°C, and a wash in 0. 1X SSC at 60 to 65°C.

i

Methods of alignment of sequences for comparison are well known in the
art. Thus, the determination of percent identity between any two sequences can
be accomplished using a mathematical algorithm. Preferred, non-limiting
examples of such mathematical algorithms are the algorithm of Myers and
Miller, 1988; the local homology algorithm of Smith et al., 1981; the homology
alignment algorithm of Needleman and Wunsch, 1970; the search-for-similarity-

12
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exanpl es of such mathematical algorithnms are the
al gorithmof Myers and MIller, 1988; the |ocal

30 alignnent al gorithm of Needl eman and Winsch, 1970;
the search-for-simlarity- 12 WO 2004/ 094466
Paibtho8 20 D44r68daE0Lipmanh hivd 8 phe Riaritton ofiKdrlin gndexiischd38;

t al garithm.of Karlin an schul , 1990, nodified
LS b i et Comout er

i mpl e”.@Bﬁl?{li Ppﬁ 1@ ehESR dﬁﬁéé? IRk endical a@%Hrit Barf5n
be wutili eg o? conpari son of sequences to determ ne

suijjiced der ¢odgratisoty of Syudncestoi defermirerdeqhidnoa sdentityl (Baeh
but .are not limte he PC/

) t to: UST in_t
plFaRRtetensiipelple %fﬂr %ﬁﬂ%ﬂl@ﬂ% @'é E.?éﬁ Sl w&ﬁ%ﬁg{ Gene
Vi . o) Vor i
ik v R G e
VWegoans { VerSGon t0) aad GofR, BRSE FPRAKaAST, RMeSBAOMdSIFASTA in
(avg}iﬁl able from CGenetics. Conmputer G oup

GCH, 575,
stieeifiseonsin Genetiga dpLyare W%%snwlﬁlpn@sf,&yai}a%@ ﬁ\%m&ﬁﬁlﬁ‘ilﬁss
SEPALPOSE T2 SEOnDAEL I, Ualef s
dasignimbets ukiyig Hieggprograis cah be pd@Bned-ishg) the defauld barameters.
1989; Corpet et al., 1988; Huang et al., 1992; and
Pdae {dI ek Al program gywelrfescrbeddpy Braginsatnl sl 98sHiggts et al.,
t | : h T
07 KO P, gl Yo g e 1 S0P
aAQOGNtpReRrad iKBadet dn thdal garithl df et acdMiler, k4. Welie
for perform ng BLAST analyses is publicly available

¢ BEOSaProgmms A Aliseral cCant 890, pesr basppi et abgastiym of Karlin

I ' htt p: // ww. ncbi . nl mni h.gov/). This
a%‘%fx‘ﬁ?ﬁﬁ%{rhpﬁ‘ﬁ\’;%l ves first identifying high scoring
sequengeftpare!fsr fdrfoisingBLASE ahdl{ies Ropiliolytavaditls thedugh
length Wn the 20 query sequence, which either match
othed¥ationghyCangardopBiotachnedo afiffeshol d score T
galiagned. with, a rg.0f; the sane | e hyip.a ..
Rl e B P plei B ATB S SRR, BB igh

N§JoBifp QEdeact YRIsAHSPON itléHtEsing khort Mot dCdTldnglt Wain the
1990) . hese initial neighborhood word hits act as
seey sqavengenvhichtaither mateh ensatisfysomenpsitivervghed Hgpshold

t al.ni .hem .The word. hits are then ended in .
ESOHE B R il R S b e BelhoR A bR Pyl s
t Rferfddtt lad He\RighibbAdB8 Ror & SRFCthedRolIq Altisélfil 668 d990),
Cunul ative scores are cal cul ated using, for nucleotide

s Ehpse ibial neighborhoad aveed bitsadveg sesda far initieting searches todind

LN R O O —

aglbhly SRHUBMEASe for as far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0). For amino acid sequences,
a scoring matrix is used to calculate the cumulative score. Extension of the word
hits in each direction are halted when the cumulative alignment score falls off by

the quantity X from its maximum achieved value, the cumulative score goes to

13



a scoring matrix is used to calculate the cunul ative
score. Extension of the word 30 hits in each direction
wae@4ladssed when the cumul ative ali gnnent scorBCT/ab1084/012050

off by the quantity X fromits maxi num achi eved

val ue, the cunul ative score goes to 13 WD 2004/ 094466

PE&/oldB 614 Q2050 actaimalabion bebmsordtieretn@githi®-scoring residue
ac:ﬁurrul ation of one or nore negative-scoring residue

alPlgHReHt. or therendipf cither ssqueare isdpacBeduence is reached.
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than about 0.01, and nost prefer abllv) | ess than about

0 rgforencemyiclstic agie sepaspestis &ss ramahew O bmare preferaklyress than

, ed A i.n BLAST can be utilized
PAbARDAN: B Db EE et Pabpeotl 0 BgP) §2
Al t er nabioelity gafpeli aBiadnts fo cBlaparisod pipdkéd) GaBpsEBOAL P
performan iterated search that detects distant

r End3LiARE Ri0) sarbles wilimed ae Hesstibessin Adésshwl et sbhi97et  al . |

suypra. ..\We tdd | Zi d BLAST, .PSI-BLAST
15 ¢ ARl S AR R AR R RRE e S Berrm e

( Seich BhARINS diktaniie] BBhIAR LRBRMARESISculesBIARS WitsER] et al.,

proteins) can be used. The BLASTN program (for

nergrao Wik widizgwRlen8EsFanpse BLAS Ty ESEBILAS Ta thwodefiudingt h
of . 11...an _expectati on cut of f of 100,
\Bafigietspor 7 pSEBES Hoernh C B FoeaileStide oudhces,
aABILASTICH PH&ESRs) éah%e%E%Tﬂﬁpﬁgﬁmﬁééﬁnq%r%ﬁgl%‘ﬂi&es a
wordl ength (W of 3, an expectation (E) of 10, and
20t beequBLERSUMNB? asdefailtsp wendidngth( ($EeofHdn ak eXfectionén) &kfdf a

1989 1/ bi.nl mnih.gov. Alj t
PRgtegs T8 MK PR aninh 2 cadhisgh o S fl Sinds; B Mgy 02"
S GEHUBRES, tﬁ@m@ﬁwo%%np&seﬁé YetAR asxwa&ﬁgtg (BB ot 3280 @

reflerence sequence whi ch test sequenc are
c exprstation (BN el Oy gnchipe BILM ML ecormgnpatrik $see Helndoff &hm

2 E%Et i Iﬁgﬁ 15855.65(?6“1(1:@13:?7‘% %&EIQC ?.fcilr%.rn?h;zgxg lllﬁtliglmq}egt l%ay also be

25  performed manually by inspection.

For sequence comparison, typically one sequence acts as a reference
sequence to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are input into a computer,
subsequence coordinates are designated if necessary, and sequence algorithm

30  program parameters are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test sequence(s) relative to the

reference sequence, based on the designated program parameters.
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so-cal | ed fu3|on ﬁeptlde The fu3|on pept.i % The

| enpbslag de Nenfinss afithoHARsEbwiit Ghe wnellsd federhpgptid

rane, natrlx
S ST i PO Bty pREER i
xsﬂroﬁfn (?1\}119 AN EP BRpIek a(ré\ﬂ%leasddhmt‘dﬁthe Rg@pEisHaRRDs
e 'viral polynerase conplex, which is

fwnmdoﬂ%e nheledpteRBNF), whigh mpyd@t@%vﬁél , FRgbie vifah

t ted into t

Lt b O S MRS B! 0SB, 0
121%?&&'%%% Eﬂt@ Sl & Stberé ﬁﬁl@sfchﬁﬂ 'é?n arfiiephiesios takfe phate.

cap and 3" pol YA structure, of a

f The R][\Ieﬁngclslyrnexanqnbcawmnx aatglyzeRaree ditfengnt TeASHORT: syehes %f an

V RGA S é?f%p %Dﬁmﬁﬁaéé&a%{eepﬁ%ﬁliﬁ ¥Rl AR AT
g&\f% @5’%& Behid VRRAL G gHE EENR asaem@n;p:ams pestled

rane, where budding of pro
vlsﬁﬂlsesmdthNﬁessN@camdpolymh@smmm an¢ thes asserR ?qolfltsﬁt%NRS

20 plays a crucial role e | t|on

sieapqried feamy thepyleusang )‘FP’&?HO&E')@ E?ctb 1&3 §nent1h% & W
r ' idge @eA) prot
SRR KaRsa Ao peakianag. ooh ey
Pty @ lckial ANle haeghintectios by easemig sralioacid frem
protein-protein and protein acti ogrﬁmtthh%

natblgispecctise i Elgsoe g gL Pilons
AielaRy! PJ\Jth?rggzﬁe Beif ks Cyaibf UP RuAfties U&&M@hlvyrus

ona o I nfluenza A virus, there
argseRMIEIntb I ep@iderotéinané pangh-e RN Afiteractions, the ppiugesof

does not have a M2 prqtein with ion channel activity.
Sithgsg grtprgctlons is largely unknown.

Although influenza B and C viruses are structurally and functionally

similar to influenza A virus, there are some differences. For example, influenza
B virus does not have a M2 protein with ion channel activity. Similarly,
influenza C virus does not have a M2 protein with ion channel activity.
However, the CM1 protein is likely to have this activity. The activity of an ion
channel protein may be measured by methods well-known to the art, see, e.g.,

Holsinger et al. (1994) and WO 01/79273.
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eggs, and cell culture ch characterization is used

t duestmg)m‘ animals reges,tahd celbbnlgrer Sudly dharactesigatian is aisedioe

SSSSEL LRSS e Ko BT UG AP
p'@:@lﬁrﬁﬁ@sbké(ry&%éir ?I'aﬁo %@'récﬁmteba'ln AddticH, t&rﬁ&lg’eﬂfﬂi‘ty is

passage | evel hose used for 15 vacci ne producti on.
Tipecferablydesiesl i 1p melisethattﬂrsl aigbe Sém@pass%ede‘{ﬁl ot Bwse usedifonas

been., sho ve, conS| bef or
ARSI oR. IhY Eials S EPY RN hE B et Men
( $8wn & Sve cé%fs{e‘ﬂt fé@ﬁ!ltst BefOrRA hh%ﬁlfabtﬁféted]&&a}nualtéd fob
preferred to establish a conplete characterizati on of
t lvecaisd profluaties (see, e. geWm'bee%tdl @ﬂgamde@s oPDate t est S
for purity aof the fi a prod an be i

Dat 't Hef Pedr e e AP BR oH 18 0
lfelusédo & fhat B toprlhed fa8ts %@pﬁﬁw of tAY @Rk ﬁded@ chsemcluald.

ornﬁtlon I'ts origin, derivation, and passage
h iDxitzothyt can(bla),lse&ﬂfoo theaﬁlamnteuatldlmfgir@iﬁﬂh bansed in the present
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oﬂn‘é?av%%qch%%é Sijarion duy it Mgty pn i Resse Bsfor:
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terns low the ¢ o be clearl
r eemgasﬂ adeehtaivnnggentsh &) disinguishing Seatiams) s(ud) asrlugmetrscad\,f

tests f t t P
| Evannolgeicah gt GUb GO BOBITHGY ok AL ticees BEPT gy
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Preferably, the passage level, or population doubling, of the host cell used is as

low as possible.

It is preferred that the virus produced in the cell is highly purified prior to
vaccine or gene therapy formulation. Generally, the purification procedures will
result in the extensive removal of cellular DNA, other cellular components, and
adventitious agents. Procedures that extensively degrade or denature DNA can

also be used. See, e.g., Mizrahi, 1990.
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will 30 result in the extensive renoval of cellular
DNA, other cellular conponents, and adventitious
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hepatitis C virus, herpes viruses such as CW or HSV

odisdasovirasnd nouth di sease virus. A conplete virion

vaccine is ncentrated by u ' ' 10

Cor it gopplenfianBdf BgtiehRklbY itk il i,

| uﬁf&dibﬁaz%hél‘&hﬁﬂuéh@ﬁ)ﬁ 0@ b EhroafatcpiaphyT iffib omttivatedissforg or
0

formali r bet a- propi ol actone, for instance. A
s uifpar putifivaiooinsmgdompalinsa detupropiokagtoge, s BISHES ns.  Such

_ : ; ey ROpIBEET NS,
S e pon A ORE Yoss e RPER sy MDD ROSEIRIA® i Erhdie may

t ' inkiol fr ted by treatment with
s S e R R s i bl iy

v daeigantsthesudacomtigens arepwiifedsjy plescentrifugatien for syample.
The det e] t. d .b t] [ t

e Tha i Sagnar s ey FnepiedE R ASENAT e i o
gﬁgt%%gﬁ%ﬁgd b %é)c:fiti&ﬁc adtk@ehicfof et Rhictarttiexadecyl

eoxychol ate (Laver & Vébster,_19762; Webst er
etrirabthyl ah@da)inmdromiden(Bationéyer,doF ) ge ArioniGdsteagent pugp as

i alized ynder th TRLTQ! ,
O eSS o5 DRSS T LRGSR, 28, 10 o
LE??»}S#%@%%%&Q& L0 ik RbSaRecisired uagerih©nmhé TRITMEK100.

nmet hod such as that described by G.and
armhe Skahedlutiif Tidly.alsh epibolated afien treatraentoif theadrions Wighs

 Ireicas? S5y 9P SherAN e £ paae P A e BERb by

SR GG o e o o e T

tr eat edy spHIstccist cantprises visipns which e beantssbjsiefh teigeatment

et“i;i}[/}l ageegtz %Eat %Essglgle %%?dfso Ckngplit vaccine can be prepared as follows: an
aqueous suspension of the purified virus obtained as above, inactivated or not, is
treated, under stirring, by lipid solvents such as ethyl ether or chloroform,
associated with detergents. The dissolution of the viral envelope lipids results in
fragmentation of the viral particles. The aqueous phase is recuperated containing
the split vaccine, constituted mainly of hemagglutinin and neuraminidase with
their original lipid environment removed, and the core or its degradation

products. Then the residual infectious particles are inactivated if this has not

already been done.
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aranil ge mnietatehid Aoapipears koybe lebsaaftedtivothan cowsntiendl yasadinegs
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| nagLdnsatepteaeqi nes containing both rel evant surface
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' ycoproteins, the genes coding f
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PaERRRtks. THE dtfihiated genes are derived from the attenuated parent. In this
approach, genes that confer attenuation preferably do not code for the HA and
NA glycoproteins. Otherwise, these genes could not be transferred to
reassortants bearing the surface antigens of the clinical virus isolate.

Many donor viruses have been evaluated for their ability to reproducibly
attenuate influenza viruses. As a non-limiting example, the A/Ann
Arbor(AA)/6/60 (H2N2) cold adapted (ca) donor virus can be used for attenuated
vaccine production (see, e.g., Edwards, 1994; Murphy, 1993). Additionally, live,
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et It is preferred that such attenuated viruses maintain the genes from the

virus that encode antigenic determinants substantially similar to those of the
original clinical isolates. This is because the purpose of the attenuated vaccine is
to provide substantially the same antigenicity as the original clinical isolate of
the virus, while at the same time lacking infectivity to the degree that the vaccine
causes minimal change of inducing a serious pathogenic condition in the

vaccinated mammal.
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i nfl uenza viruses, optional I.é. further ca rig&nge o

s fsthier eoTRBRRFATEIETY 25501- X GRABITESs 81 HOMHE e L Be6 &.8-

S BSRSNSLANS 1 o @R e B HkhS EONS 10TR AV DFid TRANERN 987; Osol,

further cohpride auxiliary agents or excipients, as )

kn980) Katzunge 1802t . THseempesition of Berikntien issgeneralip gresented in

Goodman et al., .1990; Avery's Drug Treatnent, 1987;

_()ghﬂt:orrg@fyglg@giuq@p%r(@l}lt%%ﬁ); The conposition of the

I nvent g%ﬂvérgioggf o Binby gag&%ﬁg Rb&dini Bout € td P60 preferably
ual (: ).

i ndi vi oses (unit~dose Conventional vaccCi nes
genes &b Ly, efirimigglughiaudtor edehtod tROOrains qutezingrintoltheir 10
to 15 g, of hemaggl utinin_from each, of tpt% strains

e ﬁp@pp.ﬂ@Ol}. nTle vassine forming the main constituent of the vaccine

composition of the invention may comprise a virus of type A, B or C, or any
combination thereof, for example, at least two of the three types, at least two of
different subtypes, at least two of the same type, at least two of the same subtype,
or a different isolate(s) or reassortant(s). Human influenza virus type A includes
HIN1, H2N2 and H3N2 subtypes.

Preparations for parenteral administration include sterile aqueous or non-
aqueous solutions, suspensions, and/or emulsions, which may contain auxiliary

agents or excipients known in the art. Examples of non-aqueous solvents are
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conposition. The vaccine form ng the main constituent
of the vaccine 25 conposition of the invention may

conbi nation thereof, for exanple, at |east two of the
three types, at least two of different subtypes, at

| eapllehwplyedl, pbl@etﬁ?lﬁﬁe £lyes; vepktabRASits shvPadlivieldsl, ssdre
subtype, or a different isolate(s) or reassortant(s).'
HimdegiableprawieLaters sugls ag gfind ofeatar (Fardess or pieolasive-giessingsan

A ., 30 P ti f t [. ..
B RS P P BB T BT Bloma it
S @balst Withs FEMGIRPNEHIORGaticiNEAPEerRiallySdofpSise Wiip6ddni¥lution
contain auxiliar agents or excipients known in the

afFentaipiagihe Bguididosaga ferqu sButebledprantos sespendiog ligpsomes

200 94466 PCT/ US2004/ 012050 | e. gl | )
B R R tss P stohS LR sy Bl g s Rntng inert
adiluenty$ddgh il @s&T BN £t BGEEASEIIRA vASere B dePihe ReRt

Carriers or occlusive dressings can be used to

i Advends sudidompesitivasedn dlsoyinelnde adiheante veottingagants,
abso ion. .Li qui dosage forps.for, oral .
e R ded shitigog SRERIRT e hine Ba%irite pragthunine
S fbditd. We, g CBBHAWYLAD, 1998; Gbsthsh Q32980 0; Avaty’s, 1987;

Suitable fornms for suspending |iposones include

efls L 9% and Kopraing,i19A2., sol utions, syrups, and elixirs
contai pi,ng inert .diluents commonly used.in the art,
such a5t FrResiia of bepieseaanvenion iRt oradjafiiaon to
S i thdbRMRA S EAPRShEARNPHBO sdIRChIHASs, adjUABL sHotket t i Ng
agents, enulsifying and suspendi ng agents, or
sswhstapnésnghich kevdssirabdg foo imprevingrthe gffitacyaafeh¢ somBsaion.

e grr Ber kow et al . 1992;h odman et al ., 6990;

ATy Yacgines ggipvantsybstantepiyhich 40 RUFDEHG, SPIBEL TR, o
CRIPATE! dafbeQsed. NRorTAFEME adjiVERLLE Thd SnitpSfioh e mixed
admnistration to an individual, 1t can further

c prir to peessathtion tothé fremsne sdfeny anpeeserded sephetely, but into the
subst anpc whi ch are, desirabl or ipnpraving. the,
oTRT AP JhE OIRE B BB e d ERgIP R co Rgials Sutable for
agidiyaatdine Siis | ; _a specific

I mmune rltnaesponse?ﬁglgﬁre ebﬁgz(ﬁ@rbl\%??r{g%%, t he adj uvant
and t hHetoogeosityt inarvaaciae may bd prgviderbyt mixpngephtantd on

to the innmune, syste or presented separately, but,
| FERA USSR o7 &1 85t B0 IRCRRAGHRS SHABR D AhandA SFaias or

ol . s .
AR b Lo lal BBl 131 A Lbs oD HaVigkASibdln
Heritggenigensipbyition age preferred eA caydihg tpthe\prebent ihyentioxj ng
r}eﬁ?licated i nf]uenza viruses for_at |east tyo .

| YAQCIER 3 b prowided fogjvagationg i a singte strgisetag;inlucneza vigps,
rfi‘ﬁﬂ%tegﬁniﬁlgé %o%‘?ﬁﬁle% I nfluenza A or B virus strains
havihg a dem )

A pharmaceutical composition according to the present invention may

further or additionally comprise at least one chemotherapeutic compound, for
example, for gene therapy, immunosuppressants, anti-inflammatory agents or
immune enhancers, and for vaccines, chemotherapeutics including, but not
limited to, gamma globulin, amantadine, guanidine, hydroxybenzimidazole,
interferon-a, interferon-B, interferon-?, tumor necrosis factor-alpha,

thiosemicarbarzones, methisazone, rifampin, ribavirin, a pyrimidine analog, a

2]
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antigenic conposition are preferred. According to the
present invention, vaccines can be provided for

WO aHAa44660s i n a single strain of an influenzaP@i/UERN4/012050
25 using techni ques known in the art. A pharnmaceutica
conposition according to the present invention may
f uirine Emzﬂbg,&ﬂﬂﬂahie@ pRbbphofOdBefi¢ 88d,alcyt18 S Ldi@dRynucleosides, a
chenot hera eutic conpound, for exanple,” for gene
t HEPigpsp, inl o5 gansickednries, ¢.anKatzing (098 hod jheaglerinses

2[1%??%%& ape@tagcs [ ncqolf&aﬁé&% ar%‘%&?g‘g%yl imted to,

gama  dJiteehipdsitiofemm ngd) Béhtaifl ¥aRAIE B small quantities of
hydr oxybenzi m dazol e, interferon-a, interferon-B

S l’ﬁilé?@émoﬁieefonﬁ@lﬂ@iYME@dQE€®rWaaE¢So vehidhgtase been found safe and
TS A R il

quéma,%é@lzoso purine anal og, foscarnet,
phosphonoacetlc acid, acyclovir, dideoxynucleosides, a
pridesnacsutioahPhainoses or ganciclovir. See, e.g., Katzung

h f
%39? R R I O tﬁeer%ritw@a]%eg?%?%@ may

10 CaR fal def® nﬁr@bﬂylé(élfc"’ ab l‘ﬁeﬁﬂ@utﬁ“’ﬂl{:pogé‘ itk f‘osvlcféfd
endot oxi n-free formal dehyde, and p eservatl whi ch
havephylaeticallyuthg comipesitinnt ofit inyertioni vohith ag \taomnes are

d bl ffect n the organismtq which the
Ao Shk Sion ot B i hee dse e mni g s

Theoglikhié SdhAlidt@loR bf iR %oﬁxﬁ?ﬁf?ocﬂ §érﬁé§ t6 gfev%}?teor%ﬁgﬁlﬁa% dhy

that it elicits) may or eit
pn’m@m}ﬂna otfeationo Whmmmﬂed: pnophylpwqahy,ethe Yherh@aeyi ded
ro | 1 t he conposit s of the inventjon
15 4 @HX%G S\Pﬁ& fiveation, ?8%9‘6 15 S1p SENBIAT ofyrdiscass
Ofbe&)n%trﬁkﬁﬂféﬁ‘t 'T‘Ifeﬁﬁ@ﬁ:@ﬂhcﬂ@ QS}H]P? Bh bealk: coﬁlgsmon serves to

prophyl acti c adm tron o e conpositron serv
t preyeriventtemratadieesruatre spmptonsubsoetitaith tealifdags.

When provi ded Iatl ally, the gene therapy 15
conpos W}f Y}B ‘?ﬂ“@ APRYEHLY -G attﬁ’f“@t?ﬂg Qf\ﬁP%fé’(YaﬁéfVﬁﬁ]eVaéﬁlye
pr%%*ﬁﬁiﬁs"é{‘. B B Pon IR BRAC B el The tyerpeutic

20 gdmpn&énaﬂnn obtheabtrpouad(s) senes & attmtlae&ﬁjm&tﬁﬂﬁnfecnon See,

d he.d
R BT el J9PAeion sle OB, AVeabUIPO B 8d Katruse

Vage) Mrhed ro@fd%\ﬁ'tﬂ&gp#;ﬁgﬁ% g ?arge:tbgt%@/ Q%Bésnﬁm 1% npov%n d

of act ual nfection

admlrmhs tetatti@nofof syhhﬁom @ﬁm'dmd()ﬁ pf BRerdveasd ahattheaeatie
fect| on ., Berkow et al., 1992;

act ual
%‘awﬁra@?n gf th e cgzg)ggunq&gépgyes tenugte @ smp@mq@r indication of
25  that disease.

Thus, an attenuated or inactivated vaccine composition of the present
invention may thus be provided either before the onset of infection (so as to
prevent or attenuate an anticipated infection) or after the initiation of an actual
infection. Similarly, for gene therapy, the composition may be provided before

30  any symptom of a disorder or disease is manifested or after one or more

symptoms are detected.
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1992. When provided therapeutically, a gene therapy
conposition is provided upon the detection of a

adm ni stration of the conmpound(s) serves to attenuate
a synptomor indication of 25 that disease. Thus, an
at t enuay essysitiohds biid 8 Bél“phaRRADdE SAMR astdptb-af it§ he
present invention may thus be provided either before
t REmyHgEtiopcan he tderpisH by saecipientopatipnte\Sah an pget isswithiode

et Yt ter the. i mithot
SRR § b SRR bRl et Tk B Ao
C e1ptasiold nllyRisnbfecalt. OX icBRdofd 06 Ehs Bradily iSWRbRS of a

di sorder or disease is manifested or after one or nore
s Phptielagicalbesigrifieant dbits mesene re0nyi0@4E6table change in the

. 4/ 012050 . C osition is said to be
PR Re Py Pl e et o8 s gt apseepndary
C Atmbeal boteTuddrefintitie PeshBRdRigBiRt 4 MakiCdie-strathCF 2R In REEHs
Is said to be admnisteredin a "therapeutically
efiffBtenza drggrount " i f the anount administered is
physi o ically significant. A conposit.ion of the
pr esentr?llgnvgketcﬁg?\ I%S“éeﬁﬂ%q‘&%?%?w i il ’Inlﬂl:‘ﬁli‘ﬁa i f
| SfedoRSRBE BotRIBIalIS phdverted 8 BaLRRNES IERRADE alstutihi&i
physi ol ogy of a recipient patient, e.g., enhances aty
| sigsificonfamproviesrept enmppeedbwith e yontel ipopellation oxsst bfipatients.

[ ne. respqnse i nst. at | east ane strajn of an

| araRtion R Y e dRliefting G Rt rratifitg AP onEbos ded
NefAfpioRis 0P thedRBMh Girud infectiohh® 1 nfluenza 10 infection
need not be totally prevented or eradicated, if there

i £h tj flisiratiohgni f i cant i nprovement conpared
with a,control. popul ati on or set of patients.

Pr ot ecth @Wﬂ?ﬁ?"gé’&l ﬁ?erﬁrf:sé’at %elmopiwtfog}gertr FRSIAREG A pRg/or
Ofnot@pitabdets, g, 'rﬁ}{ﬁﬁiﬁoﬂﬁl B8y i

vir uspéil nfégié%i ogn’gﬂ%ﬁgpgnggéut i ca Ag%ﬁﬁg’?o |>) a%?tlfh%ﬁﬁ ifé@/g

c onpusiztti@roraltivhenpueigaitn. ilnweive immumisationydnanactivated or
re&i st aa?.e to one or nore t,hogenqs, e.g.,.one or
PR e K35 TR ompost PR dmigitescd praphylagtisallto a host

: i . o . . . - .

RN A0, 050 AEALNE, A5kl 5,08 n s
vagatish exfedsiop@sd/or disedss. Hdnpassist anmdnipativat) yeadicitedbtisera

- ST G U SO bR P RS ERSE 60 96 hagg A iection
| pheed bPR 18RELY inAliSEASfrus Elgaﬁn.p %S%é\r)g @ne%{%hﬁ)%gi'ﬁgﬂ of the

t he el I Ci ted antisera can be recovere
apiresenit stventieh hay gietdymiophydmndticou tpeaieatic Rivclb @y tHedlesifed gene

infgction . .
product by active immunization.

In one embodiment, the vaccine is provided to a mammalian female (at or
prior to pregnancy or parturition), under conditions of time and amount sufficient
to cause the production of an immune response which serves to protect both the
female and the fetus or newborn (via passive incorporation of the antibodies
across the placenta or in the mother’s milk).

The present invention thus includes methods for preventing or
attenuating a disorder or disease, e.g., an infection by at least one strain of

pathogen. As used herein, a vaccine is said to prevent or attenuate a disease if its
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caused by at |east one influenza virus strain. A gene
t herapy conposition of the present invention may

desi red gene product by active imunization. 25 In
one enbodi nent, the vaccine is provided to a manmmal i an
f ewnli@sifationatsults kit i theRbRDOEENal AfteRkibh (i.d.,| SAPpression)
ug%er conditions_of tinme and anpunt sufficient to
c & 8EYPROMp pioendition ot Brc dispasarnuinethe tadplopertighimemunity of

S - J: 0 t he+femal e and the fetus.or. .
et B P IORE oS s M ORI EerBthorhe corfhdsBisRdgseid
ado pevehtte apbiRReNY dis@ke 1fMtsbBRinTBERL r8sulls elther iBthe kBRI or
present invention thus includes nmethods for preventing
oPartigl RESITAEIHG ca SEIPSESSI9R) 07 Saemss cordition ofthe disease, or
[ t] . st r.al.n_.qf t hogen. As used
T g

di seaseitiléast bife iddetMbled 00 A48 GnfRlehzA P20 6 EdPRRion
adm ni stration results either in the total orpartia
athesprfael the presens investigrpmes be administerad by apy meamsrthat achieve

il . Hpingsrad sy o
bR Rt S SR merl iy abShiee FralBhuia

hedegiribed.a gene therapy conposition is said to prevent
or attenuate a disease if its admnistration results
ei t her Fonexample, gduiinigration of sudhed camposiivatnanbe by, erious

S (e} of.a s tomor. condition of the disease,
o PRRDERE B Rich 35 ST BoRsR infiftHRe b Srederbaly i
t OnttaperifbinSA2ineanath], bRPS! trARGerkABEIukesa PRt n 13k BRI R

i nfluenza virus, or conposition thereof, of the
peasbaby belueimisction anly pradea perfisior e tinye. ah prafersstismode of
that achi eve tthﬁ inteqdedfﬁgg 0ses, using % .
oharsdebartasttc ot tion o 1 IBPepT ERiPs by dnmpear
For stbeaiBbsus apifdaRbst S& baN Hfkcw el 2168kt ABY

be by various parenteral routes such as subcutaneols,
i AP9Givierenysd 987;rand Karung) 1992nt r anuscul ar, '
intraperjitoneal. intranasal, oral qr transderngl

r out esg %8?@%%‘%%%%@?8&?%58% 9 G&atHg aggnfleenza

| Qirgeidl A8 PithdWeyd badlpades RO Ain OF 8 effl

preferred %%de %? 15Hﬁ%?ng a pharﬁaceu?ﬁ%gﬁeaéomnOfa
C s qoimpasitibn ahédespribsidrrein aderibistered & dwjngle treatment, or

intr scul.ar . or subcutaneous application. See, e.g.,
BEPREN Bt Sufihcing G0t e 81 neriod padp andipelig
18&hice@bhl #8dkZdHA%bodkiINamoriing, P hﬁf'}ané@ gt {Eﬁ'? Qfein.

preventing, suppressing, or treating an 1 nfluenza

vi rus Asterting tp ttehotsegtyinvamiopy ars‘edfeativd aheintasf on of
an effective apount .a 20 vaccihe cqnposition as .
dEYEPIHER 1R 8}1%3%?}? ISQHﬁ{Crﬁ% tosrchisve ¢ dgsissdrpgplesicpleatiag nlt is

Ofinderstood that the effective dosage will be dependent upon the age, sex, health,

and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment, and the nature of the effect wanted. The ranges of effective doses
provided below are not intended to limit the invention and represent preferred
dose ranges. However, the most preferred dosage will be tailored to the
individual subject, as is understood and determinable by one of skill in the art.
See, e.g., Berkow et al., 1992; Goodman et al., 1990; Avery’s, 1987; Ebadi,
1985; and Katsung, 1992.

24



WwWQ4domom4he, or any range or val ue therein. AcCROI/USI0g4/012050

10

15

20

25

30

repeated as enhancing or booster dosages, over a
period up to and including between one week and about

to the present invention, an "effective anount” of a
conposition is one that is sufficient to achieve a
desi r gulelb@lge oF shttedhited irus vadcmeZbr undemsdion e.ghhuman)
the effective dosage will be dgpepdent on the, age,

oeryiah edylt ¢grganismeanbe Frm vt HE- 1 plague frming WHSof

rent treatne W Y- . t,
IPEOYRE R hnl BE P e diprelllY o AREYPRGHI el AL PR
¢hf Rt dnY 8bHR 980 200034 080! of humaggutinid piottientewevay, the
limt the invention and represent preferred do§e
rdasagesh dlﬂlé\heaéaf,e ap#h ffersiste amanbas dderaiasddy Rpyetiggal
taiJored.to the 30 i.ndivi ject, as is
JRARL: BURE SHEH &aéélﬁngsna&bﬁd%@ﬂg g?‘léﬁof skill in the
art. 19RGlosfe®f imBankeuctile 1A in edBMse Gheplietedetir| .
1990; Avery's, 1987; Ebadj, 1985; and Katsupg, 1992.
Ahcih@e 200K GOWAGIEZeP T COSZOoUTIEARIO BBROUM, & 8d d 58 BN

at t enuat ed vi r.us vaccine f ' PO AL

£ e T R
GALE (lf}PS_RmNHE:h yhiduslly ( Pk pét @omPone Yorroddrg ehiddren &lyagrs

therein. The dose of inactivated vaccine can range

f ofeuge.zind t5 @ pertcompoent Sorpldersiildren <3 s b PER: ﬂi‘en

pr ot ej n. wever,. t he oS h ;
o B b el ORGSO ot eaeBhinie
f{ﬁ&[ﬁg@ﬁe 1oSdsBEk pRKifRhti di0aniag SoBEK adalt sl Argsongepet alt,.

e dosage of i'nmunoreactive in each dose of
r mﬂso.pﬁmm.mlusse ofacetine prederably centaing appiosieptely 1-50
contain a sujfable anou e 1-F or an range
opillio s PREC ’rﬁn%d’F g%i?g’ iya]r@f}ﬂfdnrpeag gccr%?rsg g ded by yt he °
U.S. Pehl inGedtRatiinhd f§%ﬁéf'd%§cr(b@&|§?r thabileRirignonsimaiting
15 g, per conmponent for older children. 3 years of
agemplesd 7.5 gg per conponent for older children <3
years of age. The quantity of NA can also be
st andardi zed, however, this glycoprotein can be labile
during the processor purigghgilé pn and storage (Kenda
et al., 1980; Kerr et al ] ). Each 0.5-ml dose of
vEDtdriats adeehedsl y cont ai ns approxi mately 1-50 15

billion virus particles, and preferahl i b b

{)art i cﬁiwﬁh‘émﬁ‘iﬁ/ g%?ﬁﬁ‘%nl Or’llilg’?ﬂé?geglégléé M}aggm _Bf}rby

Ng%érfrlelplé dfs?éyaér%gs %tbﬁ%%s%érb %1{1’[@1)&@('1@1 Bélbe&oathbdifidd E2@e
medium (DMEM) supplemented with 10% fetal calf serum and in modified

Eagle’s medium (MEM) containing 5% newborn calf serum, respectively. All
cells were maintained at 37°C in 5% CO,. Influenza viruses A/WSN/33 (HI1N1)
and A/PR/8/34 (HIN1) were propagated in 10-day-old eggs.

Construction of plasmids. To generate RNA polymerase I constructs,
cloned cDNAs derived from A/WSN/33 or A/PR/8/34 viral RNA were
introduced between the promoter and terminator sequences of RNA polymerase

1. Briefly, the cloned cDNAs were amplified by PCR with primers containing

BsmBI sites, digested with BsmBI, and cloned into the BsmBI sites of the pHH21

vector which contains the human RNA polymerase I promoter and the mouse
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Cells and viruses. 293T human enbryoni c ki dney, cells
and Madi n-Darby canine kidney cells (MDCK) were

supplenented with 10% fetal calf serumand in nodified
Eagl e' s medi um (MEM cont ai ni ng 5% newborn calf serum
r Bhdepolymetage I fdrhindforcebaratedbdly Bsmill sites (Iﬁ‘@mﬁl) 3JHe PB2,

fl N/ 33 (HIN1
Af%%aé”m‘ﬁi%aﬁ R gymensgas c A Thstang SsrePCR-
R W L O e i e A

AP SENPIG (ablr obAdi e ﬁérﬁ@l\/lgéﬁl INE3: ) aﬂ&ﬂ‘e@nﬂ@h@oﬁl&fbﬁof rlgll\alALos
bet th t t nat or sequences 0
&1?%%@@%%&3 ToEi RS e A s (Cerornie B2
R Nebie Bl e ST o PRI EE
of/irmmaq}iﬂijﬂitﬁed\kgaisﬁrg pODINAY 2IqRBa) (Feréd@ ahurmss) Nfemplate.

p ynerase | pronoter and the nouse 25 WO 2004/ 094466
)/ WEHG AR Haoeanes WRIATSSIfyRERBisd nyutationg; B{R-gerived

LIPS RARNEIrONe b T
wEsa) e&ardlagm thfeupe@tow rmﬁu@énde@ By ) thawitgurpl. axte dleAs

pSCWPB2, pGW and X@XU obt ai ned from Dr.
CespdingfhaHA NPn éfAUﬁn@Mlsgws of AGHENY B ‘ﬂm§ v@s@ clgned as

%&gﬁﬁﬁ%ﬁﬁ%s% 1@!3%/) ai\a%gbc_ﬂgn M}}}? Ie 1%.%%§rle§,%on

IveateCAGGRMNIOS M2t BRb BtiR4hickel Bsiciia ro@ﬂfﬂléﬂ) Bk .,
u3|n pcDNA77 E@SggN A(Perez et al., 1998) as

a
B gewltingria heEAGKS - Y RReie PEAGKSHIWNALS,

s@%cesw A= oo MR 2o Bomne

| A(PR/8/GA, vuil@vdé&ﬂam el F@I{h@d tlogedmed DmGGS/MCS
recommended the manuf acturer. The ¢ encodi ng

t vield H&pﬂlﬂ%cw PEANRA. Healdy peDNATREWIBD, mDNJMWe(PBZ)

SRS R e YRR L o8 DR B
pﬁﬁ@@ﬁéﬂ\ﬂﬁscﬁ@ﬁﬁgm@hh%dprbmdeh ?’&éﬂ &henidogdyactin

prormter) (N wa_ et al 199 resulting in PEVSN- HA,
EXRENDCD AGrS KD 1012Qa'acells(1><10 were

NM -2/ 1 vel NS
SRR iﬁzaé%@#l ] fﬁg Pt ATl B ohgls Bk Rt
CTRAST LT 10PRESAGENIMESn, Wik&IndinhdcdEhrd fo tﬁ@ chaRGRANRSs
Finally, 774(PB1), pcDNA762(PB2) and

pc
poSRATRTS. PAyicle m@mh@men emenheer@ﬁﬁxedf(s W TrasdT-
plﬁ‘)ﬁ,da?t ol nggh{@er ulgq e zgt%l@gg;tel%geerat%}/e g)ﬁg gmlu%thlasr alljns(’i added
to the cells. Six hours later, the DN A-transfection reagent mixture was replaced

by Opti-MEM (Gibco/BRL, Gaithersburg, Maryland) containing 0.3% bovine

serum albumin and 0.01% fetal calf serum. At different times after transfection,
viruses were harvested from the supernatant and titrated on MDCK cells. Since
helper virus was not required by this procedure, the recovered transfectant
viruses were analyzed without plaque purification.

Determination of the percentage of plasmid-transfected cells producing

viruses. Twenty-four hours after transfection, 293T cells were dispersed with
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20 Generation of infectious influenza particles. 293T
cells (1 x 10) were transfected with a nmaxi num of 17
w@b@gvdse i n di fferent anbunts with use of TreeEUEI04/012050
LT-1 (Panvera, Madi son, Wsconsin) according to the
manufacturer's instructions. Briefly, DNA and
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midiffiras iavitroogenetasdRNRe. uFeprofiecetinfectiousyinflpenga vireses ed
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ferent In vitro generated RNPs. To produce
20 | RRaMA Y. OoTts: BB, PBInPA anid NBpotelils, genterated Yy éatrasieionsot
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RidfIyeaky vieases €Fikutecd) il nat05 293 T nelfsrere itphefected with protein
t reig%;seigri Il)l(z)l?miodfs (% ﬁg%?pgl')ﬁ%éz@m), 1 ug of pcDNA774(PB1), 0.1 pg
25  of pcDNA787(PA), and 1 pg of pCAGGS-WSN-NP0/14) and 1 pg of each of the
following RNA polymerase I plasmids (pPo1I-WSN-PB2, pPolI-WSN-PBI,
pPolI-WSN-PA, pPolI-WSN-HA, pPolI-WSN-NP, pPo1I-WSN-NA, pPoll-

WSN-M, and pPolI-WSN-NS). The decision to use a reduced amount of

pcDNA787(PA) was based on previous observations (Mena et al., 1996), and
30 data on the optimal conditions for generation of virus-like particles (VLPs) (data
not shown). Twenty-four hours after transfection of 293T cells, 7 x 10° pfu of

virus per ml was found in the supernatant (Experiment 1, Table 1),
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protein expression plasm ds, should then assenble the
VRNAs into functional VvRNPs that are replicated and
HERO G ¢ tHel fidst@he the dhpadiiyiog révefseeenaies to prefieenza
viruses (Figure 3). 1 x 106 293T cells were

infhueazack visus eutirely fost Blapmidsx pr essi on pl asmids (1 gg of
pcDNA762(PB2), 1 gg of pcDNA774(PBl), 0.1 g 25 of
pcDNA787(PA), and 1 g of pCAGGS-WBN-NPQO' 14) and 1 g of
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ASNFM—amd—pPo[ T 1T-VWBNFNS) T The fecisipn tp usg a
%Hédé’éb’%‘ﬁ%ﬁ?r{t of 1 ptDNA78F(PA) Was4bagefl pnb pfeVi pu$
hswmidafdrons (Mena et al ., |1996)| and RO At he
bpt | mglpggondi t{ons for generatioh of virusiltke - -

tir ol o I\llh‘\ L.l 1 X
bartel-es —data—ot—stowm) - TWENT Yy} T ou oyr
af ter tﬂwlsciloh of 293T|cef| 7t x 0% wf?Q: 1f'p ¥
irus Fi%z n1 vvas foumnd in {hetsupernpat ant ( Exper+ment
] WO28041-094466—PETUS20047 PI20%0, |
dermns Prﬁat| ng 1or+t he firrs{ time|thé c pﬁci ty of
fEVErs geneu ¢s to produce infllenza A winus ¢ntifeky
f sm-ds—Fable31- Plgxsmddctb u:rcu'lopoue+
ilnf | uel¥R virug from|cl oned cONA| Expeérimgnt |R
porynergase 12 %4 5 6 7|8 4plasmids|fora PBl + 1+ +
4 - - " pRg.pR 1 b ——++—PBF+++FFF F T
4 PAIMVE + + 4 +++ 4 MA4 +7+ 4 +t+ 4 F (NP L F 4+ F
ﬂ++N_Sr|\|/.\++++4+++_4 M +{+ & +[++ |+t | NS|+4+
4.+ + Prot i n—exgressignr—ptgstdsyfors
Protein expression
plasmids for:

PBI + S N N B I s
PB2 + + + S Il Mt M B
PA + + + + + 0+ -+
NP + + + + + + -+ -
HA _ + - + -+ -+ + +
NA — + — -+ + -+ + +
M1 _ + - -+ + + + +
M2 - -+ - + + + + +
NS2 — + — + + + -+ +
Virus titer (pfo/ml) |7 x 10°[7x 10°|1x10*|3x10*] 0 | 0 | 0 ] O

% 993T cells were transfected with the indicated plasmids. Twenty-four
(Experiments 1 and 2) or forty-eight hours (Experiments 3-8) later, the virus titer
in the supernatant was determined in MDCK cells.

T Unless otherwise indicated, plasmids were constructed with cDNAs
representing the RNAs of A/WSN/33 virus.
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PBL + + + + - + ++ PB2 ++ + ++ - ++ PA+ + 4+ + +
+ -+ NP+++++++- H - + - +++++ NA- + -
WO 2004/0944660 ML - + - + + + + + M + - + + +PGET/HS200I8212050
-+-+++++\ﬁrustiter(pf/)7x1037x1031
X 103 3 x 104 0 0O 0O 0 5 * 293T cells were transfected

Wi t h tBificiendy cﬁhﬂde_,rgharm peodudtivenyiy hé@presﬁi&u p€all mealt s
1 and 2) or forh\{ ght hour s '&\e | rrené -8) later,
R pateing opldhorse hrSyeresiR PR el N and go BT HEdHatrins
NOCKFeRN! for tﬂe%lﬁsnﬁﬂl(ﬁﬁéﬁ%%;é%tmnstﬁ" 1ﬁf’ﬁf@n§§‘{/‘?ﬁjﬁ$5 R @ﬁé'” dS

were constructed wt repr esent| ng
AjodSNe3Batvhe efficieAsy ml&ﬂé)ﬁmﬁﬁﬁdtﬁﬂnlﬁfékﬁdﬂﬁ%ﬁﬁﬂdsoﬂﬁ%o

Ef fici.enc f jnfluenza virus praduction w
GEIESTIaR 9?(612 A vVigsspctytal prattipsiPRe, 5Bd; %:g HA, NP,

%Ahﬁﬂgt\uzeéﬂa ﬁ%a RBu18a ihRA Peit ﬁ'cof}!%’m%&g gﬁlmm

protein I's sufficient for t ven
gmnedlag B(Dafpotbtfer clﬂéﬂan@hzmcmarca@ﬁmnsfetasa@me (doamicbbl 1986).

e effici d bhe |nproved In previous studies
spihg %ﬂ@é@}% ot @P eqiire GopmiemReHs &f W}cagralsm@&suméﬁeaf of

e

ethe efficigca of eporgreductibhoma mmb end, Q9BT aeidy yhiertansfeeted sdth
gene (Mena et al 1996) the availability of
t QRE, ppnpEnts QW@MPIU&XP%FIQEP@F@NS&W@S% ¥ VhEt ead

oﬂrod@c%'o}{ ﬁrlibglﬁﬁs}feﬁ ﬂﬁftaﬂ eg#%%he)&?%@gﬁ ?I 1c éﬁlﬁA‘?:ﬁ@ﬁq)

transcri pt ncy o

V0.1 ug oﬁpdﬁNAUB@(ﬂ?A) ;D pg bprWSN I-EQ%CAC@GSW&HKNPO/M and
transf ect ed wi anoun viral prote

5a§rﬁgd§ Pé‘d’sG%x}’&%H M;l 2(/LF9 3 pe @ﬁB@ArTSﬁZ and

%ﬁﬁé 925%%%@ (] RS2 APRA e

ik pepionatd; T NPQL lébona Rét of REMGKAE YiNATdatedAviftOthe
of pCAG(BV\BN—Ml 2/ 1; pCA- NS2; and 15003(_:%~
or

oﬁaﬁﬁEPQchRlﬂAmOIWasetI@é@ﬁhg% wiihithe xagbaen et PRIgeNe,
%}éﬂ%ﬁgﬁ?mb 8/34-PB1 was substituted in an effort to generate a reassortant
virus, together with plasmids expressing only PA, PB1, PB2, and NP
(Experiment 3, Table 1) or those expressing all the influenza structural proteins
(Experiment 4, Table 1). Yields of WSN virus did not appreciably differ at 24
hours (Experiments 1 and 2, Table 1) or at 36 hours (data not shown) post-
transfection. However, more than a 10-fold increase in yields of the virus with
PR/8/34-PB1 was found when all the influenza viral structural proteins were
provided (Experiments 3 and 4, Table 1). Negative controls, which lacked one
of the plasmids for the expression of PA, PB1, PB2, of NP proteins, did not yield
any virus (Experiments 5-8, Table 1). Thus, depending on the virus generated,
expression of all influenza A virus structural proteins appreciably improved the
efficiency of the reverse genetics method.

Next, the kinetics of virus production after transfection of cells was
determined using the set of plasmids used to generate a virus with the

A/PR/8/34-PB1 gene. Intwo of three experiments, virus was first detected at 24
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rfnrrmrlllnqt ng I‘l||||+|nno :
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articles. Table 2. Kinetics pf virys produtti-on—after
asm d 3r ansf efti oneiknod 2931 ceM bk 10Hour § af? ed0
rus titers infculture superpatant (pfu/m plasmi-d—
errlne@t tranpfectigpl 2 3| 6 6 NRIBD 12 0 ADI10O°
B 0 ND O

PM<OTT 00T

48 - 8 x 10* >1x10° 1 %10’

* 203T cells were transfected with eight RNA polymerase I plasmids encoding
A/WSN/33 virus genes with the exception of PB1 gene, which is derived from
A/PR/8/34 virus, and nine protein expression plasmids as described in the text.
At different time points, we titrated virus in the culture supernatant in MDCK

cells. ND = not done.

Recovery of influenza virus containing the FLAG epitope in the NA

protein. To verify that the new reverse genetics system allowed the introduction
of mutations into the genome of influenza A viruses, a virus containing a FLAG

epitope (Castrucci et al., 1992) in the NA protein was generated. 293T cells
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recovered virus (PR8-WBN 5 FL79) did in fact éexpress

t 198 fginfrodesasnytatipps inforthe idkendand vusgemys. of cel | s

| nfect ed Wt DRG:e e ‘ .
Lo s s et mE i B A3
e Reh® PFo 86d Gitlse€hbsiedsil @GitRsbndih heBoe A ifenit
but not tﬁlﬁgse i nf ec%ed W tfgh wild-type vi rgus. Recoye.ry
ofytproneRBere\EKpquced crgptingsnewarscegnitedif Seqii@nes A réshidtion

il d-t. [ [ h .
TR RS bR U B pad Pl aGotioed e pbtrcn
S WERIGA). aP1eQitsislyOn §vak Aol pUsBRUS Sndilid Fhik %Qﬁe PieQeds genetics,

influenza A virus genone. Generation of infectiou
i Besayemelahe lackof e aelidhlavchegtionisyatano nEransfetthe viAsesgBAe.

T du Vi S _possessi.ng, mnutations in the PA
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and PA-A1284C viruses had the expected mutations within the PA gene, as

demonstrated by the presence of the newly introduced restriction sites. PCR of
the same viral samples and primers without the reverse transcription step failed
to produce any products (data not shown), indicating that the PA cDNA was
indeed originated from VRNA instead of the plasmid used to generate the
viruses. These results illustrate how viruses with mutated genes can be produced
and recovered without the use of helper viruses.
Discussion

The reverse genetics systems described herein allows one to efficiently
produce influenza A viruses entirely from cloned cDNAs. Bridgen and Elliott

(1996) also used reverse genetics to generate a Bunyamwera virus (Bunyaviridae
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198bpembigpe, Whase aevy @ituseatacepsiembled and teteasesh
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encapsi dation’ o
Most of the selection methods, except for those applicable to the HA and NA

genes, rely on growth temperature, host range restriction, or drug sensitivity, thus
limiting the utility of reverse genetics for functional analysis of the gene
products. Even with the HA and NA genes, for which reliable antibody-driven
selection systems are available, it is difficult to produce viruses with prominent
growth defects. In contrast, the reverse genetics system described herein does

not require helper virus and permits one to generate transfectants with mutations
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segment (Enami et al., 1991) and use them as live vaccines. Not only do
influenza viruses stimulate strong cell-mediated and humoral immune responses,
but they also afford a wide array of virion surface HA and NA proteins (e.g., 15
HA and 9 NA subtypes and their epidemic variants), allowing repeated

immunization of the same target population.
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inth segment (Enami.et al .. .
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possessing an artificial VRNA encoding a reporter gene
hpopeldtiean produced by expressing viral structural

roteins and ith the accinia-T7 RO
Byt et evBsHo thproigas coniiin Hlishfa B BURIC Sfuses
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encode proteins require or 5 VRNA transcription and
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contrast to adenovirus vectors (Kovesdi et al., 1997),
i nfluenza VLPs could contain both HA and NA vari ants,
al | owi ng repeated treat men&X get

Materials and Methods

Cells, viruses, and antibodies. 293T human embryonic kidney cells and

Madin-Darby canine kidney (MDCK) cells were maintained in DMEM
supplemented with 10% fetal calf serum and in MEM containing 5% newborn
calf serum, respectively. The 293T cell line is a derivative of the 293 line, into
which the gene for the simian virus 40 T antigen was inserted (DuBridge et al.,
1987). All cells were maintained at 37°C in 5% COx. B/Lee/40 and its mutant

viruses were propagated in 10-day-old embryonated chicken eggs. The viruses
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popul ations. 15 The fam |y Othonyxoviridae conprises
i nfluenza A, B, and C viruses, as well as the

generating infectious influenza A viruses entirely
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VRIS IanﬂmléﬁroﬁﬁstWeﬁtgﬂoﬁ ifith .the pTASAEbludY Yecoe (Novagert,e
rml nt a| ned at 37Cin 5% CO2. B/Lee/40 and its nutant
Wibr e\t dpnsefianewith Asm Bldhg fopemeriwsdoneddeto the

%ﬁ%@%&%%?%f%ﬁﬁd VS RRich ¥ niiRs ARERREERA polymerge

tpfoﬁhlofér ahé tHel rabuse RN A ipblygidson te@lﬁﬁla&&dsdiﬁ&%teﬁtby%m BI
throu;c[l a 10 50% sucrose gradient. An anti-NB rabbit

sefey plagevids for e capepnen okyRA Adie wederedepres doll”

Pongay C’Ef?%%é o'dmgﬁ% BB R RN deflt S cet0
hermGya8 ldneCans f}fetéﬁké.@dﬂ‘lcﬁef ﬁﬁisﬁﬁﬁlv@é?cor pORGHINE Sof

B/ Lee/ 40 viruses were synthesized by reverse
t(pamtgdledﬁm therchtkep 3-adtinppmoier ) H Kahaswl dt gbnlfOr elivaie al.,

Ptk L SR B A PRl e St pec 11 c

%GABBDMQJIP? Uit elPrésTRSPIED PRAL PANSh BRI pRiterhd, r8dgeBifvely.
and PCR products were cloned into the pT/Bl uebl unt

vect orTI(d\NBd@ed;out Muthintsomgre W) strupfetl @s fcdlogsess iNTatatediNA

h f t | B Bl t
e b ki DOREE Apl{fo Ry PRt i ol semRRrh Spifinng”
ADA &R0 AeL éne d?ﬁQH&ltcﬁées?é&qmﬁhﬁmmsThB%zFE]lcﬂé?sfeﬁse |

term nator, separated by Bsm
fragment was cloned into the Bsm BI sites of the Poll plasmid. The resulting

constructs were designated pPolBLeeNBstop#1, pPolBLeeNBstop#2, and
pPolBLeeNBstop#3. All of the constructs were sequenced to ensure that
unwanted mutations were not present.

Plasmid-based reverse genetics. Transfectant viruses were generated as

reported earlier (Example 1). Briefly, 12 plasmids (eight Poll constructs for
eight RNA segments and four protein-expression constructs for polymerase
proteins and NP) were mixed with transfection reagent (Trans IT LT-1 [Panvera,
Madison, WI]), incubated at room temperature for 10 minutes, and added to 1 x

10% 293T cells cultured in Opti-MEM (Invitrogen) containing 0.3% BSA. Forty-
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referred to as "Poll" 15 constructs. The cDNAs

wenr@adb4age t he PB2, PB 1, PA, and NP genes of BPCEEA2004/012050

10

15

20

25

30

virus were cloned into the eukaryotic expression
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pPol BLeeNBst op#3. All of the constructs were sequenced
t etisrabbit &2 pu@ secondiienidadiit at i ons were not present.
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RNA s%?negts and four groteln expressi on constructs
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Niphy 8% .1 06 RMadkedi kv EDrA, 108 0%%%@&1 Xsiopuhliwead 1n
Ooti - VEM (I nV|trogen) cont ai ni ng 0.3% BSA. Forty- 35
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\(AgFg 'lf @ cell. After hours of .infection, cells
P villex Hd' Mb%gﬁswfﬁr%d@eﬂ%@mn%bﬁﬁweﬁadaq%aphy
per meag &6 Wit Bndridl Jff ik %Qféc@t]wqglseﬁn[{d‘[ﬂggi %i:lwgre 1nfected

det ect serum
awnh virasey aBlMOId@y00a RFUFper Celt ojverlad edth MRM miediubi t
gG as a secondary anti body. | munoprecipitation.

| FAIBAE A I8/0l TSy cE vl cepdimateeof 37 @cﬁun@rnagantqwere

CEFRUL LB AR A Bl B ek 2
Bi ochepigeaihfehtalinfdctidal FevePRedkl-¢1f €6hile BAIOB/c ZnibQuUr S.
The radi ol abeled cells were lysed in Rl PA buf f er

caonesthetived gvithomethpAyflusandCwere infected intranasally with 50 pl of virus.
The dose lethal for 50% of mice (MLDsy) was determined as previously

described in Gao et al. (1999). The replicative capacity of virus was determined
by intranasally infecting mice (1.0 x 10* PFU) and determining virus titers in
organs at 3 days postinfection, as described by Bilsel et al. (1993).

Results

Generation of B/Lee/40 virus by reverse genetics. As a first step in

determining the role(s) of NB protein in virus replication, B/Lee/40 (B/Lee) virus

was generated entirely from cloned cDNA, using plasmid-based reverse genetics
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overni ght at 4C. Protein A-Sepharose beads were then
added and incubated for 1 hour at roomtenperature.
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in virus replication, ee/4 &B/Lee Vi rus
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WERDL), BRfidatif Bk b Ghrised SR EARS P8l R eNBR LR with

an efficiency equivalent to that for the wild-type B/Lee virus. The transfectant

viruses present in the supernatant were grown in MDCK cells and used as stock
viruses. Sequencing of the NA gene of each stock virus confirmed the stability
of the desired mutations and ruled out the introduction of additional mutations.
To confirm that the three mutant viruses did not express NB protein, as
intended, indirect immunofluoresence assays and immunoprecipitation assays
were performed using virus-infected MDCK cells (Figure 5). None of the
mutants were positive, in contrast to the B/LeeRG virus, which expressed NB.

In immunoprecipitation studies, NB protein was identified as a 1.8-kDa protein
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Figure 6). These results indicate that, in cell
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Sugrue et al., 1990, Sugrue et al. 1991), such act1v1ty has not been
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unequivocally demonstrated for the NB protein. Thus, the limited dependency of
influenza B virus on NB function may suggest either that the virus does not
depend as much on ion channel activity as influenza A virus does or that NB has
functions other than ion channel activity. Since NB is highly conserved among
influenza B strains, such function(s) must be important for viral replication in a
natural setting.

Current human vaccines are inactivated vaccines that reduce the severity
of, but are limited in their ability to prevent, viral infection. Clinical trials of
cold-adapted live attenuated vaccines have generated promising results with

respect to both efficacy and safety (Abbasi et al., 1995; Alexandrova et al., 1986;

39



the requirenment for NB during in vivo replication

appears |less stringent than that for the M2 protein.
WER00A0YEbY 33 nut ant | acki ng the transnmenbrane BOMUS2004/012050

cytoplasm c domains of M2 was severely attenuated in

m ce (Watanabe et al., 15 2001), and a nutant' of

Iﬁ{dégr%hr& 12 165BN3sHeAs i NmoByCheettal (12600s B stalatPhG
aci d residues 29 to 31 of the M protei Was 1995. Wricht
Qittbsnvadieeavacat eh, 1990c Steinheffiet @#aé”@ﬁﬁ%ﬁ@? @ln}297 Wiig

2001) . ough the .ion I [V L& kS
eé)%bel)rqgﬁ'sln Wesrer,m?lgceu&r%?l?z etgé‘%&glﬁl\fﬁ? ttléglt %Ih%?laiiQrQZ;
\?#l:iﬁle B9GE oftnfRlenza B 984ses Perndias eiknalvn, THAISI is iSpgra tet
al., 1990, Sugrue et al., 1991), such activit qg% not
5 jedmce2 infheman Bogals Wittt icRsap Sy taons- NQX?H £&i n.
Thus, the limted dependency.. ' : ifa8nON
deelitey Hffgjiuﬁ‘?‘la RIE Vg e S 1aTy el‘?ﬁ ‘f‘%dz;[éﬂl% ﬁgéﬁé?t}%smg%gs not

denendiAs JHE b\E: thaithe el NAGHs that ynlgshd lafiéngenosncad
virtus does or that NB has functions other than ion

eiphiakntacith those/of iield straip forsvarcigh PPdBeifler eVt
i nfluenza B strains,. such functi : he HA
npgoreniAe of ot earetieg) i an ot Bl i Bleven the
i ind HBBILtGAC Thikg Sheaneiatio@ctbiknatlenit NB
10 512(%:{(\:1?6L o gtrvgérgé%uce thle sevﬁe]fity of ,. but are lipmted

expre®@inrmapbd incloded, ipaddition to atherattenyatiagaygaionsy iy ¢
trials of cold-adapted liv t t | have
easenestoms o erng bty P T IHES WR BARANNRE,

1fi A . yml(eAbbasi et al., 1995; Al exandrova
&é%%%%@ggnﬁ%g% 2004/ 094466 PCT/ US2004/ 012050

Ander sathoggh thle.replicaBe atiditiestod NE} kngckoutrgoges WHE sgpilar to
al ., 2000; Hrabar et al. 977.. . - .t

15 anit othggo MBCR: silst theditisred 1 jeq, TS AR L epiidive
L9853 L OBe il in miRERN) orighipieon, differant lecelt af NA

€ attenuation of the master vaccin
hpbdion fTol ifokkan NB Bxpréssicsethe npsedarssedRRIfS WA hemids,
it"is inmportant to 5 produce an.inf] I
wireteinirRswROd{1e@ n LB g ‘trhﬁ'f’ﬁ?ﬁ%ﬁ‘gl.\ml Em{v{\%ﬁ]u%’g)r%gl i dgﬁe{ls’t 0
produce | duBhivehi ch cont ai ns
afﬁui%]fl%%gﬁﬁr%?’gte%&g%g&@gﬁ usi vel y in genes other than
b0 the HAtgdarNAve sivaltpratiinohbve bdoe réparted o gt 9a ionyrhagnels: M2

replacement with those of a fi.eld strai.n f '
porotsizcal ioRuerr evigHs, R RTRISR M INRRZA B HHsor o 80 /0T
eneti.cs, |t i el QUAdd K& ohidrylievies t he
EW%“B}?&“ e%éﬁ%gl\lfuglrg%(}mrg fB’roducti on. Tr'hus, t he

| @RB, 1996K RNk ewdl., NED6; Bhypgesbilo 200G Ashubait etide 65

o P 5 A S A LB 903, B
25 IBLESI RN HaE: aRGRKANE 1 bay 3R Smpdtidietdle Auhbutrel life
cycle. The Vpu gene of HIV-1 can be deleted without completely abrogating
HIV-1 replication in vitro. In the present study, it was shown that NB protein is
not necessary for viral growth in cell culture, but appears to be required for
efficient influenza B virus replication in mice. Thus, NB mutations can be

30 introduced, optionally with other attenuating mutations, into vaccine strains.

40



WO b@n/0glisbé ered in m ce.

10

15

20

25

30

Al t hough the replicative abilities of NB knockout
viruses were simlar to 15 each other in MDCK cell s,

ability anong the nutants in mce may originate from
different levels of NA expression. To knockout NB
eRpfeegseon, the upstream sequence of the NA protein
was nodi fied. This mght have altered NA protein

expr esabbasi pleale Virus. Ress 30t37A(1999)var yi ng extents of

attenugti on j i 0 Th ar, .Live viral .8i.Ns
have bgjet}?rtﬁ Sgagr’ X‘Ae‘fé?{’@%%f&f(;’ 'giéozifo@ﬁofgﬁﬁ ﬁ%é’i Qﬁﬁ%@%&—l&i@n
Ofnd, NevbeB&aNA. Yigo45, NB protein of influenza B virus,
Vpu and Vpr of human i munodeficiency virus type 1

( HI V- 1pboest dkicly Vafol.c F0:80 K1 (189¢).rus (Ewart et al .,
1996; Piller et al.. 1996; Plugge et al., 2000;
Schube exgltu{rqu et %‘9&8@"—1&@5&&1649%6)al ., 1990; Sugrue et

al ., 188dhufng! F WREBiA! 215.439@bo0)The Vpr and 25 Kev
pr ot ei ns hgve bée—nTeT%)‘rTstré%@g@to )pl ay an inportant

role in. the, viral. life, .cygcle ene of H V-1
can beAg%Cf él{ %&%ﬁ&ﬁ#&l&%@#éﬁ%@éﬁgg%z@gﬁgt ing HV-1
replication in vitro. In the present study, it was
shown fRérsquEet sl-of &ilin. Microhisl., 3&@8xkEP92X or vi r al
growm h,in cell | tyre, oL rs to be required for
ef fici éﬁ{’heﬁﬁ?ﬂ%gé%a*—%%%ﬁ?éﬁ@gﬁmn on in mce. Thus,
NB mut AL&OND&8NrEEm3M: PALEBRY GEEPrLRtd HNEi¥al Wi th

ot he attenuating mutations, into vaccine strains. 40

Pha0e4¢109a@ol e WS B G5, A DIRFPresschide Villioasandet
ilkinh BEREsRp QP8 Bre ol 1. Garl and. Publ i ahing.
1 Ny W, A58 00 s, o e,
( 03869,.119AI50t985). et al ., J. Ml. Biol. 215:403

1550 i il s S G % 5, 2 9
30. 2230a003), N, ARl eXREL kBRI 0! . 36: 240

(1977). Avery's reatment: Principles and
Pr act i Bekow eChi,rids.alThe Preacknelanhabghotlaaditidgiaviek & Cos,

3 edit] DIS Press, Ltd., WIllians and 15
v#?w@ysi\ﬁ%ﬁw more, ND (1987).

Betakova et al., J. Gen. Virol., 77:2689 (1996).

Bilsel et al., J. Virol., 67:6762 (1993).

Brassard et al., Virology, 220:350 (1996).

Bridgen et al., Proc. Natl. Acad. Sci. U.S.A., 93:15400 (1996).
Castrucci et al., J. Virol., 66:4647 (1992).
Castrucci et al., J. Virol., 69:2725 (1995).

Cha et al., J. Clin. Microbiol., 38:839 (2000).
Corpet et al., Nucleic Acids Res. 16:10881 (1988).
Cox et al., Virology, 167:554 (1988).

Daniels et al., Cell, 40:431 (1985).

Dedera et al., J. Virol., 63:3205 (1989).

DuBridge et al., Mol. Cell Biol., 7:379 (1987).

41

This difference in repPCT/EB200€012050



Aymard-Henry et al., Virology: A Practical Approach,
Oxford IRL Press, Oxford, 119-150 (1985). Bachneyer,

wo pa0a09446©1 ogy, 5, 260-272 (1975). Bel she et BCT/DS2404/012050

10

15

20

25

30

Engl. J. Med., 338:1405 (1998). 20 Berkow et al.,
eds., The Merck Manual, 16th edition, Merck & Co.,

RahvvayDufﬂbt YL FFBS L&et'ﬁk@ﬁ@(@%l J. Gen. Virol.,
77: 2689f(1996) Bilsel et al., J. Virol., 67:6762
( 1993) DutfR als Srclogst, 190:485 (1998).0gy, 220: 350 (1996). 25

Bridg et a Pro d SC|.USA
93: 154 t@g@\é&gé%ﬁ'ﬁ@g,(l  Virol.. 66:4647

(1992)paagt nu a T50: 2795 (1995).
Cha et a@g} Bfiter Bhis2100, ﬁﬂoldlg%s 839 (2000) .

Cor petEMm&ita], JNUNOEJ@SZ@MO(SQ?RQS 16:10881 (1988). 30
Cox et_al ., 1 : Dani el s et al.

Cel |, B - )., 87:380241PY).

63: 32 Cell Biol.

7 3790}?‘“{5%l 21) 4‘%&3%5’26&?88&??&) PCT/ u32004/ 012050
Duf f eBwald.cf AEBBSibE; 70:71BY19296 (1992). Duff et al .,

Vi rol g}g 190 485 (1992 Dunn et al., Virol ogy,
211: 13B%art oty )_Jaelvdﬁ 408 §1996M ect . Dis., 169, 68-76

1094 ] | 5:2711 (1991).
I(Enam )FP&GFW Biich 3%}67;0% (%cc)ocﬁ US A ( 87: 23802

(1990)F1sc}i5ﬁ6ﬂ’ﬂl Blr. ingthJr Jdoed, (248H; 291 (1991) Ewal d
et al. . Virol., 707108 (1996 Ewart et al., J.

Vi rol Fodppetmlod VizlagBo6s (4%aner ot al
e by e o 3 B
73: 96 7Qo¢dh28 %t al. GR., €loodan add Giinlafits The iHhagd &bl del@P Bhsis
of Therapeutics, 8th edition, Pergamon Press, Inc., Elmsford, NY (1990).

Goto et al., Virology, 238:265 (1997).

Grambas et al., Virology, 190:541 (1992).

Grand and Skehel, Nature, New Biology, 238, 145-147 (1972).

Hagen et al., J. Virol., 68:1509 (1994).

Hay et al., EMBO J., 4:3021 (1985).

Hay et al., In Hannoun, C., Kendal, A. P., Klenk, H. D., and Ruben, F.L.

(eds) Options for the control of influenza II. Excerpta Medica, Amsterdam, pp.
281-288 (1993).
Helenius, Cell, 69:577 (1992).
Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA, 89:10915 (1989).
Higgins et al., Gene 73:237 (1988).
Higgins et al., CABIOS 5:151 (1989).
Huang et al., CABIOS 8:155 (1992).
Herlocher et al., Proc. Natl. Acad. Sci. USA, 90:6032 (1993).
Hoffmann et al., J. Gen. Virol., 81:2843 (2000).
Hoffmann et al., Proc. Natl. Acad. Sci. USA, 99:11411 (2002).

42



wediotiosrage Per ganon Press, Inc., Elnsford, NY (ROP0$2004/012050

10

15

20

25

30

Goodman et al., eds., Goodman and G| man's The
Phar macol ogi cal Basis 15 of Therapeutics, 8th

Goto et al., Virology, 238:265 (1997). G anbas et

al ., Virology, 190:541 (1992). G and and Skehel,

Nat ur e HobdéngeBiepalgdyVirdl3&3:1545(1994).( 1972) .  Hagen et

aI J. Virol., 68: 1509@&1994) 20 Hay et al., EMBO

J.. ' 4: 5@2@({@9‘8@)_‘%9& 3P0 (1994)-Hannoun, C.. Kendal,
nd . (eds) Opti ons

for thgl%:lgr%?g L Hirol 2 19%chrpta Medi ca,

Anst er Hammdde et alz_% 21139233)(1991531 enius, Cell, 69:577

(1992). 25 Heni koff & Henl kof f, Proc. Natl. Acad. Sci .

USA, gbiratgo etal(, DB gl 3965361 9T, | Gene 73: 237

. SRy éa@gt i e Ry

Natl Kqﬁﬁetaﬁcvlmy ,379@26‘((93@9(1993) 30 Hof f mann et

al ., . Viro 81: 2843 (2000). Hoffinann et al.

Pr oc. NatZIetaAc d@r@c:&l&mﬂ%@) 11411 (2002). 42 V\D
2004/ 094466 P 2004/.012050_. Hol si nger

Virol . a’ggng,gs agte,pnd Glnical Pharmg ol, §11 E@qtlpgi Appleton

6 SnBlLae( i to et al., Virol ogy, 206: 755
(1995%%e %&gf%t%@ggg}) Virol ogy, 213:223 (1995). 5

Hr abar Katvaeka et aDeViroli g9I139S'Dal(¢I984)39 53 (1977).
Jackson et al ., J. Vi roI. 76 11744 (2002). Kato et
¢ds. Nickglson, I§. GyWebsster, R.

al . ? , i3 7L

64 9 z %Bﬁ)s(: nd dinical
Pédf%&ggloa&béyfﬁly%l Eg,ﬂ}rd)( ﬁg %?5" et 69255}10 and Lange,
Nor wal Kilbéime 182 M2 MeaolalBtom!, 41, 853-649@¥69)L39: 303
(1984). Kei tel et al., in Textbook of Influenza, eds.

Ni ckol Klimkaitet d.,,J. Vioh 641621 990G, , and Hay, A.
(Blac kﬁ%Lasa et alf.,oJJ: Qf)lrol.,r)ﬁ:67’30 (‘1387%. (1998) '

| Lamb et al., In Fields, B. N., Knipe, D. M., and Howley, P. M. (eds)

Fields Virology, 3rd ed. Lippincott-Raven Publishers, Philadelphia, Pa, pp.
1353-1395 (1996).

Laver & Webster, Virology, 69, 511-522 (1976).

Leahy et al., J. Virol., 71:8347 (1997).

Leahy et al., J. Virol., 71:8352 (1997).

Leahy et al., J. Virol., 72:2305 (1998).

Lear et al., Science, 240:1177 (1988).

Li et al., Virus Res., 37:153 (1995).

Luytjes et al., Cell, 59:1107 (1989).

Maassab et al., Rev. Med. Virol., 9:237 (1991).

Martin et al., Cell, 67:117 (1991).

Mena et al., J. Virol., 70:5016 (1996).

Mizrahi, (ed.), Viral Vaccines, Wiley-Liss, New York, 39-67 (1990).

Mutrphy, Infect. Dis. Clin. Pract., 2, 174-181 (1993).

43



10

15

20

25

30

Kil bourne, Bull. M2 Wrld Health Og., 41, 653-645
(1969). 15 Klinkait et al., J. Virol, 64:621 (1990).

wolmasades al ., J. Virol., 71:6706 (1997). LanbCERUSZNN4/012050

In Fields, B. N, Knipe, DD M, and How ey, P. M
(eds) Fields Virology, 3rd ed. Lippincott-Raven
Publ i Nfester, et Bhj fracelgthiAzad. l&ti. UHA, 881 35B~-31BRI5(102D96) .
20 Laver & V\éb ter, Virology, 583 511-522 (1976).
Leahy Myergpnd Mjlleﬂlﬁé&@—“ﬂ @3%%- (1997). Leahy et al.

75: 9308 ?Ifglé’é)aﬁg%ﬁu’{sm%er—aﬁ——wo’éﬁ A By 1077

( 1988)Neidbck &t 21 Nat. MedV] 5: Lis7Re$99). 37: 153 (1995).
Luytjes et al., Cell, 59: 1107 51989) Maassab et al.
Rev. NEwmapnebal, I \Gral371068905997) - Martin et al ., Cell,

67: 117 (1991 Y 1996
0 LSRRy o908, Sl higg i V0la505i0/RREG (1996).
Yor kK, 189mbifin 199 t. Dis. O
P?;ct}&%Q 1@@&_g?E%%ggngx77{3Q$§004/034466In

PCT/ USioa4t elL205., 1001823 52t). al ., Proc. Natl. Acad.

SN NN B
Bi d. |
5. ?15434?‘{‘@33‘3%&11’9@%%%%%??5@89% Vi roll\laf 71 9580

( 1997)0grhetsmauNngdct. abis., 132, @09-5DB1977/cad. Sci. USA,
96: 9345 (1999) . Neumann et al., Virol ogy, 202:477

( 1994)Ohushinet abs J.afirol., 681980 (1998).193 (1991) .
gaggorélsé)%?%‘ro&a et al.. VaCCI ne . 57 ﬁ%%ﬁgbB#l%CO

JEaS{oafpgtm@lgM 499- 506 (1977) Chuchi et al.
. Vitol., 68: 926 239 Gsol (ed.), Remington's

Ph ar mieetsbi chal., M@thrMeh Blcb]!ta24<3%til99éhi ng Co.,
Pearson and Lipman, Proc. Natl. Acad. Sci. 85:2444 (1988).

Perez et al., Virology, 249:52 (1998).

Piller et al., Proc. Natl. Acad. Sci. USA, 93:111 (1996).
Pinto et al., Cell, 69:517 (1992).

Pleschka et al., J. Virol., 70:4188 (1996).

Plugge et al., Science, 287:1641 (2000).

Robertson et al., Biologicals, 20, 213-220 (1992).

Robertson et al., Giornale di Igiene e Medicina Preventiva, 29, 4-58
(1988). )
Roizman et al., In Fields, B. N., Knipe, D. M., and Howley, P. M. (eds)
Fields Virology, 3rd ed. Lippincott-Raven Publishers, Philadelphia, Pa, pp. 101-
111 (1996).

Sansom et al., Protein Eng., 6:65 (1993).

Schnell et al., EMBO J., 13:4195 (1994).

Schubert et al., FEBS Lett., 398:12 (1996).

Schubert et al., J. Virol., 69:7699 (1995).

44



Easton, PA 1324-1341 (1980). 15 Pearson et al., Meth.
Mol. Biol. 24:307 (1994). Pearson and Li pman, Proc.

wolad/09446@d. Sci. 85: 2444 (1988). Perez et al PCT/US2004/012050

10

15

20

25

30

Virol ogy, 249:52 (1998). Piller et al., Proc. Natl.
Acad. Sci. USA, 93:111 (1996). Pinto et al., Cell,
69: 51736at992)., J. 2Fell Bée iS8:1009§1988).). Virol ., 70:4188
(1996) . PI u?ge et al., Science, 287:1641 §2000)

Rober t Shsw ettal.aProc. Math) Awadc$eisUSAS0:497) (198 % 1992) .
Robert gi ene e Medicina
Pr even &#%%8@98‘95 Roi zman et al., In

Fi el dSSmﬂl oL, AR BBpL. Diath2: 4g@andotow ey, P. M (eds)
Fi el ds Virol 0{_:1 3rd ed. Lippincott-Raven Publishers,

Phi | ad@{@bﬁﬂl%a Fa GeppViroh38:471197D096) .  Sansom et al .

e Sy & %@i&z@e@@fgeawoﬂg@s B0

398: 12 Sahiper t . 69: 7699
(1995)&@&@%@%&29 WD, SR S1o0s50° Gears et

al ., JStrdbefetcl., J.Wisol 63388421@891 1988) Shaw et al .,
% Wik St B, S S
ol g3 103, 004y o Somaog) o 1 Con

Dis., $bbaa84t411990)rol,, @tm%mfzfs (®993! . J. I nfect.
Dis., 163:1023 (19915 “Strebel et al. J. Virol .

63: 3788111%1169@9) EMBQBep:3d69 41990).Sci ence 241: 1221
(1988) et irol., 67, 7223-7228
(1993)5¢ %@Ebgﬁﬂal—“] d?/?lrol . 67:7223-7228
(1993) suns@bidret 8.8t Midmbr, §Mi5015b 1279(136@)9 (1990) . Sugrue
et al., Virology, 180:6L7/ (1991).

Takeda et al., J. Virol., 76:1391 (2002).

Takeuchi et al., J. Virol., 68:911 (1994).

Terwilliger et al., Proc. Natl. Acad. Sci. USA, 86:5163 (1939).

Tomoda et al., Vaccine, 13:185 (1995).

Tosteson et al., Biosci. Rep., 8:173 (1988).
Tosteson et al., Proc. Natl. Acad. Sci. USA, 86:707 (1989).
Wang et al., J. Virol., 67:5585 (1993).

Watanabe et al., J. Virol., 75:5656 (2001).

Weber et al., Arch. Virol, 142:1029 (1997).
Weber et al., J. Virol., 70:8361 (1996).

Wharton et al., EMBO J., 14:240 (1995).
Williams et al., Mol. Cell. Biol., 6:4317 (1986).
Williams et al., Mol. Cell. Biol., 8:1186 (1988).
World Health Organization TSR No. 673 (1982)).
Wright et al., J. Infect. Dis., 146:71 (1982).
Yasuda et al., J. Virol., 68:8141 (1994).

Zebedee et al., J. Virol., 62:2762 (1988).

45



10

Sunstromet al., J. Menbr. Biol., 150:127 (1996). 15
Takeda et al., J. Virol., 76:1391 (2002). Takeuchi et

W@bk0o4/094468/i rol ., 68:911 (1994). Terwilliger etP@l/U$2004/012050

Proc. Natl. Acad. Sci. USA, 86:5163 (1989). Tonoda et
al ., Vaccine, 13:185 (1995). Tosteson et al., Biosci.
Rep. zﬁnﬁzv%et(al%&}en ol 063: eEXM(1884)al ., Proc. Natl .
Acad. Sci . 707 51989 Wang et al., J.
V'roIZﬁnﬁav55834§1Qﬂ3¥7 (i®P8habe et al., J. Virol.
75:5656 (2001). Weber et al., Arch. V'roI 142: 1029
(1997). Weber et al., J. Virol., 70:8361 (1996)
Vihar t 9[11 Sﬁblﬁh’cmns t9and paérd 4Ppl(chBSs)are lmmofﬁi‘i’ﬁkh@@m
al . . Biol., 6:4317_(1986) Wllia
a>|yr¢feMnlce w&mlle in &ed‘oregowg snegiqplions mvv@%qn&mgéﬁ?"{ h

|dﬁg e a%on?gf 8&%%1 g%'l(f)ag @SE% Sn\é%ﬂgg{eé%)f g,fld ﬁ{any details

? (IQBeen s@?fo%tyfér ﬁul'g B of iliGehaitecitetill db appairent‘t(i) th:mlse skilled
5 2762 (1988) WO 2004/ 094466 PCT/US 004/0139%9

Zhlthermft/thet thahnvention iSsnscepiiblp fo addgizonal smbodigents an

Zhi r nov, 274 S,
R ﬁ%%r;eg‘@.oh%%%@%l?;’?*eﬂoﬁﬂ
rﬂ%@ ﬁ%n?&e%%@ pERGles Yhitleenidatibie for egoi ng

CI catlon this invention has been described in
relation to certain preferred enbodi nents thereof, and
many details have been set forth for purposes of
illustration, it wll be apparent to those skilled in
the art that the invention is susceptible to
addi ti onal enbodi nments and that certain of the
details described herein may be varied considerably
wi t hout 10 departing fromthe basic principles of the
invention. 46 WD 2004/094466 PCT/ US2004/ 012050 WHAT
IS CLAIMED I S: 1. An isolated reconbi nant influenza
virus conprising a nutant nenbrane

46



protein gene which does not encode a functiona

menbrane protein or a functional portion thereof,
wob@deb4eé he nmut ant nmenbrane protei n gene conpPCHES200&012050

| east two nutations relative to a correspondi ng

menbrane protein gene which encodes a functiona

NWHAJIES OLAIMED I$ne of which nutations is not in a

regi on of the nenbrane protein gene corresponding to

the transnmenbrane domain. 2. The isol ated reconbi nant

Vi rus . i rein nt_nenbr ane rotein

abne eRRdR-Ereto BBl Rab 5 TS mPERE el it fihe

Thetdis gbrad which 66yt BRddde WiflintSiond] rdmabahepiohes 64 4 at

| east, one nutation encodes a substitution at the )

cBasHonab portiva therpafi whereinrthe Augmi membianeTheteinsgsing cemiprises

r ' t.virus.of claim rein one nmutation in.
¢ RICRELPERafichi Fittyefo SeBrsimliRRRS reni G Gb B e pljcn
t odertofuntOénal hRnibtddel pRbtein, ofeed M BiBh Afiations Tt in a

i sol ated reconbi nant virus of claim1 wherein one
nifeten gnbg membeane prateintzeneeisreapendingiodhntrepsmenibsang
S‘?‘%ﬁ i(:odon in the coding region for the nmenbrane

p 8 'n. 6. The isolated recombinant virus of claim1
wherein the nmutant nmenbrane protein gene conprises a
del etion of one or nore nucleotides. 7. The isol ated

r 2c onbiThaisblatddrnesonadfinait airms 6f clhier kiwheteiethd ehwént@membrane
alters the readi frame for the nenbrane protein. S.
TRICIFBGOF BRFoP Bt e shai AN O SHOEGM 1 wher ei n 1 ho
mut ant nenbrane protein gene conprises an insertion
of one or nore nucl eotides. 47 WD 2004/ 094466

PET/ USPBO#H 10D mbsinant irus efddlaine?l wheetmdti leshbnevinntation
of claim@ wherein the insertion alters the reading
FeRdey pRbe et ﬁ“otP%\ﬁ%d%‘rqg’E ©ednitigier mpfioning| at ed
reconmbi nant virus of claim1l wherein the mutant
menbrane protein gene conprises a deletion of one or
mbr e nlihd Bolatedescoamiinan vodest daim hwhaeimmeiednutation in the
substitution. 11.. The |sol ated reconbi nant  vi rus, of
4R PeREAngi POt EeREISATOmeadgn dprcthe ﬁ?&nefphﬂ@éweator
Cﬁ’i@ﬂ%&rﬁﬁé an insertion of one or nore nucleotides and
encodes an amno acid substitution. 12. The isol ated
reconbi nant virus of claim1l wherein the nmenbrane

r ot ei . ) ) ) . .
p5. Jlq“he: isolated recombinant virus of claim 1 wherein one mutation in the
mutant membrane protein gene is a stop codon in the coding region for the

membrane protein.

6. The isolated recombinant virus of claim 1 wherein the mutant membrane

protein gene comprises a deletion of one or more nucleotides.

7. The isolated recombinant virus of claim 6 wherein the deletion alters the

reading frame for the membrane protein.

8. The isolated recombinant virus of claim 1 wherein the mutant membrane

protein gene comprises an insertion of one or more nucleotides.

47



is the M2 protein of influenza A virus. 13. The

i sol ated reconbinant virus of claim1l wherein the
woreowdoges protein is the NB protein of influenrBaUuR004/012050

virus. 14. The isolated reconbinant virus of claim1l

wherein the nmenbrane protein is the CML protein of

i nfluenza C virus. 15. The isol ated reconbi nant virus

of claim1 which further conprises a heterolo oagersthe

|9mTu nde irobatest xscembingnt arup af Hawef vgiergin lﬂi?e‘PﬁﬁiS'é
g:tﬂa fG The isol atc? ,reconbinant virus of claim
g O ks MER h{)@ a heterol ogous i munogeni c
protel n gene of a pat hogen or a therapeutic protel n

gene. 17. The isol ated reconbi nant virus of cl
iber eiTieagolatedsacomhimaniitiasio flaip d e¥hsign thy @g}an{ 1??8 Fme

vitro rellcat|on the.v 4 h

mteml erarendtstpier Vi i b o508 Phe st
b dR209BHR4RO  18. A vaccine conprising the

|so ated reconbinant virus of claim1l1. 19. A nethod of

preparing a reconbi nant influenza virus conprising a

nut ant,ja)ﬁ digti ﬁﬁ‘?‘jg’ tel Fg?%g %cmclh\?rﬂ&gﬁi tﬂ@fﬁu%@ﬁféﬁlb?ane

filnct i n-or a tunction portion
t gfeﬁ*‘oéene CORPBL& Mnsektion SFRAE BE oRgmecldutisies arel dncoddstana
uraltty of "influenza vectors so as to yield

ragiaohcidanbstitmidnuenza virus, wherein the plurality of
vectors conprises: a) at |east two vectors sel ected
from a vector conprising a pronoter operably |inked

£.an Hf LLieRAZGe i biSark Aired A diicnk #tlereth the membrane protein
transcrl ption termnation sequence, a vector
ce iy Miprgtem gfiioflednen Aoyiasabl y i nked to an influenza
virus PB 1 cDNA linked to a transcription term nation
sequence, a vector conprising a pronoter operably
|j pkedri 0. 8 ddb LAt Virhs!Sf dPiid £ RNEreln hisegenitgaie protein
transcri p]tl on term nation sequence, a vector
cfarthé NBi pigtein gff ioftodren Boyisisably | inked to an influenza
virus HA cDNA |inked to a transcription term nation
sequence, a vector conprising pronoter operably |inked
t ?éan ‘Tﬂé {sﬂfa@&iarex&flﬁ‘iﬁaﬂ\t' Riru§ BNdaind Dk@@rdith@ membrane protein
transcription termnation sequence, a vector
CyRE CMlngoeempfmﬂmma(bmmabl y linked to an influenza
virus cDNA for NB and NA linked to a transcription
term nation sequence, a vector conprising a pronoter
ORS! Adlrke ido} a@éifx%c&ﬁba&n' Vi UEBER, Y vitiieh MreBNAhirsked

a transcription termnation

heterologous immunogenic protein of a pathogen or a therapeutic protein.

16.  The isolated recombinant virus of claim 1 which further comprises a

heterologous immunogenic protein gene of a pathogen or a therapeutic protein

gene.

17. The isolated recombinant virus of claim 1 wherein at least one mutation

does not alter the in vitro replication of the virus but is associated with

attenuation of the virus in vivo.
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sequence, a vector conprising a pronoter operably
linked to an influenza virus NS eDNA linked to a
WO c@Aad®eHsEt i on term nati on sequence, wherei n tPET/US2004/012050

sequence of the cDNA for NB and NA conprises at | east
two nutations in the NB sequence relative to a
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Ca gt tiongcaryNetavtdefror pereatbt gonhprisitgih pometairebivent

encodi ng | nfluenza vir B vect or. conprising a

g it wgurm g PR pdTketfus FOREr I bRRie:

@Geyégoovzgc%}%&% r1s1ﬁ§ Qgﬁﬁﬁ ?dﬂl‘ﬁhhlfﬁw tH @R ZXl0enEAISirus
vector co ter  operably Ilinked to

aPBNDN@JIkRE ten traﬁhcngtmmfehmmaman sequascelHAvecioreampsising a

TR o T
' %g i o'?lgcer%‘rx ﬁ&t%ﬁ“&eﬁﬁen%ﬁei gfnﬁﬁﬁﬁg b Qrén b o s nt

uenza virus a vector conprising a
pﬁl‘ﬂ&ﬁtt@ fhn GRReas wirdsiHk eDNthﬂ(daNkAa tespription eemmma,twg

fl NS2; d th
%Qqqgé‘fééé‘ gcic{;iémpsmg%&m&'e%%%mmﬁﬁp B e
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protel n or a

ﬁﬂ@)ﬁidté}%bra‘@@ﬂhﬂ(@@ td Remdaénzacinp cDdinfpr NB IndNAtlinked tya
a host cell with a plurality of influenza vectors

agansonpmreuennm@wﬁﬁqﬁw 3 Yot SARRTIGINE 3 PTORALSE QPF alfslﬂ e
i
Dl el GOV TOL R o DranBlripRboniitllion,

OpQfudideya védt&@ﬁlﬂr@n@m profmbiee ogerably linkedtd anDiAuénzakigds
to a transcription termnination, sequence,

C MNQA ﬂl’gk%ﬂ Tﬁrﬁiﬁ%lsémptwéﬁlaﬁp@nqq SSRRRCE, dN}%ﬁﬁelpE}Fq Seapenge
Eﬁlg ﬁP@E\ ﬁr%cjr Ngk o%ﬁrﬁe@attléa%f'% I'nﬁj 48R I@hENEAL i on

NP1 si ng ter operably

| sqfsesberelafife o &dﬂfb@ﬁ@dvng’NB g@ﬁe?whiahvenmdek edutaional
transcri ptl on termn nation sequence, a vecC cto

c oreprbirarienproteip rongof ahidhgaptahiens is not in the transmembrane domain,

the presence of which in the mutant gene, when the mutant gene is transcribed

and translated in the host cell, does not yield a functional membrane protein or a
functional portion thereof, and optionally yields a functional NA protein, and b)
at least two vectors selected from a vector comprising a promoter operably
linked to 2 DNA segment encoding influenza virus PA, a vector comprising a
promoter operably linked to a DNA segment encoding influenza virus PB1, a
vector comprising a promoter operably linked to a DNA segment encoding

influenza virus PB2, a vector comprising a promoter operably linked to a DNA
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linked to an influenza virus HA cDNA Iinked to a
transcription term nati on sequence, a vector
wa@eopndeiceg pronoter operably |inked to an i nf POEDER04/012050

virus NP cDNA |inked to a transcription termnation

sequence, a vector conprising a pronoter operably

I begnmaht txrodingiinflhenemn vaus/NP L védtoraiohiprisinglagsiothotefoperably
%Q%frlptlon term natj on sequence, _a vector
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mﬁ%ﬁ%#%g¥%guﬁﬁ? ?&ﬁg %ﬁgéconprlses at least two
mut at i @ijdsolatimtthyeirisdD a correspondi ng M2 gene whi ch

encodes a functional nenbrane protein, one of which
mutations is not in the transnenbrane domain, the

phrgSen t he. mut ant
ode T SpRhod bt Sl 1T B g WA LiisTY
Pl ddSR e hE2056in grAel whichnfe@h6itbncsdd Nenb@sial #Rhbrane
does not yield a functional nenbrane protein or a

fm?é‘%meh&lﬁlfﬁtwlﬁl aﬁrtlonéh@mf cQpFiseiat | east two

vectors, sel.ect ed fro 0 r onot er
oper abﬁ?/ (I)I}t?f% ath8s Bﬁﬁq}\? 8{:’5@8 q’eﬁatpfsﬁﬁﬁg

Vi felBreEAmbi Qe tiRfluch @APihsS wheredh e PNRLES o@ﬂ@ét@@ |c¥mbh§1%§e @)
to a DNA segnent encodi ng influenza virus PB 1

veldeait teongntors selected fipwrmvtastor spmpeibing alprothetdr com:rabéy DNA

< BTG R hPrmR A SRR e b e inlS% [ hygation

S §&fiBide, & K)Ec%i‘ dothpridfnls 4GRER oMk Bﬂ&aﬂg linRed®nQhfluenza virus
conprising a pronoter operably ed to a DNA segnent

eRBb¢DMNA linkddiie nzransariptios tésfination eequence; avpetos cangprising a

R e kAl BBk NSk S Y
OR&ARAbNo leRKRGdPseqBedetlh PFRUTRBIpRRHE A JPmbef b

A
virus ML, a vector conprl sing a pr ormg oper a%é% 7
| linkesldo tap idluohize wagribh DA hdkerdgtmanfdns@qﬁmn\wmumﬂuﬁz

CRGRETETEV Ity
e ORACNIRH t(l g ﬁﬁﬁscﬁﬁﬁor@f&rﬁﬁlaﬁgﬁ bqmiRst b (fégtb%mp?%mgﬁh €

met hod of claim 19 or 20 wherein one nutation’in
npoamter aperablyd ke koareinflugemneiius Ned sDNP lidébdio Aor  t he

codon .for the initiator nmethionine... 23. The neth of
¢ TSRO e rBig At eI AN ICE AV ST SOTBH SR ADRAMALGE ORRF }ﬁﬂy

linked to an influenza virus M1 ¢cDNA linked to a transcription termination

sequence, a vector comprising a promoter operably linked to an influenza virus
NS cDNA linked to a transcription termination sequence, a vector comprising a
promoter operably linked to a mutant M2 cDNA linked to a transcription
termination sequence, wherein the mutant M2 cDNA comprises at least two
mutations relative to a corresponding M2 gene which encodes a functional
membrane protein, one of which mutations is not in the transmembrane domain,

the presence of which in the mutant gene, when the mutant gene is transcribed
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menbrane protein gene is a stop codon in the coding
region for the nenbrane protein. 24. The nethod of
wa@b@dovd8e or 20 wherei n the nutant nenbrane prBCEUR2004/012050

gene conprises a deletion of one or nore nucl eoti des.

25. The nethod of claim 24 wherein the deletion alters

t hed remsttitedyinfthehest celt, dothmotryieid o dinectiphal tnednibra@6 proféia or a
thad qf claim 19 or 20 erei n the nutant_ nenbrane
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nmet had of .claim 19 _or 20 wherein at | east one nutatjon
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29,

ngﬁ%rane protelrn —gene conprises

nopeably dinked iodeBNANG gaenicahesdiag inflrsta dhs NB& wotoaci d
substi tution. 30. The nmethaod of_claim 19 or 20 wherein
t RYMARTESH & PFRIAYIFLARSTAD DR to g EAYA segmeilt saeoding influenza

SHRLHCD oL A SRS 0Py
v etidodgah fluercavjros BiAN @ veatonécagirisivg: 4 fremoveeobefabBiliked to

with an effective amunt of the reconbinant virus of
af P Nh segment gpeqding influenza yirughll, a vepiar easepiisingt promeien
3 ' Nt e i1.s..an. avian. . The,met hod
of PRy oBod (i BRI SRS Gt SRR i isifa "5,
The netihgsbigtingcthavifus3l wherein the vertebrate is a
human. 35. A conposition conprising a plurality of

i nfluenza vectors, conprising: a) at |east two

veggt or el ect.e L om,a ctar .conpri.si.n ronot er
ogg'r abibé X eogc[agn;ﬂn) Oféﬁ I“ﬂ‘gﬁ% jTpfant en?tﬁ%l\e P’ioiﬁiréd
U Gerid dntodEs &f 1Bt 0dB aln@dBdidbubRitutisgquence, a vector
conprising a pronoter operably linked to an influenza

virus PB 1 cDNA |inked to a transcription term nation

sgquen a,vect.or.c ri.si a ro .er . oper abl

T LS A N Y

t iRASedneprotem deflé I 1Ab) S TEUBE e6dorffoY Blififiator methionine.
conprising a pronoter operably

23.  The method of claim 19 or 20 wherein one mutation in the mutant
membrane protein gene is a stop codon in the coding region for the membrane

protein.

24.  The method of claim 19 or 20 wherein the mutant membrane protein

gene comprises a deletion of one or more nucleotides.

25.  The method of claim 24 wherein the deletion alters the reading frame for

the membrane protein.

26.  The method of claim 19 or 20 wherein the mutant membrane protein

gene comprises an insertion of one or more nucleotides.
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52 WD 2004/ 094466 PCT/ US2004/012050 |I|inked to an
i nfluenza virus HA cDNA |inked to a transcription

WO 00i0pEIb6 On  sequence, a vector conprising preODUSL004/012050
operably linked to an influenza virus NP cDNA |inked
to a transcription term nati on sequence, a vector
conprising a promoter operably linked to an influenza

Vi us for inked, to a transcriptiaqn

t &' mi n% t%féhﬂfgﬂ 262‘%%%116 wéerbion slterg the rﬁﬁfg\ﬁsﬁéme for
ogggﬁg}rﬁgrgnle?%& dipto an influenza virus M cDNA linked to
a transcription termnation sequence, and a vector
conprising a pronoter operably linked to an influenza

Vi rus nked to a transcription term nation
s@éuengg D'\@?%Wl@lﬂbw YSQUEEEN 3t lepsfeons prptatiasrenrBles Ad
NALGSRIJ tations in the sequence

for NB re nlsagﬁesﬁélt{agﬁzﬁ%%ﬁﬁgggondl ng NB gene which

encodes a functional nmenbrane protein, one of which
myt at i is, not in the transnenbrane domal n, the

présen eé’PetWﬁ efelaim P 200vheiein desrantapimembrrae m’f@ﬁt

g ost ce
ook (b BOR LIRS of A AL TLALSRE Bod 0BG} 168 bne
f undiho soidbutdtdtioan t hereof, and opti onal ly yiel ds a
functional NA protein; and b) at |east two vectors
selected froma vector conprising a pr om)ter oper abl y

v or TH SRR R BP0 DO AR s bl B

vector “conprising a pronoter
S ggecim@ies ah figertioh blemzer more ﬁlﬁ&leﬁ’t@de@ and eN&de®kn amino
conmprising a pronoter operably linked to a DNA segnent
eAeiddubHitNtaAN. uenza virus PB2, a vector conprising a
pronoter operably |linked to a DNA segnent encodi ng
i nfluenza virus NP, a vector conprising a pronoter
oper ablpymlethal esl ihPuizOhWeS@FaE Moz aE: e&nwﬂlfnnga
virus HA, a vector conprising a pronoter operably
| veehaate 3vith anedfesBymemeunt af tireepmitihang eitesof anyrans okIA,
a yect or ?rrpr|5| ng a pronoter operably linked to a
segrren encodi ng i nfluenza virus M a vector
conprising a pronoter operably linked to a DNA
segnent entoding influenza virus nutant NB, and a
vé2t or Theo mmthicsl ofgplam Jdrwirandie theoyeetichiateyislanmakad. t 0 a DNA
segnent encoding influenza virus NS2. 36. A
conposi tion conprising a plurality of influenza
V8§ OF §he GRARIA otclin 31 heddin HEARteb R NEGhARSaEE! ect ed
froma vector conprising a pronoter operably i nked
to an influenza virus PA cDNA linked to a
ns n ter tiogn _sequence, a vector

%‘p Erhﬁ 9 @%IW%%F@PYWIZ@GFW@@WWMI uenza
VI rus PB 1 eDNA linked to a transcription term nation
sequence, a vector conprising a

35. A composition comprising a plurality of influenza vectors, comprising:

a) at least two vectors selected from a vector corriprising a promoter operably
linked to an influenza virus PA ¢cDNA linked to a transcription termination
sequence, a vector comprising a promoter operably linked to an influenza virus
PB1 ¢DNA linked to a transcription termination sequence, a vector comprising a
promoter operably linked to an influenza virus PB2 ¢cDNA linked to a

transcription termination sequence, a vector comprising a promoter operably
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53 WO 2004/ 094466 PCT/ US2004/ 012050 pronoter operably
linked to an influenza virus PB2 cDNA linked to a

WO c@adeHb@t i on term nati on sequence, a vector PCT/US2004/012050
conprising a pronoter operably linked to an influenza
virus HA cDNA linked to a transcription term nation
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to an influenza virus NP cDNA |Ijpked to a . .
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A raRfcRreteinyeBnOf Whichuuiationg dnmotis thertzngwembeae demein,

R PAREY of Ak BERhuiE choo SAER Al fudie Y uppried

t ard eefislatadth d} hadt cbl@ alks hoojisle atfaidionl rﬁéih&@lné IBGTERA or a
vect or corrpr|S| ng a prom)ter operably |inked to a DNA

s denesipnalaeeiinn therephpdienticaally pig smﬁfunqlonebNArproteln and

conmpr er

ononai o BPleR RLOVBKSE ARSLERGH 4 1Ko BrSne R P gieeE
popembelinkp@ frdDNA degitRet dnodin DM EASNTRls P ANCRZRI
influenza virus PB2, a vector conprising a pronDter

0 ﬁ@manmyg RiprOveeiet @era&bdmkeéég A spgroetitiegeading m@nma

! VRIERBT e RO GanRRRR pestoB Sy Pria MR foekment,
V eﬁ&dﬂﬁng ﬁﬂﬁﬁfz'a&irﬁgPEZ}H %Mr%brr@ﬁ@h%&' prothbiek 8}§’er£lﬂy finkddo
segnent encodi ng i nfluenza virus a vector

c6AYAspgment epeasing iafluense vis IWP, & vResdr canprisidigre megweemt

OB ick L EBEA et oo el 8 b ket
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or 36 further conprising a vector onpri sing
pMERDNE; aypeprtsingprisingiecpiomote opbtabl‘yrlmgném a BNA segerent t

in nti.sense orie
encoding | Bfilenza rus IQ/lt a vegtor comprising a promoter operably linked to a

DNA segment encoding influenza virus mutant NB, and a vector comprising a

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

36. A composition comprising a plurality of influenza vectors, comprising:
a) at least two vectors selected from a vector comprising a promoter operably
linked to an influenza virus PA ¢cDNA linked to a transcription termination
sequence, a vector comprising a promoter operably linked to an influenza virus

PB1 c¢DNA linked to a transcription termination sequence, a vector comprising a
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54 WD 2004/ 094466 PCT/ US2004/ 012050 38. The
conposition of claim37 wherein the vector conprises a
wdb4pagerent whi ch encodes an i mmunogeni ¢ pol pEEPS20d€012050
or peptide of a pathogen or a therapeutic protein.
39. Isolated virus prepared by the nethod of claim19
oprozibter op@rably Inketl t€ @l inflaeiaatiue ®BA JDNA Migksd tows  of
claim1 or 39. 41. An isol ated pol ynucl eoti de
csmngmwgteanma%%mu%ma CRSHITCAMPEISHRE @i pspmgter operably
f
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c STPERIRRN edddr dohﬁ)rﬁ@ﬂg)ﬂ%iﬁbt%ﬂbpdﬂﬂaly hesdeto rantlﬂnfaxdr@@hahsem
polﬁnucleotlde encodes a HA, NA, PBl1, PB2, PA, NP, M,

érlinkied top transcpiptien sAmingbpRSTGICREE Mgc‘f@fw@ﬂpéﬁtﬁgaﬁl ly
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coamctiplidiOteBmidbitdicquateth SQBRDM @ﬂi@ral pibxﬁ@ter operably
Segl; uences encodi ng at | east one of the proteins of
aden 28 inflyense Brysdd] c@NAahnlgﬁsirtp|adrﬁns¢rmt@aﬁenmaﬁpﬁe

0 nucl eot t ed
QT S B SO 50 et B B
Na,msoms NBN Alinleed 1B @tfahiptibe t@afinatiohisehuchyd hivditaes t o
one of SEQ ID NGs: 1-8 or the conplenment thereof. 43.

Twénmsamm wlmwgwbb'dtnl@é tood muttant MADNAsegmanttlinged to

d d |
& B BishPre® KBk BRI ARy SR B Ratmbriy et 38
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claim42 wherein the isolate nucl eoti de encodes
amgwibyareprotain, enroef whish Bwkstions ISI mlt lrytht: trensyagnebrand dqmaly,

5@1&: ptrgs%ngaocli%ag c{ e mu%an%i ggneb e mutar?f%engs transcnbed
and translated in the host cell, does not yield a functional membrane protein or a
functional portion thereof; and

b) at least two vectors selected from a vector comprising a promoter
operably linked to a DNA segment encoding influenza virus PA, a vector
comprising a promoter operably linked to a DNA segment encoding influenza
virus PB1, a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus PB2, a vector comprising a promoter operably linked to
a DNA segment encoding influenza virus NP, a vector comprising a promoter
operably linked to a DNA segment encoding influenza virus HA, a vector
comprising a promoter operably linked to a DNA segment encoding influenza
virus NA, a vector comprising a promoter operably linked to a DNA segment
encoding influenza virus M1, and a vector comprising a promoter operably

linked to a DNA segment encoding influenza virus NS2.

37.  The composition of claim 35 or 36 further comprising a vector
comprising a promoter operably linked to a DNA fragment of interest in

antisense orientation.

4



WO 2004/094466 PCT/US2004/012050

38.  The composition of claim 37 wherein the vector comprises a DNA
fragment which encodes an immunogenic polypeptide or peptide of a pathogen

or a therapeutic protein.
39.  Isolated virus prepared by the method of claim 19 or 20.
40. A host cell contacted with the virus of claim 1 or 39.

41.  Anisolated polynucleotide comprising a nucleic acid segment comprising
sequences encoding at least one of the proteins of influenza virus B/Lee, or a
portion thereof, or the complement of the polynucleotide, wherein the isolated
polynucleotide encodes a HA, NA, PB1, PB2, PA, NP, M1, NB, or NS, or a
portion thereof, having substantially the same activity as a corresponding

polypeptide of one of SEQ ID NOs:1-8.

42. An’isolated polynucleotide comprising a nucleic acid segment comprising
sequences encoding at least one of the proteins of influenza virus B/Lee, or a
portion thereof, or the complement of the polynucleotide, wherein the isolated
polynucleotide encodes a HA, NA, PB1, PB2, PA, NP, M1, NB, or NS, or a
portion thereof, which hybridizes to one of SEQ ID NOs:1-8 or the complement
thereof.

43.  The isolated polynucleotide of claim 42 wherein the isolated
polynucleotide has substantially the same nucleotide sequence as one of SEQ ID

NOs:1-8 or the complement thereof.
44.  The isolated polynucleotide of claim 42 wherein the isolated

polynucleotide encodes a polypeptide that has substantially the same activity as
the polypeptide encoded by one of SEQ ID NOs:1-8.

55



