WO 2009/080806PCT/EP2008/068154 Modified influenza virus The present invention covers an
influenza B virus M gene comprising a modification of at least one nucleotide proximate to the
N-terminus of e IPHERE more specifically at any one of nucleotide poditisEE2EX 81594 of the M
gene as well as an influenza B virus comprising said modified M gene. Background of the invention
Epidemics and pandemics caused by viral diseases are still claiming human lives and are impacting
global economy. Influenza is responsible for millions of lost work days and visits to the doctor,
hundreds dfithitifisdisBuehhesiitalizations worldwide (Couch 1993, Ann. NY. Acad. Sci 685;803,), tens
of thousands of excess deaths (Collins & Lehmann 1953 Public Health Monographs 213:1; Glezen
1982 Am.J.Public Health 77:712) and billions of Euros in terms of health-care costs (Williams et al.
1988, Ann. THEPFESORINILEIY BTVRBHRTAMRTZE B YH BAARNS SIRRIE ORI 5EER PEsponsible
for these epidessicsria hureatide thusilbesideshnfiuesranisatsdhaflligpna, Brvin s satifaadyaattigens are an
essential campanent lanieeclirIsese Misucng bikeneamabidiimenzgyicuses belong
to the Orthomyxoviridae family and are characterized by segmental negative-strand RNA genomes
that add ug" RS RItENGisaE FHoPEBAY 88%kDb, respectively. Genomic viral RNA must be packaged into
viral particles in order for the virus to be transmitted. The process by which progeny viral particles are
assembled@ng the NSRS Heractions occur during assembly are similar within RNA viruses.
The formation of virus particles ensures the efficient transmission of the RNA genome from one host
cell to another within a single host or among different host organisms. The influenza virions consist of
an internal Epidamite @propent emies(eahetid dlynucled seqrsic poosiidicimgitiiehsmglelistmactd RNA
genome, aadk R AUEIFIBEBEPLEIGRYCINRIDe LIRS biia BIUHPLOLPIBI AN, Hagcspamented

genome of influenza A virus consists of eight molecules of linear, single-stranded RNAs of negative

polarity, whitH 889 SRV BB IR aos hasRialaa Bty seiige (rruahindPthe
RNA-deperdentRNXc b o 66300 b temsofRBRisPRIE ahekPdsk ardins (IadjmoéelriifBywhich form the

nucleocapsigs e MR e MBS %gﬁ@tﬂaﬁ (M MA1gEBNR) PUBIRYLERSE M P12) and
2009/080806PCT/EP2008/068154 glycoproteins which project from the lipid containing envelope:

hemagglutiRfioHS ] EHPHEURIMTRESER (R e hre id ettt AL rbt8ih (B 1555y M&Ctear export
protein (NERE: 6165t Botiueizganastrams Biswsrcozie antiedanan thepnotsipofR8ie-feP Jhesieved to have

proapoptoticopedifs iR eI iRHL IR B ¥ KURES iRIRRSS Bha-NB prateinhaipight contribute
to viral virulence (Hatta.and Kawaoka, 2003, J. Viral., 77, 6050-6054€there are further minor

differences®efile ?ﬂﬁﬂﬁ%ﬂ“ﬁﬂ?&%d@@giﬂ?ﬁf@?tlé’?dpe@gl{b%”@tf' H§7E8 BPRAY products encoded
by the viraliNikemd Nhgesdsogaierits QunoaxiFdse &y 908, sfeatdsaGleretd DYR61-266).
Significant biglagigal sk erIdeTHaRgisaldlifieraneas ke pdicaistshudhe Arpestexgysive
~confinement of influenza B viruses tg humans, althou hc?(hqre hazve ajrfead beer)fstgdles isolating
influenza B VIREHGH SR IR thALH G AR AI40 B E B G re BN of lferent
organisms.Mrffuerzat@narised. faecrovesy by sducreyeossiy iirehaayicesearanskenzriatalidn species.
gr?jrés_criFf’“%?ﬁQtélﬁPHF@éiiﬂ '?r&gtr)%cg%T' B?Jh A8 HRkeg QL@%%HI‘thI%t BHGIGHR e @ﬁ%%gé\é?qciy s via
udding fr e plasma membrape. The viruses cgn reassort genes during mixed infections.
fiuensa viE SEEEIBE OIatFER 15 SR SGH AR SR g TS A e VB SFEME and
glycolipids.frrol ondritpeirigd dytasdtnel withidcinaecorsorneatioratithserd ddsttbgdismsolecule occurs

within the celllan@ngasaibesKBiditagiiptas meRiYARR Brsiaan bl 1HIReEMg uncoating. The
nucleocapsid migrates to the.nuclgﬁs WhF[e vir%l gé%glﬁ IS transcri(?ed. Viral mRNA js transcribed by a

unique medh&ii %'%ﬁ%ﬁ%ﬁ? %E‘HE&&S[ES & S ?ﬁgoégﬁpaé] S t%LﬂF%ﬁrHng‘?%ﬁ%ncellular
heterologo@svaRpeALgehisicthensedE o paim ek fof trasraripticd oenvamkRNAuensdtes by the viral

transcriptasgud RSP LRinalis-aksite sl basesdrrmile endsptiteainigmplates, where

oligo(U) sequences act as, signals for the additjon of Ié@% racts, Of the eight viraLRNA molecules
e e B S O e e e R R ety

into the proterthepiedehnalyrEaseernFine e RiFhbpe hAvaad aystoasivteiPE9P PEhidind PA. The
other two trRpsGHPisURAB ISIERNE thteas Mgl ive B RNAMYBiatnvae thanslated in different
reading frames to produce MI, M2, NS1 and NEP. In other words, the eight viral RNA segments code
for eleven proteins: nine structural and 2 nonstructural (NS1 and the recently identified PB1-F2)
proteins. Influenza B uses a different coding strategy WO 2009/080806PCT/EP2008/068154 for 2
proteins, namely NB and BM2. The former is translated from an overlapping reading frame of the NA
gene and the latter is expressed via an overlapping stop-start codon from the M gene. Vaccination is
presently seen as the best way to protect humans against influenza. When healthy adults get
immunized, currently available vaccines prevent clinical disease in 70-90% of cases. This level is
reduced to 30-70% in those over the age of 65 and drops still further in those over 65 living in nursing
homes (Strategic Perspective 2001: The Antiviral Market. Datamonitor. p. 59). The virus's frequent
antigenic changes further contribute to a large death toll because not even annual vaccination can

guarantee protection. Vaccination is accomplished with commercially available, chemically inactivated
(leilled) or livve atteniiated infliienza virtie vaccineace | Infortiinatelyvy inactivvated vvaccinece fran hardlv



FFU/mI.(Hai et. Al; Journal of Virology ; Nov2008, p.10580-90 Reflecting the need to develop vaccine
formulations of high safety containing influenza B antigenic compounds, there is a great demand in
developing inﬂ?ﬁ%r‘gl‘%@%ﬂﬁains which are attenuated due to the abrogaté‘?ﬂﬂ?‘f’&%%%ﬁﬁSl but still
show high growth properties in cell culture. Summary Clinical isolates of influenza B viruses normally
require laborious and time consuming adaptation to reach high growth on Vero cells. For influenza A
viruses not only wild type viruses but also mutants expressing a truncated NS1 protein of e.g. 38
amino acidgiysoprotginssrdorhpkeiety Tokithg tivis RSTADIRE ereckiple: trerega@steito(Higratittes on
interferon deficient Msee eells whinfindiegwasserd s pradycraderiigriiopseficinergttenuated
influenza Ahdive ,Vﬁﬁcine. Uv% to n(%xv, this concep coum not he 1Iig%forlinfludepztzil Beviruses due to the
incompatibMIRF IPIHEEARE RIANSSISRRSRIA AL BBt IE bR toHigh B thiSue culture. The
inventors haventoweisuppyisinigls: vheveasisabygrowenzsap abuirsscsaresethighB priciadet by modifying
selected nuglagtidesprexipatdp hgehetaininabrroen aithebbgens/ebithesiniengess)virus genome.
The M geng of influc-%n%ﬁ B v.irusg,%is of aggrgx. 1.03 %Ier}gg}fdcgm‘prsigisn% mgier and BM2 ORFs.
Further the H%rglgéﬁr%ral%ron%(\)/rer's FeeSmbInant mtuenza B viruses cé’mprlsing said modified M gene.
Preferably ¢her8ssiv0séetegiereparntopraéfiticsnedad natieatieh atead i aeasripisng@ats to deletions
within the NShBrataiRoRBecifigallyadarombisantiniivesrask stiain: enrprisingha modification at any
one of amlno.élmd osmgg%82 to 90 grefere}bg/bagﬁ%@one of aming acid | osm(%réﬁ 85 to 87, preferably

at amino a&fd 6’8& 137 B ThHE w1 %rroiréclihc.?g Mo & esxé:gment co |r?81?3r a NS1 protein lacking

a functionahfIenzeiRdiings o ih dirnang . cifswief teaTfhar a eirradyed plisiralip@adinent mutation at

nucleotide pasitinn B3Gef Ham Mearnsdis fpyared tyrdhagresenbeistiosureeamihiess vaccine
formulationfﬁlfgont?inina%.the ir]\r/lﬁntive virus and methods fg)r thg ,%E%c}"acm treatrré%natn%f influenza as

ntor 3m uenza.A viruses have a ve T 1 11.Many avi
well as me %ﬂ ofOn%;a mg%he inventive virus are covered. Cﬁ]e present alsao%ure also covers an

isolated nutleera@ianesieseifg the influenza virus M gene of the disclosure and its production. In a first
aspect, there is provided an influenza B virus M gene comprising at least one nucleotide modification
which resulis in an {amino ciq.sucbstit 'H)n at amino acid gositiq 86.inthe M eroteg’)n. In a second

ica 2 ome (akes piace in assemol

ranscng 190 ad'l re WoN O ﬁen <] Qe. nuc?eus a %/ . .
aspect, there’is provided a récombinant influenza B vifus comprising a modification at amino acid

position 860sfFHieviabpretesTam & thiasaspeeiiens SR oliRes sardesrreteipsstiRTomprising an
immunogericaliymnshising effesiveaitoanibebyindsasslefings gherariadsiiaie with a
pharmaceutically acceptable. carrier.. In a fourth aspect. there is.provi a.method of making a
recombinamelP1'|Ji¥5%rr1{“:§gel %?ﬁfﬁtse'gg & i@ggoﬁgg\?é%? %V?'ér}ﬁ ﬁ%geo m%%cl)sd&i?%g}%g\éh?ntroducing a
recombinafev@stertional sRpresdermbimmaiassie iegsMBENNSReteRt Ul ersrssBeeistics system. In a
fifth aspectidbrteds pepvicaet ameihedofiggseasingtaey omhraie sfaeplicatenadaticient influenza B

viruses whereln S EVenZaR Wi ses e camREP RNE MBSYREIPHY & unique
mechanism in which viral endonuclease cleaves the capped 5'- terminus from cellular
heterclogous mRNAs which then serve as primers for transcription of viral RNA
templates by the viral transcriptase. Transcripts terminate at sites 15 to 22 bases from
the ends of their templates, where oligo{U) sequences act as signals for the addition of
poly(A) tracts. Of the eight viral RNA molecules so produced during influenza A
replication, six are maonocistronic messages that are translated directly into the proteins
representing HA, NA, NP and the viral polymerase proteins. PB2, PB1 and PA. The
other two transcripts undergo splicing, each yielding two mRNAs which are transtated in
different reading frames to produce M1, M2, NS1 and NEP. In other words, the eight
viral RNA segments code for eleven proteins: nine structural and 2 nonstructural (NS1
and the recently identified PB1-F2) proteins. Influenza B uses a different coding strategy
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In a sixth aspect, there is provided an isolated nucleic acid encoding the influenza virus M86V protein.
In a seventh aspect, there is provided the influenza B virus as defined above for use in the
manufacture o¥@ #iE#f¥&fhent. In an eighth aspect, there is provided th8UEP 3t ¥ShTtuenza B virus
as defined above in the manufacture of a medicament in the treatment of an influenza virus infection.
Figures: Fig 1: Schematic translation profile of influenza B NS genes of wild-type, NS14 , NS38, NS57
and NS80 (a) and wild-type and ANS1(b) Fig 2: RT-PCR products of the NS gene of indicated viruses
expressingfaz&teproteimefyIdB 384 BV A0Taminoacidsansidtddtiipe NS dveespetityely. Fig 3: Growth
Ol fuenzaBMARITIE UKR.Ciesng NS LRIRL Al Y, APond gt SR ANagRS of widybe
NS1 respectively on Vero (a) and A549 cells(b) Fig 4: Viral titres of influenza %/Malaysm mutants with
NS1 proteifRUF 3B MiPsE-acids or wt NS1 containing wt M gene or M1-M86V gene 6 days post
transfection (a) and B/Florida mutants containing ANSI gene or with NS1 proteins of 38 or 80 amino

acids or wt - nj - SR I ). Fig 5: Amino
acid compﬁ?éﬁcﬁ%ﬁe@gg%%&%%&g%%ﬁ;é}%%”g&)éﬁ-?igpgv%gb M ggr%tgt%vgiﬁ?ﬁ@%?ﬁ%i%v gene and

other sequéfiessisabigRdH’H IRERHEBSAKC #I§ B YEYEIRRIBY ATATER ALePRdiBGRliruses containing
ANSI genedizaasiel ity pe-NS1 drrasero TaksdndAS 49 cells (bBOFP % iAthine acal $ecueenae of the

BNienna’S%éOQnM&ng%m #&Hﬂ@_im%gé%%%yWH%%%W%%K%&%P%]E%%%%'D No. 1) (a)

and B/Thiiringen/02/06 M1 Proteln containing the M on (marked with bold letters, SEQ ID
No. 2) (b). B 8T eRBRRER M%&ﬂgmwﬂ%@%mg YUt rtS eSS BRHSESIR SOERRS of all

constructeduntiflererurdriBuMd uteantsr (&) ¢ eatt| eot vk sespericeyaf Bitier val38/8Mogene M1-M86V, SEQ
ID No. 3 (b&hg}g%%ti%tgmnce of BNienna/33/06 M gene M1 -M86V and C950T, SEQ ID No. 4 (c);
nucleotide Ssequence of B/Thuri_n%en/02106 M gene M1-wt, SEQ ID No. 5@%; nucleotide sequence of

B/Thuringe WSS GeAre e, BEEMHNIRY AR SRR Ay R BBt ha33/06 M
gene M1-C830% 28&Q4Bd Wh22a31080806 RS TIER2008 HG 814 \NEmdA thrineskeutide sequence of

B/Vienna/33/06 Ny gene fNirdidcRe ShiRLNG, ShakDusielids seavearsohB4visana/3s/06 NS gene
of NS38, SEQ ID No. 9 (h); nucleotide sequence of B/Vienna/33/06 NS gene of NS57, SEQ ID No. 10,

(i); nucleotiREBTHITIS & BRTEEH AT 6 NG HERRYET RASEETSEBAID No. 11 (j); nucleotide sequence
of B/Vienna/33/06 NS gene of NS80, SEQ ID No. 12 (k); nucleotide sequence of B/Vienna/33/06 NS

gene of ANGLR. SEQRANR: 13 (EhAauclgrtide srosgneasf Bilvdringenf2 QBN So60e 0f ANS1-B,
SEQ ID No. 14 (m); Féghfg: Schematic translation profile of IL2 expres w&g} |anuenzah%)Vectors with

. : r
NS1 proteifSHrs8  8F e A d ﬁ%&ﬁqﬁdﬂﬁ,"%@ﬁ&fﬂ}g@mﬁﬂaﬁgﬁe SRRt all constructed
IL2 expressimgeinfllibazasBrive citis (83 Inrcleutida dwg tencawsl BNictica/38/ioe™N $ fene of

NS1-381L2,SFEQR Mo LovedsiRueleide-samuencs of BAVIeRaNARPE NS GeRR bisE-801L2, SEQ
ID No. 16 (d); nucleotide, s\te;%uence,,of B/Vienna/33/06 NS.gene of NS1-10411.2, S qu ID No. 17 (e);

nucleotide YEGERRCIP ENAEHARPEYBE TSGR HL N Jaset 2 4 B8 1T Big 10: RT-PCR
products ofsimghitemzaABIINS G BB 38 apiBIASY 381 ERtviits etspfesespasyaesR-Vero cells.

and T- cell mediated protective immune response.

infiluenza B viruses mostly require laborious and time consuming adaptation to reach

sufficient growth on Vero cells. influenza B NS1 mutants which are able to replicate to

high titres on Vero cells in addition to an interferon sensitive phenotype due tc the

abrogated function of NS1 are not described in the literature. Currently, the only

published influenza B virus completely lacking the NS1 ORF does not replicate

efficiently in Vero cells (titres of 1,7-2.5710% FFU/m using an moi of 0,1 and no

detectable titres at moi of 0.001, respectively. Dauber et. al ; Journal of Virology, Feb.

2004, p. 1865-1872). Aninfluenza B NS1 deletion mutant consisting of the amino-

terminal 16 aa is also highly attenuated in replication with maximum titres of approx. 10*
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Detailed description of the invention The present invention provides a nucleotide sequence change of
the M gene of influenza B virus which can increase the growth capabilities of the influenza B strain.
Such chahb&X¥rehiiackidélddruing ahdisipsitutine0PBas BEERGHELessfully shown by the inventors
that at least one a single amino acid change in the M1 protein of influenza B can lead to high growth
properties.in cell cultyre, especially in Yero cells. Tllis specifically can enable the rescye of viruses
L U o P R R AN et
completeidiietiorainBhamigs i FeoSyemitichl)y thdfecnzaB gest Migerendcdordiegdtm timgoresent
Invention aAmetisesdmanilicatinn ol ! st ened eoileof aBlar.a" Rilsards ResHions 265 to
294 of the M gene, preterably of at least one nucleotide at any one of nucleotide positions 277 to 285,
more prefeitedilbsRowigb MO FsrEeHEEN] 6Ak 9 iBIeotide positions280 to 282. WO
2009/080806PCT/EP2008/068154 Specifically, the modified M gene contains nucleotides GTG at
positions 280 to 282 instead of ATG of the corresponding sequence of the isolated virus. Alternatively
the modifle'éWg%rNe can also contain nucleotides GTA, GTC, Gil at positions 280 to 282. Of course,
the embodiment also covers the respective RNA codons, GUG, GUA, GUC, GUU. According to an

alternat_ive;m_diga_ﬁg@é}j '819 Pfﬁ?@ﬁ‘ié”\@r\ﬂ%%%@ E@Hﬁﬂﬁﬁﬁe\d%_Maﬁfﬁﬁ%GQ”&ﬁ@eﬁrﬁé Ie_ast one
nucleotide modification which results mQaéle st o\r;g amlry acid slg%)}q_ntutlo at any,one of amino acid

positions R G8BrREARIAM KhiPER 4RI ISIRITE S IPE 7 IeRERAAY KHERTino acid
position aaomcmw Mntildd p;p&;hiru‘ﬁ@s @maimmwmmmsamga apmaaﬂﬂb N8It ;pmateimpdlar,
hydrophobig aging e el RiETRIERasERkNe ANBoRE hehangRearls taflaeghange of
Methion neto Valine at amino acid position 86. An M1 protein” comprising at least one amino acid
substituti6RPACaIR hBigh AR lisasiRm S 8Bcigrdo/ prerepiiply AP YRE WasiABhldd positions
Sﬁ to 8;, pr@mé@@la ﬁicﬂﬁ%ﬂi@@@gmﬁ@iﬂmtéﬁdaté&tﬁwﬂtm@lm ir:?]@(f;@@ugsi.covered by the invention.
The substituted aming,acid can be any aming acid: a non-paolar, ophabic amino acid,being
protertedU b o e S o g TR RS AR EE o
acid positioergatiality10p rotdrnéanvite pendraelirppldNy metatsdratolgiewnionttiah dtreshe term
"amino agjdsgiestiikiian” refers to the presence of a modified or different amino acid at a particular
location in_the parenteral amino acid sequence of that molecule, The amino acid substityte occurs
reltive to/ By RURGIGTH PV BP0 ECAN, SNSUATARA A ED RO S SR DSt resuls
from the @m‘m&amﬁdtsﬁqnmﬂifgér@aa@@mmmwehmﬁng!mmmmm@lrmgitﬁaaxfons such as
g'ycosy'aﬂﬁ’é‘%g_%?%'eﬁﬂ'?é1i.ﬁl?e°t9£5’@"ﬁ?k9§‘§&ﬁ&%9ﬁ% WQR@BﬂHﬂH{%HE@WO@%wIE% the

amino acid s itution. A recombinant influenza B virus comprising the influenza virus M gene of the
invention ¥ ARYRvERERPIRRGIRsRRREREINE WH B BYE0BEEIC T/EP2008/068154 Within

other aspects a replication-deficient influenza viruses containing a modified M gene according to the

invention gan further cantai ificati ithi . : Cifi k r lack of the
eniire NS DR E@é@gﬁ#%%ﬁ%%ée P R hgs BT e BT i virusos
can repliciddnndiiastdferiedEnefeniy el MiEveas s saPiBHity fodgiisient esmheashosts and
organismgERadisd. REpBiaabialieaIa deldtisnis Rithia iR RIDNakeIgiein that consists of
approximately 230 amino acids and is early and abundantly synthesized in infection. It counters
cellular antiviral activities and is a virulence factor. By the activity of its carboxy terminal region, the
NS1 proteipdsifibiiyo dnhiioiothizimast mRMAZpD cassimgearephaitignes Sadifindtidrfaalligngs the
preferentig), ranslaiion ofyisal MRNGAY gyeg! ipigragienuiih Be sallulardragsiaugn,iniigyon factor.
Third, by binding to dsRNA and interaction with putative cellular klnase(sg the NSlOEroteln is able to

prevent tROBERMRIST JOrRrfeEHIRRY) AldRRINe RHENROSIIRAER ihdke Bk &Noli§oadenylate
synthetasexsyitecNBd sptpkiaet itaniayipsios RStosotenridiciking M fenviralgdRNA Nisdibgnds to RIG-I
and inhibits downsiream aglivatjo IRE-3 nting,th iptiona| ingucti FN;f3.
Therefore%w%ﬂ%l%ﬁ%te?% %ﬁ%)its??ﬁéugg rgsfgs'rlrgér/\ﬁc’)f ?ﬂ?&asgtﬁr\‘]f%ﬁg géeonegs!%réglglg%wtggée\%lopment of
apoptosisHaisetiffe fesitien 9haf ihe bheshireifopmE@isd Gthe antiviral state in neighbouring cells.
Influenza B viruses express from an unspliced transcript of the viral NS segment a 281- amino acid
nonstructural protein termed NS1-B that shares WHh its NS1-A counterpart the ability to bind the same
RNA targets and to inhibit PKR activation in vitro. In contrast to influenza A, influenza B NS1 does not
inhibit pre-mRNA splicing but binds to the interferon-stimulated gene 15 (ISG15) product and inhibit its
conjugation to cellular targets Influenza A viruses containing modifications within the NS1 protein are
known in the art. For example, WO 99/64571 describes the complete knock out of the NS1 gene
segment, WO 99/64068 discloses various NS1 gene segments that have been partially deleted. These
publications are incorporated herein in full by reference. Only few influenza B viruses containing
modifications in the NS1 protein are currently known and none of those viruses bearing an interferon
sensitive phonotype due to the abrogated



W02009/080806PCDEP2008/068154 function in NS1 grows to high titres in Vero cells. Here, the
construction of such viruses with modifications in the NS1 protein is described. According to the
present inbermiesanktdissinmeltion within the NS1 protein can be a deletion, an insertion or substitution
of at least one amino acid resulting in a replication deficient influenza virus. Preferably the modified
influenza pr qgé rably of at
least 700)‘B rﬁgréer p\f%%era |%‘a(’a%ia\st %ﬁl'?%ﬁt}r%atlv ib@%rﬁ’: én?&)ga%}]gw% 88%?%%@({:% can be
complete@f@iﬁm}ﬁ@n@dﬂ? %’Y@Qtl(ﬁr Hbiesztemmeinga melbadesrhi r’t@\é}?ﬁv EEOHIn lack the
functionaliRINAaebinctingr@daimain. The primary function of this domain located at the amino end of the

NS1 proteip{ag) g‘Hﬁs]ct%éht%bg!QH“%Q%E%@W%BE@H”%Hl@e?&“&éﬁ?fb%% Dagber etal, J

Virol. 2006 Dec;80(23):11667-77). According to the inyention, the term functional carboxy terminal
domain c X8Rz YEYR M 8500 Withm HREREY D AREIHSRIPEHSHRT the inhibition of the host MRNA's

processing mechanisms, i.e. its activity suppresses the IFN response of the host cells. Influenza

B-NS1 segmsiiedash @c@atm@uge Oele%tfgﬁtwfideﬁ@rsvwmlmﬂgért@rt@@mﬁmi@tw A-NS1.

The C-terminal d(t,? g.l\g ﬁ‘N %. rot% ’(gtmln?tamd os%qng %4lt X fttnflté%pzzramBngirus is
mainly re§PGnSHSTE RS 6#% LIS PSRN (BAUBRY é:t ol 2006 BEC.
80(23):1186¢-pesitnec8tuingie Mé pioteion, the carboxy terminal domaln of the influenza B NS1
protein might be rendered non functional. This domain can be completely or partially deleted as well as

amino ac ids_can be stt e h ct|onality as
describe matt?g G ?tl)é ée%{e%%F%q\/eéFﬁ%@%g%) %@}%Qg%ﬁ@?%ﬁ% ?r?\/I}egnst(%\?g.i k?utat n of the M
gene enaBI@’@ﬂtﬁ@é’ﬁ@réﬁ@ﬁ’ﬁﬁﬁl@f@rﬁ%@?ﬁtﬁﬁrﬁgWﬁ b iHEIR: a truncated NS1 protein (e.g.
shorter than 80 amlno acids) therefore bearing an interferon sensitive phenotype. Such mutants could

be used q Aggee?{tem@tgdzgaw\ﬁd%a@s%&%s@wmeﬁ'ce% e

2009/080806PCT EP20D8/068154 The inventive modificatjon within the en n S eclflcally
increase tﬁ@ﬁtﬂ%ﬁ@ﬁﬁ%|1ﬂ%‘é05fgsaﬂcfr%cﬁ|}’ceau3ﬁ‘85ﬁ&eﬂ inflthhz8%. &@fg 8V n [Afluenza B
virus exprassinguaeNgth@qibarobgoutivilly actisp{Rige-8@yierntaining the M1-M86V mutation
achieved titres in a range of 5"105 to 5107 TCID50 whereas a similar virus with wt M1 protein grows to
only 3103 310 ID50. V|r es conta|n| NSl e| shorter than 80 amin ds L&, 14, 38, 57
or 64 aml (? gl%ogﬁty %r(eugop %gtﬁglmﬁe 53 mo@%’nﬁlgnr?r? 1 ”a%ne ancp grew to titres
ranging frBmving4-3g ogefapss. Hh@@@t/lIM‘I%Rﬂﬁhuiﬁﬁomﬁh%o%ﬂﬁf@%céﬁ%@ﬁ@beﬁ:kbone of
another Iﬁ%@ﬁﬂﬁr?amruecﬁbﬂtteteek@e@eee shbtiTRIcior xR0 RI96Ngsutd R 03-HkeMerssove, that
the impro %?b %%\cny especially of NS1 truncation mutants is rather universal than strain
specific. IH%H one, the inventive MI-M86V mutation enabled the generation of a ANSI-B virus,
in which the NS1 ORF is completely deleted, growing to high titres in the range of 107 to 108
TCID50/m4 ia Ylﬁma:@tbcﬁch@r@rig toravigedific erathodinud ninofdhsimy éhgogrthethe catmbihant
influen2a yinis CanCORRLISA ) ATRAGEICAUOR RIRAMINQLASH RosiigrBE p5he Nl isteln ) a
modified NS1 segment codin for an NS1 protein lacking a functional RNA binding domain and
functional ARG e RRSIAd c) optionally a silent mutation at nucleotide position 950 of the
M gene. As an alternative embodiment of the invention, the recombinant replication deficient influenza

B virus cajp, alsoshgrisaghasta vehlisladoprxRERESING NRIGEAHAY NS BERUERKE SeRcadidgthpexpression
of chemokn?iusé % aﬁ:&?tl[%nl@l% gbfrag{nents thereof.

in a seventh aspect, there is provided the influenza B virus as defined above for
use in the manufacture of a medicament.



More specifically it can be a recombinant influenza virus comprising a. a modification at amino acid
position 86 of the M1 protein b. a modified NS1 segment coding for a NS1 protein lacking a functional
RNA bindmgaGiehih 250echdisigl iSapraxgies e al Soridieahdenzadi ey assdsdiéhce inserted

between g spliocticlomossittanddhsf A\REANRNRBO0GRE TH=R2ROS LIGHIL b splice atosptor site of
the NS1 geaesegment. optionally a silent mutation at nucleotide position 950 of the M gene.
According to a preferred embodiment of the invention the heterologous sequence expresses cytokines
or chemokines or fragments or derivatives thereof. Cytokines are small secreted proteins which
mediate &idwegsdate immunity, inflammation and hematopoiesis. The largest group of cytokines are

_thfSTf Wl? e Wﬁm@rﬁé%waﬁ%%ﬁ eéﬁgr@%t#aﬁfnéﬁﬂmw ﬁtéu}%sl L m@yg&imiﬂagfogp are
interleuki [ C roduce eukocyte interferons, which may be produced by
a variety i %«Sf ﬁﬁﬁﬁi%ﬁ?s%iﬂﬂ r&'E'T rﬂﬁf&%n‘;@f@%ccurring glycoproteins produced by
cells of tHeign?nBleRG&armodiistobithe N hceamginndinatad, bireesepmessany i NS fesponse to
challen?q)hytagqg}tq Jg%ugg,@pﬁgtgmn@iré@gfg,cpawgﬁ?@één@gmmgléﬁgi@iw humans thereI are thrbee
major classes, ofinterferons..The type linterferons include 14 IFN-alpha t nd.single IFN-beta,
omega, Kl A Sha e ANERREIS SRR RS TR e

discoveretfihird erad cwminasosids NBwhe RN NS g eppeitabbRinerehB L ardsbert¥e mainly

IL-2, IFN-yelatg)TNF-p, whereas Th2 cells which are relevant in humoral immune responses secrete

2. -p. whereas Th2 cells which are relevant in se
esponec eI B e o el

derived frafRP RS RIcHh NS lorRRIRRNG AT BoEpngeThdE (NP ¥0gRRmM Be a4 resent a
family of sradifantiocilile) amd se&EtedigeoteinsofdovontalemdgatiiEdhgeré 2dkDaith therimonomeric

form) tha iﬁstf?i%éeofroéﬁb%%%i@m%%ﬂ@n%ﬁfmm&\wmt%@n%m%emmpending on

their function in_immunity and inf ammagon, they can be distinguished into two classes. Inflammatory

chemokir®&%8 Hﬂyd"ug & ISS? ﬁﬁtﬁﬂ‘ Pegnt tissue cells as well as by immigrating leukocytes in
responseftig bBictnihtozinis sprhpkaisenatiniey okgioslliRéValaysiarR2 806/ iHditeremalTidir main
fUhnCtiOE_i@é@ué@ﬁﬂﬂ%@#@%ﬁ%&@@@ﬁ@Qﬂ%ﬁ%ﬁ@dﬂéﬁ@%@%}ﬁ?@dﬁﬂﬂﬁ@@%ﬁ%&amm% .
chemokings, gn the other, are e ssed constitutively in. defi reas of the. oid tissues.
They direclHE CAME A NN e S OULICE UMb LB AUB DRk T AT i and
dendritic 8633 AiMEMEShaNdMO4Raas hese chemokines, as illustrated by BCA-I, SDF-1 or SLC,
control thgjgelpcaiamangoiecikey adiareobly hphBeyiesria & oo ekt mbeatutaitaintifethstiation,
activation nsure their c ing. within.se ry | ojghorgans. Accardin the present
invention li\tﬁﬁéai\;be%g%?as%n Qﬁé%%ﬁ%al y %r%j)e c@’ctt{gi?riesgogc eir?\)oki?lmefs oﬁdeﬁé\gti\?gse or

fragmentSIH UGN P LMY SratemcranipilsdBsc BN RN (BaESS Miieb@ferent from
the ORF &tpressBIEQHE NB1 Dyogin. Alternatively additional leader sequences other than the natural

signal pepijdes.candisibipest ILMSGGXRNRRRSRERNANRRINMNED DaKdUERSSYPRREHEHicient
B A S Rt Rt B A R S T R NV S <
M gene M1-M86V, SEQ ID No. 3 (b); nucieotide sequence of B/Vienna/33/06 M
gene M1-M86Y and C950T, SEQ ID No. 4 (c); nucleotide sequence of
B/Thiringen/02/06 M gene M1-wt, SEQ ID No. 5 ({d); nucleotide sequence of
B/Thiiringen/02/06 M gene M1-M86V, SEQ ID No. 6 (e); nucleotide sequence
of B/Vienna/33/06 M gene M1-C950T, SEQ ID

5a



Surprisingly, chemokines and cytokines can also be efficiently expressed when the amino acid
sequence corresponding to the mature cytokine/chemokine is fused to a part of the NS1 protein via an
amino acid sea’l?e?r‘?g%“ fgﬂﬁg as a signal peptide , For example, this can %%TQZB%QPP/(%W@ mouse
IgKappa signal peptide. According to the present invention the heterologous sequence preferably
codes for interleukin 2 (IL-2) or a fragment or derivative thereof. IL-2 comprises secretory signal
sequences and is an immunomodulatory, T-cell derived molecule required for the clonal expansion of
antigen-actizatédfi-cetisoiiresequention BN ichy/ BOHE-NT janpladbides, SEOHuNplé bivlogical effects,

sucg as thtﬁ;:Jﬁ&%ﬁl}ig%&{@é@%ﬁ'@mﬁﬁﬁfiﬁgﬁiﬁ%ﬁeﬁagﬁ'&'ﬂﬁﬁ'&%ﬁ‘ﬁn&%ﬁ”{iﬂﬁg@@&f&-?l|S to
produce otner Cytokines ur rmare, IL-2 can ails C -cells,. cells, and macropnages.
et i b E R e L e R S
significantlpidétieass 3@ HbithogenesNSHvirdGhife dtiori bl neciityidasdmmnstedfesponse. It is also

known thatdhs2 78 §#84MEYBRAs Nt GO {0 the present invention any fragment or
derivative of the cytokines and chemokines is ingluded that |§ séillgli:eoéoﬁcally acaigle, i.e. shows
Bk

immunomdﬂiﬁ*ﬁﬁmﬁi&?\?ﬁf&? %I%Mﬁﬂ@@l%f% FRCLAN N%1d5 B& selected from the
group consisitiagtafd bebﬁeﬁik’leﬁmh%bsmmmgmﬂmﬁ\mﬁr&spﬁmgm%t_sl thergof. WO
2009108039%P?f§réﬁ§%9{98(%?§%§é‘ @ﬁf&aﬁl%’r?@ eg ?%%ﬁ% RIR%:ADY ERILRRE.Qf innomodulatory

region derived Ti Mycobacterium tuberculosis, ample ESAT-6. Alternatively the heterologous

sequencesEaFBRY 88nT0rid@Acimafie 3 HREMS BRIRECEYEROKIAE S8 et ABIRRYCE 8 ments or

deriv_ativ_esddnﬁmmftéldsed é@;ﬁ@&kﬂﬁ@iﬁfp}rm mécaﬂtﬁqenigumi_de&dausime ean be either di_rectly or via

peptide "“‘Tﬁv?ﬁ%ﬂﬁﬁi}.ﬁ%w \é&%%#wfhﬁ[% 93844 ROINS (ég'ﬂﬁct%%@%@ ghdgapt 5 amino acids.
the lin u In h re GGGS or

For example, t er sequences accor to the Invention ] GGGS, Examples for

IL-2 chime@é\ﬁ%f@/ﬁé/g@é%%m ff e 1hP B SRR AR CtHiIE CBumderiideseiEatctMerein PE is

PseudomoBAs &xei0sineA) SRARSSONE 121 (wher SPA B! difhitleriauaiipe sHoBaxofwherein Bax is a

proapoptot@weqﬁ%bgjog géigm%g,qjﬁ&!?sgé%, ,\Iﬁfpﬁ:gl%p.\]., 2003, 129-140). According to the
0

present invention the nucleofide sequences of the heter oqous sequences which are introduced into
the replicatidh Heftlerit R R SBHEMAPA T2kt BOYF id%%ﬂﬂfi%@ﬁﬂstﬁ@@'haﬁ'\'fé?équences,
preferably afitedshB5%gedentiisronaekspreferred at least 90% identity. Any optimization of the
nucleotide sequence in view of codon usage is included thereby. Alternatively, the heterologous
sequence can comprise B-cell or T-cell-epitopes, for example a B cell epitope from influenza
hemagglutiRffailearescristiarahiie IReeRtigBp epitope from the influenza virus hemagglutinin (HA) or
parts theredficoprpeptidesrdpraseniieg ameaddtide remuemnodammngaéfhitoldes:oé A corresponding to
amino acidiseauease. 180 IRitRAACAIREREdhe AR Caldilikdarhe NR RRUSRE AR alSO be derived

from melanoma-associated endogenous retrovirus (MERV) as described in W006/119527. According

to a specific ESBANTRTTRIHENET SRIALCSS GRS LoMRal e BRERGHSF RS Ee donor and
acceptor splicesitechinrtibagpliceadommr anihgieceptar site staregkeptasviaratisitds, i.e. the

nucleotides, .ot Badifieshy, g iﬁi@%‘gﬁ% R NUHERLIdSJRadficaiRRS &hithe splice sites
occurring naturally due to modifications WO 2009/080806PCT/EP2008/068154 of influenza viruses

based on ehVF SRR SR AR ST HaRHRe S AR PR EYRIBRHNEYS LR HaRR&f FRSU#%ations and do
not fall undengie temmeasgtthetid\s 1aptiicias wrodifieatidrsriaiiernatividis teeten irethed$Surrounding the
splice dongr@pd/or upstream of the acceptor site can be altered, Preferably, alteration or modification
can be performed within 3 nucleotides 5' to the and/or 8 nucleotides 3' to the 5' border of the NS intron,
as well as 100 nucleotides 5' to the and/or 2 nucleotides 3' to the 3' border of the NS intron.. This is
preferably BpaatiodicinjusypathBtitrse fluestesarnarderitcha odiBesplivergiactemprises a

modification of at least one nucieotide of any one of nuclectide positions 265 10 294 of

the M gene, preferably of at least one nucleotide at any one of nucleofide positions 277

to 285, more preferred of at least one nucleotide at any one of nucleotide positions280

1o 282.



If e.g. insertion of a heterologous sequence increases NS intron size it may be preferable to modify the
sequences surrounding the splice donor and/or acceptor site in order to increase splicing efficacy and
thus genetic s%%ﬁﬂ%?%?é recombinant NS segment. For example, it BB MBI in that either
the sequence surrounding the splice donor site is altered to increase the homology to the Send of the
human U1l snRNA and/or the sequence upstream of the splice acceptor site containing the branch
point (Plotch et al. 1986, Proc Natl Acad Sci U S A. 83:5444-8; Nemeroff et al. 1992, Mol Cell Biol.
12:962- 70ppecifitedyp ynanidididest idtobris septkivedunjeatiseg e eathasionaAtesosifiting of the NS

segment. '%9@&{59@@@% %H@ém}ﬁ&ﬁ@s@@f@{&%ﬁﬁ_g%@dmiggluﬁg&@tﬂfew%ap"c? ?]cceptor
site comprises a lariat consensus sequence an rmi S . In view of st of the virus
vector and TROLS M SS0R e BP e A O e Lol BTt e i Bctuce the
synthetic/ndfdifiedsdhaentedormtiniag covaratheorseadive Sdhiepdenand i yidfidPEStretch at a
specific pogitipn within the NS gene, e.qg. directly upstream of the slice acceptor site. Furthermore, it
may be necessary to vary the distance between the lariat consensus sequence and the pyrimidine

stretch to modify the splicing rate of the NS segment (Plotch S. and Krug R., 1986,
Proc.Natl. Asadrgiog, t83n3Aimaivg:mmdisrott M.tk alesantin2eUen08edUBREZE/ BPZODBI068154 1992,

Mol.Cell. Bigknd82rfRksFaNaxamHi et treonnanidnlurnrafisiraincanconuuisman amino acid
sequence as. ho%%}{'n%_SE(? ID. No. ]for 2 or a nucl otidegﬁ?c(}qg nee as Epogyg in gnélogne of SEQ ID
Nos. 3 to 186t HEEMVAR 2 Her&of ﬁa\“vm’é‘%? 58Py g/%Ssequenc’ep ident yv prePé’raB y at least 99%
sequence igsitinacistefesitbng 88 kedst, poeByabiciEMing 86 thromENED i the MErRTcieiBombinant” does

cover all infiyenzassialsthrbhave kel Rrgdused Usittresemnadephbiitamiteader example,
reverse genetics te hn%lo é/ Tpertafot[]e the. influeélz straips g\ctcot%din alto tg%fi v%[‘lgogrrl1 econtain a
modificatioRIKEItHE § e 3{¥1ee Hor &St gﬂg%u?ﬁ'ngr?no inCAONE within the nucleotide or
amino acidtgdpliea et voirpassdersiting §arental strain. Also a vaccine composition comprising an
immunogenically-inducing effective amount of virus in admixture with a pharmaceutically acceptable
carrier is cg&/neﬁgrﬁég#wants can alﬂae é)& contained in i§he com ositL(on. Accorﬂinpq. to the invention the

" 4] 8?{\'1%?_!]8%?%18 one amu‘a acigd 3 b% ltUR N af ariy one of armind aced
term "Immunogenic eans'that tne VvIrus 1s capabie o1 eliciting humaoral or cellular immune response,

and preferdisisitsos3 A PAnigieRcEANYPRe A RGERtca s wRIMIIGie genEaig artiLRting effective
amount of wuselisHSbImRAres of welMlapisrBe resneBsRyerdph i vheveagsnintsiered to an animal,

preferably (o, puman, The vaceine, compasition.may. e Used fo prapiactic featment of influenza

disease coimprising administering gahuman patient’in ne ent an immunologically inducing
effective arbenatotiieedormsositrit. acmrocsidpbsitignisednhtedmarecempidetiitridfza B virus
according tg thgiHavaertien dutialsesraasserteny pransavheie teprA0b e irah segmeatssare derived
from different inﬂuepnzea_g strains and segments, especially M1 protein is derived from the recombinant
influenza BVIRUS gccoralng to the invention. The inventive M1-M86V mutation could be further
introduced into any other influenza B strain. The compositions may be used in methods or as

medicamentsd iepreUehtb Gic3DBgI RNV e 0O B8 BRI ELTIEL RRARIKIE BAGifferent amino
acid at a particular location in the parenteral amino acid sequence of that molecuie. The
amino acid substitute occurs relative to any other amino acid that could have occupied
that position. The polypeptide that results from the amino acid sequence change may
inciude changes in posi-translational modifications such as glycosylations, acetylations,
phosphorylations or any other amino acid modification as well as the amino acid

substitution.

A recombinant influenza B virus comprising the influenza virus M gene of the invention is

also covered by the present invention.



neutralizing, treating and/or ameliorating influenza virus infection. The use of an influenza virus M
molecule according to the invention in the manufacture of a medicament for treatment of an influenza
virus infection{C eSS included. The immunogenic compositions mav@%%’ﬁ%ﬁgﬁﬁer a live or
inactivated influenza B virus of the invention. The virus can be inactivated by methods well known to
those of skill in the art. Common methods use formalin and heat for inactivation. A live immunogenic
formulation may be preferred due to increased immunogenicity. Production of such live recombinant
immunogenic formulations may be accomplished using conventional methods involving propagation of

the virus ingglficuthge-epirieniipRRaedesss {8 duaPbyersaiadaliskenagasheliowed by
purification. The term " ﬁnr%u ory agency of the
a

"ph ticall tabl db
Federal or %egﬁa?@%@ﬁﬁwﬁgg(@%é gﬁy?ﬁa'(}:ﬁg gég%n@?e%sma ”fr??:lct—:%' r\%hilgers ifient, adjuvant,

excipient, speeifirtyvdt wirish dherpicirnidoe st dEThpodiloniES ) iRuadndeivetieaccine
formulationy) i, adapipisieiednIatine oiutionsaRd AOHRAES dEpRsashglyiseielplutions can also be
employed %s ji%gig CEprrigrtsh gar&ic%llt%rl}/f r.l.i S)'Ectable.solutions. hSuittagl% %xc%g%ts include starch,
glucose, la BSESGEIBSY, g Y&HiR° AT, Fice! 8@?%@1‘3&?@@8& ggﬁ BaMATE earast'e, glycerol
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and

the like. Expramles ot stitriemhainaceriical sailinrsare desesiordrat Rasuagipn's Pharmaceutical
Sciences" bé E.W. Mq[rti%; The.formléjatiog shou,d bne S%Iegéegtlacc%fgig ég ’trblen eé%%e administration.
The partic:lﬁ PR ARG ?n%nf/f% SoR 8€3ndso%ar aetﬁ(—‘f’lr VRIS INE or inactiva &4 The term ,
adjuvant refevsteysecebugscuiivrel apixitiee ahdtie ahimsaseiademitinbsasiunsel its garadtigen. The
prophylacti@@ﬁﬂé@?éﬁ%@%wﬁh@eﬁ&&émﬁ&fﬁbimmm&ai@ﬁeém#mmslpajd@@iﬁyention iS)b?sed, in
part, upon achieving or jinduci n.jmmune response (e.g. umoral im response). In one
aspect, thenﬂ%?hﬁwgggéh%%ﬁ%}u%%glﬁt@ %Sd%g’ 5‘3? é?&f él%ﬁ%ngga(tborrﬁ ?ﬁ(\frr%fnégﬁ%eﬁ%(ﬁ%%gainst antigens
of the influénigeagionudtivirstbeiviterensleiaroiniintamimaiondaeriiyreioeiegdo frotNe Fedret, rat or

canine mogel-athenWith 20RBOHMIBP GAdER 2N AHOESLprb rarumnbitefoiraveantizody can be
determined u ma} ?tﬁ%hm%fe%m%rbc}g d%r?\%%‘ Gsslwhwntggvg tdq(.igaslgkg(}gﬁogﬁsgays such as ELISAs or

hemagglutiffit ARBitoN WIS dNG e invention also a met Generating a virus is also
covered widgsiadgny e o emsnasEent st W RETIBINIIPERD fassitn kg4tbnithat expresses the

inventive infuamaasarus: Manelagyie. ACCosdn B e preseshinventarihg IRpEssion system can be
any plasmid useful, e.q. as described. by Hoffm Hoffman al. 2000 Pr atl Acad Sci U
Qo el i RNk i
reassortantxaresopespiission difnfogsfies idrarnine vipysiepany of RpppisaigEribtds’es8tem on Vero
cells can bedsseghd pelesinploynisalresidyenaitinowatiaitheardilesghkass. et al., 1996, J. Virol.,
70(6), 4188-4192, Neumann and Kawaoka, 1999, Adv. Virus, Res., 93,4 é:% offmann et al. 2000,
Proc Natl Aggaegzé?. g%&%fﬁ&% e ce s% Gsedrfor e L(’:'uTt]f\’/a_tior% %‘5 wgh%ggt é?%z a cultivation
medium caPMHeeRgCRIRSHENEAhREREIN T§ Ve MSyRielsnegiaihiedaR’be eREEBRthe propagation
of-viruses. WithinlithecsapeeisdindmientagetbedanaiierlisPreass aiercultivation enirsividual cells,
lissues, orqans, jasechopll, Aian klis,manunalan els. RXPridgmaLalls, piimany,gells, continuous
cell lines, a.nd/or gene_tlé:eTl y engineered cells, such as recombinant cells expressing a virus. These can
be for exanipRfESTsirtdmied geniR €8s YradeslaneEPEdifCOUgRENLC FRfHIRE cells, human
cells, HeLatgejtss 293 cells, VERO cells, MDBK cells, MDCK cells, MDOK cells, CRFK cells, RAF cells,
WK cells b RIS Glae PR Gl ARl MRCHR RS Il B el SP210 cells
NSO, PerCo (human retina cells , chic en embryo cells or derivatives, embryonated egg cells,
embryonaté@chierREtEe Y2 BY BEP/atoes issber cRTPielabRP Rt e iR $d YAERO cell line. The
cultivation megtisnt, userkineibeqirdisstionaioislsss ganchegnyrmediuna knowsnfsarafiyior art that is
applicable %’éié’éﬁm%gg%‘&%aﬁ’iE%fseé?ebIXc%}‘B&h‘%Q&mrﬁrﬁﬁ%ﬂﬁ{s Elr%ng i I\B/I.”brﬂ‘%ém?a” be for example

basal media as agle’'s media MEM, minimum essential EM, Dulbecco's modified
Eagle's meliiHBnEAE\ I ERRAERILETS SttstioRimse P &e MBI E P e S HERa Wiliam's E
media, RPMébmeedihanriyanelo pees-and desraivedsiereed. shoassrad.elsothe sipegity cell cultivation
and virus growth media as VP-SFM, OptiProTTM SFM, AIM V(r) media, HyQ SFM4MegaVirml,
EX-CELL TM Vero SFM, EPISERF, ProVero, any 293 or CHO media and analogues and derivatives
thereof. These media can be supplemented by any additive known from prior art that is applicable for
cell and virus cultivation as for example animal sera and fractions or analogues thereof, amino acids,
growth factors, hormones, buffers, trace elements, trypsin, sodium pyruvate, vitamins, L-glutamine and
biological buffers. Preferable medium is OptiPROTM SFM supplemented with L-glutamine and trypsin.



Using the inventive modification of the M gene the growth rate of influenza B NS1 truncation mutants
can be increased at least by a factor of approx 100-1000 as demonstrated for the NS1-38 virus, when
the viral titers FIREABEH HEtween the unmodified and improved M genesRyérfePedfsated. For influenza
B viruses expressing a NS1 protein of 14, 57 or 80 amino acids, respectively, the mutation is in the M
gene is absolutely required to generate such viruses. These viruses can grow up to a titre of approx
106-108 TCID5.0 A further embodiment of the invention is an isolated nucleic acid encoding the
inventive irflnethaaivings Igrgen & aigh dtresrecdent nrdint Hdtecheacvirsis.Biconfananhg/theanodified M
gene. Further a1ngthadfor igr@@q@gpsrg{giméc&%i,a(bﬂgga‘according which method comprises introducing
a nucleotide sequence into a vector encoding the inventive M molecule. If a DNA vector is used, said
vector is a transcription system for minus sense influenza RNA. For example it can be a vector as
used by Hdafttrramimetalne2686e R oceNain Awach GitfiddtS rAvBR 6o N £3 . pidieiforag big description will

pe more TUllyUALHIRCLILN SeRRRGRAA e ARG Sxampies SUAR SRmRIERATR-Nowever

merely representative of methods of practicing one or more embodiments of the present invention and
should not $REIFERY B RFFNG YRe scope of invention. WO 2009/080806PCT/EP2008/068154
Examples: Example 1: Influenza B Viruses expressing truncated NS1 proteins for usage as a

replication (eficiens iveAltanuARH IUSNRA YRRSIR < AisIRISE gaaRlicsvRigaLightheconstruction
of a Vero adapted influenza B strain %Vlenn 3/06 subtyped as B/Malaysia/2506/04) as a

representaliieRs? tHREBIRAGORPS BraRATAEES) SREr Rl RIS L AP 2B PNAS
97(11):6108H&B:ptikbyathe fuACtiee i glohte e pnfteenzen BETSfmplgEdy QRAOG(BYdiangsu/10103-like).
By introducing R&pdipg mufatiomindhs Vil RUEiRAr angR IrREn MR RIANRR iRevalikg,AhAMINO acid

position 86), influenza mutants_expressing a truncated version of the NS1 protein of 14, 38, 57 and 80

amino acidSU6 R PRGIRTIARY HEPAZREGBINRN A Sis ePaif 4058 39Nk 8T8 a5 1-80
respectivelihelié traogtatiGmofiNSitisve S i isimatied ByRWe6 aonsdduitive e activaistoy codons and the

non translaeenad drwpsiiean, of BrpsBR.cRAeNsYBIR.HRe splicing signal of NEP was deleted
(Fig.1a). Due to the different lengths of the NS ?ene, the viruses containing NSl?%rot,eins of different

lengths codtBREMEdRYIRdRE SRt T REHP SR SHY B BERIHG AN ARG ENBPARS mutants were
replicating tioetmiggicitreshonthetbi$é rontdefiberandbies ded sfFigiGapbibewestraltBriiated on interferon
competent Aodd oalls-{EifladRridie dnyentiyayneeificalion within the M-qeneramsnealiically increase
the growth capabilities of said replication deficient influenza B viruses. For example, an influenza B
virus expressing a NS1 protein of 80 amino acids (NS1-80) containing the M1-M86V mutation grows to
titres of apjriue8 B4 JERIDSD inckontabbry tiresnef effgntox ddndsrMith TCIRB L oEt-ImMIlar virus
Wh'Ch does{mﬁt iﬁﬁ%%%%@i??ﬁ@@“@ﬂﬂﬁwéﬂ&dﬂ&@rﬂ@ﬂ%ﬂ@d Sayspasiirnsiraiamérig. 4a). An
influenza B virus e>3)res§|ng a NS1 protein of 38 aming acids (NS1-38) could not be rescued at all

without the®d8ptihg 1T THERZASH WIS & SHNtS "S9RPRG L Re¥e S & 2 16M B2 TCID50 when the
M1-M86V nustatice Wasiirtretdaicdd/{elg2e20 Denis BHBCt V6&Z-€Ven more pronounced in the 2116
passage posLURSIAEIRD ieHRRIRCRY ey Tapie d)adie saried fitrAltideacy @ cbserved with

influenza B viruses expressing an NS1 protein of 14, or 57 amino acids, respectively, which were only
rescued in THED RSENESSAARWHN R it ARPPlRAa % EWBWﬁS@Y—'BFtﬂ%F’%}a’a?ﬁ%??)ﬁ%sages on
Vero cells nesiiledinrhiglititresrhagirigtfraer @58 &tk sribChdBohaniiah cure aieqpainaet for efficient
vaccine praguetiags Rhalldisidy WAR0AY0808RBRGHER2008I068AR: syskants (Fig. 3a). The inventive
mutation might have no or_only minor effect on the growth of wt NS1 viruses. The wt NS1 influenza B
virus conta %@g%%sﬁaﬁg%aﬁ}{ed M gene even grew to slightly higher titres than the analogous virus
containing the MIM86V mutation 6 days post transfection (Fig 4a) and in the 2nd passage after

transfection\(Tahle.de THISARA Be iRteRPeiad BidbeyarialignLtaspwinbemesina dfirent
passages as demonstrated by the %rowth of the 1st Passage after transfection 1,78*187TC1D50 with

wt M gene MShBRIESHh 3D NT 1858 Nith M SRAEEY MBS RATARIRG Tt NS EHE) Table 1
Viral titres EE@tDSProinheffiecrzadBaiinesebanityvet, SIEB0ANSIENS beretethdnpesiailyirestion with
either wt or WAL MBEY:M 05064 davaPashirfestion suadwredn the 2nd passage after transfection.
Therefore, only this novel mutation enables the generation of influenza B mutants which express a
short NS1 protein (i.e. comprising less than the firgt N-term;nal 80 amino acids) with non-functional
NS1, therefore bearing an interferon sensitive phenotype. Such mutants could be consequently used
as vaccine strains. This mutation was never described before nor was it found it the NIBSC
sequencing database. Figure 5 shows a sequence comparison of the M gene original
B/Malaysia/2506/04-like swab with the MIM86V gene and other sequences published in the genebank.



Example 2 The inventive mutation in the M1 protein (M86V) enables the generation of influenza B
viruses with truncated NS1 proteins on Vero cells in different influenza B lineages. To test the
influence of thBRFLRAEE P mutation in other influenza B strains, a reverspéc'grgt]l’ f& g%?ém for the
generation of influenza B/ThOringen/02/06 (B/Jiangsu/1 0/03-like) WO
2009/080806PCT/EP2008/068154 as a representative of the B/Yamagata/16/88 linage was generated
and the described mutation in the M1 protein (M86V) was introduced. To follow the WHO
recommendation for the influenza vaccine strains for the season 2008/2009 in the northern

hemispherey bR\ 2R\ M ohiaBiBIHARIOHO G i vitus ywatmbsRdnindiianEa Bauatants expressing a
truncated version of the Nél p ,oteln‘}\c)%{ 38, an ﬁ’:l) amgéo %mds or a mutant with acom lete deletion in
é LR glﬁ MIr

the NS1 ORAPRRN{ES Byt ef& 3l RIEBINEBIF e T eSS A MEMRIETHIENA were
obtained argpressiod BN ridaleiSd-88 aNB0-80dsr(ARSEBR, ceripisinty 1y MisMERY thwtetice with the
mutants of G\algy Bi<aRREBSREREM Olbe B VistoUaRELINesacha M LMEOMmutation had only
a small impact on the rescu f*i%aé.% %ﬁ? -80\?nd NSl-vt\g.r\T/jruseaé)‘r tr}gtgr/]FIRrilgglear, f,% rrel:presentative
of the Yam%\rﬁgfg ﬁﬁ%\%go@% b}. iswa é?hoﬁ%?reéstgarby' s'ﬁar?tly tdreased titers 8ays post
transfectioB@sroiompeisd.¢o Tus8nts coftamintpthedytargenty (Biguat slrigdhgtenendivene NS1-38

mhutﬁl/lnlt c&m@\?mes iMl?M%ﬁé{eﬂ@lﬁﬂ%ﬂ%ﬁﬁ%fﬁgﬁ@%ﬂm-bﬁgb@T@BW.WHIMﬁ/lanj'?gs- Elée to
the - utation, we were ahle tg rescu -B virus reaching.titers qf almost 4 logs 5 days
post transf Po{anaﬁfagﬁ?ﬂ)%ﬂ %’F&’&%%@FHS%@{P; 3 ’fﬁetz) aréfﬁ%% ign?aeg}?]ce'irehﬂﬁ rézr?g%y‘ﬁjéucs)fo NS1-B virus,
we examingifféterlsitingtc srbtvrerfiF Mxdettseliznastd I(Fis-6®) tmervra-behibriewravsd9 (Fig. 6b) cells
in ﬁompariw %&9{ %gggagj@g)m;(ir%%%@%hr}m@q%sgw g_gm@@:ﬁlgmh kinetics on Vero
cells, reaching tjters in the range o to ml. Replication -B virus was
completely% ﬁ&é‘atmsl Rﬁ%%g%%e&‘eeﬁpﬁ%‘j Ko ?%%ICW%&EI}?@ {g%dgﬁgv&%ngﬁo@g & detection limit
of 2 x 102 TEBISB Minkswinilehies thaiNGIUSRE psicarael eteiighleirdsasP @bt o thesis d7enl. Mutant
viruses NSkn30 anthNg k3Sreowed intesrvedirte replication capacity (data not shown). These data
show that the adaptive M1 mutation does not only have a growth-optimizing effect in one viral strain
but also seems to be effective in other influenza B lineages. Moreover, the data demonstrate that this
mutation is essential for rescuing a ANSI-B virus, in which the NS1 ORE is completely deleted,
growing to Rightitegsdn dsseelimpbapiefers iteisisaibnives sedaaneant faitegenasatan of
replication deficient influenza B viruses in which the attenuation mechanism is based on the removal of
NS1, the m%oj@lp IMerferon antagonist. Example 3: WO 2009/080806PCT/EP2008/068154 An influenza
B virus vector @xprexssiifigatiomrirammins kekipr froniied INSNjeREOi®EIng a bicistronic expression
S}Ijatelgy as p%@gﬁi%dwﬁe@m@ua&@%&g{@am ﬁﬁ@inesmimogé?rﬂr@md Erranﬁﬂh agﬁmw esloeciallyf in
elderly. An overlapping Stop-Start codon cassette (TAATG) followed by the coding sequence o
human 1L2 was i%%%'r?g %ﬁ%?naarﬁ%n%?(ﬁg%b%ﬁlo%xéé? g‘(f)',"?ﬂff 'of 145 of the NS1 protein of an
influenza B virts ofdispebydetenh 'ad@iishata gpeiseorseiiorfo8 of P9 Megdstides comprising a lariat
consensus sequence followed by an optimized splice site, a 20-base pyrimidine stretch segment (opt
splice) replaces t art between the stop codon.of 1L.2 an i tar site of NS2
EP7as0L 758 (a8 et BEheRhate ALAL SRR R lER ) e
succeeded fiilyeed By FTLRIR RBUTRE SBINSICEBI LHPIRES ACKIBIRC 8P HIRFSHSACES:
B/Thbringes/9 26 &BilinBgsufl-d M3-tikehad/iheubkhednyarieamediécasion in the M1 protein, this
virus was not rescued. Although growth of B/NS1-38IL2 was slightly lower compared to the "empty
vector" B/NS1-38, a titer of more than 6 log10 TCID50/m1 was achieved (Table 2). This stock was
further pasdjesarRaifiaTNd GANVRE @ (RN B S et S BATPIRIBSappearance of deletion mutants
were found as demagsiatedination presencadd PosiRGR®aNHs pfitheowipected size of the NS gene
without appearance of smaller. P, ially.refleeti jon. ' Vero cells

% 8%11500%(3(1%? ggﬁrﬁe%?%'?ﬁé Yol & ﬁ%t!"gg%'r‘?;é%ﬂsﬂé%‘@ﬁét&ﬁlgz %@A

infected with B/NS1- secreted high leve ore than 2,5 ug/m1 |2 in contrast to non
detectable IL2 levels in m%qﬁm%fﬂ’?ﬁwi@IEQFMéEEWWiF%’BWS’I‘-%S or BINS1-wt (Table 2).
Such vectors could e usedsasidysuindearrre reeines withean inergrisedidnmnsitogeniody especially in
elderly as already demonstrated for influenza A (Ferko, Kittel et al 2006) Table 2. Replication in Vero
cells and expression levels of human IL2 of indicatéd viruses



TiterHuman IL2 Virus[TC1D50/mIJELISA [pg/m1] WO 2009/080806PCT/EP2008/068154 B/NS1-wt

2.88E+07 <19 B/NS1-38 1.78E+08 <19 B/NS1-38IL2 2,31E+06 2687 Mock <19
WO 2009/080806 PCT/EP2008/068154

splice acceptor site of the NS1 gene segment.
optionally a silent mutation at nucleotide position 950 of the M gene.

According to a preferred embodiment of the invention the heterologous sequence
expresses cytokines or chemokines ar fragments or derivatives thereof.

Cytokines are small secreted proteins which mediate and regulate immunity,
inflammation and hematopoiesis. The largest group of cytokines are those which
promaote proliferation and differentiation of immune cells. Included within this group are
interleuking, which are cyickines produced by leukocytes, and interferons, which may be

produced by a variety of cell types.

Interferons (IFN) are a family of naturally occurring glycoproteins produced by cells of
the immune system of vertebrates, including mammals, birds, reptiles and fish, in
response to challenge by agents such as bacteria, viruses, parasites and tumour celis.
In humans there are three major classes of interferons. The type | interferons include 14
IFN-alpha subtypes and single IFN-beta, omega, kappa and epsilon isoforms. Type |}
interferons consist of IFN-gamma and a recently discovered third class consists of {FN-
lambda with three different isoforms.

Th1 cells secrete mainiy IL-2, IFN-y, and TNF-3, whereas Th2 cells which are relevant
in humoral immune responses secrete cylokines such as IL-4, IL-5, and IL-10. Th2-type
cytokines mediate delayed type hypersensitivity responses against intraceliuiar
pathogens and inhibit the Th1 responses.

Chemokines, originally derived from chemoattractant cytokines, aciually comprise more
than 50 members and represent a family of small, inducible, and secreted proteins of
low molecular weight (6-12 kDa in their monomeric form) that play a decisive role during
immunosurveillance and inflammatory processes. Depending on their function in
immunity and inflammation, they can be distinguished into two classes. Inflammatory
chemokines are produced by many different tissue cells as weli as by immigrating
leukocytes in response to bacterial toxing and inflammatory cytokines like IL-1, TNF and
interferons. Their main function is to recruif leukocytes for host defence and in the
process of inflammation. Homing chemokines, on the other hand, are expressed
constitutively in defined areas of the lymphoid tissues. They direct the traffic and homing
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We investigated the immunogenicity of the generated viruses of all 3 examples. From these data we
conclude, that the inventive M1-M86V mutation does not negatively influence the immunogenicity of
the constructeYRUEERHE demonstrated by comparable immunogenicit§ dHE 8PF8&at tive influenza
A viruses. Claims: 1. An influenza B virus M gene comprising at least one nucleotide modification
which results in an amino acid substitution at amino acid position 86 in the M1 protein. 2. The influenza
B virus M gene according to claim 1 comprising nucleotides GTG, GTA, GTC, GTT, GUG, GUA, GUC,
GUU at positipmeiRB9tts 282 d8ndvitiecstisbitditt infliremzacBsyitas cdnepa singrakivedification at amino

acid positiqp 86,05 {he MHADraleie. b, Re niikeR7R BriusRRCHERG I8 fiaim & wherein the amino

acid at position 86 of the M1 protein is Valine. 5. The influenza B virus according to claims 3 or 4
wherein salfRRAOSHES PRESSERE O 208 371 ATRIERUATBN REL AR ARG ISR e of claims 3 to 5
wherein theanes isattgwidtedsecoeplicaiioputédicrgatispreferably it is completely replication deficient.
7. The influenza B virus according to any one of claims 3 to 6 wherein the virus comprises a

dificati ithin the NS . 8. The infl B vi ding t fclaims 3to7
comprising S TAELTAE RSE SERTHENPIRH BOCETSF NG T A ISR RANTPER PN bincing
domain andrefuristisnal denbativesernitagingorn dinredf Thebafiiery a B! effitcateergirgsedany one of

claims 3 to, 3iramPHsiNG S peificaties & ARt aeifPesiiansie efdhesM-prgtein b. a modified
NS1 segment coding for a NS1 protein lacking a functional] RNA bindin pomﬁg and functional
carboxy ter FER BN ARCRIE RR R S SS A LTI S DRI SRS (ST S50 B the M gene.

fused fo the cytokines or chemokines which may further support efficient secretion of the
protein and show & highly efficient induction of immune response in vivo.

Surprisingly, chemokines and cytokines can also be efficiently expressed when the
amino acid sequence corresponding to the mature cytokine/chemokine is fused to a part
of the NS1 protein via an amino acid sequence acting as a signal peptide , For example,
ihis can be a part of the mouse IgKappa signal peptide.

According to the preseni inveniion the heterologous sequence preferably codes for
interleukin 2 (IL-2) or a fragment or derivative thereof. 1L-2 comprises secretory signal
sequences and is an immunomodulatory, T-cell derived molecule required for the clonal
expansion of antigen-activated T-celis. The secretion of IL-2 by CD4+ T lymphocytes
has muitiple bioiogicai effects, such as the induction of proliferation of T-helper and T-
killer cells and the stimulation of T-cells o produce other cytokines. Furthermore, IL-2
can also activate B-celis, NK cells and macrophages. When IL-2 is expressed from
recombinant viruses infecting non-lymphoid cells, its secretion could significantly
decrease the pathogenesis of viral infection and modify the immune response. It is also
known that 1L-2 acts as immune adjuvant.

According to the present invention any fragment or derivative of the cytokines and
chemokines is included that is still biologically active, i.e. shows immunomodulatory
activities.

Alternatively, the cytokines/chemokines can also be selected from the group consisting
of IL-15, GM-CSF, CCL3 or CCL2G or derivatives or fragments thereof.
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10. The influenza B virus according to any one of claims 3 to 8 comprising a. a modification at amino
acid position 86 of the M1 protein b. a modified NS1 segment coding for a NS1 protein lacking a
functional RNABifiM§%8¥main and functional carboxy terminal domain Bht 4@ 1ogous
sequence inserted between the splice donor site and the splice acceptor site of the NS1 gene segment
and d. optionally a silent mutation at nucleotide position 950 of the M gene. 11. The influenza B virus
according to any one of claims 3 to 10 comprising a nucleotide sequence as shown in any one of SEQ
ID Nos, 3, AltZrtath2oit t5n b2.dreaimflagira Brvirus.accodlitaioty sgyooniemfadaims 3 to 10

comprisingyd, BHGIRRNILR SEEUBNCEI S SNOWR I a8pgTEe of SEQ ID Nos. 6, 16 to 18. 13. The influenza

B virus according to any one of claims 3 to 10 comprising an amino acid sequence having at least 98%
sequence identity with SEQ ID. No I. 14. The influenza B virus according to any one of claims 3 to 10
comprising/Atematingydbid steoencesaseshemesreSEF IR NmrB ociardeiivatbieinh &g having at least
98% sequensaAENHRERLRARIVACSIIR SARMOSHIRN I CAMEYIFBR A ISy aaRUSR rdRghicing effective

amount of virus according to any one of %alm 3 to 14 in admixture wijth ag armaceutically
[

acceptable b AMEENE PRPHIER SUXThTARIRG S RSCSIRESIDARE i BERYAP BFlSSES g to any one of
claims 3 tor4ingheteiythef mdtasticomprisesiintredireiiy at lerstmbmimotamdior thakaxplesses the

influenza vigsiMBPVeRIRIRIES B RIRNGS S B8NRHGHiSY BienbddsAraripeskof increasing the growth rate

of replication deficient influenza B viruses whe[iein saidg}rguerﬁja B viru]se are c%ggpr' ing the M86V
5

protein. 187K REF R At ERRELGARIRISHRG TR TAAT &IR A ViFTE TRIEY pPatefRY nfluenza B

virus accoréfiptovhareiof Riaintsgudoibifos aseldrithd) nhrifaetlre bfzeradthEamenntheria
toxin) or IL-2 Bax (wherein Bax is a proapoptotic protein of human origin) (Ageilan R. et

al., Biochem.J., 2003, 129-140).

According to the present invention the nuclectide seguences of the heterologous
sequences which are introduced into the replication deficient influenza vector show at
least 80% identity with their native sequences, preferably at least 85% identity, more
preferred at least 90% identity. Any optimization of the nuclectide sequence in view of
codon usage is included thereby.

Altematively, the heterologous s'equence can comprise B-celi or T-celi-epitopes, for
example a B cell epitope from influenza hemagglutinin {HATB) , for example the A loop
epitope from the influenza virus hemagglutinin (HA) or parts thereof, or peptides
representing one of the immunodominant epitopes of HA corresponding to amino acid '
sequence 150 to 159 (Caton et al., 1982, Cell, 417-427).

The epitope can also be derived from melanoma-associated endogenous retrovirus
(MERV) as described in WO06/119527.

According to a specific embodiment, the NS1 gene segment can contain a functional
natural splice donor and acceptor splice site, i.e. the splice donor and acceptor sites are
kept as natural sites, i.e. the nucleotides are not modified by artificial technigues.

Any nucleotide modifications at the splice sites occurring naturally due to modifications

13



20. Use of the influenza B virus according to any one of claims 3 to 14 in the manufacture of a
medicament in the treatment of an influenza virus infection. PhoenixTemp59764.tmp.txt SEQUENCE
LISTING <11C¥CxEREEN HILLS BIOTECHNOLOGY RESEARCH B%(F@i‘t‘.‘i‘ﬁ’ﬂ)%h TRADE AG
<120> Modified Influenza Virus <130> FIuB/PCT <160> 18 <170> Patentin version 3.3 <210> 1 <211>
248 <212> PRT <213> Influenza B virus <400> 1 Met Ser Leu Phe Gly Asp Thr lie Ala Tyr Leu Leu
Ser Leu Thr Glu 151015 Asp Gly Glu Gly Lys Ala Glu Leu Ala Glu Lys Leu His Cys Trp Phe 202530
Gly Gly LysfGitnehe Agpseebatsp Seeiischee GhlafgpididnpsoAsat@B4e4En developments

are natural modifications and do not fall under the term synthetic or artificial
modifications.

Alternatively, the seguences surmundir"zg the splice donor and/or upstream of the
acceptor site can be altered, Preferably, alteration or modification can be performed
within 3 nucleotides 5’ to the and/or 8 nucleotides 3’ to the 5 border of the NS intron, as
well as 100 nucleotides 5’ to the andfor 2 nucleotides 3’ to the 3" barder of the NS
intron.. This is preferably by introducing synthetic sequences in order to modify splicing
activity.

If e.g. insertion of a heterologous sequence increases NS intron size it may be
preferable to modify the sequences surrounding the splice donor and/or acceptor site in
order to increase splicing efficacy and thus genetic siability of the recombinant NS
segment.

Far example, it can be modified in that either the sequence surrounding the splice donor
site is altered to increase the homology to the 5'end of the human U1 snRNA and/or the
sequence upstream of the splice acceptor site containing the branch point (Piotch et al.
1086, Proc Natl Acad Sci U S AL 83:5444-8; Nemeroff et al. 1992, Mol Cell Biol. 12:962-
70) and the pyrimidine stretch is replaced by a sequence that enhances splicing of the
NS segment.

in order to optimize splicing, the a preferred sequence introduced &' of the splice
acceptor site comprises a lariat consensus sequence and a pyrimidine stretch.

in view of stability of the virus vector and the expression rate of the heterologous
seguence it can be important to introduce the synthetic/modified sequence containing a
lariat consensus sequence and a pyrimidine stretch at a specific position within the NS
gene, e.g. directly upstream of the slice acceptor site.

Furthermore, it may be necessary to vary the distance between the lariat consensus
sequence and the pyrimidine stretch to modify the splicing rate of the NS segment
(Plotch S. and Krug R., 1986, Proc.Natl.Acad.Sci., 83, 5444-5448; Nemeroff M. et al.,
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Lys Arg Cys Leu Thr Asp lle Gin Lys Ala Leu lle Gly Ala Ser lle 505560 Cys Phe Leu Lys Pro Lys Asp
Gin Glu Arg Lys Arg Arg Phe lle Thr 65707580 Glu Pro Leu Ser Gly Val Gl r Thr Ala Thr Lys Lys
Lys Gly Leu SESO¥8°(18%%u Ala Glu Arg Lys Met Arg Arg Cys Val Ser Pﬁ&ﬁﬁgﬁﬂ"ﬂ%ﬁoomsno Phe
Glu lle Ala Glu Gly His Glu Ser Ser Ala Leu Leu Tyr Cys Leu 115120125 Met Val Met Tyr Leu Asn Pro
Gly Asn Tyr Ser Met Gin Val Lys Leu 130135140 Gly Thr Leu Cys Ala Leu Cys Glu Lys GIn Ala Ser
His Ser His Arg 145150155160 Ala His ser Arg Ala Ala Arg Ser Ser Val Pro Gly val Arg Arg Glu
165170175 882t @ GaditRial SELAEDMet Asn Thr Ala Lys Thr Met Asn Gly Met

For example, the recombinant influenza B strain can comprise an amino acid sequence
as shown in SEQ ID. No. 1 or 2 or a nucleotide sequence as shown in any one of SEQ
ID Nos. 3 to 18 or a derivative thereof having at least 98% seguence identity, preferably
at least 99% sequence identity, preferably at least 99,5%.

According to the invention, the term “recombinant” does cover all influenza strains that
" have been produced using recombinant technigues like, for example, reverse genetics
technology. Therefore the influenza strains according to the invention contain a
modification within the M gene but need not contain any further modifications within the
nucleotide or amino acid sequence compared to the parental strain.
Also a vaccine composition comprising an immunogenically-inducing effective amount of
virus in admixture with a pharmaceutically accepiable carrier is covered. Adjuvants can
also be contained in the composition.
According to the invention the term “immunogenic” means that the virus is capable of
eliciting humoral or cellular immune response, and preferably both. An immunogenic
entity is antigenic, too. An immunogenically inducing effective amount of virus elicits
humoral or celiular immune response, or both, when administered to an animal,
preferably to a human.

The vaccine composition may be used for prophylactic treatment of influenza disease
comprising administering to a human patient in need of treatment an immunologically

inducing effective amount of the composition.

Vaccine compositions can contain complete influenza B virus according to the invention
but also reassoriant strains wherein part of the viral segments are derived from different
influenza B strains and segments, especially M1 protein is derived from the recombinant
influenza B virus according to the invention. The inventive M1-M86V mutation could be
further introduced into any other influenza B strain.

The compositions may be used in methods or as medicaments in preventing, managing,
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180185190 PhoenixTemp59764.tmp.txt 195200205 lle Gly Val Leu Arg Ser Leu Gly Ala Ser Gin Lys
Asn Gly Glu Gly 210215220 lle Ala Lys Asp Val met Glu Val Leu Lys Gin Ser Ser met Gly Asn
22523023524 PRI EB8E Val Lys Lys Tyr Leu 245 <210> 2 <211> 248 <HIBUPEHF1251 3> Influenza
B virus <400> 2 Met Ser Leu Phe Gly Asp Thr lle Ala Tyr Leu Leu Ser Leu Thr Glu 151015

neutraiizing, treating and/or ameliorating influenza virus infection. The use of an
influenza virus M molecule according to the invention in the manufacture of a
medicament for treatment of an influenza virus infection is of course included,

The immunogenic compositions may comprise either a live or inactivated influenza B
virus of the invention. The virus can be inactivated by methods well known fo those of
skill in the art. Common methods use formalin and heat for inactivation.

A live immunogenic formulation may be preferred due to increased immunogenicity.
Production of such live recombinant immunogenic formulations may be accomplished
using conventional methods involving propagation of the virus in cell culture orin

embryonated eggs (e.g., embryonated chicken eggs) followed by purification.

The term "pharmaceutically acceptable" means approved by a regulatory agency of the
Federal or a state government or listed in the U.S.

The term "carrier” refers (o a diluent, adjuvant, excipient, ar vehicle with which the
pharmaceutical composition (e.g., immunogenic or vaccine formulation) is administered.
Saline solutions and aqueous dextrose and glycerol solutions can also be employed as
liquid carriers, particularty for injectable solutions. Suitable excipients include starch,
glucose, lactose, sucrose, gelatin, mali, rice, flour, chalk, silica gel,.sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,
water, ethanol and the like. Examples of suitabie pharmaceutical carriers are described
in "Remington's Pharmaceutical Sciences" by E.W. Martin. The formuiation shouid be
selected according to the mode of administration. The particular formulation may also
depend on whether the virus is live or inactivated.

The term adjuvant refers to a compound or mixture that enhances the immune response
fo an antigen.

The prophylactic and/or therapeutic effect of the immunogenic formulations of the
invention is based, in part, upon achieving or inducing an immune response (e.g., a
humoral immune respanse). In one aspect, the immunogenic formulations induce a
detectable serum titer of an antibody against antigens of the influenza B virus in either

the subject or an animal model thereof (e.g. mouse, ferret, rat or canine meodel). The
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Asp Gly Glu Gly Lys Ala Glu Leu Ala Glu Lys Leu His Cys Trp Phe 202530 Gly Gly Lys Glu Phe Asp
Leu Asp Ser Ala Leu Glu Trp lle Lys Asn 354045 Lys Arg Cys Leu Thr Asp lle Gin Lys Ala Leu lle Gly
Ala Ser lle 508558CY8BNe Leu Lys Pro Lys Asp Gin Glu Arg Lys Arg Afg'BREHEHP 65707580 Glu
Pro Leu Ser Gly Val Gly Thr Thr Ala Thr Lys Lys Lys Gly Leu 859095 lle Leu Ala Glu Arg Lys Met Arg
Lys cys val ser Phe His Glu Ala 100105110 Phe Glu lle Ala Glu Gly His Glu Ser Ser Ala Leu Leu Tyr
Cys Leu 115120125 Met Val Met Tyr Leu Asn Pro Sly Asn Tyr ser Met Gin val Lys Leu 130135140 Gly
Thr Leu CysdAla tieuEys Sitibbyg €aimokldaemtiis Gesitdiselingiques known to one of skill in

the art, e.g., immunoassays such as ELISAs or hemagglutinin inhibition tests.

According to the invention also a method of generating a virus is also covered wherein
the method comprises using a recombinant expression system that expresses the
inveniive influenza virus M molecule. According to the present invention the expression
system can be any plasmid useful, e.g. as described by Hoffmann et al. ((Hoffmann et
al. 2000, Proc Natl Acad Sci U S A. 97:6108-13) or a linear expression construct
according to EP07450177. '

For developing reassortants and/or expression of modified influenza virus strains

a reverse genetics system on Vero cells can be used. The technology is already well
known in the art (Pleschka S. et al., 19986, J. Viral., 70(6), 4188-4192, Neumann and
Kawaoka, 1999, Adv. Virus Res., 53, 265-300, Hoffmann et al. 2000, Proc Natl Acad Sci
U S A 97:6108-13)

The celis used for the cultivation of viruses using a cultivation medium can be any cells
that can grow in vitro in synthetic media and can be used for the propagation of viruses.
Within the scope of the invention, the term "cells” means the cultivation of individual
celis, tissues, organs, insect cells, avian cells, mammalian ceils, hybridoma cells,
primary cells, continuous cell lines, and/or genetically engineered celis, such as
recombinant celis expressing a virus. These can be for exampie 83C-1 celis, LLC-MK
cells, CV-1 cells, CHO cells, COS cells, murine cells, human cells, Hela cells, 293 cells,
VERO cells, MDBK cells, MDCK cells, MDOK cells, CRFK cells, RAF cells, TCMK cells,
LLC-PK cells, PK15 cells, WI-38 cells, MRC-5 cells, T-FLY cells, BHK cells, SP2/0 cells,
NSQ, PerCe6 (human retina cells), chicken embryo cells or derivatives, embryonated egg
cells, embryonated chicken eggs or derivatives thereof. Preferably the celt lineis a
VERO cell line.

The cultivation medium used for the production of viruses can be any medium known
from prior art that is applicable for virus cultivation. Preferably.the medium is a synthetic
medium. This can be for example basal media as Modified Eagle's media MEM,
minimum essential media MEM, Dulbecco’s modified Eagle’s media D-MEM, D-MEM-
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145150155160 Ala His ser Arg Ala Ala Arg Ser Ser Val Pro Gly val Arg Arg Glu 165170175 Met Gin
met val Ser Ala Met Asn Thr Ala Lys Thr Met Asn Gly met 180185190 PhoenixTemp59764.tmp.txt Gly
Lys Gly Glu A¥P 4P ys Leu Ala Glu Glu Leu Gin Ser Asn 1952002B5H 8981 eu Arg Ser Leu
Gly Ala Ser Gin Lys Asn Gly Glu Gly 210215220 lle Ala Lys Asp Val Met Glu Val Leu Lys Gin Ser Ser
Met Gly Asn 225230235240 Ser Ala Leu Val Lys Lys Tyr Leu 245 <210> 3 <211> 1189

F12 media, William’s E media, RPMI media and analogues and derivative thereof.
These can also be specialty cell cultivation and virus growih media as VP-8FM,
OptiPro™ SFM, AIM V® media, HyQ SFM4MegaVir™, EX-CELL ™ Vero SFM,
EPISERF, ProVero, any 293 or CHO media and analogues and derivatives thereof.
These media can be supplemented by any additive known from prior art that is
applicable for cell and virus cultivation as for exampie animal sera and fractions or
analogues thereof, amino acids, growth factors, hormones, buffers, frace elements,
trypsin, sodium pyruvate, vitamins, L-glutamine and biological buffers. Preferable
medium is OptiPRO™ SFM supplemented with L-glutamine and trypsin.

Using the inventive modification of the M gene the growth rate of influenza B NS1
truncation mutants can be increased at least by a factor of approx 100-1000 as
demaonstrated for the NS1-38 virus, when the viral titers (TCIDso) between the
unmodified and improved M genes were compared. For influenza B viruses expressing a
NS1 protein of 14, 57 or 80 amino acids, respectively, the mutation is in the M gene is
absolutely reguired fo generate such viruses. These viruses can grow up to a fitre of
approx 10%-10° TCIDso

A further embodiment of the invention is an isolated nucleic acid encoding the inveniive
influenza virus M gene and/or a recombinant influenza virus B containing the modified M
gene.

Further a method for preparing said nucleic acid according which method comprises
introducing a nuclectide sequence into a vector encading the inventive M molecule.

if 2 DNA vector is used, said vector is a transcription system for minus sense influenza
RNA. For example it can be a vector as used by Hoffmann et al., 2000, Proc Nati Acad
ScilU S A 97:6108-13.

The foregoing description will be more fully understood with reference to the following
exampies. Such examples are, however, merely representative of methods of practicing
one or more embodiments of the present invention and should not be read as limiting
the scope of invention.
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<212> DNA <213> Influenza B virus <400> 3 agcagaagca cgcactttct taaaatgtcg ctgtttggag acacaattgc
ctacctgctt60 tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgttggttt120 ggtgggaaag
aatttgacct agat@&Jtt¥aatgga taaaaaacaa aagatgcttal80 actgatatac BaHEEE A% tggtgce
tctatatgct ttttaaaacc caaagaccag240 gaaagaaaaa gaagattcat cacagagccc ttatcaggag tgggaacaac
agcaacaaaa300 aagaaaggcc tgattctggc tgagagaaaa atgagaagat gtgtgagctt tcatgaagca360 tttgaaatag
cagaaggcca tgaaagctca gcgctactat actgtctcat ggtcatgtac420 ctgaatcctg gaaattattc aatgcaagta
aaactagga&xgeteigtgc tttatgcgag480 aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcttc
agtgcctgga%é}(g,ggggqacgag aaatgcagat ggtctcagct atgaacacag caaaaacaat gaatggaatg600
ggaaaaaaaa aaaactcca aaamtteaca gaaga ctoc aaagcaacat tggagtgctgGGO .agatctcttg gggcaagtca
aaagaatggg : CEG i aats i gct cttgtgaaga
aatatctata @meqala@ﬁ&@snmmﬂaummmmctttta tcttatcagc tctccatttc atggcttgga840

A reverse genetic system for the construction of a Vero adapted influenza B sirain

(B/Vienna/33/06 subtyped as B/Malaysia/2506/04) as a representative of the

B/Victoria/2/87 linage was generated (Hofimann et. al 2000, PNAS 97(11):6108-13.). HA

and NA were cloned from influenza B/Thiringen/02/06 (B/Jiangsu/10/034ike). By

introducing a coding mutation in the M1 protein {change from methionine o valing at

amino acid position 86), influenza mutants expressing a truncated version of the NS1
protein of 14, 38, 57 and 80 amino acids could be obtained and named B/Malaysia NS1-
14, N81-38, N81-57 or NS1-80 respectively. The franslation of NS1 was terminaied by
two consecutive, in frame stop codons and the non transiated part downstream of the
stop codons up to the splicing signal of NEP was deleted (Fig.1a). Due fo the different
lengths of the NS gene, the viruses containing NS1 proteins of different lengths could be
distinguished according to their size by RT-PCR (Fig. 2). All generated mutants were
replicating to high iitres on interferon deficient Vero celis (Fig.3a) but were attenuated on
interferon competent A549 cells (Fig. 3b

The inventive modification within the M gene can specifically increase the growth
capabilities of said replication deficient influenza B viruses. For example, an influenza B
virus expressing a N81 protein of 80 amino acids (NS1-80) containing the M1-M&8Y
mutation grows to titres of approx. 5,62*10° TCIDs in contrast to titres of approx.
1,33*10" TCIDs, of a similar virus which does not contain any modification in M1 when
analyzed 6 days post fransfection (Fig. 4a). An influenza B virus expressing a NS1
protein of 38 amino acids (NS1-38) coulid not be rescued at all without the adapting M1
mutation but grows to average titres of approx. 3,16*10% TCIDs, when the M1-M86Y
mutation was introduced (Fig. 4a). This effect was even more pronounced in the ond
passage post transfection, reflected by fitres {Tabie 1). The same rescue efficiency was
observed with influenza B viruses expressing an NS1 protein of 14, or 57 amino acids,
respectively, which were only rescued in the presence of the M1-M86V mutation (data
not shown). Further adaptive passages on Vero cells resulted in high titres ranging from
6,5-8,5 togs TCiDsp which are required for efficient vaccine production, of ali NS1
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caatagggca tttgaatcaa ataaaaagag gaataaacat gaaaatacga ataaaaggtc900 caaacaaaga gacaataaac
agagaggtat caattttgag acacagttac caaaaagaaa960 tccaggccaa agaaacaatg aaggaagtac tctctgacaa
catggaggta ttgiGeIELEEP0 acataataat tgaggggctt tctgccgaag agataatad’e?ifg*f) %Bfa‘ﬁésﬁcagttttgglom
agatagaaga attgcattaa attcaatttt actgtatttc ttactatgca tttaagcaaal140 ttgtaatcaa tgtcagcaaa taaactggaa
aaagtgcgtt gtttctact1189 <210> 4 <211> 1189 <212> DNA <213> Influenza B virus
PhoenixTemp59764.tmp.txt <400> 4 agcagaagca cgcactttct taaaatgtcg ctgtttggag acacaattgc
ctacctgcttehucatty d6aglandate gagatagguaator aganbiagoageaaalattaca ofgtigytil®0 ggtgggaaag
aatttgacct %m@% {egagigga 18RaARReR ARCSIISERTRR AR RasaaaRRMaaliggtgcc

tctatatgct ttttaaaacc caaa?acc_:al_%240 , ) -
gene even grew 10 slightly higher titres than the analogous virus containing the M1-

M86V mutation § days post transfection {Fig 4a) and in the 2" passage after
transfection (Table 1). This can be interpreted by the variation of growth between the
different passages as demonstrated by the growth of the 1% Passage after transfection
(1,78*107 TCIDsp with wt M gene in comparison to 2,82*10” TCIDsy with M1-M86V, both
containing wt NS gene)

Table 1

TCIDse 2™ Passge after
Transfection

wt M1 M1-MB6YV

wt NS 1,00E+07  1,00E+06

NS1-80 | 3,18E+05  1,78E+07

NS1-38 | 0,00E+00 - 2,31F+04

Viral titres (TCID50) of influenza B viruses with wt, NS80 or NS38 NS81 protein in
combination with either wi or M1-M86V M gene 4 days post infection analyzed in the 2"

passage after transfection.

Therefore, only this novel mutation enables the generation of influenza B mutants which

express a short N31 protein (i.e. comprising less than the first N-terminal 80 aminc

o]

acids) with non-functional N81, therefore bearing an interferon sensitive phenotype.
Such mutants could be conseguently used as vaccine strains. This mutation was never
described before nor was it found it the NIBSC sequencing database. Figure 5 shows a
sequence comparison of the M gene original B/Malaysia/2506/04-like swab with the M1-
MBBYV gene and other sequences published in the genebank.

Example 2
The inveniive mutation in the M1 protein (M86Y) enables the generation of influenza B

viruses with fruncated N81 proteins on Vero cells in different influenza B lineages.

To test the influence of the M1-M88V mutation in other influenza B strains, a reverse
genetic system for the generation of influenza B/Thiiringen/02/06 {B/Jiangsu/10/03-like)
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gaaagaaaaa gaagattcat cacagagccc ttatcaggag tgggaacaac agcaacaaaa300 aagaaaggcc tgattctggce
tgagagaaaa atgagaagat gtgtgagctt tcatgaagca360 tttgaaatag cagaaggceca tgaaagctca gegetactat
actgtctcat ggtéattHeA3 trgaatectyg gaaattattc aatgcaagta aaactaggaa c%‘&%ﬁﬁ%&‘@’?ﬁ%ﬁj‘cgagwo
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcttc agtgcctgga540 gtgagacgag aaatgcagat
ggtctcagct atgaacacag caaaaacaat gaatggaatg600 ggaaaaggag aagacgtcca aaagttggca gaagagetge
aaagcaacat tggagtgctg660 agatctcttg gggcaagtca aaagaatggg gaagggattg caaaggatgt aatggaagtg720
ctaaagcagayeteratgggtaidattd dge B tertummpmda dHtatitate atge wyassZ80odttteamrtittitaatt tgttctttta

tottatcage tefecaliiAIGIR0ERRAN GARIgIRcaHigARIcRa a RRARASAN IRMEAFRALdAARIacoa

ataaaaggtc900 caaacaaaga gacaataaac agagaggtat caattitgag acacagttat caaaaagaaa960 tccaggccaa
agaaacaatfPalGgaN R RIYAR S H AR SRR RY (R P s AT 'ib%?jﬂ‘ﬁg%ﬁr?ctgccgaag
agataataaddatgddigadd aldtitige/0086-Higatdgaagecaitgchtidhettca it detgtatiy ¢tsotgtgca
ttaagcaaal A0 WHARISRA HIFRICEARBATIRSEARAPAIIBGIY St ABRamad T 2
complete deletion in the NS1 ORF (ANS1-B) (Fig.1b), in which NS2/NEP is expressed
as a monicistronic RNA were obtained and named B/Florida NS1-38, NS1-80 or ANS1-
B, respectively. As was the case with the mutants of B/Malaysia, a representative of the
BiVictoria/2/87 lineage, the M1-M86YV mutation had only a small impact on the rescue
efficacy of N$1-80 and NS1-wt viruses of the B/Florida, a representative of the
Yamagata lineage {Fig 4b). This was demonstrated by slightly increased titers 5 days
post transfection as compared to mutants containing the wt M gene (Fig. 4b). Viral titers
for the NS1-38 mutant containing the M1-M86V mutation were approximately 4 logs
higher than wt M1 analogs. Due to the M1-M86V mutation, we were able to rescue a
ANS1-B virus reaching titers of almost 4 logs 5 days post transfection (Fig 4b).
in order to demonstrate the replication-deficient phenoctype of ANS1-B virus, we
examined its ability to grow on {FN-deficient Vero (Fig. 8a) and IFN-competent A549
{Fig. 6b) cells in comparison fo the corresponding wt virus. Both viruses showed
comparable growth kinetics on Vero cells, reaching titers in the range of 10" to 10°
TCIDs/ml. Replication of ANS1-B virus was completely restricted in IFN-competent
A549 ceiis, which dispiayed no growth above the detection iimit of Z x 10% TCIDso/m,
while NS1-wt \}irus replicated to high titers of 3,15 x 10° TCIDso/ml. Mutant viruses NS1-
80 and NS1-38 showed intermediate replication capacity (data not shown).
These data show that the adaptive M1 mutation does not only have a growih-optimizing
effect in one viral strain but aiso seems to be effective in other influenza B lineages.
Moreover, the data demonstrate that this mutation is essential for rescuing a ANS1-B
virus, in which the NS1 ORF is completely deleted, growing fo high titers in Vero cells.
Therefare, this is a universal concept for the generation of replication deficient influenza
B viruses in which the attenuation mechanism is based on the removal of N31, the
major interferon antagonist.

Example 3:
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<211> 1190 <212> DNA <213> Influenza B virus <400> 5 agcagaagca cgcacttict taaaatgtcg ctgtttggag
acacaattgc ctacctgctt60 tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgttggttc120
ggtgggaaag atfg @& Actetgec ttggaatgga taaaaaacaa aagatgcttal8 abigat4tat®faaagceact
aattggtgcc tctatctgct ttttaaaacc caaagaccag240 gaaagaaaaa gaagattcat cacagagccc ctatcaggaa
tgggaacaac agcaacaaaa300 aagaagggcc tgattctagc tgagagaaaa atgagaaaat gtgtgagctt
ccatgaagca360 tttgaaatag cagaaggcca tgaaagctca gcgttactat attgtctcat ggtcatgtac420 ctgaatcctg
gaaattattc Aatgqdhagta BadTRQE B

agCagagcag&&?&ﬁé%@g%&m@é&%@&%gm%@Wkﬂg&q{m&a&%@awg caaaaacaat

aatggaatgb00 ggaaaaggag aagacgicca aaaactggca gaagaactgc aaagcaacat tggagtattg660 Page 4
gaalgg gmpro%gd :mm%%ogenrc%v e%pemaiiv in eio%gy. gaag 9 9 ggagtatig 9

An overlapping Stop-Start codon cassetie (TAATG) followed by the coding seguence of
human 1.2 was inserted after amino acid position 38, 80, 104 or 145 of the NS1 protein
of an influenza B virus, respectively. in addition, a synthetic sequence of 29 nucleotides
comprising a lariat consensus sequence followed by an optimized splice site, a 20-base
pyrimidine stretch segment (opt. splice) replaces the part between the stop codon of IL2
and the splice acceptor site of NS2 (EP7450176.8). (Fig 9a).

By introducing the inventive mutation in the M1 protein (MB6V), we succeeded in
rescuing an influenza B virus B/INS1-38IL2 in the backbone of influenza
B/Thiiringen/02/06 (B/Jiangsuw/10/03-like). Without the inventive modification in the M1
protein, this virus was not rescued. Although growth of B/INS1-38IL2 was siightly lower
compared to the “empty vector” B/NS1-38, a titer of more than 6 iog10 TCID50/ml was
achieved (Table 2). This stock was further passaged five times on Vero cells to check
genetic stability. No appearance of deletion mutants were found as demonstrated by the
presence of RT-PCR bands of the expecied size of the NS gene without appearance of
smaller PCR bands potentially reflecting deletion mutants (Fig 10).

Vero celis infected with B/NS1-38IL2 secreted high levels of more than 2,5 pg/mi IL2 in

contrast to non detectable IL2 levels in non infected cells (mock), cells infected with
B/NS1-38 or B/INS1-wt (Table 2). Such vectors could be used as live influenza vaccines
with an increased immunogenicity especially in elderly as already demonstrated for

influenza A (Ferko, Kittel et al 20006)

Table 2. Replication in Vero cells and expression levels of human IL2 of indicated

viruses
Ther Human iL2
Virus ITCID50/mi] ELISA
[pg/mi]
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PhoenixTemp59764.tmp.txt agatctcttg gggcaagtca aaagaatggg gaaggaattg caaaggatgt aatggaagtg720
ctaaagcaga gctctatggg aaattcagct cttgtgaaga aatacctata atgctcgaac780 catttcagat tctttcaatt tgttctttta
ttttatcagc tctcCHERAIRRIENYga840 caataggaca tttaaatcaa ataaaaagag gdGtaERtAt§Hadatacga
ataaaggggc900 caaataaaga gacaataaac agagaggtat caattttgag acacagttac caaaaagaaa960
tccaggctaa agaagcaatg aaggaagtac tctctgacaa catggaggta ttgagtgacc1020 acatagtaat tgaggggctt
tctgctgaag agataataaa aatgggtgaa acagttttggl080 aggtagaaga atttcattaa attcaatttt tactgtactt cttactatgc
atttaagcaaBiMSattgtaatca atgigEfda ataaattyga aaaagtgegt tgtttctact1190 <210> 6 <211> 1190
<t212t> Dtlt\l6%/tﬁ%1t|?gglnfluenza%%ggy§8<400><q @gcagaatgca cgcactttcttttaaaa:g:tcg i:ttglttzt%gag acacaattgc
ctacctgc cattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca c (o

J B/NS1- 81L2q J 29?1 Eq+06 9 26%7 J gcag gteg

Mock <19

We investigated the immunogenicity of the generated viruses of all 3 examples. From
these data we conclude, that the inventive M1-M86V mutation does not negatively
influence the immunogenicity of the constructed viruses as demonstrated by comparable
immunogenicity data of respective infiuenza A viruses.
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ggtgggaaag aatttgacct agactctgcc ttggaatgga taaaaaacaa aagatgcttal80 actgatatac agaaagcact
aattggtgcc tctatctgct ttttaaaacc caaagaccag240 gaaagaaaaa gaagattcat cacagagccc ctatcaggag
tgggaacaac agcaacaaaa300 aagaagggcc tgattctagc tgagagaaaa atgagaaaat gtgtgagctt
ccatgaagca360 tttgaaatag cagaaggcca tgaaagctca gcgttactat attgtctcat ggtcatgtac420 ctgaatcctg
gaaattattc aatgcaagta aaactaggaa cgctctgtgc tttgtgcgaa480 aaacaagcat cacattcaca cagggctcat
agcagagcag cgagatcttc agtgcccggas40 gtgagacggg aaatgcagat ggtctcagct atgaacacag caaaaacaat
gaatggaatg600 ggaaaaggag aagacgtcca aaaactggca gaagaactgc aaagcaacat tggagtattg660 agatctcttg
gggcaagCaiasmgaatggg gaaggaattg caaaggatgt aatggaagtg720 ctaaagcaga gctctatggg aaattcagct
cttgtgaaga aatacctata atgctcgaac780 catttcagat tctttcaatt tgttctttta ttttatcagc tctccatttc atggcttgga840

caataggaca tttaaatcaa ataaaaagag gagtaaacat gaaaatacga ataaaggggc900 caaata acaata
agagaggtat chatinfisn se&cutjuad/laann seRRIEE0REEE S Qtidg %%%%@8% é(fcngacagac

calgga0ga aRglaGe 1020 68 901Rak RIS SHaFOaRRAERIARIASS aeloORprat=litigy 1080

aggtagaaga afticattaa attcaatttt tactgtactt cttactatgc atttaagcaall40

2. The influenza B virus M gene according fo claim 1 comprising nucleoctides GTG
GTA, GTC, GTT, GUG, GUA, GUC, GUU at positions 280 to 282.

5 A recombinant influenza B virus comprising a modification at amino acid position 86

of the M1 protein.

4 The influenza B virus according to claim 3 wherein the amino acid at position 86 of

the M1 protein is Valine.

5  The influenza B virus according fo claims 3 or 4 wherein said virus is a reassortant

Virus.

5. ~ The influenza B virus according {o any one of claims 3 to 5 wherein the virus is

- attenuated or replication deficient, preferably it is completely repiication deficient

7 The influenza B virus according to any one of claims 3 to 6 wherein the virus

comprises a modification within the NS gene.

8 The influenza B virus according to any one of claims 3to 7 comprising a modified
NSt segment which codes for a NS1 protein iacking a functional RNA binding

domain and a functional carboxy terminal domain.

9. The influenza B virus according to any one of claims 3to 8 comprising
' a. a modification at amino acid pesition 88 of the M1 protein
b. a modified NS1 segment coding for a NS1 protein lacking a functional RNA
binding domain and functional carboxy terminal domain and

c. optionally a silent mutation at nucleotide position 950 of the M gene.
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attgtaa_tca atgtcagcaa ataaactgga aaaagtgcgt tgtttctact1190 <210> 7 <211> 1189
PhoenixTemp59764.tmp.txt <212> DNA <213> Influenza B virus <400> 7 agcagaagca cgcactttct
taaaatgtcg ctgtttggag acacaattgc ctacctgctt60 tcattgacag aagatggaga aggcaaagca gaactagcag
aaaaattaca ctgttggttt120 ggtgggaaag aatttgacct agactctgcc ttggaatgga taaaaaacaa aagatgcttal80
actgatatac aaaaagcact aattggtgcc tctatatgct ttttaaaacc caaagaccag240 gaaagaaaaa gaagattcat
cacagagccc ttatcaggaa tgggaacaac agcaacaaaa300 aagaaaggcc tgattctggc tgagagaaaa atgagaagat
gtgtgagctt tcatgaagca360 tttgaaatag cagaaggcca tgaaagctca gcgctactat actgtctcat ggtcatgtac420
ctgaatcctg gaaattattc aatgcaagta aaactaggaa cgctctgtgc tttatgcgag480 aaacaagcat cacattcaca

cagggctc%-a.pﬁ:g %%ﬁ;%%%g@%ﬁ%t&?c%ﬁ%‘?ﬁ&g@a;n@one of claims 3 to 8 comprising

a. a modification at amino acid position 86 of the M1 protein

b. a modified NS1 segment coding for a NS1 protein lacking a functional RNA
binding domain and functional carboxy terminal domain and

c. a heterologous sequence inserted between the splice donor site and the
splice acceptor site of the NS1 gene segment and

d. optionally a silent mutation at nucleotide nosition 950 of the M gene.

11. The influenza B virus according to any one of claims 3 to 10 comprising a nuclectide

sequence as shown in any one of SEQ 1D Nos. 3,4, 7to 12, or 15.

12. The influenza B virus according o any one of claims 3 to 10 comprising a nucleotide

sequencé as shown in any one of SEQ ID Nos. 6, 16 to 18.

13. The influenza B virus according to any one of claims 3 10 10 comprising an amino

acid sequence having at least 98% sequence identity with SEQ [D. No 1.

14. The influenza B virus according to any one of claims 3 to 10 comprising an amino
acid sequence as shown in SEQ ID No. 2 or a derivative thereof having at least 98%

sequence identity.

15. A vaccine composition comprising an immunogenically-inducing effective amount of
virus according to any one of claims 3 to 14 in admixture with a pharmaceutically

acceptable carrier.

16. A method of making a recombinant influenza B virus according to any one of claims
3 to 14 wherein the method comprises introducing a recombinant vector that

expresses the influenza virus M86V protein in a reverse genetics system.

17. A method of increasing the growth rate of rebiication deficient influenza B viruses

wherein said influenza B viruses are comprising the M86V protein.
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gtgagacgag aaatgcagat ggtctcagct atgaacacag caaaaacaat gaatggaatg600 ggaaaaggag aagacgtcca
aaagttggca gaagagctgc aaagcaacat tggagtgctg660 agatctcttg gggcaagtca aaagaatggg gaagggattg
caaaggatgt aatggaagtg720 ctaaagcaga gctccatggg aaattcagct cttgtgaaga aatatctata atgctcgaac780
catttcagat tctttcaatt tgttctttta tcttatcagc tctccatttc atggcttgga840 caatagggca tttgaatcaa ataaaaagag
gaataaacat gaaaatacga ataaaaggtc900 caaacaaaga gacaataaac agagaggtat caattttgag acacagttat
caaaaagaaa960 tccaggccaa agaaacaatg aaggaagtac tctctgacaa catggaggta ttgagtgacc1020
acataataat tgaggggctt tctgccgaag agataataaa aatgggtgaa acagttttgg1080 agatagaaga attgcattaa
attcaattit agigiaitisoitreiigsaditnagecancifig@atfaaigirancsandeaanigaan aaagtgegtt
gtttctact1189 <210> 8 <211> 558 <212> DNA <213> Influenza B virus <400> 8 agcagaagca gaggatttgt
ttagtcactg gcaaacagga aaaaatggcg aacaacatga60 ccacaacaca aattgaggtg ggtccgtgat gacccaatgg
atacaagtcrpitatsaasitibi 0B airgekeantgngial gagasaagiaglagctigirigctapracit gHgeorigis0

b

of a medicament.

20. Use of the influenza B virus according to any one of claims 3 to 14 in the

manufacture of a madicament in the freatment of an influenza virus infection.
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atgatcttac agtggaggat gaagaagatg gccatcggat cctcaactca ctcttcgagc240 gtcttaatga aggacattca
aagccaattc gagcagctga aactgcggtg ggagtcttat300 cccaatttgg tcaagagcac cgattatcac cagaagaggg
agacaattag actggtcacg360 gaagaacttt atcttttaag taaaagaatt gatgataaca tattattcca caaaacagta420
atagctaaca gctccataat agctgacatg gttg&g}%ﬁ t%tcagtg}% ‘?_?(%agcattg480 tatgaaatga aggatgtggt tgaagtgtac
agcaggcagt gcttgtgaat ttaaaataaaS4l,ftage &ﬁlﬁ@@nlx e%ﬁ‘ox§764.tmp.txt aatcctcttg ttactact558
<210>9 <121301> 630 <212> DNA <213> Influenza B virus <400> 9 a cagaagca gaggatttgt ttagtcactg

sL10%  AVIR GREEN HILLS BIOPEGHNOLOGY RESEARCH, DEVELOPMENT TRADE
gcaaacagga aaagatggcg aacaacatgabU ccacaacaca aattgaggtg ggtccgggag caaccaatgc caccataaac
tttgaagcag]z’ég gﬁgdt;t(%g%galg;gggantz%a@iarggctttcat ggcaaagatg atgacccaat ggatacaagtl80 ccttatcaac
tctgcataga ttgaatgcat atgaccagag tggaaggctt gttgctaaac240

<130> FIuB/PCT

<160> 18

<170> PatentIn version 3.3

<210> 1

<211> 248

<212> PRT

<213> Influenza B virus

<400> 1
Met Ser Leu Phe Gly Asp Thr Ile Ala Tyr Leu Leu Ser Leu T?r Glu
1 5 10 1

Asp Gly 6lu ggy Lys Ala Glu Leu ééa Glu Lys Leu His ggs Trp Phe

Gly Gly Lys Glu Phe Asp Leu Asp Ser Ala Leu Glu Trp Ile Lys Asn

Lys Arg Cys Leu Thr Asp Ile GlIn Lys Ala Leu Ile Gly Ala Ser Ile
50 55 . 60

Cys Phe Leu Lys Pro Lys Asp Gln Glu Arg Lys Arg Arg Phe Ile Thr
63 70 75 80

Glu Pro Leu Ser Gly val Gly Thr Thr Ala Thr Lys Lys Lys Gly Leu
85 90 25

ITe Leu Ala GTu Arg Lys Met Arg Arg Cys val Ser prhe His Glu Ala
100 195 110

phe Glu ITe Ala Glu Gly His Glu Ser Ser Ala Leu Leu Tyr Cys Leu
115 120 125

Met val Met Tyr Leu Asn Pro Gly Asn Tyr Ser Met Gln val Lys Leu
130 : 135 : 140

Gly Thr Leu Cys Ala Leu Cys Glu Lys Gin Ala Ser His Ser His Arg
145 150 155 160

Ala His Ser Arg Ala ATa Arg Ser Ser val Pro Gly val Arg Arg Glu
165 176 175

Met GIn Met val Ser Ala Met Asn Thr Ala Lys Thr Mef Asn Gly Met
180 185 130

Gly Lys Gly Glu Asp val GIn Lys Leu Ala Glu Glu Leu GlIn Ser Asn
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ttgttgccac tgatgatctt acagtggagg atgaagaaga tggccatcgg atcctcaact300 cactcttcga gcgtcttaat
gaaggacatt caaagccaat tcgagcagct gaaactgcgg360 tgggagtctt atcccaattt ggtcaagagc accgattatc
accagaagag ggagacaatt420 agactggtca cggaagaact ttatctttta agtaaaagaa ttgatgataa catattattc480
cacaaaacag taatagctaa cagctccata atggetgaca t%%%gﬁtgmggt%tgattamo ttagaaacat tgtatgaaat
gaaggatgtg gttgaagigt acagcaggca gtg@rﬁtgtga68 atttaaaatmmaaatcctct tgttactact630 <210> 10 <211>
687 <212> DNA <213> Influenza B virus <400> 10 agcagaagca gaggatttgt ttagtcactg gcaaacagga
aaaaatggeg aagaadatgatlgcasaaeaca valtgagots ogicegggad taatoadlge caccataaac tttgaagcagl20
gaattctgga gtgéatgaa aggctttcat ggéaaagagc ccttgact&é(}cctggtcaag 180 accgcctaaa cagactaaag

agaaaattag agitcatgatg acccaatgga tacaathcct240 tatcaactct gcata%%ttg aatgcatatg accagagtgg
get

val MeT Glu val leu Lys Gln Ser Sef Met Ash
aaggcttgl;gctadacttgdtd V2 U5; ST !

ser Ala Leu val Egg Lys Tyr Leu

<210> 2

<211> 248

<212> PRT

<213> Influenza B virus

<400> 2

Met Ser Leu Phe Gly Asp Thr Ile Ala Tyr Leu Leu Ser Leu Thr ¢lu
1 5 10 15

asp Gly Glu Gly Lys Ala Glu Leu é;a Glu Lys Leu His %gs Tryp Phe
20

Gly Gly Lys Glu Phe Asp Leu Agp Ser Ala Leu Glu ng Ile Lys Asn
35 4

Lys Arg Cys Leu Thr Asp Ile Gin Lys Ala teu Ile Gly Ala Ser Ile
50 55 60

Cys Phe Leu Lys Pro Lys Asp GIn Glu Arg Lys Arg Arg Phe Tle Thr
65 70 75 80

Glu Pro Leu Ser Géy val Gly Thr Thr gga Thr Lys Lys Lys géy Lew
8

Ile Leu ala Glu Arg Lys Met Arg Lys Cys val Ser Phe His Glu Ala
160 105 110

phe Glu ITe ala Glu Gly His Glu Ser Ser Ala Leu Leu Tyr Cys Leu
115 120 125

Met val Met Tyr Leu Asn Pro Gly Asn Tyr Ser Met Gln val Lys Leu
130 135 140

Gly Thr Leu Cys Ala Leu Cys Glu Lys Gln Ala Ser His Ser His Arg
145 150 155 160

ala His ser arg Ala Ala Arg Ser Ser val Pro Gly val Arg Arg Giu
165 170 175

Met GIn Met val Ser Ala Met Asn Thr Ala Lys Thr Met Asn Gly Met
180 185 190
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ttgccactga tgatcttaca gtggaggatg aagaagatgg ccatcggatc ctcaactcac360 tcttcgagcg tcttaatgaa
ggacattcaa agccaattcg agcagctgaa actgcggtgg420 gagtcttatc ccaatttggt caagagcacc gattatcacc
agaagaggga gacaattaga480 ctggtcacgg aagaacttta tcttttaagt aaaagaattg atgataacat attattccac540
aaaacagtaa tagctaacag ctccataata gctgacatgg ttgtatcatt atcattatta600 gaaacattgt atgaaatgaa
ggatgtggtt gaagtgtaca gcaggcagtg cttgtaat %@%3%7a6§t§553t5¥cctcttgt tactact687 <210> 11 <211> 708
<212> DiiA «24 3 undlensia Biikdis %ngQPWPrﬁen@W B9T6ZE M ixt agcagaagca gaggatttgt
ttagtcactg gcaaacagga aaaaatggcg aacaacatga60 ccacaacCacCa aattgaggtg ggtccgggag caaccaatgc
caccataa}galce 'ét%%za\%?ageluzgrgasag;c'{%%a Ggitggg\tﬁggsaz% aqucﬁttga/g gogqa gg{}gcttgactac cctggtcaagl80
accgcctaaa ctaaag agaaaattagsag aagaa? aaagagicac aacaaatgat240 gacccaatgg atacaagtcc
ttatcaactc tgcatagatt gaatgcatat gaccagagtg300 gaaggcttgt tgctaaactt gttgccactg atgatcttac agtggaggat
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gaagaageng3t@ tys Asp val met Glu val Leu Lys Gin Ser Ser Met Gly Asn
225 230 235 240
ser Ala Leu val Lys Lys Tyr Leu

245

<210> 3
<211> 1189
<212> DNA
<213> 1Influenza B virus
<400> 3
agcagaagea cgcactttet taaaatgtcg ctgtttggag acacaattge ctacctgett 60
tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgtrggttt 120
ggtgggaaag aattigacct agactctgec ttggaatgga taaaaaacaa aagatgctta 180
actgatata¢ aaaaagcact aattggtgcce tctatatgct ttttazaacc caaagaccag 240G
gaaagaaaaa gaagattcat cacagagccc ttatcaggag tgggaacaac agcaacaaaa 300
aagaaaggcc tgatictygge tgagagaaaa atgagaagat gtgtgagert tcatgaagca 360
tttygaaatag cagaaggcca tgaaagctca gegctactat actgtotcat ggtcatgtac 420
ctgaatccty gaaattattc aatgcaagta aaactaggaa cgctctgtge tttatgcgag 480
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcttc agtgcctgga 54C
gtgagacgag aaatgcagai ggtctcagct atgaacacag caaaaacaat gaatggaatg 600
ggaaaaggag aagacgtcca aaagttggca gaagagctgc aaagcaacat tggagtgctg 660
agatctctty gggcaagtca aaagaatgog gaagggattg caaaggatgt aatggaagtg 720
ctaaagcaga gctccatggg aaattcaget cttgtgaaga aatatctata atgctcgaac 780
catttcagat tctttcaatt tgttctitta tcttatcagce tctccattic atggcttgga 840
caatagggca tttgaatcaa ataaaaagag gaataaacat gaaaatacga ataaaaggtc aGo
caaacaaaga gacaataaac agagaggtat caattttgag acacagttac caaaaagaaa 960
tccaggccaa agaaacaatg aaggaagtac tctctgacaa catggaggta tigagtgacc 1020
acataataat tgagggactt tctgccgaag agataataaa aatgggtgaa acagttttgg 1080
agatagaaga attgcattaa attcaatttt actgtatttc ttactatgca titaagcaaa 1140
ttgtaatcaa tgtcagcaaa taaactggaa aaagtgcgtt gtttctact 1189
<210> 4
<211> 1189
<212> DNA )
<213> Influenza B virus



gccatcggat cctcaactca ctcttcgagc gtcttaatga aggacattca aagccaattc420 gagcagctga aactgcggtg
ggagtcttat cccaatttgg tcaagagcac cgattatcac480 cagaagaggg agacaattag actggtcacg gaagaacttt
atcttttaag taaaagaatt540 gatgataaca tattattcca caaaacagta atagctaaca gctccataat agctgacatg600

gttgtatcat tatcattatt agaaacattg tatgaaatga aggat gaagtgtac660 agcaggceagt gettgtgaat ttaaaataaa
s SYEs aY

aatcctcttg4gactagt708 <210> 12 <2115 5 AL813S Influenza B virus <400> 12
agcagaadf R RAgGathetati§icactyige aeitca bRt HemaatgEre addaatEEBg decacadtaca aattgaggtg
ggtccgggagtaacsqalgn tareatagaa iigaagragiil gpalisiggagigetatgasaggctiticat ggcaaagage

cotigactag, eelgglcaanl a0 sccocelage Roaciannag AdeRaAtag agloangaal aaagagipac aacasaagig240

agcctgaaag taaaaggatg tcccttgaag agagaaaagc aatttgatga cccaatggat300 acaagtcctt atcaactctg
catagattg& WRICIAR PR RAGAG gt Hygetigtig 3Bt Evahaditof idRcacttriddatéftacad thgaggatga
agaagatggeacateggatecdd teaacicacicticgagcgi witaatgagp gacativaaagesaaticga gcagctgaaa480
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Ctgcggtggy, aAlglatCe CRAtitgic AAR3ISAL CY HIAlCACCH 9AR9R009R%0¢ dgca 360
tttgaaatag cagaaggcca tgaaagctca gcgctactat actgtctcat ggtcatgtac 426
ctgaatcctg gaaattattc aatgcaagta aaactaggaa cgctctgtgc tttatgcgag 480
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcttc agtgcctgga 540
gtgagacgag aaatgcagat ggtctcaget atgaacacag caaaaacaat gaatggaatg 600
ggaaaaggag aagacgitcca aaagttggca gaagagctgc aaagcaacat tggagtgctg 660
agatctcttg gggcaagtca aaagaatggg gaaggpattg caaaggatgt aatggaagtg 720
ctaaagcaga gctccatggg zaattcagcect cttgtgaaga aatatctata atgetcgaac 780
catttcagat tctttcaatt tgttctttta tcttatcagce tctccatite atggettgga 840
caatagggca tttgaatcaa ataaaaagag gaataaacat gaaaatacga ataaaaggtc 900
caaacaaaga gacaataaac agagaggtat caattitgag acacagttat caaaaagaaa 960
tccaggccaa agaaacaatg aaggaagtac tctctgacaa catggaggta thgagtgace 1020
acataataat tgaggggctt tctgccgaag agataataaa aatgggtgaa acagttttgg 1080
agatagaaga attgcattaa attcaatttt actgtatttc ttactatgea tttaagcaaa 1140
ttgtaatcaa tgtcagcaaa taaactggaa aaagtgcgtt gtttctact 1189
<210> 5
<211> 1190
<212> DNA
<213> 1Influenza B virus
<400> 5 .
agcagaagca cgcactttct taaaatgtcg ctgtitggag acacaattge ctacctgett 60
tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgtiggttc 129
ggtgggaaag aatttgacct agactctgcc ttggaatgga taaaaaacaa aagatgctta 180
actgatatac agaaagcact aattggtgcc tctatctgct ttitaaaacc caaagaccad 240
gaaagaaaaa gaagattcat cacagagccc ctatcaggaa tgggaacaac agcaacaaaa 300
aagaagggece tgattctage tgagagaaaa atgagaaaat gtgtgagctt ccatgaagca 360
tttgazaatag cagaaggcca tgaaagctca gcgttactat attgtctcat ggtcatgtac 420
ctgaatcctg gaaattattc aatgcaagta aaactaggaa cgctctgige tttgtgcgaa 480
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcitc agtgoccgga 540
gtgagacggg aaatgcagat ggtctcagct atgaacacag Caaaaacaat gaatggaatg 600
ggaaaaggag aagacgtcca aaaactggca gaagaactge aaagcaacat tdggagtatig 660



acaattagac tggtcacgga agaactttat cttttaagta aaagaattga tgataacata600 ttattccaca aaacagtaat

agctaacagc tccataatag ctgacatggt tgtatcatta660 tcattattag aaacattgta tgaaatgaag gatgtggttg

aagtgtacag caggcagtgc720 ttgtgaattt aaaataaaaa tcctcttgtt actact756 <210> 13 <211> 443 <212> DNA

<213> Influenza B virus <400> 13 agcagaagea ng@g%ttt t ttagtcactg gcaaacagga aaaaatggcg
PhbentxTe . . T

aacaacatga60 ccacaacaca aattgagtgg aggatgaaga agatggccat cggatcctca actcactctt120 cgagcgtctt

aatgaag@gaetatictitageecazatcgadiid YHa 829 CY g geRIGIBOI e BapPFHSenix TeMp59764.tmp. txt

cttatcccaa-iHegisang Ageacsgnti Aloregagar grggargast.attagaciggldddeacggasya actttatctt

<21i> 1189
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Uaagtasa2 PRI AcHIANa ecacaaeRiO0 caglarianc. AaeREs alaatedcg rcatagtal

atcattatca ttattagaaa é cattgtatga aatgaaggat gtggttgaag tgtacagcag gcagtgctt% tgaatttaaa420

ataaaaat‘é%f%ﬁgﬁ%?cttééf&aecaa ataaaaagag gagitaaacat gaaaatacga ataaaggydc 0
caaataaaga gacaataaac agagaggtat caattttgag acacagttac caaaaagaaa 960
rccaggctaa agaagcaatg aaggaagtac tctctgacaa catggaggta ttgagtgacc 1020
acatagtaat tgaggogctt tetgcigaag agataataaa aatgggtgaa acagttitgg 1080
aggtagaaga atttcattaa attcaatttt tactgtactt cttactatge atttaagcaa 1140
attgtaatca atgtcagcaa ataaactgga aaaagtgcgt tgtttctact 1120
<210> 6
<211> 11980
<212> DNA
<213> Influenza B virus
<400> 6
agcagaagca cgcactttct taaaatgtcg ctgtttggag acacaattgc ctacctgctt 60
tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgttggric 120
gogtaggaaag aatttgacct agactctgee ttggaatgga taaaaaacaa aagatgctia 180
actgatatac agaaagcact aattggtgcee tctatctget ttttaaaacc caaagaccag 240
gaaagaéaaa gaagattcat cacagagcce ¢tatcagoag tgggaacaac agcaacaaaa 300
aagaagggce tgattctagc tgagagaaaa atgagaaaat gtgtgagcett ccatgaagca 360
tttgaaatag cagaaggcca tgaaagctca gegttactat attgtctcat ggtcatgtac 420
ctgaatccig gaaattattc aatgcaagta aaactaggaa cgotctgtgoe ttigtgcgaa 480
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatcttc agtgoocgga 540
gtgagacggg aaatgcagat ggtctcaget atgaacacag caaaaacaat gaatggaatg 600
ggaaaaggag aagacgtcca aaaactggca gaagaactge aaagcaacat tggagtatty 660
agatctcttg gggcaagtca aaagaatggg gaaggaatig caaaggatgt aatggyaagtd 720
ctaaagcaga gctctatggg aaattcagcet cttgtgaaga aatacctata atgcicgaac 780
catttcagat tctttcaatt tgttctitta tittatcage tctccatttc atggcttgga 840
caataggaca tttaaatcaa ataaaaagag gagtaaacat gaaaatacga ataaaggggc 800
caaataaaga gacaataaac agagaggtat caattttgag acacagttac caaaaagaaa 960
tccaggctaa agaagcaatd aaggaagtac tctctgacaa catggaggta ttgagtgacc 1020
acatagtaat tgagoyggctt tctgctgaag agataataaa aatgggtgaa acagltttitgg 1680
aggtagaaga atticattaa attcaatttt tactgtactt cttactatge atttaagcaa 1140
attgraatca atgtcagcaa ataaactgga aaaagtgcgt tgtttctact 1180
<210> 7



<210> 14 <211> 442 <212> DNA <213> Influenza B virus cacaacacaa gagcgtctta ttatcccaat
cacggaagaa agtaatagct attgtatgaa taaaaatcct attgagtgga atgaaggaca ttggtcaaga ctttatcttt aacagctcca
atgaaggatg cttgttacta ttagtcactg ggatgaagaa ttcaaagcca gcaccgatta taagtaaaag taatagctga tggttgaagt
ct gatggccatc attcgagcag tcaccagaagp%a%%%%tp gg\}ggggtpa_ gtacagcagg ggatcetcaa ctgaaactge
agggagacaa.fagajatigt tcattatcat cagtgettgt

«213> 1Influenza B virus

<400> 7

agcagaagca cgcacttict taaaatgtcg ctgtttggag acacaattge ctacctgett 60
tcattgacag aagatggaga aggcaaagca gaactagcag aaaaattaca ctgttggttt 120
ggtoggaaag aatttgacct agactctgec ttggaatgga taaaaaacaa aagatgetta 180
actgatatac aaaaagcact aattggtgcc tctatatgct ttttaaaacc caaagaccag 240
gaaagaaaaa gaagattcat cacagagccc ttatcaggaa tgggaacaac agcaacaaaa 300
aagaaaggcc tgattctgge tgagagaaaa atgagaagat gtgtgagcett tcatgaagca 360
tttgaaatag cagaaggcca tgaaagctca gcgectactat actgtctcat ggtcatgtac 420
ctgaatcctg gaaattatic aatgcaagta aaactaggaa cgctctgtge tttatgegad 480
aaacaagcat cacattcaca cagggctcat agcagagcag cgagatctte agtgectgya 540
gtgagacgag aaatgcagat ggtctcaget atgaacacag caaaaacaat gaatggaatyg 600
ggaaaaggag aagacgtcca aaagtiggea gaagagctgc aaagcaacat tggagtgetg 660
agatctcttg gggcaagtca aaagaatggg gaagggattg cadaggatgt aatggaagtg 720
¢taaagcaga gctccatgygg aaattcaget cttgtgaaga aatatctata atgcicgaac 780
catttcagat tctttcaatt tgttctttta tettatcage tetccatttc atggettgga 840C
caatagggca tttgaatcaa ataaaaagag gaataaacat gaaaatacga ataaaaggtc 900
caaacaaaga gacaataaaC agagaggtat caattttgag acacagttat caaaaagaaa 260
tccaggccaa agaaacaaty aaggaagtac tctctgacaa catggaggta ttgagtgacc 1020
acataataat tgaggggett tetgecgaag agataataaa aatgggtgaa acagtittog 1080
agatagaaga attgcattaa attcaatttt actgtatttc ttactatgeca tttaagcaaa 1140
ttgtaatcaa tgtcagcaaa taaactggaa aaagtgegtt gttictact 118%
<210> 8

<2131> 558

<212> DNA

<213> 1Influenza B virus

<400> &

agcagaagca gaggatttgt ttragtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggtg ggtccgtgat gacccaatgg atacaagtcc ttatcaactce 120
tgcatagatt gaatgcatat gaccagagtg gaaggcttgt tgctaaactt grtgccacig 180
atgatcttac agtggaggat gaagaagatyg gccatcggat cctcaactca ctcttegagce 240
gtcttaatga aggacattca aagccaattc gagcagctga aactgcggtg ggagtcttat 300
cccaatttgy tcaagagcac cgattatcac cagaagaggg agacaattag actggtcacy 360
gaagaacttt atcttttaag taaaagaatt gatgataaca tattaticca caaaacagta 420
atagctaaca gctccataat agctgacatg gttgtatcat tatcattatt agaaacattg 480
tatgaaatga aggatgtggt tgaagtgtac agcaggcagt gettgtgaat ttaaaataaa 540
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ttcactcttc ggtgggagtc ttagactggt tccacaaaac tattagaaac gaatttaaaa <210> 15 <211> 1023 <212> DNA
<213> Influenza B virus <400> 15 agcagaagca ccacaacaca gaattctgga gtcttgcatt aaagaaaaca
aattaataat caagaaggcc ggaagtgcta caatatcaac tgctgatgag catcatctca aggatgaaga attcaaagcc
agcaccgatt gaggatttgt aattgaggtg gtgg];%teq‘q%%(m‘gg%g_@m%qggacaac tacaagaatc acagaactga
aatttagcteagtaatagitc agageaacca acactaactt agatggccat aattcgagca atcaccagaa stigtcactg
ggtccgggag aggctttcat ttgcacttgt tggagcattt ccaaactcac aacatctica aaagcaaaaa tggaactaaa ttgtagaatt
gataatactaicggaicctca gctgaaactg gagggagaca gcaaacagga caaccaatgc ggcaaagata

<21i> 630

<212> DNA .

<213> 1Influenza B virus

<400> 9

agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggtg ggtccgggag caaccaatgc caccataaac tttgaagcag 120
gaattctgga gtgctatgaa aggctttcat ggcaaagatg atgacccaat ggatacaagt 180
ccttatcaac tctgcataga ttgaatgcat atgaccagag tggaaggcett gttgctaaac 240
trtgttgccac tgatgatctt acagtggagg atgaagaaga tggccatcgg atcctcaact 300
cactettega gegtettaat gaaggacart caaagecaat tcgagcagot gasacigegg 360
tgggagictt atcccaattt ggtcaagagc accgattatc accagaagag ggagacaatt 420
agactggtca cggaagaact ttatctttta agtaaaagaa ttgatgataa catattatic 480
cacaaaacag taatagctaa cagctccata atagctgaca tggttgtatc attatcatta 540
ttagaaacat tgtatgaaat gaaggatgtg gttgaagtgt acagcaggca gtgcttgtga 600
atttaaaata aaaatcctct tgttactact 630
<210> 10

<211> 687

<212> DNA .

<213> Influenza B virus

<400> 10

agcagaagca gaggattigt ttagtcactyg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggtg gotccgggayg caaccaatgc caccataaac tttgaagcag 120
gaattctgga grgctatgaa aggeittcat ggcaaagage cottgactac cctggtoaag 180
accgectaaa . cagactaaag agaaaattag agtcatgatg acccaatgga tacaagtect 240
tatcaactct gcatagatty aatgcatatg accagagtgg aaggcettgtt gctaaacttg 300
ttgccactga tgatcttaca giggaggatg aagaagatgg ccatcggatc ctcaactcac 360
tcttecgageg tcttaatgaa ggacattcaa agccaattcyg agcagctgaa actgeggigg 420
gagtcttate ccaatttggt caagagcacc gattatcacc agaagaggga gacaattaga 480
ctggtcacgy aagaacttia tctittaagt aaaagaattg atgataacat attattccac 540
aaaacagtaa tagctaacag c¢t¢cataata gctgacatgg ttgtatcatt atcattatta 600
gaaacattgt atgaaatgaa ggatgtggtt gaagtgtaca gcaggcagtg citgtgaait 660
taaaataaaa atcctettgt tactact 687
<23i0> 11

<211> 708

<212> DNA

<213> Infliuenza B virus

<400> 11
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cacaaacagt actgctggat caggatgctc gtgtctagaa ctttcactta gggatctgaa tctgaacaga accttcttct actcactctt
cggtgggagt attagactgg Page 9 aaaaatggcg aacaacatga caccataaac tttgaagcag atgtacagga tgcaactcct
gcacctactt cttcgtcgac ttacagatga ttttgaatgg acatttaagt tttacatgcc gaagaactca aacctctgga agacccaggg
acttaatcag acaacattca tgtgtgaata tggattacct titgtcaaag ctttctictc ctgacagtgg cgagcgtctt aatgaaggac

cttatcccag tigaisang daaagaada Act il sPBABMN] Siba 64t dxt faagtaaa gaattgatga

taacatatta ttccacaaaa cag%taata C taacagctccQOO
cc tccgggag ca

acaacaca aattgaggtg ggtcc accaatgc caccataaac tttgaagcag 120
gaattctgga gtgctatgaa aggctticat ggcaaagage ccttgactac cotggicaag 180
accgcctaaa cagactaaag agaaaattag agtcaagaat aaagactcac aacaaatgat 240
gacccaatgyg atacaagtcc ttatcaactc tgcatagatt gaatgcatat gaccagagtg' 300
gaaggcttgt tgctaaactt gttgccactg atgatcttac agtggaggat gaagaagatg 360
gcecatcggat cctcaactca ctcttcgage gtcttaatga aggacattca aagecaatic 420
gagcagctga aactgcggtyg ggagtcttat cccaatitgg tcaagagceac cgattatcac 480
cagaagaggg agacaattag actggicacg gaagaacttt atctttiazg taaaagaatt 540
gatgataaca tattattcca caaaacagta atagctaaca getccataat agetgacatg 600
gttgtatcat tatcattatt agaaacattg tatgazatga aggatgigat tgaagtgtac 660
agcaggcagt gottgtgaat ttaaaataaa aatcctettg ttactact 708
<210> 12
<211> 756
<212> DNA
<213> Influenza B virus
<400> 12
agcagaagca gaggatttgtr ttagtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggtg ggtccgggag caaccaatge caccataaac tttgaagcag 120
gaattctgga gtgctatgaa aggctttcat ggcaaagage ccttgactac cctggtcaag 18G
accgcctaaa cagactaaag agaaaattag agtcaagaat aaagactcac aacaaaagtg 240
agcctgaaag taaaaggatg tcccttgaag agagaaaage aatttgatga cccaatgogat 300
acaagtcctt atcaactctg catagattga atgcatatga ccagagigga aggettgttg 360
ctaaacttgt tgccactgat gatcttacag tggaggatga agaagatgge catcggatcc 420
tcaactcact cttcgagcegt Ccttaatgaag gacattcaaa gccaattcga gcagctgaaa 480
ctgcggtggg agicttatcc caatttggtc aagagcaccg attatcacca gaagagggag 540
acaattagac tggtcacgga agaactttat cttttaagta aaagaattga tgataacata 600
ttattccaca aaacagtaat agctaacagc tccataatag ctgacatgght tgtatcatta 660
tcattattag aaacattgta tgaaatgaag gatgtggitg aégtgtacag caggeagtge 720
ttgtgaattt aaaataaaaa tcctcttgtt actact 756
<210> 13
<2131> 443
<212> DNA
<213> 1Influenza B virus
<400> 13
agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgagtgg aggatgaaga agatggccat cggatcctca actcactcett 120
cgagegtett aatgaaggac attcaaagcc aattcgagca gotgaaactg cggtgggagt 180
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ataatagctg acatggttgt atcattatca ttattagaaa cattgtatga aatgaaggat960 gtggttgaag tgtacagcag gcagtgcttg
tgaatttaaa ataaaaatcc tcttgttact1020 act1023 <210> 16 <211> 1149 <212> DNA <213> Influenza B v
rus <400> 16 agcagaagca ccacaacaca gaattctgga accgcctaaa agcctgaaag actcctgtct gtcgacaaag
gaatggaatt catgcccaag tctggaggaa aatcagcaat tgaatatgct tcaaagcatc cagtggagga aaggacattc
gtcaagagca tatcttttaa agctccataa aagdjgf}g%ﬁ‘&?%é?gé? -G8 JATitgt aattgaggtg gtgctatgaa cagactaaag
taaaaggattrigcatrcattantaedcaye cariHdttater acigg e corsag WRyCt sfdfvatdaacgtagtfatgagacag

atctcaacaelgragandat aargecaatiLedaiaicn tlgaradaallageigacat digaagigla pagtcactg ggtccgggag

aggcttcat agagaattag ocefigaag taaglelige tagaaciaoa agapleccag aadigagaca iggtcasag tagtictgga
caaccattdf thactigata ggeeatcaga cga ca%c?tg CChgaagagg tgatgataac ggtigtatca cagcaggeag
gcaaaca§yi eceaat§egetadtic et A5 RYaRh GaASHIGE Wettsre At R R atttaély actcaccagg

tcttcagtgt eanaaacitttaciaangggacagaattictg atactaacct tcctcaactc aaactgcggt gagazaatta atattattcc

Page 9

ttatcattat tgcttgtgaa
<210> 14
<211> 442
<212> DNA
<213> Influenza B virus
<400> 14
agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaatgocgg acaatatgac 60
cacaacacaa attgagtgga ggatgaagaa gatggccatc ggatcctcaa ttcactcttc 120
gagcgtctta atgaaggaca ttcaaagcca attcgagcag ctgaaactgc ggtgggagtc 180
ttatcccaat ttggicaaga gcaccgatta tcaccagaag agggagacaa ttagactggt 240
cacggaagaa ctttatcttt taagtaaaag aattgatgat aacatattgt tccacaaaac 300
agtaatagct aacagctcca taatagciga catggttgra tcattatcat tattagaaac 360
attgtatgaa atgaaggatg tggttgaagt gtacagcagg cagtgcttgt gaatitaaaa 420
taaaaatcct citgttacta ct 442
<210> 15
<21i> 1023
<212> DNA )
<213> 1Influenza B virus
<400> 15
agcagaagea gaggatttgt ttagtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggto ggtccgggag caaccaatygc caccataaac tttgaagcag i20
gaattctgga gtgctatgaa aggctttcat ggcaaagata atgtacagga tgcaactcct 180
gtcttgcatt gcactaagte ttgcacttgt cacaaacagt gcacctactt cttcgtcgac 240
aaagaaaaca cagctacaac tggagcattt actgctggat ttacagatga ttttgaatgg 300
aattaataat tacaagaatc ccaaactcac caggatgctc acatitaagt tttacatgec 360
caagaaggcc acagaactga aacatcttca gtgictagaa gaagaactca aacctctgga 420
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta agacccaggg acttaatcag 480
caatatcaac gtaatagttc tggaactaaa gggatctgaa acaacattca tgtgtgaata 540
tgctgatgag acagcaacca ttgtagaatt itctgaacaga. tggattacct tttgtcaaag 600
catcatctca acactaactt gataatacta accttcttct ctrtcttctc ctgacagtag 660
aggatgaaga agatggccat cggatcctca actcactctt cgagcgtctt aatgaaggac 720
artcaaagce aattcgagca gctgaaactg cggigggagt cttatcccaa tttggtcaag 780
agcaccgatt atcaccagaa gagggagaca attagactgg tcacggaaga actttatcott 840



aaaaatggcg aacaacatga caccataaac tttgaagcag ccttgactac cctggtcaag aaagactcac aacaaaagtg
aatttaatgt acaggatgca aacagtgcac ctacttcttc ctggatttac agatgatttt atgctcacat ttaagtttta ctagaagaag
aactcaaacc cacttaagac ccagggactt tctgaaacaa cattcatgtg aacagatgga ttaccttttg tcttctcttt cttctcctga
actcttcgag cgtcttaatg gggagtctta tcccaa\_tlttg/n act§§ % aactt acaaaacagt aatagctaac tagaaacatt
gtatgaaalgipaaaiag.eaiealst s 210 oy Be. 1352123 RNAE23@zdnfluenga B virus
gcaaacagga aaaaatg t% aacaacatga caaccaatge caccat%gac tttﬁaag af% caaagagc ccttgactac
cctggtcaag ag?g a?ag%\ ctcac aacaaaagat igage 1 BRoeni p59764.tmp.txt tcccttgaag
agagaaa@@@‘é@&@@é@ﬁé%ﬁﬂg@ﬁ@gﬁa@t@a&@@@ﬁﬁ&gééﬁaéﬁeg"éétt@été%ﬁa@*tctt getttgtca agaaaacaca
gctacaacigrgagcatttac ttaataatta caagaatccc aaactcacca agaaggccac agaactgaasegatcttcagt
aagtgctaaa tttagctcaa agcaaaaact atatcaacgt aatagttctg gaactaaagg ctgatgagac agcaaccatt gtagaatttc
tcatctcaae amtaanttga taatactaac gatgaagaag atggccatcg gatcctcaac tcaaagccaa ttcgagcage
tgaaactggﬁ@c% at caccagaaga gggagacaat aagtaaaaga attgatgata acatattatt aatagctgac atggttgtat
cattatcatkggtgaagigtacageageesagtgetigtg <210> 18 <211> 1344 <212> DNA

<d00> 16
agcagaagca gaggatttgt tragtcactyg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggtg ggtccgggag caaccaatgc caccataaac tttgaagcag 120

gaatictygga gtgctatgaa aggctttcat ggcaaagagc ccitgactac cctggtcaag 180
accgcctaaa cagactaaag agaaaattag agtcaagaat aaagactcac aacaaaagtg 240
agcctgaaag taaaaggatg tcccttgaag agagaaaagce aatttaatgt acaggatgea 300
actcctgtct tgcattgeac taagtottge acttgtcaca aacagtgeac ctacttcttcA 360
gtcgacaaag aaaacacagc tacaactgga geatttactyg ctggatttac agatgatttt 420
gaatggaatt aataattaca agaatcccaa agtcaccagg atgcicacat ttaagtttta 480
catgcccaag aaggccacag aactgaaaca tottcagtgt ctagaagaag aactcaaacc 540
tctggaggaa gtgctaaatt tagcetcaaag caaaaactrt cacttaagac ccagggactt 600
aatcagcaat atcaacgtaa tagttctgga actaaaggga tctgaaacaa cattcatgrty 660
tgaatatgct gatgagacay caaccattgt agaatttctg aacagatgga ttaccttttg 720
tcaaagcate atctcaacac taacttgata atactaacct tcttctcttt ¢ttctcctga 780
cagtggagga tgaagaagat ggecatcgga tcctcaactc actettcgag cgtcttaatg 840
aaggacattc aaagccaatt cgagcagctg aaactgcggt gggagtctta tcccaatttg 900
gtcaagagca ccgattatca ccagaagagg gagacaatta gactggtcac ggaagaactt 960
tatctittaa gtaaaagaat tgatgataac atattaticc acaaaacagt aatagctaac 1020
agctccataa tagcetgacat ggttgtatca ttatcattat tagaaacatt gtatgaaatg 1080
aaggatgtgg ttgaagtgta cagcaggcag tgcttgtgaa tttaaaataa aaatcctctt 114¢
gttactact 1149
<210> 17

<211> 1221

<212> DNA

<213> Influenza B virus

<400> 17
agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaasatggcyg aacaacatga 60

ccacaacaca aattgaggtg ggtecggugay caaccaatge caccataaac tttgaagcag 120
gaattctgga gtgctatgaa aggetttcat ggeaaagagc ccttgactac cctggtcaag 180

accgcctaaa cagactaaag agaaaattag agtcaagaat asagactcac aacaaaagtyg 240
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<213> Influenza B virus <400> 18 agcagaagca ccacaacaca gaattctgga accgcctaaa agcctgaaag
aagtactcct aaagttcctc ggaggtgcct aatgtacagg tgcacctact tttacagatg cacatttaag agaagaactc aagacccagg
gaggatttgt aattgaggtg gtgctatgaa cagactaaag taaaaggatg atttatgaat aaatagcaac tgatgacata atgcaactcc

tettcgtcga attttgaatg ttitacatge aaacctqlgg gagitaatea, ftagicacty ggtccgggag aggctttcat agaaaattag
tcccttgaag cegtetgetg tgtacgaaat gaagaagaac tgictigcat caaagaaaac gaattaataa ccaagaaggce

aggaagtget HeaatdRa MEBAA CHGGAaAMh ANYea e cCHiRsE tEcatasg By caadlfagc cettgactac
agtcaagaat eaagecieacagagaaaagctaatiygagtagaadtgaagy gitigagceatagaattggiio cgattaccct
cagagg QBEQE’:{SQQ&C&%%&@@%QE&&Q%E“&@&%QE@C%EEQQ‘?&C%M&@Q&@&&N GGgaaactca cacagaactg

aaacatctic aaafttagct caaagcaaaa cgtaatagtt ctggaactaa Pagae 11 aacaacatga ttztl%{z}aagcag cctggtcaag
aacaaaalfifraabHty4fgH (8t titaflgA A tAcA Y Ay Fadtaf At adatf titlgctygga ceagygatgct
agtgtctagagettieattitagrrratety atRireehix TerprB9762 ias st dacagaitt@gtgtgedt atgctgatga

gacagcageg aligtadaat iicfaaacaglif-aiaoaiiace Jiigicasa aaafcaleteRasgetaadivgataatact
aaccttcttc960 :

agaactcaaa cctctggagy aagtgctaaa tttagctcaa agcaaaaact ttcacttaag 660
acccagggac ttaatcagca atatcaacgt aatagttctg gaactaaagg gatctgaaac 720
aacattcatg tgigaataty ctgatgagac agcaaccatt gtagaatttc tgaacagatg 780
gattaccttt tgtcaaagca tcatctcaac actaacttga taatactaac cticticrct 840
ttctictcet gacagtggag gatgaagaag atggcecatcg gatcctcaac fTcactcettcg 900
agcgrcttaa tgaaggacat tcaaagccaa ttcgagcage tgaaactgcy gtgggagtct 960
tatcccaatt tggtcaagag caccgattat caccagaaga gggagacaat tagactggic 1020
acggaagaac tttatctttt aagtaaaaga attgatgata acatattatt ccacaaaaca 1080
gtaatagcta acagciccat aatagctgac atggttgtat cattatcatt attagaaaca 1140
ttgtatgaaa tgaaguatgt ggttgaagtg tacagcagge agtgcttgtg aatttaaaat 1200
aaaaatcctc ttgttactac t 1221
<210> 18

<211> 1344

<212> DNA

<213> 1Influenza B virus

<400> 18 |

agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaaatggcg aacaacatga 60
ccacaacaca aattgaggty ggtccgggag caaccaatge caccataaac tttgaagcag 120
gaattctgga gtgctatogaa aggetttcat ggcaaagage ccttgactac cctggtcaag 180
accgcctaaa cagactaaag agaaaattag agtcaagaat aaagactcac aacaaaagtg 240
agcctgazag taaaagpaty tcccttgaag agagaaaagc aattggagta aaaatgatga 300
aagtactcct atttatgaat ccgtctgctyg gaattgaagy gtttgagceca tactgtatga 360
aaagttcctc aaatagcaac tgtacgaaat acaattggac cgattaccct tcaacaccag 420
ggaggtgcct tgatgacata gaagaagaac cagaggatgt tgatggccca actgaaatat 480
aatgtacagg atgcaactice tgtcttgeat tgcactaagt cttgcacttyg- tcacasacag 540
tgcacctact tcttegicga caaagaaaac acagctacaa ctggagceatt tactgcotgga 600
tttacagatg attttgaatg gaattaataa ttacaagaat cccaaactca ccaggatgct 660
cacatttaag itttacatgc ccaagaaggc cacagaactg aaacatctic agtgtctaga 720
agaagaactc aaacctctgg aggaagtgct aaatttaget caaagcaaaa actttcactt 780
aagacccagg gacttaatca gcaatatcaa cgtaatagtt ctggaactaa agggatctga 840
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tctttcttct cctgacagtg gaggatgaag aagatggcca tcggatcctc aactcactct1020 tcgagcegtct taatgaagga
cattcaaagc caattcgagc agctgaaact gcggtgggagl080 tcttatccca atttggtcaa gagcaccgat tatcaccaga
agagggagac aattagactgl140 gtcacggaag aactttatct tttaagtaaa agaattgatg ataacatatt attccacaaal200
acagtaatag ctaacagctc cataatagct gacatgattg tatcaftatc \%%qtctggaal%o acattgtatg aaatgaagga
tgtggttgaa gtgtacagca ggcagtgctt gtgaatttaa13626’ aataaaaatc ctcttgttac tact1344

aacaacattc atgtgtgaat atgctgatga gacagcaacc attgtagaat ttctgaacag 900
atggattacc ttttgtcaaa gcatcatctc aacactaact tgataatact aaccttcric 960
fctttcttct cotgacagtg gaggatgaay aagatggeca tcggatcctc aactcactct 1020
tcgagegtct taatgaagga cattcaaagc caattcgagc agctgaaact gcggtgggag 1080
tcttatccca atttggtcaa gagcaccgat tatcaccaga agagggagac aattagactyg 1140
gtcacggaag aactttatct tttaagtaaa agaattgatg ataacatatt attccacaaa 1200
acagraatag ctaacagctc cataatagc¢t gacatggttg tatcattatc attattagaaz 1260
acattgtatg aaatgaagga tgtggitgaa gtgtacagca ggcagtgcit gtgaatttaa 1320
aataaaaatc ctcttgttac tact 1344
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