REPLICATION-DEFECTIVE FLAVIVIRUS VACCINES AND VACCINE VECTORS 5 Field of the
Invention This invention relates to replication-defective flavivirus vaccines and vaccine vectors,
and corresponding compositions and methods. 10Background of the Invention Flaviviruses are
distributed worldwide and represent a global public health problem. Flaviviruses also have a significant
impact as veterinary pathogens. Flavivirus pathogens include yellow fever (YF), dengue types 1-4
(DEN1-4), Japanese encephalitis 15(JE), West Nile (WN), tick-borne encephalitis (TBE), and other
viruses from the TBE serocomplex, such as Kyasanur Forest disease (KFD) and Omsk hemorrhagic
fever (OHF) viruses. Vaccines against YF [live attenuated vaccine (LAV) strain 17D], JE [inactivated
vaccines (INV) and LAV], and TBE (INV) are available. No licensed human vaccines are currently
available against DEN and WN. Veterinary vaccines have been in 20use including, for example,
vaccines against WN in horsREKINVA TéOd IR BV [Rig? a8 CIHESESIE (INV and LAV) to
prevent encephalitis in horses and stillbirtRympigsde fygayteuripg il flavivirus (INV) to prevent
neurologic disease in sheep in the UK, and TBE (INV) used i farm animals in Czech Republic (INV).
(Monath ard Heinz, Flaviviruses, in Fields et al. Eds., Fields Virology, 3rd Edition, Philadelphia, New
York, 25Lippincott-Raven Publishers, 1996, piel861:4OB4ention Tick-borne encephalitis (TBE) is the
most important tick-b &%\/iral disease o{ hun]ans. It_é%{e&de iC in.tparts of Euro %an%yorthern Asia,
causing more than 10; "hvc‘))‘gﬁﬁglf%gf%ng ELIVEY ?/n With d case- ‘é‘é’ﬁt‘)}a% 89 1 B8 Europe and
6-40% in Siberiecetnd thedfarréspshdhsigmifoaniopsopdriethodpatients suffer from long-lasting -
30neuropsychiatric sequelae. Inactivated vaccines produced in chick embryo cell cultures have proven

effective in preventing the disease. For example, AR 863 Yag&iaghion coverage of the Austrian
#nes) Ras resulted

population (the highest among European coun in an approximately 90% reduction

of hospitalized cases (gioz 08K Mz DR WEAkvauPM418:R0L:2051 220 dlbThReinactivated

vaccines are expensive and require three inoculations for primary immunization. Periodic boosters
(every 2-5 yearBioRleMe GRS TS THARNAR FrRHERItT 2 THERATS WiELRBHRAY 9SS VALING Svhich is
effective after opghoBehymelage e, PEOMIAES Hdeable igpehias(ifENQ NG, tapaBitye(RiEpHaitte that
achieved by YF 17D.i nization) js, needed, and inde s been identified.by the O as a major
priority. Dévelo r@%ﬁ%&é% qate &R’ 355@&?@?&5&’&%@&'%}? E%oglr'c‘#seo empirical or
rational attenuatiercehpBE sirtispisesine Fseardiftime (Kao andfTiBk berhambyai¢LI&®; a naturally

attenuated flaviyigyp {0l . CIggely e ale (SRAAUISAINLIIQLREL USPa. IR pagge 4 virus has

faced difficulties due’to problems with residual virulence of candidates and/or low

immunogenicityiosetisaten veardres WNYheed dA XlaseinEBEaB8Y) ggorvadaBieMbiRiHsves @ eman . Virol.
82:5255-5268, 208 RITYANARY Kafhp¥assing BN 33l 2006 KR{lenedales AEGE bMigh Suppl.

18:191-200, 2004; and references therein). 15Flaviviruses are small, enveloped, plus-strand RNA
viruses traffsmittsd st [ SRS SECTREsALAIRb SR D B s N f659AHbAM 8RES Rhich are
primarily vertebhigstimriSn&ICIEABWAHAES, AV s i Shidisig IntmansssanenbisdBbHradlavivirus
genomic RNA molecule is about lill,ROQ nucl(?l%';ges %nt intleh th’ anddencom a ses.atlig)ng open
reading frame (6%5#5’ ﬁ§h=e‘a‘ 19%1 and 3"t ansl)art% "tefminal reg ’%s‘?ﬁ?ﬁg)so?%gu ©0120 and
500 nucleotided i, lemtTBEdBpE L tiver\in Tihver @R an codesia Ralypliotdh\prédonsdr thdisicteaved co-

and post-ransigiRnaliists aepRiale DAL Al YR PHRIGRSSKERIDICI I ANEIdRY Fufle order
C-prM/M-E-NSI-NS2A/2B-NS3-NS4A/4B-NS5, where C {Core/capsid)j, prM/M

(pre-memBfaneinpintsitniaycade eifesisel §pe) rrd el 8dtictural proteins, i.e., the components of viral

particles, and the NS piotaips 8eaRpMIER WIalRrpieNes WRIGh acR-bovpbvachinitiacstiular virus
replication. Flavivirus reﬁljcation occurs in the cytoplasm. Upon infection_of cells and translation of

genomic RNA, Proressitidssraseisdn prateth Sore ath PSS AtBe e Bive sstid i Bi4he
polyprotein intorikpitdiianont antlepiysmie 4etiseitmi it Ry«ob. thfestedcelis) dolawved iy tkanslocation of

E and NSI pOI’tlg{%SeHgsmgclrt%gth EXsEh%hQ(gJ%R:QRP ;5?0%&1%'118(;? ;r)agggngré\dﬁer from long-lasting

30  neuropsychiatric sequelae. Inactivated vaccines produced in chick embryo cel cultures

have proven effective in preventing the disease. For example, an 86% vaccination

coverage of the Austrian population (the highest among European countries) has resulted



30E, and NS | proteins. Amino-termini of prM, E, and NS | proteins are generated by cleavage with
cellular signalase, which is located on the luminal side of the ER membrane, and the resulting
individual proteins remain carboxy-terminally anchored in the membrane. Most of the remaining
cleavages, in the nonstructural region, are carried out by the viral NS2B/NS3 serine protease. The viral
protease is also responsible for 5generating the C-terminus of the mature C protein found in progeny
virions. Newly synthesized genomic RNA molecules and the C protein form a dense spherical
nucleocapsid, which becomes surrounded by cellular membrane in which the E and prM proteins are
embedded. The mature M _protein is produced hy cleavage, of prM shortly prior to virus release by
cellular furin or ¥ SWRRFIYBIEEN 1 FrAPRISRPIIBIRIRIFHh £ 1B h\sda pRY K e pfTtisdPtarget for
neutralizing antfggiess it d@sn200ae | ate dfdenruunitysagiasssirdl avpersisd afeCtaniy thisespecific
cytotoxic T-lymphocyte (CTL) response is the other key.attribute o{ immuynity. Multiple CD8+ and CD4+
CTL opitopes NNE HALST S 1L TRy SEIATLE T SO PR hace S e Brbrains.
addition, innatetinmminte v esponggs Tomrtdtreta losbotistlirlis K lewrarcavbiotl ieeffdatingative die-
development of adaptive, i fge}ﬂosiéseggr%&e§u@ﬂqs' R LG MO e o RANIHIBR A

inactivated (INV) and live-attenuatéd (LAV) vaccines against flaviviruses discussed above, other

vaccine platformid’ Hdleimennigeiasbisegetdncnsarerd havesaddsatdindoriba XN asegniat include

yellow fever virys;gapsisanthpRessiteiial S0quUaRaRaRCR Mk SRIsiae Ja0 Rihtaayiviruses, to
which immunity is S'O'u%géf This 20 technologé has been used to develop vaccine candidates against

dengue (DEN), JaPENRY Brtasplatirugie) AVERE NS Ro aHa e chinsitiepied it SLE) viruses
(see, e.g., U.S. RatentINDE, £5:802: 1 08:@nchsd 96vd8h)s Wellvetavpr vikust brseid gbamgrie flaviviruses
have yielded hi promising results in clinical trjals, Another flavivirus yaccine platform is based on
o oo of Boou B S TG fo TR AR Ar (AT BG SRS OEES 2000

Shustov et al., JiMleoke2d ddhaBlAtd< atdiBo? GOV indvidmeandtigl/ovechrtediruRnRB&igiz . ?t 41126, 2008;

Suzuki et al., J.Virol. 82:¢ < 008: Suzuki et al.,J. Virgl. 83: 5 ), 2009: 1shikawa et al.,
Vaccine 26:277%%%5?[,2 g%%%ﬁ?ﬁ%g%qgggfm%ﬁ%%ﬁlQGVJZE%Z%%};%&? \/’s%{)a?rnéyanﬁqev
replication-defeettitle Yirtrins Hrbiubted20(ta Kefttich ) Asphk¥ifivie Simwlvil§s 3DVABCANES; théy undergo
a single round r‘%pgggﬁgmﬂ%w (or optionally limited rounds, for two-component constructs; see
below), which may provide benefits with respect to safety. PIVs also do not induce viremia and
systemic infection. FuRREF iR miRalaABtriRRsG RIS -Brod Riicvitrsietwmeg vsd essretibhich can
result in increasgchefiispsy diaiohesinduesionRkep s Brapiski -calcresp nmes Highesbeiwability of
immunity, and 5decreased dose re uiremeélt& Silm'lar o whole v{i{ 5%8_54{ ﬁaccines ta%et antigen-
presenting cellS L0128 Gl taie el SE 1O HRE TERE NS T RS)? HAY YWHEEEH Mnced
Thl/Th2 immuniBN Macldaidnis Bbpaohisdiicts diewid ko) shbwgticugt encombpigletitelminopainstrate cells,
with little or no athic ef i s high-viel nufacture [ loying
muitple harvesl g e Cra erpe LGS R0 R AR R PRI FRE

technology@re fiksargiéBlinucigetidenind et everertvelo VAwdaBRsnsbdve adetyisive. In the first

variation, a single:GemPapet Aspudifaclipys YiEHS A8RAM) 18 cansibeiad with ajargedgletion in the
capsid protein (C), rendering mutant virus unable to form infectious viral particles in normal cells (Fig.

151). The deletidhdRiEisere MGoecthia fiserder s NMrinkd -protéd Biimen EHidtR A RNA

cyclization sequenge Caera/&ipaita) e el eeddnsmatibarakibd Wisheairodea ayiral protease
cleavage site and the signal peptide for prM. The s-PLV can be pro atﬁg, e.g., during manufacture,
in substrate (neTSERNEEIPRUIRTRL i R TS S TR HhCLFaNg PESUETH L6 tramsfected
cells produsing strec@mpi pteiriterveh ROl argervhblpkimcassetté lmcluckng:iiqeatei nfj|asivimscells containing
an alphavirus r‘?@éﬁ%éﬁ- cziﬁ-sviﬁ%‘?ez L%%Sﬂ%"[‘]%o%%?&%mﬁgg aim\é‘?zﬁgs{lgfik'ﬁ%? xRrgssing the C

protein or another intracellular expression vector ‘expressing t protein. owing Inoculation in

vivo, e.g., after FfhupigerisMEthElr RolipaeR® silrés s Eaerlvratsivepiepidh peigestedieells in the
absence of trang;RHURGMAB EIBE AR WINRUIFRIER] 19 RRIWINdiIRg 6k pihe infected

cells produce empty virus-like particles (VLPs), which are the product of the prM-E genes in the Ply,

resulting in the FISIAEHB EArdDRbParisasrdepard by hahydirrbeBisignalduid™ses'he induced

via MHCI presentahionef yratepitapenokbimmpprgart) bambee prpbind g ¥nddRabys and WN
viruses and WN/JE and WN/DEN2 chimeric viruses (Mason et al., Virology 351:432-443, 2006;
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30 Suzuki et al., J. Virol. 83:1870-1880, 2009; Ishikawa et al., Vaccine 26:2772-2781, 2008; Widman |
et al., Vaccine 26:2762-2771, 2008; WO 2007/098267; WO 2008/137163). In the second
variation, a two-component PIV (d-P1V) is constructed (Fig. 2). Substrate cells are transfected with
two defective viral RNAs, one with a deletion in the C 5gene and another lacking the prM-E envelope
protein genes. The two defective genomes complement each other, resulting in accumulation of two
types of PIVs in the cell culture medium (Shustov et al., J. Virol. 21:11737-11748, 2007; Suzuki et al.,
J. Virol. 82:6942- 6951, 2008). Optionally, the two PIVs can be manufactured separately in appropriate
helper cell lines and then mix dg)in a two-co nent formulation. The Jatter er an 10advantage
of adjusting relé‘ilﬁ\%ag&'ﬁ"(’:' ?Fﬁ[‘i' ﬂ?@?ﬁé%ﬁ%ﬁ%ﬁggﬁ%ﬁsﬂﬁc?elérgllﬁae Fﬁ%ﬂ?‘ntgéegrgcity and efficacy.
This type of P1Mensinaine stdatitc-dsalabicidi vidderpo@ihmitedisprebok intumondlie duocboindection of some
cells at the site,pf }Qé’r%\%%%tr';é?”%E?P‘%%Q_P%B‘?Q%f&%%vl %,%R&ﬁ?%%sﬁ?gﬁgf%éfoaea eé%l}{@b“”g as there
are more cells in tissues than viral particles produced By Initially coinfected cells. In addition, a .
relatively high PIM® thisvirebbSSRANGT ssffictanocosimfdBiotrahnwicasisipaisidespinpiblnlseulation site
are not expecteg.he, eficientyARITEERI A8 Sk B SHANINGMMARARERS)SRYS ipfagied with the AC

PIV alone produce the highly immunogenic VLPs. Coinfected cells produce the two types of packaged

defective viral gypigagehanprnicBNamakise andiiffgPariiio@es 2 frestitnbststfection is expected

to result in a stipRE|EHRUT Aliindbanihady: 20 rRepeRseianst insell-raspensecEamrRsad favs-PIVs. To
decrease chances of recombination during manufacture,_ or in vivq, including Wfith cir ulﬁgfr]]g
flaviviruses, virBT¥EB8F R e TismrETS Vb LA hPEodHer A B e g 8?&4,%&9 ymous
codon replacerpsiotsy idrisdeieasa bgledtide sedluenceiindio plogies,. af)dhnigtingridrcoftpementary
cyclization & and 3 lemants, 25 Symmary.of e Invention The. myention provides,
replication-defimerﬂ%’r vérective p BUGGTRTECOUS AV USES mcﬁugmg A Havivirus genome that
includes (i) oneirommuore ageletidhey Birnsundtivits.NVinsteptidBosotpiexicds lempbdayts 6HElor more proteins
selected from the graURINCORRISING, R FARSIE KR I MEMGRIPI e eAIPE (B fign-structural

protein 1 (NS1), non-structural protein 3 (NS3), and non-structural protein 5 (NS5), and (ii) sequences
encoding one diaidieeheheratéyBad Patioyerlaarieey SHy A Gy SRISH R P5RIEHS: For example,

the deletion/mujgdiabrcahie WIthIR CRBSH LS LRGIHARCR S dIRS NS MIRIARE:(RIMV: ANEiRL Shwelope (E)
sequences; capsid (C), pre-membrane (prM), 5and envelope (E) sequences; or non-structural protein

1 (NS1) séquerede onnEm At GIB U IS ERT AT I PRI ™% a pathogen selected
from the group considingidifian abies it fed) (He Yabirls ivieustdaupraig¢inispitepeh B ageadia burgdorferi

(e.g., OspA immunogen or.an immunogenjc fragment thereof), a tick (e,q., a tic liva protein
seloctod from (8 el U CO Ay B v B Teana PR Lo Sl el S BRGRT
thereof), an inflisdnzedvinugh o ayic Anvinfluseszhatingude yHmmwdghstiminis ¢epald endeeratninidase (NA)

epitope, or an i@%ﬂﬁ%%ﬂ@ﬂf@ﬂ@%@ﬁ@@&ﬁ SFhBHARA DY ROUR G SARLHIEY$s & 8%hA This

codon-optimized HIV gag, taUnef, or gp120 protein, or an immunogenic fragment thereof), a simian

immunodéficierRSuRasy 4asbsrarpsdimarYal R yacng cardifptey re Rt Aapgae dRER0, JrBABRTLI or L2, or

an 15immunoggRiestaame ent)theesoRiie (WsPiraiary: sypey katyprasi(e GL.B) raanRkatesy, sycytial virus F
‘or G glycoprotein), malaria parasite, and Mycobacteriym tuberculosis (also s%e below). The

(
replication-defi&i t"ﬁé“éﬁ&&ﬁf@@%@ AR a2Rethn TIaNRsGvBHEEesE EBHRE A pre-membrane
(prM) and/or enelnpedds hpretairdédLisibidy, fheneplicaiiolts in clinical trials.

Another flavivirus vaccine platform is based on the use of pseudoinfectious
25 virus (P1V) technology (Mason et al., Virology 351:432-443, 2006; Shustov et al., J.
Virol. 21:11737-11748, 2007; Widman et al., Adv. Virus. Res. 72:77-126, 2008; Suzuki
et al., J. Virol. 82:6942-6951, 2008; Suzuki et al., J. Virol. 83:1870-1880, 2009; Ishikawa
et al., Vaccine 26:2772-2781, 2008; Widman et al., Vaccine 26:2762-2771, 2008). PIVs
are replication-defective viruses attenuated by a deletion(s). Unlike live flavivirus

30 vaccines, they undergo a single round replication in vivo (or optionally limited rounds, for



20deficient pseudoinfectious flavivirus genomes can be selected from those of yellow fever virus, West
Nile virus, tick-borne encephalitis virus, Langat virus, Japanese encephalitis virus, dengue virus, and
St. Louis encephalitis virus, attenuated strains thereof, and chimeras thereof (also see below). In
various examples, the chimeras include pre- membrane (prM) and envelope (E) sequences of a first
flavivirus (e.g., a tick-borne 25encephalitis virus or a Langat virus), and capsid (C) and non-structural
sequences of a second, different flavivirus (e.g., a yellow fever, a West Nile, or Langat virus). The
replication-deficient pseudoinfectious flavivirus genomes can be packaged in particles including
pre-membraneéwrM and envelope (E) segyen e\%frcm aflar\/()iylicrju éh%tnissgugrse%négt% Qai{:é%/rent from
that of the gen moég.'ﬁﬂ??ﬁg?f: he l’suecqsl’Jénces erco |Eng 30 Hee ercﬂogous Immunogens can be
inserted in the pl¥saist, dir nntcodabinatimmawvitk, sty tietatifta(norfivthation{(ky ofatterane or more
proteins. The sge %%%SF&GQ%QQJWP&MIEE%‘FQ&@ RHNOFSES.FAR heasarafdn i, ayvivirus

genomes within sequences encoding the envelope (E) protein, within sequences 5ericoding the
non-structural ThiNSitcpeoteimobvithih sedilicisticseresditighte prabilinrmbramsmnaprotein,
intergenically belWern SeAYeORRRARRRIISEINE STWRIRDGHRLDOICIaNR0 st ualEAl protein 1 (NS
), intergenically between non-structural protein 2B (NS2B) and non-structural protein 3 (NS3), and/or
as a bicistronichssertins eliteugh s dardnisitetriagitmpinietdlsirereriardiieR Dorddntention also
includes compagitigas MelvHingmdtiistye pheadanx-gefivienh fsauspintastiausdiaviviggenas described
above, and a second (or, further), different replication-deficient pseudaipfectious, flayivirus including a
genome that inBI&HEEEHR %ﬁbﬁ‘f&%°&§Fee?8}{§%‘J%ﬁ&fé‘ii@ﬁ%ﬁ%ﬁéﬁ%&%@qﬂ%ﬁ%‘@% }e(ﬂ’i(fgé?hg one or
more proteins sedeCiedhiifacnuthcogrionp igangidiyigeoh chipsich§E);sprendiembpamso(psMfemxelope (E),
15non-strulgturasthggt?t%réel“(st), non-structural protein 3 (NS3), and non-structural protein 5 (NS5). In
these compositlons,at € one or more proteins encoded by the sequences in which the deletion(s) or
mutation(s) occur in tﬁém@mﬂﬁdkﬁféf@rﬂlﬁém%aﬂmmﬁdlémrpwddéiigﬁedt@éézﬂ&’\biw?m?are different
from the one of, (g RIRIIGE AOCRARGIAY NG SRAENGERIMIICAIIEdRISHRA(S) occur In the first

replication-deficient pseudoinfectious 20flavivirus. The invention further includes methods of
inducing immumEcHIgHpRER T Hrs iR Ay RN uesdbiEr a RS ARSI AR BAKTAPIStEMIGHo the subject

one or more reptigatipf=ceficianhpPspidainirctiofsHaviviium R h&oMPOs HemAS @as¢rled herein to
the subject. In varigus examples, the subject js f but does nat have an {’?‘fr ction 25by the

tris
pathogen bt a dise & 81eH8R R ALEBXEd ev?ifﬁtt EaPY r“éfflérﬁgf’-treéfhfg ihfRCIBYEN. In other
examples, the suljecidiastian satpetios ydtheipithagenond disesss trecoddifionvassoeratest with the

cancer or allerqyejated mmynogens e invenion s ldydes prophylagic and therapeutic

methods. In thésée Mmetho %"f fhe | unogen canbe f%?}?, fore ample, a pathogen selected from the
group consistinprefagatatie g vidusn 3 oBowletiasuig sdrtated idkeranchfulterza iinkich thefan

immUnodefiCie%?&éémés&ﬁi&iﬂm}m)u@edﬁﬁgﬁwaw@&ealmima%mmgqm@ﬂww(moiratory

syncytial virus, malaria parasite, and Mycobacterium tuberculosis (also see below). Further, the
methods c¥n bé&resrihelaeisgssritminpludingds prie@laghinseds s anan abhay i eniofirus genome,

in addition to the s0Wroe-e}tbRABIIHRRAEHHAIMENAUS @AM RBRc SR pRiash d3that Hekah Bt does not

have an infection by the flavivirus corresponding to the genome of the pseudainfectious flavivirus,
which includes YEH EEE S BFETETAONIRIE SRR TSR BIERGY i HE PIRSIRaR Biher

examples, the silajeekhafannnieatardy telilgviviergeonasgin dingdtof el gericie nftted
pseudoinfectious, flayiyirug, which ineludes SROHERSRs SPaRriaR AIRYAIM RRamgmbrane and/or
envelope protein.
25 surrounding cells. The infected cells produce empty virus-like particles (VLPs), which

are the product of the prM-E genes in the PIV, resulting in the induction of neutralizing

antibody response. A T-cell response should also be induced via MHCI presentation of

viral epitopes. This approach has been applied to YF 17D virus and WN viruses and

WN/JE and WN/DEN2 chimeric viruses (Mason et al., Virology 351:432-443, 2006;

30



10The invention also includes live, attenuated chimeric flaviviruses including a yellow fever virus in
which sequences encoding pre-membrane and envelope proteins are replaced with sequences
encoding pre-membrane and envelope proteins of a tick-borne encephalitis virus or a Langat virus,
and the signal sequence between the capsid and pre-membrane proteins of the chimeric flavivirus
includes a hybrid of yellow fever virus and 15tick-borne encephalitis or Langat virus
capsid/pre-membrane signal sequences, or a variant thereof. In various examples, the
capsid/pre-membrane signal sequence of the chimeric flavivirus includes yellow fever virus sequences

in the amino tegminal region gnd tick- C aljtis.or Langat virus sequ in t arboxy
terminal regiong&é‘gﬁé%\l\/{? ‘25&‘.‘1 r%;:ﬁo{ﬁg %%Bfe%&f@ ‘Frl'm‘é‘fﬁ&’é‘s%%, wa?% ﬁnlfz%eq?c]fr%? r%élﬁé%ﬁao\?/i ruses
including a We¥t iNiienviras,iv avhioh Xe2l 6R2Es cHSI WP e0Hesbedn® arddetveldpalproteins are
replaced with sequences foeodng IIfRRMNANG AN RAY BRPEIsIO R Gl isks berngencephalits

or a Langat virus, and the signal sequence between the capsid and pre-membrane proteins of the
chimeric flavivifbstrateiceils artictetsdeeiedenith phaldeseer v ZorbRYHsvivDe b gidesidemieiBane signal

sequence, or aagiant £h§{r%9fz§éﬂﬁlm%rmn@mm?y9§emgém@.cqugq%mmtgea&mgluding one
or more pseudoinfectious flavivirus, composition, or live, attenuated flavivirus as described herein, and
a pharmaceutiCaRP e eas ot EF UM IUIBRCRIMIELRE RehimssiAbRE e dn rfsd s UM S djuvant. 30
Also included it iR yentien axareplipationdefirientiyseustinfestousctiavjvirvaes grchsdmng a
flavivirus genome includingqon,e or more deletione%s) gr muta 'on‘ﬁg in nucleﬁrti,de sequences encoding
non-structural Frotein P SIFABHLE G DROTSN 3 TTeRy S HEh SERATAE A RSP BN S 5)
5Further, the inpdieelinclerdast tigleitxadith molectdepeanefpondingrio The lgenome ofa an
pseudoinfectioug fIavivirufs é)rt.e gepome the Iiye .atte ﬁted flavivirus, as described herein, and

10 vant of Adjustir elafive concentration (r)}z € tTwQ COmponen mcreaan .
complemerits tAereorshe mventien arso provides methods o maklna replicdation-deficient
pseudoinfectiousiiambegruises asiddtoriyed hisreire, dVOK agding stiedihbeaée &¢ mdeegp@nucleic acid
molecules, as qeserned. abaven Inin &6 iliBLEPeessas (aRIQIRIBR)SORRERANAIRNATBARY

sequences deleted from the flavivirus genome of the replication-deficient pseudoinfectious flaviviruses.
In these methoBRnEeEeptbtdinccRrehd b gppessddahane i Homatbge AGOGes Sdrditeresr further),
different, replicatign-giaficieridseysieisdastious g vbiiis.dn QISR %aoMMaS R reatelists expressed
from a replicong%(g?xe.g., an alphavirus_ replicon, such as a enezuglgg I%quine ncephalitis virus
replicon; sbe b&fQW)s necesyifRrattioi I R RiPRs 8 BB B SifIRG {8 HY I8
replication-defigigrixpsaediainteeffaimflanintses) (agyhictrimingfiyheiepliesticDetefidienid
pseudoinfectious fiayivinusas are selecied ram: ik rouns cansising of fal.a [aRliseliony, g0deficient
pseudoinfectioff‘él AVIVITTS INC ud1|n8 a genome %oﬁ/talnlng panese encep ahtls vIrus sequences, and
a replication-detfieiavit peesiciomatdetelidefientivirysshphuditeg. avhshoise Lombdisinguiiehgng virus
sequences; (b>ME@A&%@“Gméqﬁﬂﬁg%%Pe%%ﬂ%_@fﬁ&&%&'@é@éﬁ{%@%@&%ﬂ%m%}iﬁa gining yellow

fever virus sequences, and a replication-deficient pseudoinfectious flavivirus inclu %_a ienome
containingZBengereanse ambeat esipeasa ey astrieiBhY D nlddraeRt LR Heeton s inaiflirus

including a gengingCoRanigdicKinQins, arsaRhalilit irkMR0ak VSVR SR ONeaSaehas Bserted
sequence encoding a Borrelia burgthaferi [ mun(l)égen, and a relPIication-(ceieficie%'gégseudoinfectious

flavivirus includfiGPRGEFHHIRBLB SThINH Gk B S BRc & Bn HALSPIHR XV TR AN &S and an
inserted sequeneRenaatindgda ticlsald/Bopraigizspandumogeng dieac3@replicationegdiicient 5°
pseudoinfectio%% JlgvéYé;thnig‘cluding a genome containing

25

Sumpmary of the Invention

The invention provides replication-deficient or defective pseudoinfectious
flaviviruses including a flavivirus genome that inciudes (i) one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group

30 consisting of capsid (C), pre-membrane (priv), envelope (E), non-structural protein 1



tick-borne encephalitis or Langat virus sequences and inserted sequences encoding a Borrelia
burgdorferi immunogen and a tick saliva protein immunogen. Pharmaceutical compositions including
the live, attenuated chimeric flaviviruses described herein are also included in the invention. Further,
the invention includes 5methods of inducing an immune response to tick-borne encephalitis virus or
Langat virus in a subject, involving administering to the subject such a pharmaceutical composition. In
various examples, the subject does not have but is at risk of developing infection by tick-borne
encephalitis virus or Langat virus. In other examples, the subject is infected with tick-borne
encephalitis virus or Langat virus. toThe invention further includes replication-deficient

pseudoinfectiof FlaviRcams el Rimg R AR A G BB THER] RS Bhe OFmbAZtEidtions or
mutations in NUEARKES SRCHARNCEIT: N HASHNBeARBISOIRGRHDEYE Bmbalastellcigedargroup consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 , hon-structural protein
3 (NS3), and nBR™SIASE IPal E)?&é‘iﬂ@ lﬁ\@g)&“ﬁ(&@@i}ﬁu{ﬂ%‘)ﬂg@ﬂ/#ﬁg &WOWGS(’JE;(;% GdES 8low fever
virus sequencesérmahicaredgtidnead @reodinge i -saembraneapsid €y elopeepriotaintpav,replaced with
sequences_encoding pre- brane and envelope proteins. of atick-horne encephalitis virus or a
Langat viru5s, a?\'@s?ga%{g %ga%%%qcug Fﬁa’tﬂe“g?g%9§°§3‘3% I'r(l)(t:% Ea?v]égg *th “eé‘é’S%id and pre-membrane
proteins of the flavivirlsedetroreius|imiea bgdn ko bsdquericaniw dto mpayieisw fevetedifivmand

tick-borne enC%R@@EL@@B&%@%@WH&%&@H%@?W?% BIgRALREGHEINES B aiyariant thereof.

In various examples, the sequences encoding the capsid/pre-membrane signal sequence of the
flavivirus genofiegretfIe(GalidRAVEITIRASSRgUEh EBS IR TagiernaigraeR Bdifle(eBedphalitis or

Langat virus segyenres jrihia &15eaPnomuibgrolpednviemionipsiutessrplcatianieiisient
pseudoinfectious flaviviruses 25including a flavivirus genome including one or more deletions or
mutations h nUEIEBIERISRsTREY heriing dREUSPAR SHE Yo Reil LHIBERER ¥BM WP group consisting
of capsid (C), prevagnnaran @Ry}, reaveiopd{&)Ne)epieliphpisiaimagiNg Hagoemstructural protein
3 (NS3), and ne n-str§ct¥lral rotein 5&!\11352:, Wh\greinéhe g%‘.{i irl_Jg, EenrgogHeHRpludetsa‘ neefs(t_jrl\lile virus
sequences in WTE Bed e M aa Sun UK CIRRcY AP (s L 4 B PO RS SA TS Feblaced with
sequences encgdidy) peeimenbransenterivdegeeprbtent) of stick-bomeeddeptwliticros.a Langat
virus, and the odi | i re-membrane
proteins of the%@?ﬁ@%@%&rﬂe}qg%%%ggﬁjgﬁ%ggmggi&%&gﬁ%@gz gerr?é%quﬁéﬁl?tis or a Langat
virus capsid/prénenipaanie Sramanidbaieride? BSEITASYIREHIOABIN BddifSPEPIFREIMAREGRIncludes
replication-deficignt paeudainigrirus flayiiniesdneluing 2 Javvins: 9ensmslictiding one or more
deletions or mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of cstﬁéﬁ’d”k(:), pre-membrane (prM), envelope (E), non-structural protein | (NS 1),
nonstructural protein 3KNSg)candeficsiny phsialopitiaious ((BioGuvhesaimanycansitdE) 10and
non-structural (NS) proteins in the flavjvi nome are fram Langat virys and any.pre-membrane
(prM) and enve‘f?ff)ge‘JO GEIRE A gm j #&%—%&fr‘w@ 8%%%5&%%“&%&@"@5& |E>g§%hq%'eficient
pseudoinfeetious filkdeivipssidomfRitivus firevavitus Benovirgsainde isclegpdic Svonthiefiodé neldive feyer deletion or
mutation in the figyIvigus, 98RAMEs, TRE-HSGIoRanmHIaURR CAR: DS JRLEBMRIS. Bndglplign of a large
sequence, 15such as most of the capsid protein, as described herein (with'the cyclization sequence
remaining; see BEIBWENBYOHEE oM plbeuissrgenedis eritsd fitpimereandiBiecfedyd prm, E, NS |,

- NS3, and/or NSg;s68sipiaw) Qlcmbirpsien el aielingie s, BRVRMRE S pidilde) pee deleted. This

type of deletion ma)(abe advantageous if the PIV is to be used a vector to deliver a heterologous
immunogen, astHEURIE B MBI RIS IS EPS B YLERE S IR B0 & HBF 8% hple, at least up
to the sizexof thenclgieitk séquenad.shpathrugxampgsidie)muiakorseacbel fequexesnple, a point

mutation, provided tgaéi'gfgesu sinre gcation dﬁfici§n%¥,aa§vg;§wlssed bov& ?ause of the deletion

Be
. Secon et fiaviviry g, elOWwW 18V £, 0r Langa .. .
or mutation, the gencme does Horenc 85 aﬁ %ro(t)elns nécessary to’pro ucge a Hﬂfﬂavwlrus particle.

The replication-deficient pseudoinfectious flavivirus genomes can be packaged in
particles including pre-membrane (prM) and envelope (E) sequences from a flavivirus
that is the same or different from that of the genomes. Further, the sequences encoding
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The missing sequences can be provided in trans by a complementing cell line that is 25 engineered to
express the missing sequence (e.g., by use of a replicon; s-PIV; see below), or by co-expression of
two replication-deficient genomes in the same cell, where the two replication-deficient genomes, when
considered together, encode all proteins necessary for production (d-PIV system; see below).

Upon introduction into cells that do not express complementing proteins, the 30genomes replicate and,
in some instances, generate "virus-like particles,” which are released from the cells and are able to
leave the cells and be immunogenic, but cannot infect other cells and lead to the generation of further
particles. For example, in the case of a P1V including a deletion in capsid protein encotgti

sequences, aftél?‘?%@ﬁ&%ﬂfsd&EWH%%BP&B?%@%%%E?CR]WIQ& MAREY BRUE I g%s are
released from theerigs)pBRtaAUSHOINBdask of sapsiskqentain, the VLPs lack capsid and a nucleic
acid genome. In the e of the d-PIV i?ge%rt%a%htepr oduiclgi(?rr‘g“%)‘f‘l furg\%rcgr! S {'g Qggglbl%gn cells that are
infected with two PIVs easte%?ﬂ%ﬁ%?ﬁ"é% BHEIT SfherWhh respec't“fg the proauc lon of all required
proteins (see bélow)irddginventichipreades sorexalisgltemagdespED) exeaimlevithe Rig¥eweastors and
10PIVs of the i i ' ' icaci r -to-tyo doses, providing
durable |mr?wun%gggﬁ%%%%%ﬂ%gfﬁ%y@ m%%g%@s%%@ﬁg%ﬁﬁg%%ﬁnﬁgﬁon, which can
result in increasesindtinadyleraicineintrieenion yrhaibier Bavencesenaedipy Hseanvsighe turability of
immunity, and degeeased daseraamisrnamts: asdiianssimpiiey RwhalaitusesuNMMaGRnes target
antigen-presenting cells, such as 15dendritic cells, stimulate toll-like receptors (TLRs), and induce

balanced Thi/TRB (NSRERi#)d PP EEHE TR R ASUE3ARS et @i dim RS giton tdmsrghicdt b iisubstrate

cells, with little pfmGarda radiowbTenton NighnydglehBiagiufacture, optionally employing multiple harvests
and/or expansion of ir{llrected sybstrate cgllrlﬁf. Further, the PT .ecto&s of thﬁ invent'otn Provide an
option for Hbveloping VAR UIREY I ARSI ERATIROS B 8 Véq‘%la BRYETR Cﬁgo\?éé%llﬁeegtare currently
available. pEtinixi fertimeslandiady antegatbed tevaventiosevatidierdppbeent ffmarthe following
detailed descriptign, the drawings, and.t laims, Brief Description of t [ ig, lis a
schematic iIIust??ilgﬁEié)P élﬁ%?éercgopr%%%%gﬁ%éw saﬁB‘l‘(} utseigﬁnucﬁig]éﬁ g%ﬁé%ﬁiﬂﬁ?&?ﬁfﬁgt?g illustration
of two-componertPliglaties vi) rechiolo ipnuigotds seausneraticodiustraton obee gerieisd experimental
design for testingd igit, 2 eghelficacyral Bld (&) RifRmb 104 dR) h comparing
the humoral im%u%@ibggﬁgegi%gcgfgyﬁg%{/-vﬁ\l 3 QQ)V;Wva&ﬁ%et%pa{{@f \;]F/WEIGQL%}\F/) (CV-WN) in
mice. Fig. 5 is &YEHEBIYRIoHshOihy 1ea-pEsGHER PEdaeh g hanisterssiAtemRI Aeiih PIV-YF
(RV-YF), YF17B 0feday - N MedMpbsiabek YWk bAMote M bidviibobamstei-adampetAaibi (PIV-YF
and YF17D vaccjnees) and wild type WN-NY99 (PIV-WN and YF/WWN LAV vaccinees)..5Fig. 6 is a
table showing T BEGIRFIERCEA DM BRTLOERE It S R S e

indicated
chimeric flavivinusesoinfectibig fTavs autaiie dowmdgrviyy METBie & 1Mditepeoamnd enesdpldsy die

immunofluorescence of cells containing.the indicated, Pl . FidL 81 showing the
replication kineﬁ%%?g?%ﬁgsgcﬁzﬁf gé]}gq ‘%g@l%&v% l\llﬂﬂgelz}{?ﬁt\!}?r%cg}l%’ §§|§i€%ﬁiﬁﬁfoﬁﬁé%5?'g€§yé) r=
YF/Hypr LAV; Gvb@Ts= YF/LGT LAV; RV-WN/TBEV = PIV-WN/TBEV). Fig. 9 is a series of

graphs showing survivgl.Qf, fRifRNARHIA REHG VBN FEaRdnt FRRL AW 6RRSHYIGE In &
neurovirulence test (3.5 week old ICR mice; RVWN/Hypr = PIV-WN/TBE(Hypr); CV-Hypr =

YFITBE(Hypr) LARUroger i subiegh.crighs inx oy ssitd m i Res grap s RERIFRLPEG/ARISF mice inoculated
IP with PIV- W\ ia{blyaeriditW: Pydbddyiresi6hé TREV D EnAY cimydsiyipn aadekd ddhttiAY - -
(CV-LGT) construgts d YF17D in a neur invahsiveg,ess.test (SiS tyveek old 1CR mice}l. .

to the subject. In various examples, fhe subject is at risk of but does not have an infection

25 by the pathogen or a disease or condition associated with the cancer or allergy-related V

immunogen. In other examples, the subject has an infection by the pathogen or a disease

or condition associated with the cancer or allergy-refated immunogen. The invention thus

includes prophylactic and therapeutic methods. In these methods, the immunogen can be

from, for example, a pathogen selected from the group consisting of a rabies virus,

30 Borrelia burgdorferi, a tick, an influenza virus, a human immunodeficiency virus, a



Fig. 11 is a series of graphs illustrating morbidity in mice measured by 20 dynamics of body weight
loss after TBE virus challenge, for groups immunized with sP1V-TBE candidates (upper left panel),
YF/TBE and YF/LGT chimeric viruses (upper right panel), and controls (YF 17D, human killed TBE
vaccine, and mock; bottom panel). Fig. 12 is a schematic representation of Ply constructs
expressing rabies virus G protein, as well as illustration of packaging of the constructs to make
pseudoinfectious 25virus and immunization. Fig. 13 is a schematic representation of insertion
designs resulting in viable/expressing constructs (exemplified by rabies G). Fig. 14 is series of
images showing.immunofluorescence analysis and graﬁhs showing growth curves of cells transfected
with the indicaté'(ﬁ"rfﬂ/'-’vvr\‘f'&?ﬁgﬁ’ﬁ% YRES: 30 HARIE R B VTS B B e R BB E -Rabies G).
Fig. 15 is a serigalafiipageissheivingdbanunol uarescince alsa ks sofRalfurdepndssretarddhe plasma
membranes of yergec 0Irlsmt aqsfea%ted F\r/!\ﬁ%ré trge glggri:cgtegslt:’i!lv 1g:%ggtruct C-%glgiaevswcs y SAPrM-E-Rabies
G, and AC-PrMERASES .'Il—%g. IB T R ARt PO G BIEWNTables & Ronstruct and a
series 50f imagessmewmaptitan s lsowstect fhrsatsumobetpdn cetispbetanatlps, tee/eubpits isig. 17 is a
series of graPhssRW R LRGBS 6 BINRMARDSULLIVAUNINGAPIR: genonfi@r 18 I a set
of images showing a comparison of spread of single-component vs. tWo-co poner% P1V-WN-rabies G
variants in Verdheatssudonfgctimsdlavaaruss wiinhisiudneisprpechrepdingidiavigiaggréssion of full-
length RSV F pﬁ%@i&@i@/%w&ﬁ@pﬁﬁ%rEIFQMQQ%E%%%%VB}%M& Qﬁ'ﬂ%cﬁ%ﬂ%?ﬁ%f

transfection. Detailed Description of the Invention 15 The invention provides replication-defective
or deficient psellfgifet R RAMENER A Setoras REaIRFIRRRFtHo U awinug, WS B used in

methods for indigingdesmesin ag@nst helerelagavus-prthagershangeprargnallergy-related
immunogens inserted. jnto the vectors as WH?” ﬁs optionally, the vectors themselves, The invention
[

also 20incfides comp fiGHE & ?1@"8]6’ A ,t'f’?ﬂaﬁ and/s ag/v%lg?&]g:clg 'd8&cribed herein,
and methods ofyeidingfeusty tonipoditbnsdeinds ceciniimgiperespobrse srapainshimspriedniamunogen
sequences andjoy sequences of ihe BVRiemeslves, Euriha D venion el das parioular PIVS
and live, attenuated chimeric Naviviruses mglﬁcﬁng tick-borne encep%alfltls Virus sequences, and
related vectors coesnlrdifioings ane neghiodsieswiiube sithel PaynssstbrbyfRMVSelppsadiardipied chimeric

flaviviruses, compasitians-apdsnethods At iainvaRion aradasyinad fyahas Aelaw: . gctors and

PIVs The NV vectors and PIVs of the invention can be based on the single- or two-30 component
PIVs desclibediboRaTarssbal iorlanzr B e atid RFOSoBEM S vEBa) SeARERS b PERample, in the

case of single camaemeRtsIMs e R VxyeslessandPidreamdnscliaesaganemenachsdiag a large
complementing cell line that

deletion in capsid. protein encoding sequences.and he produced in |

produces capsithBPSTA A EIHORS YUb TR i HUFRITEiE: osRRe NG I approach,
most of the capsid-gxicbdingeregpbalissdelBtagdawviich spoevardsithbeRArbgey ame: fad negivodseeing
infectious progebr'._]:}/oi)\J 5normal cell lines (i.e., cell lines not expressing capsid sequences) and
‘vaccinated subjects. The capsid deletion typically does not disrupt RNA sequences required for
genome cyelization (i.Burtvs. sexjinaericon recludeg Livni aticanidediphimenie diov\ofusesitelnding26), and/or
the prM sequenge Jagiréh, (o MR @%Me@%& sherficRamelRiidpesisieigd.sequences

correspond to those encoding amino acids 26-100, 26-93, 31-100, or . ) .
replaced with sequences encoding pre-membrane and enveiope proteins of a tick-borne

encephalitis or a Langat virus, and the signal sequence between the capsid and pre-
membrane proteins of the chimeric flavivirus includes a tick-borne encephalitis or a
25 Langat virus capsid/pre-membrane signal sequence, or a variant thereof. .

The invention also includes pharmaceutical compositions including one or more
pseudoinfectious flavivirus, composition, or live, attenuated flavivirus as described
herein, and a pharmaceutically aéceptable carrier or diluent. Further, the compositions
can include an adjuvant.
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1031-93 of the C protein. Single component NV vectors and PIVs can be propagated in cell lines
that express either C or a C-prM-E cassette, where they replicate to high levels. Exemplary cell lines
that can be used for expression of single component NV vectors and PIVs include BHK-21 (e.g., ATCC
CCL-10), Vero (e.g., ATCC CCL-81), C7/10, and other 15cells of vertebrate or mosquito origin. The C
or C-prM-E cassette can be expressed in such cells by use of a viral vector-derived replicon, such as
an alphavirus replicon (e.g., a replicon based on Venezuelan Equine Encephalitis virus (VEEV),
Sindbis virus, Semliki Forest virus (SFV), Eastern Equine Encephalitis virus (EEEV), Western Equine
Encephalitis virus (WEEV), or Ross River virus). To decrease the possibility. 0 productive
recombination betwee%‘??ﬁefnﬁj %/dzictg'r%m‘ﬁls"gnar%ée 6f3rlnoé1n Fn‘gmsegt Sgﬁééé%ﬁzltéogéquences in the
replicons (encotlaviyGysesNhchniiigraBaemimin gerdenn imtbulicie o watioms deietientahmle, sequences
encoding a comp)| | olel | Hnnaft izatl The mutations
can result from'fé@ﬁ%ﬁ‘n%‘%%ﬁ%ﬁ%%ﬁ% g]r%gt%e"an a%ﬁﬁ%%%%%@&i?%?&%%ct to NV yield.
Further, in the chyetomdBstepleMiSAling eeHstRRBras sivgc HIDEM sequences (and not a C-prM-E
cassette), ismay be beprficialioiieliis ARIBREAIMESRIARE ALNS ¥otEigniRus of the C
protein including, for example, about 20 amino acids of prM (see, e.g., WO 2007/098267). The NV
vectors and PNESHIsefrsatdpinariarsdlme vase or Shr #rdams RolvporEntgen Shevisthadlogy
described abovgssthisdachnrlagy m@l@m@,{w%g@ﬁml 30genome constructs, each of which is deficient
in expression of at least one protein required for productive replic tioné\g id or prM/E) but, when ’
present in the same cfterEXEM PR HSY &e%ﬁ‘agﬁ ¢ W\%&%’ﬁ%’ﬁ@b" gg '®'make a PIV. Thus, in
one example ofpeedwofenimpdientigsaom ddetiedbgyinthevilsirgpimpaivehiginctudesadarge deletion
of €, as described ahove i eference psidle samponen Bive, and e scond ggemponent includes
a deletion oOf prl{'/flan(fﬁc 1. ana’lz—ilg. i% n another exampfe, thetirst componentincludes a
deletion of C, privtresndnBingrid ahe sseeondsclsisdriermn iel ldeis izve etator of MSregHiglien). Both
components Ca@e@&ﬁh‘?‘ﬁs%lﬁié\ﬁ‘i‘&gs&fé)ﬂl%@frﬂgﬁ%ﬁ‘lﬁé&%ﬁéﬁd@?fﬁ@ Masplisationapd @ samplete set

of non-structural proteins, which form the replicative enzyme complex. Thus, both defective genomes

can include a 5tha otthiramsiaregrenior asrerddastubisi: difriseleshtcatiardsfisitny of the following,

natural protein-gQgding TeSHRRIRWIVING GoBINISSSApINIROpIsRI NS R GhhR:gaRsid protein.
This sequence can be followed by a protease cleavage sequence guch %3, for example, a ubiquitine or
foot-and-mduth Eise AR AIRMAYA v K505 09 St @ 2% ALEULRT BRSPS CATHE R d with either
capsid or envelegehfisM:LE) coding sequences. 15Further, artificial, codon optimized sequences can
be used to exclude the.possibility of recombination between the two.defective viral.genomes, which
aula Tond 1 formation B8 TR BT B B BT e
two-componentdgénomespgrodettiderBanbtinesgaite weciawslopthe rmpbiteednligritcierbressing
complementing genpmes.Rlchashgscells tansirmsd WétErB%BL'%89&5@%%%@%%29‘@&9% in -

reference to the single component PTV approach. Exemplary cell lines that can be used in the
two-compdienti§Er @spirsHerine fau arirelyling peeneres sty gl apangsegnogpiabitie c L-10),
C7/10, and othekcelispbNaeater-gl inasaLtgiggiDseudomishiionah axampler REig4V approaches
that can be used in the invention are based on use ofégm len entina ?,enomes i{rilclu irtl. deletions in
NS3 or NS5 se§ERBESOPERIAR AREHGN THS T CN BTN &3 2FRIEH BPH I RLR BE DA WL ong as
several hundrediamiftosasitisiinghe b cemiving jbidenirerchoserqupiein sebaepdeadeas short as
L amino acid '”ﬁ%ﬁé’%“{‘g 9585%%&'%‘5%%%&'&;‘%‘Eé'%ﬂ%&ﬁr%a'\'e%%nﬁ%'\'c’én?ac%h{me({és%é‘%':‘ékty’ NS3 helicase
activity, etc.). A ernativ f’y, point amino acid changes (as fEW as ['amino aci i%nu_tatlon, or optionally
more mutatfonsieqaenbesintdilcadnhtatianylpfBipronsivdatifraitvaling drismeludingagepomeaddition,
several ANS delghions £ARRSGANRIBGA NS or Langat virus sequences and an inserted sequence

encoding a Borrelia burgdorferi immunogen, and a replication-deficient pseudoinfectious

flavivirus including a genome containing tick-borne encephalitis or Langat virus

sequences and an inserted sequence encoding a tick saliva protein immunogen, or a

30 replication-deficient pseudoinfectious flavivirus including a genome containing



one helper molecule. The same heterologous gene, i.e., expressed by the first d-PIV component, can
be expressed in place or in combination with the NS deletion(s) in the second component, increasing
the amount of expressed immunogen. Notably, the insertion capacity of the helper will increase
~proportionally to the size of NS deletion(s). SAlternatively, a different foreign immunogen(s) can be
inserted in place of deletion(s) of the helper to produce multivalent vaccines. Further, additional
approaches that can be used in making PIV vectors and PIVs for use in the present invention are
described, for example, in WO 99/28487, WO 03/046189, WO 2004/108936, US 2004/0265338, US
2007/0249032, a %U.S. Pat g.oNo. 7,332,322. The PI .vecto&s and P1Vs of the invention can be
comprised of SEE{% H’E@§?F3f§' G ANEANRANTES RIS T AU CSIFE SRS UBE, e.g., strain
Hypr), Langat (B&srke)icylipaiogie ifengnogeilaiid)a e st Niteprdepaivesersrgee phalitis, dengue (serotype
L-4). St Louis encerelis, ki, Rocloencepbialiis: HRag, SEAALEUIRSATEIRAGERNAIt.
Siberian encephalitis, Russian Spring-Summer encephalitis, Kyasanur Forest Disease, Omsk
Hemorrhagic feleeeribalimrgnlbrPdsedsshdefliogighinyebtettafwtherativaineatiandnalpdéviruses), or can
comprise SequEneES T, e O IMAGEATEERL RN TURRRrREHEREAR Ol SRR SRS Rihese

viruses are readily available from generally accessible sequence databases; sequences of other
strains can be EnsRYbIFdETEMingadminisEmios WS PRPISH RN A BNRFMIRCIH A SOBBP IOV ectors and

PIVs including sequensesfhmererthamenafiavivruavdhatsedusaceseandymthpseebashimeric
flavivirus, as described above (also see, e%@u.s., Patent No. 6,962,708; U.S, Patené No. 6,696,281
and U.S. Paterfi9d08S SACER A HEIEAR ERaM NS L URfEAIRPIRM (RS PHEME MBTERE and
envelope sequangasck-eorenadipwitissy(aisalt asnadlavivirus to which 25immunity may be desired),
and capsid and non-sfructural sequences from a second, different flavivirus. ln one specific example,
the secondoflavivirus?ghg '3'/%’ oW g{\;létrh\‘?lrrﬁlsc?%%%cs:ﬁeg%%%)%gggﬁﬁig% am Ef?ﬁ?%th%?%%sr%sples include
the YF/TBE, Y FrikiGdinyMNIERBEuagawiN ilGTidihgneeas tescrdbetope lmvmyaiistiren exalegideis an
LGTITBE chimeia pasd Qi Tl P Rackient c QLRI RO URISRIMR LR Rsfa NV S0

vaccine based on this genetic background would have an advantage, because LGT replicates very

efficiently in vité®antimtifirpafrehiiacaveiens Mhrmoyesiurorigah SNPhu S-SR LGT/TBE
Ply vaccine is expeatad i promdedh /Rl SPeeisIRNERS (aspPanse:ndvwnans.against TBE,

particularly due to inclusion of TBE prM-E genes. Vectors of the invention can be based on P1V
constructs'ér liveclatrssHas BesimBRSHRRVRIB S HCHRUTBED ATt R F RS efrBE,
YF/LGT, WN/TBReRp6 phhik6ate safdbedaviih bise@bBIvheafis paisemvectosadeovitigs particular
advantages in certain ciécu S anceshbe?fytse thesg %cipastrutcg?rggl g\n%%sgiéx irgscelil{goedglgrqgedeletions,
which render tHE XERERLAILHBPEEMERRBIE To ‘Accommadation of insertions that are atgleast up to the

size of the deletansequencebewiteotidlhepdbaidgawss mareivstionof et fitieinoys TerENe 1V vectors

i general can GRS, Yery PR IRSIIANS i B PR VANGR O (=302 4L Qb1 500, or more

amino acid residues co | with the AC deletion or other deletions), as well as relatively large
insertions & indenBhYiBEIRABYABHITCRaN LN Hh WS008 YA gobtheset- 17 yeriaur01-3000, or

3001-4000 or moie pRsidHE Sdq e iRgidiny GREtaipsRIpRIBIBmbIaRAYRE ScRALRGEEMS to express 15
relatively short sequences in live attenuated viruses, particularly, if the jnsertions are made in the
absence of a cAEYHYRERMGBRIBABIHE KRNI PP RSB eEHRSATiA g HReUHABA WHsBIMEt can be
used in the inventigiisity ovideghelow. syadditicn tasdisgissed further below, expression of
non-flavivirus immun er%se in z;hPIVS and !g’:hr;@g éc Ila\{ggirusggegi IIQH irslge otf'g%&%gsrﬁ%w\tf iirrﬁ Scfi:gal
vaccines that elicit prote Ve wﬁr'ﬁ’ﬁ%[l’ttf/oagialns BOTh aaél@ AVIVITUS VEGtor Virus pathogen and a target
heterologass inmmiudogeniie: yire gatkogdncisdily ascarbroterilsleiinad opareistienoinfawgedtiithogen),
cancer, o allergyc RIS ATIAND AAE B AR CIRGHERL BORY BRI MBABRSiAN B Glhe invention

can comprise sequences of chimeric flaviviruses, for example, chimeric flaviviruses including pre-
(C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1), non-structural

protein 3 (NS3), and non-structural protein 5 (NS5), wherein the flavivirus genome
includes West Nile virus sequences in which sequences encoding pre-membrane and

30  envelope proteins are replaced with sequences encoding pre-membrane and envelope



25membrane and envelope sequences of a first flavivirus (e.g., a flavivirus to which immunity is
sought), and capsid and non-structural sequences of a second, different flavivirus, such as a yellow
fever virus (e.g., YF17D; see above and also U.S. Patent No. 6,962,708; U.S. Patent No. 6,696,281,
and U.S. Patent No. 6,184,024). Further, chimeric flaviviruses of the invention, used as a source for
constructing PIVs, or as 30vaccines/vaccine vectors per se, can optionally include one or more
specific attenuating mutations (e.g., E protein mutations, prM protein mutations, deletions in the C
protein, and/or deletions in the 3'UTR), such as any of those described in WO 2006/116182. For
example, the C protein gr 3'UTR deletions ¢an be directly applied to YF/TBE or YF/LGT chimeras.
Similar deletion¥ ¥EHHY a8SRRASHPTRIRINT R E P BIREY BINAR e ARGUSTSER ATEAHELIRh as based
on LGT/TBE, V¥NhRBequnde\bduileenltigenpsie snd/Yihmesibeatd proigirateinhan diaiions, @ienudating
mutations Sim”?r fo hose described.for \QF/kV_\{)fI\)I c@im(%r% iﬂt}NO 2 O6/1t16182¢can e designed, e.g.,
based on the kiOW e%sgeé]%ep g?f/gpaﬁosff]@c?u'r% orthe & pPotaelns(Efe%/ S NEld if{:>£‘529):29l-298,
1995), and empheyddaifesignel seglditicnat exvarmplgsapéditenuating E protein mutations described for
TBE virus 10and othey, TaMiveyses ArcRigY Aerlil.Tahiganot eReiea e alipfatly produced into
chimeric vaccine candidates. The Iinvention also provides new, particular chimeric flaviviruses,
which can be ufevivigisepinsiadtzadlaasion BRIV Weldns sne ®Ivsredelpiort s himeric
flavivirus VeCtOfiﬁwﬁ’:@Q&ﬁié’_@&ﬁlE‘ﬁ&é‘%&%%é%Fﬁ&@}@téﬂ% Riecembrane apthleanvgigre

components of the chimeras. These chimeras include tick-borne encephalitis gI%li#virus or related
prM-E sequencecapidd Comaremsabare sprMbIeis i8poi(E us e 3 aetety bIE%he Hypr
strain of TBE oktuan@al fkdeln YitNS3§; anskbarthran-shiuetiial protsinmakthashimeiaggan include
those from yellow fever virus YF 17D) or t Nile virus (e.g., NY99). 20A central feature of
those exertbiaRN T BEPE () RATHLR ARG ENTH LS8 RS SEaET e benween
the capsid and pevinprateins (FAStisast ez lvpthE Epraripiase ielove, tivie have docaptlaiitit viruthe case of
YE-based PIV chimeras. jL i3 advaniageans 0,882 sianehscausnes comprising. yelow fever and TBE
sequences (see belowy. In Bne example, t g S|gnarf sequence includes yellow fever sequences in the
25 amino termiflayrdgistheiy res KDgn RN dug il RB R HEYRIENeBs N thehedibdxyuerminal region
(€.9., GMLGMTJ&), fesuifingai:i0f seatanss éHDet\,/lroWQ%kkﬁMa&W%ﬁ We:haysaiso found that,

in the case of WN-based PIV chimeras, it is advantageous to use a signal sequence comprising TBE
sequences {e.guB &TPRAHNISIY ICERAE ME@M?FNﬁS?Q‘?@ﬁRFéﬁWt%qﬁéﬁlﬁé@o?FWBeE?"YF/ LGT, 30
WN/TBE, and \\hifidg chieneias,) batibiREY sxanglbd visuedticheineliide direepbopasRoted signal
sequences, or variants thereof having, e.g., 1-8, 2-7, 3-6, or 4-5 amino acid substitutions, deletions, or
insertions, Whic?fhélo%agh B\Fsggn?fg#ﬁ?gﬁfégfes% g\ﬁé“gr%rc%’ég{’ﬁ@ag??ﬁ@r}s%?{g'lngglaﬁé%%?" Narious
examples, the supstitiitjansdateddoibérvgteve delsstitutionse’ atthacks greus htutacke¥ied by neglacement
of one amino acid residue with 5.ano iologically similar residue. les of conservative
substitutions inglﬁ%pgotrr?g gﬁ%&ﬁt%%tﬁro?%ﬁggﬁrﬁ rgﬁ%ﬁ?’réﬁs‘?ﬁz&%ﬁ%ﬁ%ﬁ %fﬁ%ﬁﬁrg?\r}aﬁﬁle, leucine, or
methionin@%or semnees thataay hsstenssmuriont lgsiben tsibasitorbdistidetglisauentsetiveen arginine
and lysine, betwgenguptamicapthashaHiGASKSPLRRINE S HAIHIRNIRGANFk&Radaging and the like.

Additional information concerning these chimeras is provided below, in the 10Examples. Insertion

Sites SequenceSBIBitR) iRl ABIRRLCY a3 BBGHEERBBPYE oREBIHBFhRIfRIFERE SRV RHAM the

vectors of the inveptivmfRiaivalyrsboctpeptitdes catchardelvesadcon the Sauviaaspafidly or LAV
' Protgins (to induce

t tei .d., prM, E, and/or NS tei d/ th text of oth
e iy B g e e R s B e R AP oo

foreign prateingrameeetias eqmepiate protigseganisze(@gpiossechirterpiicicathPl st thedioand C-termini
of the polyprotein, or bicistroni ithin tl Q| or.i ' er 20 an
RES: seer 0.0 VIb 0 uaul Sl oRTaE IR LSS U Rk Bioaise o
2008/115314, arplibetow defidignhesngaeiisyhen Pmsidgpdtaistberheneods al prbitsMarssEon of inserting

a foreign aminoy, '%g@guﬁw%g%}g plageigf introduced deletion(s). Insertions can be made in,

for example, AC, AprM-E, AC-prM-E, ANSI, ANS3, and ANS5. Thus, in one example, in the case of
s-PIVs and the AC  Ypon introduction into cells that do not express compfementmg proteins, the

30 genomes replicate and, in some instances, generate “virus-like particles,” which are



25component of d-P1Vs, immunogen-encoding sequences can be inserted in place of deleted capsid
sequences. Immunogen-encoding sequences can also, optionally, be inserted in place of deleted
prM-E sequences in the AprM-E component of d-P1Vs. In another example, the sequences are
inserted in place of or combined with deleted sequences in AC-prM-E constructs. Examples of such
insertions are provided in the Examples section, 30below. In the case of making insertions into
NV deletions, the insertions can be made with a few (e.g., I, 2, 3, 4, or 5) additional vector-specific
residues at the N- and/or C- termini of the foreign immunogen, if the sequence is simply fused in-frame
.(e.g., - 20 first a.:i\. a%? a fevl\gﬁlas residues o!f?the C‘pr teindf _th%eﬁe uence relplagets the ,%\C deletion),
Sor without, if tHE TR IPTHRTASOS ARGIEAARISY 15 S PFSSHa AR S REIBAARRST I S SR e field (e.g.,
viral protease clefecaghesitels endliidad prdie gseccléavaféghespaticleasiignaapds, unhe edss;
autoprotease; terpingion saden Andior IRER. Ssmenish b prolein e piesseepuisiiel the
continuous wraPopen reaoﬁng rame 6'?2&), (?g fvector and Ronvector sequences are separated by
an internal ribogtahéo T0terpyesiteaidE SNy toplatingiorddr essionsaireiie! gresdUcerndbelselischieved or
the product;candye, diregiar IQWaYHS, Hif SEARIOINPALIPY DY, HSINg-ARRIGAERIG: RIgBAYaechor

segments, as desired. If the protein is expressed within the vector ORF, m&ortant considerations

include cleavag® BretrsTofdhs groteipprsshirecAesiarpifBisotdis ivepisinte inffinarh#ining correct

topology of the forgiga RiateId BN M.y kahBIBtRiRsHith LERASHIE esiar tiafilnRIRtivertaithe ER
membrane, e.g., translocation of secreted proteins into the ER lumen, or keeping cytoplasmic proteins
or membrane-a$3EEAEEP5BELRTE HF MY cytoplasmiin association with the ER membrane. In more
detail, the above-descrilyadiappiaachesideinaking idsantiges G emplsy, he PBe wetidos ngtance,

appropriate veclg?{/-de iyed insert-der'\zeﬁig’or unreggdt%g dsii\gmql aepfgCZOanch{%rrs(i%g/luences included at

the N and & termifi 8 tgﬁ/@gf)'r’(t)' St hdara autopr ease%‘fl%lﬂscﬁ S 'Bi}“ﬁ)A gsuetSOprotease

(-20 amino qcid;s))gidij’@qmﬁbic(@anwniacwm)hm ﬂdﬁ{dh@wmtbmaiiﬂ%m&mmm}age sites can
be used to diregicleqyags, ol AneIESE IRUNSLIIHAGINIG RAVRERIS sB.Igrelease a

foreign protein from a vector polyprotein, and to ensure viability of the construct. Optionally, 25growth
of the polyprotetichzitl caspesasitghenduralilizinbiamummiinang W esersad dage RAWKMEE-fdPeign gene

insert, and synthegis.ef g 1EeMalRNE RrRLeiNs IV (e AROSIHEIERARPE EeciiRRAD LRy poration of
an IRES element, e.qg., the encephalomyocarditis virus (EM%\Q IRES commonly used in the field of

RNA virus ¥ectdrReduige e dimpamiold tknpee s (EHEDn i Wdnsshelanstd T4 thar cells for d-PIv
versions). 300p#enallyy. backbaiaRE\hsecuenbes choviied @askatgRighei@rsifribevlater aaisults in more
efficient expressign of a forei ene. For example ene rearrangement has been applied to TBE
virus, in which tW(]étppIr'm- b‘éongef%%vgr?r%%n gJ%d#féi en%PBﬁ??%r%eog’o'r%ngﬂ%%PEWénéonrﬁ%Pgf an 1RES
(Orlinger et al., Jarvistd a80' T 2%97m4i22 08 j1HBO6). sibamsioceltio FoftheiVitie 8 anyattterfgenes can be

appiled to PLY IR XAAaE 3pABIHRER a0d: R DLEaRIAN YRR Rnaf ARG R A Ve tIon.

Additional details concefning different insertion sites that can be used in the invention-are as follows
(also see WO 02IGPBR 8RS S A0 SR3aH N 8 YaYI©008/094674, WO 2008/100464, WO 2008/115314,

as noted above). Peptidg:s&GLRANEE SR RRERSE GVt ShvaleRpparete Renvhieh is the principle
target for neutralizing antibodies. The to sequences can be inserted into the envelope in, for example,

positions corre<BYRAYIAG 8ty ssERigBsihib LBy e a8 #5287, 340, and/or 436 of the
Japanese encephalitis virus envelope protein (see, e.g., WO 2008/115314 and WO 02/102828). To
identify the corresponding loci in differe%tr .fflz?\ﬂ'virus?s, thﬁflgﬂ‘yairulg sequences are aligned with that of

Japanese encephalitis virus. As there W%Mhould be :

25 Fig. I is a schematic illustration of single component PIV (s-PIV) technology.
Fig. 2 is a schematic illustration of two-component PIV (d-P1V) technology.
Fig. 3 is a schematic illustration of a general experimental design for testing
immunogenicity and efficacy of PIVs in mice.
Fig. 4 is a graph comparing the humoral immune response induced by PIV-WN
30 (RV-WN) with that of YF/WN LAV (CV-WN) in mice.



15understood that, in non-JE viruses, the site of insertion may vary by, for example, 1, 2, 3,4, or 5
amino acids, in either direction. Further, given the identification of such sites as being permissive-in
JE, they can also vary in JE by, for example, 1, 2, 3, 4, or 5 amino acids, in either direction. Additional
permissive sites can be identified using methods such as transposon mutagenesis (see, e.g., WO
02/102828 and WO 2008/036146). The 20insertions can be made at the indicated amino acids by
insertion just C-terminal to the indicated amino acids (i.e., between amino acids 51-52, 207-208,
231-232, 277-278, 287- 288, 340-341, and 436-437), or in place of short deletions (e.g., deletions of I,
2,3,4,5,6, 7, or 8 amipo acjds) beginping at the indicated aming acjds (or within 1-5 positions
thereof, in either directigﬁ%'?ﬁzgl?lsgﬂ tf’opr*?'i%" e‘c’he WefoPE E?Fd’tin&rﬁ’? ﬁ%é%? é’ﬁﬁ’%%r?nade into other
virus proteins irciiclin ged or@EIVMIE, (IRE-YIEMB FEATE pPEVAVER (RAM Y pho teidh AROMIE1A(Bee, e.g., WO
2008/036146). Farexample, insertions can 5{(;‘_ a ce preceding th
capsid/pre-merg?l’g\r,e?r/l)éﬂcr(}e?fali'vIz!ffgnelSs?ﬁea ?a &26%%4% : oﬁ;%ggmﬁﬁaécﬁrﬁeebagimg éyc‘?as of the
pre-membrane Yigtik 32§ Vatpoeiton 28 Nantido v irstiageh amino acids 236 30and 237 of NS | (or in

regions suryounding thegj %@?Qﬁ@gm&?v?ﬁﬁ%s%wﬁfﬁéqvﬁ)uslﬁc%ﬂ ples, insertions can

be made intergenically. For example, an insertion can be made between E and NS1 proteins and/or
between NS2BBH@No8Y N rstethe indigpoddimersdladyirnicsne example of an intergenic

insertion, the inserted seguenceieRe MR VMHITREP G ienians Qhihgd grotein of the vector, after
the C-terminal 5signal/anchor sequence of the E protein, and the insertion can include a C-terminal

anchor/signal sEYTERAURRTRAGE lieellp samaiRiag R e11g8ge ERGEs. In another example of an
intergenic insertion, theknsaries sealgashssvoii fipmkingiyaleakmaleavayeE BB (8.9.andF 17D
“cleavage sites) iInserted into igue restricti ite ini ced.at th NS3 junction (WO
2008/100484). g@?mgrﬁée%gerﬁ% %g,nga %g(iﬂu%er'ﬁjé“éér{t%‘%%éﬁe w% tihé Iééﬂ&?(i’?%?ﬁf internal ribosome
entry sitg (IRES E@TMRE@W@H‘GW BR¢aphEIihYyocarditis virus; EMCV), as noted above,
such as inserted in the Bigyansiated reipn. (WA AOGBIORATALLD ARG SBNIIG, ff pgh 2 vector

employing, for example, yellow fever virus sequences, -immunogen cassette can be inserted

into a multiple ABRRYEKE/ TSR ¥ererrhtime sHearawtramndtatedesé flonvoiihel d defomiesg R ¥h a deletion
(e.g., a 136 nucjeqiigeAelefawiR /Hereass: ol awelipyvfenersrihased exewnleralterihe polyprotein
stop codon (WO 2008/094674). Details concerning the insertion of rabies virus G protein and
full-length fespi Xr)y syncytial virus (RSV) F protein into s-PIV and d-PIV vectors of the invention 20
are provided below in Exgmple 3.gidpd intormatianprovtacdiitosampie B wan pie/applied in the context

of other vector E%lzg}m ibed perej munogens.PlVs (s-PI %Pi@ - ) based on
flavivirus sequ(i\rk?c]:qe%r an W?e), aﬁﬁ@&% gg{rﬁ%ﬁ&%ﬁﬁ%&é@’eg"p&fﬂ% , %ﬁg‘lr\,(/sWN/TBE,
and WN/LGT), &s\desdiivedsabasendaifbelusea inuteinvention tsddlivertbreididR giceyon-flavivirus)
pathogen (¢.g., viral, baglerialdiagal, 8RgRae NI RRINARBIRGIR SRt IRCLalieityrelated
immunogens. As discussed further below; in certain examples, it'may be advantageous to target
several pathogéiasteuplegnmeishhieseabrsdiBal viitehahengra foe gravpreermsired s on.
30Specific, norpliiting exRAMMES iy EHRRnogenSae Pravided asiasuses (upltaddition to
TBE virus, ticks are known tg transmit another major disease, Lyme disease. Thus, in a first example,
PIVs of the invé%ﬁ?gﬁbﬁ%cpwgiﬁgﬁ:d]iHB’W‘EE‘R_@‘ﬂEg‘éaﬁgn‘@é&rﬁs%%I‘F‘ﬁgkeﬁ‘i?ﬁﬁﬁ’cpﬂ&?)ﬂ'/iruses
including TBE sequencesg(eDis & §chiebitidf fefresEntVibi o B Mdorsthidks, expebdihy efblles ivirall (stances
where "TBE" is plpdicated, fhis includes (e aption of Lﬁh”%ﬁ&ﬁ%?%%%ﬁ%@ Cannedisng as vectors to
deliver protective Immunhogens of'fhé causative %e% 0 Eyme ISease (tick-borne splrocﬁete Borrelia
burgdorferdy. Thigwombinationizedrgeting both infectious agents (TBE and B. burgdorferi) is
advantageous, becausq;f5fs kLR fISERSS:AERBR YL HRkAIGHR SiReAsERi{TR 1V approaches

can be applied to chimeras (e.g., YF/TBE, Y ,
viable/expressing constructs (exemplified by rabies G).

Fig. 14 is sertes of images showing immunofluorescence analysis and graphs
showing growth curves of cells transfected with the indicated PIV-WN constructs (AC-
30 Rabies G, APrM-E-Rabies G, and AC-PrM-E-Rabies G). '

13



10 WN/TBE, or WN/LGT), according to the invention, as well as to non-chimeric TBE and LGT viruses.
An exemplary immunogen from B. burgdorferi that can be used in the invention is OspA (Gipson et al.,
Vaccine 21:3875-3884,2003). Optionally, to increase safety and/or immunogenicity, OspA can be
mutated to reduce chances of autoimmune responses and/or to eliminate sites for unwanted
post-translational modification in 15vertebrate animal cells, such as N-linked glycosylation, which may
affect immunogenicity of the expression product. Mutations that decrease autoimmunity can include,
e.g., those described by Willett et al., Proc. Natl. Acad. Sci. U.S.A. 101:1303-1308, 2004. In one
example, FTK-OspA, a }p_utative cross-reactive T cell epitope, Bb OsoA165173 (,YVEE% LTA) is
altered to resemble the C8riEsS G PEptEE S SIqUARE I or BIGH RS SSBPSE AN B £ AN). In
FTK-OspA, the sxptsesqiontingpiatianes beafebldE G EAllskhen secué nde dicOsgilaisda® Yollows: |
mkkyllgigl ilaliackgn vsslg é‘ svdlp % luskeknkdg kydl atydk € Flk dkn ngsgvlegvk adkskvklti
sddlgqttle vfkeocé’l'(lﬂr\?‘ﬁ% ‘g \rf]tésal\{zé‘fgs% ’ AP 1%3 3eﬁ?rr}§k§'g\%sqjé%ﬁ\{\r%l%6$? é‘i’ﬁg. <sdgsgkake vikgyvlegt
ltaekttivv 181 kegtvilgknasksgehvava indiassamkida v Sy tNstiites Sk dakdivitian 86 2drdentitvqqyds
“gtk'egsa"se'tk'&‘ﬁ%gegg%ﬂtﬂgx%‘!ﬁ'ﬁ%‘!‘eﬁﬁ&éﬁ%@@&%@’ﬁ%r Hﬁ@#&%%ﬂ%@%%&h&he full-length

|
sequence can be us esent invention. Exemp alrly agments can include one or more of
domains 1 (amino acidd 8441y, Ds¢eipsipbeeanbs $9:78y Sabahitired HsierbEo G PPOFImERNE itamino acids
250-270) (Jiangpy.alGhiRoRiag. Lab. Immun. 1(4):406-412, 1994). Thus, for example, a peptide
comprising any one (or moreg of the fallowing sequences (which include sequence variations that can

be included in the sequéitcd fiktadeBE{BAER AP HEBFRERATISCAR IR AR 0E PR T PUIERIRA LK/ T/G VL ;

GTSDKN/S/DN¢gS{edbmponent PIV-WN-rabies G variants in Vero cells.
N/H/EIS/P/LIAISKINSGEV/IS/TV/AE/ALN/DDT/SD/NS/TS/TAIQ/RATKKTA/GA/K/
TWN/DS/AB/N/KT; SNAGHENESERA? ANAERKHTBIRENPRE KRS8t B! burgdorferi
immunogens, tigkgalRE\pRotains, Gueinas26 8 R Apad Biochipatpsd o LaP he wipie sehdr eetjs, to
generate a vacc%rpe tcanc;(lig:?t% of trivalent-specificity (TBE+Lyme disease+ticks). Alternatively, tick
saliva proteins 3aﬁrbrém5xepr(’a°s$ed'instead of B. burgdorferi immunogens in TBE sequence-containing
vectors. In ioaddition, there are many other candidate tick saliva proteins that can be used for tick
vector vaccine development accordindftaited iDessmtitior Bfdneisbetigret al., Insect Biochem. Mol. Biol.
35:1142-11%1,2005). One or more of these immunogens can be expressed in s-P1V-TBE. However,
d-PIV-TBE may also Héisifluentien pevidpsacplinatiapoefpcbitiondeiisgaiysandaidmss Ao iEg-TBE, other
P1V vaccines c@imbe ds6d AR MEMPIBvAIRIsc RMIQLEHITaM dyPe diseAseiRAL: SqiRRERAVIVIrUS
disease, such as West Nile virus. Expression of these immunogens can be evaluated in cell culture,

and immunoge AR fERIShhe eI TR PRSI SRINAR AloteIEtligd UHEgeABtd in Gipson et
al., Vaccine 21 :38tted 884 1RO0S&hs s dzietal oftriiiy, BHeldifl2 teddahe2006y. iivumisogens of other

pathogens_can be,similarly expressed, in addition to Lym iseas d tick immunogens, with the
Ptpone o el e e e B R ST SRS o e
used in the invéwtion, ksl uckshibds fdlioingecd4DRPOG 46 91 7@ c2SnHuAFRYoBsds STFMAL TNAAR
AGRLGSDLDT £GRVHENNAGIERAGPROY RALIASGRIMGARIGERAG KENSSIGYCY
PSWGYPYGGY GGYGGYGGYG GYDQGFGSAY GGYPGYYGYY YPSGYGGGYG GSYGGSYGGS

YTYPNVRASAIG’ANQ’(S'E%‘{WFE?@HQB) P1Vs and live, attenuated chimeric flaviviruses including
tick-borne encephalitis virus sequences, and related vectors, compositions, and methods

5

25 ofuse. The PIV vectors, PIVs, live attenuated chimeric flaviviruses, compositions, and

methods of the invention are described further below,

PIV Vectors and PIVs
The P1V vectors and PiVs of the invention ¢an be based on the single- or two-

30  component PIVs described above (also see WO 2007/098267 and WO 2008/137163).

Thus, for example, in the case of single component P1Vs, the PIV vectors and P1Vs can



30 MRTAFTCALL AISFLGSPCS SSEDGLEQDT IVETTTQNLY ERHYRNHSGL CGAQYRNSSH
AEAVYNCTLN HLPPVVNATW EGIRHRINKT IPQFVKLICN FTVAMPQEFY LVYMGSDGNS
DFEEDKESTG TDEDSNTGSS AAAKVTEALI IEAEENCTAH ITGWTTETPT TLEPTTESQF EAIP
Salp20 (EU008559) MRTALTCALL AISFLGSPCS SSEGGLEKDS RVETTTQNLY ERYYRKHPGL
CGAQYRNSSH AEAVYNCTLS LLPLSVNTTW EGIRHRINKT IPEFVNLICN FTVAMPDQFY
LVYMGSNGNS YSEEDEDGKT GSSAAVQVTE QLIQAEENC TAHITGWTTE APTTLEPTTE
TQFEAIS S Additional details concerning the TBE-related PIVs and LAVs are provided in Example 2,
below. The inyention further provides PIV qd.LAV-vect red vaccineai against other nonflavivirus
pathogens, inolTGTHGF GASHEE I REER BEc AEI R A W TR b AL B
flavivirus (as specifiedddy thewvetioesinedeléipy dieipsydudsnapsithuivtieisipatedgengiéas specified by
expressed immunologic determjngni(s)). T hese are simiar to the example-af P1V-TBE-

disease-tick veg?(%p\?agggfhgg'dle%%aif%dg '0\'/%:.C As lﬁ%elr?n&éﬁe(? %B%@é%%%%&ﬂ%ﬁa é't’lc(t%ré\En \?éé@%% can be
developed agaisgica brdeldiednybidf patisotyahe By exprevsiormodipdnsintog&ss des progsngxample, viral,
bacterial, fungal,apg LaPREESHE PR AHENR A RYRAES ASARSRAINERIWIL FARGRL BRA:QIlergy. As
specific non-limiting examples, we describe heréein the design and biological properties of P1V
vectored-rabiesT b eenad gristing apiralkidonr et (RN RIS SeAafarrsfaured At BSBASELY expression
of rabies virus GyarRigish e JythlengiRSMh iR RIACSR TR ipieRmbiesiRAsNitEyarious
deletions in one- and two-component P1V vectors (see Example 203, below), As js demonstrated
in the Example&"H813hs R RFRIHSE (RAE B HBATEREY dBUER el il FRRIRIES ffatively short
foreign immunagfnsd(siqudatds doyrepdliseageagerbspinfirotetidane- 1ok s6iom pra@ins), because
insertions are c?mir&?gwwgh a enlnatively short AC deletion. Two-component PIV vectors may be
25advantageously usé fostad y éxpress relatively large immunogens, such as rabies G protein and
RSV F, as the insertidtisgle souiporeotdttyarecconipih BtVaitim fomeseaistd, itacgkt lixpsvh&E, AC-prM-E,
analor ANSI delefRne.Hare of fe A/ COROURRE 0 A MANWSEIRIA dysRdias vaccines
individually, for instance, the PIV-RSV F construct described below con aining a AC-prM-E deletion. In
this case, the veRitnesibricas bhsedifnfnesdspohsgle gormangaliziMg enercaibB] Ybredominantly
against the expze$seop pIele|Ne Ut APt egainst theviayidiiis Aectoryvrugipatheaeandbaiier examples
of the invention, dual immunity is obtained by having immunity induced both to vector and insert
components. AERIBGhXATCHRERISRASAMT MIgE-idderi Capdily BFIsTY SALMS & RN P option of
using two-compoéterdi ganyamest Plyraecins-ottevethe sippal ik iadalgrisexatploon dayvivirus
pathogens simultaneously,.e.g.,,by expressing foreign immuno twq different non-flavivirus
pathogens in thrgpi}\f\%mc%%%pgo%%ﬁt%'}%ﬁua %’E}I%Rﬁ %%‘E’?&qlﬂa%'% %ﬁ’g%@@%‘é‘%ﬁ T %Qése&‘ lrE?)kriotein, Lyme
disease protectheecknvitun (3fevis, EaadridiqgalivBnoepteiiiss visusXBRIDIOs BEfemigadimenunogens
described above, QERIRIGIAR INEHO9UCRABEAR;NG CHRLESTBULGIAORL SRRA{iKPiseases including,
for example, influenza virus type A and B immunogens. In these examples, a 10few short epitopes
and/or whéfe g@FERSFYErSFpaRIBIE P EESTRSEEIE BEVuLeds(idN santheonplemmtiag §aQisiféhes of
influenza A, ang{esdhe-NBsGh BV grRas @héaliugreapBy Share ity sgmentuiohdMizold, and BM2,

corresponding for instance to M2e, the extracellular fragment of M2, can also be used. In addition,
fragments of thB 8 IR ERABIA: S R DS ES B R O T B P e T RB AL e h TR 20

corresponding igthgiral cyclization sequence. The mutations can result from codon optimization,
which can provide an additional benefit with respect to P1V yield. Further, in the case of
25 complementing cells expressing C protein sequences (and not a C-prM-E cassette), it may
be beneficial to include an anchoring sequence at the carboxy terminus of the C protein
including, for example, about 20 amino acids of prM (see, e.g., WO 2007/098267).
The P1V vectors and PIVs of the invention can also be based on the two-
component genome technology described above. This technology erﬁploys two partial

30  genome constructs, each of which is deficient in expression of at least one protein



15cleavage site in HA) can be used. Specific examples of influenza-related sequences that can be
used in the invention include PAKLLKERGEFGAIAGFLE (HAO), PAKLLKERGFFGAIAGFLEGSGC
(HAO), NNATFNYTNVNP1SHIRGS (NBe), MSLLTEVETPIRNEWGCRCNDSSD (M2e),
MSLLTEVETPTRNEWECRCSDSSD (M2e), MSLLTEVETLTRNGWGCRCSDSSD (M2e), EVETPTRN
(M2e), 20 SLLTEVETPIRNEWGCRCNDSSD (M2e), and SLLTEVETPIRNEWGCR (M2e). Additional
M2e sequences that can be used in the invention include sequences from the extracellular domain of
BM2 protein of influenza B (consensus MLEPFQ, e.g., LEPFQILSISGC), and the M2e peptide from
the H5N1 avian flu (MSLLTEVETLTRNGWGCRCSDSSD). 250ther examples aof patho

immunogens (HERHEH] B8 BSRVEHA TFRHERRIGRES! e MUER BB T HE LB P SIV or HIV
gag (55 kDa), gplhGn gelEodmhomasic B ewiatnefgeney ar maladagd Yroffhit\in anel other HIV
immunogens; inLodens oM bR MIiSes, Sueh. A BV HE: HEVIR, Slcy §ichud0e,Gapsid protein LI
which self-assémbies into ﬁ%—ﬁﬁe' artic s,?ﬁne capsi ﬁ?’ételn 1_3 or"ﬂtg mmUnodominant portions
30(e.g., amino dedétion 0P QD a4 dBS:rired AIBGY, ithe EGandoBEmplotempaniit RlXis dnd dhesdcendransforming
and immortalizig pammAlRALS! SdagH SRS AR PR aRI RIE T URIE (ol plidgdwo genes
creates a fusion protein, referred to as EGE7RL1Y, that is about 10-fold less capable of transforming
fibroblasts, andifsitemeasest tdudysdotelsipraf &t Pridstad &s vahHertemadeaunpigTusioldsfotein
mutant incapablgfinAWeiRg PiransfoyMalinrdBpsnans At abiuvaskingihd JA8rnl A8dmbR6). Other

immunogens include protective immunogens from HCV, CMV, HSV2, viruses, malaria parasite,
MycobacteriunftHEL iS5 e6Eli Habardnsarp e dtiel 8 a5 HEY RELESTRChIEERons, that are
known in the agheagpneitias fupgat pathngensheqneer datsitine gansnandpraiRifsassociated with
allergy that can be used as vaccine taygets, 10Fgreign immunagen inserts, of invention gan be
modified in°varlSUEW §%. E8I9hS an%ﬂ%éﬁ%%"%@i"m‘%% |t(5(§12'|"*'s,ﬂélsg§1 % ??18%%%&1%& ER réixpression
and eliminate |png<iepedisgrequeteatidbidecpemiss to moreasennsd irsgatmityfththapRMA genome of

Ply vectors. ImgjaggeriGlYy.§R0REEEE 3RS EUSIizaton Sl proteina wIR MU ggstimulatory

moieties well known inthe art, such a agonists, stimulatory 15cytokines, components of
complement, hexamtockybiaréiies, astfoeapd-moyivdassase Vv (MpRdntacsiBd3 Meatasseyaccines, "

Schijns and O'lagaRtE dshich QAR b BRVIEK AL SRRMIGRIESS c AVDISIR' RN B R3IRRY sequeditl respect to
construction of dual vaccines against rabies and other flavivirus diseases, other combinations, such as
TBE + rablés, VrteapiEéicie Suan BeHBTHTLTeatoBrBF HithisexAtdsaherRearP UL o
corresponding geegtaphicalegionshanddautanr brasigaianygenaiated Fessible degignsof
expression constrycts are not Iimitted to those des%igtag&?ﬁiﬂﬁgorl?xar?ﬁ]letdeletions and insertions
can be modified™ SRS SRR 5 SFeea?i%[hged, or other gene ic Slements (8% >W6h-flavivirus,
non-rabies signaisfor sgoretibrpmtracetylae thankpeltmeterofinahisianctosienngt or fusion with
2simmunostimylaiaiy; MR A0 A/ RINER TR, seoRsis MABARROR IR ulmerization

components suc ucine zipper, and peptides that increase the périod of protein circulation in the

blood) carthe ubedetin kséineacs niigasinpicesneanent R snereasde fnemmoysaltiperhatfen such
designs can be,applieth @SRV aRgHRLMYARE R rabE dalefk hAse deQ) Yerter genames of other

flaviviruses, and expressing immunogens of other pathogens, e.g., including but not limited to
pathogens desBiBed i etseivieteHidrelR): GHER aR4 MBS PPN SRR VEIIB P nvention
including combinationArieGin@Besdsitp RS IENC Biungteytatiods K€ bE\n ardnlEntlohilte/. CHIKV, an
5 alphavirus, is enocliemic in ,te\frica lSoutthnEag%Alg,iea,irljg ig{g S qcontin.erht@gd ?ggslandsé and the
Pacific Islands %ar?a s%nalrléféoeccglrg&ggql?ﬁéo r%pﬂica Miches it YEany DeN 1~ > FQRHISES serious
disease prsnarily dzésosiated guildHevéie, paMSartotitiss othée sysdptolmg sinsitacd BEMand
long-lasting sequelae, inyhe MAISRE RERAASNIRGIMOBHLE! pMed: ClRNOTD LT H2:d $23-1343,
2008; Seneviratne et al., J. Travel Med. 14:320-325, 10 _2007‘)). Other examples of Ply and LAV vectors
of the inventioréfntiadeidiragtivalind POEN-LEBEALGAEN oL e AN ARR ¥ merastagHibgens for the
above-noted napsHauiviie RANBILRS). SEAMARGES L HWRIGMME WaRllkaNa iR 1Be At BAandnclude
glycoprotein B or a pp65/1E1 fusion protein of CMV (Reap et al., Vaccine 25(42):7441-7449, 2007,
and referencesaﬁﬂgr‘gﬂiﬁf‘g‘é'\/grgﬁ’@l‘é‘afg BYOTE IUEHAR\ G O 'lEadeed o XN REPSifterobiol.
4(6):469-4066, 2008 madanaparastaiantigansdditih ae RS ANGdereienyituioby etiedmsporozoite
protein, CSP) and others (e.g., reviewed in Li et al., Vaccine 2504):2567-2574, 2007), CH1KV
envelope proteins El and E2 (or the C-E2-E1, E2-E | cassettes), HCV structural proteins C-EI-E2
forming VLPs (Ezelle et al., J. Virol. 76(23):12325-12?|> 4, 2002) or other proteins to 20induce T-cell
responses, Ebola virus glycoprotein GP (Yang et al., Virology 377(2):255-



264, 2008). In addition to the immunogens described above, the vectors described herein may include
one or more immunogen(s) derived from or that direct an immune response against one or more
viruses (e.g., viral target antigen(s)) including, for example, a dsDNA 25virus (e.g., adenovirus,
herpesvirus, epstein-barr virus, herpes simplex type I, herpes simplex type 2, human herpes virus
simplex type 8, human cytomegalovirus, varicellazoster virus, poxvirus); SSDNA virus (e.g., parvovirus,
papillomavirus (e.g., El, E2, E3, E4, E5, E6, E7, E8, BPV |, BPV2, BPV3, BPV4, BPV5, and BPV6 (In
Papillomavirus and Human Cancer, edited by H. Pfister (CRC Press, Inc. 1990)); Lancaster et al.,
Cancer 30Metast. Rev. pp. 6653-6664, 1987; Pfister et al., Adv. Cancer Res. 48:113-147, 1987));
dsRNA viruses & &I%ro%ﬂfﬁ‘,l?ﬂr)ﬁ%ﬁ%‘ﬂe\%ﬁ?ggg’%@?ﬁ.?ﬂ%rﬁa&ﬁﬂ?%%&&ﬁﬁ&Vfré%lﬁepatitis A virus,
poliovirus, togastiisereHictta big upflavidiih p)dee patidi sdobinat oy slichulie WS detesordgnguBevirus, west
Nile virus); (-)ssRIN ‘ég%sgﬁeﬁ?-%au‘%”s'?r?“% EmbuRt ”%f%‘cgl%éé‘e}f'%%g&ﬂ%%?‘ﬂ{é{%b JRETY OIS,
measles virus, mumps virus, parain ez 5Viug, rhabdoviras, rabies Irus); ss -RT viruses (e.g.,
retrovirus, humanseition gapatéficié teyhelpes WHI Y reascpdsioNidrRITY irtse sife of Niegdeheniius, hepatitis
B). Immunageng, a9, AGREME AR AHheGHRes ARSI ARAK SR YRRl Spose of skil
in the art. With respect to’HIV, immunogens may be selected from any HIV isolate. As Is towell-known
in the art, HIV ig1atdecate Modieawifedoniagiierete genetic subtypes. HIV-1 is known to comprise at
least ten subtypes (A £Brfer, [dddiibnaPapfrobc RN chll Yedids KOWAK IR POlOE. BEI@ASPIVE Ssubtypes

(A, B, C, D, and E). Subtype B has been associated with the HIV epidemic in homosexual men and

intravenous drdgriseia tieRERiraEmrrateLHE fsitriietdgerempbberindh a3t idbRtes, reagents and

mapped 15epitopesdieinngaiesodtyise s, rsinfelracss Afscaondiasant Adins.araas: where the
incidence of neyy Hg\gsjE];% lons is high, HIV-1 subtype B accounts for only a small minority of
infections,‘gnd Slb ype’HIV-1 C appears to be the most common infecting subtype. Thus, in certain
embodiments, it may Beedd¥inaistertoise RId s ofithenoganedrom bd vodsuksty pEsBiandidrdad 4t may be

desirable to inc(:}%% eimmgngégi 3 .{E%Tt%%ifrjr? %QCHER;{&EH? YRES %e%gg“lg&/qg%g%%%ﬁ and C, HIV-2

subtypes A an or a com tion of an V-2 subtypes)n a single'in ogical
composition. SGiablexelivvirirer{egensFihBlIdY SsNNIG Reanpe lenpepial s, Wenkhs (vendames | -

derivatives, andfusian, IARIBSHNRIE Xu iR SXARPLE AMMUNOUKBS Ay, Aise REETived from or direct

an immune response against one 250r more bacterial species (spp.) (e.g., bacterial target antigen(s))
including, 16r earRpal i SisE b iplits SHtranpragi Sy mYr feraieifs E1gsapbrtivgsha
pertussis), Borpliaspposaig Heosraliaibugaorisipin iucela sppm (RaisRruaataabgrtus, Brucella
canis, Brucella jpelitensis, Brycella, suis), Campylobacter spp. (e.q., Campylobactey jejuni), Chlamydia
b (.. ChieH R Bh SRS R 0 SRR CHA o D e B AL Bt pp
(e.g., Clostridiuflrvetuisasind e@Glasterxidinvdidfoikins Clostscvimsperfe nedits, a@ddsbiidivmm tetani),
Corynebacteriupp (80 n efl iptheri o) (6.0, Enterococcus

%@O %Eif?« f—?cges %‘)?@.4, &.%%%E ﬁb‘ﬂ&ﬁﬂé@, Q@_é@‘ﬁée?&‘%{%&r SEHR 3R .e%”f

faecalis, entero aecum), Escherichia spp. (e scherichia coll), Francisella spp. (e.g.,

Francisell@tulafgiesiined fu methieits sve P fsncava inthgetrio phiiflis faseeh2BY, yaetheotdieY 5spp. (e.g.,

Helicobacter pylom)digQipetasBPmG G d-cHONBUR PR WP QRNIR: L SRECSPIFB:SBP 2 GhBheliEPtOSPIra
interrogans), Listeria spp. (e.g., Listeria monocytogenes), Mycobacterium spp ., Mycobacterium

leprae, Mycoba i 1bereaiiBersIbRIGEBstaEna Spp-te ey B aihd h@%%ﬁﬁ%ﬁ?&leisseria
spp. (e.g., Neissgrda zgInantheds. Reisaetia 8)Esunghidis) Bty dearanas sRrhiddasRsguglomonas
aeruginosa), 10RIckettsla SR Gl PIcieiizia faketisih, RAMRNSaSPR; (H&naalmongla phi
25  immunity may be desired), and capsid and non-structural sequences from a second,

different flavivirus. In one specific example, the second flavivirus is a yellow fever virus,

such as the vaccine strain YF17D. Other examples include the YF/TBE, YF/LGT,

WN/TBE, and WN/LGT chimeras described below. Another example is an LGT/TBE

chimera based on LGT virus backbone containing TBE virus prM-E proteins. A PIV

30  vaccine based on this genetic background would have an advantage, because LGT



Salmonella typhinurium), Shigella spp. (e.g., Shigella sonnei), Staphylococcus spp. (e.g.,
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus, coagulase
negative staphylococcus (e.g., U.S. Patent No. 7,473,762)), Streptococcus spp. (e.g., Streptococcus
agalactiae, Streptococcus pneumoniae, Streptococcus pyrogenes), 15Treponema spp. (e.g.,
Treponema pallidum), Vibrio spp. (e.g., Vibrio cholerae), and Yersinia spp. (Yersinia pestis).
Immunogens may also be derived from or direct the immune response against other bacterial species
not listed above but available to those of skill in the art. Imnmunogens may also be derived from or
direct an immune response inst one 200r rasitic or nls e, arasite target
antigen(s)) inclGeRHEREY Pé%aﬁ%ﬁf@"% BEEN §%£§ é%‘ewa é{n “'1‘%“%[) ?é’acf(glfgrglpp #Rscaris
lumbricoides, BahagtiditimeddiLCESIBHPEPpacCinicidapesipp. to@m@ehlmbmewsgﬂbmmehum
dendriticum, chrocoellum hos bothrlu Drac uncul 8PP ]\I;q{g goccus spp.
(e.g., E. granulosus 'E, mulmocu r@ﬁ an 5a ﬁjgtgﬁletfgafn nterob l|f‘jgve;f5m|culgr?{s 25Fasciola spp.
(e.g., F: hepatica, F. nWagaes, ¢F. t@@gammwnﬁza;abk!;m§ qﬁdﬁ&(ﬂ@fﬁ@%@kl“@m@w%ﬁ) (Giardia

- amblia), GRathasomR SRRy N EIMUERIBENR R dim b, Wﬁ@m@hwwﬂm% Loa loa,

Metorchis spp. (M. conjunctus, M. albidus), Necator americanus, Oestroidea s e.g., botfly)
Onchocercidae WpPLO pEsthsienis Jpts ¢b dV OORATHEHHS E)e‘fléffﬁéflfé‘”@esgﬁﬁ&} G’EI 865D,

noverca), PlasrggiiiBisRhs{Snhbes %éﬁﬂmwﬁxﬁwwﬁ&e&@@mﬂa@ Rasatassielapsis

fasciomorphae, Paragonimus westermani, Schistosoma spp S. mansani, S. j%mnlcum S.
mekongi, S. haé‘ﬁ‘f&’i‘dﬁﬂﬁlﬁﬁ)thgﬁﬂ%%%@fﬁé%@%ﬁ%@?cgﬁmaﬂ&ﬁgg BCFHEPS e ittia spp. (e.g.,
T. saginata, T. mﬁum)to'lfﬂé(@ﬁara&me(letgi qu:&aﬂaa W:tﬁ&h@x&%ﬁﬁ(ﬁ@@masspprc(ﬁlgauifn gondii),
Trichobilharzia regenti, T h|n spiralis, Trichuris trichiura Tromblc idae 5s nosoma spp.,
Tunga pen traﬁgfgano%r%ucr?egen% 05?1‘& Ft“efrrgumungm ﬁ'séerﬁ’g S H' insﬁ@?\‘/%% r)ragg}ﬁ direct the
immune responaegadgainst Dmerzp)a]mmoloﬁgammsmahilsteabab@mztwtcaxmﬂatﬂevtﬁltth@s@of skill in
s (e L e AR e ot

antigens (e.g., tumor arge |gens The term tumor t ant |gen ) may 10include both
tumor-associatentanmiidanss(TAAS), an&@um&é@édﬁ@aiﬂ@eﬁ@%’:ﬁkﬂg)—m@ AWH b5 cell is the

source of the anfigen. £ J& MA%HR-AR, G5 RIPHERSF 8 LR hR Sdacs dpréymor cell in

higher amounts than is observed on normal cells or an antigen that is expressed on normal cells

during fetalSdevislBprsbrhoxt pespercs N Aieamtrsbyitat-isaniryirsyd iths SeRirnsng rRadbt

expressed on nprmahcRiee %53_@&‘@596%1@@!@@ﬁsﬁiﬁﬁttm&ﬁm&'&ﬂ{@%ﬂ&ﬁaa&(ﬁﬂfgjiﬂ&iﬁoﬁhelr
expression pattern, function, or genetic origin: cancer-t (i.e., MAGE,NY-ESO-1);
melanocyte dlffé'FEﬁﬁ'ﬁflﬁ?{’gﬁﬁﬁ%q'ngl(@egm YSR ! Wﬁﬁg?dtlg %{7 i 5‘156?‘“”&? I%1c'§\|ll£[1al Antigens
(e.g., MUM-I, p58Lo@£HﬁpﬂesmenémpneﬁsadlmIfrram;g@ass(mg’l,\dﬂE:R!-Q%meu;xpﬂax)mndeemﬁkmtlgens
(e.g., HPV, EBV). Suitable TAs ncl for.2 m 4:716-719,
1994), MART-I/N&TAN o Rﬁ?awaﬁam‘:i“é"ﬁé"uac‘j’“ %ghgéﬁplq %%%’% %ﬁl} 9 é%‘[‘?BS& T%P 1) (Wang et
al., J. Exp. 2Medﬂaysmsi®mm@sm®g¢wﬁraatsmwwmlegws ImRUIOgARFRiBoR PRthIESD. 764, 1994),
NY-ES0-1 (Wo(ﬁﬁf#%%ﬁéac%%ﬁ@@a@%@amme&am%pm&g@abyea%ﬁ%U%ﬁi gtlod)- Immunol.,
130:1467-1472,1983), MAGE family antigens (e.gl; 1,2,3,4,6,and 512 Van der Bruggen et
al., Science 254"1‘6&‘30&%1/17 1991; U.S. Patent No. 6,235,525), BAGE family antigens (Boel etal.,
ImmumtyZ 167-175, %&Qﬁk@&@ﬁatﬁmlwmm@d %&%Q;Mamldﬁmaﬁwad@meal J. Exp.
Med. 182:689-698, 1995; U.S. Patent No. 6,013,765), Efamg anti enslg & RA%E I; Gaugler et
al., Immunogen&ti¢s™ 44 shimgriq G vijueesplgisip 8 5 GG 5p)RvIVIruses inciting pr
N-acetylglusosaneinptticnsié rmseldp S Guailtes it fitst flabxpubled,., 8B 1 B1128811d1996), p15
(Robbins et al., J. Imn}un ol.

imimunity is sought), and capsid and non-structural sequences of a second, different
flavivirus, such as a yellow fever virus (e.g., YF17D; see above and also U.S. Patent No.
6,962,708; U.S. Patent No. 6,696,281; and U.S. Patent No. 6,184,024). Further, chimeric
flaviviruses of the invention, used as a source for constructing PIVs, or as

30 vaccines/vaccine vectors per se, can optionally include one or more specific attenuating



154:5944-5950, 1995), B-catenin (Robbins etal., J. Exp. Med., 183:1185-1192, 1996), MUM-1 (Gaulle
et al., Proc. Natl. Acad. Sci. U.S.A. 92:7976-7980, 1995), cyclin dependent kinase-4 (CDK4) (Wolfe!
etal., Science 269:1281-1284, 1995), p21-ras (Fossum et al., Int. J. Cancer 56:40-45, 1994), BCR-ab/
(Bocchia et al., Blood 85:2680- 52684, 1995), p53 (Theobald etal., Proc. Natl. Acad. Sci. U.S.A.
92:11993-11997, 1995), p185 HER2/neu (erb-B1; Fisk etal., J. Exp. Med., 181:2109-2117, 1995),
epidermal growth factor receptor (EGFR) (Harris etal., Breast Cancer Res. Treat, 29:1-2, 1994),
carcinoembryonic antigens (CEA) (Kwong etal., J. Natl. Cancer Inst., 85:982-990, 1995) U.S. Patent
Nos. 5,756,103; 5,274,087; 5,571,710; 6,071,716; 5,698,530; 6,045,802; EP. 10 263933; EP 346710;
and EP 784483?’83%‘??18Fﬁﬁ:aféé’é%’i%{fb'a"Hﬁﬁ't%ﬂ%d’%&iﬂ?‘(b’?@‘:‘f%&-%BEH%%?&%E " ¥&Wme etal., J.
Immunol., 151: hodé: HaGRipdOb3heBRINAR gend psaay eiltidsE Baédgbed, it BNADORIdi&DNFet al., Cancer

Surveys 13:53-80, 1992): E6.protei f an papillomavijrus (Ressi J. l.

A g s S e I g A el e
prostate spgcificH@mm.&iaﬁbmgmxw\pﬂﬁﬁmﬁ @tlféfnt.E()ia;hfw;@riﬁeeﬁrﬁﬁtllflflﬁer'lTG:iLa%‘l‘iZ 1_994);
diotypic epyopes, G ANNIES! APl PRLNRSIANINHINPES Plol SHlLieSRRICKRy Pes
(Chen etal., J. Immunol. 153:4775-4787, 1994); KSA (U.S. Patent No. 5,348,887), kinesin 2 (Dietz,
etal., Biochem. BibHigisinRedatiuh #tasv g 3y 1aiersgmigon) thasp desrivedrpr Y Biithpoptotic factor

(Toomey et al., BEmdrBiomechonet 5@1(@:):457;1753%33%9&99-@; RO LRIRLSIAI R LB RS S, Genomics
35:523-532, 1996), HIFT, NY-BR-1 (WO 01/47959), NY-BR-62, NY-BR-75, NY-BR-85, NY-BR-87, and

NY-BR-96 (Scafildff'i ."g@Fo‘fdQ’R,‘e&?l%%ﬁ%rrﬁéfﬁ%ﬁﬁﬁ%@?@f&% 1985 kimes PP ELiman Tumor
Antigens, in CaRgRhd/ARieition? @i flaneRirRAREMER pasikidimubiewyadcr Ny fantie warcreatic
cancer antigens (e.q,, SEQ.ID NOs: 1-288 of U.S. Pa No. 257,473,531). Immunogens may also be
Gerived 1ol or A TR ATAENS TESRON AR e S SE Pt TP ABBYRLEE IiBiable to one
of skill in the arthimetiv sglditienaaitk@especific immunogen sequences listed above, the invention also
includes the use of a the ; > I e or example,
at leas B0% 90%, 900 D e e S B 7 The
analogs also inthedafmbpriems bt trsignfef Ehke suasanddd Ynaas ihe atendsied xAimsis one or more
immunogenic eﬁ-ht%%sqtemgré%ﬂy%E‘Qﬁéciﬁé&ryégfnm%l‘e%)iBFIEHQSrH—WQ%@ Hexpansions of the

sequences (e.g., insertion of additional/repeat iImmunodominant/helper epitopes) by, e.g., 1, 2, 3, 4, 5,
6,7, 8, 9, 10, 18welopfCoRRMMREGHL S AERRES o BEth SHEE T I edtiEAknRa FefsPEaH hunologically
Sunimportant oy THE}f@HRGSRAMENEEN-E - @quvHbin krusnhsteratual/immuaolegienemains, or between
domains; or whole undesired gomains carhagldeleted; s@%no ificati I'jéz an be in.the anges 21-30,
31-50, 51-100, THA6H S8 ARHE BRIGs P Phe PARGRE RidS et aggt.g., L X85°-30°P00,°8Rd 50-100
amino acids. ioGoektaitsural pidignreéritorh ateoenciu dedude thpes fion yaiokdavgriintsiteg.of two or

more PIVs and/%ﬂﬁ)ve[q;pgsg,]\%%q,%%gr{g[?g H?I’@EI_. As discussed above, use of such mixtures or
w

. O . . . .
cocktails may be particularly advantage en’induction of immunity to more than one immunogen

and/or patBbgen is dedirsatrgiHpaiap bdesseramiaax A piE.if KAsEh dnTBagath¥yikelent
fIawwrgses thatcﬂ?ﬁ%@?i?ﬂﬁ%@&ltgeﬂléﬁmm&wm&@aﬂﬁﬁi\é%@ffm@j 5?&@}%05&@%%5@1&5@@ {:1!50 be
useful in the context of administration of multiple immunogens against the same target. Non-limiting
examples of P1#EBRKSREIRItRbeNE dound Rttt b et sde flratig ¥ stimeras-piy-DEN, and
P1V-YF + PIV-REMNathzdathofiioespexaspasetbanddifly sdnseifder andTEECQqRABAERCAN be
single or dual c%%gonelnt PIVs, aslde cribed Eabove. In.a d&tion i!n thg case of the Pl\t/ﬁDEN, the PIV
can include seq V(‘:’)e's of ﬂfsetx(gﬂ‘é) 3etr1§lf$¥sm‘ér%et%eé1%ee1'é% e SfP’SP‘no?ﬁ e‘é%f?ﬁ%%'ﬁ%fs‘ﬁng%f dengue
serotypes 154, antine vookialreginniielydSHING EXSPEEHiN gresEREncas:amitvix; threexyor all four of the
serotypes. Furthé;.ygi 8, %Qig (e%'ilfll?}df@fjﬂwfiIlléﬁhlﬁﬁ#\(ﬁ‘tﬂé%%ﬂe&%eg" 64TRP, !sac, 25Salp20)

i can bé bas INC e differ

vaccines described here e ed on including nt iImmunogens within a single PIV or

live attenuated fERWEY @F bHADELSEYd i on WeXaNealwf Prd fortlinvs)cashrhéEdrsaeRide one or
more of the iImrappRaENS: T hecRakials &f shedausnlion carde fammatedBsuatar €31 be mixed

just prior to administration. . . )
GGTDWMSWLLVIGMLGMTIA). The invention thus includes YF/TBE, YF/LGT,

30 WN/TBE, and WN/LGT chimeras, both PIVs and LA Vs, which include the above-noted



Use, Formulation, and Administration The invention includes the PIV vectors, PIVs, LAV vectors, and
LAVs, as well as corresponding nucleic acid molecules, pharmaceutical or vaccine compositions, and
methods of their use and preparation. The P1V vectors, PIVs, LAV vectors, and LAVs of 5the invention
can be used, for example, in vaccination methods to induce an immune response to TBE or other
flavivirus, and/or another expressed immunogen, as described herein. These methods can be
prophylactic, in which case they are carried out on subjects (e.g., human subjects or other mammalian
subjects) not having, but at risk of developing infection or disease caused by TBE or another flavivirus
and/or a pathogen from which 10the other expressed immunogen js derived. The methods can also be
therapeutic, in V5% SFRHFERS- RSB N5REE B?é&té’ﬁrﬂe’a%ﬁaa P %ﬁse%'ﬁb‘?? B§'Bne or more of the
relevant pathoganstifusahe ddbaoviyusdasanibive sthishainmbesubaehiiudly ithalisrowith gooakinagon with
one another or ottter vacqines. The Isu‘p'ggtss E:rxeaategesagﬁgrg'nsgtt%gplgar‘[éetho%qsg nggttt\g invention include
humans; as well &€ nof-ndfian mammals ‘(le.g.,Tﬁlve’s oci<, such as, cattf:e, pigs, 'horses, sheep, and
goats, and domsstititatiimalsynciudind atageraad atsplacemBatrofigiagioniod deel Pidueetths, PIVs, LAV
vectors, and LAys gL INAJRANON SRR RERAIKICE HN A9 IRIoHR LAk AR, SIARRIKR de ar
Numerous pharmaceutically’ acceptable solutions for use in vaccine preparation are well known and
can readily be Z0hsiiptisd edronsbydrepeopiessidunveitishi)etrose BRI sHMRE ArM@sioning
Remington's Phgimaggilticah3dienaanith® P itiont eddd Semaia, iQ3QsMackiubklisiiag Co.,

Easton, PA). In two specific examples, the PIV vectors, PIVs, LAV vectors, and LAVs are formulated in
Minimum Esserftid| KiaWi s £25n €4 aie AMERR o AtidiAGPEIBSS 1R HRRIZhENS BPFREHa/ Serum
albumin or MEMEz Geataiaingckel snrkiain deneieig 2skhec MitWerRaioisRIMBbAAW, Uegiors, and LAVS
can simply be djluted jn a physiologically acceptable solution, such as sterile saline or sterile buffered
saline. ThébIv 8;2?'P|VS, LAV vectors, and LAVs of the invention can be administered using
methods that are well known in the art, and appropriate amounts of the viruses and vectors to be
administered ca]gsreerﬁdilyéipees determined by those of skill in 30the art. What is determined to be an
appropriate amoUnt Of VITUS to administer can be determined by consideration of factors such as, e.g.,
the size and general he&kinofabreeseisiet Torunoseh caihes iserte et anmmixered fiFsnesirnple, in the

case of live, attepuaiafoiiaes QRS IMMRMIOR NG VVS hefumylaied.ersisliraqueous
solutions contalnlnt%@t:)etween 102 and 108, e.g., 103 to 107, infectious units (e.g., plague- 5forming

units or tissfie ctHEfAe RBEY Gud-AYHESMHrateiBEEe oI G Bf 2'9/06 XD RIPIEIVERLPHE Pministered at

similar doses argdrif-gisTilRR¢QIRES; (NVnUiRIS HevaMasmIe BisURdYdTeadguregdns®,J., focus-forming

units determined §tjag}im uno }\%izni.n?? of focil, S thlese defective ? nstructs ttend not t !form virus-like
plaques. Doses ST FAGE betE e Th2 ARG BB L) BRY A RInpe R8T ST s70.1 to 1.0 ml. Al
viruses and vectorspift¢heorientianbean fressainhnistenad!byy aforeeXaangd| € ieriraieriiad, subcutaneous,

intramuscular, IfiaReHIaNGal; ol %ﬁcﬁﬁﬂt éﬁ.',rlw?@l‘ﬁ%’itﬁ% BXMRIRY aﬁ?ﬁﬁ.ﬁ%‘% S,et'igﬁ B ggled by

intradermal or tfanscutaneous administratio by use of, for example, microneedles or microabrasion

devices. FafthepntHtEFaseine s oMASAERIS Wah 8 HoHHG«AYEHZRN 8/ HgHd dWSe or, optionally,
administration cashipulyes1 WL 068 0fsa I MAYdoReoHRWERNM B P ORTEY doSa AL Bere

administered, e.g., 2-6 months later, as determined to be appropriate by those of skill in the art.

Optionally, Ply Vageitfettiona! satioaafinseatiog sl istenst paNAdrALmMcaABretLPIRSREds known to
those skilled in thedicdlaanrg a9l INakiBioRaeha36 By lobdka K elfeveEah(Rina-Matl. Acad.

SCi'. US.A. 101:&“[%?{&5%%@’,%98@]\185. Thus, in one example, in the case of s-PIVs and the AC

25  component of d-P1Vs, immunogen-encoding sequences can be inserted in place of deleted
capsid sequences. Immunogen-encoding sequences can also, optionally, be inserted in
place of deleted prM-E sequences in the AprM-E component of d-PIVs. In another
example, the sequences are inserted in place of or combined with deleted sequences in

AC-prM-E constructs. Examples of such insertions are provided in the Examples section,

30  below.
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200ptionally, adjuvants that are known to those skilled in the art can be used in the administration of
the viruses and vectors of the invention. Adjuvants that can be used to enhance the immunogenicity of
the viruses include, for example, liposomal formulations, synthetic adjuvants, such as (e.g., QS21),
muramyl dipeptide, monophosphoryl lipid A, polyphosphazine, CpG oligonucleotides, or other
molecules that appear to work by 25activating Toll-like Receptor (TLR) molecules on the surface of
cells or on nuclear membranes within cells. Although these adjuvants are typically used to enhance
immune responses to inactivated vaccines, they can also be used with live or replication-defective
vaccines. Both agonists of TLRs or antagonists may be_useful in the case of live or
replication-defective vadRifE<ashe PakusdnsarigrRi-e R drictarsgiednis Hept&as 55 B4hagonists. In
the case of a vikushdelive(ed.vian BUcess aadiininvexanipkei ttaty dunilitasaNadiul/ant such as the
heat-labile toxiq of E.. %f?l‘%%)’ or mutant deriv;%\ttions of LT can.be]u ed as @%U\éa%r?lts. anﬁddition,
genes encodingeg?tlgkl eSAATIFVE @&'ﬁ@ﬁﬂtlac‘fﬁ/ﬁ?ggegg%%él?qn%cgr E5nto the Vadtine Candidates.
Thus, genes enistling gsebiréovdgtokindsesoitihat Bve®SRhH s@udnddepiade3, the-BCatelstzmih be
inserted togethe W#H?o%[?ﬂet'ﬁgf‘ g A %’r}(%%ﬂ?éﬁQHREB%S}Caggﬁc}’??&‘f%”e‘?emé%%éiHtﬁrlgvﬁr‘fﬁa”Ced
immune responses, or to modulate’immunity directed more specitically towards cellular, humoral, or
mucosa' resporiBe&gls (¢ erevieahpe st pinversotentakivieriprnrsde pevrageisites) sShfhs and O'Hagan
Eds., 2006, ElsgyighAcadamiadrenspiypaierdamnBRr e &iChdPiRRg Y. Repalch containing a layer

of an appropriate toxin-derived adjuvant, can be 10applied over the injection site. Toxin promotes local
inflammation attracting K hPREEHELRISERASHHUFPE T SRNTENALE Histhorrs FeadBaEMExamples

Additional detaijeRENGEEN TG bR aNE ARV RIEr REQUishesk indRepmsamples hralawr ABdeohe Examples,
experiments are described in which PIVs based on V}U¥r JE,§md YF viruFées (ﬁee e
Sty P

.g., WO
2007/098287 afi M IBE e BRIFITES S TRERIP NG PIOSUrL SR8 RS ASTuey ¢ & th& %@gi\é,l%#ucts are
significantly motenditaefitated tiwarde tisiiverookiingwap g sisg sppapésesipnatialzaro mortality at all

tested doses) as compared,to. available LAV. control 17D, YF/J V. and YE/MUN LAV). We
demonstrate SRt SO (R PRI S p e bl e ple bR o] S et
two-componentcPividatarinos instlisigdaamagsneidlie dofasimirteindpraadicnassriaedyeenieiot cause clinical
signs. Secondly. W Rerormas GamRaLsees AijOsMPHRGRIN AR Slficaonal ladilygsand the

LAVs, and demonstrated that P1V vaccines can induce immune response comparable to LAVs and be
equally effidaciGls (e (oas BB LE RSP IV TR R AME 2B ENVGIS- L IRDSIRSAIP PACERTESS In one pair
examined, YF IfBidiA\nteas S kigant vreasgigenapegemnicooambey ndmblésapearuation of VLPs
can vary between different, simila}tglglpcziesi%ned PIV ¢ n§|té s. Specifically, we propose that P1V-YF

does not gener&IR'E /Y45 RE0R E’%@Mﬁ%‘r RN VLPs), and that increased
production of VLPs can lheractibvad thy gervetit:soobkticaiiors fats tther@lordy/h80ftinaticam ienguiyoptimal

PIV constructs. gpgcifigally. th anC’J,’%{'ﬁiﬁﬁ%‘%&é%t%FlJE}'R%E%”EeJB‘F‘?ﬁR?Jb,‘Brtp%él%%"é{{% Jglyprotein
orchestratlng the formation O? viral ernivelope an synt esIs onwa protelns Yams?hc ov and
Compans, ¥iroletphargeayensesslisggdainbeheng Riteminidfalyraanss9ean; S9slagtocks and

Lobigs, J. Virol ofg:@létls 21420 1R9RkDVE RIARGSB AL sepratinnok by Ingiviinfgsied cells (in

contrast to 5production of viral particles in whole viruses) can be increased by uncoupling of the viral
protease and sicffamsecieabigayrat e NS oBRs e@f’%%ﬁﬁ?f’gcﬂb?ér‘b‘iﬁg%@@nal peptide (tPA,

etc.) in place ofdlaevaignaldoepsidssed Py fganegis Wi porigaaido it d hawaticieneyaf signalase
cleavage at the C/prM junction of flayiviruses is low (Stocks and Lahigs, J. Virol. 72:2141-2149, 1998),
SIS e SRpdel e |

e.g., as predicté’ é’ﬂ};\ﬁD"?ﬁS’r q?’rﬁ’éoﬁ?b'ﬁir%n EARTS 53?8(‘35: ed thaf ér’ﬁ%ﬁ‘e’%’ff%f’éhotn {é/avage

efficiency can bgraethiefée pglyprotein chain can be terminated by using a termination codon, e.g.,
following a foreign gene insert, and synthesis of the remaining proteins in the constructs
can be re-initiated by inco-rporation of an IRES element, e.g., the encephalomyocarditis
virus (EMCV) IRES commonly used in the field of RNA virus vectors. Viable
recombinants can be recovered from heiper celis (or reguiar cells for d-PIV versions).

30  Optionally, backbone PIV sequences can be rearranged, e.g., if the latter results in more
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analysis of specific amino acid substitutions near the cleavage site with SignalP 3.0 (e.qg., as described
in application WO 2008/100464), followed by incorporation of chosen mutation(s) into PIV genomes,
recovery of PIV progeny and measuring VLP secretion. Non-flavivirus signals are inserted by methods
standard in the art. Uncoupling between 15the viral protease and signalase cleavages can be
achieved by ablating the viral cleavage site by any non-conservative mutation (e.g., RRS in YF17D C
to RRA or GRS or RSS, etc.), or deletion of the entire site or some of its 3 residues. If necessary,
formation of free N-terminus of the signal of foreign protein can be achieved by using such elements
as autoprotease, or termination codon followed by an IRES. Alternatively, the native AUG 20initiation

codon of C canWEckptAeIi ¥oAtH RiEiaRBere & PiEiehriequisne cramsRaEddnPeEl., AC PIV) and
AUG placed in tignteafidoramnigena LGntmization phyeaiarsignalean Be pegasrabepesandom

mutagenesis, e.g., by, insertion of synthetic randomize ence.f y, jdentification of viable
PIV variants Wiﬁ&'ﬂ%}/@%\g@&r C??%@&t%ﬁf BEFh ‘O?dyg%%e%ﬁ%ﬁ%?%&%@?gcts were
substantially mdrerstveativage piMrEnarasfethaybaeachn v spgried by Rié flvigirte vascdampared to the
subcutaneojus route. We concluded that this was most IiKglé/.due to better targeting of antigen

. candgidates an XPression yectors, accoraing to Mveniion. . .
presenting cells'in lymphoid tissues, which are abundant in the a domen, but not abundant in tissues
underlying the skin. Basditiomtidstel obmwryatigesfforent orettida ditbrotheffeickr vaedeétithy of 30PIVs to
dendritic cells, ahungantio J06AKIN: £ RE 0B BYADIN EURBSQIE NRTUENQD 2608/ 0¥i8 #KIN

microabrasion or intradermal injection using microneedles (Dean et al., Hum Vaccin. 1:106°111, 2005).

Further, we hav¥ @29184180¢ e p¥ M3aARs! {o SHows arserbalasany FspHERIRALtBARAIREIRSST®H cocktails,
of different PIVsyigMghiaeibepdgstinadniiar @it einciiie fakbl fRandutanidhiiboerdertg.administer

cocktails, it is important to verify that there is no interference between co-administered components,
and that a Balaft8 e R Fdeiuitddnioing sose R e fAT BIRMNI%APSL (DS P TERIE N unize
rodents and imaine seshaRtasmWEIL200MPAaretZia i\ sanstuctsadininistgracadivigihaliyis No
interference was. observed in mjxtures, and tail, P]V vagcei sible..S ormulations
Lomay b ot e e R T RS R R e BT o
This could be atsorespeddioslovilitmddtsusly chivinistertbe erval iPly dsasett sraucinleznedypitisthat

non-flavivirus paages. gﬁé@{%l[ﬁé{‘é%f?é‘é( e ASHPNRHGtRA iDahNQ AeHiRIZ g 301ARMY response is

induced against packaging envelope after at least twd doses of NV (and thus antibodies are 15elicited

against VLBs segfsteaaidhitinfoessd Eaiaiseriie witsod dppsHat stan \aaiy the papwieapAViE)

component of aydePVaksi8s 48ifdOindiRackRGe™ANGvithealiver M leamineeulializing antibodies to
heterologous packaging envelopes ée.g., to the WN envelopgﬁused to package PIV-JE in helper cells

providing WN-sPeRERESHSE bt AN ASRY2YHB ke BB SEAMRIGNG Suppbsegilitial use of
different PIV 20aadsinesiheadistacionred ddidamhersdkdielparpackaginenddiid lisiegandhedguential use of

different recombinant Ply-vectored vaccines in the same.indi | g,%s‘ ve..ln addition; -
we confirmed p?g'\:/?oaﬁsfro LSvAtions that BIV CoRgtruc s%%ﬂb\ggﬁggﬁy pro%bla%ga ggﬂt%%h%rﬁ%/ields in
vitro, and tiat nosestionsisanchomads i tirgmiveleddmisosodsdafieseproidnsidcHsasiryindghi; substrate

cells (Mason et;gly MUplagy, 32ditiRe} RoaliGnmnoualoy &l 90%-&6&9bs%li%%fiﬁéﬁ,%iom)-

These and other aspects of the invention are further described in the Examples, below. 30 Example I.

[ C P
Pseudoinfectiod$&id8-grbtfant théveidhmentiice Ris hatedrleivng (6-sudrlntgnheliseZnéutovirulence

(NV) model ¢ 7, or 8 amino acids) beginning at the indicated amino acids (or within 1-5 positions
thereof, in either direction).
25 In addition 1o the envelope protein, insertions can be made into other virus
proteins including, for example, the membrane/pre-membrane protein and NS1 (see, e.g.,
WO 2008/036146). For example, insertions can be made into a sequence preceding the
capsid/pre-membrane cleavage site (at, e.g., -4, -2, or —1) or within the first 50 amino
acids of the pre-membrane protein (e.g., at position 26), and/or between amino acids 236

30 and 237 of NSI (or in regions surrounding the indicated sequences, as described above).
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Materials used in the studies described below are described in Table 1 and the 5references cited
therein. These include s-PIV-WN (based on wt WN virus strain NY99 sequences), s-PtV-JE,
s-PIV-WN/JE (based on wt WN virus backbone and prM-E genes from wt JE virus Nakayama strain),
s-PIV-YF/WN (YF 17D backbone and prM-E genes from WN virus), and s-PIV-YF (based on YF 17D
sequences). Additional materials include d-PIV-YF (YF d-PIV, grown in regular BI-IK cells (Shustov et
al., J. Virol. t021:11737-11748, 2007), and two-component d-PIV-WN (grown in regular Vero cells;
Suzuki et al., J. Virol. 82:6942-6951,2008). Attenuation of these PIV prototypes was compared to
LAVs YF I7D, a chimeric YF/JE virus, and a chimeric YF/WN virus in suckling mouse NV test (IC
inoculation) usir HighRXEDBKSPHISFELLABHRE fegReHitEeame L imEti CXAFIREs3h HISRIEAPIfdW fever
15capsid and N@RHREKRBLFRSCHURAGES) prieils HMN AR 9SaBnaass 3 NraRftke agimals that
received PIV constructs showed clinical signs or died, while mortality was observed in animals

inoculated with AR APPSR 99) TIR93er apPi I 'RISTRTUR IS S PR BSH SSGRESRARR the
chimeric vaccinbs fasednotingidrovigrieinhi S a@dull priesn bithearcar s¢tdase deprndént mortality in
more sensitive suckli ice (Guirakhqo et al., 20Vir 257:363-372, 1999; Arroyo.et al., J. Virol.
124971350 EI L R R o A A e B P8 R ER e Jow 28 1
PFU of YF 17D ajie‘ubrMEhaEsaq}utﬁcE/mhﬁs\fescaurééUVpamaﬂﬁicmt_aiitylmrriuwhdnighexamses (>2 logio
PFU and 3 '09'%F{ané?gé%ﬁﬂ%%l}%n‘{‘m 3 d%}é&?@&%s?%lm"ﬁbﬂﬁﬂ%@ﬁ@s@ (%Mﬁ'%&at died, as

expected. Thus, Ply consStructs are completely avirulent in this sensitive 25model (at least 20,000-
200,000 times |1&58-néhifo\Hrclienyegsaiche dodiesiasened Impaspgirestrictionsieviprgdapedaand WN d-P1V

caused no mortaliry 95 gHMasLaigns. (WS dhe igagegmponent PIV variants that theoretically could
spread within brain tissue from cells co-infected by both of their components did not cause disease.

Moreover, fe tried to SORMBEEF I BsPIPEarFTNE Bnhsdiseaefinsharamines 1 WMSkperiment,
sacrificed on daytdaeRldROEHRIOREY, HatpnREsddelerieshnanediiin issurssfam;10 and 11 mice
that received 4 IF%%%%Q/EFU Of%}': d-PIV agd WN d-PLV, re pecti\é{eg, were hom@enized and used for
titration). Thus, VB RO ABP K FUE 35 HSERTY IR A& For CASIAEERB Withle virus. YFIJE LAV
has been showiGosrepicsxe im the Exampdf eitiukti € Reonieceinpioyiate dobytheple, yollver idtlera peak titer
of 6 login PFU/g on day 6, albeit without 5 clinical signs (Guirakhoo et.al,, Virglogy 257:363-372,
1909) Cornfeck B SRS C b UNEEL B ot P R N e e ecion
with whole l@irqgﬂgh@mjﬁén%é\_ﬂ iﬁﬁﬂﬁ‘am\?tﬁépﬁghﬁmﬂh_e\wgt% qmcmwbi@agcm (Lﬁrﬁie? b’(ﬁ"ltrpl by innate
immune responzesand adanily s HERANSES: A0S TR inRRNfgeRiGtyefficacy in mice and

hamsters Immunogenicity/efficac;/‘fo’j the P11V prototypes described above was compared to that of
chimeric LAV cAOhtBeRsanaoden AR e40t Byrian hamsters. The general experiment design

is illustrated in Fig. 3 (&gl R havmentizadionkriomerineaisindepaiens marepesgmned similarly
(plus-minus a few days, SC or JP inoculati ith 15 doses jndicat low). 3.5-week old ICR mice
or o PV SRR AR Y PRI o6 B N AR 0 P hg v
LAV groupg) werne muvidedzzdol? inlgagnabbeﬁ ddbsesfomtocpnstidatsr(£GiagtCeRtidappialr chimeric
LAV and YF 17%&%\'4 ﬁg@ttrg}sogﬁelro |8, & Eyﬂh n%%%%%ﬁés’%%;ﬁ%% %}giﬁYF groups were boosted on

day 21 with 5 logi of corresponding construc b eutralizing antibody responses
were determined in animal sera by standard PRNT50 against YF/WN or BE LAVS, or YF 17D viruses.
PIV-WN induceqn\{glrl){#@ WNspecific neutralizing antibody responses in all groups, with or without
boost, as evidence F\%PRNTSO titers determined in EIOOlS of sera from immunized animals on days 20

and 34, which was coflpErEieMe bR e basetl e PANESR SeAsED AL RHEN % Rimals 25

immunizedwithdagHrRINEMVNBRAXEWNTERY Ywetesmmolesreg Hiomi lathal chiallengecepeday 35 with wt
WN virus (IP, 27 LDSOA, but ngt m ck-immunitze lanin}als.éTible 3). When WN nehutraliiin

antibodies were?RIS&TeeF RS Ia PEATYSEROR (L BHEE AR LIS r AR, S TO&S0 (%8s was
observed (Fig. 4)ral Hasiesialg lermuoh®Pdrsaccipmbogansheasdmmndndgeyicchnd effrcasogussas
corresponding %@Scﬁé%@ﬁ%@?@%%mglg%am examples, it may be advantageous to target several

pathogens occupying the same ecological niche, in a particular geographical region.

30  Specific, non-limiting exampies of such immunogens are provided as follows.
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30immunogenic (black mice), while immunogenicity of P1V-YF was significantly lower compared to
the YF 17D control (ICR mice). Yet, dose-dependent protection of PIV-YF immunized animals (but not
mock-immunized animals) was observed following a severe lethal IC challenge with wt YF strain Asibi
virus (500 LD50) (Table 3), which is in agreement with the knowledge that neutralizing antibody titers
as low 1:10 are protective 5against flavivirus infections. The YF 17D control virus was highly
immunogenic (e.g., PRNT50 titer 1:1,280 on day 34), and thus it is able to infect cells and replicate
efficiently in vivo, and its envelope is a strong immunogen. Therefore, it is unlikely that low
immunogenicity of PIV-YF was due to its inability to infect cells or replicate efficiently in infected cells
in vivo. We 10 believe tﬁéﬂﬁé’ﬂﬁ\mimﬁﬂﬁeﬁ%ﬁ?@f'ﬁm‘wﬁ RS MUARYRFE PROPNFSATR) was most
likely due to a lowrhe\iidasedration:of NisteRaeibie, PLPsonkd éhtiohgoiien aeib/gvhiladitigd secretion is

high in PIV-WN infected cells). As discyssed aboye, we propose that i nogenicity of P1V-YF can
_be significantly ﬁ%&éi&%‘f&?ﬁ%ﬁp‘ﬁgﬁﬁ& MG ‘él't‘i%ﬁss %{r}ﬂg%}%ﬁﬁ%ﬁ 1618 5 #by uncoupling
the two proteas¥ RiEAZayEAhE; WHOTEE, AGHIT RE) ctid WMiflalGiroted s e stmat ssgrialiesd Bleasages),
and/or by using.a strong.heterglogous signal [e.q.. rabies. virus G praotein si 9 aJyotic tissue
plasminoge% aéﬂ\?zﬁ%?? IEFA lgfgtﬁ%a%s(%f:aﬂﬁ'gp aél?‘%ﬁé%%ﬁy ﬁ%ﬂ?g%%%ntgzﬁ%}%k1%%%%2000) etc.] in
place of the YF ditjwerl fotgstivie imeimikpeexpbrimentsoliys grabeilerrin dissidek oengyrian hamsters,

to 20compare ITyRUARAERIGILALEALEABRYUEIRd b ARAL Ol IR dbibMaRRL Amalaere
immunized SC with graded doses of thé test articles (Table f})§§ IV-WN was highly immunogenic, e.g.,

WN-specific PRUBEGRHdtburedefss iprdvananeise Perares 1-BEmnd byme divg2esbal §rups that

received 5, 6, apgkf: ENRLH TREPPI ML IRIEE LhrlesappliesRestivdyas (Bis Wwas sRRawhat fower
compared to YF/WN LAV 4 |logo PEU control 23}? 1:2560). PIV-JE and -YF induced ectable
specific nelfrali}RY sy NP ohASEOSB& IR TONRE Freds REMB AP I VBT | d YF 17D
controls. All animafsmrrdnizaedwitpRANnMsnapeh YA\ Mueseostiidiypratebtadddomiethal challenge
with wt WN virus as evidence .the ahsencg of mqrtali idity,(e.q., loss of b weight
after challenge)fnggnvt\;cé 3s %%gﬁé’es %'}é%%?@r?ﬁggﬁ ?gc?égﬁgiiﬂ% %%’?J%%% 'gﬁéﬁ%edmﬂﬁ%% viremia.
Mock-immunizes&himelionimreunoggroiact@sh T abldeln g JE eddcaninpeatdctetdimmtmgls from
respective challgngs, 0. dosrASRERARRE ‘aRIAR- RIARCH Y SHSAGIOHIR SxpRRR Y is additionally

illustrated in Fig. 5. For example, high post-challenge YF virus (hamster adapted Asibi strain) viremia
was observéd insrieliRihaniualzelsapioas Nobiakid goregdptmnrshite et afTe G TOMPORRTC Mpper left

panefl); all |50f tdhff aagiaalﬁbs@&t w%'tﬁml %ﬂi&ﬂ&ﬁﬁt%éﬁﬁ%ﬁ%ﬂﬁﬁﬂﬁ?ﬁ@fﬂgﬁ%dﬁn&@@Ig%&ho\féremila \I/vas
significantly reduced or absent in hamsters immunized with PIV-YFE (two s;. despite relatively low
neutralizing tite/&EHo¢E W e6 2 e t%ré’ge%ln%ﬁ?ﬁr%?v%ﬁgﬁt. @lh’l?ﬁ%ﬁ%ﬁ%h&%i tiized with |
P1V-WN or YF/¥ambR\FIKresignificantlyeatreongefiely Txollegtiechi B Af post-challenge WN virus
viremia and bo ' s/mortality, in cantrast to mock controls (compare inbpttom panels).
T, nigh Immeng T 61 R e PaBIE, B B e
hamster experiméeli TRV inmEbizdpatiir roresperdiegsespenec| i FdhRGHIA Avo doses.

Table 5 compares neutrﬂg@gdmg&qﬂ%%gpg%qgl{é\pgcific for each vaccine) determined in pooled
sera of hamsters in the above-described 1_5exlperiment (SC inoculation) tq those after IP immunization,

for PIV-WN, - Y E/MN, = MRIIE it - atfes e T8t HOS8 (diys 2621 and'S&LsTd dose (days
34-38). A clear effect okthedmmuskizatianaroutevwas bbiséied sothy afterthe Kestoant-2"d doses. For
instance, {87 PIVYIIGAET L dose. SCImmunzation esylied inWisspecie SRNISO tier of 1:40,

while IP inoculajigsekeswted in much higher titer 1:320 (and after the 2nd 20dose, titers were similar).
A more pronounced effétt ieasvobskrvetkfeesiver colisitras dferdortheé WSEarRFR d doses.

Interestinghy, PIVWW%@&@@@%@QWQMQ@NE rqute (titer 1:320 after 1st IP dose vs.

1:20 by SC, and 1. after 2116 dose vs. 1:160 by.SC). Similarly, immynogenicity of PIV-JE was

Sioniicantly nor s (250 RS e ap Be TeBb A b SRR e ety

lymphoid cells, 25spatificadipraseigargniéseniingrudiy (vgiobnts eaminadusloondanriaread abdomen as
domains | (amino acids 34-41}, 2 (amino acids 65-75), 3 (amino acids 190-220), and 4

(amino acids 250-270) (Jiang et al., Clin. Diag. Lab. Immun. 1(4):406-412, 1994).
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opposed to tissues under the skin), is an important consideration for use of P1V vaccines. In humans,
efficient targeting of dendritic cells of the skin, increasing the magnitude of immune response, can be
achieved by intradermal delivery, which we thus propose for a route for NV immunization of humans.

- 30In the above-described experiments, we also determined whether a neutralizing antibody response
was induced against packaging envelopes (as opposed to response to VLPs encoded by PIV
constructs and secreted by infected cells). No WN-specific neutralizing antibodies were detected by
PRNT50 in animals immunized with 5 logic FFU of the second component of VVN d-PIV, containing
the AC-prM-E deletion and thus not 5 encoding.VLPs, but packa e%i to tsﬁe WN enveloge in
BHK-CprM E(WKB%ETB%?@&@?MW?EW&W ﬁ%%ﬁéh&"%{gfi\? é{%go fotift TH8ETE From animals
immunized with(4Hag iadhidb)sefibe:seanntbas thponaticohdiidel i vhpackaged istedraiemegiope. No
YFspecific neutiaizing sesponse wasinducer fuup, dRes RLELYCYEAN eastaded Ao Y

envelope, and Sz y, N0 -Specific réesponse was induced by two doses of Ply- 10 JE packaged

into WN envelopé-/His/Bibsaide NS GEMASITIV (ARSI MEDE SIS BS ey iRReérielob S pélvhits
manufacturing Qiffaiag #&’M@f!@%@z&bﬁﬁ&ﬁi@&@@%@%@%@ﬂﬁ@h@.ﬁne, or immunization
e

of one indiwdueﬂJ with d.f rent recombinant vaccines based on the same vector, accordinr%}to the
present invention. Is NVitasditisinsto B. proedasErpipeuneisifotitisiige psproitamyciesdbi Rbut limited)
round(s) of repli@ééi%dwtb@,% eRgideiad hat nyxkiesoh differentRivvcsinemean be
administered without interference between individual constructs in the mixture (cocktail): To elucidate

whether PIV vasesRts s T BE teureifsertAF S oy ehn AT ber BB RS &8 RSmice and
hamsters to sevgatRbY BERSIUEE BivedoakMiKimenyasenCOBIDaIRE icetbentafing Gensitudis given
individually. Similgr resu}}ts were obtai[bed in go h anigalimodelts. R Slil|tS Ol]; mouse ex eriments are
shown in Tdble BT AL B RRRIEIiSRG' SHEDS )?atﬁ\'éar Were obseive itﬁspoos of sera from
animals that wevecgiveacdne devéivproosesakditgar Bnit\ivyéntioP (RravgNchitttgtelori®¢t JE alone (1:20
vs. 251:80 and 1:640 vs, 1. f 0 €$, 1€ el . Simi - ific titers
against PIV-JE é‘%éf\%ﬂ?&%%((‘)tﬂgﬂ? gl{jj%\? Y eore o g%wﬂﬁagix()iegéz%@wf 4'1% %%3%:5’120 vs.
1:5,120 for one ameicgsetbisesP T¥sPaEtivRMewo eriliifel Bloswsplseibie sdepehdetrus intiticBeEdy either
PIV-JE or -WN.;The esultwas alseeanniiriad byrieasming WREAQ tisrs:insera tamddividual

animals. Thus, it is clear tﬁﬁﬁglv 30vaccines can be efficiently administered as cocktails, inducing
immunity aaingt&wts BroWo o makimedisans dgd raothendavior sissrse it BieE NS N3US cocktails
- can be made betyaeribrbiRsyirs By e cies: evdiehaepncanydbigvivirus and nonflavivirus Ply
vaccines 5 In vitro studies, . /Different PIV pr%ogygeslvg?re seriFrI'Iy (Pzilsefa egsu estccgi%g t{'rr}nes in helper
BHK cells, for s/ BRASE M I gURF VRIS ARSI LA EE) Saple S Rarve e arier LR passage were
titrated in Vero €gfisdaycimimiaastaibinif 7CaR8H L2406 3 resbudaigh. tRerso ateRd) @ oriBr¥ation restoring
whole virus wa eryed. For instan - j [ it JogioFEL/m1 in
Bk CorME R e e TR e R e protens),
and WN d-R1V disaseanitéick dnoungerys Yognibe pupasseireabise lRuliieiitiscsimbination. Example
2. NV-TEE 15P\7]iREaGGIRG A2RAIdRIGE ARG lad haseskaniirely pRSRHeRGESrom wt
TEE virus or the closely serologically related Langat (LGT) virus (naturally attenuated virus, e.g., wt
strain TP-21 or F@éﬂﬁm%ﬂy attenuated variant, strain E5), or based on chimeric sequences
containing the backbone (capsid and non-structural sequences) from YF 17D or other flaviviruses,

such as WN viru%; iq)d EQ%E%E envelope protein genes 20 from TEE, LGT, or other serologically
related flaviviru serocomplex. YF/TBE LAV candidates are constructed based on the

backbone ftom Y2 IAH3kd S t (EFFTABESES strain of LGT),
similar to other éﬁ@gﬁg‘@%vs@g@%%é%ﬁﬁﬁg%ﬁ%ﬁ%Eﬁaﬁ)%@\éﬁggifgﬁ/%%cme prototypes

was performed 25by cloning of appropriate genetic elements into plasmids for PIV-WN (Mason et al.,
Virology 3531:43%43\,@@@&@uzuki et al., J. Virol. 82:6942-6951, 2008), or plasmids for chimeric
LAVS (e.9.; PBSA-AR L2 Single-nlasmic vegsion o ifestiaus GRanexef i/ HeAAMSA0 2008/036146),
respectively, usaigstandardi nretveaswi et Bt N Tr RIS etitearFe pyrvvEMsegeshces of TEE

virus strain HypPTERHBak RSB MAMDEE36 U8 E2) Bia TTEF Sirdih ESF [EENBAHK Htcession
number AF253420) were first computer
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codon-optimized to conform to the preferential codon usage in the human genome, and to eliminate
nucleotide sequence repeats longer than 8 nt to ensure high genetic stability of inserts (if determined
to be necessary, further shortening of nt sequence repeats can be performed). The genes were
chemically synthesized and cloned into plasmids for PIV- 5 WN and YF/JE LAV, in place of
corresponding prM-E genes. Resulting plasmids were in vitro transcribed and appropriate cells (Vero
for chimeric viruses, and helper BHK cells for PIV) were transfected with RNA transcripts to generate
virus/Ply samples. YF/TBE LAV constructs 10In YF/TBE constructs containing either the TBE Hypr
(plasmids p42, p45, and p59) or LGT ES (plasmid P43) prM-E genes, two different types of the C/prM
junction were fi%@@@& in Fig. 6; C/prM junctions only are shown in Sequence Appendix 1,
and complete SMBGW%LE%%@%@%%WWW@EMéWﬁM @ $yRgion are shown
r

in Sequence AJSEHd 2 HEHI¥EoE frd ZRlen-stimer s coRRIngd:a FyDrid YFL7D/Hypr
signal peptigle for the prM protein, while the p45-derived YF17D/Hypr chimera contained a hybrid YF |
7D/WN signal peptide for prM (Sequence Apﬁﬁndix 1). The former chimeric vjruﬁ? praduced very high

titers at both PCIMiFHRBideH)earsramereibRE Ariated e Arddpases @ verd e RIB to 7.9 logo

PFU/mI, which wesedh5 logio times higher, compared to the latter virus; in 20 addition it formed
significantly larger plagues in Vero cells (Fig..6). S TBEspecific residues in the signal
peptide for prM conferﬂ'& 'gvs%tﬁ?ﬁcfﬁﬁb %rr W%H% ggr%ltaahgé(jaing%{rv céorsel%r\fg cc"&%Stgﬁ%'Hat %‘f\?fsnﬁ)é%ific
residues. The pA3vdénived:viegdirDih Bl iogimaect ikt shiri @qoidv, sigritsh apritecipimeringsl virus; it
also produged very high titers.at P i RASP Jo 81 loao PEW/MD andfarmed large
plaques. A%deeri\%ﬁ{\?g{% %ﬂeﬁ 52%%%%5 grggggﬁllrus_v?agsgfgs%?prgdéggﬁ %to#né?ajlasmid P59, which contained
a strong attenuaittgsenétiorehisd beeseaspréiivnshplpghddemnantgs . YRIESNIEAWatEne virus,
specifically, a 31g.a.delGHQR VbR LAR-SREIHG Gk RERISINARRR: fesiAbES 4842 Ky the beginning of
ct-Helix 1; WO 2006/116182). As expected, the p59 virus grew to lower titers (5.6 and 6.5 logic
PFU/mI at PO dHENPAs& apRtaivet) duplratiomuer einesiFab prAfiloned-a8aiAm adiord ©agarite titration
experiment andgi1H§ee84 SHexpreRibiG PhntowRacELia, Hoe parslt pAidpstiedkfingm aldese initial
observations of growth pr%perties of YF/TBE LAV ﬁologpes and corr&la} ion of replication in vitro with
plague motphol BB HERIEBESH SHMMER ETH B ﬁ'%_?v‘glg&??@ﬁ?ﬁg’ﬁ & éﬁﬁ%"Sf‘ /TBE
constructs RHHWYINARR ka el tee wieraribe hetuic the desighpadkagiedifllypsapaplesoVBIE derived from
plasmids p39 and p40.(Fig. 7, Sequence Appendix 1.fo j i0 uence
opendin 3 for ol B B b e e
Hypr or WN privitpssils péspeetivishs Gothteng filinkengisBSceE stgngitarotaseeef &hid propagated in
BHK-CprME (W) o6 B G M Relnas aalss (Masenaiabo 5RIAoNE A5 ¥ 32: 3 (208G Widman et
al., Vaccine 26:2762-2771, 2008). The PO and Pl sample titers of the p39 variant were 0.2- 1.0 logio
times, high#r théanWQ/ariant. In addition, Vero cells infected with p39 variant were stained brighter in
immunofluorescence asspyuGHGERAlKCIpE Bk IRBIspBabio, artivogyscopasethto 15p40, indicative of
more efficient replication (Fig 7‘3' The I%ilg/hef.rate ftre licatio of.therﬁ39 candid e.tlhatn p40
candidate was CONHRIES A u§ 8\/%?% ee'%f)lé?‘ia‘rﬁé‘r’l ( |g9 ? THEhE TaEr 63?6 ?fmé‘?‘ﬁ,%oth
candidates appéanedidicegsongbett@pin phaddtitda v bhlive peteds])steompansdtoBHake- CorME(WN),
with the p39 varjant.r Ring tit lggia REYMLAR dAYL & habpeak fitels Ny not been
reached). The |§I§(FJD\!/§%/C o@&ae %@gﬁé’c%%; p%I\E/I s%n%l on reopﬁc_a ioﬁ rates of both PI)?1 and chimeric
LAV vaccié capéiaaiassoniiy tied i wahbotk eosipalasop olemfdrneigenasrsiyiabite the most

efficiently replicating Rk R¥RUNQGRNIGHSSEARIY ) FonRttichrate Asicingisipextgagwre of our
approach. As discussed above, the invention also includes the use of other flavivirus signals, including

with appropriaté%téﬂﬂﬁé?’tﬁgm%gpﬁ?@%é@ﬁéfjﬁ’r‘fﬂg%esﬂgﬁﬁﬁ g AAIE STRYISHESH the ClprM
junction, e.g., bydnsindingiakdelttingdhe vitalREciehsd clpavag i sircat therGHRINIFUD dtkidgpreceding
the prM signal, the use af strong nan-flaviyjrus sjanals (e.g., tPA signal, etc.) in place of prlVI signal, as
well as optimiza %ﬁr%gia&zoe“ﬁ%%nstad%‘%%t eéﬁ%@%é:n%?ieé%'?gr%glﬁgécc ga@gd(gzscffégmguces g)rbther
PIV-TBE vasiants:irase despire yeon, weiTBEz{kypr dodies) pnadlér@iantty s 80 §TRE expitdsgdoe strain or

attenuated ES SE)I;' {Q)n,%lﬁg n‘El? IEEEIH& e %‘%&?&4‘9&9&/ Rt ';:xathogen. In other examples of the

invention, dual immunity is obtained by having immunity induced both to vector and
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(TBE or LOT) sequences are also included in the invention. Helper cells providing appropriate C,
C-prM-E, etc., proteins (e.g., TBE-specific) for trans-complementation can be constructed by means of
stable DNA transfection or through the use of an appropriate vector, e.g., an alphavirus replicon, such
as based on VEE strain TC-83, with antibiotic 5selection of replicon-containing cells. Vero and BHK21
cells can be used in practice of the invention. The former are an approved substrate for human
vaccine manufacture; any other cell line acceptable for human and/or veterinary vaccine
manufacturing can be also used. In addition to s-Ply constructs, d-PIV constructs can also be

assembled. To additionally ascertain saf or vaccinees and.the environment ropriate
modifications 1@%%085'%%]@@%&%% 0 ??pes'ar ST T HRRL Y ﬂﬂpwl%{ e

i858 & P aEGEh ErSte CodBhs An comp e?néntary
mutations in thesfd Hhad@idSRieiments;domponimizechancBEVofesicombBiratio nppatuhéptetically could
result in viable virus. Following gonstructi all vacci ndidates v, in vitro for
manufacturabilittgf/r}%%a ﬁh‘f{z?},:{‘r?g"ﬁﬁ’/}t’/‘é‘?o?%@f’ eﬁ%ﬁﬁ“&%ﬁ%ﬁ%%&gﬁ%@%ﬁﬁ&%ﬁg\tﬁg& available
pre-clinical anirivainwsders, fsomtves ditesentisent flaviGees ratorreniaiy tvaneyneenets 6f TBE and YF
vaccines. l\geurgmby'ence and neuroinvasiveness in mice ofRIV-TBE and YF/TBE LAV constructs
Young adult ICR mice 3.5 week-old), were inoculated with graded doses of PIV-TBE and YF/TBE LAV
candidates by the IC fd@dstdomiabaRSehiRivitife Riey POt hidnb dseae e RgiNdinvasiveness

(and later immupegeRisih elfisack)safivipRIEabieasivpds fapie; iRk alitb¥nkiyec(mad and p40)
variants by both routes survived and showed no signs of sickness, similar,to mock-inoculated animals

(Table 7), and #HYPRABE AL IANRARSOS FN SRR TR I NRCE SREIGSFTeSRith YF 1 7D control
(1 -3 logio PFUjnshaiivedfeosexsiepe idrish faeitalitypwhilad B animalsgeracutatedd Rxtbrplginoa2 SPFU)

B A O T A G R 1
(moribund anindR; WareriNugehyseoftrehired)ATrsler vhe it rapMagers e lofoemeRiated than YF
17D, e 9. a5 ewdngep iy saricis RETAIDGARS ShoCsE AR, s 2 ladipLigose, the owes

dose tested for YF/TBE CAV candidates. 30 The non-neurovirulent phenotype of P1V-TBE, virulent
phenotype of YR TBE Ry imgmantefiEdramalirie veed phe Addiiirn oragmante b aldo BfStrated in Fig.

9, showing Surwhe%%%é‘azefyé@i@%fﬁ%a s N0 Watioma Sheuid bt s ihat bR P33k GT prM-E
genes) and p59 (the dC2 deletion variant of YF/Hypr LAV) were less neurgvirulent than p42 and p45
YF/Hypr LAV caﬁéﬁ%&?@%%ﬁé@ﬁ%aewqar&aﬂﬂé)wam@&%f}f ?M%Wﬂ@%%@%e(’g%le 7). In

~ addition, p43 arghiRusanicitates, wieike NaideatAs] DUAIIRE; Myidilel pdF bh dH¥G caused partial mortality

after IP inoculag%%ﬁkggi?&%%g%@%%gg? e(% bﬁ&a%/k%g Rtﬁo thégégglzﬁygg )that all the

YF/TBE LAV constructs were sig ated’as compared uses;’e.g., compared
to wt TBE HyprMislid, TENMERRERMFBIGHR BRI RS SHY (MR SHEEENGRPARRMBMBRRCIBES550- 0.1 PFU)

and IP (LD50 1%¥%%%MLW&&%@&&%@S%WM%'19%‘%'1‘% 4396, Mandl et al., J. Virol.

72:2132-2140, I'etal., .1. Gen. Virol. 78:1049-1057, 1997 Immunogenicitylefficacy of
PIV-TBE a#d Yﬁ%‘ﬁgﬁ\ﬂlﬂ}’%ﬂgm&@ﬁﬁm%QW@@@%&%%ﬁﬁgﬁWﬁg@d g/ onses in mice

immunized IP withuane 2o desas @l the R\l BEdoh YE R BR LA naanty dasetinesharove, or a
human formalin-inactivated TBE vaccine control (1:30 of human dosewétﬁ%@g measured. Animals

have been chalfSHg&H WihIQ AR TP A8 8 R50B PRSP HATSPFBR ridity (e.g., weight
loss), and mortalgp Eftesthalidngel are Mianptpratt. (26 nhnbiaddeniaiiylefficacy of PIV-TBE and YF/TBE

LAV constructs in MICe: e+ TRNGWGCRCSDSSD).

25 Other examples of pathogen immunogens that can be delivered in the vectors of

the invention include codon-optimized SIV or HIV gag (55 kDa), gp120, gp160, SIV
mac239-rev/tat/nef genes or analogs from H1V, and other HIV immunogens; immunogens
from HPV viruses, such as HPV16, HPV 18, etc., e.g., the capsid protein L1 which self-
assembles into HPV-like particles, the capsid protein L2 or its immunodominant portions

30 (e.g., amino acids 1-200, 1-88, or 17-36), the E6 and E7 proteins which are involved in
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| BE-specific neutralizing antibody responses in mice immunized IP with one or two doses of the
PIV-TBE or YF/TBE LAV variants described above (from experiment in Table 7), or a human
formalin-inactivated TBE vaccine control (1:20 of human dose; 25 one or two doses), or YF 170 and
mock controls, were measured on day 20 by PRNTso against wt TBE Hypr virus (Table 8; second
dose of indicated test articles was given on day 14). [Titers were determined in individual sera, or
pooled sera from two animals in most cases, or pooled sera from 4 animals for the YF17D and Mock
negative controls]. Titers in individual test samples as well as GMTs for each group are provided in
Table 8. 30Titers in test samples were similar withjn ea roup, e.g., in groups immunized with PIVs,
indicating high Hﬁrﬂﬁg?ﬁﬂﬂ}go‘?‘}%’ﬁﬂwg?@%%ﬁg@W%\lfﬂﬂw%ﬁ S.%@e&ﬁ% A0 3PBEREBE ic neutralizing -
‘antibodies werendefiedtgokibrnagat vecasieo bamensi¥brlpibrencéftonid (G MESETREOhadcordingly,
animals in these, gr e not protected from challenge on day 21 post-immugpization with a high IP
dose (500 PFU%b(gf“ ax%\gdf{?ﬁéa&%’%s‘fﬂ %r}fg ties ?(lﬁl?ﬁoglgrsgsdlag s?élrlj\f/aé%?gﬁ ?%]r{??jgf 9 post-challenge;
observation beirmgnpontiniaed residyssoeidied ith<Tzbidtisg dvrodymatriic s ofaay evagebiost oHetisage body
weights indjcati gi idity ar inEig.: L izi ibogh Qﬁ)t&%t?d in killed
vaccine cor%\trolg{,g W ?gﬁ%\g\%% p%t%lg%wg%?; '%Lg%t%r {%v%%ggs%s? %Gﬁ&fzﬁg}é@{g‘nimals In the 2-dose
group were confsiagspprentredtmnmeetsdrenndS NoliYbYid#BVer viorssyaimpIeRsitbut not animals

in the | -dose giguRk ARIRAIS IhaLIEseNGHhteRe ARG WO ApRes, GhF AeHypeaikad very high
antibody titers (GMTs 1:665 and 1:10,584) and were solidly protected, demonstrating that robust

protective immuPfe§tioaR HRt AR IERBy s YT VB ASBA) SRtPECPHEMGRS WISt survived
immunization Wit rstdiarapdhRiehinena jsesinhbable 7 als Raddiigh anridaody titers (GMT 1:6,085)
and 15were protected (Table, 8; Fig. II). Jnteres%i ly, Pl\t/.-Hy(!or %40 a q.YdFjH\y r 345 wer cx)noorly
immunogelfic (GMTs TV IBEITTYEF58! BRE NI TG GO0LRE “Ahd 68 TS petiiven) RS distussed
above, these comtairedcidbh speeific:Geq isarsed somtheasighaldoe! pidywdsie thend gnlyraremunogenic
PIV-Hypr p39 and YFE/Hypr p42.constr ontair - ific,sl In agreement
with chacussion SD R T L R o T el
e.g., the TBE-spEéifiswitgndintouaeiteiethigh-bevetiesstid i shiverzaserat onotgintchiiih this experiment
in vivo resulted imﬂﬁéﬁﬁﬂu}égﬁfﬁ%@ti@mgﬁﬁﬁﬁﬂ%ﬁﬁ@amgﬁ[ﬁ%@b%%ﬂﬁm&ﬂ? and YF/Hypr
y lo

dC2 p59 chimeras was relatively low which could be expected, because of the use of a heterologous

envelope (I3GT SHaREHICRBIRPBFENAGH GEMMIDG i F Ui Ity RreSittefiGatfriy SFMEYET the dC2 deletion,

respectively. Exal choktaignsgs Moasii 83sionks,” Schijidhpdeamplagat (e00s)iBRav PV
constructs described belgw, genes of inteées} were codon optimized (e.qg., for efficient expression in a
target vaccinatiB Gt 365N 1 BRARE S8 nt sequence repeats to increase insert stability (> 8 nt

long; additional shortée‘ihhgasbeelpeatqlsambmpé‘rdoﬂineddhneag'sary)l;?ianmmelheaﬁbmm'aﬂy
synthesized. The gepeoMereHRnaddilotmayitlaecipraispmidaysiasiagoaid mheds of

molecular biology well’known in the art, and packaged P ecovered following In vitro

transcriptiéa anbbtheliasfenamast apisropiatshial perytopyippesrsrardigabictions P/ S)E 6 bExpression
of rabies virus GaraieindR¥tY. SENANGARINf expreRRRICS NS sRRARANIdacfamily. is a

significant human and veterinary pathogen. Despite the availability of several (killed) vaccines,
improved vaccifesareddireibnEeuRE R betF et ARd eI RedRediES: SnaiiciRlERSERsive
pre-exposure peaphylashevagcinasheRahias diisegly coprateimsyimadiaies ebley afthr sorus into cells
and is the main immuno%en. Iﬁ h stbeen %%Fssed in oth«?r vectors v%/ith the .purpose of developing
veterinary vacchi&S 8% MESLHE SRS AN MEREMS URAY T188%5% 0, 1996; Li et al.,
Virology 356:14ifrhbdo 2006 &S Fulldeegthchadsi egtokinesG pRotegim{osigimblaP Hsgelimyirus isolate,

GenBank accesgian AHRRRH ¥ IERAZLYAR FARRI OBHINZRY epRmIcAlY Yhe sl 30
of protein circulation in the blood) can be used to facilitate antigen presentation and
increase immunogenicity. Further, such designs can be applied to s-PIV and d-PIV

vaccine candidates based on vector genomes of other flaviviruses, and expressing
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inserted adjacent to the AC, AprM-E and AC-prM-E deletions in PIV-WN vectors (Fig. 12). The
sequences of constructs are provided in Sequence Appendix 4. General designs of the constructs are
illustrated in Fig. 13. The entire G protein containing its own signal 20 peptide was inserted in-frame
downstream from the WN C protein either with the AC deletion (AC and AC-prM-E constricts) or
without (AprM-E) and a few residues from the prM signal. Foot and mouth disease virus (FMDV) 2A
autoprotease was placed downstream from the transmembrane C-terminal anchor of G to provide
cleavage of C-terminus of G from the viral polyprotein during translation. The FMDV 2A element is
25followed by WN-specific signal for prM and prM- HNS&-S geqes.in the Ag cons uct,bor signal for
NS1 and NS 1-BRguResst RbPcEPaHegees i fr B CBAlR Ym0t M S R RIEIP 8RN (KT PSBids G,
WN(AprME)-rabigstheiadN (ACprME)-rabiesG PIVs were produced by transfection of helper BHK
cells complementing the PIV vector tion [containing. a Yenezuelan equine encephalitis virus (strain
TC-83) replicon expre@g}ﬁﬁempﬁﬁvﬁﬁé}t?ﬂéﬁuﬁa E)’Fg%gﬁlg}%lrettrré\ﬁes?-é%nﬁ%ﬂurﬁg%t%%&f%%cient
replication and eaqsiessioch @b PiiNe< Bioraeivaway déiridaviranddior @i Kie £ dBRYRItts by
ransfection/infegional.EHGONN AReies Bl ERMEOMRLRERES At aRdRl BadagUIar BHK

cells, by immunostaining and immunofluorescence assay (IFA) usm% anti-Rabies G monoclonal

antibody (RabGrm s Reuificialeminend aharessstdegiraligensoabisdalissy WU sethiMiiy st with the
Mab or an anti-W, Mg Al RBALHRANY. SERuMBoNieE R R GQRSHHELS & BB E(WN)

cells after transfection with in vitro RNA transcripts are shown in Fig. 14, bottom panels, The PIVs
grew efficiently 6P DERXD 27 IsgrstastinenicaHaisra s ™aHy s entivdrdniron sl aMeted by both
RabG-Mab andg{ViNasiibady, stainimg1 vbiichiesmsdhefisiesidentaafgeneic stabiinesf the insert. In
PIV-infected Ve lls, which 10 were fixed t permeabilized, stron e staining was
observed B&} Raﬁgﬁngﬂhﬁéfiﬁ?ﬂﬁ’,lﬁ‘e%%ﬁﬁﬁﬁ |r% t z‘ﬁ% 0ersp?rot Gid Wa%togﬁ%g%%%‘re |vé3f38rto the cell
surface (Fig. 19pEN¥E aiite mibibin owveikanlae tihedingtin prerequisite for high immunogenicity of expressed
G. Individual packaged PIVs , winginfecy I sARAGL spread in
regular cells as iIIustrﬁt%rg%?g%?X@%dg%%gvégggf\%ﬁ Iﬁ%ﬂvl(?éﬂ ﬁ%ﬁpa%ﬁ;;%t%%éy}%i_s nio spread in
nave BHK cellsaderhknratedntte afiemer orabidrgty ;oRmigjaibaiaseasiiol Beinprisisatiically
packaged into ROE VESIClos.cRRIaiNg. 1as G Hotsin7if Mroruserby Rivinfeciad.cals. An

identical result was obtained with the G protein of another rhabdovirus, Vesicular stomatitis virus
(VSV), co n‘t?ary%‘ﬁ'r‘@xﬁf?ﬁ?b’ﬁ@é‘h%ﬁ?&ﬁé%f*hdﬂ@pgﬁﬁi%&r&?éﬂm"é%ﬂé%ﬁ—fﬁci FOrsrolaie (srv)
replicon expresgingkibeMtigeRs QIRINATONS 20 hat-c o éRid Qe b6 kO oe:IatEs R amdesired
safety feature. [Alternatively,.some npn-specific packagqi I It in.a limiged spread of PIV in
Vivo, potentiallyoélhqﬁ%@cﬁﬁdgghﬁw b‘f’egli ucr}é?elgf)gggé}g? %gﬂggﬁé)%?j)béma}é?g Bg?lfl)gﬁcim feature,
given that such fRévéiiss ddraah ER dve thtobE S &g [ETHhd stadsiliep)oHO¥ sabiwerd preensif thé-Hiree PIVs

was demonstiaied by serigl pastagesiin oler REISCRRIE(NN otk AL iGN/ IugLO.1 or

250.001 FFU/ce 5 each passage, céll supernatants were harvested and titrated in regular cells
(e.g., Veroellsipdund iesthisapansanif§alithing sleoppiepolRomarsiihodyr drdeddimtiedtotal PIV
titer, or anti-rab%’@(m noclonal antibody to determine-titer of particles containing the G gene
(illustrated for MOI 0.1 in Fig. 17; similar results were obtained at MOI 0.001). The WN(AC)-rabiesG
PIV was stable for 5 pisifaen ioriie tHE RO BriASSH b NEiA g BV S LSRR gAY passage
6, indicative of ins@rtdnsiosiliford hisreoulile) dxpededriachuseiiethisiaonsieuetparge G gene

insert1500 nt) is combined with a small AC de.IeEion % %Q’({)ﬁ%)(s ﬁ) rg:if“iézilrptly ipcrea%gg t%e;)%//grall size
of the recombin%gﬁ"ﬁ‘\f’,&eg%'ﬁ%?ﬁee?ws@arﬁ'fr’g'sff"lrram ViR pr -rabiesG, a%‘lcgo\/\ﬁ{]?ﬂ p’rﬂ/l -rabiesG
PIVs, the insert véreombinsinite, ierobsldarges epetatidar(-v208den)e Theydfertypthbdspenstructs stably
5maintained the.inser. I i Q. 47 t i inEig. 17 that at
come passages s K e B et s,
additionally denzoststreititfg RPEtiPRIVEsERA Ber Bus (i Sropagues. RAPIdeTALItS. (-2 EOHEkiFd -inoculation
in vivo individually, faepd/ MAEY-iapies @ svRlyapexneeied ke nduae siroeq newpalbeaRgiaRtibody
immune responses against both rabies and WN viruses, io as well as T-cell responses. The
WN(AprME)-raiiss Buaie (R cssiiat by dhiBEeiepfB GuliFsitidee AtiidrdaRsAithe A S3REE only
against rabigs becaus® theypdegiatsusapesthe ik pt - FAdenesn dAMRAC)sraties 3, 1M construct
can be also co-inoculated with WN(AprME)-rabiesG construct in a d-PIV formulation (see in Fig. 12),
increasing the dose of expressed G protein, and with enhanced immunity against both-pathogens due
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15spread As an example of spread, titration results in Vero cells of a s-Ply sample, ,
WN(AprME)-rabiesG, and a d-PIV sample, WN(AprME)-rabiesG + WN(AC) P1V (the latter did not
encode rabies G protein), are shown in Fig. 18. Infection of nave Vero cells with s- PIV gave only
individual cells stainable with RabG-Mab (or small clusters formed due to division of cells). In contrast,
large foci were observed following infection with the d-PIV 20sample (Fig. 18, right panel) that were
products of coinfection with the two PIV types. The WN(ACprME)-rabiesG construct can be also
used in a d-P1V formulation, if it is co-inoculated with a helper genome providing C-prM-E in trans (see

in Fig. 12). For example it can be a WN vir me_containing a deletion of one.of the NS proteins,
.0 NS 1, NSE 5 RS IA £/ ERABA o DR VAL ST EE BT BN SRR SU A 0. Virol
2573:10272-10R&0:ifi9 9% iKiay podigkines, adgadirvirolbéla3ans; 33681 200G paits Kavesarstivucted a

WN-ANS | genQme (sequence provided | u ix 4) and obtgj idlence of
co-infection withve\l(],&upfIﬁe@%}aﬁiggngFm%%&%%%gg%dséugS% i "c?saﬂg)n s%ﬂ%% in vitro, by
immunostainingnflugha irse dfabdoninisPPrEMIE TG, Preatis rnsha s e teamieressed in
helper gengme, .. YIRRANSLa8B0MGs o lniaeRs ViraQaeleuRl el fupikased rabies G protein
resulting in an increased anti-rabies immune response. As with any dPIV versions, one immunogen
can be from onépeRedéivicasy. virpidd VO):and diBRtETdmHses S dohePpdtrgEEn hFRAINAY in three
antigenic specifigifigs Ql-NarEnaisfsisavesadalane kel deletipausar barapiaewith or used in
combination with ANS3 and/or ANS5 deletions/mutations, in other examples. 5 Expression of RSV F
protein in [VAT QBAPLHHIA0AIG art. Respiratory syncytial virus (RSV), member of Paramyxoviridae
family, is the leading calitEecofse ve 1 Ve Spivaltsyciraniagise sadectadybungenitife isokaeldwide (Collins
and Crowe, Respiratory Syncytial Vjrus and Metapneumowvir n: Knipe et al.. Eds.. Fields Virology,
5th ioed., r-'>‘hi|ad“%{%%%?%ﬁit@%%ﬁgﬁﬁ%aﬁ?ﬁ86% it ?Léﬁ"\k?u 'Fr‘fé,*‘i&B”/‘??L%B‘i%it 8‘31%). Fusion
protein F of theNINH is imteadtvicaingritigenidast davelbpirg Ghs&icCafy effactivE.Vaeeik).To avoid
post-vaccination, 8Xac on.o infecti i ihea f jpdnactiated vaccine
candidate, a ba a%%&g'lﬁ%?ﬁ gorégl&%s% % gﬁ%grggﬁ{gg%gv%%h?ﬂ b%&ggﬁiegve g%%ataget?%'?ﬁeR
stimulation, a prereejeiedteitbithadiiotieridsrtingh- Bemrapashmep st dvgaRrBiaYseNat. Med.
15:34-41, 2009}, whichishoidd hevashievabla dheouabdeivaiinei i riEeuat ot sbasggasector. We

have previously demonstrated the capacitgbof ellow fever virus-based chimeric LAY vectors to induce
a strong, blanéBHOPRYAHO S HRRRG Py S&g&ﬁﬁ’%‘?ﬁfﬁﬁﬂﬁ%d%’%ﬁﬁﬂ&ﬂ%@% 6561%6). In the
present inventigneibetbeygliew favemvisimhasetkahifnericLiMs BatfbAwdotond waemsiéd for delivering
RSV F 20to induce optimal immune response profile~ Other LAVS and PIV vectors. ribed herein
can also be used'fSF! Hégb‘tjtlreﬁgcs’%sf’ an ﬁ@ﬁﬁ%?\éﬁtLelRl& &pf)arlf)st({egl%%ﬁl K2 gtsrta(fﬁ%?t e %ti%}%ﬁsn%Gen Bank
accession numbwtmmy,\dmsedaﬂmwmmm éts@éwrﬂwd@%@gﬂﬁﬁlmi&%?mned into
plasmids for PIYANY!Y Sl /il il cLisiAalfe BEGHIRE GARERIES SRRNDAMEithrd a3 for rabies

G 25protein, by applying standard methods of molecular biology. Exact sequences of the insertions
and surrouitdingihénehizrsicentdidre provrisPiand Lo dlNce suppertik 20d o8 RRRIRSREcripts of

resulting WN(AGHRSM EndMNADIMELRISY afsi el (ldRibAEd oo Yidfo R \S GipsérHets were used
to transfect helper BHK-CprME Wrrlﬁ\l}%Y cells. Efficient r%plicatio and expr%ssion,of RSV Eﬁrotein was
d

first demonstrat& B HEFHUA Y oP 3G st e Varn iR R &G R ARd S8 Mistrated for

the WN(AprME)rR&MNs kheeeistouekambig. 19. The presence of packaged PIVs in the supernatants from

transfected cells (titer as high as 7 log)0 FFU/ml s determined by titration in Vero cells with

immunostaining. Addi fgﬁné'i?)?,gg?r%ﬂ?l)%)ogr?s?FU% rs“)t':e;éln?%)én L?égg ?ﬁ‘aat"c‘o’ﬁ‘{’a“.’ﬁfﬁﬂ’%ﬁ?@&ﬂﬁe’r‘u‘ath F

protein gene. Spevificaliactetial Kpteieniispd hétige SigisakpepidersicEnic Yapraediddnie axadifisd F protein

with the one ffOE‘a@M9§p}5!r&é%?ﬂ%f&fﬁ.l&.ﬁﬂ%ﬁ%@?@é{aﬁa'&mw,egouaamg@m@e@ﬁther the use of a
a

heterologous signal can'increase the rate of Ff%ptem synthesis and/or replication of PIVs. Table I. Ply
prototype constBRIts!iasa-ifs glabierel adyetdpritsht Bttieila spp- (e-g., Brucella abortus, Brucella

canis, Brucella melitensis, Brucella suis), Campylobacter spp. (e.g., Campylobacter
jejuni), Chlamydia spp. (e.g., Chlamydia pneumoniae, Chlamydia psittaci, Chlamydia

30  trachomatis), Clostridium spp. (e.g., Clostridium botulinum, Clostridium difficile,
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Construct Genetic composition Packaged in P1V-WN wt NY99 WN virus WN envelope;
BHK-CprME(WN) or BHK-C(WN) helper cells (Mason et al., Virology 2006, 353:43243; Widman et al.,
Vaccine 2008, 26:2762-71) P1V-YFTWN Envelope (VLF): wt WN NY99 Backbone: YF I7D YF 1 70
envelope; BHK-CmME(YE) helper cells (Widman et al., Adv Virus Res. 2008, 72:77-126) PIV-WN/JE
Envelope (VLP): wt JE Nakayama Backbone: wt WN NY99 JE or WN envelope; BHK-C(WN) or
BHKCprME(WN) helper cells (Ishikawa et al., Vaccine 2008, 26:2772-8) PIV-YF YF 170 YF I7D
envelope; B1IK-CprME(YF) or BHK-C(YF) helper cells (Mason et al., Virology 2006, 351:432- 43) 10

Table 2. Safety: Suckling mouse neurovirulencel Construct Doses (logio) Mortality (%) AST (days)'
PIV-YF 1 -4 0/16te9gdianmsyiipgens, Clostridium tetani), Corynebacterium spp. (¢.g-,

Corynebacterium diptheriae), Enterococcus spp. (e.g., Enterococcus faecalis,
enterococcus faecum), Escherichia spp. (e.g., Escherichia coli), Francisella spp. (e.g.,
Francisella tularensis), Haemophilus spp. (e.g., Haemophilus influenza), Helicobacter

5 spp. (e.g., Helicobacter pylori), Legionella spp. (e.g., Legionella pneumophila),
Leptospira spp. (e.g., Leptospira interrogans), Listeria spp. {e.g., Listeria monocytogenes),
Mycobacterium spp. {e.g., Mycobacterium leprae, Mycobacterium tuberculosis),
Mycoplasma spp. (e.g., Mycoplasma pneumoniae), Neisseria spp. (e.g., Neisseria
gonorrhea, Neisseria meningitidis), Pseudomonas spp. (e.g., Pseudomonas aeruginosa),

10 Rickettsia spp. (e.g., Rickettsia rickettsii), Salmonella spp. (e.g., Salmonelia typhi,
Salmonetlla typhinurium), Shigella spp. (e.g., Shigella sonnei), Staphylococcus spp. (e.g.,

Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus,
coagulase negative staphylococcus (e.g., U.S. Patent No. 7,473,762)), Streptococcus spp.
(e.g., Streptococcus agalactiae, Streptococcus pneumoniae, Streptococcus pyrogenes),

15 Treponema spp. (e.g., Treponema pallidum), Vibrio spp. (e.g., Vibrio cholerae}, and
Yersinia spp. (Yersinia pestis). Immunogens may also be derived from or direct the
immune response against other bacterial species not listed above but available to those of
skill in the art.

Immunogens may also be derived from or direct an immune respoﬁse against one

20 or more parasitic organisms (spp.) (e.g., parasite target antigen(s)) including, for example,
Ancylostoma spp. (e.g., A. duodenale), Anisakis spp., Ascaris lumbricoides, Balantidium
coli, Cestoda spp., Cimicidae spp., Clonorchis sinensis, Dicrocoelium dendriticum,
Dicrocoelium hospes, Diphyliobothrium latum, Dracunculus spp., Echinococcus spp.
(e.g., E. granulosus, E. multilocularis), Entamoeba histolytica, Enterobius vermicularis,

25  Fasciola spp. (e.g., F. hepatica, F. magna, F. gigantica, F. jacksoni), Fasciolopsis buski,
Giardia spp. (Giardia lamblia), Gnathostoma spp., Hymenolepis spp. (e.g., H. nana, H.
diminuta), Leishmania spp., Loa loa, Metorchis spp. (M. conjunctus, M. albidus), Necator
americanus, Oestroidea spp. (e.g., botfly), Onchocercidae spp., Opisthorchis spp. (e.g., O.
viverrini, O. felineus, O. guayaquilensis, and O. noverca), Plasmodium spp. (e.g., P.

3¢ falciparum), Protofasciola robusta, Parafasciolopsis fasciomorphae, Paragonimus
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2 - 5 0/10(0%) na PIV-WN/JE 1 - 4 0/11(0%) na P1V-YF/WN I - 4 0/10-11(0%) na WN d-PIV 1-4
0/10-11 (0%) na YE d-PIV 1 - 4 0/10(0%) na YF17D 2 1 0 -1 10/10 (100%) 10/10 (100%) 9110(90%)
3/10(30%) 7.6 9.39.9 9.6 YF/JE 4 3 9111(82%)

westermant, Schistosoma spp. (e.g., S. mansoni, S. japonicum, S. mekongi, S.
haematobium), Spirometra erinaceieuropaei, Strongyloides stercoralis, Taenia spp. (e.g.,
T. saginata, T.solium), Toxocara spp. (e.g., T. canis, T. cati), Toxoplasma spp. (e.g., T.
| gondii), Trichobilharzia regenti, Trichinella spiralis, Trichuris trichiura, Trombiculidae
5  spp., Trypanosoma spp., Tunga penetrans, and/or Wuchereria bancrofti. Immunogens
may also be derived from or direct the immune response against other parasitic organisms
not listed above but available to those of skill in the art.
Immunogens may be derived from or direct the immune response against tumor
target antigens (e.g., tumor target antigens). The term tumor target antigen (TA) may

160 include both tumor-associated antigens (TAAs) and tumor-specific antigens (TSAs),
where a cancerous cell is the source of the antigen. A TA may be an antigen that is
expressed on the surface of a tumor cell in higher amounts than is observed on normal
cells or an antigen that is expressed on normal cells during fetal development. A TSA is
typically an antigen that is unique to tumor cells and is not expressed on normal cells.

15 TAs are typically classified into five categories according to their expression pattern,
function, or genetic origin: cancer-testis (CT) antigens (i.e.,, MAGE, NY-ESO-1});
melanocyte differentiation antigens (e.g., Melan A/IMART-1, tyrosinase, gp100);
mutational antigens (e.g., MUM-1, p53, CDK-4); overexpressed ‘self” antigens (e.g.,
HER-2/neu, p53); and viral antigens (e.g., HPV, EBV). Suitable TAs include, for

20  example, gp100 (Cox et al., Science 264:716-719, 1994), MART-1/Melan A (Kawakami
et al., J. Exp. Med., 180:347-352, 1994}, gp75 (TRP-1}(Wang et al., J. Exp. Med.,
186:1131-1140, 1996), tyrosinase {Wolfel et al., Eur. J. Immunol., 24:759-764, 1994),
NY-ESO-1 (WO 98/14464; WO 99/18206), melanoma proteoglycan (Hellstrom et al., J.
Immunol., 130:1467-1472, 1983), MAGE family antigens (e.gl, MAGE-1, 2, 3, 4, 6, and

25 '12_; Van der Bruggen et al., Science 254:1643-1647, 1991; U.S. Patent No. 6,235,525},
BAGE family antigens (Boel et al., Immunity 2:167-175, 1995), GAGE family antigens
(e.g., GAGE-1,2; Van den Eynde et al., J. Exp. Med. 182:689-698, 1995; U.S. Patent No.
6,013,765), RAGE family antigens (e.g., RAGE-1; Gaugler et al., Immunogenetics
44:323-330, 1996; U.S. Patent No. 5,939,526), N-acetylglucosaminyltransferase-V

30  (Guilloux etal,, J. Exp. Med. i83:1173-1183, 1996), p15 (Robbins et al., J. Immunol.
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7/10(70%) 9.7 12.3 2 3/11 (27%) 12 1 0/11 (0%) na YF/WN 3 2/11 (18%) 12.5 0-2 0/10-11 (0%) na
'Single dose, IC inoculation, ICR 5-day old mice, graded log doses administered. 2AST for mice that
died; na, not applicable. Group Dose PRNT Day 20 PANT Day 34 Post-challenge mortality (%)
P1V-WN105 640

154:5944-5950, 1995), B-catenin (Robbins et al., J. Exp. Med., 183:1185-1192, 1996,
MUM-1 (Coulie et al., Proc. Natl. Acad. Sci. U.S. A, 92:7976-7980, 1995}, cyclin
dependent kinase-4 (CDK4) (Wolfel et al., Science 269:1281-1284, 1995), p21-ras
(Fossum et al., Int. J. Cancer 56:40-45, 1994), BCR-ab{ (Bocchia et al., Blood 85:2680-

5 2684, 1995), p53 (Theobald et al., Proc. Natl. Acad. Sci. U.S.A.92:11993-11997, 1995),
p185 HER2/neu (erb-B1; Fisk et al., J. Exp. Med., 181:2109-2117, 1995), epidermal
growth factor receptor (EGFR) (Harris et al., Breast Cancer Res, Treat, 29:1-2, 1994),
carcinoembryonic antigens (CEA) (Kwong et al., J. Natl. Cancer Inst., 85:982-990, 1995)
U.S. Patent Nos. 5,756,103; 5,274,087; 5,571,710; 6,071,716; 5,698,530, 6,045,802; EP

10 263933; EP 346710; and EP 784483; carcinoma-associated mutated mucins (e.g., MUC-1
gene products; Jerome et al., J. Immunol., 151:1654-1662, 1993}; EBNA gene products
of EBV (e.g., EBNA-1; Rickinson et al., Cancer Surveys 13:53-80, 1952); E7, E6
proteins of human papillomavirus (Ressing et al., J. Immunol. 154:5934-5943, 1993);
prostate specific antigen (PSA; Xue et al., The Prostate 30:73-78, 1997); prostate specific

15  membrane antigen (PSMA; Israeli et al., Cancer Res. 54:1807-1811, 1994); idiotypic
epitopes or antigens, for example, immunoglobulin idiotypes or T cel! receptor idiotypes
(Chen et al., J. Immunol. 153:4775-4787, 1994); KSA (U.S. Patent No. 5,348,887),
kinesin 2 {Dietz, et al., Biochem. Biophys. Res. Commun. 275(3):731-738, 2000), HIP-
55, TGFB-1 anti-apoptotic factor (Toomey et al., Br. J. Biomed. Sci. 58(3):177-183,

20 2001), tumor protein D52 (Bryne et al., Genomics 35:523-532, 1996), HIFT, NY-BR-1
(WO 01/47959), NY-BR-62, NY-BR-75, NY-BR-85, NY-BR-87, and NY-BR-96
(Scanlan, M. Serologic and Bioinformatic Approaches to the Identification of Hurnan
Tumor Antigens, in Cancer Vaccines 2000, Cancer Research Institute, New York, NY),
and/or pancreatic cancer antigens (e.g., SEQ 1D NOs: 1-288 of U.S. Patent No.

25 7,473,531). Immunogens may also be derived from or direct the immune response
against include TAs not listed above but available to one of skill in the art.

In addition to the specific immunogen sequences listed above, the invention also
includes the use of analogs of the sequences. Such analogs include sequences that are, for
example, at least 80%, 90%, 95%, or 99% identical to the reference sequences, or

30  fragments thereof. The analogs also include fragments of the reference sequences that
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1280 ._0/8(0%) 106 1280 J 2560 1/8(12.5%) 106 +io L2560 2560 Jt 0/6(0%) YF/WN control104
1280 2560 1/8 (12.5%) P1V-WN/JE104 10 20 N/D 105

include, for example, one or more immunogenic epitopes of the sequences. Further, the
analogs include truncations or expansions of the sequences (e.g., insertion of
additional/repeat immunodominant/helper epitopes) by, e.g.. 1,2, 3,4, 5,6, 7. 8,9, 10,
11-20, etc., amino acids on either or both ends. Truncation may remove immunologically

5  unimportant or interfering sequences, e.g., within known structural/immunologic
domains, or between domains; or whole undesired domains can be deleted; such
modifications can be in the ranges 21-30, 31-50, 51-100, 101-400, etc. amino acids. The
ranges also include, e.g., 20-400, 30-100, and 50-100 amino acids.

16 Cocktails
The invention also includes compositions including mixtures of two or more PIVs
and/or PIV vectors, as described herein. As discussed above, use of such mixtures or
cocktails may be particularly advantageous when induction of immunity to more than one
immunogen and/or pathogen is desired. This may be useful, for example, in vaccination
15 against different flaviviruses that may be endemic to the region in which the vaccine
recipient resides. This may also be useful in the context of administration of multiple
immunogens agaii;gt the same target.
Non-limiting examples of PIV cocktails included in the invention are those
including PIV-JE + PIV-DEN, and PIV-YF + PIV-DEN. In both of these examples, the
20  PIVs for either or both components can be single or dual component PIVs, as described
above. In addition, in the case of the PIV-DEN, the PIV can include sequences of just
one dengue serotype selected from the group consisting of dengue serotypes 1-4, or the
cocktail can include PIVs expressing sequences from two, three, or all four of the
serotypes. Further, the TBE/Borrelia burgdorferiftick saliva protein (e.g., 64TRP, Isac,
25 Salp20) vaccines described herein can be based on including the different immunogens
within a single PIV or live attenuated flavivirus, or can be based on mixtures of PIVs (or
LAVs), which each include one or more of the immunogens. The cocktails of the

invention can be formulated as such or can be mixed just prior to administration.
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20 20 _N/D 105+105 70 160_ HNit) YF/JE control104 160 320 N/D PIV-YF 104 <10 <10 8/8(100%)
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Use, Formulation. and Administration

The invention includes the PIV vectors, PIVs, LAV vectors, and LA Vs, as well as
corresponding nucleic acid molecules, pharmaceutical or vaccine compositions, and
methods of their use and preparation. The PIV vectors, PIVs, LAV vectors, and LAVs of
the invention can be used, for example, in vaccination methods to induce an immune
response to TBE or other flavivirus, and/or another expressed immunogen, as described
herein. These methods can be prophylactic, in which case they are carried out on subjects
(e.g., human subjecfs or other mammalian subjects) not having, but at risk of developing
infection or disease caused by TBE or another flavivirus and/or a pathogen from which
the other expressed immunogen is derived. The methods can also be therapeutic, in
which they are carried out on subjects already having an infection by one or more of the
relevant pathogens. Further, the viruses and vectors can be used individually or in
combination with one another or other vaccines. The subjéets treated according to the
methods of the invention include humans, as well as non-human mammais (eg.,
livestock, such as, cattle, pigs, horses, sheep, and goats, and domestic animals, including
dogs and cats).

Formulation of the PIV vectors, PIVs, LAV vectors, and LAVs of the invention
can be carried out using methods that are standard in the art. Numerous pharmaceutically
acceptable solutions for use in vaccine preparation are well known and can readily be
adapted for use in the present invention by those of skill in this art (see, €.g., Remington’s
Pharmaceutical Sciences (1 8" edition), ed. A. Gennaro, 1990, Mack Publishing Co,,
Easton, PA). In two specific examples, the PIV vectors, PIVs, LAV vectors, and LAVs
are formulated in Minimum Essential Medium Earle’s Salt (MEME) containing 7.5%
lactose and 2.5% human serum albumin or MEME containing 10% sorbitol. However,
the PIV vectors, PIVs, LAV vectors, and LAVs can simply be diluted in a physiologically

acceptable solution, such as sterile saline or sterile buffered saline.

The PIV vectors, P1Vs, LAV vectors, and LA Vs of the invention can be
administered using methods that are well known in the art, and appropriate amounts of
the viruses and vectors to be administered can readily be determined by those of skill in

the art. What is determined to be an appropriate amount of virus to administer can be
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LD50; N/D, not determined. Table 4. PIV are immunogenic in hamsters and protect against challenge
Group Dose(s) PANT Day 38

determined by consideration of factors such as, e.g., the size and general health of the
subject to whom the virus is to be administered. For example, in the case of live,
attenuated viruses of the invention, the viruses can be formulated as sterile aqueous
solutions containing between 107 and 10%, e.g., 10° to 107, infectious units (e.g., plaque-
5 fonﬁing units or tissue culture infectious doses) in a dose volume of 0.1 to 1.0 ml. PIVs
can be admrinistered at similar doses and in similar volumes; PIV titers however are
usually measured in, e.g., focus-forming units determined by immunostaining of foci, as
these defective constructs tend not to form virus-like plaques. Doses can range between

10? and 10° FFU and administered in volumes of 0.1 to 1.0 ml.

10 All viruses and vectors of the invention can be administered by, for example,
intradermal, subcutaneous, intramuscular, intraperitoneal, or oral routes. In specific
examples, dendritic cells are targeted by intradermal or transcutaneous administration, by
use of, for example, microneedles or microabrasion devices. Further, the vaccines of the
invention can be administered in a single dose or, optionally, administration can involve

15  the use of a priming dose followed by a booster dose that is administered, e.g., 2-6
months later, as determined to be appropriate by those of skill in the art. Optionally, PIV
vaccines can be administered via DNA or RNA immunization using methods known to
those skilled in the art (Chang et al., Nat. Biotechnal. 26:571-577, 2008; Kofler et al.,
Proc. Natl. Acad. Sci. U.S.A. 101:1951-1956, 2004).

20 Optionally, adjuvants that are known to those skilled in the art can be used in the
administration of the viruses and vectors of the invention. Adjuvants that can be used to
enhance the immunogenicity of the viruses include, for example, liposomnal formulations,
synthetic adjuvants, such as (e..g., QS21), muramyl dipeptide, monophosphoryl lipid A,
polyphosphazine, CpG oligonucleotides, or other molecules that appear to work by

25  activating Toll-like Receptor (TLR) molecuies on the surface of cells or on nuclear
membranes within cells. Although these adjuvants are typically used to enhance immune
responses to inactivated vaccines, they can also be used with live or replication-defective
vaccines. Both agonists of TLRs or antagonists may be useful in the case of live or
replication-defective vaccines. The vaccine candidates can be designed to express TLR

30 agonists. Inthe case of a virus delivered via a mucosal route, for example, orally,

36



POST-CHAL_LENGE Mortality Morbidity Peak viremia (log) V-WN F/WN control 105 106 locios 104
320 0/5 (0%)0/5(0%)2.3 640 _j 'l 0/5(0%)0/5(0%)IL

15

20

25

30

mucasal adjuvants such as the heat-labile toxin of £. coli (LT) or mutant derivations of
LT can be used as adjuvants. In addition, genes encoding cytokines that have adjuvant
activities can be inserted into the vaccine candidates. Thus, genes encoding desired
cytokines, such as GM-CSF, IL-2, 1L.-12, IL-13, IL-5, etc., can be inserted together with
foreign immunogen genes to produce a vaccine that results in enhanced immune
responses, or to modulate immunity directed more specifically towards cellular, humoral,
or mucosal responses (e.g., reviewed in “Immunopotentiators in Modern Vaccines”,
Schijns and O’Hagan Eds., 2006, Elsevier Academic Press: Amsterdam, Boston, etc.).
Optionally, a patch containing a layer of an appropriate toxin-derived adjuvant, can be

applied over the injection site. Toxin promotes local inflammation attracting

- lymphocytes, which leads to a more robust immune response.

Examples

Additional details concerning the invention are provided in the Examples, below,
In the Examples, experiments are described in which PIVs based on WN, JE, and YF
viruses (see, e.g., WO 2007/098267 and WO 2008/137163) were tested. Firstly, we
demonstrated that the constructs are significantly more‘attenuated in a sensitive suckling
mouse neurovirulence mode! (zerc mortality at all tested doses) as compared to available
LAYV controls (YF 17D, YF/JE LAV, and YF/WN LAV). We demonstrated for the first
time that d-PIV constructs were avirulent in this model and thus that two-component
P1Vs do not undergo uncontrolied (unlimited) spread in vivo and cannot cause clinical
signs. Secondly, we performed comparisons of the immunogenicity and efficacy of the
PIVs and the LAVs, and demonstrated that PIV vaccines can induce immune response
comparable to LAVs and be equally efficacious (e.g., as observed for PIV-WN and
YF/WN LAV pair of vaccines). In one pair examined, YF 17D LAV was significantly
more immunogenic than PIV-YF. Thus, production of VLPs can vary between different,
similarly designed PIV constructs. Specifically, we propose that PIV-YF does not
generate a Jarge amount of YF VLPs compared to PIV-WN (WN VLPs), and that
increased production of VLPs can be achieved by genetic modifications at the C/prM

junction in suboptimal PIV constructs. Specifically, the C/prM junction is an important
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location in the flavivirus polybrotein orchestrating the formation of viral envelope and
synthesis of viral proteins (Yamshchikov and Compans, Virology 192:38-51, 1993;
Amberg and Rice, J. Virol. 73:8083-8094, 1999; Stocks and Lobigs, J. Virol. 72:2141-
2149, 1998). We propose that secretion of VLPs in PIV infected cells (in contrast to

5 production of viral particles in whole viruses) can be increased by uncoupling of the viral
protease and signalase cleavages at the junction, or use of a strong heterologous signal
peptide (tPA, etc.) in place of the signal for prM, or by mutagenesis of the signal for priv.
The efficiency of signalase cleavage at the C/prM junction of flaviviruses is low (Stocks
and Lobigs, J. Virol. 72:2141-2149, 1998), e.g., as predicted by SignalP 3.0 on-line

10 program. It is expected that more efficient cleavage efficiency can be achieved by
analysis of specific amino acid substitutions near the cleavage site with SignalP 3.0 (e.g.,
as described in application WO 2008/100464), followed by incorporation of chosen
mutation(s) into PIV genomes, recovery of PIV progeny and measuring VLP secretion.
Non-flavivirus signals are inserted by methods standérd in the art. Uncoupling between

i5 the viral protease and signalase cleavages can be achieved by ablating the viral cleavage
site by any non-conservative mutation (¢.g., RRS in YF17D C to RRA or GRS or RSS,
etc.), or deletion of the entire site or some of its 3 residues. If necessary, formation of
free N-terminus of the signal of foreign protein can be achieved by using such elements as
autoprotease, or termination codon followed by an IRES. Alternatively, the native AUG

20  initiation codon of C can be ablated (in constructs where C protein sequence is
unnecessary, e.g., AC PIV) and AUG placed in front of foreign gene. Optimization of
vector signal can be performed by random mutagenesis, e.g., by insertion of synthetic
randomized sequence foliowed by identification of viable PIV variants with increased

~ VLP secretion.

25 We also discovered that PIV constructs were substantially more immunogenic in
‘hamsters when administered by the IP route, as compared to the subcutaneous route. We
concluded that this was most likely due to better targeting of antigen presenting cells in
lymphoid tissues, which are abundant in the abdomen, but not abundant in tissues
underlying the skin. Based on these observations, we concluded that efficient targeting of

30 PIVs to dendritic cells, abundant in the skin, can be achieved by cutaneous inoculation,

38



105+103 104 <10 <10 1/3(33%) 1/5 (20%) , 3/3 (100%) 4/5(80%) 0/4(0%)11 0/4 (0%) 83 8.3 2.5

20 ;T0/4(0%)i 0/4(0%) >2560 <1.3 Mock controlWN challenge

20

25

30

e.g., via skin microabrasion or intradermal injection using microneedles (Dean et al.,
Hum Vaccin. 1:106-111, 2005).

Further, we have carried out experiments to show the feasibility of administering
mixtures, or cocktails, of different PIVs, such as those described herein (e.g., JE+DEN
and YF+DEN). In order to administer cocktails, it is important to verify that there is no
interference between co-administered components, and that a balanced immune response
is induced. Several PIV mixtures were used to immunize rodents and immune responses
were compared to PIV constructs administered individually. No interference was
observed in mixtures, and thus cocktail PIV vaccines are feasible. Such formulations
may be of particular significance in geographical regions where different flaviviruses co-
circulate. This could be also used to simultaneously administer several PIV-based
vaccines against non-flavivirus pathogens.

Further, we have demonstrated that no neutralizing antibody response is induced
against packaging envelope after at least two doses of PIV (and thus antibodies are
elicited against VLPs secreted from infected cells). This was demonstrated using the
helper (AprM-E) componént of a d-P1V (see in Fig. 2) packaged individually, or by
measuring neutralizing antibodies to heterologous packaging envelopes (e.g., to the WN
envelope used to package PIV-JE in helper cells providing WN-specific C-prM-E
proteins in trans). The latter observations support sequential use of different PIV
vaceines manufactured in a universal helper packaging cells line, and sequential use of
different recombinant PIV-vectored vaccines in the same individual, as discussed above.
In addition, we confirmed previous observations that PIV constructs can be stably
propagated to high yields in vitro, and that no recombination restoring whole virus occurs
after prolonged passaging in substrate cells (Mason et al., Virology 351:432-443, 2006;
Shustov et al., ]. Virol. 21:11737-11748, 2007).

These and other aspects of the invention are further described in the Examples,

below.
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et al., Virus Res. 110:65-71, 2005). 5Table 5. Immunization of hamsters with PIV: comparison of SC
and IP routes Inoculums PR.NT Day 20-21 Boost (logio) PRNT Day 34-38 SC II' SC IP PIV-WN
PIV-YFTWN 40

Exampie 1. Pseudoinfectious virus platform development studies

Attenuation in suckling mouse newrovirulence (NV) model
Materials used in the studies described below are described in Table 1 and the
5 references cited therein. These include s-PIV-WN (based on wt WN virus strain NY99
sequences), s-PIV-JE, s-PIV-WN/JE (based on wt WN virus backbone and prM-E genes
from wt JE virus Nakayama strain), s-PIV-YF/WN (YF 17D backbone and prM-E genes
from WN virus), and s-PIV-YF (based on YF 17D sequences). Additional materials
include d-PIV-YF (YF d-PIV, grown in regular BHK cells (Shustov et al., J. Virol.

10 21:11737-11748, 2007), and two-component d-PIV-WN {grown in regular Vero cells;
Suzuki et al., J. Virol. 82:6942-6951, 2008).

Attenuation of these PIV prototypes was compared to LAVs YF 17D, a chimeric
YF/IE virus, and a chimeric YF/WN virus in suckling mouse NV test (1C inoculation)
using highly susceptibie 5-day old ICR mice (the chimeric viruses include yellow fever

15  capsid and non-structural sequences, and JE or WN prM-E sequences). None of the
animals that received PIV constructs showed clinical signs or died, while mortality was
observed in animals inoculated with LAVs (Table 2). The YF 17D virus is neurovirulent
for mice of all ages, while the chimeric vaccines are not neurovirulent for adult mice, but
can cause dose-dependent mortality in more sensitive suckling mice (Guirakhoo et al.,

20 Virology 257:363-372, 1999; Arroyo et al., J. Virol. 78:12497-12507, 2004).
Accordingly, 90%-100% of suckling mice that received doses as low as 1 PFU of YF [7D
died. YF/JE and YF/WN LAVs caused partial mortality at much higher doses (> 2 logo
PFU and 3 log;s PFU, respectively), with longer average survival time (AST) of animals
that died, as expected. Thus, PIV constructs are completely avirulent in this sensitive

25 model (at least 20,000 - 200,000 times less neurovirulent than the licensed YF 17D
vaccing).

The YF d-PIV and WN d-PIV caused no mortality or clinical signs. Thus, the
two-component PIV variants that theoretically could s'pread within brain tissue from cells
co-infected by both of their components did not cause disease. Moreover, we tried to

30 detect the d-PIVs in the brains of additional animals in this experiment, sacrificed on day

6 post-inoculation by titration, and detected none (brain tissues from 10 and 11 mice that
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10 320 320 5 5 1280 160 1280 1280 PIV-WN/JE 10 80 5 40 640 PIV-YF <10 10 5 20 80 Table 6.
Immune responses to NV cocktails mice . roup Dose PRNT Day 20 PRNT Day 34

" received 4 logjo FFU of YF d-PIV and WN d-PIV, respectively, were homogenized and
used for titration). Thus, the d-PIVs did not cause spreading infection characteristic of
whole virus. YF/JE LAV has been shown to replicate in the brain of adult iICR mice
inoculated by the IC route with a peak titer of ~ 6 log,; PFU/g on day 6, albeit without

5  clinical signs (Guirakhoo et al., Virology 257:363-372, 1999). Co-infection of cells with
components of a d-PIV is clearly a less efficient process than infection with whole virus.
The data show that d-PIV replication in vivo is qﬁickly brought under control by innate

immune responses {and adaptive responses in older animals).

10 Immunogenicity/efficacy in mice and hamsters
Immunogenicity/efficacy of the P1V prototypes described above was compared to
that of chimeric LAV counterparts and YF 17D in mice and Syrian hamsters. The general
experiment design is illustrated in Fig. 3 (mice, IP immunization). Experiments in
hamsters were performed similarly (plus-minus a few days, SC or IP inoculation with

15  doses indicated below). 3.5-week old ICR mice (for s-PIV-WN and -YF, YF/WN LAV,
and YF 17D groups) or C57/BL6 mice (for s-PIV-JE and YF/JE LAV groups) were
immunized 1P with graded doses of PIV constructs (4-6 log,o FFU/dose) or chimeric
LAV and YF 17D LAV controls (4 log,o PFU). Select PIV-WN, -JE and -YF gro&ps
were boosted on day 21 with 5 log,o FFU of corresponding constructs (Table 3).

20  Neutralizing antibody responses were determined in animal sera by standard PRNT5
against YF/WN or /JE LAVs, or YF 17D viruses. PIV-WN induced very high WN-
specific neutralizing antibody responses in all groups, with or without boost, as evidenced
by PRNT; titers determined in pools of sera from immunized animals on days 20 and 34,
which was comparable to that in the YF/WN LAYV control group. Accordingly, animals

25  immunized with both PIV-WN and YF/WN LAYV were protected from lethal challenge on
day 35 with wt WN virus {IP, 270 LDsp), but not mock-immunized animals (Table 3).
When WN neutralizing antibodies were measured in sera from individual mice, high
uniformity of immune responses was observed (Fig. 4). Thus, single-round PIV vaccines
can be as immunogenic and efficacious as corresponding LAVs. PIV-JE was also highly

30 immunogenic (black mice), while immunogenicity of PIV-YF was significantly lower
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compared to the YF 17D control (ICR mice). Yet, dose-dependent protection of PIV-YF
immunized animals (but not mock-immunized animals) was observed following a severe
lethal IC challenge with wt YF strain Asibi virus (500 LDsq) (Table 3), which is in
agreement with the knowledge that neutralizing antibody titers as low 1:10 are protective
5 against flavivirus infections. ~ |
The YF 17D control virus was highly immunogenic {e.g., PRNTsp titer 1:1,280 on

day 34), and thus it is able to infect cells and replicate efficiently in vivo, aﬁd its envelope
is a strong immunogen. Therefore, it is unlikely that low immunogenicity of PIV-YF was
due to its ingbility to infect cells or replicate efficiently in infected cells in vivo, We

10 believe that the low immunogenicity of PIV-YF (e.g., compared to PIV-WN) was most
likely due to a low-level production of YF-specific VLPs in PIV-YF infected cells (while
VLP secretion is high in PIV-WN infected cells). As discussed above, we propose that
immunogenicity of PIV-YF can be significantly increased, e.g., by appropriate
modifications at the C/prM junction, e.g., by.uncoupiing the two protease cleavages that

15  occur at this junction (viral protease and signalase cleavages), and/or by using a strong
heterologous signal [e.g., rabies virus G protein signal, or eukaryotic tissue plasminogen
acti\)ator (tPA) signal (Malin et al., Microbes and Infection, 2:1677-1685, 2000), etc.] in
place of the YF signal for prM.

A similar experiment was performed in ~ 4.5-week old Syrian hamsters, to

20 compare immunogenicity of PIV constructs to LAV controls in this model. Animals were
immunized SC with graded doses of the test articles (Table 4). PIV-WN was highly
immunogenic, €.g., WN-specific PRINTsg titers on day 38 (pre-challenge} were 1:320,
1:640, and 1:1280 in groups that received 5, 6, and 6 (prime)+5 (boost) log,o FFU doses,
respectively. This was somewhat lower compared to YF/WN LAV 4 logip PFU control

25 (= 1:2560). PIV-JE and -YF induced detectable specific neutralizing antibody responses,
albeit with lower titers compared to YF/JE LAV and YF 17D controls. All animals
immunized with PIV-WN and YF/WN were solidly protected from lethal challenge with-
wt WN virus as evidenced by the absence of mortality and morbidity (e.g., loss of body
weight after challenge), as well as absence or a significant reduction of postchallenge WN

30 virus viremia. Mock-immunized animals were not protected (Table 4). PIV-JE and -WN
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<10 <10 <10 <10 C57/BL6 mice, IP inoculations on days 0 and 21; pooled serum PANT titers. Table
7. Neurovirulence (IC inoculation) and neuroinvasiveness (IP inoculation) of PIVTBE and YF/TBE
vaccine constructs in adult ICR mice Construct Neurovirulence (IC route) Neuroinvasiveness (IP route)
Dose(s) (login) Mortality i%) AST, days' Dose(s) (logw) Mortality rio) AST, days' na PIV-Hypr p39 5
0/7(0%) na

protected animals from respective challenge in dose-dependent fashion. Protective
efficacy in this experiment is additionally illustrated in Fig. 5. For example, high post-
challenge YF virus (hamster adapted Asibi strain) viremia was observed in mock
immunized animals, peaking on day 3 at a titer of> 8 log; PFU/mI (upper left panel}; all
5  of the animals lost weight, and 1 out of 4 died (upper right panel). In contrast, viremia

was significantly reduced or absent in hamsters immunized with PIV-YF (two doses;
despite relatively low neutralizing titers) or YF 17D; none of these animals lost weight.
Similarly, animals immunized with PIV-WN or YF/WN LAV were significantly or
completely protected in terms of post-challenge WN virus viremia and body weigh

10 loss/mortality, in contrast to mock controls (compare in bottom panels). Thus, high
immunogenicity/efficacy of PIV was demonstrated in a second animal model.

In another hamster experiment, animals were immunized with PI'V constructs by
the IP route, with two doses. Table 5 compares neutralizing immune responses {specific
for each vaccine) determined in pooled sera of hamsters in the above-described

15 experiment (SC inoculation) to those after IP immunization, for PIV-WN, - YF/WN, ~
WN/JE, and —YF after the first dose (days 20-21) and second dose (days 34-38). A clear
effect of the immunization route was observed both after the 1% and 2™ doses. For
instance, for PIV-WN after 1* dose, SC immunization resulted in WN-specific PRNT50
titer of 1:40, while IP inoculation resulted in much higher titer 1:320 (and after the 2™

20 dose, titers were similar). A more pronounced effect was observed for other constructs
after both the 1™ and 2™ doses. Interestingly, PIV-YF/WN was very highly immunogenic
by IP route {titer 1:320 after 1* IP dose vs. 1:20 by SC, and 1:1,280 after 2™ dose vs.
1:160 by SC). Similarly, immunogenicity of PIV-JE was significantly increased (e.g., JE-
specific titer of 1:640 after two IP poses). Thus, better targeting of lymphoid cells,

25 specifically antigen-presenting cells (which are more abundant in the abdomen as
opposed to tissues under the skin), is an important consideration for use of PIV vaccines.
In humans, efficient targeting of dendritic cells of the skin, increasing the magnitude of
immune response, can be achieved by intradermal delivery, which we thus propose for a
route for PIV immunization of humans.

30 In the above-described experiments, we also determined whether a neutralizing
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antibody response was induced against packaging envelopes (as opposed to response to
VLPs encoded by PIV constructs and secreted by infected cells). No WN-specific
neutralizing antibodies were detected by PRINT5g in animals immunized with 5 log;o FFU
of the second component of WN d-P1V, containing the AC-prM-E deletion and thus not
5 encoding VLPs, but packaged into the WN envelope in BHK-CprME(WN) helper cells,

and no YF-specific neutralizing activity was found in sera from animals immunized with
4 logp FFU of the second component of YF d-P1V packaged in YF envelope. No YF-
specific néutralizing response was induced by two doses of PIV-YF/WN packaged into
YF envelope, and similarly, no WN-specific response was induced by two doses of PIV-

10 JE packaged into WN envelope. The absence of neutralizing response against packaging
envelopes permits manufacturing different PIV vaccines in one (universal) manufacturing
helper cell line, or immunization of one individual with different recombinant vaccines

based on the same vector, according to the present invention.

15 PlV cockiails
Because PIVs undergo a single (optionally several, but limited) round(s) of
replication in vivo, we considered that mixtures of different PIV vaccines can be
administered without interference between individual constructs in the mixture (cocktail).
To elucidate whether P1V vaccines can be used in cocktail formulations, immune
20  responses in mice and hamsters to several PIV constructs given as mixtures were
compared to the same constructs given individually. Similar results were obtained in |
both animal models. Results of mouse experiments are shown in Table 6. Similar anti-
JE neutralizing antibody titers were observed in pools of sera from animals that were
given one or two doses of either PIV-JE + PIV-WN mixture or PIV-JE alone (1:20 vs.
.25 1:80 and 1:640 vs. 1:160, for one and two doses, respectively). Similarly, WN-specific
titers against PIV-JE + PIV-WN mixture and PIV-WN alone were similar (1:320 vs.
1:640 and 1:5,120 vs. 1:5,120 for one and 2 doses, respectively). No or little cross-
specific response was induced by either PIV-JE or -WN. The result was also confirmed
- by measuring PRNTs titers in sera from individual animals. Thus, it is clear that PIV

30 vaccines can be efficiently administered as cocktails, inducing immunity against two or
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(100%) 6.1 5 5/8(62.5%)

more flavivirus pathogens. In addition, as discussed above, various cocktails can be
made between non-flavivirus PIV vaccines, or between any of flavivirus and non-

flavivirus PIV vaccines..

5 Invitro studies
Different PIV prototypes were serially passaged up to 10 times in helper BHK
cells, for s-PIVs, or in regular Vero cells, for d-PIVs. Samples harvested after each
passage were titrated in Vero cells by immunostaining. Constructs grew to high titers,
and no recombination restoring whole virus was observed. For instance, PIV-WN
10 consistently grew to titers 7-8 logjp FFU/m! in BHK-CprME(WN) helper cells
(containing a VEE replicon expressing the WN virus C-prM-E proteins), and WN d-P1V

grew to titers exceeding 8 log;o FFU/m] in Vero cells, without recombination.

Example 2. PIV-TBE

15 PIV-TBE vaccine candidates can be assembled based entirely on sequences from
wt TBE virus or the closely serologically related Langat (LGT) virus (naturally attenuated
virus, e.g., wt strain TP-21 or its empirically attenuated variant, strain E3), or based on
chimeric sequences containing the backbone (capsid and non-structural sequences) from
YF 17D or other flaviviruses, such as WN virus, and the prtM-E envelope protein genes

20 from TBE, LGT, or other serologically related flaviviruses from the TBE serocomplex.
YF/TBE LAV candidates are constructed based on the backbone from YF 17D and the
prM-E genes from TBE or related viruses (e.g., the E5S strain of LGT), similar to other
chimeric LAV vaccines. '

Construction of PIV-TBE and YF/TBE LAV vaccine prototypes was performed

25 by cloning of appropriate genetic elements into plasmids for PIV-WN (Mason et al.,
Virclogy 351:432-443, 2006; Suzuki et al., J. Virol. 82:6942-6951, 2008), or plasmids for
chimeric LAVs (e.g., pBSA-ARI, a single-plasmid version of infectious clone of YF/JE
LAV WO 2008/036146), respectively, using standard methods in the art of reverse
genetics. The prM-E sequences of TBE virus strain Hypr (GenBank accession number

30 U39292) and LGT strain E5 (GenBank accession number AF233420) were first computer
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codon-optimized to conform to the preferential codon usage in the human genome, and to
eliminate nucleotide sequence repeats longer than 8 nt to ensure high genetic stability of
inserts (if determined to be necessary, further shortening of nt sequence repeats can be
performed). The genes were chemically synthesized and cloned into plasmids for PIV-

5  WN and YF/JE LAV, in place of corresponding prM-E genes. Resulting plasmids were
in vitro transcribed and appropriate cells (Vero for chimeric viruses, and helper BHK

cells for PIV) were transfected with RNA transcripts to generate virus/PIV samples.

YF/TBE LAY constructs
10 In YF/TBE constructs containing either the TBE Hypr (plasmids p42, p43, and
p59) or LGT ES5 (plasmid P43) prM-E genes, two different types of the C/prM junction
were first examined (see in Fig. 6; C/prM junctions only are shown in Sequence
Appendix 1, and complete 5’-terminal sequences covering the 5’UTR-C-prM-E-
beginning of NS1 region are shown in Sequence Appendix 2). The p42-derived
15 YF17D/Hypr chimera contained a hybrid YF17D/Hypr signal peptide for the prM protein,
while the p45-derived YF17D/Hypr chimera contained a hybrid YF17D/WN signal
peptide for prM (Sequence Appendix 1). The former chimeric virus produced very high
titers at both PO (immediately after transfection) and P1 (the next passage in Vero cells),
up to 7.9 logio PFU/ml, which were 0.5 logo times higher, compared to the latter virus; in
20 addition it formed significantly larger plaques in Vero cells (Fig. 6). Thus, use of TBE-
specific residues in the signal peptide for prM conferred a significant growth advantage
over the signal containing WN-specific residues. The p43-derived YF17D/LGT chimera
had the same prM signal as the p42-derived virus; it also produced very high titers at PO
and P1 passages (up to 8.1 logio PFU/mI) and formed large plaques. A derivative of the
25  p42-derived virus was also produced from plasmid p59, which contained a strong
-attenuating mutation characterized previously in the context of a YF/WN LAYV vaccine
virus, specifically, a 3-a.a. deletion in the YF17D-specific C protein (PSR, residues 40-42
in the beginning of a-Helix I; WO 2006/116182). As expected, the p59 virus grew to
lower titers (5.6 and 6.5 log o PFU/mI at PO and P1, respectively), and formed small

30 plaques (determined in a separate titration experiment and thus not shown in Fig. 6),
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compared to the parent p42-derived chimera. These initial observations of growth
properties of YF/TBE LAV prototypes, and correlation of replication in vitro with plaque

morphologies, have been confirmed in growth curve experiments (Fig. 8).

PIV-TBE constructs

PIV-WN/TBE variants were constructed, and packaged PI'V samples were derived
from plasmids p39 and p40 (Fig. 7; Sequence Appendix 1 for C/prM junction sequences,
and Sequence Appendix 3 for complete 5’UTR-AC-prM-E-beginning of NS1 sequences).
These contained complete Hypr or WN prM signals, respectively. Both PIVs were
successfully recovered and propagated in BHK-CprME(WN) or BHK-C(WN}) helper cells

| (Mason et al., Virology 351:432-443, 2006; Widman et al., Vaccine 26:2762-2771,

2008). The PO and P sample titers of the p39 variant were 0.2 — 1.0 log,o times, higher
than p40 variant. In addition, Vero cells infected with p39 variant were stained brighter
in immunofluorescence assay using a polyclonal TBE-specific antibody, compared to
p40, indicative of more efficient replication (Fig. 7). The higher rate of replication of the

p39 candidate than p40 candidate was confirmed in a growth curve experiment (Fig. 8).

| In the latter experiment, both candidates appeared to grow better in the BHK-C(WN)

helper cells compared to BHK-CprME(WN), with the p39 variant reaching titer of ~ 7
logie PFU/mI on day 5 (note that peak titers have not been reached). The discovery of the
effect of prM signal on replication rates of both PIV and chimeric LAV vaccine
candidates, and head-to-head comparison of different signals to generate the most
efficiently replicating and immunogenic (see above) construct, are a distinguishing
feature of our approach. As discussed above, the invention also includes the use of other
flavivirus signals, including with appropriate mutations, the uncoupling the viral protease
and signalase cleavages at the C/prM junction, e.g., by mutating or deleting the viral
protease éieavage site at the C-terminus of C preceding the prM signal, the use of strong
non-flavivirus signals (e.g., tPA signal, etc.) in place of prM signal, as well as
optimization of sequences downstream from the signalase cleavage site.

Other PIV-TBE variants based entirely on wt TBE (Hypr strain) and LGT virus
{TP21 wild type strain or attenuated E5 strain), and chimeric YF 17D backbone/prM-E
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Mock (diluent) none 0/8 (0%),_ na none 0/8 (0%) na 'AST for mice that died. Table 8. Neutralizing
antibody titers (PRNT50) in mice immunized IP (determined against wt TBE virus Hypr), and protection
from challenge (postchallenge observation, day 9) Immunogen Dose(s), logio PRNT5O titer, individ.
samples' PRNTso GMT Postchallenge mortality (%) on da 92 PIV-Hypr p39, 1 dose 5 1746 (2) 665
0/8(0%) 1187 (2) 164 (2)

(TBE or LGT) sequences are also included in the invention. Helper cells providing
appropriate C, C-prM-E, etc., proteins (e.g., TBE-specific) for trans-complementation can
be constructed by means of stable DNA transfection or through the use of an appropriate
vector, e.2., an alphavirus replicon, such as based on VEE strain TC-83, with antibiotic

5 selection of replicon-containing cells. Vero and BHK21 cells can be used in practice of
the invention. The former are an approved substrate for human vaccine manufacture; any
other cell line acceptable for human and/or veterinary vaccine manufacturing can be also
ﬁsed. In addition to s-PIV constructs, d-P1V constructs can also be assembied. To
additionally ascertain safety for vaccinees and the environment, appropriate modifications

10 can be employed, including the use of degenerate codons and complementary mutations
in the 5” and 3’ CS elements, to minimize chances of recombination that theoretically
could resuit in viable virus. Following construction, all vaccine candidates can be
evalﬁated in vitro for manufacturability/stability, and in vivo for attenuation and
immunogenicity/efficacy, in available pre-clinical animal models, such as those used in

15  development and quality control of TBE and YF vaccines.

Neurovirulence and neuroinvasiveness in mice of PIV-TBE and YF/TBE LAV constructs
Young adult ICR mice (~ 3.5 week-old), were iﬁocuiated with graded doses of

PIV-TBE and YF/TBE LAV candidates by the IC route to measure neurovirulence, or [P

20 route to measure neuroinvasiveness (and later immunogenicity/efficacy). Animals that
received 5 logyp FFU of PIV-Hypr (p39 and p40) variants by both routes survived and
showed no signs of sickness, similar to mock-inoculated animals (Table 7), and thus PIV-
TBE vaccines are completely avirulent. Mice inoculated 1C with YF 17D control (1 -3
logio PFU) showed dose-dependent mortality, while all animals inoculated IP (5 log;o

25  PFU) survived, in accord with the knowledge that YF 17D virus is not neurcinvasive. All
animals that received graded IC doses (2 — 4 logio PFU) of YF/TBE LAYV prototypes p42,
p45, p43, and p59 died (moribund animals were humanely euthanized). These variants
appear to be less attenuated than YF 17D, e.g., as evidenced by complete mortality and
shorter AST at the 2 log;o PFU dose, the lowest dose tested for YF/TBE LAV candidates.

30  The non-neurcvirulent phenotype of PIV-TBE, virulent phenotype of YF/TBE LAV and
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intermediate-virulence phenotype of YF 17D are also illustrated in Fig. 9, showing
survival curves of mice after IC inoculation. It should be noted that the p43 (LGT prM-E
genes) and p59 (the dC2 deletion variant of YF/Hypr LAV) were less neurovirulent than
pd2 and p45 YF/Hypr LAV constructs as evidenced by larger AST values for
corresponding doses (Table 7). In addition, p43 and p59 candidates were non-
neuroinvasive, while p42 and p45 caused part‘ial mortality after IP inoculation {5 log)o
PFU/dose) (Table 7; Fig. 10). It sh.ouid be noted however that all the YF/TBE LAV
constructs were significantly attenuated as compared to wt TBE viruses, e.g., compared {0
wt TBE Hypr virus, which is uniformly highly virulent for mice, both at very low IC
(LDsg~ 0.1 PFU) and IP (L.Dso < 10 PFU) doses (Wallner et al_, J. Gen. Virol. 77:1033-
1042, 1996; Mandl et al., J. Virol, 72:2132-2140, 1998; Mandl et al., J. Gen. Virol.
78:1049-1057, 1997

Immunogenicity/efficacy of PIV-TBE and YF/TBE LAY constructs in mice
TBE-specific neutralizing antibody responses in mice immunized IP with one or
two doses of the PIV-TBE or YF/TBE LAYV variants described above, or a human
formalin-inactivated TBE vaccine control (1:30 of human dose) are being measured.
Animals have been challenged with a high 1P dose (500 PFU) of wt Hypr TBE virus;

morbidity (e.g., weight loss), and mortality after challenge are monitored.

Immunogenicity/efficacy of PIV-TBE and YF/TBE LAV constructs in mice

TBE-specific neutralizing antibody responses in mice immunized 1P with one or
two doses of the PIV-TBE or YF/TBE LAYV variants described above (from experiment
in Table 7), or a human formalin-inactivated TBE vaccine control (1:20 of human dose;
one or two doses), or YF 17D and mock controls, were measured on day 20 by PRNT5;
against wt TBE Hypr virus (Table 8; second dose of indicated test articles was given on
day 14). [Titers were determined in individual sera, or pooled sera from two animals in
most cases, or pocled sera from 4 animals for the YF17D and Mock negative controls].
Titers in individual test samples as well as GMTs for each group are provided in Table 8.

Titers in test samples were similar within each group, e.g., in groups immunized with
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15 6/8(75%) <10 (2) 18 (2) 33(2) PIV-Hypr p40,2 doses 5+5 169 (2) 153 1/8(12.5%) 638 (2)

PiVs, indicating high uniformity of immune response in animals. As expected, no
TBE-specific neutralizing antibodies were detected in negative control groups (YF 17D
and Mock; GMTs < 1:10); accordingly, animals in these groups were not protected from
challenge on day 21 post—imnﬁunization with a high IP dose (SOO PFU) of wt Hypr TBE
5  virus. Mortalities from partial observation (on day 9 post-challenge; observation being

continued) are provided in Table 8, and dynamics of average post-challenge body weights
indicative of mofbidity are shown in Fig. 11. Neutralizing antibodies were detected in
killed vaccine controls, which were particularly high after two doses (GMT 1:1,496);
animals in the 2-dose group were completely protected in that there was no mortality or

10 body weight loss (but not animals in the 1-dose group). Animals that received both one
and two doses of PIV-Hypr p39 had very high antibody titers (GMTs 1:665 and 1:10,584)
and were solidly protected, demonstrating that robust protective immunity can be induced -
by s-PIV-TBE defective vaccine. The two animals that survived immunization with
YF/Hypr p42 chimera (see in Table 7) also had high antibody titers (GM’f 1:6,085) and

15 were protected (Table 8; Fig. 11). Interestingly, PIV-Hypr p40 and YF/Hypr p45 were
poorly immunogenic (GMTs 1:15 and 1:153 for one and two doses, and 1:68,
respectively). As discussed above, these contained WN-specific sequences in the signal
for prM, while the highly immunogenic PIV-Hypr p39 and YF/Hypr p42 constructs
contained TBE-specific signal sequences. 1n agreement with discussion above, this result

20 demonstrates the importance of choosing the right prM signal, e.g., the TBE-specific
signal, to achieve high-level replication/VLP secretion, which in this experiment in vivo
resulted in drastically different immune responses. Immunogenicity of YF/LGT p43 and
YF/Hypr dC2 p59 chimeras was relatively low which could be expected, because of the
use of a heterologous envelope (LGT, different from challenge TBE virus) and high

25  attenuating effect of the dC2 deletion, respectively.

Example 3. Foreign gene expression
In the examples of recombinant P1V constructs described below, genes of
interest were codon optimized (e.g., for efficient expression in a target vaccination host)

30 and to eliminate long nt sequence repeats to increase insert stability (= 8 nt long;
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additional shortening of repeats can be performed if necessary), and then chemically
synthesized. The genes were cloned into PIV-WN vector plasmids using standard
methods of molecular biology well known in the art, and packaged PIVs were recovered
following in vitro transcription and transfection of appropriate helper (for s-P1Vs) or
regular (for d-PIVs) cells.

Expression of rabies virus G protein in WN s-PIV and d-PIV

Rabies virus, Rhabdoviridae family, is a significant human and veterinary
pathogen. Despite-the availability of several (killed) vaccines, improved vaccines are still
needed for both veterinary and human use (e.g. as an inexpe_hsive pre-exposure
prophylactic vaccines). Rabies virus glycoprotein G mediates entry of the virus into cells
and is the main immunogen. It has been expressed in other vectors with the purpose of
developing veterinary vaccines {e.g., Pastoret and Brochier, Epidemio. Infect. 116:235-
240, 1996; Li et al,, Virology 356:147-154, 2006).

Full length rabies virus G protein (original Pasteur virus isolate, GenBank
accession number NC_001542) was codon-optimized, chemically synthesized, and
inserted adjacent to the AC, AprM-E and AC-prM-E deletions in PIV-WN vectors (Fig.
12). The sequences of constructs are provided in Sequence Appendix 4. General designs
of the constructs are illustrated in Fig. 13. The entire G protein containing its own signal
peptide was inserted in-frame downstream from the WN C protein either with the AC
deletion (AC and AC-prM-E constricts) or without (AprM-E) and a few residues from the
prM signal. Foot and mouth disease virus (FMDV) 2A autoprotease was placed
downstream from the transmembrane C-terminal anchor of G to provide cleavage of C-
terminus of G from the viral polyprotein during translation. The FMDV 2A element is
followed by WN-specific signal for prM and prM-E-NS1-5 genes in the AC construct, or
signal for NS1 and NS1-5 genes in AprM-E and AC-prM-E constructs.

Packaged WN(AC)-rabiesG, WN(AprME)-rabiesG, and WN(ACprME)}-rabiesG P1Vs
were produced by transfection of heiper BHK cells complementing the PIV vecmr-deietion
[containing a Venezuelan equine encephalitis virus (strain TC-83) replicon expressing WN

virus structural proteins for trans-complementation]. Efficient replication and expression of
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rabies G protein was demonstrated for the three constructs by transfection/infection of BHK-
C(WN) and/or BHK-C-prM-E(WN) helper cells, as well as regular BHK cells, by
immunostaining and immunofluorescence assay (IFA) using anti-Rabies G monoclonal
antibody (RabG-Mab) (Fig. 14). Titers were determined in Vero cells by immunostaining
with the Mab or an anti-WN virus polyclonal antibody. Growth curves of the constructs in
BHK-CprME(WN) cells after transfection with in vitro RNA transcripts are shown in Fig.
14, bottom panels. The PIVs grew efficiently to titers ~ 6 to >7 log;p FFU/ml. Importantly,
nearly identical titers were detected by both RabG-Mab and WN-antibody staining, which
was the first evidence of genetic stability of the insert. In PIV-infected Vero cells, which
were fixed but not permeabilized, strong membrane staining was observed by RabG-Mab
staining, demonstrating that the product was efficiently delivered to the cell surface (Fig. 15).
The latter is known to be the main prerequisite for high immunogenicity of expressed G.
Individual packaged PIVs can spread following infection of helper BHK cells, but cannot
spread in regular cells as illustrated for WN(AC)-rabiesG PIV in Fig. 16. The fact that there
is no spread in naive BHK cells demonstrates that the recombinant RNA genomes cannot be
non-specifically packaged into membrane vesicles containing the G protein, if produced by
PIV infected eells. An identical result was obtained with the G protein of another
rhabdovirus, Vesicular stomatitis virus {VSV), conirary to previous cbservations of non-
specific packaging of Semliki Forest virus (SFV) replicon expressing VSV G protein (Rolls
et al., Cell 79:497- 506, 1994). The latter is a desired safety feature. [Alternatively, some
non-specific packaging could result in a limited spread of PIV in vivo, potentially enhancing
anti-rabies immune response. The latter could be also a beneficial feature, given that such
PIV is demonstrated to be safe]. The stability of the rabies G insert in the three P1Vs was
demonstrated by sefiaf-passages in helper BHK-CprME(WN) éells at high or low MOI (0.1 or
0.00! FFU/cell). Ateach passage, cell supernatants were harvested and titrated in fegular
cells (e.g., Vero cells) using immunostaining with an anti-WN polycional antibody to
determine total PV titer, or anti-rabies G monoclonal antibody to determine titer of particles
containing the G gene (illustrated for MOI1 0.1 in Fig. 17; similar results were obtained at
MOL 0.001}. The WN(AC)-rabiesG PIV was stable for 5 passages, while the titer of insert-

containing PIV started declining at passage 6, indicative of insert instability. This could be
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expected, because in this construct, large G gene insert (~ 1500 nt) is combined with a small
AC deletion (~ 200 nt), significantly increasing the overall size of the recombinant RNA
genome. In contrast, in WN(AprME)-rabiesG, and WN(ACprME)-rabiesG PIVs, the insert is
combined with a much larger deletion (~ 2000 nt). Therefore, these constructs stably
maintained the insert for all 10 passages examined (Fig. 17). Further, it can be seen in Fig.
17 that at some passages, titers as high as 8 logw FFU/ml, or higher, were attained for all
threé P1Vs, additionally demonstrating that PIVs can be easily propagated to high yields.”

Following inoculation in vivo individually, the WN(AC)-rabiesG s-PIV is expected to
induce strong neutralizing antibody immune responses against both rabies and WN viruses,
as well as T-cell responses. The WN(AprME)-rabiesG and WN(ACprME)-rabiesG PIVs will
induce humoral immune response only against rabies because they do not encode the WN
prM-E genes. WN(AC)-rabiesG s-PIV construct can be also co-inoculated with
WN(AprME)-rabiesG construct in a d-PIV formulation (see in Fig. 12), increasing the dose of
expressed G protein, and with enhanced immunity against both pathogens due to limited
spread. As an example of spread, titration results in Vero cells of a s-PIV sample,
WN(AprME)-rabiesG, and a d-P1V sample, WN(AprME})-rabiesG + WN(AC) P1V (the latter
did not encode rabies G protein), are shown in Fig. 18. Infection of naive Vero cells with s-
PIV gave only individual cells stainable with RabG-Mab (or small clusters formed due to
division of cells). In contrast, large foci were observed following infection with the d-PTV
sample (Fig. I8, right panel) that were products of coinfection with the two PIV types.

The WN(ACprME)-rabiesG construct can be also used in a d-PIV formulation, if it is

co-inoculated with a helper genome providing C-prM-E in trans (see in Fig. 12). For

" example it can be a WN virus genome containing a deletion of one of the NS proteins, e.g.,

NS1i, NS3, or NSS, which are known to be trans-complementable (Khromykh et al., J. Virol.
73:10272-10280, 1999; Khromykh et al., J. Virol. 74:3253-3263, 2000). We have
constructed a WN-ANS1 genome (sequence provided in Sequence Appendix 4) and obtained
evidence of co-infection with WN(AprME)-rabiesG or WN{(ACprME)-rabiesG constructs,
and spread in vitro, by immunostaining. In the case of such d-PIVs, rabies G protein can be
also inserted and expressed in helper genome, e.g., WN-ANS1 genome, to increase the

amount of expressed rabies G protein resulting in an increased anti-rabies immune response.
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As with any dPIV versions, one immunogen can be from one pathogen (e.g., rabies G) and
the other from a second pathogen, resulting in three antigenic specificities of vaccine. As
discussed above, ANS1 deletions can be replaced with or used in combination with ANS3

and/or ANSS deletions/mutations, in other examples.

Expression of RSV F protein in WN s-PIV and d-PIV

Respiratory syncytial virus (RSV), member of Paramyxoviridae family, is the leading
cause of severe respiratory tract disease in young children worldwide (Collins and Crowe,
Respiratory Syncytial Virus and Metapneumovirus, In: Knipe et al. Eds., Fields Virology, 5™
ed., Philadelphia: Wolters Kluwer/Lippincott Williams and Wilkins, 2007:1601-1646).
Fusion protein F of the virus is a lead viral antigen for developing a safe and effective
vaccine. To aveid poét—vaccination exacerbation of RSV infection observed previously with
a formalin-inactivated vaccine candidate, a balanced Th1/Th2 response to F is required which
can be achieved by better TLR stimulation, a prerequisite for induction of high-affinity
antibodies (Delgado et al., Nat. Med. 15:34-41, 2009), which should be achievable through
delivering F in a robust virus-based vector. We have previously demonstrated the capacity of
vellow fever virus-based chimeric LAV vectors to induce a strong, balanced Th1/Th2
response in vivo against an influenza antigen (WO 2008/036146). In the present invention,
both yellow fever virus-based chimeric LAVs and PIV vectors are used for delivering RSV F
to induce optimal immune response profile. Other LAVs and PIV vectors described herein
can also be used for this purpose.

Full-length RSV F protein of A2 strain of the virus (GenBank accession number

P03420) was codon optimized as described above, synthesized, and cloned into plasmids for

"PIV-WN s-PIV and d-PIV, using the insertion schemes shown in Fig. 12 and 13 for rabies G

protein, by applying standard methods of molecular biology. Exact sequences of the
insertions and surrounding genetic elements are provided in Sequence Appendix 5. In vitro
RNA transcripts of resulting WN(AC)-RSV F, WN(AprME)- RSV F, and WN(ACprME)-
RSV F PIV constructs were used to transfect helper BHK-CprME(WN) cells. Efficient
replication and expression of RSV F protein was first demonstrated by immunostaining of

transfected cells with an anti-RSV F Mab, as iliustrated for the WN(AprME)- RSV F
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‘Numbers in parenthesis correspond to number of mice in each pooled serum sample tested.
2Mortalities on day 9 are shown. Table 9. Examples of published attenuating E protein mutations that
can be used for attenuation of chimeric TBE LAV candidates Residue Domain Comments Attenuation
in Reference N52R Il DI- DIl hinge, possibly involved in hinge motion required for fusion activation JE,
YF Hasegawa at al, 1992, Schlesinger at at, 1996 EB4K Il conserved, E in TBE, KJR in others,
attenuated by passage in trades ricinus ticks, DIl contains flavivirus cross reactive epitopes TBE .
Labuda et al, 1994 E85K Il conserved, E in TBE, K/R in others, attenuation obtained as plaque
variants in . Vero cells, DIl contains flavivirus cross reactive epitgpes JE Wu et al, 1997 H104K Il

within highly cof8BFFaEt Hiditsn e ptiteP{essnss tpackacr THES 1Biestrsraatses B upsfessds L107F

cells (titer as high as 7 log}0 FFU/ml} was determined by titration in Vero cells with
immunostaining. Additionally, similar constructs can be used that contain a modified full
length F protein gene. Specifically, the N-terminal native signal peptide of F is replaced in

5 modified F protein with the one from rabies virus G protein. The modification is intended to
elucidate whether the use of a heterologous signal can increase the rate of F protein synthesis

and/or replication of PIVs,

Table 1. PIV prototype constructs used in platform development studies

Construct Genetic composition Packaged in

PIV-WN wi NY9% WN virus WN envelope; BHK-CprME(WN) or BHK-C{WN)
helper cells (Mason et al., Virology 2006, 351:432-
43; Widman et al., Vaccine 2008, 26:2762-71)

PIV-YF/WN Envelope (VLFP): wt WN NY99 YF 17D envelope; BHK-CprME(YF) helper cells
Backbone: YF 17D (Widman et al., Adv Virus Res. 2008, 72:77-126)
PIV-WN/IE Envelope (VLP): wt JE Nakayama |JE or WN envelope;, BHK-C{WN) or BHK-
Backbone: wt WN NY99 CprME{WN) helper cells (Ishikawa et al., Vaccine
2008, 26:2772-8)
PIV-YF YF 17D YF 17D envelope; BHK-CprME(YF) or BHK-C(YF)
helper cells (Mason et al., Virology 2006, 351:432-
43)

Table 2. Safety: Suckling mouse neurovirulence’

Construct Doses Mortality (%) | AST (days)®
(log:o)
PIV-YF 1-4 0730 (0%) na
PIV.-WN 2-5 0/10 (0%) na
PIV-WN/IE 1-4 0/11 (0%) na
PIV-YF/WN 1-4 0/10-11 (0%) na
'WN d-PIV -4 0/10-11 (0%) na
YF d-PIV 1-4 0/10 (0%) na
YF17D 2 10/10 {100%) 7.6
1 10/10 (100%) 9.3
0 9/10 (90%) 9.9
-1 3710 (30%) 9.6
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Il within highly conserved fusion peptide (aa 98-113), L in all flaviviruses, F in attenuated JE TBE, JE,
WN Rey et al, 1995, Arroyo at al, 1999, 2004 7123K 11 DI- DIl hinge, Tin TBE, A in KFD TBE
Holzmann at al, 1997 K126E 1l DI- DIl hinge, K in TBE, E in 0-2 DEN2 Bray, 98 K1 36E Il DI- DlI
hinge, K in TBE and JE. En 0-2 JE N154L(Y) | glycosytation site, packed with conserved H 104,
involved in fusion. DEN2, OEM, YF Guirakhoo et al, 1993, Pletnev at al, 1993, Kawano et al, 1993,
Jennings at al, 1994 K171E | external edge of DI, involved in fusion TBE Mandl, 1989, Holzmann,

1997

VF/IE 4 9711 (82%) 97
3 7110 (70%) 12.3

2 311 (27%) 12

_ 1 0/11 (0%) na
Y F/WN 3 2711 (18%) 12.5
0-2 0/10-11 (0%) na

'Single dose, IC inoculation, ICR 5-day old mice, graded log doses administered,
*AST for mice that died; na, not applicable.

10 Table 3. PIV highly immunogenic and efficacious in mice’

Group Dose PRNT PRNT Post-challenge
Day 28 Day 34 mortality (%o)
PIV-WN 10° | 640 | 1280 _ [ 0
¢ | 1280 | 2560 - i WB(125%)
105 +10° 2560 2560 i b 0/6(0%) |
YE/WN control 10° 1280 2560 1/8 (12.5%)
PIV-WN/JE 10 10 20 N/D
10° 20 20 N
10°+10° 20 160 N/D
YF/JE control 10* 160 320 N/D
PIV-YF 10° <10 <10 8/8 (100%)
10° <10 <19 517 (71%)
105+10° 10 10 LU/ 40%)
YF17D control 10t 640 1280 0/7 (0%)
Mock control — WN challenge Diluent N/D 0 717 (100%)
— YF challenge Diluent N/D 0 8/8 (100%)

'IP immunization (d0 prime, and d21 boost in select groups); challenge on d35: wt WN NY99, 3 log,, PFU
IP, 270 LDS0; wt YF Asibi, 3 loge PFU IC, 500 LD50; N/D, not determined.

56



1173T external edge of DI, involved in fusion YF Chambers and Nickells 2001 D181Y DI- 011 hinge
TBE Holzmann et al, 1997 K204R Lining Hydrophobic pocket, involve in DEN1, DEN3 Guirakhoo at
al, 2004 fusion P2725 Il highly conserved, junction of one the of 2 alpha helices JE Cecilia et al,
1991 G308N 111 ‘cell attachment, DKT in TBE, EGS in KFD, T- X in others, change to N produced
glycosylafion site in LI and reduced virulence N-X-T/S gtycosylation motif

Table 4. PIV are immunogenic in hamsters and protect against challenge’

POST-CHALLENGE
PRNT —
Group Dose(s) Day 38 Mortality Morbidity ?eal:iwr;zmla
0g
PIV-WN 10° 1 320 0/5(0%) . 0/5(0%) 23
10| 640 L 05(0%) . 0/5(0%) I .18 ¢
10°410° [ 1280 O/5 (0% 05 (0%)_ [ <i3 &
Y F/WN control 10* 22560 0/5 (0%) 075 (0%) <13
PIV-WN/IE 10* 20 2/5 (40%) 2/5 (40%) 2.2
w+10* [ 40 05(0%) o 050%) <13
Y F/IE control 10 2560 B/5 (0%) 0/5 (0%) 1.3
PIV-YF 10° <0 1/3 (33%) 3/3 (100%) 83
10° <10 1/5 (20%) 475 (80%) 33
: 10100 T 200l 0/A(0%)_F 0AQ%) i 2.5
Y F17D control 10° >2560 0/4 (0%) 0/4 (0%) <1.3
FMock control ~ WN challenge Diluent <10 3/4 (75%0) 4/4 (100%) 4.0
~ YF challenge Diluent <10 1/4 (25%) 4/4 (100%) 8.4
— JE challenge Diluent <19 2/5 (40%) 2/5 (40%) 3.0

'Syrian hamsters, SC inoculation (40, and d21 in select groups); challenge (d39): wt WNNY385/99 6 log;y
5 PFU 1P, wt JE Nakayama 5.8 log;o PFU IC, or hamster-adapted YF Asibi 7 log o PFU IP (McArthur et al.,
I Virel, 77:1462-1468, 2003; McArthur et al,, Virus Res. 110:65-71, 2005).

57



LI Jiang et al, 1993, Gao et al, 1994 S310K Il putative cell attachment, change from E to Gin JE
reduced virulence JE Jiang et al, 1993, Gao et al, 1994, Wu et al, 1997 K311E Il highly conserved,
putative cell attachment TBE, YF Rey et al, 1995, Jennings, 1994 7333L IlI putative cell attachment
YF, LOT Raynman et al, 1998 0334K Il putative cell attachment YF Chambers and Nickells, 2001
S335K Il putative cell attachment JE Wu et al, 1997 K3360 I

5  Table 5. Immunization of hamsters with PIV: comparison of SC and IP routes

PRNT Day 20-21 Boost PRNT Day 34-38
Anoculums SC P (log1o) SC ] m
PIV-WN 40 320 5 1280 1280
PIV-YF/WN 10 320 5 160 1280
PIV-WN/JE 10 80 5 40 640
PIV-YF <10 10 5 20 80
10
Table 6. Immune responses to PIV cocktails (mice)’
Group Dose PRNT Day 20 PRNT Day 34
Anti-JE Anti-WN Anti-JE Anti-WN
PIV-WN/JE + RV-WN 10° +10° 20 o, 3200 640 581200
PIV-WN/JE aione 10° 80 <10 160 20
PIV-WN alone 10’ <10 ©.640 1 <10 L5120 ¢
Mock <10 <10 <10 <10
' C57/BL6 mice, [P inoculations on days 0 and 21; pooled serum PRNT titers,
15
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putative cell attachment JE Cecilia and Gould, 1991 P3370 llI putative cell attachment JE Cecilia and
Gould, 1991 0368R Il putative cell attachment TBE, JE Holzman et al 1997, Hasegawa et at 1992
Y384H 111 change to H attenuated TBE, putative cell attachment, -3 position to deleted RGD in TBE
TBE Holzmann et al, 1990 V385R Il conserved, -2 position to deleted RGO in TBE, putative cell
attachment 02 Hiramatsu et al, 1996, Lobigs, 1990 G386R Il highly conserved, -1 position to deleted
RGD in TBE, putative cell attachment D2, MVE Hiramatsu, 1996, Lobigs et al, 1990 E387R

Table 7. Neurovirulence {IC inoculation) and neuroinvasiveness (IP inoculation) of PIV-
TBE and YF/TBE vaccine constructs in adult ICR mice

Construct Neurogviruleace (1C route) Neuroinvasiveness (IP route)
Dose(s) Mortality AST, Dose(s) Mortality AST,
(logig) (%) days’ (logyo) (%o} days’
P1V-Hypr p39 5 /7 (0%6) na 5 0/16 (0%) na
PIV.-Hypr p40 5 (/6 (0%) na 3 (/16 (0%) na
YF/Hypr p42 4 8/8 (100%) 6.3 5 6/8 (75%) 13.3
3 8/8 (100%) 6.4
2 8/8 (100%) 7.4
YF/LGT p43 4 8/8 (100%) 7.9 5 0/8 (0%) na
3 8/8 (100%) 7.6
2 8/8 (100%}) 8.4
YF/Hypr pd45 4 8/8 (100%) 6.1 5 5/8 (62.5%) 11.2
3 8/8 (100%) 6.6
2 8/8 (100%) 6.8
YF/MHypr dC2 p5% 4 8/8 (100%%) 6.6 5 /8 (0%) na
3 8/8 (100%) 7.4
2 §/8 (100%) 8.1
YF17D 3 8/8 (100%) 9 3 /8 {0%) ra
2 7/8 (87.5%) 9.6
1 4/8 (50%) i0
Mock (diluent) none 0/8 (0%) na none 0/8 (0%} na
"AST for mice that died.

Table 8. Neutralizing antibody titers (PRNTs) in mice immunized IP (determined
against wt TBE virus Hypr), and protection from challenge (postchallenge observation,

day 9)
Immunogen Dose(s}, PRINTS,, titer, PRNT: GMT Postchallenge
togu individ, samples’ mortality (%)
on day 9
PIV-Hypr p39, 1 dose 5 1746 (2} 665 0/8 (0%)
1187 (2}
164 (2}
574 (2)
PIV-Hypr p39, 2 doses 5+5 16229 (2) 10,584 0/8 (0%)
12928 (2}
12927 (2)
4627 (2)
PIV-Hypr p40, 1 dose 5 <10 (2) 15 6/8 (75%)
<10 {2}
18 (2)
33(2)
PIV-Hypr p40, 2 doses 5+5 169 (2) 153 1/8 (12.5%)
638 (2)
26 (2)
192 (2)
YF/Hypr p42 3 9210 (1) 6,083 0/2 (0%)
4020 (1)
YF/LGT p43 5 123 (2} 64 18 (12.5%)
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lll conserved, +2 position to deleted ROD in TBE, putative cell attachment 02, MVE Hiramatsu, 1996,
Lobigs et al, 1990 F403K none highly conserved, C-terminal region not included in crystal structure s
0-2, 0-4 Kawano et al, 1993, Bray et al, 1998 H438Y None highly conserved, C-terminal region not
included in crystal structure s LOT Campbell and Pletnev 2000 H496R none highly conserved,
C-terminal region not included in crystal structure s TBE Gritsun et al, 2001 References: Hasegawa
et al., Virology 191(1):158-165; Schlesinger et al., J. Gen. Virol. 1996, 77 ( Pt 6):1277-1285, 1996;
Labuda et al., Virus Res, 31(3):305-315, 1994; Wu et al., Virus Res. 51(2):173-181, 1997; Holzmann
et al., J. Gen. Virol. 78 (Pt 1):31-37, 51997; Bray et al., J. Virol. 72(2):1647-1651, 1998; Guirakhoo et
al., Vlrology 194(1):219- 223, 1993; Pletnev et al., J. VlréP (6)7(8) 4956-4963, 1993; Kawano et al.,

V|roI 67(11):6567- 6575 1993 Jennlngs et al., J Infect. 13 5 169(3) 512-518, 1994 Mandl et al., J
Virol. 63(2):564-57%:#4989 5687 ‘ =Y Virology
181(0:70-77, 1991; Jlang et al., J. Gen. V|roI 74 (Pt 5): 9&]@935 101993; Gao et aI J. Gen V|roI 75
(Pt 3):609-614, 19%#!012%% etal., J. Viral564(10):51865159, 1990;%liramatsu &8#&%)irology
224(2):437-445, 1996; Lobigs et al., Vlrology 176(2): 5879 , 1990; Campbell et al., Virology
269(1):225-237, 2000; Gritsun et al., J. Gen. Virol. 82(Pt2 #67-1675, 2001. 15

Killed human TBE vaccine, 1 1/20 19 (2) 12 1/8 (12.5%)
dose (at 1/20 of human dose) <10 (2)
13(2)
<10 {(2)
Killed human TBE vaccine, 2 1/20+1/20 3435 (2) 1,496 0/6 (0%)
doses {each at 1/20 of human 1267 (2)
dose) 770 (2)
YF 17D comtrol : 5 <i0 (4) <16 5/8 (62.5%)
11 (4)
Mock none <10 (4) <18 418 (50%)
<10 (%)

"Numbers in parenthesis correspond to number of mice in each pooled serum sample tested.
*Mortalities on day 9 are shown.

Table 9. Examples of published attenuating E protein mutations that can be used for
attenuation of chimeric TBE LAYV candidates

Residue | Domain Comments Attenuation in Reference
N5ZR i Di- DIl hinge, possibly involved in hinge JE, YF Hasegawa ¢t al, 1892,
maotion reguired for fusion activation Schiesinger et at, 1996
EB4K it conserved, E in TBE, K/R in cthers, TBE Labuda ef al, 1994

attenuated by passage in Ixodes ricinus

ticks, DIl contains flavivirus cross reaclive

apitopes

EB5K It conserved, Ein TBE, K/R in gthers, JE W et al, 1597
attenuation obtained as plague varants in

Vero cells, DIl contains fliavivirus cross

reactive epitopes
H104K n within highly conserved fusion peptide {aa TBE Rey et a1, 1985
98-113), H in TBE, G in others
L107F Il wiltin highly conserved fusion peptide (aa TBE, JE, WN Rey et al, 1985, Arroyo
98-113), L in af flaviviruses, F in altenuated el al, 1999, 2004
JE
T123K H Di- Dll hinge, Tin TBE, AinKFD TBE Holzmann et af, 1997
K126E H Di- DH hinge, Kin TBE, Ein D-2 DEN2 Bray, 98
K136E H Di- D hinge, K in TBE and JE, E inD-2 JE
N154L(Y) t glycosytation site, packed with conserved H § DEN2, DEN4, YF Guirakhoo et al, 1993, Pletnev et
104, involved in fusion. al, 1993, Kawano et al, 1993,
Jennings et al, 1984
Ki71E H external edge of DI, involved in fusion TBE Mangdl, 1989, Holzrnann, 1997
11737 axternal edge of DI, involved in fusion YF Chambers and Nickells 2001
D181y Di- DI hinge: TBE Holzmann ef al, 1997
K204R Lining Hydrophobi¢ pocket, involve in DEN1, DEN3 Guirakhoo et al, 2004
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included in crystat structure sE

fuston
P2725 I highty conserved, junction of one the of 2 JE Cecifia et al, 1981
alpha helices
G308N it ‘el attachment, DKT in TBE, EGS in KFD, T4 LI Jiang et al, 1993, Gap et al, 1594
X in others, change to N protuced
glycosylation gite in LI and reduced vindence
N-X-T/S glycosylation motif
S310K H putative celi attachment, change from £ io JE Jiang et al, 1993, Gao ef al, 1954,
G in JE reduced virulence Wu et al, 1997
K311k H highly conserved, putative celt attachment TBE, YF Rey el al, 19985, Jennings, 1854
T333L H: putative cell attachment YF, LGT Raynman et al, 1898
G334K ith putative cell attachment YF Chambers and Nickells, 2001
S5335K i putative cell atachment JE Wu et al, 1957
K3360 1] putative cell attachment JE Cecilia and Gould, 1991
P337D i putative cell altachment JE Cecilia and Gould, 1891
G36BR it putative cell altachment TBE, JE Holzman et al 1997,
Hasegawsa et al 1992
Y3B4H [ change to H attenuated TBE, putative cell TBE Holzmann el al, 1990
attachment, -3 position to deleted RGD in
TBE
V3IE5R i conserved, -2 position to deleted RGD in D2 Hiramatsu et al, 1896,
TBE, putative cell attachment Lobigs, 1880
G386R It highly conserved, -1 position to deleted D2, MVE Hiramaisu, 1986, Lobigs et af,
RGD in TBE, putative cell attiachment 1990
E387R ] conserved, +2 position o deleted RGDin D2, MVE Hiramatsu, 1996, Lobigs et al,
TBE, puiative cell attachment 1890
F403K none highly censerved, C-terminal region not B.2, D-4 Kawano et al, 1993, Bray et al,
included in crystal structure sE 1998
H438Y None highly conserved, C-terminal region not LGT Campbel and Pletnev 2000
: included in crystal structure sE
H496R none highly conserved, C-terminal region niot TBE Gritsun et al, 2001

References: Hasegawa et al., Virology 191(1):158-165; Schlesinger et al., J. Gen. Virol.
1996, 77 ( Pt 6):1277-1285, 1996; Labuda et al., Virus Res. 31(3):305-315, 1994; Wu et
al., Virus Res. 51(2):173-181, 1997; Holzmann et al., J. Gen. Virol. 78 (Pt 1):31-37,
1997; Bray et al., J. Virol. 72(2):1647-1651, 1998; Guirakhoo et al., Virology 194(1):219-
223, 1993; Pietnev et al., J. Virol. 67(8):4956-4963, 1993; Kawano et al., J. Virol.
67(11):6567-6575, 1993; Jennings et al.;. }. Infect. Dis. 169(3):512-518, 1994; Mand] et
al., I. Virol. 63(2):564-571, 1989; Chambers et al., J. Virol. 75(22):10912-10922, 2001,
Cecilia et al., Virology 181(1):70-77, 1991; Jiang et al.,, J. Gen. Virol. 74 (Pt 5):931-935,
1993; Gao et al., J. Gen. Virol. 75 (Pt 3):609-614, 1994; Holzmann et al., J. Virol.
64(10):5156-5159, 1990; Hiramatsu et al., Virology 224(2):437-445, 1996; Lobigs et al.,,
Virology 176(2):587-595, 1990; Campbeli et al., Virology 269(1):225-237, 2000; Gritsun
et al., J. Gen. Virol. 82(Pt 7):1667-1675, 2001.
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Sequence Appendix 4. WN PIV constructs expressing rabies
virus G protein.

WN (ACprME)-Rabies PIV sé(iuence (partial)

N-tarminus of C

1 AGTAGTTCGC CTGTGTGAGC TGACAANCET AGT}\G'I‘GT'{‘T GTGAGGATTA  ACAACAATTA ACACAGTGCG AGCTGTTICT TAGCACGAAG ATCTCGATET
TEATCARGOG GACACAC‘E‘CG ACTGTTTGAA TCATCACAAR CACTCCTART TGTTGTTAAT TGTGTCACGC TCGACAAAGA ATCGTGCTTC TAGAGCTACA
N- temunus of ¢

- K XK P &€ G P ¢ KSR AV Y L L K RGH®H?P?P RVILI LI 6L K¢ KK R:

gl CTAAGARACC AGERGGECCC GGCARGAGUC GC;GCTGTCTA TTTGCTAAAL CGOGGAATGL CCCGOGTGTT GTCCTTGATT GGACTTRAGC AAMRGARGCG
GATICITTGG TCCTCCOGEE LOGTTCTOGC CCCGACAGJ\T ARRCGATTET GOGCCTTACG GGGOGCACAA CAGGAACTAA CCTGAATTOS TTTTCTTOGL

N-terminus of C Rabiea G Bignal
partial c éignal Rabies-0G protein
-G G K T G I A v I v P Q A L L PV P L L v F P L € F & K F P I ¥ T

201 AGGOGGCARG ACTGATATAG CTOTGATCGT TCCTCAGGCT CITTIGTITS TACCCTTGET GGTATTTCCC CTTTGCTTTG GTARATTTCC TATCTATACE
TCCCCCGTTC TGACCATATC GACACTAGCA AGGAGTCCGA GAAAACARAAC ATGGGAARCGA CCATAMAGGG GAAACGARAC CATTTAAAGS ATAGATATGS
' Rabien-G protein

IPDKI;GPWSPIB'IHHLSCPNKLVVEDBGCTNLSG-

301 ATCCCTGATA AGCTCSGGEC TTGGRGTCCE ATI‘GATATTC ACCATTTGAG CTGCCCARAC AACCTCOTCG TIGAGGATGA AGGGTGCACT MATCTTTCTG
TAGEGACTAT TCﬁAGCC:CG{; AACCTCAGGG TAACTATARS TCOTAAACTC GACGGGTTTG TTGGAGCAGC AACTCCTACT TCCCACGTGA TTAGAARGAC
Rabies-G protein

<« P B Y M E L K V8 Y Y &8 A I X M KFGgFT CT GG V VT EAET Y TR

401 GATTTTCCTA CATCGOAGTTE AAAGTCOGCT ATATTTCAGC CATTAAGATG ARCGGCTTTA CTTGTACAGS AGTOGTGACC GARGCOSAGA CATATACARAL
CTAARAGGAT GTACCTCAAC TTTCACCCGA TATARAGTOG GTAATTCTAC TTGCCGARAT GAACATGTCC TCAGCACTGG CTTCGSCTCT GTATATGTTT
Rabies-G protain

501 TTTCGTGGGA TACGTCACCA CCACCTTCAA GAGAAMC.‘.AC TTCOGCCCAR COCOTEALGC TTGTCGGGCC GCPTACAACT GEAAGATGHU AGGAGATCCT
AARGCACCCT ATGCAGTGGT GGTGGAAGTT CTCTETTGTG ARGGCGGSTT GOGGACTGOS AACAGCCOGG COAATGTTGA CCTTCTACCS TCOTCTAGGA
Rabies-G protein

R YEE& 8 LH MM PY PDYH % LR TV XK TTZ KTE LUV I I s P 8§V B-

601 CGATATGAAG AATCTCTGCA CAACCCGTAT CCTGATTACC ‘ATTGGCTGOG GACAGTCAAG ACTACCAAGG AGAGTCTGGT CATTATATCA CCARGCGTGS
GCTATACTTC TTAGAGACGT GTTGGGCATA GGACTAATGE TAACCGAUGE CTGTCAGTTC TEATGGTICC TCTCAGACCA GTAATATAGT GGTTOGCACC
Rabies-G protein

P LD F YD RS L H &SRV F PG GNCS 66V A ¥ S5 T Y CS TMHNH-:-

701 COGATCTTGA TCCTTATGAT AGATCCCTGC ACAGTAGGGT TTTICCTGGO GGGAATTIGTA GCSGTGTTGC AGTATCAAGT ACCTACTGCT CCACTAACCA
GOCTAGAACT AGGAATACTA TCTAGEGACG 'TGTCATCCCA AAMAGGACCE CCCTTAACAT CGCCACAACG TCATAGTTCA TGGATGACGR GOTGATIGET
. Rabies-G protein

D YT I wM e ENP R LG M S CD I' P T N 8 R 6 KRA 8 K66 S5 FE T

801 CGRCTRCACT ATATGGATEC CIGAGAACCC TCGACTOGGT ATGAGTTGCG ACATTTITAC GARCTCACGE GGCARGCGGS CRTCTAACES GTCIGARACA
GCTGATGTGA TATACCTACG GACTCTTGGG AGUTGAGCCA TACTCAACGC TGTAAARATC CTTGAGTGCC COSTTCGCCC GTAGATTCOC CAGACTTTGT
Rabies-G protein

©GFV DER €LY KS8LX 6AC KLEXR LCGVYV LEGE RLMODBGSGTTHW:

$01 TOCEGETTTG TTOATGAGOS GGGGTTGTAT AAATCTCTTA AAGGOGCCTE TAAGCTGAAA CTCTGTGGOG TACTGGGGCT GOGCCTGATG GACGGTACAT
ACGCCCAAAL AACTACTOGC CCCCARCATA TTTAGAGART TTCOGOGGAC ATTUGACTTT GAGACACCGC ATGACCCCGA CGUGGACTAC CTGCOGTGTA
Rabies-G protein

v A M QT S8 W ETUZ K WP P60 L VN L HDVF R SD B I EH L V V.

1081 GGGTOGCTAT GCAGACAASC BATGARACAA AGTGGTGTCC CCCTGETCAG CTSCTTAATC TGCACGACTT TASGTOTIGAC GAARTOGAGE ACCTTGTEGT
CCCACOGATA COTCTUTTCE TTACTTTGTT TCACCACAGE GGGACCAGTC GACCAATTAG ACGTGUTOAA ATCCAGALTG CTTTAGCTCG TGGEMCACCA
Rabies-G protein
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1161

1201

1301

1401

1501

1501

1M1

1801

1501

GGAGGARCTG GTGRAASAAAC GUGARGAGTG CCTGGACGCA CTTGAGAGTA TEATGACCAC CAAATCCOGTT TCCTTCAGBAR GACTGAGCCA CCTGCGAAMG
CCTCCTTGAC CACTTCTTTS CGCTTCTCAC GGRACCTGOGT GAMRCTCTCAT AATACTGGTG GTTTAGECAR AGGAAGTCIT CTGACTOGET GGROGCTYTC
Rabies-¢ protein

L v PG F & K A Y T I PN K T L M E A D A H Y K 8 VvV R T W N E I I P

" CTGGIGCCAG GGTTCGGGAA GGCTTATACT ATTTTCAAﬁA AGACTCTTAT GGRAGGUGEAT GUCCATTATA AGTCAGTITAG GACTTGGAAT GAGATAATTC

GACCAQGGTC CCAAGCCCTT COGAATATGR TAAAAGTTGT TCTGAGAATA CCTCOGCCTA QGGATAATAT TCAGTCAATC CTGAACCTTA CICTATTAAC
Rabies-G protein

- 8 K B cC L R vV G G R T H P H V N G vV F F N G I I L G P DG N V L -

CCTCCAAMGE RATETCIGAGR GTCGGTGEGA GATGCCACCC CCATGEICAAT GGGGTSTTCT TTAACGGAAT CATCCTGGGA CCTGACGGGA ACGTGCTGAT
GGAGGTTTCC TACAGACTCT CAGCCACCCT CTADGETGEG GGTACAGTTA CCCCACAAGA AATTGCCTTA CGTAGEACCCT GGACTSCCCT TGCACGACTA
Rabies-G protelin

P E M Q 5 8 L L QQ H M E L L v 8 § VvV I ? L. M R P L A D P 8 TV F

TCCCGAGATG CAATCTTCOC TTCTGCAGCA ACACATGGAR CTCCTGGTGT CTTCAGTGAT ACCCCTGATS CkCCCACTGG CCGACCCCAG CACTGTGTTC
AGGGCTCTAC GTTAGARGGG AAGACGTOGT TGTGTACCIT GAGGACCACA GAAGTCACTA TGGGGACTAC GTGGGTGACC GUCTGGLGTC GTGACACARG
Rabies-G protein

K NG DP BE A E DPFV E V H L P DV HE R 1 8 ¢ ¥ b L G L P N W G K Y-

ARRAATGGCG ATGAGBCCGA AGACTTTGTG GAAGTTCACC TGCCCGATGT ACACGAAAGG ATATCTGGAG TAGACCTGGG CCTTCCTAAT TGGGGTAAGT
TTTTTACCGC TACTCCGGCT TCTGARACAC CTTCAAGTGG ACGGGCTACA TGTGCTTTCC TATAGACCIC ATCTSGACCC GEAAGGATTA ACCCTCATTCA
Rabien-G@ protein

vV L L 5 A G A L T A L M L r1r P . L MTC H R R vV N R § E P T 0 H N-

ACOTGCTCOCUT GAGTGCGGGT GCCTTGACOS CTTTGATGOT GATCATTTTT CTGATGACCT GCTGGOGGAG GOTGAATCSC TCCGAGUCGA CACAGCACAA

"PGCACGAGGA CTCACGOCCA CGGAACTSGC GARACTACGA CTAGTRARAR GACTACTGGA CGACCGCCTC CCACTTAGCG AGGCTCGGCT GTGTCGTSIT

Rahies-C protein

FMDV 2A

- L R G T G R E VvV § VvV T P Q S G K I I 8 8§ W E 5§ Y K86 6 E T § L N

TCTCAGAGGE ACAGGCCGGEG ARGTAAGTGT GACTCOGUAM TCTGECARGA TTATTAGTAS TTGCGEAZAGT TACAAGTCTG GAGGAGAGAC TGGETTGAAT
AGAGTCTCCC TGETCCOGGCCC TTCATTCACA CTGAGGCGTT AGACCGTTCT AATAATCATC AACCCTCTCA ATGTTCOAGAC CTCCTCTCTG ACCCAACTTA
preNS: signal

FMDV 2A NSl gignal

F P L L K L A & DV E 8 K P G 2 A B D R 8§ I A L T F L AV & 6V L L -

TTTGATCTGE TCARACTTGC AGGOGATGTA GAATCAAATC CTGGACCCGC CCGGGATAGG TCOATAGCTC TCACGTTTCT CGCAGTTGGA GAAGTICIGE
ARACTAGACG AGTTTGAACG TCCGCTACAT CTTAGTTTAG GACCTGGGCS GGCCCTGTCS AGGTATCGAG AGTGCARAGA GCGTCAACCT CCTCRAGACG
NSt signal

N§l
F L § VNY HADT & C A I D I § R QE L R C 'G B G v P I H# R D V-

TCTTCCTCTC COTGAACGTG CACGCTGACA CTGGGTGIGC CATAGACATC AGCCGGCRAG AGCTORGATE TGGAAGTGRA GTGTTCATAL ACAATSATGT
AGAAGGRGAG GCACTTGCAC GTGCGACTGT GACCCACACG GTATCTGTAG TCGGUOGTTC TCGACTCTAC ACCTTCACCT CACAAGTATS TUTTACTACA
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WN (AC)-Rabies G PIV sequence (partial).

S'UTR

terminus of C

M 5 .
1 AGTAGTECSC CTEIGTGAGC TGACARACTT AGTAGTSTTT GTGAGGATTA ACAACARTTA ACACAGTGUG AGCTGTTTCT TAGCACGAMS ATCTCGATGT
TCATCAAGCG GACACACTCG ACTGTTTGAA TCATCACARR CACTCCTAAT TOETICTTAAT TETETCACGT TOGACARAGA ATCSIGOTTC TAGRSCTACA
N-terminus of C

X K P ¢ G P G X S5R A VN ML X B GMP R VL S5 5L 1! 6L KQ K KR -

103 CTARGAAACC RGGAGGGCCC GGCAAGAGCC GGGCTGTCAR TATGCTAAAA CGCGGARATGC CCCOGCGTETT GTCCTTIGATT GGACTTAAGC ARRAGARGCS
GATTCTTTGG TCCTCOOGEE COGTTCTCGG CCOGACAGTT ATACGATTTT GUGCCTTACG GGGCGCACAR CAGGAACTAA CCTGAATTICG TTTICTTOGC

N-terminus of C Rabies-G protein
partial C signal Riabies-G signal
-+ 6 K T & I A VvV IV P QA L L FV P L L ¥V F P L C PG EPFPGB 1T YT

201 AGGGGGCAAG ACTGGTATAG CTGTGATCGT TCCTCAGGCT CTTETETITG TACCCTIGOT GGTATTTCCC CTTTGCTTTC GTAMATTICE TRATITATACC
TCCCCCGTTC TGACCATATC GACACTAGCA AGGAITCOGA GAARRCAAAC ATGGGAACGA CCATAAAGGS GAAACGAAND CATTTAAARGS ATAGATATCG
Rzbiesn-C protein

I P DK L GP W SP I DI!I!H HBHL S CPN NLVV EDE 6CT N L 8 @&-

301 ATCCCTGATA AGCTCGEECT TTGGAGTCCC ATTGATATTC ACCATITGAS CTGCCCAAAC AACCTCGTCS TTCAGGATGEA AGGOTGCACT AATCOTTTOTS
TAGGGACTAT TCOGAGCCCGG AACCTCAGGG TAACTATAAG TGGTAARACTC GACOGEGTIMG TIEGAGCAGC AACTCCTACT TCCCACGTGA 'TIAGAMAAGAC
Rabies-& protein

F 8§ Y M BE L KV GY I S8 A I K ¥ NG FT CTOG VYV VYT B AET Y TN

401 GATTTTCCTA CATGGAGTTG AAARGTGEECT ATATTICAGC CATTARGATG AACGECTTTA CITGTACAGSE AGTOGTGACC GARGCCGAGA CATATACAMA
CTAARAGGAT GTACCTCAAC TTTCACCCGA TATAAAGTCG GTAATTCTAC TTSCOOGARAT GAACATETOC TCAGCJ\CI‘GG CITCGRCTCYT GTATATGTTT
Rabies-G protein

-FVGYVTTTFKRKHFR'PTFBA&RI\A‘I“WRMAGDP

501 TTTCOTGGGA TACGTCACCA CCACCTTCAR GAGARARCAC TTCCGCCTAA CGCCTGACGC TIGTCGHGCEC GCTTACAACT GGAAGATGGC AGGAGATCCT
ARRGCACCCT ATGUAGTGGT GGTGGRAGTT CTCTTTTGTG AAGEOGCOTT GOGGACTGCG AACAGCCOGE CGAATGTTGA COTTCTACCS TCCTCTAGHA
Rabies-G protein

R Y B E % L ¥ N PY PDVYH W LR TV REK TTZ XKE S LV I I 8 P &V A

1433 CGATATGAAG AATCTCTGCA CRACCCGTAT CCTGATTACC ATTGGCTGOG GACAGTCAAG ACTACCAAGG AGAGTCIGGT CATTATATCA CCARGOGTSS
GCTATACTTC TTAGAGACGYT GTTGGGCATA GGACTARTGG TAACCGACGC CTGTCAGTTC TGATGGITTCC TCTCAGACCA GTAATATAGT GGTTCGCACC
Rabies-G protein

DL D P YD R S L H B8 BV F PG GNOCS GV A VvV 8 5 T Y C S T N HB-

701 COGATCTTGR TCCTTATGAT AGATCCCTGY ACAGTAGGET TITTCOCTGGC GSGGAATTGTA GUGRTGTTGC AGTATCAAST ACCTACTGCT CCACTAACCA
GGCTAGAACT AGGARTACTA TCTAGGGACG TETCATOCCA ARAAGGACCS CCCTTAACAT CRCCACAALSE TCATAGTTCR TGOATGACGA OGTGATTCST
Rabies-G protein

'DYTIWMPSNPRLGMSCDIFTNSRGKERSKGSE‘!‘

801 CGACTACACT ATATGGATGC CTGAGRACCC TCGACTCGGT ATEAGTTGUG ACATTTTTAC GRACTCACGS GOCAMICGEG CATCTAAGHS GTCTGARACA
GCTGATGTEA TATACCTACE GACTCTTGGG AGCTSAGCCR TACTCAACGC TGTAAMMAATG CTTGAGTGCC COGTTCECCC GTAGATTOCC CASACTTTOT
: Rabies-G protein

€ ¢ FV D ¥ R 6L Y KSIL X 6 AC XL K L CGVV L GL ® L M DG T W:-

201 TGCOGGETEYTG TTGATHAGOS GGGETTETAT AAATCTCTTA AAGGCGCCTG TRAGCTGARA CTUTUTGECG TACTGEGGOT GOGOCTGATC GACUGCACAT
ACGCCCARAC ARCTACTOGC CCCCAACATA TTTAGAGAAT TTCCOCGGAC ATTOSACTTT GAGACACCGC ATGACCCOGA CGOGGADTAC CMGCOCTGTA
Rabies-G protein

- ¥ A M QT E& N ETK WCP PGQ LV N L HEDVPF R SD E I EH L Vv V

loc: GBETEGCTAY GCAGACAAGT AATGRAACHAR AGTSGTGTCC CCOCTEGTCAG CEGETTAATC 'TEUACGACTT TAGSTCTGEAC GAAATUGAGC ACCTTETGST
CCCACCGATA CGTCIGITCG TTACTTTGTT TCACCACAGE GGGACCOASTC GACCAATTAG ACGTGCTGAA ATCCAGACTG CTTTAGCTCG TGGAACACCA
Rabies-G protein

*E E L ¥V K KR BEEQLQ L DA L E S I MTT K SV 8 FRR L & HE LR E

1101 GGAGGAACTG GTGARGMAAC GOGRAGAGIG CCTGGACGCA CTTGAGAGTA TTATGACCAC CRARTCCGIT TCCTTCAGRA GACTGAGCOCA COTGOGAARG
COTCOTTGAC CACTTCYTYG OGITTCTCAR GGACCTGOGT GAACTCTCAT ARTACTGOTE GTTTAGGCAA AGBARGTCTT CTGACTORGT GHALGCTTIC -
Rabies-G protein

o o 1 e o AT R O o g o o - A g o o e T I B Al e o o e e 2
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LVPGFGKAYTIFHKTLMQRS)RHYKSVRTWNEIIP-

1201 CTGETGOCAG GETTOGGGAR GGOTTATACT ATTTTCAACA AGAC!‘C'I'I'.P.T GGAGGCGGRT GCCCATTATA AGTCAGTTAG GACTTSGRAT GAGATAATTC
GARCCACGGTC CCAAGCCC‘TT CCGRATATGA TAARAGTIGT TCTGAGAATA COTCUGCCTA CGGGTAATAT TCAGTCAATC CTGAACCTTA CTCTATTARG
Rabies~G protein

+ 8 K6 €CLR VG GR CHP HVYVN ¢V P N G1!I ! L 6 P DHOoWNWN VL I-

1301 CCTCCARAGG ATGTCTGAGA GTOGGTGEGA GATGCCACCC CCATGTCRAT GGGGTETTCT TTAACGGART CATCCOTGGGA CCTGACGGSA ACGIGCTGAT
GGAGETTTLC TACAGACTCT CAGSCCACCCT CTACGGTGHG GGTACAGTTA CCCCACAAGA AATTGCCTTA CTAGGACCCT GGACTGCOCT TGCACGACTA
Rabies-G protein

P EM {Q S S L L OQQ HME L LV SE 8V I PLM HPULA PP S TV F

140 TCCOGAGATG CAATCTTCCC TTCTGCAGCA ACACATGGAA CTCCTGGTOT CTTCAGTGAT ACCCCTGATS CACCCACTGS COGADCCCAG CACTGTGTTC
AGGGCTCTAC GITAGARGGG AAGACGTUGT TOTGTALCIT GAGGACCACA GAAGTCACTA TGGGGACTAC GIGGGTGACC GOCTGGGGETC GTGRCUACAAG
Rabies-G protein

XK " 6 b E A E D FV EVHL P DV HEUR I &6V DL G L PN WGZI K Y-

150% AARAATGGOG ATGAGGCOGA AGACTTTGTG GARGTTCACC TGCCOGATGT ACAQGAAAGHG ATATCTCGAG TAGACCTGGG CCTYCCTAAT TGGGUTAAGT
TTTTTACCGC TACTCCGGCT TCTGAMACAC CTTCRAGTGG ACGGGCTACA TGTGCUTTTCC TATAGACCTC ATCTGGACCS GGAAGGATTA ACCCCATTCA
Rabies~G protein

¥V L. L 8 A G AL T A LMIL I XTF LM TCLC W RR VYVNR 8 E BT ¢ B N-

1601 ROGTSCTCCT GAGTGCGGGT CCOTTHACCE CTTTGATGCT GATCATTTTT CTIGATGACCT GOTGOCGGAG GOTGAATOGC TCOGAGCCGA CRACAGCACHA
TGCACGAGEA CTCACGCCCA CGGAACTGEC GARACTACGA CTAGTARAAA GACTRCTGGA CGACCGCCTC CCACTTAGOS AGGCTOGGCT GTGTOGTETT

FMDV 2A
Rabies-G protein
-LRGTGREV&‘VTPQSGKI ISSWEsYKSGGETGLN

1701 TCTCAGAGOG ACAGGCOBGE AAGTAAGTET GACTCOGCAA TC.'I‘GGCAAGA TTATTAGTAR TIGGEAGAGT TACAAGTCTG GAGGAGAGAT TGGGTTGAAT
AGAGTCTCCC TGTCOGBGCCC TTCATTCACA CTGAGGOGTT AGALCATICT AATAATCATC ARCCCTCTCA ATGITOAGAC CTECTCTCTG ACCCAACTTA
C/prM signal

FMDV 2ZA
FPLL KLA GPV ES NP 6G6GPG 6 KT 6 I AVY M IG L I A CV G A-:

1iB8¢: TITGATCTEC TCARACTTGL AGGOGATETA GARTCAMATC CTGGACCCSGE AGGARAGACC GOETATTGCAG TCATSATIGS CCTGATOSCS TGOSTAGGAG
RAACTAGACG AGTITGAACG TCCGCTACAT CITASTTTAG GACCTGGOGCC TCOTTTCIGE COATAACCGTC AGTACTAACT GGACTAGCHG ADGORTCCHC
C/pr signal

prM
VT L 58 NP Q6 KV MMT VHNA TDVY bDbVI T I P TAAEG KNIL-

19901 CAGTTACCCT CTCTAACTTC CARGGGAAGG TCGATGATGAC GGTAARATGCT AC’I‘GACGTCA CAGATGTCAT CACGATTCCA ACAGCTGCTG GARAGAACOT
GTCAATGGGA GAGATTGAARG GTTOCCTTCC ACTACTACTG CCATTTACGA 'TOACTHCAGT GTCTACRGTA GTGCTAAGGT TGTOGACGAC CTTTCTTGGA

prM
-C I ¥ R AMD V &Y M CD PTI1I T YEC P YL S A GCYN¥ DPE DID

2001 ATGCATIUTC AGAGCAATGEG ATGTGGEATA CATGTGCGAT GATACTATCA LTTATGAATG CCCAGTGOTG TOSGCTGRETA ATGATCCAGA AGACATCGAC
TACGTAACAG TCTCETTACC TACACCCTAT GTACKCUCTA CTATGATAGT GBATACTTAC GGUTCACGAC.AGCCGACCAT TACTAGGTCT TCTGTAGIIG

a
CWC'I;KSAVYVRYGRCTKTRHSRRSRRSLTVQTHG-

2101 TCTTGGTCCA CAARGTCAGC AGTCTALGTL AGGTATGGAR GATGCACCAK GACACGCCAC TCRAGAOGCA GTCOGAGGTC ACTGACAGTG CAGACACACG
ACARCCACGT GTTICAGTOS TCAGATGCAG TCCATALCTT CTACGTGSTT CTGTGCGAETS AG‘I"!‘C‘I’GOGT CAGCCTCCRG TGACTETCAC GTCTOTETGL

prM ‘
+ E 8T LB AN K KOGA WD 5 7T K A TZRY L VK T 8 S W I LR KNP G-

2201 GAGARAGCAC TCTAGCGAAC AAGARGGGGG CTTGGATGGA CAGCACCAAG GUCACAAGGT ATTTGGTAAM ARCAGAATCA TGEATCTTGEA GGAACCCTGS
CTCTTICGTG AGATCGCTTG TTCTTCCCOC GAACCTACCT GTOGTGETTC CGGTGTICCA TAAACCATTT TTGTCOTTAGT ACCTAGAACY COTTCRGACT

prM
-¥Y AL VvV A AV I G W M LG 5 NTM QRVY VPV V L L L L VA P a Y

2301 ATATGCCCTG GTGGCAGCCG TCATTGGTTG GATGUTTGUG AGCAACACCA TGCAGAGAGT TGTCTITOTS GTGUTATTGC TITICGTCGC CCCAGCTTAC
TATACGGGAC . CACCGTOGGC AGTARCCAAC CTACGAACCC TUGTTGTGGT 'ACGTCTCTCA ACACAAACAG CACGATARDG AABACCACOS GGGTCGAATG

prM

SFNCbGMSNEDFLEGVSGA’I’WVDLVLEGDSCVTI-

2401 AGCTTTAACT GCCTTGGAAT GAGUAACAGA CACTTCITGS AAGGAGTOTC TGGAGCAACA TGUGTGGATT TGSTTCTOGA AGGUGACAGT TG(X;TGACTA
TCGRARTTGA OGGAACCTTA CTCGTTGTCT CTGRAGAACT TYCCTCACAG ACCTOGTTST ACCCACCYAA ACCAAGAGCT TCOGCTGTOS ACGCACTGAT
E

e o e g g e o e 1 o o b 0 i e B e o i e o P P A P 0 I e
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- M8 XK D XP T I DV KMHN BMHME AANL AEBVY RS§Y CYLA TV 8-

2501 TCATGTCTAA GGACAARGCCT ACCATOGATG TGAAGRTGAT GAATATGGAG GOGGCCAACC TGGCAGAGGT COGCAGTTAT TGCTATITCS CTACCGTCAL
AGTACAGATT CCTGTTCGGA TEGTAGCTAC ACTTCTACTA CTTATACCTC CGCCGGTTGE ACOGTCTCCA GGOGTCAATA ACGATAAACK GATGGCAGTC

2601 CGATCTCICC ACCARAGCTG CGTGCCCGEC CATGGGAGAMA GCTCACARTG ACAAACGTGC TGACCCAGL'" TTTGTGETGCA GACAAGRAGT GOTGGACAGE
GCTAGAGAGS TGGTTTCGAC GUALGGGCCG GTACCCTICTT CGAGTGTTAC TCTTIGCACSE ALTGGGTORA AAACACACGT CTGTFCCTCA CCACCTGTCC
E

G W GWHWN G CG L PG K G B&8 I DTOC A XPF AL ST B AKAKI G RT I L X E-

2701 GGCTGGGGCA ACGECTGOGS ACTATTTGEC AAAGGAAGCA TTGACACATG OGCCAAATIT GCCTGCTCTA CCAAGGCAAT AGGAAGAACC ATTTTGARAG
COGACCCOGT TGCCGACGCC TGATARACCG TTTCCOTTCUT AACTGTGTAC GUGGTTTAAA CGGACGAGAT GGTTCCGTTA TCCTTCTTGS TAARACTTTC

- (. e B ok ]t o o e e Pt o o . e B B Rl Rl bk o e o e ity

- W I ¥ YEV A I §V HGP T TV E & HG6 N Y § T GV & A TOQ A G R-

2801 RAGARTATCAA GTACGAAGTG GCCATTTTTG TCCATGGACC AACTACTGIG GAGTOGCALG GAAACTACTC CRCACAGSTT GGAGCCACTS AGGCAGGGAG
TCTTATAGTT CATGCTTCAC CGGTAARARC AGGTACCTGG TTGATGACAC CTCAGOGTGC CYTTGATGAG GTCTGTICCAA CCTOGGTGAG TCCGTCCCTC
E

-FSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTN

2201 ATTCAGCATC ACTCCTGOGE COCCTTCATA CACACTARAG CTIGGAGHKAT ATGGAGAGGT GACAGTGGAC TOTGAACCAC GOTCAGSCAT TGACACCAAT
TARGTCGTAG TOAGRALGOT GOUGARGTAT GTUTGATTTC GARCCICTTA TACCTCTCCA CTGTCACCE ACACTIGRETS CCAGTCCCTA ACTGTGGTTA
. E

A Y ¥V M TV 67T K TF LV HRE W F M DL NUIL P WS 8§ A G 8 T V W-

3001 GCATACTACG TGATGACTGT TGGAACAAAG ACGTTCTTEG TCCATCGTSA GTGGTTCATG GACCTCAACC TCCCTTGGAG CAGTGCTGGA AGTACTGTGT
COTATGATGC ACTACTGACA ACCTTGTTTC TGUARGARCC AGGTAGCACT CACCAAGTAC CTGGAUTTGS AGGGAACCTC GTCACGACCT TCRTGACACA
E

+ R N R ETDL M EPE EPH ATZK g8 VI ALG §0FE 6 ALSHX QATL:
1103 GCGAGGAACAG AGAGACGTTR ATGGAGTTTG AGGAACCACA CGCCAUGAAG CAGTCTGTGA TAGCATTGGG CTCACAAGAG GGAGCTCTGC ATCARGCTTT
COTCOTTRIC TOICIGCAAT TRCCTCAAAC TCCTTGGTGT GOGGTGCTTC GICAGACACT ATCGTARCSC GAGTUMCTC COTCGAGACGE TAGTTCGAAR
E

-AGA!PVEE’SSNTVKLTSGHLKCRVKMEKI;QLI_(G

3201 GOCTGGAGCC ATTCCTGTGG AATTTTCAAG CAACACTGTC AAGTTGACGT CGGGTCATTT GAAGTGTAGA GTGANGATGG AARAATTGCA GTTGAAGGGA
COGACCTCGE TARGGACACC TTAAAAGTTC GTTGTGACAG TTCAACTGCA GUCCAGTAARA CTTCACATCT CACTTCTACC TTTTTAACGT CAACTECCCT
E

TTYe¢é VCosgs Ka¥F KF LE TPA PTG HGTVYV VYL E L QY 6 T D-

a3m ACMMCCTATG GOGTCTGTIC ARAGECTTES ARGTTIOTIE GEACTOCOUC AGACACAGGET CACGGCACTE TGETGTTIGGA ATTGCAGTAC ACTEGUACGG
TGTTGGATAC CGCAGACAAG TTTCCGAAAG TTCARAGAAC CCTGAGGGCLG TCTGTGTCCA STGUCOGTGAC ACCACAACCT TARCGTCATS TRACCGTGCC

- 8 P C KV P I § 5V A SL NNDL TP VvV ¢ R LV T VN PPF VS V A T-

3401 ATGGACCTTG CAARGTTCCT ATCTOGTCAG TGGCTTCATT GAACGACCTA ACGCCAGTGG GCAGATTOST CACTGTCAAC CCTTTTGTTT CAGTGGCCAC
TACCTGGANC GTTTCAAGGA TAGAGCAGTC ACCGAAGTAR CFTGCFTGGAT TGOGGTCALC CGTCTAACCA GTGACAGTTG GGAMACAAA GTCACOGOTG

-ANAKVLIBLEPF?GDSYIVVGRGEQQINHBWHK

3501 GECCARCGCT ARGGTCCTGA TTIGAATTGSA ACCACUCTTT GUAGACTCAT ACATASTGST GGECAGAGOA GMCAACAGA TCAATCACCA CTGGCACARG
CCGETTGOGA TTCCAGEACT AACTTAACCT TGGTGGRAAA CCTCTGAGTA TGTATCACCA CCOGTCTCCT CTTGTIGTCT AGTTAGTGGT GACCGTGTTC

§ 6 5§85 I G K A PF T T T L K 6 A G R LA ALGD T AW D FG 8V G G-

3601 TCTGGAAGCR GCATTGGLAA AGOCTTTACK ACCACCOUTCA AMGGAGOGCA GAGACTAGUC GCTCTAGGAG ACACAGUIIG GGACTTTGIA TCAUTTGEGAG
AGACCTTCGT CGTAACCGTT TCGGAAATOT TGGTGAGAGT TTOCTCACET CTCTGATOGE CGAGATCCTC TGTGTCGAAC CCTGAAMCCT AGTCAACCTC

-VFTSVGKAVHQVPGGAFRSLFGGMSWITQGLLG'

370% GGETGTTCAC CTCAGTTEGEE - ARGGUTETCC - ATCARGTETT - DGGAGEAGEA - TTCCGCTCAC - TGTTCGGRAGS - CATGTECTEH - ATAACGEAAG GATTEOTGRGG
CCCACAAGTO GAGTCARCCC TTCCGACAGG TAGTTCACAR GUCTCCTOGT ARGGCGAGTG ACAAGCCTCC GTACAGGACC TATIGOGTTC CTAROIACCC

-ALLLWMGIN’ARDRSIALTF-LAVGGVLL?LSVNV

3B0L GGCTCTCCTG T‘!‘GT‘GGA‘I‘GG GCATCAATOC TCG‘I‘GACAGG TCCATAGCTC TCACGTTTCT CGCAGTTGGA GGAGTTCTGC TCTTCCTOTC CGTURACSTG
COGRGAGGAC AACACCTACC CGTAGTTACG AGCACTGTCC AGGTATOGAG AGTGCAAAGA GOGTCAACCT CCTCAMGACS AGAAGGAGRG GCACTTGCAC
E



H4CA 4803 0 1I-1 014P 88 0 u 4 4F4 fi Hu 6E; Atet U8 HP4 HUO 68 Bab 00 3.4 68 86 80 FUO
Si

HAaDT 6 CA &' P I 8 RQE a8 C 685 6 ¥V FIH NPV EAW MMDR Y-

3901 CACGCTGACA CTGGOTGTGC CATAGACATC AGCOGBCAAG AGCTGAGATG TGGAAGTGGA GTGTTCATAC ACAATGATET GGAGGCTTGE ATGRACOGGT
GTGUGACTGT GACCCACACT GTATCTGTAG TCOGGCOGTTC TOGACTCTAC ACCTTCACCT CACARGTATG TGTTACTACA CCTCOGAACC TALCTGGCCA

WN (AprME)-Rabies G PIV sequence (partial)

¢ protein

M & -

1 AGTAGTTOGC CTGTGTGAGC TGACARACTT AGTAGTGTTT CTGAGUATIA ACAACAATTA ACACAGTGCG AGCTGTTTCT TAGCACGAAG ATCTCOGATGT
TCATCARGQS CACACACTCG ACTGTTTGAR TCATCACAAR CACTCCTAAT TETYGTTAAT TGTGTCACGC TCOGACARAGA ATCGTGCTTC TAGAGCTACA

C protein
. K XK P GG P G KSR AV Y L L K RGMGP RV L 8 L I G L KZR A ML:

101  CTARGARACC AGGAGGGCCC GHLAAGAGUC GGECTGTCTA TTTGCTAAMA CGCGGAATGC CCCGOGTGTT GTCCTTGATT GGACTTAAGA GGGCTATGTT
GATTCTTIGE TCCTCCOGGHE COGTTCTOGGE CCOCGACAGRT ARACGATTT GUGCCTTACG GGGUGCACAAR CAGGARCTAR CCTGRATTCT CCCUGATACAL

C protein
8 L &I » 6 ¥ ¢ P IR FV L ALLA PFPPR FTA Y APT R AV DR

201 GAGCCTGATC GACGGCAAGGE GGCCAATACS ATTIGIGTIC GCICTCITCS COGTTCTTCAG GYTCACAGCA ATTGOTCOGA CUCGAGCALT GUTGRATCGA
CTCGBACTAG CTGCCGTTCC COGGTTATGC TAARCACAAC CGAGAGAACC GCAAGAAGTC CAAGTGTOSGT TAACGAGGCY GGGCYCCTCA CUACLTAGCT

C protein
" R GV N K ¢ T AHM KHUL L & F K XK 2 L 66 TIL T S A I XN R R & 8 K g -

3101 TGGAGAGGTG TGAACMACA AACAGOGATG AAACACCTTC TCAGTITCAA GARGGAACTA GGGACCTTGA CCAGTGCTAT CAATCGGUGS AGCTCAAAGT
ACCTCTCCAC ACTTGTTIGT TTGTCGCTAC TTTGTGGAAG ACTCAAAGTT CTTCCTTGAT CCCTGSAACT SOTCACGATA STTAGCOSOC PFOGMITITOS
Rabies-C signal

C protein partial C signal RRbies-G
protein
XK KR 66 K T G6GI A VIV P QA L L FV PLL ¥V PFPF L CPFG& X F P-

401 AMPAGAAGCG AGGGGGCARG ACTGGTATAG CTGTGATOGT TCCTCAGGCT CTTTTGTTMS TACCCTIGCT GGTATTTCCC CTTTGCTTTG GTAAARTTTCC
TTTTCTTOEC TCOCCOGTTC TGACTATATC GACACTAGCA AGGAGTCCOGA GARAACARMC ATGGGAACGA CCATARRGGGE GAMACGAARC CATTTAAAGG
RAbieB-G protein

IY’?IPBKLGPWSPID!HHLSCPNNLVVEDEGCT

502 TATCTATACC ATCCCTEATA AGCTCOGGCC TIGGAGTCOCC ATYTGATATIC ACCATITGAG CTGCCCAAAC ARCCTCOTCS TTGAGGATOA AGEGTGCACT
ATAGATATGG TAGGGACTAT TCGAGCCOSE AMCCTCAGGG TAACTATAAG TGGTARACTC GAUGGGTTTG TTGGAGCAGD ARCTCCTALT TCCCACGTGA
RAbies-G protein

N L 8 G F 8§ Y M EL XKV G Y I & A I K ¥ W & ¥ T TG VV T EAZE T-

601 AATCTTTCTG GATTTTCCTA CATGGAGYTG AMGTGGECT ATATTTCAGC CATTAAGATG AACGHCTTTA CTTGTACAGG AGTOGTGACC GAAGCCGAGA
TTAGAARGAC CTAABAGGAT GTACCTCAAC TTTCACCOGA TATAARGTCS GTAATTCTAC TTGCOGAART GAACATOTOC TCAGCAUTES CTTOGGCTOT
Rhbies-G protein
+ ¥ TR ¥F V&6 YV TT TP K RKH F R P T P 0 2 CRA &Y N ¥ KM A
701 CATATACARAA TTTCGTGGGA TACGTCACCA CCACCTTCAA GAGARAACAC TTCCOGCCCAR CGUCTGAOGC TTGTOGEGCC GOTTACAACT GOAAGATAGC
GTATATGTTT ARAGCACCCT ATGCAGTGGT GGTGGAAGTT CTLTITTGTG AAGGCGGGETT GUGGACIGCUE AACAGCCOUE CGAATGTTEA CCTTCTACCS
fAbies-G protein

-6 B P R Y E E & L H ¥ P Y P DY K W L R TV ZEK TTJZ KTE §L VY I 1 &

801 AGGAGATCCT CGATATGAAG ARTCTCTGCA CAACCCOGTAT CCTGATTACC ATTGGCTGECG GACRGTUAAG ACTACCAAGE AGAGTOTGST CATTATATOA ’
TCCTCTAGGA GCTATACTTC TTAGAGACGT GTTGGEUATA GGACTAATGE TRACCGACGC CTGTCAGTTC TGATCGGIICC TCTCAGACCA GTAATATAGT
RAbies-G protein

PSVADLDPY{)RSLHSRVFPGGNCSGVAVSSTYCS-

821 CCARGOGTGE COGATCTTGA TOCTTATGAT AGATOCCTGE AUAGTAGGGT TTTTCCTGGC GGGAATTGTA GOGGTGTTET AGTATCAAGT ACCTACTGCT
GGTTCGCACC GGCTAGARCT AGGAATACTA TCTAGGGACS TGTCATCCCA AAAAGGACCG CCCTTAACAT CGCCACRADG TCATAGTTCA TGGATGACGA
Rahies-G protein

84
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1003 CCACTAACCA CGACTACACT ATATGSATGC CTGAGARCCC TCRACTOGET ATGAETIGOS ACATTITIAC GRACTCACGE GGUAAGOGGE CATCTAAGSG
GGTGATTOGT GCTGATGTGA TATACCTALG GACTCTIGEG AGCTGAGLICA TACTCAACGT TGTAAAAATG CITGAGTECC COGBTTCSCCC GTAGATTCCS
RAbies-G protein

SETCGPVDERGLYKSLKGACKLKLCGVIJGLRIAM

1103 GTCTRARACA TGOEGGTTTE TIGATGAGOG GGGGTIGTAT ARRTCTCITA MGGCGCL'IG TRAGCTGAAR CTCTGTGEOG TACTGGGGCT GCGCC'E'GRTG
CAGACTTTGT ACGCCCRAAC AACTACTCGC CCCCRACATA TTTAGAGAAT TTCOCOGLOGGACD ATTCGACTTT GAGACACCGEC ATGACCCOGAR CGCGGACTAC
RAbies-G protein

D 6T W VvV AM QTS5 NETZ K WCP PG LV L HDPF R SD EBE 1! EH-

1201 GACGGCACAT GBETGGCTAT GCAGACRALC AATGARACAR AGTGGTGTCC CCOCIGGTCAG CIGEITAATC TCCACGACTT TASGTCTGAC GAAATCCGAGE
CTGCOGTETA COCACTGATA COTCIGTTOG TTACTTIGTT TCACCACAGS GRUACCAGTC GACCAATTAG ACGTGCTEAA WICCAGANTE CTIrTAGCIOG
Rhbien-G protein

-LVVEELVKKREECLDALESIMTTKSVSFRRLSH-

1301 ACCTTGTGET GRAGGAACTG GTGMGMAC GCGAAGAGTG CUTGGACGCA CYTGAGAGTA TTATGACCAC CAAATCCGTT TCCTTCAGAR GACTGAGCCA
TGGAACACCA CCTCCTIGAC CACTTCTTTIG CGCTTCRCAC GGACCTGOGT GAACTCTCAT AATACTGSTG GTTTAGGUAA AGGARAGTCTT CTGACTOGHET
RAbies-C protein

L R K L ¥V P G ¥ ¢ XK A Y T I FXNEK T L M B A D A HUY K & VR TWHN

1401 CCTGCCGAAAG CTGGTGOCAD GGTICGGGAA GGCTTATACT ATTTTCARCA AGACTCTTAT GGAGGOGAERT GUCCATTATA AGTCAGTTAS GACTTGGAAT
GGACGCTITTC GACCACGATC CCAAGCCCTT COGAATATEA TAARAGTTGT TCOTGAGARTA CCTCCOOCTA CGGGTAATAT TCAGTCAATC CTEARCCTTA
RAbies-G protein

E I I P 8 KG €L R VGGR CHEP EKEVN 6V FF NG I I LG PDGN-

1501 GAGATAATTC CCTCCUAAAGG ATGTOTGAGA GTOGETAGCEA GATCCCACCC CCATGTCAAT GOGHTUTTCT TTAACGGAAT CATCCTGGGA COTGACGGGA
{.‘I'C.'I'.RT'}.‘AAG GGAGGTTTCC TACAGACTCT CAGCCACCCT CTACGGTGGG GGTACAGTTA CCCCACAMA AATTGECCTTA UTAGGACCCT GOACTGOCCT
RAbies~-3 protein

¥ L I F E ¥ § 8§ 5 L L g Q HME L LV B B8V I P LMW EPLA PP B§-

31601 ACGTGCTGAT TCCOGAGATE CAATCTPCCC TPOTGCACCA ACACATGRAA CIOCTGETGT CTTCAGTGAT ACCCCTGATG CACCCACTGG CQGACCCCAG
TGCACGAC.'I‘A AGGGCTCTAC GTTAGAAGSSG ARAGACGTOST TGTGTACCTT GAGSACCACA GAAGTUACTA TGGGEACTAC GTCOETEACC GGCTGEGGTC
RAkies-G protein

-TV?KNGDEAEDFVEVHLPDVHERxSGVDLGLP&

1701 CACTGTGTTC AAAAA'ICGCG ATGAGGCCGA AGARCTTTGTG GAAGTICACC TGOCCGATGT ACACGAAAGG ATATOTGGAG TAGACCTGGS CCTTCCTAAT
GTGACACAAG TTTTTACCGC TACTCOGGCT TCTCARACAC CTTCAAGTGS ACGGGCTACA TOTSCTTTOC TATASACOTC ATCTSGALCC GGARAGGATTA
RAabies-G protein

W 6 X ¥ VvV L L 8 A€ AL TA L ¥ L I I F B M TC WRUHAR V NER 8§ EPT-

1801 TGGEGTAAGT ACGTGCTCCT GAGTGUGOHT CCCTIGACCS CTTIGRTCECT GATCATTTTT CTCATGACCT GCTGGCGGAG GOTUARTLOGC 'TCCGAGLCGA
ACCCCATTCA TGUACGAGCA CTCACGCCCR OGGAACTGGC GRAACTACCA CTAGTAAAARA GACTACTGUA COGACCOECITC CCACTTAGOG AGGCTCGGOT
RAbien-G protein

+ Q ¥ N L R G T GRE Vv BV T PO ¢ K I I 58 8 WEZS Y X 506 6 8 1-

1901 CACAGCACAA TCTCAGAGGE ACAGGCCGGG AAGTARGTGT GACTCOGCAA TCTGGCAAGA TTATTAGTAG TTGGGAGAGT TACAAGTCTG GAGGAGAGAC
GTETCSTETT AGAGTCTCUC TETCOGGCCC TTCATTCACA CTGAGGOGTT AGACCSTTICT AATARTCATC AACCCTCTCR ATGTTCOAGAC CTCCTOTCTS

FMDV 2A . NSl signal
RAbies-¢ protein praNsSl signal
+G L ¥ ¥ DL L KL AE GDVY E S N P G P A R DR 858 I AL TFL AV GG

2001 TGAGTTEAAT TITGEATCTGC TCARACTTGC AGGCGRTGTA GRATCARMNTC CTRGACCUGT CCGGGACAGG TCCATAGCTC TCACSTTTCT CHCAOTIERA
ACCCARCTTA AARCTAGACG AGTTTGAACG TCOGCTACAT CTTAGTTTAG GACCTGGGCS GGCCCTGTCS AGGTATOGAG AGTGCAARGA GOGTCAACCT

NS1
NSl Bignal
6 VL L 7 E § VNV HADT G Ca DI 8 R QE L R C & 8 G V P I H:

2101 GGAGTTCTGE TCTTCCTCTC COTGAACGTE CACGCTGACA CTGGGTETEC CATAGACATC AGCCGGCAAG AGCTGAGATC ?‘GGMGTGGA GTGTTCATAC
CCTCARGACS AGAAGERGAG GURCTTOCAC GIGOGACTST GRAUCCACACS GTATCIGTAG TCSGCCOTTC TORACTCTAC ACCTTCACCT CACAAGTATG

BS
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ACTGTTTGAA TCATCACAAA CACTCCTAAT TOTTGITAAT TGTGTCACGC TCGACAAAGA
TCCTCCCGGO CUa LI CTCGG CCCGACAGAT AAACGATTTT GCGCCTTACG GGGCGCACAA

kliSH 88 at4 08 > 8uca 88 a0808 068 86Ib Sequence Appendix 4. VVN PIV constructs
expressing rabies virus G protein. WN (ACprME)-Rabies PIV sequence (partial) N-terminus of C 5
CLIC() KKR 101 CTAAGAAACC Ancacraccce GGCAAGAGCC GGGCTGTCTA CTAAAA
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-GOIC TO IA VIV PQA LI. FV P L L VFP LCFO FIFE'TT 201 AGGGGGCAAG ACTGGTATAG
CTGTGATCGT TCCIGAGGCT CTTITGITTG TACCCITGCT GOTATTTCCC cs n,Crrro
GTAAATTTCC TATCTATACC TCCCCCGTTC TGACCATATC GACACTAGCA AGGAGTCCGA
GAAAACA4AC ATCIGGAACGA CCATAAAGGG GAAACGAAAC CATTTAAAGG ATAGATATGO
Rabies-G protein IPOK LOP MS p mmil RCS CPN NLVV EDE OCT 301 ATCCCTGATA
ACCIGGGGCC TTGGAGTCCC ATTGATATTC ACCATTTGAG CTGCCCAAAC AACCTCGTCG
TTGAGGATGA AGGGTGCACT AATCTITCTG TAGGGACTAT TCGAGCCCGG AACCTCAGGG
TAACTATAAC TGGTAAACIG GACGGGTTTG TIGGAGCAGC AACTCCTAGT TCCCACGTGA
TTAGAAAGAC Rabies-G protein FSY MEL KVGY ISA'KM CTG VVT EASTATN- 401 GATTTTCCTA
CATGGAGTTG AAAGTGGGCT ATATITCAGC CATTAAGATG AACGOCIT'I‘A CTTGTACAGG
AGTGIETGAGEIGAXGECGAGA CA g CAMICTAAAABEAT GTA Aggics AC TTFTEACCCGA
TATIKRENTCEETA TA@QEGGC gAAAFéAACATGﬁE TCAGL CTTCEHCTCT
GTATATGITTERabies £ protedE SVC TT T@t{; RKH FRE$T FDA| giz "ENW KVRAZGDP 501
TTTC@WGGG%TAGGT@ACC%@GA TCAREGAGAAANEAC TTCEGECCERA GEECTGALGC
TTGTEGGEGE GCHREAACE BGARE TGGEZ%AG(%AGAE%CT AAA@E:Acé(tI A;réécAGTdsGT
GGT AAG%TCrCJQmTG@%@GGmeG%gECGmm G AA Cﬁcg ATGTTGA
CCTHACCERTCOIET AGCE Rabfes {6 protpig RYES'S IBNPY rb E LY 1IS
PSVA:GO1 GGATATG cadc AATLTCIGGA CAMCCCGTALE CTGA’E Coah GEB'C L
GACAGTCAAG AGTACC 'GdéAGAéECTG@E:CATTM CA cc‘:A CGTGE TUIATACITC

TTA TOGGC CEAATOEETAAC GCAQTEICABTTE ?ggeeﬁcc
TCT%AC@GTA%TAG? EG{LTeéCAgﬁzabuescggotem *oﬁz P\*D RSLH 8BV PPG ON CS
OVA ¥8S TIGETNH 7@ CGGATCITIGA TCCTATGAT AGATCCCT C%CEA AGTAGGGT |
TTITGETOGE BGEAREIGTATICGG ERITGE B TATC AGGTACTGLT CCAecgr@AccA
GGCTAGAAGEAGGAATAGTAST CTACENACG EGTCATCICA WA&}(}BACCG CeEETAACAT
CGCCACAACE TCATAGTTCATGGATGACGNGGTGATTEGT Rabies-Giprotein olF ¥T IHMP ENG
RLG S CIrEF NBRIGKRA BEG SEE 501 GEACTACAGTATATGEREOC CTGAGARCCC!
TCGAGTCOGREATGAGT TGAEACAET TTAG gAACTCéc'éGG GEENAGEGGG GATCTAAGGG

GTCHGAAXCAGCEGATGT wmm%:@mcggsmmﬁi GG AGCE@BAGCCAT CAACGC
TGTAAMANT G CTTGAG TEEELCQTTEGCCELGTAGATIECC CAGALIN. Rabies. protein CGF V

PER%@ ng GAQ%K*L‘C /L LM DG Bl 901 TEEGGGITTE é GATGAGGE: |

1A

GGGEITGEATAAA PAGSLHCCTBATANGCTGAAA CTGg T4GCG TAEEGGGGCT
GCGEEIGATEEGACG A AACTATTEGE CCECAACATA TITAGAGAAT
TTCGECGG ATT%(EAGM SEIATGACSEEGA CGGEGACTAC CEBGOGTGTA
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CAGAGATACA TTTTCCACTT GGTTATTATT TAAAGAT,
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1301 TTTGTGACAC AATGARCAGT TTAACATTAC CAAGTC
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AV
b L

T D R G W Y
L T L P
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1401 AACAGATGTA AGCAGCTCCG TTATCACATC TCTAGGAGRT
N G ¢ b Y Vv
1501 AAGACATTTT CTAACGGGTG CCGATTATGTA TCAAAT
K G B BT OIN
L A ¢ I B K 8
1701 TAMCCAGRGC CTAGCATTIA TITCGTAAATC CGATCAA
M Domain
I L L g L I
1841 GTGATTATAG TAATATTGTT ATOATTAATT GCTGTT
I A F 8 N N F

M N 8
Transmembrane domain of WNV E (s

Cytoplasmic Tail

L Y V

1601 GTCTCTATGT ARRARGGTGAA CCAATALTAL

I N N

1901 GTATAAATAA TATTGCATTT AGTAACAATT TTGATCTG
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TTGTCTACAT TCGTCGAGEC AATAGTGTAG AGATCCT
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TTCTGTARAA GATTGCCCAC GCTARTACAT AGTTTA'
-N Q 8

ATTGGTCTCG CGATCGTAAAT RAGCATITAC GCTACTT
v I I Vv

CACTAATATC ATTATAACAR TAGTAATTAA CGACAAC
CATATTTATT ATAACGTAAA TCATTGSTTAR AACTAGAC

1101 TGTAGTACAM TTACCACTAT ATGGSTGTTAT AGATACA
ACATCATGTT AATGGTGATA TACCACAATA TCTATGS
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Rabies-G protein VAM OTS NETK 3/CP PGC) LVNL HDP It SD EIKE LVV 1001 GGGTGGCTAT
GemcCAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG CTGGTTAATC 'TGCACGACTT
TAGGTCTGAC GAAATCGAGC ACCTTGTGGT CCCACCGATA COTCTOTTCG 7"TACTTTGTT
TCACCACAGG GGGACCAGTC GACCAATTAG ACGTGCTGAA ATCCAGACTG CTTTAGCTCG
TGGAACACCA Rabin-G protein -EEL VK'FI 11 EEC DDA LESI MT T KSV SPRR LEH LEK 1101
GGAGGAACTG GTGAAGAAAC GCGAAGAGTG CCIGGACGCA CTTGAGAGTA TTATGACCAC
CAAATCCGT1 TCCTTCAGAA GACTGAGCCA CCTGCGAAAG CCTCCTTGAC CACITCIITG
CGCTTCTCAC GGACCIOCGT GAACTCTCAT AATACTGGTG GTTTAGGCAA AGGAAGTCIT
CTGACTCGGT GGACGCTITC Rabies-G protein VPG PGK AYTFISK TLM EAD ANTIC SVR TWN
EllP 1ZOCTGGTGCC% GGTTCGGGAA GGCITATACT ATTTTCAACA AGACTCTTAT -
GGAGGCGOAT GCCGATTATAAGTCATERAG: GAGITGGAAT GA TAATFGEAGG oGTC
CCAAGGCCTT CCGAR Ang ?AA%Gigg TCF 56% CG CCTAGGEGGTAATAT®
TCAG, TC CTGAAGCITA EE;CTAT% Ra@ , prd |na Cl,_R VEER GHR §IVN“‘GIIFF
NG| EGG PD GM V LI3801:CEGECCAAAGSAT GA GGGA, GATC{;C@ECQC
CCA AAT G00,7 TTrfr*‘rg'AACG AT Q_Ag' CTG BEACGGGAACCTRCTGAT
GGAG §TTCC TACAE CiCE AcsCCAE\écT CEA cc;(‘; ACAGTHA CCTEACAAGA
AAT TTA GTAGG CQC‘r ACT @\ccs?x EFA Ra igs-G. protgi Hm\g S$h LQQ
81W ELLVS SV | PLMEBPLA=DPS TVF ch AGA {3 CAATETTCCC YICT! GA
ACAGATGAA CTczgfre §TTCA(§‘E AT R QE@@TG g@cgcoAcM@ Cmggc%e

CAC TTC AGGGLTCTAG BTTAGAREGE &AC;@frgGT;r IGTACCEEGAGGACGCACA
GAI?€EEACTA TGGGIFACTALIGTGGG cC‘@@c @@@Glc E‘GACAC% Raigs-G protein
NGD F#g DPV EVHL g@v HER4SGV DLG g PN WG TGGO3AT GAGEL CBA
AGAG$4#t, TG GAAGT gAQg‘,g@cq:CGA 6T A€ @GA@ GA‘TE CIp GAG GACCT GGG
CCT{,cmAAT TGGGETAA FETT'TTAC C AEFCEO %T TC @AAAC GTT, @EGTGG
ACGGGETACA TGT ‘TTC afATAG/-‘f:(‘; TC; t@TGGA@:CG BAGGA mAGc@éAWCA

Rabidsg® protein VLLEAG | sm L /4 AltggaEfV SE,'P:T‘ E IN* 1@@1 CePGRCC:
GAGTEEGGGT GCC «TT CTSHTCAT IGACCH SCIG G,OAG

GOTGAATCGC TCCGHE ACA AA< AC’@AQGGA ACGC, dcéghwreac
GAAAGIACGA CTAG A;A\;thcTAcp AC CQGCCT cac; CTTAGCIHAGGCTCGGCT
GTOPGGIGTT RabiesyE protetg-MDV QRE SOK I E»s g;sg GET
CL; ¥/%E TCTCAGA A@ GGCGQ GT@ Ag’g TGCC T& C‘;Q@ eéce,,
TTCATIEACA GACT dAsECTGGC "rTA@@gG TT@@GAGA& A¢A5@TQTG
CAGGABAGAC Toedég AAE gTGAGG@@TT c:¢ 1301*‘ R A:rCAxgg\Aq:g:ggcTCA
ATGLfgﬁAGAc CTCC§4TQT%,§CCCA tfg?gr ! {"2F | ~EZ .88 |
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TTTGATCTGC TCAAACITGC AGGCGAIGTA GAATCAAATC CTGGACCCGC CCGGGACAGG
TCCATAGCTC TCACCITTCr CGCAGTTGGA GGAGTrCTGC AAACTAGACG ACT-MARCO
TCCGCTACAT CTTAGTTTAG GACCIOGGCG GGCCCTGTCC AGGTATCGAG AGTGCAAAGA
GCGTCAACCT CCTCAAGACG NS1 signal NS1 FLS VNV HADT GCA 'DI SR CE LECGSG VPIH

NOV- 1901 TCTTCCTCTC CGTGAACGTG CACGCTIACA CTGGGTGTGC CATAGACATC
AGCCGGCAAG AGCTGAGATG IGGAAGTGGA GTGTTCATAC ACAATGATGT AGAAGGAGAG

GCACTTGCAC GTGCGACTGT GACCCACACG GTATCTGTAG TCGGCCGHC TCGACTCTAC

AtICACCT CACAAGTATG IITTACTACA WN (AC)-Rabies G PIV sequence (fartial). SIUTR N-
terminus of CM S 1 AGTALJTCGC CTOTWIGAGC JGACAAACTT AOTAGI

FICOV 2A NS1 signal
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201 AGGGOGCAAGACTGOTATAG CTOTGATCGT TCCTNIKACT CrTTTOTTTG TAcctiMCl
GGTATTTCCC ListCtflO GTAAATITCC TATCTATACC TCCCCCGTTC TGACCATATC
GACACTAGCA AGGAGTCCGA GAAAACAAAC ATGGGAACGA CCATAAAGOG GAAACGAAAC
CATTTALAGG ATAGATATGG Rabies-G protein IPDK LOP WSP ID IH HLS CPN NLVV EDE GCT
NLSG 301 ATCCCTGATA AGCTOOGGCC TTGGAGTCCC ATTGATATTC ACCATTTGAG
CTGCCCAAAC AACCTCGTCG TTGAGGATGA AGGOTGCACT AATCTTTCTG TAGGGACTAT
TCGAGCCCGG AACCTCAGGG TAACTATAAG TGGTAAACTC GACGGCKTIG 1TGGAGCAGC
AAcrecrAcr TCCCACGTGA TTAGAAAGAC Rabies-G protein PS? MEL KVGY ISA IKM NGPT CTG
VVT EAST YTN 401 GATT | LCCTA CATGCAGTTG AMOTOGGCT ATATTTCAGC CATTAAGATG
AACGGCTTTA LlltJIACA%G AGTCOTGACC GAAQCCGATIA CATATACAAA CTAAAAGGAT
GTA (ETCAAC,{H CACC @ﬁx TATAAAGTCEEGTAATT CTAG T TGCEGAAAT, MagCATGIICC
TCA @GACTGG EETGGO GEET G?&BATG%% RabIEEG R%éin FU&?;{VTT TERRK FﬂfPT PDA
CRARIS KMA é501 TTTEETEESA TAQE%’CAC& CI TTGE% GArt- AégﬁcAG 8

TTCEECCCAA EECETGAESC TLefr%GG Ggé& CAzA GOARGATGECAGAAGATCCT
ALAGBACCCT AT CAGTEGE GG éGAKcﬁﬁT GIEE%TH@%AG&:&GQT' rEEGAAGTGCG
AACAGCACOC EE/ATTEN cd;; GEsTCe AGQEXERau proteuﬁ‘ E’ES SEH SPY
PDYH WLR TVIGIETKE SLvg 5Ps§n§ 6oﬁ§:§;ATA BAAG ABTCT CA* GCAG
CCTGATTACCAT) Gbcu Ne GA CAAE; AGAGTCTGG; ﬁ(:ATLI'Aj' TCA
CCAAEGCGIGGr @TATAQ S TTA ,:G' aa deA ATGG.BAA
CMTEAGTTC P OTT, -«TQT> At€ OTAN TAG‘ GTREECACC .. I§ |es C§Erotem

RSLH SRV PPG Elcs OgA vss §§EC$ T 7bi ﬁ:@:GAﬂ'é‘EICA TC

TGG, eAdTA @GT TH CTQ@(E G T @m od @@mr cC A;CBTA' CPAGT
TBCT CTAA GG 8 T¢TAGGAACH T¢A§ECCA
ACCG, EECTTAAGAT Co <§SA G! T’ A eréA 1G §\T¢AC&§ IGGT
Rabidsta protein S8BT IMMP ESP RI 5349 CBYFTIN 801 CGR
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1001 GGGTGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG
CIGOTTAATC TGCACGACTT TAGGTCTOAC GAAATCGAGC ACCTIGTOGT CCCACCGATA
CGTCTWITCG TTACTITGTT TCACCACAGG GOGACCAOTC GACCAATTAG ACGTGCTGAA
ATCCAGACTG CT1TAGCTCG TGGAACACCA Rabies-G protein EEL VKKR EEC LDA LEST MTT
KSV SPRR LSH LRK 1101 GGAGGAACTO GTCIAAGAAAC acwaracro CCIGGACGCA
CTTGAGAGTA TTATGACCAC CAAATCCGTT TCCTTCAGAA GACTGAGCCA CCTGCGAAAG
CCTOCKTGAC CACITCTTTG CGCTIGTCAC GGACCIGCGT GAACTCTCAT AATACTGGTG
GTTTAGGCAA AGGAAGTCIT CTGACTCGGT GGACGCTTTC Rabies-G protein LVPG FOE AY T
IFNI( TLM SAD AHYK SVR TWN EIIP 1201ncnl3CCAQ GGTTCGGGAA GGCTTATACT
ATIITCAACA A'GACT=TAT GWVSGCGGAT GCCCATTATA AGTCAGTTAG GACTTGGAAT

GAGATAYT TC GALCCAEIHC BT GCQRATATEA TAM GTrIeTaCTEaGAATRAE
CMCCGEETA c%%w EAT TCAGTC gﬂél'C'chﬁ(Accrr %AAG %gblesf&garotb?ré BEC CLR
VCGR CEP HVNEGYPI"NIG/ /LG GE 13@1« ch%%ﬂ '@@A% % 00A
GATGCEACCC ATQ#@AA&@ &Prci. AT CATCETEEGA GA
ACGT@(%‘%GA.LI“’ éAGGﬁ Cc':'ﬁ'%\é:A(:';AéﬁC'l’@ c¢ Cl: GQT@‘;G {el:) AQA@ETA
CCCG C‘I'-f- TA% ies-&idyotein
PEW( EL \sas $vf§§uvm | T\l#‘ﬁ@l ‘:re gé G CAAECTRGEC
TTCTEGAS c CAT.G ARCICCIT/ GTC CA@ TA, @LQ CAAGTGO
CCGAe éCA LIbibHE AG T(t;l' AAQ@@GTC ﬁTGﬂrg?Ac:Q‘éJéG
GAGGAEGACA 8\A¢T /§c- eleld= émé‘ Gd‘:@ ACG BT CA%%ESG
Rable:s"CE rotmnglé\/lEE ﬁ)FV '&L'PﬁFHéF‘{d LP'N E@K Y’i

ATGAG gc A okca/gAa OGAAAGGATATETBHAG
TAGAG TT@BEGG@é‘ aﬂéAG‘rnt L¢ TAC cé,@ TCI@E\AAC §
CTTO. G@ ﬁAQAﬁ TGEHECC GGA SINAGGATE A
ACCC le$.G‘p‘rote|n° LL*§‘A%%3~AL~1;A»LML.|| |s|vn‘ SEPﬁ@ 14 8=
1601¢i’ G:Ac%ﬁ‘fi;c Td‘fié TG ¢ ATG GA?F@ TT‘rg" e CoTE 2
GCTGGEGGAGT G.Aébg GG TQR%&%CCCA
CGGARETGGE SAAACTACAA &%A ?éagAA S%Tt“’ GACT
AGGCFEEGAE BIGTC ’Eofﬁagliv 24 Rabids- rote’i FTPo: 80K

YKSG egf clNaFoL TEECAGAGGA AESGEE TAA GT Ea?éme AALEZ

TCPWEBAEA TEATTAGTAG =0 §AG/;L(§T5TAC T WEEEGAATE &
AGAGTGE- TGHLGOECC TTCATTCAEA cvé@éece%? AGA@@GT‘F AAW%TCAT“@E

AACGGEETCA ATOTIERBACCIECTCEGTA AG CAA AIC]grs/ sign gqugpzaA# %
GDV ESKP GPOEGRR S3AV Wi k 1A/ CVEA 1808 TT 1’(?(%(:% T g: TGTA
GAMTZAETC E¥EGAE ée@npgiaAA c:c; ATIBEAG TEATGAT
TGCETAGGAG PAACT éAGGﬁGTTTéAAGG:"F GC%ACA,T AGTEFAG GﬁéCTéééCC
G o1 B ) O U U R bt <
TCCTIETGEGEATAERTE AgagrAcarggcq @égcw%gec;%g%g;cgggw §§:§M srggg
; {%3E logE | BE 1°E@ {wsE | 3F {"Eg i-f3 [9¢ i-gp
t=E3 1. 88 I"gk loBQ 1.Bg 1"RE ieE8 1 B§ g8 iwEE .03
;¢E§ v28 1.88 1UBE [°BE [o8§ | 3 I"BE .82 i 88 ["gb
pBo imby ot Uo g 1man g T gm iwmuo @ ooU ': vy tuvpy
SE BT lfE nbe oBE n oBE LEE R B LD
tege <88 | é je Q8 ;ng g i¥3F .32 [ 35 o8B B
PIEN B N R RN B RN ]
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prM VTL SNP QGKV MMT VNA TDVT DV | TIP TA AG KUL- 1901 CAGTTACCCT CTCTAACTTC
CAAGGGAAGG TGATGATGAC GGTAAATGCT ACTGACGTCA CAGATGTCAT CACGATTCCA
ACAGCTGCTG GAAAGAACCT GTCAATVGGA GAGATTGAAG GTTCCCTTCC ACTACTACTG
CCATFTAWA TGACTGCAGT GTCTACAGTA GTGCTAAGGT TGTCGACGAC CTTTCTTGGA prM
CIV RAMD VGY MCD DT 1 T YEC PVL SAGN DPE DID 2001 ATGCATTGTC AGAGCAATGG
ATGTGGGATA CATGTGCGAT GATACTATCA CTTATGAATG CCCAGTGCTG TCGGCTGGTA
ATGATCCAGA AGACATCGAC TACGTAACAG TCTCGTTACC TACACCCTAT GTACACGCTA
CTATGATAGT GAATACTTAC GGOTCACGAC AGCCGACCAT TACTAGGTCT TCTGTAGCTG prM
CECT KSA V YV RYGR CTK TRH ERRS RES LTV QTRG- 2101 TGTTGGTGCA CAAAGTCAGC
AGTCTACGTC AGGTATGGAA GATGCACCAA GACACGCCAC TCAAGACGCA GTCGGAGGTC
ACTGACMWEG ennAGAEACG ACAACCACGT GTTTCAGTCG TCAGATGCAG TCCATACCTT
CTACG;T@E’ETT CMGEEGTG AGITCTGCGT CAGCCTCCAG TGACTGTCAC GTCTGTGTGC prig
EST LAN-KIEGA WEDSTK A TRY LVI( TES WILE NPG 2201 GAGAAWCAC TCTAGCGAAC
AAGAA! G CrrGBATGGA CAGCACCAAG GCCACAAGGT ATITGGTAAA AACAGAATCA
TGGATCTIBA psACEETGO CI'C'TTTCGTG AGATCGCTTG TrCTTCCCCC GAACCTACCT
GTCGTGGEICICOGERITCCA TAAACCATTT TTGTCTTAGT ACCrAGAACT ccrpO00Ace prM 'V AL
V AAV IQW #1LG SNTEEOR V VEY VLLL LV A PAY 2301 ATATGCCCTG GTGGCAGCCG
TCATTGGTIG bAT@%IWGG AGCAACACCA TGCAGAGAGT TGTGTTTGTC GTGCTATTGC
trrtrarocc GGGAGCTAAE TATACGGGAC CACCGTCGGC AGTAACCAAC CTACCLACCC
TCGTTETEET ACGTEA CTCA ACACAAACAG CACGATAACG AAAACCACCG GWICGAATG prM
MSC LGMENRIDFLEXEVS CAT WV DL VLE GDS CV Tl 2401 AG=ITAACT GCCITGGAAT

GAGCA AleaciiAAGGAGTGTC TGGAGCAACA TGGGTOGATI"TGGITCTCW AGGCGACAGC
TGCGT! AITC TTGA CGOAACCTTA =Cu tLTTCE CTGAAGAACC TTCCTCACAG
A

ACCIAGBEACATAA AGCAAGAGCT TCCGCTGTCG ACGCACTGAT FISK DEP T IDV K MM NME
AAR], ASERS ¥ CY BATV S 2501 TCATGTCTAA GGACAAGCCT ACCATCGATG TGAAGATGAT
GAATA;TQ%B‘?\GfGCG@@CAACC TGGCAR E14T CCGCAGTTAT TGCTATTTGG CTACCGTCAG
AGTAC; T CCJEGBHCGOA TGGTAGCTAC ACTTCTACTA CTTATACCTC CGCCGGTTGG
ACCGTGIETA GAEEECAATA ACGATAAACC GATGGCAGTC -DC S TK AA CPA MOE AHED K
RADP A 1 i/ CR Q68 L VOA 2601 CGATCTCTCC AccmAccm carocccoac CATGGGAGAA
GCTCACAXNTG AC GTGC TGACCCAGCT ITTGTGIGCA GACAAGGAGT GCMGACAGG
GCTAGAGAGG roarricgac GCACGGGCCG GTACCCTCTT CGAGTGTTAC TUTTIGCACG
ACTGGGHEIGA AA ACGT CTGTTCCTCA CCACCTGTCC GWGN GCG L PG KG SIDTC A ICF
ACST K A3 ©OPT ILKS-2701 GGCTGGGGCA ACGGCTGCGG ACTATTTGGC AAAGGAAGCA
TTGAC] G CGGABAATLIT GCCTGCTCTA CCAAGGCAAT AGGAAGAACC ATTITGAAAG
CCGAW,T TECCOACHEC TGATAAACCG TTTCCTTCGT AAA_ Lt. IcaAC MGM-TRAM
CGGArCAGAT GGTTEEGTTA TCCITCTTGG TAAAA -141K YEV A IP,/ HGP T TV ES HG NYS TQV
GA TO A% 2801 AGBEATATCAA GTACGAAGTG GCCALTCCATGGACC AACTACTGTG
GAGTCGEGACG BAAAETACTC CACACAGGIT GGAPICCACTC AGGCAGGGAG TCTTATAGTT
CATGOTIEAC CACEANAAPX AGGTACCTGG ITGATGACAC CITAGC3.13,C CTITGATGAG
GTGTGQT CCEQRETGAG TCCGTCCCTCF S| TP AAPSY. TL K LGEY GEV Tv D CEP R SGI
DTN 2901 9 IGAGCATE ACTLt. rOCOG CGCCITCATA CACACTAAAG CTTGGAGAAT
ATGGAGAGGT GA@%:%TGGAC TGTGAACCAC GGTCAGGGAT TGACACCAAT TAAGTCGTAG
TGAGC@A’ &cc GEGHEAAGTAT GTGTGATTTC GAACCIVITA TACCTCTCCA CIGTCAtAK, _
ACACIT@EHS CCAGEGCCTA ALLb bUfIA AV YV MTV GTK T F LV HRE Il PM DLNL PWS SAG S
TV II- 395§§CATA§Q >G TGATGACTGT TGGAACAAAG AunS aTTGG TCCATCGTGA
GTGG'I}'I‘T‘C%JAEI'G GAgQ@mAACC TCCCTTGGAG CAGTGCTGGA AGTACTGTGT

LB E P
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CGTATGATGC ACTACTGACA ACCTIGTTTC TGCAAGAACC AGGTAGCACT CACCAAGTAC
CTGGAGTTGG AGGGAACCTC GTCACGACCT TCATGACACA PER ETL MEER EPH ATE OS VI A
L G SQE GALE CAL- 3101 GGAGGAACAG AGAGACGTTA ATGGAGTTTG AGGAACCACA
CGCCACGAAG CAGTCTOTGA TAGCATTGGG CTCACAAGAG GGAGCIGTGC ATCAAGCTTT
CCTCCTIGTC TCTCTGCAAT TACCTCPAAC TCCTTGGTGT GCGGTGCTTC GTCAGACACT
ATCGTAACCC GAGTOTTCTC CCTCGAGACG TAGTTCGAAA -AGA IPVE PEE NT V KLTS GEL
ECR ITEMS ELQ LKO 3201 GGCIGGAGCC ATTCCTGTGG AATTTTCAAG CAACACTGTC
AAGTTGACGT CGGGTCATIT GA Pr TGTAGA GTGAAGATGG AAAAATTGCA GTTGAAGGGA
CCGACCTCGEHanEsbadinests TTAAAAGTTC GTTGTGACAG TTCAACTGCA GCCCAGTAAA
CTTCACATCT CACTAG FAHGatTAT, PASE GHICARRT TR AT MeMBMES i BpKiRidaTPA DTG

HOT V VLE LQY TOT!). 3301 ACAACCTATG GCGTC1GTTC AAAGGCTTTC AAGTTTCTIZ
GGACTCCCG@’&@&‘&’:)‘)QE’? B RKE Ef?\céﬂihftﬁﬁ‘ﬁfﬁyl@dﬁﬁe%ﬁféﬁﬁr@izﬁqﬁ}f&‘f%cmee

IGTTGGATAC GEEABACAG, BT PEGGAN GFTHRN nCiBHTGABGGCEIG S TGTCCA
GTGCIGTGAC ACCAC@A(%C}T TAACGTCATG TGACCGTGCC GP C EVP 1SSV A SLNDL TP VG
RLV TVN PP VISR Sy KK CITG CAAAGTTCCT ATCIGGTCAG TGGCTTCATT
GAACGACCTA ACGRaneTod aiaat ot oasT OF duabatyirisear CABTGGCCAC
TACCTGGAACCQ%IQM§% TARACEHAE TR AGHGRAGR LA TR EECEATI EEHGHRTCACC
CGTCTAACCA GIGACAGTIG GGAAAACAAA GTCALTG -ANA K VL | ELS PP F GDSY IV V GRQ
EQQ | PIHR w Mitheghdepsasing e Besroraand moe pEheFmEpionT ARughainveaniipy has

GGAGACTCATHGAIEARDES (A EdfebrfoMeif{afdi fAboadta At BhdiR e Afderidod @aG@RCAAG
CCGGTTOCGA TTCCAGGACT AACTTAACCT TGGTGGGAAA CCTCTGAGTA TGTATCACCA

CCCGTCTACTRYAIAPIETEHIRES S PANAROEDE Eleiy BAHET OB FEGEEREMFIR CHEFR LA AL
GD T AW DPG GMGS 360566 MARGAGEATTEGTHAMNGETT TACAADE AGGETCA
AAGGAGCGCA GAGAACE%G C %@T%T@%%A AégACA%CRTG $GA9TE§T%$%JCAC|TGGAG
AGACCTTCGT R R AT B RA AT &P TR F B B R PP PE PR PR e B ATCGG
CGAGATCCTCiMSHGTCBAADICOT SaprAC BT inCMOAACE PEsivgRar BrmshkminSugh® GG AFR S
L FOG MS W | 1QGLGR(0L GEGIGIRICRG ISR %ﬁ%;ﬁ%ﬁ? 15N G AR RIGTT r7P-
An' PGCA TTCCGCTCAC TGITCGGAGG CATGTCCIGG ATAACGCAAG GATTGCroGG
CCCACAAGTGaadigatceie thy eananc Aaetiar kg el atusi tensdeerrta Y WAGGCGAGTG
ACAAGCCTCC; 1AM GRAGT ARG HIE CRM OBACREot Y bn kM MGHNARRRIFAL T 17,1,
AVG Gil LL PCs VN V 3801 GGCICTCCTO TTGTGGATGG GCATCAATGC TCGTGACAGG
TCCATAGCTC AR M EGCAOTTGGA GGAGTTCTGC TCTTCCTCTC CGTGAACGTG
CCGAGAGGAC AACAGGTACGEEEAGTTACG AGCACTGTCC AGOTATCGAD AGM.CAAAGA
GCGTCAACCr CCITAAGACG AGAAGGAGAG GCACTTGCAC NS1 ADT GCA IDI S ROE
LRCGSGVFIH NDV EAW MORT'. 3901 CACGCTGACA CTGGGTGTGC CATAGACATC
AGCCGGCAAG AGCTGAGATG TGGAAGTGGA GTGTTCATAC ACAATGATGT GGAGGCTTGG
ATGGACCGGI GTGCGALiue GACCCACACG GTATCTGTAO TCGGCcbtiC TCGACTCTAC
ACCTTCACCT CACAAGTATG TGTTACTACA CCTCCGAACC TACCFGGCCA WN (AprME)-Rabies
G PIV sequence (partial) C protein 5. UTR MS 1 AGTAGTTCOC CIGTGTGAGC TGACAAACTT
ACTA(aiUU ii GIGAGGATTA ACAACAATTA ACACAGTGCG AGCTGITTCT TAGCACGAAG
ATCTO3ATGT TCATCAAGCG GACACACTCG AcTGrrrom TCATCACAAA CACTCCTAAT
TOTTGTTAAT TGTGTCACGC TCGACAAAGA ATCGTGCITC TAGAGCTACA C protein KKP
GOPGKSR AVY LLK ROMP RVL $LI CL KR AM L 101 CTAAGAAACC AGGAGGGCCC
GGCAAGAGCC GGGCTGTCTA TTTGCTAAAA CGCGGAATGC CCCGCGTGTT GTCCTTGATT
GGACTTAAGA GGGCTATGTT GATTCITTGG TCCTCCCGGG CCGTTCTCGG CCCGACAGAT
AAACGATTTT GCGCCITACG GGGCOCACAA F7csaACTAA cercagencr CCCGATACAA
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C protein SLI DOKG PIRFVL AL LA PPR PTA IAPT RAY CDR 201 GAGCCTGATC GACT.GCAAGG
GOCCAATACG ATTTOTGTIG GCTCTCTIGG CGTTCTTCAG OTTCACAOCA ATTGCFCCGA
CCCGAGCAGT GCTOGATCGA CTCGGACTAO CTOCCGTTCC CCGGTTATGC TAAACACAAC
CGAGAGAACC GCAAGAAGTC CRAGTGTCGT TAACGAGGCT GGGCTCGTCA CGACCTAGCT C
protein MR CV NKOTAM KHLL SFK KELGTLT SAI NRR SSKO 101 TGGAGAGGTG TGAACAAACA
AACAGCGATG AAACACCTTC TGAGTTTCAA GAAGGAACTA GOGACCTTGA CCAGTGCTAT
CAATCGGCGG AGCTCAAAGC ACCTCTCCAC ACTTGTTTGT TTGTCOCTAC HIGIGOAAG
ACTCAAAGIT CTICCTTGAT CCCTGGAACT GGTCACGATA GTTAGCCGCC TCOAGTTTCG
Rabies-G signal C proteifperHisFtoudr iaien Breudenfrsiians RR® SO ROREIR AT BN TSV PLL VFP
LC PC KFP- 40geARMAGANSRENGRGGREARGART O GTATAE 6 IGEGRE GGIRGETCAGGCT Li Li
LbTTZ'O TACCCITGCT GGTATTTCCC Lii rOci Jé; GTAAATTTCC .TTTETTC}SECJCC_CCCGTTC
|GACCATATC ERCINEPACE R RGHATT LG RIAN SR RIS AACEH EAPAAAG GG
(74101CGAAAG GUSTAE ApANKS EnRAdie 65 munpttintiFal PRGN VSRIBIFHIrS @PRINL VY EDE

OCT 501 TATC CC AT GGCG C AC=7=0
R R T e e ey S L N R v e
TCGAGCCCG G RTGAS BE T.AACTAT ALGLY GHEA AACTRISR000GTTTG TTGGAGCAGC
AACTCCTACT TCCCACGTGA RAbies-G protein LSG FSY MEL KVGY ISA IKENGFT CTG VT
EAST- 501

AATCITTCTGGATTTICEeAepAst enndsficieshpepediafestiovs ApnrraseAdid LMREEATE AACGGCI
TTA CITGTACAGGARIE RTEHECOAMBSEGAGRTRAGAR GARCFAAMAGGATS TACCTCAAC
TTTCACCCGA TATAAAGTCG GTAXITCTAC TTGCCGAAAT GAACATGTCC TCAGCACTGG
CTTCGGCTCTERRHIES-G protein V TN FVG YVTT TFK RICH FR PT PDA CPA AYNW KM'A. 701
CATATAcalk TITCGTGGGA TACGTCACCA CCACCTTCAA GAGAAAACAC TIGCGCCCAA
CGCCTGACGC TTG C‘ﬁ%GCIC CTTACAACT %A&A‘CEATS Gvcveg%ﬁnii 1AA@GTCASCI CT
AIGCAGIGGT GGTGGAAG TP LB L RASECEEE T GEEEATT UG RACABEE oG
CGAATGTTGAGCK TOTRARE® RAD s motevitihDPeRES 1R R Yapiior enNEBReTWK TTKE SLV
1S 801 AGGA@@_}E&QJO%MﬁT . AAJCTCTGCA CAACCCOTAT CCTGATTACC
ATTGGCTGCG GACAGTCAAG ACTATCAAGG AGAGTCTGGT CATTATATCA TCCTCTAGGA
GCTATACTTC TTAGAGACGT GTTGGGCATA GGACTAATGG TAACCGACGC CTOTCAOTTC
TGATGGTTCC TCTCAGAC A itafibAdA TR psRABISRGdIOIRINYRM 6 Bk P XIARHM KSRV FPG
ON CS OVA VSS TTCS CCAAGCGTGG _CCGAT%TTGA TCCITAIGAT A%%rgc%g: ACAGTAGGGT
TITTCCTGGC &6 QAN Eeieriaos AHPHPESAS REHA FEPAR &) REEHRBRRLRT GCACC
GGCTAGAAC TeAGGRAT AETARES A GSHBARE:T GTGARTCCCA AAAAGGACCG CCCTTAACAT
CGCCACAACG TCATAGTTCA TGGATGACGA RAbiee-G protein TNEDYT TEMP ENP RLGNSCD
IFT NSR OKRA SKG. 1001 CCACTAACCA CGACTACACT ATATGGATGC CrGAGAACCC
TCGACTCGGT ATGAG M@ aalisdianstficegaxutoiatw Cadinctcan CATSTFAABGG
GGTGATIGGT GETGATGEEAAT Aatad S R Gt Gl GREL S HlERPEEA) Lokl fcAEGC

TGTAAAAATG CTTGAGTGCC CCGTTCGCCC GTAGAITCCC
the flavivirus genome.

6. The replication-deficient pseudoinfectious flavivirus of any of claims 1-5,
wherein said heterologous immunogen is from a pathogen selected from the group
consisting of a rabies virus, Borrelia burgdorferi, a tick, an influenza virus, a human
immunodeficiency virus, a simian immunodeficiency virus, a human papilloma virus, a

respiratory syncytial virus, malaria parasite, and Mycobacterium tuberculosis.
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RAbies-G protein SET CGPV DER GLY KSLK GAC KLK LCGV LGL ELM 1101 GTCTGAAACA
TGCGGGTTTG ITGATGASCG GrOrTIOTAT AAATCIVITA AAGGCGCCTG TAAGCTGAAA
CTCTGTGGCG TACIGGGGCT GCGCCTGATG CAGACIITGT ACGCCCAMC AACTACTCGC
CCCCAACATA TTTAGAGAAT TTCCGCGGAC ATTCGACTIT GAGACACCGC ATGACCCCGA
CGCGGACTAC RAbies-G protein OTE VAR OTS NETK WCP PGQ LVNL HOF RSD EISH 1201
GACGGCACAT GGGIGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG
CTGGTTAATC TGCACGACTT TAGGTCTGAC rmAATCGAGC CTGCCGTGTA CCCACCGATA
CGTCTGTITG rrAcrrram TCACCAraGG GGGACCAGTC GACCAATTAG ACCTGAA ATCCAGACTG
CTITAGCTCG RAbied4d sriwisationgefipieny RRyditfes i a flav irum ee i Sspisieip &3ifl1 301
ACCTTGTGG THeterb16dadyNarh th HCAMINALS L5bANEAG Keote G Tl & el TGAGAGTA
TTATGACCAC CAAATCOGTT TCCITCACAA GACTGAGCCA TGGAACACCA CCTCCTTGAC
CACTTCTTTG EB’EH‘&%&?R&%@%%‘P&’%T GAACTCTCAT AATACTGGTG GTTTAGGCAA
AGGAAGTCIT CTGACIOGGT RAbies-G protein LRK LVPG PGR AYT IFNK TLM RAD AHYK SVR

TWN 1401 CCTGCG CTGGTGCCAG GGTTC AA SGCTTATACT ATTIT.
AGACTCTTAT GGA%@%(S%?"&BE%%F RE e&@%@“ﬁ%‘&?‘?@%ﬁﬁ*ﬁ%ﬁ %’%:% ITTC
GACCACCGTh@E@HeeBOOTInQECAMPATS BoTRMMOTIGRET OTGAGHRATETCCI@CGCCTA
CGGGTAATATi;E%%’\g%(gm%%&%TTA RAbies-G protein TIP SKG CLRVGGR CEP HVN
GVPF NOT ILG PDGN°1501 GAGATAATTC CCTCCAAAGG ATGTCTGAGA GTCGOTOGGA
GATGCCACCC CCATGTCAAT COGGTOTTCT TTAACGGAAT CATCCIGGGA CCTGACGGGA
CTCTATTAAG GCAGE TR fefiidNorGehlidife psbudbititenbls By (vt A Bt 2 6 QK RIPAGAGTTA
CCCCACAAGA AATTOCCTTA GTAGGACCCT GGACTOCCCT RAbies-G protein VLI FEMOSSL
LOG SHE LLVI'SPISERISHPRAISSS. SPEWT 56E SHE TabFoft e lecke A8 BaE¥PiTcce
TTCTGCAGCABGAEATEEARIC &L GAIEYD, GF it Aliods ErAEERshGAE & ICACCCACTGG
CCGACCCCAG TGCACGACTA AGGGCTCTAC GTTAGAAGGG AAGACGTCGT TGTGTACCTT
GAGGACCACA GAAGTCACTA TGGGGACTAC GTGGGTGACC GoCTOGGGTC RAbies-G protein
T VP KNGD SAE DPI,18 \T'lk¢ tef DAl 6HERIS B\ RUG Itk iovnd I BNE TG T Aaimcd. AArtail SECG
ATGAGGCCCA AGACIIRI IAGTICARG TORGRRALET ACAC BANBRATATGTECAG
TAGACCTGGG CCTTCCTAAT GTGACACAAG IwrrnAcme TACTCCGGCT TCTGAAACAC
CTICAAGTGG AaGTEEFACKA Tpiehe PR maTaARReRmat et ACCC GGAAGGATTA
RAbies-G protein 71GKY VLL SAGALTA LML II? CRTC NERVE R SEPT. 1801 IODOGGTAAGT
ACGTGCTCCT GAMOW:Get GCCITGACCO Cr7FGATGCT GATCATTITT GTGATGACCT
GCTOGCGGAG 0GTEAARCERbcrbimdis it erHereEariENYENcRRC T B coca
CGGAACTGGGGAANGTAR G EIAGTANAS s GAGTACTHEEPHDGAG CHEE TCHTACITAGLL3
AGGCIOGGCT RAhies-G protein -ORR LRGTGREVSV TPO SGKI ISS WES YKSGGET 1901
CACAGCACAAPTEHE RER ERB RERE E‘?&‘é‘gg‘i&% TAAGTGT GACTCCGCAA TCTGGCAAGA
TTATTAGTAG TTGGGAGAGT TACAAATCTG GAGGAGAGAC GTGTCGTGTT AGAGTCTCCC
TGTCCGGCCC TTCAPTGAGA, f LEAQGRET LeRRGEG S AANTHO AT et 5 CA
ATUITCAGAC CTCCTCTCTG INTDV 2ANSL1 signal RAbies-G proteinpreNS1 signal GLN POLL RCA
GDV ESNP Cp)\epgmggqﬂn'{rg@mcomprises an HPV16 or HPV18 capsid protein LT or L2, or an

immunogenic fragment thereof.

13. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said

heterologous immunogen comprises a respiratory syneytial virus F or G glycoprotein.
14. The replication~deficient pseudoinfectious flavivirus of any of claims 1-13,

wherein said flavivirus genome comprises sequences encoding a pre-membrane (prM}

and/or envelope (E) protein.
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2001 TGGGTTGAAT TrIGATCIOC TCAAAC17GC AGGCGATGTA GAATCAAATC CTGGACCCGC
CCGCZACAGG TCCATAGCTC TCACGTTICT CGCAGTTGGA AccCAACTTA AAACTAGACG
AGTTTGAACO TCCGCTACAT CTTAGITTAG GACCIOGGCG GGCCCTGTCC AGGTATCGAG
AGIOCAAAGA GCGTCAACCT NS1 NS1 signal VLL FLSVNVHADT GCA IDI SRQE LRCGSG VFIH
2101 GGAGTTCTGC rcncercrc CGTGAACGTG CACGCTGACA CrOGGTGTGC CATAGACATC
AGCCGGCAPO AGCTGAGATG TGGAAGTGGA GTGITCATAC CCTCAAGACG AGAAGGAGAG
GCACTTGCAC GTGCGACTGT GACCCACACG GTATCIOTAG TCGGCCGTTC TCGACTCTAC

ACCTTCACCT CACAAGTATG Li E-tt 01U 84004 4", a.E.z6.9 11E o-
15. The replication-deficient pseudoinfectious flavivirus of any of claims 1-14,

wherein the flavivirus genome is selected from that of yellow fever virus, West Nile
virus, tick-borne encephalitis virus, Langat virus, Japanese encephalitis virus, dengue

virus, and St. Louis encephalitis virus sequences, and chimeras thereof.

16. The replication-deficient pseudoinfectious flavivirus of claim 15, wherein
said chimera comprises pre-membrane (prM) and envelope (E) sequences of a first

flavivirus, and capsid (C) and non-structural sequences of a second, different flavivirus.

17. The replication-deficient pseudoinfectious flavivirus of claim 16, wherein

said first flavivirus is a tick-borne encephalitis virus or a Langat virus.

18. The replication-deficient pseudoinfectious flavivirus of claim 16 or 17,
wherein said second, different flavivirus is a yellow fever virus or a West Nile virus or

Langat virus.

19. The replication-deficient pseudoinfectious flavivirus of any of claims 1-18,
wherein said genome is packaged in a particle comprising pre-membrane (prM) and
envelope (E) sequences from a flavivirus that is the same or different from that of the

genome.

20. The replication-deficient pseudoinfectious flavivirus of any of claims 1-19,
wherein sequences encoding said heterologous immunogen are inserted in the place of or

in combination with the one or more deletions or mutations of the one or more proteins.

21. The replication-deficient pseudoinfectious flavivirus of any of claims 1-20,
wherein sequences encoding said heterologous immunogen are inserted in the flavivirus
genome within sequences encoding the envelope (E) protein, within sequences encoding
the non-structural 1 (NS 1) protein, within sequences encoding the pre-membrane (prM)

protein, intergenically between sequences encoding the envelope (E) protein and non-
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structural protein 1 (NS1), intergenically between non-structural protein 2B (NS2B) and
non-structural protein 3 (NS3), or as a bicistronic insertion in the 3° untranslated region

of the flavivirus genome.

22. A composition comprising a first replication-deficient pseudoinfectious
flavivirus of any of claims 1-21 and a second, different replication-deficient
pseudoinfectious flavivirus comprising a genome comprising one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1
(NS 1), non-structural protein 3 (NS3), and non-structural protein 5 (NS5), wherein the
one or more proteins encoded by the sequences in which the one or more deletion(s) or
mutation(s) occur in the second, different replication-deficient pseudoinfectious flavivirus
are different from the one or more proteins encoded by the sequences in which the one or
more deletion(s) or mutation{s) occur in the first replication-deficient pseudoinfectious

flavivirus.

23. A method of inducing an immune response to an immunogen in a subject, the
method comprising administering to the subject one or more replication-deficient
pseudoinfectious flaviviruses of any of claims 1-21 and/or a composition of claim 22 to

the subject.

24. The method of claim 23, wherein the subject is at risk of but does not have an
infection by said pathogen or a disease or condition associated with said cancer or

allergy-related immunogen.
25. The method of claim 23, wherein the subject has an infection by said

pathogen or a disease or condition associated with said cancer or allergy-related

immunogen.
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Other Embodiments All publications, patent applications, and patents mentioned in this specification
are incorporated herein by reference in their entirety as if each individual publication, patent
application, or patent were specifically and individually indicated to be 5incorporated by reference.
Various modifications and variations of the described viruses, vectors, compositions, and methods of
the invention will be apparent to those skilled in the art without departing from the scope and spirit of
the invention. Although the invention has been described in connection with specific embodiments, it
should be understood that the 10invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out the invention that
are obvious to those Silddhamebaiediaroraheldieine3pianhacochy i Briiager K188 dre intended to be
within the scopg af $he IEEREP Rokd 36 O SHpAIR: {ERIS QLSS SHER BS,2liaBggiis/edoes not exclude

indication of the corresponding plural form, unless the_15context indicates, to the coptrary. Similarly,
use of plural tefifi& dB &Y HEREAME FTERHGHWIRdeSF e R0 N P AT RO SR Shbodiments
are within the soppg Shtire:iqiipiag Clainsa Wipntaisglaimstdsvirus, hafurapicatiensaficient
pseudoinfectio%la%/ivirus conwrisizq%_a flavivirus genome comprising (i) one or more deletions or
mutations in nucRESHEE LG &HEEE & ding one or more proteins selected from the group consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1), non-structural protein
3 (NS3). and non-strugyura) petpin (NS AR 232 QUERGE FOSRdInG A6 ferg Rterologous
pathogen, cancer, or aIIergy-reFateg Immunogens. 2. The replication-deficient pseljg oinfectious
flavivirus of claitmnurhessripnseitans dpiviore deisivdry drerfigvatiormsgrponthim cdgsian ®)thequences of
the flavivirus gegmeof the ImkiiRdglication-deficient pseudoinfectious flavivirus of claim 1, wherein
said one or more deletions or mutations is within pre-membrane (prM) and/or envelope (E) sequences
of the flavivirus genome. 4. The replication-deficient pseudoinfectious flavivirus of claim 1, wherein
said one or more deletign$iRr fRiadionsdeithincapsichiGibpa-nambiaTepibs rngsrvlope (E)
sequences of the flavivirus genome. 5. The replication-deficient pseu oinkectious flavivirus of claim
1, wherein said'Bf‘?@%’r“rL%F%e BN BPRTRRS t?s%ﬁﬁﬁoﬂbenqﬁﬁgﬂ?ﬁé PREENTE (NS 1) sequences
of the flavivirus fiyemame. which cdihgricepieqitoned eficeli ps dadoinie piousfidvivicusdbany of claims
1-5, wherein saégwh%egoll% Qus immunogen is from a pathogen selected from the group consisting of a
rabies virus, Borre m%u?g oﬁ"éri, a tick, an influenza virus, a human immunodeficiency virus, a simian
immunodeficiency virus, a human papilloma virus, a respiratory syncytial virus, malaria parasite, and

Mycobacterium tubereigosig. methof-of B HRHCAIRRACHEISIN DS SRAQMIBEUS Hlavy s Rhglaim 6,

wherein said heterologous immunogen comprises a rabies virus G protein immunogen or an

immunogenic freRIFRERNERFLREhe gerpmeRf the resirnindeticeniipdstidomitidramriativirus of claim 6,

wherein said hejefelpgausdbdmp AR R CRMPpEsasBaie hadibr gfalliar RspMmimmunogen or an
immunogenic fragment thereof. 9. The replication-deficient pseudoinfectious flavivirus of claim 6,
wherein said heterologous immunogen comprises a tick saliva protein selected from the group
consisting of 64TRP, '$ac Adlin: Sakp@6ted caimiemimilmogemciraprsent dlyeiieof fever Y0uTme

replication-defici%ntlps Hgoig %(ﬁ‘gi M f i_\r/‘;ru of cl irg ? ‘é"l% Ee'rb %&9 Qgtl%r%g us i]mmunogen
‘comprises an in‘ﬁu’gnzsgavirrﬂcs %\42, ‘%en%?gr\futiﬁﬁﬁr?ﬁ% n ornﬁ’euﬁar#i?}i%ase (NA? ep%%pg, or an
immunogenic fréggreseeshaseding pre-membrane and envelope proteins of a tick-borne encephalitis

virus or a Langat virus, and the signal sequence between the capsid and pre-membrane
proteins of the chimeric flavivirus comprises a hybrid of yellow fever virus and tick-
borne-encephalitis or Langat virus capsid/pre-membrane signal sequences, or a variant

thereof.

31. The live, attenuated chimeric flavivirus of claim 30, wherein the capsid/pre-

membrane signal sequence of the chimeric flavivirus comprises yellow fever virus
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11. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said heterologous
immunogen comprises a codon-optimized HIV gag, tat/nef, or gp120 protein, or an immunogenic
fragment thereof 12. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said
heterologous immunogen comprises an HPV16 or HPVI8 capsid protein Li or L2, or an immunogenic
fragment thereof. 13. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said
heterologous immunogen comprises a respiratory syncytial virus F or G glycoprotein. 14. The
replication-deficient pseudoinfectious flavivirus of any of claims 1-13, wherein said flavivirus genome
comprises sequences encoding a pre-membrane (prM) and/or envelope (E) protein, 15. The
repIication-deficﬁ@fﬁ%@@dﬂé‘iﬁf@éﬁﬁh@ﬁﬁvﬂifﬁ@%W@*ﬂ%ﬁ?%‘l@iﬂ‘?ﬁﬁﬁéhﬂﬁ@ W4¥irus genome is
selected from thagRhyellpwHevgbyipemiiest-ilsnvirus, tick-borne encephalitis virus, Langat virus,
Japanese encephalitis virus, dengue virus, and St. Louis encephalitis virus sequences, and chimeras
thereof. 16. The replication-deficient pseudoinfectious flavivirus of claim 15, wherein said chimera
comprises pre-membrsmeA i) saaueRveisip(E Naeqitancomadsntirs Wesivitasiandnoapsid (C) and
non-structural se%uences of f?.second, %’ﬂerentfavivi[us. " 17.a;léhr% rlg%l:i Qvgi&ns-g%ﬂ%iegt
pseudoinfectiodS HEVNiTGE BF LA 1B HaPE A S &Y Frlt TRVVIrUS IS BHickchome encephalitis virus or
a Langat virus. encodifg Feeneplicakandsficient psacidoivife bt flrevivieshditciam Léwgatl7, wherein
said second, difeyent oy usleaelovplRvel ibs.ua e e LAl gys. | 19 The
replication-deficient’ pseudoinfectiods flavivirus of any of claims 1-18, wherein said genome is
packaged in a phitigdccmiviisinepproisaentiniaheripangeahel i6p ve o pbengR) YaseRtddTfom a flavivirus
that is the same, QR AfiGEaSE{EPRFNALOTHNE\ARRAMRreof. 20. The replication-deficient
pseudoinfectious flavivirus of any of claims 1-19, wherein sequences encoding said heterologous
immunogen are inserted in the place of or in combination with the one or more deletions or mutations
of the one or more prof@ing, pharrekeldti@ireptipatiaondakigieninpsepoiniacividsdidaiwitis of any of
claims 1-20, Whereirtsequencées ncodin%\said e}e.rol rigoushi munogen arr?e inserted ip the flavivirus
genome within 884ERAESeREbdG P EHbETS ec("é'ﬁ? BN W P LY S ey RS Shg the
non-structural lofNEinp30iatmndithinaseqsariceldyencoslibie ttrergreondéotbrane (prM) protein,
intergenically between sequences encoding the envelope (E) protein and non- structural protein 1 (NS
), intergenically between non-structural protein 2B (NS2B) and non-structural protein 3 (NS3), or as a
bicistronic insertion in e Bheiphramsksts g aegsionasitihe dalimis gbndaieomprispg Arcehip@sition
comprising a first replication-deficient pseudoinfectious flavivirus of any of claims 1-21 and a second,
different replication-deficient pseudoinfectious flavivirus comprising a genome comprising one or more

deletions or mutationstr rbiEfebttoedsfierrbes ety did sy precprtE el %om the group
consisting of capsidiie hoRigrHBMaYaEREREMY @rvelopayElons irsiitletk piaited (hNSdihg

non-structural protein 3 %I:}I 3), and.nop-structural protein 5 (N herein the one or more proteins
encoded by the S8GIBITE § iRFOURILA Qﬂé h’éoS'r%uogl)%rﬁ%fé?%gﬂ(%%?%U%ﬂ8?1'6%5”83’]53?*l’ﬁo{ 3 é)econd,
different replicatigfsgleficient pseudoinfectious flavivirus are different from the one or more proteins
encoded by the sequences in which the one or more deletion(s) or mutation(s) occur in the first
replication-deficient pseudoinfectious flavivirus. 23. A method of inducing an immune response to
an immunogen in a subfect, thelasatidaelsayricongaandns terierrene ofbjpervdpaGERBte
replication-deficigntasaudainfesinss flavivisuss oo tirnyeplalaineside 2haniies aL0mpesiisy of claim
22 to the subject.  24. The method of claim 23, wherein the subject is at risk of but does not have
an infection by é’ﬁi‘d‘b‘ﬁf’rﬁﬁj% or a disease or condition associated with said cancer or allergy-related
immunogen. 25. The method of claim 23, wherein the subject has an infection by said pathogen or
a disease or condition gss ciatﬁd Wi}:h said cancer or a[l‘?@g/.-retlated im unogen. . 2?. The
method of any of clain‘? 2 -%}v@ SIS tHE ?rﬁﬁlfdﬁ%boé’n hiteih S%uéjt?fc'}geéﬁosele%é fom e group
consisting of a rabiésnvirtig, | Bodgliadurgddrien)aisiok, iamodfhienz awdileis 2eid mvlacuimehghodeficiency

virus, a simian i RQAEGien s MR RARUBIIRANIYS A ERRUAENSYIDHBhUELS, malaria

parasite, and Mycé%z_icterlum tuberculosis.” 27. The'method of any of claims 23-26, wherein the
method is for inflaringuarzenemené thesppicsti ey antisiantneteda efsebersdigyiiaifiavivirus genome, in
addition to the source of the immunogen. 28. The method of claim 27, wherein the subject is at

risk of but does not have an infection by the flavivirus corresponding to the genome of the
pseudoinfectious flavivirus, which comprises sequences encoding a flavivirus pre-membrane and/or
envelope protein. 29. The method of claim 27, wherein the subject has an infection by the
flavivirus corresponding to the genome of the pseudoirqfectious flavivirus which comprises sequences
encoding a flavivirus pre-membrane and/or envelope protein. 30. A live, attenuated chimeric
flavivirus comprising a yellow fever virus in which sequences encoding pre-membrane and envelope
proteins are replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis virus or a Langat virus, and the signal sequence between the capsid and pre-membrane

proteins of the chimeric flavivirus comprises a hybrid of yellow fever virus and tickborne-encephalitis or
I anAaat viriie cancid/nre-memhrane ciaonal ceariencace nr a vvariant thereanf 21 The liwvve atteniiated



34. The pharmaceutical composition of claim 33, further comprising an adjuvant. 35. A
replication-deficient pseudoinfectious flavivirus comprising a flavivirus genome comprising one or more
deletions or mutations in nucleotide sequences encoding non-structural protein 1 (NS I), non-structural
protein 3 (NS3), or non-structural protein 5 (NS5). 36. A nucleic acid molecule corresponding to
the genome of a pseudoinfectious flavivirus of any of claims 1-21 or 35, or the genome the live,
attenuated flavivirus of any of claims 30-32. 37. A method of making a replication-deficient
pseudoinfectious flavivirus of any of claims 1-21 or 35, the method comprising introducing a nucleic
acid molecule of claim 36 into a cell that expresses the protein corresponding to any sequences

deleted from the flavivifusTge msthedotftbleime plicatioreid dficionteps s aransisedibudfles)ivirers. the  38. The
method of claim g wheteln.the REFEIMS IRMBRCS N IR el dnmmelie BaIRMRRS a second,
different, replication-deficient pseudoinfectious flavivirus. 39. The method of claim 37, wherein the
protein is expressed from a replicon. 40. The method of claim 39, wherein the replicon is an alphavirus
replicon. - 41. The methad Qb ¢laiprdhiwherdindle albhavisisiisouenazmalan Esuiss Encephalitis
virus. 42. A composition comprising two or more replication-deficient pseudoinfectious flaviviruses,
wherein two of the replication-deficient pseudoinfectious flaviviruses are selected from the groups
consisting of: (a) arepheatinimdeficiaint psovilatifattoes larild anapdaviisirglagenome
comprising Japanese encephalitis virus sequences, and a replication-deficient pseudoinfectious
flavivirus comprising a genome comprising dengue virus sequences; (b) a replication-deficient
pseudoinfectious flavidirusteormghising dageridmehemmphisirighpeliosisevéendruslselgenees, and a
replication-defic}iﬁgépq‘s!ﬁgggiipufse_ctious flavivirus comprising a genome comprising dengue virus
sequences; and (c) a replication-deficient pseudoinfectious flavivirus comprising a genome
comprising tick-borne encephalitis or Langat virus sequences and an inserted sequence encoding a
Borrelia burgdorjiri imapunogsipaiifon episriiN s licipRtoapudaivfratioustaviviibscenmgsing a
genome comprising tick-borne encephalitis or Langat virus sequences and an inserted sequence
encoding a tick EAVEBFotReRRA e BPLRoRedtirienbmsarr pEetasiR I HAGvirus
comprising a geslestsl Camphisnakdrimmeneephalitis or Langat virus sequences and inserted

sequences encoding g, Borrclia, bugdyier manogen and.a ok salva protein immunogen. 43, A
pharmaceutical composi |orPcomprismg e Ve, attenuated enimenc Naviviras o%eany of claims 30-32.

44. A method ofdinguising lapamsn enepbsigenseutostipicemeendricephadtiismvrfisiontLangat virus ina
subject, the me IS lnister t j phar i jtion of claim
1A, The e e P eloping
infection by tick-borne®ricspheatienwilisientipapisiaipipgdous flady THCaRIHYAGT €9aiMA4, wherein the
subject is infectegnpithdickeiorne RRGaRNHIR VIS8 kg RLMEN e ficieflY pAuRIMiERtigRsdeficient
pseudoinfectious flayivirus comprising a flavivirus genome comprising one or more deletions or
mutations in nuBRYSYES STGRENRES EHASEN Y BRL IS AT S rUTEf e LEREEdMom the group consisting
of capsid (C), pre-mexelpsaap! igatidy)-difictdons didoin et s Clavaliprotempkighg b)gdiamstructural protein
3 (NS3), and nog.structural pratein. 2 (NS nereln, e flaviyis dengme comprises yellow fever
virus sequences in Which sequences encoding pre-membrané and envelope proteins are replaced with
sequences encouipdjnere-Promibranegdndegnvetopegsroteins ofpdiditiotbdeficien gephlititsius or a
Langat virus, apgeaenaRsRRGIALIAINE AINRLARANANGE RENERRING 6PPaI AV Re membrane
proteins of the flavivirus genome comprise a hybrid of sequences encoding yellow fever virus and
tick-borne encefSHAMMRS b NdAHyAEITRISS eASERY BrEAHiBE OISk SabhBiosein IIBALBS SR &K Ariant thereof.
48. The replicatignisieliaiastpesuseiniastious flavivinim ot shapmsthe, ARRERIR éb.%&%%%ena@s encoding
the capsid/pre-membrane signal sequence of the flavivirus genome comprise yellow fever virus
sequences in tﬁ’é’@ef'éﬁﬁﬂj?%&ﬁ BEkan8?hBiun CEBIFRRGS B I aRegad SR uus FaRine 4 f8lifegion.

49. A replication:elgfioient ipseudgiaieatialitcKayikiys aeimphisiagogeiavivirus genome comprising one or
more deletions or mutations in nucleotide sequences encoding one or more proteins selected from the
group consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein | (NS1),
non-structural protein43(MS8xraradenticrstrnepasaiqrotein Big %) | wh ersimithal ffhiridriess genome
comprises Wesﬁmlﬁ%isrld?ﬂ?%mﬁ% gpwhich sequences encoding pre-membrane and envelope
proteins are replaced with séquences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis or a Langat virus, and the sequences encoding the signal sequence between the capsid
and pre-membrane proteins of the flavivirus genome comprise sequences encoding a tick-borne
encephalitis or a Langat virus capsid/pre-membrane ¥i§nal sequence, or a variant thereof. 50. A
replication-deficient pseudoinfectious flavivirus comprising a flavivirus genome comprising one or more
deletions or mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1),
non-structural protein 3 (NS3), and non-structural protein 5 (NS5), wherein any capsid (C) and

non-structural (NS) proteins in said flavivirus genome are from Langat virus and any pre-membrane
(nrM) and eanvelone (EY nrotaine are from a tick-horne enceanhalitic viriie



44. A method of inducing an immune response o tick-borne encephalitis virus or
Langat virus in a subject, the method comprising administering to the subject the

pharmaceutical composition of claim 43.

45. The method of claim 44, wherein the subject does not have but is at risk of

developing infection by tick-borne encephalitis virus or Langat virus.

46. The method of claim 44, wherein the subject is infected with tick-borne

encephalitis virus or Langat virus.

47. A replication-deficient pseudoinfectious flavivirus comprising a flavivirus
genome comprising one or more deletions or mutations in nucleotide sequences encoding
one or more proteins selected from the group consisting of capsid (C), pre-membrane
{prM), envelope (E}, non-structural protein | (NS1), non-structural protein 3 (NS3), and
non-structural protein 5 (NS5), wherein the flavivirus genome comprises yellow fever
virus sequences in which sequences encoding pre-membrane and envelope proteins are
replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis virus or a Langat virus, and sequences encoding the signal sequence between
the capsid and pre-membrane proteins of the flavivirus genome comprise a hybrid of
sequences encoding yellow fever virus and tick-borne encephalitis or Langat virus

capsid/pre-membrane signal sequences, or a variant thereof.

48. The replication-deficient pseudoinfectious flavivirus of claim 47, wherein the
sequences encoding the capsid/pre-membrane signal sequence of the flavivirus genome
comprise yellow fever virus sequences in the 5’ region and tick-borne encephalitis or

Langat virus sequences in the 3’ region.
49, A replication-deficient pseudoinfectious flavivirus comprising a flavivirus

genome comprising one or more deletions or mutations in nucleotide sequences encoding

one or more proteins selected from the group consisting of capsid (C), pre-membrane
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{prM), envelope (E), non-structural protein 1 (NS1), non-structural protein 3 (NS3), and
non-structural protein 5 (NS35), wherein the flavivirus genome comprises West Nile virus
sequences in which sequences encoding pre-membrane and envelope proteins are
replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis or a Langat virus, and the sequences encoding the signal sequence between
the capsid and pre-membrane proteins of the flavivirus genome comprise sequences
encoding a tick-borne encephalitis or a Langat virus capsid/pre-membrane signal

sequence, or a variant thereof.

50. A replication-deficient pseudoinfectious flavivirus comprising a flavivirus
genome comprising one or more deletions or mutations in nucleotide sequences encoding
one or more proteins selected from the group consisting of capsid (C), pre-membrane
(prM), envelope (E), non-structural protein 1 (NS1), non-structural protein 3 (NS3), and
non-structural protein 5 (NS5), wherein any capsid (C) and non-structural (NS) proteins
in said flavivirus genome are from Langat virus and any pre-membrane (prM) and

envelope (E) proteins are from a tick-borne encephalitis virus.
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