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REPLI| CATI ON- DEFECTI VE FLAV1VI RUS VACCI NES AND VACCI NE
VECTORS Field of the Invention This invention rel ates

wo oapi2dtat i on- def ective flavivirus vacci nes BEUS2009/001666

vacci ne vectors, and correspondi ng conpositions and
nmet hods. Background of the Invention Flaviviruses are
di stributed worl dwi de and represent a gl obal public
heal th problem Flaviviruses also have a significant

i npact as veterinary pathogens. Flavivirus pathogens

i nclude yell ow fever (YF), dengue types 1-4 (DEN 1-4),
Japanese encephalitis (JE), West Nle (WN), tick-borne
encephal iti oV I t
serocon‘pIeKQE r1QRYELECEIVE FL ATV IR A and
Orsk henorrhagi c fevalND GAICINE VEETORSCCI nes agai nst
YF [live attenuated vaccine (LAV) strain 17D0], JE
[inactivated vaccines (INV) and LAV], and TBE (I NV)
are avail able. No |icensed JidiRnvaiioal Nes are
currently avail abl e agai nst DEN and WN. Veterinary
vacci hbis imeptoneedates ta replicatioirflefgeting, flavirirus yagaines and vaccine

RS R AR it o Bp TGRSR Moy A0 07 r event

encephalltls in horses and stillbirth in pigs in Asia,

louping ill flavivir®ackdrbMd éfah®IéIdn Neur ol ogi c

di sease in sheep in the UK, and TBE (INV) used in farm

ani Mkgyy Vi S&SE0dRERHRY o W%@ rgi\{lé @bdhe 3REhLEEHIMic health

Fl avi v?‘rvusé]s edln llg:i?el %Ig etr al . ?E S.P F%}'e %s Eﬂo lgg)??
prodlenali F llavnmruRls ialsadhieV e signifiew ifripadt as ketppnarg pathegRaseRlavivirus

EHBaiama prede e ot e (R deim bings o4 LN 1) panggpssncephalits
EH)aW eQ'I@nf@ﬁ\gNPftlclamncéﬁhahﬁs @mnhr{a dtRerR3fukSs BEm the TBE
ur ope and

thern Asia, causing nore than 10, 000

h@ggmmwlex zueh asricyagamy £|ore;t dlwatsm(l/aﬂah@@ @raﬁlahmcyrhaamefever
EO F}vxs%’es My Eu el § ae}rI?s ﬁQ/%/a ten evracca}n a \Zﬁgram 7%JE

S|gn| i"can proportiron o atlen
[iaagivaRE vadinREINVPSEMADA 9], lahé TB@queVaere alvmlaabud VIdb Heknsed human
vacci nes produced in chick enbryo cell cultures have
mq%:ﬁ agerquEently,availpblp agaiaH I BNy aadh Wi Yetgeipary rggcines have been in
popu gtglingn é%é%?éﬁgés]?ésa lr?g E r%gg)é%g ount ries h @and live
clggkit @dwmea); JEI O endrhnd)yo Bﬁ%rrt@dcmmm iafhorses and Stl“bll’th in

hospital i zed c S .(Hei nd Kunz Vi r ol

BlEs 1 ASieeo a0 308 St O VA et e palkeis st iebecq i the
exRans TBE (ﬂ{N) [ RAYh ERmdNiBSls |1rnQ§éélhERép99§c RKY) I@Moﬂ&h)énd Heinz,
i mruni zation. Periodic boosters (every ears) are

F@qmnrue@, tndFiptdb pt i Edsi,rnelds Vyologh,e}réfdrte)n Bhilagelphia, New York,
g mc\étt E Y BGSH el’stngb[)plg%]el fr,ﬁ getive after onetwo

es an prOV| as life-long i munity
('si m riak-Boend diephatitis EMBE) ibYhe most important tick-borne viral disease of

humans. It is endemic in parts of Europe and Northern Asia, causing more than 10,000
hospitalizations annually, with a case-fatality rate 0.5-1.5% in Europe and 6-40% in
Siberia and the Far East. A significant proportion of patients suffer from long-lasting
neuropsychiatric sequelae. Inactivated vaccines produced in chick embryo cell 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
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YF 17D i mmuni zati on) is needed, and indeed has been
identified by the WHO as a nmajor priority. Devel opnent

wWo@R009BE20AV candi dates in the past several decedEES1999/001666

means of enpirical or rational attenuation of TBE

virus parent per se or chinerization of TBE or Langat
(LGT, a naturally attenuated flavivirus that is

closely related (serologically) to TBE) viruses with
dengue 4 virus has faced difficulties due to problens

Wi fharpsetimately 9% aeduatien of haspitalizadeesss ehirinoand loypz, Arch. Virol.

STRIPE0L 08 ST B ARTHAT I g e R
8RicEREBRSRE Bnt@(,)EnmlRﬂmﬁaﬁI Penodit i)@dstcrs \&aeging yeds) are required
133- 143, . 2006; Kofler et al Arch. Virol. Suppl

1(8mfgltq_n g@@un@boﬁhergﬁq@, A dgsg F%sﬁlé/e"l"sB]i mgc@iemvhlch is effective after one-
EADDLL SR BB Y PARSE L B 0 Pl o
(YWroEHuimmesization) ns:l’letealed, andakleecbhasibeat slentifiiddly the &VHO as a major

pr.i nari vert ebr such as vario

o G DR eSS LEIC 1Y Ao 3idpfa T 12 prs SPUsEE| Sy BY mieans of
RNPiriEal 6CHliSnal 8t:@Ratidn JATIHL QirBYSdrER e ASSodRinheriZAtion of TBE or
| engt h and enconpasses a | ong open reading frame (ORF

fLiangdt €dGbya Bituralyl a@nuatet! flamiyiras that isetaselyatlated gseomsgically) to

1 EE R teheé Rt sl B 65 i o SR ER Btk gpsidual

tvhatentesmrdaﬁmaes &/ 03B iRPRfinoEEAeIS) et RAbdtdon(Wright et al.,
enerate individual viral proteins. The proteins are
g’r@@@gj@aé BR2BHRQ 28P8dylaximova et al., J. Virol. 82:5255-5268, 2008; Rumyantsev

?‘Cﬁéﬁi‘f%ﬁg ?%139‘?2%2@5? F")}‘?éﬂé}n'gﬁ@ﬁ anew é’? % 101200, 2004; and

tefereetespldreiay.e t he structural proteins, i.e., the
conmponent s of viral partlcles and t he NS proteins are

nonst F RSP 95¢ SnalliFavelgprde Al ugrstand b GeSpyiransmitted primarily
'bptar[t ngj Y@brs VbR b &P tRE) 8 rﬁatuﬁll ﬂ&ty'vﬂﬂéh re primarily yertebrate
replication occurs in the cytoplasm Upon nfedtion of
eeimads, andh asvansdsanaromabyf ingkidovgi lonfakg, ang bode sEhafavavirus genomic

PO o 1 00 B UG GG <P e
@éh@ﬂ%'f?a‘iﬁ@ (‘Dlﬂgtﬂa‘ﬁldé(ﬂ? $ERY ﬁﬁnirﬁsﬁ@éﬁgﬁlﬁhﬂ r§g10ﬁ§éwm\§@f about

transl ocati on of ortions, as directed by
b an MopismwTaendrIars resorcib: giMOIE: suwderepatprc
gfe%[n%éﬁtzl?t dt@@]ggge gg{l/cg os?ftraﬁ{]g{lionﬁlnﬁ)n engk e IR lglssoglap%ral proteins.

The ph)td:lﬁs are eﬁctceldd @mtht lved dr udapAeall MSE -0 1 afl SIAQ/QBE%3-NS4A/4B-NSS,
menbr ane, and the resulting individual protelns remai

2heEsdx (Lorecapsid YL MH@romerbraneimianbranmrand & e%@ppeafare the
g@@ctﬁﬁn&bmm&h@y t@'ﬂ §nenksrlif{\hr§l %{ Ud Heals pR®i are non-

are carried out vira ser i ne. pfotease.
EMmenkmbmpmowhaben:mvwwabnnespmﬁshbWEuimphgmnerEhwngus

the C-term nus of re.C rote n fou N

betpgg%tmp Qeeyrs ghgw c qqégfe %fl rtdqw ation of genomic
RN £ PO RSsidd6l thé ﬁolﬁpt@)‘i@ﬁ s Hith r@aaslg@a%ﬁ of meqfrwp,%mon of the
nucl eocapsi d, becomes surrounded by cellular

pelyprosgie i1ite, t}mﬁpl@hn phendeplasmicpetigulum (ER) of infected cells, followed by

translocation of E and NS1 portions, as directed by the hydrophobic signals for the prM,

E, and NS! proteins. Amino-termini of prM, E, and NS1 proteins are generated by
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proteins are enbedded. The mature M protein is
produced by cl eavage of prMshortly prior to virus

WO 2dogaseoby cellular furin or a simlar proteaB&/UR009/001666

the major protein of the envelope, is the principal
target for neutralizing antibodies, the main correl ate
of immunity against flavivirus infection.
Virus-specific cytotoxic T-1ynphocyte (CTL) response
Is the other key attribute of inmmunity. Miltiple CD8+
sleavagpavitharilulapbigealess, which iplosied nvaﬂ@duremak gide phthe ER

éfe%ibg#hﬁesgrlcllatﬁé ¥é&ngtnfgSnt1 lyﬁh%gial‘!)tegg ger{l]é) R c%&g}F {e%ﬁ\ally anchored in

denhémbah€ Mostutithe ﬂehfauﬁng:l:le@ra@éu;eu ﬂxe doﬁsr@uiuadllré@oﬁ fage carried
developnent of adaptive inmune responses and
CHYRINGE SINSERMDISY serine prateass: oThetvara{ preteasals @fsp ggspansible for

i n
AR e Gt GUGhEfel EK AR RrBEAY Pons, Newiy
Ismhaesbzeé igerttewie RO thol édnéesaxd i @ proseib fxrerh dense Isptmacalc

VIVII‘ ses that include yellow fever virus ca
aH SorBpsidewhigh E?Cé’FneééEF%‘HﬂégLéﬁ%ﬁ rwe@lam'@.‘mg'? fhg/k and prM

?Pd%&ﬁs SreUIb¥HddS Ahe nhRurdtii gtbtélmwmwcea% y SRUG e gm%homy
echnol ogy has been used t0 devel op vacci ne candl ates

agalr tnsnrud eeigase by DENlar fdepanesimikn prqmaeb i i the mafor pradéistof the

is e haI|t| E) virus
BieTortelishe St jarpd to e RSTRNatooBisd Thiainston 2B o7
Yrﬁinlumoy ARYRE Vil ies RBRE6n CRiAEEpeifld Fwtontie qsl?ﬁlph@é&@e (CTL)
yi el ded highly prom sing results in clinical trial

150015e rlS Whr: athev kexaftripatecofrimmpinatyf dutipls O&ﬁs*e@!ldcﬁp‘!h@TL epitopes

H?&at% I r 0] ogyeﬁg%&%}u} V'Afﬁ' gtélgg%a]t%? ()S\?I%ettugal}/ﬁagelas In

addltmmlmna?e iimdnelréshondeskoABibu0 bothWitiRReaRinc@hnd refaldting the
Virus. Res, 72:77-126, 2008; Suzuki et al., J. Virol.
govebepmeng obadap i m e igronass agd immynolggicgpemory.

83: 187,54k

6. p7aha 273% to%lgeggact{x% g‘gﬁ%‘g %d Re-at v;g@&%de&%V) vaccines against
AeyiRirases AidCusked 2AFO8) othéd Mscnace plarfemhs loat bean dstloptd. v@ne example

1\‘/3: %ﬁ?‘ﬁ?r} %]grtn\%xg% @%ﬁlﬁggl@é«f a’@g t 88’8@ \gfesvgggi:rlgsec}abiﬂﬁ gnd non-structural
kRplkhedbh®@PrVIIE prowths(fRdm et ARAV Iryseb, i whedh ms&nﬁl@ is sought. This

f or t wo- conponent constructs; see bel'ow), which
FﬁCbml@l@ hasheen wspdyip dwa@s‘fﬁ@eme candidafestagaingy] daggtael @EMbJ apanese

B PR DR AR LR DL ERART toe.c.

US atdnONos. WIE2LT08aind 16669628 1). NY eInsy easiedneffasebehiimetie
to the induction of robust B- and T-cell responses,
RArghiseabpgoyieided highlyi mamitingresuisdn slétsad #4ade dose

requir Aoidet flaviviflid Mcch p‘MﬁﬁJrﬁl 1¥b£slé S theg,l 8\! ?%ﬁg@ﬂ%ctious

target antigenpresenting ce suc
wielid @]V stebimollagyeMasbih ef dlk & irobupy 50 82-4F8,RO06; Sindtov et al., J.

VBRSPS AL, BBl Wienal o 1o eSS 7147 gs: Suzu

SUSIIats. §8bdD-6941t @ods tshhﬂ(nQ{aan CHSI0RRY By 1 4 99(99 Ishikawa
(CPE), aliow ng for highyield manufacture, optional

: |y
e, Ypbaine PRRTIZ0ES 1h20Q8% &Y idmand! o, \expian26:8A622771, 2008). PIVs

Iar%frgﬁchgon-defective viruses attenuated by a deletion(s). Unlike live flavivirus

vaccines, they undergo a single round replication in vivo (or optionally limited rounds, for
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substrate cells. The principles of the PIV technol ogy
are illustrated in Figs. 1 and 2. There are two

wa 2000a1420nhs of the technology. In the first vaPCHUB2909/001666

a si ngl e-conmponent pseudoi nfectious virus (s-PlV) is
constructed with a large deletion in the capsid
protein (C, rendering nutant virus unable to form
infectious viral particles in nornmal cells (Flg 1)

The del eti on does not renove the first ~20 codo of

MR COmpBPRSNEEANStrygis: SRe BIAW A Whighmaxiaravide bepefits mﬁth respect to safety.
0

B o ntR e S ind YRR e AR, e R ke

saqireek, Pﬂh’phmdﬂc wboleyirvb infeaion; Whidh(canrdselt priop@gsetl efficacy due to

dur i manuf act ur i n substrat help el |
?\? ipdyclign PEQ‘MF‘% ﬁ“abuﬁ?ﬁh’feéﬁ"é‘lsﬁ ﬁé‘ qailLy O?w)waﬁ% and
Be@eased BosttrdhlidénichanSiRiad viphd ﬁrtﬂ@@@?'vﬁ&nﬁ@@arget antigen-
protein (or a larger hel per cassette including C
prestrging)cells sudhmsaiehdriticoestis zitimiulage &oil- hlkqorleva&ptwraéTLRS) and induce

L 0. \ l. it
bBesearas g iy BEEHRIOT KV EopTyf BV Feen bt 8w o
hightA&S id $1ibstrate ¥EIIsCH5th 0t 1/ SCAOEytEPaRNI €SP EC B alfowing for high-
protein. FoIIovvlnglnocuIatlonln vivo, e.g., after

vietdmpnufectens, optiesalby smpledieegodtpla hetviagib end/exaxgransfion of infected
Elﬁg rbt%%teflon ininfected cells in the absence of

ns- conpl enmentation of the deletion, wthout spread
t 0 sulheprindiplgs 6£tht PI1V Tdtenolagye@kemumiemn Pigedugel EnPhidte are
Vi rus- I|ke%€[ﬁrt|cl es (VLPs), which are the product of

PHR VajiatioEs %geChwl?% Iplt'vﬁ figs éwraflpﬁga SiRgle-ReMPOREIEL i on
E% F 3?&? ?NVﬁgg)fnsrtr%% it a fa -E O%%l[lt)n ﬁr??ﬁ@ Gr’(f protein
nduced vi a pres tat Ion O ra

e(p), temdesng ﬁihtast apprumablla th &snbie&tiayyiitad gdartioleY rio?iﬁal cells (Fig.

rﬁgﬂe@f WQV\QB\#I 'ré#sr%ﬁm%nt%ﬁ }AN/t 59 cggonf oﬁ%'}lﬁa%?ellgew%ch contain an
ﬁWK}bcll%ucﬁ\' sequehce, ¥l Qisim B rhfhber df &Bns A W%endl ot K@@k encode

et al"., Vaccine 26: 2772- 2781, 2008; Wdman et al.
vacrelu preteas: chepsasesTE Bnd BE0senal\oERie THqeBREThe AV can be

Q{}gé $37163) durll n g‘tﬁ‘ 2} ef;agtglcond l1\éa{rate %tie?pe‘élj%?y c‘#’}ﬁ;t{;res anYvFlcﬂ the C

proteih Iisadﬂ@f)l%d lﬁdraWs Jlelp. th@taﬂgf t@ﬁisfe\tféd\éblﬂs’i;broﬁii%%g the IOZBprotem (ora
with a deletion in the C gene and anot her | acking_ t

g helpareassnss ipluting & rg@tﬁ@é orfhgells,fontaévingan lphavirus replicon

o) h
BERCTSFoeA SFSLSROPRIBLIFG (VEEIAIAR Ui s o grovcinr
Brmﬂh&mmtfﬁhllns;lhm«peéssmh vectdr exp%ssmg the2C protdinl1 F3llewihg Tektulation in
2007; Suzuki et. irol. 82:6942- 6951, 2008). .
Hyei Of aP‘Z‘if IMTHE! Zta%" ﬂg‘\/g"ya?f%ﬁ%peﬁﬁﬁlﬁ‘ﬂ%?c’f’ﬁ?‘gﬂflmpl'Ca"oz' in infected
§§E6}ﬁ ﬂ{eedbyedce oagmsowm;ﬁ&rﬁemm%f tﬁ@hélettdnn %ham et
mxed in a two- corrponent formul ati on. Th e atter may
@frfcemdalg caldiy ahhedgtectst] cald§ produgeempsy airussbke particles (VLPs), which

Fvdtiopaner 1y ek rdnR ey RS hppat BE TS O taspatiing

§.hm¢hyl rd@3pord] A TReNRABHBR sRolll Aisb ©8 irfdac&pda MHEI YRséhtion of
to colnfection of some cells at the site of
visd) cpitapas od higiapprageh 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;
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conponents. The spread is expected to be self-limting
as there are nore cells in tissues than vira

w@arwitcd2es produced by initially coinfected cePdBUSI009/001666

addition, a relatively high MJ is necessary for
efficient co-infection, and cells outside of the

i nocul ation site are not expected to be efficiently
coinfected (e.g., in draining | ynph nodes). Cells

|nfected with the DC PIV al one produce the hi %lihz
Pu#Hkh sl n i cV Nl PB3: 181 Hi%0: £@0QP; ddkasvarst gbu¥ascing26124g2-2781, 2008;

PGS, L ASEIRED LSS0 0 A2 A 716
i nf ect ilothei ssca@xipacihtich, h(ow&suipbnerm PV m-Pmye K:onstructed (Fig. 2).

ggﬁs:gr%?elé%lzl% gr%égggtl bog y&%ggg%gégg\?%% %pgee Whth a deletion in the C
| I |

SRR AR 09 0P ol A e

pyupleneot daph bthth r@u]?ln‘gsn acminuH Riov e fpes ef [jIVs in the cell culture

SRR B Rok 8 Bop oLPoRARTRIAL G, 10 5B Bt oV 1. s2:6042-

6951, DEGY)l @_’Ptlgnalﬁl"%eetwoqilvgem Be mah\TE&Xd QEpakd1€ly in appropriate

Inventi on The invention provides repllcatlon deficient
belpereel dineyandobennidiadfia ettivopomppeent Vormudasioni dbe uamenglaa offer an

v that in
Rl R BB Aot RS b LGy ol ncrasing
anmofbgegichpandeffiidye THiOtype BBPBE{/eﬁﬁtr'@@héﬁJl@m: tible t@umdepgo a
consi sting of capsid (Q, pre-nmenbrane envel ope.

{ipyted gpygadsinrving féitr%fp CBI"&%‘PH of pous ye“slr%rhﬁs%tt? eétn@%iptlon with both
P&gﬁﬁeﬂ s3 ﬂ%)ead QQ‘Q %]I' R YEi Y lﬁgﬁpﬁgﬂegrémgmsc%)ls in tissues

|| sequences &R ng one or terol
fah Ivuglqmmcdmmeduced by anhxhelﬂ)ggomfettaﬂ ecllsl Mmuaddigen . relEOVely high

TR fiserpcter cpeenuas lon BIAAFIa AR B AR oAt cpysie are

AGEABEGEPrO %%@ﬁél%t(}@o’m@&@d ETOh RS nihR \¥hph ﬁ(ﬂ)@s) Cells infected
envel ope (E) sequerices; or non- structural protein 1

piNBIthe é@d’&@ﬁm prodhvge H@Llegld}/ Ugmllusogemm?b@@ rCanfectsd cells produce
BB PR s e A BT O PPRE G MRl Al P ivine

prittoBies. Fhé liMMed infEQiohad e;apebt@ﬂ gslRKihien a £ta>nger ne@ﬁﬁlﬁ’zmiantlbody
i mrunogen or an i nmunogeni c ment thereof), atic

(eép@lse apd Ticell respppsgL£oppgtcdito Sé’é%éc?‘é deqreasprchansegpigagpmbination
rﬁ’éﬁﬁ&tlﬂ% 0§Ah Ffeo 1l1 ﬁ&’ng%{lﬁk é%hﬁ?l?ﬁ; ﬂ%lvm}ses \Gral sequences can

ogenl C ragnent ere uenza
()em@dl,ﬁedmn bdithlskR—:IN’E any d+‘R]S’s WRing, @gﬁ@nuﬁymusmo(iéiﬁbepla@éments to
epi tope, or an jrmmunogenic fragne

o o e°t'38§%§fﬁN@ ¢ ompeses ped @Ha}mwmnrpéer@emaracychzatlon5’

&Qﬂ?ﬂﬂ&ﬁ&kﬁ1zed H V gag, tat/nef, or gpl20 protein, or
an i munogeni c fragment thereof), a sinian

i mrunodeficiency virus, a human papilloma virus (e.g.,

an HPV 16 or HPV 18 capsid prg&e n LI. or L2, or an

i munogeni ¢ fragment Sﬁ@#@%*%——%4¥§§%@}atory syncyti a

Vi r USTh&inGentiod pre&wiRéd @pREaYiofMBRYikAdr defective pseudoinfectious
flaviviruses including a flavivirus genome that includes (i) 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
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virus F or G glycoprotein), malaria parasite, and
Mycobacteri um tubercul osis (al so see below). The

wo gpbiteadi on- defi ci ent pseudoi nf ecti ous fl avi vPECTIES209/001666

can include sequences encodi ng a pre-nmenbrane (prM
and/ or envel ope (E) protein. Further, the
replicationdeficient pseudoinfectious flavivirus
genomes can be sel ected fromthose of yellow fever
virus, West Nile virus, tick-borne encephalitis virus,

G‘é&@a@owstwa@ralm@atﬁe%@l Bhcagrmanistrugtuial pipsein §dNgad and (it)
Xétqu&ﬁss er g (S)fm'?%a ﬁe‘i@r% loh % o\gop u‘% ?eqt (;reanlgpéyerglated

behonggend. nFuraebdaﬁipﬂie ﬂi@&lﬁb&t&&/mﬁtb@omnrmrva&m Gﬁﬁshﬂ(@) sequences;
pr emenbr ane Pf hﬁ and envel ope (E) sequences of
Pﬁer@fmlpqamw ) gad/peenyelopg (E) yeauenses éa@%@@ha{erm?@brane (prM),

AL e )R Lect b N @A GRBEHE! O 0 RBenees
f I aVI Vhe heserpggus inemyredgenvarf sy dor, exam}#ksfro:lﬁld mathagen selected from
at V|rul? The re ch tion-defici

@u‘&ﬂ epysinegfa rf"”ﬁ%/ MR AVERich] 'ﬁ%glr%c‘d PBEC'BefBIE%eédB‘?’ Kelia
PW bigds &e.& NOL i imGuRs nr@@pﬁrﬁﬁ%n&@ﬁl@fr%n?m‘é%oﬁoﬁtlck (e.g.,a

sequences froma flavivirus that is the sane or
tjcl( $adive protdin ogtedtédhfrowfthe pwugenmisting of 6# TRRBIsad, hed Salp20, or an

sequences encod het er ol ogous, i nmmunogens ca
TSR el BfienD. af Al S e AT R R M,

Hah&gmmm&s@r A, ofHéudhrhidas¢ (0QA) EFIRPONE a8limAiNBgenic fragment

proteins he sequences encodi ng the heterol ogous

rhwn@ﬂogéh@ar@mmb@odeﬁgs@n@)eww&(wgh@ cplen,pRtirized Hcgﬁ&srat/nef or

B R oM EREER RS ADUOA LA g filignes v,
pmmepdmllomd Nirns (8gque mmé\m EordIRN ngycdpbid ppsteimelnbeEl or an

(prM protein, intergenically between sequences .
éﬁ@&@ﬁ&%@wtff?ém@ﬁw@?@s ‘{Efplﬁ%taltyéiyﬂcyé‘ﬁh"'ﬁ@ e-gp AEIPITRLerY syncytial

I real
0% b Rl BRBFATARARL b LR AP BT R Bho s

beldwpr as a bicistronic insertion in the 3

ntransl ated regj an. of th a eno
vent PP B st e NS aar ing Werrguspees
EffRUingat fr&fredfrarfel (BAV) w&d&w%g@(ﬂ)w&em q:\(lhylélr te re@feation-
described above, and a second (or further) di f f er ent
d@fmlm asdudpintRstives féafwwpmd@mm eatticsalscted él\@m/ihPEPsOf yellow fever
v1r s esFﬁllQ vl kb m%te aFP$§1rl%nEar1é(gﬁlt PRl Jadp%l]gstelegge%hahtls
ORS I'A nuc eoti de Seque

mw:e déh’g@é Qir[]§, aﬁ& Se dtoais e‘nrcqmatlhev.gmuqnem@tﬁa Isﬁrﬁlhﬁl(hefh‘of and
-menbrane (prM, envel ope

ﬁ*“’m‘fﬁsf"ﬂ?&‘ﬁ (50 predln). In (RGP exHBReS Pl et
C orrp03| X ?%ganﬁ%ﬂvabgyﬁg%éﬂ% n@ésq;f%'ﬂ?stﬁ‘la(/mae g %E Bfo%@me

re proteins enco
smplmaimesmumommm’rgat Yieus), eindtcapmd[ §)) and nouisatictoral St)quences of a
occu

I second, differe t re i on-defici.ent
et o SreRIoa0aor (et o yeilet Bt AV FE Rblse o DR HE bne
or NDTRe RpRERIAHBRGRAuMinfebfous 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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sequences in which the deletion(s) occur in the first
replication-deficient pseudoinfectious flavivirus. The

WO pavent420n further includes nmethods of induci NBCT/HR9NE001666

responses to an i nmmunogen in a subject, which involves

adm nistering to the subject one or nore

replication-deficient pseudoi nfectious flavivirus

and/ or conposition as described herein to the subject.

In various exanples, the subject is at risk of but )

wéetqﬁ@pgmmnamogw 6an boinserjedinshqrlateafeer ipcombination with, the

di t t he cancer or

%}‘33 ugé}g)(ﬁll(s)r%%}]ﬁgo%g%?h%eegrt #ershexarrpl es, the

s ubj eThe E@&enﬁj&s iennfoemtgltwhétyrotdgeupmrhmggenmana)edn@aas én the
or condition associated with the cancer or
Hpyivirgyganemas withinmssavragerencotias thasanelopn (rmuateing with esgquences

BA&A ltﬂé:ﬁ%estﬂfeﬁlrglhleg\@qiydtgmr@ftﬁ‘iﬂ%@ uehPested€ ng the pre-

net ho I muno e from or exanpl e
petitbeger(ps\é) potead nftengambzmy lgptwesn sequesices énegdiog t}& envelope (E)

r abi.es ilrus Borrella ﬁaﬁgﬁgrferl ﬂ &ICK an |

PIESID AR non;stpygtural profg wisgeanicafly BYVegR PRI structural protein
’B'(W'S@B) hmyredRkivedl %P&té{m\é' (!NS%) dHIRR bf%?s%hicQHﬁmon in the 3’

virus, a respiratory syncytial "virus, malaria

paurfas|at® regingl ofhe dlamvires genomeasber cul osi s (al so see

B eSS AR PP R it PRy B eicin
ial;@ubmrercususgwwmbs dsTHeBéHbeti 1288V, @nd M SecEAU (7 Furder], Affferent
I munogen. | n various exanples, the subject is at risk
esipligationcisdisienbpsehdniefeatiousitasiviiug mdbgﬂlmgw:eg‘momﬁu thatripgludes one or
ﬁ Ad gesl&?ong uia?ﬁ%? fh rﬁl%ga%pge Qequgrt%%s Brcod % d)w %pHo%Jﬁ’rotems

nc seguences enc

fsélayed/fmmshqagretrp BdHsaciag aﬂda{p@rd (€N Viet-open o (9rM) ehtelope (E),
ot her exanpl es, the subject has an infection by t

t he
PR TYSALPreiSHT b@}b%ﬁdmrgstf%utrﬁleor@tew&@“ P, #enon-structural protein
BIRYSP! lﬂft}?e%% LOHSosid¥! tht GHE or ,wweﬁd}oﬂenlg leHARRA BG ARG fhces in

encoding a flavivirus pre-nmenb e and/ or envel ope
p/rhdxﬂlehﬂdelaﬁml(s)wvemtatmm(saloswrnmthewdamdl differenatepbeaimhettficient

ch ri.c .fl ruses el |l ow fever r
s ins bR M dn i irhere mivi Slon brodf by the
QéquEn?de@% #hRh ﬁl%ﬂe@&%ﬂfs\)\’bwhr%?ﬂié%ﬁ@&lﬁ@ﬁ&dﬂéﬁblent pseudoinfectious

pre-menbrane and envel ope proteins of a tick-borne

daviEphal itis virus or a Langat virus, and the S|gna

Seque?’ﬁg nggﬁtvkﬁlefﬂpﬁer mgla&) In?etﬁ cﬁu rérgc{Tg"E% %&ﬁl&l@ % ?to an

of the c I Neric aV|V|rus i NC

frevenogenrinia sabjectt wisikh biohes em&@haﬁrigttbsms"ub}een@ad or more
V|rus capsi d/ pre-nmenbrane signal sequences, . or
lngmn qﬁléye@g]pseuqlmnﬁegtﬂqlgd‘gavwré}ﬁﬁp(ggr cqnﬁg)smon as descrlbed herein

§E%JQJ &1 r@& ?{"t‘ﬂe s%% UERGPH o HE d6L BB hA an infection

VIVIFUS I nc udes ow f e er virus sequences in
bhéehegrathogen er adisealse oegmdmoarassdcnatéd wivh the cance phalllergy-selated

or at  virus se es ji.n the carbax

PTG s ALOBE SR P B TE RUHCet S RO GK T Ra g o a disease

bt &’(ﬁmdltﬂintﬁwéﬁhft&ﬂvﬁmt%%lh&r bl AYdryy-Feii&SinMGhdsdh NFh@&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,

Borrelia burgdorferi, a tick, an influenza virus, a human immunodeficiency virus, a
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West Nile virus in which sequences encodi ng
pre- menbrane and envel ope proteins are replaced with

wGaeguanees encodi ng pre-nmenbrane and envel ope PCDUSI0N%001666

of a tick-borne encephalitis or a Langat virus, and

the signal sequence between the capsid and prenenbrane
proteins of the chineric flavivirus includes a

ti ck-borne encephalitis or a Langat virus

capsi d/ pre-nmenbrane signal sequence, or a variant o
shdipe spmumedeficisoahyirusna hvsen pandllaisreyirysh aresncatani Yyasytial virus,

?lfyl@%aiausﬂg,sanh rﬁl}fp)lcggﬂfé? ) Stbgicu%gfs?algf ?a%%%ﬁo% eq:tulrt%‘l? the methods
avi virus,” conposition, or 1ive, ‘aftenuate

fchrabe for inducing afl @B munb edpbiese apdinstapdotainnasdeddgithe flaiviyus
acceptable carrier or diJuent. Further, the o
EERes it pdhidonadhe spurasd thinmyapnoesmt InArasigus aempiesythegubject is
R %?Hb&ﬁlo?ﬁﬁleraﬁ%fe&%n' hg ﬁ£+i91 §8orresponding to the genome of
pseudoi nfectious flavivirusés Inc uélng & R avi&/ir Us
glenseeddinfedtioais figvigives, ovhictpineluded setjuaeésdncoding a flavivirus pre-

nmut at i on i n nucl eotjde sequences encodj ng ) )
R Ao PSS Tp R o Filess thegebiries R infestion by the
Flal VR cor%spm%gstbrth’&é%ﬁ{el o ;%bﬁho?nf@%‘ﬁ@s lﬂa&i’%rﬁ?,%hich includes

the invention includes nucleic acid nol ecul es
sotuersss endidimg a Bavi neusgeerorembuineangdse edailofeguotemus
flavi 'ru§f or the.?faonE th@ Iiyg, attenuated . ludi
£1 avi vi'F NI RSP UEE Ve PETatC KRIMES ek 5SS including a
yBIRsve Bdver VIRS ih WhIH Je@iferRbSéncPdiaY pflesmeRBiadne did &fvelBpkipRgteins are
replication-deficient pseudoinfectious flaviviruses as
cepdacesl paih saeyeares encediog pieryembrand anftbenyglopp erasgingiof atick-borne
| 2i,6. aci ) I in .
PR s ilag sTRLEE P, 3 PSRRIk E s and pre-
ateynsatgUroeRs of eehiteria aviving ifidlades wihybsd geyaeey fefer virus and
the replicationdeficient pseudoinfectious.
ficknbpipecnespbalitisprilpagd virgs rAgY/premeembrancsyignad sgaupeees, or a
[ the.

e B B e o P Lon® sRAROMRE ofthe
phicmedioiflab pirus owtdes gallow fewer. vitus sequeecesex dreEneso terneal region

rot.ein is ex ssed froma replicon (e.g., an . .
A0hHeyPorE cResRAIEEor Lot viie® SauRIES (rohe Frirbaty tgminal region (see
Boe@phal itis virus replicon; see below). The invention
al so" i ncludes conpositions containing two or nore _
repl i Enrthasnde fnveniéen inplidesldven péenupted shimesigiflavivirgiees in¢glnding a

ichy f th eplication-deflicient .

SOLE Bt WPutln W8 EBGR AL Heaneane pysiopgroteins are
SHplitps Wehnsquehtdi®Enodding poe-rdemhbfahé et ¢ravldpé peit€ing of a tick-borne
pseudoi nfectious flavivirus including a genone
eesePhi!Hisog aJapem vius @nd disragnal Fegque??@tvgf@q esragsid agd gre-
%e%ﬁ)?%{eﬁi%t'eﬂ@ bgﬁfe'cﬁln?éﬁc fﬂﬁ/?\”ﬂggmh?&"s 'aQHE-bfoh%Vén\éé W4fitis or a
I ncludi ng a genone containi ng dengue virus sequences;
(b gaa vireptapsidipromedbtaneisinil ggeede] oxfanatiamtubereof.

flavi¥£rus inclden% a genone co%ﬁaining. el.| v%fever

vi rus ' SeYIYENEASoRguge @BF’P?:C&PT' GePPRIIHYs Including one or more
pseudoinfectious flavivirus, composition, or live, attenuated flavivirus as described
herein, and a pharmaceutically acceptable carrier or diluent. Further, the compositions

can include an adjuvant.
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pseudoi nfectious flavivirus including a genone
cont ai ni ng dengue virus sequences; and (c) a

wo gpbiteadi on- defi ci ent pseudoi nf ecti ous fl avi vPETIES2009/001666

i ncluding a genone containing tick-borne encephalitis
or Langat virus sequences and an inserted sequence
encoding a Borrelia burgdorferi imunogen, and a
replication-deficient pseudoinfectious flavivirus

i ncl udi ng, a genone contai ning tick-borne encephalitis
or Largst mvliug@fkmstba inveRiian e Eephrationdeficient Reeudinfegtious
TSRO Aerbdifs Wik RERHE Bl AP BRES nofidcfiion(s) o
inn.eAtioohi() Gn audenideBequentaiencoting wdo-daictveal naeiphlafN S 1i) snon-
or Lanﬂat Vi rus sequences and inserted Sequences

SHEGHIhBrofE B (INEP) AT PRIVt RAroRIRLMNGdn and a tick

saliv YN I : j g

Tl uar et e U RRRes RAERAS Hiolcchler FOTREPAIRE Wine
gesané bbdpssed@nfectious flalvsirus,nelthdgaoms thelgve, atvambied flavivirus, as
%urt 95 theﬂ%gvenﬁion ig@lu es net hods of inducing an
i“fHIRE Pg@ﬁo_ CWQP?m8R§ F%& encephalitis virus or
Langatrn¥iidweatibdlaldo §éRIdeS nettiodY 8F Mhiifg AHRcationl &tich@t t O

the subject such a pharnaceutical conposition. In
pagudoudectipuniinavirusehas dagbijikeedthecrimanyodting infewdbesng ioge et more

ri sk. of. devel gpi ng,i nf.ectiion by tick-borne .

S aioTEVEOR AP dyPe. o puetl P sheres g pprig
chbRespuhdifE to 4ry seqiliepeésedbloted fromitBKABNVIAR RAEAP Bﬁ{Hetrigﬂication-
vVirus or Laqaat.virus..The i nvention further includes )
deficiprtpseusieiniedtioss Aavivisuesdbl theswdnstbeds, the RUetgincgs be expressed in
g . hlh el

SRR R b KF & iaR TR TRARE W EE 2Bl Foh o
poacdinfgtioneflovivinm: dn pthet etangplee thepr@dinfis exprédsed Gomugreplicon
consi sting.of capsid (C), pre-nenbrane (prM, . envel ope.
(&8 i gRDRYRS c3RICaR- sHrtbeseR ﬁeaezeﬂgv }Eﬂwﬂsﬁng%hrﬁﬂa@w‘ws replicon;
REOE&EHW).3 (NS3), and non-structural protein 5 (NS5),
wherein the flavivirus genone includes yell ow fever

vi r us TheqrencasalsminghidehcEeppsdivoe sorérivmgitwg or more replication-

re-.menbr ane and envel ope protei.ns ar.e repl.aced w.t.h
S STl R e Y
phewofnféiobonNgvienesaatietted foht the gRlupScdBRAAE ofti(h)USreplication-
and sequences encoding the signal sequence between the .
dabeipr paeilopfectionsripdMsupingludings ggnomp gorfthigingJppangse encephalitis

. . ) ]

FEYE RS 08 2 PerlicHlo o i O BUARERReRORERA Pk b Bte o
\getidite Comshid S degzueBins acmended () a spliv@imeadeficizht pseudoinfectious
varjant thereof. In various exanples, .the sequences

SREBHHh I SFFEP B SPRIATERLYARY ISy i sRaygRiceeangr replication-
Hgﬁcigr#t?\ééﬁﬂomféctﬁﬁgﬂ%vfrﬁkcilneﬂ@iné%! éeﬁ&‘gé Edithinitlg ddrgue virus
the 5 - geph%l

sequences in regi on and tick-borne en itis
sequeaceyaanduc) aspleafivertefisicntpsehdoiBecticagiflomivirés mchaling a genome

t he invention incluyd replicat.ion-deficient .

sogatieiserre eIy PF Rty R sengSn in Jrspripd geauence
gﬁa;lan@t d g&ﬂrmu BYe g 6VFerD Tm AR s ef SAnltal rOPIfcafbn-abti@értPR&udothfectious
nucl eoti de ‘

flavivirus including a genome containing tick-borne encephalitis or Langat virus
sequences and an inserted sequence encoding a tick saliva protein immunogen, or a

replication-deficient pseudoinfectious flavivirus including a genome containing
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sequences encodi ng one or nore proteins selected from
the group consisting of capsid (C, pre-nenbrane

W@ poodsi142envel ope (E), non-structural protein 1PCINBS2)9/001666

non-structural protein 3 (NS3), and non-structura
protein 5 (NS5), wherein the flavivirus genone
i ncludes West Nile virus sequences in which sequences
encodi ng pre-menbrane and envel ope proteins are
repl aced with sequences encodi ng pre-nmenbrane and )
Hekrepiap epecphalitissor dangat virgk seayenfss ant weetadisequenegs eacoding a

n Vi T . S . | [ gna
ZARR T ol SR n TR ORI b BB 0TS
of t hehdrhmavéuticaluDnpRBItioRs indidingahs ko) anerated Rhidbritdlaviviruses
tick-borne encephaljitis or a Langat_virus

desssbed hrreinsrin anacidehn the dysetitie Fugther, thedpyetien includes
ABREL o Agth e KB LENE Bl BEPARR i o Langt v
imae subfécndgnelvihgudminiueringetoehesubleet sicth aghemeacouticabe@nposition.

el efions or tatjons_ in nucl eptide sequences . . .
gh‘é%_tﬂ“ﬁ G BRRC D heyPIECIqse BPHEVE BYUE LR § Gl e ARIng nggsion by
BORBbRE A pRAIitRARRI Gr { SAgar Pir6s. Wﬁ%}ﬁe@@?anﬁﬂéMhe S%Bj‘é@ﬂl i9ffected

(E), non-structural protein 1 (NSI'), non structura
phthttekbone( g halianvireson-Isingatoinws.al protein 5 (NS5),

wh j [ .C d -.St t. | (NS). . .

pr ot oA T Eer e P BRURE AR PassoD Blous aviviruses
W cludn @ flavaliyusieRome Myl @lify 6y dme8 deROYR @RFuthtns in nucleotide
proteins are froma tick-borne encephalitis virus. B

sequpndes gRGaginedurios e presantiwlasteddtdna the groupgopsisinrg O%Jrapsid

"RV n flavivir h ' .
(ShFrehimBRRE G o B LER b urdel wpin ! QYD L peprseer
phgeih BANSY), abé ngeBwRurallfreteiies NS HNwherethatladnireagenome
be, for exanple, a deletign of a |arge sequence, such
fnelugss vellow fener Virfs SPapeprastiBmpichassaerages snseding eregmpmbrane and

) X . . et _
PVl AL 20 QUSRS TP oo thoton
prontins ofsa tjak-gprpne @rckphdbtis NBlus oNSBangandhey afdSEuaees encoding the

bel or conbi nations.of proteins (e.qg., pr or .
elpfhikefEngt GBS Hr o el ey irus genome
tyrRLAFBANST bdqubht@s BAdding yeloRTews fudantsdkMBorh@encephalitis or
del i ver "a het erol ogous i nminogen, as the del etion can

bengat virisesapsit/ppermefmbsangségne bsequénses, wng vawant thereof. In various
exampl e, at |l east up.to .the sj f _the del et

SR ol SR BB SRR ok S g ey gf e

%A RLEgendmRAAILdgNlIdtV fovier vidd® Vécihiesbek iradheist rdg@sidnidSick borne
replication deficiency, as _discussed above. Because of
ERREPRRItiStor ANt Vit wAPeFes iHae §eff6ifd- does not encode

al | PFFxttl?e'r e NIRRRSAPIYIuHES ﬁhﬁ&%ﬁﬁ-d@ﬁg%é sglkq%‘g{fgétfol@ flaviviruses
particle. e m ssing sequenhces can be d}OVI ed In
frrchnkingoy flavi ciensdeaomn inahglicgbie drimare idhlztionssoremgati®Bsrie ducleotide

to express the m ssing sequence (e, g., by use of .a .
RS Ancaging; ape og a&rgaw% s s te@ﬁog%t*@%?‘&%qnaﬁmaﬁ of capsid
(0 pFeeRbhbaht wweéﬂmo%e@g ABRRRScthAl pldti® RIRS Phdn-structural
whére the two replication- efici ent genones, when

omtein déNEJ), and) somhetryctuntprdteimb (NHYowbenain the davizapnsgenome

includes West Nile virus sequences in which sequences encoding pre-membrane and

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

10
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for production (d-PIV system see below). Upon
introduction into cells that do not express

w@ovphenrent i ng proteins, the genones replicat eP@ntis20091001666

some instances, generate "virus-like particles,” which

arerel eased fromthe cells and are able to | eave the

cells and be i mmunogenic, but cannot infect other

cells and lead to the generation of further particles.

For exanple, in the case of a PlV including a deletion

iproteiapel aitigk-barae encenlbalitis 9 a dangas irus and thesequentescanceding the
e

Segfligh LAk €8, 0L BPAEES LM e ol TELL g pcnome

ﬁrib%de&é&fudﬁf:es&&b@dldg priok-8bime ehbephMitRsorladcitgsamisis dapidipre-

nucl eic acid genone. In the case of the d-PIV

appresanersiendt sauece o ofarrpythegel. pl vs is possible in

cell's; [ \/

cach & P frd R Rhlhded ol derobfl p s, REREL

flagivirosd il wdieg mﬁa(:se&e germe/)mclifd]eg b enhoreniefetions elasutations

sever al advant a the PlV vectors and

F |
Bl elentide sravepss gﬁ??%mog;?'gxﬁggfﬁgw%w%meécﬂ% ghergrgn gpnsisting
of LA RIIC Uste- ﬂéﬁrar@lﬁ]@idg W0 OES Snon¥tR¥iudi QotEilHﬁa@SQ) non-

i mmunity.” Further e inactivated VaCCI
mrmt@ral/\pmtem YiRB3), arld‘ mmt storgturalipirathinca@N S5e.swhdreinany capSld ©

r eased eflf ¥ ﬂ E}he i nducti on o bust. Band p
PR aTSFicafion S8 Py i e AT E57°BF e Eetaas and any
PRCMEBABAMe dRND a'h@‘&H{/él@'EB('Et) $rotéifs Addidn @ Ack-Bbifk leAephitis virus.
whol e viruses, PIV vaccines target anti gen- pr esenting

cel | sBys' cﬁpﬂvca@ndtqﬁmem pssudanfestioustilayiMirseor GV i eant a
rﬂ%&.‘%%? {h%t 1 R%zat’lo dec}' %engﬁ e to a+ ogndor-%hult t;lc_)tr]fzm the ﬂavwlrus
0 grow

ruc ave a

gendmey hFHeI de&th)n Ioﬂ rrﬁlubﬁ)h fcah Be,0B4 é)&mp\M Tahieletlblﬁ bﬁa Rirge@quence,
CPE, allowi ng for high-vyiel d manuf acture, optionally

8WaH a8 esy O cansicbpicin @ describier bareig (pyith dieoiychization sequence
Ir eﬁﬁn‘hgdseg IBQI% .atneotggj dxim E:lérsteﬁl?e%gr %\% rl%/d}ffecr“érﬂ sot&hs (e.g.,

e I nvention provide an ptlo
pd‘ch,ri‘éSl aYl, asd/on8S f deabeloim) oscoabihatgpas of pmnemm(ecgm pnbi-E or

' tl L abl f eat d
EE S T P RS Shal S B o e e
ta%étewortgl.d&taaiekee@log&ﬁsqmnmdogéh ab (IR dfeivh egﬁperamngéaﬁ'on of
claims. Brief Description of the Draw ngs is a

setuenaes ithat ral sy fonexantplofat éﬂaﬁgJPéO élmmmefﬁhe mﬁ«ueq seqopnge. In

ﬁV\}(‘)%p g;gal o%séh Q} (tnldpaBaR/)S or eg%}’np oa y01 I‘?’_I%Lrlt tl('glor[])ro%flded that it
seshrgTtreglidatibé ficidnicas@iscasge absal BRxA8E ofMeRtdeletion or mutation,
design for testing imunogenicity and efficacy of PlIVs.
the generae dpgsgrot gngode gl ProfeiRs BeRspamnt RPreduse AW Payivirus particle

PR IRR R G ge e SRS i B & BYmlnetbid e s
sigingengl tblegpreestht hessiig thad:dce fgg.nby heendtagedicon; 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

genomes replicate and, in some instances, generate “virus-like particles,” which are
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i mmuni zed with PIV-YF (RV-YF), YF17D, PIV-WN (RV-WN),
and YF/WN LAV (CVWW) w th hanster-adapted Asi bi

w@ Rlova¥eoand YFI 7D vacci nees) and wild type VWENYSD09/001666

(PI'V-WN and YF/ WN LAV vaccinees). Fig. 6 is a table

show ng YF/ TBE and YF/ LGT virus titers and pl ague

nor phol ogy obtained with the indicated chineric
flaviviruses. Fig. 7 is a table showi ng W TBE PIV

titers and exanpl es of i mmunofl uorescence of cells

delaasafl Aiomythe lsells andiacaatdel tarpaxs th¢mjls agdjbg immyapgapic, but cannot

SRS 0B MRS RARD A L ke
oF & iy Wrindlikiing Qd'elbﬁﬁ'n rn c‘éﬁén&ﬁlbtélﬂ\éncda\hg\/w&ﬂ'&i& after infection of cells

Pl V- WN/ TBEV) . series of %1 aphs show ng
dhatdpnat eweSﬁFaa;sld ﬁ/dcpmlml%ng erMik pro lmr%edmma@ cells.

L%}éat%@ ?Z Iﬁem%’gﬁs‘g‘? B@%ﬁ%%%&?t&%ﬁq g@fﬂ%esg g&b genome.
Yﬁ-th'EBﬁéd-lyfphé d{PAVapfidatiGproductiéalof fhither FEVg is ﬁdésxb& ia cells that are
s W @ survival of m ce i noculated IP wt

5 th@p&prvw:pﬁrﬁre)ac Q(tp;rm@e WB@} t&g&gproduchon of all
Q@fn’é‘ﬁ%&tem@(&@e ¥EbWET LAV (CV-LGT) constructs and

n a neurol nvasi veness test (3.5 week old ICR
m ce) Hiegnvention $>r<a/umrsewalo!ﬂvgmg¢hs Foll dxasipteathierR)V vectors and

Ugobthe dpverigh 5 T Hishrurt e’ PEPh T ipiodt hifaniins derwo doses,
(N?dlﬁ dinlabte iR UBAD dFdAk& Sudl ke RRdctiV /EA vRRNRE )mvm E&Ewhole
and YF%LGT chinmeric viruses (upper right geanel)

s rrtﬂ:qf,loowhlw Ean tesvthin ikpriensed effBECY dusctort mdn@lqmmfkobust B-
%ﬁ& EO(%]IQ‘QS%%l ges lger durabllst?/ %f 1Sn$ Brﬁgyts Iar(l:d decperagesde ggs?tre%lrements In

S ruc express VI rus

~ addiveh | siraBaritb Iwmeratusesj POV vpaﬁrkeagargg aﬂf:gérh@re%hﬂﬁg wcsi; Such as

to rrake Eseudm nfectious virus and inmuni zati on. 2§h2

fenqrdiceely imate tofldiieaseaptot (R Dfandradice .bahn%f*éisT iy
riﬁ\ﬁl%lnw nEN n‘ékﬁg& ﬁé\?‘d%oe&%h QQOWPS%J)M% ﬁ.gm%&gm Losésle cells,
by r I g.

IS series o rTngSSOVVIn
wTrthulitdgé bunxr E€BE cal baviag fdrhédhsyialddngnégehse sipoivnally appdeging multiple

BT peve’ Dpersit Sn s Rl e cEUaer g PV veclor of the
XveRtidh froRRiRiaf Dpdn FirdleveldpihS vacches 'agaﬁns‘?fnohmg%us pathogens for
showi ng i munof Ipuor escence anal ysis of RabG expressed

ovhichheo ycaispmarmentsenilyeayaiddble/er o cel I's transfected with

E)II;I’EI\/IF E%glt fggm Pls\;{n nSt {a[ggt Sfl.:tg vRatéonGylll%e apparent from the

following detailed descrlptlon, the drawings, and the claims.

Brief Description of the Drawings

Fig. 1 is a schematic illustration of single component PIV (s-PIV) technology.

Fig. 2 is a schematic illustration of two-component PIV (d-PIV) 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

(RV-WN) with that of YF/WN LAV (CV-WN) in mice.
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Fig. 16 is a schematic illustration of a PIV-W\rabies
G construct and a series of imges showing that this

w@oovstit42¢t spreads in hel per cells, but not i nPEEUY®09/001666

cells. Fig. 17 is a series of graphs showing stability
of the rabies G protein gene in PIV-WN vectors. Fig.

18 is a set of imges showi ng a conparison of spread

of single-conponent vs. two-conponent PlIV-WN-rabies G
variants in Vero cells. Fig. 19 is a set of

i munoffiigior is 8 serirseof igraple shaynagthegeais oéehsllgnging hamsters
full [X=1N) K

s RO PR QGRS COVpNR RV v Ly

(C‘amﬁ)e@ttlh hamstéeddapled d\slnﬁs(larv-pm and \dﬂ TOhexctinvsnhndwild type
The invention B ovi des repllcatlon defective or

WN‘(%( [¥sW dnY YN sV yageineepl v) vect or s
i ncl udip g d &9‘(5 M §H6%vu? WW}?%nd YR Gl (e sléﬁ&glaqﬂe

met hods Tor in uc ng y agai nst het er ol

patrpladegy, obtamgierith Ehednchb:ited gymeab ﬂhednrummnogens

i nsert into the vecto ptlo al |

vect or e Horaatlesiovine Wi Ei i &R s Prerlaee?
GRAMRASHIIr&Rende R LU R amRRPIHAhdieNS PivsP! Vs and/or PIV
vectors, as described herein, and nethods of using

such ¢ d:nwﬁsls aiseid graphs sileieg Ithtrmnls:atlers porseofadTBEILAYV and

B eV Y BR AR s T e RO T SRR Ec V- 1o -

NFVLGTWray; RV BNANBEV =vigy - WN/EFBEal)ed chineric
flavi vi ruses i ncludi ng tick-borne encephalitis virus

sequendds,d iangeries| dzeaphy skavong SUF(Yb’ﬁbeSNCP dresulageddC with PIV-
téqa%gSYPgﬁ'PEieAV Ilgr?st ct\g n¥ g%&&ro%trul c\ﬁést 9 g%vegﬁ é%l’l[\i?g r%gce RV-

neric

thT&/Hypv erHIVOWI\IaTBEdwy |Cb.e—<lallybu1& MF%TBB@{)@\& LAVVCVeGT=SYF/LGT
and PlVs The PIV vectors and PIVs of the invention can
Wased on the si ngl e- or twoconponent PIVs descri bed

above (gl 59 iSg Tafps@&%/ Q@.&%@Yog@%e\{mc%%% ﬂ?%bﬁ-"ﬁv

Thus, for exa I n the case si ngl e conponent
MWIVSLBE(HgpPRVvE N/ Hypr) aYitl TBIE(E yra AN (AN dlyar)gambWE/LGT LAV

el ud | Lot | in d L ai . '
(a8 SR L vy ol B oot g ek Pl Ranice).
that progduqgsa §é}R:§ iod éﬁéﬁi ﬁlu@trétfhgﬁﬁ&ﬁﬁht&% R¢eBmeasured by
conponent ; Fig. 12). According to this

dmnvatﬁ bO#wtelgjlﬁ IQSheft@ra ? direnchatiprg, fos grawps nns;mumzed with s-
n —e(g‘l‘fj(:an\(li\‘gilat%s S.g) &Y l%ﬁtp%nélﬂé’lp Flgaep ik ?’icﬂqen%r%gvgfu:sgsg(upper

I OUS y I'n"nor

kligngﬁnal@tane&pﬁteag(%g 1ZRpBirfarsiEil e MBE S hednd] aH@fockgioddm panel).
subj ects The capsid deletion typically does not

di sr uptFIRNA 5@ stlemals repsefantatien rlvg@ﬂgﬁ‘#t%qusilaﬂ irghies virus G
g#otan as WM é?@ﬁ’sﬁﬂé?@n §1GRALIe BB Lol té MakFseli8GhRBtious

OS t1ons
virus 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 graphs
showing growth curves of cells transfected with the indicated PIV-WN constructs (AC-
Rabies G, APrM-E-Rabies G, and AC-PrM-E-Rabies G).
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and/ or the prM sequence required for maturation of prM
to M In specific exanples, the del eted sequences

w@oreespond to those encodi ng am no aci ds 26- 1POT/US2009/001666

26-93, 31-100, or 31-93 of the C protein. Single
conponent PIV vectors and PlIVs can be propagated in

cell lines that express either Cor a CGprME

cassette, where they replicate to high |Ievels.

Exenplary cell lines that can be used for expression

of si n&lg» lédﬁpémqstof Pnagey skawing immyneflugsescardeggalysis of RabG
Y

@6msBiubts (AQRBiBIG, GPRMVE R abas (B lah & ACAPrMME- RXlﬂéseG)Sed in
such cells by use of a viral vector-derived replicon,
such ad'ign 645 pRehematis ilfusptionef 3 R Vg WN-sabicsif Fonrsiugi-apd @ series

s

G YRS G SRRBARA L el i AR e o
Equi ne Hpcigpbalsérids ©f graphs sHoEy/Atabiigsdfehdrabigs iGygrotein gene in
gqg%g&alltls virus (VWEEV), or Ross River virus). To

VECORe pOSS|b|I|ty of productive reconbination
bet V\Eel’}?lé hg IEEYet\b?%Qéé \yﬁ'l m&gﬁmn% lteh('j‘gf single- component
sequences, the sequentes in § replicons (encod |%
ps.MvoanmponerE)Pl\éaMNrmbileuGievammmlsemi\fledneceﬂislt at i ons. For

oan T it 8RSt O oA M e S BB e p Rt of futl-
RHoft R GV Jgéiéu{(%i?éﬁht/\zf) %9%&8&%5%%;;&8@&@%%#& helper cells

can provi an additional benefit wth respect to
pfted tehnsfegtiarher, in the case of conpl enenti ng ceIIs
expressing C protein sequences (and not a CGprME

cassette), it may ge.PeHgficial to iEcIude an

anchori ng sequenc t of the C

proteln i ncludi ng, for exanple, about 20 am no acids

of pr iVh¢ gwentien lgowdmeabwvoo%%mye orfipdicepipsgudaintegtious virus

?ﬁqlg PL,(\:{&S% llg(hﬁ 'ﬂQ\yl F ??] ﬁ ?r%@s QN(JTQI& Pa% b% %gcgmotgethli.'(ﬁs for inducing
0 e

onponen genone ogy Scribed

ireminioy aginse higtoyotypathegeh] @ncgenaimlcegpetatddcitnurdgens

of whijch is deficient in expression of at |east _one

iseted e vedarsee Vel rsptiondys thepiertost themsel wesp dihg insention also
mchég c&Hf)osnmg nno%cﬁ§§55ml§nﬂat“h§ of PV &fldr: PIV%HL){( hg‘descrlbed
the production of conponents necessary to naké a

Rerdin, Findimethods (»ﬁusu@mmp Eempdsitidns t¢ welucoimpowenesppessagainst

BPAT T locst Saqueteds afd BEG AP0 e PV Peniioie, Purther, the

$ivagtiéh ineRBey Witiculr Y8vs anfllitd) AusRaRA%h FRANE N iruses including
i ncludes a deletion of prMand E (Fig. 2 and Fig. 12

tipk-Bome Isagepbalaispiins sequengdsy and rebrqdowems cpropestteansaand methods
ti anpd d,t nd efolyefe]

Igﬁ!é% ﬁgP(l){/ gto %/l‘r}’sor ﬁ\é entj%_},ed c I%Q%oivhru%eghporpen{tlons and

afetholdmofmden\cehﬁoxaa’eldag:rme@ﬁnﬂer bélbeents required for

RNA replication and a conplete set of non-structura

proteins, which formthe replicative enzyne conpl ex.

PV SrecBRt Hadgiect i ve genones can include a 5'-

The PIV vectors and PIVs of the invention can be based on the single- or two-

component P1Vs described above (also see WO 2007/098267 and WO 2008/137163).

Thus, for example, in the case of single component PIVs, the PIV vectors and PIVs can
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untransl ated regi on and at | east about 60 nucl eotides
(Element 1) of the follow ng, natural protein-coding

w@emguanee7 which conprises an am no-termnm nal fPEYIE2909/001666

of the capsid protein. This sequence can be foll owed
by a protease cl eavage sequence such as, for exanple,
a ubiquitine or foot-and-nouth di sease virus
(FAMDV) - speci fic 2A protease sequence, which can be
fused with either capsid or envel ope (prME) coding

feEs8omE ificlyiing a Eﬁrgq ¢qlf’é10a|m C%U’dﬁogrﬂ §nepgiaa sequences and be
PEACRERS ERDATRE el Rnf el B PP I derhsingle
mbmpdmemmﬂugi llanddFig. 0121) oArmtrdmg tothis apploacktmasn oﬁﬂwmepsedrbncoding
Vi ruses, (see, WO 2008/ 137163). Use of i )
fedon's ﬁﬁfﬁﬁénwh@?@ wETHEN i S %‘é%:%?"&ﬁ’@ﬁ%?foﬂé‘dﬂg r@e%twas progeny in
A6l RPMRRLs @E., €8 find PSRInE SapsiWseqRIRES A ValiGnated subjects.
genones, susc(@ l:wesé]gff? tra s?%r seg 'tﬁ repl %kg%an% SubJects
ibe dars@@@dmamvzﬂly does eéte(hﬁnpteRTﬂA sequeenstsreduared for genome

onen Pl.V approach. Exe cel nes .t hat.

THRGT Vs e SR8 Bk e Bor A PSP f PR e ] 26).
%ﬂ‘i‘d/@r he pEM. sedibe feghiréilor nfdlitach df$riot to MT &lsgebificlemples, the
C7/ 10, and other cells of vertebrate or nosquito
¢l|e@d MequAdetistcorpsEiond sathpbeencoding aming agpisr2daiie869Rai1-100, or
S? 3o?th droltg the invention are based on use of

%pl ng genomss including deletions in NS3 or NS5

sequesﬁ@&, compdRbRIRIVN etdrs MdPIVs Minlbe P¥OPaga@sd ilNG8II lines that
proteins can be used as | ong as several hundred am no

s¥prass sither G or oRFPM-Erfsssehey Whise tisy repdicetn dx kigh pevslseifrxemplary
%99Hﬁé}“tﬁat ch b@ﬁse‘%l}‘g’{ éxp?gssﬂ)n ?ﬂlﬂgle%ﬁgg Jhﬁiﬁ\/ Yf@étbx@%nd PIVs

protein enzymatic activity ynerase
aclideiBYK-2Ng8.gh @ITG@Q@Lam); Veroy(e.ge tATQC CA]LI—&&T)nGﬂ/i]Oednﬁ other
R TS 95 T b e P b e exprsd

Sithr RAYGH Bsd dTta0)i AN Vedi5?- d%rri%@kéﬂ)hcérﬂ @G&h‘ aé%lamaenaé/@ﬁé& (eg.,a
activity. In addition, several DNS deletions can

cphibdmbated no N@nm&berEqwmeeﬁmbldlalm‘hwrm*ﬁiﬂi\é)t §mdbtsgmmls, Semliki

b he, f d- .
RSt Ty B e B B e d s Shnb TR Y § SR Bhine
Necépphgid GASVEEV Y, BERSSTOREL AN OTE Bdcreasd tHe§S4ibidityt re
anmount of expressed i mmunogen. Notably, the insertion

emﬂa&ﬁl\teyemblnélqwéxeb\wn\m ' m@é{gme@wmnl%ﬁ%tmg seqyences,
*ln:ese&ﬁe%gescﬂl tl%%‘egﬁ% 21;3 '(8{2:()3%5 Co‘hh\qr% \Eﬁlcx? 1r9:llﬂfefnfu§lre8p&e

orergn I nmuno can seirte
dﬂitz&tohﬁlnf &)exainplieh eeqluelhqee Endodlr;grmqﬂen‘nﬂthg\&men can include an
vacci nes. Further, d_ttl onal, approaches tha an be .
HR Y RATIRG SPIMIN oL B LA eSSy e drog 9doR opeization,

WhEh&ah ptdWEYH LRitfn&l BRSET W fbspd P to Wﬁ'@ide FukfleR the case of
99/ 284817) WO 03/0461 89, WD 2004/ 108936,

Q@ﬁﬂk@@@@mlls e9r2s0w 0 p19es 2equencks L(Jar& ndPatCéptM%cassette) it may
g%ﬁg’%g:é%g%;ggggg%/?n é‘éﬁéﬁeélgg"dcf ;i)Me garboxy ?erm?n\{g r(])tf thert protein
including, for example, about 20 amino acids of prM (see, e.g., WO 2007/098267).

The PIV vectors and PIVs of the invention can also be based on the two-
component genome technology described above. This technology employs two partial

genome constructs, each of which is deficient in expression of at least one protein
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single flavivirus type (e.g., tick-borne encephalitis
(TBE, e.g., strain Hypr), Langat (LGI), yellow fever

W@ 2009/1142YF 17D), West Nl e, Japanese encephal i BCBHUS2009/001666

dengue (serotype 1- 4), St. Louis encephalitis,

Kunjin, Rocio encephalitis, Ilheus, Central European

encephalitis, Siberian encephalitis, Russian

Spri ng- Summer encephalitis, Kyasanur Forest D sease,

Onsk Henorrhagic fever, Louping ill, Powassan,

Nsgirehfor praskiet Yeeplication fieanbigves Prdf) bﬂpovhempmsetsyl thepgame cell,

Pl O kS S SR P 200 IR G PAABR i on

¥kdnhisie 51 te ewo-2aipbiyen gén dnadde€hrioldy) We fiest @binponent includes a large

accessi bl e sequence dat abases; sequences of ot her

é@lﬁta%%f (o dpweribad pbayede raleranerdg SHg erfi@mp@agntxﬁéw, g thgsecond
f)&%n%tzludésna 341&1091 rlglf an%ll:';‘{g CZta(?lrdSF Pinva?]ot}%eh example, the

|nc I ng sequences o nore t one fI i rus e

Siex uanp@&ncmnluldes 4 beletorodf @ p@M e ECanfd|tHN$etbﬁdJSQm;aB1ent includes

descrlb@F above éﬁlso see, U S. Patent No.

8 delgBorrplghsS | t Bth qqaﬁpoee%sa@eilud%ﬁ'a agjing prgioggelements

Nﬁuxr@d #&ﬁb@@ﬁ%}hcéﬁbn‘:ﬁﬁt rﬁﬁ ?galo?ﬁon-gtp@ct&gl tefiRs, which form

I ncl ude pre-nmenbrane and ernvel ope sequences Trom one

fHeawplidati usernzsme ltomplea. fThay,ibethr defedtive whnagiesi camirmilude anfly

RN R AT N T —
BrORTRICBding B&)uS RGO Wlich! @MipYisésm dnﬁné‘-téfﬁllnka@‘ﬁ‘a l%&%rof the capsid

virus, such as t he vaccine strain YF17D.
emml @bmsmﬂeu@tecamrb@ g WREDY arproteaTe clwv/amBEqum such as, for

PR RS BRSO R e AN R T8 Figi2dy e

?@Eer\/de[ Whichlchh Ee ﬁfs@d @iithithék dapdid vREbienpe PADEE) 0bdihBs&quences.
Eenetlc background woul d have an advant age, because
wihesprtibeiple Sodnsraptisfizadcsearncss Gan beiusedrozraluds thei r@ml?ﬂlty of
SbARNALSH 9L RLHGRIERER Ay BUTRLS, wBSou ag gmacion of
rephictionsqetpiefenc viirusesl (bee,rees pPWIGs 200841 3Ta6BN U ﬁ@ﬁ tl"n:SttNoT(BE]ponent

L ERERIT R T
ERRBILRUAE Bhohby SucPdd RBLALAFnGRIB] vih LD EYE8Sussed

as describ herein (in particular, YF/ TBE, YF/ LGT
WVEBErefqmlcewPLeGTngls e@mb@leov\b’IV etméoa@h Ewnpkar»sctqlldmes that can

S V rovi des .particul ar '
BF paef i e B E e BN e BN ACRER o B BTGB L8
BRK-D0e.¢. ahTECUBCEL10D ST/ 10Mahg Bthe LB lof b BreebefB 5t MdSduito origin.
nore amenabl e to acconmodation of insertions that are

at | eAdditigpaliegamples of ¢&TYappivachys that ean keatpgd i invention are
steﬁ]gHﬁﬂfs{)“ecre ﬁqpl?f%llé}gm@ len?érﬁe% 1901[181“%@8]% br?sqn?\fg?a' &‘lm%/equences

ctors In enera can rrse very sna

Ardeétion (Ims: g AN, NS ot N85 pasigias Ganllﬁl: ustd a2 bng 24 séhv@fh] hundred
101- 500, gﬁ&g anm no a%%d reS|dues conbi ned with the
PRk i e IR REPV e s §h OSELPHAEE SequeIcg Qftasapry as |
bATBS iR Rl iva @RS proteil BESatio B&valy (k. AR Fhd e activit

Al el I va e gt 58'%%1060 1301 %700 170 f%sﬁh egetviny,
BIG@jJeM@iS@aquvlty, etc.). Alternatively, point amino acxd changes (as few as | amino
acid mutation, or optionally more mutations) can be introduced into any NS protein,

inactivating enzymatic activity. In addition, several ANS deletions can be combined in
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nore residues). In contrast, in certain exanples, it
may be advant ageous to express relatively short

wGeemwuanees in |ive attenuated viruses, parti cuP@r/Ug2009/001666

the insertions are nmade in the absence of a
correspondi ng del etion. Additional information
concerning insertion sites that can be used in the
invention is provided below. In addition, as di scussed
further bel ow, expression of non-flavivirus inmunog

phe IiRer moleculn Fhersamerheipyologousgsne. o£-, eRRIessA émheofrrst&aﬁl\’
by PPV aRE ARl Shh Gl PR Cateions) i e
saohd ganp@rmdt andreaspgtthdaheurnlod @q:lmssednmmog@en( dotably, ehe

pat hogen (such as a bacterial, viral, site i
f'lfﬁ'@‘&l“ CRRACHY eéﬂrf?’e@ahwéi incesaseprPRg9ng! i1 the size of NS deletion(s).

IATRHAAGS ?)a diftSrefli RfdIa? RRmaRDER(Es) E4bTh¥reaGh Plase 8 letion(s) of
PI'Vs of the I nventioh can conprise sequences
tei hedper © prodwdevmultisdent vfaocrmezsxan'pl e, chineric

i ruses, i.ncl nd env

Eeate ket cRady At Gpnthe R TRITRR BF Gsi A ki 9 eeipes qng PIVs

V1 &8 i (KB BRsbM lhv%nﬁ&ygrlétd)escrﬁ)@@ t%@&&ah{bl@wwo 99/28487, WO
non-structural 8ggences of a second, different

0B/A¢618% WO 280 h0&36.aU§ @D04(R265838r US 29@30%4590@2 angith. 3 0}atent
7@?9@ and also U S. Patent No. 6,962, 708; U.S.
te 6,696,281 ; and U S. Patent No. 6, 184, 024).

FUT t hehe PDVvedesrs @Gnd PBYY ofi thel iR Entidn dahi ®eicOMpritddUT.sedlRBeks from a
as a source for constructing PIVs, or as

el fhatyina oerke gy Bek-bpme sesepbalitisdBEe g GHain Hypr), Langat
g]ﬂéﬂ" 9@1&9}9 Fevef (¢ ? "FF IS%C chsf:N ﬂ%/ltJ %Hﬁ@gé Q}g%&ml%,gﬁggue (serotype 1-

rote mut at 1’ons, r ot el n
d)gISetncmmmcep}tahas uynijial Rodio eam]’}hﬂmsdhh@tsj Oergral Euntolp@m
31UTE€2,,S$J%h as any f t hose gescrl bed in WO %
greeghalitisgpi %&a&‘rﬂcéph H% 1@56'?6 Biipg-gPmaepirecply lé'tsr yasanur Forest

Dtafie Rtk adnl AR bR, L QUpHF B Qhscd NG EINRBIASH,

Simlar deletions can be designéd and i'ntroduced in
blahslovahanded pa virdsesy, amdandegreprissequeasesfeme tivepr more different

GI/ TBE TBE d LGT
o s ot Sape St pGe s drs e i Rheyy from
gmgly%s&rsib&eséqu@ke Xﬁémeg Eéqﬂéh@esldﬂ oMfer &9&@4 aanlélass?ily

can be desig ’g( based on the know e\g
detgapigpd éxmélodfﬁ tevelé newe irethg gt elinihg q=aé9 oEPI VectormdePB/s

%17 g&ﬁ?%s%é?%%e}oﬁﬁgrg tlﬂ;?—:g e ﬂa@ﬂq u@ “ERL Eé’qgl e's:lég& Qee ho%e of aschlmerlc

exa tenua A U
ﬂa\swrrui)eddésaﬂbél%ove (ds sace.gf Ueﬂr P&ieame 6,966 8akkES. Patent No.

d bl h m | Iy d
Mgé 23 ﬁ. ew'é?% éa%aa%ﬁ ?ﬂ%gegﬁ@?&t@w% éxwﬁrg)ew'%'egébrléisrgg?nclude

BFeOMler%n%nQ | el%fo'bb ‘%éﬂu’éﬁcé%r}*rdﬁ?Bh&ﬂzf\)nﬁ\’l&s\’(kﬁé}ﬁsa%% flalVifal to which

can be used as a basis for the design PI'V vectors
anauRitVmay be desired), and apsedtmi nohistrectucl fs¢carvncw|s rfw a second,

v tor and vacci n al nst the ur.ce

G Py St AR e 0% B B ST P iEs e Refepg fever vinus,
TNPSR KV IEBHAStraiR HRUGD. tOhK- Hampes endeRNAE VFVBBE, 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

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



10

15

20

25

30

(TBE) virus or related prME sequences. Thus, the
chinmeras can include prME sequences from for

wex@aple97 t he Hypr strain of TBE or Langat (LGIQT/UB200%001666

Capsid and non-structural proteins of the chineras can

i nclude those fromyellow fever virus (e.g., YFI 7D)

or West Nile virus (e.g., NY99). A central feature of

these exenplary YF/ TBE, YF/ LGI, WN TBE, and WN/ LGT

chimeras is the signal sequence between the capsid and
peplicpiepvesy gEicienslyiin visiocand i highlyattenuaigsd and impringggniggor humans.
%Yl?, afc?n ng'ictlt@’i"/’l" Iilﬂt’lt\h%cg%%?s 8I ecﬂ:d Pogpgrggidg laYo&m E}%E:ﬂﬁ:’immune
i1 1’Ss advantageous to uUS€ a Si é’nar' sequence conprising
y&pbisd i Biaansodpdin$BEB B giusoudel dusee ifetlsivn)of TIBE pide-E genes.
exanpl e, the signal  sequence includes yellow fever
sequerYeewrs of th@ventionsap be kasedionFd¥icapstiustsgpr live, attenuated
R s Bk loe B R Ry b T PP Y LG, WITBE, and
e U &G se Shithviv Y \VIQkd_o fLRBVL(Givittukts Adévebavsepravides pastieidar advantages in
that, jn the ca%e of based PIV chineras, jt is )

SERAM FEHRTRNCES becayset ?egwaﬁtr%%%sssm&ﬁ“w%ilﬁrée%enons’
SHIERAES thec AstrucEThBMMREME RVh MY datidNEF inSMEOAS AR are at
thus includes YF/ TBE, YK/ LGI, WN TBE, and WN/ LGT

ddastnmr taghe Hoe of the Yeletad dequalvess, withai thencbainiea idse in replication

DOl bR Tt B SR co oy e S el s (e . i the
satastel fout 1 90521 -860, 9bi 308, orPhork ASSHd RN ResidN &ImlRed With the AC
substantially interfere with processing at the signal
delgtiencroth¢ndeletivhHuss wxlhagrietasively hargs insertivnuern iosestiensef

"conservat.ive substitutions, i ch e terlzed
ettt e p s et 13 1 ool SO g LA A0, R A 000 or
Pidet RGidead)! Yn Edritiabiain dep@indx@mpkeX ARlag be Qllvan@ipsSismalekpi@ss
substitutions include the substitution of one

Wé‘ﬁ@)\hﬁ@ﬁéeﬁlﬁlp‘tﬂjé liyg atergted yiyuggse particulgrly ifglee insertions are made
I [ i onik . anat I } .. .

U e P B s iRt XeignaPhotdiiion congerming jnserton
bié¢sBatitaabg uskdria tleenidvéntish ieprobileadelowg [ 1nthddition,a’discussed further
aspartic acids, or_ between glutam ne and asparagi ne.

2R FEPTPISIR. of RarrfiaY birds IMREBRSRRE ok VooHe éhm%ﬁ%l%@,@ses of the
GVeABERSan! resulf iR WuISAcOREOWat diRitphGedi@TRhRRty hEa R bbBh

Sites Sequences encodi ng I nmunogens can be Inséerted at
flawivons vesta viius pathegdn anidtagsrgei hdtérnlogbes ivencurnmgen (.g.1 hpathogen

HEE R Bifserl . W S FongR GRS
Enmangdeny. NS1 proteins) and/or in the context of other

proteins (to induce predom nantly B-cell and T-cell )
r esporsaiscussed peavej (R vectorseandiPh¥ e pf de inveationifangcomprise

LR BFLHLER (8L LEL00 BLRE Ao AP0 B8 g
infetnbrhineaind efvdl@pedeqientts dfhefirst 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

vaccines/vaccine vectors per se, can optionally include one or more specific attenuating
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pol yprotein, or bicistronically (e.g., within the ORF
under an IRES or in the 3" UTR under an | RES; see,

W@ 2@9/114807 02/ 102828, WO 2008/ 036146, WO 2008/ OBABTL20094D1666

2008/ 100464, WO 2008/1 15314, and bel ow for further

details). In PIV constructs, there is an additiona

option of inserting a foreign am no acid sequence

directly in place of introduced del etion(s).

I nsertions can be made in, for exanple, DC, DprME,

Deitesiaus ko2 DRPBIoteinsgatiensdpbhEm el usations, dsletionsiarthe €, protein,

andﬁ)pgelgt?o%g u? {hg%Tlﬂ'ly)s su?cﬁldas aﬂ? o%og °5Q%8ﬂ%‘8tm gVO%OB#/Y?GI 82. For
uences’ can Phserted T plrace

Qf(ardﬁlleethedl p:ra@rn af 3setmemaﬁ>ns l:zmwm@eny spptieditd Q'F/TBE or YF/LGT
seguences can al so, optional lX be inserted in pla
13

Shinfsse td@il erckﬂlem@éa%%%'gnﬁ 'belntsaﬁilmeélrtehﬁm'ﬁ@n%/w

%ax%y es Ju@l% QQQJSQ(?%%E%E W GW%?EG? EndfEEWRA respect
ace or conbined w't d sequen es I n

mEmrMbﬂE mmmmummuatﬁvgamhemscsﬁm Etarah thoss describedsfoalyd/WN

d | ction, hel ow. f
bRty Wb2d08EH 6! BhRe o s tgar Sbmomescinahe kv g crysta
GRAtRR JTRHEE Piokdin %Réyeé't'a( ENSture 3175(6?5295329 Bao®n 953) and employed.

additional vector-specific residues at the’
Cusher additadnat sreinfpdeseifgttenuanma Egeoteini rﬁuttah@wsschudmd éon 'BBE virus

' d f
g Bofe U GTRseD R edd Sablerd- TReseisa be Sirbie trdaucedfno
Qﬁmhgﬁegc&ﬁg%dmadQletlon) or wthout, |f the foreign

i mmunogen is flanked by appropriate eIenents wel |
known Tina "twcfemm dis(dpr(oeués new, pagticufar shienesie ﬂzalvyawag%whlch can be

2 BaSis fot (AL dEYidN & ectors IVs, a i’ve nuated chimeric
TR0 GELI L ARG G0 BLEAVA0E 9L ST o SHELD

Iase opro

mdﬁrihus adetidrerant BEQa@llmgdlﬁét thel s‘ouﬁ:em) @f&lle prd-fiembrane and
expressed outsi de of the continuous viral open readin
c(corppnends gf the chimegasy drheggehimens instuds tickbgmerragephalitis

TBE FPR' A48 e@?rl@m?k ehdeal Tﬁusb?é‘%ﬁﬁn&%{?% ifiih&e pM-E

| RES), cytop m c expression 6 product can
acxjueews droar, forrexamipbeg thetHypaustrinie od TB@O(trddmgal\AhGﬂ‘ 3 vtrhtE Capsnd and

ecretor a i ng appropri.ate chot
Seg A Gt Bemeng (ot B BREsF EouT ey R vins .
WHIPDY of MRt 9.@5@8%1 Ny tant considerations

i ncl ude cl eavage of e foreign protein fromthe
n ascent cqntrhlyfpatgteeqfrthtzse q&emlery d BlgaiYir{ 16 hi W/ EBEy angt WN/LGT

foreian ein and all  viral protejns
ﬁo eéahsg% Fhee si nafseque\:/r}cgg)l |et69 §he cap |a{]/(2 EM p{cﬁemﬁqf\s is shown in the

lmﬁﬂhb&@ﬁbelcﬁv Gve hdve dn\FIdaBa!] inQRe Odse SEVFedacell PINOEHMBSS, it is
into the ER [ unen, or keeping cytoplasm c proteins or
ﬁéw%ﬁeisgg YeRt sigeal Spausnes eREMRTsIngelleyifeysr a8diTBE sequences (see

ag (lm%rex hl@ {38 ﬁ%&g%@% deEyW\/\efe@@ gbencg]ﬁ the

escrl I nsertion
enmcuyrmnhel regien ¢d. g SHDVIIWQFIUGL,) aatp';ﬁBE[:seqlwhees in the carboxy

iR G MBS AYcrenBRe inthe RRhng © t o m

QHIN YPPOF HLMLGNVEIAL SWe Rad4188 fhund that, in the case of WN-based PIV
chimeras, it is advantageous to use a signal sequence comprising TBE sequences (e.g.,
GGTDWMSWLLVIGMLGMTIA). The invention thus includes YF/TBE, YF/LGT,
WN/TBE, and WN/LGT chimeras, both PIVs and LAVs, which include the above-noted
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aut opr ot eases, such as FMDV 2A aut oprotease (~20 am no
acids) or ubiquitin (gene ~ 500 nt), or flanking vira

WONSRBNINSB pr ot ease cl eavage sites can be used POI/UB208%001666

cl eavage of an expressed product froma grow ng
pol ypepti de chain, to release a foreign protein froma
vector polyprotein, and to ensure viability of the
construct. Optionally, growth of the polyproteln chain
can be termnated by using a term nation codon, e.g.
fsiginpbseavRnces, Poraiags therkel havgs -8 Arid 25k Atthes i asting peid

{
rsgf_;?i'rt]llﬂlolﬂg,ta%&?%)ﬁ/é, :8? u{ggrt{gpg tvﬁ{gﬁ?&c{ Hé sﬁ?s&%@nahf mterfetre with processing
et the,signBEseqi@eph Bl winipas axailess thel substingtiMSWje ‘IcBsSrvative
commpnly used in the field of RNA V|rus vect ors.
\w%uné'qn mmﬁféar%%ﬁ?m&e by serlacement ¢hanmaRungzqid pesidug with

PI [
L e
[sabdteutionasd ohe bydrnphublaaeﬁlﬁucm&‘htas EsofrucHs v;rhmc),ﬂela:me or methionine

forei gene. For exa ene rearr ement has
REmolsp ity St s ugor e pofts Kue O e TS ERRE SrdfFageen arginine
Wl @ysmévﬁ‘éiwte& %lhﬁm:f’c arﬁf‘ﬁpﬁ’tftlcta@ﬁs gﬁ'B@m%eH Qﬂﬁv’efmh@ @nd asparagine and
control of an TRES (Olinger et al
8lie hikel qudimsmf@mepn canegnengthase angtfas p?rnvpﬁdcd bedowy, in the
g%%erggenes can be applied to PIV flavivirus vacci ne

tes and expression vectors, according to the
i nvention. Additional details concerning different
insertion sites that can be used in the invention are

(al so see WD 02/102828, WD 2008/036146 WO

2008/0 /. n
above) ae%@cé@é’%eﬁ%%é@é 5 8 el 80 pr A e s
evivheh ﬂﬁefe{‘xb@tcmtlﬂh invhitohn. IRzldtivelyphorpegaldes tar lgaedehfvared on the

neutraI|Z|ng anti bodi es, The sequences can be |nser} ed
iSHE @%%gl‘éméﬁa/p@ymmtﬁwﬁ (&% aﬁ@fﬂe'i agger NNSd pgoteins) and/or in the
CBheSSHA ?ﬁ)t&lﬁs é&“idb‘&c@%&e@ioﬁ%hﬂ& BOR1I2AAd T2 regpdrses,

277, 287, 3 of the Japanese encephal itis
\rcspagneb«)emm nmem emqtuc(lsgbl,rgee pgrtn,onw fooigh prolids, astwell as
and [1 028 . identif 0 | oci
Rl pishie: i ppreasanasa epings RN R0 St du gl e

%)ﬁ/padtelg rlﬁd)lé’iéthfhléahl'slt(e ef w?tanaﬂﬂ@smrelmps}amm & ith S UTR under
t here may not be an exact natch it shou

@ dBES1 B8ck-¢- h‘é"tO 02/h02838, WO ¢008{36d 464 WO %QQ86)96674 WO
|2r65§/r] bé)l%q WZM&{/ YI 5?]?){4 %grbe?o)&?ﬂ}? klﬁ‘f._heg‘ fi%tgl’ls) ’In Qch%é'ucts, there
m no aci s, er I'rection ur ven e

ndaﬂﬁddftncmat mmn)noff ll&HﬂhlgSil i’oﬁﬁgrﬂ:ﬁmhe latig se@rdﬁbssnrawyhmplace of
JE, they can also vary in q¥ for exanple
Introstuce! deliting (e fmsertionneas RareRdeiny BE EFaSRPIE Ak A AC-prM-E,

RENSH, ANSACarkd ARSS CRRuD G biftekaih leeﬁm e 'cQsQ JFEIPI9d SnPihEN

as transposon nuiagenésis (see . 02/ 102828 an
\WEOMPOGB 0B&-PAY, lmifhleogermsmcbdmg sequamceb eam’a@l msatedtih@lace of deleted

e BT s Beminelinh <aueni A QHoTD aeqasered i

Place df delbkéd f@&,E dedhieredd in thé Ap2VIGE cafifonedBSK d-BAG: 3t hnother
and 436-437), or in place of short del eti ons S g
¢aprapleothe sesfuences are igsertgd implace of or combined with deleted sequences in

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

below.
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6, 7, or 8 am no acids) beginning at the indicated
am no acids (or within 1-5 positions thereof, in

w@Raobar420f rection). In addition to the envel opECT/US2009/001666

protein, insertions can be nmade into other virus

proteins including, for exanple, the

menbr ane/ pre- nenbrane protein and NSI (see, e.g., WO

2008/ 036146). For exanple, insertions can be nmade into

a sequence precedi ng the capsi d/ pre-nmenbrane cl eavage

S| te (anthecage of making msegions intg PE\( delptiofisnthe msemongt:ars'eﬁ made
o 0

SR e5) 2 o B AR et Gl a g naror

@rmNGl of ey forengrr frh Osee A UF theusglienge isREnpln dmséatixe&ame (e.g.,~20
S guences as descri bed above).Iln other ex

K prgha fevalastgesidusgeo! 1%%&)@%?1{] ¢farh1= §EquERsie ré@(‘a‘iﬁélt@ Ageletion),
T RIS SRR o

2400814 (Dd.64iyal proteasa eleaxapepites; Oélllﬂarr pmltbﬁieg:dmlvage sites, such as
insertiaqn, the inserted smﬁuence an bﬁ fﬂgg? W th the
SIENBIAY: AT, 61 HIOPEOFRsE (B N o goaoR- R oF IRy plemepisl

C-t er miipaby ki R {ROCEPEuSBIHEMRE gorgfnut)@@wl':al Bp&t Rhfing frame

and the insertion can include a Gterm nal
éﬂ&lﬁ hre/si ifj medtorsmd menoectonkriqoendes ark weprdated bhaw ederoal ri@some

FROLFI GRes) HutPRYER b Ry &M o™ R arifreg or the product
r@a@beais@t&i 0N eheSdebRSor{ PatBiway ¥ udinPapr6VAQSigfdllaRehor
can be inserted into a uni que restriction site

iSEMeIdy eedesaied + Hahompgimsxpiastedvothin e veoosORE0 saportant
A g VAR S BTSN BRT pOBFE oo

geqienceaand Mamtadeing cededt lt@ml@yaﬁmbafbmngmp‘rafedi dridsalWirdl proteins (to
, as noted above, such as inserted in the

EMCV)
SnSUiRY ATz i) rediiva i hady B mseibrras 67 transipcgfign of secreted
%%‘(ﬁ@fm fit@fheSHE nm?envgrclze%famgggﬁbf%rh rolfefhrs of iAW fhe-associated

l ow fever virus sequen ES-1 mmunogen
cpm;sm trethcaytoplesmhlsessbedtwmwoh ¢herkR membearrcl oni ng site
engi neer ed | at ed re i on .of
veat or nghege iy e i i e agprScyes iR Be inspitigus can employ
ded @kiodTol Tristtah& ﬁﬁfrgpﬁ)‘fte aec‘x‘(ﬁide@Weé SVRFt-dekive® oP afRshted signal and
exanple) after pol y&roteln stop codon (MD

2008f STWETEPS mdelsiacﬂ ptsthe r@ér@ﬂeﬁglm REglyeepseteingpsests. Standard

I
SRS G RORAE A A DL GRS A e
oG hor & ﬂlfnktrigefmahNSQBlNBB m&aw@wvd@is.kee kavbé lliheEX@m[Bé(ﬁ

3. The infornatign provi ded in Exanple 3 can
Sl5pYaes @ AR cXESSE RTodKEt fErm gigkuying eeltya?példsﬁaawﬁﬁ%@seﬁsforelgn

% g'fnﬁga b@crt@t‘ dbly Lﬁr&@}ﬁn Q&ﬂasengﬂry%lalgﬁlt? b¥he 205t Idﬁt)onally,
ased on flavivVirus sequences and I ve, attenuated

ghiwtk of thefdodyprateinichein cae bg term¥ffatefiBEy, usifg/ A t€imininTdsidon, e.g.,
?&Fowvi\m{g lé Forr%?gnaggnedmsert ang synthesis of the remaining proteins in the constructs
can be re-initiated by inco‘rporatlon 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 helper cells (or regular cells for d-PIV versions).

Optionally, backbone PIV sequences can be rearranged, e.g., if the latter results in more
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above, can be used in the invention to deliver foreign
(e.g., non-flavivirus) pathogen (e.g., viral,

whawvatf2at , fungal, and parasitic pathogens), RERTS2009/001666

and al l ergy-rel ated i mmunogens. As di scussed further

bel ow, in certain exanples, it may be advantageous to
target several pathogens occupying the sane ecol ogi ca
niche, in a particular geographical region. Specific,
non-limting exanpl es of such i munogens are provided
séfiqigntieyprssaion efcrfiordigmaens. FBECXAMNIG 2 2ene kegrrangenenbls been

CBph PR RO i P E SRR er MR B GRS end BB genome

Ii’inVSr therconscbl BanTBE I @rliagseenlcasVirak swelz l 97a$22ﬂ8L DB06).C
flaviviruses |nclud|ng TBE sequences (e. YF/ TBE,
Yiprstgeatinp frsi-E|acpyrpther gangs ww\Le@PPh%togW flaviyigisoaecine
VWEdiBate %exgﬁsélggk/@&§l%daccg)a£% Qe%ﬁ;oh.he option of
usi ng the r strarn can Used as vectors to

del i veﬁrdd;itimvaewmtseconmmgglﬁifaemfmstehmncsaasﬂnhi cad begred in the

of L e di s (tjck-b | J.Qc reli

BRregion P ToTor @6 S Mo SLS2Ba e Rl gk Wo 20081094674,
'WUQZUOB)QU@4@9W@)§O@§7$E§ﬁﬁdas§mt&)"§b@d? fP‘% fide éeﬁuences can be inserted
advant ageous, because TBE and i sease are both
wndkrbdlemevclps@m@m wihich iBithe lams:miatakm f@anum:zamntn@ddnes The
to chineraﬁ e.@. . YF/ TBE, IYF/L&% g % ¢
SCUEREE" P MRS intrthe £BYFlongdn foa&P‘Eé"’ﬂ ﬂ“%‘fﬂrWé? iding to
BRfn@adid pésltiotsrI9s 267, 28N, EREPP, 38Y, anBTSH ADEIEMNthE 145 nEke encephalitis
burgdorferi that can be used in the invention is OspA

P
(V@upswYelape paptein (receendV O 20088753 13884 WQG)@@)O2828) To identify the

%Fr éﬁ%ﬁb.h ’loc‘i ﬂ}di ﬁg%ﬁ?ggvr §%s%£ Xh%ﬁc{fv \erus S?HI}QE? rcL, Gt n%r%d with that

can educe ances
roéSmneseS:nedpxﬂékbﬂis vituselAsithéraneaysiot Bsarf é)(acum%mxe%ould be
0 t-triﬂ@Iatlonal modi fication in vertebrate ani mal

P
diflsratood hah 1BEORIE ViR §F §eoRlinsgriIhmanmiry Ry ngy example, 1, 2, 3,
af Blef:ﬁmimnﬁgﬂryltﬁéxtd{re‘e{loﬁ h}eurﬂ?ép 'tR@ldQﬁt@ﬁH‘éﬁBn of such sites as

Mit ati ons that decrease autol nmifity can | nc
demg petrhisgee el thehedn bigo Witylie I E be,tfoabxa,mpfkr d¢2, 3\18‘1; br 5 amino
Acad.. Sci . L. S. A .- 1303- 1308, . 2004 0 .

i St Ao, AR P pUES PiShe o7 oging methods
@@ctht AtanspRorfigtRests/@ed, ¥ YL BEDLODA02838 Md Wice20d8036146). The

resenbl e the correspondin peptlde sequence o Borrelia

asgetjong cilthELlE@i@mM)e infdigage mn@tpamd&hvem&e@mmwgo@mrngnal to the
?ﬁ(ﬁ{t‘%%&l‘f% mg@;ﬁ LbEfweemgq r?c?gc“gs”ﬁes,? %{Qﬁ‘ 39 2D, 277278, 287-

vSs nsv

988l y@am;/add/mjmkﬂgn lsiadé ofﬂiomdieleﬁbné @lg. kigletivdkof 1, 2, 3, 4, S,
ngsgvl egvk adks kvklti sddl.ggttle vfkedgktlv s kkvts

Iédké)rf?nl'"%?“ée@fbﬁé'ﬁﬁ"@\ﬁé Hhe; m‘ij'ﬁitgd #gtno ac@;?t(?f within 1-5 positions
m&ﬁgllﬁ%lﬁﬁervdllec%f&%yl egt | tae kttlvv

In addition to 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

and 237 of NS1 (or in regions surrounding the indicated sequences, as described above).
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1 8 1 kegtvtlskn i sksgevsve | ndtdssaat kktaawnsgt
stlt itvns k ktkdlvftke 2 4 1 ntitvqgqyds ngt klegsav

wepri9kitel kn a | k The full-1length sequence apdl/v82009/001666

i mmunogeni ¢ fragnents of the full-length sequence can

be used in the present invention. Exenplary fragnments

can include one or nore of domains 1(am no acids

34-41), 2 (am no acids 65-75), 3 (am no acids

190-220), and 4 (am no aci ds 250- 270? (Jiang et a

dn jother gxamples, isertionnean. be magde; intyezenically. 16y pxamplgsan mgrtion can

% e%em"i‘eeR%p&n'd%s Fé’)\;ﬂvﬁeﬁk SIndfr B0 RR RSO an TN pr8{emtsg§ee e.g.
sequences el ude sequence vari a

tWGI 2(108)‘1 0b4364)n ™ oiteskaimpld dfemsemtgenmenﬂert&tne thedhaewed seqilence can

any conmbi nation) can be delivered: LPGE/ GMIK/ T
ardpsedvarhskesEderminus of the E protein of the vector, after the C-termmal

N B e N R T A e LSRRI T

SINCHSEEIgNBIL e EhZnisie KAV Es| fliddi<lith B dede| N 3 IK$dquéneea didianothar example
tq B. burgdorferi |nnuno tick sa a protein
éﬁéﬂ inferggli¢ psertiogglbe inghi ‘g%ﬂqkl%es c“élﬁ1 ‘h?é‘\{‘ 8@%%&?‘33"386 sites

Qe g:, YH P7[9@l@§\fa?5 Sitdd), \6919 b& NRe®@NAIARLRq® restriction site introduced at
trival entspecificity ( TBE+Lyne dlsease+t|cks)

Ah<tHS&BNSBathqthnl(W(O§QO$/\I'@0%4&He| ns can be expressed

i nst byr gdor f i in TB .
sequentatien Fiantilisng SyuEbis e BF ARSHe 1 B oty g a rgernal
FRYdYoraé iRty SR ERtes; tdnaR ESaletivad Rbmteptdphaloifiocsaitis Rerus;

used for tick vector vacci ne devel opnent according to

tENMCVinas moted rabp va, swady asdmgerted inethe 37 -untranglagas region €W,
5 4 f
%bi&/g%@@#& %a%n]ebé éﬁl]erocjafgse dg Qec@r gﬁ{)&f@% @E%)?an%) le S'eﬁé\s fever

chirdk YeqUBhcespan lRJESanﬁurﬁJghﬁﬁdse&te dapdausertef intd Sniuar;ﬁeclonmg site
i nsertion cap aCIté In addition to PIV-TBE, other PIV
\FRBEPFES It iepe-unarsiaied wrgtongf dhe o, e.g. oingrdRlion (¢-g ol 36

4 %Eﬁoﬁdé@éé%n%@h %(394 el yefllI Vi Vérr\}ﬁ%s @hsceg%§§mgl%y%r

| e virus. pressi on O hese I MMuNnogens can

e;xz)alpmtemdtqprcoderh (WOL2G08r0946Ahd

[ jcit tect d. | abl i mal
odel SxlsgonBng U e o1 "Ee%g&s#”%t%@'?ln%néfiﬁﬁﬁhgﬁ
Jre%@l‘l@Tﬁ%&éytxa@QQ@S (R Brofdin Mte s-PPAR@E-PIR(R2t6}s d14Re invention

| mmunogens of ot her pathogens can be
saarmpﬂomdleq/ bdgwrle%émpleu 3 Hitdnforoatieroproyided i Exampde 3i9an be applied

tl l§3clon P f%%‘er veWoPshantdhl%ap gonsé%xegcfrlbn?ﬁere
ﬁU

i VAIent vaccrng can ary %lck sal i va
i mmunogens that can be used in the invention include
the follow ng: 64TRP (AF469170) MKAFFVLSLL STAALTNAAR
T FGRVHGNLYA G ERAGPRGY PGLTASI GGE VGARLGGRAG

VGVSSYRYGH- FIRMGHE 4BV s (RS PRY Gy A PR GReY a SRt e d
chimeric flaviviruses (e.g., YF/TBE, YF/LGT, WN/TBE, and WN/LGT), as described
above, can be used in the invention to deliver foreign (e.g., non-flavivirus) pathogen (e.g.,
viral, bacterial, fungal, and parasitic pathogens), cancer, and allergy-related immunogens.
As discussed further below, in certain examples, it may be advantageous to target several
pathogens occupying the same ecological niche, in a particular geographical region.

Specific, non-limiting examples of such immunogens are provided as follows.
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YPSGYGGEGYG GSYGGSYGGES YTYPNVRASA GAAA | sac (AF270496)
MRTAFTCALL Al SFLGSPCS SSEDGLEQDT | VETTTQNLY ERHYRNHSGL

WEROYREIEEH AEAVYNCTLN HLPPWNATW EGQ RHRI NKT | PRENVKE100M01666

FTVAMPQEFY LVYMGSDGNS DFEEDKESTG TDEDSNTGSS AAAKVTEALI
| EAEENCTAH | TGWITETPT TLEPTTESQF EAI PSal p20 ( EU008559)
MRTALTCALL Al SFLGSPCS SSEGAELEKDS RVETTTONLY ERYYRKHPGL
CGAQYRNSSH AEAVYNCTLS LLPLSVNTTW EAQ RHRI NKT | PEFVNLI CN
FTVAVMPDQFY LVYMGSNGNS YSEEDEDGKT GSSAAVQVTE | QAEENC
TAH To/inredition o EBETHURQRkARS knguinttp sApImitancd frrgnajor disease,
Q%leéa?eq ’](21h ebié-?i%rgteéﬁ%%%?eh \Ele\?]/ ?fgﬁgpb’%{\{aonagl?ch%r (I?’ngﬁ\gludmg
IZITBE/B(MT seqiénees; howel ay étfimierie favciguses inchidiey TBE sequences (e.g.,
I Vi ens, incl udi vacci nes havi

nonfl avi vi rus pat ho | P
GO BB FBr T PR e bt and YOV K & ylraaar—w ere “TBE” is
P B R R BREGF b e LT n B P R tors o
hiphwmmsaexé impanogd e @if chethatieatine agemt 681 yme dizesse (taxrkebome

simlar to the exanmple of. PIV-TBE-Lyne disease-tic
TPt et et D QS SOBVRITAS R R "ka%\PéS agents

S(qrﬁﬁ A4 ba&fw?%,y@%b g&oe@gﬂb&%u&ew@t AReHy A aisesk afe both tick-

broad ran pat hogen expressi on of |nnunogens
fhoomg dli%SCSG)T aaplé ,appmoacaies cayabﬁt applied to ¢hungas (e. @n‘dF/TBE YF/LGT,

CNZERE kPRI G eonERg R VB oF VAT eY R P TBE and

VG T 6dek. bﬁnféﬁénﬁ Anyt i SR froRnel bavgdo%maét can be used in the
properties of PI vectored-rabies and -respirator

gyyragion &l Ospidy (fs'p(qn@vpl véaesinge | 638 83884 é’@Oéb ridptianetlsdo increase
sslan ra iru t.ei I t.
%é(?%’r_é% ?Oé‘tll’éllg]rl]lnlg%enl(i §C6§%‘¥ an gel ﬁugﬂg@%ﬁg U.%% ﬁh% %Sn(l)fea[&g) llﬂmune
\t&gpoAses afd’betol cdififinatd smefor amhntmoeoﬁmmmall?hc\dnﬁcauon in
vectors (see Exanple As is denonstrated in

t"ﬁ@etEﬁtﬁﬁﬁlné@ celhs P'ﬂﬁh asg\j ppl?pdcgjy@sylagq@ %3}1 ay affect immunogenicity
%qYl%rgx fsalr kyodﬂﬁewllfteﬁlo%F apt Meocq@‘isé X@(Bmgrﬁlnﬁ ééﬂllﬂcﬁ&o Ek those

forei gn 1 nmuhogens (sim di seas agent
plesdribied bp Wil It ekals amwalapmcm ﬁsn) .S Ac Huks 83G03pK308¢ 2@;045 In one

e S RnELR S hon bt bAs rathsel Sl entons QiR e

t(QVSJB@I*IYT@}X:@ hR&Ed [Eledrh BB the doﬂ’é%nuﬁﬁ@lﬁ@ quende Bf B§rrella
rabies G protein and RSV F, as the insertions in such

wietlotry YD HeBTKiQmA, thercomsspepiiag skaucges BFFIUEGKLTA.

DG pr M fye 30GLRE oPOSHA fekabligns, Some of the d-PlV
conmponen an actured and used as vacci nes

i ndi vi duailkkylldfigk iilnstamrge,vsishee KRk V- RSVpFenkynktskgkikdg
kydliatvdk
61 lelkgtsdkn ngsgvlegvk adkskvklti sddlgqgttle vfkedgktlv
skkvtskdks
121 steekfnekg evsekiitra dgtrleytgi ksdgsgkake vlkgyvlegt
ltaekttlvv
181 kegtvtlskn isksgevsve lndtdssaat kktaawnsgt stltitvnsk
ktkdlvitke
241 ntitvggyds ngtklegsav eitkldeikn alk

The full-length sequence and/or immunogenic fragments of the full-length sequence can
be used in the present invention. Exemplary fragments can include one or more of
domains 1 (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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descri bed bel ow containing a DC-prME deletion. In
this case, the vaccine induces an i nmune response

W@ eqog/11420'ut ral i zi ng anti bodi es) predom nant | yPEIyEE2989/001666

the expressed protein, but not against the flavivirus
vector virus pathogen. In other exanples of the

i nvention, dual immunity is obtained by having

i mmunity induced both to vector andinsert conponents.
Addi tionally, because of the large insertion capacity
dthup|for sxaspis: 8 peptids qomPrispgi avm oae (Qisnare) efbe blepdreessauences
g&n%ﬂ?ﬁ‘clu& s\é |¥e%%£ %r?at%t'lg ﬂ{ahéﬁ%qua%et qp tl]ieysehl? ntc’élrllgt%{l above, in
ever f ns Si nu ?

fayty efxrpb:as&m’) @ail bé ea:lgmednnm@gemmf/fm It; \/@TSIDKNB/BNGSGWT

avi v at hogens in the t onents of

QST AR SGRV TS e el N BT BT R 28 G A ravcan
WWN%@/A@NVE@T%@)@\%FKN ﬁ@%ﬁ/}!ﬁr VEHTRRPASH/KEIALK CK
sal 1 va proteins, as exanples of orelgn | nmunogens
descr i backdditiow &g Bobdwgdorﬁ”m anignnogens) miok)salvagpasteins, such as 64TRP,

zxpress q to target ective di seases. incl gln%f [
alp2 e P{ﬁSF ¢ 8y [RERCER KGCHHTAY <§ g Of friyalent-
tsB@c?’ﬁm R me@ilsfeﬁé@+§bl@)t ARPInh GRSy, tQQQAlWa IR can be
genes of viral particle proteins can be used, such as
tenprebed indtcad afi . M ggerfers irnmunegeng) BVPRE Aequanet-emtainieg MEstors. In
enes of rter fra nt

e TERare Bt QBRI AYS7isF TerAEES T e Yoy ortck
a%ttbAeRkIndldavelbprAcHTRBor@ihg Mthe GARNBHS (:Frb@lséﬁad et hIN Insect
addi ti on, fra?nents of the HA gene, including epltopes

ieshery. Mal. Biol. 3A0 162 16k 2095k Prpsor ”ﬁoqe@lﬁg‘tew immunogens can be
t it b

D S R e T R R
dagerthod dapadtyl Mn additiormiocVi-DBE] sihdrtPrd¥ vaccines can be used as vectors,
PAKLLKERGFEGAI AGFLE, (HAO), PAKLLKERGFFGAI AGFLEGSCGC

CHEadp | Pro\fgA FroRp i abisease R@ar( )ﬂavwlrus disease, such as West Nile virus.

Ete%%%%ﬁ #\R&NﬁmwméﬁngSSDn%gamated in cell culture, and
MBIruhENB TdRNGABERCIDBOId(iVae)ijabE\BTTRAIRN debdl@)s,, as described in

B0 Al 10l W00 B Lo B TGS L) 010259,

t2|0@6)| rlHl@fﬂIﬂb%éghS'd? olHed Batﬁ@@r‘l@ 0&EBe dimAaNY Berexstd, af 8dditibio Lyme
domai n of protein of influenza B (consensus

MisERr@Nd gicly immupegeas. Eitisthe)purpasel of making euliéysleng sageinsm
vl an f hﬁa%ZE%E;

ec)zzrgdlcli_ﬁes O mﬁa%rﬁglglé%%ﬁgﬁég t € 1P§§ 'PA tlﬁe%\he%{lan include
nmrmMGwmgptors of the invention include
codon-optimzed SIV or HV gag (55 kDa), gpl 20, gpl 60,
SI'V mac239-rev/tat/ nef genes or analogs fromH V, and
%h$§?(ﬂkyééﬂ@%nogens; i mmunogens from HPV vi ruses,

as , HPV 18, etc., e.g., the capsid protein

MEARWH LS AL SEPR IS ARFIGBEGSDLDT FGRVHGNLYA GIERAGPRGY PGLTASIGGE

VGARLGGRAG VGVSSYGYGY PSWGYPYGGY GGYGGYGGYG GYDQGFGSAY GGYPGYYGYY
YPSGYGGGYG GSYGGSYGGS YTYPNVRASA GAAA

Isac (AF270496)

MRTAFTCALL AISFLGSPCS SSEDGLEQDT IVETTTQONLY ERHYRNHSGL CGAQYRNSSH
AEAVYNCTLN HLPPVVNATW EGIRHRINKT IPQFVKLICN FTVAMPQEFY LVYMGSDGNS
DFEEDKESTG TDEDSNTGSS AAAKVTEALI IEAEENCTAH ITGWTTETPT TLEPTTESQF EAIP
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into HPV-1ike particles, the capsid protein L2 or its
i mmunodom nant portions (e.g., amno acids 1-200,

wQa2®8/114207 17-36), the E6 and E7 proteins whi chPEr/eS2009/001666

i nvol ved intransform ng and i mmortalizing manmal i an
cells fused together and appropriately nutated (fusion
of the two genes creates a fusion protein, referred to
as E6E7Rb~, that is about 10-fold | ess capabl e of

transform ng fibroblasts, and nutations of the E7
éﬁhﬁ@dﬁh@géfﬁﬁ resi dues renders the resulting fusion
MROARICAL M8 PLcspBS 2Rt R x@E AVRGEEINIY EHYRRRHE L NBIAQ@RNSSH
(ABaungmrmes |LLetswaiTry Bdaeer e T IPEFdRSchi 490 AMA9E6) LvvdGheNs
I YPREPEOGE R SSEpRIQYdR P 6PAEENT VERHI BPMITE TS LERTTM TERALS
CNV HSV2, viruses, malaria parasite Nycobacterium

BB ST PR A PRE SRR v EAGL AR xami

¥ belods well as fungal pathogens, cancer inmunogens,

and proteins associated with aller t hat can be used

as vaddieneventipn birdier movisiey RIY ardiho Yevecionerbyacsings agafnst other non-
[ [ |f| var i ous

fﬁ\{lgglfl]lc ggthggeql ﬁclnﬁq (‘?nésrl])alvﬂ dgéﬂ cW%HgEﬁégrot?%we immunity

lagxi@kt toth emvla&qapfpeaméd ®ly ithe veatop ehmgaer;ﬁaeats)sancrhon flavivirus
nucleotlde sequences to increase insert stability in
tPaEoRpIs (aesiseibied by privessed imanolpgindatsgaimreivy Elzme Bré similar to
ELARRC TN Rl Bl kSt o oo
asenfioRedagpone,stieh dmnanud)ravf&r:mes:yarxﬂel deeslppezbmamsembmadnfange of
conpl enent, heat -shock protej etc. ., revi mFd
PRATORSAR T GBEeEHE &t ErRUraseR, S rforsginigsial &efififlgtungal, and
F!asgcgﬁ% Bersdnd in e td S6)ifEd &ﬁﬁ@ﬁmepa]% ARBy. As specific
ter am Boston). Wth respect to construction of
doatlinvitiog r:mspl@ég alerdsscribgihieresn tedlegiginand Hipkogioal properties of PIV

Yo EfRg R ZoR B RROBL S B G BReRC e fork RS Salfurea by
\eRpREJitHabHrabies virlk G QEdteinrs? gl -Ng g GERIYV EFRfrbel in pREE @NS in

and thus can be simlarly generated. Possible designs

@pn@mﬂe% giithryadewsdaleiions inene- aed t1q-preRAPeRiPIVhsstors (see Example

% ed herein. For exanple deletions and insertions

can e’nodi fi ed, genetic el enents can be rearranged,

or ot hreris geme:tsjtmtedhe e xan(plesgbelow)s-P\avenstrnets may be

non- rable gnals f or secret|$ i ntracel |l ul ar

aidm%wsmé% torstabdeliverglagsy phast fognen (rampRpegps fgimilar to
RS bdBe AL O6pPA Pl%'té?ﬁ hﬁ@ua@&hv@am@a{ﬁg kiddgsse indeRions are

agonlsts such as mul tlnerlzatlon conponents
soubingd wlém:netvelvzlwpb@n ACadﬁiietweptTv@eg)nnmntl m&/r\@a@es mhebe

8 driis St e by ek dh rebite o BE iR enf. A Dgbies G

IpITUIRQEE RSNV F Yas thiinbdtEbns iflGth Gesdrghe combined vampkdreslample,
to s-PIV and d-Pl V vacci ne candi dat es based on vector

d@rggﬁ@gMcE Mi-pv-H, lepd/py ANSd dgletigngg Some of the d-PIV components can
| (9 a%g?efﬁgg%{]%nﬁﬂ%?@ Fssva%t:mgg gfw 1201%?”% tan€e %e’bPew-II{ﬁV F construct

Imte gens descri
elesceibbé belovaroataining a AC-prM-E deletlon In this case, the vaccine induces an
immune response (e.g., neutralizing antibodies) predominantly against the expressed
protein, but not against the flavivirus vector virus pathogen. In other examples of the

invention, dual immunity is obtained by having immunity induced both to vector and
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O her exanples of PIV and LAV vectors of the invention
i ncl udi ng conbi nati on vacci nes such as DEN+Chi kungunya

WO R0941492¢CH KV) and YF+CHI KV. CHI KV, an al phavi pCiBUS1089/001666

endem c in Africa, South East Asia, Indian

subconti nent and the Islands, and the Pacific Islands

and shares ecol ogi cal / geographi cal niches wth YF and
DEN1-4. It causes serious disease prinmarily associated
wth severe pain (arthritis, other synptons simlar to
DESRt camponanty -Additionadly skagaese HE therargp ensggjonrcapagityfof PIV vectors,

hent Fnon i.n. .
G54 5045l 35 050 Bl Bsnporbif eGPt 8RS Bher the qoppgypiey o
1t g&26ves mon AR Wirus Pathegerxaniitansoly, PlgV barapiledsing foreign
vectors of the invention include YF+Ebol a or
MRRHEREANS frophiwadibigent penaflayivirgspatiogersin thepyprrogaegents of a
fiopvt he above-noted non-flavivirus pathogens,
sequences of which are well known in the art, my
i ncl udeaddiyaotrtbhé¢ RSN Bpoteim rpp6SG Ipedteihubyroa dseast pratemive
CW (Reap et aL. ,..Vacci ne 25(42): 744 _1-7449, 2007; and
IBPUREsRosAndrick sfliva Preteiner 20 Sx#BPlss Of Ereign imRYNegRag desqribed
VK Ythet fordign iR kinoddRY eaneCdxPRis®d-to %gét:r%%étf%@iseases
2006), malarra parasite antigens such as S,S (a
preuding tfonr exemipies indlueszane portypeod aed BrimtminagenSSH) thesrlexamples, a

thers (e.qg., revi dinLj et al., Vaccine
Ty S i o I sente o UG gREIe RSP uscd such as he
gl HR, dn@NA BendsoE2rfiubnzER; b/ raRSRBIR BM2 EkAés of influenza B.
structural proteins C-El-E2 form ng VLPs (Ezelle et

ahorterfragmgntsgif MZ,gYB,3nd BM2 mrresimnpding fooipytagge tofvhis; the

' ' T- n -Ebol [
BRI KBTSl LS SR SR SHEULA B et sne
26dudiROE8oped idedifibidtdsHAD (23t dneinod ativs demsth desespdddihg to the
above, the vectors described herein nmay_include one or
(HsAvAge e HbY én £ bfesery saeq o friagtplespdinfienga-telajpd sequences that
'chﬁTHé‘ﬁseEi%FH%Wﬁ@enﬁ%‘k&ﬂde%?iKE’Rb?FWAVIHME(@}AH));
viral target antigen(s)) including, for exanple, "a
PLBNAKERGEFGAIHGFLEGSAE (HAIG), NDYPBSYTNYNPISHIRGS (NBe),

RSP RPN W R RIS B L BBy R FRcRessso

vz MYILIONBGRT OVR NESY GERIASBHSRAAE)EE VETPERN (M2e),
poxvirus); SSDNA virus (S. g., parvovirus,
SEHTENGTHIIRNES ¢eRENDISD (M2¢), msl SHATE ¥ETPIRGNE W CR=GM 2e).

P, \/ /D . .BPV/
Ao Mo pcliises Pl Con, B0 1 O 88GHR0P b 1age sppenpeg from the
edificePulasSomdin ©f BMIOBibjein bRinflasiAam @bn&hsus MBBREQ, e.g.,
Met ast. Rev. pp.. 6653-6664, 1987; Pfister et al., Adv.
EERERILREG C)aapdithe K2g prptideam hgd RN aviap fes (e. g.
r(l@@YJLFFg%’)ETL(m%IYCSB%ﬁA( e.g., picornavirus,
coxsacki e virus, hepatitis vi rus, poliovirus,
t ogaviOthes exaraple$ bbpathages imfruavgens thas carhlegpdelivered ilCthe vectors of
virus, yellow fever virus, n vir st Nile
Vi gt iyl Rdon ptiumleep o1 SP Ky b rsdgdr 2. €160, s1v
b 3R AR Aty of Yenes oP ARAGKA 31 HINALRIMKEMH IVUFn m IRZBhE $mmunogens
virus, munps virus, parainfluenza

from HPYV 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

(e.g., amino acids 1-200, 1-88, or 17-36), the E6 and E7 proteins which are involved in
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virus, rhabdovirus, rabies virus); ssRNA-RT viruses
(e.g., retrovirus, human i mmunodeficiency virus

w@ R09)420and dsDNA- RT viruses (e.g. hepadnavi r B&T/US2009/001666

hepatitis B). |Imunogens may al so be derived from

other viruses not |isted above but available to those

of skill inthe art. Wth respect to HV, inmunogens

may be selected fromany H'V isolate. As is well-known

inthe art, HV isolates are now classified into

dianefpeniag goth énm@nglmg/me@mahwcqll&fgseﬁrsmﬁhetr and appsppréasely
ten

%ut!lt%?@{xaon of novvn %esl(c'r?&tg &d fﬁ’SI?P Pro’?éutw rFtI“e\%d g’u E6Eaﬁﬂ) that is

(BoutBO-fold 16%s capsblEdS trdshirinipes broblasthead nﬂ&@t&ﬁﬂs af&d: E7

with the HV epidemc in honpsexual nen and

pﬁmpawﬁé%reg\dugs rgBdaTs thRgegudtinefusionpeoteipymutant incapable of inducing
i yvagdan e

ARBRARIS (BLARRNPHALI VAR, £ 153040 oog) PORRPrimBRthens
Addludegprotectiliedmnaund g€t fivam m‘é,awwm BIS&/2t hieudenanhalerig paradite,

Y |nfect|ons iIs hi H V-] pe B accounts
o (g iusn BRI STEHTIP Cperduliplod %ﬁé‘ﬂem ol ngppeomial
I"“fyctlong: tﬁ&pa‘?@kr%v&rpmt{ﬁe b SRS as%ﬁ@@ﬁath%&ﬁ’tdaﬂ&r immunogens,

btype. Thus, in certain enmbodi nents, |
@e@ proaﬁtmseasls@maedl wath aillergy tlogy cars beé uwmaHNabctnestamgttypes B

d/ be.d le t | ud
Fr om ARSI oS ey eane Bvgtionyate iR RSus evs. For
Gnstdrlcd/- o%d&UQﬁtYrﬁﬁﬁtlcﬁq BhidedPto iRErede GRITEL Y teRfontnd-eliminate

and HI'V-2 subtypes) in a single inmunol ogica
dengpepgaty iomuclepiideatsnueneapsto; ingraase deses stakd |ty iethERNA @l@me of

1 g
ErovehBs: Rl 5 b Mided B AR Ry BB LR
Gemuvedinfulaoryonotieewtll aﬁb\i/mmne am SBpio ASTLR@AbISts, stifttslatory
or npre bacterial species (spP %g bact eri al . .
ROl BES. SATPERI ST compsaiitisa %‘tS’Fk BICAGHT &1C- (Sai Tevigaved in
& I 8
(HRmu&@pé%}n’t gt Eﬁc al\d%%eg?%&% f %orjrﬁg?l?(gbgg.%g% ?BQ 2006, Elsevier
Bﬂmdahm&%@mr@dmwﬂﬁm1kaﬁMMcelIa spp (e.qg., Brucel | a
abort%§ Brucel | a cani ? ﬁ neliIens%s %{Uﬁeuka..
sui s), 'ééf?ﬁ?/ﬁf%[?a‘iﬂnétfu%ﬁﬁ 0 Eiga @'aCClQﬁfr‘Pﬁ9‘In6ttfﬁ @g?n other flavivirus
Ja@debel, JothdrltbABELiensS Bich dsHE + rHMdsaNF i @bREQUTDRINAR of interest
Chl anydi a psittaci, Chlanydia trachonatls)
bptsfor h@nmrgip\gter(n@r}guse 1@@g@sppr¢ﬂlm@@fap|h|qam¢glons and thus can be
g %rllryI d:nurran ? %oés Ille gg%%nosﬁotef ba% tegsrlclms cr%)]rn]étrrllxcrt]sg%rg%bt limited to those
Jescyibedhsrtial wmanmm Gélbﬁ@)s,an&ﬂﬂiﬁﬂmg carllise ﬁlb@lﬁeﬂ Baeetic elements
Ent erococcus faecal is, enterococcus faecun),
3% breieprATEsd serpthar gepetic elarpess (e nan-dayivirus, moarehiesigngls for

?p&etléne Ilgracel l{?q%?%r# %&%nngn,%? ﬁ(jﬂsmn'ﬁ%%r’ Wih SPP-

cobact er spp.
@mngnostiﬁallatoryhaoneées queh es ytokihey iTbRedgbaissppch gseflapellin,

l.onel | a pneunophil a tospira
BSR4 FRPEPTRI-HE] s [EHEE FPRer i peputes (i ingieae e period
1P PRSI PR 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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Mycobacteri um spp. (e.g., M cobacterium| eprae,
Mycobact eri um t ubercul osis), Mycoplasm spp. (e.qg.,

woRp@opilasna pneunoni ae), Neisseria spp. (e.d.,PCT/US2009/001666

Nei sseria gonorrhea, Neisseria neningitidis),
Pseudononas spp. (e.g., Pseudonbnas aerugi nosa),
Ri ckettsia spp. (e.g., R ckettsia rickettsii),
Sal nonel l a spp. (e.g., Sal nonel I a typhi, Sal nonella
typhi nuriun), Shigella spp. (e Shi eI | a sonnei),
SRR EE 06 ether qulppgeo% e '"Qtlé'ﬂE)be‘&%é'@U?déQj pathggens described in
%k@%gljeq]g%%:us epi derm di s, Staphyl ococcus
aprophytics, coagul ase negative staphyl ococcus (e.g.,
U S Rahareixamvples ¢f BIABanb2A YV, veStoregftihe wentionsipgludipg cgmbination
Strept ococcus_agal actiae, Stre ococcus neunpni
SRFERRSSHEN A IE Eg%&éﬁwya vv%@ﬂ Pp TRV &KV, an
%{39{1]@7?3 dhabihicdn 'nfnc;y S%Eih%a%?ﬁsna(lﬁdﬁn 'suﬂéohflhéht and the Islands,
er ae ana Yersinia spp Yersinia pestis
Iandlhed@enf& Istaydsandchivres ek ogiead/gEographical dichecwvith iYd' and DEN1-4.

|rmune re se agai nst other bacterial specjes nqgt
1 GU3G B bahisate HUnTLBRes P HOLEVBE R Frins e pifer symptoms
%Trﬁrlarltmglﬁ@%@Xstﬂg%@q&@aqurthé’rﬁ%ohfﬁéﬁﬁﬂerﬂb [Siffon@0al., Med.

i mune response agai nst one or nore parasit
d¢lga osthe\ni sPp1 323¢1843. 2008abensiviratne arajet. Bmt/frlg\éﬂt d3320-325,

f | e L e g, JA

L SRS S CAVLET PP S IRepd) ol pesbotaon
B rrtbolh, Whi@dd-cirdobfté pdafrfRp. , Ci mici dae spp.,
Clonorchis sinensis, Dicrocoeliumdendriticum
Di cr od®&Iunggsns derdhe abayerrioyad rsofiaiYinHmatogeRs, sequences of which

i
g%egﬁ/gll g}é%vg'r‘?‘ méﬂg art, rF"S\F%\gﬁJF!Q %ﬁé?pr%%ﬂ} % %8%36?{% ]t %JISIOI’I protem of
EINoTr(Bloapiat aV.eWadcind 21?(4%) 74Rasin 0] W03 pnd té&rcgwes ﬂFlerem) several TB
h t t
mggtgmlafrgb@wgd Hugwky @aégwgtgﬁg{sﬁ\%w(@ ‘é']r B0k 48%&%@. 2006), malaria
?ﬂ@fsﬂ@%t ﬁﬁﬁ as R'T'XFQE@ r@-@i’y?hr%@ﬁrc c(r%uﬂspor&mt@%em"klsp) and

i mnuta), Lelishmania spp. Met or chi s "spp.
(okhere@ry. ,urmt:wsd inMLi eabhi ‘dm)n,e zseeaxzém-am i260HUEHIKYV envelope

G EPREn et EOSie FEER T, B R FC PR leine C-E 152

FoYiAg WLIPe (Sictle epid J Q/erpVG(ZQﬂBBLdeO@Z) &P§ther proteins to
P. falcipar un), Pr ot of asci ol a robusta

Sﬁacit@ﬁ dsesllgeamesses, Ebpde mmlpmeéotemeﬁ%g%aﬂgmygl»«e\értr@lpaaﬁﬁ@) 255-

oma spp. (e.g., S. mansoni, S. japonicum S.
?@Eo%}é’?? S. haenmat obi urr), Spironetra erinacei europaei,

St r ongy kddii@stoshe immnuaddess da'saﬁhctcaatﬁ)pé), thé eecors ddscribed herein may
sa inata, T. solium, Toxocara sp T. canis,
qécgetqrye or W%ﬂp@gwegﬁb dere\@dd’rom qrr th@bﬁgﬁcf §n immune response

énﬁﬁ%klopﬁlroﬁ! rUse9&! vnlrﬂ?l—lfdé%efl gﬁéén%)?ﬂhfuﬁl )%Sfor exa n%le a dsDNA

uri s trIC 1 ura, ae s ) anoso
9411}08 (e.d uardgao‘perselhmww;ruared;étom bAth\hBlSelner]aestsanplle&i)tpe 1, herpes

sHRRIRS SPE 2o Bt g en S SUiFs ik Sof $$®d%5<8§$ﬁal%§rUﬁoverncella-
'Zb%e\df@bm A SANRANAAL € £ Opd O is Hbapiindviud (¢ BEE 1, E2, E3,

art. | mmunogens nmay be derived fromor direct the
iEfrB ALY, @gpg&,slél’ﬁggﬁfh\ﬁ BRN&BPV4, BPVS5, and BPV6 (In Papillomavirus

and Human Cancer, edited by H. Pfister (CRC Press, Inc. 1990)); Lancaster et al., Cancer
Metast. Rev. pp. 6653-6664, 1987; Pfister et al., Adv. Cancer Res. 48:113-147, 1987));
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target antigens (e.g., tunor target antigens). The
termtunor target antigen (TA) may include both
wao veniassoci at ed anti gens (TAAs) and t unor - speCT/UE1909/001666

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 tunor cell in higher

anounts than is observed on normal cells or an antigen
that is expressed.on normal cells during fefa
(S‘é%@r‘\o‘ﬁﬂ“é?ﬁt (-8 rq@yiusk (T)ﬁﬂ’r]ﬂ’él"l'r)‘t‘seér(e gnPICQE}?VFH%\t“’%‘%‘Ck‘e virus,
{ | t
SR A e PR B e oA IR RARE, 13afiY €Blrus, yellow
<fatee gious, dengiie yousiwegt Nde vims)r( -BRRNAsGTuses (8L, togthnmyxovirus,
ction, or ggnetlc or cancer-testis gfq> .
é qeaéah%mtsr rh@ ovméﬁ)ar §ﬂ'sf )meaglg:f Vs, mu@ irus, parainfluenza
dirhi§ haAblRAlS, %.@nﬁﬂugﬁ esqzm&m virbdes @y AelfRTusl human

tyrosi nase, gpl QO); nutational antigens (e.g., MM I,
pﬁmun@mﬁcxb)\cy mw@r(éum)egrgtdsD&@mT wingsie) éng h@gadyavnrus hepatltls B).

HER- 2/ 5 d
AP v T 5 00 S el Y v o
BedseBEskiRbfenéha- 719, 1994), MART-1/ Mel an A ( Kawakami

et al., J . Exp. Med., 180:347-352, 1994), gp75
( TRP- MYitly wegprst ot HEY, immunogans mayNasgelected from anyHHY isglgte. As is

399 AP N BT s

AV1BRKApwn e t@npiise ap leattaagbybtyses (Adeﬂ;l(St[b @EnFeG, #, J, and K).
| munol ., 130; 1467-1472, 1983) dB%()uantl gens

'(PﬂVg@ is kIVN'SE () chJde 3t least fge sgwpefz(/\ @aﬁ Be‘l‘n QngngpgtB has been

%’Lsggléég'z\@)ﬂptﬁ% %ﬁe‘g e]pa ﬂﬁy%&ﬁ)ﬁ\ogséﬁgﬂ- nren gp@mtn%@%mts dh!% users

womdmiidey Most H V- ILitbimuid&pess, la%yfadaptbgnsahtasgeagms and mapped

Fhisthsh 5T008 10 e Hola Sp Ao AG icaginidies Gl Ragigas where the

fididn¥e BMMdvIRN irlfBetn sta‘i\giEmv-lﬁw%Jeeg &loufds for only a small
Ilmmr?o%enetl CS 4114 SZSS‘SSO 1996; U Pgtth oo

Biowity o Gifectins cad yllltgmﬁcldls\émqmwptearam@b@ﬂ@s@osvcorﬁmon infecting

(Rl Ot o cBhai ool oy M oL ABBm 38000 from

Hivat aibtype§ BQiﬂblolﬂSZ dt may be désnaEPéno nMﬁdie lmixﬁﬁoéen:kgﬁ)rﬂ.multlp]e
192, 1996) (Coulie roc. Natl. Aca
BV subpese. gginbeubrwe B af_@e%)HWc% sybtypey éb%’d%ﬁtf a combination

8 gha(FKS Ly sf fla s%gl kmmur?&lb@@gl%o% 851&8@1831%%‘% HIV
58@§ SI -ras ‘z I£ ?

sum et
51ﬁm4lﬁeg£5|s 1rib991¢)EN‘B,GRA@bPOLBN(EEhaSaWdt asa‘J'arl,anlBJ dmd'atlves and fusion

85: .268&{9 2?%4, 199?%, p53 (Theobald et al., Proc.

RERLFINS WELEQL 1Qc§Xamples A, 92:1 1993-1 1997, 1995), p i

85 HEmﬁﬁﬁgge(n %/%hso veldekv&d fréth-or ditect afRmulB fespords8 hgainst one
:2109-21 1 199 epi dermal growth factor receptor

(OE(H@R) ba(cmarar spsciet (sap) (e 8 baseriatianess entiges(9)inglating, for example,

Sl o CRLppESHRARATD, ERIcRR 0} 35 HordEya et

Bateni spyo fe.g. PBIR&ialkliBgddefei), Brd8ella spp (€ Ls,, Brlicella abortus, Brucella
6,071, 716; 5 698, 530; 6, 045, 802; EP 263933; EP 346710

sanis tEpucellaaeditensiy Brusshasu®s GempyebrcalSaR-d& embampylobacter
Seejurg), Clh%dla spp. (e.g., Chlamydia pneumoniae, Chlamydia psittaci, Chlamydia

trachomatis), Clostridium spp. (e.g., Clostridium botulinum, Clostridium difficile,
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listed above but avall ab

gene products; Jerone et al., J . Imunol., 151
:1654- 1662, 1993); EBNA gene products of EBV (e.g

wEBNMA14207 Ri cki nson et al., Cancer Surveys 13:EGP/B§£009/001666

1992); E7, E6 proteins of human papill omavirus
(Ressing et al., J. Imunol. 154:5934-5943, 1995);
prostate specific antigen (PSA;, Xue et al., The
Prostate 30: 73-78, 1997); prostate specific nenbrane
antigen (PSMA; Israeli et al., Cancer Res. 54:1
§dqsn1®mm1perfmgms Clagiristiypitetani hiGoppebacsr i um SRRy 6h&; f or

AR S PRHDAR R, E i d el kBE 3o 8 PRt GotalsFoa0HS
kﬁ&ﬂ()cocdﬁslfae(cumﬁ Estrdrizhia 9pp. (€., 38heBiR KA, col<i) Iﬁ:&ch;eﬂa spp. (e.g.,

etz et al Blochen1 Bi o hys Res.
glyg*(cg’ﬁ larty a_fen;s@ HW] ug-fnp- (e, qe@_opblluslmﬂuenza) Helicobacter

3@ ZR7R) st R LSRR PR - heaPrelld R,

dieptbpira iﬁpn@:rg d&pﬁﬁph’:ﬁ Eh{&ﬁ%anSDQDl@Dena b]b;F'(e g W&s&ﬁalm@@togenes),

M éﬂ %) GWI%@BRJS NY- - 87, and
RSERh (G FOMBYIR G Vegbar P e lost)
ABRLBRSAE SpP. Qe d&;hwﬁ Birhd hircil Afhe R NIERDsp éumog Neisseria

Antigens, in ncer aCC|nes 2000, Cancer Research
Ignswhetat Meisgdeny mémingitidiiy) PseaddmgmaSpanc(pgatPlswdoamw aeruginosa),

Fober08 305 Te i miskeungehe isefransTaath e o Ginse oo

Falrsiiellh BHhinuFURS, smgnmPs (@92 iSAfdellh B&ineDeStAPISyledcus spp. (e.g.,
e to one of skill in the art.

IStaphuloreqcanatreus, faphpeesccheenisermidie srianhe lpgesre sanrpeiyEigus,
' |
P LR YEBN DR g8 1R NI 451680 ARG o

qe.g., Streptoxcaiggalacide, Sagsbcddods plﬁﬁﬂrﬁ)nEE%tre@roceeéﬁs pyrogenes)

|dent|cal to the reference sequences, or fragnmen
tIhgRoBena shhée-8nArepgacma By idyre). YA e $PRyfreht ¥ bé'P qhﬁ@rae) and

r@rﬁﬁn@ﬁ% (?@ﬁﬂﬁ‘yﬁ%ﬁs)t hﬁﬁﬁﬁ%%%%a)r Ao XY Q/le@ fro diect the

nore | nogeni ¢ epi'topes of the “sequences. Further,

timeuae adspgsse iap@hsiaeher bagterdt! ispersesaot Bsipdhatmive bgt failalile to those of

s ue ces (e.g., insertion of additional/repeat
ﬂ%nant/helper epi topes) by, e.g., 1, 2, 3, 4,

5 6 IimuBogehs mky alsblreZferived from R A1rEQ aﬁqﬂnQﬁm@ Fesﬁbﬁsﬁ%@amst one

or both ends. Truncation may renove inmunol ogically

@n mepoPparagitic @rgamﬁné(snoeau(ﬁs paatiteriarget angigen(s)) wiolugding, for example,

ns,

%V\ﬂst‘?}n Léﬁ)\xﬁg ng@eg\l I g d&n ga%an?s éasgarrgqagéfg@ ceieéi, Balantidium
&unjcemﬂafspp aCinviokia€ epp. PClohdrchib 8ineadig Exicrddocdidm d&hdhificum,
51-100, 101-400, ,etc. am.no acids. The ranges al so
|Q1€‘l°&‘éfé'mbh‘§Pes ?@Mﬁebotbwmd@umaﬁaacsm%wpamEﬁBmaemgS spp.

PRy Fap npu e, £ IKERI RS, Sl b T AR o ermicularis,
\Fesm(da spp- &s g ¢ Eslopatieg Fheagian F. ggandics,du$aksbor)y Gasjolopsis buski,

. such mxtures or. ails articul arl
0Bt st dlan e tee P BHOD PN Eip S T (4 pinana, H.
@ilRinuta), 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.

falciparum), Protofasciola robusta, Parafasciolopsis fasciomorphae, Paragonimus
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i mmunogen and/ or pathogen is desired. This may be
useful, for exanple, in vaccination against different

w0 b@viii2ouses that may be endemic to the regi oPCT/IS2009/001666

whi ch the vaccine recipient resides. This may al so be
useful in the context of admnistration of nmultiple

I mmunogens agai nst the sane target. Non-limting

exanpl es of PIV cocktails included in the invention

are those including PIV-JE + PIV-DEN, and PIV-YF +
PresteDmERN, $ehitietomacbpt (seseS. axeanellics japonicum, §smekengi, S.

d 8%%:?8'# )g? i hon(l:e R eglgggetru?s r(gp% a%gr\(}ﬁéﬁ%dgs gg c?rgﬁi Taema spp. (e.g.,

theaginae, !stdllhﬁn) F"fdko%Nspﬁ fte.g PITVedndy) Ti Emi)uliﬁ(of:&QMElp;eS{eg T.
of just one dengue serotype sel ected fromthe group
oRdils {ripkpbithargiaTggratis Erighipeliaspiralis, Toichyrrdrigljute; Arqmbiculidae

SR A5, PR SRRl B, s

T/ zﬂimllie&ldn&e(ﬂ) trogdwrdirect the knsahe tespgasohgiinst (thegparasitic organisms

64T | sac, Sal p20) vaccin escri bed herein can be
Eﬁe‘é)ﬁbqvﬁ@l“h%‘iaﬂ@bl? truthgsg ?fé?‘éﬂ’c“ tf“?ﬁ’l‘ﬁrnogens within a

Sln9|q luboPensint HEBH AbRD: i BMItNd frftRuneXespoRle

based Ign umogtnljr eal S%F; %/HSJ, %o?orEAl?/éét)t whllcl:ne %ﬁ) %%mst fumor

itargEtLrdEigamsee.gr, tumporgaiget antigenmiihogen sumdittergeoakigan (BA) may

of t invention can, be. for ed,as such.or can b

o bR SR f AR e TALY Bt Sns Shei it piRian (TsAs)
abrd\e BAndhS dll R MhelddBrdeH A dn@iBed. N& ITAORSY b&gh BltMen that is
vectors, PlIVs, LAV vectors, and LAVs, as well as
@apmﬂ@ndhm@rﬁgwf@ gimasicel! nbllllehqxlaewun@hl@aﬂnaewe@lam normal
%rellél (gr(r:a% ah 1ﬁen tofg ﬁ%}lei%snsséd og?lg)rrrq%tceﬁ d&q_r}%\\fg f%tgfs(éeve opmeﬁp A TSA is

atl vect ors

Ltf}i(&al@'fantahﬁgém&ﬂ’ik uAkUE BNubRr alRtndfidfiot@XfREed onindrmal cells.
vacci nation nmethods to_i nduce an i nmune response to
1TB°E ¢ bpigally clpafied/infBve catgposes ansatding todheiy @psgsgion pattern,

pr opﬁ) elm(é:i:ft (?fé&réa ﬁe‘? OB %tﬂ)eéiln-{ggl%e(l FEMMGE, NEERS 1);

whi ch case ‘arri ed out on
sméjpmxcyts diféergntjation aBtigess (3. £ ¢ MelanrA/MART - Irgmosinase, rgp100);

subj ect not t_at of devel )
e e e el Gk FE e e e el antigens (c.z.
fﬂmizvdehgﬁéﬁm/d%aﬁafﬁ?g%np@egﬂ HPONERGY. csthliatar% TAWRElude, for

expressed | munogen i s derived. The net hods can al so _
tesampler gpl@0(Cox ef afi Shieate 26463165719, £ Mde"ul/Mﬁﬂ\an A (Kawakami

341 55 U A0 0 S R R AL VR,

V861108 5-1¢40) 1096)1526kina3el ( Wiotfeliedt lay, Bur. J. Im&uRb). rmt75®n764 1994),
wi th one anot her or other vaccines. The subj ‘ect s

eS| QWP HEp% &V O K/ 1§20 hotrslagpme ﬁ@t‘?%b@ﬁ@ (Hgllstrom et al., J.
I RGIAE. {}46”%?:149? 1‘%5* M‘ﬁaﬁ"fﬁmh Hﬁ{‘% g@‘@ lﬁm((‘?ﬁ-q 2,3, 4, 6, and
5

'l vest oc such as, "caf’tle,
d@avan dariBrudgames tl. ,cScaefncaﬁlss 16431¢64J7d 199 ; dib@sPammi Na:>a6,§)35 525),

Lor | ?é{lggntgq(}% quﬁI:]t\él rg%grrn%y 2: %X?'IS,LIQXS)\,/%CA%% ?dmi?ynadntigens
(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., Inmunogenetics
44:323-330, 1996; U.S. Patent No. 5,939,526), N-acetylglucosaminyltransferase-V
(Guilloux et al., J. Exp. Med. 183:1173-1183, 1996), p15 (Robbins et al., J. Immunol.
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can be carried out using nethods that are standard in
the art. Nunerous pharmaceutically acceptable

w@oloatti2es for use in vaccine preparation are Rel/US2009/001666

known and can readily be adapted for use in the
present invention by those of skill in this art (see,
e.g., Rem ngton's Pharnaceutical Sciences (18th
edition), ed. A GCennaro, 1990, Mack Publishing Co.
Easton, PA). In two specific exanples, the PIV

VIedt5§r4-59 \l§95lﬁ\¢a\¢ét§t(&0§bm&ﬁbﬁ|LA\E)‘PaB@df,dﬂﬁﬂ|1&i -&403,41996),
| I
DMETEERRSHL WOl 23 6l MRl gy o

Qfepéfdyht ldﬁm;éall (@D@)I&%l&@étbi]t StienddRgovIQB ] - 112843, 1995/) p2l-ras
vect ors, LAV vectors, and LAVs can

UF oG A L Brcet St QAR WORD BER bl Bosdiaphabn Blagd 8:2680-
t t

e8! 7959, 553 LGBt B rid. NaBIALE( 861 PA4 1621 TR Flo¥7, 1995),

Qe85 BEERMAmEur (bt BT iskutiahg) . phiige., u&am(&xm el 99 % repidermal

sievdriaoendiai BRI Hpels s Hiesicryres Boudreting bds 199,
Qﬁérc‘irt&%rﬂ;m%tlglens' @EARKNohe ematJ N2 CehedThaed59821060, 1995)

an appropriate anount of virds to adm ni ster can
ﬂéGePatennNtst ,B§6,t@h Si2T8108f 1 A7 LT 1F; &dY7dy7d 6 524698,530; 6,045,802; EP

' | health of .th j ect .t
AR R R TG P TP IR ot et S PRl RS (e MUCH
%ﬁe E%Ec@fje}dm/eeet aBl I enHahed 151116583667, 11993-') EB‘N@Ugérﬁrbroducts

e viruses can be fornulated as sterile aqueous

SIERV rs, RINAaL; rﬂlﬁgn%Et%b,rCaI@Qf Suveys 08; 53e80g 1992087, ks
pgotbms oFﬁCt : O apnl'lJ mavsfrug ER% ?lq liern%)mn}norigl 59;”%&3% 5@4? 1995);
t'r ssue CU ECt 10 a es aOSE VO

Grdstare Qpe!alﬂﬂ antIEd:d/$P$/&ﬂXb@etaﬂimm¢ Bto@lfa&CB(Hl?a 38 m99a)r prostate specific
doses and jn sinilar volunmes: PIV titers howeve
UREBPRYe FRLigen (RIMARIsrasligt al.frager Rasr M hE0 Tk il 19943; idiotypic

%ggtgﬁe@op & é%\t{s 'M%‘i@' rﬁtnrﬁgoé:]f)blfl?ﬁhlot)@%r Bxh?%gll receptor idiotypes

ective constructs ténd not to form us-1r1k
{Chquesil., Ddmesnobn 53:4Afe 4Dt Weet); KOA (&hsl Phifit NEUS ah81887),

i d i | of 0.1 to 1.0 m '
T BAUTFE il KRR Brn Eon ComaoiCoas babh o wie-

fsar TGFBITpJnﬁ*apthtofla%EdTﬁlroorﬁé')b@t% 2BEUB;onidat SEAMIKSHI W 183,

|ntraper|tonea or oral routes In Sp ecific exanpl e

QORI hirhar poesbing> 52 GBrys gl eQensynicnd §:568311986), HIFT, NY-BR-
(WAIRTHTEENG. BRI MILBRY Ry BY. éBSTaJ\PE % ngmhe%

cronee 5 or 'm ctoabrasi'on devi ce t'he

\(BEldne M. Skrolldptic atBivin fofn RN fRoaHEs toithé Riremdfctanoﬁt of Human
single dose or, optionally, adm nistration can involve

tTW@QEsA@t'@FHSaIWMﬁeh Haerdass 20801 Canser 'B%ﬁe%rdb&@ﬁt%f‘r Neoys ork, NY),
'ﬂ@for m: Eé Eleﬁrﬁ en ﬁ’el%atsel?%ﬁ) thS? SE{? ll%?ent No.

eter rop se 0 I'n the
37;473 5(3p) [ hmnuhdqund?h!wy glac bé dWedd'anber diciret thesteruae raspanse

SRFInFdeeor TREPGF R aRan eVl e OBRGT dR fscrt
26: 5711’1 5&7 tlorz&)&qge sptefflcSinnfitnodtn seqﬁ?&%s lidved Lbov@ctﬁgmventxon also

Sci. U 195 1- 1956,
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

fragments thereof. The analogs also include fragments of the reference sequences that
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Optionally, adjuvants that are known to those skilled
in the art can be used in the adm nistrati on of the

woRe0eseR0BANd vectors of the invention. AdjuvaneGI/Ukmn9/ 001666

can be used to enhance the inmunogenicity of the

viruses include, for exanple, |iposomal fornulations,

synthetic adjuvants, such as (e.g., QS21), nuranyl

di pepti de, nonophosphoryl 1ipid A, polyphosphazine,

CpG ol i gonucl eoti des, or other nol ecul es that appear

tinclygss korisyrample; gng riperFoMMUPPERIFRRHepesH! therserpences. Further, the

I r [ .

RABELInER OG0 RLD: A onsiR ieseliorB (kG RBkion of,

tadpitioahlirgpaas suimticodentiadntAelpenepiepes bpansel 2 8, 4, 5,6, 7, 8, 9, 10,

inacti vated vacci nes, they can also be used with |ive X

5 ﬁic-peav%w—'%eqneee&hiew RRsR Endsed runsatien Bgy R igmunologically

TnffRpQHantOl ARPRERS Sed®Ncel% &1SFTthih KnBwhREuGASSimhuhdiygic

or repllcatlon-de ective vactcl nes. The vaccine

clandirgacestwemn domairess bgwholetuodesipd dermaifik Baralgpodeleteds . su¢n

t he,.case of virus delivered. via_a | route, for

S ey gt 2o G bropes Cullh 0T Fppeste aRing &ias. The

h@ddes kRB 'irlc%deoé‘.%n 205406 302200, akd-30-160 amliHoaRlds.

derivations of LT can be uséd as adjuvants. In

addi tion, genes encodi ng cytoki nes that have adjuvant
tivities can be inserted into the vaccine

3%§g$g%tes. Thus, genes encodi ng desired cytokines,

such ahe@eaBbn alkd intludes conhgositidas idcudihd-mixtuRb 6f twCémore PIVs
be inserted together with foreign i munogen genes to

PReEuREY deqerecisilesaribad hersyul AsdipsediiAre dse pivel mixtures or

r . d .

CBEERISD b P UM R AL RGP TR i mor tonone
rimepongasandér pathop@viselesicedl Mhid mapboypsetidnfor atande,iin vaccination

Moder n, Vacci nes", Schijns and O Hagan Eds.,. 2006, ,
@@g{@%dééle%t R IRISEy §é?a¥Ah$?'@Fﬂ‘é°tﬁ% thsyesegi in é‘t?k&c%t?‘e vaccine
Pdipiehakdies. AHAEHENaISQBE BidMiNA i doARE ofdnfRistration of multiple
appropriate toxin-derived adjuvant, can be applied
omerunpgensiagdiagtthosansi taeget. Toxi n pronot es | ocal

infla tion. attractin cyte 1 ch.leads to

ror e PORLTR e S es BB . ERRERE EFuet i BRGPn 5 ose
dedladihg PPOOE & FIVIDEN) 8nd PMENF-OPIVADENDT I8\HolHEsF théketeREmples, the

Exampl es, below. In the Exanples, experinents are )
Fa¥ e fariséther on b compoNgRTs ek aisingle pidua) EomperentyPIVs, as described
VHbUS 85 aééagsn, iff tf cas¥6} MOP (VARG msdcmngﬂﬁégééqﬁz&%%f just
wer e tested. #lrstﬁy, We defronstrat ed that the

woademgue tserogipe sslegad fromaht kxouprbesiaingefidahgad serotypes 1-4, or the
sensijive sugkling nouse neurovirul ence nodel q%ero
FBFal Faninglide PV aeesting sesyces rorbinga e, ©pall four of the
QU Rtypel! BurkRY (ROTBEB o d1¥ ity feXfiickBalitprotdit YL/ SN RP, Isac,
LAV). We denonstrated for the first tinme that d-PlV

Saip20) vascimesvdeseribed han¢ingan beibashd on mstislingthd diffarenttimatunogens

t wn- conponent, Pl V: t. und |l ed .
UM DR s 08 =t R A& 8% BF bt of migfugsgiof PIVs or
112008, wiiek eaul iMcludeomed i sre®E tHeARARRINLEERS TRE cbékails of the

I mmunogeni city and efficacy of the ) o
invention can be formulated as such or’can be mixed just prior to administration.
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PIVs and the LAVs, and denonstrated that PlV vaccines
can i nduce imune response conparable to LAVs and be

we@owalil42oef fi caci ous (e.g., as observed for PlRETBSZENL001666

YF/ WN LAV pair of vaccines). In one pair exam ned, YF
17D LAV was significantly nore inmmunogenic than
Pl V- YF. Thus, production of VLPs can vary between
different, simlarly designed PIV constructs.
SpeC| fi cal ly, we cﬁ)r opose that PIV-YF does not generate
Formulation ,‘ ymisyiapan conpared to Pl V-WN (WN
VLPs) and t hat . e pr oduc f VLPs ca
achi evid By %’h%‘f’ ﬁ%@i’g\/ggﬂogngl\gst L?We"‘?‘ffoﬁ? I@I“H Ll%‘evs as well as
J&ﬂ@%oﬁ@n%'ﬂu&@f@%gfd' S NG pHﬁHﬁEédﬂi@BlSor val§hd (fdn%sltbbns and
junction I's an Importantlocation in the
frhethrodsi qf tleinusk ppd ptepanatlm cResPMavdcrys, tPA¥s.flok iaeétors, afd LAVs of
vir envel ope ynt hesi s o i.ral ot ei ns .
he R a0 SR e T AREP VR B g Y oTndthalsds Mipgg ap immune
hé BMBHbICRherHaviviius ind/of 3nStH&ZxBRI%d ikARhogst, @8 Hiscribed
Lobigs, J. Virol. 72:2141- 2149, 1998). W propose
th@mm sEBlese medipds an/bereroplylamtiy, innflieh ease ghslylase ¢arfied out on subjects
nt r as rodu ion of viral. 1,Gl [ .
T RubEEn SREOH e ety BhisBRbh e fiedliaf developing
AhRtE@ARE distdseSdag sl LISEBE bﬁWiﬂaﬂwﬂjh énd/omcpatiogen Giom which
use of a strong heterol ogous signal peptl de (tPA
éb%otyeq qq(pbqswénmuqog@n §|dgﬁglq:d i Bie rﬁqath/‘) sgan @iﬁo e therapeutic, in
t
HEORRg e pfled o (s AaafNind HFirRictbR b5 BRY ohore of the
frhlavam ipathegensi Buitioan, thStvrases aad dedmx’s |cgsbe dsed\ﬂndmnldually or in
%141 2149, 1998 i e.qg., as. ﬁh h
mbirkEop MEGroRRANgther o lies Xag ARstiaiieo the
%&ﬁc\/&%? i ih\ &R @Nclmmna%wéf% nlax @n@hmm% (e.g.,
specific amno acid substitutions near the cl eavage
divestogii, tshch95gmtlleppnghc(rsesQSheea@ndgg@is,| dnd @oingstic animals, including
é@gl | 021 n WD 2008/ 100464), followed by incorporation
> ut at i on(s) into PIV genones, recovery of
Pl V prroganitiamnef the RsUediorsVRIV ss EANVBdc@is, and LA Vs of the invention
Non-flavivirus signals are inserted by nethods
sen ke srraed auiysingapethodsthefiase stagdasdintbeartt Nwmgrqugipharmaceutically
gdb? ?ﬁ)iegs ?ﬁg)n?/ :fc?rgfgje: ﬂf\gaé:g’arllg %Yé}gﬁa%og?/&avgél ﬁgulr?é/n%dcamfeadlly be
radapted fis @ise Al the preserit dvieatior( by those 6IREill im tNsBrsde, t.g., Rebingron’s
or GRS or e t|o of the epti Lte
Fragreranieiens s ud) e Bagy 59901" BlasksPrlishne co-
flfa%ﬁm No A £1 it %pébflﬁé BFanﬁil&nﬁx'e P@f/ VeBloR), BIVPE ANV dEt6:&hnd LA Vs
be achi eved by using such el ements as aut oprot ease, or
taee farmatatedrin Midomurh @smmbl\/w uprEarRESSaliM BMEa conteinyng 7.5%
t.h n|t|at|onc C can o
l?ﬁos&?ﬁgé%f k\"G Mg Serum a %ﬂbl{‘l S &El\ggdgﬂt(ggmgs?o% sor""tlntofj However,
UROIPDES&RGY, P19, d.A V VectBlsVAindNA VAR sihipeest difutdd iant ptebiologically
forei gene. thl m zation of vector signal can be
mq%lmwlwns sieH apstetiteagbinean sgerile byffereggalingser t i on of

synt het i | r.andom ence follo
ot 1 e 4V FaHoD) POTabAY Fop g A & Sl pinverioudeade
VUhisiSere8 s 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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We al so discovered that PIV constructs were
substantially nore i nmunogenic in hansters when

wa@eaomwnievered by the IP route, as conpared to PEEUS2009/001666
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subcut aneous route. W concluded that this was nost
likely due to better targeting of antigen presenting
cells in lynphoid tissues, which are abundant in the
abdomen, but not abundant in tissues underlying the

ski n. Based on these observations, we concl uded t hat
edetqraninedtbycapgjderatiqp @ﬁ‘fa@wwueiba%éﬁquwe ang|general health of the
aby Oggfeawo% R%i%&i b‘é %Hm'ﬂﬁsté\%ﬁ' apﬁ)lecﬁﬂ RAACE or live,

I n u atlon,e.g., Vi a I n nlcroa

i afenedded vindses nﬁtaeidvemms nﬁegvnmsesr@ne;edbmlz(té&mmﬂe atueous
Hum Vaccin. 1:106-1 11, 2003). Fur

cRytiosy cinBg pervesaiPsandol G ross ﬂ‘héo flgaé‘PfB‘Fthuﬁ ymé% (e.g., plaque-
G PEIhAL betsll K E RrebuCaElTh n oscbotfint LEOTH LOm. PIVs
Yam DEMYiministered desimilor dabes mdsmesrm dayolotumdssPIV titersshowever are

Ugg tant to.verify that there i s no. i Lerferenc
eReasyreddm o8- sosrss @mw%ﬁe@m'aﬁ% Y Hapugostaining of foci, as

hal RN edtildTBMRRu S RRANSELol Srmh DHUEC KL pIRGIST Blosd cHn range between
n1xtures were used to i nmuni ze rodents and i mrune

r 6% podh $@'SFRle ped amipisteset! ino/oRinvesadifstt touc® ml.adni ni st er ed

individually. No interference was observed in

mi xt urdl virases andyvecters ok thgiipveption garchs adaynigteeedrbya &ariskample,

%H&Qden%l%l %L{ag&stjsnﬁ}/ra ﬁsc% ar p?{rléﬁe?lltl(%n%?ll 8} &Ql IfOIUFE%n?I?S]:JeQIﬁC
1ons avi viruses

Ofﬁ;@mlplblsj cﬁdhdrltlél' EH]IS awuafgétddebyahsmdeuﬁﬂd)rtlfanﬁiutmb(m&mdﬁuslhtyatlon by

adn1n|ster several Pl V-based vacci nes agai_nst

s of | gg,q)@mpll& nb%rf)ﬁ%;éiéﬁﬁé)r npgﬁoglpféq,lon vuﬁeév g urther, the vaccines of the
qﬁ{@ﬂi%g A Séjac;rﬁmsté?gj fr‘leaustlﬁg'}é H&%erbg (?d'ﬂtthBdXdﬁ] Qﬁﬂ%ﬁ cér?mvolve
i nduce agalnst packagl ng envel ope after at east

dbs e afa fPinving dogt foHawediby 2 boakita slose thatalk laémtresierag,eu g152 6

VLPs, secreted from.infected c

TE S ik el BP0 S R gt b ot BilBanese. Gptigpatly, PIV

raltiNed GR®e |aﬂmFd1ﬁerea)mpl§Nk\a&ﬂd\1A NRAMUntA8bh ¥sin®methbds known to
neasurlng neutralizing anti bodies to heterol ogous

pheseadilled ietheartdhang e al, Nat Biqtpehingl 26a3d+ vife 20@%s dlofler et al.,
gﬁr /Fi'c}/ A 'lPs'l\e'lﬂ?r19§ﬁ'lbri6 BP&%’)' di ng WN-speci fic

pro elrns ’rn'trans ter observations

Suppo ré fcllbe Bljudhntd Bt e Iﬁqb% &5 Hdke HlilYed'AGRS A8 §an be used in the

nanufac ure in a universal hel per packaglng cel
| ddnenistatcbnsod cqlnﬁewtusa:t angdseecwis of thé ervemion: e%dgntanmmt can be used to
Pl V-vect ored vaccines.in the s

e SRR e e B o bses YLy R KRB i aformulations,

abadeNahdjoVntst it o E’I(é/gcgsany mﬁmﬂwp@adétmo»hosphoryl lipid A,
propagated to high vyiel invitro, and that no

rrE%xnhbisnimmngn(éghmnun@owﬂsl er atherumoledesrthatappear to work by

n ) LN tr L1 et
B
ZmdrbrhndsAdithid cdllsd A 1thAIQH thesd idjeeanddle oipheally asqeeteahmice immune
the invention are further described in the Exanpl es,
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

agonists. In the case of a virus delivered via a mucosal route, for example, orally,
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bel ow. Exanpl e 1. Pseudoi nfectious virus platform
devel opnent studies Attenuation in suckling nouse

woewwavi2oul ence (NV) nodel Materials used in tP€T/US2009/001666

studi es described bel ow are described in Table 1 and

the references cited therein. These include s-PlV-W
(based on wt WN virus strain NY99 sequences),

s-PIV-JE, s-PIV-WN JE (based on wt WN virus backbone

and prME genes fromw JE virus Nakayama strai n?ﬁ‘i oo
gomogelharduypnts wehias thaheatdhdie e obk moe (f&hesmptaghdapyations of

AT BPE sadiboiaghC h ARGG, Yo b GAMRBITGA ave guvan

Iactlvlegyl:aﬁnrbeBHtérte&hdts tHeShiasihevandidasds. Thds, gehésrembodlﬁg desxred

ot sV Sl o b2 T-ETER i, oo be ingeRed together with
\ﬁoFe@én infiRurf® %a@gé}%?ilo px%g\%)a vattihe maa;es@l& 19fenﬂzn1%§@m?lln¥ne

pr otot ypes s conpared to LAVs YF 1/D, a chineric
YEgpdRsesj orits maginthteai nohunmgrdicctéB /nwike vpmlfszallyltmm:did getiglar, humoral,

nouse test C i nocul ti n) usin

SR SREat) sBSasetilie oo Gk PRE e BN Moser, Yasgines”.

| ¥R Ve TH a4 anezoo%aege\dem@hdemwegsusmsriaham Boston, etc.).
sequences and J WN pr M E sequences). None of the
dontieaniy, tahvatchrcen@ummja Ryt fangppugptiate soranderivdd agijwant, can be
S8 s e OB, TSR DRV Ry ©
Nempeddyted) wiith feads meclao@fm&hdt g8 fc redpirse. the chimeric
vacci nes are not neurovirulent for adult mce, but can
cause dose-dependent nortality in nore sensitive

suckling mce (Guirakhoo et al., Virology 257:363-372,
T@mplesrroyo et al., J . Virol. 78:12497-12507, 2004).
Accordi ngly, 90% 100% of suckling mce that received
doses AMdign deails resramgvie myetwnes propidge inthg Bxamplgs, below.

IHEFAHBRD B Rh IR R, B R o P RRESE( o v

I\onmgesr(sei:ye gag’éOSZK)OY//OQthand”eN OAB0Y/1871 630 weed estedhaFirstly, we

dj pected. Thus, PlIV_constructs are corrple ely
et o Fsuurs s e Figoay mog¢ aitenyated sha pgitive suckling

gg&sgggurt){nm&de%&iem @éf@?ﬁbfth‘lllt? @E all Q@t@d HB&S} és‘%%ﬂﬁﬁ%d%g available

vacci ne) caused
n‘d;‘t’ abnttgjs OFF ¢TPNYEEE Lsﬁ‘grm;\d YWM@\,I LAPVé W@dermmtm@dtfor the first

i 04 B0 oo AR LRt B BRH TS0 bER gt b fponen

FIVP A8 abE $hddigd unbnifled Quﬂlnfil@éﬂs SpreAdnBAVEAnd MMRAnétdaBSt clinical
to detect the d-PIVs in the brains of additional

diengaPecandlys e perdommad Goetparisans of tirej igweinegenigipy @d efficacy of the
BRvL allxcp?m% ‘tAEW Hé/m(grk{rﬁé ’Pl\aQ/gc ?rﬁeg el ﬁl%u@é) iglﬁ'ﬁune response

(brain ti ssueé rom m ce trecerve
IoogiparaEELﬂo d),tAVéFand bEIek{uar}cmeccbuE’I(é/g siespestd Val BJV \Mde
hom) n| z used f&r titration). Thus, the d-

RN ER YT Wceagn O Rt X e Bl ) §A s sy ficantly

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 large 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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whol e virus. YF/JE LAV has been shown to replicate in
the brain of adult 1CR mce inoculated by the I1C route

waowdob/1a2peak titer of- 6 logio PFU g on day 6, PEl/D8i009/001666

wi t hout clinical signs (Guirakhoo et al., Virology
257:363-372, 1999). Co-infection of cells with

conponents of a d-PIVis clearly a |less efficient

process than infection with whole virus. The data show
that d-PIV replication in vivo is quickly brought

ueratien iothe flavivisys polRIptein piehestratieg e eravation Al visel £pyeloee and

SRR n AL ARSI RY, ol EHROIENY Fhibk) RI.6635%1095,

Eblﬁvbdag aﬁcDR;cp,er ViR$.C131: 4080 - 8099V B 9BStocikyamdedids ol t\haﬂ 22141-
chimeric LAV countertparts and YF 17D in mce an

S #9-dR9Ban¥ e eraposerthat ssercdipa of ¥kBe in Pi¥ninfegted;csis ('e contrast to
l;__:')r(&&ﬁ%ﬁ&?&e\qrdl Eaxjt: ikls imwholk Q?rusésfcdfnrgmﬂﬂ'éz?sgﬁ B?Ln?ouplmg of the viral

perinments 1 h hansters were ornmed sim
(ppdtesse andsignadadeeleadapes at GE Jmfctlbﬁ’ driuecoff adtrong hmet'diogous signal

S50 O ) B o S0 S et M o
P é/eBtferd) %?51§£££se%1é° k/élge]ﬁtl?é'@/p?‘ﬁ/ Jl%tl'ﬁﬁ\éf A5 AVRSIes Welﬁ@ (Stocks

i mmuni zed” I P wth graded doses of "PI'V constructs (4-
landjiLobiEs U Noek /2@ 4 LRIl 4 r1i008), AY., an predicted Ay JignalP 3.0 on- Ime

contr ol 4 |o PE | ect, PIV- .-JE and - YF
GRS T €enstit S ke eSS leqyag Hhrei gy grgeteved by
QAAIVES BPIPRLIRY afPNSAdidStbSti(ulioRd feadlhe INRAVAJeAite ZVithOSignalP 3.0 (e.g.,
anti body responses were determned in aninmal sera by

9t dergeibell PRIPEG QN AY @ SO0AEP PG40 rfollgred hmancorppratipn of7¢hosen
Vi T, C h if
EATRGR 1R 1 YRS RS o8 b BLOPro PR il Y1p sqpeton.

WMdnhddviivingaigdnalsase ﬂvdrdﬁfb@f&ﬂetbyds%m&ﬂ ih tHeedrs Uncouplmg between
determned in pools of sera frominmmuni zed ani na
dhgdrap grofenge 8ud sighalash clia¥ages ryhbatshis ved by ﬁ%lﬁt"igwthﬁ Héa' cleavage

LR B B PSR SR i or o or s,

ptco)t ecdaetiohrodithd @tinasitecdrabme odj@s 6mesaﬂa,5€s 3Ef mﬁ:dslsary\;tfowation of

Vi r LD50) ,. but not nock- i ni zed
epaistios G SR M IPHELan DI e BOM L heAghe Sueh clements o
ABRPHi&He, 07 ttRiifatibh @A NI ¥ IvEW BY akVIFEES. th&hatWé'I)f Hdtive AUG
of 1 mune responses was observed (Fig. 4). Thus

snitigfian qodomdf Glcen bae@aﬁééln@@nstb@t%\shqrﬁﬁmwg@rﬁegueaml is

AP Pt GGt e 2r Pk PREE el s an i i Enpgion o

Qbctbt Sgndt cPlSe Sdribinkd 2 Rdnd¥ml rﬁu\eg&ﬁﬁpa@%ﬁ @sérh@n Ifsynthetic
17D control (ICR mce). Yet, dose-dependent protection

eAndomizedrsequanemfolerred by idgng caion af riableolRIRY- Yamanisividdincreased
l;r&l oNas observed following a severe lethal IC

chal enge Wth w YF strain Asibi virus (500 LD50)

( Tabl av83jlso W@tcﬁl&rdd&hatl’Pl'&ig:foeﬁﬂRtﬁwmtsllfbstdmaakylmwfeeldgﬁunogenic in

that neutralizing anti boﬂy titers as low 1:1

PrBsistsYRee adgunigErediiy e IR oyt phoserargsig the su cutancous 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

P1Vs to dendritic cells, abundant in the skin, can be achieved by cutaneous inoculation,
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The YF 17D control virus was highly inmmunogenic (e.qg.,
PRNT50 titer 1:1,280 on day 34), and thus it is able

wo eooonfeetr cells and replicate efficiently in REWUS208910D1666

its envelope is a strong i munogen. Therefore, it is

unli kely that |ow inmunogenicity of PlIV-YF was due to

its inability to infect cells or replicate efficiently

ininfected cells in vivo. W believe that the | ow

I munogenicity of PIV-YF (e.g., conpared to Pl V-W)

Vs, Wiskin rigredbradereon iptradarpal inggdon piiegiméarorngdlgs (Dean et al,
SRA ci.fic IV-YFlnfected cells (while VLP

;@’c??e £ 8% ll ls()\%ﬁahbg()fm V-WN i nfected cells). As

di scuFanberateVigve Werigll QReserinials ﬂomﬁleQMhﬁbﬂllyy o&fadministering
Pl V- YF can be snognl ficantly increased

Apptustss Preoskigiiof deffarens RV sughhas t@ﬁ?ﬁ%qr@ﬁébpr@w (e dE+DEN
|
k"‘ﬁ. G %): o (j'gﬁo g.ggg ERRi d.?gsva%sﬁaﬁtfeébe@@% tidfre is no
cmteﬂmgaﬁetwmahbmdnbmsmeadrcgn@oaémg ragd et ebmlhm@d Usimune response
rabi es virus G rotein.si

éwévgfst |SE"‘irF‘lsP§NemB‘I“H§?ﬁ”ﬁ‘i9d’é @dm%'@rrgg%myn TyRe responses
%d?n;%'e@ﬁo PlVMoﬁ:Etm?ssad?rnglslngdQ%|'v9ﬁalIyz ﬂ@?r?ten%é@x%e was

2000 etc in place of the YF signa A

Sbsarvalkin empmmsnmd thussoqlséaiif iVmedcines are ﬂea51b|ﬂe ES(JCb ffermulations

i.an .hansters, o conpare | eni ci .t PlLV, ..
SRR CRTeb G D Pt rD Ear T S there i TrgnLNdyipises co-
Ic oM MeZ 8 su Berhls{bf et drntanhsly R8mifsér RUdrhIcPI®Sbased
(Table 4). PI'V-WN was hi ghly inmmunogenic, e.g.
WRECips @gding nPRNIRS (v ituls pethegens. day 38 (pre-chall enge)
\g’er 2’ :lfgi';f gr w% hg\éeode)ni(ggt(r%‘lg% éla? n? neLgrra llé%% aap l?odg/ rgsp In_é,/eelg induced
LhespQ patkaging. enVélbpe ¥fes ab maﬁwmtdoke@\wpm idanhechnti®odies are
YF/ WN LAV 4 | ogio PFU control (> 1:2560). PIV-JE and
ehrtqdragaimsiaV bt weretns! feon pfested eelisy uT'i“éMa% Aergonstiated ygips the

f J
PEGRERSF R lcheltdrd d-PIPYsed It Rk 2) SATRAES o Aaud o by
Ricdsuhi gatredtraiiziiantibodies al heérglogpat mckaging eroridpes (ead., to the WN
chal |l enge with wt [ rys,as I denged t he .abse
sl et 1P B plfern R ol P OSe ot Nosud Mk g &
%Ht@iﬁs G @drsE MBR) 1att @ be& VAt AR sBRRRNCGutiaPuseiodiffdr&APIV
reducti on of postchallenge WN Virus viren a.
Vaedinds mamnfag e daimi anwli gergee helpﬁmacmgam&@ﬁt“edmé,mdIsequr)wtlal use of
h%ff'g %con]bﬁnaélggw ag%g%g glﬁlfcrlrl?eggﬁl hoe(r::stanmr Nt ghalvaes discussed above.
e hddifen] wetohflirBeEpRSibusBYervatiomdtadt mvr@hlstyucts can be stably

illustrated in Fig. 5. For exanple, gh post.chal | enge
Yropae#ted to Helhields 1y yisies avrl thas reg@mhnnﬁt)or\/re?teﬁﬂwhﬁ@ virus oceurs

gﬁéﬁit ﬁq%éd“p;{@a“g@% .g@ygﬁtégﬂﬁeﬂg'(l?mo% etBFa\‘{"r&gg ﬁ?fﬁé‘z 3?3 2006;
Shustbeetaali, eV isoll D1 1785+ giTHS, 200d).1 out of 4 died (upper
right panel). In contr vire sjgnificantl

r educaBegandiothsh ashents iﬁhgfﬂav@t' nqﬁfnfm?tﬁﬁ GipepiinihprEXamples,
ey, doses; despite relatively | ow neutralizing

titers) or YF 17D; none of these animals | ost weight.
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Simlarly, animals imunized with PIV-WN or YF/ WN LAV
were significantly or conpletely protected in terns of

w@omvAc2al | enge WN virus virem a and body wei ghCT/US2009/001666

| oss/nortality, in contrast to nock controls (conpare
i n bottom panel s). Thus, high inmunogenicity/efficacy
of PIV was denonstrated in a second animal nodel. In
anot her hanster experinment, aninmals were imuni zed
with PIV constructs by the IP route, with two doses.
FExample 1. Bsgyaoindeqtioys vius platfprmegyslopmens stusies
(specific for each vaccine) determ ned in pool ed sera
oAttehaarsingn sudkhing meusdyrenesdedaice PEY) reegedr i ment ( SC

pi v viNTeteiapah i haggydies desoriped YRoRarg eseBed i leband the
(rgif@bé%cé)s%itgé-)he?@ﬂ FRERMSLIGHRSEPIVANS (bide B wt V¢ WBAS strain NY99
e

ect of the immuni zati on route was observed both

atquencashes-PI¥tI B3 s PTY W NI Us easedray wi WY wimeschacklanepndy/pidd-E genes

fter t.d SC i [ i t in

TSl Vb RRieragecTrar s val RV AT ED Wkbapsand prigsP eenes
iR W irlid), APV -§TFgbadet bATY FLI B2 equamids af A &itidiae mategials
dose, titers were simlar). A nore pronounced effect

vedudsyb BN (Y3t d-BHaegrown irstegulat BHEs ecdls (Plyistpveial- 1l Virol.

nt er.est | Pl MY . )
735 BB SR LM BN ol ypo ot
IBzakizealv,d. ViroR8216945695812008). 1, 280 after 2nd dose vs.
1:160 b Simlarl I mmunogeni city of Pl\-

SCO) . Y, HE was .,
si gni fﬁtéamw qf s R arqrerypes wapegpwareelite Liy\seY ' bfD, a chimeric
]‘{Iﬁﬁﬁv hd 6k %mrﬂeﬁc M?W’N virddiSuctIfbtfdust RNNORE! (10 iffculation)
| ynphoird 'cell's [1

0 , specifically antigen-presenting cells
(using dinghdy susoeptibleabdadaldttCRmich éheabitioreein vassasppdsdedyellow fever

ti ssues. under the skin), is [ r t consideratio

For R BP-mrgtsceriakes i Fnul POTF ssrenees) None Ofihe
LAl ihagreedivalePlr EdnsGudsbloweafclih 8l Siisor diddC WBAS hdgkality was
t he magni tude of i mMmune reseonse, can be achi eved by

iotseruetbinmaimale inogelaied Wit leh VakTabigd). gihepds &71 girugis neurovirulent
route for PV i i zation of . t .

TR B et P e E R AR e AR Rot el ifeny for adult mics, but
whetdige dasendpbiidint dorgikatytih howky seneisiPe Bk ling site@idiakhoo et al.,

agai nst_packagi ng envel opes (as opPosed to response to
VPOt Aatd by, FYP: dsrspretehd- it J8d Pt BULHY, 2008
'AUCS@%%%%-?@O% 'N?s&é‘ﬂngg En;};éé‘ th&t BEHddHols&d AXow as 1| PFU of YF 17D

ant | S were detecte PRNT50 1 n ani mal s
idied iV B/éldl and YR/\BN logVe caised pértiblheosa gy atdnednipghermiosesf(> 2 logio

-PlV i ni ng. t C- pr M E del et | d th .
?ﬁ?{'ﬁ @4&@%@%%&%@%&%8@& er %’Fglgg ﬁllér(\)/‘r}@?gw\g é,f\g'gbof animals
ithat BiG; SPENVEEVR) TG, PEV c&Rtrhsts arN@nipletdFasR@6AT ih Ghis sensitive

neutralizing activity was found in sera from ani mals
inmargh (a2 kedsti0 904 2084100 tirry lest newrevisdersribarctbapeensed Y&f17D
YE d- PRIV packaged in YF envel ope. No YFspecific
N&EEPR! i zi ng response was i nduced by two doses of

P1V- YAhAY apkagrd WNdoPTVicaasedal copértal aner diritd aighy., T, the

WN- speci fic response was i nduced by two doses. of PIVIJE
two-component PIV variants that theoretically could spread within brain tissue from cells
co-infected by both of their components did not cause disease. Moreover, we tried to
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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packaged i nto WN envel ope. The absence of neutrali zing
response agai nst packagi ng envel opes pernits

woracwafiaeouri ng di fferent PIV vaccines in one PCT/US2009/001666

(universal) manufacturing hel per cell Iine, or

i mmuni zation of one individual with different

reconmbi nant vacci nes based on the sane vector,

according to the present invention. PIV cocktails

Because PI Vs _under Si e |onaIIy several, but
|r¢qﬁweéd)logngﬁﬁbﬂ(<§)\f ql Pﬂé,anﬁi g‘é}ﬂudd’r{ > FESRECHiyClyywere homogenized and
SRREESTALA TG %, o LU GRSl 0661 Rk
Ivﬂd)lle/wdmalYRZEBANuws$eemsﬁohen toriregtlicate iff thedkdiaiof 3dulfTCR mice

el ucj date whet her P|V vacci.nes_can be d i n cocktai
ARG YIRS IC ranriweh aespoticeer 1 19&1@%19‘3%& @slt%thout

%ﬁ}{ﬁ laélgnpl(Muﬁmt)reHEIt SVI%IX@“Z@%@ 3@@“1@?)) V‘@'bﬁnféemp&lls with

e sane construct’s given individually. Simlar
rcempbmemtmfraed B a;lorlmdlylarieismﬁﬁman|prmdesstbaiein£ectxﬁzes~ulht\shole virus.

t h 6,

Tine RSB OB PUT SRt Phoag 4 St b BaSisDlig! bynnate
RaHuRe AspSRES(aht QRAGIE 18BNl & o8I Midhiyen Oone or two
doses of either PIV-JE + PIV-WN ni xture or PIV-JE

alone ( 1:20 vs. 1:80 and 1:640 vs. 1:160, for one and
tlmudmac;tyfeﬂgpeﬁm miek ypd h&nsretsar |y, WN-specific

titer alrn

al one IRENGORPHIDIE T gaey 56t Y PriloBhts nffedgboygey gompared to
e of d¥iRhefi@ LAONEARGp#ts3Aa 8% l’fl?ﬁﬂﬁﬁ:%'aﬁ@ Sydian l’\\ki’ns%rs The general
little crossspecific response was induced b% ei ther

RKReriEend desighNs itisrated SuFig. ddmicel Boimyowrfization lEpypenments in
a?}gf SI V(’]eqei' I}ﬂ-rmetd Sim i %Cr b/ (Igﬂls-rﬁlrnas ]é)lrfe(\)\/vmd%yg déélog W‘moc%latlon with

t tlnes can

leﬁdsqi_l(ﬂéﬁtéd/beﬂ&m . méledlmmmdet(&irlss)mdeﬁmg(F YF/WN LAV,
|nnun|%%)agalnst two ornpre flavivirus pathogens.

&84T IR, eraupios £addd & mise(r saY isped 0deie b |ngreaw) peere
[
gﬁ&%gpgg &ith %Qzﬂfefi dBsk a:'s\()lf E’W CEAS&UX@EE—E?@() FpU/(Q)@(Ié)V@l%ﬂrmenc

avivirus and nonflaviviru vacci nes.
\LAY endsYHA7BSLAV fcbetraln (4 Righ RITOL (Ste;epeBNAWIé, -SEnndit Yk groups

Ritpt beeitg an cfay?idﬂw PG Fespap %C@Pﬁiéuct%éfﬁ{ﬁﬁeé%

Wu%@l%lﬁéjarﬂfbbey QPG e PRERAREC MG i hiifRl &Fa | bﬂ stffdd?d PRNTs,
by~ i munost ai hi ng. Constructs grew to

tagmeartsY Fraid ondEdec\bsrior W&t i7dhviresss. ol?luvntg}/N\milueed/YerrwblgwagN-
b d. F I nst Pl V- tl t .
SRRSH P g R0 B BEIRER P b g vidence

by PRNT P tifees @etdfinddaR |po6Bdf 8P W@&Sinﬂﬁuﬁ;f@i dNNnHlis bHSlays 20 and 34,

CprME proteins), and WN d-PIV grew to titers ) )
M@b\d@%@n@arq%q g thqiup He YHWR LA\ & epntep! giguph dygeordingly, animals

LR Xt Pth FRATR Snd Y FRVIE TR were protected from lethal challenge on
day 35 with wt WN virus (IP, 270 LDsg), 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

immunogenic (black mice), while immunogenicity of PIV-YF was significantly lower
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Pl V- TBE vacci ne candi dates can be assenbl ed based
entirely on sequences fromw TBE virus or the closely

waemolhogital |y rel ated Langat (LGT) virus (natRCHUE2009/001666

attenuated virus, e.g., W strain TP-21 or its
enpirically attenuated variant, strain E5), or based
on chineric sequences containing the backbone (capsid
and non-structural sequences) from YF 17D or ot her
flaviviruses, such as WN virus, and the prME envel ope

geowpesed “@JQWe‘éF  Hd gontese: (IGRamicedr Yot Hese- @e@pxaqeagpr@ggcpgn Of PIV-YF
R L A R s B RO AR et G  sovre

flethan lEEhirréagandtht\heY]p sthdifc Agtbi@fug ('5@01LIB5 (@ablesh,attdch is in
viruses (e e E5 strain of LGI), simlar to other

@Br%nenfcwm%e\kaewiqqg% thappridratiziag @6thbqs'f/ tiggre/asrigp Lij@are protective

Y%émgﬁhgﬁMmgﬁg&hgﬁsprototypes was perfornmed by cloning
ppropriate genetic elenments into plasmds for

Pl V- Whe NES 01D edntwal _v;ruMNai)hlggly iBmubpdSide @43, PRZ@"D@ titer 1:1,280 on

g*ellggkl e& ﬂ@:s itéﬁgﬂ%;{% %?%A@%@@g gezplggtgg 1cAéa(t)l())/§ v1vo and its envelope
V\ﬁnhﬁ‘ﬁm er! etk @Bre0tt id i1l tﬁMQO\QllﬁﬂﬁngenY(F (y*]ol’_f PIV-YF was

LAV 2008/ 036146), respectively, using standard

et hotsinabilithe inflect asfls pereplicate efBnenily m infeotedpe N & vivo. We

T 3l Pl Bl 0l ES% o FRURRELCHREH o oo

ue b2 ToILIL] Bl tioh 0% ty FCERPBIfit TFRAR PHIME fii¥ez@d dels (while
con ormto the preferential codon usage in the human

geAbsreretignds high i PIM-WAY inferied esdls). dbs @léwéqqioaé»oveep@amgpose that
.&H&%{o%énhé}?y 3[% YPcdh b i ﬁéa%g IRRESLE fsgu%:?/ wf)ng{e

i nser etern1ne necessary
sﬁmﬁﬁmbngatoﬁe Glprlsqumrmee gepe aheoupamg te tpeptaearedeavages that
The genes, were chemcally synthesized and cl oned into

;ﬂcgugr% Hds Jupftion (ViR Ripigaserang E@BA*@SG ¢lprvaEeRy@ngdfor by using a strong
%9(6?(9§%¥ﬁ@q{ 8 Qrgd an%egﬁu% G é’”l tsn hal Pljefﬁﬁﬁ?ggﬁc }I}%Elg pla@mmogen

vitro crib ppropri ate gcel
@hiivator (PA) sigreb@Valanet ahewab@Hlﬁd deflettsont @r] 6PT-W832080), etc.] in

transf.ect W th RNA transcripts to generate virus/PlV
?é\arfﬁlogﬁ’ ﬁg?'%?ﬁ’_r/? onstructs In YF/ TBE constructs
cont aiAnkipglaeédpeAmehtRasTRiEFORMBA in( Pl 3SR eltolP $drianHhmstdfl do
p59) or LGI E5 (plasmid P43) prME genes, two

@pmp@rreemmqnyg@scwoftmg cwlsrsmvrsj tohetV eontugds ia this madel. Animals were |
efﬁ%{nnﬂgg S?\S glgdé:d cgcsseg of tge g sMthlgI%ggfa%P ef%)o rl‘JéM WhGwas hlghly

-termna

quw@ﬁgeﬁﬁc e;gv,aVNmpeénhe PRNTERtn@rmM@ngpmmgeﬁg‘e) Nete 1:320,
Z‘%loon are_shown in Sequenc

d%‘?q i&2B0vin sromps %recewrfgréAé aeéﬁt(aw?vé&%bﬁw logio FFU doses,
{
YE%Z Th% \gé}aéen{é%\m%; Q)evet 88 f)?ﬂ@d 1% ‘M—'/R’m L@i\mtl 18\%9 ErPlIJ Cj:ontrol

p45-derive Hypr chi nmera contai ned
YE17ZD60N RiVghadndpefit lndecddaietqatable(ﬁeqﬁe ncmrahppgl’adtilaod]y) responses,

n)ent wnhrrl%(rveg tl?tlerrge crolm%a}/eldrtg SYFQIESD EXQ’ dw }{7151 cgntrols 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

virus viremia. Mock-immunized animals were not protected (Table 4). PIV-JE and -WN
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titers at both PO (imredi ately after transfection) and
Pl (the next passage in Vero cells), up to 7.9 logio

WEROAMI4200hi ch were 0.5 | ogio tinmes higher, coP@QEUSH0Y/1666

the latter virus; in addition it forned significantly

| arger plaques in Vero cells (Fig. 6). Thus, use of
TBEspecific residues in the signal peptide for prM
conferred a significant growth advantage over the
signal containing WN-specific residues. The )
pagtegled prisw|syiram ryspestiveishaienge medpse-dependent fashiansiRyptgptive

. - I Vi T K ced yoh:
pLeg R BPLINER ¥ pddtfonal 1SR BNERC RO EEE Nl fieh post-
adhdllénge nRvihar(Bemfitreagduped ARibd etrainpditeviia Ofas bberved in mock
p42-derived virus was al so produced fromplasm d p59,
vifinupized s indle deaking piyAyy %ﬁttaetﬁe%ﬁ%glomﬂ’gﬁ/@h(upper left panel); all

-eri [ | Y ] ] F .
TRRPERRE ST WRLEY N oy 1 08 (0L R nciP Kol remia
Wrds Aignsfiiaaily reduCzdosrabednn i lRBRters asmdoiesd With 2ViYF (tive doses;
begi.nni f.a-Helix I; WO 20 6182) . As expected, .
eepifsslaly o P e ) &r%‘é {9 OL G oo yeieh.
Riitimdly, ahint #hfulized WRE PEEIW N WE/ WaDH AROLER Qi ghiflahtly or
pl aques (determned in a separate titration experinment
aomhpldtely pravectechiowernisrof posi-chélenge Wl rves v sem lasang dody tveigh

42-derived chinera. These initial observations .
ST E P Gima s R E Ao ipet By pig g “Thus. high
qﬁlrrmb?éﬂiafy/aﬁcdc@mfpmwa@ derhBnstiatedGn WiséddnB® A model.
nmor phol ogi es, have been confirned in growth curve
exper ilapetier(amgter gyperimept, ARMal® wsterimanusized Wity [¥Bgonstructs by

' nstr , I PlLV I .
B LR, BERTRFIRRY] YENES coB e AE ARG el 8 P8 (specific
Feneseh eecoip) dadintindd frogoolddme ¢haisicesinSBHabRRERISscribadl
Sequence Agpendi x 3 for conplete 5 UTR-
SePPiRETE (Begialangnp these alerlid mengyzationdeeP oM™ ey WN. —
g?m@jlftaﬁd Hypraof th?ﬁﬁ? Ei%cs('derkaiOS-'zdl)raﬁ@l R&Shd Hggey(dacﬁiojtrﬁ]lm&. A clear

Vs were success y recovered and propagate
BiffictQith iE(riW)izasion Bbike Gav\pseneddimth afer itise (*Masl @A ddses. For

al., Viro 5.1:432-4 . 2006; Wdnman et .
sinchelop B\ B s (e primamgnsn e 1 \0ikspgedic PRNTSO
tt{tdrI S .40, whil@ 1P ciafidrRbulWRNif nfhick highde Gret PIDO (dnld MBSy the 2™
hi gher than p40 variant. In addition, Vero cells

idepe ditess Waletiml@d Hamergmrongunesdsfigriiues ahserypd & other constructs

[ S RC i onal . . .
ARG T SRR 8 SALASDG, AT DAEN IR oy iy igunoseni
IR réfté (tieenBs20 £pdr i1 4 dose WsFi-Q0 by BC, dkk1:hj2gbafter 2t @ose vs.

of replication of the p39 candidate than p40 candi date

Vo0 i lpnly, dmgraesniciyraf €18 dpevasmigiifiqaptly incggased (e.g., JE-
I ke I t ' it
SPeipuleRbt Ph TR TP borRf T ARl Bl EinEBPRA R Bl
BpiiGi gl VBN Edn- presenting bdlsg@Bichard mnte abeadnit ngtht abdomar as
7 logi,o PFU M on day.5.(note that peak titers ha .
oSSR S gl e TKiad. it & bbaainbacREREraipt Sursh bt Py paccines.
ﬁg\ﬁ/ﬂﬁg%sgegffg%t {an"Htihg Bf Aafdesic @E11dHthe &Y iﬁ'&gasﬁl'g tAE Ha@nitude of

Y, [
immune response, can be achieved by intradermal delivery, which we thus propose for a

route for P1V immunization of humans.

In the above-described experiments, we also determined whether a neutralizing
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candi dat es, and head-to-head conparison of different
signals to generate the nost efficiently replicating

w@p@iimromogeni ¢ (see above) construct, are a PCT/US2009/001666

di stingui shing feature of our approach. As discussed
above, the invention also includes the use of other
flavivirus signals, including with appropriate
nutations t he uncoupling the viral protease and

i gnal ase cl eavages at the C/ prMjunction, e.g.
rmtlb@dyrrgsp@nswa@nﬁwgdtagén% nagkagiresnuelepesdheernoged t@u regponse to

I {

a\gléﬁ{)kﬁc%e%%%rplv%%n%}fuac\% e{/?‘nldr%gcgrg SeE %%'ilf}‘gctgd Mll% gl(]gX\V’N-ngcnf c

Siegﬁﬂizln@dmlb))dlleflwﬁieaiéﬁecw‘d HYrPRIST g ivddnimak mmidmzea with 5 logyo FFU
opt|n1zat|on of se uences downstream from

G theagegand of Wi @-Ply, ﬁ@malmn&th%écwaM 5@@@@&@%*% not
T T i

cind miBNltsp\éElﬁl:':HBubﬂdﬂI[g)mllvpy Miak- (OB EE mDSerdL%bn avrgale imoeminized with
are al | uded. in the invention. | per Ils

g la%aoﬁﬂjgofﬁﬁweasw cRrapaRenicof; f‘fﬁ*@%@@gﬁgg% ot ERelope. No YF-
(sPedfic nan%%h%fﬂg?%fgbﬁs)e vt/é%rm&fc@@% BOTRLRIBIP ALV EMWREThcRE ed into

const ruct ed ans of stabl e DNA transfection or
1941 guglopclmidwsrmlaMy, an Vé}irﬁpapﬁc atsponse gtas indueedyby tvandoses of PIV-

?F,' ph Vig\rﬁ# gﬁ}] |eBYeg?‘?eC u@a ggeﬂkc)%ﬁ? %?u? gl]XEgE ress'bor?se against packaging

reAREIbFRIpehRIN AbmifAGusSd differeMe PPy aatdinBEtdneQ@hiversaif haR@facturing
used I n practice of the invention. The forner are an

d]@hqeowéhhw psimravmz4ton denamdivde] M@thrﬁbﬁmmm’@bmﬁwaccmes
e Ll 1ipe,acc bl or. or veterinary

\c/i)ac éir onnetg%ganm? vec{o ac%ggaa %t% tEe %regetiln . r‘ n addition to

s-PIV constructs, d PIV constructs can al so be

assenbl ed. To addltlonally ascertain safety for

VHEofld@& and t he enV|ronnent appropri ate

modi 1 lalBuf RRit@Go@fd(s) of

degené%g%gggﬁg%ﬁ@kg ngﬁgwhgféﬁﬁﬁt§yfonéH®no @)O

Ereplmationﬁin I, @Veetrmmisrednhntmlmumszé ddTenene 3V (yﬁccmes can be

conbln ti.gn that .theoreti cal d result

BRSO BTG PEEE MUBYTG consihet b e e (cockiai
Cﬁf@h&@ét@ﬁ/h@@@r P& @Aeindat B0bel WRed irf doRkiaAformulations, immune
manufacturability/stability, and in vivo for
aespensestin ocezand hammménvmltlilVemmtwtsygwcimasamamr@b\lv@re
Cfé)\er}aé)%eldm %l sar‘rilqn Icrarrgsgrlu:ggd ?\6%1 Ap glgcdll}al?); T%E\? H:LS@ES wérd obtained in
VRECariRal mb@euf OR¢sulth 6NMBuA B paeERs AeakiowaNeTsble 8. Birgiar anti-
of PIV-TBE and YF/ TBE LA Vconstructs Ybung adult ICR

niEgeuralizingsaniibey Biee) Werg@Peery§tbia prals Of sefp fiemysrimalg that were

%Q?e%%ngfor Bl agégoﬁa%eﬂ; J@E LAV Wm ygaxte%? PRV J‘Shﬁode% 220 vs.

oute to measure neurovirulence, route
ntegGsardel :6vLUV Dl 1166 sfiov emessl t@\@rdﬁsésateepectlvely) Slmllarly, WN-specific

i rmunogeni city/effi .. Ani recei ved

e Bemma LY TSP S M oS oV N pf et Bt 320 vs.
rlocsttoea%daus y20/ed 1 3N 0SBPYRAMIY @dse@%sgéa%ryg nﬁ%%r litle cross-
simlar to nock-i nocul ated ani nal s

RpECiBEresparse mas lraiueecth»n@ﬂ@t BIY-lRwr fWN&‘ nkhe erSteNas also conf rmed

: Ibr;'or%eualsgrtinedﬂ{lgfso titers in se]r'a?Por%ol%lrvncjua‘ammals3Thus it is clear that PIV

vaccines can be efficiently administered as cocktails, inducing immunity against two or
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| ogi o PFU) showed dose-dependent nortality, while all
animal s inoculated IP (5 10g 10 PFU) survived, in

waewondti2oi t h t he know edge that YF 17D virus i BCHU$2009/001666

neuroi nvasive. Al aninmals that received graded IC

doses (2 - 4 logio PFU) of YF/ TBE LAV prototypes p42,
p45, p43, and p59 died (noribund animals were humanel y
eut hani zed). These vari ants appear to be | ess

attenuated than YF 17D,  e. as evidenced by conplete
FRRrE ARy iviruapathegess-t @radASfP“a{‘S disfarssed|aggyee vmwe@@aﬂ&qae be
I

R o R I Voo TSy drf FRRE 3 v idRand non
mwnmmyﬁw@ﬁcdﬁ%TBE LAV andi nt er medi at e-vi rul ence
phenotype of YF 17D are also illustrated in Fig. 9,

showi ng survival curves of mce after IC inoculation.

I vl debe noted that the p43 (LGI prME genes) and
p59 (the dC2 deletion variant of YF/ Hypr LAV) were

| ess ndatfewui PiY ﬁntotymamvepﬂ@riahyi pqzsd@gevlﬁpmyrbﬁ timayin helper BHK

Eal1 Seischiieny ‘B sett Fen Aiey o4 Vag drplsh Ry e cach

q;éesag@wéiedﬁﬁae& iWBleRo BARNBURMMUNGRE IV Wit wasd h titers,
p45 caused partial nortality after I'P inoculati 5g

lapd ino réuobarstien resRulsigeviple Firgs wasgbsenved. slfmunsﬂart@e, oW

SBUT Pty 8 o P O S PR A Y Ehper ens

\(toriisinmg abVEE repliosPeNpeeksing thé WRBErkdyQprMLE Pfoteind)] ad WHI d-P1V
uniformy highly virulent for mce, both at very |ow

Brevy [oersexpeetimar Jpgmdd U/ml i Vet cells, ovithoup regeygaigation.

(Wl lner et al., J . Gen. Virol. 77:1035- 1042, 1996;

Mandl et al., J . Virol. 72:2132-2140, 1998; Mandl et
dxample 2. GEVi-TBErol . 78: 1049- 1057, 1997

| nmun C /efflc of PIV-T Y/TB LAV

const ﬁ‘?n@ﬁr ¥ ﬁﬂn@éaﬁ%@@w@. be; aéswgmcp %SFAZ:?'H@ X QNiSEytFces from
ARSI 9 % s érﬁhéﬂclﬁ&l E&@l%ﬂeﬁté’& tdh g &M v'ir\d@(rﬁlﬂfrﬂﬁf attenuated
of the PIV-TBE or F/ TBE L vari ants descri bed above,

onrug, eginehstfagr Fed2il ror iite geipiricatie dttérBEted aesnantesteontEY)odr l(ased on

SR B ARG ng LS P S Pl por et L hoes) trom
Ry 1 70 BEother S viFRER isGiH 36 WBI Frus, Mﬁl tﬂ@brM@@vel@B @rotein genes
nortal i tﬁgafter chal l enge are nonit

Ifram ABEehOd) exqtberfseroirgjcadly relpigd leEwarHﬁPS\memE TBE serocomplex.
W?EErL%\t/ %aﬂ@da@s%?e E@E‘Irﬁag& 'J%'eﬁ OH% t;a%l(ﬁcﬁ'e%n? Sllg?jzynd the

responses In mce I nmuni ze W th one or
Cpert—E geridls VrohBEB&ror YelAEBiirLAY (2181 th‘RrHSSsttdeS(ofrILGiE)j siabilav & other

rom e[r{P?rl ment in Table 7), or a human :
f° RIS Y3¥4¥"%at ed TBE vaccine control ( 1:20 of

human «QsuctidRef PIv-IHE Q\Qis‘fels/)FBEoLAVE/aég %T%G VPes I6vas performed
O aga

controls, were measured on day 20 I nst
T)BEldﬂwgof\appw@new@gh@lc&lemeﬁm@ pll@seldetforlﬂwrwm (a\daspest al.,

%lrologyefsl%a égll V§&6oguzuk1 etal., 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

U39292) and LGT strain ES (GenBank accession number AF253420) were first computer
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day 14). [Titers were determined in individual sera,
or pooled sera fromtwo animals in nbost cases, or

weowbadti28era from 4 animals for the YRl 7D andP@®btk2009/001666

negative controls]. Titers in individual test sanples

as well as GMIIs for each group are provided in Table

8. Titers in test sanples were simlar wthin each

group, e.g., in groups imunized withPIVs, indicating

hi gh uniformty of imune response in animals. As
éf@g@c—p@wmﬁ@ torpmiarpeieithe prefraentiaheqden weagsrin thsduwiman grapmae, and to

) . E el
SO DSBS U O DO i o
vingegts (fiddetprmihed togtsk Hecessuy hfukthengherteingl afntkeduence repeats can be
post-i muni zation with a high | P dose (500, 6 PF

1 . b of . wt

HFEPrMIEse: e g8Nes MSFS ellemisaly SYRGRaigRand &F‘{“&%%i%@f‘i“&’ﬁ for PIV-

0 - n o)
N AN, Bl DG oG AR oD ReFATR PSRN were
po sttrectinaistriregeind apyropeiatg el (Mech foachiveriofvinmeashardi heyper BHK
ar h in Fig..11. Neutralizing antibodies
Fefie By B Werelianafaciod st HVE oo O rmecticpal PV samples.
particularly high after two doses (GVI 1:1, 496);

animals in the 2-dose group were conpletely protected
i YF/TBatL Avongrygas no nortality or body weight |oss

b el s i he 1-d Animal s.th
(00, T A R 0l Rl ) Pl o
W30y oL@ E3NpiabattyP43) paVISE g&AdE sowd: dii&renSlpes:oFGheéb@4iM junction

and were solidly protected, denonstrating that robust
prase Sest examingg{sae tnyFigah GorM genstiens eny arephowirgeSequence

y p . The & . Vi
SRS e SRR DML Sl LS U e 1
aieg'mnhfgd)é" ENS_JJ_ hgiginh igkkxgpwhiim ?E@CFMPﬁﬁ“?§ml5ﬁha'g?%/mfieed

tect apble o, . rFlJg. . ncerestl n y . - r .
S\Eﬂ% ghey ) gR caats"\ﬁfé%élY%%%MFW ﬁ#ma@e%i%m@m t%?w protein,
Wle]thé-ﬁ%-fi&fveggg:1@@H§ﬂl‘%hq{?§§%ont§ﬂgd 3 hG&id YF17D/WN signal

respectively). di scussed above, these contai ned
\fipsgeeior piNd (Semearsecppendixt Ne Toe dorader Elimepe Mruswpiodecedvery high

ighly, i ogenj.c Pl V- r 9 an F r.p4a2 .
duftser vl TUSBRTE fieh sYeehBiseRipnEmd Rl B Bistrasdn verp ceto,
agrts gIERE, o WFUImM ivafitts WeRID. ARy Aiméstigher e fared to the latter virus; in
denonstrates the inportance of choosi nﬂ the right prM
gidditign it ferraed signiBcargy largeranlaques &1 Yerglcells Figdi &bés, use of TBE-

. ; . P . b i :
Dol S4het %04 G B0 38 S0 LRGSR avancs
iovetihe sighsiponaating WivRpaioiesiduys. Ofhe A5 idedivalt 8 F 8MOVL.GT chimera

ggg Mkl{;p%@%%%ggg@g ’Qsl %:pgzg\é\ﬁqur‘felhg {ﬁ\égloéf(l)dgl\évecy\@elr? Ipligh titers at PO
1 | i alal .
JEALFIPROARHSRY 1005, bR Shd ot it g e o

gdR eferived vinsspscisommbuceitmnpplestiid P56y whigh cgsaiged a strong
expression | n the exanpl es .of reconbi nant .Pl .
GURRER Tt P BocPrmE BBl Ry Sy BS TS PR Bt Y kAV vaccine
GRS speatitdllyz£9-a(£ dBletiod RFth€iFi1 eDapkcifX B R6&INIPSRN redidues 40-42
target vaccination host)

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

plaques (determined in a separate titration experiment and thus not shown in Fig. 6),
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and to elimnate | ong nt sequence repeats to increase
insert stability (> 8 nt |ong;additional shortening of

wo epealeoran be perfornmed if necessary), and tPEIUS2009/001666
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chem cal ly synthesized. The genes were cloned into
Pl V-WN vector plasm ds using standard nethods of
nmol ecul ar bi ol ogy well known in the art, and packaged
Pl Vs were recovered following in vitro transcription
and transfection of appropriate _helper. (for s-PlVs) or
re@ginagad tp fl&rpaaerwpﬂ/%}ieméqdl chimep ThesgjipiHalgbserypiiens afigrqygth
%ggegﬁ%ﬁﬂﬂ:a/e Y?rcﬁ&gp& EA(VC C%ﬁ toY he{g;rllﬁg%noarll in vitro with plaque
viabphologicy, Haaé b&g\eﬁbnf Eﬁ&pnntgethe:umeauxbahhhﬁtt YFigf8).
several (killed) vaccines, inproved vaccines are stil
needed for both veterinary and human use (e.g. as an
Lﬁﬁ%ﬁg@@b»ﬁ;uage exposure prophyl actic vacci nes).

bies virus glycoprotein G nediates entry of the
VI r us RINtWN/&@BEsvasiants merd domstmedited, andrpaviggad. PIMVt saimptes were derived

JEB B R car PS5 RS Attt BB Speon sequences
%, ﬁ‘énace E.Fb’pgtﬁf& 9ol Bnfifidre Sﬂm@prﬁ@beé&ﬁ ofNS P'éequences)

al ., \/ r ol 356: 147- 154, 2006). Full l'ength rabies
vThrese a@tzpn@t mmplqto Hygr na W NPaedl eignaly; respechiady. aB@th PIVs were

GenB

OO Y RS R Eare B e gr B COPpOpetper el
oI a6£Btall Witosy B@l :4BpraB B cuad Wmpr 84t Yat&hd DEIS762m771,

Pl V-WN vectors (Fig. 12). The sequences of constructs

298Il iP@aad iPh SS@ql@éﬁ@é Ofxﬁ}ﬁéﬁawﬁrl@t WEEh@Pal |- tagigiirges, higher

OtL 4 Efo CRARE "HGh Sk eVér cgﬁ’st lrn cﬁeg »luﬂ'l [5399\7 r|J<1§t w%rg gtamed brighter
ne| G roencon’tann S own S|gna?l pept

[ mSmhtuedﬂmmesfcemsﬁkymBtgraqmiyo‘]asmmrBEespVWﬁcamhﬁng d¢ompared to

either wiith the del etion (DC.a

CRﬁQStr}dfC@EIgf) orgiei et rfﬂﬂf?w@ﬂ%ﬂa Lhe E\&E/ﬁtrégﬁedﬁ &ggplication of the
fﬁﬁ'@\z}gﬁlgat@ kMn$I4878hdiddT0 Vas BOFFARH N a GIRRASEVYI 'eg(He?lment (Fig. 8).

2A aut oprot ease was pl aced downstream fromt
t Inahslateraxaerem ity eothicaradidagscippeared to@row bettenvin diee BHK C(WN)

e B Bmeried B o e b e g B b R By~ 7
Wbk S PECI/hI 6n 8dyd@lotd bt %Ml%ﬂﬁhWeMbEbé‘d& redeh8@N &heldikcovery of the

the DC construct, or signal for NSI and NS1- enes in

xS et &f palosipe! pn Kerticatinmsnates of bothPA¥ ead ebimeric LAV vaccine

%g@tre , Bﬁg V%(ag?wav\%s{og%g?o u%ngg%gals Ito ene ate tthlc g}]ost
(ﬁfﬁheht[}aiépﬁddlﬁng @hd nmongesitebdei dbgvé)h:enﬂu‘dt \aﬁ{:d d)lStmgmshing

del eti on [contai ning_ a Venezuel an equi.ne encephal it
VIERIYES QfOpF apRsoard. 8@)(*1%6@&%1 aBRV e Nisrivcating alamnglydes the use of other

Sf?%\ﬁ’\ﬁfdérs@nal@rl%lﬁhﬂﬁ it ap&?@}ﬂﬁtecrﬂm@ .&Y&Eﬁkggh@lsﬂhgg the viral protease

icient replication and expression ofr
pmdtsegnalasac cal@gesas thaa(ﬁ/ed\/lfjomcttohee g-hbemutbing or detsnghthe viral

transfetlonllnfetl of B .and/or .
R0 BN L SOOI O CRIing T gy thgge of strong
CrﬁJn'—f%vnhbﬁs's[QﬁHlfleéEgtm ghgnﬂn@lc ) mrpla&f SUYRRESERNGE vASISRY
(I FA) using anti-Rabi es G nonocl onal
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 ES strain), and chimeric YF 17D backbone/prM-E
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anti body (RabG Mab) (Fig. 14). Titers were determ ned
in Vero cells by imunostaining wwth the Mab or an

wa@raoAWRovi rus pol ycl onal anti body. G owt h curR€BUS£009/001666

the constructs in BHK-Cpr ME(WN) cells after
transfection with in vitro RNA transcripts are shown

in Fig. 14, bottom panels. The PIVs grew efficiently
totiters ~6 to >7 logio FFU . Inportantly, nearly
identical titers were detected by both RabG Mab and
WABE R L&We@team.%a suHickudedarsthe fveptions t HelpergeHe proypding

Iy t t
SRS b o g 6L e Bt P SE At raion o
reerdonstneteittyi miéang oﬁ\asble ()i Y22 v:edsfbcynoRa)b Grbladh the asendfrag,appropriate
denonstrati ngilthat t he product vvas efficien

QEF D& AP E TSP cu Y begsdgn sk Strarﬂﬁqy §3,twdh gngibiotic
KRRort & PRlidol&ofBIdIndEE 3#&&5 dﬁkm laélPsh:an be used in practice of

i mrunogeni city of expresse vi dual packaged

Rh&/mventions prheddrnien latecani apqyroweﬂ eclstrate fof hunednpecciBeldanufacture; any

cel] |l s, hut cannot read | uIar cells as

.qt{"w'ﬂ ﬁvgaccﬁg%bw%@y" ot iigry Nagging manyifactyring can be also
faed. Ihabidohes ?—P'I\? cGrQstl%Qfse@-@lV RoM@hu¥e c%s& B¢ hembled. To
demonstrates that the recombi nant RNA genones cannot
taédrﬁ@nalisp@cmanm sdfety ﬂpa\camge@ andtthe mrrbmamt, appsopriagssmodifications

con r oduc PLV jnf ect ed
@Bk TSt YcaeBO B R bR Fhuacions
[ih @ees in@ B’ a8Rldnentd, fadamiZelthancée ST fadbidbinalie @bl thesretically
virus (VSV), contrary to_ previous observations_ of non

sjould; resudt 1pa’¢4béng'ﬁ§§ Pllgwig genstrustiental\yaceige gagrigates can be

r I
75l SR 5Bl o PP bRl i B il
fimatunogeni¢ifl/dfacaegs lm\aehxyablesmm:lmma} ammai modzel@aadmg;l thape used in
could result in alimted spread. of PIV in vivo,
M%lﬁwgnqaydeﬁﬂahe?ﬂ@ﬂgﬁ? PEraadi ¥5Vahifghe response. The
| atter could be also a beneficial feature, given that
such PIV is denonstrated to be safe]. The stability of
tVerroabilese Gnd ngeptnvasiveanae ivmriecoff /ST Biaand B BE: kAl eahstructs

Elygﬁer ' g{“é\ﬁlaﬁ}ﬁ@‘%ﬁ‘ ige %hf%)evﬁﬁ‘i BEEL)?%SI"P% m}ﬁd »élgbg{aged doses of

FYSPRE and ¥IF/ TR PAV@haifates bR iR ITAoURTH Atkaste néurbViall&tte, or IP
in regular cells (e.g., Vero cells) using

|rnm§ @ BICAsuRE PRYTOINYasiveResaiand hkr ppmyeogenisity/gHidapdy\nigals that

e 5T P T iy A R P
tsh&wéii g@ﬁlgns( off didkatgsadigdlaf @rmdEN- chdlaﬂedil aiﬁlngi.ls (I@ble 7), and thus PI1V-

simlar results vvere obtained at MO 0.0 é’k The
Iygccingp arecemplelelyayirgenty Mice fjocklaed JC s Y F i Py gentrol (1 -

18, i’FU?Eth:ved dﬁ%@ﬁéﬁ‘eﬂﬁérﬁ'n‘i&{bﬁhf 'wYul%taﬁ hﬁﬁalgﬁnﬁkdl%&‘ﬂ) & logo

passage’ 6, ative of Insert instab
d%ﬁhl)dube‘@dpemceofd viodcthe keowledghihst thrigDr\umts is hamgaro@vasive. All

derens BReeesrhebentsd Redosit ol PP OB Ay B otypes pe,

Q8! @3 avd g5 dikd rn&lma%ﬁhhm%rewﬁ]a%?manized) These variants
cont rast, 1 n WN(DprME)-rabi esG and WN(DCpr ME) - r abi esG

PipReRr tq helesyasientatedsthap MR HHd og-1ds exidenedd hyaaogmlete mortality and
Afheld A0 £n2090, My aTICHE 88w AOCRGSANNIABEL AV candidates.
stabl'y main 1’6 §

nsert passages
eﬂﬁn‘ioﬁ&ﬂu(oﬁlrglenﬂﬂbenotﬁpé bheIV-TBE, Cialeltghse®iipd of Yi/TBE LAV and
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17 that at sone passages, titers as high as 8 logio
FFU m, or higher, were attained for all three PIVs,

w@eodwotioal | y denonstrating that PlVs can be ebSI/U§2009/001666

propagated to high yields. Follow ng inoculation in
vivo individually, the WN(DC)-rabiesG s-PIVis
expected to induce strong neutralizing anti body i nmune
responses agai nst both rables and WN vi ruses, as wel |
as T-cell responses. The WN -rabi esG an

mﬁwawrﬂbﬁa?ee@snmyv% OWF |l 7 rﬁﬂ%‘é" Hinstsatgd in ﬁﬁu%éhowmg
SRRSOl RACVEG AERIR NI pis T e

qened) and p5STake e dd:ls@orcvzanannmﬂﬂ’l%ﬂ-leﬂr LAV were less neurovirulent than
i esG construct |na IVfor atio
(rgléémﬁ H4}EY5/'Q¥LPZ)LA ARASTYESS Ay eY! %nca% ¥ lagger Al wlusdos
i .
e SR ding (e PRG3R Rlat b g mon
spnemvasuve,twlaia @2 and pdb t:ausned\ paftinbmorlity afiér IR isodalasion (5 logyo

le, -rabj esG d Pl V
TRCbE o ToblEEf s 10TV Br Uoifd vty P Byl YTBE Lav
RRQHR S W&E 8BnfAichA ﬁteﬂ):ate@ﬁ@ccﬁtmm toWtFTEE vitses, e.g., compared to
Infection of nave Vero cells with s- PIV gave onIy

i WIdTRE diyat viewt whichtinimbdsmdy bighly viRabs@t faatmicobognat|very low 1€

dhhee 200 PO 1P UL ALY T R Bler Batng Som il 1035

wWioub, 1996; m—aﬁ’du\étslamplvero( F26p1318,140,1 1908; Mandle) alt, haGeNVE\hGol.
products of coinfection with the two PIV types The

ViR 93811085 - Y92Bi esG construct can be also used in a
d-PIV formulation, if it is co-inoculated with a

hel per genone provi ding GprME in trans (see in Fig.
Vdynunbgenianedfiidaey bf PDaNBE@nd YWK'BE LAE cgemors in mice

Klggt al n-gpﬁ%lf%g%ﬁrlw?ﬁm&ggrgﬁ)@gk R;;phsgs)ll}]lsﬁgﬁzg c1)rtnﬁ1luﬂlsz'ed T Rith one or

AR GUTREPRNTBE! 2 YHAB 'D‘\Khvﬁjian?s de»scn]bed\éb{)\@ or a human
73:10272-10280, 1999; Khronykh et al . Virol
Wén@ﬁﬁmm%tedzﬁﬁsyacc\m ¢ratrel Gdfswfrmwtaedioae)m Bhitss measured.

r}ogﬁsetés eglgcﬁrelégn ‘ﬁd Ilé&&e&%eafweoqdvbﬁh@ T@Eﬂvirus;
WG rDrifyE ot alRighS (556, amaﬁlﬂng\/ﬁhemallafg@amﬂsmwsd s,

and spread in vitro, by inmunostaining. In the case of

such d-PIVs, rabies G protein can be also inserted and

e to

il e A

resul t”lTBlg-sperdlfH:rhdufrﬁlﬁﬁ%adlb@dy respadeem miteimmmunized IP with one or

response. As an PLV _versions, n n can

B oRiogas e BN FBEGH YFAIBE LAS ket crie Ry gt cxperiment

fihaabR, Q%%%n{éﬁtfmmuméﬁﬁtﬂeh R VB E@ﬁr(ﬁm HB®PhEman dose;

specific¢ities of vaccine di scussed above, DNS1

dmle er tvemdosesi ob¥F rl@Pl aad exbokicohtrals, weae mqasurod)mbdnalo onPRNTsp
0 /rrutat ons,, i.n ot

ehiaieal BEFEPELERUT b SR A Y Ky AT s given on

a1 Y). REsietsIvadre Hte MY tn 1ﬂ111v‘ﬂu'é“§:ra(, BEMdoled B BOMAfvo animals in

Par anyxoviridae famly, is the | eadi n% cause of severe

reesh Casgs, mrpovlp@éqra drogehsrimaps fpoiheg IO anddvlodtonragdtiyeeontrols].
(”logars in"1RdiHA% alqgsq\g'gmples 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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Respiratory Syncytial Virus and Metapneunovirus, In:
Kni pe et al. Eds., Fields Virology, 5th ed.,

wehiokadehphi a: Wl ters Kl uwer/Li ppincott WI | iBemwus2edI/ 001666

W ki ns, 2007:1601-1646). Fusion protein F of the
virus is a lead viral antigen for devel oping a safe
and effective vaccine. To avoid post-vaccination
exacerbation of RSV infection observed previously with

a formalin-inactivated vacci ne candi date, a bal anced
ﬂiVﬁ,Th@C?té@ﬂ'bﬁs@'f%mﬁy |°§'m'@ﬂ’&‘? 'feéapr\mw"eaﬁ B¢ expected, no
L SRR 100 S Sn SIS g e 70
Nad MddkgGMEs 64&10)1; accazdiagly, amhmalshn ﬂhwgr«bubswelemwm@tdc&d from

b Beade op oy Bt mmnbater Seiba gt Piipe by i o & Her TBE
fv‘??ﬁ@.r Méra fi ﬂﬁé‘g% ﬁ{é/ ERatib VRS 0Post-HAIIEREY 66sefvation being

strong, 2 response’in vivo agal nst an
lcnﬁlhm@dkare graviidgenn (Mmezaoe@d @)Bemﬂ@)of averagehposprhalkenge body weights

entlo bat, h er er VI us- hased
i 20 oty HEshunaTYEr | Dl PTiahzing pp iy e seléSied n
IKIGLACRCARE LoREold, WHKKEWEE RERERrIP hidhi dfier 1 fies LAMT 13Nd96);
Pl V vectors described herein can al so be used for this

poimals i thedidose gregp weRsmnﬂalgpkytpe@tﬁct@i inthatghergiveas op matality or

k
g)rgfi}/ e z@g Pogg d’ég@ Ca?l@rgégg E]rbove orse ggoﬁd'ﬁ OAmW%?s tﬁgt rg{]elvedaboth one

iant ewe Has‘eﬁdel\f-GrprﬁM WA \&rﬂl\gh aﬁ\tﬁbddy Ialté{s (@mmg édseind 1:10,584)
i nsertion schenes shown in Fi 12 and 13 for rabies G

Ena tergisoligly IHB}?FWff&"&qﬂéfrﬁﬁmgdg?fé?%%méﬁm%l%w‘é}fCa“ be induced
k%)' %l QWTB%@&EUVQ'GG%@“FG%}]Q{WJ Qﬁmaﬁ%ﬁgttsg&%dq{ﬁ unization with
surroundlng geneti c el'enents are provi equence
ApEigplt pd25chirhera\(seerio TRNA 7) nlaosad high antiodyesers (GNY 1:6 085) and

VW(DC) - RSV F, WN
1 BT TP R P8 AEb dEE el S é{%é%ﬁ VIS pas were
?d Cah MEh Y cgg\ms 1:F5hh&h a8t f6rekiaf@iW@®8oR8%nd 1:68,

xpressi on of protein was first denonstrated by )
irespectosiyi Aisriscossed pbovst teseeabntpanddsSWiN-splecidin seqitenceRIv the signal

I¥br ;";_rll\@ wl’ﬂgl tHerhlgﬁ%elglg&ﬁ{?gérg?e Pw\!%g%’\%) emdf\;?/ %{O ﬁﬂ col'rllgttructs

S:@ﬁﬁ[déam&)eﬁfﬂémgnﬁﬁibﬁﬁﬁﬁbﬁ dinG@tdemeht Witk isagssidh@Bows this result
7 logl O FFU M) was determ ned b¥1bt|trat|on in Vero

clemosstydtestihe impaTsacaefihagsing\dgirighbp signals g, the TBE-specific

| . .
IR R R AR IR Y et vivo
rtedwuwlrsdrgm:lanpdﬁferm infufe ieSpsoragd. demliriogenioidy 6 ¥E/LGT p43 and

protein with the one fr mr bi es vi rote| The
RUTHE P B $himeris sy et ts veottai sk EoURBE FERecieflobesaie of the
Qfse Bf Qﬁét@foﬂigﬁg?&’rﬁleﬁi 9?%TC@W&eﬂFfrgﬁ%@laﬂ eﬁ@EevnﬂfsP Bnd hlgh
protein synthesis and/or replication of PlVs. Tab

Ritehyatiog offycpe)f dmﬁﬂrdﬁchtt@nuwenbctmelpl at f or m devel opmsnt

studi esSi ngl e dose, I1C inoculation, ICR 5-day old

m ce, graded | og doses adm ni stered. 2AST for mce

tma‘,tm bngo E)@,te@(%p&slsmble IP, 270 LD50; wt YF
ASi bl, FU | 500 LD50; N D, not

det er ni lméhe qvavmpéewf regombinast PRYrgenstests described helowy genes of
QHtgreB{ &érg%gd(ﬁg@ﬂtﬂl’?&e&:&.aé.,l 5P g:lent expression in a target vaccination host)

and to eliminate long nt sequence repeats to increase insert stability (> 8 nt long;
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PFU I P, wt JE Nakayama 5.8 log 10 PFU IC, or
hanst er - adapted YF Asibi 7 log, 0 PFU IP (MArthur et

W@Rw9/ 14207 Virol . 77: 1462-1 468, 2003; MArt huPCBUSHNN/001666

Virus Res. 110:65-7 1, 2005).able 5. Imunization of
hanmsters with PI'V: conparison of SC and routes Tabl e
6. Imune res onses to PIV cocktails mce 1 C57/BL6
m ce, |IP inoculations on days 0 and 2 1; pooled serum
PRNT titers. Table 7. Neurovirulence (I1C inocul ation)

afditinaal sBoraning ofsareats qan beipgefermeskif Beppsafy)FAng i %tﬁanca“y

TP S DGR UL PN WL SRR R
(nIFHﬂWEE@)“ mdhedtﬂac dialogyunel ZlacbWrPin(tHeixe,rand peﬂagghPMtwamt recovered
Vi rus and protection fromchalle

Wing 41 Ylg%gé)né%%m apd gansfeption of anws%@@fﬂg%é@é s Vs) or

rldlpi®fy cMBNT 50 GV Post chal | enge | ogi o
|n ar% .r samg?ces nortality (% on day 92 PIV-Hypr p39,

1 dose 5 1746 (2) 665 0/8 (0% 1187 (2) 164 (2) 574

Pl V- 5 0,584 0/8

( /6“?1’2’@%9"()??”5].’%%;7‘”’?%6”3% I%;W pr p40, 1 dose
<10 (RabidsSvifsBrADINiricidd fa(r@l}y ;s8a 5(1 ificaht hghaand J’é(é}fnary

p40 2 doses 5+5 169 (2) 153 1/8 5% 638 (2)

(P@9h03‘92 Pespity ety piabplay of so21) (KIMyd)@ag@aesornmrem% VM@B@ are still
(nl%:dcelgl?grl‘bc(;)l[h ?tgﬂr}a%g lécggaur_gé'n %ege. %:%s aglg exple_Lseige gre-exposugeE
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 PIVs
were produced by transfection of helper BHK cells complementing the PIV vector‘deletion
[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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PIV infected cells. An identical result was obtained with the G protein of another
rhabdovirus, Vesicular stomatitis virus (VSV), contrary to previous observations 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
P1V is demonstrated to be safe]. The stability of the rabies G insert in the three PIVs was
demonstrated by serial passages in helper BHK-CprME(WN) éells at high or low MOI (0.1 or
0.001 FFU/cell). At each passage, cell supernatants were harvested and titrated in regular
cells (e.g., Vero cells) using immunostaining with an anti-WN polyclonal antibody to
determine total PIV titer, or anti-rabies G monoclonal antibody to determine titer of particles
containing the G gene (illustrated for MOI 0.1 in Fig. 17; similar results were obtained at
MOI10.001). The WN(AC)-rabiesG PIV was stable for S passages, while the titer of insert-

containing PIV started declining at passage 6, indicative of insert instability. This could be
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Apperdiuoal G mUBEM shiyize o A%Tma\ﬂamBEVe&bs G&ao fotPnddde the WN
(p42 5 1 UTR AGTAAATCCT GCTAAT TGAGGT

VAR CSATEP EsO AN TRATYSt samplesratsorad NAWMIFWWA

%@y#ﬁ%@é R R SRR 4 A ISR e the dose of

TARKSARAGA A oteT A, it e nthadced Tinfinpy agathgt bMhSathdgeis dheQ) limited
GKTLGVNMVRRGVRSLSNKI KlOl
CRisAgnAG R exgeplesAsmsadstiergigarieasitsip Xerareslas! s X sempte.

AU Y GGLIOR ST AARTAN e

@ﬁ}d}md'dk rRAKEOCATIEUEB) CGFCS@ANBT | GAGGAKEA®N Jf MGIVE MeAd Tells with s-
(;"Iplrg%tvg Iorqu 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
sample (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-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.,
NSI1, NS3, or NS5, 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-P1Vs, rabies G protein can be
also inserted and expressed in helper genome, e.g., WN-ANSI1 genome, to increase the

amount of expressed rabies G protein resulting in an increased anti-rabies immune response.

53



QKTKQI GNRPGPSRGVQGFI FFFLFNI

LTGKKI - 201 AACAAAAAAC AAAACAAATT GGAAACAGAC
WCTEBGACZITC AAGAGGTIGIT CAAGGATTTA TCTTTTTCIT TROZUSI0A$E1666
ATTTTGACTG GAAAAAAGAT TTGITTTTTG TTTTGITTAA CCTTTGICTG

10

15

20

25

30

GACCTGGAAG TTCTCCACAA GTTCCTAAAT AGAAAAAGAA AAACAAGTTG
TAAAACTGAC CTTTTTTCTA Cprotein TAHL KRL WK ML D
PRQGLAVLRKVKRVVASLMRG 2301

CACAGCCCAC CTAAAGAGGT TGTGGAAAAT GCTGGACCCA AGACAAGGCT
TEEEtsrmCY P INAGR ARG TS myoameeTcm domnant pFthegenda@acaes G) and

TT. A TT. TCIGIT :
R PR TP g R e YA e iine. As
YhibcObkedabbve ANSI1 gleition Sy Heaepladdd wsittodralseCinddoditehatiop Mith ANS3
protein LSSRKRRSHDVLTVQFLI LGMLG
nng/gr ANSR delafiops/putatigns, ingthempa@mptescAA GGAAACGCCG
TTCCCATGAT GTTCTGACTG TGCAATTCCT AATTTTGGGC ATGCTGGGCA
TGACAATCGC AGCTACGGTT CGCAAGGAAA AACAGGAGTT CCTTTGCGGC
rprestise PARSKAGretrann TKEGSTIKnmdd-TIAAAACCCG TACGACCCGT

ACT GT TWIWW% %EWEE{IE%W#WW@%JOO H?QS%T ¥ the leading

&wséﬁke@%ﬂh@m&@ tlad CHSHASA TNty B ChildEé\GotldWAISEEdHDs and Crowe,

AP HEET SR P IR OT A SOSRAPP RS ERTTCCP R ology. 5”

mﬁm@,mgg R wdrL; {%ﬁ%ﬁ{@ AP IV 6 FT &3@1 646).
TGTACCCGAG prM protein - WCDDSLSYECVT I

G usida p?ot‘emeF of the @ires i€ aledd WraDa@igen Yorod:y e [P BSRGE{EATId effectlve

AR Lo T i o Sa G iat B KRS BAen BRIk 0 PR RGH Brayfously with

Gal R M YACH VeVl S cArdidal s ballin & UAG FFAGs W%@%@éqmred which
ACTGCAACTA ACGAAGACGG CTTTGCACCT ACCCCACATA p

praptbeiaghipved by tette T Rsstunglagio a@fﬁeqwsatﬁosmugthn of agh4affinity

VTR IR Y -

TeGAARHATH (HObEACHGER2 LBCHACATA WV&EA@dGﬁW capacity of
ATTTGTTCTT CCTTCGICTT GGITCTGCGAG TCACGAATAT
sty dereyireshesrdenmerieddoCestars i MdgFoHe 8rng1arEeéTblfTh2

%%@%ﬁ?%%yarﬁn@u&{é}! C%XYI%P: f l?ggigﬁ%lr_l 'IZ}@&A n¥hd p%séﬁt invention,
CETOEABBEEvarGBET GaEA hMGTICES in I TNCBEOBET @re@STNdBE@Eering RSV F

e o TR S i

%%ﬁ@%ﬁg‘ea-ﬁ()p[h,ﬁp@f,@geeln prMprotein LTLESVVT
RVAVL CLAPVYASRCTHLENRDO901

GCTQA@@@T@@A@S@TEV&WWA@@@@@MM@S@@@M@@D@@Mber
TﬁE@I&T e%%OSOOrFOTQTﬂe&%% OVe; Sy %%EETan%éé%%lasmlds for

"PIV-WN s-P1V 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 illustrated for the WN(AprME)- RSV F
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GGGGACGACT CGGGTAACCC TGGTGCTTGA ACTGGGTGGT TGCGTTACTA
TTACCGCTGA GGGCAAACCC TCTATGGATG CTAAAACAGT GGCCGTGGEGT
CCCCTGCTGA GCCCATTGGEG ACCACGAACT TGACCCACCA ACGOAATGAT
AATGGCGACT CCCGITTGGG AGATACCTAC Hypr E protein
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AlhGEAART VAP P RGIIEEOTII G cCEREANQIAO rGOEMENEACE SOBARAAAGAA
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ypr E protgin EPHT GDY V A cﬁls M&‘s'or%t . Rirkto 26‘06 351:432-
SFTVSSIEKTI LT M- 1401|45¢ 1762-71)
TACGTGECGE UQCAACGAGAC TCATTCCGEGT CGCAAAACGG CCAGCTTCAC

TETGFOATCC GAAARRACTH); TOTTCAGT AT | vA0GD Eaaibi] BGR GHBODTyhelper cells
NTGCACCGCC GBIKGEECTG7RGT AAGGCCA| (BTG 3 FGRCv GERBEAATEF2:77-126)
SCACAGTAGG QTTTTCTGGT AGGAGTGATA| Hypr E protein - G E
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CCGGGTGGCT AGCGGAGICG ACCTGGCCCA| OHCAGTCANC CTGGAACT GG

PIAARACAGT  TIGAGATCTG CCCCCT CATANNGUGH ELedpB Yer BHK-C(YF)
3GOCCACCGA TICGCCTCAGC TGGACCGGGT | Helpés EMGAAH SACUTII6HTER6, 351:432-
TATTTTGTCA ACTCGTAGAC Hypr E prof®)n PT AWQV HR D

FNDLALPWKHEGARNWNNAERTLYVE 1601
CCTACCCCTT GGCAGGTIGCA CAGGGATTGG TTTAACGACC TTGCCCTGCC
ATGGAAACAT GAAGGAGCGA GAAACTGGAA TAATGCAGAG CGACTCGTAG
GGATGGCGAA CCGTCCACGT GTCCCTAACC AAATTGCTGG AACGGGACGG
TRBETT TEaFéty (SiRGn L E0UsTelFaMERte ATTACGTCTC GCTGAGCATC

hyagastrdct pr ot ei n Doses Mortality (%) | AST (days)?
(log,0)
PIV-YF 1-4 0/10 (0%) na
PIV-WN 2-5 0/10 (0%) na
PIV-WN/JE 1-4 0/11 (0%) na
PIV-YF/WN 1-4 0/10-11 (0%) na
WN d-PIV 1-4 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 3/10 (30%) 9.6
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CCTAACCCTA CCATCGAGAA TAACGGTGGET GGITTTATTG AGATGCAGCT
CCCGACATCG AGTGCCTAGA GGGECTACAGT TACAACGATA CGACTAATGT
GGATTGGGAT GGTAGCTCTT ATTGCCACCA CCAAAATAAC TCTACGTCGA
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yrgerewof YF17D S MS F Lit* AGV ed/ L A M3DL GV G AD

PIDY) GCAIl NF GK ‘R E 102401 GITCOGATGICA GAGGTACAGIS/8 (100%)

10° <10 <10 517 (711%)
10°+10° 10 10 2/5(40%) -
YF17D control 10* 640 1280 0/7 (0%)
Mock control — WN challenge Diluent N/D 0 7/7 (100%)
— YF challenge Diluent N/D 0 8/8 (100%)

'[P immunization (d0 prime, and d21 boost in select groups); challenge on d35: wt WN NY99, 3 log,, PFU
IP, 270 LD50; wt YF Asibi, 3 log;o PFU IC, 500 LD50; N/D, not determined.
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CV-TBEV Hypr with YFV/ WAV chineric signal (p45) 5 1
UTR 1 AGTAAATCCT GIGITGCTAAT TGAGGTGCAT TGGTCTGCAA
WAT@GAGEITGC TAGGCAATAA ACACATTTGG ATTAATTTTA ARCEUS0@N 101666
GAGCGATTAG TCATTTAGGA CACACGATTA ACTCCACGTA ACCAGACGIT
TAGCTCAACG ATCCGTITATT TGIGTAAACC TAATTAAAAT TAGCAAGCAA
CTCCCTAATC 5 ' UTR C protein YFITD MS GRK A QGK T
LGVNMVRRGVRSLSNKI K101 CAGAGAACTG
ACCAGAACAT GICTGGTCGT AAAGCTCAGG GAAAAACCCT GGGCGTICAAT
ATGGTACGAC GAGGAGITCG CTCCTTGICA AACAAAATAA GICTCTTGAC
TGGTCTTGTA CAGACCAGCA TTTCGAGTCC CTTTTTGGGA CCCCCAGTITA
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roup
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[Mock control — T ""45‘3"1 0% | 4.0
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e T
- " =I£ X T l |V| 3‘0
'Syrian exs atE nad i SE t 99J6 210
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J. Virol.97: 1 4%

AAGGATGC GGCTACGCAG GTGAGAGTAG AGAA GGCAC TTGCGTAATA
CTCGCGACTG ATATGGGATC CGCTGCCTTC GTGGCACTAT TCCCGACTCC
CATTCCTACG CCGATGCGTC CACTCTCATC TCTTACCGTG AACGCATTAT
GAGCGCTGAC TATACCCTAG Hypr prM protein - WCDDSL S
YECVTI DQGEEPVDVDCFCRNVDGVY
601 CTGGTGTGAC GATAGCCTCA GTTATGAATG CGTAACAATA
GACCAGGGCG AAGAACCTGT GGACGTTGAC TGTTTCTGTA GAAATGTGGA
TGGCGTTTAT GACCACACTG CTATCGGAGT CAATACTTAC GCATTGTTAT
CTGGTCCCGC TTCTTGGACA CCTGCAACTG ACAAAGACAT CTTTACACCT
ACCGCAAATA Hypr prMprotein LEYGRCGKQEGSR
TRRSVLI PSHAQGELTGRGHK
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701 CTGGAGTACG GCCCCTGIGG AAAACAGGAG GGCTCACGAA
CTCGAAGATC TGTGCTGATT CCAAGICACG CGCAAGGAGA GITGACCGGT

GAGCTTCTAG ACACGACTAA GGTTCAGIGC GCGITCCTCT CAACTGGCCA
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COGCACAAAC CAGGGAATAT TGOCTTCACG CAAAGCTGIC CGATACAAAG
GTCGCGGCTA GGTGCOCAAC ACACCGACCT ACGTTAGATA GTCCTCTTAG
GROGTGTTTG GTCOCTTATA ACGGAAGTGC GTTTCGACAG GCTATGTTTC
CAGOGCCGAT CCACGGGTTG Hypr E protein MGEEHQGGT
VCKRDQSDRGWGN H C GL201 AATGGGACCG

GOCACCCTGG CGGAGGAACA TCAGGGAGGT ACAGTGTGCA AACGGGACCA

(C:é m% i&SEIGTTCGGC TTACCCTGC

¥ Wa¥ W=
COoALL GOU I Wlbég%_ AGCTULCUIT

Cﬁf CTATCT CCGACCQCAT TAGTGACGCC (GACAAGCCG Hypr E

WOGARGBIZACA GACCTCATGC CGECGACACC TTTTGICCTC OBC¥CGI180Y 101666

?@;‘J‘JT TTECCCH A Day 34

frotein KGS | V|ACV KA AASEEA K KW T] G AptiyEy

Anti-WN

PrAWE 4RVYWK T V K M° 1301 | ANAGBAAGTA TTGDCCCTTG 640

5120 .

DA A A S A A OOAADAACAA ST PSS PN S~ o~ A~
& & W /‘\L/| AL ATGS

GCCCTGTIGAGS
JEAI0Re TAT “ACAG

praceel

GATCGTT]

GAAAG

TTT1(q

CCTTCAT _A

NCAGCGAAC

20

EAONTOST CGGACAC

TCC!BGTT]

[TTCTF CCG

\TGATEC G

IGCAGATAC

5120,

n i H

NESGTTGI T CTAGCAAATA TGITCACT T I<GI)Hypr E proot ei

<10

- Fad D™\ N\ L A A Nl — o Ll ) L\ A W 2 (= (= — 1 s 1

1 LA . | A O E N T 1
R e R S T T A o
CCAACGAGAC TCATTCCGGT CGCAAAACGG CCAGCTTCAC CGTIGICATCC
GAAAAGACCA TCCTCACTAT ACCTTGGTGI GIGTCCCCTA ATGCACCGCC
GGITGCTCTG AGTAAGGCCA GCGITTTGCC GGTCGAAGTG GCACAGTAGG
CTTTTCTGGT AGGAGTGATA Hypr E protein
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GEYGDVSLLCRVASGVDLAQTVI LELD
KTVEHL 1501 GGGGGAGTAT GGCGACGTTT CTCTGCTCTG
WEOSBSEIEECT AGCGGAGTCG ACCTGGCCCA GACAGTCATC CRCIESITR®1666
ATAAAACAGT TGAGCATCTG CCCCCTCATA CCGCTGCAAA GAGACGAGAC
GGCCCACCGA TCGCCTCAGC TGGACCGGGT CTGTCAGTAG GACCTTGACC
TATTTTGTCA ACTCGTAGAC Hypr E protein PT AWQV HR D
WFNDLALPWKHEGARNWNNAERLVE 1601
CCTACCGCTT GGCAGGTGCA CAGGGATTGG TTTAACGACC TTGCCCTGCC
AfatiAaSarronanamsdicsnacalanemand acuramvastaensss diroraiatian of PIV-
T RE aabEAA RIOGTRChreomstGraicEANOE RMOATET GCTGG AACGGGACGG
TO@STATGTA CTTECT COETrodTalinGATCToR te\ T T ACONCTHD vaXTERACITATE

e)

Hypr E protein
L 1 KAl AG

FD@e(& H
[ Bogy) A

M oftaljty K
H 1 (%) 171

MASTY

CHSAKERPG ACG)
RV Hy T

[CTACAA

TG

AT __(MAGAC

NPdse( []

)1 daysT TAGEeER) O

CCCOG. T

) Womality \
LTl g

AST,
days'

FCY e

na

CTACTCAG

T8N,

CAAPOTRCC TGC
TCGAGAGCGA CCH|

NGATGTT
CATGGTC

A GPCTQ

(GCCEC A4
E protei

(VAN W VA ol

T TTAAGCCACG GUCXHTREG

na

\GREZALRY ]
n- EG

133

1801 C4
ICCATGTAACT TG
TGl

S—H-Y—F
AA q
LAGGT GG

INT IV INT O

AGTCAGG
AAATG A/

ok (0%
\AGGTCTTA

na

GGTACATTGA ACG
GCATGIGITA CAG

[GACAAG
CTCCGACC
ANCTG@ITC

1
548 1%{';

Hg/p (10801

GGG AQ

586350

ot @ign |

CTTTTAC 1

KFTV

CCAGAAT
VK R A H

11.2

TYHpr @2HpsD T
ACCAAGITCA CAT]

V VM E
SGAAGAG

V8/§ (180%)

5 Telk P

CRsl P

VOR (1%901]

GATAGCGECC ACGATACTGI

na

GGTGATGGAG GTGACCTATT ACCCTIGCAGA ATACCCGT (]

TAGITPCAAGT GTA

ICCACTACCTC CACTGGAAAA :
r E oroteintAM A H G850 N
k(filend o ¢ ynope 14 [ U8 (0%y a0,

T — LAA \( | ==

BFER* AFETTGCTAT GCTGATTACA

TAACGGTGGT GGITTTATTG AGATGCAGCT
i%@ﬁ%&eﬁmﬁ%d

L2

k¥ % 2101 TCOGOCAGGEC GATAACATCA TCTACGTGGG CGAACTCTCT

\V/N | |
CT AR Tr\/\rg@@\ T
A WA\

AT UTT VWO T

CCTAACCCTA CCATCGAGAA
CCCGACATCG AGIGCCTAGA

na

2
%é
§A

R LIGRD

TA AGTICG] CAGAAACG ACTTCAATT COCECCEEE ~ CCAAAAAAC
GAAGANCIYIRERGGOGGT CCG gﬁl\%ﬁ‘@mef‘:ﬁ@?@ccc"%%%ﬂmch?"er;ge
ATGGTCACCA AAGTCTTTCC CTCAAGTTAR GA AGGTTTTTTE quror

0/8 (0%)

crT AN 74¢

’ GKALHTVL]8 2201
ATCGAACGAT TGACGGTTAT CGGOGAGCAC GGATGHGATT TTGGTTCOGC
AGGGGGATTC CTGTCTTCTA TTGGTAAGGC AGHGGATACC GTGCTGGERG
TAGCT Piiyhr FGTTI0GAATA GOCGEICGIG QGTACOCTAA AAGEBRAGGCG 0/ (0%)

TCCCCCTAAG GACAGAAGAT AACCATTCCG T@ABGIATGG CACGACCCCC

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 5 9210 (1) 6,085 0/2 (0%)
4020 (1)

YF/LGT p43 123 (2) 64 1/8 (12.5%)
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Hypr E protein AFNSI FGGVGFLPKLLLGVA
LAWLGLNMRNPT M2301 GCGCATTCAA TTCTATTTTC

WOHHHAGG GGTTCCTGCC TAAACTCCTG CTGGGAGTAG ORI G009 1666

GITGGGACTG AATATGCGGA ATCCGACGAT CGCGTAAGIT AAGATAAAAG
CCCCCGCACC CCAAGGACGG ATTTGAGGAC GACCCTCATC GGGACCGGAC
CAACCCTGAC TTATACGCCT TAGGCTGCTA Hypr E protein NS
gene of YF17/D S MSFLLAGVLVLAMTLGVGA
DQGCAI NF GKREL 2401 GICCATGICA CAGGTACAGT
CV-LGTV E5 with YFV/ TBEV chi meri®®i gnal (p43) 5 1 UTR
AGTAAATCCT GIGIGCTAAT TGAGGTGCATSTOGTCTGCAA ATCGAGITGC
TAGGCAATAA ACACATTTGG ATTAATTTTIASADCGITCGIT GAGCGATTAG

Tcﬁ(ffﬂm@@ CACACGATTA ACTCCACGTAINECAGACGTT S$AGCTCAAGS (0%)

HHAAA AN AAAAN U Ae'AvAe'A'A -'e'-AA

5fFﬂ]‘?‘Pi"€2|B?te|n YF1I7DMS GRERX QG K T®¥ GV N
VRRGVRSLSNKI K 101 CAGAZAACTG ACCAGAACAT

GTCTGGTCGT AAAGCTCAGS c’ee CAAT ATGGTACGAC

8 (0%)

CTCCT

K QI

RIS

CC CT TTTTGGGA] §

1
AGTTA TACCATGCT
GC GAGGAA AGT TTGTTTTATT;3@yprotein YFI7D QK T
GNRPGPSRGVQGF<%0@®FFLFNI

$112.5%)

LTG

K Killed hunf TB EVACARAAAAC2AARACAAATIBE s GRAAACAGACA96

0/6 (0%)

CTOBACSET € 1 AAGAGEAGT T CAAGGATTTRGOTGYTTTTCTT TTTGITCAAC
ATIEEGACTG GAAAAAAGAT TTGITTITTTGMEBITGITTAA CCTTTGICIG

GACETBZAA®I TTCTCCACAA GPTCCTAAATIRENAAAAGAA<MAACAAGTSI8362.5%)

TAAAACTGAC CTTTTITCTA C protein NED7D T A H |

K RL W

C protein YFI
si gnal

Yol ScFeampiss

> g vty

WESARTCR ToRAGL

KMEXDPRQGL AV IR K V KRPV AS LMR G 304560%)

ot

pl%-lll;

TTCAG TTCTCTCACC ACCGGTCAAA CTACTCTCCT

7D TBEV parti al

si gnal

YF 17D parti al
prMprotein Langat ES L S S RKRRSHDVLT

M Hiera ?&iﬂ%ﬁ?@*&@f O“lr’"éf’?ih‘?“’r‘éé?for

Afgnption ei%be“mdiﬁ’ BAEN CHIETOGC AGCTACTGTG
ResiabeFBaath AACAGCCAGEhnihentd CCEEL ARmbrAtid MinJAAGAC IRebérence
ACGTTAAGGA TTAAAACCCG TACGACCCCT ACTGCTAGCG TCGATGACAC

N52RICT TCWCTCT g roVDDHirgE, fdsébiylirddhgdib hidgd JE, YF Hasegawa et al, 1992,
motion required for fusion activation Schlesinger et al, 1996

E84K ] conserved, E in TBE, K/R in others, TBE Labuda et al, 1994
attenuated by passage in Ixodes ricinus
ticks, DIl contains flavivirus cross reactive
epitopes

E85K It conserved, E in TBE, K/R in others, JE Wu et al, 1997
attenuation obtained as plaque variants in
Vero cells, DIl contains flavivirus cross
reactive epitopes

H104K Il within highly conserved fusion peptide (aa TBE Rey et al, 1995
98-113), Hin TBE, G in others

L107F ] within highly conserved fusion peptide (aa TBE, JE, WN Rey et al, 1995, Arroyo
98-113), L in all flaviviruses, F in attenuated et al, 1999, 2004
JE

T123K ] DI- DIl hinge, T in TBE, A in KFD TBE Holzmann et al, 1997

K126E ] DI- DIl hinge, K in TBE, E in D-2 DEN2 Bray, 98

K136E ] DI- DIl hinge, K in TBE and JE, E in D-2 JE

N154L(Y) | glycosylation 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, 1994

K171E | external edge of DI, involved in fusion TBE Mandl, 1989, Holzmann, 1997

1737 external edge of DI, involved in fusion YF Chambers and Nickells 2001

D181Y D!I- DIl hinge TBE Holzmann et al, 1997

K204R Lining Hydrophobic pocket, involve in DEN1, DEN3 Guirakhoo et al, 2004
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D
A

GACCGCTGGEC TGTACCCGAG pr M protein Langat
SLAYECVTI DQGEEPVDVDCFCRGVEK

601 CT

VT

GS
TD

MV I
MGS -

RAEGRDAATQVRVENGTCVI

L

501 GAGACGCECTC TATGGTGATC AGAGCCGAAG

WGSIRGEBERCEC TGCGACCCAG GTGAGGEGTICG AAAATGGECAC OEATTH2DANT01666
CTGGECGACCG ACATGEECTC CTCTGCCGAG ATACCACTAG TCTCGECTTC
CATCCCTGCG ACGCTGEGTC CACTCCCAGC TTTTACCGIG GACACAATAA

ES -

wWC DD

STGTGAT CGATTCTICTCG CITATGAATG TGITACTATT

CATC

\F\‘P'Q(‘r:h CTCT GOACCTCEAC—T

~TTTCTCTA

CACCCCTCOA

P272§ !\ II A

i Groe GRS RN

"EFAREKEREE G

I \JI 7\

WETACTTAC

G30a8TAGI CCCAC

CITT
SR

CACTGGDI
S R R S|\

FWKU@W@ A

Nl ek EEaee Lé:@@e%“f e

DAAAGACAT
- YGRC
rGRGH

b RREG
701

ST ETG

NATATG GAGHA

\TC (

~

W-xlr /SIegB JS(IOHmAIf
W"@@W@ﬂ° G
S P B R R MNP AGCECEA T

SETCCAGGA

GACAGEG

d
/
CTaie@EABII Gao et al, 1994
(
(
G

ao et al, 1994,

EPE@GERINTEC
[Yuerar SR

K311EAr~, .

AT A

[highly fonserved pulaive, a0t o

I~

f\‘

T

[ Reyelal 1097 Tennings, 1994

T333E Y

IIII‘\II‘\\/ \

cllAlachmen
[ putdtive’ ceiraltathment O T~

ARSIttt 1898

G33dCAC)

AACTAG T

DptitiiNe E&pbabhnlett T LU T A

e e
o TG LLL

ChdalodsahliNrckells, 2001

S335ar M

Dot el N

haligat akaemeMV L E G E A

JE K AHL

Wuldt a/1de7 G

K336p/ V

MK N K

putdive Felllattaghmenty M VA W

BEL AGIGECT

(©&yfa and Gould, 1991

P33T 0

MAGCA

STRAEGtERchmaT CTGACTCG C

ETGAAGEC

 (Sext ey Gk, 1991

GIBERAAA

Y3

CAAACT

" i PV

CRe R P RS CCTGGTGA T

AL

AL T

IEFCECGTG T

Y384H
TTTT

Ch TCGT ¢

STTTGA

|n o

DAoL o H Fartatbd R LAV el
Mﬁ&%‘hﬁﬁﬂ@&éﬂ@(ﬂ&@'ﬁ'ﬂ A

CRECTTCCG
CCAGCGCAC

nr
V385I|5' r‘

AT
~ 0

L1 VV

Aga

G e S

EL | N \L
| ==

VIV

QDZCJ)THL

Mmoo X
LELEL I = 4

| | [»)
\ramatsiret al, 1996,
iR a1

c3sdeCl (4
TGO

ATGGTA
SCTCGC ¢

SAGHTCANES Ve -1 pdsGRIEJekiAN ] |
DECTCIRTNEVERIA'ETATGT G

O MET Gl
TACGCACCT

b B{sl F9D€ L obigs et at,
WAATCGA\

E387@GAC’

TACCAT C

"‘f"l\ f"f"f" l

SERER AT i

APBTMEACAA

EC@@Lobugs et al,

DA CC
Fa03K'
E pr

bt €1 n Lamga&a ihysthdsthoctyfe sSE G V' Q

T highly conddrved’C-emifatregionhot

TCOCOCCT A
OO

J'T'TRL

vJaﬁo é_‘éM% Bray et al,
1hosV L E

H4a3gdy G
CA

[(Ndoe V' |
CGTCCA 4

Wghly céhsdoled Clernkihalpeglon idt V
\Wms@mf CC T

f‘—lf‘\ﬁf‘\

(1l GAITTI
CGTGCTGGA

L(Garkyell and Pletnev 2000
CCGAEEC

H496$GT

TCACTG

|

CHRETGRATG (

CRARRECALSY

POCA r\r\r\'r f"f"f"

CT.CCy
Ot

ACCT 1
\w Wy

199 ganchalacs BraoAHRUAR! AT T (RS S ek A
223G 831 Erties @CGTE’F@*F@@M@@%%% 1)&%@%1’@@ ém’TEGAbTG

CTrCCc - A
=\

@@y g&@x

f"f"l\ CCA r\r\'r f
\WL W\ ) |

% ﬂ;rol
uet

Fh219-

67(NQBSIGHI 1T |eAT.Cemnagsetat ACATRAT BIsE | 67(8):81 1S L §94; Neandiet
al., G VArod. G3(R):$6455H , HOEY; Shamibers eCakl JRVDoQ7S(22):R0B 24/ @21, 2001;
Cedlidzt lal. FVigolbgy 18 WA BIBEEACP | GEEAGEC AT GC CEaCABBAREPt 5):931-935,
199804 EGHGT G&G@TAT@S/@PA@%&%’&C@%TQB%m%t SGATGEGEGA
CHEDT. FPALX; 1608; TICIb kGl al

Vir

et al

64(1”(\)%@4\3_3_-@@553 1960 G F4adedu dt T

T%CM%Q@EmB
675, 2001
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Sequence Appendix 1

E protein Langat ES KGSI VT CVKVTCEDKKK
ATGHVYDVNKI TYTI KV 1301 AAAGECAGCA

CATGTATATG ATGTGAACAA AATCACATAT ACCATTAAGG TTTCCGICGT
AACAGTGAAC GCACTTCCAC TGTACGCTCC TGITCTTCTT CCGGIGTCCA
GTACATATAC TACACTTGIT TTAGIGTATA TGGTAATTCC E protein
Langat ES EPHTGEFVAANETHSGRKSASF
TVSSEKTI L TL 1401 TAGAACCACA TACAGGGGAA
TTCGT C-?O§AG CAAACGAGAC TCATAGCGGA CGAAAGTICCG CCTCCTTCAC
CGTCTCC¥CC GAGAAAACAA TCCTGACCCT ATCTTGGTGI ATGICCCCTT
~AAGCACCETC GTTTGCTCTG AGTATCGCCT GCTTTCAGGC GGAGGAAGT G
HCCAGAGGAGG CTCTTTTGIT AGGACTGCGA E protein Langat E5 G
=DYGD°'VSLLCRV%\SGVDLAQTVVLALDK

BT H E HL 4881 COGAGACTAG CGTAT CTTTGCTGIG
‘:CAGGGTC&IC GG E\(}ZCT CA GACAGTCGTG TTGGCCCTGG
°ACAAGAC§\ GCACTTG GATG CCGCTECATA GAAACGACAC
%cpc; cc% GT CTGTGAGCAG, AACCGGGACC
°'TGTTCT 5\ CGIGAAC p‘rEb ein LangatH Eig TAWQYV
BH R D FJ\ﬂDLALIjWIg DGAEAWNEAGRL §
®Vv E 16D1 Q@&CAGCCT CAGGGACTGG ST TAACGACC &
STGGOGCTCCC GA&’ G AAGCAT GGARE TGAGGCAGSG &
°AGAC'J€GK:‘-TGG CCBEIACGT GTCGCT AAATTGCTGGE
SACCCEGAGGE CCTTTGIA CT C TTCGTA ACTCCGTCCC |
n.TCTGLgQCAcg pr ot ei f ;LangﬁgEs FGTP H4A¥ KMDV F§
=N L VLL%KSE GVPVASLSE1701 :
EAATT GT TGG ACGITTTCAA TCTTGGTGAE
-%ﬁé&f \ AT GGCG GGCC';;TGCC'E'G? TAGCCAGCAT
oTTAARGCTTG GTGCGG CATBIETACC TGCAAAAGETS AGAACCACTG
BGTCTGICCCG CGACTT TAGEGACCGC CCGCRA ATCGGTCGTA

EEproteln gal@E5 EGT YHLKS GHE\ETCEVG;
5LEKLKMKG&TYT,V$DK1801(:GAG§@A :
> ATCACE ETEAAGICTGG GCAFGTAACC TGCGAAGT @G GCCTGGAAAA
GAAGATE FMAGE\CTTA CTGT&T TGEGAT GCTCLCGTGT
tTT,WCATAGTGG T@GACC TTGG&AO@@TTCA CGGARCTTTT
S CGACTTCTAC CQFGAAT,GL‘A GACAPABACTATEG E pr&eiqp!

LLLa*mgat E5§ Fo FbTDS HDTu\bVMEVES.

SiG T R™ P v:ﬂ TTA GBS @
;A@CCCAACG TT@:GGCC AT GATG GTTGGTTTg:*,r

ERCCABGTAGA AATAEGA GT TGGTTQAN& TCGC
UJTC(XBGGTTGC&CH’ >.TACTJZA¢T GCA Aogf GA
GGGCCGTGGT E‘TEEGI’ TCT TA E priot eg Q_anga .
1A VIA H G*¢ NV A FBLS | T :
>F 1{E M Q"’lﬁ 2601 &BA
ACGTGGGCA] G TGHT COCASCTAT

OGGGTTCAETCQ TSCA GCGEGGT i
gTGCACC@S?TA CBAA X GGGI=GATACCTCZ
FOCCAAGRACERTASOICER "2 2 oi«Bf @ s
> ol%cn > o * a e S ha E 2
o o Z 2 5"35 Z &
G a S 35=§E = o
o o ¥ EI°88 B B

401
401

62

WAT@ITAZTTG CGTGAAGGTG ACATGCGAGG ACAAGAAGAA (BIZBEM@IATN1666

Q KK RGGK TGI AVM IGMTL ACV GAA T VR

CAAAAGARA CGCGGGGGAA AGACAGGCAT AGCTGTGATG ATAGGCATGC TGGCTTGTGT CGGAGCAGCT ACCGTGCGA
GTTTTCTTT GCGCCCCCTT TCTGTCCGTA TCGACACTAC TATCCGTACG ACCGAACACA GCCTCGTCGA TGGCACGCT

201



LYLOIOODOD IJDDDIOYDD LIOLIDLIOVD DOLODOVWDDD IVLVUYDIVIOL DYOIOLILOD LIDIOOLIDD LIDLIOLLLY DOVIVIIOLD OYIVILLOOUD
YIVOVODDDD YOODOVDLOD 40@005090 DOVYODOLI0D YLIYLIIDOLOV JIDDOVYIYDD VWDVIOUYDD VVOVVOUYYL DOLOLOOIVD OLYIVYOOLD

m -4 H 95 ¥ 1L 1T 3 O ¥ HS d I T A S ¥ ¥ L 88§95 3 0 X 9 >d D i 8 1
W m m = o w E.uﬂa AL u%ma uw.uoﬁﬁu YYYDODIVLD VIOYOVIOWY
> m s m W owSu oMouﬂn 2@@ ulﬁ.muu Tmoamﬁumaﬂbowﬁmw smuawawwam

o> 4= -B,l-,- qxl.l-- .Q A.:- _.|. .............................
H f -
o) m m W @ 2O @ _mﬁl\u g % Wﬁuaﬁm u 8« m DD0D0D IYISYOIOIN DLOIDIDIOLID

FO<<WO % <O wmouuuu YIVOLODOYL DVIDOIYOYD
- T3E8> 28 & EQIQ6® 3 r-ﬁ& ww ..........
OQEI<IF N m Wu@ %u nwmw WIDDSYY DDOODLLIODD LIOVOOWIWY
> EE 0Q . b ,E IYOODLL DODDOWWYDD WWILIDLOLL
i1 R b85S T o0 apEer ¢ L e

— - L=V Y et adatedadndadedededadededededado bl b 2o 2o d
|N%AQTWWTO Mnmaﬂ@wm:Nroww@m_mmL@%mg ure30ad D
S5 gEe<Eny e85 mmp.w.céﬁ..mmmm ......

N X W ET - m m m,_ﬂr, _@ Wv B um ._Wm.mwﬁgm DOVDY W¥DOIOLLIYD DISOOILOLO

e w @ _Q wo _Q 5 L, WUY2aD SLIVYOD1OL LODYDYYYID DYIDOVOYD
O N km o Iy » 7 9 ¥ 17 v & -

F2ORBbolRP M-r- 0. =L @«m (m_.rﬂHTq_H
o BEBS 2008k OB EBRhs
LO8888>0pg thwe B g
n_bu - % nmuW = % .. ..... MI.W <K O a

> _G m _> m
WR __w S8 m %m w%

SO w wr w < Fplops
S o0~ =k Y(TAN“?%NVW
nSMT@A5AM@ Mhn TG D T
- <<= UuW @ - Q- _I < = yIn .S
owm w g w o 19X ot a__HB@v DLOY VLIYDDVIVD YOOYLLIVOL
+ = DLY| UYADIPL WOL IVYIODIOLO IODIVYYIOW
2vibbs o, m : EEEgroe -ﬁa,m.um T S —
o c —
L850 SnBR BroPRER,8825E-80080

= (zvd) 1eubis opawnyd AIGLALA Unm 1dAH A3GL-AD

¢ Xipuaddy asuanbag

T0L

T09

T0S

0%

T0€

T0¢

10T

63



urajoxd g adAy
YIOLOOOOYY JLODIVOODD YOOOUDVYODL LIVYDOVOVY DDDIDDIOLD YIDUDIOYOY LIOILVYOVOODL DOUVIDLIOYD DOOVIOVOOD DIVIIOWYLIL
LYOVODOOLL DYIIVIODDD LOODIDIOOY YWYILIDOLOLL UUUUUU<¢<U LYDLOODIOL YYOULDLODY DODOIVOVYOLO DIODLYIIIDD IHIODDLIVY

-I HY A d A D ¥ TVY¥ X TT A D L dad ®1 N X A O WMXA ¥ HAd ¥ 9 & -
Lﬁouou.wl

TO 88011 WL 9590 %a @ JJ219 IDDYDDIOND YYDIDOIYDD
0n Ao FIPEROVY uu.E uu @ D9OYD YIDILIDYODD LIIODOVLIOD

1 ¥ 4 a H A DD M Y 1 4
ITA“"% N‘M ;Mlm'p l@lm ﬂLlll ~ -~ -S @lW'@W]l'llllllllllll-l..l.ll.nllll.'--..(l

,ﬂw N

W 50w @%% gWﬁmwﬂ wp '35 wwuoﬁ.«u YYYIOLIOOD WIYDIDIDID
m SHAOVM IO IEDLS aA&ww uE g 1054 59051010 LLIOOVDIDD LVISVDD99D

( V
* £&ho YOOIV YIDODDIOLO IOHLODLIIOY

Oa 1 3 & v 1 s A @ 9 x 3 o -
%w BAraurbipabideul 2he @ i :Kw ............................
— =0
(21747403

AATVRKER

N4
2
583
(0)]
< m i m
> m xeop
T
>2888>0
-35238cnd
K@GTC o @
- —
> _G — m © c
N4 @ w m 5 m bt Snﬁw “ﬁ o ouﬁ. LUDOODYOUD YOUVDIWYDOL
RW@%U.&M@ X a9 1 H a4 g -
o N m = K .. B PR A s e
W_ .@ W M g © M. m g m _.vlu Awu?o«ow DYYHIOYOVY IWDLIDDLLL
- — 190 DLIDDDIOLL VISWYOOWWY
Aﬁ@mmmmTTmM@N@.m@Mﬂ% .T = mA %m A D Y A I S 9 3
_ Fo.S - > =t D..WTm ...........................
0] % w __H w o MG _Ml\u W 99 W m uw Ho ,Buw DOVDHDLODD DODIDIOVLL
od < et w Ly 4F e w W i % 8&8%8%5% P
c3rBLE =BR3A I BRARN: amﬁ A e
(AN % O] .@ - O g WD £GP0 HoND orbe n@uao YIYDYLIOOV IODYHIOWIY
w = ) Mbu gh Bl WEDYD IVIDIVVYODL WOOLISHIOL
D_Gm mm.L T — X _@,mm\uzgaonvmochaqz
e o m wﬁ. -~ = s memT .AEL--- < S
=m m m m m ~ Q9 & 5 i g0k W .E_@% mm@uo L99DLODIDD LOWOVWYYLD
<ofb3izdsun Saonl Bt 3 e
=0 304 g oo 2 NURORES -- = G.G.QG. ........................
— - w 3 % n > < % = @ =5 e SR W << OOVDVOYDLO DYHIDIOYED
x O — _Q = [ = __H il %@u vu mo 11 9OLOLOLOYD DIDDOWILID
% [l R hean viEoe ---.o ...... nasE T
s s  EgfRae2IREs0 WWGKM
. M_WMMDSWWM,WW”U ﬂﬂ:w;D CHAATTT8 Rv_m
= O¥VYYDOYDLD LOYODVIYDD HYDHDOIDWYD VHODOVLLLL IODYOWDIIY HOJDLIOYID DDDOLOVWYL SIOLIIDOWS IOVHLINOID LIOVYOOVLL
SLLIDIIOVD VO,

LOOLYLID DIODJDOLLD LIODDIYYYY ¥OHDIOLODOL DDDOYDILOD DIDOVSILIY DVOVYOIILD YIIOVOHIDDD YODLLODLYY
A W T ¥ 1 T ¥ N A M A M 29 3 A 4 L 1 H L ¥ 1 s a o a T M -

utrajoxd wad

<

TOLT

1091

TOST

T0VT

TOET

1021

T0TT

T00T

106

108

64



aLTdx uralzoad D
LIVLLLLOLL LOYOVYDOVYD DOVWOLOOLO OIIDLYOOVL VLLOWOOODD VDOOLIILLID JDISYOOLLL WOOVIIUOUD VISLIOIOOL OYDLIDIILO
VYIVYYYOYY YOLOLLOOLD DDLIOVOOUD JYDOVIOOLY IVVOLODDHD LOJDVYVYYD 9DDHYOLIIOYYY LODIOOLOLO IYDYYOYIIY SIIVYOVOVD
X I ¥ N S T S ¥ A D ¥ ¥ AW N A SO T IT A 90 ¥ N ¥ 98 N

R e L [

w >> pa IT I<E a0 s
OYYDOVYL o) L Y. Y0,
wuﬁﬁ Woﬂ OY a@wwa m

m X380 5

M

DR
C

5

A-R)-m) ) ¢0W<BHH<UB
A LODLOLO LOJLYYYIOY
S ECERREE = Reg
%ATWG TFFT0gFO
o>
i

.@,m@ c%:&f A381-AD
e

ﬁ%E
X W <C -
Am ) Al<mw mmm DYOOVY LOVOYLODOVD
L LODLL YOLOLYDOLO
_mw o WaA@Mongia d S W § -
nU |

wTAA o
X - ——
O]

TAEGKP

SMDV WL D -1001 ACCGECACCC AGGGGACGAC TCGGGTAACC
WETBFHTAZTTG AACTGCEGTGG TTGCGTTACT ATTACCCCTG ARIBCASMALID 1666

YQENPAQ

TREYCLHAKLSDTKVAARCPTMGP - 1101

ATGCAATCTA TCAGGAGAAT CCCGCACAAA CCAGGGAATA TTGCCTTCAC

G
CTATC
E prot
N K |
GTGA
CA
CCG
TGT
BT G D
b 35
¢%§§TCCGG'T
CACTA T
'Iéﬁquxx:A&dG&
AGGAGTGAT A
%’5 g

TMG

CRACCEGTT GITACCCTGG

"B CKRD

<
QGG
1

R Vo

ATe
CGAAG
T3
pr ot
SFE KT
GA
GT GA
areTCeG T
4dC |
8501 T
GACCT
TGT
CA
AGA
“ A
i

oA
T
5 1
vl
w;%
=
ST
.FT
SEE
P To

\GEBBACC AGATEIGATAG A
Hg g
QL ACOCT
. & A
ST

S N 4 ¥ -

Hyp

VT £CA

b E:
1
0ag Al
Sk i
TGeR

F

i

&
EHpm

TA

CTCTATGGAT GTGIGECTGG TGECCGTGEG TCCCCTGCTG AGCCCATTGG

GACCACGAAC TTGACCCACC AACGCAATGA TAATGGCGAC TCCCGITTGG

GCAAAGCTGT CCGATACAAA GGTCGCGEECT . AGGTGCCCAA CAATGGEGACC

TACGITAGAT AGICCTCTTA GGGECGIGITT GGTCCCTTAT AACGGAAGT G
i

GAGATACCTA CACACCGACC Hypr E protein Al

TGTQGTTRVTLVLELGGCVT

<G

sdpdstidh gorgdiio Bagbagagh Tt
Mu%ﬁg@uww g SN gw @E.Ba YID 900199099
DODVY! 5 YV LY3VYLIYD DDSYDID00L
muméummT T H B Tm.m_b g oaa
P = VARA = T 7 Zrmmmmmmmaneee

L) . 5 Cs
wmw_m SuEEI e w,\m mwa & %%%ﬁ; BB oo v
ZH0) | .AwH. 0 Mr_.Em bl >_.I QA «a H ¥ A .Y -
P56 X0 < %7} m. L X .w .. AL <EE _Aln = -m- mnw-,!.a .........
Juumwmm% Ly %Wym Wv&%@ @NLWVM ﬁgé_amdwuu% OVIO IOWYOLLIOOL
BETE T T TLITEL EORD Ea e ot A e e, wronan

urdjoxd g adAy
OLLOIOWIVYD YILOIOLYODD IVVOVYOILLL JDVILLIOVYD LIDIDIVODD DIVOIILIOOY UDLIVOVLOD ODIOVILLOY DOLOOLYOLL JDDLLIDLLOD
OYYOVDLOL) LYYDVOYLOD VLILOLODWYY ODLYYVYDLLY YYOUDOILODD DOIOOYOIDL IOVYIOLYDD SDOVIIOWYSL JOUDIVLOVY DOYYDIIVYDO
i a o W 1 X L T 9 A W X 1 i 3 1 9 A T D I A H 9 8 I T H X X L 9 3 -

10T

13244

T0EZ

044

1012

1002

1061

108T

65



utrajoad a xdAy
OLLODOOYID LUYDOIDIOYD DLLLOIYLIO OYOYDILLLO OJOLOVYOOOV YIWLIOOOLO SLLLOLOIOD OHVLLILIILO YIVOVIIOOY IDOVOIDYOV
OYYOODDLOD YIDDODDOLD DWYYOVYLIYDD OLOLODYYYD OOVOLLIDOL LYLYYIOOWYD ODYUYVDVYOIODD JLYUYOVOOYD IYIDIYVOOL YOHOLIDODILOL
-1L 4 O ¥ ¥ ¥ A A L a s T A ¥ H T DO X3 a1 & 0 v d N 3 0 X I ¥ a T M -

OOy BB R ESIG TR 09
1D 500D 1vor 1D ol ¥IORS ¥HLODIONDD LODOHINOIDD IOVIVYYYLD
H i/ Y10 ) DORINOH LOYBOYODDD YDOOWIDOID VOIOLLLIVD
a _OG.H A IO ® 5 L ® 1 A 4 a
s M = ~ === B i O B e G = e (i O e & e ittt ittt
L
o) o
2 A $0X

GTACCT

TGTACCTTLT CCCGGGGGTG TCTATCGCCG GTGCTATGAC ACCA

<
[ Q
]

d

JACCCGALR

vodBovolIov DOVOVDIOL) DWOLOLOYDD
LOLES LOGBOLOVOL DOIOLOYOYD DIOVOUYDLID
A A A S 3T T L T-

25D
Q%
Eck< Tm
..mwﬂmumee -Mﬂk D @m

i X 8
dek
(3

PVRAVAI1901

ACATGGAAGA GGGECCCCCAC AGATAGCGEEC CACGATACTG TGGTGATGEA

;ngl T ﬁf
GTHACCGAT ¢

DLIOVY LOYOLIIOOL LOWYDIOWIL
YOLL YOLOYODOOY YOLLOODOLOY
4 1 s a o g T M -

C
A
1

o N D 2 ¥ 29 X 3 1

EGGEA
ViNg
G 1

:

@Mbﬁ%ﬂkdu IOVIDOLYLD ODLOYIWIIVD
YUOLVLLO WDLIOOYIVD DYDIOLOOLO

& X S 1T § a a o M-
l% .UU lllllllllllllllllllllllllll

39! IBYD000L IVIDYIODLO DLIDIDLIDO

2)52 2 YDLIDOOVY YIYDLODOYD HYYDOOYDID

¥, & DY ¥ I AL S O a -

M..m.-- R o .T.@.Ad.w ...........................
T

WIDYIO0OWY DDOOOLLIOD LLOVODWOWY
oD w L 51, DOLL HODOOYYYDD YYDIODISLL
Qm E >all _nmm S ¥ ¥ X ¥ S s 1
R ,
e W
% =

+.+.. @ _I _I..nu........!....:.a.:...!.-.i....

@u r _| Ae _ Qb._”...rﬂa«wuouﬁu

auw.m_.w_uw BWM.W% ﬂ_a |5<5oBE<uuswuuuauau

0L _DOLD WopvagL D1 IOOVOVYYID DYDOIOWIYD

S ¥ A A d 41T W X M T39I 1T HUVY L-
aLTdx ursload D

YIDLLLLLLD OVOLOVVYYY, DLIOVYOWYY VUDVYYYYOY IVYYIDOLIO YYOWDOIOLL SYYOOLOOVD OIDIOLLLID WYILIOLLLLI SLILLLIOLL

LYDYYYYYYD DLOVOLLLIY JVYYOLLOLLL LIDLLLLIDL VILLYDOVVYD LIOLODVOVY DLLOOVODLD JYDYOVUYYDD LIVYVYOVYVY OVYYVYYOVY

ClG

GNITAC
G

42 &

T
CH

R

ke

G
CFA

Gt~ ¥
g FE
L} g
ae
TG
GG
tF
BT
TU
AG g4
TA B¢
riot gi
ALl
CWiyg
TT cc)
CGT,
b
<
Mg
GEGA
S

21

EG‘?\
n
IE EiM
AR
et s
T CF.
G E2g siv
FGGA

;

»

or

N

’

Eé

o

gy‘%

fcA

o

Y
R

cT

i

KYHLKSGHVTCEVGLEKLKMKGLTYT

MCDKT KF 1801 GAAGTACCAC CTGAAGICAG GCCATGTAAC

WA TOUEANET G CECCTGGAGA AGITGAAAAT GAAAGGTCTT ARTBEMH#H01666
TGTGTGACAA GACCAAGITC CTTCATGGTG GACTTCAGIC CGGTACATTG
AACGCTCCAC CCGGACCTCT TCAACTTTTA CTTTCCAGAA TGCATGIGIT
GGTGACCTTT TCTGGAACAA AACCCTGCAG AATACCCGIG CGEGECTGTAG

ACACACTGIT CTGGITCAAG Hypr E protein TWKRAPTDS

GHDTVVMEVTFSGTKPCRI

roE p?’
G F
/AT GTECCTAR

Fonoas

(<]
o
=
=

T0TT

T00T1

106

108

10L

109

T0S

109

10€

T0¢

66



utrsjoxd g xdAH
Q0DDOYDIYD DDIVIOOUDL DIIJLLYOOVY IVOUYOWYOUD OYWLIODIDDL DIOHVVOIYY YHIDDOVIOD HIONOLINIDD WIWVIIOLOV YIDOLILOOVL
DODOOLOOLO JOULYODLOY DOOYVLODLL YIDLLOLOLD JIIYOODDOY JODDLIOOLL LLYDOOLYID IJYIOVOIDDD IVLIDOIVYDL IUDIVYOILY
-9 D 1 A L H 1 ¥ X 9 I § s 1 d 9 9 ¥ 8§ D d d M ¥ H 3 9 I A & T ¥ g I

WW uraap xdAy

LIODD UUMU.¢<EEWMWWMM UUHHBWWU<¢ A Y YOUDYDLLOD DOJVWOOIVOV LOVIOLIVID DOIIODIOOY
WRo99 mem_ ®G¢<< <UHH OYL LOLJLIOVYOD 9DDHLOOYIOL WOIYOVYLIYD I9OYII0IDL
MMO X s T &3 5 A X I I N Q O 4 a -
- Il. .l llllll IIH-I.I.l CAI llllll Illl.ll (o0 Yo s s s s vt ot et e o B ot et b Pt P Py P 8 s S P P oS P op o D ot et Pt ot B g S B 0 b o e o g g

101

CTAAGAAACC AGGAGEECCC GGECAAGAGCC GGCECTGICTA TTTGCTAAAA

YOO YIVODWYOUL IOWOULOODD VYOHVILIDOLOY DOILYIYDIID

G:'EeDéW
E-'

5o oo IVIDOLIOIY YOIOIYOODD LOIVDOOWIL DOVISLIODD
% E W ¥ A NAAddd S S5 H VY A VY -
- --- Xzao C-: I V ---1._1 ............................................

Gucw wmw nmvu &5 “m DDOJHOIVLD IOLHDHDHDD DIOLLIOYIS LOWYILLOOL

Wﬁﬁu R $9Y DDDODDYLVD WDYDDIODDD DVDVYOLLYD VOLLOVYIOY
-3 A

E R
GF
CBA
2

u«prmum
m- .ﬁmmq m M= 1 Tw-w-w-m--w-w-m--m-,w,w--w-m--m--m-

GLKRSSK -
i K Ry

= = W @ — T @m_lomm
u.@nvnu_hlk.M .H@ ZhLL WiazToo¥o0d Do <uaa<u§ww ODIOYDLIOY DDIODIVOLL IDLIOILIDD
YOLOLO Am Mv ﬁ M ,mw %&ﬂ& <uu LOYYIOLIYDD DOVDLOVYOL DDVIOVLIOVY DOVYOIVYOD
mm W 1 8- %ka\,mumzq:wxaum.
nrM.aV. A.w_l A.A.@a@@n%.@. K.W...I:_:H.Mouoﬂ .............................................
o@ w@%womw aawa¢w50a DOVILDLIOVYD DOOVIOVODD HDVYDIOWVLL
QLD Ly YYOYLOLOOY OOIYOYYOLD DDOLIYILIDD IDLODOLLVY
> +IVVG_H_.H >Hn_DanuL z»>azx><mm<um.
llll .@u lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

3 << DM\Q A — G O= H E .,_GE

@a«lu Jb.@a_&@ mw%wa n_uE DOLIDLIYVY DOVYLIOODLO IOOVIILOID WYSIDOLYDD
BYID ,Eu 5OLY 2D DOVDOVVLLL 9OLIVDDOVD YOOLODYIOD LIIDIIYIOD
mwrl w m._stP qnzmzamm>oz<am

-s =y - ET. = B L

nﬂmmmu
VRN, .”I 5:4.? a«Eu«s Mﬁ&e <uuo¢uuuuo OUDVDIIVYOYD YYYIDLIODD YIVDIODDID
gul._a W@« M IODOLODOID DIILIDLOLD LILIODYDDODD IVLOVODDDD
T ¥ A4 DT T S§$ A QD X T H -

B b s A T L O e G:,A---.Y ..................................................

© — TCAG A

ﬂ.pw w_B.Bu.E.wu DD90DYODIY YIDDDDIOLO IHLODILIIIY

@.5 ub .H. @u u«u«wo«ﬁu DDD9DIOOVL ILVDDOOYIVD VIYIOVYDOL

W mM T..A .MIWdH smz¢<>wowsmmm.
w = m

TTA
%m#mm UUHUﬁUdUUU LOJDLLOYOD DYUODIOWYIOYY IWYDLIOOLLL

E«ﬁw&v waavwsnnvﬁm waucﬂuw& DOYDIOLODD VODOWYILOD DLLODDIOLL YIOVYOOWWY
>x>a>>Hx a X AH 91 ¥ ¥ X3 ¥ I DY ¥ AA O2VY¥.A IS 9 3%

CACTCCTAAT TGITGITAAT TGIGTCACGC TCGACAAAGA ATCGIGCTTC

GTGAGGATTA ACAACAATTA ACACAGTGCG AGCTGITTCT TAGCACGAAG
WOTEOITARIGT TCATCAAGCG GACACACTCG ACTGITTGAA TEAICA0A%#01666
TAGAGCTACA WNV del eted C protein KK PGGPGKSRA
CGCGGAATGC CCCCCGTGIT GTCCTTGATT GGACTTAAGC GGAGCTCCAA
GATTCTTTGG TCCTCCCGGEG CCGTTCTCGG CCCGACAGAT AAACGATTTT
GCGCCTTACG GGGCGCACAA CAGGAACTAA CCTGAATTCG .CCTCGAGGT T

M

M S AGTAGITCGc CTGIGTGAGC TGACAAACGI AGTAGIGITT

VYLLKRGMPRVLSLI

urajoad g xdAy
SJ0DYYDVYDD DIDOWDLOVL LIWOODI¥OID IDLYLIOVOLD IOOLODIDLL IODWOVIIOL WIIIDOILOY IOLIIDIIID DOUVDOSIOND I99IJIIVIL
ODODLLOLOD 9DIDIOWOLY YIDHDDLODD YOVIYOLOYD YIOWDOOOWY YIOLOLOVOVY LOHDVODOVIL YIYYOHOYDOD HOIIIIVIID ODIVOHDOLVY

1022

1012

1002

TO6T

T08T

T0LT

T0ST

TOST

T0%T

TOET

102T

67



OOLOYOLLLY LODYIODODLD ILUOUOYYYOVY SHLOOVIDHLID YOVDDILOLL IUYDIIIOVID VVIVOLYVOV DVIIOVIVYD JDDOVOYOVYLD <BU<U¢UU¢U

DOYOLOVYYD ¥DOLODOOVD WIOLOLLIOL OVODOLOOWDD ILOLODOUDYY SIODOYILYD IIVIOVILOL SHIVVOLVILD 9OIDIDLIVY IVOILOLOOLD

I A X da A D 4 0 &4 D a A a A a4 3 a 5 0 a I 1L A 20 ¥ X ¥ 1T s a a D M-
§3 3ebueq urajoxd wad

0¢GUUU<BUB D9DLIOOOVYD WYULIVYOVOVD ODIOOIVLLLL JDOUYDIIIOVD DIDDDLIOIVY DIDLIJIIUD IJIIIOOIIDL ODVIIVIIVIY SYDIIOILOLD

oY uoumuuo@ao uwuwoag 2, WOIO(DYOOOYOIDL DDOYDDOVLD SVYOIDOVOY OIYDLODIVI DIDDDOYOVD
pd §QG.< I o L _m.>oa<<omom¢mH>zmwn.
Q. nnnnnnnnnnnn Tn ..L.buNm...... A O N © I
L = LLl W ;mum." Jepe] namuouu wxd
(@] ..Buu uﬁ@aﬁu& ,Suuoﬂ _.¢ouu 5&&8« OUSIDIVOVVD VIDVIODOWY DOODIOLLLID LIOUYOOVIVY
ﬁ, 4Ew< uoaaﬁuwa SIDYOIILLD IUYDIYIIILL DIDOIVYYDD WYILIDIOLL
> = AL TA QHS ¥4 ¥ 3 ¥4 8 8§ 1
- EEL 5... a.H S ettt
53 jebue uuo Teubts teriTred QLT 4X
< QO g A 1 Lo T e - -P < _Q m .......................
a) w <>SKFI aLTax urezoad D
u« ot % YYOV! DODILOIDL ISDOLOOYDD YILLLOOWOW YOOLOILIYD HINOODIOLO
S Euﬁu 991l ey wﬂ wmw 21530 DOVYIVOY VOIIIVDOLID LUVWYDOLOL IODYOYYYLD DWDIIOUIYD
= 5 0¥ 4 ad 1T W XM T ¥NT HUYLI-
...................... EOIE =207 2 S Lt R g o pws
=0 ._Q ~ @. e ._Q zA
PU <o = Ll x urazoxd »

Am.mmnjnuwao 1 oiL (= @Eﬁ% ¥OD1DLL SYYHDIOOYD SIOIOLLLID WYILISLLLL SLLLLIIOLL
At drlr%. L) 88544 OLIODVODID JVOVIYYYDD LIVYYOWVYY OVWYWYYOVY
mvﬁuK.PqHL ﬂ. A ¥4 8 495 4 ¥ N9H I DA I 3D -

SISO 558 WMT .........................................................
FWw>uw — x urejoxd o
4@ U+M LLLLLD ODLOVODLLL WDOUIOUOVD VIOLLOIODL OVOLIDIDILO
Aﬁbawuuoo éw DDYILIOVYY LODLODIOLD LYIVYDYIIY OLIYYOVOVD
- >|_ m>L
e e e e e e e o o - R, Uy
<a0>>wuw % <
—

CRVA

m X 9 0 ¥ A ¥ D S W
wb Lﬂiwu 3 T

GT

drn .S
OYYDLOOVL LIDOYOYIOY WIODYOIILOY VIIUDOUIVD VOOVIIIVOL
DLLOVOOIY YYODLOLODL LYODLODYDL LYYIDOLOLO IIDIVVVIOV

CGETAGA T
THEAC
R_RA T
(E F
58 |
AT
T
ARSI
5
vty
“f%
C
gkv
CTGCTT

GAGCCCATTG GGACCACGAA CTTGACCCAC CAACGCAATG ATAATGGCGA

ACCTCAGACA CCAATGAGCG CACCGTCACG ACCACCACGA GGAGACAGAA
CGGGGACAGA TGCGCAGGTC CACATGAGTA AACCTTTTGI CTCTAAAACA
CTCCCGITTG GGAGATACCT ACACACCGAC E Hypr

EGKPS MDYV WL 801 CACCGECACC CAGGGGACGA
CTCGGGTAAC CCTGGTGCTT GAACTGGEGTG GITGCGTTAC TATTACCGCT

GAGGGCAAAC CCTCTATGGA TGTGIGECTG GIGECCGTGG GICCCCTGCT

PAQTREYCLHAKLSDTKVAARCPTMGP

901 GATGCAATCT ATCAGGAGAA TCCCGCACAA ACCAGGGAAT
A
%
2
K
A
K
K

A4

~Z-=~ = O I I L U
SRS RN R e
8wt w EIEE > ~ 5 OF S
or0Zg<2%0000an o« uBis ouaWIYD AJFL/ADA WIM 63 ALDT-AD
325 GmAmAme GHRPW@L
vamw oOgF m m Wi 2=
m uV«@oK.aAuW u@ OIS COPIORYIDD SIOYL HOOOUYDLYDY ¥YOOWIOOIDD DIVYOVIOVY LOVOVIOOWD
CRERuS RN mﬁ@ e
R U e T U RO VAU ACR R T R o] Mg

we29pe4207 T G T QGT TRV T L VL EL GG C RCIUB2009/801666

utajoad 3 adAy
VIODIOOOWL LODODDVLIYLL DVYOLIOIYYD JVODOIYDDD JLYILOODYD OIYDOVOHLLLY DOOVODYYID DIVIOIIIDD SYVYYIVOWY LLOVYLODODD
LYDOVOODLY ¥DODODIVIVY DIOYOOOLLO HIOJDDLIDD HYIOHYDOOLD DIDIILOVYYL JIDIOJOLIDD OOIOI99999 ILLLIVIOLL YYOLLYODDD
- W L 4 N 34 W N T 9 1 M Y 1 ¥ A 9 1 T T A d T 4 9 A D D d I 8§ N 4 ¥ -

T09

T0S

0V

T0€

102

T0T

T0%Z

T0tC

68



S3 jebueq ursjoad 3
DOWIOVDLIL DDDLODDOIOY LIDOVIOOLL JY¥HIDODHLD VIODLLLIOYD 9HDIYDIOIIV SOIIOLIVYY JIVOLOIILO IOJVIILODD Y¥OHODIOLLOO
OOLODIOVOY DHDOVWIDOVOL YUDDIYIOWY DIODIDDOYD LYDVYYYDOLD DIDLIDIDOL JOVOIVVIIL SOLIVOOOYD YIOLOOVIOD LOJOYOWYOD
m>qm04m23<m<wa.mv~3mqﬂqaz.mzﬂmm>03<am

INY 2 X 3 @ 3 2 & A X A DI A I S 9 ¥

. s 3jebue] urejoad 3
H < Wﬁ%ﬁ%o@ %w«&@ @0&@94«@8 DD¥DHODODL HOOOYIODLO DYOVHOVYYD YIVDDLIDDD OIWDIOLIID
o <U<U<U UUUUBH BUOHBUUﬁ DDLOODODODY DODOLODOVD OLOLIDLILY IYILODYDIDD IVIODVOYDDD
AVV% m._,TIQW@I a A DS ¥YAY™ DTT SAAD X 4do-

o < N K. p.H. T _| A m Jebue] utsjoxd 3
o Uv D LIDDOLYIOY DIILODLLID JIOJOYDOVY LIDDJJILOLY IOLODLIOIY
X H@.M.Hﬁm AWWU D0 ¥DODOVLIYOL JDUVODYOIVVYD HYDOIILOILL VVDDOOVOVLI YOVIIWYOVL
WW UV a) DA Aﬁ - 9 § H LI 8 N ¥ ¥ A 4 g o 1L H 4a 3 -
00 TYLT LI TLR i RO L L LB S R R

- _| - g 3ebueT ursjoxd g
- Im_u 4@ OW/ UB UU LLDOLLILIOL JDLOODYIOL JVIOLIOVDD JVYHIOVOVY IODLODDILL
L) WB UUU YYOYVYOVYOY DOYDDOIVOY DHIOOVYOLOD OHLIOVIIOLL YIOVDIOOUVY

@ X

U L Qm Jebuer ursjoxad 3
A@ﬁBUBUUUH LOOYLYOODL ¥WOOOOVYLLOD IOLLIDLOOD DOVVYDIOIOOD VOODIIIVLL
hMﬂ@@UUﬂ YOOLYLIOOOY LODDDIWYID WIWYDOWDID IOLIOIYIDD LOIDOOOLYY

H
/ﬁﬁrw
EGA
'&5
@3:
&TTT
@AAI
GTTA

.$

L

':T

A

L

?

Fob
8
0
B
§
%

A D2 A L 9 s d H 3T F 4TI VY d 95 KW-
A O _S3 3eBue urejoad 3
oK ¥ DLYILIOOLD DIOLOLODDD DOIIILIOLD YIVWOVIOOUD LIIVOIIVIV
ﬁHINU&&v L5 v OOL OVILOVODOWD IJWOYIVIDOD DDOOYDVOOWD IYIDIVODLD VOOLIOOIOL
M%A:OT@N mao»mma0<mmmomeQqs

_I ()] V =< A m <Gz 3ebueT ursjoad 3

YOO LOOYOOWODY DODLOVIDID HOLVDIYIIL LOOYIODDLD LOVIOVWYLD
UMVU.HUO 400&00&8&00058008UUdBU<BUO¢<UU.HwUUO<U¢UHUUE¢w

ene

CAA)
GGG ETTAT
TG
l«
I L
it

| EN,N,
ARGTE
A,
ETARCT:
K
o g S
Ti‘ai\

T@é:.
B
gv
Rt
st
E,lL,C
GF
AA

l(lllll o e e e e e et e et e e e e . e g P O . P G0 0 P B St Pt Pt o 0 . ot e B e P P o 0 a8 0 P

1601 CGAAGTACCA CCTGAAGICA

GGCCATGTAA CTTGCGAGGT GGEGCCTGGAG AAGTTGAAAA TGAAAGGTCT

.H_I g T A T 1L T ¥4 LT I 9 0 A 9 1L A 4 a

r S3 jebueT urajoad 3
O¥ DYODIOVYIOYD WWOVVLIOVOVY YVIODDDODOWY DOVOIOIOHLD LYDIVIDYDD

ke
S
A
%ZT
KB L'
TJE:EATT

-.nga_@@@v

TACGTACACA ATGTGTGACA AGACCAAGIT GCTTCATGGT GGACTTCAGT
CCGGTACATT GAACGCTCCA CCCGGACCTC TTCAACTTTT ACTTTCCAGA

CGGGGAGTAC GGCACTTCTA CCTGCAGATG TTAGACCCAC TAGTCTGGCC
GCAAGAGGAA TTTCGAGAGC GACCGCATGG TCAACGGGTG TAGCTTCCTT
ATGCATGTGT TACACACTGT TCTGGTTCAA E Hypr

DSGHDTVVMEVTFSGTKPCR

1701 CACATGGAAG-GTGTACCTTC E Hypr A

YTMCDKTKEF -

P< 1939 D DDODL DIIDOHIDOLD IIOLIVOIOL L¥IDIDIILL JILOVODOVD VIOOIYOIID
N-am-._m\mE:_H nHmP Am_l_l_.m_ T Y A A A I T I ¥4 T T OS5 A A W T-
cgBFEleRs i " b5 .

- = < ¥ jebuer urajzoad wad
F r&«% g mw DDDLIOVYOD DJOYOLIVOVL HDOIILIOYD IOJLLIODIL LIIDYDIINVIL
9 L DOOYVYDLIOD DILOYDIOLY DIIDOVWOLD YIOVYOIODY ¥DHOLIDOIOY
M I\ 1
-
=

§GC?I'
& BTAL

-~1
GT
S |
CAT
<TT
GTA

TLGMTAATM Buer ursjoxd wad

DOD0LO0D DVIDIOYYDD DYIOVYOYDD OVLILODOWD IDDLOOYDDD LIJIDDIIOD IIVIVIOIOLD OY¥IYLLOOVYD
DDOOYIDD DIYOVILLID DIVDLLOLOD DIUSVOOILO ¥OOYDILIDD WYOYDHIDDDD DOILOIVOIYD DLYLYYOOLD
Omumw.ﬁqamcﬁmmmHq>mmmwum0mmmwumuwma

sa jebueq urejoad wad

we2gpta2ll Y HL KS GHV T CEV GL E KL K MKURWLI/T1666

1091

T0ST

TOVT

T0€ET

T0CT

I0TT

T00T

106

108

T0L

69



utajoxd D
: a0 s
OLYYLODILD YWIOVVOOYL LVVYYLIVVYL JOOWWYLIOLOL LIVILODOIV DOVVOLIOVIL LIODVYOYIOVY VIOIVODIOV YILYDOVIVYD VOOVLLIWDL
OVLLYDOOYD LIDOLLIOOLY VILLIVYLIY 9OLLIVOVOVY YYIVVIOOVIL DOLIOVOOLY YYOOIOLOOL IVOOHIOOUDL IVVIDOLOLO IDDIYYYIOVY

GLKRS
GGAAGTAA, CCTGAATTCEG,
£ - QKKR
WFEK ERD G !
#ELTGTGATG |
S AAGAACGCGA
ST T!
X T Q
- 1 z
@5 GAGT !
TGT TA!
CTCAZLTCTT]
ACACECCTAT!
£ RN

o !

G TCTGRAGAAA!
ACGCAT!
CATCTTT!
8QE !

WL E\|

8 |
GPAGTG
Bk
WK N:
TCGGETGCTG
CT AACT!
A CGAGQ
i i

= :

g

> !

£ :

g |

- !

Q 1

> !

I :

> !

v :

om 1

= :
>

(&) H

LOVLID 509D, Q) 1920 D ¥ODDDLIDLO VIOVOVYOWYY DOJIVIWILD

wmnu%u mv%mu.@auuwwéw«u IOIDLIDLLL 9999IVLIOVD

ruDBM@E,_ T 5 95 § T T & 9 W § -
23 %

= - 7 utejoxd 3
Opwsb ' DOYDOIOVYDD DUWOVDUODIY LIVYYIONDD
0 o_alé 9DLOD99LOD HILOLDIOYL VVLLIYIODDD

GmeGmG>ooqqazm4.

1 AGTAGITCGC CTGIGIGAGC

WA GRGANACTT AGTAGTGITT GIGAGGATTA ACAACAATTA ARAIBSEDM1666
A(:%J& &)A
v
A
GA

GiE
§mﬁ
N

G
e

LYDYYDODDD LOOLOWOVLL JVDVYYOLLY
H & O T A & T ¥ 8 1

OGA
TGATE SCCT GACTATA
40°
GIA
TGEA
cAt
$ i

B

4D T b e e e

UWM 19301
00! YLOLLIDODD YODYOLOLYY OLILLIOVV.L

B

foioises

T T 1972
LODYYOYD OOLLLOISRY YOOVIIOYL dmwwm 9D OOOVYDVLYYY LOVIOLLOLO LIOVWIIDODD
L ODDLOLYLLL WOLYOUYYOVD VYOHOLODDIDD

AR

UIRMS -
8
Q
8

B
g

9 A X I I N Q D9 4 4 -

d.vgﬁ !
lmé

1
1

b=xd
\/ LLYOOLIODDD IYOWIIOLOD DIDYOVIOLD
€L YYLOOYOODD YIDLODOOWID IDOLOLIOYD

T > A 3 d A D9 H ¥ A ¥ -
BRSE2IRLR L0l AR At
— O ebywa, urs
% @ d&& @%&%& RIBPLLIOYL DOLIODOOIL DDDOLIIIVIO IYWYILLODL
LOLLL _mwm <u% Abvvary b S DIOYYDOIIIOY DODVYDOLYD VLLLOVYIOY
m_o.mpv <Lu— eﬁ m I d ¥ 4 ¥ M &L 4 % &
< -2 ..WG.A Ma gy ey .AC..I.._.. 3 Y - Gttty
> < = = mmwu qmwﬂ oxd
th@ﬁ ¥EO)OOVOUILIOY DOIOVIVOLL IHIOIIJLIO
LYY w@wmw 9DIOIOVYOL DOVIIYIOWY YIVIDOOYOD
anwv_ J»@W@ @ muwqu:»xawm

sd 3ebuert ursjoad 3
YIDDIDOOLY DVOOOWIODD DDODWHIOVL LLOVDOUOOV DDJDLOHLIOLD DIOYIIVYOV LIOVYYYIOL DJOVIDLLIYD DOI9IOIOOD HILIIIVYYLL
LYDDVDODYL DLODDLOIODD HODOLOVIOLY WYOHLODLOOL DODOYDUYOVD IDVOHLODLIOL YYOILLIIOOY ODIVOWYVIO QIDOYOYIDD DVVYOILLIVY
- I 8§ ¥ A d A D ¥ 1T § I T 1 A 9 1 0 a 9 1 N 4 A a W X A ¥ H 4 L 9 a4 -

101 CTAAGAAACC AGGAGGECCC GECAAGAGCC GGGCTGICTA

AGCTGITTCT TAGCACGAAG ATCTCGATGI TCATCAAGCG GACACACTCG
ACTGTTTGAA TCATCACAAA CACTCCTAAT TGITGITAAT TGTGICACGC
TCGACAAAGA ATCGTGCTTC TAGAGCTACA WAV deleted CK K P G

GPGKSRAVYLLKRGMPRVLSLI

TTTGCTAAAA CGCCGGAATGC CCCGCGIGIT GICCTTGATT GGACTTAAGC
GGAGCTCCAA GATTCTTTGG TCCTCCCGEG CCGITCTCGG CCCGACAGAT

GITAAGGAGAA GCCGITPI V-WN TBEV Hypr with WAV si gnal

(p40) deleted C 5"

S K -

10v2

T0€C

1022

T0TZ

1002

1061

‘1081

ToLT

70



utajoxd g adAyg
OVOVYYYYLOL DIOLLLLOOY VYLOVOIVOV DJIOODYIODDD LUYDYOVYDDDD DYVOVIVOUD HYDIVIOVID YOIVIIOIOY DOIOUOLYYD IJYIVOVILID
OLOLLLLYDY OYOYYYYOOL LIVDIOVIOL 99VYIOIO09D YIDIOLIDDDD SILOLOLOLY JIJDIOHOLOD IIDIOYIOOL 9DIODIIDVYLLO OLOLOLOYDD
A 4 a 4 N F T H I O 4 § V¥ X A d ¥ 1T 0 1 T A A T A ¥ A ¥ I A A S d -

®) @) (v it W i e & b e e R E e
=0 WM C R LD > mﬁdﬁ:&m
s g .an.x.,m SaE <L - < 2
N mtmuus YOLOL SPNVYOOD PRIV m 20 19 LOLLDOOYOL SYHIONIIDL
Rwucu&u EDvov 90 (Lb} 28 DD IYD YOVYDIIIOV DJLOWDIODDOW
o - L o H 1 ¥ 1T s a o -
«BIEFEaEBIRERBE 80> o> 8 3SR g e
0] oxd wad xd&fn Z<
0 4= V)
L )
<
T

PG
iD
GAGGES
n -9
i

5500 h DL IDLIOLIIYWD JYIVDISIDD
SN o9 MO DOY ¥OUVOVVYLD HIOLOHDOYDD
3 © uwD w uﬁlw. ..Am SO g 0 95 0 ¥4 o
52 rd NMHW (@) <
YD LR m@_.mm m_w. DD YDIOVIVYOY WVYDOIIWIIV

009D LOVOLYLLOL LLOJOVIWOL

=05 S QoL 5 @ 58 &8 18
¥ m%@vvwm

iy

1%
ar

YOO LLODDDODDOL YIOVIODIVD

99 SV,
D Bd LD YYDODODODY IWILODOVIOD
..... DELBERY o lge 3 vy 1
¥ S{ETL
4@ 4@%@ ¥ IOVIOOOVYD D9IDLLIDOL
11 7 DL ¥OIWIIOLIO DIOOVYYOOY
.HW>

EHypP
SR B
cacr
TAGTGCG gTGTET'
i oV
5E

CGG, AATGATAATG GOGACT
[
&=

< 5 mﬂ-@ Oy @O N E R o< E_ma% a@ a2 < a H m--maam-rw_-am-
- _m__nml TCHMM M.zlg% & -G.M.ﬂ-wL Dz
m%% -

e

OLLOLOSHIH D99 vy SD DL YYVYOOLOLL HOYDYYYIOID
v NU_I@% W X M T ¥ X 7-
L << -2 LERLOO L T Z T S
0 &0 s}
DD VYILIOLLLL SLILLLLIOLL
99 LIVYYOVYYY DVYVYVYOYY
Ja 29 1 0 X 1 X 0

(45d4) uoT3arap zOP
LLYLLLLOLL LOWDWYOOVD DOYYOLODLD DILDDLYDDVI WILOYOODID ¥DODILLLLD JJIOYDDLLL WIOUIIUYOWD VIOLIDIOOL JYOLLOIOLO
WYYLYYYYOVY YOLOLLIODLD DIOLLOVIOYD DVOOVLIODLY LYVOLOODDD LODDWYVUVYD DOVIIDIOVYY IODIOOLILO IWOVYOVIOY DIJVYOVYOWD
-1 I A N § T § ¥4y A D ¥4 ¥ A KW N A O T 1L 9 0 ¥ I 4 9 8- W

CCAGGTGTAC TCATTTGGAA AACAGAGATT TTGICACCGG CACAGCACTG
AGCCCAACGA CACAACCAAC AGGAGGAGAC AAACCGEEEGT CACATGCGCA
GGTCCACATG AGTAAACCTT TTGICTCTAA AACAGIGECC E Hypr -

QGTTRVTLVLELGGCVTI

GCTTGAACTG GGIGGTTGCG TTACTATTAC CGCTGAGGEC AAACCCTCTA
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VLLSAGALTALMLI | FLMTCWRRVNRS
EPTQHN- 1601 ACGTGCTCCT GAGTGCGGGT GCCTTGACCG
WETMIGENBECT GATCATTTTT CTGATGACCT GCTGGCGGAG GETHSSIEBD1666
TCCGAGCCGA CACAGCACAA TGCACGAGGA CTCACGCCCA CGGAACTGGC
GAAACTACGA CTAGTAAAAA GACTACTGGA CGACCGCCTC CCACTTAGCG
AGGCTCGGCT GTGTCGTGTT FMDV 2A Rabies-G protein - L R G
TGREVSVTPQSGKI | SSWESYKSGGET
G L N 1701 TCTCAGAGGG ACAGBCCGGG AAGTAAGTGT GACTCCGCAA
TCTGGCAAGA TTATTAGTAG TTGGGAGAGT TACAAGTCTG GAGGAGAGAC
TGSGTTGAAT AGAGTCTCCC TGTCCGGCCC TTCATTCACA CTGAGGCGTT
ACAZECTTGE PATAATEATC AACCCTCTCA ATGITCAGAC CTCCTCTCTG
CiL pr Signal FMV 2 AFDLLKLAGDVE
S MBI GIP &G 8Gl1 AVMI GLI ACV GA 1801
TTTGATCTC& éAA EACG AGIT GGAACG TCCGCTACAT
TTAGTTTAG SAGGTGECCC TCCTTTCTGG CCATAACGTC AGTACTAACC
i Dag ACGCATECTC CprMsignal prMV T L SNF QG
K ¥8% M T, NKE'BDVTDVI TI PTAAGKNL 1901
qu§ . TC CAAGGGAAGG TGATGATGAC GGTAAATGCT
ACTGACGT €A %TGFOAT CAGEATTCCA ACAGCTGCTG GAAAGAACCT

T GATHEAAG ¢ Tcc ACTACTACTG CCATTTACGA

T,@\ B &STCTATBGTA, GFEHAAGGT TGTCGACGAC CTTTCTTGGA
@l*v AMEBBVGY’ CDDTI TYECPVLSA

q J;J QP | i3 2001 A TGTC AGAGCAATGG ATGTGGGATA
% ATCA™ CLTATGAATG cCCAGTGCTG TCGGCTGGTA

ATC%@CCA 5A EGAGH T A&H AACAG TCTCGTTACC TACACCCTAT

ECTATGNEAGT, CTTAC GGGTCACGAC

CCAT“TA é AGCTG prMCWC TKS AV

YeB vi G TRH%&RSRRSLTVQTHzlol
§ GC A ACGTC AGGTATGGAA GATGCACCAA
Cc;% GGTC ACTGACAGTG CAGACACACG
%TTTC&A%TCG T TGCAG TCCATACCTT CTACGTGGTT

%ﬁg% gﬁgw G TCCAG TGACTGTCAc GTCTGTGTGC
p.r DiLE KiGAMWMDSTKATRYLVKTE
I‘E‘F’ @ 01, GA GCAC TCTAGCGAAC AAGAAGGEEEG

GT G@.& ém, GGT ATTTGGTAAA AACAGAATCA
TERECTTGH GG CFEITCGTG AGATCGCTTG TTCTTCCCCC
ALCE €T Tic TCCA TAAACCATTT TTGTCTTAGT

AGCHTBGAACEB T clc o]¢!
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YALVAAVI GWMLGSNTMQRVVFVVLLL
LVAPAY 2301 ATATGcccTG GIGGCAGCCG TCATTGGITG

W@2NGTTIREEG AGCAACACCA TGCAGAGAGT TGIGITTGIC (H@ZUAMIAD1666

TTTTGGTGEC CCCAGCTTAC TATACGGGAC CACCGICGEC AGTAACCAAC
CTACGAACCC TCGTITGIGGT ACGTCTCTCA ACACAAACAG CACGATAACG
AAAACCACCG GEGTCGAATG E prMS F NCL GMS NR D F L

GCCTTGGAAT GAGCAACAGA GACTTCTTGG

Sequeﬂc@ Wppendix yp LEIVEcmist/ru@ﬁ@Jex essmg rabies
LR etes

virus

JCGEGTGGATT TGGTTCTCGA AGGCGACAGC TGCGT GACT A
T TTGA CGGAACCTTA CTCGITGICT CTGAAGAACC TTCCTCACAG
ACCTCGTTGT ACCCACCTAA ACCAAGAGCT TCCGCTGTCG ACGCACTGAT

w ._(AC@’WW-D%%%OWCX?@%%@A T ACCATCATG.

101

201

301

401

601

701

801

901

1001

TGAAGATGAT GAATATGGAG GCGGECCAACC TGGCAGAGGT CCGCAGITAT
TGCTATTTGG CTACCGTCAG AGTACAGATT CCTGTTCGGA TGGTAGCTAC
ACTTCTACTA CTTATACCTC CGCCGGTTGG ACCGTCTCCA GGCGTCAATRSe™™™ue of €
ACGATAAACC GATGECAGIC EDSL'YS T K AACPAMGE AH

NDKRADPAEVCRQGVV DR 2601 CEATCTCTCS M s
AAQ%M&QQM%&MW%%I& %ﬁé@qﬁmc ATCTCGATGT
TFGARE CIREET STAFIGTGF GGAA GSSCTTC TAGAGCTACA
-.Tasn.rcc;t_\c_.mmce-@mmf_mﬂmgjﬁlﬂmcﬁ ...............

Mgm zCﬂ?mCCWRTWW%&MCFM CCTGAATTCG TTTTCTTCGC
GGAfAEI:A TTGACAGM@G@@GAM?TL@G“{J@GTGIA-@CM@@CAAT

CC TATCTATACC

QTRA@G R\AACGWTTTAAAGG ATAGATATGG

rotein

TOROETP TP BT (TR %v/
--ACAATATCAA. - GFACGAAGT G- GOLAT -+ 16 - TOCATOGACE- AAGTAGTGT G- o ensroeeoee

TP A FACTRCCATEITT SAGTOC AN CoASBTAGCTED: TRATGAGRBH mrcriors

AR G T eRT @&8“@“@?&?&&&&%&3&'@ FEETTe™ mewes
NGB T D o

TENESTTR YT B STV
R RS N N S A e N N I,
Tl A o e A A P T e T LA T ITATS G hen caTaTACAA
GGTCAGGGAT TGACACCAAT TAACHCGGEAS T GAGGACGCC GCGGAAGTAT .
TENCICAT TG CAACETET R A TACETETEGA I ECACGT G ACACKTRGEG: a5 s
;;mmﬁm%m;ﬂ;x;ﬁymyg@éE’g‘Egé‘g'%Hﬁ;;;;;;';;;;;;;a;;
anfRcrecci\Adecapicd) derepadrr ProliffareSudcdasTh cchaabicdd/ ACCG TCCTCTAGGA

CEPIAGTTEST W%C@EWWWWTF@WC TCTCAGACCA GTAATATAGT GGTTCGCACC

ieB-G protein

CCGATCTTGA TCCTTATGAT AGATCCCTGC ACAGTAGGGT TTTTCCTGGC GGGAATTGTA GCGGTGTTGC AGTATCAAGT ACCTACTGCT CCACTAACCA
GGCTAGAACT AGGAATACTA TCTAGGGACG TGTCATCCCA AAAAGGACCG CCCTTAACAT CGCCACAACG TCATAGTTCA TGGATGACGA GGTGATTGCT
Rabies-G protein

CGACTACACT ATATGGATGC CTGAGAACCC TCGACTCGGT ATGAGTTGCG ACATTTTTAC GAACTCACGG GGCAAGCGGG CATCTAAGGG GTCTGAAACA
GCTGATGTGA TATACCTACG GACTCTTGGG AGCTGAGCCA TACTCAACGC TGTAAAAATG CTTGAGTGCC CCGTTCGCCC GTAGATTCCC CAGACTTTGT
Rabies-G protein

TGCGGGTTTG TTGATGAGCG GGGGTTGTAT AAATCTCTTA AAGGCGCCTG TAAGCTGAAA CTCTGTGGCG TACTGGGGCT GCGCCTGATG GACGGCACAT
ACGCCCAAAC AACTACTCGC CCCCAACATA TTTAGAGAAT TTCCGCGGAC ATTCGACTTT GAGACACCGC ATGACCCCGA CGCGGACTAC CTGCOGTGTA
Rabies-G protein

GGGTGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG CTGGTTAATC TGCACGACTT TAGGTCTGAC GAAATCGAGC ACCTTGTGGT
CCCACCGATA CGTCTGTTCG TTACTTTGTT TCACCACAGG GGGACCAGTC GACCAATTAG ACGTGCTGAA ATCCAGACTG CTTTAGCTCG TGGAACACCA
Rabies-G protein
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1101

1201

1301

1401

1501

1601

1701

1801

1901

ERNRETLMEFEEPHATKQSVI ALGSQE

GALHQAL - 3101 GGAGGAACAG AGAGACGTTA ATGGAGTTTG

WOBBNAGCACA CGOCACGAAG CAGTCTGTGA TAGCATTGGG ORCATSAGA®1666

L CEACCT CT O ATCAAGETT - CETOCTTCTC - FOTCTOCAAT - TACCTCARAC - -----------

TG TGGEIGF - GOGGT. E% - ATCGT. SaGretrerd f kK
TA| TT. T

cer mmmm GaoT BAATeTonT] ANTACTUETE GTirAG AR mxm&%mm

SGHL KCRYV K ME Krabiekk protétG 3201 GGCT

-GG AAAAATTCCA -GT- 'FGD«AG(E‘*; A
Pl Jdeh A Al ALt AR Tma CICTATTANG

W/ 1CoS KARF KeFelr GeTh PP AsD n GG F WY L B L @ ¥ 5 oW vis.
corbannloalirad SOkt BeARES, BREIS CURITETSAE Looc R PATRLIETC MAGELTCLT Acc'rcchA'r
SAEIACTEEBAT AGACATACCE CACBCGAE LEAOET GFHGEA cATREENGIAK CT TsccorcTa
---AGTGGCACGSE - TGTTGRATAC. (LAACRAG TTTCOGAAAG TTCAAGAAC ...
.- CTCABCOG ITCTGT GTCCA. STACOCT GACSACCACANECT T/AACGRCATG s T v+
A RPN P B TS AT, SR S PSP S AT IR CESTToceeTC GTeAcAChAG
-~ ATCTCOTCAG-FOSCTFCATT- GAAQGA SHA-ACSCEAGHSG - GAGAT TGS - - -

CRAROCTICAGE TOBTCIARBCANT TCGTAGT
:2$%Eg§§§§§%§§%§Fé ;' ',; e igTTﬁE $QT§8€CE{CY}TCE?GTCCCEfGt?GTgTTA ACCCCATTCA
TP PLFGRDe S"Y W VIGR G'E}'Q R L I L S P ;";"5";"{« .
-~ SEOCAACEET:- FGETGA--T-FAATT-GoA- ACCACCCT T - GRAGACT

R ER e I AN A ICA G R o SOV A S

COGGTTCOCA _TTCCAGGACT *ACTTAREECT TGGTGEGAAA CCTCTCGAGTA

2ERSGSSL Q%AFIJE'GKXGQQSRL—EASA\LG C’Q”GL”;{
--- WD F--6- S V- -6- 5 -3601-- TOTCGAAGEA--8CA

AcATRGEa habobhods Mmﬁm’”@m m ACCOAACTTA

T GARRCET, ABTERACETCIE, VP iT, S Vo G RA T Qv B gy,
e pE RS G M—-S—-WJf--- - -G—4;--L—-G—--37Q]:-~GGGTGI{'T(-9\C ---------------
ArceabkoA G hElako Rdveaan mhm CCrcanaAcs

GAGICAACCC TTCCGACAGG TAGITCACAA GGTCCTCGT AAGGCGAGT G

. PACAAGICTCE GTAGAGGADG TATT GEGTTE CTARCGACCE: 'E;"ﬁré:--l‘; ----------- —
MG N AR D RS A T P b AVG- G M LR LS &1 E nov

TCTT
saSiaSls 386k i e ) S’X’T‘é TOTTACTACA
TCCATAGCTC TCACGTTTCT CGCAGTTGGA GGAGTTCTGC TCTTCCTCIC
CGTGAACGTG
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CCGAGAGGAC AACACCTACC CGTAGITACG AGCACTGICC AGGTATCGAG
AGTGCAAAGA GCGTCAACCT CCTCAAGACG AGAAGGAGAG GCACTTGCAC
wE2NShiH260 D T GC Al DI SRQEL RCGS GRCFUS208/001666

DVEAWMDRY 3901 CACGCTGACA CTGGGIGTGC
CATAGACATC AGCCGECAAG AGCTGAGATG TGGAAGTGGA GIGITCATAC

WN (ACKHABIN G P San e R baiflic accroaccr cacaaraTe

101

201

401

501

701

801

201

1001

1101

TGITACTACA CCTCCGAACC TAGGHSGCCA ( Dpr ME) - Rabi es GPIV
sequence-tpartial) € -protei-n-5----UTR - M-S -AGTAGTFEEE-----~-~----~~-

cerffhePGEF GAGC TGACAAACTT AGTAGIGITT GIGAGGATTA ACAACAATTA "
ACACAGTGCCG AGCTGITTCT TAGCACGAAG ATCTCGATGI TCATCAAGCG s
GACACACTCG ACTGITTGAA TCATCACAAA CACTCCTAAT TGITGITAAT -

TCATEAREAS CheAbrAcn, ACCITNAAD TR Lot Tornar e tohol Ao m&tﬁ‘ “c?-?ﬁ TAGAGCTACA
KKPGGPGKSRAWHYmnt okt RGMP RV L SL

SIS :
GAT@N@'WM@GG mA'E@'AEAGWI@FH'%c&G@T Ectitata <o TTTTCTTOGS
"CUCGACAGAT AAACGATTTT GOGCCTTACG GGGCGCACAA CAGGAACT A ¢ protein

;;;mm'mmm%@m@m - GCTC
TCCOSTT CTFEAS GRFEACAGACA TSI REOER GRS A

f @CAA{GAAGTG CAAGPGTO®T 'TAAGGAGECT BOECFOCICA CEACCTACSCT T v & s 6 -

TR SR ION R RS MK TP EAGRETFS TTEANCARNGAACT ToCACTA TIAGMAAGAG

abieg~G

-- AACACCEAT G- AAACACCTTG - TGAGT-TEGAA- GAAGGAACTA.- GCEGACCTIGA el

GA € AT T CAANG AR AAAG I cCTFRCTTTTAGAT ATSESheS(6AESErca caTATACARA
e g B R
I E BT Rl L i Nt S RAD] e G prot e K KRG G
e TG AN A QAL R L LV R PG E G E R D T

macencl frc A AR B A R A e T CTT T, Somnornces rocmancy
TCCTCAGECT CTTTTGITIG. FAGESTFEST CTATTTORC CTTTACTITE

eaw‘éma‘mm% B camrs o Vb ey e Ahaeoaic, i

LD PYD RSULH SRV PPG GNOCS GVA VSS T YCS TNH.-

CCGATCTTGA TCCTTATGAT AGATCCCTGC ACAGTAGGGT TTTTCCTGGC GGGAATTGTA GCGGTGTTGC AGTATCAAGT ACCTACTGCT CCACTAACCA
GGCTAGAACT AGGAATACTA TCTAGGGACG TGTCATCCCA AAAAGGACCG CCCTTAACAT CGCCACAACG TCATAGTTCA TGGATGACGA GGTGATTGGT
Rabies-G protein

CGACTACACT ATATGGATGC CTGAGAACCC TCGACTCGGT ATGAGTTGCG ACATTTTTAC GAACTCACGG GGCAAGCGGG CATCTAAGGG GTCTGAAACA
GCTGATGTGA TATACCTACG GACTCTTGGG AGCTGAGCCA TACTCAACGC TGTAAAAATG CTTGAGTGCC CCGTTCGCCC GTAGATTCCC CAGACTTTGT
Rabies-G protein

TGCGGGTTTG TTGATGAGCG GGGGTTGTAT AAATCTCTTA AAGGCGCCTG TAAGCTGAAA CTCTGTGGCG TACTGGGGCT GCGCCTGATG GACGGCACAT
ACGCCCAAAC AACTACTCGC CCCCAACATA TTTAGAGAAT TTCCGCGGAC ATTCGACTTT GAGACACCGC ATGACCCCGA CGCGGACTAC CTGCCGTGTA
Rabies-G protein

GGGTGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG CTGGTTAATC TGCACGACTT TAGGTCTGAC GAAATCGAGC ACCTTGTGGT
CCCACCGATA CGTCTGTTCG TTACTTTGTT TCACCACAGG GGGACCAGTC GACCAATTAG ACGTGCTGAA ATCCAGACTG CTTTAGCTCG TGGAACACCA
Rabies-G protein

GGAGGAACTG GTGAAGRAAC GOGAAGAGTG CCTGGACGCA CTTGAGAGTA TTATGACCAC CAAATCCGTT TCCTTCAGAA GACTGAGCCA CCTGCGAAAG
CCTCCTTGAC CACTTCTTTG CGCTTCTCAC GGACCTGOGT GAACTCTCAT AATACTGGTG GTTTAGGCAA AGGAAGTCTT CTGACTCGGT GGACGCTTTC
Rabies-G protein
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1201

1301

1401

1501

1601

1701

1801

1901

2001

2101

2201

2301

2401

501 TATCTATACCATCCCTGATA AGCTCGEECC TTGGAGTCCC

ATTGATATTC ACCATTTGAG CTGCCCAAAC AACCTCGICG TTGAGGATGA
WOBBETAZHKCT ATAGATATGG RAbi es-G protein N L S BECFHUS059/041666
LEE KVGY R SAF KNMKNGLEMT ECATOGAVEVY TR ESAVER Tr-w 8 E 1 1 0.

GAC%GATFW ESATRAGA (AP AT PR PG TATATS TACSPGTCGACCITA CICTATTAAG
- GAAGGOGAGA: - TTAGMA@A.@@TAAAA&@AL@A@@T@AA&HTQAC@C% ............. |

CHCRRCBROTSE RAds oot ERTIGTCMT FopfeTFC\ATBOR¢AAY caltecTecdn derakCosen AceTecTaaT
GGAﬁ'r'rl"x{:c ﬁACﬁGAﬁ‘CbCATCCﬁC% cﬁcgcﬁg ﬁﬁ(}g}\ Jﬁfwcwﬂccm,? 6’TGGACCCT GGACTGCCCT TGCACGACTA

- CATATACANA-FTT - TACET CCACCTTCAA- CACARAAGAG ===

B AL o A S S A S e S e Syt

SR ST A T AR T ST S
%:@GT T CCGCGACTCCG AMGACCEEe CGAATGIT ; %A

x RABTESEG P Ob & N, B PPt R Y o B E S L HING R Y o O Y H W o sy .

R e T T - S ooh o= 5 B0 A AGEAGATOET - coeoroomemsmsroemeiseeies
il e e o bR R LS MR boczase crrspooars ssact

GACAGI.CAAG_ACTACCAAGG AGABTUBBET CATTATATCA TCCTCTAGGA

- \GCTATACRTE 'FTAGAGACGTM GT TGGIB@ATA NG('?AG)T AATGG 'FAACEGACEG T Q H N -

TECASRAEP ETPPCRCAS ORARAGCD) GAAAGTACR CYADARRA SACEACHIEASTRETE CqRCTECE oo crorcoTerT
SGVAVSSTYCS- 901 ccAAGCGTGG CCGATCTTGA
TCCTTATGAT  AGATCCCTGC MXCAGTEAGSST TTTTCCTGGC GGGAATTGTA

L GCRGTGRIGC: AGTATCAAGE ACETAGTGCT: GEETOEGAGE CRCTABMATCT 77 a1 v

rerRSHEEA N ER: ARGl AT e s G B o A A A O S A ane Tocerronne

AATOTCATAACS TOATAGCTEGACTIORATGACRAMRALT AGCTE T FOTEA CIechTCTe AcccArCTTA
HDYTI WMPENPRLGMSCDLEMRNYRGKR ...
A S K _G. - |78i** CCACTAACCA CGACTACACT ATATGGATGC

r ETCAGAAGCG TCGAGT GGGT vAT CAGH TECE ACATETTTAG GAACECACGGA ¢ v ¢ a -
rrrd It NN TS Ao e AT L L AR B D LR hakrccce Tocoracens
ARACTAGITS @ TRGAYCSJCERCTRAGCITACYI T BRotocdde GBeATaBialioATankbTe AdhotAMd GhACKRGCGG AcaeaTceTe
AT M 1101 GTCTGAAACA CAGACTTTGT RAbi es-G protein D

. WStDx Esl vEr Ho120d vGACGEEAGAT GOGTGEETAT sCeAACARGE v 2 2 6« v & -
cacTECE AR AR Al Rllekrc mmm@%&%@a&a&a

CTCATGICTRETIGAG EATORNCEECE FEOORTGTATRRBEACDEATATEEET GITbGSAc crrTerreea
- TTACTTIGITI..TCACCACAGG. GGGAK&AGIQ-GACCAAUAG.ACGT&T%A .............

arcehfrdRe headeaniclarddocéatd carerésedr GMAaima Kerievre Scdaerirdrdiccfactal atearccaca acacatceac
TACGTAACAG TCTCGTTACC TACACCCTAT GTACACGCTA CTATGATAGT GAATACTTAC GGGTCACGAC.AGCCGACCAT TACTAGGTCT TCTGTAGCTG
prM

TGTTGGTGCA CAAAGTCAGC AGTCTACGTC AGGTATGGAA GATGCACCAA GACACGCCAC TCAAGACGCA GTCGGAGGTC ACTGACAGTG CAGACACACG
ACAACCACGT GTTTCAGTCG TCAGATGCAG TCCATACCTT CTACGTGGTT CTGTGCGGTG AGTTCTGCGT CAGCCTCCAG TGACTGTCAC GTCTGTGTGC
prM

GAGAAAGCAC TCTAGCGAAC AAGAAGGGGG CTTGGATGGA CAGCACCAAG GCCACAAGGT ATTTGGTAAA AACAGAATCA TGGATCTTGA GGAACCCTGG
CTCTTTCGTG AGATCGCTTG TTCTTCCCCC GAACCTACCT GTCGTGGTTC OGGTGTTCCA TAAACCATTT TTGTCTTAGT ACCTAGAACT CCTTGGGACC
prM

ATATGCCCTG GTGGCAGCCG TCATTGGTTG GATGCTTGGG AGCAACACCA TGCAGAGAGT TGTGTTTGTC GTGCTATTGC TTTTGGTGGC CCCAGCTTAC
TATACGGGAC CACCGTCGGC AGTAACCAAC CTACGAACCC TCGTTGTGGT "ACGTCTCTCA ACACAAACAG CACGATAACG AAAACCACCG GGGTCGAATG

AGCTTTAACT GCCTTGGAAT GAGCAACAGA GACTTCTTGG AAGGAGTGTC TGGAGCAACA TGGGTGGATT TGGTTCTCGA AGGCGACAGC TGCGTGACTA
TCGAAATTGA CGGAACCTTA CTCGTTGTCT CTGAAGAACC TTCCTCACAG ACCTCGTTGT ACCCACCTAA ACCAAGAGCT TCCGCTGTCG ACGCACTGAT
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2501

2601

2701

2801

2901

3001

3101

3201

3301

3401

3501

3601

3701

3801

1301 ACCTTGIGGT GGAGGAACTG GTGAAGAAAC GCGAAGAGTIG

CCTGGACGCA CTTGAGAGTA TTATGACCAC CAAATCCGIT TCCTTCAGAA
WEATIENCCCA TGCGAACACCA CCTCCTTGAC CACGICTTTG GECITEDEA®1666

ST CACTOBET: RARIBS: SAH Ot St RbcHoclondy TR @orivr YocTrrras Shcsrons
TRt TR DR PR S SR R T omorts sttt avonc
W@ﬁ@@vrme TFOCOEAA-SOCTFATACT - AFTFFGAAGA ---------- s
A f i-?se&dxﬁse.?&f-cﬁcc&“rfAfAAﬁCAéﬁAb CALTTCGARATE P 7 2 T
X TRAGAIRGEA

SR e oA A Rt

“TCTGAGAATA CCTCOGCE
o RAL @S-G PO RN E I g1 P~ SDK}'Q CGLBVGE Q 3 R Y T T e
e o (i o B-GN~1501—-G‘\GAT FT G nmm oo

GRS ARG add b atereo) (K

SﬁT CTCA CCACCTGTCC

CC ATTTTGAAAG
TAAAACTTTC

mmx&&@mmm'mﬁ B
TCATERrefArsCiferk cfoTARhake Aobredctse Srohredcad Fr€iedeirh/ictrohrels dverhr \ferbeareas Tocarecere
P LMHPL.ADPS. 1601 ACGIGCTGAT._TQCCGAGATG oo

ro Rk S-G-YoD ko Gk PN 270L - EACTCTGTT 6 - AAABATGEG e e emoemoemememmn
L ATCAGGHCEAT ACGACTITETG GAAGT TEACC! TOUCCGATST ACAEGAAAGE ¢ S 7 vV ¥
CCANTPATCTFOOATT THGABG NOTETOC TEOCTAXTCOTOAGACRAG TETFAGERS e ATActoTer

HRCHEEP 1EPARNTAL T FORRCTCERCELOETACR T TEE™ e

AT AT AT GTRCACNC  CRABRAT T RAD S § prop el W G

LG viah AU Sro b v i 3 RV
S e O e R e oot Lol
GCCCTTGACCG CTTTGATGCT GATCARTTTT CTGATGACCT GCTGGCGEAG

re=) mTw‘;Tmm'Amch';Tmm' 'Cl' """""""""

T 11901GCACAG€A@AA GI'GTEZGT@TTT FVBV 2A NSI= 3 gnal vRAbres- Gy T 6 1 -

ATGGACCTTG CAAAGTTCCT ATCTCGTCAG TGGCTTCATT GAACGACCTA ACGCCAGTGG GCAGATTGGT CACTGTCAAC CCTTTTGTTT CAGTGGCCAC
TACCTGGAAC GTTTCAAGGA TAGAGCAGTC ACCGAAGTAA CTTGCTGGAT TGCGGTCACC CGTCTAACCA GTGACAGTTG GGAAAACAAA GTCACCGGTG

GGCCAACGCT AAGGTCCTGA TTGAATTGGA ACCACCCTTT GGAGACTCAT ACATAGTGGT GGGCAGAGGA GAACAACAGA TCAATCACCA CTGGCACAAG
CCGGTTGCGA TTCCAGGACT AACTTAACCT TGGTGGGAAA CCTCTGAGTA TGTATCACCA CCCGTCTCCT CTTGTTGTCT AGTTAGTGGT GACCGTGTTC

TCTGGAAGCA GCATTGGCAA AGCCTTTACA ACCACCCTCA AAGGAGCGCA GAGACTAGCC GCTCTAGGAG ACACAGCTTG GGACTTTGGA TCAGTTGGAG
AGACCTTCGT CGTAACCGTT TOGGAAATGT TGGTGGGAGT TTCCTCGCGT CTCTGATCGG CGAGATCCTC TGTGTCGAAC CCTGAAACCT AGTCAACCTC

GGGTGTTCAC CTCAGTTGGG AAGGCTGTCC ATCAAGTGTT CGGAGGAGCA TTCCGCTCAC TGTTOGGAGG CATGTCCTGG ATAACGCAAG GATTGCTGGG
CCCACAAGTG GAGTCAACCC TTCCGACAGG TAGTTCACAA GCCTCCTCGT AAGGCGAGTG ACAAGCCTCC GTACAGGACC TATTGCGTTC CTAACGACCC

GGCTCTCCTG TTGTGGATGG GCATCAATGC TCOGTGACAGG TCCATAGCTC TCACGTTTCT CGCAGTTGGA GGAGTTCTGC TCTTCCTCTC CGTGAACGTG
CCGAGAGGAC AACACCTACC CGTAGTTACG AGCACTGTCC AGGTATCGAG AGTGCAAAGA GOGTCAACCT CCTCAAGACG AGAAGGAGAG GCACTTGCAC
E
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3901

NSI NSI signal GVLLFLSVNVHADTGCAI DI

SRQELRCGSGVFI H2101 GGAGITCTGC TCTTCCTCTC
WEBDSAAMCETG CACCCTGACA CTGGEGTGTGC C‘ATAGACATC ARDCI0AR@® 1666
cactIBAGTIESEAS: ClrkdailatGlécdockad\aéctehdaAGaentatddd GEESEAG abAntchict Calcbtrree ATeaacceeT
ST EACTEPALS ACETTEACEI“CACEATTATESEY (TR MCE AT ETIRAEA OTCOAACC TACCTGRCCA

(continued) PIV-WAV helper DNS1 ¢ 5' UIRMS 1

AGTAGTTCGC CTGTGTGAGC TGACAAACTT AGTAGIGITT GIGAGGATTA

ACAACAATTA ACACAGTGCG AGCTGITTCT TAGCACGAAG ATCTCGATGT

TCATCAAGCG GACACACT CG ACTGTTTGAA TCATCACAAA CACTCCTAAT

WN (Apr abies I@iﬁ‘@é&fﬁ% l)GTGCT TC TAGAGCTACA
PGGPGKSRAVN LKRGMPRVLSLI

201

301

401

501

601

701

GL KRAML - 101 CTAAGAAACC AGGAGGEECCC GGCAAGAGCC
GGGCTGICAA TATGCTAAAA CGCGGAATGC CCCAECGIGIT GICCTTGATT

GGACTTAAGA GGGCTATGIT GATTCTTTGG TCCTCCOGGG COGTTCTCGG C protein
-.-CCCGACAGIT. ATACGATTTT. . GCCACTTACG . GAGOGCACAA. CAGGAACTAA .
CCTGAATTCT CCCGATACAAC S LI DGKGPI REVLAL M s -

acrhorccFerdremRicE réheafhictr Mdeabtethr Refoavralaciicalr Bk ca GGG TAGCACGAAG ATCTCGATGT

TCATSRECT ARG WTMWWW TCETFFCET TCHAESTTC TAGAGCTACA

---GTTGACAGGA—-ATT%FG@GA-GGGB‘\GI}A -~ EFERATFCRA--GTFCHRAGTAG- -~~~ e
_Credediied GCAGITATAC! TAaKcAChAl:. WGA@A@_-@AA@MQ&-T---J}--?--? '

SRR O AR T8 PR O T TP %W”ﬁ%%g .

“'S = O'I"T G"T """""""""""""""""
oy IR RISl NI A Ve e yarie o S S S

TR IS R ARAC T P CTe AP SN B MTPTIeIEspponer ccoomteon
TTTGTGGAAG ACTCAAAGTT CTTOEFFGAT OCCTGGAACT GGTCACGATA

...........................................................................................

E&E&é&ﬁcxmﬁﬂc}l&ﬁc&a?&'ﬁé' Y %%XAE%GA?&TN& "E% ﬁé&%%ﬁ%ﬁ?ﬁ%ﬁé

TGGCCTGATC GCCAGCGTAG GAGCAGITACG . CETCICIBAC TTCCAAGEGA. .
c PESTGATGATRT FBGMITTC TCCTCCTTTC TGGCCTTAAC GTCAGTACTA — mabies-
2 ACCGGACTAG -CGGICGCATC. CTCGTCAATG GGAGAGATTG AAGGTTCCCT e

aradcanGde |acdgbeRAPADCEATAY cfeTekTdvt €ScTeaGGeT CTTTTGTTTG TACCCTTGCT GGTATTTCCC CTTTGCTTTG GTAAATTTCC
TTTTCTTCGC TCCCCCGTTC TGACCATATC GACACTAGCA AGGAGTCCGA GAAAACARAC ATGGGAACGA CCATAAAGGG GAAACGAAAC CATTTAAAGG
RAbies-G protein

TATCTATACC ATCCCTGATA AGCTCGGGCC TTGGAGTCCC ATTGATATTC ACCATTTGAG CTGCCCAAAC AACCTCGTCG TTGAGGATGA AGGGTGCACT
ATAGATATGG TAGGGACTAT TCGAGCCCOGG AACCTCAGGG TAACTATAAG TGGTAAACTC GACGGGTTTG TTGGAGCAGC AACTCCTACT TCCCACGTGA
RAbies-G protein

AATCTTTCTG GATTTTCCTA CATGGAGTTG AAAGTGGGCT ATATTTCAGC CATTAAGATG AACGGCTTTA CTTGTACAGG AGTCGTGACC GAAGCCGAGA
TTAGAAAGAC CTAAAAGGAT GTACCTCAAC TTTCACCCGA TATAAAGTCG GTAATTCTAC TTGCCGAAAT GAACATGTCC TCAGCACTGG CTTCGGCTCT
RAbies-G protein

CATATACAAA TTTCGTGGGA TACGTCACCA CCACCTTCAA GAGAAAACAC TTCCGCCCAA CGCCTGACGC TTGTCGGGCC GCTTACAACT GGAAGATGGC
GTATATGTTT AAAGCACCCT ATGCAGTGGT GGTGGAAGTT CTCTTTTGTG AAGGCGGGTT GCGGACTGCG AACAGCCCGG CGAATGTTGA CCTTCTACCG
RAbies-G protein

AGGAGATCCT CGATATGAAG AATCTCTGCA CAACCCGTAT CCTGATTACC ATTGGCTGCG GACAGTCAAG ACTACCAAGG AGAGTCTGGT CATTATATCA
TCCTCTAGGA GCTATACTTC TTAGAGACGT GTTGGGCATA GGACTAATGG TAACCGACGC CTGTCAGTTC TGATGGTTCC TCTCAGACCA GTAATATAGT
RAbies-G protein

CCAAGCGTGG COGATCTTGA TCCTTATGAT AGATCCCTGC ACAGTAGGGT TTTTCCTGGC GGGAATTGTA GCGGTGTTGC AGTATCAAGT ACCTACTGCT
GGTTCGCACC GGCTAGAACT AGGAATACTA TCTAGGGACG TGTCATCCCA AAAAGGACCG CCCTTAACAT CGCCACAACG TCATAGTTCA TGGATGACGA
RAbies-G protein
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1001

1101

1201

1301

1401

1501

1601

1701

1801

1901

2001

2101

501 GACGGTAAAT GCTACTGACG TCACAGATGT CATCACGATT
CCAACACCTG CTGGAAAGAA CCTATGCATT GICAGAGCAA TGGATGIGGEG
WATWIATLZIGC CTCCCATTTA CGATGACT GC AGT GICT AC‘A C-H'(Z-QEHU SOVHH01666

mmﬁﬁ@%g*‘mm =23 e ke Ao AT GtAGaTToce
T ATGTA prMDDTkAbi'Esb’pEte@}nPVLSAGNDPEDIGTAGATTCCC

s el CMNGTRSAVCYL VR Y G GO GAIGRTACTA ¢y L6y RLM
;;—--—%e&eT-TATGAc AT@G@CAGTG{-:-TGTG@@@-TG G ANTFOATEE -ACARGACATC - -—mo-—--
o ] bR [aniad A

p ¢ GT@AGAACLA oCol&T F TEALG kT GoTCAGA 6 GAGIGCATACHPoRe CrTsko & 1 & & -
g R&H&ﬁ'&&&ﬁ R&ﬁ;&; Tordbrdde et crgortan a@&&m cmwm
crecceiffiMicenccdid. odEAdTR TCAACABACSERACHCANTRG s BCGAGG cTTTaceTCe

______ GTCACTGQ\QAQTGCAGAQACRW’GKA%GCACTCTAGQGAACAA%A%
- L COCATCEATY RTFCFAEGGEFE GETETGTGCES GEGAGTTETG GGFCAGECFCR L s H -

TCGAACRSP AT ASTIRITTS B TISTORC, REAGCTOGTESANTCRCAY /MRACTGSTS CTTARFQAA PGGRGTRFT CTGACTCRGT
------ PG Y Ak VoA ANk G N80 - GAAGAGGACE - AAGEECACAA ----------

;-?--TQSTAITTUSI._%KAAAQAGQA.TEAT%T.CI?I'GAMQC:-T@ATASF Qe rrt
CCTOCOBR BT ROBAG GO T TTCRBRGTAT CACTTOGAAT

mm%mﬁtﬁmﬁﬂﬁférﬁmwg&fWAwwmeﬁ cromecT
------ = -C e e P T~ PP . P —~— V—--~-------
-’i-f-ﬁgoé-.v.- LE --.v.-A- .’.‘A..\cS ;s; 7%;_5“; .Ecﬁggwfguwgg;&? ..... e
it O BN & €18 VTl 2R a2V N o e T =¥ et
 TGCTTTTGGT GGCCOCAGCTRFAGABEEITA ACTGOCTTGG AATGAGCAAC

?f&&w&am&&ewm&mmwmm%ﬁ Ao o caoraeaaTo
...... MS_K.D.K.P.T.1.D.V_ KR 310 "TGGAAGGAGTGTCTGGAGCA-

GTCACACRIG TR TEACSREFACTERRATA, APCTCEA G AGECTAGTIREAS GOAAGGATTA
...... ATTCCIGTIC- GGATGGTAGC- A E--MN-ME-AANL- Ao

TCCCOTARA THGARTOAT AT BOCTAC TIATAG: ErEancrHahtDTK IR TEACE cBroghodhc BT@ATRIC TCCGAGCCGA
ACCCW&@GW%@%CWWﬁfﬁW@%%W& pocroet
------- - Cdd = T:F = - ~ e e ———
T RECAOY TOETEASCEA T TTCTOT SGreACAc AGTCY .
R ST R, SO S P A LT S
TCCCCGACCC CGMGECGAC GCCTGATAAA CCGITTCCTT E wst signal

TGGGTTGAAT TTTGATCTGC TCAAACTTGC AGGCGATGTA GAATCAAATC CTGGACCCGC CCGGGACAGG TCCATAGCTC TCACGTTTCT CGCAGTTGGA
ACCCAACTTA AAACTAGACG AGTTTGAACG TCCGCTACAT CTTAGTTTAG GACCTGGGCG GGCCCTGTCC AGGTATCGAG AGTGCAAAGA GCGTCAACCT
NS1

NS1 signal

GGAGTTCTGC TCTTCCTCTC CGTGAACGTG CACGCTGACA CTGGGTGTGC CATAGACATC AGCCGGCAAG AGCTGAGATG TGGAAGTGGA GTGTTCATAC
CCTCAAGACG AGAAGGAGAG GCACTTGCAC GTGCGACTGT GACCCACACG GTATCTGTAG TCGGCCGTTC TCGACTCTAC ACCTTCACCT CACAAGTATG
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Sequence Appendix 5

PIV-WNV(AprME)/RSV-F

FIF2 - SKKRKRRFLGFLLGVGSAI ASGVA
VSKVLHLE G801 AAGCAAGAAA AGGAAAAGAA GATTTCTTGG
WAz TTarTA GGIGITGGAT CTGCAATCGC CAGIGGECGIT GHTIAUSNETH01666
AGGTCCTGCA CCTAGAAGGG TTCGITCTTT TCCTTTTCTT CTAAAGAACC
AAAAAACAAT CCACAACCTA GACGITAGCG GTCACCGCAA CGACATAGAT
TCCAGGACGT GGATCTTCCC F2 EVNK I KSALLSTNKA
VVSLSNGVSVLTSKVLDL K901 GAGIGAACA
AGATCAAAAG TGCTCTACTA JCCACAAACA AGCCTGTAGI CAGCTTATCA
AATGGAGITA GIGICTTAAC @AGCAAAGT G TTAGACCTCA CTTCACTTGT
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CTTCCATTTT CAGAGATACA TTTTCCACTT GGTTATTATT TAAAGATACT GGGTAATCAT AAGGGGAGAC TACTTAAACT ACGTAGTTAT AGAGTTCAGT

F2

TM Domain

|l ALTFLAVGGVLLFLSVNVHADTGCAI
DI S R Q2201 CCATAGCTCT CACGITTCTC GCAGITGGAG

ATAGACATCA GCCGGCAA GGTATCGAGA GTGCAAAGAG CGTCAACCTC
CTCAAGACGA GAAGGAGAGG CACTTGCACG TGCGACTGTG ACCCACACGG
TATCTGTAGT CGGECCGIT Pl V- WNV(DCpr ME) / RSV-F del eted C
protein 5 1 UTR MS 1 AGTAGITCGC CTGIGTGAGC TGACAAACTT
AGTAGIGITT GT G%GGATTA ACAACAATTA ACACAGTGCG AGCTGITTCT
TAGCACGAAG ATCECGATGT TCATCAAGCG GACACACTCG ACTGTTTGAA
. TCATCACAAA CACRCCTAAT- TGITGITAAT TGIGICACGC TCEBACAAAGA
3 TLCGTGOTTQ‘:TA GCT CA degl eted C protein NS3 cl éiae\/agé"

P G ghe RIAWEEML KRBMPRVLSIEI Gagg
’ %K*ﬁﬁg*m CTAé\ €C A GGCAAGAGCE | 84
ETATGCT TGEE CCCBOGTGTT GTGCTTGATEIS

= A AAAAGAAC%Q‘G TTCTTFQS, TCCTCCOREG CCETTCT
- ﬁ TACGATETT T GGGCGCACAA CAGGAAGCTARE
2 GAAT’I'C@ TTTCTTCGCE' §§S| nal, 883 cl eavage FI G G:Eé
. TTlo AVHT‘; CFASGONI
E 2@1‘ Aé@@(mxme TAATOC TCAAAGCAAA TGCAATTACE ©
-~ REAATECTCE ET@CAGTCA(E“ ABTTITGT R B GCTTCTGGTC AAAACAT
« BEAAGEATT S () cGATTA@ AGTTTCGITT ACGTTAAT
« BETTAGGAGE CGTCAGTG’ BAAACAAARS CGAAGACCAG TTTTGTAGI'B’.:“B
GUI_TTC?;A%\KFFI'YQSL@ESAVS?%GYL SAL RT@W
s LS8 |1 TATCAATCAA '
@GTTAGCAAK ;%;&TAT GTGCTCTGAG AACTGGTTcﬁaﬁ
ACCAGJ’ STTATAACTAT QBAATTAAGTE AATATCAAGG ATAGTTAGIS
CGTGA ﬁ:tAATCGTTP TEGATAGARTE CACGAGACTC TTGACCAAGE
TGGT’OAﬁ: TATTGATA: g@TTAAﬁ TTATAGTTCC FI N
IGT OAEBALK L | KESE L D KNAVTELO
@g AAAATAAGT EAAT GATGCTAAGG
fﬁAATT GAR TEAGATARATE ATAAMAATGC TGTAACA
wTCATGCAAAG FETTATTGAR ATTACCTTGT CTACGAT
TTAA °TTTTGTTCT'E EAATCTATTTEA;. TATTTTTACG ACATTSTCETE
'ACGTTT(; TNNRARRE P
NYJGENNAKKE V““LE@KKSOlC‘AC‘A
mAGAAACAAT EGAGCCAGAAG CEI'AGGA< AGGTTTATGA ATTATACA
. EAACAAT CATES AAGCAAGAAA GTGTGGT
TYGT ECTCGGTCTTG TCCAAATACT TAATATGTGS
TA "TTTTTTTG(S'B, T‘T AAJTTCGTTCTTT Fl
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2001 TATAATTATA GTGATTATAG TAATAT
Transmembrane doma1

N Q S8
Cytoplasmic Tail
I N N

T F L

I A L
2201 CCATAGCTCT CACGTTTCTC GCAGTTGGAG

E K I
1901 ACGAGAAGAT TAACCAGAGC CTAGCATTTA

TCATCAAGCG GACACACTCG ACTGTTTGAA TCAT

domain of WNV E (split)
PIV-WNV(ACprME)/RSV-F

Q L 8§ G
2101 CAACTGAGTG GTATAAATAA TATTGCATTT A

- I I I

TGCTCTTCTA ATTGGTCTCG GATCGTAAAT
GTTGACTCAC CATATTTATT ATAACGTAAA T
GGTATCGAGA GTGCAAAGAG CGTCAACCTC

ATATTAATAT CACTAATATC ATTAT.
1 AGTAGTTCGC CTGTGTGAGC TGACAAACTT AGTA

91

deleted C protein

W@2@ITAERECT CTTCCTCTCC GTGAACGTIGC ACGCCTGACAC TREIATSANBD1666
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3901 CATTCCGCTC ACTGTTCGGA GGCATGTCCT GGATAACGCA AGGATTGCTG GGGGCTCTCC TGTTGTGGAT GGGCATCAAT GCTCGTGACA GGTCCATAGC

I T Q G L'L G A L L L W M G I N A R D R S I A

G M S W

"F R 8§

WaTBEAEZCAC TCAGCCAGEG AGATTCAGCA TCACTCCTGC REXBUS2D04MH01666

GTAAGGCGAG TGACAAGCCT CCGTACAGGA CCTATTGCGT TCCTAACGAC CCCCGAGAGG ACAACACCTA CCCGTAGTTA CGAGCACTGT CCAGGTATCG

EESHGNYSTQVGATQAGRFSI TPAAPS
Y TLKL GE - 3001 TGGAGICGCA CGCGAAACTAC TCCACACAGG

TACACACTAA AGCTTGGAGA ACCTCAGCOGT GCCTTTGATG AGGTGTGTCC
AACCTCGGTG AGTCCGTCCC TCTAAGTCGT AGTGAGGACG CCGCGGAAGT
ATGTGTGATT TCGAACCTCT E YGEVTVDCEPRSGI D
TNAYYVMTVGTKTFL VHR 3101 ATATGGAGAG
GTGACAGTGG ACTGTGAACC ACGGTCAGGG ATTGACACCA ATGCATACTA
CGTGATGACT GTTGGAACAA AGACGTTCTT GGTCCATCGT TATACCTCTC
CACTGTCACC TGACACTTGG TGCCAGICCC TAACTGTGGT TACGTATGAT
GCACTAGTGA CAACCTTGTT TCTGCAAGAA CCAGGTAGCA E E WF M
DL R§EP WSSAGSTVWRNRETLMEFEEPH
A T KRE3P0O1 GAGTGGTTCA TGGACCTCAA CCTCCCTTGG AGCAGTGCTG
GAAGRAH GT GTGGAGGAAC AGAGAGACGT TAATGGAGTT TGAGGAACCA
GA {OGA CTCACCAAGT ACCTGGAGTT GGAGGGAACC TCGTCACGAC
CTT CA CACCTCCTTG TCTCTCTGCA ATTACCTCAA ACTCCTTGGT
GT EQSVI ALGSQEGALHQALAGAI
AVEFSSNTVKLT- 3301 AGCAGTCTGT GATAGCATTG

G AGGGAGCTCT GCATCAAGCT TTGGCTGGAG CCATTCCTGT
_GGAATTIHCA AGCAACACTG TCAAGTTGAC TCGTCAGACA CTATCGTAAC
2CCGAGEE TC TCCCTCGAGA CGTAGTTCGA AACCGACCTC GGTAAGGACA
GCTTAASAGT TCGTTGTGAC AGTTCAACTGE SGHL KCRV K M
EKESLKGTTYGVCSKAFKFLGTP 3401
ar AT TTGAAGTGTA GAGTGAAGAT GGAAAAATTG CAGTTGAAGG
GAA A TGGCGTCTGT TCAAAGGCTT TCAAGTTTCT TGGGACTCCC
GA A AACTTCACAT CTCACTTCTA CCTTTTTAAC GTCAACTTCC
aTTGT T ACCGCAGACA AGTTTCCGAA AGTTCAAAGA ACCCTGAGGG
EABPSEGHGTVVLELQYTGTDGPCKVPI S
S ViAES L N D L 3501 GCAGACACAG GTCACGGCAC TGTGGTGTTG
GAATIE®GT ACACTGGCAC GGATGGACCT TGCAAAGITC CTATCTCGTC
AGTEGETTCA TTGAACGACC CGTCTGTGTC CAGTGCCGTG ACACCACAAC
CTTAAGGICA TGTGACCGTG CCTACCTGGA ACGTTTCAAG GATAGAGCAG
TCA GT AACTTGCTGGE TPVGRLVTVNPFVSYV
ATIAENAKV LI ELEPPFGDS - 3501 TAACGCCAGT
GGGCASATTG GTCACTGTCA ACCCTTTTGT TTCAGTGGCC ACGGCCAACG
CTAAGGTCT GATTGAATTG GAACCACCCT TTGGAGACTC ATTGCGGTCA
CCCGTETRAAC CAGTGACAGT TGGGAAAACA AAGTCACCGG TGCCGGTTGC
GATTEEAGGA CTAACTTAAC CTTGGTGGGA AACCTCTGAG E - Y I V
VGREEGEQQI NHHWHKSGSSI GKAFTTTL
K G Q‘E 701 ATACATAGTG GTGGGCAGAG GAGAACAACA

GAT( C CACTGGCACA AGTCTGGAAG CAGCATTGGC AAAGCCTTTA
CAA CAAAGGAGCG

G

L A V G

AGAGTGCARAR GAGCGTCAAC CTCC

- L T F
4001 TCTCACGTTT CTCGCAGTTG GAGG
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TATGTATCAC CACCCGTCTC CTCTTGITGT CTAGITAGTG GTGACCGTGT
TCAGACCTTC GTCGTAACCG TTTCGGAAAT GTTGGTGGGA GTTTCCTCGC
WE2@RIL0A AL GDTAWDEGSV GGV F T PO/GSH0%001666
VHQVF GG A 3801 CAGAGACTAG CCGCTCTAGG AGACACAGCT
TGGGACTGGG GATCAGTTGG AGGGGTGTTC ACCTCAGITG GGAAGGCTGT
CCATCAAGTG TTCGGAGGAG GTCTCTGATC GGCGAGATCC TCTGTGTCGA
ACCCTGAAAC CTAGTCAACC TCCCCACAAG TGGAGTCAAC CCTTCCGACA
GGTAGTTCAC AAGCCTCCTCE FRSLFGGMSWI TQGL L

®ther EmbedimentsG | NARDR S| A 3901 CATTCCGCTC

T SRS S A e

Eﬁwﬁ%ﬁﬁiﬁﬁhimﬁgAﬁﬁﬁﬁﬁeﬁﬁﬁ%IWﬁEﬁﬁu&@@?ﬂkﬁﬂﬁﬁd n,
ACAACACCTA CCCGTAGTTA CGAGCACTGT CCAGGTATCG £
°Q

Lpaent/appligatipn, of patent wergspgeificefiyang mdigiqually rndnfaredso

Enéo rgggcéy I@%TT CTCGCCAGITG GAGGAGITCT CGCTCTTCCTC
T GAA TGCA GA CACTGGGTGI GCCATAGACA TCAGCCGGECA
AGAGCMaAGMs MGAGTBEOARS ANGABCEDREAAChETECTIBANGEM CGACAOEREAG

AGECACTTGC GACCCA! CGGTATCTGT, AGT
BT LR EhBE AT RERRS VA P mpBIePL @ thesgskilied in the art

PRkt d@;ﬁﬂtdgcf%rh MSscopdshd PR ehe A RAC A 1thBugHihe invention has
speci fication are incorporated herein by reference in

theen deS@nb¢¢ itopnegstiph wathohedifid pmbqrumenmb shasdd bownderstood that the

pat ent licatio nt ..wer ificall nd
m\écntloa PI 1;/113?1 S o@lgtnggb? cﬁjéyl W&tsf b ugﬁ gfaceano%lments Indeed,
netiet£meaificMesnis @ therdeedrfted aiddes &)r@ﬂﬂymgbht&hé vent¥dn thhEare
descri bed viruses, vectors, conpositions, and nethods

SToVIGHs 1 thoaikilad inithe figlds afypedieine. pharmpaselogy sirplated fiekds are
o h 0

L En B o R L B S P R AR TRk hirkin®huch as
diaS and tree]” doesomneedideoindichtioh sfibe cdrrespardingiplomihfam, biless the
should.ﬁ_ under st ood thﬁﬁ gge |n§E h‘on as(flalne
SHBITLINAIRICHE HRGRMGATY-i P ig!Yy bsel enirdgeiasiqogs not exclude
aResi T a%orrb ARG g sHRL IaP Bt m T E &%ddﬂﬂ&t?gret»mghm the scope of
descri bed nodes for carrying out the invention at
ghefalovingdaims. t hose skilled in the fields of

medi Ci .phar macol ogy, or related fields are intended
to be‘&ﬁgﬁgﬂa rrg"gcope of the invention. Use of
singul ar fornms herein, such as "a" and "the," does not
excl ude indication of the corresponding plural form

unl ess the context indicates to the contrary.
Simlarly, use of plural ternms does not exclude

i ndi cation of a corresponding singular form O her
enbodi ments are within the scope of the follow ng
clainms. What is claimed is:1. A replication-deficient
pseudoi nfectious flavivirus conprising a flavivirus
genone conprising (i) one or nore deletions or

mut ati ons i n nucl eoti de sequences
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encodi ng one or nore proteins selected fromthe group
consisting of capsid (C, prenenbrane (prM, envel ope
W@ B)o9/1n207 st ructural protein 1 (NSI), non-struk€CTU81009/001666
protein 3 (NS3), and non-structural protein 5 (NS5),
and (ii) a sequence encodi ng one or nore heterol ogous
pat hogen, cancer, or allergy-rel ated i munogens. 2.
The replication-deficient pseudoinfectious flavivirus
of claim1, wherein said one or nore del etions or
mut at i bnd repdicaliqrmdaicieap Bseydoifectenn kavi\deis spmpriging a flavivirus
f [
B HRAREOT s o ReoBM SPhl et Bl seprecs
ogmeodihg 6 6r ld&deqird)tems séléctediframi thegroup cosidting of capsnd (C), pre-
pre-npenbrane (prM and/ or envel ope uences

t'ﬁ%‘“P‘laa?/(RfM)L@‘Vﬁ@ﬁ%ﬁ@ nop- stwféurﬁ@pfp;e@az (S5 Dgaan- ztrqgmral protein 3
g@\@%g% SE‘S{Q firal I%YélNSW§5)°£ncg{]§'a'EE&uen &1l %ﬂégr more

nor e etions or is'wthin ca

(l@)qrolpgmsrmﬁhxgm&an@qer,w,allergyl relaméhmpmn(@)mssequences of
the flavivirus genone. 5. The replication-deficient
pseudoi nfectious flavivirus of claim1, wherein said
one orp MeGefiflafibh ABfciOt: p%ﬂd%tdf&?%ub AaVW il &F claim 1, wherein said
non-structural protein 1 (NSI) sequences of the
farg\or vioreidel gleans oe mugationh & wigphicapsid (§5)- sdetiqncmenftthe flavivirus
pseud0|nfect|ous flavivirus of any of clainms 1-5,
Wif8P8fn sai d heterol ogous inmunogen is froma pathogen
selected fromthe group consisting of a rabies virus,
Borrelia burgdorferi, a tick, an influenza virus, a
human 3 rﬂihmgpjlgfap@n-éﬁf&cyemmﬁ@gionﬁeogqom Havivirus of claim 1, wherein said
| I
rcgmgé)? Bg)t?% ?é;l%ti&%%rﬁurta}lf%hs & \D%ﬁﬁ@reo %lebra%gg% M) a%ﬁ/or gnvelope (E)
Neqodnaed @rtheifMaivibey gevbmsi s. 7. The
replication-deficient pseudoinfectious flavivirus of
claim6, wherein said heterol ogous inmmnogen conprises
a 1 ablEST bialfoRLOR G phETHMALRRUO fadDirk {ERUABI Whercin said
fragment thereo e replication-deficlent
peewdoioné édetiosor friugations isusitlth capsad (0)6prewhanieiane @aMd, and
hetero ous i mmunoge rises Borrelia burgdorferi
0P eneB o L T RBERREe1 ragment hereof | O
The replication-deficient pseudoinfectious flavivirus
of claim®6, wherein said heterol ogous i nmunogen
conpr i S5 Bhezeplicaiion-defi tv@ntmsmdeinfe%@uéﬂa‘ewrwQfmlmmel wherein said
i n%ﬁ)ﬁ (r)né)gg ?%gtﬁorng%ﬁﬁ\n ttaQ%Tg }F;ew*ﬁciﬁ %Bn-%{ﬁﬁctusr%i Br%%m ?(N §P) sequences of
nﬁ@hhﬁahMQﬁmdekICIent pseud0|nfect|ous flavivirus of
clai m 6, wherein said heterol ogous i nmunogen conpri ses

~an influenza virus M2, hemaglutinnin (HA), or

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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neur am ni dase (NA) epitope, or an inmunogenic fragnment
thereof. 11. The replication-deficient

w@s@adoi2nf ecti ous flavivirus of claim®6, wherePCT/BE81009/001666
het er ol ogous i mmunogen conpri ses a codon-optim zed HV
gag, tat/nef, or gpl20 protein, or an imrunogenic
fragment thereof. 12. The replication-deficient
pseudoi nfectious flavivirus of claim®6, wherein said
het er ol ogous i nmunogen conprises an HPV16 or_ HPV18 o
capsi d- pﬂmreplmaupn-ds:ﬁcmt peeudainfeciiounBenires af chaimeh tvherein said

0805l SO LGB LB H SR g g

Heinamokago Baghemminegsan conprises a respiratory

syncytial virus F or G glycoprotein. 14. The
replication-deficient pseudoi nfectious flavivirus of

any ofg. ofl ifrichtidriae il gsdldd firchilobEHAU LI WSO (AR wherein said
conpri ses seguences encoding a pre-nenbrane (prM
adreciralogansvimnomegéionprsee Bovrdfia biligdorferi OspA immunogen or an
repli cati.on-deficient pseudoi nfectious flavivirus of
dRuesenic fragmant ihereQfher ei n the flavivirus genone is
selected fromthat of yellow fever virus, Wst Nle

virus, tick-borne encephalitis virus, Langat virus,

Japanés elterreplisatibn-teficient pasidoitdengions flavivisyus cfredpiBt6, wherein said

oui s encephalitis virus sequences, .and chi nmeras
(R aBOL TR ke oatiarioh F BFK ST Bloufp Sei8led oA Tne group
RDALISH S FRIATROY Ksad, ladd ISKIpR 0 Sor@h ihinBiehic fridiedetierédl d
chinmera conprises pre-nenbrane (prM and envel ope (E)
sequences of a first flavivirus, and capsid (C) and
non- sty-u ral u § L f.fer . e
f1 avi v]iof Sltshlé r%l)'_é%%’égér}g%%}t gg“t“.%Sﬁ‘?‘%gg'?%?%}ﬁ‘{‘t‘% otRfaim 6, Wherem said
preuclopafsdainumogers doavrises arsin@uetdaaiitin M, hadneglaiimis @HA), or
first flavivirus is a tick-borne encephalitis virus or
drepeyaidass (N4 epitgpe, ohan uprRegshicdiemsn @Fréﬂf-
pseudoi nfectious flavivirus of claim16 or 17, wherein
said second, different flavivirus is a yellow fever
vi rus 1dr TheWédicatibri-defidigns psesdoindargaes Navivisus of @lainfile wherein said

replicatiaon-deficient pseudojnfecti.ou avi vi rus of
i SerolpEoisamARieb OB R RO PG B ke afen 120
BroRlt bEALINGRIRZSi TagheR fBRbf. ane (prM and envel ope
(E) sequences from a §|aVIVIFUS that is the same or
different fromthat of the genone. 20. The
repl| Cat '1%@}9 q%‘ati@e-géf dhete ﬁge%ldgf‘n?e%tiloﬁwﬁa\fi\lliﬂjv!o\flc[a%ﬁo tvherein said
any of clar mg 1 , Wher 61 N sequences encoglng sai d
Neteeslo@gammsnunopeiayestisas en HRYE6 beH PV 8ichssipp@ten Ol 0012, or an
i.n combination with the one or nore del etions or
fatnogenic freme thiteefor nore proteins. 2 1. The
replication-deficient pseudoi nfectious flavivirus of
any of clains 1-20,

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.
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wher ei n sequences encodi ng sai d heterol ogous i nmunogen

are inserted in the flavivirus genonme wthin sequences
wepmodiag’ t he envel ope (E) protein, wthin seqRentsm09/001666

encodi ng the non-structural 1 (NSI) protein, within

sequences encodi ng the pre-nenbrane (prM protein,

i ntergenically between sequences encodi ng the envel ope

(E) protein and nonstructural protein 1 (NSl),

intergeni cally between non-structural protein 2B

( NS2B) S-ahbe mﬁ@mcd@ﬁmeat psshéniefeptians flagiyjrus gf anyofglaims 1-14,

Q}hg}e rftrhg rﬂ'akar[]? énoln%qs sgsétgf fr§m tHzﬂtoq"?aﬁJ»\a}’e%gr v1ﬁgl %spltl ile

avi vi rus nprising a

fvlrﬁﬁhck-fbpiﬂe@&téphlht(ihaﬁr&[, Eﬁﬁgapﬁlmsdﬂ}lpﬁﬂ@ebhwpﬁahtls virus, dengue

flavivirus of any of clainms 1-21 and a second,

yires apd At LPéBICPEf%.PPP'&Fﬁ ﬂ@%s|869l&ﬂ€esp§r&faWﬁI1aéHFre&us

flavivirus conprising a genome conprising one or nore

del etions or mutations in nucl eotide sequences

encodil6gThaepbeativordefipicot gsendoisfettants ddvivirasof ¢tleingt Hupherein

cons stin of .capsid (O, pre-nenbrane ( envel.ope
G chizusr arhrisen piermish btear i GRGe)  clon (£4 peayeregs af & hrs
ﬂﬁﬂklﬁb:{‘ al?fd ESR) (C) ARE nBRBerRlthird Pl b ce P OL §éb5‘nc§ d(m flavivirus.

wherein the one or nore proteins encoded by ft
sequences in which the one or nore deletlon(s) or

mut at i ogcyr in.the sec

Fepi | &0t FteeRirtton ot ELRRaRIR sef s B F e U stpigy | g rerei
eiil eyt EAviviri 910 4 k- iee &lcephilitis PIras & NBarRACWHERd by the
sequences in which the one or nore deletion(s) or

mut ation(s) occur in the first replication-deficient
pseudeg niRCld ?R&ﬁioﬁ'@ ik hd &%udcﬁﬁfec&nﬂ%b%ugéfél?ﬁwm&gl 7,

an i mmune response to an i nmunogen I n a subject, e
mhtleadsabdsgoond; idiffererdflanividue id angelloor febe viubjpes W anNilevirus or
pore replication-deficient pseudoinfectious

£Rn8# Vifluses of any of clainms 1-21 and/or a

conposition of claim22 to the subject. 24. The net hod

of claim 23, wherein the subject is at risk of but

does h®t Thareplicationrdeficichtpsebyoistartibus dlahiyges obanyeof claims 1-18,

sease.or conditi on associ d wth.said ca r
SR i RISR® ik et PR ottt i g (yand
M\%ﬂcﬁjeV(Es bQuéntl 66 HASviditud thatas tHeQBmBYr 8idfefend HoROESI LS the
or a disease or condition associated wth said cancer

eenomd. er gy-rel ated i mmunogen. 26. The net hod of any of
clainms 23-25, wherein the i nmunogen is froma pathogen

sel ected fromthe group consisting of a rabies virus,

Bor r ed.aTheregticatioardeficient pselidoiafcticuk [flaeiviras vf snysof claims 1-19,
human i nmunodefi ¢j ency virus, a . siman
Whﬁi?ﬁb%f@?%ﬁ%mdwgﬁa@ heter|pgaus imapnPecAse nserigd inghe place of or

f@&%ﬂlﬂt%ﬁﬁl%ﬂ@%ﬁé Bt m‘éhar d&FetioHBbAMbLALHBAY S%hd Ene & More proteins.

WCO acterium tubercul osis.

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 (NS1) protein, within sequences encoding the pre-membrane (prM)

protein, intergenically between sequences encoding the envelope (E) protein and non-
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27. The nmethod of any of clainms 23-26, wherein the

nmet hod is for inducing an i nmune response agai nst a
w@e@baia2oencoded by the flavivirus genome, in BCOU$10091001666

to the source of the i munogen. 28. The nethod of

claim 27, wherein the subject is at risk of but does

not have an infection by the flavivirus correspondi ng

to the genone of the pseudoinfectious flavivirus,

whi ch conprises sequences encoding a flavivirus

HEcthahpoige | AN b intergoricd Pybepvesngion-stragturaj peoteip 2RI S2B) and

¢ . e b h g L .

TSRl ot 3 D, BB S ghie TR BR RN SE rfineiked region

s ehecfbiviviis igemaise.f | avi vi rus whi ch conpri ses sequences

encoding a flavivirus pre-nmenbrane and/ or envel ope

protein. 30. Alive, attenuated chineric flavivirus

conpr 15| %gco?nﬁ’ogltn‘Loﬂ\@o&ﬁﬁggg\é'ﬂ'réﬁ'eﬁlfbai’i\@ﬂ-gghééﬂ §&ifdBmfectious

encodi ng pre-nmenbrane and-envel ope proteins are

flaplvaoe df aviytdf chdgs é12d end arseantidndiffereat rapivbatamededincint

enﬂglo e.probeLns of a tick-borne enceghalitis vikyf.
GFCUEOITATTERES UFYIUEYS MPrEHE A5GRTF CSRRTIZAR 8"H BT e tans or
GRRS Fhs AR RidERIRIARR eﬁé&filgg 63% &fm?rg Srdi&ihdBléded from the group

flavivirus conprises a hybri f yellow fever virus .
gausistinglof oapsed €Hcprehadrbriage rM)agnyalope (F)uson-structural protein 1

| d/ - [ I . i ant .
TRBTLBpPSaeig R $ 9T, BRI IG R oo o SIS up prgin he
@he 6f Mof8 FFOieinfeatRict by lige Seanéricdé preRERtHeaMe of hdAddeletion(s) or
sequence of the chinmeric flavivirus conprises yellow

afation(s) ogew ag therieeand; differrat gapligdtianedeticiearl pseadeintectieus flavivirus
tick i1 . il i -
IR ARGEIAL 4 Rl OB U SEHBRTERh e on o
cioredeletorf(b)aot invitatith (< @apur is ithegfirat d@kdatibhddefivietityseudoinfectious

i ch sequences encodi ng pre-nenbrane and envel ope

StV¥URs are replaced with sequences encodi ng
pre- menbrane and envel ope proteins of a tick-borne
encephalitis or a Langat virus, and the signa
sequeRde Abmtthed nf indeciogps indmanelrespanserendr mmeupiget & asubject, the

of the chineri flavi.virus c rises a tick-barn )
Shebph oA e aRminip TR fo e SHEe SBE PrgredRRIG aRgeficient
PsEIBInfERGUENSHAVirdes 8f MBTdfRMHimE NeX1amb/or 33omPosition of claim 22 to
phar maceuti cal conposition conprising a

sichf ecti ous flavivirus of any of clains 1-21, the
conposition of claim?22, or the |live, attenuated
flavivirus of any of clains 30-32 and a

phar made @hé artHod deapablvRererrthé subjet istit lrigke bt butdbes not have an
The pharmaceuti cal conposition of claim 33, further

drfRprransayigidpathagen oum tliseass or ponditinn assaqiased withseif eageer or
RAEYIQLIHE FhindHSgdnl avi virus conprising a flavivirus

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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genone conprising one or nore deletions or nutations

i n nucl eotide sequences encodi hg non-structura
w@e@bai420l (NS 1), non-structural protein 3 (NS3)/PSW09/001666

non-structural protein 5 (NS5). 36. A nucleic acid

nol ecul e corresponding to the genone of a

pseudoi nfectious flavivirus of any of clains 1-21 or

35, or the genone the live, attenuated flavivirus of

any of clainms 30-32. 37. A nethod of naking a .

repl i @8t iTbamgtiodeif emy ohdaimsdi3ndSe ethetsinsthe limpiuppgansis dom a

35, &N { 4 Si .

PRhofin ) RlsTroh i gPbop iangiiy O 48R IR Hophelld byredorver o

ciek) antnhﬂﬂienea( piress 3 damiah émpiuabddsficienoy viesd) akihiag ihmuasdeficiency

sequences deleted fromthe flavivirus genone of the

VEB$-iadwimag Papdipm@; Viie, arERItRETTH FESY gl udrus) ialagi pasitegand

E@%oaﬁkngﬁqﬂ%eﬁhﬁkﬂ‘37 wherein the proteinis

ressed In the cell fromthe genone of a second,
dlfferent repllcatlon def|C|ent pseudoi nf ecti ous

flaviyprus. 39. a|n137 mhere nthe
br ot e 1B meffiod 68y B s ki MAHET the Merhed deBdkcing an
Ghnfah@iddhcie a%ﬁsrt%'ﬂ?otkmeenﬁgd@d'tﬁqne ﬂ%l%?uﬁéeﬂbﬁ\é' |'h%d1t10n to the
replicon. 4 17 The nmethod of claim 40, wherein t
abphaof thesningnegevenezuel an Equi ne Encephalitis V|rus.
42. A conposition conprising two or nore
replication-deficient pseudoinfectious flaviviruses,
wher enB. TWOmRthodleE claff 27 Cahérom-tHe§ibgdce Rat risk of but does not have an
pseudoi nfectious flaviviruses are selected fromthe
difection ydhe flavivine eorresganfing tp &gt geaamie of theagrspudodifectious

r
EReAHR Mkt Uk Ep IR R pAERR B rane angfor
anvedgel pateinon- def i ci ent pseudoi nf ecti ous fIavivirus
conprising a genome conprising dengue virus sequences;
(b) a replication-deficient pseudoinfectious
f1:avi ybI Yhe FfMRAIGE bt 270SAAER (FOURICS hALRILAUN bPHENavivirus
vi rus sequences, and a replication-deficient
pgmﬂ@onmﬁgm the gendmeaefi thé psesideinfestives flayivdruyeviogecomprises

risin Vi rus sequences;
SRR Pt e s A G B A2 TRt
conprising a genone conprising tick-borne encephalitis
or Langat virus sequences and an inserted sequence
encod i3ag Adivggatieapptgd phimygsis lasivirup gpmpagiesa yeligy gver virus in
Wéhl s%gﬁénggs &%E&lﬁ%@&t me?lgH:lqg 'ané ?r?\;ell(oq%g)r(gtgﬁlg ye' rreﬁlﬁfed with
ence itrs

@équleﬂtﬂ’.g @hcodirgysre muﬁmmdaermdelape pioseinid &fth t&ﬁ@hﬁ?m&cephal itis
encoding a tick saJiva protein ipmunogen, or

VEBT PIhbINGAL HBS; ¥19hE Sﬁggél&a@wﬁ%e?twswhﬁ|cam'¢?%@re -membrane
%RHEBQ& St 8 cRinRFR PACI VA BE i 8 athy 6K P BF 10V e SRNANS hhd tick-

Ja
ngat virus sequences an% In gert ed sequences
@nm@ncﬁg)hahthrrI@hga; 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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burgdorferi inmmunogen and a tick saliva protein
i mmunogen. 43. A pharnmaceutical conposition conprising

W@ b@of1142¢7 attenuated chineric flavivirus of aPgr/v$2009/001666
claims 30-32.44. A nethod of inducing an i mmune
response to tick-borne encephalitis virus or Langat
virus in a subject, the nethod conprising
adm nistering to the subject the pharmaceutica
conposi tion of claim43. 45. The nethod of claim44, .
VRQHCEFSS ip e amipp erming eegiooandiigldomerencephatitis phangpt virus

i i i . j.ck-borne encephalitis virus

%r@é{{égg%a{ﬁ%vﬁ d%@%i%ﬂ“%é%‘r@%hod of claim44, wherein
the subject is infected with tick-borne encephalitis
Vi rus %r Langat virus,, K 47, A replication-deficient . .
pseudointebYs: dtierupied whimer(slavbiye comAgsiag f Wsat Ditle yirus in which
s AR LA O aRE AP Bt B AR SarE renlhded il Rquences
setabtgprefmonbrameargr awplopo psitsts ofg tok-tlmapserdepl@)itis or a Langat

pr.e- menbr ane rM, envel op E)., ngn-structural .
iG] e R Beattiss Tt osantis cipvig DR a7 eme oSS proteiagof the
A& RAHARcoMbAL&Iai R -YdNRInce AR € bMa LAl LAY é\f\iﬁ_ﬁﬂ&)re-
genonme conprises yellow fever virus sequences in i ch
Jeeulranesigrsh somiens, pr avarembthareef.and envel ope proteins
are replaced with sequences encodi ng pre-nenbrane and
envel ope proteins of a tick-borne encephalitis virus
or a I33ngatphatniadéuticaNébngREiioA ¢empaEia e dipsd:db idectiogiBhvivirus of
sequence between the capsid and pre-nenbrane proteins
@y phelamsly2 ithgieorprasiina of shani23eordhe ik iatferyfated flavivirus of any
' L 1i.ck-borne

I OERe R o7 BREE PR O RS PR 2
si gnal sequences, or a variant thereof. 48. The
replication-deficient pseudoi nfectious fl avivirus, of .
cl ai m337,"f%s\ﬁe%rmaﬁelttw&' @@wéweeg?eﬁ%é?’rf@ﬁbﬁéomp“smg an adjuvant.
capsi d/ pre-nmenbrane signal sequence of the flavivirus
genone conprise yellow fever virus sequences in the 5
r egi odSardreplicitiobaiefeientpseydvan fecticas davivangedmmigingsa flavivirus
sequences i.n the 3" re iPB. 49. A . . . di
EEPPT e ST e 1o dhYe 328 05 Pt dn pyRAtisie sgauences encoding
GRARFru&LAYpRtdih ANSI Y, WS SLHAGRI SRR B INST), BPForREtrUBRIrE! protein 5
del etions or nutations in nucl eotide sequences
dN&8ti ng one or nore proteins selected fromthe group
consi sting of capsid (C), pre-nmenbrane(prM, envel ope
(E), non-structural protein 1 (NSI), non-structural
pr ot ei36. A (UNE3) acidpblevate @krespoinding|to fHeQle@bme D § M&uoinfectious
3Terein he f] avi virus geno conprises West Nile . .

ay|ydrus ahyRfelaims 1y SS%rqt & geneanedhe Bm,ﬁl&enuated flavivirus of any
Rrertpidy.ane and envel ope proteins are replaced with
sequences encodi ng pre-nenbrane and envel ope proteins
of a tick-borne encephalitis or a Langat virus, and

the Sejc}u %nr%gt?log of %gkﬂg atrlgpqicsa{ignrlgtlaﬁcsleen %seerh gin &:tti\gﬁse Havivirus 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

flavivirus genome of the replication-deficient pseudoinfectious flavivirus.
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the capsid and pre-nenbrane proteins of the flavivirus

genone conprise sequences encoding a tick-borne
wepmephahitis or a Langat virus capsi d/ pre- menbCEHOB2009/001666

signal sequence, or a variant thereof. 50. A

replication-deficient pseudoinfectious flavivirus

conprising a flavivirus genone conprising one or nore

del etions or mutations in nucl eotide sequences

encodi ng_one or nore proteins selected fromthe

consi 381 e wethod 98 Flaing 6, whrein harptsirbis EspIofsed o (elcelh &rom the

PR Y o R DML Sl e R s

wherein any capsid (C) and non- structural (NS)
proteins_in said flaviyirus genome are from Langat

vi r us 3&ndhamgthed of plaim S dnwh f{rﬁmrvpe RIALF LI FEPERE (ﬁ@p a replicon.

proteins are froma tick-borne encephalitis virus.

40. The method of claim 39, wherein the replicon is an alphavirus replicon.

41. The method of claim 40, wherein the alphavirus is a Venezuelan Equine

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) a replication-deficient pseudoinfectious flavivirus comprising a genome
comprising Japanese encephalitis virus sequences, and a replication-deficient
pseudoinfectious flavivirus comprising a genome comprising dengue virus sequences;

(b) a replication-deficient pseudoinfectious flavivirus comprising a genome
comprising yellow fever virus sequences, and a replication-deficient pseudoinfectious
flavivirus comprising a genome comprising dengue virus sequences; and

(c) areplication-deficient pseudoinfectious flavivirus comprising a genome
comprising tick-borne encephalitis or Langat virus sequences and an inserted sequence
encoding a Borrelia burgdorferi immunogen, and a replication-deficient pseudoinfectious
flavivirus comprising a genome comprising tick-borne encephalitis or Langat virus
sequences and an inserted sequence encoding a tick saliva protein immunogen, or a
replication-deficient pseudoinfectious flavivirus comprising a genome comprising tick-
borne encephalitis or Langat virus sequences and inserted sequences encoding a Borrelia

burgdorferi immunogen and a tick saliva protein immunogen.

43. A pharmaceutical composition comprising the live, attenuated chimeric

flavivirus of any of claims 30-32.
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44. A method of inducing an immune response to 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 I (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 (NS5), 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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