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10 Background of the Invention Flaviviruses are small, envel oped

positive-strand RNA viruses. Flavivirus proteins are pragiudeeniber 2005
translation of a single, Iong open reading frane to generate a

pol yprotein, which is followed by a conplex series of post translational
pr ot eol ywa0211828ed4 eavages of the polyprotein by a conbpa®Us©@A734 host, and
viral proteases to generate nmature viral proteins (Anberg et al., J.
Virol. 73:8083-8094, 1999; Rice, "Flaviviridae," 1In Virology, Fields
(ed.), Raven-Lippincott, New York, 1995, Volune I, p. 937). The virus
structural proteins are arranged in the polyprotein in the order CprME
where "C'  is capsid, "prM is a precursor of the viral envel ope-bound M
protein, and "E" is the 20 envel ope protein. These proteins are present in
the N-terngnal region of theHMERRT BtAVIVIRUIWESPORSIE non-structural
proteins (NS 1, NS2A, WE, NS3, NS4A, NS4B, and NSS) are located in the

C-termnal region of the polyprotein. @ chineric flavivirus that includes
the C and non-structural proteinsig$e Y ow fever virus vaccine strain
(YF 17D) and the mhiviestiol raMidtieétberd Fadvifik Févtdds 41 meBhbdanipRipiagt ed Japanese
encephal itis virus (SA 14-14-2) has been made. This chinera, designated

Chi ner i Vax- JEKIE€Heen shown to i nduce the production of neutralizing

ant i bodi eggagai nst JE in i muni zed rhesus nonkeys, as well as to protect
these nonkeys fromclinical encephalitis after JE challenge, as conpared
With uni nmuni zed controls. Chibaskgreuagolthednyeqiion;,oun t o nmeet preclinical

saf ety requi renentpfvivitiseard tHBNendBloped poditive-sirdva RALAwiRkesAflavividis Vi 1ol .
74(4):1742- 1751,  2000). A _simlar chinera was nmade, that includes the C and
non- st ruct ur aPmﬁsanmrstéuca‘i by ‘W‘Sli%05%%“&1%@%91?\9%??61“&%?%‘9&@}%“% a Dengue- 2
strain. This gdypewin whithsd ﬁmﬁb&e&tﬂ{)eEéiﬁﬂmrsbﬂé%f;mtrtra\ﬂﬁ&oﬁﬂ@mdyﬁcl nduce

neutral i zi ng anti bodi es agai nst virus in_ rhesus nonkeys, as well

as to protlect caHREsRe m&wmmwg@f-ﬁoamaw@ﬂ Béﬂ@{??aﬁs@@%nber 2005 WO

02/102828 Pdﬁuﬁg%ﬂzyaiansqhﬁabérga&m aﬁolcnrms-a@baw\ww Ricdl Ri¥Riragl” control s.
Chi neri Vax- D2_al so was_ shown e and genetj cal | y st abl e (GU| rakhoo

et al., J. VM‘M%FPE‘}*(@MB‘&VS‘EE‘BWH@@G@SWY@E W obmedi 93D/ Bt i on 5 The
i nvention pr owhd SeuchiRd PRtks hRfartfieh ifepbRfroRinif teofilet OBM-BVGRAPEPr Ot ei NS

of chimeric flaviviruses or genetically attenuated flaviviruses that are
per ni ssi ve foﬁscapﬁlﬁs@fl‘ff.Eﬁprfpurqu%%ﬁrab@wﬁlmé@uﬂdmmw%@dssthw ude the

steps of | 00) énREIbRPAIR OT R se proteins are present in the N-terminal region of the polyprotein,
while the non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) are
located in the C-terminal region of the polyprotein.

A chimeric flavivirus that includes the C and non-siructural proteins of the
Yellow fever virus vaccine strain (YF 17D) and the prM and E proteins of a strain of
25  attenmated Japanese encephalitis virus (SA 14-14-2) has been made. This chimera,
designated ChimeriVax"-JE, has been shown to induce the production of neutralizing
antibodies against JE in immunized rhesus monkeys, as well as to protect these monkeys
from clinical encephalitis after JE challenge, as compared with unimmunized controls.
ChimeriVax™-JE was shown to meet preclinical safety requirements for a human
30  vaccine (Monath et al., J. Virol. 74(4):1742-1751, 2000). _
A similar chimera was made that includes the C and non-structural proteins of
YF 17D and the prM and E proteins of a Dengue-2 strain. This chimera, designated
ChimeriVax-D2, was shown to induce neutralizing antibodies against Dengue-2 virus in

thesus monkeys, as well as to protect these monkeys from viremia after Dengue-2



‘nucl eic acid nol ecul e encoding a foreign peptide into a gene encoding a

flavivirus envelope protein; (ii) generating a flavivirusg Me@nteri200budi ng
an envel ope protein 10 encoded by the gene, wherein the envel ope protein
contains the foreign peptide; and (iii) determ ning whether the flavivirus
vect or gewmepztoesrsin step (ii) is permssive for the (RCIAISVI/OB4 The
flavivirus vectors can be chineric flavivirus vectors that include, for
exanple, the C_and non-structural proteins of a first fIaV|V|rus and t he

prV and E 15 pihaleaesas sppared wittmympynizsd gouirgls. ChmertYaxrldd alsg s Sewa iy

flaviviruses C@%aﬁ&@n@@h&ié&l%taﬁl@?@ﬁmﬁﬂ%@ oEH N WirSIOTHR 1 557705484, 20mpanese
encephalitis, Dengue (serotype 1, , or 4), Yellow fever (e.g., YF

17D), Murray Valley encephalitis, St. Louis encephalitis, West N|Ie

Kunjin, Rocio encephalitis, IIheg@mm@¥§ﬁmgﬁwmﬁ5hencephalitis Centra

Eur opean encephal i Si_berian en alitls, Russian Spring- Sunner
encephalltlg Kyasgﬂﬁww?@mﬁﬁ? mﬁﬁ@é§§éhmgﬁﬁﬁs¢ﬁ % HXEPRe PRSSOL | oupi ng
i1, Powassan, hm&ﬂbﬁwuﬁme:anadc@n@aueﬁaﬂaéﬁh@oaﬁses/&@%e @iisivdipy Vi ruses. The

' forelgn peptides jnserted into the ve§@$rs of the |nv ntion_can include

epi t opes deri VBYHORE OIW%‘PC@)@ S e mafipqsdudiee G sepyoh (O Mmttcigral , or

parasitic pat hegeRscid lolecil@hcddits afoiei gﬁﬂﬁh&ﬂﬁﬁa%&wdm%@m%%g&hhﬂﬁnr-aSSOCIated
anti gens. Exanpl s of these 25 pe es and oth are provi ded bel ow. The
nucl ei ¢ acid rfgV" ngge“b gﬁ@@“ﬁﬁ%ﬁﬂé@ﬂ"q"m’&ct‘ aé’r?%ﬁ‘t?ﬁé“’&é’nes of the

flaviviruses, «a6saed By Mggdnd, whaRin TR c&t?le otelir\Rniaiy 86 Fdrélgh pebiie; MM @ApP! €
randomy by t ansposontgg eneS|s det ernj_nati on .of _whet her the
flavivirus ve & wae aWW“@F@ﬁ“@?F?“@PJ%ﬁ%ﬁh%PﬁEﬁﬁw%#“@%e i nventi on

are pernissivqn&ahnthe i nsertion can be carried 30 out, for exanple, by

analysis of (a) the infectivity of the flavijyirus vectors b) the
stability of the siﬁﬂ@ﬁ@gmﬁﬁﬂﬁﬁgmf b cimgtic favems yeeop sy melnds, r e passages of

the vectors, eﬁam]]ﬂ& hﬁcganq%ﬁlsﬂ%ﬁﬁﬁﬁratbwoﬁfﬁﬂtm@wﬁh@wfm&ﬁmaﬁagt ors, and/or
(d) whet her th aV|V|rus vectors _can _be neutralized wth antlbodles

agai nst t h® errdringRf 2 secgndflayivigns. (The fist qnd gecppd:figviyirpses cande sedpoigd fralber 2005 WO
02/ 102828 PCT/&&%Q&%Z&T&‘ﬁngmaﬂiﬁ&Q%&)hﬂiustIﬁ&gﬁé’(&%‘t&peqnz%36}45 welibier i ncl ude

conparing the analy5|s of lavivirus vectors with a simlar analysis

of the flavi vifF{§E(ErE.H MR éﬁvrqarm&geeréphabw&wﬁnﬁ%ﬂmmsw% i ncl udes
flavivirus vegtnis RobiendepmlitiiAneas) isletme RARpRIRS ChliA] Burset ai n forei gn

peptides. The flavivirus vectors can be chineric flaviviruses.including
~ encephalitis, Siberian encephalitis, Russian Spring-Summer encephalitis, Kyasanur
20  Forest Disease, Omsk Hemorrhagic fever, Louping ill, Powassan, Negishi, Absettarov,
Hansalova, Apoi, and Hypr viruses.
The foreign peptides inserted into the vectors of the invention can include
~ epitopes derived from, for example, antigens of viral, bacterial, or parasitic pathogens, or
can include epitopes derived from tumor-associated antigens. Examples of these
25  peptides and others are provided below.

The nucleic acid molecules can be introduced into the envelope genes of the
flaviviruses, according to the methods of the invention, for example, randomly by
transposon mutagenesis. Also, determination of whether the flavivirus vectors generated
in step (ii) of the methods of the invention are permissive for the insertion can be carried

30  out, for example, by analysis of (a) the infectivity of the flavivirus vectors, (b) the
stability of the sequence of the foreign protein upon multiple passages of the vectors, (c)
the growth properties of the flavivirus vectors, and/or (d) whether the flavivirus vectors

can be neutralized with antibodies against the envelope protein of the first flavivirus.



5 the prMand E proteins of a first flavivirus and the C and non-structural
proteins of a second flavivirus. The first and second f| ax NbSISS 2089 be
selected fromthe group consisting of Japanese encephalitis, Dengue
(serotype 1, 2, 3, or 4), Yellow fever (e.g., YF 17D), Murray Vall ey
encephal iWwiowz/1d3828 Loui s encephalitis, West Nil|le, KunjipayuSosien
encephalitis, Ilheus, ticke-borne encephalitis, Central European
encephalitis, Siberian 10 encephalitis, Russian_ Spring-Sunmer encephalitis,
Kyasanur For esThempethodsef thedpngptionicanisrthen mginde qoapeing theguglysisgf e | | Powassan,

Negi shi, Abset BR5Rs vecBRSAhQ il RRysis GHE flatidiis Mol i@t wabldgivka.avi vi rus

vectors can, alternatively, be a genetically attenuated flavivirus, such

as Yel | ow Fever YFThgmyenippealsodncidesflayivisus vgetars thatinglude gnvelopeprolids halct or s can

i ncl ude epi tOp&ﬁtaHl%lie%lE?cpfﬂ&me]fﬁvﬁﬂﬁé A0S o be WhifndHio R8s indthding T
_parasitic pathogens. ernati vel ﬁég;ﬁt'he forei gn peptides can include

epi t opes de? i vBePP e Enieteins of ¢ Siet layivigs apdthedespd nopstagturakprotgineef 4 n t he

i nvention are phaMRaeHk R fird ARPRSINH AR Yn deRObddGrolitRe grbilpAVi Vi T us
vectors descri bed above and pharnaceutically acceptabl e carriérs or

diluents,  andoopsistag rEiapsiess gRosehalits, Dergpricereynst L 38 onAdrycHer fapr-ges to
patients by 20yRgh) WSS Va0ey dnBephilfis RR TSR ivesf, WRAS Kubf) Rocid NeSE

met hods can be carried out, ~ for example, when the peptides are antigens,

to i nduce an ifrrepRlitsdipwnticke-byme raephigifier st Engpren encephalifisviiberian t he
antigens aig dgbdpuffls, R3S SPMEIEInGRer @ﬁcg%hsahtls', ReAsHLFordsbBisabe, DS e

conpositions for "the delivery of pepti .and in some enbodinments, their
use in the preBeorbrginiewr, Loaeing#lnka egigd) Abpetiapvdfangdqye, Apos and5 The
invention al S%ﬁ?%&?%@ﬂﬁﬁ%v&&k&gﬁ%ﬁﬁdﬁk&ﬁb&Q?Jneﬁo&ﬁ;}éﬂt@ﬁ‘ua&ﬁe genomes of

the flaviviruses, described above or e conplenents thereof. The invention
provi des severffvivaes, sish ag¥aliow Ferer XA e, chimeric flavivirus vectors that

can be used in theﬂmﬁ%?@ﬁg&r&eﬁwﬁ&)gie%%[g(cﬁfhﬁcgl@%lﬂ%ﬁ%ﬁa&h@&ﬁgﬂ be safe,

and yet are able to itn rotective immunity aviviruses from

whi ch t he thveintigses giyirpk bactstizlsor paragitinepathhgons r Altsmativelys the foreign peptidesi n
particul ar, t%ﬁ%&@ﬁg&%ﬁ@ﬁﬁﬁ&&%ﬁﬁ ted i as. Additional safety
e

cones fromth act that” the vectors used In the fnv_eption_ are chineric,
thus elimnating t#lsonskdéddin fie invextion prepharmagsnticalrompésitionsthat inchde thddi t i onal

epl i cate in thovRARS dHaaa b R i ERGONs o haf i sk
‘and in some embodiments, methods of delivering peptides to patients by
20 administering to the patients such compositions. These methods can be carried out,
for example, when the peptides are antigens, to induce an immune response to
;pathogens or tumors from which the antigens are derived. The invention also
_ includes use of these compositions for the delivery of peptides, and in some
“embodiments, their use in the preparation of medicaments for delivery of peptides.
25 The invention also includes nucleic acid molecules that inciude the genomes of
the flaviviruses described above or the complements thereof.

The invention provides several advantages. For example, chimeric flavivirus
vectors that can be used in the invention are sufficiently attenuated so as o be safe, and
yet are able to induce protective immunity to the flaviviruses from which the envelope

30 proteins in the chimeras are derived and, in particular, the epitopes inserted into the
chimeras. Additional safety comes from the fact that the vectors used in the invention
are chimeric, thus eliminating the possibility of reversion to wild type. An additional

advantage of the vectors used in the invention is fhat flaviviruses replicate in the




cytoplasmof cells, so that the virus replication strategy does not involve
i ntegration of the viral genonme into the host cell, provigsagniber copprt ant
safety neasure. In addition, as is discussed further below, a single
vector of the invention can be used to deliver nultiple epitopes froma

si ngl e awoop02820r epitopes derived fromnore than onecmmsizgesrs 5 O her
features and advantages of the invention wll be apparent fromthe

foll owi ng detail ed description, the drawings, and the clains, Brief

Descri ption ofyiesml sxiiy g dapthe virug replicagonsipiagydops oot wpledaisgalionsh of a
transposon MuGRGBNGSHome RS he QosE Il prévidi Fg&i@pamwsﬁaym@su@emeadaﬁeﬁ;di ng the JE
envel ope. Fig. 2 shows the results of PCR analysis of Tn5 jnsertion nutants
of the gene ~ éhi diaFusgd f‘ﬁ%erj@“&ﬁﬁé‘}g&d’é?m@f%%e%P’bW@é’e H%?EB%W% a transposon
in the JE envg{uﬁ@ﬁeﬁﬁc@egm@mﬁ@mﬁeﬁm & dered 806 mbids thal BB egighar bori ng a
transposon within the pUCl9 vector are sﬁown In lanes 3 and 4; unstable

cl ones har Sori ng &ther fratyes swhadivantagesef $E inventieh willbe apfreat Eomthbown i n | anes 5-7

and 9; and a ' ; I [ EPS% ' 11. ' Fig. 3 shows the
results of P&%@?ﬁ%ﬁgg&gﬁ&&w a alBFtelllém § This anal ysi s confirned

the random nature of the insertion into the JE envel ope. Lanes 1-13 show

the PCR products of 13 cl OneSBﬂ%e's&iLi bR 2ains a 1 kilobase marker.

Fig. 4 shows the amno acid s ant clones that were

sel ected 20 for tHghsfachdmatic pres¢entionofh rmspofdranidigenssizalethod casiejuences are
i n bol df aglg aﬁﬁ&iﬁ%eiggﬁeee%odi GAYBGRRLE Ol | oW ng transposition are

under | i ned.” The renai™i ng sequences, iich are repeated sets of three

am no aci ds each tHge shows teresuteof PERrnaystof TiS ibdedion muiints défbhgened on  t he

| eft side of . ' | NE; ' t ransposon
mut agenesi 5. PO gEe oS, sBBR bhing BrfnsBiebh b Y R oleidpp .

gl ycopr ot ei n dfowh langail <2 8, 228 16; klows httheringe dransposas wihin thepBCi $vacet at i ve to
defined confo ' [ -e] . | npoi nt the
appr oxi ot o | AeR SR bR Rubte dorSe BghEl ynll5 FEEMERBLAED " L1
wer e sel edfedarkerownimlasdsSctand B; apd a Veilabassadakler is foevnimlaells i n brackets

i ndi cate the JE enye ' LAt hat. edes, the 1 .N0 acid insert.

Fig. 6 shows the ;FY'E%S s%@%&%ﬁegr%wﬁéﬁ%?cgwpgaﬁtrlll%ﬁ:@llg;ed from RNA

30 extract ed ﬁnab'aisb(mﬁuneﬂahdgndohaﬁhﬂeaxf&eﬁxserﬁoﬁiniarﬂfefﬁem@bpw ]tdneﬂm made from

o_uni que  Clongs d ARl b ¥ ddhes, e Badis LORARE {BRELL whilgt [ ncludes the
I nker P arrplol |,ec’11§’ of the'C

57 basepair | er was . rom edc ones, ahd confirms the
producti on of prodé¥ showstie.amioheid s@Bersenof fitxemut@ Glones that were selected

20 for transfection of Vero cells. The JE envelope sequences are in boldface and the insert

sequences following transposition are underlined. The remaining sequences, which are
repeated sets of three amino acids each that are on the left side of the first dash and on
the left side of the second dash in each line, are artifacts of the transposon muftagenesis.
Fig. 5 is a schematic representation of the envelope glycoprotein of JE, which
25  shows the locations of inserts relative to defined conformational epitopes of the protein,
The arrows pinpoint the approximate insertion sites for 5 independent JE envelope
mutants that were selected for transfection of Vero cells. The numbers in brackets
indicate the JE envelope amino acid that precedes the 19 amino acid insert.
Fig. 6 shows the results of RT-PCR analysis of cDNA synthesized from RNA
30 extracted from Vero cells that have been transfected with RNA made from 5 unique
clones (2 in duplicate). A 1.9 kilobase insert that includes the 57 basepair linker was
amplified from each of the clones, and confirms the production of progeny virus. A 1



WD 021102828 PCT/ US02/ 17374 kil obase marker is fractionated in | ane 1.
Lanes 2-8 correspond to clone 1-10-2, clone |- 10-3, cl ong Ndvefibar 260ne
11-4-6, clone I-i, clone 111-6, and clone IV-8-1, respectively. Fig. 7
shows the results of PCR analysis of clone 1-10 cDNA at P2 through P6
(lanes 2-v80 eomu2838 12, respectively). The sanpl es fract ron@sed’omn the | eft
panel were 5 obtained using JE envel ope specific priners, while the sanples
fractionated on the right = panel. were obtained using a transposaon-specific
primer. A 1 kikilehssedrarkesjsifisptionaed in fpe b | Igneitateorpsppad @ clpnel§-2,cl9%56- pasepai r

marker is fraghhsoiakedss Roh&2-6/ elodeiId; cléhe BV bldge IWEH S@pécliRIBequences of
the RT-PCR products of infectious_ cl P2_throu P6. aligned

one. 1-10 at h
with the plasnid FaQ shutdaienlipniPeR apalyssof elpueldPSPNAGHE? H1oBELEG ows
indi cate two el @i6RBd 8-25 rékp@fvly). TH@arhl&Sfabtidnhied ol BYRA bl wot ential to
forma disulfide bond, J'EOSSI bly stabilizing the peptide on the gSl?vel ope

protein and prBiBetkysing JE envglers secifipringisovivle theamples fpetmated g thetight | 5 o

schematic _rep@%ﬁﬁr@&ﬁtﬂﬂeﬂ%@in%b@aﬁpo@r}n%@fﬁ%&SAIldﬂ‘cfbhﬁ’e%aﬂieri%he JE envel ope
gl ycoprotein, showi ng that the perm ssive site at anjno acid position 287

is 15 | ocat edgie lﬂpﬁba@érwghq%w;ﬂa&ﬁﬂs#%%ﬁ@ﬁ%}i on (11) donains,

and appears to be rig @ h@fehanROfasseqithées olfle RE-PERGGIREs Sldt0E: t he growth
properties of the |1-10 infectious clgne. The line with the triangles

corresponds t 6Ol O3t Faihraygh Pa, alignedyith fhrplssmi b L spauence@riontpi | e the Iine with

the squareg CehfsRERANGSe hrfvwsRlichte t&S cyffind R {nife iBRFtABt havb hs. 20 Fig. 11
is a graph showing the results of a npeutralization _assay of transposon

nutant |-10. Pefenteltsdorgyadisuliidebaadpetsivly sabizing smeriide on thpenveloRéer of sanpl es

incubated W bhteditnl phfenBf oD thd NF2RVLRE ASIe&.r €Spond to sanpl es i ncubat ed
wi th normal serum_.and the dashed |ine shows the average. Fig. 12 is a

graph showi ng t he Hi® &4 2 shesgatigreprssentation;of fhe shimensions) stactupepd o JE 25

reference. Thenkiop@gipobfdtein) Shoind MaNEe feRbiEFRAP i dbldodifidn@87 Rf sanpl es
incubated with anti-JE serum the squares correspond to sanmpl es incubated

wi th normelP st belirrgn fhe eentrdld b pedithe dipmerizs sl doresing, A agpsars Pdeai | ed

Descri ption 3gnﬁa§m%&¥§ntion provi des net hods of identifying sites in the
envel ope proteins of chineric flaviviruses or ?enetipalty att enuat ed
flaviviruses (e. g.Fig Wisprraphshowing e sz9yvth propatic of the 1§ ifestiwaplorse i nt r oduced,

chimeric flavinkd find Sith et ihngTeDdHeHond BB MBCorMeAiipben rhibal-longhiede such
pepti des, and nethods of delivering these peptides by adm nistration of
the line with the squares corresponds to the titer of the YF/JE parent virus.

20 Fig. 11 is a graph showing the results of a neutralization assay of transposon
mutant I-10. The line with the diamond corresponds to the titer of samples incubated
with anti-JE serum, the squares correspond to samples incubated with normat serum, and

~ the dashed line shows the average. |
- Fig. 12 is a graph showing the results of a neniralization assay of the YF/AJE

25  reference. The line with the diamond corresponds to the titer of samples incubated with

anti-JE serum, the squares correspond to samples incubated with normal serum, and the

dashed line shows the average.

Detailed Description
30 The invention provides methods of identifying sites in the envelope proteins of

chimeric flaviviruses or genetically attenuated flaviviruses (e.g., YF 17D) into which
foreign peptides can be introduced, chimeric flavivirus vectors having envelope proteins

that include such peptides, and methods of delivering these peptides by administration of



exanpl e, induce an i nmune response to a pathogen from wigchowmbentoosluced
peptide is derived. Details of these vectors, peptides, and nethods are
provided below. 5 Chineric Flavivirus Vectors Chineric viruses that can be
used i n tW@ovrwwati on consist of a first flavivirus @CT@S21EBNackbone
flavivirus) in which a structural protein (or proteins) has been repl aced
with a corresponding. structural pratein (1.](1)1g1 rotein of. a second virus.
For exanple, tH&® %&eé?’@éﬁa?@ﬁéﬁ‘@fe "%IF?P“SFI RANVPETS M which the
prM and E pr otwhichan freducéinritidt @ despld aDedilswi thesetvaaton phtidelarid nptlotiei ns of a
second vi rus. The%%{ﬁehg%ri c viruses that are used in the invention can be

made from any #°® %n of viruses. Exanples of particular flaviviruses
that can be used in the invention, as first or second viruses, include

nosquito bqrne, fl aviviruses, such as Japanese encephalitis, Dengue
(serotypes 1%"’“—%&%@3&&@ Mirray Valley 15 encephalitis, St. Louis |
encephal itis, WestChiinbrk, virldses fhiztrean BRosedoin e Gieveditioh cénisist of afickt fldvivdus  vi r uses;
ti ck-borne flaviviruses, such .as.Central FEur an encephal iti i beri an |
bheephal L <. G reifore s TG ek * R R R bR aS B dptstiee? D cease,
Orsk  Henor r hagh e chessginding sttuptuiabprotein (orfieosiss? a0 v seddnd vimd] ForAkagild, deov,
Hansal ova, Apoj. and Vi es;. as L1, as viruses.fromthe Hepacivirus
ponue Cocg. P BhitpeH ton B ok o B e e kR BRI | baes ¢ hat
can be used i feplab&l wil rhvoand Bp@teiRody icdad, vichor exanple, in U S. patent

fop licgo 2
application serial

nupber,s .091Q07, 664,. 09/121,587, a 09/ 452, 638;
International applTe€& ﬂ%@ﬁ%&é@%}‘sﬁ% %WB““WHE%?@’?@&; and Chanbers

et at., J. Vi cahbinafidn d0&0ses 1EhmpkOS PartiedlerTlatibinsby tdt cinbeinfeddi por at ed by
reference herein in its entirety. 25 A specific exanple of a type of
chimeric vir u@VPHgp aégﬁt%ée‘iﬂg‘ﬁﬂ%fs% Tﬂ@einﬁ\%ﬂ’ﬂ’":b%e ﬁ?"g‘}%{”% YNF ow fever human
V?‘Cﬁi ne st rgi Uapa%Ee&l_Z@haﬂt?, M@Msetdmfyrw,aﬂd)w&em,oﬁﬁia@% ve been repl aced
\émnf:epﬁg:v: ﬁ?s gﬁégﬁ&i@@éﬁ% q%ge%fﬂ' %ﬁ e@ﬁ@%ﬁ%ﬁ?@ﬁ%ﬁ%@@% S"‘ﬁ‘%s, Mur r ay
Val | ey encephinlsed; tick-borielfByvivaust® A@H 8 CdnfrblFuropban@noepillile Bibbdiaavi vi rus, such

as one of those I tﬁg 30 above. For ex 1 the follqw ng_chineric
£1 avi vi r uses, eptaRisBpsen SHRE Shumeygupapha s Kyasmur Forest Discase, Oms
: Hemorrhagic fever, Louping ill, Powassan, Negishi, Absettarov, Hansalova, Apoi, and

Hypr viruses; as well as viruses from the Hepacivirus genus (e.g., Hepatitis C virus).

20 Details of making chimeric viruses that can be used in the invention are
provided, for example, in U.S. patent application serial numbers 09/007,664,
09/121,587, and 09/452,638; International applications PCT/US98/03894 and

~ PCT/US00/32821; and Chambers etal,, J. Virol. 73:3095-3101, 1999, each of which is
incorporated by reference herein in its entirety.

25 A specific example of a type of chimeric virus that can be used in the invention
is the yellow fever human vaccine strain, YF 17D, in which the prM and E proteins have
been replaced with prM and E proteins of another flavivirus, such as Japanese
encephalitis virus, West Nile virus, St. Louis encephalitis virus, Murray Valley
encephalitis virus, a Dengue virus, or any other flavivirus, such as one of those listed

30 above. For example, the following chimeric flaviviruses, which were deposited with the
American Type Culture Collection (ATCC) in Manassas, Virginia, U.S.A. under the
terms of the Budapest Treaty and granted a deposit date of January 6, 1998, can be used
in the invention: Chimeric Yellow Fever 17D/Japanese Encephalitis SA14-14-2 Virus



~American Type Culture Collection (ATCC) in Manassas, Virginia; U S A under

the terns of the Budapest Treaty and granted a deposit ga&tigov@inbéapogsy 6,
1998, can be used in the invention: Chineric Yellow Fever 17D/ Japanese
Encephal itis SA14-14-2 Virus 6 29 Novenber 2005 WO 02/102828

PCTI USO2 Wy @nd2sesyF/ JE Al. 3; ATCC accessi on nunber ATCECWBS@28®43 and
Chineric Yellow Fever 170/ Dengue Type 2 Virus (YF/ DEN2; ATCC accession
nunmber ATCC VR- 25932 Met hods for |dentif Per m ssive Sites in Chineric
Fl avi vi rus En(¥iEpé b%%@swngu@é§4£¢%‘%$ 1 @d e YRR BeRee| ope
proteins that 1a5®eRAE Mr2iVifs EF/DRSL! ATONaRbssion RiIATCEYRENSHS can be
identified as follows. Nucleic acid sequences encoding a peptide are
inserted into the envel ope gene using standard net hods of nol ecul ar

bi ol Pr ef ted int
the. el ope ganaytor BAFRALtelfee sty SERUBDARTRL Bl BEROly' (000 FT o0

mut ants. Héwever, Sitedid chimetielayivired aivelepgpooteine tobare painiseivatainsatdnol be
inserted a Sp‘%‘i&%&éq@ﬁ&g%bﬂ it Y Hofidivs, %fl&ca%&ﬂ&eﬁ&% %119% efficacy. The
ch u

| atter approa esirable, Tor exa | ar site has
been identifi 9epnd@arbmsengdpaﬂhé@s¢lm gﬁmusm:stmdmdmﬂoﬂs @nmlep@u foreign

d f
sequence and hogh HERREE T buaephid Myideh b BRlpRashas o 100
predicted secenvdbpg/gese,rtcufa@lhhabﬂfercmmlonbsaﬁbrgryfof insertiohaugsinggn Hewepawace. Random
| nsertion §f  BUELCLS: B0l SRONRIGERL ARAAC L B St ol 4 RBPLGe DY Lhe

use of a tvan nsposon dgenes ansposition
system can bendtestsl erCéﬁicytsfh iThe latteratprqac]il maﬂmﬂesxraﬁlh,efm exztﬁﬂe, T36vs 1998). As a

b1 cent re. oo b s Yol BhinRE bl eriS B llioe) Bt D 17 2T Y,

t he use of t hbsusysindiis desirdddo canfiemthatanis dscepepmeswedadnseﬂtm ofhespcoluél ow. In
sumary, a cl Vi Vi I enesis with
tr anoposons. t Rareet el GLSmBtauRe RIARE bR AR MR R0

nmut ant s t Hat ﬂncﬁtaﬂfbwgresaqhamdey |nt egr at ed transposons in flavivirus envel ope

genes is generat efg.mf IrtEon% nucezc 5 %e cQs faea ﬂie\?eldt S ar rgg%ed and/ or
sequenced. Full |eng genom F‘N& R es Fiv I"Ope genes

i s then gener akefla aamsipumaduthgmm Iapproach;t mr:xampleus'éﬁ tranbpommna;mem bman
characteri z ed ! & 3td %ryn}nn S{ aYePE dho |2r}§ %5&7’ %S)OfAsta specific example, the
7 EZ::TN Insertion System, Wh.lch is manufactured by Epicentre Technologies (Madlson,
20 WL, U.S.A)), canbe used. Details of the use of this system in the invention are provided

further below. In summary, a cloned flavivirus envelope gene is subjected to
mutagenesis with iransposons that include sequences that encode peptides. A library of
mutants that include randomiy integrated transposons in flavivirus envelope genes is
generated and, if desired, the insertion sites are mapped and/or sequenced. Full length

25  genomic RNA that includes mutant envelope genes is then generated and used to make
mutant viruses, which are then characterized for permissiveness to insertion of the
transposons, The viruses can be analyzed for permissiveness by, for example,
determination of infectivity, genomic stability, growth properties, and neutralization.
Details of the use of this transposon mutagenesis system are provided below, in the

30  context of the chimeric flavivirus ChimeriVax “-JE (also see Fig. 1). However, the

methods can be used with any of the chimeras described herein.




“transposons. The viruses can be analyzed for perm ssiveness by, for

exanpl e, determ nation of infectivity, genom c stability29 gs@mbar 2005
properties, and neutralization. Details of the use of this transposon

mut agenesi s system are provided below, in the 30 context of the chineric
flavi vi romo citiopies i VaxTM (al so see Fig. 1). However, teT/useriiayds can be
used with any of the chineras described herein. 7 29 Novenber 2005 WO

02/ 102828 PCT/ USQ2/ 17374 Foreign Peptides The vectors of the invention can
be used in t hdomignPeptides of any peptide or protein of prophylactic or

therapeutic val ue. THsQkct@X 8T iBvenfidhRayRGLA S 18 HelivB® of R PajtideBr a@kinbe  used
i n the inductign of an inmune response (prophylactic or therapeutic) to any

5 prot ei n- bas 4PEpRyiagis pr thespeutic valps dpn examnle, fhs vactors ph s ipyentiqngen by 1 s

envel ope pr ot iddin thEi@hdtbREH M imifikteespohsXBlobBA i G theipiticPd ahy OM the second
- flavivirus of the chipera. Al  that is_ required is that a nucleic acid
sequence ertcodf¥rp-based aaHgsndheris insertef] i 4 chmexie flayivigis pageloBs RIS te Wit hin t he

envel ope gene Padferably; BicH e hiftigéd rRYdeYivddifom RSsceRE BRVIPAE o RE idlera. A andar d
nmet hods of nol ecul ar, bj.ol ot%y can be used to jnsert the antigen-coding
1

nucl ei ¢ 10 acittifEaBkyisbatampceic aidequsnes scoiipe e geirel be e fi ssive sites,

whi ch are i deptdnfissi®e sitSwithinthe Masdidpe Ra ofh SMMGR FRviPRIsSdsdescriibed Mgt or s of the
i nvention can each, include a single epi%ope Alternatjvely, multiple

epi topes can BEaFLEP o of mlepulan Bolomedap eusedtojingert thy pntigenseadine gudsic o (i e |
as a pol ytoopegid mBle¥idsGhto tiiMert bifveBpERhesOi érRRASe Gidd) WARL 88 RRARIE: DY a
flexible linker, such as a 15 pol yglycine stretch of am no acids), at
different sit ddesey ediefsewhgge kegihi nati on thereof. The different epitopes can

be derived from a BieR&ids SARGhREIG caP@bNRAER 2 sﬁ{gle%ﬁi'ﬂ)pb.eAltéii&ﬁ{rél%d from
di fferent speci ﬁ,slean_d/or di fferent genuses. Antigens that can be used in

the invention™ l?@*t‘@é?‘i%éﬂ’.”‘?‘ﬁ“%ﬁnmf VoK FiSPE at & singlest® {.6ud 2agent s such as
viruses, bact gbli@pe, A ehithARIIaR epifofds AR aRied 3L HSERNSfkeORch A 20
pat hogens |listed 1n Table 2, below, can be used. Specific exanples of such
anti gens iMcl Befeelydingstetrh efrminoiapidsyehdidforgnt sifes, oxérnoy combinalipeBFrmele exanpl es of
epi topes that TaARHEEnt ehibPES chi€Bt deftdd Hobi UBRIsPcRs Of pafBEen dV&IYel ON are
provided in Table 4. As is noted in Table 4, epitopes that are used in the
vectors of t h&evedEem fifiereptsectss and/r differepigertpfes (i.e., neutralizing
ggltolotes) o; T cel Antigfs URAPAA bé hse®in theinVRidARhn B tri Atk Exalpiee! | - SPeci fi'c
epi t opes).

infectious agents such as viruses, bacteria, and parasites. For example, antigens from the
20  pathogens listed in Table 2, below, can be used. Specific examples of such antigens
include those listed in Table 3. In addition, specific examples of epitopes that can be
inserted into the vectors of the invention are provided in Table 4, As is noted in Table 4,
~ epitopes that are used in the vectors of the invention can be B cell epitopes (ie.,
neutralizing epitopes) or T cell epitopes (i.e., T helper and cytotoxic T cell-specific
25 epitopes).

The vectors of the invention can be used to deliver antigens in addition to
pathogen-derived antigens, For example, the vectors of the invention can be used to
deliver tumor-associated antigens for use in immunotherapeutic methods against cancer.
Numerous tumor-associated antigens are known in the art and can be used in the

30 invention. Examples of cancers (and corresponding tumor associated antigens) ate as
follows: melanoma (NY-ESO-1 protein (specifically CTL epitope located at amino acid
positions 157-165), CAMEL, MART 1, gp100, tyrosine-related proteins TRP1 and 2,
and MUC1)); adenocarcinoma (ExbB2 protein); colorectal cancer (17-1A, 791Tgp72,



The vectors of the invention can be used to deliver antigens in addition to
pat hogen-deri ved antigens. For exanple, the vectors of tIm® Ndéveaier Q008 an be
used to deliver tunor-associated antigens for use in i munot herapeutic

met hods agai nst cancer. Nunerous tunor-associated antigens are known in
the art avaloaziarszbe used in the 30 invention. Exanpl esPot/usencyss (and
correspondi ng tunor associ ated antigens) are as follows: nelanoma

Cosi t1ons. oy Rk s Hoe e U G R et BBl s rer

and 2, and NI(lﬁllj)mjcaadE@méd:as@@Han(ﬁ &B2 protein); colorectal cancer
(17-1 A, 791Tgp72, 29 Nove 05 WO 02/102828 PCT/ US02/ 17374 and
car ci noenbr yoni c &Hf"i“’é}@ﬁ &%&8%%&@%%%%%&’%@%&°¢e%at shock

p;gt gi n (hS?eﬁfﬁﬁé(s)Qﬁmﬂ!e@uﬂ&clnmdgeﬁ% ﬁ'hiﬁﬁlhatﬁﬂnﬁﬁﬁﬂe:gﬁﬁke mldgs:ﬁﬂﬁiaiﬁer (s)
enbodi nent _of .t he invention, exogepo ei.n code epi t ope(s
of an all elsgyb??fa‘éjclgﬁgég%{ﬂ@%%mfsg’?%ﬁ Ffﬁ’ﬁﬂ %Wﬁi‘ﬂgﬁ tgﬁglgufegt‘aem red may
5 be used. | ntapgdcliht i tr@tb;rs tb hﬁwb‘xqeﬁtﬁésssmﬁ aiditﬁgdnﬁl\itelm'ﬁcﬁlar @Hﬂ(ejgneduddﬁt | i gands
that are used, t tar ors .to, del tides, ch as anti gens,
to particul ar mEf ‘T"?“e% ‘g)‘f‘ﬁuabﬂecmlt% E‘ ?‘?Eoéspﬁgﬂ'wt?%r the |igands)
in subjects to mhormtslheoﬂﬂ&qiepﬁ&oﬂﬂﬁfmﬁﬂﬁtsﬁm&tediﬂnethsvaamffﬂiehﬂremﬁti de or
protein that |s |nsert the tor f the.inventi can range in
|l ength from @“!“F‘?’g 386)3’81?‘6%‘”43 ]Ie ?‘H aF"ﬁ’?’exarrple
10 from 10010&011120—-15(520—35, 2445, c@BS—ﬂ'ﬁanﬁﬁb #eids Pidleipet. dhe fdﬁmhﬁﬂ?@f&mg'ﬁbﬁ
feasibility of a ticul esire i de.c

det erm ned usPBﬁﬁc"{hﬁg H@{H‘fg ﬂ’e?ﬂf bﬁgﬁerﬁ‘é‘?e Pﬁngp'&‘g’é‘eta?dggfﬁ%ﬁ*%‘eﬁ avi vi rus

Vectors to Deliver Foreign Peptides The vectors of the invention are
adm ni stered |n 1315. hat can readily be
det er mi ned by~{¢ grt. The vectors can be

?dm ni stered and fmemt@dmelﬁ\teﬁt;oﬁm;mdn?mmdamhﬁo@aﬁmmﬂ?gﬁwmgdst Ee Kel | ow
ever vaccCl ne as . a aritil e us | nf ecte cnl cKen
enbryo t.gé tc‘”&ﬂﬂ&ﬂ&lfﬂﬂ&ﬁ%&}lﬂ?é§¥wwwﬁr@@rf ?@ﬁpﬁm% The\Yeslors&a wi t h t he
chinmeric yel | pyudbii@éred/ind YRR For ekddple, G Qs nAfinet fahd RUSHEHNGN Can be
formul at ed as ﬁerlle aqueous, s Iutlons C nteﬁ’I g 20 between 1Q0 and

1, 000, 000 i nf &4 Yageige aﬁl:e%atéja@ﬁ@f Suspspsion pf ﬁ@keaﬁml’@oawt’f’fs%% cul ture

i nfecti ous dobkted from célDSBuréOhfERd With He &hlﬁl@ic%/eﬁbvmeverfvﬂusb%@dﬂb ni stered by,

for example, inptr cul ar, subcut ous,.or intradermal routes. In
additi Orr’]rp bec‘éeﬁ@ %%%Wtfoagggbe OTmu. teg as sterile aqueous solutions containing

20 between 100 and 1,000,000 infectious units {(e.g., plaque-forming units or tissue culture

infectious doses) in a dose volume of 0.1 to 1.0 ml, to be administered by, for example,
intramuscular, subcutaneous, or intradermal routes. In addition, because flaviviruses
~ may be capable of infecting the human host via the mucosal routes, such as the oral
route (Gresikova et al., “Tick-borne Encephalitis,” In The Arboviruses, Ecology and
25  Epidemiology, Monath (ed.), CRC Press, Boca Raton, Florida, 1988, Volume IV, 177-
203), the vectors can be administered by a mucosal route.

‘When used in immunization methods, the vectors can be administered as a
primary prophylactic agent in adults or children at risk of infection by 2 particular
pathogen. The vectors can also be used as secondary agents for treating infected patients

30 by stimulating an immune response against the pathogen from which the peptide antigen
is derived.



maybe capabl e of infecting the human host via the micosal routes, such as
the oral route (Gesikova et al., "Tick borne Encephal i tagovehibeh2005
Arbovi ruses, Ecol ogy and 25 Epi dem ol ogy, Momnath (ed.), CRC Press, Boca
Raton, Florida, 1988, Volune IV, 177- 203), the vectors can be adm ni stered
by a nucyax#z/iise® e. \When used in i mmuni zati on nmet hodsPCE/H#2AEE4 or s can be
adm nistered as a primary prophylactic agent in adults or children at risk
of infection by a parti.cul ar at ho The. vectors c 0 be used as
secondary agents fFIO V“\“?‘E%P‘FF@“‘?“WH@? Y ot TP KR 193 05837]%@?&?:%1&5&?%9 an i mune
response agai Bsiised, h@dﬂ@ﬁtﬁlmﬁd@mmmlﬁﬁbe eﬁﬁgﬁﬂ@tyaﬂmegﬁmncl s derived. 9

29 Novenber 2005 WO .0 0282 PCT/ USQO 374 Fo ci ne applications,
adj uvant s t hat"®cireng TGP Fr d@%“gl%fz pRs: PR ehﬁla Tuyagfs, %g

Adj uvant s tPaQSEB?mﬂ%jdﬂﬁﬂpﬂdS m&ﬂﬂ@o@h%mmﬁumgmmm ﬁithdnb]e crdn meric
vectors inctude, for exa or nul ati ons etic adjuvants,
such as (egg g‘eseﬁ}ﬂ‘ﬁ“ E’Fﬁr}?&i‘fﬂh’ E%’e"ﬂgﬁ? Mﬁﬁﬁ’ﬁ%@iﬂd’?"ﬁ%&f‘ap BiEmS  or

pol yphosphazi HEycaﬁ|alsbBM@bd5ltﬁm&@ccﬁﬁ$ U ehiatcsse af achinyipic @akdr yicliveredivine enhance

I mune responses t.o i nactiva accin t he us with live
vacci nes. |n [Hosplzeue. for expmp i Y E‘“‘(‘Péagf“?i?v téﬁ'%/b@sﬁg‘ﬁﬁe@ﬁgb’g%%‘%g"s rout e,
for exanpl e edlE(LITY or nilit@Odeaiatiatl of LA tinSbetisatus adjuvaiie }Jneadmdnaganése tOXI n of E.

coli (LT) or nutant tivations . of LT .c an be, use

Cadi £ on, gendtodHEpiRy BybSsBit it peorne MR s can be

i nserted ipt ogéneeenu@ﬁﬁgammaémmsnas@nﬂ@e,rm& HREOII- rngomtsokamrhe&:serewm as
GWCSF, IL-2, I1L-12, 1 L-13, or rtelg ethrvm'thforeign
anti gen genesmﬁghﬂ%tb&@%a“@%@???étqm%ﬂ%@ae@ﬁ?’?e Bt RSt mmne

responses, or nﬁ@nﬁﬁﬂpdnaése)rmﬂm&wmdiumaﬁﬁdem:es@ﬁﬁwuﬁ to@&ai'dls yellulavyar ds
cel lul ar, cosal responses. In addition to vaccine

ra
appl i catlons I the art can readil y 15 understand, the
HD n‘E“&‘R‘?nSHT%"Bm}S?f
vectors of the I ngg Eﬁ%ﬂto%&u&%%gbi&%nh %%Qﬁﬂﬁ]ﬁ Mﬁﬂs to |ntroduce
S

t herapeuti c gene products Into atient’s ce in'cancer therapy. In
t hese net Hédsundge‘ﬁe(tﬂ@n’mvfghﬂtm‘eem?;manbtusgemsﬂ@rﬂmﬁwmﬂla@éo| nserted into

per m ssive <1 hffaloDelabiiy 8t fbfciitlo ESATR ol Al bAtiA. figt! Tonta

exanpl e shows t m ssive sit
methods, genes encoding therapeutic gene products are inserted into permissive sites in

the vectors.

20 Example
The following experimental example shows the identification of permissive sites

in ChimeriVax™-JE. The methods described in this example can be used with other
- chimeric flaviviruses, such as those described above, as well.
The Yellow fever 17D (YF 17D) live attenuated vaccine strain has been used in
25  humans for the past 60 years, has an excellent safety record, and provides long-lasting
immunity after adminisiration of a single dose. As is noted above, ChimeriVax™-JE is
a live, attenuated recombinant vaccine strain in which the genes encoding the structural
proteins (PrME) of YF 17D have been replaced with the corresponding genes from the
_ genetically attenuated Japanese encephalitis (JE) virus SA14-14-2. Both capsid and all
30 nonstructural (N'S) genes responsible for intracellular replication of this chimera are
derived from the YF 17D vaccine strain. As is noted above, an infectious molecular
clone of ChimeriVax -JE (YF/JE) has previously been described. In the experiments

10



~in Chinmeri VaxTM JE. The nethods described in this exanple can be used with
other <chineric flaviviruses, such as those descri bed abogaNovwamberbdos The
Yel |l ow fever 17D (YF 17D) live attenuated vaccine strain has been used in
25 humans for the past 60 years, has an excellent safety record, and

provi des waepgoisasting imunity after adm nistrati on BET/ES®IITEG e dose. As
is noted above, ChineriVax-JEis a live, attenuated reconbi nant vacci ne

strain in which t enes .en j the stryctutal .proteins.(PrME) of YF 17D
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the Chi neri Vaxecoibinant 8:4vir0ss asdeDitgy ehileadol WRM ntigend. ONSidutlified Hp8GL I ON i N
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panel 15 of n@peifically] ®OIpaRE & bioditSprifRitieVsi:able flfd ot MnsNehact eri zed their
bi ol ogi cal pro ertli S. . aS}{qﬁcifi_cal .y, .we conpared thelz’i%ryowth properties of
stabl e infect P%ﬂ’éa gﬁﬁ‘f‘?@é’ o JE iiimens 1 cof} culpureres wrthas (gl abifty dhenera i n cel |
culture, as wedshalisd hgildqueidctisnnetealibfion ROYPINT vERTELPecfichbBelbR] I educt i on
neut rgal | zation fest %%ﬁlﬂ% wth JE-specific tgol yclonal ™ antiSera. W .
i dentified si fYER VRMge QSIFFEWEﬁW&ec}EEH‘FWH% %% PERHHTVE 4 pwrtios of nsertion of
20  foreign DNA, and these sites can be exploited for delivery of biologically relevant

epitopes, Further details are provided as follows.

- Cloning of the gene encoding the JE envelope into pUC19
YF/JE viral RNA was extracted from infected Vero cells using Trizol reagent

25  (Gibco BRL). Following cDNA synthesis with the FNOR antisense primer (see below),

the gene encoding the JE SA14-14-2 envelope was amplified by XL-PCR with

TN1.F/TN2.R primers (see below), and direéﬁonally cloned by conventional methods

into pUC19 (New England Biologicals, NEB, U.S.A.) using Kpnl and Pst] recognition

sequences incorporated at the 5° ends of each oligonucleotide, generating pJEel. PCR
30 was carried out using a GeneAmp PCR System 2400 (Perkin Elmer).
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20 foreign DNA, and these sites can be exploited for delivery. of '
biologically relevant epitopes. Further details are provigdesieamef 20dWS.
Cl oni ng of the gene encoding the JE envel ope into pUCL9 YF/ JE viral RNA was
extracted frominfected Vero cells using Trizol reagent 25 (G bco BRL).
Fol | owi ngve ey nt hesis with the FNOR anti sense pri mPCT{Us&a7i3¢l ow), the
gene encodi ng the JE SAl14-14-2 envel ope was anplified by XL-PCR with

TNl . F/ TN2. R pruners (see below), and directionally cloned by conventional
met hods i nt o J5ERSPesop RKpeEnests avdmagpieaf fuserfign sieEs’ U S A ) using Kpnl and
F’|S_t| r eclogni tion ﬁ%&mﬁ&@eﬂe?@ws@ag@hagbgqﬂwh@mgthe@gdm’a‘fmym neA

ol i gonucl eoti de, generat], arried out ing,a GeneAnp
PCR System 24 Pasrion @%E%ngmﬁ@g#Sﬁ%§W°W$&g & |
PCT/ US02/ 1737 4nstrtioss) TROBZ:NIN AYRINEHL3S taffosdn Bk akbnamy&ie fesibiide Si t €S

I nsertion nutagenesi s.was perfqrnmed an, p,)Eel i.n he EZ:: TNIM | n- Fr ane
Li nker Inserti ed bENpATRSFIsHonRIE, cﬁwl%t@gﬁé W OV PR 0" ¢ o

manuf act Ur er' kanatoéih fesislahod Béne AR nERiotl TNestdbid/ rkHatidr cdnbralsPPITAMCONt ai NS a

kananmyci n resi,stance 5 gene f.l ed b t | restriction sites. As is
di scussed f ur tHEHOY t&evgberr@amﬁf § e flanyci n resi stance gene .

fﬁl | owi nngod didg?l&&ei‘tiblﬁnﬁlthdtsﬁs@re|ideﬁ;ﬁﬁddw.g:6ﬁl%fs%feeﬁon®n_13a@ﬁ(ﬂm@ insertion
that can be read in r re S. sertion putants were

i dentified ini@amaap%u#ﬂ?)eﬁ’?&mﬁﬁlhﬂ%@?ﬂgwkﬁ RRAEHHA HPeS0 jig/m).
PCR wi th Tyl . FalibMgiamposith estalddananys bitidnesdtblyandinitiheltRSranshBsch @ | oW ng
transposition reyeal ed that 40% of .cl ones stggglég i ntain the transposon
in the JE envé}eﬁﬁén‘(e giFigy). Insqdion s Here mprns %‘g%ﬁﬁﬁ YREIR( Two DNA
Pogy&e;rﬁls%A " Baabﬁl'g@mmnﬂvﬁm_ &ﬁkﬁ%@@ig\@pe&%&@aegmlsﬂmﬂwoﬂm _ -isR:ersdThu .F
an t D 2, c wed that the Tn5 transpgson inserte
randomy int o%t‘ﬁchéo‘@%tgﬁz‘ﬂgﬁn&m@}swﬁmﬂa@m%ﬂﬂéﬁﬁwﬂ@r’ ¥ect ed for
sequenci ng and). Jafigik dloh@ et selbittd fol BRI ME Adbrailén FEONEgM WMt Sequenci ng
The amino acid sequences of five nutant clones that were selected for

transfectilgn &ROWEENLel1s is shown in Fig. 4. The locations of the inserts
relative to* 20 defined confornation epitopes on the envel ope protein of JE
virus is shown in Fig. 5. The insertion sites were determ ned by DNA
sequenci ng, antAieRdRFts weire | ocated by '

The amino acid sequences of five mutant clones that were selected for

fransfection of Vero cells is shown in Fig. 4. The locations of the inserts relative to

20  defined conformation epitopes on the envelope protein of JE virus is shown in Fig. 5.
The insertion sites were determined by DNA sequencing, and inserts were located by
comparison to a predicted 3D structure of the JE envelope (Kolaskar et al., Virology

~ 261:31-42, 1999). Four of the five insertion sites appear to be surface exposed.

Sequencing was performed using a CEQ™ 2000 DNA Analysis system (Beckman

25  Coulter) and a CEQ 2000 Dye Terminator Cycle Sequencing Kit. Data were analyzed
using SEQUENCHER™, Version 4.0.5. (Gene Codes Corporation).

Constructing infectious clones harboring TnS insertions
The antibiotic resistance marker was removed from stable £, coli clones, which
30  were then re-ligated, leaving a 57 basepair in-frame insertion that included a 9-basepair
target site sequence duplication that flanks the transposon. Sample clones (n=5)
containing re-ligated JE envelope were then digested with Nhel/NarI (NEB, U.S.A), to
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conparison to a predicted 3D structure of the JE envel ope (Kol askar et al.,
Virology = 261:31-42, 1999). Four of the five insertion sijoagowiarod® be
surface exposed. Sequencing was performed using a CEQTM 2000 DNA Anal ysi s
system (Becknman 25 Coulter) and a CEQ 2000 Dye Term nator Cycl e Sequencing
Kit. Datavowrm®@anal yzed using SEQUENCHERTM Versi on #cHuSe2i1(Bene Codes
Corporation). Constructing infectious clones harboring TnS insertions The
antibiotic resistance narker was renoved fromstable E, cols clones, which

) E
30 were then rh&sompstiblefor cloping/ing g tee plgsmpdsystemprevionsly dessribed REEREPE { hat

included a 9- bRbRRAAN Vr/IE fneBls (ChahBerS BGUENOS sei#p)| | cation that flanks the
transposon. Sanpl e clones (n=5) containing re-ligated JE envel ope were’

then digested with Nhel/Narl (NEB, U S. A'), to 12 29 Novenber 2005 WO
02/102828 PCT/ygilidtlon’hdaanagaugpati bl e for cloning into a two plasmd
system previously described for, generating full |ength YF/ JE genones

(Chanbers et al ., Tgeseriptionpfligsarized, il dengthiepnogc L4 barporme foeign BN

Transcri ption gefgehd A6igARAE chvélobe WaTRiHNLE ROMIE SPhrohdkhRgma forei gn DNA
in the gene encp%gl Nont he JE envel ope was _&%rfor med fromthe SP6 pronoter
using the AnptiRlicrise TRIoSke! Yorld HrappcaptipnRit(FEIGENIRE dctieplogiesy phEENT RE

Technol ogi es) .wefbpltes ¥RAd withMcRTRORASEnWedtth WIRT /2 vi&8 ihificriMed BenbiRN ST ect ed
with in vitro_transcribed genomic RNA in the pre}s(en%e of LI POFECTI N

Reagent (Life M Mspesemes ot LA EED Regepudlifs Tegigro @1 maintaigedipol ogi es)

suppl enrent e Wil 586 FeEiSolobtéd bipfRhendA Y4 b myERRINGLO0MGS) . and 1%
Penicillin-Streptonycin éSol gma chemi cal s). Cell supernatants (500 nL) were
passaged to frl&dmolegey).nd{’aFoniqlipgieptoopyct(igmpEhemicals) Gl supssestaater was

moni tor ed for (S ek gasstcl BFeth efiFbry \ayAhroBWPENER HRHdndEF R  OM t he

cell nonol ayer and supernatant at each passage. 1 Is shown in Fig. 6,

t 5 As
al |l nutant cl &ieadorgipecytonpihic eifesls{CRR, Vol RNA Wy extragteddiom theeell nar ¢ j cul ar

RT- PCR usi ng TiNhetiyel MA stipepidtagtdNAcE Y& Si zed from RNA extracts of cell
nonol ayers _anplified a 1.9 kilobase insert that harbors the 57 basepair

linker, and conf i 45 shoma iy Gualmussnt plpnes wergdpfoctions forsVeroeetls #4341 Isi s of
clone 1-10 fr omyiédar RT-POR Bsing EN1SHTONER bh BONA RiriheGiz-QitRnd 1BNA LARLE of T ough P6,
and that its insertion site, at amno acid 20 287, is permssive for the
insertion of retaeghyenerplificte Wi ilobaseinserthafherbafs e 57 pasepair linker, and
confirms the production of progeny virus. PCR analysis of clone I-10 from P2 through
P6 shows that this clone is stable through P6, and that its insertion sité, at amino acid
20 287, is permissive for the insertion of foreign DNA. PCR was carried out with JE
envelope gene-specific primers (TN1.F/TN2.R) and a transposon-specific primer
(TNL.F/TMOS.R) (Fig. 7).
The DNA sequence of RT PCR products from P2 through P6 was determined
and, as is shown in Fig. 8, the sequences at each passage were identical to the sequence
25  ofthe original clone, I-10. Interestingly, the I-10 transposon insert contains two cysteine
residues that have the potential to form a disalfide bond, which possibly stabilizes the
foreign peptide on the eﬁvelope protein and presents it on the surface of the molecule.
Fig. 9 depicts a 3-D structure of the JE virus envelope glycoprotein, and shows that
position 287 is located between the central (I} domain and the dimerization (I) domain
30  and appears to be surface exposed.
The biological properties of transposon mutant I-10 were determined and
compared with those of ChimeriVax™-JE. First, the growth properties of clone I-10
were determined. As is shown in Fig, 10, the mutant infectious clone I-10 shows similar
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envel ope gene-specific prinmers (TNI.F/ TN2. R) and a transposon-specific
primer (TNI.FITMOS.R) (Fig. 7). The DNA sequence of RT PGRNdgJeatbee®0S rom
P2 through P6 was determned and, as is shown in Fig. 8, the sequences at
each passage were identical to the sequence 25 of the original clone,
-10. I nwayegibisagly, the 1-10 transposon insert contaporus$ee7aystei ne
resi dues that have the potential to forma disulfide bond, which possibly
stabilizes the foreign peptide on.he envel ope protein and presents it on

the surface oEomiekirgbress tlolhimeVgs  JEpupidussawsio psighly opgitierot t he JE

virus envel Op?eaﬂlit‘{%%%?i’ﬁ?&h,% ciipdred RONWE PiIR for FOAE.! iANS, BSrhuie®t | OCat ed
bet ween the centra 1) domain and the dinerjzation ( domain 30 and

11
appears to be ifgsipuelonek s found fodndure eyéppethic ctisebigdietq b #Rlog# poson
nutant |-10 wegepdeb&idyi ned and conpared with those of ChineriVax-JE
First, the growthnFFroperti_es of clone 1-10 were determned. As is shown in
Fig. 10, tRe nut anflagpereducfiprpgtralizgion (PRNT) asspys weredheicpipd o8 A9 Novenber 2005

WO 02/ 102828 Blefdrkidf &f shbIE polEionit dhtikdrd WdsishownaS ndubliz6 BloREL ioWAK TM 3E par ent ,
but grows to a_ slight]y lower titer, reaching 8e5 PFU nl, as conpared to
| e7 PEU nl f ofhiperiyex gctﬂ,le%appédmeéhé‘lﬁqomc@vﬁ?m&‘éwéﬁra&}wamo—f%e% found to

i nduce a cyt opati ON&ifi®fb edvBloyEdreheTB lchithera WBbR SRS dfoting te stifctuddE parent. 5
Pl aque reduction neutralization (PRNT) ass%?,/&s§ were then carried out. A
5

pr epar at i on offtegrtiof e visd eyielopn@iiesatitind b o Thiak xR rdvetsshpwlaiemiei ze cl one
|-10 and jghi %&b&%ﬁ%%%kﬁlo@ﬁ%@hﬂﬁﬁ%—iﬂé%eﬁﬁ&% fe@ef i rmng the

feasibility of inserting fore‘lygn into the envel ope of the JE chinera
14a

wi t hout undul Jnserfignafforeign PNA. We plseproyidg evidence St amino astd nopiions 59,28 1.envel ope

(Figs. 11 and35@&&4@@%&%&%&%&&0&&9}%&@&%&&.% 10 acid position 287
of the JE envelope in imeri VaxTMJE is perm ssive for the insertion of

foreign DNA. W al so provide evidence that amno acid positions 59, 231,
340, and 436 are permssive for irpseilpER pPPimefOr €1 gn sequences. Table | -
PCR Priners 15 For_cloning into pUCT9: TNL.F
5' - GCOGGTACCCACGA ACEG- 3 TN2. R
5' - CTGCAGACCAT COCCRM TeErEAmARM PR TARCTCATEAMAGIE i ng st udi es:

TN2.R 5*-CTGCAGACCATCCCGAATTCTGGAAAATGG-3'

For mapping studies:

Not IIKAN-3 FP-2 5'-ACCTACAACAAAGCTCTCATCAACC-3’

20 Not IIKAN-3 RP-2 5"-TCCCGTTGAATATGGCTCATAAC-Y

TMOS.F 5-CTGTCTCTTGTACACATCTTGCGGCCGC-'

For cDNA synthesis using SUPERSCRIPT™ 1T RNase H Reverse Trascriptase (Life Technologies):

FNOR 5'-CCTGGGGAGAACACAAGGTTC-3'

YF 2.6- 5°-AAGAGGCTTTCACTATTGATG-3*

25
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"Not |/KAN-3 FP-2 5'- ACCTACAACAAAGCTCTCATCAACC-3" 20 Not |/KAN-3 RP-2
5' - TCCCGTTGAATATGG CTCATAAC- 3" TMOS. F 5' - CTGTCTCTTGT ACACHTKIbVERESC20N3_- 3
For cONA synthesis using SUPERSCRI PT' H Mase H Reverse Trascrintase (Life
Technol oesj: FNOR 5' - CCTGGGGAGAACACAAGGTITC 3" YF 2. 6- '
5- AAGAGCWWIRGAEBIATTGATG 3' 25 14 29 Novenber 2005 WOrORAS@RAGS
PCT/ US02/ 17374 Table 2 - List of exanples of pathogens from which anti
ens/ pepti des can be deri ved VI RUSES 5 Fl aV| VI rl.dae YeI | ow Fever Vi rus
Japanese Encephaiablei2s List &9 pathorens, B ant descanbepst Ni| e
Virus 10 Tick Borne Encephal itis vi rM@paﬂ tis C virus (e g., genotypes
la, Ib, 2a, 2b,  2c¢c, 3a, 4a, 4b, 4c, and 4d) Papoviridae: PapI|OnHVIFUS
Ret rovi ri dae l@l@ﬁ%n | munodeficiency virus, type | Human
| munodefi éi e E‘V ?‘eus ‘type Il Siman | munodefi ci ency virus Human T
| ynphot r opi ¢ vi r ug.llp E@%’W‘m& ||, Hepnaviridae 20 Hepatitis B virus
Pi cor navi ri dae I?Poﬂ“?s?ﬁ%‘:‘" #5%s  Rhi novirus Pol i ovi rus
engue virus, types 1,2,3 &4
West Nile Virus
10 Tick Borne Encephalitis virus
Hepatitis C virus (e.g., genotypes 1a, 1b, 2a, 2b, 2¢, 3a, 4a, 4b, 4c, and 4d)
Papoviridae:
Papillomavirus
Retroviridae
15 Human Immunodeficiency virus, type I
Human Immunodeficiency virus, type IL
Simian Immunodeficiency virns
Human T lymphotropic virus, types I & I
Hepnaviridae
20 Hepatitis B virus
Picornaviridae
Hepatitis A virus
. Rhinovirus
Poliovirus
25  Herpesviridae:
. Herpes simplex virus, type I
Herpes simplex virus, type II
- Cytomegalovirus
Epstein Barr virus
30 Varicella-Zoster virus
Togaviridae
Alphavirus
Rubella virus
~ Paramyxoviridae:
35 Respiratory syncytial virus
Parainfluenza virus
Measles virus
Mumps virus
Orthomyxoviridae
40 Influenza virus
Filoviridae
Marburg virus
, Ebola virus
Rotoviridae:
45 Rotavirus
Coronaviridae
Coronaviras
Adenoviridae
Adenovirus
50 Rhabdoviridae
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25 Herpesviridae: Herpes sinplex virus, type | Herpes sinplex virus, type
Il Cytoregal ovirus Epstein Barr virus 30 Vari cel | a- ZostarNouefiber 2005
Togavi ri dae Al phavirus Rubella virus Paranyxoviridae: 35 Respiratory
syncytial virus Parainfluenza virus Measles virus Munps virus

Ot honyxepo d2idmes 40 | nfluenza virus Filoviridae Marborgswiros Ebol a
virus Rotoviridae: 45 Rotavirus Coronaviridae Coronavirus Adenoviridae
Adenovi rus 50 Rhabdoviridae 15 29 Novenber 2005 WO 02/102828 ' '
PCT/ USQ2/ 17374 RaBebiesyinesus BACTERI A: 5 Ent erotoxigenic E. colt

Ent er opat hogeni ¢ E. coli
BACTERTA:

5 Enterotoxigenic E. coli
Enteropathogenic E. coli
Campylobacter jejuni

Helicobacter pylori
Salmonella typhi

10  Vibrio cholerae

Clostridium difficile
Clostridium tetani
Streptococccus pyogenes
Bordetella pertussis

15  Neisseria meningitides
Neisseria gonorrhoea
Legionella neumaophilus

Clamydial spp.
20  Haemophilus spp.
Shigella spp.

PARASITES:

25 Plasmodium spp.
Schistosoma spp.
Trypanosoma spp.
Toxoplasma spp.
Cryptosporidia spp.

30 Pneumocystis spp.
Leishmania spp.

35
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Canpyl obacterjejuni Helicobacter pylori Salnonella typhi 10 Vibrio
cholerae Cdostridiumdocile Costridiumtetani Strept@dteeathepgi@enes
Bordetell a pertussis 15 Neisseria nmeningitides Neisseria gonorrhoea

Legi onel | a neunophil us d anydi al spp. 20 Haenophilus spp. Shigella spp.
PARASI TESvo @AoBkaasnodi um spp.  Schi stosoma spp.  Tr ypRODEBIATEPP.

Toxopl asma spp. Cryptosporidia spp. 30 Pneunocystis spp. Leishmania spp.
35 16 WD 02/ 142828 29 Noverrber 2005 PCT/ USOZ 17 '74 Table 3 - Exanpl es of
select anti ens from [ A S A R R R L B viridae - Yellow
Fever virus mgese Encephal itis virus Deﬁ@ﬂ% virus, types 1, 2, 3 &4

5  Flaviviridae ,
Yellow Fever virus Nucleocapsid, M & E glycoproteins
Japanese Encephalitis virus *
Dengue virus, types 1,2,3 & 4 “
West Nile Virus “
10 Tick Bome Encephalitis virus : “
Hepatitis C virus Nucleocapsid, E1 & E2
glycoproteins
15  Papoviridae:
Papillomavirus L1 & L2 capsid protein, E6
& E7 transforming protein (oncopgenes)
Retroviridae
20 Human Immunodeficiency virus, type I gag, pol, vif, fat, vpu, env, nef

Human Immunodeficiency virus, type Il
Simian Immunedeficiency virus
Human T Iymphotropic virus, types I &Il  gag, pol, env

€

25
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~West Nile Virus 10 Tick Borne Encephalitis virus Nucl eocapsid, M& E

gl ycoproteins At At fit K Hepatitis C virus Nucl eocapsi d,29Bovénib2r 2005

gl ycoprot ei ns 15 Papoviridae: Papillomavirus L1 & L2 capsid protein, E6 &
E7 transform ng protein (oncopgenes) Retroviridae 20 Hunman

| munodefw@oxiomys virus, type | gag, pol, vif, tat, vpecresi7nef Human

| mmunodeficiency virus, type Il Siman | munodeficiency virus Human T

| ynphot r opi TaMéSUﬁmnﬁ%ﬂ%ﬁB'an&T'céﬂ%msﬁ@inhsﬁ:ﬁ‘ﬁrﬁ&slﬂﬁéﬂs Novenber 2005 WO
02/ 102828P amles of B an cell aito es from
listed wiguses/ apNimaane VI BYS6NT %&ﬁ%ﬁwEWENCE (5'-3""

5Fl avi viri dae Hepatitis CNucleocapsid CIL 2-9 STNPKPQR 35- 44YLLPRRGPRL
41- 49GPRLGVRAT 1081- 100YPV\PLY(§}@;%G/\LLSP 129 GFADLMGYI PLVGAPL 144 -

Hepatitis C  Nucleocapsid CTL 2-9 STNPKPQR
35-44 YLLPRRGFRL
41-49 GPRLGVRAT

10 81-100 YPWPLYGNEGCGWAGWLLSP

129-144 GFADLMGYIPLVGAPL
132-140 . DLMGYIPLV
178-187 LLATLSCLTV

15 E1 glycoprotein CTL 231-250 REGNASRCWVAVTPTVATRD

E2 glycoprotein CTL 686-694 STGLIHLHQ
725-734 LLADARVCSC
489-496 CWHYPPRPCGI
20 ' 569-578 CVIGGVGNNT
' 460-469 = RRLTDFAQGW
621-628 TINYTIFK

B ceil 384-410 ETHVTGGNAGRTTAGLVGLL
25 TPGAKQN
: 411-437 IQLINTNGSWHINSTALNCNESLNTGW
441-460 LFYQHKFNSSGCPERLASCR
511-546 PSPVVVGTTDRSGAPTYSWGANDTDV

FVLNNTRPPL
30 T helper 411-416 IQLINT
Papoviridae
HPV 16 E7 T helper  48-54 DRAHYNI
35 CTL 49-57 RAHYNIVTF
B cell 10-14 EYMLD
3841 IDGP
44-48 QAEPD
40 -
- HPV 13 E7 Thelper  44-55 VNHQHLPARRA
81-90 DDLRAFQQLF
45 ‘What is claimed is:
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132- 140 . DLMGYI PLV 178- 187LLALLSCLTV 15El gl ycoprotein CTL . -
231- 250REGNASRCWAVTPTVATRD B2 gl ycoprotein CTL 686- 694 Ib@dvdntier 2005
725- 734LLADARVCSC 489- 496 CVWHYPPRPCA 20569- 578CVI GGVGNNT 460- 469RRLTDFAQGW
621-628TI NYTI FK B cel | 384-410ETHVTGGNAGRTTAGLVGLL 25TPGAKQN
411- 4371 QLI NTNGSVWH NSTALNCNESLNTGW 441- 460LFYQHKFNSSGCPERLASCR

511- 546PSP -p?ggﬁ@'l‘-gSV\GANDTDV 30T hel per 411-416FVLNNTRPPL | QLI NT
Papovi ri da\e/\wﬁgg dT‘ hel per 48- 54DRAHYNI 35CTL49- 57RAHYNI VTF B

cel | 10- 14EYM.D 38- 41. 1 DGP 44-48QAEPD 40 HPV 18E7 T hel per 44- 55VNHQ | LPARRA
81- 90DDLRAFQQLF 45\ axtetlicsl for mlientifiyingsa sitb8n 88 diovlopberotédnoba Whaterics cl ai ned

5 e & TSl LI IR S, UR AR B Bnuel o6, oLl ol
perni ssive fgfeigd\sephitie, 3RidhetBod comprising the steps of:
5 (1) introducing a nucleic acid molecule encoding a foreign peptide into a gene
encoding a flavivirus envelope protein;
(ii) generating a flavivirus vector comprising an envelope protein encoded by
said gene, wherein said envelope protein comprises said foreign peptide; and
(iii) determining whether the flavivirus vector generated in step (ii) is permissive

10 for said insertion.

2. The method of claim 1, wherein said flavivirus vector is a chimeric flavivirus
vector comprising the capsid and non-structural proteins of a first flavivirus and the pre-
membrane and envelope proteins of a second flavivirus.

15

3. The method of claim 2, wherein said first flavivirus or said second flavivirus
is selected from the group consisting of Japanese encephalitis, Dengue-1, Dengue-2,
Dengue-3, Dengue-4, Yellow fever, Murray Valley encephalitis, St. Louis encephalitis,
West Nile, Kunjin, Rocio encephalitis, Itheus, ticke-borne encephalitis, Central

20 European encephalitis, Siberian encephalitis, Russian Spring-Summer encephalitis,
- Kyasanur Forest Disease, Omsk Hemorrhagic fever, Louping ill, Powassan, Negishi,
Absettarov, Hansalova, Apoi, and Hypr viruses, and said first and second flaviviruses

are different flaviviruses.

25 4. The method of claim 3, wherein said first flavivirus or said second flavivirus

is West Nile virus.
5. The method of claim 1, wherein said foreign peptide comprises an epitope

derived from an antigen of a viral, bacterial, or parasitic pathogen, or an epitope derived

30 from a tumor-associated antigen.
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forei gn peptide, said nethod conprising the steps of 5 (i) introducing a
nucl eic acid nol ecule encoding a foreign peptide into a gomnovembeo2isg a
flavivirus envel ope protein; (ii) generating a flavivirus vector conprising
an envel ope protein encoded by said gene, wherein said envel ope protein
conprises said foreign peptide; and (i ii) determ ning whether the
flavivirus vector t 1

insertion. 2. The6 %ﬂ‘ﬁfo{ %{ﬁlnfl %F%ﬁg&g{%m@%ﬁ%e\eﬁo\ﬁprqﬁégéne 09 is a
chimeric fl aletived fitem a\kmctenal andigexi.i Si ng the capsid and non-structural
proteins of a first flavivirus and the pre- nenbrane and envel ope proteins
of a second flavivirus. 15 3. The nethod of claim 2, wherein said first
flavivirus or said 1RGRARLd S 4, lwnerélﬁ sa%&lf&%fgﬁ%ee{)ﬁmoh%sgg MEpifpeSi Sti ng
of Japanese encephalitis, Dengue- 1, Dengue-2 hgue- 3,” Dengue-4, Yellow
fever, Mirr agrived frem aetnmepbﬁsbcmﬁed,an@cn Loui s encephalitis, West Ni | e,
Kunjin, Rocio encephalitis, Ilheus, ticke-borne encephali ti s, Central 20
Eur opean encephalitis, Siberian encephalitis, Russian Spring-Sumer
encephalitis, KgasgRhethed &daifd 5 SaRfoin 418 hubeivnEidNAcleSuIS fMBfrodiced RitH 9

ill, Powassan, égl shi, Absettarov, Hansal ova, Apoi, and Hypr viruses, and
said first andeseeeprigeaundemly by fransposoniinifagerssis. f | avi vi ruses. 25 4. The
met hod of claim 3, wherein said first flavivirus or said second flavivirus
is West Nile virus. 5. The nethod of claim1l1l, wherein said foreign peptide
conpri ses an epi 9o[The nittlid el fimonviieran détgminafiorfofiticther shiddlaohiimk, or
parasitic pathogen, or_an epitope derived 30 froma tunor-associ ated

anti gen. 19 VogoRgRnerbl instspLiikis peraispige Fma@rmmw sarrigh opbbhawahysis 9for ei gn

pepti de conpyyl r
T B A G D G A4,
derived fropratcihtgon ﬂmﬂepm@bm'ﬁtheg&mor ) fﬁhgromhlpmpea‘iesaifammﬂhwwﬂuer ein

said nucleic acid cyl e is_introduced to nye ene .randon y
by transposdf° %95@ r theqlayivimse ergr w@wueafgf%wth HRBpaith aseind e
determ pat i %Hvé?&pé’}ﬁ%ﬁ%f sl febsf ARNVINST US

10. The method of claim 9, further comprising comparing the analysis of the

flavivirus vector with a similar analysis of the flavivirus from which it was derived.

20 11. The method of claim I, wherein said genetically attenuated flavivirus is
Yellow Fever YF 17D.

12. A flavivirus vector comprising an envelope protein that comprises a foreign

peptide.
23
13. The flavivirus vector of claim 12, wherein said vector is a chimeric
flavivirus comprising the prM and E proteins of a first flavivirus and the C and non-
structural proteins of a second flavivirus.
30 14. The flavivirus vector of claim 13, wherein said first flavivirus or said second

flavivirus is selected from the group consisting of Japanese encephalitis, Dengue-1,

Dengue-2, Dengue-3, Dengue-4, Yellow fever, Murray Valley encephalitis, St. Louis

20




vector generated in step (ii) is permssive for said insertion is carried
out by analysis of (a) the infectivity of said flavivir R Neectder 2¢dH t he
stability of the sequence of the foreign protein upon multiple passages of
the vector, (c) the growh properties of said flavivirus vector, or (d)
whet her the flavivirus vector can be neutralized with antibodi es agai nst
the 15 env Fa)iys) f el Tl BYIN; > =f claim
9, further ;eé(glg rlagflﬁg;ﬁ %%%g’rll%ﬁgﬂ%’f#gr cg)ﬁl%]l%s:ﬂslﬁ%flm '? %Sé£9¥? g@@&?ﬁ%%ﬁglet%for Wit h
a simlar arGéngsl Eumpeanrmncéphalitis;iSibmiahreocaphblites) RussiamwSprogrSweder 20 11. The

met hod of claim,1.. rein said genetically attenuated fl avjvi, i S
ol low Reverstembis KaSan Poisgi 9Re ek HemebRist sy Lombuiil BpeSanot ei n
that conpri si@gpishif Mseitaov, BARkIVE AR, shd- HypQirlidedVi Vi rus vector of claim
12, wherein said vector is a chimeric flavivirus conprising the prMand E
proteinsSof a first flavivirus and the C and non- structural proteins of a
second fl avivirus,. The flaviyir.us vector of . ¢lakm.13. wherein said
Frret f1avivirus By DsifvibiS v B ot A S5 e B Brl b S Giebo”
consi sti ng dlavirdpRiesRseNdeping. i tis, Dengue-1, Dengue-2, Dengue- 3,
Dengue-4, Yellow fever, Murray Valley encephalitis, St. Louis 20 29
Novenber 2005 encephalitis, Wst Nile, Kunjin, Rocio encephalitis, Iiheus,
ti cke-borne encephalthtichivi . aaki 1 ' '
encephalitis, Ru??f ;rllig p?nlvlllrgg %%@e?@%ﬁlg%gﬁvgﬁﬁﬁf%% 37%1&%35&‘%3{0@?‘8%%%5&
Orsk Hertdr r epgope dezived frolroarpamigen bf a viPglnbaesaial, or pegsisibipathbpae ot at epitope
Hansal ova, éiooi , , and r vi ruseﬁ. 5 15. The flavivirus vector of claim 14,
wher ei n sai defvediromy FPireciateC ali@ s econd flavivirus is West Nile
virus. 16. The flavivirus vector of claim 12, wherein said foreign peptide
conprises an 10 epitope derived froman antigen of a viral, bacterial, or
parasi ti c pat hogdd, The flamiveps veqser ofcdaiinvié whemin suid foreign pspolei catmpdsarni gen.
17. The fl avi ‘{i us vector of %Ia'ﬁ)m 16, wherein said foreign peptide
conpri ses ar?plgéﬁ Fiysd Fom L aste R ARIEBact eri al antigen. 15

15

18. The flavivirus vector of claim 16, wherein said foreign peptide comprises an

epitode derived from a tumor-associated antigen.

19. The flavivirus vector of claim 12, wherein said vector comprises a

20  genetically attenuated flavivirus.

20. The flavivirus vector of claim 19, wherein said genetically attenuated

flavivirus is Yellow Fever YF 17D,

25 21. A pharmaceutical composition comprising the flavivirus vector of claim 12

and a pharmaceutically acceptable carrier or diluent.

22. Use of the pharmaceutical composition of claim 21 for the manufacture of a
medicament for the delivery of a peptide to a patient.
30
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18. The flavivirus vector of claim 16, wherein said foreign peptide
conprises an epitode derived froma tunor-associated antd9déavember 2005
flavivirus vector of claim 12, wherein said vector conprises a 20
genetically attenuated flavivirus. 20. The flavivirus vector of claim19,
wherein said genetically attenuated flavivirus is Yellow Fever YF 17D. 25

21. A pharnaceut igal ikl qg[épsg-' i -he. f VAN claim
12 and a phar méht@%%%ﬂ%@%}%’a entlzgire?%g{rl&]%rs ah%}ﬂd éﬁt#afglﬁ%@gog&}m{;he
phar maceut i dakdminigered td iadu@fandinaiume 2dspbnse tb lagathegerf actimoe frofm whichsalidcament
for the delivery of a peptide to a patient. 30 21 29 Novenber 2005 23. The
use of cl ai r?PEE‘%/nWS? d\ the peptide is an antigen and said conpositi on is
adm ni stered to induce an inmune response to a pathogen or tunor from which
said antigen is derived. 5 24. A nucleic acid nolecul e conprising the
genone of the fl &¢ W nudeiohcidnznlequle commprisirg tho gphasneoef the Aeyiwighs ofxlaim 1

or the complement thereof.
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