VACCI NE COVPCSI TI ONS FOR THE TREATMENT OF DENGUE FEVER
AND USES THERECF FI ELD OF THE | NVENTI ON [ 001] The
w@e@sasi26i nvention is in the fields of medi ci nECT/PRi909/E54856

heal t h, i nmunol ogy, nol ecular- bi ol ogy and virol ogy.

The invention provides conpositions, vaccine

conposi tions and pharmaceutical conpositions for the
VAtFC?ﬂE'@Qﬁ/IPG@ﬁ*M@Fm@TWThE%TW OF PENCGUE FISER AND

ever conpositions, vaccine conpositions an

phar maceuti cal conposiUSEMTHHEREOQE | nvention conprise

a virus-like particle of an RNA bacteri ophage and at

| east one antigen, wherein said at | east one antigen

is a dengue anti gereL BRI TRANTNVENGEON t O an ani nal ,

preferably to a human, said conpositions, vaccine
[Oﬂllffbﬁpmsqmt ongcrdiod phar nth@e@ftlds:af BeHS S tnubhe hiealic gmmunology,

molecp ar &ﬂ‘@& ancg\rg]é Qlgey, efrf?&ﬂ%eg} o1 ng%tp géstr %qcngtl}ogg O%Q t Ia,camg compositions
and phBirhdediycal @PRPASESnATE Eher a@ettﬁfénggaamdmtatmn@t&/ \gr I pt8vention of
pref erably agai nst dengue virus of any one of

dengusefeviry pBg campesivionsTHecng FRMpPasitins iapA Pharasentigs somgeytions of
t

the 1no&ggggﬁvm$£18é 5 I%ﬁ#l g? g{n Eg]y Wa@%o&fg gglghagﬂg nfgzta%d}gone antigen,

whercig aauds:tt Beyreong drtigenfis tahdergaagueigsti. rWheendelidpered to an animal,
otein or agajnst antigenic fragnents there

P f.
preferlyK SRAUNTYRR, THES | IQUIBQTH IR [ Bers{neDEAFREs  ipfse apf ophdrmaceutical
comp@sﬂ@dsoﬁld{?(fébét*ﬁ%leﬁﬁ ﬁhﬁl’[lnafo E%ghﬁs‘& ih o CariPREP X s%%,ywherem
50-100 mll1on cases ngue fever, 500000 cas
typicaflgragd eréfermblyr faajargibody eesp el preadictctbdrigamssdumghe virus, preferably

._syndrone. and re t ha h.eac
sgainffRPEROTSty POALY BPE LSSl Kb Pof Men o 15 CHUPH Seidier provides
methddi§ R ltich@dd, RenelibtHRS %nd)%i@';pre&féﬂt%?g droYie Ghrub A8 ByeWay of active
experience the nore fatal forns DH and DSS. Mortality
lmmumytmeagae@u dearamnolll efsthe dprgue1osuisfenyHepd proteibBdgr ddairistgntigenic
fra rnentsth rTglfe\ced by transfusion. The primary dengue vector
g sqwto (Aedes aegypti) that has is found
throughout the tropics. Since there is no specific
treat ment ava| I abI e the OO[Fy net hod to control dengue

is to combat B BHE IDOFNEIQNr uses bel ong
. y -
[002] ?%Pgtﬁla:gf r?'aulg%;er Al Y &\égé (hg%?no Fd%g{ﬁ 1?1§ege g&%ﬁ%%ﬁ!@b 50-100
milliokl castis\oif deis@ R fb@aresoi) 0wt et @hgﬁ@hmmmgla:famre(m{m and dengue
sing] e st ed RNA genone surrounded by a .
shocke éfﬁgjir%ime (Ef% dng 1[“8 rthanaﬁél@h Fi?%% A6l ryper s ylgst 1gfictions are

asymﬂt@ﬁaﬁ@&t bk€a %Hﬁtfataa(l: ﬁeﬁﬁgﬁngﬁllﬂe‘@@ vl ¥ 9915% @hﬂtﬁen 6¥ften experience
singl e open reading frane codes 'ong pol ypr of ei

the mbteafatalﬁonhsem%andﬁ)ﬁst Moaf@hgt mytmrlaﬂuqedmlle&sdaps ildo if the lost

body By as s SR, Sas G DR R RS SitkuR biobal a gpeapito (Aedes

aegyptlb\lsthat N2 A fd\!ﬁ%&hr@tﬁﬁouﬁ%tro NREBSilNSStherePisMngNghedNBl treatment
have been tmets forneutrali si a ant i bodi es ( Kauf man

availapie, Hie onfyomethagito gontro‘hdgtggue Nt ¢ tth@;p(l@}]ugq(; 580

nchal BI r ol %191, 210
[003] engue V%ﬁ:éq:\?bn thﬁlfat;)pé%rgof3 Eag Vlrl% rneyarg t 081* 8losely related
dengdaaseeo@;besqs&@t:ypsed o)t hewﬁvnmeéwmezem @la@icferbof 30 ninhgnd contain a
mature virion, E is a menbrane
single stranded RNA genome that 18 surrounded by a capsid, a lipid bilayer, and an
icosahedral shell on the particle surface made of two glycoproteins. A single open reading
frame codes for a long polyprotein that is cleaved into three structural (nucleocapsid protein
C, membrane precursor protein prM, and envelope protein E) and seven non-structural

proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5). prM and NS1 have been targets for



associ at ed honodi neric glycoprotein that nedi ates
viral attachnent and interaction with cellular

WO e@epswss on target cells. The crystal structRPCEEP{009/054856
t he sol ubl e ectodomai n of E2was solved (Mbdis et a

o AR s (R G T

et al. $6%¥ fabLy, vidameo.n 1012 6@NLRLNS af MDOB u@dc@ﬁ‘lepﬁmglq%%gﬁ B4t many
di nerisation region, and domain |11 confers the

studics baeptler fasiupeti mgtl@cqnvv]opg/ prgto04]. Ibghg mgltu;nwgmjp& is a membrane

assoc@g%&i&%aﬁ%f&lﬁé&&tel gtitg)gg a£ﬁo %fagt ta ?hingerg %%@ra&mn with
ceuuldvagé@itoralon tag?_ cMig gihe &)‘yslzﬁ7st1‘ﬂ18@lre4 8 the TIdIIAVREBAGRAIMGL E was

et al. 1992 ne 116: 139-150). Since there is no
solveds perlisi ¢ alh@P&byProc A8ul- meado Scr. dies s 1HkOMEs4991) and shown to

compt%'egn%% ' cf&gr?&%g H%nfggglt s g&%alie%t tlenﬁnltl)l(fl & In%&%?atlﬁsdﬂ (quchyn peptide
and a dindpishtion re1dApdndSloptidie [1€ toretbrs tﬂ@ﬂ%eﬁtdr blﬁ‘ﬁﬁg a&ﬂl\ﬁqi

78: 1861-1866) have expressed the den%ue Vi rus
[004] Bepgie amaqloqﬁr dewpins Il phas; bespnasysgetted itg qamtqip nepiralisppgs epitopes
(RoehHngﬂ g Y@édisvl'rélgg;{ PRI AcRLES . Walle re‘EheﬁCkl@@z bVlrﬁgg v PRE480-491;
d transm ssi on ectron m ¢ros opy, wher e
Triravaitsapared cs pdlerliodal Gsta udbuBesl,50nh Sﬂfee nthlemmi agy specific  therapy,

.resenbl ed dengue virijons. viru art cles
vaccipR MR DGR TS RETARE 6r e debe g @ay and Shi,

2006 R@déhf laa{térﬁé Rﬂtlﬁﬁfécpgﬁlg‘z?tsc[lo@ﬁ]ﬁv rus-1ike particles
Ps) of parvovirus (non- envel oped,

[005] §ugrgbe3tstlr E9fTe (. [ShA. wlrcusyz%dgﬁwse@ DEN- @qspecd tlicc dengue virus

stmctlsfgtt eeéﬁ)\é\grﬁlcﬁfz’llea?sgocr{s ((Bpgﬁqlibaf g)r é@i&/_\ma)(i 2" %articles were
check&EB SDS$&GE®@HWaﬁsﬂnhimﬁBlécirb‘t@nﬁéfbécob? n\gﬁé?fe g@)g&ibﬁerbéd spherical

of the envel ope glycoproteln (residues 352-
structiggs- Bhgye worghadespirespedleds dengsisvirieant Thesyisidiksnpstioles were

at the

B T B e L L
[006] &Xfas-tiks gartidlesy@asks) @€ parfdisiu® B 19r @oaicnvelopdd)8ingle-stranded DNA

hepatitis B sur%ace antigen (Bisht et al. 2002 J .
virus) BiaBV’é‘érREN' -SRECYiE epitppys Weker Ueel fas RLETERTISSd AREds s Young,

i

2006 frl ect ?gﬁﬁgﬁ)@ﬁhgeﬁﬁw%&% gﬁg gl'rnrg %131 the FALNGYE domain 111
of the reevcinﬂm plandéprpreot @enducs G ai6Riang 3BH S 9B) d/@readimplayyedchangcmnbmant

. Vvir types 1-4 fused to the maltose binding
ﬁwmnﬁPB#ﬁPﬁﬁ?%BP) of Escherichia coli were eval uated
[007) Irﬂé’do‘fhéi“éﬁid'y}ﬁt@xfh? sASWAR tﬁa@ttﬁead’éi‘llgﬁ@En Iﬂi@teﬁﬁ(@é&&l@sq 393) could
Si mdns et al

g.
be exmssq@sm YeBst)as anUMNAmOt@ﬁ tG'HE hemamﬂs @Nf{t@@@}lgw(ﬂidv@t al. 2002 J.

Biotecg DS94 bifh SruBp BB VErGSTRORHRS SR gR00n (BAEHCH y envetore

protelﬁ)ﬁndjﬂi%n@uéinfedﬁédde'ﬂﬁ dengue virus envel ope protein E
an antigenicfragnment thereof are not only capable

[008] B? YPtnRNothas gtudyiminsembeinb RE¥Ing gentagine B g omarrugf dengue virus
seroty?ékv?hqﬁ§edﬁ5 Qflﬁiehlg.ltgse ur Pg glr'o%ﬁ{ éM%@Sdéfb séfl’%&rhzaapotl @gr%yevaluated

onses r nmor e,
indiv1dil&\lllltyraaﬂ 1ag b hgradakgireaceine iandidatPliraaiice (Baauohs erul. 2001 Am. J. Trop.
hbutrallzatlon test (PRNT50), as described in Russel
Med. Byg £3:150987)( Jour nal of | nmunol ogy 99, 291- 296).

SUMMARY OF THE INVENTION
[009] We have found that the inventive compositions and vaccine compositions, respectively,

comprising or consisting of domain III of the dengue virus envelope protein E or an antigenic



[0010] Thus, one aspect of the invention is a

conposition conprising: (a) a virus-like particle with
w@rookaesmsl one first attachment site, wherein SBCTEP2009/054856

virus-like particle is a viBus-like particle of an RNA

eri ophage nd ( | east .one antigen with at
fragmprgatgl?reeggr (ﬂ‘i‘gy ﬁ?ﬁagl%?r’{eﬁ’(duglpg émWrrgm?n%% qgagst dengue virus
enveldaﬁ%ﬁ&teﬁl@ A0 HABY ih ﬁaﬁcﬁ‘lﬁf‘%ﬁmﬁ??és@@ﬁbes Wbl ﬁrﬁﬁhﬁore capable
engue antigen conpfises at |east position 9 to

of neugiigheing dengueofirushia Plasug ReduttiansNeutvedizaimm @sdﬂ’&NﬁFSE) @rdj:scrlbed

d h id I
in R P b ol S5 KRG 2 achment

[0010PThS, oh@a@eytafﬂfh@fn%ﬁidne@ aQBhpAkitBAtompAsifg ah) 4 ©R8-like particle
one antk%en with said at | east one second attachnent

with ag jepgt ang hstiagteehnagnt site veicatin yaid yivgb-sike partticleny a yiras-dike particle of
an RN?EI t OAHBEIE%% I%inii %?o% attzlgaes‘?gg% gl& e\?}iﬂ%ﬂ%‘@tﬁlg%& l%n@ gJo%d%Hgghnll:ent site,

wherelrﬁsaScE htelesise dné aaxicnhe agicoge aoIsH,Stiddgn Ghid c{ehgudi'ﬁﬂ@bm comprises
of the dengue virus envel ope protein E of a dengue
at leas\‘y ippg@oq,? ta, 39 8f ain {11 O(f |tl'|19 depghaiviuy snvelppe precindh @Qg whereln (a)
[ v,
and (bg é‘?é;?%%g.t%&‘g?i IB)ﬁQaté gérarlgt &eoﬁrs@argfe% Gt dléh% &ée 3%:(}03;1 attachment site.
In a ey grdfpeeprotbetimdat,ofaid atldegueny iantigerofvithesaod ypdeadt one second

and (jv) domain | t he. de ue vir
attach oGt e fbEPgr ot R Adhgis o e bt S MBS S, 25,25 end 31.
and Wl%l%f@f)fe%faﬁmﬁi' #&Rkin Al 6p&em&§%blm§¥mdﬁ%ro§ﬁ{ @ is selected
dengue antigen conprises, or préferably consists of
from tic grews tcopvstingi @i (9 domad® 1Hf ofdibwedongud viras en‘héomepﬂg’tmn E of a

vi rus genvel o tein a dengue_viru
dengd e oSBT P Toni TP SR Sttt mppipfof « denge
virus §F 8&Phe-2NViSNddn@iin 113 Jf ¢h, HE vl ErIRDPe PIREINSE B a @Engue virus
preferably consists of, at |least position 9 to 99 of
of serefprap nand) dl/V)diOHtaﬁéHB ehiaelenguepsrus wpatlopsepiatcin Biof aplepgucavirus of
Smomggqgue virus of serotype-2. In a further preferred
nbodi nrent of the present invention, said dengue
[0011 Mt 4 peferedrapiiodasent of tlwlﬁémabﬂvyntmm sdig dsngafe, anéiperd edsprises, or
paositiaon 9 to 99 of domain [1l _ of the depgue virus
preferébw EPBYES 9 otldPtt EogHOR “danglel (P8 16f 0%%@&%%@ giruy gnvelope
protelﬁl'IPBhgrdeﬁ%l?ef @ﬁﬁsegf LTefy aﬁ)crthér g bo'dﬂﬂﬁﬁto'f QHe present
sal d dengue antigen c rises, or pre erably consists
inventadfn, st db@@tanpgm ¢anoprises,top pgfﬁ“euablydmnusm off, |t laakt pdsmon 9 to 99 of

us envel o r ot ei a den ue. vi rus

domaigg it Shaiddpitte Mo R oo pi S Tt aRBO B et et o In @ further
prefer%eeﬁl@cmdlﬂl&ﬁ%mth@ﬁrese?ﬁ'119&7691@6‘&%@1@([311@9@ Qnt%ﬂ%hﬁﬁﬁes @F preferably

preferably consists of, position 9to 1 or position
consisgs Qfo atlleast pbsitiomite 99 oF domainHal afehg denguie virgs envaddpsgeotein E of a

ot he ref.erred odi ng of the. . .

denguB S 08 sttt OR on gl PR R BEN Solhs Mgy ention. said
denguB affi @neddnypr 364 ir ptFei@bly@nkibis O, £ 168t P&itdn @0y 9PBLd&hain 11T of

SEQ I D NGs 21, 24, 27, 30 and 32. In a further
the depg@r@ﬂw@aV@ﬁmnrpf?@hE BR d@h@%‘fﬂé’é@ﬁﬁemmpéﬁt i on, said

[OOIZE%QFQ#J]% g egﬁﬂ)iig]g lfﬁl%s r?él’egﬁ{ng&?ﬁ E%d %i?ﬁ%l atll’?lﬁgII c?rnprlses or
preferithie coidi3ts OF, &i@tl&ﬂ.&) t(24109 ar’ pos&ﬁbnaﬁhd) B2 ¢fdhidin IID ofihotderguc virus

aspect . of the esen& i nventi on, ge i nventi.on
envelqpeqrpigas B bt a%Pt Srgesrer Gmbogpt 96dhe Brespi drenggnysaid dengue

antlgeﬁ%a ﬁgé & ref%ﬂaﬁ)lyacotlhﬁ% 6’5’?@(9139 td &Fof a(ﬂy' g%f %EWNOS 21, 24,

S|t|o 1 conposi tion,
217, 3Ofacmdr312h1ma3fqn‘rhsr pnefmmwwtréupélmnm af thefpiressit 1nmm10m Sancbclnngug antigen

conpri virus-like part of an.
comp i BT SRR RbRR A PorRaRd G Do or Efitiapy e b pf ey gne of the
SEQ I®N08’L1, 24, 27, 30 and 32.



| east one antigen with at | east one second attachnent
site, wherein said at | east one antigen is a dengue
wa@eaopganeconpri sing, or preferably consisting PET/ER1009/054856

| east position 9 to 99 of damain |11 of the dengue

virus envel ope _protein E of a dengue virus
10013 oy ROy aspect gh ARSI RN Edﬁ%FnEBPrrPS%‘P@?Sof’?T ¢ Gopmposition
compt?s%mr' RERrably béﬂé?s’té b %I) R Qnﬁ)&ftloﬁn(lﬁ%econd cornp051t10n (iii) a

bact eri ophage Wt h east one first attachment sit

third ca)nd)oalttloheeasit(l\dmefoanh pgmpowwnh therdue agt fmst@owowndn (1) Cornprlses

d.
a vire TE AR o P ENATREEHERE St o ERT ouB o CRhacHERh Gre and a
least gk .anBfer RAB bt Ié@sfl'o"nb Q8codd ta@a@In@it st RBHoReih kdid @t Idatne antigen is

dengue virus envel ope protein E of a dengue virus of
a dengsraptigprecompranag. Wi e eferblyasansisting af. corppsispasition q 1a 99 of domain

III of %%E?en?ﬁeg %]ﬁl?s é’ﬂ\)’eﬂ)iaﬁ (%&gllng%;f 5% @gL%I ‘ @{g 0@% gﬂjﬁe 1; L tand v¥hereln said

secondBeinpdsitic@a@l) comprisgita Gars- Mietlhir@dle beas Rmnbacﬁ@mphﬁige with at least
attachnent site, wherein said at | east one ant|$en is

one figst pEAE/IREIA it GBA 3¢ doRsY PRI ARfISCBr With @t dasoPRe t5RR §tta%nent site,

I
werl s 068he A5LH 01 Bk 30 SHRRL i OkpblEsgsin o
at leag grosttippe> & 9Q0dl dammemellh of dicdddngue vhrue emnhspet proteir{ EvQf a dengue

ri se Virus-1i particle.of .an RNA : : :
virus GERu TS pAg 8+ i6HR 2 ThESCemBAIAN (GfcoRbirisehaies-Ske goricle of
an Rl\gf{‘ da@lridasd waleit 3ki GRNGM Etlfhcﬁﬁlehteﬁ§t an@NK 1&8CHMantigen with at

tachnment “site, wherein said at |east one antigen is
least aned edrgue aatratshlrg@n sonpvhcgiimgaidoat [prstf ercabhtygenoissa siehgug antigen

of., at |eas ositj.on 99 of.d i LLL of. the
compriitey 3 TR AL BRI preb e pfiisn Bt dordiip D ofthe dengue
virus @%I@EIApﬁnéhn FRrth yénetieliusSett sdroty el -antl KehcRa tdig f@sthodomposition
an RNA bacteri ophage and said at | east one antigen of

(iv) caspipsed p vaus-tike parsiclecod gp FSY A ibaetcrieptiage satban dpast one first attachment

site an%om&ﬂ éﬂ hti g’rﬂvﬁ{h meggjt 12 @E@ sh'dt 'ttg{;}rf’i‘%q sﬁ@'v?nerahl ! %1'3 at %east one
I nke roug sal ['edst one

antlgeﬁ m@la aatg@he ahtlg@a@tmlﬁrsmgs ecfbratly aedyiveing of)d esasf {@Qitibh %o 99 of

furt hgr aspect of the jnvention is_a vaccine
domaig otk 8&ithg gpngug mpFusssvglorg oratetne Engf # vishgice siids of isprgtipe-4; and
wherefh §Q4 Rf%% tlﬂ(g @aﬂfclésr@ dn”Kﬁ!At bQJ‘Eﬁlc[ %é]lndAsafl Rk Rt one antigen of
aspect t I nvention is a pha eut |ca
each @ﬁ)smcbsﬁrsu oo‘mpxmrtpml, shidgsecéa) campcmmsl saidothigl cempesitiimend said
P h osition E i nvent.i on; ?‘ ﬁ d
ourth ¢ArRASH Nt 46 Pﬂkﬁ Tl AbfA dat oap Prsioedsaid of fpashepe secon
attach%ﬁ@s(itte. of the invention is a nmethod of treating,
aneliorating, or preventing dengue fever, dengue '
[0014hérforth¢ra?gp@t foétl@rmwalmldn@? a gesvgneecosinpskion wathposmeg, eedligmatively

. et h adm n| stering an i nmunol ogi cal ly
COHSIS&P?Q@? rrg (%g[g? lqvﬁgloé]orrpo& tion, of the vaccine

[0015FANReSEEt 4PBct GNWE Gliveatiol hea @Jhaﬁim@@ﬂﬁau Cahp6afiRo Sd)ﬂhpﬂﬁng (a) a
of the invention to an animal, preferably to a hunma

COmMpPESIIPNTT AV HcEing fempagpieof e H@\ﬁ‘@twm\ﬂ@dt(bbﬁph@maﬁ@tm@ giceptable
carriet he conposition, of the vacci neconposition and/or of

the pharmaceut i cal conposition of the invention for
[0016] hefuﬁhﬁwfspédt wfeh®fnvanticdiscanetiod fod rtreh tigg tamehibrating, or preventing

a i oration_ and/ r preventlon of dengue fever, deng
dengug gﬁ% H%@g%e hgpert] a%}ﬁ dieust: dBAEE elegEe I«Sﬂgﬁ}"n dveseme, #id- method

cornpﬂ?sriﬁg %&ﬁﬁhéﬁeﬂﬂg g 1ﬁﬁiuﬁﬁioglcgﬁ§teff@5€\feeﬁlﬁgu1¥ dfMnd c%H%E‘itlon, of the

vaccine composition, and/or of the pharmaceutical composition of the invention to an animal,
preferably to a human.

[0017] A further aspect of the invention is the use of the composition, of the vaccine



[0018] A further aspect of the invention is the
conposition, the vaccine conposition, and/or the

w@b@piseeut i cal conposition of the invention fRCT/EPI®09/054856
treat msnt anel i orati on andboer prevention of dengue

compaHR A5 i PR HHEH L Cm By SF e Shstleth or erpp esture of
a me@%tpﬂrq}‘e%eﬁﬁ%thmn%wgp lp%véflﬁbﬁ S&f @%ﬁétﬁe Bever, dengue

ot herwi se, all technical and scientific terms used
hemonilearpéd ﬁvhla\aed/ph degshadasindgana preforsryninyanuardenk naotl preferably
. hrﬁ one of ordinary skill in the art to which this
N2 fent i on bel ongs. [0020] Adjuvant: The term
[0018] AduEtH@dspeADf UBE FhvBRidH 1 th€ t@hBoditton) @it $aReRkk fdogposition, and/or
stinmulators of the inmune response or substances that
the phagrmgogugistle Fempefir of thepaventiant foe thestrcafmenth apsdpration and/or
prevetﬁﬁo‘ﬂbdnfg%g 1%04' %GQF} '21811 Vu%cl{:{ﬂ{b h%gm%rt{l c{/lvoer?&qlguef‘ Sl%qr‘?le( syndrome in an
anlmapq)e@caﬁblyllﬁ\a&fmtnaﬁn may provide for an even nore
enhanced i nmune response. Preferred adjuvants are
conpl ete and inconplete Freund' s adjuvant, alum num
conta|n| xi de
R e e DI A b
[0019]0Ue]‘eesr dﬁ”medd]thmwmbsalhteehnitzﬂamdIsc@aﬂlﬁc ok ussl adreimibaverthe same

hydroxi de, surface active substances such as : . :
meani D5y BT IFRGRRY 610 STEnT SR i Bt tpayhishfbis, invention
belongy | emul sions, keyhole |inpet henobcyanins,

di ni trophenol, and human adj uvants such as BCG
[OUZOK Adpiviant Tl toe tedjGuet’| a)usahicror iy frsbmotosrspaaiipatimuluors of the
1rnrnu1&ea fﬁpg%%eugraﬂlg)gtagé% @lgts ol&q\%e lr%leg%(rgﬁ% ‘V:\nn %etf)gh ZI{ tthe ﬁ st v!}hlch when
combif@dR@ditht 08&imf coltpsitiod @AY iphirniddedtitdBcorptsitmerddpéctively, of the

limted to, Monophosphoryl |ipid i munonodul at or,
presenAdpu%wnlmeﬁ pregdo ffor @8- CVER, MORL eWTBCcdyimpiuAaicssnse Preferred

9 k)
adjuva{r@lb Hv an ]%@gtghaﬁl gloc}a%é&ék% é ad) v aaﬁﬁs‘g%gnal glg}ﬁc g%pﬁ?%g gljuvant,
preferﬁlblytalh[rﬁmﬁfm lhh&@ﬁldﬁ ubsiay)caad.modiRed Matbyildfpeg‘&di‘fe Rakthyr preferred
. descri bed as gj uvant, However, the te

adjuvanig Prlgtvlamera g5 % dasvgflvtlrmnhlq hgdr@@ﬁpe%rfagg afs‘ﬁyg substances such as

lysole@ﬁﬁ#a cﬁ{ulo‘ﬁ ﬂo cﬁ§ S prograﬁﬂ)ng,djsﬁ%ﬁaés ngh Qﬁhﬂs@oﬂsh ekT\thgle limpet

used for t entiv conposli IOnS rather 1t
hemodyanias, duddrdpihmtdj andj hBIlnalm catijutva:mtpcmdnas HO® Zhgcilln Calpeeite Guerin)

ed herein, ter ant i r ef to a
and Cepyibrte R e PubE A BB n b vl Eniacino heqart. Fusther
adJuva;B‘tsCt%H canefeeRhRRistelddRYith fhe%ﬁﬁ)%@lh@ﬁ’s @Nth%eﬁ%r?ﬁiélﬁ% but are not
he term™" antlgen as used ereln also refers to

hrmted' tel Moapphaspeey! Afpidinivirgerphedwatol, t Adpvdaky 108paiSe2 b QS-18,

CRL1 B R S AT Rt r e T T 2R 5 ity Virosomal

adjuvdi@ tédhhalo gl "M 8dju 510 0SE alse adhipdisé @ hix@urd Gifi ti@dkl @Bst@hces. VLP
B- and/or Tly nEhoc ytes. This may, however, require

have hagatzenerally dasstibedhas et pdinnan ddewcvarhige derm g%u‘@@ﬁ’t af Hsed within
e ool SR S50 pRULERG: B0 IR SLESR B gmenive
comp@litd)nI afhict dDpelsfes tolreaditétiaf, idistineamponeitef erred to

ve is meant to indicate that the antigen wll
WMIM@F‘S?‘&%? upeeh pereiny Jhsy tegm) \anfigeny lﬁ’?ﬁ‘@ﬁ % asféP]é%‘th \@pable of being

boundr'f%r'{ﬁ'f3 Entlwn‘g Ryt B.cCIP %c%%tgp 21"502139 1fa[ﬂ$ QQQ%gOM ?ﬁ%ﬁ eﬁ.ofhe term

th the nultitude of ahti'bodi €5
antlgmliy ab@sed herein, also refers to T-cell epitopes. An antigen is addltlonally capable of

being recognized by the immune system and/or being capable of inducing a humoral immune

response and/or cellular immune response leading to the activation of B- and/or T-



evoked by other antigens. Antigens as used herein may
al so be nixtures of several individual antigens. The
wao eooan3@nt i gen” as used herein preferably ref ePGI/EP2089/054856
dengue antigen, wherein sa+d—dengue antigen preferably
rface ant| en of deng virus, nost preferab

lymphagyiar. I S Pap hopcly dEgtie t S CashD LB Cﬁﬁ’eét ¢ Aniqgy contains or

is lini¥Q BN 'TﬁecréllcepfltB?Q BRDYs ER8A 8RTadjuvhnt %n hlﬁfgeﬁactaﬁqlave one or more
ot herw se erm "antigen" as used herein does not

epitopeefReranddT-ehieopes): The I5p¢oeﬁ<pmat:mm1 refapmdttaiahexd ismdaheto indicate that

nven ve C 0ositions n e antl gen.,a used .
the anfiBAE PEREHTERRE BRSO AR s Fn S Rt o bonding
antibodly drNMECRIeM@URLt VWit $he ﬁﬁﬂﬂltaﬂ@ oPlotic@i dhtibodits bP TURY §AMhCmay be

fragnments thereof, wherein preferably said dengue

evokeg fyy joifens apGeqnsi Aeldgens appedqddrestin ynayorssi g mixsareg ofregvaral individual
antige{%'rt% Oﬁ‘ﬁngﬂ%e\ﬁl’ ragsusgﬁslé&g ?IP gre?%%lglrgfeﬁ %f a rg%ql%galﬁ%gen wherein
said dS@lmtaﬁngetﬂpreﬁe'ralﬂﬁr i@ satfhdegiigen bf agf@etvuﬁm,erheafprefefab@ domain
preferred. enbodi nent, said dengue antigen conprises or
I of ﬁrGeqleélga% Wu%; sheiapesraten B8 wnsntigyus fiagment ttheregé If not indicated
othervﬁ?ec; 'tt%é 1% % eh99s 8§ed%§%nt1 485 Igottréfellgozthg&hrggm Batjtlhlle contained
of 't he dengue virus envel ope protein
mmhemneﬁnvamnmxsawdsdengue V|rus envel ope protein E is of

ue virus of serotype- erotype-2, serotype-3,
0022bpegakyigeni s Pird BEGERARC f5ia SR SBRBH iR ER CgPTbIT of the
dengub Wﬁ@%h@ﬁop@ﬁfo@elﬁi@gf‘?o R JARNT SR BRBoof Ovherein preferably said

preferably consists of, an am no aci d sequence
dengug taangamg)mmshs toh erdf¢raelty e@m;lsie 0écipd1aat IThnf thendengtic vires envelope

protei@ﬁ%l ﬁéo%nfghe VHrgs og Ss{aro rﬂ sgl(‘:ot%pe %q sg%%}y]ge%é,l%rf g‘e{]rﬁté/peA or of an
antlgeﬁﬁsfrﬁgrﬁéhtgcﬁere&g In 99 relf&fbd dlBodidat, sid3denklé antiSén comprises or
106, 107, 108, 109, 110 111, 112 or 113 of dommin |1
prefer@zflytqegmgtérﬁgd@asy of @gs@g@& %89 phrasttnnd go 1Aearepasition 9 to 112 of
dornaiBrlEf 6F 3126' ée ' %ugﬁgegl&g oée lf’@eﬁn]\i(el@&%np épetfe% gtEsaids d%rgue virus
enveldple Iﬁ@témtE/ Bef4.dengie Arusefyerptygker, rsadtyeeno sirompe-3, sraaeebtype 4. In

dengue ntlg n conprises or preferably consists, of
anOthfiSd%‘i?fFF Bth cbpGmyyt olyhsiinyegHoD il § WGUH ANLAESE; COPRIses, Pp preferably
consm%slgf,.q{ AhoCited %{3 R sERrB wikdh tthﬁrsLZz A%Oa&@ Oyt %ﬁ di of the

2 still nore pre Crred enbodi me said e engue ant 1 gen
positi@ohyp, Bs€s5, & 7p8 &, éfablly acdrsdisg s&/lthfthawt MnmoabldSE@ny Dne of the

positi) 0 IRe 91007 101, 102,00, K. admmidect B 18R RGBTz or 113 o8

domalﬁol']?ls bﬁttﬁenger%fue 3&711@1@' éﬁF)@lBE)é eotBRAVE! nG/héltelﬂ ?ﬁ%raﬁ s&ﬁd den ue virus
preferably at |east 95 nmore preferably at [ east

enveloye paetdinnid st oba dérguablins anf spretype-19 Qer%yee@u ewoe/pﬁdie ot s¢rytype-4--
with sition 9 to 99 osi ti on. 9to sl ti.on 9.
tn a {5 DugORid Rl e BGek BleC iPubnili BRRHOT oRsiss of
positid DtLH9) positibh Ortei109 pr gb&Hicbd Yo $82 6f £ENEHENSBQIED NOs 21, 24, 27,
envelope protein E is of a dengue virus of serotype-1,
30 ancéé% dnyipeillzanors gyeferppd crgbodmenie s ylsegus, anfigen eippiises or preferably
con51sts gf‘egllﬂleo&n(;f IDf NOLR§T 24 9579’ 39 atna ﬁn %[‘ﬂgttergnendengue antigen” also
nprrsing or eferabl ¥y consi st a
refers lﬁ@hry E)Iﬁ[:gten dehn@mslng oaprelfﬁably cBﬁ)m%ngp‘rfeuf Iﬁﬂﬁﬁbydahavlue@&tleast 90 %,
nor e preferabléga st 98 9% and nos .
prefefﬂ?l@faé 181 §° ae> esshreletyy st leunle %, ded oSy i fembly at least 99 %
seque&%%ﬂéﬂtﬁ’? w%hgo%m%%n 9R8 @Qt ?[10?1 é £ lj(@gorq;osﬁﬁ@ﬁ ioteh QM2 %f 88main I1I of
2 of any 21, 27, 30 and 32.
a deng%e Mitne erlepe firetem E dxelnfgua paaffenagkyrsal& dfgns vires em/elope protein E is

of a GyBERET 86 Habg- qerdtisss SePVRSSr o SRy tad e dsar “dengue

antigef® f?(ﬁthe‘?‘é%%r@{f@faﬁ ra%ﬁ%géh @J)mbﬁﬁfié 0® §réferaBRAdcdBting of a polypeptide
preferably a



| east 99 % sequence identity with any one of SEQ ID

NOs 21, 24, 27, 30 and 32. [0023] Epitope: The term
wepiwopreer ef ers to conti nuous or di sconti NnUOUSPEDEP10091654856

of an antigen, preferably a7pol ypeptide, wherein said

i S5 BB L GED IS, D 0 LR . an o

preferﬁmﬂr Qf H’Jaﬁ 99%@%@5@%%9 %tﬂ}pwﬁﬁbbgﬁgﬁ 9% 98 PsSsition® R b (ﬁgposnmn
excl udes non- SpGCl bi'nd I Ng but does not necessaril

9 to 1e1>Zc<I>ﬁJdef omfosﬁ&Eé}ad:lDlNOs y21 RA, 8pi $(b|@ed tSQpanhd:rmore term “dengue

antlge%h lrrr%%rs tg a&na[n %n {;%mPrH%n%lﬂ{ pbeé?ﬂa@?l op%lstut%) ah})o ype&[lde having at

least RSN PrEFt@BEy akNBast O MB, MBS prefRiR at Rast @@s/p%atrhm préfSrably at
used herein refer to all possible ways, prefera ‘I%}/

least POrempeusncs Weelityorithomy, on@y)f WEQCH Nk ZHolecd) aeang
o023} B0k, PAEAORLsoSOEFERD LhEIAGhERE G porions of an

antigeaX praféretsly f 0 polypeptéday alterdin isaidep@tibhoosn de %pb@ﬁbzﬂly bound by an
i nteractions, hydrophobic interactions or hydrogen

antibogy pg by Me‘feélagecew%w@htn thst omigst pbra MH@ ale BYithagppect to
antlbogLes %%g}eﬁgfbenrl&’iﬂgkgg@h@%mf%}%gﬁi Cl%ﬁri%l %Sbuﬁ %?t‘jry& srsalalg exclude
cross-rfacﬂlmty- A Epitopeagpisaléu chmpsse brildetnhieo , acmis ihm spatibboatgormation
[.0025 <$achnent Site, First: As used herein, the
Wthhr}ﬁP%lQ orthe SR nent site” refers to an el ement
[0024}/\43153%21&&1 n@hwt@tlnlsv“&%éiétea’n%r bl dbcldiBn ViR Yed WMHrER feer to all
artificially added to the VLP, and to which the second
possitd¢ wayh peaferablyt acmagal béeﬂactmmdby Fheshftivognolaetleccampained together.

site ferably is a y.pepti.de n. ap no
chemfat i Eaodh el SBBh AT BByt BERIUE™ A ifnotes for
non-c&Vald&ny Mt&@bﬂldhsﬁi@é JOTRY intdta @GR MRAFIhEBicaRRtdctienPér hydrogen bonds,

conpound (biotin, fluorescein,” retinol, di oxi geni n,
wherepgeayalgng ﬁgeragmﬁ)arqf@qsh@qtywﬂbmmnm@ pg@pva giit hpnds such as ester,

y cti r
ether, galﬂgggo%@%térg ra{élgcge 1'pelyt? Lﬁg fc%%g ?ﬁggjhgﬁlg%nag'y%?%o% %lljf%r bgnds such as
thmmﬂ&xgmaﬁndhbnﬂdsgroup, hlstldlnyl group, or a conblnatlon
eof . A;nﬁewedeMmmrmm f a,
[0025}é98f'i“%“‘g$‘6% BB Ay WHehaeipsie @8{3&% hﬁt%%@@nﬁ stet’gfers to an
clemefEARn 3¢ B BBl RO AL SRR 1 OCLEIGRTL e Y oEd fo e VLP
and tOS\Mhif:]adE scamd] prachmemblity noay tchlenkedt Elie BSrst ﬁtzeaphnmﬁt giteepreferably is
§%ﬁlt| he first attgchnent sites are pres don 0
a Pth’Fi‘e a ¥L’fé’ © e FRIRN YL oth PEH IS gt WRals Gr PHRLIC Ptide, ' natural or
synthotic! ?§l’ylnie|fe ap%cto'n@ﬁ& nicYdboGiRd loy bcfhlﬁodn@pﬁglbﬁﬂlvﬂuorescem retinol,
~configuration. In a Ereferred enbodi ment the first

dlgoxa@mlacmn'@huorm pleenuybna sl@dfcaty&uqmdﬁh otrlaechvmallwnmnngh gaeup such

one coy thro Ieast
as an R0 gD, B! e PORUF D it PR BT iR muanidinyl
group} Hl@tldilhfrlsgroaf) t ACH BHAbinsid 1L tHeSeoflah Yrafeliéd @Efbidtinkdhg oWlat dhemically
the VLP. Alternatively, in a preferred enbodi nent the
reactiyq grepp heipg dndrst atiqchmiontsiteris jthq amiap|giouyefen arpinpgeid, preferably
P
of lys%{llg.e Tfleg rﬁgsgé“%hﬁé%glﬂ gﬁ@{ tl§&%§§d tﬁﬁ&ﬁﬁr (he fséi?fgg OS& %&&erably on the
outer ﬁir&:ﬁe of thﬁhl’ICFl Mﬁltllp&t firsehttaghmeatsites mg predeht o thetsutthcd, preferably

artificjall he an igen and to whjch t
on therquicsisugfpg ‘ﬂ%lﬁ‘t .pelélc#a w.glmé%petlﬁiﬁ% C@éj@&f?&m In a preferred

emboﬁh%eﬁ%%& aﬁh{lﬁnéﬁft sft@fé a@gbtciag@dqwﬂﬁ afey EP| t:ﬁrdu%h At %fast one covalent

protein, a po a peptide, an am no-ac
bond, g;tﬁgfa‘ablyahqougly aulchst ohe ﬂqmda boad.unal fughergyefetred embodiment the first

attachglen'y 51te i$ ngtura? gloorégl?rqu%g w1 h t%ce) l\}LF?. Aq{erna?{\rfgf)l,]?nda %Ifgr}reldnembodlment

the first attachment site is artificially added to the VLP.



fluorescein, retinol, digoxigenin, netal ions,
phenyl net hyl sul fonyl fl uoride), or a chemcally

WO e@eti3ozel gr oup such as an ami no group, a car bPXEP2009/054856
group, a sulfhydryl group,-8-hydroxyl group, a

10026 BRghmeNtSilh B iR b P e Eaagment i refers
to an ERAGHI WRicE"i Hﬁ’tupa@l'yr&cﬁlqﬁl SRR BH Wl dhas Q@@mlalﬁ} E@de'dsto Qhe antigen
sul f hydryl group, “pref erably a sul fhydryl group o
and tannd Hei drst rattsqhnmnefsew abdyy be leskd.hYhiy yd:cogdcampcluﬁeta 51te of the
m"ant i

it ] t d
antigeffY DRy 107 w8l ST a0t B, BonE 3h SRy SN sugar, o

polyn&Q&idecSh Agtutdl@r dPhth&eNpARtheta dcb@flarPRRtaBEER Y compound (biotin,
attachnent site. However, in particular for a second

fluoreggeim ¢ptnont digoxigenimimetal jonsnphenyimathdsul{prgtiugridphgr a chemically

il LD APF P05 B0 2550 S RUFRHt 0, o cro

groupp raefgaaﬂilddlyl‘:‘ rdroa, rrﬁmldinlyl‘:‘ geanndr ad t@atbi®tions the@edfs A preferred
associated wth the antigen through at |east one .
embodipighl @ht chigpigallpreaedyasop bringhn Sepond @faghnesné siie b ¢ sethydryl
i
group gé)r@férabgf% gttl ] d}')lﬂ%[r I?Cmur I Ia%ﬂ{)m acttl Pﬁoftﬁe&g%%)g;é ﬁﬁﬂﬂ?ﬁﬂ/ﬁ group of a
cysteian dfHeetermh u‘amtmn Vpntleﬁefeaﬁcbmrdeomildnamchmbmrgécreﬁeck therefore, to a
attachnment sjte j.s artificiall added to the antig

constrgch, GOIBRTNS (N EPUEMnERLih 1641 PP tokerd CORIRRL gy However, in
paI‘tIClﬁLllt ﬁfrrha%cdﬁd Y £PRRLE §1§e Qfhih ?syﬁ'dteﬂaﬂﬁall}P 6@5&{1@ lethirhﬁle antigen,
l'inker is fused to the antigen by way of a pept
such agmtrupto‘@pm]alljc@ad pmf@pb]ynfurthhlecqrepmﬁe's @odinkprofe |andther preferred
et 51 e 858l HBmBACHFLL o B1HS1 S8 PP lh 8wt on
covaldda®bed,| mphadty thbighal RagaprRbptial Hoed N & HEeHP hdodfhnent, the
into a virus capsid or a VLP. [0028] Linker: A
second pttfmhewnt siggsisuadalhe pequrring Mithey the g8besrade gnether Bethenpreferred
t lr ;
ernbocg}snse L e 0953(13 %ﬁ%c\M‘x{eﬁt ElPe 1sga?{1fg%§1§ Q{ide% tPetﬁ%Xnt? eﬂ%}c?%gﬁ a linker,
whereﬁt taid hinegrt cosipiriBes 6F sifemabiely, cansistsi atkecysteims Pusfedbly the linker is
herei n, already conprises the second attachnent site,

fused {q e 8%‘1@6? b:é(n‘dayp‘?fé\‘ RaPHES Pond-put not necessari | y - as

a Si ef t
N R T T
a natut@ndapsid adi advirusr; Ipeeférablyno:barRNA (Haateriopleage awhichkiercapable of being

} ac%ﬁ{dlng to the inv {on contains at Ieast one ani no
ICOTPoLq dﬁ@sa?WG§rat terms "linker" and "anino acid

[0028] LHRF:' A&rlekeﬂ’rt 8{ GRANGLaR) dithds 8hobiafeSithe sddBM@Y@iohnicht Site with
does not inply that such a |inker consists exclusively
the anpgeraon #leady campesisderesntiadly eansists af,|drekesists ohiesetang asfachment

aC| resgdues ferred embodj,nen
site. FTLERAE ) TORE o e i Bt GBI G0 ahltfment sic,
typically ke rpr@f%ﬁl,bl}pf S habhdtesRERPO2S Gnfaniiad WEidl de¥idue, preferably as a
occurring amng acids or unnatural am no acids knomn
cysteipgrasic aft linkpr”-gs used Apreimisorlsariokmed eamingegcébfinker”, in particular
when 'é‘iﬁ&'@ﬁllcc%&fiﬁe Hﬁ]tg 1&%??411%8 fis %ft leaés &fk norhcid residue. Thus, the
accordance i nvention are es
terms Chnfpsr? ahd GamBiol dclidy dnlyér” @reoimperctiangeabyis U&dﬂ&’rélﬁ sHdwevanthis does

. ch nol ecul es are, therefore, S0, enconp ed withjn
not m%rﬁy dhatrspehia Bpker gpsipis reXF]iuﬁlIX%]ﬁ’SO{@l@’fn@I agig rreswﬁe SpP¥Edeffta linker

conms'hﬂ% eo'?ta'nﬁﬂ akR feliesul sea‘,sng‘PéHDerd' ShbhiRe 1? jdy%‘s\éh% inv@ntion. The

| oal ky such as a cycl opentyl or cyc
ammocay:(d wsidkemflthe Enlydr aor, pfeef@reblgacqmpcrmd ef Iya.tumhy ©OMENNg amino acids

| i nkers .conprj sj n ref rabl al kyl .-
or unla%}pﬂag zillnRW aci(désknow n é %lla e%gr il )r/mﬁ%lir%%t @egﬁaﬁ. Further
preferRAGnHoARAdnt 26 NRni&e hrgéc%br(féﬁ& @itﬁ @hivention are molecules comprising



used as linkers for the present invention and shall be
enconpassed within the scope of the invention.
was®oasmsi on of the Iinker with the antigen i SPCT/EP2009/054856

preferably by way of at |east one coval ent bond nor e
referably by way of. at |eas pept i In the

a sulfygylgrpunser ¢ Pyt r@agﬁuaéﬂi palrBY as Frefmiar ﬁla@ewmpassed

w1th1na|?l§1§ nfnv@ﬁtlo?lr & HRP! ke %@etﬁm 8P tRE SleddnhKiRlentBRN Bre molecules
preferably an amno acid |inker consisting exclusively

comprfingaiCleCaelkyl-r esydoakyl sveh ys progtleperay dri qykl@hsxyflm cycloalkenyl,

f f| exi bl i d
oyl 5 REtsiorti S gBotsy eritiel FOBPENNE, B pi herd kol
cycloa@iBNs (S35, ©06), b0 o” BetclOAi{- RioRét@rall addRfondl Iuﬁmla5ac1c$(§) bén also be

nor e preferably of 2 to 10, still nore prefera

used atSolHSmrSafm the Bresgt dnvansipn yandfshall haioneomapasses Wvbmy%e 500pe of the
| | i
1nventE)J er a ?tldncgﬁg{esltuh%g vgﬁ{e] ﬁ{aemgn# léf; Cllg) %regfgﬂggf n%ﬁ V\%Cgf at least one
covale[nOBa&i nﬁarrel @f&&a@l@dayr\e@ebf itilyst and pgeide dondiyih tiscaised of linkage
herein, the term"ordered and repetitive antjgen
by geagtica fusioge rie figkery mays kg gbsest Qr r%ﬁfg&bﬂms gatanapp gsid linker, more
0L BSR0 o KSR 0 Y BALDACR . Ve ot
hnkerafo*r@egamefmsmnfaret ﬂ@clh]etangem acidilinkersebpthe tcotitox tvafrlimagd ke genetic

a cl respect i In one di pent . of .the
fusior IR sHE GHKES RET LAY G AR GFE G, b kil 5 o8 rdbanp preferably of
2 to IQasttltll%Gre &@feh@)‘lforemg' %%&t%ef%ﬁ%ly‘ SVERIRMciRUSRNASreferred

antigens coupl ed to the VLP of RNA bacteriophages, dre
linkers {opigendticdnglon r:@lﬁlpmeetu pee&amblye@neﬂst &fithe amine agrdissraehcaibG.

10029 8Pk 5 b4 ARG TURIE APRLE s MRCTREE BRORARordered and

repetit® AngligBs arrRy’ efRkAidly e fotd 18 aSlepsating pafterd df@n@gen or, characterized by
nanoneters, preferably 2 to 15 nanoneters, even nore

a typigatlgfagd @rﬂfgraQIYtI@ngrdﬂranmmﬁoaﬁgy Hesf@ﬁlabgtamemmeof the antigens with

reSpecgr eper aﬁ’fﬁyp% %18 :rer(gﬂres&m%iﬂ)@a ibg cf on e fig repeating

patterii @fag bepﬁgb’c&gﬁdc paﬁemsedrtzhﬁ re@ibodinedney sf the 1h{?@1t13h,ajueh®fs antigens
ol yani oni c ma%r omol ecul e or | ?Witl nul at ory

Coupl@ug 18 ncle’s of RN PaetrdePhages jee Ul #rd PEEGTERd GeEIie ey suitable
ordereﬂs a aeq %ﬁ% nalllt Udd?tsaz]p Wﬂidﬂg ﬁﬁ?@ov&ay §se§s°vs"{‘r|1&lv§7t rrepetitive

cheni calTy coupling, or non-covalent, e.g
paracnysmilme IOI'dZGBT @ftetnit igouss, pqudaloip watdi spacing ef aao 36 msmorheytdnso]gteferably 2

onds, etc. The term cl udes t he encl osenent
to 15 B%PP?%?TS T wéﬁaﬁera@elszatod& RIS CHETLPEbIREG Pieferably 2 to
8 nanorétSrs, AEURR ARG YR EraBRCT @ Y 8Etd et
| nmunost i nul at ory subst ances can be encl osed by the o
[0030)Paclkggediolhe tdrm epackagsdCes @rfsedaheramt tg&irs b9 ik ﬁgte dfrp polyanionic

ular.of a ent bjndin referr
macrogx%%c&fe Ot émm{,lﬂ%s 151%6’11?‘[8%18 £ %@CB‘%I 131} ar]ﬁ:l tﬂﬁnce[ ?he VLP. The term
“pack&fRAr 00 &AUh& eI iR asiading | tAitO Ay SHDTHAAIERS ¢S, by chemically
packaged inside the VLP, nost preferably in a
coupliggnorcippgoyalenyggadpnic |1ﬁte@a§@183 gv@rc)plmm% BYerReHANSL lyrdyogen bonds,
b n nycl e

etc. ; gr%]h%a%gg ﬂlgu&s F’l% gljlcq%s%ﬁ tél (ﬁr ﬁgr? Fgr%léglgégelnwsoﬁ Ilt polyanionic
macroa@d&std. heas,tthe pulghlﬁaﬁlean&wdmoleyﬁle or mhﬁfuﬁbabhlylaﬂ@qt substances can
accgg;ggl e to DNAse hydrol ysis

be en%%%@ @Y LPwighauit thegrattencg g gn é‘aﬁu%l tﬁ%‘@@%’slfl mamcwr o€ a covalent

bindi g)gef@ﬁ‘e(g ee?ﬁlgdd%gntb n ykxapp| e§§t ﬁille 14 l%nlomc macromolecule or
[024481A2. [0031] Pol ypept i e

immuﬂcpsohy]ﬂmw subdtaixs s luslmdkdt@densnder e aflsP, Umnsapruﬁftreldy liea non-covalent
osed .qf. nmononers (am no, acids) |inearl
mannf TR B SRS RHAN AUNBERES B2 Bisfoseity bttty PONA. the

term packaged implies that said nucleic acid is not accessible to nucleases hydrolysis,



i ndi cates a nol ecul ar chain of am no acids and does

not refer to a specific length of the product. Thus,
w@epvisies] di peptides, tripeptides, oligopeptiPEFEP29AI/054856

proteins are included wthiy)the definition of

prefer%@yygeD%%;cg:gsmlggl?ot i nsél%ltdl %%ég%glt | Ca Igrn enzor}ase wherein

prefer@ft Ydaft | Qét%ssﬂﬁlh%ﬁplikor ¥dsabdongy ae&nfbe@ |hkeapéhﬁ)le%| SP1-17 of
enconpassed Reconbi nant VLP: The term

WO200344481 Aant VLP as used hereln refers to a VLP

ous1 bR 250, D B NP 3 Db B Bbosed of

monomBEOARIMARIHSY) IRty ¢ialed b99anﬁ§@eoﬁt@r @130, knlo®fnedsSpdp@ida bonds). It
VLP that is obtained by a process which conprises at

indicafes gis modgvalag chpinod! pranondsiidrasnd P RECISHB|tO gy SPCFHiss length of the

rodo"3h 1 L SFRATASEB ALy B0 SR BRORL gt i

the defiaiientoli@olygepidec Rdst-nraaslatitghal fn@ﬂﬁﬁ]atu\ﬂsrdfshé pAHepdpaidt,i fot example,
(VLP), as used herein, refers to a non- repllcat|ve or

glycosa&ﬁlonhfaé%tt/ agas, pb?@#lewé%loys,aanﬁéhc lkgre alspicpeompagsed.

[0032ER@cdan{)1ﬁ§flf P VI*hreut%rnQa‘E c'oﬁlb?nanP'VLrPef $§ us ohe%ln refers to a VLP
onreplicative or non-infectious, prefera

that m@xbtan&;dl by at iprecessn ovhindin compesdsi gukastt omecstﬂ:peof recombinant DNA

resenbl i n rus particle, er abl id of
technajgia ne i (b Rroduanmianp e o s b G SR Bt g VEP that is
obtaint&§r S pP&eQ%Hﬁh'c@%@%@Q £ Rfst ro%@'s'téi)att)f fé@oﬁlhﬁlaﬂteﬁw technology

conpri sed by the he term "non- infectious"

Thus, teeidrrhef Ieccrmbm@mte‘f’lsPt a0 eV higy réaeodpsint Iy poddueed zmengeICh@lgeably
host ¢ virus-like particle in

used W pE ok TR dLERRE T < Ponerepl i cat f ve

[0033 PV EHulikeOPaktiE€ QVMLPYS a§i iee hdreindGkeraltd DmoRatplic@five or non-
the viral genonme or genone functi on. I n one

infectioph quriseably, a aopireplishinke alpﬁarlt)m enf@ctlosls ity padiclsaof ireffews, to a non-

rephcétﬁrewﬁlr Crﬁn 1%?6&/ bl%Sa Iggeg gln aagggi%lfdglno}{ ?fectl%uls structure

resembling 4 uigud péfﬁcle,qt‘rbfeﬁd‘tﬁy h aa:;kssd @ﬂ d vious. P8¢ teroi “nbh&ephcatlve as used
.replicative and jnfectious conponents of the vira
hereing, é%rﬁéo baing;ipgapablejod renlicgiing thej genapie spawHsed By the YRR The term
“non-infRBEL 0L fRY hERY % rstHb r%:g %‘fnhﬂe A SheeAfg tk{ "HRA LM pfeferably
genone. A typica preferred enbodi nent a
a virusdlikel $aﬂt1|cleelnpac¢rdﬂ:ﬂoe Wlth ﬁxeanvedmﬂn es wort-teplibe iveraadémtnon-infectious

. in Vi r.a id such the viral capsid .
since iacknall S eh iy 0T Taor %f&&?@?f%%mgﬁﬁ O PRy @ virus-
like pﬁ’ﬂ@ieh@ﬁtﬁﬁﬂ %ﬂ@%e in WhEcH @6 'Wra géﬂo%e Ha%poce'eﬁl phQdically or chemically

capsid', refer to a nmacronvol ecul ar assenbly” conposed
inactivgfedy i Fyglicaply oarsi mogel puiefictably 'ﬁymﬂcsalhl{ﬁy pattiaker kacky @lleor part of the

240, 300 360
rephc%t}vgtaggi ﬁnfgf}bolyﬁlcipglpoqvgﬁ %faﬁ%f: )\/flrgl?ﬁ?ngplgfa VRS )}1\{(6 tpﬁlglcle in accordance

with heti@té@kionOomay Cfontaie SRcRLD U distiRadid® thbie deasmBt MOBypical and
of viral capsid or viral-capsid |ike structure with an

preferredrpnladimeriprit 4 viryelike gaicleain; aspordaprer with tByppsent invention is a
viral éa%glldcﬁ“uléﬂ %ts htge eftgxg !c%% O¥f gﬁﬁpﬁésﬁﬁdng%h gH %aﬁ{erlogﬁd’ge preferably
RNA Shhbﬁflbplaigef dthm 'Qf‘rni; Clmahedpﬂdl” Ry NTERPSIY”, f’élﬁﬁ to a rnacrornolecular
erm' capsid-l.ike structure' erein, refers
assem 1YrFé?é‘n‘*R9ﬁ?§lr %ﬂraépr%{@géﬁwscgmsé% ﬂ@re Fe o8 %ﬂaé@@a %0 300, 360
tgr Cc
and mﬁi@’fﬁﬁ{é 480 ﬁ@ggﬁtﬁlﬂ gg%lli}gttsi ?%ﬁ@gﬂmdp@eﬁeg%ﬂ% e iftEraBRNE f these
subuniy haadtto itha foramsiemif yirahedpsidnai vitaicapsid liae stridtinei with an inherent

reperQROL SSySk it dEL and spetitivenees, One foatute of 18 oot
the cap8OEST RNUELRETRPBSIE RhvOf spicPicBUBHRAIOF Seosahedral symmetry. The term



[0034] Virus-like particle of an RNA bacteriophage: As

used herein, the term"virus-like particle of an RNA
whawbasizophage” refers to a virus-1ike particl BCT/EP2009/054856

conprising, or preferably-consisting essentially of or

“Capsigﬁﬂ%ié%%li’ctﬁ ”Oaféhlcs:%ﬁkr f 8{6 elfrg ?pb%g]udér%%% ec%&a{agqaeg}%?ynéosmposed of viral
proteil isfibliits irk@nid&hE kit &apRid ABrpROR DA HRY ARRPAYBnEL Dbt G viating
the structure of an RNA bacteri ophage, being non

from theplypicalt sywemetnidilossseroblyi whide magusiningnal sifficknhdegte of order and

.l.east the gene or.genes encoding for. the repljcatio .
repetiti iRt PP SFRCo Ay BRE LB PUpgds niiep o Prlsrit, o ggpetitive
arrangeaeki s¥tstsiBurg@ne or genes encoding the protein or

roteins responsible for viral attachnent to or entr

10034 Wirgstlike paseicle ofiansRAEY bagteriophages f duschdwesyirthe gir’ virus-like
. &n | - i ke Lcles of. teri ophag
prfTSEIPASE) KuSTellhe. RAGH LS TRl NAE S RPATE? oty
consispihg $esehtifllit of bACHNsWEing ATCoat ptEhiQmeytaith 90 flagadhighér@of, of an
on-replicative and/or non-infectious virus-1like

n [ » ! . .
RNA Bagteriophage. dn additipnyigsdikernagihiagean BN bpsterdoppge resembling the
(W ter: - i 0 £QS; I -
srucn 6 o SR A CE R Sh B AR Ml or EASAREABR, and lacking
at leadPrtlef genceadt gretshadsding foethderplaation uschinkiy gfaht RN A badteriophage,
an bact eri gphage non replicative and/or . .
and tyamﬁ}'/\lﬁ%seﬂﬁ%t C<E°B o 575 cRpodiag iR A1 Rapi eghpnsible for
viral fHEAMES th\orl dnt§AhR! 18 hosf. AMTRHIRIMISIL sEIuERHTRRVer, also encompass
typically and preferably by genetic manipul ation.
Virus-[ibﬁgzs}ic of R&YA dactanophalgeny it wdhithe thesforgnentiorieg” gengror genes are
still p{ggeglt b%’l{ %agtﬁgeq 8#1('11, ﬁ,h?rlg%r% Irﬁ?sc lslga%é{rlg %‘Qr &?@gepﬁﬁ%&? aat%tg/ér en%fc’l-tinfectious
virus-liIRO 3R tiFeAusMaeg RIENt bidtericphgl) REIfEhr&le WEPKE efelived Mom RNA
am no acid sequence identity of polypeptides can be
bacteripphagasi predbie opesahedralnaympetiyi syl keewn elorkdtt sbunits (monomers).
oqr t.h tfit . pr i S
prefer BT 1 fhoBS  ydfis 28 P oF FASUA PSR EPAAR non replcative
and/op rmehanfebligususd Ny Bassitilf ,chemicét @adtivagomhelidherasaUV  irradiation,
rticul ar sequ,emie is, for instance, 95 % identi cal

a
forma@*shfé@ertéﬁfa@?l%lﬁc@pgﬁ% hendpietrrady e gereticedipEtieiet ers are
u . centage of« ldentiLy:]&;
100358 Bhe S B e e BRSSP s B bRl bin XA By mean
“at leaseope&nc Somnal bt ugkpsothervhgnotiogigd.of up to 5% of the
tal nunher . of amino acid residu in.the reference , ..
10036} Stfhsnes T05aie) Gtledl ackhscaePgssddRe 0HEel ik HboT dentity of
polyp&fides BAbd detbein B EGRRABERIG fusindatHowinycddgiM& S Fograms such as the
pol ypeptides is applicable to all proteins,
Bestfip ptogpampt Wihes wingaBést figereany pther eofucdics alignsemht iprogriving preferably

e PSR S Gl SRR BRSPS o e o«

referef@S4INING @Sida@aLéift, BePPHentdrs U $of sadh fbi fiRlpefientale of identity is
human. It has been found that inmunization of mce )
calculgiied rpvgr dbergbli lengh of thehecferaienmemilp peidusageendenapRibasogaps in

horno‘ltolggr %rf?'lp ttg ab, p’?{l}%qgttay\ﬁ&ﬂb .70%n§ %Zl? IregiEiUGsEiﬁG{Hp te&er%)me sequence
one” aspect, he 1 nventi on providaes a comnmpositlon
are alloorpr Tsis Adorefhanticmed inidtBod inkéet@atihing ltee percéntade dfeidsiitity between
first attach t sit wh [ id vi ik
polyp%)gifedteq; g{%piigabéea gq gﬁgr_orcqsu;kse %B]apt:ﬁ%{ﬂeelé 262% o rtlflgrelof Sisclosed in this
invent@Act eri ophage; and (b) at |east one antigen with at
| east one second attachment site, wherein said at
[0037] Elas tconpesitiots deswwribsed decdemgue capatilged, indinengiand®ai whhancing an

oS IG45, A1tLA0N. COTRY | 565 01 ALEL a7 SN Y, CONSTELS Blen found tha

immunization of mice with a composition of the invention resulted in PRNTS50 titers that were



position 9 to 109 or position 9 to 112 of domain |11

of the dengue virus envel ope protein E, wherein
w@e@basebl y sai d dengue virus envel ope protei nPEI/EB2009/054856

a dengue virus of serotype 121 serotype-2, serotype-3,

betweph S 3gH 0 A EARERLE Dot Ot AORCChl Sheatil PISE? ecppanpostion

compr*?s_‘?l?% r(g) AL aChrertisik beth ﬂﬂ&fs?&%bhﬁét aﬁ@hgleﬁmlieg%eﬂefh said virus-
l'inked to the virus-like particle, so as to form an

like pasticleried Vam@lhkeep@"tlclb iof en RA{A Q@cnemmhag% reag (bY 20(11@81] oneranalgen with

referred enb g antigen. .co

at lea% 4 eﬁgg%}dyat&acgﬁgﬁegtt yte fwsnﬁaeélil tsfu al% geets& 058 an'B%eg)l elg}gute oantlgen

where0Shi®@ deROR ArtRRn %oh@)rl%észoﬁfare@éﬂ(blg%nﬁigts %@ds@o[‘@s@oﬂ 9 to 99,
(domain TI1 of envelo rotein of strain Reunion

positigpB L4909 sipesiwpf to Ad)gségomg@rlél glpthe dengueqvituporraelepe protein E,
Whereg mf%ge\f?[g? %glg%%glgﬁé Oggr %{VG?O@) %r@tey;@ (A gﬁg ! erGQ1 o‘]?;serotype- I,

serotypmem@t@p@rs pdedeiotipot; eﬁidr\ﬂheﬂelﬁl (apapoie Al 11kl m%gh said at least
Swi ssprot: QUB51; serotype-3), 30 (domain Il of
one figsh gad epd ablreaftt@mﬁ sgcopl aétwlamt mi’rg gepbly, sad a@@g%ts :linked to the

vins BT oo L Rt Aldiitend SFRIE el VT E6"

[0038]shr opygiered emp&liB@ht, Isaidaddhgnd hetigepr emgrisedoe pthcﬁdhixlgmonsists of

positel PP D6 TORES RV [ ATy SropE FROLLNRS 2! (domain

11 ofQhnvBlofENIMEInY ET 85 strath S{&IndnPE /64 a@\k/iésﬁ@i dAG‘§5“535U %erotype 1), 24
virus is of serotype-1, serotype-2, serotype-3

(domas@rIHt 9pendclopo@a@tinl K af SurinhehailandMNGGS- €dl9él|4bcﬁwﬂ®mt P14340;

ue. a onprl ses._or. preferabl i SLSo . ,
serony Bt 2f, 1 Qs T p R o0 i BLS SRRt SRl g issprot:
Q5UBSN; &choRype- _?r ef3er (@aroedi |oﬂeé11tvel$)§é hroRGg IR oANitha@eMY01-23314;

consi sts of SEQ ID NO 24. OO4H] In preferred
Swisspiigh SR BT Sestyper® andvéddeman IHtof|cardepoprotayr Efadstpinyndonesia
referably at | east 60, again nore
19%52%%:§?§§ a?%ﬁggéﬁ 120, and still nore preferably at
[0039] Ienaat ﬁﬁ:&@r desfgtred anttiod@nmt adaéd |denged ahtdgdnheontprises - bii keeferably
icle. &043] Virus-1|ike E}I‘tl cl es can _be produced
conm%a gemiin; 1Bof fsndspghe i careierRr pratgin dupf grdsgguggius, wherein
r e
Pl e e gl G R s P S b
[0040hhlna| furthet ipoefsiredrmnebodimedne r siod )denlgn: nef¢dnc edmprescanal preferably

i nf ect I em cal treatnent,
COHSIS&@WnﬁgnW% gﬂéc}ﬂgﬁp gi%’eag’r of orm are the
[0041 PENEVEY pm&@éme%nﬂfcr&mnttseld%hg&ee&t%@ﬁ %@ﬁslgwoft $¥0 AN 24.

I nactivate a virus. [0044] In one preferred
[0042 Elvbprdiamesd t smbpddemeate off shfamventmrblanmt 0.Porefirabbs et &abt 30, more

I nown viruse nd, i n ticul.ar RNA
prefor§T AL R 0 S ok R Ry Blethe R o i By Pssrpby at oast 180
dengud¥atigcabbee lirkell AethpWtub Gike Phgickene encodi ng the coat

otein can be easily identified by askilled artisan.

[0043#’H§u§1|h§?3ﬁﬂlﬁﬂe& Rabpe pioRycashand sl At Virys-digstassesdlpyltures. For
) FeEInE !
e i BhaRIRES A0 Y R DB ORI, ey o

rephczalvreeoo nfmmmfﬁctlpng;t fiort’ peefetddey trenmeplidadigereatd abndnfecddus. UV
tein", as used hereln i s defjined as pol ypepti de,

irradiafRic Fhqmgcal FoaBRSHL Peehogs pitds Orapldghyde eroghprofymyargdhcgencral
rnethoﬁ§ Eﬁ(?v(}@m kilfdd ﬂe?s%ﬁtm AR toq}{mvg’@ &iRkef erably at

' east 95 % of the | ength of
[0044] In one preferred embodiment, the VLP isa recornbinant VLP. Almost all commonly

known viruses, and in particular RNA bacteriophages, have been sequenced and are readily

available to the public. The gene encoding the coat protein can be casily identified by a



wi | d-type reconbi nant protein, or coat protein,
respectively, and which preferably retains the
weapahsi2sty of formng a VLP. Preferably, the PCEHEPINY/054856
is obtained by at | east onel3nternal deletion, at
: east e truncatio t | east. one conbi natjon
Skﬂlec{ AsELf L emfﬁwaﬁwwg?fi?a& TCCQIHRINARIRG FENESSING BptcqprhRigten in a
host 1sb\¥1tl%h tfl@&hm%on fnowle@%e &F th@ﬁﬁfsﬁhal del etions, by at nost
truncations or by exactly one conbi nation thereof.
[0045[ EMG@HHTh&agmﬁmh of pagrembinefit arqt@n retwi thartermpr dtagimetit of a coat
a fur

of c rotein” ef
protefy e BRI 1A B TRTRBHET oAt el reffelly at teast
80 %, &8 tpr&Praty &ERt PO ©F, eew@b Imor@prdf@ablly «9%ca¥ SVNSF @6 iléhgth of the
sequence identity with the "fragnment of a reconbi nant
wild-tppeoteepmbingpt p'rp‘gegg 9B foatgirotging srepeqitvetyeppd which preferably retains the
) 0 a
e REGLIFLY YER SO, BN G RO B PP LB e
deletldtﬂ(lﬂ'fe]asﬂ'h@ trefioatiomst anlcasiogic @ndiiativh thefedf. sFurtheRpreferably, the
pepti de havi ng an am no aci d sequence derived from

fragm@rﬁés @analeti)l”pié‘t FEEb Mt Fafft 2 Prepd; %let@iﬂs et PR EdfuRcations or by
RIA= Yl gFein the am no acid sequence is at

exac ?% @9&%‘81 A;l&lprg‘%gr ably at least 85 % 90 % 95 % 97

[0046P4 hoterOI fagnabandf eabcdnabibdre proteth”torg¥rageueol e coangtotein” shall

wherein prefera am np ac e retains .
furthef HECBi o P b Ree s Riehntto At kB 25 DGTRBOTY o 1Gish 90 %, more
preferﬁﬂ? Gi fidaGt G61VABERRLAQd s6 (ﬁéhc@[d%hﬁﬂgr\ﬁltﬁ’fthé Mhoment of a recombinant

bact eri ophages that they can rea be expressed in

proteiaer eifragmenk @i es sivain pyjein en@ﬁpepthplar tab odgfimed jabo® and which is

prefer%ﬁxlgﬁmﬁgeugf %s%egntﬁn rOIeai ﬁé{sggﬁﬁtpﬁg il ggﬂ'tpr |Oseg econsl sts

[0047p$§@f¢hha4rﬂuya1ﬁfcoatqfrot@int eERAL b\ ilyephad ﬁzwinngm amino acid sequence
reconbi nant coat pr otelns, nutants or fragrrents

derivedHaoradhe vaid BiRC RER BB MTirplSHa 8 . CORY pogiBbIcspectirely Ruherein the
b t Q NgkS 0 0

amine 54 L OE005 13550 B 0BG LG 95 SEOSHSL! 9 or 09

identik¥¢d etci widhage stquencel)andacieesin q;péfa@élyﬁ‘é;d &®)no acid sequence retains
ﬁact eri ophage SP; ]gf) bact eri ophage MS2; (9)

the abiy fossgphagEom VP, " (h) bacteriophage MXI; (i)

[0048]3}22% g? ophage PPgéogéﬁ%l} F{?&tgé{ gg?‘ ggééph%%) fhat heé’f&? readily

be exprassoden paeéreal readreesmm ey sten, m)fpattknalar mtvélnbolmnThltshm one preferred

rus-|.i ke. parti cl ses C rat ei ns, . nmut ant

embodfref 3t érirS Shtrar By TR HRRABIELS o POBHSLES ST Evaniply of, or

altern&t el _@&@istsmfpﬂeeblﬁgmﬁﬁmat t@hs, BlRfRy &bﬁygrﬁ@fﬂﬁh%;&fca‘f an RNA
an am no acid sequence sel ect ed fromthe group

bactergophages tPirefgrabty, thea;?\MEb}mt@m@age rsefedactdnigomahQgradp; copkipting of:

(o) badeoal PP ) Tatet e By Pactstipoibigs i eparionagss 0A: ©

bacterldphN 9P;((FYbacRabpRIRINST) (2 )Bzeskerﬁ;@@ag@\am@ @1 @ﬁ%@@ﬂﬁage MX1; (i)
protein); (f) SEQ ID NO 6 (SP.coat proteln
bacterygphegs NLI$: JONEOPHag & SERLreemgphage PRY seig(m yctegiophage
AP20§M52 coat protein); (i) SEQIDNO9 (M | coat
protein); (j) SEQID NO 10 (MXI coat protein); (k)
[0049EEQ)ﬂdI&)ﬂNereﬂilenﬁNdﬁﬁetﬁQﬁtth@ Iilﬁteﬁtldiﬁ,,thté VJruSERE IpbxtiNa coki@prises coat
(2 coat protein); ? I\g PP7 coat . ) )
protenbsf, 6{1@,@}{5& or aﬁ;ﬂgm(eﬁ 9T NN 1 ctelggpg S b erﬁ}noqaéc} ﬁyat proteins
L&f g
comptﬁs%%&/)}r_epf&:ﬁg@';&)#glsglog {1/ %%11126398@ gﬁ%hceogeléct&l frEM @R &@0p consisting
of: (a) SEQ ID NO:1 referring to Qf CP; (b) a rnlxture of SEQ ID NO:1 and SEQ ID NO:2

(QB A1l protein); (¢c) SEQ ID NO:3 (R17 coat protein); (d) SEQ ID NO:4 (fr coat protein); (¢)
SEQ ID NO:5 (GA coat protein); (f) SEQ ID NO:6 (SP coat protein); (g) a mixture of SEQ ID




alternatively consisting of nore than one am no acid
sequence, preferably two am no acid sequences, of coat

w@e@vaesnsy, nutants or fragnments thereof, of anP@NMBEP2009/054856
bact eri ophage. [0051] In enetvery preferred

NO:6 GRRSPOED o7 SR B BRE 2650 S Grrefia” b SERmai0: vt 1 cou

protei@fi‘%:) QHPAHRAS 10 NBE BEdht %?dtgin%"(@) dEOfe ROE 1 1%?@395 coat protein); (1)
pr o l'y he am no

eins conprise or prefera consi st of
SEQ BrND:42 ¢feemé posteiGR @b $IBBEQD BONG (FP7Apeht QRotcin):And( @EQEQ 1D

) 2)..0r of the amno acid sequence of CP SP ( SEQ
NO-”% %%56%0%1?{8%}3- SP Al (SEQID NO 7). [0052] In

[0050 PIrEdRIPredredbRBbdiBRhSo fGhe IRentE SRV LP iYL HokA8 VIIPR® mprising or
virus-like particle conprises, or alternatlvel¥ , ,
alterngtbighyi eeusistigg exitrnere| thappne gping ped ragyanes.yprelsmdiles two gmino acid
orpi t ei f -
sequef e U SR o e o o T, R R Boniaey
[0051 R sheRNAy pa€dreydi cpfiivalif@eritSths 8/ e t@apifiges ot bigah&iviebplagsts of two

] (o, bacteriophage fr, bacteriophage. AP205, and ]
differgps codh Propage! @ RYHoBsicripphaghe WiFkse s dWendbiaicRbReat proteins
comprie drifelbRENEIRR of hE afeho hed SoddeiecC0r EPI0B (SEQ 1D NO:1) and CP
Qp ASEDINSSOAN; oroafsthd entiml aoih sgmehdeked CRSBI(HEQt IUBOU6)eand CP SP

j t dj.amet er of 25 nm and T=3 quasi symetry. The
Al(sﬁbﬂg{@ogéntains 180 copies of the coat protein, which

[0052 PlrEprEfeRKE SmbBdieRMa dte Peiim iRERtG) thﬁ%qﬂ{ipamcle comprises, or
di sul fide bridges (CGol nophammadi, R et al., Structure '
alternativel3c@BBts ¢sso@Bily, off @adiltamativeln coasrets kedbieeorsbiait| ¢oay proteins,

f t i d, i VLP d }
mutarf¥, ob el B80T BR ol S bt Qe whERBattsrably said RNA
bacterSopREEY s Sclbetbd IoakeattatiophsicSQp fiadRribpmgds ft, %a&%ﬁ@hage AP205, and

subunits within the capsid, or inconmpletely Iinke
bacteripbageB4i d or VLP of Qb shows unusual resistance to

c n in t rr:| Si ,

o0s3PLER oS RARTLRMAAETEENG R AL e, P SLOLor

bacteriophegnQpRaThe bspsis ohigilk-Hise Bétidte @B ghanisdinnicoghedral phage-like
,concentra%ions as high as 1M do not affect the | ,

capsidsytesure pthar digmetce @<t am aklel T g¥pss Bty yThsrcappid contains 180
. r‘ . . .

cori 3R L, Shi bt R0 AUALAAERE BTl by disi

bridges d€wimalidanomadif Roetah) Stractdrehdiddhs S5 (H3960), demlore @f a trbvmarkable

..present inventign. .[ 005 Furt he referred virus-Ilike.
sabilif,5F i) Qb TSPt B b S, o Tt TG 4 Gt profein may
contaiR2KdVeHIcP RIBERL Gt HAReAE ldul RRNABAS kd otheF SutthRE WaRBGthe capsid,

in WO 02/ 056905, the disclosure of which is herewth

or inq‘onq@qtplar lanked. Hﬁler@peidem & LiPhof tQff shavy elnys_ual mesistance to organic

articul ar. Exa e.18 .of WO 02/ 056905 cont ai .
sotveriZh felngc BT SRR nele o b Rera? B Yisd and acctonivil
conce@dtionS k& Bighfas3ACh e4rdophaiienitdd. dodb&hatibis @ngthes 1 M do not affect

preferred enbodi nent, the VLP is a_ VLP of

the stability exfitperngisl- Abohih vahyhefithe sased enl LinafdR i @y sdyvantageous
f. . incl udi . AR . nLOt ei ' .
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accordmayec of tho phgcntseetntiont he practi ce of the invention and

| eads to qther prefﬁrred,enbodinents of thﬁ i nventi on.
[0054] Nryrsiss apTstrresds VHEEEKS pRagticley, ofa RiY4 ubagteriophggesngn eparticular of

bacterfPHadX BFPIR BactdOPhiR ROLATI MsMLRICGARO 90096982k disclosure of
which is herewith incorporated by reference in its entirety. In particular Example 18 of WO
02/056905 contains a detailed description of the preparation of VLP particles of
bacteriophage QP.



coat proteins, and hereby in particular the expression
and the purification thereof. WO 2004/007538 is

wo pmonpseat ed herein by way of reference. AP20BCVEPH09/054856
are highly immunogenic, andixan be linked with the

tigen to typically and pref bly g ra .
WﬂSSﬁﬁh@?ﬁBj&& Srefiibes Spohgiaee” it Nodn o Shdear ﬁﬁ%?ﬂéphage AP205.
Assenﬂﬂ&’-%&ﬁ%bt%@t RBRRE formls W2 05NV LRE REIBHIRE ath 08 NRQAHFRIA with the

the VLP conprises, essentially consists of, or

substitatibeoh gralinel ap apums ketlsS ©f thecomneantay gdsat bpusstdan nhopraanice of the

o SRS BRI LA LB GRSy B PP oo

describ®S irfl ptibylaMRYEQim e b s tRKahle 2nhveto bmal\ﬁaVLpfcomBrising AP205
deletion. In another preferred enbodiment, the VL
coat [relepi 986 heedbyehx paiticylae dhsicxpressegn apd the trarifigetiopethercof. WO

LSt a 0 tein :
2o GEIRLE12 g AR5, B FLTSE o iy, e it
immubgeniciadd f ¢aadbdyinkdd i witlpthofandgerd eastpioals layéipreferably generate

resi due by way of substitution _and/or by way of
constrygfs displaying thhantipsn oficead s FPETYR MBMSr addi ti on of
| eas | vsine: i due~ald o [ d
100565 & hroffed, ¥ahBFAIRE GO VI WA BARRTRGIRE, of. or
alterndthelyMtddsispradT ematbiny catft ptdten\dfRnAANArbaRNAophage, wherein the mutant

bact eri ophage, . rticular, to match and .tailor the
cout R PEvaeS BPBRE WabeTel Q085 HEN AbEips dPaliedy way of
substQRYBALy W% AORBOR h A0 IRACHAGATRORE VIS mpriscs,

of the invention have an antigen density being from
essent@ully tenssstQ of, The altermativelpt capentsdehsi mpttantasoagsprdtein of an RNA

herein, .refers . to the gverage nunber of tigen.
bacteriifh e, G b ket S O G hag etk e difs By tiop o teast one
lysincGeadudbyowey Bf sistitufien Yhdlor B &b @F ehyrtpheTrE adlbosubd@ution or
~ VLP of an RNA bacteriophage. Thus, this value is
additiomp il lagst @nadysins ravidvaakowyerrymelthe Heersepl ApUPings i.q. {ee amount
of antY#P’ e‘%r&fbﬁﬁﬁ‘@f%hé’ fV]E}h,e rgfe?ab?f otfhtﬁe R %?Ca'ﬁe pﬁ&qgﬁophage, n
i the Tonposi tion or Nacct me Conpositions o e
particiilan @nnateh anfl @08 he\efsiranteneagfthelsacefneQo coat protein

di spl ay a. defi ned nunber of |ysine residues on their
[0057k1n pag drefired, cabedreibd theopInRRsi RS t 41d; Kicsie| gaimppsitions of the

‘ ) e : o ’ L
oS FEALGE AL RECR I LTI B AARSBRLE oo
hereing esfiecues thex posagt hombére ofxhegéno moddcuteh ewbiapsis dinked per subunit,

Preferably, the af |e one first attachne S| i
prefersply it 1941 Bl oF (5 NAPg Eo TSI ABH ThiceYLErphpm RNA
bacterﬂfph_ﬁé’@ THLE: thisQRRR is @RIt sSan éi}fera\g@o@f@r SXRRSEBuh¥YSHN@e VLP,

residues are replaced by arginines can be used for the
preferphlpoétite YhR ehtlicdtNAThasTioplmganotthe pompasitenr erdraccine compositions

fthen‘ooﬁiment of the present invention, the virus-1like

° eﬂgﬁ? %?e_conprisesf consi sts essentially of, or

[0058 V105 RAtChYEHY 0 COBToaE Fro®iin MkpARt a BfiR U@t [PSine residues on
~ Preferably these nutant coat proteins conprise or o

their sutfaes, veth a‘/éq:@neddnmlggy Withamaqilymea@j;ldu@qqmgn@towards the interior

sel ected fromithe .grqu (a -240 (SEQ I D .NO 14
of thepGof -G risfecaty e BRI (Y 0 S5 (RS o oxpgsed o the
exterid¥Soft Beliapsi@fl PREGBID, NS &) lcast Ghe As2HhchSER dife NQ Iykfhe residue,
_ Lysa-Arg of SEQID'NO1): (d) Qo-251 (SEQIDNO 17,
pointing & @-bemg ¥ theexgerioy ¢fcha VLPand (e) Qb-259 (SEQ ID
10055 G a8y il 58 Bl viecobbe by Mlfing e ueed
for thd plékfﬁlaitﬁz@n@h’. Mhiugnh aaodtr pefed Rmbodiment of the present invention, the

virus-like particle comprises, consists essentially of, or alternatively consists of mutant Qf

coat proteins. Preferably these mutant coat proteins comprise or alternatively consist of an



mutant Qb coat protein VLPs and capsids, respectively,
are described in WD 02/ 056905. In particular is hereby

WO edoensieel t 0 Exanpl e 18 of above nentioned appPCT/EP10091054856
[0060] In anot her preferrwl@n‘oodl ment of the present

aminogz{]c:l/ ?%@%T@eq né‘%gtt ar t(lg)cbg 2613%?@81%8 N(S)rl4 Lys13-Arg of
SEQ 1@ N@r f)atﬂ)\(ﬁi Ya¥ @0 ﬁb?N@fls fw&ﬁ@tLﬁQﬁfsE% b N@lpf(cﬂ;ﬁ 250 (SEQ
ra ment s t her eof he “correspondi n

1D NCpﬂé,tIeysa AllgmfaSEQ NDHEO: lpar(eib é}ﬁ"éfdl o b Mtﬁ Lfﬂé6 Arg of SEQ ID

Nos1 ! it (IERRTBHE) iy TS0 IS5 Ben Lt Gl bERER 10 1. The

constrﬁ&;ﬁcﬁhntexﬁ‘é@élorp Rl ?uﬁf %ﬂdﬁ @mﬁéoalﬁﬁf'edinél@%@ o nﬁE&ﬁt' ddat proteins,
NO 14, 15, 16, or 18 and the correspondin

mutang (Qf esah prqteio S Psmand msldamsma@wéy,u 459 ldateibed an %VO 02/056905. In
upon
il .45, DR LR FEA0LE D L e ARAACIG U7,
[0060@11 andiBer2 flefarbedl éﬂlﬁ&ﬁ)n,enﬂ(oiltbé/qk@syﬁt, inMvhti@t, thk. Vmi@élkkle particle
Akad. Nauk SSSR 287:452-455 (1986), Adhin, MR et al.
compmﬁels,oplb@gyergqtgfegggotg;@s e@g@t%l y @ péﬁé&ﬁ@tlv@y gomsists yf mutant coat
1 r
proteug/taf ggl gg Iof gsc ﬁ%rzneogfalgr?cg)rt%% é:rbﬂle Bhdi ?g é@ prBt%ﬁl Jn a further
prefersstd ahbqdirRedt ﬁlemlﬁrsrhkeSpaZticﬂScﬁ@@ﬁse{sl@@ﬁl}cmﬂf&re@ cdfhseslts essentlally

of, or e&’gﬁ&\@lﬁcogistsla&l mutl%q?l%({o t5 %956711:1% 1%12%12112% (sig@pfg;:? SEQ ID NO:14,

15, 16k Y J 298 ahd @fe @{‘Jrresﬂon ﬁAﬁb@teln244 279-290, (1994))
have been di scl osed. e crystal structure of several

[0061 RRixthza &k bag biaerde gt ecat pedeing h@‘@r ahnbetn(sBow st agHragemble upon
9 96
expre g aicis b Redebipddictile Palioe 24mp U R Kordowskaye,

T™. ¢tdant Dbkiedviaad NauRusSSIRNA7bECt85i PRageAdiaal MR OtehNSVirology
can be nodified such that one or nore reactive am no

170: 25242  ESDYUREnea k- sk al.nEdVpbBipY 2428812971893 0 ok particular the
, j Lt h d
ok U SRR MDA BUETRLE L d bS8 1096
Tars, Krbt hacl.evio BBiohax7 1a7lsl907W3(]|®90);Lm1tilc£frfr (Ifushlms geeiqalam’tmtt Eeg. 6:883-
material at _affor d?bl e CcOost. 6006

891 (1;9%} liasel ehplod MalnBiol 2Hd: 278985 1t9%9a]he‘re ‘?%@ dilerPéﬁ@ Ty crystal
struct Q'Bﬂeéﬁﬁl RtNA %%%%ﬁg@qhbsgﬁ Hétg'[fnﬁ[‘l@(f):(@%fggbglahl%adl, R. et al.,

our, nore prefer ree
Structpreeﬂéﬁatﬂsy 0860 Usimg amch mdfstmysioaf enethdey cepased [ 1gsidues can be

) .anti , ej n sai anti gen i.s dengue tigen.

identi e B R b SR Badre oL iz fod o SRt S et gns or more

reactiORRAR! adl@ rﬂéslaafestdaﬁ Benﬁﬁéﬁédoﬂy %@%ﬂ Hs&¥oh B RHQULGHN Another
a virus- ({)eartlc e with at” | east one first

advangge &t hhm NtLP§| evedMﬁ@neRNPs zba@emphaseﬂ iskbeipargh elpeessiongyicld in

a
bacterff ol § PrPAELEp Psfe AR ot R A APHERE G R
[0062BBC&Thrafctrag _AMBHingdnt,@he %‘rﬁpmtﬁbrﬁ@ﬂ tte atvehB&$ tor@fi@ses at least one
antlgen I's a dengue ant i and wherein preferabl¥
antigey aprgicgdhyaee infougenore Iiab songtto |tl@a§tstlﬁd§¢mupé¢fe@b Yoone to two
: r in
and m?%%lprgfgfadibh)e ct? érge %n?l Ig Véﬁn)e\?e;’ tshﬁ%n% %n w%iéggu 89%&?
[0063 - Burktichi dhgclss&ddlsvar wsthod kef @Mdmﬁige tl&ndoﬁ@bﬁtlais oéaki¢ invention
one antigen to produce said conposition, wherein sajd
compriging @aﬁrOYiﬁl@g&nYln@é#eaR?atl%la.Vﬁ&wﬁt lgast PR &g Afteshment éF% wherein
said Virhéq hEQp&IﬂE%q%? éfhﬂ? rhfe(é 'birttn%%gtg %@ﬁ?@gﬁgrogﬁ hagt, Q)U%%Vldln% at least
one alatgehe)alﬁt aplvestamci gemndattachinket ste, whasin sxd as dmenane antlgen is a

att achnen ite is_.by way. of expression, oreferabl
dengu g GRSy AN DI SnEif “Egr aimERer € B Porfon 0 to
99, pdkitioRd fo- 10953+3)okitioR 9 to 112 of domain 111 of the dengue virus envelope protein




purification tag, such as H s tag, Myc tag, Fc tag or
HA tag is added to facilitate the purification
w@e@eadrs6l | n anot her approach the dengue anti gRCIFEP2089/054856
chem cally synthesized. [Q0B4} In one preferred
odi nent of the invention, the VLP with at | east on :
Es an {Ooto i aght sy PEUFF Rd Paih 2t RSt Gigohite Rrogtuce said
compds@at whkRiS §AQRH 1&&4@%%@@& sid &1y VRu@likd BARLICUC linked through
peptide bond. A gene encoding an antigen, preferably a
the firdieargluibic antdndenttachmentrsites. dna prfgacd ¢gmbedinhant, thetpeorwasidh pf the at
or preferably,to the N- or the C-termnus.to the ne .
east. i Biech PRB b5t "5Rbar nestd nEchRll Y ke Bpar s BT apression,
preferfBI$ i 8N wagYo Rk gl @ChRErRY shASAI prdPeabE e BC @81i0Usually a
__the antigen into a nutant coat protein where part of
purifigaien dagt syshorseHis saggqldyie dathdss bgepr &) degds addsk tafecilitate the
L BN iy R R L R S S
[0064PBI eh¢ gasfeatd patbodaherdthef stequsRatof the NELRO®RIth pitole@étnone first
The fusign protein shall preferably retain the abi]it

attachgientydtedihinked;tadle aptigemwithsh leaximesssand aasimend siic pi at feast one

. 1 n > 1 . C 6 i . am .
peri NN Sl VEERSERR OOyl AHLAZL AT e et
cither beteweadly drhgrefroatly po ohe Ny @niie f Otehgmise(oi tho pegene @nyeding the coat

.and serine.residues _are particul ar f avored am no
protel%&?a%e Yigusplikq Ratcle nF sion am%% eflé%% Y dnscrgngpequences of the

antigeh iRk RGtRE OS8R HSeMONAGE DafUHithd BARIprétbBXdcBidrct Yias been deleted,
whi ch may dimnish the potential destabilizing effect
that agef fufrthst mefeacd or @b grunsdpmemotanisn floutdations eguians enayf have N- or C-
. VLP subunit .and dinminish the interference with the. . .
terrmnél SOé%tleg}ngelF‘ﬂ%nsp é)gétno‘:tgh%]se(%uﬁgcef% t§|e ﬁﬂatég\é\%egb e’lI heefusmn protein
shall p@QE&]ly Irbtait eI ateiiosH ARBMBLy tnfe aaVLp a%@h SPeesdibh ivilEbh can be
preferably the dengue antigen, can be fused to a
cxamifgrhbie eleefforaicseonyi r al coat protein, as way of
.to t. C £ S, of d.
[0065&?1%%1?1%? eplﬁﬁoogélges%gl 1y a?f.(fa.?(.i ?Mﬂcy%gé‘{al}% dl&&’ﬁc@ b%ftwéerﬂethe coat
proteih Rh@ foteigal PByp3 GiPeidd afd Sk )residicset pgrticulady ftadred amino acids
bet ween n 72 and 73 of the CP ext egtgéi on,

\ ositio . As e
to be wisgtinéhe ﬁ%&‘éﬁ% wauenees- el deflankinggisAuengn cppfersmdditioagl flexibility,
which 8 SRR 00 PO ARIZR oA RE of Tt pyERE T B G R into the
sequerRreatf.a Bk sutbm8&38d 88iin(shIB3interfekence methntbe esscobhghiethe presence of
he f antigen can be fused to the N-term nal protuberant
the ToyeIgLGNOPH of the coat protein of RNA bacteri ophage
[0066 Mer Shé N BRfih308 lthe af QQ@LHMQ%&@@I@%@%%&M@ %Eh@%san@igen, can be
modi fied coat protein of bacteriophage M5-2 capabl e of
fused f@rmiumgpea of @yl oiralvsesteirptethets comt o exsnales, it thfHtbineidus of a

n insertion of .a cy i.ne resique.into, the . )
truncaflh P ARG &1 PITT 857 (KEAAVEY: e ackdbnd Erirglogy 39:9-15
(1996?&c of MRin%Y Bk&kdie &Rt YesitibRCAt gl &%t & Rl CP Axtdi8ion. As another
term nal hairpin region by a non-cysteine am no acid
examplegheldengud hediganenan dd insgsté betwcomyminoeasih2 and Aloéthe fr CP, leading
irectly t sired nol egul. ar species to be .
to « EpRECindashdr & BRIl SEEMEP SRS ahe PotnERE ppaE) (1993
FurthdrRi8R3ldeéicnatiBen LRVRYVBEed fohBié N-REMPAEFRAAR M Bahirpin of the coat
exposed Tree cysteine residue in the capsid my | ead

protein of BNAgbgretariophadeorSe¥ (WEIRY Y8y way of disul fide
10067biS “Sfos SEORE B Pon EmnERE o PSH Shbr i iERu AR Shable of

forming@®ichid, i vherein the coat protein is modified by an insertion of a cysteine residue

into the N-terminal hairpin region, and by replacement of each of the cysteine residues

located external to the N-terminal hairpin region by a non-cysteine amino acid residue. The



particular, to sulfhydryl-noiety containing nol ecul es,

and are, furthernore, less stable in serumthan, for
we@z@apsesl t hi oet her attachments (Martin FJ. anPiCT/EP2009/054856

Papahadj opoul os D. (1982) dr§eversible Coupling of

insertI @fs‘_pe? l%ﬁglﬂ%ﬂg g%%?i%%fh}? Fgé%}?&eﬁ?&pi@g glsgqscf,psj{o ‘be presented
such afs_léflfeb%pevcﬁra}ﬁ a]gﬁ%g@gﬁl%gei@nbodi ment, the association or

I'i nkage of the VLP and the at |east one antigen, i.e. '
[0068} Wes mhetey uweveaient thge the prowwcaof ac osed ea cylitgnd fasdkue in the capsid

ey B0, SB35 SBY 5 BBl bR 6ffion. morsove,
attachfiéhf BtAey cafsidPand MM @ONiE Mproteihs agaivily 8f MBUMidRI 8nEs aRdlabile, in

_enbodi nrent of the present invention, the association ,
particgpr, | tp nfedfgediyt-moty \foptaze mideqtles) aad targnBirhigrmegenless stable in

rj.se - r : t.her
erun 987 0P SRRPCSR LTS RN P00 oG RRhul 0 058
IrreveBitPIGosplin® b phafuaogbbylin Bragmestsl tb Brefoyined Mawigles] N Biol. Chem.
further very preferred enbodi nent, said at |east one
257: 280128f)-at t achnent site is not or does not conprise a
I r
10069 E ¥ttt ARG T 2R S kiR Ok Fikage of the
VLP andtthoat ldost sne edtigeampe. ithedags e hitiger gdesgroo apmpfiseaa disulfide bond.

cyst gi ne. 07 In a further preferred enbodi nent .
Furth SR NGB0 et P Mg VBB i+ BROtay dif L i, 2
Ifh 1d1&Rbhr SRCQAh ALERCHERRed CAFREINSGS oft th t inventi
Su ygﬁ}?%g?gfyl gr oa’p. Ca%3071] 'm a further pref erred mven‘ o
the asspdigsehnentdinkagsi of fhier ¥L.Paarntdathenatnkcast songnardigicn alogs @op comprise a

sulph gt PoE FRERSh o ran arient: bRl e R Romprise

or prefdrita¢ Mﬁ%ﬁlﬁﬁd@ﬂg@ﬁbmﬂ OfuSHpr &fr%l %réMé&@mb(&ﬁﬂleﬁ@hﬁd at least one
second attachnment site is a sul ég’r yl group of a

first attgeeenhgite [sOOt 2 dogs A0F earaprése piwfwerdkreibdaiageinta further very
| : . ot '

et 305y, 304 FESEA, A SRRy U5 5° RO oo o

sulthydon gpaptifdeystoinal ent bond | eading to a single and
niformtype of binding of s antigen to saj

f i d d .

[00701lflnr asfuﬂhwgprﬁéﬂeﬁc?r@b %@‘FteWh‘? 'élailfaile ANS fpeattashmpy comprises an
_ : ! . eSS

el b e o, o i

[0071Ehi d fanticr gpeefeaed] embbdiment, gl filse afpahticot & ambmmacgroup and said

hr ough saj d assgciation tq for. n ordered, and . :
second AU atean sy Gt 4510 Too35]l ARG FRIFEfbgoodiment,said irst
attachRIcBf &6 4B dm&PeduPRITta BAIG, Yhd Ysid| dekshdP@tdch&bet site is a sulfhydryl
conprises, essentially consists of, or alternatively
groupedasystisc.of , reconbi nant coat proteins, nutants or

o072 P BTP R SR RIS SRBRE el oo

with saf¥ flishUgadimen@isHe HEGEFHOhNRAL GiRalonPhPtiat RBvalBat AUSIeMing to a
) fragnents thereof.[0074] In a further preferred ) )
singleegpg ol tpEmt tyBa o bindings of paid aptgen © wid ghpy-iike particle, wherein said

[ : [
onty FRSEALEGTS S8y Ao AP EIATELARRIT LR Pty
group} fiel @béreinofaicdaintidNA abachidrvinpiagaartidie iréractphugh abildyassociation
sai d RNA bacterjophage is selected fromthe group
to for 3RO & hepdgepetityy aBg\%?ne"i'rFadphage AP205; (b)

0073PRC Lefir@RP 3P&refrld AMd{fdnt DA esfiliug-@&@ggar%é @mﬂﬁises, essentiall
[ g/herein saiabg at ?east one antcligen is fused to the N Y
consisty of,har @ternarvaiynusnsists of, recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein said at least one antigen is fused to the N- or the

C- terminus of said recombinant coat proteins, mutants or fragments thereof.



preferably to the Cterm nus, of said reconbinant coat
proteins, nmutants or fragnents thereof, and wherein

wo coovhanepr ef erably said at | east one anti gen PGI/EP2009/054856
dengue antigen, wherein saiddengue antigen conprises

10074l ot o Wesred cgmbodisnett A Mgk P o arisgy essentially
consisBYE! APSREAR LRIy cbasisBNdf, WS RbRari! édalt p»méﬁs PRRESELBE Yragments
sal d dengue antigen conprises or preferably consists
thereoff ofpas RINohagetiophage, whatini prfegabiy saidRWA prassdriopbagedis selected
12 of an

from i iy oY Her “brrBrSF PRl R B baf e Wi iopRie 7-and (0

bacterwfphwge GhkenPahtietl QiCATRIst §8SantB2E e Hulsed loyth€ NSk 8eSC- terminus,
or afternatlvely consi sts of, reconbi nant coat

preferpply e the<C-tovminst of wid feearphimaniscophpyogins, myftaninoRikpgments thereof,
and V\}?l%l%ﬁ eﬂrﬁl%ﬁ %ge%eraw}eg % gfi B §tf (?I{eag)r{t#eﬁ %(A (%'NA\IG antl en, whereln said
bacterio i’$7s el ed r oup €onsi &

denguofantigem) cdmﬁmg hoRBgGRsIABR @50 9(9b)po§1acﬁ erto apbagq)oﬁlnon and 112 of
'(ﬁ% bact eri ophage GA; and wherein said at |east one
domaig i} @%Hlel dengpe yHUS gn‘fq%g)e[\pm@ﬁm iy @ngs Wheg¢1Ri sﬁusmore preferably said
r t f (0] C
dengul a‘ﬁilg&ﬁ%ﬁ fiQs d??prgfeh%?};;cgnfék?&tss 8? ég’gg f%ng@ V\#;b%ﬁbinn@% 109 or
p051t1(fn,|9 tohelr2 qfraa&cenabf SEQdDdN@S 20 5607, Q?OeamlrﬁZl gen IS a

[0075ﬂﬁ1ngu§1ﬁ*®npt e,tn eIy ﬁ%gateolgﬂgqhsn?l %}gﬁj ant | @Co rg’iss egssentlally
consis®? of, 2t alROnARMI gons[s@s()Z@]re&&n@mEIW édﬁ? rpr&EI%E eﬁﬁ?ﬂlts or fragments
embodi nent said at | east one antigen is fused

thercoéi efhar RiNTe bnptemphage, Whtreimnpmfesably safl MBI ]ydctdn@phage is selected
rom i, 5 oS PG ee b0 S, PR and (0

bacteripBh gy @hl; }{ncﬁaﬁhélreﬂi sahcea%asoa@e aided QNFUGQIMRIthE BS oPthe C- terminus,
preferably consi sts of position 9 to 99, position 9 to

preferalgy to thedodirmimy, of sagl lﬁmmbmaatrﬁpabw@t%ms ge@ntml\ﬂ:&gr@pts thereof,
and whareirf %urth%? p?e}grag% safd! g Y@A&r gﬂe anjt ehq Ilg ! ‘?t%éﬁ %\/&Hefjem said
engue” anti'gen conprises or pre SIS S any

dengueagtigdn SEQPrisé3 M@Be2iably2dbnsidi,oF @n‘jaﬁﬁle BQSE(DQDNQ)S The24, 27, 30 and

term "capabl e of inducing a bal anced i rmune response”
32. js defined as an ability of a tetravalent conposition

Me t -

[0076( ﬁsﬁf@g@ p&f%%ldo nﬁ@&ﬂfléﬂrt g%uﬁ”ﬁ 1%&2@% i d’:{ﬁt@%‘f% ﬁ%ﬁ%séé%xoﬂﬂe N- or
the C- 'tefmmntshpreﬁamatpjpmd Coonriebsab€s cod raotein; usHdntker fnagm«:nté thereof, of

NA bact hage Jin d to a. n il of
RNA Janenirer (P afh o B5ein pdarh e okt yass o comprises or

prefer@8y QoMAQs &f p§ﬁf1@ﬁ 996'9@ @8&9‘[1&?9 Q5 MBS of poSiEiBE Ot toVEIYIf 4n9 one of
neutralize all of the four dengue serotﬁges in a
e

SEQ I‘@IN@F 211 024, %7 mq amd é%t et Wénsreetxlﬁwmetr aut lgabél said dengue antigen

compifRBY RieE1S BRI & AP AL SR RGR 254 2ihg 32

[0077PThd @eh “od aBIéYonﬂ@wﬁfg at barlce8 Pagiuhy eespOiiset Y:findd as an ability of
serotype-2, serotype-3 or serotype-4 of domain Il of

a tetraypdeny é}@g@@smpp USOREEN D PRUD FYTRASHIGES Whereinhgach composition also
referr&fs ?cp g L \fse[” SeJe% ggll?ie gh%ut fml’thz IG%glp%p Itlkh tr%la'&e% to a virus-like
asure u5|n I ch

partlclacuf(RMAﬂgcf‘eﬁolﬂwgs @inkedeto z&ﬁoméﬁﬁﬂ ((flbel dﬁt‘gue ofirus envelope protein E
| mmunol og é@QQ 291-296). [0078], The term "sim

of serefypenle SCIQERE 2 FerPHBC SR SR04 EspRebN ey bto mw&a’&wdl ¢f the four
dengu@@&%?%pgg il ARENSIGS %%ﬁﬁar ex%én% as eil‘ﬁbft&?b%@lrﬁtﬁl%vﬁ’lfentt éb‘?nposnlon

neutralization titers (PRNT50) as described fo
(contaimsg arvoes-like Baueiel o RZNArh}itc@rlo]Shatgh dinged pentlerngue @entigonef any one
of thevlygs%receicllvne step ?ype- s%{ol‘q?p% %fero ype- g Io} seegrotype 4 of domain III of the dengue

virus envelope protein E) for the respective serotype. The neutralizing ability is measured



val ues of nonoval ent conposition vs tetraval ent
conposition of the invention does not differ nore than

waz200003@61 nore preferably 0.5 [ og 10, nost preEEERNY054856
0.25 log 10 . [0079] VLPs —CI[]‘H—JI‘I sing fusi on proter ns

R A O S X RN

Immmh@@?&@@ﬁﬁﬁ@@6@ere'n by reference In one further
erred enbodi nent, the fusion protein further

[0078b6hmﬁerme351mllhr akient” wekérieithe santxi phKeapabls cﬁﬁrsneidcmg a balanced

imm 5B R8T AR hS R AN b IFREE S0 & cosrved o
instan€dThp gk aBple 5 ahd 936Hﬂh6 Hhedefit fnvs@ebnt vHeREn €hd e(rrmfamgsn Qff the titer
said coat protein, fragnents or nitants t here
valuesppapgnaakent gq)rgp(psiltmpe‘fs te’{r@@r@q cq)mp@w@orp@%tﬁl@ rup\@@tlon does not differ
t
o SIRRLTE bR o AL FSTAL ! RN RBey D oS! L

[0079VVLBS cbipeisipar fubioh epraicind @ﬁ chde gabdtednel badtsliophbactPPOBtwith an
site linked to at | east one anti a, dengue

antigeg nite gesncilly ofligelagpd: &1 t"iﬂ@%%%ﬂggrf’ Which ist inp@RSFaishercin by
refereR &S AN G Sl @ %pﬁ%ﬁmﬁ' %g)oﬁhﬁ‘e tthje ?Lgﬁ n Pl UL EBmpH%g a linker,

ereln prere cova ent IS a non-
wherebosuld lihkeras fusetl eo rlmdcwrtr’pnﬂeumfragménts henmtaaﬁseﬁht:reof of AP205 and
i.nventi .. the first attachnment site.c
the anblggf E gnvhqré)reffgﬁe(iﬁmﬁgéla}eahﬁl Eﬁltégeg rl%lgrn‘gé eﬁlalnus of said

cmﬂpﬁﬁ&ﬂpﬁaﬁnéuiMﬁh&ﬁm&%§k&ﬂeofAFQ@$@£Qﬁﬂth&ferred
mbodi nent of the present invention, the second

[0080th @uﬁhpmfmeéretndmdmm@ dkg psen rue‘feeltlab,l e icempasition comprises or

e P SoRiRy Y & FRTE el &l b ahn G Ppgent st

linked! Qi@ rﬂédsﬂﬂme idi@xcal i.¢. @a&dng 08 entliddnSdccaldirRCON®A invehti6n, i Vith at least
an am no group, preferably an am no group of a lysine

one sqcesd dtfecharrat ste Vit at| leass one e valertobrndavhatsiiprafergbly ehg govalent

bond %yé ;ﬂel‘l :%%8{ c%/ 016%51? lf{?n Igeggrr%gd: el?or(ﬁagﬁjt néih%]g n% steg{ &%Pﬁ(gn %he first

attachnrememel @mpristg oaptdfgablyiis, dn akied droup, pecfiiablybiie wayncogroup of a
hem cal cross-linkin pi.cal |y and preferably.
1ysmeu§ﬁsrﬁ1§ea I eangthsbi Hraf%rteg o?fﬁ%lo‘lé%%fs of itk eitreseph IBYeé]fU@Pf & second

attachﬁféﬁpgi Eﬁ%sest e lppe%lﬁf)lg 19' d Hpvﬁﬁrhﬁn %rodbr ﬁerhwiﬁﬁsrutl%zdryl group

cont al ns unctional group an'r act
ofacmeerﬁ@rred first attachment sites, preferably with the

10081 P LR B STt ik 5 R g st

an anﬂ{d)gﬁ%uiﬁhbr%tbré&ﬂﬁ ahG@fiho ‘Qr(hﬁb $fhz? Jﬁﬁ%fl%ﬁlﬁﬁéi an® ﬁfénéjc least one second
attachnent site, i.e. a sul group, preferably

attachpfentcyjistieh ﬁlelﬂsy)drylgsmdu erqfwhblwerwl §drybgroap of 4 cysteing.y

ded to.th .optj.on al so d
100828 T R PP Ao B 1 PRAUEE Pt e B T o he VP by way
of chchfit 8 Icfoshilinkigt ¢ rbally Qﬁ@@ﬁdf&rﬁlﬂ@r@ Wiy KAQWdLIOndtPdAaladrbss-linker.
These i nclude t preferred cross-1linkers SMPH

In profeyesy @rgyodlg@pqsotheh}@@ro@ﬁm@ucgmrosm@ egsns a functional group
Sul f I
which P 8ot 1 B Bl P BRI PSR R A BRCKAR group

more PhseiabBl w@hnman@mmangkohps/ iofidysifie réSJldiI[E(s)OdﬂfakhegN(M’p and a further
e S A P B 1 i
group,'{lﬁ%%ég@(ﬂ?%f %ggéﬁe sh RERIS 1ﬁlllércﬂted'fdﬂ1t rtirRlaMB 4100 &f th%ncmtlgen and

ond ter reaction wth am no group
optionaHy (aéﬂohaadd avadable foi ténctibre bg lrbdiltvyldnySe@rai llmsaro-,hltfumh@mal Cross-
cl ass

linkers are ﬁg rtES%rﬁa"tl%g?e rg}% Suéﬁ%gllre? ctrgs%-lp Ctél\(/iﬁH (fPlerces Sulfo-
MBS, Sulfo- EMCS, Sulfo-GMBS, Sulfo-SIAB, Sulfo-SMPB, Sulfo-SMCC, SVSB, SIA and



i ntroduction of a disulfide |Iinkage between the

antigen and the VLP upon coupling. Preferred
w@e@sedslzonkers bel onging to this class i ncludePCt/BP2009/054856

exanpl e, SPDP and Sul f o- LG:BPDP (Pierce). [0083] In a

other g BRI S A8 SkeimplicBeh TR P R aral SRy i Baving one

functlm%% Rl Swabdsl £a%b gi‘&?psaaﬁfd' &?enfu%ttl(thﬁ akdlipAleactive towards
| east one second attachnent site further comprises a

Sulﬂlykimh Igecmps vifiler giove swintiohéhéress-wwepy il kad %fmec@ nflan amide bond

t,site, and wherein.sajd |.inker | Ssogy af ed
after 1{680%0&] azlt n&hle gaéWhByngéR/ ani aoﬂgo%h%rt lnaléags O‘W&E t %8uﬁf1y({r3§l groups.
Anotheh el oF RoRIIk3R J0iteHlk Gn kHdBEtideDf IE WS RIS characterized by the
Eng |neer|nqgof a second attachnent site onto the

introdagitangdre disnlaéhliekagd betvach shagdisen and e VEP apen peupding. Preferred
|
coss JEELERARNEROBR 00! RESLo A0S SPRLTS AL TELEA P

[0083pfn & hprsfermoy Gfﬁ]ﬁbddﬁnen'[h &feeécﬁﬁposnhd’m af phiceidienich further comprises a
enbodi nent of the present invention, a linker js

linker g b acﬁuﬁh@dpr@&rieﬁee@?ﬂqn@@w W @hlcagh ong antiges; wishgaid at least onc
conf 40y, APl SIS Yt ook Sl WhEy, BEAEBEPELY s
attachalehesiteatnd/ &vlhysream sad dinkerofls ,astdvatsktosadt atigrahyewsy sf dee peptide

In.,a further erred enbodi nent, the |
bond. afi Syebit PEcTetb Bt PRkGHiodpty Bkt EPEREGHIB Oha cyeand igehment
site olt§ Sﬂ'léjé‘rﬁl%fh Rs 8ARLRE rbypth@fa%oﬁﬁf:io@@qunﬁﬁn?ref@ﬁ@y%&@nmg at least
aci d er is a cystel ne resi due
one ageheatidosuitibleaa ispdcard WtdChmbet d@@@n@t&dmgom theedinelpsures of this

. of t e en ca ert

inventin. “Wienfis. G op B skl SRRGHBRYC Bby Pacnsint [RvsglHEy ap fnker is

associfile@b Bh& aifgcd byawhl off lah k@EtSorRY ©vhRYOBESH, préfeblyblhe Meast one,
preferred enbodi nent of the present i nvention, the

preferpblyjoae pepfiisi @pé Brfeshinohadinkey coppeises ar plarpatesely consists of, the
secon®’ ﬁ%c%%%g Xlt :jt? ad ﬁﬁe‘? r&%ﬂ%{i %ﬁ%oglfrn%e?% tiﬁg ﬂfﬂ% 2 ac%&y?ﬁ?s qulﬂlydryl

groupﬂp&iferé]ﬁya)"ﬁ m@yaandzemdhn:. an aagticn ppofetal edtodimeadithenmino acid
of the . invention, the amno acid |linker contains 1 to
hnkerifba GRS 5eidHe. Preferred embodi ments of the |inker

ede fur g I (¢
[0084?’%? %@ﬂezﬁﬁnn gfd Hllg%/eté:'\ﬁlél F?%g&%ﬁfp r%g ftg?argdfture C%é(@ﬂgeg on its
biochd®@Cal mopkrfieh) s@h & ph, nizdrggbistibuaon iank gb&psy@aﬁtefne ﬂlagd:rysral flexible

i R eELA e e B e g AT e Fvcntion, e

linker RBLAGS ¥R amap dwﬂ&f&h fu{tgé}%ﬁ]:felrﬁlﬁtﬂeqﬁﬂﬁéﬁ tomyi&f 8f Eteﬂtast one
enbodi nent the |ner|sa to tthe N-term nus of

and att inestat uogféerabl[ywsmst A, enot m@fer@hlﬁfamnoeﬁl%ﬁm@m o Imfan again
t nventlo i S.adde the e n

proferfqd erbfARHb b st Ach i The by R uhBert SRt D fnftho acids

Prefertddl émbotv@sits 0P tiy Ienk@l Y e@ctddniserh Shd gadapfdéﬁilﬁﬁfg of (a) CGG; (b)
containing a cysteine residue as second attach

N-tergingle glycineg Bﬁléqf&I pregargdy HaCoeiGues WOd; ad (d) C- CCierminal glycine
linker, nﬁ‘t%fetr%aqge(&@%%(?uLFF%fheqnlﬂQeq% %%E]?l? f@l{]qhé egﬁ‘lgrtl ear@ edl%ﬁ)osed, for

s second attachnen
examysé,an WORO0TH3MSS2A 01 p.t3epdrugipler 1 ldmindd 1a):| dint he

g re ction. In a very preferred enbodlnent
[0085] Mﬂ@ﬁhﬁx Rfesisr gmbadignart ded ikpng selded odheYrisiapys %‘?t%e antigen.

[0086%%&9&8%{]6&%35@mbcfhlﬁleﬂte bY R &l Rhfi&d ﬁ@qﬁﬁdem;@tadﬁ@d &% the C-

'east one antigen with said at |east one second
mnnnmsbﬁdhnmngmslte conprlses or preferably consists of

[0087]aﬂ%ferr ers a gcor([i)ln'\% thls 1nvent10n a%e glycine linkers (G)n further containing

a cysteine residue as second attachment site. In general, glycine residues will be inserted



and 31, wherein nost preferably said at | east one

antigen with said at | east one second attachnent site
w@omvgit3el of SEQ I D NO 25. [0089] Linking of tPEI/EP2009/054856

antigen to the VLP by usi ng2- hetero-bifunctional

linker according tq the preferred thos . .
betweggp Bulky psEina Bl an%ﬂveog;éstee%m b yssk ay yEonh 3}%1%81{% do avoid
potent\ig-l- Rtdft 8ihdPnke rufq@eftﬁﬁﬂblo Bmidd BEk mhiaostﬁlpﬁﬁg rbmioﬁgm a very

he antigen to the VLP include nmethods wherein
prefermdtqngt@dlm@lt sriddimkén wikle shid scdohé aWthmeusm@gcomQts of GGC

10088F TRy 5T EoH7DUgH P O o bEp WAk () T o east one

secon®ATRhmAT FteQo nipiisPd ireferib8; coliRtsdTahgSRe 0RSEOID NOs 22, 25, 28
deprotection if required, may then be coupled to the

and 3\ phassit glashnecerablyeraid apdeast ionn aptigemwitiywaéd gt least one second
t t ntigen is reacted with the

attaCh@:%lb-ﬂl% CogﬁStg ngﬁg IP Isgfzesg with a hetero-bifunctional

[0089}’:Lﬁ71$(ﬁrg| bﬂ ktﬁé MOFPH i t61 thg FLEY dY eidigy reedeterorbifmitiohyl, cross-linker
and therefore dls%la ying at | east one or severa

according &q thsnanefegred upet P@saé%slcvbect 6‘9%Yred§ﬂ@y%9@im1@gr®stha adgen to the

h

VLP iy Yok PR DR AR o AR AL SERER 1o AL BRiclude mothods

whereagthrtantipen isnwossdedked no theeVERactinothe martodiisidd BDEy athrHS. The
nmet hod h attached to the VLP, .ysing a

antigefl gy BPuRe T g o dBoPeh R TC e For oo S SATGSATP or

1r1[11n01@§;1;§1ne|3"17'[15> Etdidon, BR3 defa%t@d‘u%ﬁ)lf &ﬁuﬁ’&h eayKAOYBe coupled to the VLP as

honmo- bi functional crossliinkers wth functional gr oups
followseAbiti sepatatioa pﬂ‘she antase thge letipis raagem athb @mygengls mw@doﬁlth the VLP,

00 O other enb esen
proviat Iy TV b BRI Hb AT SBReT o PR Gy i resctive
moiet 0l e @S s&sﬂayaig Nt Rbsteonél drisevbiak @ureabhdl ?ﬁfguﬂsl Rk&te towards

to the antigen via chenical interactions, erein at
cysteinggstidunie tof whikkstaci thiadatgd t4nsigen i C@nnrﬁacta el adsedescribed above.

ool GOR0Ms TS CARIRL s GehRed BURALOEN 150 e
methodfitthgenitigs i@ aSttuﬂ&ﬂtta\thedWﬂL-Pf ushgna hohai- bﬂfmhctlbﬁﬂ&&],ssﬂhﬁer such as
or, several antigen npl ecul es can be att ached t gf one

glutargldehiydes Do, AR He HSGp hBiGE cE Q& Ot gtemishorpe-Bifanciigngl cross-
ok SRR RS AL S i o vip
[0090hIn @bl ﬁnbdkiimpﬂatm of chd gatwnte infentibe, VidPsoopofNdn comprises or

bac erio aean articular o cat roteln
alterngj{yals, SORE %Sﬁf&lagla;  Biike Gagt o it §enghemical
intera@®ns SWIRYEh tat 1c38tiohe dF h@%mft&actfoa@ iR eratilen b%d a dense

antigen array. [0093] In very preferred enbodi ments of

[0091} himkingvehthicoN L Pt Wethanemt@elm cag Uei efikenttdv by taotoydatimignde VLP and
resitggethav ng e[ ﬁil to elther the N-term nus or

eXPressiig tee PHISH! A% & SBrP anFm HSP BFAF"cyst ei ne resi due

[0092)\0h& & tsBecraintah@gh helcb)l& an't BS1 &@BedftoCOAE subunit of RNA
proteins of the VLPs of RNA bacteri opha(g)1 ,.and in

bacterjpphege pair Protsinshrelseabhp typugth tof 6@98[6@ gape agsidues of the coat

f S
protei gﬁ@&%capgﬁ{ﬁﬁgﬁ \ﬁ'{;{ﬁf %?ﬂl@y aﬁg g Agﬁgcﬁ&l(fe%ﬁ&g[)f{ﬁe VLPs of

e surface o coat prot
RNA dncleiisthgs ahd ¥in thheRealar @Fithk eﬁicaﬁteptd%ﬁﬁ WYAtp Zseﬂluy N possibility to
reaction with a cross-linker nolecule. In the instance
couplemrarpial pgigcas peronbytie Thigdlony foy/ibr genaratiindfesdcasmansigen array.
[00931':@%2%2 gﬂéf&{rg&] @B&ci:lrgrgeggs (#iht%ﬁ el%f\%nﬁgn & ag%g?c‘rh Yéglnﬁgd Wi‘é’ & cysteine
residue s gl bepk addaiab etthidrahaNt@ah@ds bothe i@te@mﬁﬂﬂs 6, oyfadiafural cysteine

af t derivatization ste hi s
residue w1et{11n Hw antigen, to lysine remdugs coat proteins of the VLPs of RNA

bacteriophage, and in particular to the coat protein of Q.



| eads to di sappearance of one or several positive
charges, which may be detrinental to the solubility

wanwIgsebi | ity of the VLP. By replaci ng sone oPCT/BP2009/054856
| ysine residues with arginilges, as in the disclosed Qb

coat pr. In nutants, we prevent t he excessive
[0094h1A8 s g?iﬁ‘&@eoroub&emq roeidestarg egasrher torriapgphthge/ LP of QB

d r
coat ﬂé?%lsns b\%/?lc f 2198 fagg% ’ elge tr%é%%%%%? d%l?gﬂtlyzgcli rlllgon reaction with a
cross-ligisdr doelscidy. mr‘@lennsn&ndee\sh@‘er et @Ay fl thadxpaseddyane efsicves can be

n en arra as fewer sites are availa for .
Couplﬁ%e o4l BRIEeD. PRAYSIAE I @%ﬁm [vr‘hr@s}lavsec@a?tari ﬁ@ﬁy&e&%s@é@r are left

with aI Mﬁésﬂl?nkre‘f:3 slofiteR WBLBed BRhacathiRy gf"cﬁ%}dﬂe‘f‘% de@w‘é@?&tlon step. This
[owi ng Qb coat protein nutants (Lysl 3 Arg;

leads &d}s&@em@lcelqﬁ ond br ¥50ral |pp51t12e Ahgrged, waliGh Aray; beSE@mEntal to the

o b T B i A A TR ARG i

in the ARRAEITBIRL coaWBrofhiiS fluRS s, By Pre Pt A o &Q&h ViRt bﬁraﬂ‘éet (tf positive
one additional |ysine residue Qb-243 (Asn 10-Lys;

chargdsDiNG th¢ Byginwaircsadios doonotcbacarwrﬂngleep/refq:rﬂ@dg:ltms lnhenlsr Mpreover

arr of. antigen 0096 erred odi nent
replac{ie oY RuERHI GRS BF RETURPret oL TR SO B S Ag0 P aheh amays.
as fe\xre@mmkmranhme pEradaend thyheankigst, and wherein said VLP

is essentially free of host R pref erably host

[0095hAc¢0§dmgh/c r:x,i@sed tysowearcsidudsheere pﬁ}dﬁ@rdrlefdarerrmm iimnghret following QB
h

coat ptb%%}%ﬁr _?‘c h—%@prﬁﬁ@c&%‘%ﬁmm% Eriiody 3 2-Arg, Lys13-Arg

SEQ rﬁﬁb@ﬂgfjgpgs@r@gg% g él%LA}g“%ﬁrﬂ-ﬁ) Nd‘l@) sitd bB-251; (Lys16-Arg,

rthe err nent ani‘oni ¢

SEQ mMaiN®@ND). &6 Wl Rrthsr &ﬁb(y@inldﬁtameCd@abﬂ: aan)y itapo byasRakin %ith one
acid. [0097] In another preferred enbodi nent, the
additi@r@h-@@éﬂet ieoidud Qf-Prer (Aond-LysSEQR DQs@t! Sprraitable for obtaining even
subst ance bound to, preferably

nosti nmul.at or
highed SR RO B BhOslar boed | u: the VLR, I b 5 etiT)
[0096f 1Y dieepreRiRH @milRdi R atithe ﬁivenﬁidhe thd TWIPOSH AnRNAL Bicteriophage is

substance is a nucleic acid, ferably DNA, nost
recomppnenidy aprdpcedh by rmb@%wmétve@r@p@atﬁowgr injosgpntially free of host RNA,
nu Q 0098 | f
prefergﬁrlgglgrstargtfc;m%Osrt%s nl{IJlC neeI ilélrtggrs @%%er%ﬁi éﬁ%‘t])‘od?rﬁengstshg bn further

compriigegeat dtadiasic RNYenipiief @iabhygldooist bound! &, q)rat@tatﬁﬁy paGkaged in or
used herein, refers to the anpunt  of host RNA,

enclosgl é. ShaNILY - Hos stithiarher prosured<cmbagimpenis@a pplyapRgiompsromolecule
is pol t%gl er%%y&%ﬁﬂﬁgké Cgagopreferably is less than 30

€SS t ng, nore preferably | ess
[0097 hﬁandt@emgl;efeemelnem’omchmpmefthef abmpotiass fulther &my;rseemrieast one

nDre refer |.ess  t han , even nore pref rab
e SOTec BLEd 1 T By LS SR ah B Tt AP In
still fglfthérhsrerélﬂ%d EHRBbdinRft, Lrﬁeduﬁrrlﬁrrarsﬂm{lﬁeor?f be@taﬁ@emid QNgkleic acid,
context, refers to the host in which the V is

preferaldy dﬂi’ﬁm\rmnstlpyefpnabtimlemn@mlmetnd Cotadontrenihg dhg@mcleotlde

o098 AL PR e PLEASE RO TS5 oy e

of host RIIAC PrefandlyidRf Riidl€d afiEs haxdisk @ heleire FfeR@o HHR@nAMUBE host RNA,
of R preferably nucleic acids, in accordance with

preferplpls hoptenisiaic agide wpmpRsedsbyldecY L Bevhich a@@&ﬁbtyelcwy @hd preferably
is less\é@ﬁogﬁl aggi);e A%Iyt fes @}ail %%ih@eéﬁré 15 b a’[leasl% o U@d,tg,t gyen more

preferﬁ*@lil efsQRatd 90 Qfn hﬁ?e ﬁ‘r‘@?ét'ﬁﬁly ‘IE‘ss Bh6 B, ef el ﬁBre{’}f_Iggé%‘tﬁj’ fess than

acids, for inventive conpositions conprising
4 ug, ovdseprdfbrablyQoss thhe 2npgi pércag iodbribe VLP. Host, as used within the afore-

mentioned context, refers to the host in which the VLP is recombinantly produced.



of the conditions eventually needed are within the

know edge of the skilled person in the art. The
woensendeeval ue of the anopunts determ ned shoul PCT/EP2009/054856

typically and preferably bepUnderstood as conprising

al ues havi ng_a devi ati on of hav ng a
Convepgnaly meHogY Of slsicrfningdhg Ao b Rﬁ%@me?er Y (icleic adids, are
knowr[ %)9[%] sKYRd Y B ONE tHEBLE OTRY %{Ha? andl B?ef&?é’dnnethod to determine the

"pol yani oni ¢ macronol ecul e",” as used herein, refers to
amourgt abIR&CA predérabllyghualat acidse unrcﬂce@dhlme Wﬂbsthﬁhpl@hent invention is

doscrifTRLERRRP B ot OROBORY PSR GRS Sy eoncitons

are, t g1 dnt QRefofabWN)ivksd €T thy Qtcriatiah by tiRy arﬁ@ﬁlﬁQHtMQN Yreferably
rom nol ecul es of |low relati ve nol ecul ar nmss.

nuclelp @myla,nfpo miventisceoomwisiions eomhasingl VIR @ther tiincQf) Hite modifications
000
of the @Oty hial1y SR af oyt 8P kb el AE ilof rhselp the art

The n®808c Palt 00 theThodn® daterRhd@SHRAN & nsany an® bREsthEly RSunderstood
used herein, typically and preferably refers to a
as corpRyliséRg v AuesHHyIngs d\mat@alpzafbtr ‘of pr&ﬁemh}raﬂlaﬂgg eoleyiatipref £ 5%, of
ﬂmln@8§gpﬁ %m:vg the term "pol yani oni ¢ macr onol ecul e"
preferably excludes Toll-Iike receptors

[0099] P@l@uﬁii%moandc@mﬂedmé eTherteine redil ahidie hdaeforulecudXs hiigded herein,
I mmunosti mul atory substances such as Toll-1Iike
refers ta depplsedle| af gl §elaﬁwﬁ1ﬁlﬁ%ﬁ§vhaﬁma§f Sychermpiises gepcigive groups of
I r
negalf En L EARTNHRAGE U e il Ry RSV A1 AP ET  unis
derived, raotvetiyl & t:hlﬁiepttmllﬂolﬁ‘oﬁﬁnﬁﬁbﬁllﬁf off nidwc migm:ylrm&éam@r mass. A
roduction. Even referably the term [ n'c
polyariaEF STAaERICEMc SkEH e rimRGSEs toiett G ' L5 SR BRlSn, more
prefer%l? o & Ehst 3008 DRRbA ARt @Je%rrﬂo@ URSEABRLOT at fl’e?tsﬂ"m Dalton. The term
herein, refers to a nolecule that i$ capabl
“polydnimtuc inrrgreameltonc e ahasedi Iwgeinnypivelly esgd (m@fera@bemfm dalal molecule

agai pst the antigen .conp ed in
that RIFl>HaghBE, BB hAREETBURE" s BldS iR odbe igame polyanionic
macro@ff|&sle tsicdIBr AAd’ @@fe&ab%N&;clwe@ﬁwuam&yreb@ﬁérs Migehdl 6nd even more
acids" or the term"host RNA, preferably host nucleic
prefergldy dyrthgmore @é@lbd\%amn%nqsu@wlﬁt@y subgfanpss gupte peiligll-like receptors

hgands Elﬁﬁénotsﬁm{lﬁ? r&'ﬁ@%]te racPd’se%lc{@%tpé é’g% f H@&@@S&M&e%&ferably the

origina S esi zé

term mbgn‘aelbaiml nladromb RicGleaas dscd epgin, fRGrevoes molbrdRy et is not capable of
chem cal and/or physi cal changes during_ the procedure
inducigg cyE¥RS MIeHtion] Eiih BT Brefably it frmofpoRalonic macromolecule™

exclu% gﬁl‘ﬁ] Lf'?lglkqt}lmﬁ‘lgfblrf S GoBES 'Th'gycglﬂé: aj ﬂlﬁﬂuﬁ%ﬁfwﬁﬁeﬁ&ﬁr s%@ktﬁnéy as used

e Inventive netho or exa Si ze
hereint InefelRNA, a mo&keleabityis mapitde of aciudsg emﬂlyortmlhsﬂm)mg Enmdnﬁ) response

.1 he seco structure thereof may be. altered.
specifiqg s GEHT Sye S FOPBESH o7 G TR ABMe! ¢ aci ds i s
[0010§]tHl)§t ERQAS Bﬂ&%ﬁglyaﬁoﬁoﬁfclﬂ\l%mdgr TROSEOUBLEI RNA preferably host

aci ds. [ 001 Methods to determne the anount of
nucleig n@bld ole dhec éemh e'hasto BNA, opreRIb Ly olmyst | m@tﬁldoywtdhe leLhP secondary

have disclosed i 0 37787
sruct Y s B hERE o Srniee B b AR NP BF 51 haiire oriinally
synthddized &k ¢he HashiTHcZESA Opref@siIg aficlbid\Waids Sflayl, HoRleher, undergo chemical
responses, such as inflammatory T cell response and

and/orc@}ty&cab@f@ngeschmmg tesproaadire ahirdaeingor aliminatiag thy areount of RNA,
prefergttnlgr ier%focgmc %Hﬁilg' égaggea{ﬂd w&% ?blmd’; né)fn theStvRRGe rnethods for

respo I'nst “dengue viru
example, the size of the RNA, preferably nucleic acids, may be shortened or the secondary

structure thereof may be altered. However, even such resulting RNA or nucleic acids is still

considered as host RNA, or host nucleic acids.



[00102] In one preferred enbodi nent, this invention
provi des a nethod of preparing the inventive

w@o9posizsi ons and VLP of an RNA bact eri ophage PEEEP2009/054856
i nvention, wherein said VLPR3s reconbinantly produced

0010 A rf{ld merekle”ﬁ%g{ﬁ SERNA & S@Q&'d@%ﬁpé rgﬁﬁgﬁt‘c of RNA
compriddg@ Bt GRSV 0 @) drs@fe,@&bimwmowmodwm RRu¥InEUS- dlinkiBating the
particcle (VLP) with at least one first attachment site
arnoutttyOﬁ hpes RNAwhpre&irably aat \ulloon nipiriises's coatedpewt eiwanted T cell

iants or a n thereof , of, an RNA
respo‘ﬁssctsé‘ﬂl 4 Ha%aém%?e%. s%eé!;eﬁi%?‘?sﬁganéia‘fy&’t?/’“lc uS SFil ggsponse, and other
unwarR@d §itl€ bfFedts stoh 6s fQat, whiRlRAiRGIniYAERR MtiBbdy FBFEMRBkpecifically
thereof, of said RNA bact eri ophage; c) purlfylng said
agmn%d@nmswmvéuns variants or fragnents thereof;

[0010?]61%385 H‘Blrelf%gedsaln OCHH]Tehlf tﬁg &ﬁ%ttboﬁ Cé) ‘09 dgss' ﬁa%ﬁg{htoarbtfsprgﬁanng the

ragnmen ereo

inventwe mmﬁosﬂtlenp&l{d VEP&f aiMReN/e bﬁbterﬁjpﬂagd ﬂhld $m|enﬁ@n Jetickdin k&eid VLP is
i S essentiall¥ free of host preferabl ho
recomyipanidy Progusceid by gnboss yangd M‘hﬁfﬁ@ Satd EBsie copratialhy .fr@e pfdost RNA,

prefer&lﬁ? hb&ﬁ%@feﬁ@&é&agﬁg@%sfull%ﬂl%tstegg 85?&? ‘P{bﬁglgﬁiah?}? ﬁg};&ﬁhnﬁ' afirus-like

VLP o m st
partlcl;er(éﬂfPr) veth @ntbodionefitst atthehmaasse bplai hogt, ofhesan daid VLP comprises

coat p %21'8; icvglgifngtg ao}r argﬁltggté Eé&ggﬁa 8% ‘{&A L@c&é?o%ﬁget Sb) td?sggs%glbhng said
v1rus-91€8 YRR TRET AP RMIS; VhALO3d: r’ﬁa@%ﬁﬁe{he?e%l@e% @fd rRNA
he invention is a COﬂDOSItIOh for the treat nent
bactermpiaageo mhpu@fylwwcb cogh peateins.i \amiants odefmgmnfsdh@ﬁof dlémgi@@mbhng
g|c fever nd/ Qr dengu
said pFERLIeARSRPts oty bt asBf BedOpr SHORNI Bpstgedophage to o
virus-Bld pdrGiéle, Whébinadaid eiagtligarfitle 3¢ csdéritRENTRRfHOLERNA, preferably
wherein said virus-like particle is a virus-1like

host npeleiciagids; a¥d QAN %éﬁ@ﬁ@ne@ﬁﬁage@f thpdnvenhiomwith ag lasteme second
t

attach%%hﬂ g&n to\;\gaa'i% \&(P %Jgtgél{ed gﬂ)gn Eﬁeﬁ dg}e %@%Sﬁgﬁgeeﬂéfeﬁeh Gmbodiment, the

reassevﬂ’ﬂﬂihglolﬁ ssidi glrifdgioat protdige vatiemtp o $agmahts|tkassf, is effected in the
05|t|on 9 to 99, position 9 to 109 or position 9 to

presenfizf B ot RS holmlmaﬁ MAGEOTRRIR “Q{]j% virus envel ope protein

[0010 Aafﬂp[héqha%ﬁ)gétrbf(ﬁ% gﬁ)ls %r@o hﬁ)ﬂ foP rtﬂé"gj@atﬁf%hfj dMclioration
east one I rst an sal one secon

and/oratpra@hmﬁntofs idbegue[ ﬂi@z]:m]deﬂgueo hemaﬁhﬁgm fevdre dndveentlempue shock

€S _a vacci ne conposi.ti on conpri.si
synde G PSSR G GREINSEF G CBPHSSARbOSITET-UR BRrifgvith atleast one first
attachifa¥€ Rtk ORvheldib Sgaid NErIsIURNHLARIP PV d8RisAikKAB&HBR of an RNA
composi tion conprising a conposition, said composition
bactergphped; s gb) af)lcast vn¢ @Istlgqnmltlp alr fehst loge \ﬂmmdatttaatlea@tt sgmevherein
L St chnent sai d % {
said a lﬁﬁ iOF é'm? 1gen, 18, & ﬁieal§ui: f‘“i%tégeﬁla %?rg nesaéq, %I}guﬁl\a[& igeh comprises at least

positida9tterdoppbsaen 9amdi obgr @351ticﬁla§tto ane oFifoin@en IMdfith@tdengue virus
| east one second attachnent site, wherein said at

envelqpsseteanis andtwhpseini(a) andddhgigdinksd ithyengh swd plelicpst 9ap dirst and said
risesat |east position 9 to 99,

atbmggggggon @&%gﬁfﬁ Oof position 9 to 112 of domain Il

[001 0®]f Intd‘me adpemg uke iniventtonepreeildope vidcaitcaiomposition do mfekiap r preferably

are |inked through said at |east one first
consis ﬁa %a?dcoa?pqswélt obiie JBvHignatlt i‘%hm’?nfn‘@mt“@l Pregdesp vaccine

compd¥tichi¥ oglﬂ&ﬁ 8otk @Stltltgne s P cioprgmﬁhgﬁ o hﬁﬁg ) apglrﬂllsshke particle

the hi noge |C|ty o} conposi |on ve
with at leastains eﬁlrsielttaéhmﬂi]t svamttereil kad efros-dike !palt“ualeps efvenus-diffe particle of

an RNS%”F@&%}”@)%E% é'm nes glga{]sgp %&%}}1&{/}% fltl 1%?.% reo%/lg Ié?%fi élttachrnent site,

wherein said at least one antlgen is a dengue antigen, wherein said dengue antigen comprises



m ni mzes the occurrence of unwanted inflammtory
T-cell responses representing a safety concern in the
wQ 2wei18|6i on agai nst sel f antigens. Thus, the PCTI/EP2009/054856

adninistration of the vaccilte-conposition to a patient
at leas:g'I PRSIy I/‘rgr pLY 851?1%12 ldstg\:@bg)g?ﬁ%ﬁgglgﬂosiﬁ{ (Ibtn gon?&in IIﬁaosftthe dengue
virus &ivaldpt %ﬁﬁ@iﬁ% Yin@ rwh%fetlﬁggtaﬁg ](@%é Rhisddr Btdu@h sl at tb%st one first and

vacci ne conposition However, when an adj uvant
smdaﬁbaﬁan¢nﬂ&n@w@¢hﬂmh9ﬂ®dn1nlstratlon of the at I east

ant her occu rior t | t aneousl
100108Rg A4ttt R 6 Pk PERHE R PRE i, B dmnRSEERey of e
comp&RIROTHEd AN RS atdbndNEf YFACANE THRATOR! tin ANprefthed le@fiBdiment, the
‘adj uvant" as used herein refers to non-specific
vaccingt Forpesites ipfdeveid phrdheanteshignglscaee tof yutdivaatte sfturthermore,
minimi v\%%tthé"o'ﬁ%}% D&F %h{)v? 8&) E%ﬁang@?ttg%yo*rl;ncehr}t%#eg%s \%’E}e%htmg a safety

conceBOIMP s tfacmﬁlatlbn Va‘lghﬂﬁsﬁ e pﬂ@gmﬂhﬁs ah¢ adonifiSEdtion OdY, the vaccine
respectively may provide for an even _nore enhanced

COMpPYSHATNE areaéﬁahgvelY predaalyjoceyy wWithqyt pHRYnigiRHp RivisATt ong wéJuvant to
ti A 0 0

the K0TSR € HBE 285, M AP (87 TRELIET AhyhPRIonCBF e vacoine

compmmmuudes a vaCC|ne conposition for the treatnent

lioration and/or prevention of dengue.fever engu
10010§Ta% Pyeagh Bk 0 AR RMIBAGIR- SHotem BiTaRemer 08 st one
adjuvae %%b ey dodAF Ghrlte fé)o PRSI dBIkF UPhft§CheOhdministration of the
preferably”consists of a conposition of the invention,
1nventa\r@dcqm1mselqm or of élea'kﬂcyms alothpesitionnéhe mrpnsactm\@nt i & used herein

oi d of 00109] In a prefe
refers etr?bB%‘? ﬁ%er‘f{fact ﬁfa"‘@%ﬁ"&f’ i &‘Sn’;ﬂ‘&B 9 SrPedHp T s?%sS“BPtanceS that allow
generddio@f & akleyotC AN HHeShSst Gfhigh fwHeht copsbTRAS lwﬁﬂhofh,e d@smon with the
second conposition, of a third conposition,
Vaccmewmms@@nﬁbgvﬂthutbmpha(rm)%%lé@leiomp@antlan,fmﬂ:@ptlmimw|mmde for an
e invention, wherein said domain
evmuf?e%mﬁﬁﬁ@%é#%bﬁ?rgéph he dengue virus envel ope protein
[0010F lof a dudisrgiebodimens, dfe sascoicy@empdbitioni furtheheombrisaitdieast one
. _second conposition is a conposition of the invention,
adjuvdfber ei n said domain 11 is domain Il of the dengue
[00108’]I ﬁlua§ ﬁﬁ{h\é?la ? {fn%bﬁhdi ﬁfovﬂegﬁr\%}:‘& Yichi oﬁtfion for the treatment,
ser ot Fii) wherein said h|r conposition Is a
amellcuamquoamd/mopre@éntidmeof dergyot ifover, dbrgueihenaihdgid o ahd/br dengue

omain |1l of.the dengue v1rus envel ope
shock spmEIOFn JUTR N8 BT SR STt Ly P VLRGPl Sosigts of a
compds@idnt & hOTPRStHH, Ofhdl Wh@eIBQPFORHLYY §id %cctlﬁbecdrﬁff&ﬁwnol@ devoid of
wherein said domain Il is domai'n Il of the dengue

an adjyvantis envelope protein E of a dengue V|rus of

[Oﬂlﬂglqrggte%lg?qn‘ﬁ\(} m%l éﬁ‘l'?ﬂt gl%)aa%%él%]fe %rpmgo%lg% 881111{)1{1%68 'or preeferably consists

of a fQNMRSIPdIMGor iof @ sédohdtc h{ bPA, thrli do o‘éﬁﬁﬁmgnd of a fourth
conposi tion (|||é athir conp03|t|on and (iv)
compgsiigy; ) BogisEsIaid Brst cwrﬁp%ltmnetﬁ ErcoBROsHRR af Wenmve@flom trgherein said

dornalﬁrlﬁ 1§ He?hlﬁ\ﬁﬁr}#f{t?%dentgng virhd g‘&veP% 9(?‘[5151']?& ei ?en%ue virus of serotype-

nventi on conpri Si

1; (11)thet$ﬂi ke geeorid cdrap@itidiNA baaoh@)blslapﬂag“ethé}lnwmibnabvherem said
| east one first attachnent site, wherein_ said

domalnﬂlug domgia THALDG N2y VIRACTZIPS P pRdyel dheneyspinseiserotype-

2; (iii PWRerin IR thirl %Gﬁgpélﬁ&ms ac&ﬁﬁpo@ft@h%'f e fﬂ%’ﬂtﬂ)gl, e atPdomain

IIT is domain III of the dengue virus envelope protein E of a dengue virus of serotype-3; and
(iv) wherein said fourth composition is a composition of the invention, wherein said domain

III is domain III of the dengue virus envelope protein E of a dengue virus of serotype-4.



acid sequence as set forth in SEQID NGO 1, and wherein
said first attachnent site is a |ysine residue and
wab@pasnesai d | ysine residue is part of said PCI/EP2009/054856
reconbi nant coat protein; -aad-(b) at |east one antlgen
e second attachment site, wherein sa

th at
[0011&'[ Irle%.sﬁre% 20 %0 ERents the PEFGRHe TRERIYL Proddc ?me'fleqqmposmon
compﬁﬁﬁg(lﬁs A RoARbLEEN (ﬁpmdoﬁ@%@mgéslm@@ﬁy Aiv &%%gl%ﬁ and (iv)
, | east position 9 to domain 111 of
a foudbngtumpoﬂltms lenvepeparqlr cmbodinendf ofa thie myesenty |1mwst10m, the first
serotype- 1 nd rein said at |east. one antigen.
comp i 5F fodpo BT Biran Ll Bhck iRt d Grfatediigs of RNA
bacterffREd OBSwh lat TSI ondViRE %’ctﬁ’ch%&'n@ shtd, Wl%relﬁ%mr bl%&slll&abgtlcle of
second attachnent site, d wherein said linker is
RNA h&gﬁmma@jQﬁocotrﬂqmsé?s ber m rmse okombindnaetai geneiby havyg dfe amino

acid sgqglgggecg% ?(H'glo (Sﬁ]érl\e@ﬁd%% gxfléfeq%? gegfi fr%;gtg n%lt Ss{te 18 a lysine
residub @Rl %rélﬁ s&fdt1 Elhg r&didué 1@33%1@[‘:’& s%@réﬁ@ﬁﬂ)ﬁiaﬁt St ?)r(ﬁtbﬁlStand (b) at

at t achment Slt associates with said second achnent
least metaetlgdfrr wilght kattene seconi fattadnianh atte, oylessa kaid Iae keast one antigen is

a den%ur %ngl_g'epn fe %glgyr ﬁgps_(ii dgt}gﬁgta%hg%%ggrggrﬁ%e@e% gﬁferably consists of, at

least RRPRAINBNIY &f donfken PIT @F &Y ddnBUE RrbPELveFpe Prét@NAUBT a dengue virus
antigen conprises, or preferably consists of, at |eas

of serpiype-1i el Whergin1eol ofleatdaas Antigen vmh sHie at:l k@ﬂ@tme\ﬁﬁﬁcm@ attachment

site ﬁJ?tﬂera%O%? esrsr % ?16 < \r)vlelgrem n%g“gﬂgn%%ﬁ gom b %C’el,s] sald ntrﬁiglal%t%éhn]iént site, and

whereimyAdtlin@er, isSakeobisted golehaatic@enus fopildse@ﬁgerﬁby way of one peptide
preferably consists of, at |east position 9 to 112 of

bond, diessin spid] seé‘Pnct Aiéachiplisite, isra sy weibe Fesisicp prgt aharem s3id gysteine

residud E%Q"(t}ﬁcf‘éll? laiﬁ? ﬁﬁ(%vﬂ&ﬁéﬁl caid-first Qtte?ch{ﬂéhf Q?e[fsfgﬁc?a{t&r W& said sccond
enbodi e resent 1nvention,

attachaiehi gien thooughr asi&sa;ro-d»[fumteﬁlek aﬂmbsl-lmkms M&b&lmﬁ)refahbllyeﬂ&t hetero-

.. position d nal I11 of the dengue vir

bifuncdiggy 8?9@5'?6?16?%}5 Sl ﬁ%@rv PR CEBPEgRb-ofthe present

inventi®0 3didldehflcBar®izBh 85MBHsS n&oﬂbﬁ?ﬂﬁy BdnsthEoPLERE R position 9 to 109
invention, thefirst conposition 1s a conposition of

of domhia Thoéhd éfmgoo vl annglopfaproaelmE 0§ -al ddoguparus off ecotype-1. In

RNA erlo W th at. t on
anoth iR A SRR dpEpis R bs SPrIdsnB: ¢rtdgeq sgmprises or
preferfWA BAGEE bF, ORNABE p&ditiGiPING 1132 DF ABMal IIIVBF he! RAGSID RGN Envelope
coat proteins consisting of the am no acid sequence as
proteig &t of  dengucvigEQf Isgronmeil - laridfuiiher picferedi emipadimgent of the present
inven tg%%g'ﬁr%géu nttlieﬁ %orﬁp{ly rre%%bq r}%rkgs xu S{(': %la p%gltlgn Ito 113

of dorﬁeﬁﬁ)IIH iof the&ﬁdgl(@\)m%tenkzelapé pl@E&n ardfiagkhgud Yilusaif stroape-1.
e second attachnent site, wherein said at | east one
lﬂﬂllblntlpg%@rquﬂ%fi gevgtecahat &R Pressat WHerEh B firsheprgesition is a
g e a
comp IO HE SRR B SopBlisHE P} PRk ke R BlCofhN b EBhace 0f
with a@masl eRefiRf atehmelnt gfc, ahdenguad Virﬁyﬁk@baﬁlele@ﬂMA Bhcteriophage
and wherein said at | east one antigen with said at
QB compiises orfeosBEBNECambnenngast PEteins consiHEng ©b sy 38w agid sequence
as Setlfl?liﬂlf? S ﬁfﬁﬁ ?\ié‘ lsgr}]cgw llnee}l_(nzlgaﬁ Jist g tﬁ%ghc' én?'s?tgsig glg gne AEN diue and
wherelr0 sdifldy$ind essiduauis ikt s8kdd &Bédn&ﬁﬁarb}bo%ﬁﬁrdﬂémoﬁlﬁi (b) at least one
pepti de bond, wherein said second attachnent site is a
antigep ythedtieast eiag sagend affaghisa &é‘ienW&@rew @ ptdpasb ope antiaga is g dengue
r i y a e t
antlgeﬁ tafé(ﬁ a‘%%%%#l astagdsj %%g%uhe grg[ll%ﬂséeogh ?r %h@ﬁegirﬁ?@ E@‘%R[ﬁe Bf at least
p051t1(tﬂ19 oo§h o doatagr OH hif ftundérngonatirus rensdelba pilogsin Babiea elemgue virus of
ai d hetero- blfunﬁtlonal cross-| i nker |s SIVPH. lgﬂ
serotypeyl st WiTrenex e leathors #rtigen Brith i 35 leasbaie yeqoRhttfaghment site

sai d dengue



antigen conprises, or preferably consists of, at |east
position 9 to 109 of domain Il of the dengue virus

wepwelianel protein E of a dengue virus of ser ot BEEEPDNI/054856
I n anot her preferred enbodi1fent of the present

i nvent.i on, .sai d figen conprises,
furthep, camrisgs| 4 helaqrsrvg\ fpaid an!k?fe GUTPTRGS shidotsoand atachegt site, and
Whereﬁlo O Nink ke is0fssdigeden %CWbﬁl’ﬁﬁu@ 314 §Ju@ Ql%tl@&f’%? 'v@ayEo pf)neapeptlde
dengue virus of serotype- 1. In a further preferr
bond, evitsodi veidt scodnd hteaqbnesesite 1sm/ eytéion resghicd ante M@l@@ln sald cysteine

residul i i FEiafS TR § wRorgBl G RRY prashoRt Hiasiisized] pE 38 second

attach@3H€ hlﬁhoﬁlr&[ght £ihBteko-Bifuett S8MOHBssVIiklkes, WherSRr Qiid Beterolbifunctional
00112% In preferred enbodi nent of the present

cross—[mkﬁém& MAH. ﬂrhe frdheo ner fersmvrasbadientiod the rrevepbuiventim, sid dengue
f
antlge&%in@gl\é% =rgg W&o Isﬂ%hc‘ %t %%‘{ Oglglﬁlé df(for g(?f Bf 8!)1%2118 I of the

denguat\hﬁxshmmpsr llsretenwffe o€id desdud Virususf Iselogyppalr. t inChevtindr preferred
RNA bact eri ophage conprises one or nore reconbj nant
embodiggit o BEITPRENHENYFREP™: ﬁeldeﬂﬁl&‘&? LGN SOHWERe ChErd@pbly consists
of, at fe%tyaﬁ #iBn @Ecglllg o?@%a gﬁonfgﬁfg% gﬂgﬂ dﬁ\}v\#ye éaronteglaE 8f a dengue
virus blysiretepe-ésinduéuriter pmfd:rr@if ersbodimedtoafithe parstntaoadntion, said dengue

rotein; and t least one antigen with af ast.
antiocf @M 4" B H B Gl Skar i 0 it 1 ebd@giad of he
dengu@Hrh @8R clohe ProteRIUST @Héﬂggg Qlfu@@fjsem%ee! n said dengue
antigen conprises, or preferably consists of, at |east '
[0011Rlodintad pref@radocrgigodamentonfaibn nrtsenbfnwehteotd dhgy sesouil raggposition is a

envel o rotein E of. a ngue f
compSip pE e uEpR crrise e nRerutile Bl i Biuriophage o
with alt @éé‘étt oG5B BERAMCAL JiRC WIBRIN $4id %n{léihké‘ ﬁﬁrtlgfér@fRﬁgsoa@terlophage
| i nker, wherein said [inker conprises said second

QB coarlpmcmm&rwr sidteerec@mbiinwiteroei prosandhdvimkthe dnsinassidcicquaade as sct

to -term pus of said antigen by way of. one
forth lae%fw 318 %)(éﬁd an%rirféfrmsaé last SHAGIMEL ity SHnkyaine dpsidue) andgherein
said l}%ﬁl%tr@gh@lfe 1rs %ﬁft d¥€aid %b@n%‘r?d’n@ béht %?dtgncéﬁﬁit ®) Belci %hg WRideR with at

artificially added, d wherein said first attachmen
least ggict secasksdtichmenst fwre_t Iwhslartdsaae@o hdstagnicaariigemts sideegue antigen, and

t hr ough a het.ero-bi function oss-| i nker,. wherei.n
wherelsy e Bty BT SREbRi G o e harOTSHlso P IGRPORLOn © t0 99 of
domai®MPHof ki dedgdiet VIRTs @fvefope rieteBMbosh FRRhg@f virle oPls8%8pe-2, and
I nvention, said dengue antigen conprises, or
wherepy érlér%tbleystc@ws ralstrgnorvlth avaid @hdeashose tscemndgatiashmggt @ﬁe further
cornplr(fI %n%l lrhkelr lwl?ere %r]s%l(fj érlp éc's sy ?%1 3RE R Cfm?en@ ﬁ:'e Hnd3vherein
dendue Virrus e sero n BnotHer preferted

said lﬁlﬂfblo(ﬂs aBotiael tohle FE-@éi’ﬁfﬂﬁusl 6V e4id iadrigers 8l dvalepgwac peptide bond,
antigen conprises, or. preferably consists of, at |east
wherephwid sesandatiashment sifc iy quiteing Fgsicye, 1KV brRigUeid Aypigie residue is

artiﬁcﬁrﬂ¥ &%ﬁ, RLAt ?/'hgreﬁr %tudafg NGHE LY flﬂ"%lt@f as§@crlﬁg§’ R}%ﬂg sald! second
a furt

er preferred enbo I ment of the present
attachimeweritd dmoughah dledietm-@ufen(amnakg ervsGhnioar] smsrelm Ipreferably sald hetero-

preferably consi f sition 1 to 11
bifuncgighali frost-finkgr rShéﬁviPé.% 1 e "B SRPBEBIHT ofheg present
1nvent%?ﬁ QMQ d¥h désan@l cr? %619}313{% ér I{efegajolﬁ]:oﬂs%tﬁoﬁ) %f—‘fe%tr&gltlon 9 to 109

nmbodi nen of the present |nvent|on t he secon
of dom@mtpHIs pf ithendéngua V@I@msrzlbpfo progéin thh of iandmgtié ofrus of serotype-2. In

co isin a, vir articl RNA . :
anotb iRt RA SR e S B BTl FIeTRr Anfargriomprises or
preferbly %on%ﬁ’r@ O8I A 183t PostiidrS 1 11k o Abkafl BT 6f tHRNRngue virus envelope

bacterlophage Qo conprises one or nore reconbi nant

proteig daef pdenmicnsrus siseityneg’- dn a fethaipistereed ambndimenricad the present
1nvent§%§1f g!nﬁ rd%ﬁgdese}nt‘?ggl Icg)rn&?se]s fe\f\ﬁ)% ‘861{&15396@ a{ feh st position 1 to 113

ysin



wherein said |lysine residue is part of said

reconbi nant coat protein; and (b) at |east one antigen
wowak/13261 east one second attachnment site, whePEI/RPRAY/ 54856

at | east one antigen is a-dEngue antigen, and wherein

sai anti en co rises, or. preferably consists
of dorggin fiyef ﬂw@?gﬁo&l SIRgHeIghT BOBY BT dGIRREYF YIRS GpoIOR@e-2:
(001181 NG UL pNIRHS &Hlycﬁiuﬂgﬁ & Ak GirBeh ﬁfveﬁ‘tl(%e REGbhA l{%nﬁ%smon is a

serotype-2, and wherein said at | east one antigen wth
compasaicoh @ﬁthb ea‘sftntlom eospcieing (ak 4 achsrbike paiticke dfURNAebacteriophage QB

nprise | i pker, .wherein said. I| er co
with of Gt o1 l’ts’a%tFﬂ?Eﬂ‘Fms?lFeWhﬁ??&l WHE MBI %Paﬂprprﬂfﬁﬁ{isbacteﬂophage
9
OB e R B o b Bl in S BT oD B0 Chequence
as sctifsrtha ic BEQRIMNO @ s btievhe@nd saith direi attaslanehtsystien rigsme remdue and

[ esi e.is artificiall added, and wherein said f.i
Wheregx ﬁaag Hﬁséﬁ? resiqug léé%tcs%ﬁaég rﬁ\ﬁotanlg%ﬂtd3°§%86)ﬁ?ina?1fdaétf?n3én]€a5t one

antlgeﬁ Ifith $tNERVER: &chEd SERnRichuGe! {x/ﬁ@[%in &E(Pisleés't BHEhntigen is a dengue
wherei n said hetero-bifunctional cross-Iinker ISE%NPH
antlgehn asd fwirerdiersapt elfegucedntégebodimpmses,0r phecpblysemisists of, at least

sai. d. de e.antigen conprises, .0 :
posiigst $78 Y Aog S 1L Lt afe REs EREHERS FobeiS F of a dangpe virus of
serotyB@BAMY Whdreidfsaldf 16H8NEMCantigthl SviNMR] ANEasPHRY ficbnFat@ichent site
dengue virus of serotype-2.” In another preferred
furthce ppodiisas liokert Wélermteszéehthnkm epmnpidses seii gpcaecth gtn@hrnent site, and
onprl r f 0
Wheregoéelug ﬁl(l)ﬂﬁgrgl asscici%e rrgltnm? F}ﬁ/ f g%l a%% enngé v\v/a}yr %§ 83d peptide

bond, e»vneeélﬁ Beidycod BttdchaienBsicte gL eystdinel Ses@;fueﬁ efi D ihpeeir? saill tysteine
urther preferred enbodi pent of the present

remdup Pﬁ/@ﬁﬁP’@H}’ agcgﬁdd a%w@g@maﬁ%q g@ﬁ a‘@qyﬁm@p&@&e asgfciates with said second

attach eﬁtf ﬁfeafﬁlr? t%h? bemcti%hall &QSSSt 118{%?' \tvhé}@m a'icp hg‘tét?b ?1ffunct10nal
omal n of e dengue virus envel’ope pro el n

cross-teleg ueSMIPHL $n mifurﬂer ptefreedemipdddhdnt]of ke I&emnefneemt&m said dengue

antlgeggg%g)%]{sreeqnfgﬁ %];%fterg%brpr ese‘gq Etv ]gggtltl}%gltlioﬁ 0SS Nﬁ] of domain III of the

dengu@ OfRSsi Svathpk aﬁro%lﬁ/ 'E lé? d 'dgl?glﬁa{fﬁﬂ'lsc be sefoty?>. In another preferred
bacteri ophage Qo w at |east one first attachnent
embodiimeat ofwthe rmcsensmvdn‘mm ssid| dekgugantigen lcompfisg@NAr preferably consists

of at RE R BR O ARG RGN P S gerdp BT LCGDERTR PAaC gy of @ dengue

virus 60§ckdtypd12 SEQ ﬁ@tﬂéppﬂefer?é'&ﬁetﬁﬁtﬁﬁﬁbﬂ Srah phdsestinyention, said dengue
attachpent site is a lysine residue and wherein sai d

antigeneompeisese OF dirictablypepmsistsfofs af aytawsitonnlatet 1 toaf domain 11T of the
th at | east
&mgugn§u§é§§%3%3¥@§%ﬁﬁé%%&ﬁgpev g&%n% a?% at | east one
[00114NtThgePrdferréel debgdiencaniof ged praxset wRernt@in) tB@Itlﬁr(ﬁeB@lpésnlon is a
antigen conprises, or preferably consists of, at |eas
compseint 9 othe anyeation compreRAI(H 3 Mrugdike n?ér“t@léwgﬁJ%N@l bqréerwphage QB
with a leggll\%orp eﬁIB{ gtttach egt[ 51{6 W gFe P84 ¥ V‘ th$H Pk t&ar%%lre yrg[ﬁ Stiacterlophage

ereln sal one an |gen

QB congaits eMEosRBRN@cahbiachmat potdifs haitddk LHEAPLLiE&Sq@nce as sct
l'inker, wherein said |inker conprises said second

forth iatSEA2 HASY: 1s prd wharein seid fiest ataghndnt plkes 4 kysias g@%@d@te@d wherein
said lysmetrle]sgdlgebt 81[{' 0 el(ri g?cr?%lg)lél?a géealé %?ogelg nvéfa(i%)?rgt ast ope,an anti igen with at

least &Msde%ﬂdfaﬁa@ﬁmehﬁlteaﬁ@eﬁmegﬁd At foabtlorRy At @emes & @§1l1 eanltlgen and
artificially added, and wherein said first attachnen

whereyy gaid dengyeisatisen AMNISHi A nsefewhly eansisttife il loast pesition 9 to 99 of
|
domu P U802 L RS, LR IRBIE RS IS B SbBome., e

whereBiVREd dtnleastfmtret hietigepr eftbryagt] aeitsdionentcafd ttwehpreesent further

i.nvention, said de e anti ris
compries AelinksT- Ve Hg] Sgtcglg%\@r Cafnp%é%s%alcgp 5 aﬁa%m%t $i4® and wherein



of domain Il of the dengue virus envel ope protein E
of a dengue virus of serotype-3. In another preferred
wepodsarent of the present invention, said denpuEEP2009/054856
antigen conpri ses or prefejtably consists of, at |east
S|t|on9t3 (I(i)domain of .the dengue_virus
said 1ikgie 1% psORpts fergllla@n@ﬂ@a@.a.nﬂgﬂbbys% 0Py 98¢ Fepiigle bond,
wherefh $aftf §deBhd %eﬁﬁlﬁfeﬁﬁﬁteqw QPl1BRB tesRfuct R Wh&ERNhId cysteine residuc is
i nvention, said dengue antigen conprlses or
artificptgf added) ymdowml@tns sefd, fiagt himbmeplosite i omodateo willg sefd second

donaln fus e vel o £ ot ei.n of .
attachalgﬂ E}&e \}}rplté% 8fhe CLo %ﬂgﬁ%w@a f@éﬁ: %lTer ﬁ’%glpeﬁ} gfeé?rlagé{ sal(? hetero-
blfundﬁﬁﬁﬂd crBUindr tsheMIFIes enta ifaMeRt pRFerrddn@mbbiidknt of the present

conposition is a conposition of the invention
1nvent@@np¢1ﬂ§1|eﬁ@,1e( Afigan ¢pmpysasi weprpterabily pensests giat least position 9 to 109

a e ir
of do@lgft% & b Wﬁ gt%elg%lgé&éll%\g/ :'%Pgéloﬂn @gottel EI eé glﬁﬂéd\%ﬁp%?r&rotype-& In
anothéiqﬁrb&m@ Riet@eirkdnt aFnE |ps@5ntomeeraronn@me deag@hitignt comprises, or
coat proteins consisti ng of the am no_acid sequence as
preferally cppyisth of.rpt dgasf pesitign 9 to g Oﬁﬂéﬁ’é}%ﬂé af Hlequng@e virus envelope
t r V@}]ﬁg
protelﬁ‘%?ﬁgra@ﬁr e%lleéédlteugldg%gg)}%ﬁé?f rig aai g‘r ihed dnt Cogﬁgﬂenctadfqm present
inventrm s&d nien@rechnt igkn admpesest orquefe&rlﬂy gamnsistd ofh alkcadtgasition 1 to 113
on ﬁqu attachnent site, E |n sai d .at | east ogF
of dorgg{n J@@ CAeR U HE TN EHP PGB A P ileP &YV iERiof SHER GG
[00115Th 48 PrFOHRS 'e§1%§d1rr%t BF §he [p?é%ﬁ{t ﬁlQ/@l%ﬁo%t $h&fhird@comBasition is a
position 9 to of dommai n déngue virus
Compcsntml ofpthe pn‘mnaom cempfisiag denyg u’aruw-ih_k@ wﬂnﬁlesca? RiNypbacgriophage QB

d wh d at .| t t I t.h t :
with of dgs} OB AEOR: Vs ARERLD S SThg fl[gi‘qv@“?me@fﬁrﬁ&&baaterlophage
QB colrﬂﬂ?ﬁ onw&%k@reé%gln%%%f Rﬁ)@éﬁ?g bfﬂ%ﬁtlﬁ 'o?l t@eﬁﬁﬁg acid sdequence

attachnent site, and er el sal d nker i s associ ate
as scttforth e SEQt H) NOus af whaieth said ifgentiaphment sof ioadysine residue and

e t.i e .bond,  wherein secaond attachnent s a
Wheregryg dilpEnG ESidiges %Oﬁfﬁé& &F5P mﬁa{l@t&%‘t Bioteny @%ﬂf Ela) at;j lgast one
antlgeﬁrv%ﬂf ét%a%{ b¥e 8488HattRAMMNEC AR Gid h18dst Bhd in‘t@%ﬁrﬁ a dengue

te associates with sai d second attachment sit
antlgenh rodighhcacih etagt @lemglfeummgeon@dmmsossoﬂ prdfeablyv\tmmstsn of, at least

positigii i 36Tl S B0 amelh o 05 pHChs RITRE b et virus of

serotyp@i3 darieRBISinaAld HeEksEMBAtHES wilhl salf £f16ds8bh Y sceOmB htsdcBment site
of, at least position 9 to 109 of domain Il of the

furtheyy éﬁ@n@se@u g Usk@nparispe spd dinkphcemprisey sgightpgend, pitaghment site, and
her re t,of th
Where§ 3l enﬁﬁern{/se%s?om{l][% to ﬂ%{’oge ﬁ%ﬁlnelug nf g%g ganggéh b W gf one peptide
bond, r:Wh%f@ﬁ ablldysee@rms hsdchneht siad 1s| £ apdtcip® sdsiduen a&i Wheﬂeln? szﬁﬂ cystelne
main 111 of the dengue virus envel ope protein E of
remdua é%@uécv ly gddesh andpberppesayl fiyshatachpephute %?@Faé?sﬂéﬂh said second
attachﬁl%ﬁpg'tenﬁﬂ(t)urggl a %Qf%r(pﬁﬁﬁlf‘c%% LY llnﬁ{ér v%ﬁ‘érglnd?ﬁw 'ﬂ@tefo b1funct10na1
en coIrpri ses, or pre eraply consists o
cross-poisirtis SMPH. fioa Ilirﬁleobrecﬂﬁrmil eambddimerdt of e Eesegumventions sald dengue

. envel ope rot e ue VI rus.
antlgegépa%pyg%% 81 [Pé??irféjg’ ‘F%S]éts;ﬂfn 3%#6?%&%%8&% teho af dempain 1T of the

denguB" BRRNEnVeDHENhbRM H e J QUidR GOIPBBiskio®peld B another preferred
conposition of the invention conprising (a) a

embodiimentsef thkepresant invbeticst, sRNAlchgist artigspragerigis, wi preferbly consists

east one fir t.t ach t..site, wherei

of.at |5 os PR hiTe oE HAGH THROE Bt Fisn SR Rieduotgh L ge dengue

virus ONEr&GpdIBI B 4 AGHIPI bf@‘éﬁe&&ﬁbocﬁﬁl@ﬁt&bﬂm kg?éébﬁ@in%iﬁloﬁ”&zﬁ@ dengue
acid sequence as set forth in SEQ , and wherein

antigey LOFPFisess 101 Areferehiyetonsisistaf, ia‘*sleaStIB%itﬁé Ir s Huef dergain 111 of the

[ said

dengugggr[é%&e% %Eé)té Eﬂp?% el r@g‘g%%%@%ﬁ% 3east one antigen

with at



| east one second attachnent site, wherein said at
| east one antigen is a dengue antigen, and wherein
w@200d/18lengue anti gen conprises, or preferably PORBPRDS054856
at least position 9 te-®9-of domain Il of the

engue vi.rus enyvel.ope ein E of a .dengue, vi
lﬂﬂllglqutayareefwedaﬂab%@%ﬁ R Sher prossit PRBtiopndC ati éﬁnwpflﬂon is a
e
compSfidh 1 SAnORSABEANE (B4 JETHRL pphieR SR NAChecteriophage OB
with as émetnehcafiitsaattarknicntssitee whareth vdié W&hsnhkapﬂi“ulclerdfd{NASbacterlophage

associated to the Gterm nus of said antigen by way
QB compsispepry elemBEHECOMPIERR G925 RO IReRYRE %@t%ﬂ%ﬁé S§ﬂ1feéwe as set

In i
o 3R G AL B8 WD SR FURHE R g wheri
said lﬁtﬂearehﬂmts paito€ s@d saondiiest vodt praaindasigbpadieat bac mgeh with at

site through a hetero-bifunctional cross-|inke
least QRREFESD ?}Pagmgp%tbqlggz WAL 831G A Pt NSt arn(g]rgglp 1S a dengue antigen, and

whelreﬁlr O d&ﬂg‘ﬂt@ %Emgén iseb rbrebréﬂéfaﬁoﬂleémﬁfsﬁsf(ﬁf ﬁtelgast lE)osmon 9 to 99 of
mbodi ment of "t he present ‘i nvent’i on, sa
dornalanIH g€ the deguie senls mvekmpefremabll ¥ @ﬁ)msdesgm Mﬁ'],ls at stwggpe-4, and
osi.tign 9 to 109.of of the dengu i ru
wherefly Sa lelepitcis, AHERBr V40 chefyte ' GBS OP SR BEsppe sit, futher
compraf@ tahigikep rv@ﬁ&élh%ﬁlcﬁﬁi‘ﬂ&@' icOBptis@f said1ScdBh& 28AdhnhdhY R, | 08, wherein
sai d dengue antigen conprises, or preferably consi st s
said lmtker a#t asse@zg‘tedpt@ tsu(bﬂergnmts afi sidfantigeraby Wwayl obfong fpsptide bond,
wherem sagcfgeconcilgéa}c% 4( SIS, g:cyg%gnel éerS}(g 1S, Qn%w@&gl% tald %‘%eﬁnee residue is

artiﬁcﬁ[l?s edded] nvignivherdin Saidd fid@ngiRhmidhi GREO HOGHtES 88ith Kaid second
preferably consists of, at |east position 1 tog 113 of

attaChH’@ﬁ‘aFIFP FhfPug?f a thetererbiyeoppk 9@8@5#191@% plcysin pesferabdyogaid hetero-
u 0 y 1

bifuncEERE BroX e O SRUTLL R b pikertd) SmBEEERE & the presen:

inventdonpadideh@ue dnsigan composist oroprefatatin eoﬂsmgmﬁ‘, lplrast position 9 to 109

conp [ a) a virus- I|ke art|
of doraiay ]réir B@%a gep WHiUE FDNEOPR telarfi of i r‘i‘i nZYE tViERQEfErotype-4. In
anothecr' Brefertdl &JoRingHt BrUuhe Pesbhtk@yvBfidnl chi§ RhgNntigen comprises, or
bact eri ophage Qb conprises one or nore reconbi nant
prefergldmtcopsigs oif.re leshpostiomy tofl 12 loé damamollhof thesbngeneruasnvelope
.S orth in.SE D NO 1, .and erei id firs
proteif ; of FHERHICGYTS Ao R & BEPGLE T AR Rens e ghe present
inventiofSs£ig defSichiRioks c@tﬁFﬁse@f orSprefbrdBF OoHRIMAGE aCRaAlt position 1 to 113
proteln and (b) at |east one antigen with at |east
of doragie 16 e Hiedlcagucad vy elepe protain Eradiaricagiaiviaus of é@FQt}’p@ﬁ’e
[OOIIZ]ntIIngaeﬁrefg'rre% gﬁg%%egtngf gq,e e]? ?ﬁw 11\{\'1%%{185 nth%ﬁf;) %ﬁégm ion is a

conprrises, consrsts

compd¥@sdnt &Othe IntcAti8H c@fnpﬁ@ﬁ’@ éﬁ‘) ] |Viru§li1k& b@tﬂé%nﬁURN)A bé,t$er10phage QB
envel ope protein E of a dengue virus of sergﬁy}gN
with aérlﬂﬁlSWt@r féﬁshatéa@hmeatt silceaderconesidnirhglike whtiale Atbacteriophage
one se sit.e

QB cqrfiftRks SRGRFarn R hRAT Al PRififh FeisbER of ARihRG ol sequence

as sct FbHRGNSEW [FING:1, At whbRILkdld FRtChtlabik&dt it 1§§S9ﬁh@}e%ﬁiue and
to the Ctermnus of said anti gen by way of on

wherepre paifl deion acsidugels giant efapald gemmmnmttcaehnmﬁ@m,smde (b)sataleast one
antlge%X%{hfeazltgigaasF ?g’e Qeé‘gﬁd gt?achlale V\ﬁﬁ etlregsl)vlﬁgrsegll sgﬁl(f %ﬁflls gnt?ﬁrg A3 3 dengue

antigef] bRd alERcih adagd dehdlt sdiginsanopibeat brapfvfaablyswxﬁlsts of, at least
t hrough a hetero-bifunctional cross-linker, wherein
positiagpP do Rt rdomsii LA of it deneye od's IenyHepe pr@t@wﬁwf 3 dengue virus of

selrotyéé'I Elt ﬂgf' wfférglfnesra{aeﬂ l&ﬁp&gé ﬂﬁ% n %tht ;Ja{‘ad 2R ¢ éela&?({]ﬁﬂta%ﬂment site

engue antigen co era y consi st
fuﬁheotom@tlsds_eaahhkquszﬂlbﬂeﬂn seﬁd tlmkd0 Qom]Srls}b@ n;aldnselcblhd aiftadhhfent site, and

wheregn: ?%5 jiélggraijssqsgon%% E(g lﬂ?epeté:febllgli?lpgﬁ 8¥ saald da%gggne b§’ I\)\521uy80 fo one peptide




enbodi nent of the present invention, said dengue

antigen conprises, or preferably consists of, at |east
w@omptidan 9 to 112 of dommin |11 of the denguePWi/EP209/054856

envel ope prote| n E of a demgpue virus of serotype-4. In

s, B B ST o Bl P B et i s
residu® ﬁseérﬁﬁéﬁll?‘ a&&!@ls h1§d §1h91fem ald fikestadhfht élfénasgocrléfesl%?th Qﬁld second

domai n dengue virus envel ope protein E
attachohenigsiée mm@ @ﬁleeecr-btfyrpcelonal ¢rogpalider,| whereipr sfice hf:tetb blfunctlonal

cross-ﬁ% 6%?@?&1 ?ril gtﬁgﬁlgg egrirr]c%dl e&ﬂt\)/ gi?r%ll?rﬁ é)’ft the ﬁ@ié;ngﬁltvention said dengue

antigefi QORI 8éd) Gr (@dferdb é’dﬂl§rs{s|d§ea1p@ﬁ§tlpasﬁloﬁf9 BNfO9 of domain T1T of the
bact eri ophage AP205 with at |east one first attachnent

dengugj tigis givetope npretein K iof s dpiges piast PE[serogfperdnAn another preferred
embo@%%ffeéit %&@&?%s%nﬁp %91%1 ohggldgdrsreﬁ %eog@l glr%%:SS%P gpéfg@f}l& consists

of, at feasttpdsition SE@lﬂDoNﬁbmﬂ.ﬁ ITlestdhsbeaigae N1r&ﬁbldleidpé§ﬁoteln E of a dengue
attachnment_site is a |ysine residue and wherein said

virus ol Sref¥pe-dsing Sirfhsr ﬁ@ﬁf%rr%if crabadimedQfirBe MEgsentdBygntion, said dengue
antigeR' Bhfprles 3? %{{fé’%&hﬁfe dn@l@t%tofogte eQ{{ edogﬁ’fanw I ﬁf of ﬁg‘rﬁﬁm III of the

one secon nt site; n said at |east one
denguantrigenvelape @r@temgij ef ad¢rigne mruamﬂsemmpeeﬂ n sai d dengue

T L R T i
comp(?s'ﬁYcﬁll 8P &hd 'irﬁiteﬁﬁd;h I\%0{51’1 rlﬁng eaguevivid ik PhrtRRY OF ER@@A ‘t;'acterlophage
d wherein said east ohe antigen with sa

AP20$ e@slt aorieasi—‘,m@nﬁirsatatta@immmsns; wdicfeur tshidr Vtmmbka 9@181@ of RNA

bacterigPE AR LISt GBS oG S PO oS BEEBE gy acid
sequed® dshgt Eortie inriSEas IDINGabda@n tvhgih Bitd iyt &facBient site is a lysine
pepti de bond, wherein said second attachnent site is a
residug il avheecin sgidduaine aesidushie mertrofswicy respEbaiankecoat grefain; prd (b) at
least o%e hilgé’ﬂ R tiﬁé %QS% F s%%dgﬂ%h%&é 3 %ﬂeﬁ&ﬁg%ﬁ% fe%ﬂ%gtantlgen 18
dsocr At SEWFR secon

a dengdrer aligbn sarfdel Rerombdal dideidue natiger O(smpﬂlse@kar prefidrstilgiconsists of, at
preferably sajd het ergbl f$1n0t| onal cross-linker is
u

least pogabian 9 19 B 9futanmdn 1Hh o ther @ HBBUFTHEINPS Prote et pf adepgue virus
t r

of serb T, ApfuhSEILALRALR: B LARRNSANP Ui BP1calons sgoond gachment

site mdhnmqmﬂﬂsbs wﬂmkdrewﬂangmld/hmkm cempﬂd;as peldp;emmll attaBhmoéntaite, and

den .virus of .serotype- } rred }
wherclip SR TG, Dototsia o R (- Firvaih Pb il SR BTG BRgUg of one pepide
bond, 3k GR RaOEREAS 8SachBlenPLiRSf BRI A syelﬁ@ ?ecsllcﬁl'és afd whatei 88 tcysteine
position 9 to 112 of domain II1 of the dengue virus
remdue m/@tlﬁplgllp pddadi andEwbérem @gh@u;e atpaqhmgnbﬁtega@sqmqt@ﬁewnll said second
of t he

attachfnﬁ{} F]IEei E}H %1&? &wg&:é?] éﬁgncaﬁ)ﬂag 81}?5% Pflfﬁri g&greﬁ%%?e%@rtably said hetero-

bifundpiogile cRs-Yink@n sl SMPIOf In af fheRst pReStdd embddin@nl ¥ @fe present
domain |1l of the dengue virus envel ope protein E of a

inventiuh §iie dpngugsangiees epmpyse- orprefepably ognstyss ef. gt lepgmogigion 9 to 109
of dor%gplofﬁ HFI Ongén§h§§%1%5 %ﬁ@%‘g% }éo?&blh]grélf ﬁlf/@e Lé I'V%Ius of serotype-1. In
anothei‘cm"eferﬁd r@ﬂ:(oﬂ)m@lt\dfrths prdskiet m&téﬁtloth ealdfdeﬁg@e antigen comprises, or

cteri.ophage AP205 with at st one first attachpent
prefer'gﬁt/éonwépg 2 least gosjhion, & o |1|J<% gépmaa HI gf thenggngue virus envelope
proteiRECH L4 IORRRAGHARAQer FAIPT 'Iﬁ%sfu‘Pﬂﬂ@r nﬁefé&ﬁ%nﬁ%@ﬁﬂg{t'ﬁqﬁe present
coat proteins conS|st|ng ‘of the am no acid sequence as
inventsmt, sdidrdehguonanSig@ c@mpidses 18, prafedabih eorssists sfaiatllchstrpsition 1 to 113
site.is a I S|ne r.esi due, and mher [

t.t
of dorfijts Ml ST Rt Vit sy o5t PO Byt e BP ey o pel.

[00119F ahed PreféRé CRbodimdneaFttheNReRAE iBRAt M, t e Bfirs! @8Hbosition is a
one second attachment site, wherein said at | east one

antigen



I's a dengue antigen, and wherein said dengue antigen
conprises, or preferably consists of, at |east

w@omptidan 9 to 99 of domain Il of the dengue RCT/BB2009/054856
enveI ope protein E of a dermgpue virus of serotype- 1,

rein saji.d at | east one antigen wt
Commsga%& Ob i SWEBen SOTRERREAD & VT Tk ﬁeﬁwfﬂ ﬁﬁhﬁ@sbaﬁteﬂophage
AP205 Wit 1WRETRE nﬁ@ﬁlagaéﬁnmﬁersueomaea%@%aﬁaw#ussm@@%cle of RNA
attachnment site, and wherein said linker is associ at ed
bacteriophtigee AC20% rcnmpu]sesof;)ne; ar dncantregmrrblba}ntm)yt pfotging consisting of the

i de bond d h
amino 8 deFep o ser 18t S SEQALNPERL AT b RFLE Frd efnEsice is o
lysinc@Edidifol dnidalterein deig dysidd s e [sgiat sFahid bédribinaittcagdP¥Biein; and (b)
site associates with said second attachnent site
at least RR® BiRfkEca Wit rleasbPRusrepRGAChacakStcl Whkis saighelrleash one antigen
o 5B 5L 5 PUBRLIBEER R34 RIS PR B of o

least @altﬂnmg)ﬂ)eofamm@@ NI o6t desigBe vidlis @rsefo@e PpdtyinCOBS b Aedgue virus
at least position 9 to 109 of. domain Il of the

of ser@féﬁ@-&eanﬂi vhaewnprl dpeashpae émrrgee with saidiah lae qpersgeongrattachment

site ﬁﬁtﬁ&o&&ﬁ’ﬂﬁlseéa llhﬁera@fﬁ&]%ﬁlr a Pﬁggg%gfdrg%mndoittat:ﬁ}ﬁent site, and
resent I nventioh, sal en ue “an I gen conprises, or

Wherepr efié rlmkblylscmmlastbd; tothe @tteﬂrmass oﬁsaadtanugeﬂ)by ONa]leif ofic peptlde
nai.n III of the ue. virus envel o protein E of

bond. GEFERIE sy 560} ACEPBERpa b ¢ PRTAN GeLire) o g eid Systeine

residu TORAHERNY a@dcd! BEd RHEIBNaid e Qﬁéeﬁﬁlenﬁﬁ{edasg&ﬁ‘egé’sewnh said second

antigen conprises, or preferably consists of, at |east
attachpgsi siteothraughoa he@rabifuatianal ¢rpss-lifker,heheteingsaed Witetpsbifunctional

o FOEE 568 PS80 £y PR R 5 R BhBfont s cen

antigeh [P6&HPris&N) or REcRBEOdhs BRMTDSH chQhokBioa T ITPES bf HOMai@f 111 of the
the invention conprising (a) a virus-1like particle of

denguRnArusaevelape pirratsen AP205: drrgucariryseabseigihct | rlot another preferred

t e S v

embo%ﬁrgac erplrg% atéle@&%gb Qi(c:ioc%% : Slétgc!f%n co ?m@@sr %%te%er%f)ly consists

of, at leegtqiabitioatto d02bf fombi@i Isofhby dérgut h&uﬁmmpacpr@kem E of a dengue
sequence as S orth in SEQ D NO _ 19, and wherei

virus %%%mypf‘rét e ggeﬁﬁemferqut embadineniafi the Preseitdnyening: said dengue

t L drdrds { { t8h B8 13 of 11T of th
e S PR OB BB S e obt BBt P i o e
dengueivirhs atvelopagprotoinet sbcdaguattrachinenityisi-1.e, wherein said

t | east on dengue. ant i and erein. .
1001288, 1y S B T ros R et e SEE TG i iaTE p Poropt A Bgtion i &
comp&ition2bf HRASveRASH tcbﬁh@rl@iné ((a9% Qﬁ”usdﬁl@ibﬁlrtﬂclel oPRNA&acteriophage

dengue virus envel ope protein E of a dengue virus of
AP20% evith yppded®! omndfitshette¢hmangistie awhiesas tsaidneiramlbikgeartisie hf RNA

bacterfBhie AR immRE: SRR R SRR st hghe thegryjno acid
sequeSRCANSt Fbitiach SBAYL I3 IN®: 19206 WheFcei Bai8 Sirck dttadk@ent Site 1s a lysine

associated to the C—term nus of said antigen by way
residug gad ydisrgig saldoyeine yiprdusi i Peei of @&tﬂ@en@maahwérwotgmt énd (b) at

least dn% aﬁt gé{ls&/ﬁh e leﬁsqsolng lé&‘ton?%g[a Jn? %\?egem aid at least one antigen is
cysterneresidue is ar Jdde G
a den@ai ghtigen,sindavhaehngnd dsigue aaslgac t@hpSscs) brhple&lrablg eoamts of, at

att achnent éie throu%h a hetero-bifupctlona
least pnosihien 9 tiorﬂ?e‘? qrpan &L 9 H}eeqeéllgg%yyu%%ﬂvg ope protein E of a dengue virus

of ser%t?%?ﬁogﬂdf %H&Ief ?ci atClE&p %n%\l I%h with Sk 1ch&t Ghef SBE &lttachment

erred enbo I ment of esent 1 nvention,
site fudbeigeoenparsts gthnketrow’pcnemm bmkep pempnmslsyldcsecmldsa:t&cluhent site, and

wherel] 148 TEHGERoROBHIET &9 FPoEC op T RpGBAVIHES By ey Of ORE peptide
bond, SATLiN REZsecdit ARRhhRAt Bitelse ERdiRIBARERLd MhetdiE said cysteine

present i nvention, said dengue anti gen corrprl ses, or



preferably consists of, at |east position 9 to 112 of
domain Il of the dengue virus envel ope protein E of a

wa@lerwgasn2ei rus of serotype-2. In a further prefRCT/EP2009/054856
enbodi nent of the present -ijwvention, said dengue

anti ses r pref abl onsists of, at |ea
residug SeatngATy n?%edi il whergBuaaid st p a&%n{eﬁ%s@@ﬁa?féat% W’Ji]% 35 second

attachﬁlréi{@ Elﬁao BarBi g 811 o %ﬁfuﬁctﬂ)%ﬁg Efosy hﬁl%b? thel%ﬁ{ QtHBEbIS- said hetero-
[O Ina preferred enbodi ment of the present

blfunqtlnvdnt:m@ﬁhnkdlrelss Sdad é@rﬁpdmtheroprelf@‘reai coppdigient of dfc present

1nventmh ea s%g éil?:m | oagwgg &IBEB%%V\ﬁgrta 1# %{a il\égilislisié%gf B}a (:etg%tcﬁogitigg 9 to 109
of dohinaBNEEMc 8éoBe WISV BlopApEbtMh MRIST lal d@gB@Riru§ lo® sefotype-2. In
RNA bact eri ophage AP205 conpri ses one or nore
anothqreprefericd ambodagnt i ghe iprescrtcinsPritonn gaidfdonpec antiges epenmises, or
I
plrefelr%\z”@?I %8?@?@ t%% aa? %asE~I ﬁeglt{]oﬂsg ttcg %?é oPdP éunnlzl roggll% ddlggggeﬁ gﬁlus envelope

proteitifEes i desgiiedvitug iferotgriziue a ﬁlrt}half pre&frreﬁadrﬁbodlment of the present
reconbi nant coat protein; and at | east one anti|
inventjgn, gaig depgiecantigae CABBENE: %&Rrs@ﬁ%%émorssil%o \ﬂh@aeumselapd to 113

[
e L e T
[00120)f ,Inat ptefastd polsidimon & tho B&cof imbontom thd keavhd tdoenposition is a

dengue_.vi rus envel ope protejn E of .a den e ir of .
comp@FHE G 1 TghIo o mer e s b et sl PIREAY RNR etepiophae
AP205alith at 1&%@%& oﬂ%t 85NN L RC WIRRn %hf‘devfnli’sr fiReharticle of RNA

conprises a |inker, wherein said |inker conprises said
bactermb@gml ARLOB chmniscss P or amafc whenmelinang aiodt piotkias cpwsisting of the

ted to t t
amino35 RO BT Seiatn S SO S0y . edE e 1AE el sice is o
lysineir8siducCandltve di€in lsgid il ks redide vsd('}ﬁ ied RaRiatebraliaiRicB protein; and (b)
residue is artificlially adde and wherein said first
at leashpna@masntwig) stdeast g segped atfgohmes i, gvéer@ﬁusaai ttdlethreng antigen
i e ab B RuPEhE PP b RE o Rt ggppits of o

least positian foutot I9est domediie Il @d tlendrodicreints afvetdpe ppdstemembf a dengue virus
i nvention, sajd dengue antigen conpri

of serofypg-dr i) \hermsiaid &t legst ong amtée?gtW%&lé .abka@ qng sgeppdgpttachment

site m%@@éd?nﬂdsbs Qﬁm_ffaewﬂ&%ﬂlus%@/hm c gﬁ%]éa R&idREAdR gﬁmﬁ&u%ﬁe and
engue vVirus o ser otype I'n an er prererre

whereenkeod ilmkert 1sofssedige |t<e$th temviens bbgid satigerdbyguey of one peptide

anti gen conpri ses, referabl .consi. at .| east
vond, ek GaS Rl S3chReab i K1 Py oleifS PRishipe v Gtcin SA3 eysteine
residu€ 'i's)’ﬁhﬁ@r%ll? ROARN BnFEwhbreth SeDAHE aﬂédhﬁﬁenpiltesaeg&w@@wzh s4ifd second

further preferred embodi nent of resent
attachmqn‘emq thmoughad diletg:emglf@lc@nnalgqpsse]gd@m wheyeinpyaid hetero- blfunctlonal

f [ f 1
cross BT SRR EP AT B BeR e G balar ol Bt b giiohy fig dengue
antigetl QREPRIsVY, lob preFbraB BT Wn¥R8-of; af RAkFkitioR BtdPI@f 6f 8&6ain 111 of the

enbodi nent of t he present i nvention, the third
dengug ovmkss@twemeu ROl dmebst dpeicorirghel ispipgrpeinin another preferred

embo%%%ﬁ elr)fis%lg rés%krp%éﬁt'io Sﬁlnglt((ﬁ ol %ﬂt? cft ?)Blrpﬁts - OF gcehferablty consists

of, at B:aitq),osmbﬁ Oeb 13 af donvibihUsl-dfi tk@dmné Ivﬁ’heeloxfeldﬁlélo‘protem E of a dengue
cterloghage AP205 cqﬁﬁ{lses one(ﬁr nmore reconbj nant
th

virus Qloserotgpat el FHEVT REFTe! embeibmart of Befireprienyditiony said dengue
id
o D D e DY STy e el o B8 i L b dqmmaig 11 of the
dengub ysiinenvelpic guateinsE pﬁa derrgue saiusof ecupii-Dant coat
rqtein; .and t one antl en Wi t
o128, dh G st abadioset o OF e’ Pipeple i ity i Hih Eprppation is a
comp&MdnIBN theS ifvcAEHY ‘é@m@ﬂﬁﬂng qR) a2PuMIes BhiticRabfl RAEAWhteriophage
antigen conprises, or preferably consists of, at



| east position 9 to 99 of domain Il of the dengue
virus envel ope protein E of a dengue virus of
waeotiypet 3, and wherein said at | east one ant PQERP2A0/054856
said at | east one second atisachnent site further
onprises alin erein.said |inker co ses s
AP20% 3 o daeh At SfERIMCTh FiGnMETN SAKcVIT bl PhaRR O ria
bacterfbphAgd APESH &ﬁ’nﬁrﬁ%s &15 &' Iﬁbrrél%écd?ﬁblﬁfeﬁit @ozﬁ'f)trd)tgﬁﬁ‘ hBYin¥&¥ ino acid
one peptide bond, wherein said second attachnment site
sequencs &b &e;vﬁ)@hl me SiEézsIlal]\éO 18ndndvhacesim S@élfdstcgtmbmnm site is a lysine
.. resid i.s artif.icial added, . and wherein said f
residug @pd o ?}P 58] dtlé(“BS JBRT e B P ‘?frﬁaécgfe&o@%&%ﬁtdc%att tpé%tﬁ‘ﬁe ﬁ?d (b) at
least obletaBtifdH RUB Rt Raf@Ine 58t fattAHnh b glte, GFHRSSn k4iB€ least one antigen is
wherern preferably said heterobi functl onal
a dengyeowysieen.mas whercigviaid dengug antigethepmpyisss et pigferably consists of, at
least p%g?(agldﬂﬁ%% c?ff dotnpﬁn i %?%t 4én§¥§0ﬁ‘hso &We?o gargtgﬁ%jgf dengue virus
antrgen conprises, or 'y “consi fE§5k
of serp@pé-8] ot Qhér@mlﬁﬁi af lezcbonm Bntideh v@ih tdié ad R’,@thﬂle\Sledfdlﬂ attachrnent
envel ope protein E of a dengue virus of seroty I n
site fugthel ¢RaRpTisER R HPKE VBB BT HEIKCH COMAESSS ﬁ@ééﬁ?oqdrﬁféﬁlim@ﬁ site, and
[ f
whereBPLAG HRRELE, ARIHET (FOQPLLETTpuOpr BEELFLEN] Py SROEHED poptide
bond, deregtie swidr sstsor&hwsdohmenpmtﬁ 8i ncEstahe aesitbregaed wiheresn edid cysteine

serot e-3. a t her ferred enbadi ment of
residuf SLGHREISIN e B VLR WO b TSNS Eopr gesithsaid second
attachﬁfeﬁﬂ‘ ﬁlﬁ@ﬁhb{uglpﬁ!%%§ bHnctfnal 8R3L- hﬁl&:?' Wherkinl tp%é?erlﬂ@ Qtfld hetero-
domai n of e dengue virus envel ope protein
bifunctiengu _erow huberofs SMH.y pe-B.fuftlbg 1 pefertad ambpodinent edf the present
inventgogll?rg%lg rgt%{l%%oa}nglggn Sgﬁg%sseeg: ?rgq?el% abtbho g(’)r}sg.is\t}sg Q Ot?gst position 9 to 109
of do@mMPNI Sf A (&kud Wiuk U vElbe pRAHIEloe aO&enBﬁg\Vlrus of serotype-3. In
bact eri ophage AP205 with at | east one first attachnent
anotheyj preferrgh esiodingeit fvthe pseseitkiavenion; etid dengwnantigen comprises, or
prefer%g CSHLQLF %?ga% 185 ?gésﬁgoqw 6%?? o?A6man PLE g{ ecf“e%glt? DN envelope
coat protei’ns ¢on Re “@mno all d sequence as
proteis & off ®dedpuenviSEQf|sBroNge- 31.911 aaﬂﬁthwmpﬂ‘e&rfbdm‘tﬁbdﬁmérﬁtof the present

attachnment site is a lysine r bi)lée and wherein sajd
mventrl% SHE deBgyeRibicey C@apltlseéf OISRIEETabAY: 6PN 2Llsatt position 1 to 113
| { {
of dorBl i e eeny S35 pp S RRale i3 8BTS,
[00123ntIhge prdifsrral dmlhgdumeantof ghzen praaa istvemt@ing tbaitldrdengpesition is a
antig ri ses, or . abl nsi st s, of | east.
compasghid P i TSGR 5PN aE ] v B Piiluef Ry Pacteriophage
AP20§ wlﬁ{ QP Qe A€l firsE aRficiin e NALEe whicFcis seld $§1!is°hl¥ep%a§pcle of RNA
d wherein said at | east one antigen with said
bacterm@asge AR80% soomdisett b loemire ge¢aanifinarnt heopt ptgns s;elssmmg of the

wher ei . dokj C rises said
amino et Eaherhe 26 fridot iy SERAFEN G RIRR Fifichi v REL @Bfsnmenysic i o
lysinetrEsiduteand-wied&th Reid 1RfinSbidud i fa@esT sbid réeymbihaBat protein; and (b)
pepti de bond, wherein said second attachnent site is a
at leas¢ pB¢ antigenvad] #east angiserped eftashgignisitey sheiiciesaidaf lgusé opg antigen
r I I
s o a bt WA by 8095 A0 E BB L R AED Tt of o
least ﬁobﬂ@umowmwnﬁaﬂb I wficticl dunglie eirossmielopls q)lrotemhe be€uengue virus

sai d _hetero-bjfunctional cross-linker. is SMPH In
of serptype-Redndpherein, Wil dnsRt AR ARtIESH Wik sHid @ att qnsssrndgitachment

site fub@bo ) ﬁﬁf(érg%ﬁet%ﬁf@'fd B8 change%f %fd%g&%dcé?ﬁ‘%ﬁrﬁ&ﬁ site, and
of , at least position 9 to 109 of domain
wherede sgdidinker issassonigbd pe thpr Otteinmns of saddmtlgexebylwaysobbne peptide

bond. HieRiN R Hratit R SheS hot, £l Br Srths i Plrgtel” gpid cysteine

remdu@ redrarishlly 1885 bsd $hekin @id HifastadiaRht {iRMhsSdfResld#h 9fid second
domain I'11 of fhe dengue virus envel ope protein E of a

dengue




virus of serotype-3. In a further preferred enbodi nent
of the present invention, said dengue antigen
weowpnsees, or preferably consists of, at | easPCI/EP2009/054856
p05|t|on 1 to 113 of dommi4Bd+l of the dengue virus
envel.op tein E of a dengue virus of serotype-3... .
attachmgY 3] thypch .hsfreéq g@w%lﬁﬁg\dwwmﬁf ¥ %relﬁr%é%ﬁ?tem bifunctional
cross-hﬂk/e@”st SIOIPH. tIﬁ‘@ FErEHE bﬁf&?éﬁpé?ﬁﬁ&dhrﬁéht'o? ti ﬁ@i@ﬂpﬁﬂv%ﬁt% ‘s"efld dengue
the invention conprising (a) a virus-like particle of
antigeRNAnipaistse or ppHagblyARREBsvaft ht kbstlwakiondhty 103 of domain III of the
chnmen n.said viruszlik t
deng By TIPS ol Apobst S5t Vet B ctsPrfiay ™ol preforred
embodiBRANGI ih@rﬁreééﬁﬁfnvgﬁtﬁne Isang d@ﬁgﬂléﬂ Ng@ﬁ oﬁﬁlp'ﬂl@esa%k @referably consists
sequence as set forth in SEQ wher ei n
of, at lsastopositips £ tatld dehdemeindiliel th@s d%ngluy yirn@err‘@@p@lpéotamo‘ﬁ of a dengue
a %Xﬁ
virus ér{\pe%(r) eﬁgnin a P ﬁg{f%?éﬁp&ﬁb éﬁtinE?t 3¢ tﬂ% é)i?'e% onl%\éenélo{li sald dengue
antigew dohpadsed, @&@tefarablysaﬁl@m &l hakehyrekitdhtleto mbEd@mslal Idil of the
at | east one antigen is a dengue antigen, and wherein
dengug xjrys eBieipe Pé‘?fﬁlind%ﬁf L OFABUF YHES OhTYYRF &r abl y consi st's
: I t
1001280 1n3 piFARG BABGER OF LR @ SERERYE, I folfy cBffppsiion is o
comp it yﬁeheﬂf inv@ndomicemgtising diall aatirhsehlst parelcaof IReM haictechiophage

| east ope, secqnd attachnent site further .
AP20§awﬂ} i% dgash QP st AUGERE! PiSa NG hiRe xwpfﬂfes aartigly gf RNA
bacterRPRARIA P26 AEIMFHRks §1'15 &b mSR YISl c§eﬁ'pgot|311n§‘ Iﬁ%mg #he amino acid
associated to the Gterm nus of said antigen by way of
sequemngeaspep tfordie it SEEQ, MY 8Pnamhivdicsat oxid fast atichmant ictie a lysine
RS st.ei ne residue
residuy g a6 € B e FeTy Raatis S SABPRAC S ARt pnd )
least caklaa6 fEERIth Gt le@stdBs 6doat @ftadnidht Sidd, dviReGA Rl dat sty tigen is
site through a hetero-bifunctional cross-Iinker,
a dengysetndigan.prnf @h%mysa%d@ng’qléta@ﬂém femptisesnel preferably consists of, at
least pco n@ﬁ)ﬁ d fo%e(gffdot a‘?wlirl_' eog g%t &n§§£e %{}&{ eerreFog% é)rcggm E of a dengue virus
of ser@ﬂypd: deindcwh@tinsas] atdeasporé afitgdehywiclonad at B:aﬁfqne&bcdrﬁl&&tachment
, sition 9 tog 109 f domajn 111 of the dengue virus
site %Magwﬁ% %3@#% einesafelinfise CvmpugeSéﬁldsS@m%@cmemﬁlte and
wheref! 92[85] 31rnk91r Rf %@5&&6@@@% @Bcglrmlﬂﬁs bP&ail ra%ﬁggf 6f Qﬁb peptide
sal engue antigen conprises, or prefer SIS s
bond, ofheran shlda@bombsﬂta:dhmengsﬁemslalZysmeflned oevedue, hﬂld thrduh gaid cysteine
n E of a dengue virus

residug gy 1P Bg B4 SREREY Ak B Fr L ean S ety ViR seid sccond

attachﬁfeﬁts gifd tHrGNﬁﬁﬁ'l&Ebro%ﬁhﬁctﬂ)%ﬁg BRsRNhkGe WheRIP 'bire‘f@rﬁbl Ofaid hetero-
preferably consists of, at |east position 1 to §

bifunctionali aross-linkgdr tSh§M:l%_fhg|1ne aufuuherepméebrcqsie epfoodlmemt E)fofheapresent

imen SRS AR PR ESROEBS, RSk R kom0 o 10

of doﬂﬁ@ﬂi’fpms bf tlNdérgua vemmselbi Proddin tINOf ian¥@hié @ftus of serotype-4. In
nprising (a) a virus-like particle of RNA

anothﬁtsan;rt:%rrneé (SRRgE I 08 thi Presant nsgsiongseidfdengie antigeapiaamrises, or
prefer%&bn ?Irogl lec’a%l[ ﬁ%ﬂé@u§ t& llrff ggg }Oﬂ%iél IgH 8% the dengue virus envelope
proteifi @Coffdido@iic \aﬂﬁtofp;mit@en@ Iﬁcanﬁnrm:n p@f@fedt daﬁocﬁlmlém aahel present
sequence as set forth . in SEQ }D NO 19 %gd wher ei n,
mven%oax gaifl jdeagueantigem RRmprisss: & prefegably, §‘P1}§é§tsr phlsastgegition 1 to 113
of donMIB T8 'o@tl%adeg ﬁ&%i’d@%n(ﬁ%%@bﬁ%télﬁ ERf tdeﬁ%uesﬁhg of sero‘mp
reconbi nant coat prot el east one arntigen
[0012% tIh aaprodferasit emh@dlmentonﬂtlmt plasﬂmltmm\tenslon et;hevﬁmrthwnmamdon is a

at .| east, one en i.s. a engue ti , . an rein .
comp&irioy BB sabeerMetinpE EEA Ve et DF aE  @eliriophage
AP209fwitiRtat |l@ﬁ§ton90ﬁﬂsi la@BchPndn® S, QheRMTRAR Virks-Ble phRIcle of RNA

dengue virus envel ope proteln E of a dengue virus



of serotype-4, and wherein said at | east one antigen

wWth said at | east one second attachnent site further
weomwpnsees a |inker, wherein said |inker conmprPGEEPXaYE54856

second attachnent site, an@3Wherein said |linker is

OCI tothe C-term nus of said antigen.b
bactergy 2\5’3 S BBRESCIWART &F S TRCRBHY coet, Beisiat, conyy e %Uélg of the
aminol a%lcﬁse@lﬁecﬁc%'aﬁ‘ @etrf%ﬁh%lgEquNw‘ﬁJ’ ghd whileth G ik BRachment site is a

residue is artificiall added, and wherein said first
lysincaetidishandnvhes¢in said d g latslége i et of ahid reeobidamttcpataivateiit and (b)

at leash ph aited Srh RdPRT 55 b s R i ORre i AP heeasi app antizen
is a ddnBud ahtigdnh&id %@ﬁ‘eﬁf ga@cdd&fgla@ dh iR coprisBE o peSeRAbly consists of, at
i nvention, said ngue anti gen conprises, or

least positioardatel 9P @fcﬁ%masm of theadenguasirupesictaps wrageingE 06a degue virus
of sergtgﬁ?4 atldl \!vh&femt J'A?d gtelnfgslfl Sné’ hﬂtr%en%\[lf %&8@ Gt Pea?[to%erha&n%f atfichment
rus of ser ano

site mem‘epdjmimmbs @ﬂmkéiewnéxeﬁmid fimkee ﬁbmpﬁses$aﬂd¢ect&fdg€lﬂﬁchment site, and
anti.gen conpri ses, preferably consists of, at |east
wherehp said ligkergist %Sq@te%ﬁo dsmrternpys 8f stienggryhe WAy eisone peptide
bond, %ﬂ}\é?élﬁ) R&idPLe) gﬁfen s%eﬁg(y EysY 1ﬁé" esﬁfues gﬁd)%ef‘em saill Tysteine
her pre erre ment” o present
residuk myvatificially addddd aﬂéw@mlmnd fisn attml’rprentsa&: asggciates with said second

refera onsi sts l east .positjon 1 tp 113 of .
atachsheti fudys PheeRyiseOun eschler oSt fE o Rtypctiona!
cross-ﬁﬁf& HeSVIPHU$h QFurdiRE Bl RfcembRPheflor kit ﬁe&h@fn@éﬁtﬁ% said dengue

nbodi nent, the present i1 nvention provid for a
antlgeucmpmnscs, @n pmfmablyscrqmglstsmf pir l@ﬁ%rmbittpncf)owsi(ﬁ pﬁgomaln 1II of the
a sec

dengu% ‘%L‘Pbs %{we pF dprg (?tg ? ﬂgngé% dVl(lfsvj) gerfo éﬂslln hiother preferred

embodiFROSH thie %eseﬂhﬁﬂ’v@ﬂltﬁbtﬁ 36l RhgsRhitideh I®npris@¢ @R reftdblyCoonsists
and fourth COHEOSItlon are ﬁresent i n equal amounts.
of, at [eggreyifion A ta 1 g ef Aemaiprldfefithedensnp gihnamcloperpsotgings ehe dengue
on pr A r
virus 6@3@?&&%%%3/910% ﬁdsrﬁ%f P];e%rr%i &'?QE;)(RI% 1§1t &WPS %gégnéllgslh?&lgr??, said dengue
antlgeﬁldo)npmssssmlpcbféﬂbﬁoajntsis@rbf( bi fehstgpokitiond wontdsf Homain 111 of the
|v) a fourth c osition, wherein said first
dengue afﬂzs%;%we B Prefeigrioaln tengie YHURpIFFRYRG4sai d second
S [ hir.d
1001260RPAD AN, EBOERRRL 1] B GO BRYMhelhis composition
comprssang) of purfedablycropeistiig off) (11) 8 fpstesﬁmﬁosnnna(m) armcmtd c‘Z)mposulon (iii)
eading.to a,ratio. of er neac
a thlr&compo l%ﬁa%£1V§ olitigh fOF@O%Bon’p‘?’ e Y © B B eadhd. third
and foarth%a&pwﬁ&@a@ praehihgreqpiiehRuall y each of said W X
Z ranges from0.5 to 5, again preferably fromO.6
[00127]oln4a @ﬂhahgrafﬂmdeannbddunﬁheﬂle mrescat alentiomaprhvides &uiadcopgposition
cornpr?nig ogl%ef%ﬁg ﬁOHSIFtﬁI}% ?]f7 r(15 srt%.? 0 ogltlgg,c(ﬁl))éfsfeéo&}dqcowpos&on (1i1)
a thlrc%ompo&tfoa NGRIS(iv)raoulha aorh?oszn& wilegdie 5ad Fiyst Lo@PbSRtish fsPresent in
8, further preferably TromO0.75 to 1.25. Preferably
an am@a@thwoﬁalé ér:@nwcomwsmzn ay presetae e dmoynta Xpa#eA dhird pmposition is
c igi e
preserl T e RTBE oF A SERRF i, Blush OHEOIRR O BEBEPH, ap prpount 2
leadinggali gdtioSefl Y- XPEZ, Iwheseh aaylp @f 3aidS B, oX,ypfe Zsralgeh from 0.1 to 10,
type-4 of domain |11 of t n ue s envel ope
prefer@lﬁg ypO B> t(P émg/]/ahqrﬁn dugtherp ?ragly 3 %%lﬂﬁ‘%{anges from

0.5 totshﬁ eﬂﬁ ?%&E‘Jab gnf‘t‘&‘rﬂtd &t @%Oé(ﬂdj%ﬁexfe&r fu?th&%?éf(%%dﬂlﬂz Qébh of said W, X,

preferably consisting o
Y,Z ramgvp cﬁmm 0 dno 4(2, pI)efaalslgcfmm 0&anPdsiahd mhe1(em furthar pthfelrably cach of

said \éa%g&? ,fs ? :rlg;t?g%é éﬁ)grg 9% ‘fo) fl),ﬁ gregqr% &ffo%) %Sd ?% ﬁJV\ALeelrr %rel}erably from

0.75 to 1.25. Preferably each of said W, X,Y, Z are selected in a manner that said composition



an anount W said second conposition is present in an
anmount X, said third conposition is present in an
w@rmanso2yi, and wherein said fourth conpositi onPCHEP2009/054856
present in an amount Z |eadithg to a ratio of WX Y: Z,
. erejn said ratio i.s selected fromthe 9roup
is capRpiRqisifiigng e halancgd gmmung: rpsponsq agaipstaall’ fouf: sprofypes, preferably
s b bl by odhoofs O bkt e i
envelapegrateindet ed in a manner that said conposition is

able.of inducin . bal apced i mmune response ai nst .
100 28R bR piBe b ety B s E e GoR B9 3 htpositon
comprEEhd oy Pecfrabl§edontivines of, and fer &ﬁﬁﬁb@ﬁi@)n?{i}i{ AQRBdHY dompoRftion (iii)
~ the dengue virus envel ope protein E. [00129] In a ,
a thirdf gympiesitiopr @iy adorith eempesiion, MHerqit sxe frst competifieris present in
VA f Si ti i S ef ition i
o anBERNSSALELR GARETAED ST L P, RUEREE Rt i
presert Aip@sarhown Y] and whetchi Kald cfonfl Sotripositioarid ptdsent @ an amount Z
_fourth conposition, wherein said first conposition is, .
leadlng rig §e};ﬂtloi WX afiéu mtheigm §%Hd da%&,ppdecé%ﬁ@gq ‘.thie(gq.op}g consisting of
lzlzlzp,r ?.Sl‘?ﬂﬁ, hﬁ:ﬁﬁ‘, @@Hﬁ‘,t 1>f’:1:§,agq\;\%@,' ﬁq:f;?,nﬁ’gs.%:g,' @ﬁ:1:§, 1:1:1:10 and
present’ i n an anount Y, ‘an erein sai ourth
0.5:1.5:@rPp Bsdftrably cash pf @s®e W, X, 1Y ,dhaersolented Zn h emddhorghéteaal composition
. ratio. of WX Y:Z wherein said ratiao is 1.1 :1:1.
is capablired 2grginG élcha%mceé AMETURP TRIPORSC 2EYPY ot FUE L Sy RESgPreferably
againdTRERG el NAbrodded, GOIRARLT LD sdrdtypaRalt & in TN WGhODcRbue virus
bal ariced i mmine response agai nst all four serotypes,
envelgpegiretcaf.y agai nst serotype- 1, serotype-2, serotype-3

serotype+4 of domain Il of the dengue vi.ru .
10012367 BB B TrR e Bhhioie Risshe G PER ik T composition
compriRe G FRdTerab lN@DnPIE@SEHH, (i) AVREE dodipoRition] @8 S se@dnddcomposition (iii)

~composition conprising, or preferably caonsisting of, '
a third gomppsitiopsandddndertth eempesition, avhseain prdd Esvhsempesiiden is present in
i L 1 hi C P4 (iy) : e
en amght W, Byt A RPRRR b MoyeRB0 8 st b i sompicon i
preserit fin & aowmtY Wind aihdrede sgid doaoheogipbbicion ii§ ppesesieint an Amount Z
.an anount X, said third conposition is present in_ an
leading i artioyt Y Ve PUFIIS RGP tH Ednfrs&irehly gaghsof said W, X, Y,
E . i-ng: .t i Y .
2 are ESET o L e TR Ui A0 Gy 8 1l B immun
resporsaiagdaigt aXl, fovy seotypes, pedfemblydagamstasavatypedl, sdratypsai skrotype-3 and

co ition is.capabl e of inducing a bhalanced i nmune
serotypesd g Aol Gebe BFMeur slips SBFIRRS RRSng e or abl y
(001309 DEilrthe € pREYFRA erdbodSRERL R GrésenSRK St IRErdviABH for a composition
serotype-4 of domamin Ill of the dengue virus envel ope

compniieg, e preferaplyorbBdiptingrofa (i arfirkleqongosftions @ aswbaoi qpsrrtosition (iii)

o i RSB ine b7 B BBRE U G0 T i prsen i

an amG@MPWS isditl 88condi donpdsisies 5 Pres @A Sh tan@nt Ki, kdid @hitd eédposition is
conposition, and (iv) a fourth conpositiaon, wherein

presend 4 ginf frpaynt chnpss Whitsin paid foudle wompREHOR b PRISCH insg gmount Z

leadin® 3§ 339&& PROKUE 700k RiP LS ?e{ﬁto. 5.3l ?ﬂ%%@&l@ea&g&fdsaid W, X, Y,

hird conposition is present 1n an anount Y, "an

Z arc whlested in 8 ahahnbothat fhid oompEsditior0is dapalie @ emtucing @balanced immune
anount Z # ading to aratio of WX Y:Z, wherein _said

resporysg agginptaalh foyr serofypeppgslaiably) 3gaist peropredi spropPs2yserotype-3 and

tyBE-8 FRbRGIEE b h@dRAP Sl BRleliRipdoteAposSi tion is
SeTo apabl e of induc?ngﬁg’béPancéﬁi? 0ne response agai nst
[00138] In & Huthes preddrygdesybalireérer thisl pyesagammsiticmeprotipefor b, composition

compigins gt quéragfy%gg%ﬁ&eg’%gggﬁg{ c?&tnﬁpo(éi__ti%n,o{ii) domBiy dohneion (iii)

a third composition, and (iv) a fourth composition, wherein said first composition is present in



[00132] In a further preferred enbodi nent the vacci ne
conposition conprises or preferably consists of a

w0 poogti3eenposi ti on, of a second conposition, OPCHEPINY/G54856
conposition and of a fourtdpconposition, (i) wherein

sai St ¢ osition i.s a conposition of the, . e
an amppnfaWp .S Semgp ©mposition 188W§%ngﬁfl|a§@r‘1‘%%nﬁ?lf1§@§d gemposition is

preserR iR f & Qfﬁ&}/ntc‘p NS LhdeRin SHEQ Poatmogﬂaom(lbh )15 %&Eﬁ' # Shfhount Z
second conposition is a conposition of i nventi on,

leadingte p gitip efaVIX deAgwheraint sagb_mtlo ombrl: s2% Pmefembéf @phbtfyald W, XY,

i st in.said third ..

2 are ST 1 ShroRe oS EOrbl SREE o0 el ¢ hinesg mmune
b

resporgs];@la aldg[b%ufﬁgagé?rb@gﬁsd ‘i)@émlr(l V)abl\?fheigraglfs% Eﬁslrgi{ygé-@o%?f?tﬁf@ml §drétype-3 and

serotyperthed pnn@hﬂigﬂ%ed@nﬁeynv$@ﬁwhmGWW§emd%ent|on wher ei n

D B

consispy ef erfireidcanfagiione ot at fteontacepesitiumnypdsi ﬂmdrbommmoagsm of a
or preferably consists of a first conpositiqgn, of a

fourths eQrpRRItIOBMPDSVRSTER, Saist TSt GITRPSEIOAPIS ST EPBRAOSIERR 0bithg invention,
[ t

vvhelreI Ipéég& Eg% ggﬁt? é[oln&)o r{shg ﬁ”@'\@/f&eﬁéﬂjy 3&is §; éf{; §]§]Q ggﬁg@%l tlﬁrbvherem

said stemdt conmsan gen caipbsisen of ahe Ilmtlomnwh&emosvdd dengue antigen

attachnent site conprjse ref.era con |st
compigietsof B3 copriy iR N GEL B R oG Rt eiPnagition is a
compditfANTARS Iﬂv@ﬁh&ﬂ‘ whbgid &ye Héﬂg‘ﬂ@ anﬁi‘é@lrc%hfbrﬁé‘é & pRbfel®BBEonsists of
one antigen with said at | east one second attachnent
SEQ 1§) N&: %r@dl(sésvltwelp rselﬂépaltﬂn pomposiion & oeorgEGitioD *ahe Syvention,
mhere sai d ird i tion '_ion
wherely i QARG P caineied P PETRABl CRSab bR TRRG e ¥ seQ D
}«)3ymth said at | east one second attachnment site
nprises or preferably consists of SEQ |ID NGO 28; and
[0013%]| Isyl)a {ee preferzadiernbadimpntcBepyacding eempaesitpncenmpsEscs ppprcferably
r e t
consify of, i lon, SERLRLIS Bifip@icrhT s, A8, HMIRAERB, and of «
fourthC@)"ﬂi}fdsSﬁ)&i o) whetiaraid firgoasigisiionf is SEQMPodN@B bf the invention,
In one enbodinent, the present invention i
Wherem %Nﬁ? a%ekea%t t}?@t%aerbwﬁhrﬁamtd@a%ﬁn? AeAPRE aftadppes eitg gomprises or
i
preferﬁl?? cggsqﬁg Efe sj\;PrI?sNyf'@s giﬁggf;igrgﬁf §atr55 %egpfé@)l:/%gﬁoﬁtﬁ&{ s an00|1:'np051t10n
of thesevattippewBeraimdsas notcygennd annlgmammw wid atnieadting gecond attachment

adm ni st er|j to th a.therapeutically o
ste cIF S PR HTHbREOTBI Tt R AU 2 it ORGP S g Formposition i
a comPbSfic SothY 11GRARHS tvatlcR@n Qfid af lehst%n%'ahﬁﬁetﬁ@ﬁp Qsititat RBst one second
ii) a second composition, (iii) a thrrd conposition,

attachepent gitey Jorapriisstiror preforabbs Farisots oﬁ\ﬁEQeIDm NQi28: #id §iv) wherein said

cO 0sition S a Vi r us- t
fourthi QR kPR 8 SREpESHRT AT e Rusoronbbeth B84 4l Fah i ffieen witn
said aﬁl'e&s% ofd16bcahd h@ahincaNgtcdpdiees oM réfcably @asists TS EEEMPND:31.
attachnment site, wherein said at | east one antuggn IS
[00134] Ineng sanbadimeyenibe RESFEi RENtOR PERddsramriiod o #1denggn immune
I S I t
respon%g to a&le Vaﬁ;ﬁgaén Ellriivdeflt ﬂ(l)lggie%%ﬁ Vg*gs %Eoeﬁl@l{agaglg)%éélt eE \((:)Fr u@eql ¢ virus of
serotypel Qiey‘@@pe- , scadtsiparB Gﬁ& sasroey@ed i @aondale ONPOISingi almifisicying to the
connrls s a ver FIr[lke partlcle of an RNA
said magupgd ﬁﬁﬁ?}’élcﬁ X Rifegtive ggouniypfdhe composiiqreqipritings jof greferably

consm?ﬁ% &t (i l([ggefﬁgt QAR osiHibh gﬁ‘ﬁﬁ a‘%édﬂd%torﬂpgﬁﬁBn g@l@ ast%ﬁﬁ'%gmposmon and

tachment site, wher’ sald at l|east antigenis
(iv) a ﬁolmthrt@umoamlbngwheremrqard Bishgompusitpmeferaiyirisec ongustikngarticle of

o B RO S Bt T o vt

least one second attachrnent site, wherein said at least one antigen is a dengue antigen




serotype-2; and wherein said third conposition (iii)
conprises a virus-like particle of an RNA

whawbasizophage with at | east one first attachneCt/EBI008054856
and at | east one antigen w4th-at | east one second

attachne wherej.n said at. | east_on ant|
COMPIESILa (PG WES Qﬁﬂ g‘iéWSlé"d%P* & ff‘@St Hﬂm&ne% @%%Pgd%ﬁgl ﬁt‘?fjﬁée dengue
virus Q:flvel@ﬁe | 8@sth @o%Ttd Rndud il &f s%%bfl lddd Qfheldd® said second
dengue virus envel ope protein E of dengue virus of
compaséiant (1P esoBpriaerda wires-dike pedictc 6Oam 1Rle?s dapogoptiage With/yt least one

onprises a virus-like parti of, an RNA . .
first o SH0ienT S g R o TR b B i B S cngpeny s wherein
said aBREstnel BASEN BEI@BUL AR dotnpHsige 88 brePiebI§ SRSt ing of, at least

attachnment site, wherein said at |least one antigen iIs

positien degAeofalonage HI ob ik feieng vitys cprelpre pistsin Eopls i dengug virus of
serotyﬁé-Q Q&ed \\%iﬁ%%lgl sgﬁd\sl%lfrd%gm P§1 or? amg; r?&rg%%gn Itlée 11\%2 Ipzuli]%le of an RNA

bacteﬁ@h@g@w&h 4t leaﬁtd)n\eﬁfﬁﬁt@lttaclﬁﬁerd sitt latid at icke opanhtigdrewithfat least one
an RNA bact eriophage and said at | east one antjgen of

sccong gHgrhaiens st herar S@ér%é%aﬁ& PREnANtigaN ds 3 delg antigen comprising, or
d

prefer&lﬁg%glzéll%tli nrbfaﬁtgl'e t:[]) ?[g?gﬁdf;daolﬂglltgpﬁj log gﬂset defn%h'é ?ﬁ‘us envelope

protelm iEcbfslaiedgm Vlhesasﬂsemtlﬁaesb aod dvlmtdnasmdnﬁrm“chsaohmos{tﬁﬁ 185 komprises

prefe i ment resent iny
o Vi g aRRE S Bf 55 RBBLTPdiet ST HERRY ey S fackpent site and at
least on@FRASE VAR at fehét)on@ s§&%@'&ﬁa&9ﬁ%@§ité A rdih kil aflcaltidrd antigen is
conposi tion, d (iv) a fourth composition, wherein

a dengwi atiferr s@mpmmg;snrmr@fnrably) cansipng ebsit {cayt posttionud td 9%k ef domain

oy Sl SRR SR T el R 08 whron i
virus-RRd pdrities of aRINADBLtRobRARaME s & Wé@%tl@&ﬁopéacmlf Said first
reconbi nant coat protelns havi ng, preferab

I
compesgingl, said aeropfl compesitien. naiddbird cg@mﬁetwna@ag%ﬁouﬁb COmpPsition are
hnked%ﬁ% gﬁ)sh@ a’g'lea %ﬂe \Pﬁlsg a%’i] Daid %J[ gait oiﬁ %ec%ha %&mgt Si J[ ! e s
I ne resi ue an erein sai sine resi
[0013Pfnt aOpresiod Emb@cnbienanthecp@tsemrmtzaumn pruvided) foat a cornposition

| east. one antigen with at | ast one second attachnent
Comp%sl%z ) BT EPRPQYTion. At ¢ 8xep G%P%th%éﬁ) # S q@agiigon, and (iv)

n i
o BB UAMR 4 (0 SN AP SRS e o
RNA bictdrepdtgcoQp vaitht atgeast Wlet firss aftathaicnt @&s twvhoreén sed oirds-like particle
attachnment site further conprises a |linker, wherein
of RNAj baqt¢wéagec&ﬁ)rq0§@§18@apae SECB9ER a@(toarebm@m cogf tmotemﬁdhavmg,
preferm Shsq%&ng therhlﬁ?{lo das%il?e%lcg%lf gettfgrtﬁ he S Ois} f\rlld]ij Whereln
pepti rein sat

said fﬁamdhraéﬁta@%rrerat lysint &3691@eaa1ﬁiy€vhaieﬂlesaﬁ(e$ysdua6‘1;esﬁﬁﬁ is part of said
wherein said cysteine residue is artificially add

recomgntgnst @ﬁq@l@aﬁné (b) gtdeashoncatigemvitgiat @amépwnésaﬂ@ﬁhrﬁem site,
Whereﬁg'sﬂdsﬁclg ALLAS EFW% Sdi ué %ﬂg&h Ad whereln ?ald dbfl%/ue antigen

tero- bi unctlon cross |nker wher el n
cornpms domlﬁ‘b&ra:bljo ichbnnits b rQ dDOSO: 2|1| ke Iwhe&uSWHi at dewdt one antigen

in said se ond .conposi ii) .co i S .a L.
with e e gt SerOpf AftachBReTiRRAC bt é&P@ﬁﬁ%@? Eﬁlwrt Whbinaid linker
cornptllsee§§£1d @Eh%nti'a'ftﬁéhn"i’éntt N AR whet i saiMNBk&1iDaBéifted to the C-terminus

virus-like particle of RNA bacteri ophage Qb conpri ses

of saibagigsn bmway efememsphdamborngly azthep:tm$aeql sﬁg:oh@‘aitqr@ment site is a cysteine

remdug,etan(f ov?t&eﬁglpﬁoagﬁs%tﬁn%deildu%ﬁg Flg l%a CaéigF(gegrf(f ézsf%erelﬁ’ said first

attachﬁfehtaglmgyocﬁtésewitﬁ s@id YEbh@ aitesirlihe a8 dhiighed Re®Al-Bifunctional
| ysine residue is part of said reconbi nant coat

cross-bnl@ﬁrewherewefeﬁgbljatsalﬂé)@gqro-@pfgnqup]g@ﬁsa,‘jlmr as Sl\@d—gt and wherein
said sgch %fiZCgoﬁ]ﬁ?p%gltlg%g@E ame rf)%‘l?ﬁs (tgz a VILUS 01 flﬁ ogtallg cterlé)phage QB

antigen conprises, or preferably conS|sts of ,



SEQ I D NG 24, and wherein said at | east one antigen

with said at | east one second attachnment site further
weowpnsees a |inker, wherein said |inker conprPGEEPRaY 4856

second attachnent site, anddwherein said linker is

ociated to the C-term nus of said antigen of .
with %iﬁ@%@}ﬁ tea%halenm@r BMFCans4ld SBEGHKC BRTIAE m@%}l@%@rwph&ge
n
QB cdriprtgCYRE Bt et ol fitipah Wl SIS AME (FURESI Eqnsisting of. the
aminoadci dsdoente atSIsbtefoatﬁsn SEf H3 NG ﬂharﬁiawhiersmcxarwﬁmt bteechment site is a

ly51ne\mlz§té 15{ aglr ou%}l;@g é%l tygsglgq 1%:'51{4@? gﬁt,ﬁggtln(gj@ﬁ@[rggsﬂ?gl%lhgnt coat protein; and (b)

at least bRS %th%eﬁkﬁfh étsle§V8ﬁ& sRBAd WeRhglh: SRl qfhEII%hf &hid at least one antigen
conposition (iil) conprises (a) a virus-like particle
is a dg{guRNAtlgactaem\mlpﬂﬂagesa@dmguh aatigdneggnpronge, dri prsferably consists of,

seQ B NBFATER pBikyuCE Eihpi Bt o8 el REpechmen

site futBed caMipis8d Qﬁnﬁ&VWﬁ&elﬂaﬁf Biileh c¥mpAGSisaidl saeordlf attatMBent site, and
am no acid sequence as set forth in SEQID NO 1, and

wherejgh eilinkemisdassoqiated 4o thechrtemaings pe sjid @tlggls byevayesf eepeptide
r [ esi
bord, A0 AR BB el BB oI ) e P Con ey paid cymeine
residudig drtifitiallpaddedo med szﬁexeﬁpbaai fie bitmhincat §iR, asVAtited With aald second
at | east one antigen.is a dengue_antigen, and wherein

attachgigniy SléreHg%ghaﬁthegeé%befamqnélegroswmlﬁrew@fi@m prefenklysyad hetero-
blfuanlfonalSLllz'&s-l WW&&H s§1ﬂ' tﬁlrﬁt ohﬁ@sc‘ﬁl 1?73&1) comprises (a) a
antigen wt sa| 'east one secon fach e
Vlrus-fllklsr pha&lemfl’mﬂASlﬁSteaobhaglé app withestdedast sa¢ ﬁrdtlat’tkﬁfment site, wherein
mj’kl ses said second attachnent site, and wherein
said vigs-dike pAKISES @%Rh@s begteriaphagd Qﬁh@t@ﬂtSé@r ANPIQE Mre segognbinant coat

\é\@qzlrenc&:uas & 8rth in SEQ ID

protelns Ba\%ag al%rgfae\(/:\%%Yn% c?n51st1tn§ 0%p¥he armnto acld

econ a cystel ne
NO:1 V\é&ﬁf QihBresitis@id cyist attmnfeas iselgs laslysint i rtéigh@khy vafweﬁﬂl,sald lysine
‘and wherein said first attachmenf site associates wth
residug 4§ pRrt et s resP RERRE ARt rateing ‘Hf}do@i’Q;Ht least one antigen with at least one
| o GF rei I
second %&%ﬁhﬁneme frs%@ %llfleg%gt ; gdngtlslﬁ%grt Oogg %Fﬂlﬁ % e?d@r})%ﬁgnﬁgép ahd wherein
said dedpeeantiggadanprouas, ton peetaqablyi dongists (olfvSE(D $DANGO dﬁ‘pm&i whanin said at

least Q;;e @Q{t hlege%g)\éfelggalrlgﬁﬁj%ag?%es :ﬁ?ct%ﬁd a?tttaptggvgl{ us:!d \ethq,r (t‘aorntlplr?slese a linker,

Whereﬁi LA IR &nbfiseNGIes&ond Hrakhhbis- Sitd ean‘aa%h&ll@ S8 hnker is
NA bact eri ophage (b conprises one or fror e reconbi nant

assocmt@étto predi-irmsnusaf ismd anpger e wby gf omlsapmiﬁ hgndafwhetdm said second

d t. forth
attach G R B T PP L SRR D ey e,

and wRBRiGed irl Saélhdnt SithsdoBRtcdURith Sai@Abdondf at@dhdent site through a
recombi nant coat protein; and (b) at |east one antigen

hetero\nblﬁmcmnal ecaets-liker, seleseid rrefe #itl eitere-Difghetiasiah censp-dinker is
SMPI—T[El anccij %e%eé 084 ?rhtr%lgc‘;‘? Ogltlgng E%Uaeco%rl]t ?%?a of| ;edlggpnng % cornprlslng
(a) a Gfms-ﬁg@ph@cNbegﬁNﬁa%dct%@ﬂﬁg@ QRivdthadt 1c8@aSIncOft attachment site,
antigen with said at | east one second attachnment site
wherefny rsatwiervcmmbld(ase@tlalel oh kBNA Whetegpphagai @Bl icakiprises one or more
s said second chrrent Sit and. wher.
rocomBEUR FRETaIS HHLC8ePETUhIE GOrMeE plor i AOUDRCIE sqponce as sct
forth ATEEQ@ED NY: 1V8Yd YheRLsd®Bitdt dRa ARGt MRS L] g@m@ %sqldue and wherein
second attachnent site is a cysteine resi ' '
said 1mh@rre$1@huesla ipdrt ©f saieirere nrbersing oeat ipgoteint 41fdi (&) af ll@gst ad@l afigen with at
saldflr atta ann site assom tes w

n
least ongI s&c%ec%eclhaghmFrtltaSéﬁmg/n el e(%t (PNe ¢ antigen 1s a dengue anttlgen, and

wherehe gt odddigheingtipan abm9f1§t€s§ ok lpi&@fa,blylxl@&mm oy sEer &bl W0:30, and
sai d heterobifunctional cross-linker is SMPH.

wherepsy sidr #plegsteefich apfigesavih iaid pt lepst oRel, scetidr attaghment site further
fourth



conposition are present in equal anmpbunts. In a further

preferred enbodi nent, said first conposition is
wWee@gasizei n an anount W said second conposi t i BCI/EB2009/054856

present in an anmount X, sai4Pthird conposition is

resent in an armgg Y, and wherejn said f

comp és(';ﬁﬁolg}lﬁef o\ﬁhqrgmpﬁa er; iCAMPHSCS peoong att ?ﬁgentt §itg; and wherein

said 1nREd & Qisoyl\é‘?éd\‘cozthe V@-@é’rﬁﬁﬂhse@{cpal@fanﬁgéﬂj bg\/ %{y of‘l'ong peptlde bond,
ranges fromO0.1 to 10, preferably from nd

wherewheurdsasofdinttdsbmept efeds aloysteisacdsidk, sai ‘dhwm)sald\CysElne residue is

o I from,0.5 to 5 in ferably from,0.6
artificly g 6ict” AR, wRRef Rpidh PR aPleFinghe S gy, iy saig socond
attach%ﬁentzsﬁ@ﬂﬁ@@hf b A8t Do 7)1ﬁ1ﬁ’ctﬁ>n8], cw'sﬁflﬁlféllbkw)helfeﬁrp Mt@er8blyOsaid hetero-
3.2 nd wherein further preferab each of said

bifuncgional czr0$8ah1§@é i$ [SHARIG. Broferably 7cach radt saichbirs, $acend oth}ﬁrvdt and fourth
P
compehafy G bRl p RS O & dRokhnfednes ORIl io o

compdsiticth is PRt i AMnanh@unt AP.adaidesdebnd delupodgoraishae@ACRCN amount X,
i mune response against all four serotypes, preferably.
said tlg@cblcﬁ@po%‘réqtbgsyb@senj_ in 98 FRQLHE Y a@ewg@rylﬁesagd A¢wth composition is

presetﬁ?x{ Qﬁ é(rﬁ&gjf Zolfea(ﬂﬁg?dr {‘h dtiblof Q’t’ Cr egmn%ﬁ gé(él{&ifsa%”\‘»(ﬁgoﬁé? Z ranges

rotein In a er pre I nent
from (ﬁ il rtsth;:mfmably from 025 po ésemt wheremrfu&hmup‘tbfeWblﬁ aadh of said W, X,
secon osiition is ) in an amoupt X, .S
Y. Z B GO 61 B BT b 4ot Wt firther preferably

cach YNGEEIVA_Raivd 7 eUED AEAMBOSIH 4 Qn e?er%lgsf%ﬁl 0.9 t&3.2, and wherein
anount Z [eading to a ratio of WXV 2 Wherein $aid

furthey aterferabls cedl eCsaad W.rX¥:M, theangesolipmdch &i 20 prgfasfbly from 0.9 to 1.8,

furtnel iy i 2t0 124 oty ik 35 ot o0y g i fcted in

manné?rtﬁaft%ﬁibéo)(n@@ﬁbn% caRibe Winducing a haRhecdS@lBeice@spohs@against all
manner that said conposition is capable of inducing a

four wmtmed)rﬁ:ﬁwbbe ag@@ﬁoﬁ@etyagdb ristotyict2.f saiptypedoeypesrotype-4 of

@ I

dornalﬁ (gire @g td))élﬁ 105 %&%fogé %?(Ftlamo]? I?]h%[ %d%eﬁr% gefeﬁ?eec{ Q&X@cﬁm%nt said

first c@ﬂﬁp@shtﬁmﬂs @Jlf@;bﬁﬂ 1[1 ak.anloun@ W, $aidhsecorplr c@fnﬁfoﬁﬁdn esrp@sbnmnhn amount
said first conposition is pr esent in an amunt W said

X, saig it OERAIEET BiPEFONS NN i 28H WIFEIM AKX fowl gomposition is

preserftli‘ﬁ Ll A BIROS e% th% RESSERE XL 72 e Q&ld Yati®Rdelected from the
wherein said fourt corrp03|t|on I's present 1 n an

group ammistingo fllelthilnty 1t1o2,d : 1:at3i b: 10f:4M7: X106, 11 Inhet:ilri7, dali: 8, 1:1:1:9,

1R sdead Pisterstkndi ol SES o CoRpoptFo ¢ afner that said

comp&sﬁ%bisecagﬁbw R Yied R thgda B@hﬁé&eﬁmﬁﬁéu@@pdn@@ RENRE aemgfyun Strotypes,
four serotypes, preferably against serotype-

prefer@ldy mgypl@t ggrotypedt yspt@t@ea?n ety sty ped seuftynbehmil rdomalm @fl of the

denguf) r\’g}l% Fpsgegoepee\l%é%sr}g%e glgﬁ%ap Plie%eg{ela eS}P;?S&P?I%Sr?“f Erst composition is

preseri@ I8 S@Nimbihtaw, Q;ﬁi@luggcow cBBipdsifi6E A8 PrBONPRShd lafiduhtS X, said third
present in an anount said third conposition is,

COMPYHENSHPTISANtaR aRrasuANt Y apeh avhgreen s3id feythycqrapgsitipn is present in an

i dj

arnoutﬁ g&llné t(s\? %t% (%r \&\;’%x ?h&gglgglagggl(f&ttlo%s I1 ?al 1 rltq%#epabﬂl cach of said

W, X, m ef acableytedach minnsaitt Wid Xom¥osidomisecapeble eif éadicingsa balanced
manner that said cggp03|t|on IS ca bl e .of inducing a

immupg, | TS$POBYE gRHiHe 2l e briSEOTERFA] sE feraply pgtjpsts & ePYEds serotype-2,
serotygé &f feallof )aﬁg@bf?&m%ﬁrlﬁt é/fpcﬁe d%ngu%e\fn‘?fs}éﬁeelgpe ?I%'Eé?ﬁ ¥P8i 3 further
d serotype domal n the dengue virus
prefereedv enbpdimenit @id fiEst bmmppsﬁtumt Inserprq:smatf er redareodo dWresaid second
Ld first conpositi resent in an amount W sai

compQiagia PEBRIG T B OR 3 Bl gk Migfo Aogl i rhount Y, and

wherehmaﬁai SR #ds‘i’cﬁbﬂ & REQRSEN ah RnRNn@AOMing to 8%8kio of W:X:Y:Z,
wherein said fourth conposition is



present in an amount Z leading to a ratio of WX'Y: Z,

wherein said ratio is 1.1:1:20. Preferably each of
w@a00d/1261X, Y, Z are selected in a manner thatPGHEP2009/054856

conposition is capable of —|4’Bd+JCI ng a bal anced i mmune

Whelrer es gat?lgégggt li)étGPrg lrabigg%ps éalﬁl \R’eg, gpr el s ¢ ge %d in a manner that
said c% p%aﬁeﬁ # Qefgagl‘é”@f Andukcln fgotl bdehcd@ NgHRuN Eééﬁoﬁ’s@V%a%ﬁ all four
protein E. urther preferred enbodi ment

Serotypés mrmcerpblefs’ﬂgamsii W@prr d)nserdztlmee eoseparspe-3 end (SCIWD’(PIGS‘Ile domain 111

of the( Id%{l%ue V{I’Hﬁt I,egxg Slé)fgﬁlt?gloﬁ( IIgn%%ﬁb%%ogdf 81%: .éclir%%nt said first

comp SRR Iphkdsems invidedngdunt SR @id §dcshd eOmMPestidd Br]préde)lt in an amount X,
conprises (a) a virus- l'ike particle of RNA

said thigd cempofiieye ARSS injanrregunt dasindowbereinr wid Sourdicperapasition is

prese Iﬁlean \Q'Hl% St! % %%g% Vﬂory 16 I%? ‘R’aj’(w' %l %vh%treul?%d atlo is 1.1:1:20.
Hact€ri op g ¢ r 55 one of” nore econbl naht

Preferalsigitea¢it of ﬁldl;W Jravyng ,ard)ieﬂﬁo@d‘dalbl YmEnns ItISEttISﬁ]l@ oofnpotlhen is capable
am no acid sequence as set forth in SEQID NO 19, and

of indhgEigep nbadanicad fimraynca fospeRedfeingt 1l faurasarqiypese nrefsrahlye against

seroty . B o S ReloR Tl Tt S Rihue viras envelope

proteimiEt h at | east one second attachnent site, wherein said

| east one anti en den ue antigen, and rein
100138 3, %) a s b Raime e (e Biea i oGt cqcdposition
COl’an@JeS (1§§@rit@oﬁ@o§§mn Emfia Whehe cOmpaditoRiiii) £a%l c@Hﬁ)osmon and (iv) a
antigen with said | east one second attachnment sit
fourthfczmmeltlouowbmemlchﬁrst ekepositipieigi eorgprisgs (#rdkeirus-like partlcle of

S attach t site, .and where
rNA SO A Ds SEER A ARat S50 PRl BlbrBini s WFegh . virus-tike
particRnéfi BBIA tb}{ct@ﬂ(\rplﬁge Q{I@Olemﬂlﬁ%e@@ﬂg orV&ﬁ&feefe@oﬁlﬁindnt coat proteins
second attachment site is a cysteine residue,
havingapseferahlyseandistiys okithream g agisesdqgensetas petchogth iy SE&b& NO:19, and
t e
Wheregpa?a dd’\@gsf_[: gﬁ%hﬁﬁi{] Le i3 %tlysghé %%{ahﬁrg gh% ﬁ\}htg%lt?ﬁ'?ﬁ&) ?}Lsﬁ{e I%Sl%é R part of
said rdteindimnbiday prit¢inyemld (by asisast binkattigemdrheit Meapr @feascaddyattachment

sai d hetero-bifunctjonal cross-linker i.s SMPH,
site, WhGEFRsHd %?%‘S%@@oﬁ’c‘llg% rﬁ)%éiFlﬂgUGrﬁmﬁgPl} g qr%%a@affenaue antigen
corner§e§ U&r ﬁ&}%??b@frcz)ﬁs%@ opfS bﬁ@tﬁr @mﬁelﬁpglg%t %atspoﬁé antlgen
['east one first attachnment site, ereln sai
with saidratdedst koee pamoni attechmicnRIside Barttee comphsgen WHRMD5wherein said linker
conpr.i,ses Qqn r r. reconbi nant. rotein )
comprigy R SCaprapmaR s B EnE it brid fiREe ibpiacialEf o the C-terminus
of sai® %?%H%@I vy SednelRplille bohdSHEReIR M& sckdnd ansthwRar ﬁ’cenls a cysteine
said fifst attachment site is a |ysine resi due and
residuphendiwhesein dsaid giysteincersisidue s sarpﬁcltallyjfadégql dand wherem said first

atach{Ef U8 SR Db SRl iond Mol e R o o Bipeciona

cross-Bhkdre@BércRNErcARELIY @ﬂdll&te@o%ﬁnﬁ&ﬁmammgsenmkeanﬁ SMPE,€ind wherein
sai d dengue antigen conprises, or preferabl X consi sts
said segond SEmPPTYRYIDFOMHRACS e P 1HS-dikie garsicle el dﬁéterlophage AP205

n I [

with a?&éra%ﬁcg& H\fls{ Qt}al%g{élgngl ﬁfﬁgttel % ngﬁsp ﬂﬂe ?%ﬁ]ﬁﬁ%ﬁ ﬁa%terlophage

AP20% osmpiise @ns ar dlosefeomﬂbmhhmdanpmtem K@mga petfsvhielly @onsisting of, the
sald linker is assom ated to the rm nus of said

armnoaemd[ FERCISY a\?\/é?} Bfth étthQeIP( N@el%aﬂ w H} $4l 1§sép‘aachment site 1s a
t

iSRRI ARENTI 28408 5 Sy Ay v

at leashnde witegeeiwitlsati least bnstecand attdvhmrnt gict wha@ﬂmau(hatelsastvlondn antigen

sai d second attach t te th h
is o QGG BOETT dRa T BROT i naie ptieh arabrise o5 Reelsrally gonsists of

SEQ IPANO: Juched RRblNGid ANadst 65 O0f3igeh MBI saldSat RMSHbncAd6ond attachment
wherein said third conposition (iii) conprises (a) a



virus-like particle of RNA bacteriophage AP205 with at

| east one first attachnent site, wherein said
wo200983026ke particle of RNA bacteri ophage AP20BCT/EP2009/054856

conprlses one or nore recoemi-nant coat protelns

site Fugtg\” S s(agg erf %rglrrlllssiﬁ%%%%r %&Ngtl?egggl r&f?éya@lilrﬁent site, and
whereﬁ?bﬂd flinkst is24SSGNPB RS R EQetrSinds by 84id ednﬁgecﬂ gYevANEf one peptide
wherein said lysine residue is part of sa

bond, vdweervisaidniccemhbttgphotcei sife Brad cyzsmﬁ)lnetreslt@astancb méscremt sgdreysteine

quith at. | d wh aji.

residuf 1Bt R Py BRGRE 4R BT AR el s SAFH G R socond

attachﬁ@hpl s&e ﬂﬁb‘t@%\loﬁltHe&@&bﬁQﬂMdnﬁB6ros@[1nl&rrefzv€h%1%m YrF&ablySiasd hetero-
of d wherein said at | east one

blfuncalﬁ%lalgcéﬂssmrﬂqqr sabMPEL and ydierein saidbisA ForPPSItAMEND compaises (a) a

Vlrus-fﬂy%g&{clec 8PH{N el?ac%r 8&39%@ Aﬁ%? ¥ ltlp ab %a‘gt 855] kﬁ:ij:st attachrnent site,
conpri ses sai s con ment site,

whereginisaid! vinkslikd paaRbOOIf aRWA bactédiephbed QKFBOSUSorﬁf)rlﬁal 6he or more
anti gen by way of one peptide bond, wherein said

recom&@@@haoaétw%elﬁﬁéwmgq P@fqrgbla copsiptinanet. ithes pring, acifh gequence as set

forth M’fsgi N':@'lg &MS‘\;J 06 ShRaSH tahﬁ’m@ﬂttsitg i€l g’ r@sqgi@edandhwherem

erein sald Irst attac site assoclates wt
said Lysaiedes dwoin gad ot aith m&m@tn‘tﬁmane C(bdh Ipm.tgh and (b) at least one antigen with at

het er o- |fu ctional cross-link wher ei n referably .
least QG o OB BRBIORPUG L et grdigghp dgpric antigen, and
where‘i’i‘h §£1§' dengad %ﬁg&{ LHmPASRO D thrORrdbly bohsdst@® 0EORROSIHI RD:27, and
he 1 nvention conprising (a) a virus-1iKke particle
vvhelfemc saﬂwatbb@stewneopmtm WirROB1dviat Heaat oheastominettdchment site further

compr%%ti\%clgg;teem @36?]18 gsgvéf' el %8%%%5\/%@ geﬁ:g{ug rattﬁ%{ntéein% ls{’?e Oafnd wherein
said 1nR60 P bdRBiktcd OBt thBr QR hMsushe® k@, anHE&T 85 abdyy of one peptide bond,
ConSIStkEE of, the anmino acid sequence as set forth in
wheregpRid 50 attaghmgpidsiighien eysicisaresiduer ad whergiareisnaysisinegesiduc is
r d e y e
artlﬁclaﬁy i aJk?’e‘aSal ?@(E:%ﬁlo s%fgn \Mgogt?a{cﬂm%ﬁﬂe%ltg ac‘ssgdlpqezté§ Sﬁ)lzlgﬁj saldS second
attachhﬁﬁs bited ﬂﬁ'm&g‘ht b geteravbifin@ionkhle asiss-tinlecr s adoreth @tdfaahllyesahd hetero-

site, rein said at | east. one antjgen is a dengue
blfumélﬁflﬁﬂgcéws- H\Tfﬁ w%\ﬁ%ﬂnarsdawaerswtﬂet%aﬁh |C@@HO%B%8V)5’§5& cogpposition
b
of thePPlRloAN o RIS gag% Oibus- REDIrR: NI HOBHEINAPIOS! with at
least aetfastateobhmesitt sétef whedasr sacbmpus-Blas patitle m RN A Whaetesophage AP205
said |inker conﬁ[zlses sgld second attafc nt site, pg]?l .
Compl’\}ﬁ’?é PBF AT BRI YTCPIRRIANG COaE ROSANS NG, HTeTHRLRY Goapisiing k. ge amino
acid s&ficHcaM dcORIMNY SHRY IDTNE@N9, RARL KIS kg%c{irsmﬁaﬁhéht%ﬁe & a lysine
second attachnment site is a cysteine residue, and
residupfaed e’vhtr@alsehdcly@ne irgsadueeis ipdtteofi gidaracpfbaiaat btyat adere; and (b) at

least 0&3.*‘8“%%%‘%}%@ g?fl% Cqﬁlﬁé%gongta%t% nei?lg%]é% : feréi 38 a?ie%gt ovl\fetarﬂtigen is
a denéi@ta@flgetb lah &l et did GERSR-dntiRkeEo myRE riprHeRbBI @kits of, SEQ
sai d heterabifunctional cross-Ilinker i s SMPH.

ID N@ﬁ%f@élﬁameyelééélﬁ ahflcastong qrtigen Withesaigid lcashornagsegeryl attachment site
0 r

furthe{ ggl%]hg?e%pa{rrg Rt \ex/gl reﬁ% ‘53'288 lﬁﬁtgpgos aﬁréseeg Usrg Sfit %eggrl['cgélﬁ%chh{%n? site, and

wherefit @8éninkemisaaysadimbdto e €athiaec ofdaid ampgai by avayl f one peptide

bond, ry;l%geggtsal: nnseggp ﬁ%a(rm uﬁ:ﬁn%leé sfgpﬁgdq,\%gs:tgég% %é)s ug,s:at S&{l]lﬁIl‘e?n said cysteine

residu€ mﬁbf‘allg\?d&eﬁ REER BB ﬁl@ﬂrsﬁgﬁéé'ﬂhlegt él{%aé@&&gatésowﬂh said second

rati o Z, wherein each of said
attachmengeise fhrowghDa ]hetemo-bﬁfpngmﬁb c@ies-Yinkarp mhOreRb praderdblyasadd hetero-

wherei n further e each, of. s
bifundaRgeeory BB s SRa: PESEHS ek by Tiborcend Fid and fourt
compd’snﬁ)n arRdpreb@r ahnedfulll hR8LNnKRY &f &r Akt PAFRTQ cBBLEINMAL, said first
X, Y, Z ranges fromO0.7 to 4.2, preferably fromO0.8 to

3.2, and wherein further



preferably each of said W X Y, Z ranges fromO0.9 to
2.7, preferably from0.9 to 1.8, further preferably

WO eawon®266 to 1.25. Preferably each of said WPOI/ER002054856
are sel ected in a manner thet—said conposition is

Eabl e of i.nduci n% V@f al apced rrrrune.r.esgonse agai nst

compaiijont 5 Fsge BApHEEoTS MLy WL ARG IE P GYgigeL Tydn amount X,

said tﬁ’r?([ 961%8851@0n $EPpREMR SR Inadifo e O dREw Aeren Q@dr%lﬁ“rhl Ldm@sition is
dengue virus envelope protéin E. In a further

preseqm mealeamemte%ﬂ@e@lmgma rateadfdWiXnsZ, eherposiath ohsdig W, X,Y, Z ranges

sent | no W. s [o]0) ion, i .
from @1 83 EviorotfraBy EHBYES . 8} iR A S HRE bk flp T said W, XY,
Z rangdd §%RMND 5118 2 AgANPTEralfly ﬁdlﬁ ey 438nar§iaxk/§er&€i%¥tﬂer preferably each
conposition is present in an anount Z | eadi ng to a

of said A¥Vi & %f Zwngey:fom Wikttt 3. seaferablatlromi®? seBestaad whesein further
preferlff SPHPRE NG LY. Prfesgion bidho 27 pbidgnig ibpd §og 8, further

preferdbl} fibnd 0.78n6 1 Q55Pkfdally SachRsfahey WHIXY Yo &cdre otlestad th Mnanner that

X, Y, Z are selected in a manner that said conposition
said qognoaitiap| & epablsdelkilrdicingnal bakensad i M FesERRRsagainst all four
seroty@@sagfb%ragllyl aggf?lgf se?@t i %pfe%t L Qf fe?%?%é’ 3343183t e -4 of omain II1
, serot se nd ser ot -4
of thajcdnmgue Virts ehvelbwee qbeo‘tgmeEwInus fennhml meﬁ:rmdoembasdlﬁentl rsaid first
further referred e odi said first conposition

Comp‘?sé“%‘rléé’é?ﬂe § 1 A8 AoHsh Y- Sy %ﬁ‘z&P’&d SQUOBORUbpBEicrt By gmount X,

said tREE6MpodiforR i ﬁr@ﬁ’éﬂﬂtm %n eﬁﬁ(‘)tﬁilt thi 4 @R@f@ﬁ’rséatld %hr’rhscomposmon is
present in an anmount Y, d wherein said fourt

presen¢ aurpo ginpitrY. ic@dpeds enatia nf AhXahgumtherin endicaiy Its@elacted from the

aroup Gy gy G Fait St 61 TG B Satact b gt

1:1:1: @RAREO. STINRD : 5S PdcEerCSINRAS ¢ il Ws Xcarpabdre s€lbctbd ﬁw;maﬂn@ that said
bal anced i mmune response agalnst al'l four ser ot ypes,

compqsiticieis 4spgble @AiinBicinges delppeed 1mm1§@rr@ﬁwée agaissgrad fpye sgotypes,
f iyl

prefer9 RENSE SR OO, bty R PERUE- Lol a1t of the

dengus &irdls thveddpeqaoasEt inanfiirtheppesertd antbodimamnpiaint fikdf ccslﬁpalsltlon is
second COTTpOSI tionis resent. in . an anount X, sai

present el RBAYESVe 581 PSORY SRBRPSITAN A DGR 81 agwant X, said third

I
compd R APt Atk cbnf STRAT ey (34 B GRE LR i prpsent in an
amountad leading td a tatio: & WEXK&f &y whérginesaahragb is &ildl: WPréfera‘b,ly é’ach of said
selected.in a manner that sai.d conposj.ti

W, x 3, ﬂrée%rteg AR ECTHYCE i P CREPPHHEM S tabals R én%gr%balanced

immuRd lredRHSc $85i85tY BR SfouPr RfRyRR! )pr@reﬁbrgstagﬁﬁrtoiséw@pe—l serotype-2,
serotype-2, serotype-3 and serotype-4 6f domain i of

serotypéré a@érsgméypr:r4 afdemsis| lbpef tbr: d@l@u@ xEruslenvelopmpmn E In a further

refe [e d e od' t sai 03|t ion i .

preferfic e hoSMeTE o5 s cofllior L8 erRETeBbeRou W said sccond

compcrsrteﬁler@tprdsentaﬁ aB ot X, sasd@ttirdt ddinffbsi€@AROFickdn@ih biS amount Y, and
present in an ampunt Y and wherein said fourth

wheregopaad $ourthy ﬁomgosrrmsemreseﬁt HhangBednt Z lpadeg fyaratigqof W:XY:Z,

where a%[’llrcg 3318 %ﬁ )eff lg? . r‘e e{bhso?ggldg\%’tv\;(o %‘ %vare ielected in a manner that

said csaeipesﬂned 1snceq)amanaie|rmddcﬁig aabaiarmeﬂpmmneorespmsea@bise all four
of in a. bal anced i nmune response_agai nst al|
Serotypes i@ Biy|ASa WSt 5Ty RY-ApteotiRRP O ERe-d @ aerotype-4 of domain II

d
of thetS %Eﬁ’%bép gu”gs eﬁ@él@ﬁey ﬁve n2R0 178 GhaRE- ﬁrepefrrfqg%ﬁ%)%hglleht, Qaid first

engue virus e ope protein E."[0013
compdsiticnhis preseetf i raneon@nid 3dj smehsecofd tdmepq)mtecse'rstpresreueimt danoamount X,

sid (7 pSPERRhr BERTOGT TP 15 4 AR Bp eI apmpositon is

preser@NE 4&d ¥nofnt Z leading to a ratio of W:X:Y:Z, wherein said ratio is 1.1:1:20.



fourth conposition, wherein said first conposition (i)
conprises (a) a virus-like particle of RNA
whawbasizcophage AP205 with at | east one first aPCHEPBN054856
site, wherein said virus-lH4e-particle of RNA
cterlo h 5 co rls one or npre reconbina
Prefere@gteaﬁl} g?(ﬂ?&’ ﬁgz}gné ar eéqcé B aym&%tﬁ‘g ithat; s?.[]& cgfnpotiﬁgn is capable
of 1n(ﬁiatfgoaal§dlz%c§§ GUERGR ASpSRk 5%%&1{5'9 din foﬂi{%elr@yﬁg p%&era%ﬂ)d against
wherein said first attachne siteis alySine resid
serotyperd, wehetypé-a, sam@p¢9smd@emeBmdb@f¢3nmaﬂH(ﬁﬁms@n@uevnusmn@bpe
conbi nant coat protein; and (b) at |east one antigen
P““mvfﬁh at | east one second attachment site, wherein said
[00137 Inl @asirthRNEprafiredefmbsdiMcrte BYUBe aprs@ Ninvatbn\WiBE eddmposition
sai d dengue antigen with said second attachnent site
comprgsshph i SBs, cogpoptien.diap Bgﬁoed; rempesitiert (i sEhindmoNpoggon, and (iv) a
fourth%%{p?sﬁlloﬁa{v er%%cs%ncg ﬁ%tt é H1 go eérl% éﬁs& ¢ r@se-hke particle of
and- Wher el sal u

RNA dhétediophiagd |AP28d dedl aam@hswhﬁﬂ’ Eirdl mcldnéntrﬁﬁe azhmﬁh gEdtvirus-like
site associates with said second attachnment site
pamel@h?foﬁa% RagteHiNhgen iFRANe L FURIISCE 0BS V| PRlgefeCORhgARY foat proteins

havm% %_If%ra@w 0\;\]?1 #% BeLR! gﬁinfo%ﬁfé gﬂéﬂce% gétsfol't?rﬂf 8EQ ) NO:19, and
d erern’said second conposition 1)
whereoosapd fisse stt{chineat Mier i s-liysihergsaiut iaoll evhefeiiRiAd lysine residue 1 1s part of

wid PR SR P e ob Sleeh B S i SN chmen

site, WARALLEAIARNRAS SM2HRiLRTPL IdERScONEIOH, a%rv@heﬁrﬁﬁ%%' dfé%@ﬁe antigen
coat proteins having, preferably consi sting of

with sand seccadi attasbopgrinsite aompeisest @xrtmefembSEQonﬁBtN@f _S@Q dRdNO:33,

whereghs&u(g%egpgaf P\tgascgplgn‘i s>}ta Itl%g%?sgglg% aeéﬁcfug %[]éir\flh 1nssg%acystsemdeurgsidue is
artificlalGORdcaad CR@treR QL FirstafghchMkn@lsitt eaSscifbEe ik | RN second
with at | east one second attachnent site, wherein said

attachgpeny siggs threwgh arhcicgemifuactiondl prpselinkrri gharcimneomblyesaid hetero-
blﬁmc‘?lghﬁ c‘ij(gsggﬂﬁeraﬁtgl\q el" \g%cf gxhg%%ns?as geocgﬁd %@%&$@%)?Xﬁrlses (a) a

v1rus-mtte peitisles af d{NACbHatbr@phzﬂgehmPIOS siitle at deadt oystfaknettachment site,
resi due, and mhergzn saj d gystelne residue is
Whereg} siifi ¥iray-like Radiels oAnANGhSrErirnbagy AF309t compriteAnee or more

o8, 857 0 St SRS ST s o o

forth mr&i?Qsﬂa kNCy 18 2ind Wietrein caidi firstnagtaclonent sae @ss Hisinekesiduesand wherein
d wherein.,said.,third conpositio

said ly idygis S 1pant 1 tleas)t one antigen with at
B P of 97 Ferembiet poaf prar B e

least dRCIB51ORPRBRAPZRO Wittt 8did lhe RSkt &féeanftﬂgéﬁitis AldbRGRMBRen, and
site, wherein said virus-like particle of

wherehastidr danghagetiasp o6thc swpricsend etechorentroite cm@mmbs» nempreferably

. CO IS ,havi n ref era consi,sting of, the .
consisf B, S G ol riin PEE S PRI ¥ gty gniue, and
whercWhedigi dyseaictrebidustis attifagdiveRddedi bed ivwhodeih Ysald Eirst @stabliBent site

and wherein sald lysine residue is part of said

associpteg owlbh it seewd phasheicht sgpdthfaghas hateretbiBmetions i geys-linker,
e PR S SRS i U BT e

comp@aiicdl dﬁ)’lgbﬁﬁpr&eﬁﬁsl(@)‘.‘ﬁ vitusHiks apatitide o RN At baganiophigeSAP205 with at

rises, or preferaply. onS|sts of, S
least Qm Ha %tag%mantssgeowgerﬁﬂ Wewy kg pasticlg é%&étbépﬁeophage AP205
compri &8 bHL B nﬁ?@re‘é@ﬁﬁﬁﬂaﬂt &At aﬁ@é{% ﬁ‘é\n@% é’??%l%gﬁ’ dodsistin h%’refr’l tthe amino

artificially added, and erein sa attac
acid s&lLteecea&SSS@C foatheis SEQ D $N0:dl9 samdowitbrah tsaid Hiretrettashrhent site is a lysine

t hr a hetero-bi function Lross-1i ker, wherein
residu; A STEH ) S O REE &Y GG MUACY] BHo coBrBGD] FHRGFOE: and (b) a
least onVRkkig@NitMALI8t NS 3bcbnt QUAEHIM GO RO HA QR sditi 4} 1daSt Ghe antigen is
conp03|t|on of the invention conprising (a) a

virus-1like



particle of RNA bacteriophage AP205 with at | east one
first attachment site, wherein said virus-1like

w@arwiaizelr of RNA bact eri ophage AP205 conpri seSPONEPIINY/054856
nore reconbi nant coat proteihs having, preferably
consi sting of, .the amnpo acid se enc%Vas set forth

a dengpes anHeege 2nfy whepgin \jaKth depguea ppfigan, vith, paid SoReuK agmhénent site

compris SrpYSEABLY &R IHR AN WG!35, Sabid ¥l BRoh@alflifnchPsitc is o
art of sai r econbi nant coat pr ot ei n, )

cystelnee@stdugmeldazvhelrge saidicybteimt résedistis @rte“lowb'cadde@tandwhm said first
mhere sai d at an en, s denque, . .
attachFigh i A ik iR i et h P dnt el B bifunctional
cross-GRIERNFhatindSl Ry Shill hckEMifub&PonaLEroRy-BAIE aDKYIPH, and wherein
consists of, SEQ 1D NO 36, wherein said second
said fourthn comentition {is) |1%a§0@3p9§1é1pﬁ @frthe jigation semptisingi(a) a virus-like
pric SRR RACLE AR, U804 LI A 8- g whrsin i

virus-Blgd glarsielcosftiR AAL Bﬁchﬂ’ﬁl]ihagd A@20hrcotphisé one or more recombinant coat
het er.o- bi f unct i onal cross linker, wherein preferably
proteigg haying tREpiSTARY GARNStBAAT. eoxBinp; aekk pequsnagyprpet forth in SEQ ID
NO: léorﬁl eﬁﬁgjef)ﬁ £26 1 Qf arBhfledd Gifls 1s ﬁ%ﬁ{édre {08 rfld erger n sald lysine
Pour conposi tion are present equal amounts. TN
residuf uy pdreof m@f@nn&maetmmd ipragein; arsia(bol af leasttonc anpgei with rat least one
resent.in an amount W said second osi tion
secon, BHRICH it iV RGO ROt LS4 A0 HAT R b ST G g, and wherein
said d@ﬁﬁt%eiﬂtlgeﬂ vAth 31BWBEonY: atBRAMKKIEGR! ébn%ﬁisgs fRUIERrably consists of,
onposition Iis present I n an anount leading to &
SEQ Iﬂ)aN(bS@fthe(n‘ﬁalz scopral ettachmauthsiiefis gadydteine tXsivue, and wherein said
.ranges fromo0.1 to , eferably from0.25 to.5, and :
cxstifBRERR ARG P bl ST e el Gt Bt with
said skeondestach@ntOsike theovph agRtcto-prfeh@ioalll yrobd-BARE, YheRin preferably
4.8, and wherein further referably each of said W

said hgterp- -bifinctingl crassdimker i SMPI. Prefosatdy epchopfysaid Bist, @e@)ntdothlrd and
fourthfogx?oglgiﬁré\éﬁ% rrgéoe%t B] %}51??51&&%1% grﬁ g?iel%f%e%%?&?r%d §@Bgd1%ﬁ(en9(8ald first
compdsitihn i yidsbetr inpmefnesuab W, faidsacOnd 501&1905]140’1515 presehemadil ymount X,

. h of said W X, Y, Z are selected, in a nner. that
said t%l&f QORI 15 Brﬁsqné 1 45 ARG FY »j aduwhsTginasaih foKthegomposition is
preserlt W%Bﬁﬁ@fé%&in@%h Ritfo @f* W @Uz @ﬁ&@f%@@ﬁ gf phgheral! ¥ ranges
agal nst serotype- 1, serotype-2, serotype-3 and
from & &t §;peefdradly foemdild tbls, and whbnem{iartgu@mferahﬂ;y enhelfcpd W, XY,

2 rands i B e e ni e SRR 9 S SOUTOR e proferably cach

of sa1§ QVOKdY C2MRRs AR 015 tdPh S §RlferBlyafod PIRE 3%, a%é'v%erem further
hird conposition is present in an anount Y, and

prefer@bie ﬁmlhofs@uﬁ\’\f ouUrY i cangpofpm G to 8. 7pp®£@mlwfmnaﬁ 9 to 1.8, further

prefer?%rag/) Ilfmt 73 E? i (,25 ]are?eir% {%%cgl %ﬁsgtng% g(z é a\ﬁrﬁgélg?tre]d in‘a gnanner that
said cbimboditibn b daplbl% ofl: nidu];mg, albalatﬂceé imbndiel rd3 orﬂselag"an@t all four
1:1:1:7, 1. 1:1:1:9, 1:1:1 10and0515
serotyppse PetfarBbly aéa@ﬁt BROPG-d WODDY2, FrefyRe-4 @nd ety pert <af domain III
I i f
of th{gﬁgﬁf (had rmerﬁﬁéel eg?%%%zlehagg | aln ?Fﬁﬁeﬁaﬁ’ljfe%n%d LROYEAGE, Raid first
compsitiont iy @E@amf iafaar aldunt Fgadaitssecord 0dyipesitidn isgeeRhy ipean?amount X,

serotype-3 and serotype-4 of domain engue
said thir¢ GRMBPNHEPH PSP il RNERMQUAt & s 4iids Wé?relﬁr @NL ?%81 composition is
preserf ol laﬁliﬁﬂﬁt Z E%Hﬁiléftb ra%ﬁtl& 8rMex: ‘{”Zo W HeRiP 548 ?zmo ise@bted from the

anount said cond conposition is present in an
groupanmustmg»flshﬂ d, thilr2 lchﬂrﬁoi;]ltll énl:i3: Sprlelshﬁil ild:an:1:1:8, 1:1:1:9,

d t :
A B 4 S SRS e i
compdk'ﬁﬁfneis rba%%l@’ of #duRirgSa balknded LimrRiRf RERIkY agﬁﬁﬁ Of foddisétotypes,
are selected in a manner that sard

conp05|t|on i s capabl e of inducing a bal anced



i mmune response against all four serotypes, preferably

agai nst serotype- 1, serotype-2, serotype-3 and
waeotisypet 4 of domain 111 of the dengue virus PCWEPPE054856

proteln E. In a further pref$erred enbodi ment, said

irst conpositiqn is present in nmount ajd .
prefer%@z FEAELAPBYPET oﬁeﬁog%ﬁr%ésmn%? 3 a%ﬁmﬁme\'}? of dlgmgin 111 of the
denguE hidd e ﬁ%ﬂ}?r&eﬁpﬂ B PHEGEPPrebdr@tndHRMRNL Ysai Bt composition is
wherein said fourth conposition is present in an
Presend I Lamt alzoﬂnéan, mgldt gecand @pimposifioViXpyesznt inhar ennusfaP(d said third
each

i f
compdstierdis rRsstisinin i dad Yer oy il REE Pui® i Sriastiiariis Bresent in an

amourtIPRBAIAG @b a irRUET WIX & :PalvBaeRGsaidNBSs 1 @SIPDNEEfABR} &th of said
all four serotypes, preferably agai nst serotype- 1,

W, X Jerotrgpelegted Jepangrmer Hapmid §em@@§1p@n 15 epablewdiipducing wbalanced
u usg; e I f
1rnrnu1%ér'] glesga%ﬂ& %é%%gt dglrlm%:@ S%Po? 1 &32 G%E%og?lﬁ?toggr|8@sg'l’ serotype-2,
serotyp¢-8 s tseiotyp@id afrdorainWI @fahd dsggendrus @ipelspd prtein E. In a further
present in an ampunt X, said third conposition is

preferﬁﬁeg@h?dlnwntarﬁa%uﬁt COMPQFHIPT e PESSANts BT @nf ey W, said sccond
connSREE 1 J S BRSROS, LA RO En LRI o Y.
whereRr efie falothy ceapdsitafn saprdscly inXary, amZ)uatr 2 ls®liecteed ratio af W:X:Y:Z,
manner that said c sition.is l ¢ of indu a
wherefE i gl o hae: PEGBONG & <ioh ek NGBV Gue sPGE o manner tht
said ositeh! ¥ agabrsbf %&I&hﬁgp@ balanc%@rlﬁirﬂlﬁ% ?esp&?s%%@éﬁ%i 31 four
and serotype-4 of domain of dengue virus
Smobpﬁwehﬁbebbwwﬁewh&£DW®@®18%qum2aﬁﬂ@ﬂpﬁéanBGDEWﬁerfdmnmnIH
of the ﬁﬁg Ieggg*as( %glvegol?e qu g’iglgﬁ,pgg?/a(e | 196@‘ Pre?eng% é%g% rnent said first
comp@s@mols ipdseht il dnl gmunt W\ Qi EBASG béﬂnpdﬂsltlc&ﬂﬂ dreséht # an amount X,
fourth conposition, wherein said first conposition (i)
said thighgempestigrp)s progint us -anj ooy rY.i aidewbgrernggid fourth composition is
t g P Ie e f 14 n
s S WHR0E0D. A58 108 18280002 S i AR 1210

Preferbisigteect of¥aae, XP20B acosepoctegias aomnnef thangagd ascﬁﬁpmbiomam tapable of
coat roteins haV|ng preferably con5|st|n%
induciggiarkslaere By eFEROTMS agupstiad ioHT PHORRS: PISTRiEh! Y@alnéwrotype-

I, serdgﬁ%r f's@r ed3 Ilﬂ(f &Fotgj?é @%@H&B nsﬂlto% thesdéhg{é%/ § s ed{vgﬁ)'pg &5?0tem E.

wherel'n said ne resi ue is part
[00138]e1¢mo abfurthet of@tredr @n‘mdnmeﬂm of (thy priesdneaimyeroive, aht i cgmnposmon
ane second g@tachnent erein .sa

L.te
compries E%3§F5t§ﬂﬁlpaﬂ{1?@éﬁ)  §ccqnd copRsition G 1k thitg fampRaFan. rfmd (iv) a

fourthsél‘)lnq;ogﬁfﬁﬁ UK h&Rln Qﬁd‘ fivdt teBmpalitlo$ 9 omn@ﬁ@mr@oﬁu@lk@pamcle of
onprises, or preferably consists of

RNA \hhqﬁmphagalﬁcPZ@é cwitlel ad l¢asic e hirst satttaehm@ltasﬂcy svﬁlelrene sald virus-like

. resj , .and .wher ei id cystei ne resi
partic et Gy SANEioHGES PR anEES o8 o TP Robfpingnnaps proteins
having ipr &cRBEO0EInsisEsg Wf, it Saind SRCQQJertttag GBNBRh i8ISEE 1D NO:19, and
through a hetero- blfunctlonal cross-1linker, wherein

wherepy wid Figsh pijachaicat ity is adpiipurretdue aad whersss said hysgie regidue is part of
said re%M?l@inaﬁpgo F’Efoteqh nan%a(bfat‘;‘lga%? Qﬁlei gnqg%ﬁ %\}fnth::ﬂ%xeagf 61)6 second attachment

site, V\bﬁfﬁue saud mh &gst GR24igen tiha albnguea@hgan emﬁ [ WI&TrelﬁtshﬂCdmgmé antigen

%%i ﬁgereln said virus-|ike % of
with $9id Se6qngpHEAGEMERD ik COMBFisLe OT omfe E errS‘PESl?té GnpibudP NO:33,
wherefP@ld Eceﬁ(? iR hRRNE §Q-is RE %t&h@?ési/du%oﬁﬁf @Bér@ﬁi sgfd c]?%{%ﬁlaenrgmdue is

am no acid sequence as set forth
artificisflgr eddedsaind fvhesin amtdaﬁlmtemﬂtachntet |S£te aaslsqcaattase wigs i sdide second

kB0, RSB L e ool i, (8, oLt o St it
bifundfohd) RbssligRket isWNPEE RN A haltPEdEBRbnS cb@p oé’l\{"@{ ghtodihres (a) a

at | east one antigen is a dengue antlgen



wherei n said dengue antigen with said second

attachnment site conprises, or preferably consists of,
WEEHQMD2MO, 34, wherein said second attachment BCT/BP1089/654856

cystei ne residue, and wherein-said cysteine residue is

vinus-§i goslber B8 GeleoRhisy SBabnaY Mt EadiBANS LI asehment sitc,

wherel rsQngOur@s het %ﬁlc@ ot RO BR ter§ %? e | Apesr €0 {81 bhe or more
preferably said hetero-bifunctional cross-linker is

recomBiiak, ceah @rathies diamingapgfarably d:ous;squ@of, ithan ammq 901(1 sequence as sct

forth {§ SRR I3 ST A TR dbst e o PR B A0 11 Biing resid g herein

said lySide@esitVelk @b of il radoimbindnt kéut PAFtEin CAR] ) a Mt one antigen with at
bact eri ophage AP205 conpri ses one or nore reconbi nant

least apsaccondotichicpiavicnyheisiresaid ablopstcanesingigemds vflengugeantigen, and
where é‘{%@ %%' ge Ga%ﬂ#?tgt%qit tss%@ﬁgecéfd' %éhrllmeﬁﬁglt% co%éls%gs?tgggferably

consisaelf, \SEEY & rN(S Bud whysimeaid %&dildeatﬂaehrpa{ttsn@fls aajydteine residue, and
recambi nant coat protein; and (b) at |east one anti

whereyy s4d gystemgsicsidhe s erdfiraalbt addednand vgh@zf@n Sl Flgst rﬁt@ghraent site

assoc1%s l\%‘;{; tsafﬂq%e@d?ltd' gﬁé}hh% sﬂ@n&% g %}ﬁﬁ edrB‘ss-hnker
engue anti gen mnt sal d se attac ment sSit

whereunpmfembis saod hpteed- bnfmtmltlyna:iocrrsa;sslmﬂ(eoﬁs SSH, Bld\l@heﬁﬁl said third

wher ej.n sai d.second attachnent sit c |ne
compFETGIB) SIS AR of e TRt 96 UG Bigteriobiact AP205 with at
least &fetﬂrgﬂ Sla@hh¥nddde@dne@Pdsath 7@l Ak S pdrflc kot SﬁNﬁtﬂaé‘{éﬂﬁﬁmge AP205
te associates with said second attachment sit
Compmsl@s ounglhr smohetespmbiviafituerat poteins baross plrfrfﬁmbl'y cqmsnem@ of, the amino

ocid SO Bkt R B P S000r PR BB oFHTBR DB ST i v

residué QAR GtickdiRRaidf Iysing résiuR N/E@ﬂ STOSRT t&bﬂﬂm(aﬁﬁ céut protein; and (b) at
virus-like particle of RNA bacteriophage AP205 with at

least ang astigegnwith jaf ksast e seqond ptadinent sifhevherqin i @t least one antigen is
a denghé Lﬁ%tlgéﬁ( Caldf Rx}he%u? 591 d %I\%agﬁt?é ?g galé\Ps%Qg)nd attachment site
onpr es one rec I Na

compﬂimyldﬁg)refbﬂ’aefyecfoablbt)s otf CSE(D $IDIN© 3)3‘, ,wHeh:@n w”fdi @@oﬁd: Iaﬂlachrnent site is a
quence as set forth in SEQ NG, and mhg rein.

CYStel%f‘aYeéldflP’r VISR SR T StEing ées@wals Pgﬁgﬁce?élwaéiél?w@ Affigrein said first

attachMagf Sit %oé’] a%bﬁtelsyv%itﬁ] %al’(de§écgfﬂda Jﬁc&k?@éntt sAE tﬁﬁiu%h a heterQ bifunctional

reconnl nant coat proteln; b | east “one ant| gen

cross-ilmltdn wheremamtcfopabdy saddmbraﬂotfancttimal CroBs- br,lkemmte S®&RH,saiddwherein

| east one tégen IS a.den ue anti and wher ei

said. 18y CHRRRTOMAL! Gon SHIPROILAN &1 dBe SRPnHo? ReRRENAEdpt & virus-like

particR WPRNAEBact@lopRA&S AP YifonSlesd: on@ffirstSdchReNiR! wherein said
wherei n said second attachnent site is a cysteine

virus-hles paitiele einBNAheratéropbagad APY8S eomprisesomiuer ore recombinant coat

cia erein said first
proteifl] i€ fkicoie S Rk S a “Rid sl ALIFIORR M sEQ 1D
NO:19, indugherainh&di @ st ithaumaEdtofRl isCd OSsrel #eBiias andiiceéin said lysine
preferably said hetero-bifunctional cross-linker is
residugigopprt pf wid FespMmpinaaE poabProfeindard (bt leg cmg @ntigey With ahlpast one
r
seconﬁ %H{u% 'Pne%?%’ lerzlﬁéé e%{)dg%}plegssf Rk a'nﬂ%e%?ﬁ @&%%ﬁ el Lhnlﬂswherem
said dpﬁ@&ea‘ﬂtlglem vafh gaio wbtond/ atﬁlahlﬂelﬁ&ﬁmnd)nﬁmmp@&rtpref&rabi;y consists of,
resent in an anount idthird conposition is
SEQ fﬁ BEEHE WhereR Sa&%i?ﬁ?nﬂf%tta&ﬁ hihdieds # Cs}’é‘ieﬂlefréﬂ #§, and wherein said
CyStelﬁ@%Rﬁﬂetlk %ﬁlﬁéalgf %Ht aﬁ@wﬁ@reﬁ{%@tﬁré Atﬁt@%@& stlf% Rsociates with
rat1 o of erein each of sa
said seamgestachmomtOsite thoouk, a meembﬁbﬂlcylohalomo@s Bﬂ(dr,ow‘ﬁ;:rean greferably

f.urther fer f said XY, Z :
said b Egiher g e DiRar™s ST BRbrBHusry v Brob spapnd. hird and
fourth400§1p0§‘1ﬁgn whesidat chqu?&m&hﬁi eh aflith@ardreRbd &ﬁb@’dﬂﬁént said first
Z ranges fromO0.7 to 4.2, preferably fromO0.8 t

3 2 and wherein further




preferably each of said W X Y, Z ranges fromO0.9 to
2.7, preferably from0.9 to 1.8, further preferably

wo ewon®266 to 1.25. Preferably each of said WPOI/EP2089/054856
are sel ected in a manner th#t—said conposition is

Eabl e of i.nduci n% V@f al apced rrrrune.r.esgonse agai nst

compaiijont 5 Fsge BApHEEoTS MLy WL ARG IE P GYgigeL Tydn amount X,

said tﬁ’r?([ 961%8851@0n $EPpREMR SR Inadifo e O dREw Aeren Q@dr%lﬁ“rhl Ldm@sition is
dengue virus envelope protéin E. In a further

preseqm mealeamemte%ﬂ@e@lmgma rateadfdWiXnsZ, eherposiath ohsdig W, X,Y, Z ranges

sent | no W. s [o]0) ion, i .
from @1 83 EviorotfraBy EHBYES . 8} iR A S HRE bk flp T said W, XY,
Z rangdd §%RMND 5118 2 AgANPTEralfly ﬁdlﬁ ey 438na1ﬁiaxkzﬁier51@%¥tﬂer preferably each
conposition is present in an anount Z | eadi ng to a

of said A¥Vi & %f Zwngey:fom Wikttt 3. seaferablatlromi®? seBestaad whesein further
preferlff SPHPRE NG LY. Prfesgion bidho 27 pbidgnig ibpd §og 8, further

preferdbli fibnd 0.78nd 1QR55Pief&rally TactPoLdatt MO, Yo dcdre efleced th Mnanner that

X, Y, Z are selected.in a manner that said conposition
said qognosibiap| &8 eApablsdekiirdiicingnal bakenead i M FoBRRRsagainst all four
seroty@@sagfb%ragllyl aggf?lgf se?@t i %pfe%t L Qf fe?%?%é’ 3343183t e -4 of omain II1
, serot se nd ser ot -4
of thajcdnmgue Virts ehvelbwee qu‘tguneEwInus fennhml meﬁ:rmdoembasdlﬁentl rsaid first
further referred e odi said first conposition

Comp‘?sé“%‘rléé’é?ﬂa §17 AR Amons Y- S %ﬁ‘z&P’&d SQTBM PbligBeicht Brpn gnount X,

said tIRFESEMpodithorR i ﬁr@?éﬂﬂtm An eﬁﬁ(‘nﬁilt i 4 &%Ré’f@ﬁiséatld %hr’rhscomposulon is
present in an anount Y, d wherein said fourt

presen¢ arpoginpinatrY. iedipgéds eratia nf WXarZumtheRin sad irattp Its@elacted from the

aroup Gy gy G Fait St 61 TG B Satact b gt

1:1:1: DAL, 5INRD: 55 BicderEBINRAEH 6 A W x&psze saéctwﬂmmaﬂn@ that said
bal anced i mmune response agalnst al | four ser ot ypes,

compqsiticieis 4spgble @AiinBicinges delppeed 1mm1§@rr@ﬁwée agaissgrad fpye sgotypes,
f iyl

prefer9 RENSE SR OO, bty R PERUE- Lol a1t of the

dengus &irdls thveddpeqaorasEt inanfiirtheppesertd antbodimamnpiait fikdf c@ﬁp@kltlon is
second COTTpOSI tionis resent. in . an anount X, sai

present el RBAYESVe 581 PSORY SRBRPSITAN A DGR 81 agwant X, said third

I
compd R APt Atk cbnf STRAT ey (34 B GRE LR i prpsent in an
amountad leading td a tatlo: & WEXK&f 81 whérginesaahragb is &ildl: WPréfehé,theach of said
selected.in a manner that sai.d conposj.ti

W, x 3, ﬂrée%rteg AR ECTHYCE i P CREPPHHEM S tabals R én%gr%balanced

immuRd lredRHSc $85i85tY BR SfouPr RfRyRR! )pr@reﬁbrgstagﬁﬁrtoiséw@pe—l serotype-2,
serotype-2, serotype-3 and serotype-4 6f domain i of

serotypéré a@érsgméypr:r4 afdemsis| lbpef tbr: d@l@u@ xEruslenvelopmpmn E In a further

refe [e d e od' t sai 03|t ion i .

preferfic e hoSMeTE o5 s cofllior L8 erRETeBbeRou W said sccond

compcrsrteﬁler@tprdsentaﬁ aB ot X, sasd@ttirdt ddinffbsi€@AROFickdn@ih biS amount Y, and
present in an ampunt Y and wherein said fourth

Whereabr?@@éwrﬂb ﬁomgosrrmsemreseﬁt HhangBednt Z lpadeg fyaratigqof W:XY:Z,

Where%a% (g 3318 gl)eif lg? g%lie% g ﬁy @r‘ssgm{ﬁw@ % % ar%selected in a manner that

said csaeipesﬂned 1snceq)amanaie|rmddcﬁig aabaiarmeﬂpmmneorespmsea@bise all four
of in a. bal anced i nmune response_agai nst al|
Serotypes Prel@i Biy|Asa WSt T eRI-ApteotiRRP nitOERe-d @ aerotype-4 of domain II

d
of thetS %Eﬁ’%bép gu”gs eﬁ@él@ﬁey ﬁve n2R0 178 GhaRE- ﬁrepeftrfqg%ﬁ%)%hgﬂeht, Qaid first

engue virus e ope protein E."[0013
compdsitidnhie ipreyeet i@raneonamb 8'dj smehsecohd thwepguiteseistpreseutint anoapount X,

.. .kth osition conprises firs it
said (i1 pORPORRUh BSHIOG £ GRIITE o 4t RhsraihcBih GQirh bpmposition i
preser@Nd &d ¥inof@nf QUIchBing OlIPL Shiid T, wwRer -2l Ryle@difl shid fdtio is 1.1:1:20.
composition (i) conprises (a) a virus-like particle of



RNA bact eri ophage AP205 with at |east one first

attachnment site, wherein said virus-like particle of
wORMIb3bEr i ophage AP205 conpri ses one or nor ePCT/EP2009/054856

reconbi nant coat proteins-g@ving, preferably

consi sti .0 e_am no aci.d se eas set forth i
Prefer@ﬁ@eﬂ% ‘P\%%ldléf %ﬂdzm‘e%e cfpdd aqnahee hat i emRstiog p gapable of
inducihg aaoalla)ﬁ%é(pﬁnﬁlﬁﬁfé n@oﬁ%@‘i YRG! £l t‘&uﬁ?ér&‘tybé’sg bfb?erﬁ@l%z' a%h!ﬁsﬂ Serotype-

part of said reco |nan coat protein;

1, serdtyzs?, seméymrﬁ algbfn:rmd# af dbmastlllmféhfs@n@n@ivmus atyhlmmprotem E.

100133} P Fhofilied s SraodiRite AE CuSameRGE infi i gt ompositon
$R6 e d fRitlcafPOBAbn, i} 8 s&OHW CbHBSsitie £iherdal d
Compcongl?st S tof ﬁii5SEQ ns(l?\losssﬁwmhe?eﬁltrll sg?{i seconmpOSItlon and (iv) a

fourthgomaperitient wherem said ﬁr%yegm@pﬁbom €3 euaprisgh dalheires-hke particle of
RNA mﬁét?ré&n é Aglf”zf()% ]ttlg ‘éf tléaag S‘ﬁén ? Atcéttt%hgrégtggsﬁltgs gvh@r%ﬂ} said virus-like

particlsad fdRBEC bB¢tcddphagh merd05s¢dngprishs @ugloramore recombinant coat proteins
het er o- bi funct.i onal cross-I1inker, wherein referabl&
having grefersbbesappistinget itbmamingrasidsaapencares iset fappiip SERYID NO:19, and
( . .
ST RS SOVRGEIIA0 160 ARGl o o
said rdceaﬁinannaaai prosdinadnidab harelodst enet mtlgm emﬂm an lfsaai @he second attachment

e S S S N QBT R eneueame

with $&Y1sBndPL@IcBRRRI ¥its Qﬁﬁlbﬁﬁésn%rggrefehib@y %'hﬁﬁsac?ﬂ &EQ ID NO:33,
sequence as set forth in SEQ I , and wherein

wheregmsagd $dcprd atggchaehinmietis gicysicing r@ldwsandevvh@smm@ @ngine residue is

: e sai d lysine resi.due ar t
arificP g o ftann coiEreBr v RamiRpREG o &Ry wi iy socond
attachiichsigd tHre@st a ARers®eRAcioahl 8fRiEAkerS WhercinVpeiteblySaiid hetero-
at | east one antlgen is a dengue antlgen and wherein
bifuncgignagl C@@%g}uﬂfe@mé}l\é H. and whewimdsaid sesnad semaetiviernfilsiomprises (a) a
Vims-&%@?éﬂlﬁf‘% 8If Szg(r:l%aﬁ C?H%E%%/&ecgﬁé Rx%%ho tslésclggg%}g tﬁe}g §éachment site,
whereire shidueirusalike \wagicks of SRINA bysttiphags esPadIecomprises one or more

mgrtlfl cially added, an vvherel n said fjrst attachnent

recomgjnagt ‘é&%d’é‘?tﬁlﬂléélawnghp@ rably copHefing oh dhhaminosqig sequence as set
[

fortn O A1 Sy i B (ROl RG ol R Tyl Bl nd wherein

said lySiieHesidurdis phet IOé sad s@iothbidwint doat pngais] élnddlh) étl least one antigen with at

conpri se a virus-1like.par
least qqig 8‘?‘1"0?}@%81)@6%@65W 7 50 %Lf??t %Weanﬂgr:%es 3 denghg Agfigen, and
wherefil 58d §RRLETAt %éﬂ Qyit 548~ debbi® RBLHne sab c%}tlﬁsrlses or Preferably
bact eri ophage AP205 conprises one or nore reconbi nan
consisgoef; S[EIQ)H@IN@ 3ttawihargin priéfseccal] qttaehm@ltwﬁ ng agfystetrigeresidue, and
aci d

wherefil k09, Qe RIMERTE affrfily, hoded b paieieih afd v dgafiifont sic

associafddl wWiilerRid sseind hitsdhRRnt 88t dtlh%dgﬁ pakidter@fbifmt@onal cross-linker,
reconbi nant coat protein; and (b) at | east one antigen

wherejy preferebly esgid helgeo- Eléwﬁ@nait Grawshirket 1% |S%P whied ajhgredmyjsgid third
e

compcgstglléél @ﬁ% cﬁ@ﬁr& i ('agﬁrbl lﬁeyagﬁéég Cogn nghé{g& Aﬁﬁ(% with at

least metf&mbhmem sitey Whéreflﬂraﬁbbiy‘usﬁbktsp?&tlsle fo RN‘&EC@abt@nb@age AP205

wherein said second attachpent site s a cystei

35,
comprises ORE 8T MRRGIRPEPBIARL 3f Arodg/ay bavieg. peelrahly qonglstmg of! the amino
acid s@cﬁfehéé &Rl f&ﬁhaig% 18R WO el@ivih3&h @alfd' st att%t:ﬁrﬁ&ﬁ@ﬁ@tls a lysine
site associates Wwth said second attachnment sit
residut and ugieran bekldysnbirésudhiet is grael ofcragh sscbmbkoant cadt eplr@mm and (b) at
referably, sajd hetero-hifu nal ¢ross-|l.ink is ) )
ast B mnf LG AE a6 3P QR oAb R St o) e e antigen i
a den%ﬁ’@%ﬁrkg&ﬂ Ofhdofwheh€n | ANe @l%hgiﬁ GRMRNI HithTsdi@)scBond attachment site
Virus-Tike particle of RNA bact efi ophage AP205 with at
| east one first attachnment site, wherein said



virus-like particle of RNA bacteriophage AP205

conpri ses one or nore reconbi nant coat proteins
whawongp26pr ef erabl y consi sting of, the am no aRCTEP2009/054856

sequence as set forth in SEQ4D NO 19, and mherein

compl‘\?aaqiéfog:cpiqerfglglp tc%ofll)glgﬁgz ;%é(b&ﬁ é\ll (5 'SBaipl S{regtfe saé gelagllilg attac ment site is a

cystelﬁéefe@ﬁﬁb %ﬁtwlfe@@lﬁ s@iﬁ%&&bﬁe r@sﬁ‘&he(lmartﬁicw{lﬁlaaﬁﬁe@ NRd et Qaid first
| east one second attachment site, wherein said

attachmenﬂ elafstaswn@teanwnlg eaidi sccandi elttgdml@mtsutg ghroughch hhiereebifunctional

cross-ﬁ%l%gg,r d llille%l‘I% egﬁ, é?,l .khefr% %Hﬁpét{oga ?rosss.u%: hmeﬁMP}ya%d wherein

said TYNET @bMpSAich 6i0F ANE RLIPAGIHBR Mf tht i®vchiioR c6¥PFiSinP]a) a virus-like
resi due, and wherein said cysteine residue is

particlgrafi KN&| baatsrioniered AP3RY wlileatteheaﬁtmpdirﬁﬁ ptachmentagitpnaviierein said

L

proteify Eix&ﬁ@tﬁryfeﬁm}d chiedli ®inQ-dd] fhmatnnorta;hd S&'@Sﬁed ankerfoith in SEQ 1D
SMPH. Preferably each of said first, second, third and
NO:19, andt whersipesdd ¢ F%fnat'ﬁ“ﬁlémﬁrte%}'@nlﬁ 3 Wswu@ﬁldawaﬁt%herm sgid lysine
remdug %%J}?Bf &ﬁ@;e%ﬁﬁl%ﬂlaﬁﬁp&q 5\? ngiagbz af | le stlonk %HH YR Rt least one
resent 1 n an anmount con conpos t|on i's
seconqb rgsdinient NitgnwlamanrshidXat st d)ntt hintigerc engp dsnguicamtigsn, and wherein

present.in an ampunt Y, an erein said fourt
said deawo@}t{&% ks s%%f seeard %twcgwelgn%ﬁﬁn%onzar}ss%oqrr@e{%@béy consists of,
SEQ AN 39 fwil¥etn Xaid: se%‘rﬁf @c’ta!&hﬁ@ﬁths&fls %%ygteWe rgslzfue %nd wherein said
ranges fromO0.1 to 10, preferably from 0. 25 5, and
cysteipghegsaiun if @mﬁmallypad;feér anil yxhg]@uh sayfl fgm ajtavhmmltysneZassomates with

., ranges. f omO a
sid GO Gh Gy s P E P PP PR L tioh- B Lo proferoly
said heerb-bifurlcibae Trdss AMke: i§ IMPH. refatdy ei@bbiysald AR, @e&muomlrd and
3.2, and wherein further preferably each of said W
fourthyompogitipn ﬁg‘e@eﬁnbm @ugl araountsy In g fuitleqr psefprred embodimentg said first
COl’npO‘]Si@q'I]l ;f)%sgg e{ﬁ@?éﬁya{ag@ géecﬁni ? 1@80511.‘1(%15 n‘E{P ns?;l? a?g} dmount X,
said tisiad dopogdaSi is priesdns i apadvsh@nofY i anduwhderginasafidf@nthecomposition is

i mrune respons a ainst all four serotypes, ferab

presenég%mm%té%@%gg q 2 radigr QY P YoZ, Whereigeh of W, XX, Z ranges
I4

rom E L0l SO U100 OSLERARS D ERYSEORR . .

Z rangds ifgitm 0051 ds agdiopriferaplyefsent0.6 o 4R, aIdD\MhEtrel‘!/Mfuﬂherq)referably each

of sali Wy %d‘é’oz‘ﬂ oS t nIOIS7S bcf é}?zg?etf?rﬁglgﬁfn%gﬁg \?}% a’lﬁa waereln further

preferdfl§ reﬁémomh&lw qw ly ﬁﬁg&%ﬂqlmw s 7&5@&%@ IfdNAD.9 to 1.8, further
anbunt Z leading to a ratio of wherei n said

preferaldy |ﬁ®rm 8. 7§ b dAoebrcfferabhy toheh gﬁsmb\’\(: b3, Ztdre geleﬁted in a rnanner that

sid prpojiigh i, GipyoR of by a efirged nipicordpqig; s all four
serotyﬁ’ésﬁﬁaﬁdf@ﬁbw a0t rotypd-d, Whottipcr2, s%r&&ge -$@hgctle/pent @fdomam 1
manner that said conp03|t|on i s. capabl e of inducing
of the, deagice dirpsmenrlone pprgeEadai ahitu’t%ﬁn preéagied s@mb@@zﬁlégt “aid first
t e
comp&'itgin s }E’%s&ﬂ%}ﬂ 'Lﬁaﬁ &&ﬁaﬂf ns)éf)(ﬁecé?d ?cﬁﬁlﬁés\{nt@%e% \Hrés%h%ya& arfount X,
said tkeind/ ebmp@slmmiﬁpﬂeséﬁt ih rindarhalmt neraxﬂrﬁﬁeémeshlcelﬁmﬁm maﬂpqsmon is
it ' resent in an anount, W

said first c§5503|t|0n,|s gh g
presend & gih AMEBHo 52810810 Rl 8E B Y 1> Ahersi sid rako lééPIHCted rom the
group cDAGGinEITAOS LI P18 1P7-@SeML 1.0 BN 1¥RUN .6 Y}:1808 1:1:1:8, 1:1:129,

erein said fourth’conposition i's present i'n an
1:1:1: &0rench6.52 .3: éédPre@er‘aldyaaclaoﬁ aidW,\W, X, ¥ af¢ salbeedinng sanckr that said
%tlo is 1. % Pr ef raQﬁy each of said W. X,Y,fz
compQgitionsis) captley o; ﬁndélc}%n?h plapged; INNANg eSS e glisfour serotypes,
prefer&tﬂ?adfglaﬁlspgerb sl @Qro@yp*éﬁﬂ %@Fcﬁﬁbd-mﬂ%efﬁwl%@ RGN of the
our serotypes, preférably against serotype- 1,
ser ot ype- 2,




serotype-3 and serotype-4 of domain Ill of the dengue
virus envel ope protein E. In a further preferred

wepdodsarent, said first conposition i s presentPCHEP2009/054856
amount W said second conpo®&tion is present in an

dengud FamEnElomOGHeF el SR PITieH SURABEIT wid 6% composition i
preseR i SENEmbihtaW, %gfaluﬂetcogd |c§ bﬁﬁoﬁ Qs prdsdit B M aMotfatYxZisaid third

wherein said ratio Is 1.1:1:5. Preferably each of said
compaAjtioy, 1Y préieitr in Mrmmned’ |and avhqmmn eaid titurth eagpbsition is present in an

amoutf L Bahas SRt Rt TR guphuBrory RS T afef el ich of wid

W, X, 39& fstseRekatiy Renanher SR O4id QSm%osﬁ@ﬂi &t 04pBbI3 oFRflducing a balanced
serotype-4 of domain IlIl of the dengue virus envel ope

immupg d@mOﬁseE agifsta all yfouh egerqiysse rpmferab GedipEntcrowagd, serotype-2,
Si | :
serotyée hSh s%fmn%) 24 {)P g%ﬁ@lgﬁhec?fetﬂé de@%ﬁ?ﬁ%ﬂ%{’&@%ﬁ& In a further
prefertddi Elﬁib@dhﬂ’i&ﬁﬁl §al(D HirbtS c@hesetiin i pagse@niiunh amo@dndw, said second
wherein said fourth conposition is present in_ an
COMPRHHSNE pzeSP@aa A gmoynaXy #d @I%kcowp;ewoz IS Pifseeiitha gingunt Y, and
Whereﬁfagdl&’ cgfnﬂ'os?t%n P Efeﬁﬁﬁ* ¥n %ﬂfbgmoi léa@dlﬁj% W a)l(at\l(o ogW.X.Y.Z,
are se ecte er that salid composition Is
whereoagpabtagioat lilnbbcPmiprablpabdnetedid Winla¥, Zespssriecﬂech'gm mahner that

all four serot ef erabl y agai.nst serot
said Qgingege. b cabBy o iy s B B AT GORGN finspall four
seroty*a F’&E}QH@I hfngﬁse%‘t ‘PP&r ?/15’65 8] ﬂar&ype{ 9 Qﬁé%ro][ﬂ)eﬁl of domain III

her pre erred eibodi nmen the present invention,
of the hiengmrrpmss tenmiomom!m’tﬁmeE (in)a fuftharspreforedosbodiment, said first

a _second co sition,
compdsiich ¥ R FOARC B dirohd B bR PR A amount X,
said tEIRIMREBpdiGsh (d @re@@ﬁnﬁlaﬁeﬁnd@} Y8 afdr wherkink @i @urthC tdmSsition is

RNA bacterlo%hage AP205 with at | east one first
presengting@rhgmeunts ¢/t adipgetoet madaiod VWiX0sZ) ierparseidc raioofs 1.1:1:20.
i
Preferﬁw? n%ll é]f:.{é]l (Pﬁ/hgf‘?b feeléll]egcp qg@ Iaf]hgeﬁmgtpe gs{aédg?&ﬁposnlon is capable of
1ndu01ﬁg AYadniced irmund Fe8p@ist AQaiastiall foan mn@gegerefe’abt&orghhnsu derotype-
SEQ I D NO 19, and wherein said first attachnment site
1, serqtyps2,| sgeqtyne-3 and ssyRad ohAemaindliofithe depgps ¥irpseqvalpge peotein E.
[00141?]ail}1t 2OfuriRt ﬁ%ré%ﬁ%&rbérﬂﬁ(mlm%ﬂatof PhET frelont aﬂgeﬂtﬁ)h %he cornposmon
east one antigen with at |east one second attac
comprssct €) awingrcemposiion) (&) a keasd composamndr gena ﬂmd&od@ngﬂem and (iv) a

ant i wher e ai d dengue. anti th sai .
fourth R R HEFTRB G COBRENIOLL)  Grigs Ll i fike particte of
RNA %9&@1‘1@15hﬁg@fAP2§§Qv1|tlp aNRa3B ondVESI: edttﬁcl%ﬁérﬁ $HRC QMBrein said virus-like

attachment site is a cysteine residue, and wherein
particlsad[dRdY's be¢termonhegé dARZ0D scamrists ®neldryma@d®@lomhmdnt coat proteins

havin%)?%géagggc‘ra?ggig{i{l%gﬁ ﬁ@eh%mgﬁo aglc{ ﬁ%ﬂg%}%ﬁ aagssgt f101a’[}1 i S\Q‘Qt ﬁ) NO:19, and

wherche§aed ardpbftatheichosiad is @rigsise tdsite and Wereeh Bri@lwlrrebitiye is part of
sai d_heterobi functional cross-linker is SMPH, and

said regREbEIant et aroseieiong (Bbwderst encoantigen idigthessens seagndgattachment

site, vweelgegr? s%g'éd‘? Ilé%é‘{ 1€ {Iﬁggﬁmsn ¢ e@%éa%ﬁ g@é&%&%&?ﬁﬁ%m‘@ dehef antigen

with sid sednidk gttaphmhic kie mbmﬁﬁéesbmtléﬁfemhﬁ@enﬁaa&ﬁ SEQ ID NO:33,

whereﬁlaw%%esces gg%}lg%p&nﬁ%gﬁé Eg%%glgé ?%] ue;: %gf W rr%]‘éeslg{gils(a’ steine residue is

artlﬁcﬁtﬁ?u%?feﬁ a9 dSFheleff tshidl @ir@EQtchm%Q sk as@&@at@@%lﬁ{ Naid second

rst attachment site is a |ysine residue and
attachmigetr et ttfraulgh h yletane-bifesdtonel cmsehnlterpﬁ)vhsmrd preferably said hetero-

rec nbln tejn; and ( | east .one .anti
vifundlS ] o Biket RagPEO e A @iosaih bsebhd e BRosisas G gl ges (o) o
virus-Alte p@ARIc BNRIN bGRRiohBagd APNGYISvieNht 38R oAO i efiRhfhent site,
sai d dengue antigen wth said second attachnent site

conprises, or preferably




consists of, SEQ ID NO 34, wherein said second
attachnment site is a cysteine residue, and wherein
W@ 200d/13026t ei ne residue is artificially added, BCTEP2009/054856
wherein said first attachnent S|te associ ates with
sai d second attachnent thro a )
wherefs s@iflo VIS tpﬁewgq %r %@' ﬁ%réq %hé%%%oﬁ FRIBPCapPRF or more
recom%ﬂﬂaﬁ’t B8k Qe fh‘d()ﬁ%' Bfé?éraﬁ? %ﬁs&t‘n@‘@f th aﬁNPo"hm@@Qquence as set

wherein said third conposition (ii1) conprises (a)
forth i mu SEQ IDiNge: IB,amdl \Eh@elofsallél\ﬁxstba@tclemcm;sﬁagﬁea A@%BGWHemnait wherein
attachnent site, wherej

said 13(; nredr 511? eklé pgla &‘ls%fi gecom t goat tpgq,t?lg,p Ig@) ﬁ‘%ﬁ%% one antigen with at

least diRNRERESRARCA sif¥DBercRE MR IaNBALt SiRANtREPTLL MSngue antigen, and
havi ng, preferably consisting of, the am no amdzg

wherege guidnengas asbiger oyitth siid seend Bitaghmeno sitarepoptitsesi er preferably
consis? 6td SfEd . I@(t)tﬂc m{&n g‘eh{cli %eéo%dadt aXﬁthgﬁ sﬁg.si& qL@st%Hl% residue, and
réin“said I'ysine resrdue’'s part of said

wheremes@ﬂtny@anie fe@ﬁtle As attfidizllyasddedbandtwiceds tsah @rsanitiagieient site
with at | east one second attachnent site, wherein said

associgfes | il tsagghsceandi géarhment sdenGrRigant hedero-bifi@ctignal egrass-linker,

Whelreﬁffjl %f&gﬂg%lcﬁﬂgﬂe%ﬂlf c‘ﬁgnﬁaérgsssl?tﬁ{%f] @ﬁs\lﬂ%i %h%fetu‘? said third
rises, or prefera consists o I D

comp(wsirtmne(m) sainprissdend \amsdrldan;mmﬂlcls iotf eRNA lacty®pkageeAP205 with at

nd wherejn said, c) i ne r.e
last Gyt s PG et hers R CraT RSBt F (o S A deslerinelies AP20S

cornpﬁée% ®n89s RPrAtRSmYInkht &AL Frod@FORAIRY, tp%i‘@l%ﬁft codbik@ng of, the amino
t hrough a hetero-bifunctional cross-1inker, wherein

acid smv@ﬁ@r @kﬂeyf@m i SH&) 8P @l(bﬂ?m@twlmnah seiddast-dtiapkmentisge is a lysine

residug (e G1 SRS TPHC TGN oy e R el SOt pitefl and () a
least ot laigdnl WRh pAVchit@ne sédonBRMAadRedne Kitd) PiTReEn AMIdAbldakttdhealtigen is
least one first attachnent site, wherein said
a dengpe \patiperi earpia .whietque sgid ﬂm@a@megqnowag gai\ppognd attachment site
compr%s%gporr réteraBlS {s(%%eSﬁ(ﬁ ?l?'ﬁ’(')n%m\xxht%ﬁe% s QL Gha ﬁgachrnent site is a
pre era]Fy cons ng of, e am no acl
cystelﬁfefwrdne eand Sviseedin fsaidtopsteine SEQIUeDs MdificlAly wlded,\whe meicrein said first

attacha]%lg‘r? élF[e!n E%pggéssggﬁghgcé& Ia?tgciﬁlgr‘% ! sgg tégq%ég uae hgtgldo bifunctional

cross-flﬁl&ﬁ n@h&%ﬂlt &Pe@ébl? L SHHeBoro %mnﬁmnala&okseﬁﬁ&r QOSVAH, | §8Nwherein
t one” second attachnent sit wherel n ’sai d

said fadrth eampomml any | |1$J e n:ompo&ltlde rd ube amtentjem compdswpdrkh rvirus-like

particlggqi,ﬁglﬂg@gggc%%%% ;! %% yvlﬁlg d]] §§ go%gf 1rsfsﬁ% Fl%g%tdl‘?g w%ereln said

virus-Mbe p&kiBleSet megma@hag& APRDS BhipfisésSot 6V flo®d R&ombinant coat
resi due, and wherein said cysteine residue is

proteiay haxfmg;umbfe;ab&d dewbistimg b fwker anmosawidi sdquendte at scadhrikne SEQ ID

ite associ at it aid second, att ach. ite . ) )
N1 g, SRS TR RBE R RET ST HBL AR enindfarip said lysine
residupi€p et absayd sbehbiRheEsut ?tcftéiﬁ%ﬂcﬂb@'at b e lah K& witB at lcast one
SMPH. Preferably each of said first, second, third and
second gtipghpneab sisd VAT saideatpeess one arnﬁg@waa dengygrngigen, png wherein
h d
said dlellsi'é&per %‘l;[lg%ﬁ %}f’lﬁ{ gaﬁg g%ﬁt ét{ﬁﬂﬁlent e corﬁr%% oqg@lgfeliragw IE%nmsts of,
SEQ Iy 6193319 wllibraﬁ Saﬂmw(bn&(atmhﬁheﬁtmmeds @Cdj?smﬁ‘lett‘eﬂﬂud sind wherein said

cystel%qr)g%e t1p @ﬁufn %ﬁgp@%‘%ﬁt aq(ﬁwgﬁrvgqgﬁéa(eﬁj‘t 1r%aal}t‘glﬁ %t §itg agsociates with

said sE@Jn'doath hfient s\ftezthrg%lra?'h@te‘?@% ftiopdl Groly- h?ﬁ(e}( w%erem referably
ranges from?O , pret erag fromO0.25 t 8

said hether-kifuncfiondl vesssdingéeis M@Heﬁl@ferdﬂy gmldof\lsmcb(ﬁr‘ﬂt, sZcond third and

ranges. .from O. 5 ref bl y f
fourthy3gDoRHAN ercal MLSABRIIL df AgrgneReHegr gabediipnt said frs
cornpc}galt%n i€ prAREIER Jdnl MR TV b ﬁlddfse%ondp E&hBE ARy 1sfﬂr9§§hpm8ant &mount X,
.2, and wherein further preferably each of said W
X Y, Zranges fromO0.9 to 2.7, preferably from0.9 to
1.8, further



preferably fromO0.75 to 1.25. Preferably each of said
W XY, Z are selected in a manner that said

W@ ewpo3i2ti on i s capabl e of inducing a bal ancedPCTRP2V89/054856
response against all four -s&otypes, pr efer abl y

sid {Q8F 50prtorors Bov i 1oh| VBN e WEnBDEC R ¥4t TERVesaspRpsiton is

preseﬂ@ EPhhRofnt 2 Radink W6 b Relo ATWEER . 20w RIBRIR BF saléw &Y, Z ranges
first conposition Is present In an anount Sal

from G é&cohd peefapbli frorom.A5stordy, esdwhertiem @rtharmafatabky eaghiofi said W, XY,

third iti.on i ent anpu
2 ranggifiot i3IBS aktil o B RER 0 b o 8 S Rreids Rl preferably cach
of sai@WURLY Z7 | @aes Tebrh @.Atd L1 Pre@éralih Xrom .8 W8I eiald Sitictkin further
ratio is selected fromthe group consi sting o

of
prefergbly egehlof gaid] W, )Q,Y ¥ mnges3from:019 to 237, prefierablyg from §.91tod .8, further
preferéﬁlé er a 7)%/ téallc :l”er}blé e%@h % %l(il'%)"lg% g’nge ?lg'cagd ﬂl ? tmanner that
said dsRipositioh hiat ceq)abké o0 il anbalaloeapabhmeofespmbucagm@sa all four
bal anced | mune response agalnst all four seroty

serotypese PEHBPY aggushiarotyRs-bt SFHAYPeL2. Etypspang Se@@ipét"y@%d%nam I
r ngl | f

of thiﬁgg pgﬁ%fg? é’ellﬁg %?(?E%haEf l}!rlt eﬁrﬂrﬂ%ﬁeﬁgr re ééﬂr}%%{g?lrer%tﬁts,ald first

compasdticth 1§ iprastntciargnosndund W | mcbseesmd]tompommmmmenm gaardount X,

said tfl?ﬁf I%EI%B&%& o?sit }t)riggerﬁt Iég ﬁgreagliqe}{tlltt : ﬁ%gﬁ? ta«}f ’f%{sﬁg]i gornposition is
preseMEhE hﬂloﬁﬁ' A1 61D 2 GAHP O W KOY‘ 7 %h@fe%? 814 rdtl, ®Relected from the
anount leading’to a ratio of WX:Y:Z, wherein said

groupmgnslsjlmgs)fﬂ-lll-i- L1:172.df Bl @bl yl : ledchl éf5 $adi oW 1X; 7Y1 1z1:8, 1:1:1:9,

11 e R ET ATh ERL Y A SO ER dapmiggher seid

compa¥litionf BWapSsE @‘f)ilﬁlﬁfélngpz[ shlenadl yhnagrl Iréiéon%@ rediNPedl fbur serotypes,
serotype-2, serotype-3 and ser ot of domain Il of

preferglyy agamguscrotyped . sproBIDSPe sslfoéﬂ@r aEd serptgper4iof igmain 111 of the
I C
denqu R;ﬁTuE 15\%%{3%?3{8%%13?% i/@mshgr éllegez}é:egn %ﬁn{ﬁ%ﬂs‘ci {lud ﬁrslt gomposulon is
presenp rlﬁSEElnﬁmbllihtaW aaiusdcond cemipdsitibi rigl pedemtomi &1 @moust X, said third
present in an anmount Y, and wherein said fourth
Comp%saw&dé iPFGSER! IngnGieRush Y . tAd athersib SHe fourfheepimpRyitioy iy present in an
[ 1.
arnour{t% eg(rhg% It¥é é%{[?hgfo\%v\’%g g %é%%n%a(%agrg éé zé[lell'tlﬂer dérably cach of said
W, X,Mamﬂa'e sthated saiacnoorpdst tdidrompogtipaid epebleiofdudichg @balanced

bal anced i mune response a alnst a four serot
immup? (PIRRE) Yeag: ALt R SrypES. Trofeaplt ybny” SLEbERy pacrptpe-2
serotyp@d aﬁars@;o\fﬁ;% Aop&oﬁaﬁanbﬂthé deﬁg&heng %HGMgpé/bfolt’e‘in E. In a further
envel ope protein E. In a further preferred enbodi nent,
prefergsdi dmbodigrene osnrpbéirstl otvmpcssltmﬂes?e mresemt &n aan@mmntvw saidi second
n _an.

comp QS oA eh afeb X PRET AT R uRE i Plesdt i Smount v, and

whereih @ﬁ@lféhrﬂﬁb&nﬁ@htﬁdﬂ‘hsq&@%ﬁﬁ it h®AnoSnPZ 88&THg tdadhtio of W:X:Y:Z,
amount Z leading to a ratio of WX Y:Z, wherein said

whereppgaichratig ig 141: h:5 JRyefoarptdy éaCélbcpfysa@a% YoV, &airelsalgetsd w a panner that
said c% ag%oﬁ C]%e af)]le o%%rngnggﬁdal 8‘ HRRS késgg&gbggah%s{ all four

diditn I Nune r esponse
serotypd:d pfefuﬁblfyearg@inypmotyper ef eratppyr2 agadtppsd-3 aed ctrypee-4lof domain 111
serotype-2, serotype-3 and serotype-4 n.lll of
of the engjienyises FRYEIePe RILFEpE- PR ot éc\nﬁheé pr[@??@ffﬁﬁm ofigpent, said first
compcts%f&nh@ rRERE RS SFP 9 FRNE cQﬁd% NiERERprERNER drPfmount X,
he con?p sition conprises % rot con‘pop3|t| on,
said t](urd rompseeitan pmﬂqmsn talnoamc(unlt 1Y), @ndt wherdinceung airthi composition is

an conposi ti on, in _sai.d first.
preserg gt kol &1 It S aetio B WHOR-Gs YRRHS siid Ftioeisof 1:1:20.
Preferﬁh‘? chacs iesraidz’ﬁhm ARZOR1aMddNn %tmétﬁélsﬂla%?d édrﬁp%snlon is capable of
attachnent site, wherein said virus-1ike



particle of RNA bacteriophage AP205 conpri ses one or

nore reconbi nant coat proteins having, preferably
w@ogit3sng of, the ami no acid sequence as setPEDEPIV09/054856

SEQ ID NO 19, and wherein-%&aid first attachnment site

) is %)g%FI e resi due and mhe;& said | S|ne residue is
inducigg a;ba [THMPRE BPTISS A8 RS A %f@é?tafp SaREFTRIBYLy ggainst serotype-
1, serdtﬁ?esﬁ s@ﬁﬁy&m htﬁfe%r(\h‘y]%eM _F deﬁ%%tllmhegé’&@ﬁgvﬁ‘ﬁst @iﬁi@%@tprotem E.
wherei n said | east one antigen is a dengue
[0014b]n11n| ge furthen dorefescéi embadiicnte of ube apresee ninygrtions ath@l composition

I SL RN R L e ———

fourthaéotngﬁgﬁﬁﬁt wheR da®d ﬁrs‘ﬂéefn@bﬁﬁoﬁ i é’d’fﬁprls%ﬁl‘éc?mefr@d Rke particle of
said cysteine residue is artificial

RNA RhaeteieomnagaiAd 200 reith at degshaen firsi qﬁeclae@ts oiitgt mdowgin paid virus-like
partlc%e(%defﬁ‘b%gunCéﬁh% Q%ggesot E§ %Hg grpgrenreco 1nantbFoat proteins
having girefehblyesopbisting of, |t1mwahmeraaesselqumoe fas is8t fSM?hh SEnngD N 0:19, and
wherei.n said second conposition (ii) conprises (a)
where ai fifst paghaient eteels aflysngrasislue apd afélﬁ%?geswvizs@eevﬁeilﬁueats part of
|
said re\?gﬁ‘%gnaﬁpﬁoeaﬁ Bl;o?%IP % rgﬁ%&t gfééc (tqué[ \é%g{%glg% lec'AagiZ%lg second attachment
site, wdem ssdsit drast are zmnrgen nee oohgusanmtigenand prlat@hnnsid dengue antigen
... hayi ng, pref rably. consistin am no ac '
with b obehog BBt s RomaTagenbr el OGS e B, 1D NO:33.
Whereﬁfi‘éa@d fdcbad at@ée‘hﬁféﬁf‘ﬁt‘etls 8 'c§§e1h§ réld%séﬂﬁvﬁ&éﬂn@dﬁi &Rinc residue is
wherein said lysine residue is part of sa
aﬂlﬁcm@yonctdedaramd cwhtrepr oridi rﬁirstamt@w(lm)enetmtb e@asswcmme vaitlt i sgih second

attachgltemi %1 t{hrglg,%t gﬁ{e?eé%ﬁcf?lggg)naé‘%%g% ilﬁfeug:ﬁgerf%e{hgllysﬁh(g hetero-
bifunctidhsl @eRAHRARIINIPH, Whd h/h@@hﬂsa‘&@%bﬁﬁd @b dwmm u)Sdohq)nses (a) a
referably consi sts of,

conprlses
virus-likee paitigles af &Nrgc‘@ﬂ?éﬁf@h%hﬁ@ﬁ% svithe af éeaét @9§tf€ﬁﬁ1 éttachment site,

e S5, L MIALS SN, YL LRy, o o

recombinagt &qutd)tal&leﬂlamghp&&trdbly eoasistigt t)ﬁtllﬂefeminosad1@ sequence as set
t hr ou?lg a_ het ero- bi funct |fpnal cross-|inker

. n .
forth ig SEQFANG: [ deting Wasreip said; frstrttermant see &s3 lxsmweﬁagliesand wherein
i
said lﬁﬁgsllgﬁeegls \(ﬁgﬁ ogk%/lld ?ﬁésoﬁjrf‘tﬁlgdnﬁ g%a‘r% FER ik 571‘% lehsk one antigen with at
least m&emnwmmemesmtem smd Iaeb:sst cma:earﬁllgelsus atdb@gieratigen, and
erein said like

p I cl
whereg, 81t SOBHS GRS 06t iy e8! BRHgTenh oTs SOdmsig: g preferably
consis&O& SHPIBING: 3haWheem E’Jl@fs@crcﬁ‘l@ a\ftaelgﬁensstitb rig anysteIﬁeeremdue and
am no acid sequence as set forth in SEQ ID NO 19, and
whereuh egidi qystsaicdreidps tis aﬁufau#il've nddesh 1aed ivehegeih ysgidn ﬁrs’c eeénadueent site
rei

associfigl MRFTGHT SR ¥R BRAl S ctorieh o HdaBroifiRklom | gy tinker,

where bfef@hblyeasd heRe-bEaRnidnat éras‘shllﬁﬁdat iSISNPHWART @hRresissid third
at | east one antigen is a dengue anti and. wher ej n

compasHiad dhgeaPaei (@A Wﬂl@w%tlee@é@gtb%m%mge%%% with at
least o %’EHEH a?t%%hm &H’e e&/ﬁ&%ﬁ % N3 RS Peﬁ*tlcle FRNR bNgerlgghage AP205
rein sal 'SECON 'S acystel
compiises Iodel er neAdresb@biant Sat ﬁroﬂk}lﬁi havn@ meefeﬁb@ domisisting of, the amino
artificially added, and mhereln said first attachne

nt
acid sEUEBCASSE A8 TG FD N 40 swdomeeralt suhfiraitahipgnt St is a lysine

ti I
e 0y L e Bt ARgESL o )

least dBibRbkigandithiaeicestrons acabnfl attattman vipg syitcron séld\a) leiast cane antigen is
ition of .the |nv gtlon co

2 denGl OB STyt B R B S o SRS e s Bend yeltpchagent site

compriRAr pPfterably ®nsidlsloR M NH 135, M@&ﬁ@kaﬁd S&bfd attachment site is a
virus-like particle of RNA bacteriophage AP205

COﬁpFISGS one or nore reconbi nant coat



proteins having, preferably consisting of, the am no

acid sequence as set forth in SEQID NGO 19, and
wob@pasnzésai d first attachment site i s a |ysi NECT/EBRIO(UES4856

and wherein said lysine resjdue is part of said

.reconbi nant coat roteln east, one antigen .
cysteiy RNOHE: BQLteraR DS Qs A APT kA e b O Y i geid first
attachBen! S&S hsRBRRANHYERd SecBnd %ﬂgé{ﬁn&@tsﬁtg &hrou %Hda WeFRbifunctional

sai d dengue antigen with said second attachnent site

cross-bolmur whersin pncfopetay eriddictere-disngtomalofrossShgier 3 MAPAD, and wherein

sid 0 ot FRERLR CLUPSRET B o iR bl BBPLShE e vinwic

particRrdfl RN BddtatiopdaedApans wilhestelicikt ok tirbt &tslchAthGRI®MHerein said
Site associates with said second attachnment site

virus-liky pughleaohBNey badieriaphesd dRE0S cpawsists pikeptr makRFesombinant coat

proveB) BTGP SORTHER NG RTRl SEQERM T fp e 10

NO: 19, caiidt Whereimpsasd tfirgnatablena{teﬁemts d tysaguabidacmaudtwherdin said lysine
further preferred enbodi nent, said first conposition

residup ds parbebrid rosombingRbeRat PIRICIE g (b ablast wREs CBRPBYEE With jag least one
secon®’a gicglﬁﬁenli Eltgﬁwlgéi‘n%iggk%@%t [ (j‘[i%wf[?r g'}lggentpggﬁl)g% ou?ﬁﬁlgén, and wherein
said demgq:eaozmtiglem witls spd esentd attachmertnotentonzpriseadirngefiecabdy consists of,

f W X Y: wheyei n, each .of. said W Z .
SEQ lﬁ%ﬁf&eé PYRSD St Beas! aiPERRyS Frimegicassidis. gind ypgrein said
cystei 8RB ib léﬂiftt%llypﬁ@(fe@r ARl WheRehs Al R Qtaﬂm&t\@ltezassomates with
ranges fromO 5, again preferably fromO0.6 t
said sgead atadhmhetr etenthfrwghhe ﬂlewr@béuwiogaaleqr@hs bﬂk@,awd,iewn preferably

said h%glelz) béﬂ]&%&ﬂ Scés% ?rt 1ﬁ éﬁfl\?%é %fgfeg%tﬁf & sgr(f ﬁ%} geQSRfltd third and

foumh%o}ﬁpozlubﬁ AgesefchOm 91 drfoudts In Qrfﬁrftl@dr f¥rréd eib&difhch© said first
1. further prefera fronrO 75 to 25. Preferably

comp@étm igfpresanigin\gn @mqunt ,aﬁaéi s EQEPPSIiaN WeiersAt Whay amount X,
fy e
said t]i?l?d g%@&é%g%ﬂo#s %égnz 11?13?%(?1111? o ura{}lg:\?%%ylgessa?@ &m‘& gorgli)osulon is

presetﬁgtaam sthosrOlcydpiag tda rarr stWype-Y27Z, @Edfr@in)meh Sf sdlW, XY, Z ranges
serotype-4 Bf domain Il of Lhe den i ru envelope
i

from (¢ &t &9 preferaply fom frdrers: pRe ?r.eedfue y caghjofsaid W, X.Y,
Z rangds Foim @%HEB%S' élﬁ référa é/et?&ﬂtO b1 28 mﬂ&el\{vfuﬁﬁérdpéeferably cach

econd COITpOS n 1S resent I n an anount X,
of said Wy & Y,oﬁp@mgeslfmm057 pr éSeptefemablgnrandudito ¥,2, and wherein further

erein sai ositio prese i.n a
preferdIg Gt o Py Yo & SRR Rm 80 27 Pt s B O.9,dp 8. further
preferﬁlﬁgl 'ﬁQ)nﬁ 8. 7§Qb Q%Seﬁrefférglﬁ'l’ytelaﬁl 8f Qﬂt@iv&ﬁ%?‘ Zt dr@ gelgéted 1nla r6nanner that
said cpm_poiltlibn 13 dapablg, ofl 111du;p1rg albaian_pec_‘l_ Orrammeo requ_nsé agagnst all four

cte
seroty i eV R R R RRs T HeRee. a3 %7 ShRbins gy domain m
of thddkanee duum{aaolree@maaelzagﬁu NFtrtddr| ple@iifedSENBSIIRRHE, said first
preferably against serotype- 1, serotype 2, serotype-3
comp%ﬁa)nslé (PERSY PN ANGIMHBHEY ,nsard sccond eprEPQRaiUI WesensIn an amount X,
0 r. pr
i GEY SOARSSIO Ll Akt Eru S PR Tifpstin
presetﬁ@r@@ﬂﬂdm@@ﬂffﬂbmaﬁingﬁo lagratis GBW‘IK YiZ &rheﬂ:mm smﬂ réﬁo satldcted from the
third, conposition is prese in an_ano and
group ARTIEING a7 17 ol 1 clo]n‘ﬂ)ésrltll b 15 Top éselné ‘hilah 1:1:1:8, 11129,
1:1:1: W().S%.i&.@%dl’fé@e&ﬂy%aé@&f 1d3{7V W ¥ Y- e sé’l’é@édainna §1§hﬂjer that said
ratio1s 1 1. eferably each of said XY
compasit@nsis| @pabtde of nnducmgnnbalatdedt 1rrEmmuI¢ ICOPNeS |agamm al]sfour serotypes,

abl e of [ du in ance [ ne respons ai.n
preferi} g Sup Py SroDREr e AP ap N SE SRl §paoTein T of the
dengu§ 1Al ¥PRiche 6t B PBr SHidiher %f&d%%dﬁﬁeﬂom frst bdmPésition is
the dengue Vvirus envel ope protein E. In a further



preferred enbodi nent, said first conposition is

present in an anmount W said second conposition is
wWee@gasizei n an anount X, said third conpositi oPCT/EP2009/054856

present in an anount Y, and8vherein said fourth

03|t|on resent in an .anmount Z | eadin to a . .
preseqi afl.aal oYWy Szld yaRd cAMpasiHon At PEespr ) 4n %m@unt X, said third

comp&itRInei %l%s)énteiﬁcalﬁ Rhoudiyd oMY wherbin galérf&rﬁleécﬁﬁﬁc%gldnnis %resent in an

nmanner ‘that said conposition is capabl I nduci ng
amoursgd kadied to mmeofr‘é’s&dﬁgevvhgamr@td wkib i$ &.)drl hd?r@ﬁesqbéss¢ach of said

W, X% grrg?sg{eytﬁ Iilagﬁatmd%e OLX#) &lcogpo%lﬁ(réﬁ) gsy%gﬁée\;f (guc}ltfg a galanced

immuBNUEIpIRS: REShSG! Bl Eout Nserotipiist hesfeRbES apkias ETENErotype-2,
said first conposition i sstgr esent in an anount said
scrotypedavd sewinsst of domeis Iprefsbntcngucanrugmudepxprosan &. In a further

prefer}val'%ll El%b&? R} | %a P rf%r%t c@tﬁ%c?sﬁrhtn llsn p?&er?tnﬁlu h e}(mmﬁﬂdw said second

PR sal d I On"i S present
comp@ﬁtmmnts plesb@ddian@nioaneX| aid chu@n‘co\/idp\ésmoz is pafwerne nrn ars anndunt Y, and
ratio is 1.1:1:20. Preferably each of sajd W XY,
whereyy gaid dpwith @@npwtmrﬁrmé&enf HhEn SHIOHNSrirsking fop rptdo of WX:Y: Z,
where %?lraec’loqg 1. lnfj_'L')‘CPt%&rgoly rkgffs%d e 630 Qaécqecﬁglaé Rehner that
a our serotypes, pre era agai rist serotype- 1,
said ®erobyipe- 3, c@ebket yhendBicand aslmimtcyqbemﬂnmfe dopoise ddainsofall four

t he d e virus envel r ot gin E. 0142
seroty BT G AR BT O RG | VSE e LTSRS PR SR of domain I
of thd %Sg’lfe' Qfud SnedHNipastEhet. tlﬁ’ eﬁ'}‘uﬂtlﬁléi“ MicfyRl, eﬂlBodIH%ntbesald first
in a formwhich contains salts, buffers, adjuvants,
compasitier is pussntaincasanding lW,asaai steaild adynpositaen 1srm¢9@ut mcant ¢reount X,
said ﬂ?&é 'Pglﬁlpémﬁ%} Es grgse?nﬁjugr 8paép%1{n]t %ﬂpa&?i Wg%rgnnﬁ%a% four’[Sh composition is

prescift GRP&S lakno@AS Z0Tca@NAT 138E Gufié GAl WERMPES WlicRAs salderatio is 1.1:1:20.
provi ded in nunerous sources including Rem ngton's

Preferﬁiﬁareﬁ%lb@ﬁﬁaidc‘é/i Xs& %m‘ﬁe@le(ct%idn a mpannggjthat sokdgonmasitiogtp agpable of
t e

incucR 3P | Sy ES LEEL LSS SRUE B v srope

1, sercsy;&parssmm& -3 Ixbygpdtese-obf domaiagliedule ddguerirss @&tvelope protein E.

yl ene gl ycol,, polyethylene glycol, vegetable oils
l0014§l Wﬁe%\sthm co@peyition a@rmﬁqrn thec tV4BF18° o‘f(g%ﬁﬂ%tw@sto r theg dgygntion s
admm%%er@d fYin fﬁld?\@t‘hﬁd 1§ﬁfag e'ie aQbrr? 9&1!13['1'1 dohBaifly S, ' HERrE %Hjuvants or
used to | ncréase kln perneability and enhance’
other mb‘snageis vabsloaptdesimbld 0 idBloviligethy afﬁcaqeo f:tbnpomugatar&camples of
ntion.are said to_.be "pharnaceutica

nv
mateﬂa@c éw?% o ySCy o eRgiH Of r XA CRRPHRIQT) 8F Athggmaceutical

comp@Wtichs! &1 PloSMed! AdhMndkAL . soRF&RE el'h@l%ﬁlgbkeﬁ‘uWQ Pharmaceutical
Further, the vaccine conpositions of the invention are

Scwn@d ifOsdls teraskh Mack Publishizg6iot,i(@990)y Biis detlides serdargucous (c.g.,
h an unt t hat R uces desi red ph silol ogi cal
p ysmé‘?%l‘éaét 5. neﬁh%r AAFLHECdt ?‘yﬁ nso?'n MAIHE T 8s Eé%@% G ST Agp-aqueous
solverds latdTpidpgiEnt 3%1?@1'1 pélﬁléﬂﬁyﬁn@“giﬁdooswg%tabw bhoyhcH B@ olive oil, and
intention tolimt t resent invention by the
injectabdy PrEANISCPStRET pHehi astatley] @kiﬂt%u{%am@fﬁ of peclugive drqsyipgs can be used to

increaf 4154 PEnFRREP b QS Ao MRIER R e virus, - and,

[00143]”]]&; viasciga pipipesivibnfeift el iimiengon hee viaidistol be Vipharmaceutically
ovi des. a

The i.nvention further
accepﬁahla ﬁ%’léléﬁt% %?IS%%Wthe&HEE%?FBLY $itRgpicph ndiyidugl girpfgrably by a
huma&o'ﬂlpcﬁétt ' @R 9]:1 ctlﬂke do%ﬁa%@fﬁbﬁ@ otariﬁie (1%)velﬁ10n are administered in a

har macéut | ca y acce l'e carrier.
therapmrcaﬂy céfettyye tmeuntfivent |aonarpmmt|tdasp1a>dp¢far aralesitedi plagsiological

Cc osition, sai har maceut i cal oSiti
eftect | QTR R re oty o RApF RGO D B MOV e o1 (hisoiclosure.
Witho@ e fihteStiorAdo! 18R MRWrestht Bwvention by the following mechanistic explanation,



wherein said virus-like particle is a virus-1like

particle of an RNA bacteriophage; and (b) at |east one
w@eopgane t h at | east one second attachnent SPCEEP2009/054856

wherein said at |east one-af%tigen is a dengue anti gen,

wherein said den ue antj gen conpri.se a
the inyeptive; ypcic: ereRp 1t198§|fflﬁggh @Cuea ai}b‘g %P 5} %Bﬂ tp thg envelope
protelﬂ- t?oftafengmh@ drdd! 1R, lg Q@pa@muﬂhlfﬂ? ﬁewﬁhwﬁw% otein

E; wherein (a) an are |'inked through said at
[00144]eH®t umetlcbn rfsltthfanplroseﬁesi aapharaatscutaab cgmpositlon comprising: (1) a

Vaccmgaci,orqlpé)g%opdgjlthg]ln gloﬁ,n%}éﬁ har Ceaetél:tl%al:l \y%: ga%get éaarrler More

spemfﬁﬁﬂ? MaGe ihicEfbn GROHWAS tl Qﬂarfrﬁ&edtféﬁl obAPbYMAGH,, said pharmaceutical
ioration and/or prevention of dengue fever, dengue

compasétiasr edapieng €leta) aavieysdikedpattele vaHo ek losstnencofitst ataghment site,
whereg{g%ﬁ?ﬁymg %%ﬁ]t%ﬁnﬁoﬁtlg%sﬁn%eﬁ&mgll Sl(fgl% Rk Y BEEhaR: and (b) at

least qpbantipaewith adlchyt oae ceqpindlhakteckteont sie, wHed 441 af least one antigen is
i nvention further(PrOV|des a nethod for the treatnent,
a dengyeentigeh pYhsReiR Afd /depgucHIdizeh CPBATIYP 2 isagursitionet to 99, position 9
r vV L dSH@
to 1092(53%?%1%@ @qgérl@a(qi(ﬁﬁ{ §1 @gﬂ% t‘;ﬁlg gi lg%uea %ﬁ\é@@%ﬁggotem E; and wherein
(a) and dbjparsilinkod thraugtasad neleegnpesfini anl oid at kehﬁrdmncsecmdcealachment

osi.tion of the invention to an animal, preferably
S“ea?gqg ‘m?%ﬁ@yafﬁ@“}‘%%ﬁ?? on provides a method for

[()()14§j]hﬁhet 'irﬁ%hﬂ@rmfurtﬁéfef)ﬂo‘?fd%}; 'aoﬁhﬁﬂﬁcéutﬁﬁl @5§1}6§ﬁ§1619 ToPfhe treatment,
engue fever, dengue henorrhagic fever, dengue
amelirhigark and/od p@ﬁ@tltma@ﬂd@r@tuh cfdven:o dmgus i h¢gloa1dilﬁgln| f@t/@r anty omdengue
shock %3 os'etl o{ﬂ pilo ST ga 12 gs t1 pr¥ 1 (@ C sition of
SPGBt PBh PEERBIF ST Ay “C'aPoA ?HF‘UE ke aarf’%“& %Wf}?
the in@dntibRamtl (QNephdrmatcudicAIRCAITBRLDIS ich@icr Wher ei n sai d
virus-like particle is a virus-like particle of an RNA

[00146|aEhee rivepiang urthgn drgigesat mashest fayntbe drsafrgem. amekpration and / or
prever}tg)glgcif c%ﬁguez ﬁet%gtg giﬁ é&eal?é%gpz{]ﬂaéicl %ﬁ?rr \Qﬁcﬁ&e \Aﬂ]é?lglsﬁioc%t sygdrorne said
method&f@@@sﬁmgt ddgeniseang i (ﬁ)e@oaﬂtloh eashccp&%otmpmltfbnt@ a9Fharmaceutical
|t|?n 9.to 109 or p05|t|on ? to 112 domain 111 . )
Comp%%ﬂthnhe dleh gw@nvw 48 nyEM3pePtsEly ﬁoe‘ m&nmﬂé%. fge invention
e i
PV e e R 2 < R eh S ARG A5 densue
hemoiviidgic fossp and/ot detgve shetihedsirahe tdael mothedtcoomyrismgiadministering a
osi tion, ccine and/or, said harmatceutn@ﬁl
|V1rus-11ke

co
compQsy QuaﬁaBHn?lsprﬁi%é%% 5t PUinsAd SRR CQBPYSIAE
partlch@h B Rh&rABIfifstt ataéﬁh@wk%a&heﬂeﬁl aid Limined patier!lik ¥ virus-like
fective amount. [00148] In one enbodi nent, the
partlc]@cmﬁ)@ig |Rthbd®ctemaplmgnea@cb|@p)ogn tea@meamdlggn with at least one second
i ca jrions.are a ni st red

id
atach AL R S EpofR RSt O Gy J5 Pl bR e hid dengue

antigeh Qﬁﬂ@h@é@» at ldABEP ARt ioRAr, toBGr9eos AT INto SIDD B ipBSTtio D t&® NBHF domain 1T
suitabl e physical nmethods. In a preferred

of theedepaus Misht chvéonsorpssl Ei and whetd (neanddip ey tinkpdsthrough said at
least O%Q‘Héaranﬁ%p%feﬁé{t ngé%ﬁoﬁaqggﬁln{ég?ﬂ’?‘e are administered to

to sali
[00147NWith et @rﬂhy ,met]ﬁtidsaif&l‘ﬂ@ uskeytior, rsalﬁmq;@slabhysald vaccine and/or

transdermal |y, jntranasa i nt.raperitaqneal
said p%wa?%élo%wsmep lﬂprﬁg%%tr ly aihﬁtIBSt?Iﬁg t %ﬁ@fﬁ%&@ore preferably to

said h{uggﬂ-‘}glmﬁn&ﬂﬁ&lﬁ@fcaﬂf@ﬁ%‘tw@famtohﬁt.' nvention is the use

he conpositrons, the vacci ne conpositions
[00148]nlal/ @rc @ﬁbddmaemh ﬂrenmrmﬂsumas wonpoe somposisomkestl orbgdrmaceutical
her ei n fq{ ? JeatQF
compositions are administered to said anirhal, preferably to said human by injection, infusion,

inhalation, oral administration, or other suitable physical methods. In a preferred embodiment,



anel i orati on and/or prevention of dengue fever, dengue
henorrhagi c fever, and/or dengue shock syndrone.

WO @886 A further aspect of the invention i s PCHEPRE/054856
of the conpositions, the vagcine conpositions and/or

the coffgo e HaFRASSCTUKB 9P S0 AR B or e pBLtRainstered

to sai@MRirh@r %Eé_f@ﬁb@znﬂ{ Qdid F’tﬁﬁﬂa‘?ﬂ“ih@zﬁnﬁ’s“cuféﬁ?ﬁ %ﬁrafv%cﬁ{sly, Q%%ﬁcosally,
henorrhagi c féver, and/or dengue shock syndroneg,
transdpmesfllyy aitiranapailyanntaarientdnealiy ssubputefienualyl wr i dircatiiun@nthe lymphe
node[00151] It is to be understood that all technical
"features and enbodi nents descri bed herein, in

[0014PRA t fueHbahspefOsE tibe R EhtRAd isf Bl td3€ofC MRIPQThdsRIdRS,06f tHiEvaccine
invention, may be applied to all aspects of the

comp@sityeai tangier oé shrephamiageutigalt ¢ranpest ving descsivpd icteip frg, the treatment,
' . N ' |
omelRAETBERN! L0 GRTPERLLLE 5 RS USRS, OB dene

shock §dtomg. of envel ope protein E domain |11 [00152] Tot al
ene _synthesis of a nucleic. acid sequence encodj ng ]
(00150t gfistheie pegh @f othe nipaensios pr Hiceisf Bf dBereiomnopitiops, the vaccine
comp&ﬁtﬁc?ﬂs AndQRbt @8 %cﬂtﬁf‘éorﬁ@ﬁtﬁ@ rd@%crib@& ﬁér%ﬂ) fofAR manufacture
perforned using overlappi ng I gonucl eoti des and
of a nstdiradent f{dPGRe aisstendk,yanmdiohawa dnd/agipreveatibn adjidemguewictdr, dengue

n Nde | restriction, site at the 5 -end and an Xho |
hemorfig et GRAST (R YRk SCEge: HFRSTIPE] g HISelHast proferably
ina h@3- [00153] Nucl ei c sequences encodi ng dengue

envel ope protein E domain |1l of serotype- 1 (strain
[0015Helt i torbe308¢16Wod Swit 98 eabnica b 8H85)and einbsdmatnyspdesgribed herein, in

pric 8L HPRL ARt P B il s

of thVefinEyt B@)‘ébﬁgﬁ ol tHe @iccide cdbmpstidrse tphefinfetitgcadt colnti@sitions,
5'-end and an Xho | restriction site at the 3' - end,

methogp ardpsgs.alensdun epx Pefspt ¢mbinGIoNE. col i was per f or ned
(service by Ceneart, Regensburg, Germany). The
resulting nucleic acid sequences were SEQ I D NO 20
(serotype- 1), SEQ ID NO 26 (serotype-3), and SEQ ID
NO 29 (serotype-4). The Nde | / Xho | fragnents of al
4 serotypes were subcloned into the correspondi ng
sites of an expression vector derivative of pET-42a(+)
(Novagen, Dietikon, Switzerland) to give the follow ng
vectors: pET42T _DVI -E-DI I, pET42T DV2-E-DIII,
PET42T _DV3-E-DI I |, pET42T _Dv4- E-DiIl. This did add to
the domain Il Ctermnally a LE-linker (Xho | site),
a Hs -tag, a Gdinker and a cysteine at C-term nus
(DEN-1: SEQ ID NO22 (domain Il of the dengue virus
envel ope protein E of serotype- 1); DEN-2: SEQ ID
NG 25(domain 111 of the dengue virus envel ope protein
E of serotype-2); DEN-3: SEQ ID NO 28(domain |11l of
t he dengue virus envel ope protein E of serotype-3);
DEN-4: SEQ ID NO 31(domain |1l of the dengue virus
envel ope protein E of serotype-4)).



EXAMPLE 2 Expression of envel ope protein E domain |11

[ 00154] Conpetent E. coli BL21 (DE3) were transforned
wowaob/1s2e1 expr essi on vector plasm ds descri bedPCTEP2009/054856

Exanpl e 1. A single col ony@f-a kanamyci n cont ai ni ng

agar plate was grown ov [ n liquid culture and
used to inoculate 1 1 oﬁ%ﬁg@% n containing LB
medi um The culture was grown at 37 OC with 150 rpmto

0D oo nm= 1.0. Expression was induced with 1nM I PTG
Bacteri a were harvest edEXAMPLEA overni ght induction

at 37 0C by c tr:lf f or t es 6000 rpm at
2 oc. ExaneL £ Ghwing HEniRiopR beptisn b dosiin 31 o n £
[00152*|0I @ehlrgelnb lsyﬂtﬁ&slﬁ@ﬂa ﬁﬂ&%l@ &dill s &fwh&t é’hcﬁdlﬁg‘ti%é%éﬁ)t%eQ envelope
e

wer e resusEen ed in 25 r PBS

proteiny E2 5oy [ o sxamhalpndm@s G bty PaASHDevas performed
using ?L%%rppﬁ%ngl{%gﬁlﬂﬁgéto&% gl %g&%%ﬁ{gfg %Qgeﬁl%'i ﬁ}%ﬂ{gdg % %?Vea} fragment
with awaGdEEIdreétrlbtldSle Sitarttthe 3’5611&1 andfantXitid Efes‘(ribﬁ@n giNd dir ths 3pdid, resulting
0, 5 mM EDTA, 5 nMDITT, 2 % Triton X-100). The
in SE%&PI 2Ras r esuspended in 25 m of buffer (8 Murea,
T, u
[0015%@@ mh{ehgetne;téogrrln&tdé r@k%@b@ﬁ %r(g%;ﬁ Ea&rogr?aén IHgof serotype-1
(strainTReunnes U drd ivisspodtu 340315 SBadofe sem/@zp&Sd (saiamz Schgapaic/¥d £0/1995;

Swissipf BB GNEST BBODYal DM 2 Udmsha i (g v

synthé@ﬁea‘“\ngh AN ﬁd&@lré’s'ﬁ‘i‘ct{o;i(%ltmat 'ﬂ%?‘?‘-%ﬁ@ RHE dn 3AR PRGericDRYRN the 3'-
nd washed the sane dialysis buffer. Bound

end, thmbyna méoml wntmdzzugmnéoraﬂ owlpkvdsupéréorned KMewviesa,by Geneart,

1o Na2 | NaH2PO4, .10 .MM Tris, 2 . ,
RegeryBYiga i DR HRr I B S GBS R S g B NO:20 (sertype
1), SEQVE) Q@mr(@&rﬁty@eg)d@ﬁ@l%(} b NePiSGherdype-a).ured Nde 1 / Xho 1

protein from Exanpl e was di al yzed overnight at 4 0C
fragmérg&piﬁ ¢l 4 squgtire oo smbcuﬂ@é ingothenorg snamding sifqa 19f payexpression

oy ML Y28 G B0 LGPy o8 g

Vect01§1 p]Eymd [H\@BEFDHI/ qﬂ?IMQITt Dar-¥-ma, pETMfE_IbUBfE%DH([ SPETAAT DV4-
gi ni ne ut at hi one

.5 v al
E- DHI( a;b}s dig anﬂhg@gm}%c(t?rgagallyl@%lquglb@gl@lgl Sltﬁ)*l agilgc) tag, a GG-
v S5 ST O ORI, S STl N 0 i
enveldpegiryteer Bl of EkdtEB)); IH}N\IQPISEQSIEDG‘{(DQIS(@nmﬁn éﬂ\oﬁltbqadengue virus

rotein omain |1 ir -' icle
envelQRRatisth Erdtopreiges- b Higes S QR i 1 iagahe dengue viru
envelmrﬂrbféhﬁEoéf J%%‘by&a@t PENRNEFE) B NAB) (doMes Sl rbfstﬁé qe@le virus

havi ng am no acid sequence as set forth in SEQ I
envelopemeotdierE obsarotgpe-dt h 2. 15 vl SMPH (Pi erce, Per b| 0

Sci ence, Lausanne, Switzerland) for 2 hours at 23 0C

and then dial yzed

EXAMPLE 2
Expression of envelope protein E domain I11
[00154] Competent E. coli BL21 (DE3) were transformed with the expression vector
plasmids described in Example 1. A single colony of a kanamycin containing agar plate was
grown overnight in liquid culture and used to inoculate 11 of kanamycin containing LB
medium. The culture was grown at 37 °C with 150 rpm to ODgoo nm = 1.0. Expression was
induced with 1 mM IPTG. Bacteria were harvested after an overnight induction at 37 °C by

centrifuging for 15 minutes at 6000 rpm at 4 °C.



agai nst PBS. Then, 0.045 nM envel ope protein E domain

Il fromExanple 4 and 0.03 mM TCEP (Pierce, Perbio
weioensrsl Lausanne, Switzerland) and 0.03 nM PCT/EP2009/054856

derivatized Qb viruslike pag2+cles were incubated for

three hours at roomte r ., The coupling products
wer e anal yzed by SDS- pgggA%EéE 6 | muni zation
[00158] In ’i’iﬁﬁ’fdaﬁﬁﬁ%fln@gﬁ-ﬁ&t&h%d&ﬁﬁﬁ Aiimed with
50 ng Qb-DIIl (serotype 2; fTrom Exanple 5) on day O,

[0015§]sﬂtﬁ:cﬁlhp@lﬁ¢ﬁs frpm Erargple WeﬁB@)ﬁu@nmdecdmmp%ﬁ o tudfermi(BBS, 10 mM

MeCID AR 1ol 0T S A st Rt  eltler Spukiffigeion with 15000

rpm f&@o&ﬁlﬁu‘ce@ Rel4 POESMe '1&11%@6@%&@%hﬁﬂflng\'géﬁbt IvalWaghddm times with 25
simlarly as in Experinent 1. After boosting

ml ofp@fgdﬂpw Tris pthy ). SMMADTE7S nENEFT el Taton ¥d09). The pellet
t c e 2 [ I
was r%sﬁltq:?e_%%)d an gf Bﬁergﬁrﬁﬁ ({)bdy ﬁ%rp?fltgnd/gl er umM]%TT) and
incubased evaln%chk ad rbo'm El:lh@é‘raaire dﬁyh g&&l}( By, mt-:tmt reiﬂspaﬂitﬂ:d inclusion
eri ment .. The IgG titers against

day
bodleSe%\?@ fé}ﬁléfz agansy gl H@)ﬁ#%n & M yregeQ0 sy Bfe / f@g@% 10 mM

.  ORFE 30 200 LR, Ty TR L UARRE 10

resuspeidqieddareol Qpenamveishge withyBhine didty dgueffileBaahd protein was
Neutralization Test (PRNT50) [00159] The PRNT50 assay
clutedyamgpelorarthbuifercd@ v direrg 1 0GR POe{ NgH,PQgg9 mM Tris, 2 mM 2-
mmunol ogy 99, 291-296). Plaque count was
mercaétlog{flan&rpekgﬁgé usi ng LLG- MK pl aque assay single overlay
technique. Briefly, serumwas thawed, diluted, and
heat -i nactivated by incubation at 56 0C for 30
mnutes. Serial 4-fold BXAMPbRE of serum were made.
An equal vol I ( gque form ng
units / 0.2 "@fnﬁgdrﬂ?ggag%élg ‘5‘%‘3 lgg"ﬁ 5‘?%12 DEN- 2
[0015&]6H&‘1clut|@d$)mbﬂn fedm dlxahPl73 wapdialyked ovealighBat 4 °Biaghinst2D1 buffer

1 2 03 V\HO
zM HWEE%Q Fm&) Q&%E@L%g' égl\é'hargléwm dSr WM iZhriathigpe (oxidized), 5
mM ghRAth@we ﬂgdlhcrégr hatol, 9l cafol, :ﬁ{ 06 f aﬁﬂ 488y ﬁgﬁlﬁ%vve@ug%t 8l 4 °C in the

were renoved from e€ach tube and were i1 nocul ated onto
buffert (50pinM NaHEOnel NapbRDes0.60fMcangiiinge .5 thid kltakiohs .(ox), 5 mM

glutat]inﬂChﬁ%l atlgy‘%?ﬁmg‘o Hgt §gll z%ff%}’?vapd\% {h%rs&%%]lemxggsuég 28/'11 (%OI‘ 4 hours
and ox@e@ﬂh?ﬁ’t altBt Biffer gﬁd W SRgAPEM NBHAL®S 104 glybds L batEs).
for ays at 37 OCwith 5 % CX fol | owed by plaque

count PRNT50 titer was determ ned by statistical

anal ysi s using the SPS r]w%% [ program Eleven sera

frommce i muni zed wt Sﬁf{%o 1? vacci ne (Experinment 1
Coupdlig dPepetlope plotein EdowRin ARNG $itublike partiélabf RN bacteriophage

bet ween 67 and 5475 agai nst both isolates. O the VLP
i mmuni zed negative control Qi nal s (n=8), no sera were

[0015*7@; tghgbﬁlg@gg% ahR ﬁﬁﬁ%béa&§r§) ﬂ@é@gﬁggﬁgﬁgg&%&%md QB having
aminocdvad !semgﬁd: wd bt fotBSﬁ)ISE(EKAME[ @eilef ddrovatyedotvitid®- T M SMPH
(Piercle,nPgrlb}/oo Science, Lausanne, Switzerland) for 2 hours at 23 °C and then dialyzed
against PBS. Then, 0.045 mM envelope protein E domain III from Example 4 and 0.03 mM
TCEP (Pierce, Perbio Science, Lausanne, Switzerland) and 0.03 mM derivatized QP virus-

like particles were incubated for three hours at room temperature. The coupling products were

analyzed by SDS-page.



[00160] The Efficacy of Qo-Di Il agai nst dengue virus
infection is tested in an ani mal nodel as descri bed by
w@hao/1a26nl . 2007 (J. Virol. 81(l I) 5518- 26) . PCBEBINB054856

mce are i mmuni zedw t h 50 g of -DiI'l, a dengue
serotype 2 vaccine (frogggé%gqé% 5 purlfled on a size
excl usi on colum) on da 28 (subcut aneously;

in 0.2 nl PBS) and comg{fnikeisd ce i nmuni zed with 50

ng B only. On day 35, mce are chall enged
[00158]nknr Bgperiment § GR7BlLdumisd wes mimehwithpgideng RASRITM sehotRRS2; from

Exemfls SIERGHT AT FeBr bRt oLl ! PEdd abd eiprfa R lprimed with 50

ng QBIHGY in ERPérirhént@X tHeakk e Ha®Mrthicd pitefedaitth S8 eiBlusion column, and
collected three days after viral challenge. The vira

then iwigssidd tagsther jwithanipinig jadm byinRipripCRs (imsExnssigrenbed Affer boosting
f
(EXPG%% Laid essmalzg’)o%hé—%épfg{g?gt %‘pe?[%@?gl?b%@%ﬁeiS%%%“m“’

respecﬁ@ﬁl@l hs aﬁﬁ@ﬁ sef tht wpeDI(l shtibedyiteBEh-strunDibleZhe 63, ELISA at
DEN-4 were expressed in E. coli and purified to

day lﬁ% r{gquy 1) A@n& P2 RERRSIRSDE 0 -ailhs A%G Ttitgys jagainst the envelope
protel MRk 98 \A}@?or"?@gra AbesH @ Mf%eﬁ’tulg) dl d%ﬁgfg‘lﬁﬁﬁ%ﬁe@? 2). The

sequent I Nng-proces prote| S were
Qp tltq:ra mefe fodndyo bd @& 2eXxpersnan 10 hnd dd 160G Bporimdnn 2§ ouaverage.
i ndependent reactions, the coupling of these Dili
domai ns to the RNA-bacteriophage Q particle was done
simlarly as initially gguvipegBV2-DI Il domain, these
reconbi nant anti gens were rendered highly ordered and
repetitive Pb}qlxed?&ﬂu@tit)n Neugahization TestdPRINEM) | i ke

oorsEEG1 BRSTETESUPLG A0k 9ER SRR L LG ot of

ImmuAélaty 9d2BY.296)s Peiqhc kb@it. wahectt@iinay a& Ql@In | MDUNNIKE PlRue assay
conposition was obtai ned by m xi ng 50
single ppveray Echnique 0Brgfloh soen agphpwed.s gllp,tgd and heat-inactivated by

1ncuba%n%|1:.'l\§630'CEPdrl 30 mge; %eggl @%lg%ﬁhonggk mc§/7%1{1ﬁde An equal

wer e | nmuni

VO lunfeeifr cﬁm&ideﬂtusC(GmCﬂD)Splhquoﬁmn\gl ﬁthtst/ hE3 enlnaMDstadue r$f31;0type 2 strains;
nm xed conposi ti ons. used(a an_adj uvant .
z

DEN- aalﬁ6§é Ripse wlel%ﬁeap%nb Mot oS dbigh 2 PUprk | BRUAK: of DEN-2
Sl680‘3€W'I[Ig| b ﬁﬁl 9 ‘IVQsO éggéd o te% £ dePund 3Rlu8ion Lube. Following

at’ nn ova tetrava ent vacci ne
1ncuba1mltrpl®§7 1°C(fms6(anemctasp ﬁ@l IBI wtrei mologed omeragh hibghand were inoculated
bo iters i.n | S Table: 1 e EDLII o
onto @Rliedi0 stk HES ef Pagiiont 6" HnGolt dHEh QiAtoRS inguliieq at 37 °C
for 92R180& SRt BRENmEnEEDE 2w 33 RE lovaillEN:R 4ORN0F ﬁ@%%@rboxy methyl
- DEN-4 DEN-4 82258 tetraval ent Qo-DEN- 1234 DEN- 1

cellulge BN GhpteENerEageubaEN-for 2980518 IF(DIih 523L @ERHIBWed by plaque
count.Aljlgl\?f"?g) 0 titer was determined by statistical analysis using the SPSS computer program.

Eleven sera from mice immunized with QB-DIII vaccine (Experiment 1 and Experiment 2)
showed PRNTS50 titers that were between 67 and 5475 against both isolates. Of the VLP
immunized negative control animals (n=8), no sera were found to neutralize; the titers were

all below 12 except one serum which had a titer of 65 when challenged with S16803.

EXAMPLE 8
Efficacy of QB-DIII in vivo
[00160] The Efficacy of QB-DIII against dengue virus infection is tested in an animal model
as described by Chen et al. 2007 (J. Virol. 81(11):5518-26). C57BL/6 mice are immunized



Q- DEN- 1234 DEN-4 325569 [00163] PRNT assay -
Neutralization titers: The assay showed sera coll ected
WO e@ai1s626e i nmuni zed wi th nonoval ent or tetravedERP2009/054856

conpositi ons neutral i zed ald4 serotypes in vitro with

e titers ( abl e;
with 3y He rog GBI, okt Scraoms |Y8£§mar{§r@§hQ§a gl %t%@earﬂal a size
t
exclufEARIG) %ﬁgﬁéﬁs St 3 R BERRNLE® 1L 254 PRSERR! SPced to mice
immuiizébeith 501@380} ontynOualag 3o, @yemmpmallzm 1@@acteENal:l’y 8888r sites on

the upg ’E)EE%‘%E% %’iet%ll\%?sle%ﬂ é{r%ilaal é%gg( 1@5’251%(12}1% forming units

(PFUERNRULE U6bralk@r, Nad1btest, r BId79SRBA VRGIrRed HOROMBALS and serum
[ead to eqU|vaIent I mmune response [ 00164]

collecirdttbrenaleyy after, virahshglisnee. OEN- BRI cppsie gens wgnipligigd by RT-PCR (as
descn%@g’{:ﬁeéetvﬁrfo oned in the sane vector but w thout

ag, and"wth the follow ng, new C-term nal
sequence: - KGSSI GKMEGSERANMPLEOr ot ypes 1, 3 and 4,
and fol |l ow 2% new C-term nal sequence; -

KGSSI cvacsdrirayalept H!%!)%Q éerqmmﬁya@eﬁl 3lbgdenayg serotypes
: 1
R i e o T

expressedtiai Bi pgli agdrpﬁfaatdetwvbsmggmmtyo%ergnmgfht nmiedium goh@ining 1 g/l

culture an sed to ocul te03 nany cin
methigit 214 gL AR G ATRABERct ndacie SRDRAGRE TefpIds process
proteidd :v&bré-%rth&"ra{lﬁﬁ £P6A0 A exclusthn EXRNSSSIHhyas FieUs8Ehendent

1mM | PT Bactéria were harvested aftér an
reactl(msetrhn icgmplingafulegsic dHlatonBimOc tbg/RNénbzrqtdErug)ha@ P partsle was done
. 4. 0C. 0166 TeceII eIIe
simila; raé @ﬁga@gpfgﬁ gléedbo\{? @ Irﬂonﬁ)n SRE E s Were rendered

hlghlypbﬁieﬁedaﬁlﬂi st &Y edValcae attBctondiy/§1a lvitﬁélﬁkmbaﬂ{we 20ncoupled
U m benzonase were added to the sol ution and

antigenpsyamered by sizo cxflynipeehramatogephy anpepenlingeof anfigery anglyzed by

s 819 9P R e G155 0 0L RS 5, RS0 s o
DEN-2-BTHIC &0t 0@ tQ@DEN-2EDITI, 550 mgeQ[BmHMSLEmHt;oﬁideso Wl @B-DEN-4-

resuspended in 8Mure mM Tris
EDIIye? Aty wi5t ot Haﬁl&plze§ pp éazss 0 [l@o%fﬂl Wﬁé this &gtisyplght composition

tRPUSE SnofiBl AchiChifthAed o Mgy G %éd'gé EN%¢. On day 28
OrWIESI?nger % rr%/l‘l’rlf&lél gg%ﬁﬁﬁﬁﬁl)uta[]%ﬁone uc %P 0.5
mice W&fe@llaaltawﬂhemarmal@med ohi aZIBRINT Iﬁ@tratMaNaIChssapH 9.0. After a

[00162] Titers in Table: 1 showed that monovalent and tetravalent vaccine compositions are

capable of inducing very high antibody titers in ELISA .

Table: 1
vaccine EDIII coated Average ELISA titers

monovalent QB-DEN-1 DEN-1 201864
QB-DEN-2 DEN-2 330661
QpB-DEN-3 DEN-3 625853
QB-DEN-4 DEN-4 82258

tetravalent Qp-DEN-1234 DEN-1 312659
QB-DEN-1234 DEN-2 498018
QB-DEN-1234 DEN-3 479350
QB-DEN-1234 DEN-4 325569

[00163] PRNT assay - Neutralization titers: The assay showed sera collected from mice
immunized with monovalent or tetravalent compositions neutralized all serotypes in vitro

with high average PRNT titers (Table: 2). QB negative control sera did not neutralize any



further dialysis in the sane buffer w thout

gl utathione, the dialysis was repeated two tines in 20
worki0Insee1 50 MM NaCl, pH 8.0. The refol ded pr oREI/RB2009/054856

were purified on a gel filtgstion colum (H Load

26/ 60, Superdex 75 pg, CGE Healthcare). [00168] AP205
dengug sergypg R8s Yiar v prioy | tﬁw@w&rmﬁ 30

m nutes at roontenperature and then dial ysed agai nst

20 niM Tris pH3. An equinol ar anmount of TCEP (Pierce)

an@latdeniel ope protein E domain |11 (Exanple 10) were
reacted for 20 m nutgs, 4 Then, QP57 mMExadyced B J

protein and 0.048 ivati P205 ¥ -1
monot@lt | ClcgSoME!r e incub%gf for @gﬁours a(ltdSE ' Thg%%)
coupl i

PHEQducts were anal yze%i8 y SDS- page and
west er g‘é_{‘] ing with diluted : 5000) - DEN- EDI | |
nouse

from Exanple 6. [00169] G 0dps' of 5 nice

were i 8d three times (on days 0, 11, 20) id%he

tetravalerts en RB-fEN-4234m wi t BBMqual andlfits of \A3P- DEN-| ,21

controyy p. DEI2 and VLP- DEN-® and an<dfcess of< NLP- DEN<40
(20-fold excess of VLP-DEN-4: 10 ng AP205-DEN-1, 10 ng
AP205- DEN-2, 10 ng AP205- DEN-3, 200 ng AP205- DEN-4; or
5-fol d excess of VLP-DEN-4: 20 ng AP205- DEN-1, 20 ny
AP205- DEN-2-EDI | I, 20 mogx AWEOS EN- 3, 100 ng
AP205- DEN-4). When_ inmmuni zing with a 20-fold excess of
DEN- 4 over DilNernatingy ratipsn of v ¥yaecine, comapogents lead to

ELI SA-tijers . agai: protein were 228' 000
for mw%&“@i%dnﬁ{d‘r‘hﬁﬁgg{’hgﬁd 108000 for DEN-3 and
[00164[7/A1t&0iFeby, thiERu4 DPAWEDIITHILInEg iffogn Bkihpla 15wémelctbned in the same

excess. of DEN-4 over DEN-1, DEN-2, DEN 3 vaccines, the
vector) Jyat pwjthoutt Higsrtagagaf ntith; e Hoflpying opey nColeraingls segesnce: -

cosdgBERF RQAAE), S0P, HETHARE fof CER Pl

KGSSM:OMGESCavialk sarbtype2um from mi ce i mmuni zed with excess

f . 4 vacgin 0017 A neutralizatiqn e i
100165LS BER, hoqRaSTeioat | BLam by kampady ¥ SIRHEATEgbES) were
transfEYRIddTaRl iazsﬁicgl@ébléﬂ& &f Skatalyost coRihg aPENide v&?%@lfo%vn &Rnight in

~  DEN-4 are determned with'sera from exanple '
liquid xR BdIBcKitn erdcoktad liofrenaogeein contpingfg LRemedium. The culture

was i B il BRRETIS DR i o € vk ol i 1 mv

IPTG EB Ot @S Rerel ardesledl aftee dh Wiefr@ldht, induction @t 37kangnysitifuging for 15
0.1 %&I ucose, 1 g/1 nethionine) as described in
minutesai opP@rom aBhcteri a were harvested after overni ght

j Cl | 0 t.ri ' r i t
(0016EBELC ARk G Yo B B i DAL P i 7od 2 TR MRCI2! pH.0 and
sonicateiSeisjeen@le tngd/iml 68onmmdPRE 2000/mbbincaiiad waine added td e solution and
) i ncl.usi on bodies were centrifuged at 47000 g f r-l? ) )
mcub%?cﬁtarég,mlaﬁﬁ_s ALSEL RS R SBC Tishontniapivni Be insTisign bodics
were vf%as&}téﬁ in 36 %EM'T&DS%WN&IW OdronBH (7%; 50 nﬁﬁltﬁﬁleﬁaptoethanol, pH

er sonication, the inclusion
7.5. The inclusion bodies were resuspended in 8M urea, 50 mM Tris, 20 mM beta-

N4

mercaptoethanol, pH 8.5.

[00167] The inclusion bodies were refolded by dialyzing two times in the buffer 20 mM Tris,
4.5 mM glutathione (reduced), 0.5 mM glutathione (oxidized), 50 mM NaCl, pH 9.0. After a
further dialysis in the same buffer without glutathione, the dialysis was repeated two times in
20 mM Tris, 50 mM NaCl, pH 8.0. The refolded proteins were purified on a gel filtration
column (HiLoad 26/60, Superdex 75 pg, GE Healthcare).

[00168] AP205 (2 g/l) was derivatized with 1.4 mM SMPH for 30 minutes at room



bodi es were incubated for 1 hour at 37Cwth 0.2 g/1

| ysozyne, 2 Um benzonase. The inclusion bodies were
weemwnsfeged at 47000 g for 15 mnutes, and r eRUFPRIVIE4856

in 30 M of 20niM Tris, 2-9%e6lriton-XIOO, 5 nmM DTT, pH

trifu on bodi.es were

tempe]:aélérﬁsagfél:]@%]a qleﬂy@dm }nélhga érg}\/i}%phgcl—iéjs B gymolar amount of TCEP

(Plercp)eehﬁ émEl%@QbRﬁ&H 3@ maiR 'I'II%E§am}%fésl@5 WRk-&rdeln ifsr Wﬁnnutes Then,
moved by centrifugation at 17000 g for 30 m nutes.

0.057 [nﬂﬂlrea}ceQ(‘EDHI [Potedt ek OEWDMIwhaateze(i@lf?é]So‘gmdd@aﬂamcleS were

) . 1033 £ CK).. was acked on a XKl
mcubar]{%‘g(} i ié “aﬁt'vﬁ @B nglﬁf?dﬂ’ﬁls N f§6¢f‘m‘1|3’r?8‘ljl Lci)é’l ﬁf%%’age and
westeM@ot¥as Redh dutddl (PBB0aNdpIEN-BBIImEudY s@ﬁﬁafro&%mple 6.

Tri s, 20 nM bet a- ner capt oet hanol 1350 ng of

[00169 Grospsh 0§ & mijre Wiressinagead t@fﬁettﬁwc(gnuﬂmss &nld.. RAk Hetlie presence of

ahun Wihebofo s o IPER-F VD 2s S TroBSONE oxcess of

VLP- IbENa4 (R LEpEaeisheLR- D0 40M LiARDSI BENL16 1g. AP205 DEN-2, 10
00174] 200 ng of eluted protein were dialysed t

ng ARZ08d3EN3, 2O0RyRnAPReP-BENY af p-doldexgesy af- W Dﬁhlré 29 @reop\P205-
|y, o] M) a )

DN X B E PP 0B RREPESER) Lo Ao Nl When

imrnuﬁzﬁng Wittea 20db bl yrses (\rﬁdSENe@e\adr @ENVip DIENY2 sDEN- 2®acmiﬂes the IgG

ELIS AR Prtigs o b o5 FoPOd PR G 100 SsgdEN-2, and

108’ 08® F¥RDENCE LA | 674810 %Q%ENQf Méﬁbﬂrﬁnﬁﬁ%g'v@l%h wes. ?old excess of
concentrated to approxi mately 30 by Tangential Flow

DEN-fiolver RENeh DE2%2a D&Y - B wadsencs, tRXBG EABSA-tB@IE eXng tk@EDIH protein

were G UERE, DRt ot LRl TR RGN gy o000 o

DEN-fiiltration colum (H Load 26/ 60, Superdex 75 pg,
Heal t hcare) in the buffer 20 M Tris, pH 7.5. [00175]
2.9 g/1 AP205 were derivatized with 2.75 nM SMPH f or
30 mnutes at roomte and then dial ysed
against 20 MM Tri s pHn‘%%gRMﬁ]en an equi nol ar anount
NeutralizafibR dd¥a3r with tetchvaibersl s@ainpfoémi mide damenizéd lwith excess
gm Exangl e 12 were preincubated for 17 hours at 4
of D 0.05 MM EDI I | protein and 0.052 nmM
t r
o017 ﬁﬁ%lﬁl?ﬁ(’ﬁ;\?g?%ﬂré# e e A R e T FRNT-50
neutra\l!iezrt@npnltrersf agadhso M EN-ge IDENH2{ DN -8 awd D4 (4t Ideedmined with sera
26/6 Superdex 75 pg, GE Heal thcare) and anal yzed by
]goe and western blotting with diluted (1:2000)
Qo DEN-EDI I | rmouse serum from Exanple 6. [00176]
Groups of 6 female C57B1/6 nmice were inmunized in the
presence of al um subcut2eabIdIE/12 hree tinmes (on days

Kinetss et ﬁmﬂﬁﬁéﬁ%ﬁg’i@%@r&&giﬂ‘%ﬁ%@%@ﬁE&D fiyageine

[0017 Ttk cefouB DEMNRBB 111 pddteimbhnlith 9L fidin Ekh@ptet i efeSexpRRsdden 4 1 of
reached after only a single admnistration of the
medivptd ol ) Ehg/l J&@mcm&ﬂ@% glugasn h%m@t&la@@rsh@ deseribed in example

2. Bac%léﬁa&!véré élfuglt%gtgd tdftér 4V%m€i‘§rﬁ\{%ll%ﬁ?19 th%"/f ént%%#ok 1§ gnnutes at

5000 ipht &rds°@r e expr essed as those ser um d| l utions which

[0017|2]eﬁ9e ct:e(fl ]g]e?lle‘rs vrvrgr)e( Irgsglspendec? E.)nnge) Im PIIEB.LSI aSn% S-E%?clateed on ice. The inclusion
bodies were centrifuged at 47000 g for 15 minutes, and resuspended in 60 ml of 20 mM Tris,
2 mM MgCl2, 1 % Triton-X100, 5 mM DTT, pH 8.5. After a further sonication, the inclusion
bodies were incubated for 1 hour at 37°C with 0.2 g/l lysozyme, 2 U/ml benzonase. The

inclusion bodies were centrifuged at 47000 g for 15 minutes, and resuspended in 30 ml of 20



prei mune day 13 day 27 day 45 AP205-DEN-1-EDI Il < 50
5724 29605 46005 AP205-DEN-2-EDI Il < 50 121 1 31616

WQ@Z®90302P205- DEN- 3- EDI | | < 50 2558 26931 35577PCT/EP2009/054856
AP205 DEI\I-4 EDI Il < 50 827831 16 24626 [00177] A

T excarkiin K100 S MO oot T A S oM ERia 1 fnplasion bodicy
were Iteﬁl&bgndeﬂ 1§ 'SQW Jr@e@tSOtrﬁﬁlsﬁﬂ %rrﬁl‘(@tﬁﬁume?%?oeﬁﬁﬁbﬂ ﬂﬁ) 8. 5 Insoluble

specificall'y havé neutralized DEN-I
debrisDEN-ramped, byt cantrifiadsice: at 4 708Ns fas H0ani@uDENL ( 16007) DEN2

100173 R o0 B b B oL TR e 38 B35E Mk was packed

on a XKi4 %umwﬂﬁealﬁmhmﬁ@gs&ue@ Wwith ofoot &1 aaspledhercolumn was

uncon ated EDII1 proteins [00178] The four DEN EDII |
washeg vgt lﬁ and theporeith 1 uticagd O myhT B baga-weraaptocthanol, pH 8.0.
1350 @g%ﬁ@%{%% Eaﬂn}ﬁe 1ol 1BRALY @% c;%ﬁﬁﬁﬁ qvasﬁ‘ed%gﬁ%' f1 4% 50 mm
t cterilia re harveste OUI‘S i nduction at

Tris, R/ mOLCbby-raeosptodthigiocpH Gr0, hhd Rluted @&th &t MOGRR, SPMMITA, 20 mM
0C. 00179] The cel | pel I ets vvere resuspended in 45 m
beta-nggyc eﬂﬁ“@,’z 0 20 lepptt 89). and soni cated on ice.

[00174} 200 [fdeldtélds dleg%dqw@ﬁlﬁ%%@ﬁ ﬁlgg@[ f APA8F 4R, 0.4 M

t'he sofution |ncu at our at C. After
-Argluhﬂae d0di tgl}@nrod),f4 3 5M rglut26iondA(Edused), 305 mivl Na@ithioaddoxidized), 20

Triton- Xl 0 - mer capt aet hanol
mM b e e neE RO TRE KIS PR s Bav faspies TR S0Tnm Tris pi
7.5. PFe%ﬂ)tltra{efdutﬂ%rlﬁn\Qa§ Fe?ﬁb%@@ We&n{rﬁuggloﬁ“ﬂt-ﬁrﬂo@@ fGMl blehgnutes ina

% Triton- Xl OO nM 2- frer capt oet hanol .
SS34 Sbmfall ncrhtuﬁlg@nﬂlibrdl dsolubleeprotemmtsrivdre ge@beaganech t(’ampprommately 30 ml

by TeEPHP AR S Tt o8 B PN 350 igB M 2. Pflicon XL, 50

cm2, BodiRse; WeIe nilehRlueed RafoldedGhdHo nidticdpavteiEd n@r@ eifit@ron a gel
40 hpgﬁers at 40C|€dﬁthe buf fer 20 m\/FTrls qﬁl 8

filtratign gp bint Gh&ogd 6100 ednerdrx5/ nng, Gitutigalticare i @b@ b}lfﬁﬁ‘é@P mM Tris,
g720 MM Nad, 400 nM L-arginine, 10 %glycerol, pH 9.
P After afurther dialysis for 8 hours at 4OC|nthe
[001751U.9 eg/1 20P20H WéﬂeSderﬁlaﬁzéﬂ\/l\xgihUQﬂﬁ hmMeSMPdemeﬁ) ,rmﬂutEs at room
rngIutahlon xidized), 50 mM NaCl, pH 8
ternpegﬁtlg]e aiésﬁg Aeagst 4 mM Traupd g "Ell@n,, ﬁn ?@ulﬁxmlar amount of

TCEP (ﬂe?ee? égd gﬁ@elﬂ?pg Lﬁr?t@{ﬂ g d8maikNG1 frglifglqg“[ lc AR Ijeﬁlcubated for 17

proterns were p fi on a ge tion co
hours (aH|4LclﬁldT 16/ 6@®5 Iﬁhfb@ﬂ)iﬁxprﬁﬁtirpgnd @EOSBIemM Hedwagiyed rAP(Zﬁé virus-like
fer 20 nmM El uted fracti ns re
pamcléa n"&eéﬁtli“‘é‘fbé‘&? ?P e Afowr% al 5?@0?@8@%% { FOUREEpEeEucts were

e T
analyzed by SDS-page and western blotting with diluted (1:2000) QB-DEN-EDIII mouse
serum from Example 6.

[00176] Groups of 6 female C57Bl/6 mice were immunized in the presence of alum
subcutancously three times (on days 0, 14, and 28) with 200 pg of the tetravalent AP205-
DEN-EDIII mixture (50 pg of each serotype vaccine). Table: 3 shows that EDIII specific
ELISA-titers can be reached after only a single administration of the tetravalent AP205-DEN-
EDIII conjugate vaccine and finally reach titers above 24’000 for all immobilized EDIII

serotype proteins. EDIII-specific antibody titers are expressed as those serum dilutions which

lead to half-maximal OD450nm in ELISA.



tenperature and then dial ysed against 20 mM Tri s pH8.
Then, an equi nol ar anount of TCEP (Pierce) and
wepwelianel protein E domain I'11 from Exanpl e 13P@EER2009/054856
prei ncubated for 2 hours at64-0C. Then, 0.029 mM EDI I |
protein and 0.036 nM derivatized AP205 virus-1ike
Table'p{arti cles were incubated for 2 hours at room

tenperature. ;Higm&GRUPkANG Prodysis wegs purified on a
AP209BENEEDIat i on ol um bl Loadhed®d 60, Ig@gy dex 75 pg,
AP205BERBREDicar ) apd anafyzed BysRDS- pageognd western
AP208beNL3-Eg W t h didout ed J5d: 2008h3 {QODENSERN7 | mouse

AP20§9EN[H1 Emgm Exanpfoe 6. §H0182]13Gpups Qhefs femal e
7B1/6 mce were imuni zed suﬁcut aneous ly three

tlrres (wth alum on days 0, 11, and 21) with 200 ny
[0017%]fAmhetralizaﬁ(avatmﬁmeAP@%p@mnEﬂ)las Hescabed imeexeﬁtpler@ Tdke PRNT-50
trava

neutssiZ B (st BROMEC (Mo A Ha Bt FrERr el (RN 49 spisifically have

neutrafbdEDRAL | MBEM.2, DENY, £id HRR-£RUREEd, monoval ent
AP205- DEN-EDI I | vaccine or a nonoval ent, unconj ugat ed

m xture of the AP205 / EDI I was i nj ected each ti ne.
[490183] Table: 5 shows that ELISA-titers can be
boosted after 28 days up to titers of 560000 -
| DERBoRR0. ThreEN1 (&7 | ODEND{16681 uNDENG (168620d, DEN4 (1036)
PBNT®H0diteent AP205 / EDIII mxture did result in three
(prenneumesarufiol d | ower titers than the coupl ed
backgypayssuptedDl | | . 18§t her mor e468hr ee i nj e¥’fons of aRd
unconj ugat ed, nonoval ent AP205 / EDI Il m xture did
result in 10 to 38 fold lower titers than the coupl ed
nonoval ent AP205- DEN-EDI I | vacci nes (Table: 4).
DENEDI Il - specific antiHIQMVIPRIIBEYS are expressed as
t hose serumdi |l utions which | ead to, hal fnmaxi nal

op4isomminogenigityof e gaupled aedRcopjugated Fligproteins

o0 A EERLRG G £8P FOU) L S BOBHP v st i

21 of AARR(D- A9k @ tbedlid bx 4ol 20 Hilt IbhctEﬂQ 3/393 220dstetl after 4 hours induction

2137 P08 ENEIEEpY |1 mENEA BBIA [Pl 56888 4145 Tet r aval ent

[00179]%&%4@5% 1ikg3@eielbldspbddd 3n BRI h 24 AAG4RX, BIARY g2, pHT.5 and
AP205 1234-EDI 11" DEN-2-EDI || 630357 84053

sonicaftfR@bicDENR 3 AB4m ER¢AynDENMdI3S BDh benkdi62 46 rel4dte8 7o the solution and

incubdii 8 B0 LR OB B ¢ ke AU Rield T NaCl, 4%

TritontROdB40 hha Bhfdcpeostabol rjﬁ{ t7e3,r éjah €fther sonication, the inclusion
AP205- DENV- EDI | | vacci ne agai nst dengue vi rus

bodie§ wergcrechgiugasl andsesgpendled ip 2 mavlel mn 8 ImMsNefels ¢P4 batpnby 100, 20
mM lrnaelrr]c% to%%hiﬁ‘olh %P(‘}SS ("}@e C'tﬂ‘e 1nc\fu51on %gdleg avg c]éé%guéc!ﬁi ggain and

Sus ac a(d
resuspteh\@dt et Ve 50 205 2@W—b€@hhbrcéﬂt5&hi@l qu gach

[OOISQEI}&%EISﬁ@g lrbgH]lysE;(v%gp rlefoldesd) at()lnmg/%%y dlalyz41ng %gce for 40 hours at 4 °C
in the buffer 20 mM Tris, 4.5 mM glutathione (reduced), 0.5 mM glutathione (oxidized), 50
mM NaCl, 400 mM L-arginine, 10 % glycerol, pH 9.0. After a further dialysis for 8 hours at 4
°C in the buffer 20 mM Tris, 4.5 mM glutathione (reduced), 0.5 mM glutathione (oxidized),

50 mM NacCl, pH 8.0, the dialysis was repeated for 15 hours at 4°C in 20 mM Tris, 50 mM

Table;

NaCl, pH 8.0. The refolded, monomeric proteins were purified on a gel filtration column
(HiLoad 26/60, Superdex 75 pg, GE Healthcare) in the buffer 20 mM Tris, pH 8.0. Eluted
fractions were concentrated on centrifugal filter units (10 kD MWCO, Amicon Ultra-15,
Millipore).



with alunm) and conpared to nonkeys imuni zed with 600
nmg AP205 only. On day 35, allaninmals are chall enged by
wa@aimensaneous i nfection with 105 PFU of DENV- 3PCT/EP2009/054856

Sleman/ 78 wld type virus.— (Se#um is collected on days

-6, 8, fraozen at e rus titer
[0018ﬁn2 %Elﬁﬁ%@gnﬁ% dedvaiize r‘i‘ﬁﬂiﬁe VE SM’E[ S é§ MUy 4t room
tempe%tlnje%nd &&%Jcﬁayseﬁedr BiRs@d | ﬁIMJtT%s @H% rhayved ea{ﬂl%oﬁ@rrdn%um of TCEP

fold dilutions are inocul ated onto Vera cel

(Plerccr)oandl cayelope pifotan Esdonmi i fwehl Exinanled 3 (Dow pmemcebatad for 2 hours at

01, . ., Med, s l,, .6 405) . .. .
0 QE%W W:Iiﬁg@fﬁil% r'ﬁ"n%{dy C&Qo‘ﬁi{’f Q?Fbvea? 5?‘5?‘%30? Wérl‘s'hke particles
were 1ﬂ@liB&|te'de6f 3 hah8 2@ ¥R RntheWithrd. @h@%u@ﬁh@‘pf&i@l:ﬂs ﬁnﬁﬁbd on a gel
ti MEM (Life Technol ogi es | emented with 5% FBS

filtratipp lcp gl il aed B 69.orpardes é:prgo fldeatthgrygkandanalyged by SDS-page

) ) [, i
and wRAHATRRGAL Btk GRS G R0V QI oSSR FRTtpplc 6.
[001830Graups and ferhals € 781/6 nian bvietwﬁk)&niﬁuﬁécﬁfubéﬁ%nmm@lahremtinkes (with
in Pol cI onal rabbit DENV-3 specific antibodie
alum,; Pmﬁlé}éﬁ%

1dr @it Doyt Q0 the v elgnts AP 20nR ENGHRHT pegeine (50 g
of eacﬁas%fbtﬂ%l)ant IL %%eﬁ'gs B?tee?%%%lgﬂt g&%ﬂ%'a{ea &‘%ﬁg the AP205 / EDII

cach tane At\lm’hz&d/etyMSf)mgmﬁ the @ntiplbdydyotoviafeat AP205-DEN-EDIII vaccine or a

d | abel.ed - j - it 19gG (Kjrk d
mono At piep g VMO P Br Sahe P eF Bilhvs esed G e
[00183-] EF Q@le‘ 5‘5@%5‘ AR IRUL fiRfs @RBe %gﬁgd Ei@er%(‘(ﬁyy"% ko titers of 560°000

| oned by a 1-hr incubation at 37C. Secohdary
- I 2@19%6@6@ jeciony of tmdnctdmeigﬁmdl, @t@W@lemaéHéQiS { Vil2lgl mixture did

result g I_&&j:e ? Sseavgg d{lgevégg er até% 88@31@41 éﬁ’g%ﬂ%%@ @Iﬁ? Eurtﬂerrnore

three @§eAbRC f XANYEhEgded, TRéHAVRhEAP2GDPMBDSI iiRtee did rdsult in 10 to 38
neutralization assay [00186] Four new DEN-4-EDI | |

fold Iqwesrtiery pleangthe spenled ronprdeatt WS 03 PER BRI pragings {T#tde:fo. DEN-
1A, QB B i, PSSR 30 o GRTR T Piliom avhichy dpad o
maxint Q5;,, H0BEIS AaiSkowh aretcamtitelse sane vector as in

exanple 1, but w thout H s6-tag, and with the

foll owi ng, new N-term nal sequences MSYTMCS-
Table{dMY01-23314) and MSYTMCP- (I ndonesia 1976). The new

-term nal sequences are - WRKGSSI GKGSCG ( MY01-23314),

and - WFRKGSS@Es8®: ( MYO1- 28344 astigen - \WFREGBS CKGBES!
MonoVhledbnes AR2GRDBY-14&bdll - WFRRESSESTE (| ndhomessi a 158769 .

[00187] AR2GDENAHDIUr neBWEN:ERIINS ardZ23Pen edPressed

and pur i AP2eb-REN-GED i bed DEN-3eXRIHpl e 113004Bet r ateal@nt

vacci ne APRSCREN-HE&MSI ar e PESplERIU W t H28%f8al adbdidint s
Tetra¥dlemta c hABZOSERBNs €234l ne DBEB-1REPIOT eaddR6d&G ot VIPEO75

AP205- DERRIGHDEN-)23dfEDMI t h BPRESEMEN- 4- EBD3F7 vac®iobe i n

excess, AR205DEN-1384aDItles c DENEEEDIN exanpiee4a 0. 45408

from i nAR2OSZEEN-M23deEDAl € t OENelEDY ELI $SA03531 mi [1at88¢ as

described in exanple 13. A neutralization experinent

is performed as descri bed n_ex le 7.CLAIMS 1. A

composition conpri si ng MP&EVf‘pEs like particle with

at | east oneréfravilent VAEEHRTh & plithatétRirRjul ARIEI

[00184\1/]I "lr"I;JeS e%ﬁlcl;cy of the tetravalent AP205-DENV-EDIII vaccine against dengue virus
infection is tested in a primate model as described by Blaney et al., 2008 (Vaccine, vol. 26,
page 817). A group of 4 rhesus macaques is immunized with 600 pg of the tetravalent AP205-
DENV-EDIII (150 ug of each serotype; from Example 13) on days 0, 14, 28 (subcutancously,

with alum) and compared to monkeys immunized with 600 pg AP205 only. On day 35, all



particle is a virus-like particle of an RNA
bact eri ophage; and (b) at |east one antigen with at

wo e@sti3@ne second attachment site, wherein sai PICHEP2009/054856
| east one antigen is a denglee-antigen, wherein said

animafyca el FEe OFY PHEBER 08" GFIRIE EhVER a5, o1 BESVAS SlergyTs wild

type VYY*&?rSJérﬁ}n(l?Lol@&@ed(&) de%fsQ)—%' pked thrRyahasad@catnd 8RSVirus titer in

one first and said | east’ one Second attachnment
semmamelesa&w@btmn@bymia@fww ip V&7 delbomrai n 111 of the

e lrus enyel o r ot elected Ir
[00183] %%B ﬂg?tgtafen AWEC atl& )serbagr}@ fE14 (?Qu%&ns e nac‘élH%tn% onto Vero cell
monoMyérU&llt@fEéQh Qﬂeweﬂ[ plagisDiartah cBadermue Avh rusréf. Med. Hyg., vol. 65,
serotype- X domain 111 of the dengue virus
page depdge aplrbt mcn Fiopf atarOG@ntgu&oemmresth@fm@ml'meyqoétezoverlald with
0 I n V. e r I R
0.8% %étb}lcgggﬁéeu éI{ V(,:Dgtgli/l %\? (%gf%otqgamoygqg's% dﬁl}ﬁﬁ efrp te% 9&1&1 :3/ FBS.

Followaihgt hﬁc@en@ueatvl e efovelfope guyst evirusE whques darrguelsuahzed by
virus of serotype-4. 2. The conpositjon of clai
ImmuGPSFQighse éraan% r%ref‘élm?hl @é}m@dﬁﬁrqr@ dixed g SB(Oeméﬁhamlyfor 30 min
t [ 0 d
and rlﬁs%a%ﬁﬁlt %tl‘%d Q%flférrggé?er}]c}ée é%%l?%rfg%é Pgl%clggal p%gitﬁ‘)uﬂgll‘{/ -3 specific
antibodies lﬂAboefm)sa-:re clilyfed-in AntiBdy Thefec amp eddetdi to re:aclf well dolﬂnvﬂgd by a 1-hr

wher ei d den ntigen c i.ses referab
ineubifGfa o 0 o i’ TIERSRY oarErh 61 {15 6 Bprlsfa Ara Yehed twice
with @htisd¥§ %ﬁﬁgﬂ-‘ePé’I’o&MﬁseeﬁB@l'e@ pgoéﬁfaﬁﬁ-%hlfbltE 186 "{‘Kﬂﬁ@@!d?d and Perry
virus of serotype-2. 4. The conposition of claim

Laborgihges |Ga1t@ansuu1@e Mjﬁ)els ainlvtegelnS Abmpanitbedy bofferpanst @idad’b Itcy cach well,
si st.s Jposition 9 t of do

followggq{yh% ldlérnﬁlﬁ]éba\} op 33%7 gelggﬁoél%ﬁlfyo%lg%ﬁg% 1%frergoxgegnadﬁi he wells are
washedithvig with BBSOPyBLidSse sabstHk@ (LIPS -haghthdfin el2@2Misladded to cach

wherei n sai d dengue antigen conprises, or preferably
well apdisibde plagpes asg cQuatesk position 9 to 99 of domain Il

of the dengue virus envel ope protein E of a dengue

virus of serotype-4. 6. The conposition of any one of

the clains 1 to 5, wherEBXAMPAiRI1slengue anti gen

cogpri se referably cons s of, position 9 to

O DBhAvaat COmPOREoNS 1S HRORlsaLFAIeR B3RV he dengue

i T

100188} FAlF R BRSO ol ) oPOLATRR WO UFHRTDENE sirain
(strainc &/AYH0 §i-2&3 4o rSvpsspiratr zQﬁBOC&‘SonmdsN@Bifacp@smm omi®rt & 19929 strain:

of gne_of | D 27. 30 and 32. 8.

Indon it g o RATDRTES 18 M Sl Heetar Bommy Xl i R0 without

His6- tﬁ?' Addanowe f@imw19§ MhAORREISRS Lhudtsf RISHINMCSOMYB1 23314) and
position 9 to or position 9 to 112 of any one

MSYWCﬂ)héII@E@SII?DlNZ@ Zhe W, C2Frmigal mquares gre AWFRKGSSIGKGSCG

ition c I cons
o2 FRED: et GRS et S0GaB Kahphdl TR G pfKasca
(Indoriesitahione) mrrwwstKGgsGstﬁdo@es@ 1006y, t h conpOSI tion;
wherein said first conposition (i) conprises
[00187] These new four new proteins are then expressed and purified as described in example
13. Tetravalent vaccine compositions are prepared with equal amounts of each serotype
vaccine (50 pg of each serotype AP205-DEN-EDIII) or with AP205-DEN-4-EDIII vaccine in
excess, similarly as described in example 10. Sera from immunized mice are tested by

ELISA, similarly as described in example 13. A neutralization experiment is performed as

described in example 7.



a virus-like particle of an RNA bacteri ophage with at
| east one first attachnent site and at | east one
w@eopgane t h at | east one second attachnent SPCEEP2009/054856

wherein said at | east one-ariti+gen is a dengue antigen
conprising, or preferably consisting of, at |east

CLAL ition 9 to 99 of domain Il of the dengue virus
envel ope protein E of a dengue virus of serotype- 1;
and wherein said second conposition (ii) conprises a

1. gicompobitiee cpmptisicg:e of an RNA bacteri ophage with at

ast _one.first. attachnent site and .at |east one .. . .

e bk e R B ATRE™ ot S Woorkhon SHE whfn soid virus-like
wher girficls & vidds-lieAsdrti€l0 8f AN RNDEBadt&iophsi@nane anti gen
conprising, or preferably consisting of, at least
osi &tileast gne antagn ayithygnedshong second atiechmsnpsite, Wherpsn said at least
enve rotei f a Vi f pe-2: .
and RoaRkR Ak Hefiuf el et Sl o oy BRARH iz at st
Vi I Upoditidned a0 dfclognadf IThof fRbldchacttuks ephage pibich Bi
| east one first attachnent site and at | east one

at Pgerina Anadb) @adinkemhdraedtbsid at leagmpsrirssindgsaid at least one
VRGHE R Gt e @fte,l &Vh@%ﬁl @%tfér ? dari a?ﬂgi[ﬂgﬁf offid & ue virus
conprising, or preferably consisting of, at |east

po=idpe pnotlintHis38lcofed domaihe drdup amsisheg d€iGgdemain likof the dengue

envel o rotei n. E.of a dengue .virus of serotype-3;

S SNBIRBF RIS P A AERRE SRS PG TEr U L ERpRind 0T ghe dengue
Virb Usveloe prﬁéih'Ecbf-‘a i AR VNG PRGHEHE-2P AP BoMhinNIRSS the dengue
| east one first attachment site and at | east one

wms ereelopicthotgin Eexfst denrpue sasornd wratashiveand @V égmain 11T of the
@herein sai d, at Iqast Q€edantigen if a_dengue anti gen
O VSR Ve prdr B Eadh §ALSHE TS Rl ROPST | east
position 9 to 99 of domain Il of the dengue virus
envel ope protein E of a dengue virus of serotype-4;

2. Ahlgpaepanierion odaind Ly vhaesin siid deagus eénégenoeomgprisRmaor preferably

UL OB RS PO AL B UERERAET el Bl
o dehgoorpoasof detstypeatl sai d fourth conposition are

i nked through said at | east one first and said at
| east one second attachnent site. 10. The conposition

3. Phe %Bﬂé]]pgﬁﬁoﬁ)fof f:dlﬁhl”[f, YhERiPs 1}’1{/@6@%{%&; iagft?%éiilo%?rﬁ%rﬁs'ek,i 5Iepreferably

partl e conpri ses, essenti a
aditsestsret atvedsy pasitiisi % tos9 b1, domedo Hib bfithetdesgat vips @hedlosg protein E

tants or fragments_ thereof, of an RNA bacteriophage.
g@?gﬁﬁEGXHWb qRRFBf clai m 10, wherein said RNA

bact eri ophage is selected fromthe group consisting
of : (a) bacteriophage Q; (b) bacteriophage AP205; (c)
4. Eh@tcempg@ﬁ@g@f falaimghdwherein said dengue antigen comprises, or preferably

consists of, at least position 9 to 99 of domain III of the dengue virus envelope protein E

of a dengue virus of serotype-3.

5. The composition of claim 1, wherein said dengue antigen comprises, or preferably
consists of, at least position 9 to 99 of domain III of the dengue virus envelope protein E

of a dengue virus of serotype-4.

6. The composition of any one of the claims 1 to 5, wherein said dengue antigen
comprises, or preferably consists of, position 9 to 109 or position 9 to 112 of domain III

of the dengue virus envelope protein E.



(d) bacteriophage GA. 12. The conposition of any one
of claine 1 to 11, wherein said first attachnent site

wo g00bi1siked to sai d second attachnent site via BET/ERHEY/054856

one coval ent bond. 13. The 7Xnposition of claim12,
wherein said at | east one covalent bond is a
non- pepti de bond. 14. The conposition of any one of
Th@bdBpositidh dkdny Wﬁ@ BF!h@ Rl 1ftd 5ShhathagiRAbuShdifen comprises
conprises, or preferably is, an am no group,
or pEtrathy gommstaod proitgndli 9;9‘ ofeanlyyaicroé SEQBID Néds 21, 24, 27, 30 and
ggnposition of any one of clains 1 to 14, mherein sai d
cond attachnment site conprises, or preferably is a
sulfhydryl group, preferably a sulfhydryl group of a
steine. 16. The conposition of any one of clains 1
a@npastimetinng ane of the slaims { 4o Anwhercingsaigrdcaginentigen gpmprises
h t
&nu[?r]@%b 3)1)5 &s?sggu& p%%%%ﬂ%htg 1b§%? {l(lblg %ttoo 123 ofaang one 0%‘ the SEQ ID
NbalmM, 2t793(161; 32Nher ein sai d f [ r st att achrrent is an
am no group of a |lysine, and wherein said second
attachnment site is a sulfhydryl group of a
\ j c f
gﬂ_& 7(:’%%21?1(3?[ ﬁo T ﬁh?es t &g%t{lg g sﬁﬁ%( ?Q%IQ[ co tp%kl%n 1(115 Q second
sarhfdsytabmy (iii pa Gugl. COiIﬁ).OSlleB adr(p si fouthcafipaityonopne  of
erei.n said |inkage of said

al Ims 18,
W}“?rﬁgl qaﬂérsb%ﬂqll?%ﬁ?na@ocogg’irﬁesat | east one antigen does

not £Q{mL-iRe Qitfélesélf £ﬂ T@\Iﬁp @ eridfhagd REHCAMRAS Ioht FstOfttachment
any one of clains 9, wherein only one of said

secositd adtas ddasteone asltlg@swah@t) blasitoels spgomnd agta¢tumdrnit sg¢, wherein said
attactg pt Si tte ast _one.no n1p Ip&‘i qﬁ i £ at
coval'eht BEnY’ g&%dﬁ ?wéglgb‘e 4" %%‘ioénpé}?&“%ﬂ PSIATey san gy e of @
bi ndicag pokitidaiodoadtt boesmiia 1$Rd Otheidehgud Vikg @atlobélpeotein E of a
wherein said only one second attachnent site that

assodinguegiryg efscedyre-iandt attachnment site is a

SHLE ﬁq{‘ﬁiecgﬁd}z{ﬁq‘éﬁm%ﬂ%n%fé%&g%@ d antigen and said

Vi rus- I nte rough said association
to forirusahike Ipdﬁfc&dofémd RINgp httetiophaghtuiithedt [aast ayie fﬁét attachrnent
The conp05|ﬁ|on of any one of clains 1 to 12, where

sai dSitg gt qaﬁ@tﬁaanflg%rr With ghisAstams Se@é*é‘ﬁ@?lng Site, wherein said
consi St Ghe arﬂ[geﬂ'&@a&?gﬂl@égh &'?Eﬂr%{r%e gre?&&l?%bﬁ%g of, at

coat protelns, hutants or gment's t

bact kerstqpkiige,9 @D vhdomain I$laefithatdchgastinonemvalope gestein E of a
is fused to th N- or,.the C termnus of said

r ecoffBiBHaNE!E WYt i mutants or fragments

bvh@x%ﬁlosfaidt%%d czﬁﬂl%oﬁaawgﬁ) tdmpi@t any one of claims 1 to
12 and 21, wherein said first attachment site is

| i nkeding lisaipdrtisscohah Bﬂ\{ﬁabhmmphggft evmhu at laast Ioaaitrstoai‘@chment

ponat 29 Vhia G Bt B RN Heoob Mpdtine BRG Rein su

22, yhedsebic sitigen RNAJERGE QhiiGRNAGEristng, or preferably consisting of, at
least position 9 to 99 of domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3; and

wherein said fourth composition (iv) comprises
a virus-like particle of an RNA bacteriophage with at least one first attachment
site and at least one antigen with at least one second attachment site, wherein said
at least one antigen is a dengue antigen comprising, or preferably consisting of, at
least position 9 to 99 of domain III of the dengue virus envelope protein E of a

dengue virus of serotype-4; and



10.

11.

12.

13.

14.

15.

16.

17.

selected fromthe group consisting of: (a)
bact eri ophage AP205; (b) bacteriophage fr; and (c)

whamvasizcophage GA. 24. The conposition of any PCEEP{009/054856

clainms 1 to 23, wherein saitBat | east one antigen with

saj d. at .| east .one_ second atfac site further .
hEigins Sald [VIRRAKS RS %5@3 itt%‘}Rt@POI&lHﬁﬁraP edidgay; lgast one
SRERA ALL AL YT RLIdS KR, cathsMIB! &l SBEdhd LOMBEsifidn, said third
associated to said antigen by way of one peptide bond,
eordpasitemednd ardefaarthbdoynpositidn lare kieked threughysstdeatnleas®ne first and
Th onposition of any one of clainms 1 to 24, wherein
%Tgﬁtggﬁog%%ecgm Ptéa@ﬁ“%ttsﬁtesai d at | east one second
attachnment site conprises or preferably consists of
any one of SEQ ID NGs 22, 25, 28 and 31. 26. A vaccine
Eherpoapasiten danpons chglainy 1 & 9.avkraeinveidyimsdkic peitislp esmprises,
it 0 n f ' :
GRS FRTREELS 3N R RSP, BnsB U Echrk hufep S mutans
oisfraevanitdthefeof o at RIN/ABActerZiphage. phar maceut i cal
conposition conprising: (a) the conposition of any of
claims 1 to 25 or the vaccine conposition of any one
She EPBRUTE o leEh 183l LR il fom e
gioup kansistd@,0ff urt her conpri sing an adjuvant. 30. A
t hod  of rea(é'.ng, amel i orating, or preventing dengue
vePaCtionaiRe évm)rrhagi c fever, and/or dengue shock
&,gndg&rg@iopﬁgéedAm5inod conprising adm nistering an
I munol ogical ly effective amount of the conposition of
tny asterophegedr:randl t o 25, of the vaccine conposition
gﬁ aﬁ% ane of &éai ms 26 or 27, and/or of the
ar HSLEI0PP488 S%0onposi ti on of any one of clains 28 or
29 to an animal, preferably to a human. 31. Use of the

conposition of any one of clains 1 to 25, of the o
Vhe epmeosisnresiany onc off daippsohéo df. wheicis saé fupt sttachment site is

APRE B shouRgBIALIRGE S G BRTRRE LRI B TY 20

for treatnment, anelioration and/ or prevention of
dengue fever, dengue henorrhagic fever, and/ or dengue i
Lho ERMBOHITOMEC R hh whfre saidmtdeast apg wa‘lﬁné%ﬂwﬂh%ﬂ non-peptide
Béud. The conposition of any one of clainms 1 to 25, the

vacci ne conposition of any one of clains 26 or 27,

and/ or the pharmaceutical conposition of any one of

ains 28 .or 29 for th reatment, anelioratiqn and/.or }
Ch S BRPP SO T et PEGLINS qofa: Rlets s B S0ghRhent sit
%&Eﬂﬁg H%i@raﬁ@@,kansahﬁﬂé OFRIp! PreRPaAN b BhinoRi8L6 8Dl ¥ine.

The composition of any one of claims 1 to 14, wherein said second attachment site
comprises, or preferably is a sulthydryl group, preferably a sulthydryl group of a

cysteine.

The composition of any one of claims 1 to 15, wherein said first attachment is an amino

group and wherein said second attachment site is a sulthydryl group.

The composition of any one of claims 1 to 16, wherein said first attachment is an amino
group of a lysine, and wherein said second attachment site is a sulthydryl group of a

cysteine.



18.

19.

20.

21.

22.

23.

24.
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The composition of any one of claims 1 to 17, wherein said first attachment site is not a

sulthydryl group.

The composition of any one of claims 1 to 18, wherein said linkage of said virus-like

particle and said at least one antigen does not comprise a disulfide bond.

The composition of any one of claims 1 to 19, wherein only one of said second
attachment sites associates with said first attachment site through at least one non-
peptide covalent bond leading to a single and uniform type of binding of said antigen to
said virus-like particle, wherein said only one second attachment site that associates
with said first attachment site is a sulfhydryl group, and wherein said antigen and said
virus-like particle interact through said association to form an ordered and repetitive

antigen array.

The composition of any one of claims 1 to 12, wherein said virus-like particle
comprises, essentially consists of, or alternatively consists of, recombinant coat
proteins, mutants or fragments thereof, of an RNA bacteriophage, and wherein said at
least one antigen is fused to the N- or the C- terminus of said recombinant coat proteins,

mutants or fragments thereof.

The composition of any one of claims 1 to 12 and 21, wherein said first attachment site
is linked to said second attachment site via at least one covalent bond, wherein said

covalent bond is a peptide bond.

The composition of any one of claims 21 or 22, wherein said RNA bacteriophage is
selected from the group consisting of:

(a) Dbacteriophage AP205;

(b) Dbacteriophage fr; and

(c) Dbacteriophage GA.

The composition of any one of claims 1 to 23, wherein said at least one antigen with
said at least one second attachment site further comprises a linker, wherein said linker
comprises said second attachment site, and wherein said linker is associated to said

antigen by way of one peptide bond, and wherein preferably said linker is a cysteine.



25.

26.

27.

28.

29.

30.

31.

32.
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The composition of any one of claims 1 to 24, wherein at least one antigen with said at
least one second attachment site comprises or preferably consists of any one of SEQ ID

NOs 22, 25, 28 and 31.

A vaccine composition comprising, or alternatively consisting of the composition of any

one of claims 1 to 25.

The vaccine composition of claim 26, wherein said vaccine is devoid of an adjuvant.

A pharmaceutical composition comprising:
(a) the composition of any of claims 1 to 25 or the vaccine composition of any one of
claims 26 or 27; and

(b) apharmaceutically acceptable carrier.

The pharmaceutical composition of claim 28, further comprising an adjuvant.

A method of treating, ameliorating, or preventing dengue fever, dengue hemorrhagic
fever, and/or dengue shock syndrome, said method comprising administering an
immunologically effective amount of the composition of any one of claims 1 to 25, of
the vaccine composition of any one of claims 26 or 27, and/or of the pharmaceutical

composition of any one of claims 28 or 29 to an animal, preferably to a human.

Use of the composition of any one of claims 1 to 25, of the vaccine composition of any
one of claims 26 or 27, and/or of the pharmaceutical composition of any one of claims
28 or 29 for the manufacture of a medicament for trcatment, amelioration and/or
prevention of dengue fever, dengue hemorrhagic fever, and/or dengue shock syndrome

in an animal, preferably in a human.

The composition of any one of claims 1 to 25, the vaccine composition of any one of
claims 26 or 27, and/or the pharmaceutical composition of any one of claims 28 or 29
for the treatment, amelioration and/or prevention of dengue fever, dengue hemorrhagic

fever, and/or dengue shock syndrome in an animal, preferably in a human.



