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PRODUCTI ON OF MULTI VALENT VI RUS LI KE PARTI CLES
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
wa@ppliosass on clains priority to U S. Provi si onetT/US2006/021262

application No. 60/686,541, filed June 1, 2005.

STAT I j licat| i

ndePROBRFERORNE ) il Visds P G kiick s

National Institutes of Health, National Institute of

Al'l ergy and Infectious D sease (NIAID), Cooperative

Agreenment NEROBSARMEERESSE 30 RIQUATEDFAIRLIT AJFONHE

| NVE The.present. m on. i s cted .to

oGP oo S BPtp O YEShrBPist B e ol a6, fed
June G@posd proteins into virus I|ke particles. Li

particular, the present invention provides rapid,

scal abl e, and cost efficient nethods for the

production of [ cl es

utilizing sepéﬁgggk%@ggﬁh§¥%%@§%j&caﬂé?%g usi on

p&his d;qﬂicamn & ondwg aiUbited i igtenGdveaimcnt mentrhccd ewith the National
.|nsert at _are conbi ned |$ vitro to produce

Tnstitiey 1qfy - DaigRal) institie o gy Tand Jpfegidoysi Risease (NIAID),
cOOPa«aﬁ&éAg&% eﬁm&qe@omq%m@%ﬂo the present invention

can be utilized to 1 nduce an inmunol ogi cal response in
humans or ani mal s. BACKGROUNDOF THE | NVENTI ON

Vacci nati ons are one of the npst effective and
efficient ways to e ni pal nd humans from
i nfections by pathggg%?gﬁggg%ﬁ§m§ﬁ§@gntly, t he use of

VagEl Q% iR ORYLAHORS dﬁrQ&E&"tB' © a}]lﬁei%" brd ) mbly of

one ogenl c- agent have been e am ne rationa
reconibé!tann dirduapsid peticias B@g’vlrﬂﬂ:hkﬂjp%ﬁ'tlﬂbﬁ hle}ﬂmxiu_lamthle rdsbrt 1nvention

prov1€a§lreﬁlﬁng{pla[bzqgc@glg%gggq F{eg’ggqlergﬁgg for, gﬁgcﬁgggng%?lrﬁlﬁﬁvalem virus
like p%ﬁ{@ésl ANEEn Nedrlar i€ GRPABRAGIRILY BGHID %%%ﬂﬁ{?ﬂﬁg -cﬁlﬁiaégrlénag differing

exanpl e, the first "pentaval ent "vacci ne
antlg@tcapmdagacmmanrp hombmeé in Vigntodtn psoduPe niuliseilent Vi?od; liks particles.

The Vﬁﬁ% EFEB%I ]tgl Sm:ﬂlauh-a ccH d%Vtg‘ qusgntk%éq?]gapr)&%gn}) iléegiteto induce
an im@A6ToBRE] ebponSSindHuntkdY 8f apfRt i ncl ude: Convax,
manuf act ured by Merck, which conbines the hepatltls B

and H b vaccine into one shot; TriH Bit, manufactured
by Aventis, whi CRACEFROHNR ORTHEINYERON and Twi nri X,

ufactured b xoSm t hKl i ne, i.ch conmbi nes
hJRSEiReos AT e ??%ﬁﬂﬁtm%t S s SO SROY Rrateg; pdmals and
huma@s$ ﬁ%ni HIEQicH9D9 pRRdREic £hRT R@é'gﬁ't ?ameoﬁbevé“ie%c@ﬁl% inBculations

devel opnent i nclude singl®e inoculants that conbine:
contaigiviz emidpeata mase; thBT afe padiogdng @'GIP hamjbtmIp@tamnn@i BThe rationale

behm(’gﬁlbch aDvl.Fgégy 1nc§1u<§_e|>s Qhé nct:t?o\ﬁalﬁ)the o?e ocu aglons re&]ulrerzidto induce

immunity, which may reduce doctor’s visits and increase compliance with recommended

vaccine protocols. For example, the first pentavalent vaccine in the United States against
Diphtheria, Tetanus, Pertussis, Polio, and Hepatitis B has been developed by
GlaxoSmithKline under the commercial name Pediarix. Other multivalent vaccines in use or
development include: Comvax, manufactured by Merck, which combines the hepatitis B and
Hib vaccine into one shot; TriHIBit, manufactured by Aventis, which combines Hib and
DTaP; and Twinrix, manufactured by GlaxoSmithKline, which combines hepatitis A and
hepatitis B into one shot and is given as a three dose series. Other combination vaccines in

development include single inoculants that combine: MMR and Varivax; DTaP and IPV;
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I PV, H b and hepatitis B (Hexavac); and DTaP, Hi b,
I PV, hepatitis A, and hepatitis B. Virus |ike

wasoriosdies Virus |ike particles (VLPs) have beR@I/US2006/021262
i nvestigated as vacci ne agents. In general,

o SRR L B PRSP, 8905 . ot i D,

8. (HMRINACY | ah 8 DESPIEWS [BVspdstis Agindigdpatits B.
IPV’H'?lgg{“fh ggg%‘o (ed ff)(;m the indivi dugﬁps expr essed

capsid proteins to form VLPs, both within the cell the
is expressed in ("in vzvo assenbly") and
V””“SI%%F%”%%Z ®f the cell after isolation and purification
(Virls Viké rpartﬁﬁé‘se(mlB’s? Jhavd/beets itvekigapal ad &h@mmagﬂnts t Fre general,

overal| structure of a virus particle with
encapsidadest Viewren incidecoprotaim P‘P?gﬁ oF nF%R?tdi “ohandrssmotia by to\ﬂi’}?fé‘m the viral

r a
w5, 0y T TR Bt 6 ity
expresyécPSaﬂvalﬁotelilfs talfbirh t\&LRspbcsthlmmlhmtthB &1t thiel ca;mduapmjessed in (“in

vivo asrsg%gfséi%sde@,utwég B e el aBerdsolatiny FBERicARoL Yy Tgeyembly ),
W{fd KK Garbifel |l ih@dé%?alwgu@thfbs of la Wags rptid without the

T-ce responses. Lessons learned fromthe hepatitis B
requiremedt| of sunthadez mrﬁetqtlgemmatem]erVLPb D@gl)aCBg virph PINvA gr RNA genome,

but re:‘,:ﬁ)lg‘h Iél?qr gegdlgil} %es)tliuc Saﬂjlglgfl g‘&&?r\% %’3 a]lzility to

stimulgf! [$caf tﬁédﬁ%@ RéspbhRt) Ql‘DADf ﬂ)ll‘fdrﬁthl& |ﬂe@n@@r taind | eytotoxw T
vaccine in rhesus macaques.

lymplﬂeytp@mspwes; e, nggnb% et %ﬂf?@é} Ktm%\ﬁke (%2@66?)? induce MHC class
Lresty K)W ?c?e ononvgnf ﬁ gmergsgg%nil na%xﬁgﬂgtﬂe&tﬁlﬁr%ﬁ Siftface antigen.

Interv)"rb[dﬁ 39aCLi-N1 B Paflifu@iCdtiad (BOO?}\IRﬁﬁﬁg dmrongjﬁtiaaﬁjﬁﬁ long Pged HIV
have been produced for more th dlfferen Vi. rus& articl
type T PRARAERPEIRC TSI IBRTICOR IFEHS ARATUISTAGD gF dqvirus e partile
t] QB DEE282: Murata et al. (2000

vaccl a?%‘l\:ﬂlﬁ? B{gﬂ% ﬂfeb ﬁ?ﬂ?‘?ﬁgﬁggﬁhl@%@}% nunber” of cl lllrr? |aceala ( )
Immubizh@bis with HepatiissC usislikeaPscles proteatsrmeice fipmuredemiaygnt hepatitis C

virus Hgiginis BREOPo TRV VRA LY B 28 738! ne. » neam © ©
34/f:pLaiive %@éilﬁroﬁh&tdofo? ¢ thanZ0@ Herdat birtided that TAkBiEhumans and

responses to human papillomavirus (HPV)-1 6 LI in

other hmaha]h,y inetu dimg é\@rwaucqu:pam@@ Riand Cedspitlomayiruppleryevirus, and
Vi ru [ k

I nf 8 . .
Inuctie o B0 S0 5 e A P BERE VLR R SR andervay
See, KWetrzﬁs@@Oé)e?’Atc@m%l@éd #NaT 8k kuwian yapiliokewviras typel lésvaccine,”

in volunteers," din. Imunol. 108:241-247. Virus |like
NEJMpad4T: 104651 65dn Bingo e ahmfi008) afeellvias dmpupg gesppysgs o human

nmol ecul 0
paplllgglftﬁlgése \;)a{% fﬁ? % ﬂ%ﬂh\f/%"o}ﬁngge@ﬁlujhﬁﬁgéd $t gi%é\é/)ltnﬁ’lﬁféanlt HZEV -16 L1
virus HRé bl@ﬂcES . S o Dﬂd@@ﬁﬁ%‘%ﬂ({ Tadkst eimlM2603))b‘fH11mgy1 mucosal, and
11(9), 438-444; Sade ﬁ(t al . ﬂg 003(')1 'l nser t,[| on,,gfl
cellular immune responses to oral virus like particles in volunteers inCImmunol.
108:241-247.

Virus like particles can also be manipulated to act as carrier molecules for the delivery

of epitopes from other pathogenic agents. See, Noad et al. (2003) “Virus like particles as
immunogens,” Trends in Microbiology 11(9), 438-444; Sadeyen et al. (2003) “Insertion of a
foreign sequence on capsid surface loops of human papillomavirus type 16 virus like particles

reduces their capacity to induce neutralizing antibodies and delineates a conformational



10

15

20

25

30

forei gn sequence on capsid surface | oops of human
papillomavirus type 16 virus like particles reduces

W0 b@rosaspacity to i nduce neutralizi ng anti bodP@BUS2006/021262
del i neates a conformati onal neutralizing epitope,"

Vi-rol ogy 309 32- 4Q:4) 0 <14.S1 Pat e L
neualfib8 e Bhes Pk Ee) 300 1P 32 R o 30k Wa S0RD! Pipligation Nos.
2004/0038 888 ahidS2006/0048082201.%, kadtentd dlos. 6,44B1079916,11B46GIkea™1,591;;

.. et. al. (2004) "Reconbinant nurine polyoma . . :
Brinknygry ¢fsalt (3004 h 2l eqomioaaant Fues PBW@F@C‘PW@%‘&FHE‘F"-‘%IWQP“’ protective
anti-tuddSIH Qﬁﬁr}{uﬁlt%,belétt. B%ég I%?.S& $ifd SC13L14B - A%dapstd 5RRsth ban be

protein can be nodified to contain an antigenic
modifipé b i ebataim enemdigenig Eptids oghnbmting aviecambomps ivital capsid protein-

. _protejnaptigenic peptide fusion. This.fusion capsid
antigeff JeBhdF Bitofgohis THUME O PUIEEICERHIY R omiet can then be
expresSoPnESRRE céll) a8sid¥d £8ibo 0PHSEHH S SorinrekbMBing¥it Vifhl or virus-like

~vitro to formreconbinant viral or virus-like
particlesa pnd admimisicred taalashimserdertd illigitan iogmng mesppeisr t o
illicit an i nmmune response. Production of VLPs The
ideal multivalent VLP production nethod would all ow

f Rhodnedntof ViIlPexi bl e, and control | ed assenbly of
honbgenous popul ati ons of VLPs containing nulti

) [tiple. .
ahtg enl mulivptent & LiPnpiedvetion mathad ryand miloyalor e fexible, and
[ ' - ext man i nf i e

conno kSt e Dl 5508y L ST S B Gl i
peptidenihsdrigationt diffdPsntspithegenio agems,t while being Heeel af kextdmporaneous
infectipys 0r4) QUClgiaGHiSy SQRREBUmENEIH RSP TeA g GRBRYFlght VLES Sulfer fom
either:ci?’qﬁé Rkl NGexbilidN kA eBhtFo1 iASRE Iendeord Of HRNQT®Rtin vivo, which
Ifmtations 1n the capacity of Capsid protein
reduces rtiseemirilpar, of goteniijl ¢combipativas of putigenic ingartshinergdntenent limitations

. VLP popyl ati.ons due. to.the simmple in vitra m xing of
in the apagity X Pooid SENBIISHHR A Pols Po7otlip o obioRggacous VLP
populdiohé BhE W theRERpleSH vm}(gﬁf?k&idwéme& MR pIlESENSf VLPs
dinvention provides for scalable in vitro virus |like
contaipag difedrent (Nery. assenbl y net hods usi ng reconbi nant
viral capsid proteins containing antigenic peptide

inserts and | aCki%ﬁX#kdiﬂﬂ?%Mﬂﬂﬁ?ﬁi ous viral
e method 1 nc

nucl ei ¢ aci d genones. udes assenbl i ng

v , . L aoant 6o ol

ECHRRRE ARSI AP S8 () sy
methods ubieg cecmitdnays ndrak sap$p roteins adoniajning @ntigerho ¢eptide inserts and

L des m.xi.ng a.first .vir.gl capsid.protein, . .
tcking SRR BT S LS AT oD Bope bt Qe Bpludpsassembling
viral cdpdidl Proveind cohtalBRS hnteoehRCMBSH sVIntA VI PR ARAagl BllEldhgth infectious

) containing at |east one antigenic peptide insert, i .
viral nyglsicepeid genpmast Spaeifisdity, denimethpdpticlides mywing afirgt fydral capsid
provif SFRRRERT 4 OB RRRY bl eI YP VAR gt g ppeond i
capsidgableigemitdiniag ableastt di@rndibedie poptideriasa) wigedsin at pagtondentigenic

insert of the first capsid fusion peptide,. and

peptida gerief sgeeand capd fiesion ppdins deniyed propdiicrssn antigegicseptide
sequerlct, & d difrelt pathogenic agent, than at least one antigenic peptide insert of the first

capsid fusion peptide, and assembling the capsid proteins under proper conditions in vitro to
form a virus like particle. The assembled virus like particle comprises at least two different
antigenic sequence, providing a multivalent virus like particle. In some embodiments, the

mixtures of the recombinant capsid fusion peptides containing different antigenic peptide
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forma virus like particle. The assenbled virus |ike
particle conprises at |least two different antigenic

waemaesaes providing a nultivalent virus |ike Per/Usm0€021262
In sone enbodi nents, the m xtures of the reconbi nant

. apsi.d fusion peptjdes..cont.ai nj .different ant,igenic,. ]

inserfs 488 o R R ! ReSif e Pudrhirgd pRigentg Rgiiprare achieved in

the asRib0s Afusdas petclat HOSMEE eBBRIihRS, BleeVBS RkRYMkd focording to
the assenbled virus like particles. In other

the pawsRdinierion dessenoicpniays Exbleagthaindentionn girebnedieic acids. In other
tr ' ' [.] | engt .
e EERE L 0 R 5500l ML bl ey g, o v
nuclefideciii. P Tas santzhe thedtexdoslthwig for fldxitdlifyr BSpiotiudiny eiuk Ake particles
daes not. contain viral nucleic acids. The current

contayp G Binpigs of sruliipleaptgqnis Rentidesr banse mHtvAlens ¥ LBsicen be used
in any Abob&! (ﬁsapgff&{tﬁ. E‘,i iﬂ&%ﬁigggh%é &ﬁ?ﬁg@és tH{i):{i&jt %ﬁlunglo gical responses

anti geni c pepti des. t1valtent S can be-use
inaninmelsany nunber of applications, including vaccine

t.r.at eqgi tojl)icit i nol ogical responses in _ . .
o e RS afettiod affiizess (RORER U SesomAr sy fusion peptides

contafrff® it JRAR pepBBS ifdertd Rl RErARBLisHBIe FQMAR JT9nultivalent VIPs that
antigenic peptide inserts to assenble a single

do nq¥gpenes indertiops iirpk nucltie acidy] Mecabset thd &/ Iddis assembled in vitro with

cosi B504L QT p 4] et B RSP RRdpEplgens conoea
in thedVLPeag bt cantrolg=ni UsiReMd #ebniqlid)Q wias lafréd of 8bhBindfions and ratios
antigens contained in the VLP can be controlled. Using
of capsids Drteins paainiag wiligfereat ranjiseric ceapbidemiceBnke aniged and quickly
. . s e . o
seniid G OSSR GRREUTPES OIS b B s i o
VLP‘s ooppemtdo ceflavtih tiestablerintiyéi?s makbeigh a strategy al | ows

f th idtailori. f a VLP' s content to reflect
K REERENE A RN RTINS,
sourc arFoy lelkhing R, HRCARBINBARAt ﬁ%@g‘ ﬂ{)ﬁeﬁ? cORaRfY B NRsdeldnV 6 derived

from any Solurce. For exa e reconbinant capsi d
from prosevaously assembledngrus Hidge ipagild. Swh Wisisdikei paeticlés; don example, may

revi ousl,y, assenbl ed yir | i ke particle. Such_virus
have Boqp SSEAFIAL S0, 06 g Aisriafds/orisy e BB GRS R tggs that have
not bédh previBuslP asdefbidd i VAPE @aMBE wMBLt. MEARARLRAMcombinant capsid
capsid proteins that have not been previously

proteigs glerpece Gomprsvigusly assamtded MLiBsi mayi be muixed avithoreegmbinant capsid

oSSR S B SR S AR v
prihicetsventifait chpsi® proadind Rerusp i€ iHeqpredent RSSRHOH €@ Beiderated in

VLPs to prqoduce multival ent VLPs, The recomnbi nant o
any heshoell gxprestien sustany thaf; s predugresugh pepiies; Rgladmgobitneh limited to,
v, 9508 PSS 1y ALl MBS PSR, ASHETATE, p conan
embotimentra thee camid pyetamt card bseetpressadnimld prokasyudicphashtcell. In one

ost cel | st ens nmong others. I n certajn :
embogligagty e Aral lcc%?fgicaﬂ 8? &@cwn@%{:‘?o.ﬁecegx pHesRg empodiments the
capsid 'TRHGH Yetides NAa tbeL flolducddNad Q&uﬁ@t&gfiﬁﬁﬁﬁteiﬁshfr insoluble inclusion
_prokaryotic host cell is a bacteri ost cell. In
bodiesonda eqrtaiidliembotlinarite the recombinant capsid protein can be expressed in a
Pseudomonas fluorescens cell as soluble capsid fusion proteins or in insoluble inclusion
bodies. In another embodiement, the capsid protein is produced in a eukaryotic host cell. In a
particular embodiment, the eukaryotic host cell is a plant cell. In another embodiment the

capsid fusion peptides are produced in the whole plants.
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capsid fusion peptides can be produced as sol ubl e

capsid proteins or insoluble inclusion bodies. In
weenvasnsenbodi ments the reconbi nant capsid prPCEUS0068021262

be expressed in a Pseudononas quorescens cell as

o B e%]ﬁaig‘ Q%USTIP?{I SE&,O Ihgll} f n%l e, ol n%l#%?én? qgﬁes of regombmant

caps1dpﬁ1§bﬁ|ﬂéFﬂ1§esP kdeteethd Baplidefkinyptided adéctek kdr. mixmma contam at
articu nbodi nent, the eukaryotic hqgst ce

least Opt anfigesisiieptifi/thahistries pressrs de fhswier capsid %&W@PHQT’S&? “which it is
being {1)16 0l dgs a%'ﬁ %rgé g%&sﬂﬁg%a{l% e m%laﬁlemrgﬂﬁ(%g 1Rt Meents. In

ention p of 'the m xin nt types
some @fbddeeents)i theedpsiiafasiod pbptides melpﬁpd fatesixtunk eoreain antigenic peptldes

N TN T N N
two pﬁédqeﬁg)ng %ﬁ SetbrhibifiRcapER! fugl%ﬁ e g‘u&\@ Ghebdin leficld 8éddthbinant capsid

e anti genic peptid fromthe sane or
fus1oncpei>f1é¢ poulptidrhogeaing attpesit (316 diffesotrentigenisdpentide sronp tedifferent

sid fusion tldsseletedf .. m Xt ur.e.cont ai
pathogERIc RGN EIBR B TTOR B SRR PE HY S BN gRH £ IofbRyptide thatiti
mlxedI Wltﬁerﬁl%ﬁt@mﬁ@oﬂﬁﬁgﬂ thBenfturt WotafidNmeRNthah watpopulations of
| east two popul ations ‘of reconbi nant capsi d fusiaon

recompispnti dapsid viusiori persiden Phersivbicaeth reeuplainentt eansish fusion peptlde

op N .C I ns f t
o S B PR LB e it
patho%%lcC BgdrS. N0 spfeSembodimeny tid lepsid cfasiohi peptitlesc aplstanh multiple

antigcaisa HORBEITS. Ha SR OO0 GO TGV HARCRlfgss contain antigenic
peptld% R qgg&” RUANS %ﬁ_gsn‘gf A& %?fg&t? - bR, Qﬁblﬁ’(ﬁﬁ% Bi&Snot limited to,

rec I nant caps usi on pepti
epltopp@&uméd toﬁr cois Ricalds, ahd Caddstellonk ahi ddditicmnt erabedigent, the mixture

peptide fromat ] east.one different pathogenic agent.
amoc@ﬁ”§%ﬁ§”@ﬁ%%%?ﬁ§ﬂﬂ§°the capsi d fusion peptides

Cc I E Ve
o R Sa3Af  l Mehoa o oy

of vinantapejelniof repaystrintibsg hae Vtra$ ke pypelei fln @eltta,lp egibgliments all of the

recomémapb}g fc]é]?ﬁ? 8{0&%&% {51?7%6 :rggsls lgl? F{I%to lé&?bt ecf% 1i/é?d from the

same Yiu@NirpddittdRiie iBdagheRMhe rédvenbihat wirgl adpsm mfamu ixed and
a wld type capsid protein. The viral _capsid protei

re-assembleil dutg VIPs #re deriwed fom gt giusean Hige e@féﬁplse@wmgwm viral

|
L RGP APl B s
icosale@fd, Ilﬁﬁb&flmtc Y crpbe mibediafd m—aisembﬁdnmoé\dmm d
g T TR T
by alléﬂ)v{ 1 thE TR g?c?%(?nﬁlgi ;{fbn”&f’(tﬁg nﬁﬂﬁlvd'l&ft 32880 FBE btRINMEPBecause

deri ved erent viruses. For exanpl e,
the premonivemm previdad for dps debinpd epitopesottining darfsicfsion peptides to be

ferent V|r ses. WMth sim]l .cal.
mixec phercisaipbon g PUTCEUREPE MoRRATRel) STOQEIof ioapbpar host cells,
tight f@%ﬁ BHoRed déﬁre@%%ﬁmiﬂa@i@né BiP b béievedNETHY BE&ME invention allows for
venti1 on al ficient and flexible generation of

the rerashdniblgloé MComimcann e:gmd proteins into any desirable antigenic component ratio
by adjusting the amounts of each population of recombinant capsid fusion peptide added to
the mixture.

Another aspect of the present invention includes the insertion of pre-determined

functional amino acid sequences other than antigenic peptides into the viral capsid protein.
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by allowing the ratio and conposition of the

mul tival ent vaccine to be controlled. Because the
wEe@3mesaiss nvent i on provides for the desired epP@DpPs2006/021262

cont ai ni ng capsid fusion peptides to be m xed after

o A0, B B4 b 1 g M SPEE rB R0UK in

exampl%oc&tldueﬂtal sefisenéédtisetapein g vtino ddié seuefed) sucnaeatdoaptor binding
allows for the re-assenbly of reconbi nant capsid
site, angh the angibod ﬁlcbldswnﬁegutheaﬁapéldawm‘f@b ﬁ?réa%wéﬁ &geting qrgino acid
£
sl BT ABOOREo AP O, POl o 1o some
embodithettsirsach Artmtghﬁ:mg amjrec fcid insettemgoyr ésmntassembéed paticles to specific

i ncl udes t he néﬁLtion of pre-determ ned functiona
cells Ora‘?ﬁaﬁ %de@éﬁﬁ es ot her than antigenic peptides
| A Oadafifoné rﬁge&agﬁ'tﬂe Phiick NintBRRE PRSIHERCEST GRS 1ﬁé!‘ui§on of
functions other than elliciting an iniune response.
1mmumsmmuhtqry mycleicangd seqifenseschich aseCpi@sequences i @arag@thigd VLP
i d ch, as. a receptor binding site,
pamd af‘?%ctﬁbtp B%ﬂ?oﬁéﬁﬁ%éﬁ (ﬂ]l% Ry the capsid protein
CIHY HeftinP thvieh€ort SdrOfYohvIiR BEtho@ GXinereSHAik ERCEHcIwhENa@l scalable
| east one capsid protein containing an antigenic
producieptof geulfipaemtt vacpme%awlmm; hiKe particlag genipining galigemp inserts
L di rect assenbl ed particles to
ﬁﬁmr@%ec%P%%'gé%ﬁg or %%gble entry into the cell. An

apfid picsaal ingspivet caf aIsbeprledS emtthbdy/ eﬁtproﬂucmgomlﬂﬁmﬂent VLPs
for the inclusion of ggunostl mul at or lejc.acid

containipg pifAcELS 18N fEamm aygee e qBREHROSHIG n&@ﬁ@ﬁl&i thg raficpef antigen
agents@@ﬁltain‘éh?nﬂkwgﬂl l@’eatsﬁf cct pds described herein. The

resent 1nvention can e net hods of increasing
tAnédeallyl, érecpyresemd 1rs/teat1ab ban proddes tiudtivadent MIIBsi thall @atfree of a
ccines utilizin i,rus |ike particles containing
fuu‘le%ﬁ‘i F‘Sn‘i'ﬂoé‘ B‘I‘Ctlg‘gia?lgrﬁeﬂ‘ﬂp% t han one pat hogenic agent.
The present invention can al so provi de nethods of
produci ng nultival ent VLPs containing antigenic
inserts from noreBmaﬂ)EsﬁBIPﬁa@Hﬁogé‘HE(Flﬁg@ﬂ wher ei n
Fi urt e]g;agtvlfegtegl{) }?f of Oqulgaolﬁ%gérf’) e%ﬁ a lloql%d%('énr%p};‘%?g XLP a%ab[?uorescens
MB?.M msﬁmeu@ RrithaTCIPMOehpeR fibioh ipeglidsenihBged ttﬁéxpaéss 1=fme ®A2, PA3,
I -length _ infection viral nucleic acid

and Pﬁsm@n: gagcm prtheipsgbls-fragtioauRess wegpyeedsat psl?aa%%‘l hqugs. The
chlme% g%) sf?lffu%lgﬁ ?’kﬁgdf} ﬁfd?c%a?é z[x?o% i ons from Pseudonbnas

rescens Is w'th CCW capsid fusion
Figurg® El:t 4 deseitdotdaorbletproeipii@sionPAbm Meadorhds flncesekd MB2 14

st B BN S e o 2 b S AT, KR o
peptid HRE@NinRAPLI1HBe iRl Cals&FerBYysBl hOWY-12 and 44 hours.

Figure 3 is pictures of sucrose density gradients showing separation of CCMV-PA3 VLPs
with and without RNA.

Figure 4 is an SDS-PAGE gel of CCMV-PA1 and CCMV-PA2 VLP bands with and without
RNA isolated from a sucrose density gradient.

»-U

Figure 5 is an electron micrograph of VLPs reassembled from CCMV-PA4 in the absence of
RNA.
Figure 6 is a diagram of expression and reassembly of multivalent VLPs containing multiple

Protective Antigen (“PA”) epitopes.
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Figure 2 is a western blot of soluble protein

fractions from Pseudononasf!| uorescens MB214 host cells
WO/ 0T8RS/ capsi d fusion peptides engi neered tRPCEKIOEE21262

PAl, PA2, PA3, and PA4 peptide inserts in the soluble

. fractj.on. [ l,s,. I d " d .
miewred 55183l st el i AR gty reacion.
Figur SOQHIY (S gRayset bOstagds SCONP 5283udfloRs 8Wi illbsteanek ani SEOHPLC

RNA. Figure 4 is an SDS-PACGE gel .of CCW- PAl algg
analysisof/plappprodeged My virespagtidesn Sthdaroniates dispasemgi igiant

S Lot o Fi ;
s ORI OB, pe S B plsgatoay
dimersdb®evices.of RNA. Figure 6 is a diagram of expression
Figurﬁa ngtarg %%@%anng 1lr2('lol-f1 [pl&\l'/l?lleg B{%%%ggl_ea %Wéﬂ}%& gu l.telagsler%bled
CCM\gV@fcémaiﬂjh%%f%ﬁédlﬁgd _@g%‘%ﬁg’oﬂ&léﬁtid@@ into VLPs

uring asse reacti igure 8 are HPLC anal yses )
Figureofl 0 shage pidbreViof I2Wdagarosongel 8findd withrBiBedtgy) and protein stain

oo A GBS R b B QL EE TP s e o s
with pRARHAAREKESMY virus particles into dinmers. 8C shows

the reassenbly of isolated CCOW diners into VLPs.
Figure 9 is an SEC-HPLC anal ysis of purified

di sassenbl ed [ VLP
cont ai ni ng e%%&gﬁg%%%mgg#@%fl es. Figure
10 shows pictures of 1.2% agarose gel stained with
EtBr (top).and protein stain (bottom of CCW VLPs

L cRepombimanl Vaakaasid Boddnst andard CpG ol i gonucl eot i des
%‘rﬁ@s j .t h protected backbone. DETAILED DESCRI PTI ON

I'NVENTION | . Reconbinant Viral Capsid Proteins

\VEmbddiftepisiod shéprosmiit invehSoroprovide for thegmoductior of inwitivalent virus

. pr.qvi de for _t roducti.on af . mul tival ent vi l.i K .
tike pSiCER CovuRriee A PEBROBE of REPIETH PRI PR Rifoh peptides
contaihiRE QMR AAHe GRRELIE Hptiae D, RERY, WiREeil QALRIPBHME&E of BRdMbinant

oneé antigenic peptide in vitro, wherein each

capsidpfapioh gtepbdesofontand ab leasinenec apigedict peptide thasps ingk sontained in the

copsia bR PR RS o238 S, SRl BEB L A echimant capsic
fusionPepabs Vih tpie-dalRehmine@ s&es¥ah ivitgo teorm meliveRaDMRLNEIY particles. In

capsid fusion peptides_in pre-deterpmined ratjios in .
some ginbedimentsfthe enHgani¢ paplides cppieined|inithe peguitat ¥LPs cap be derived

rgg? ' he anti genic peptides contained in
ﬂom(ﬁﬁ%g?tg)su gglﬁtg%é can be derived

The term “multivalent” as used herein indicates the presence of at least two differing

antigenic peptide sequences in the reassembled virus like particle.

Morphology

The current invention is not dependent on the type of virus used to derive the capsid
protein. Any viral capsid protein, following insertion of an antigenic peptide, that is capable
of re-assembling into a virus like particle, or cage structure, can be utilized in the present
invention. In embodiments of the present invention, the amino acid sequence of the capsid
can be selected from the capsids of viruses classified as having any morphology, including:
icosahedral (including icosahedral proper, isometric, quasi-isometric, and geminate or

"twinned"), polyhedral (including spherical, ovoid, and lemon-shaped), bacilliform (including
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fromdifferent pathogenic agents. The term
"mul tivalent"” as used herein indicates the presence of
w@rooresHEss t wo di ffering antigenic peptide sequRCIES20061021262
the reassenbl ed virus |Iike particle. Mrphol ogy The
cu [ [ p < t : ;
rhabdcl oy S PR (O St SEDERASTpR], R8, hIRE) Nluding xod
cylindm@ﬂ;smmﬂ dgilaheitoys)f ehy @i whichmaey theotriled zd/antuiagemntain surface

. peptide, that i§ capable of re-assenbling into a virus
prOJeC%rE S glaf ? orjqng ge structure, can be utilized in
tIHeeIHE&ﬁﬁEﬁts'dTVtﬁBtﬂr%nt VeSO M BRI @fnidd18ciBr R§8Hce can be
i nvention, the am'no acid sequence of the capsid can

selectefefrara| the wcapsids ofrentities dhpsitd sllebﬁalvmr shepe dn adharfonepdiments the

capsid Igﬁﬁ%{‘ 8(8? %éqqegg %e}{]elgf?g%e]’lecﬁe:agégr}ql tﬂ? gzg)r% ssoéf’ eng ﬁ@s that are icosahedral.

In cert@idasnbodsaemRs HeCoapaid hndfeABId&eqlienct ‘M—nﬂB@ deikctecp @ﬂoﬁhﬁl@roabsms of
(includi ng spherical, ovoid, and |enon-shaped)

entltlesoﬁ@r pie; ip@sahsqrpliaoner fiyperiabe smbedimsnts| the Béﬂ’ﬁé‘b é@mOamd sequence

can be féc{e@; ﬂ%rgxlrthgl g;gsli?ss?tgﬁlgg%l ﬁ;l%rgsﬁe%' oclﬁ v\ﬁl Cﬁhﬁﬁ“&i&lﬂ%}éﬁg% capsid

amino taaldl sequeanel émbmyecmdrﬁc&n ttheseaptide of posghedial plast visusedr Hewever,

in othe RPBARIEHHLS e v Gk sSPH S b OGRI e 5 8 B pirus ot infectious
to plan%elff%ﬁfeﬁ%f)l'éoﬁ‘ dnBenfRRMM&S (R vBiN ik hiviss IdFaioAl & RenheH.
I n shape.” In other enbodi’ment's the capsid am no acid
Seeneealiye vicarcapsidsef ieotabellrblaomsehae cappbsid adfnumetdus ipesgein sub-

wnits R CishRASRAL (o Bis) Mmoo Rar DAL Rpldh cen e built up.

for ex:Haie, Iv@tﬁl kuamits Fdrfind &h tﬁﬁ@guum&@hﬁ@roabma [1@Qffing 60 subunits
certain enbodi ments the capsid am no acid sequence can

fonnmﬁea epandete e8P o Replsecéapysi qféhléfsmaﬂograh slaicureys e-gsbasteriophage

R

icosah&drﬁlUQE&es Howeutean dnfipatliel] e@fo@@amiemtlﬁztd lble&rellfbhimg motif. The
id can be derjved from an icosahedral virus not

motif h%f%&/@@%ﬁu@%d ploghvath fer beseatwanes (depizpiied SBGIRetne, side and
four (dtegign%‘téc[ E“HEFZ oft tl;{é bither. 'Tﬁfﬂ% % 5 G cORYERRH $i ophgq{éﬁf;éél ¢d¥81gnated

capsi I cosa viruses are c
4Aandanmwmybapwaiwﬂﬂjau@hﬁabsmamﬂ&ngaﬂmbmbﬂaﬁsn&bdwEJ
(cubic) symmetry. Native icosahedral capsids can be
byllt up, for exanple, with 3 subunits form ng each
r'{"8fyul ar face of a capsid, resultlng in 60 subunits

f\?ﬁa{?tg&n%n}qgsrg@éo e%ﬁ@?o'lﬂvvn?eﬁgg ?f e Fl’ az%dzﬁﬁﬁ%}nﬁties:

ure
o \GroyipI0daREE 6lkahe WEDNA WAREd; ds contain nore than 60

subunits. Many capsids of icosahedral viruses contain
* daroantl Yapsss) ied. theeﬂS@NASWS@Med bet a- barrel fol ding
shaped bl ock with four

¢ r@‘ioélpg{l;{gﬂffgs (ﬁe@Fga%ﬁédVl ) on one side and four
o (GR%HIVANRGkCHERhe QIRINAG RERRded TIHRER AREnPDIA $t48;

conserved alpha hel i ces (designated
e Group V Viruses, i.e. the sSRNA (-)-stranded viruses;

o Group VI Viruses, i.e. the RNA retroid viruses, which are ssRNA reverse transcribing
viruses; |

e Group VII Viruses, ie. the DNA retroid viruses, which are dsDNA reverse
transcribing viruses;

e Deltaviruses;
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A and B), one is between betaC and betaD, the other
bet ween betaE and betaF. Viruses Viral taxonom es
wo ewogsilge the foll owi ng taxa of encapsi dat ed- per/Us0€021262

entities: Goup | Viruses, i.e. the dsDNA viruses;
lLgViruses, i.e. the ssDNA viruses; Goup |II
* @ﬂﬁgsésah i.e. the dsRNA viruses; Goup IV Viruses,

o iSatellitelphagesiaNA Sate)lits tvrramad,eﬁ;chdmm«elmdﬂucm LAl asﬂatgizms.

oup V Viruses, i. SRNA (- anded. vij r :
Sgipeotvhiat aie el Mg RIR o1 PEPRLGY GEELIR (R Ehand are
review@d &n: %Méﬁrﬁk@%ﬁﬁl&ﬂe@'&? 274 '(9&1%}9 Wfds%%nom? SékReniﬂ Re rt of the
Vi ruses he DNA retroid viruses, which are

Internagiondr Q@mmﬁm con bTapnoinyu o€ sVirugds| (%MOD uGemdentior d’rwéElsevier,

urtin @ a4y Bl FeARRCT m@ imy NPraset B M PR o REERTE: (00

Microtiélgy ar & Wehinukslepd tDeffignent catdlwlywazlwrﬂnhrd Hst.18&ic.uk/3035/
art and are reviewed in: H V. Van Regennprtel et al.

Virusgrqags.himl; vig the ongbiaen s" ged, EYigeidRegstipns of the fexonomy Browser of
e AL BPIOL JESUIAAS, BTGTROTACD, M P SRRy o

Medche rdethé' a¥avioly Inssfatag agfe edltht betheniys em@anyneﬁf of &leakls (& MHuman
ol ogy .Depart nent at

bi ol
Serquﬁ(t %ﬁgﬁlg%ﬁéﬁ%ﬁ% WUW@@@@ Dt §GFBRABe Mt i htrml.
and ﬁrﬁﬁlooﬁblél' ené/é I'of'gthe gg&ld }ﬂaﬁloﬁed selS&Ed HRRS 1R cdp¥fis of any

Taxonony Browser tionall Center for
membdss of eohwbltiogy tiors d’mmbmxd :édﬂ@am)es dér ¢apeidslatfitbealembers of these

lerar i cine of t.h Institutes of
taxa. migsp oE SfinelofoR s, BrndRe MRL 19 B <ok the on-tine
"NucleBMﬁé’thHileﬂq), EPiotein,U2Ad "Btructure” sections of the PubMed search facility
h / Www. ncbi . nhn. ni h. gov/ Taxonony/ tax. htm . The

offereddlpy ﬂilé %Bkﬂtmmm ngbi.nlmenib gpeeatreraguery.fegl ect ed from
t Ccﬂ%%n gnc es g%es”l“?tn? gtlori r%dé) f e@gm %tha?%sﬁa‘g}mr?o acid

sequ apsi
sequenb@&ﬂl lb'@seléwedoﬂdirﬁ Itd}@dnélﬁb&i% gou ﬁl@%@eclﬁﬂ fd)rlw leagt orlewif t}[wfollowmg
ted to, e. on-1ine "Nucl eotide" (Genbank

).
hosts: ﬁlpgbxnélqdmg et pé,mtad%ratp%s ingldinggigace mverigbrpigtamenals, vertebrate
amrnalg,tefﬁ%cf::;}lf&% lIhta\ﬂdR oi‘xglr @rﬂb %ent ! ez}ips"il(.ti ammcf ac1d sequence can be

nchi. n query
selecteE iy membess affant bﬁe pf éxsefmlﬂowmg&aﬁat Ginoupn; IGmdlq: IMwGrcmp 1L, Group

IV, GrpuiY: pEABeNAL (i o SHRRPVGrPeT B oo GCEuBAmSR thecapsid
amino hOldl @¥héMde can be selected from members of any one of these seven taxa that are
specific for at least one of the six above-described host types. In certain embodiments the
capsid amino acid sequence can be selected from members of any one of Group 1I, Group III,
Group 1V, Group VII, and Satellite Viruses; or from any one of Group II, Group IV, Group
VII, and Satellite Viruses. In one embodiment, the viral capsid is selected from Group IV or
Group VII. In some embodiments the viral capsid is selected from a virus of Group IV.

The viral capsid sequence can be derived from a virus not a native infectious agent to
the cell in which the capsid fusion peptide is produced. Embodiments of the present
invention include wherein the cell does not include viral proteins from the particular selected
virus other than the desired icosahedral capsids. In some embodiments the viral capsid is
derived from a virus with a tropism to a different family of organisms than the cell in which

the capsid fusion peptide is produced. In another embodiment, the viral capsid is derived
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hosts: fungi including yeasts, plants, protists
i ncludi ng al gae, invertebrate aninmals, vertebrate
wa@niomesags and humans. | n additional enbodi nentBCT/082006/021262
capsid ami no acid sequence can be selected from
from ar@% %1%1 ko gﬁﬁﬁ 8nedifrenh gerfu ldf @Ygdﬁﬁrﬁs&h&q tHart@dpcdll in which the
oup IIl, Goup TV, Goup V, Goup VII
CaPSId‘FiePfdﬂed@ pr@m@@aﬁeamqth@ opihodiaant, 1he viia basid EBHFdERsa virus
he. Si
with s rra e ede o GRAUGRERof 30 R S| BRHEh beQbsid fusion
peptidsRegbduced.f or at | east one of the six above-descri bed

host types. In certain enbodj s the capsi.d, amn
Tomtodiue niche FHese. SEPBETeeRs HHEHBARE HFl SIFGiselected

form agat e@élﬁd?al Ivgu Gfﬁ’é‘i%oéa!hb agl%bcbah%e sgﬁe%@ ¥ a n@fber of any of the

I ruses; om any one of Goup I, Goup
Papllld;hézvzﬁima,l P \fﬁqtzvamhesat dbicistrevividnes es Hepedromeidae, T ogavzrldzae

PR R IS BB B SPUTE SIS Syt

NodavSSd2C PR 8B, PhMYSirahe @btPiridde, TERRVIidaa) arﬁlaﬂlﬁélﬂte viruses.
sequence can be derived froma virus not a native

i Inf c@clalm@sbqgmpmtstoé‘ thehpregesit [inyentign, thl seqiEned & be selected from

e SLERBTE Rt o GO SRR B ' PR e some

embodinEstk t}[éh@&ﬁhétﬁralgp'l&mvﬁﬂil@ spetidsicatbak p$a&item:ﬁeacbu\s ivitus species that is
ot her than the desired icosahedral capsid

or is armpewberenf snyhel ther Bumiapidas. |%60U@W€e§hf‘f§%ﬂ‘f%d‘(ﬁ dggeoviridae,
Nanov, ﬁéd?e qoc{r zﬁﬁ?@g& ﬁ %\Qﬁd&?r ﬂ%?\fzmﬂzé yOQ;mz‘%zgﬁsm $HBactdaecrosis

tel e capsi usi on peptide I’'s
Virus Batellite, eCuulimvvatdieh @@m@ﬂh@ﬂuefeﬁ@momhéaaglﬂoéémwawt dombusviridae,

deriv dfrom V|rus smto.a. different
or Brag{rilast o ofinicuns e o Sl By ieGn Spiis is @ plant-
1nfect18§s°% s Qg&ﬁégdﬁaf & Of %dh' GREmbdrMo PRt bethee MRS iPEnE,, Nk iridae,
I'ra I's derived froma virus V\nthatroplsmto
Partztzaunﬂaﬁe;‘ Sequirigpeg cleoviridasy Mmmushﬁgbacn@ Iﬁqygqsm; Mirusi gptellite,

whi.c capsl si on .pe
Cantiggiithenbi B e G SRR AT T oy Brgoviridae
taxa. FHQoMkleRbodaR&lts ths icoBhiele $idm vituaRpeGasiheglaat infectious virus
virus. The icosahedral virus can be selected froma
specwrmhﬁ@eaa opfs amyerd?ertqf anpapithe Sivalinpyiddas, Fetinpiriiead omoviridae,
Sobenﬁg& Cl S:fgm\ﬁ fvdrlg ae, o%%&m%yz 5l dﬂiToth ?%ﬂ?ddidﬂggll’ltgethe icosahedral plant

virus !g% VieY ichh e pMntrﬂbﬁtlroud atrus Speuivsi thaidizeor Nodaneinttied &€ any of the
cornoviridae, Parvoviridae, Calciyvirjdae, 1 embodi
CO’”OWW@@\/SOW’H@@WS&ﬁ@”@éﬂ"@?‘f‘ﬁet‘é”%/’of”tﬁ’é’@’giaei xeb pddjfippnal embodiments,

the 1ccgsgf?é§ﬁei+lg%%ﬁé§ @& O%ée $€ 'afgfuﬂe VeRLhRE ’vutuE' SpRRAUERGE aGuber of

ers any one of the taxa that
the Catavirsdveecorf Bronfoviridat famﬂytlncmﬁamj camhodirosits e waheapsid i 1s derived
the jc sahedr aI I an VI r

from GERPiEh oL MRTAEUPUICEG (Pi7s 185ERF BOT bpgiis 8 giRfa Rterived
from ﬁ}P}m‘%{mPf)r AN Iho%iAG. BY Bbﬁ@éih eh®88imeRROME Mirflddpsid is derived from

Rhabdovi ri dae; Luteoviridae, Nanoviri dae,
a Cov@@athssam Nnmluaear aSEquped Chitwetic Moty iViifugaeln other embodiments the

rus C rosi s \/rusS el.lit
capmchUEFn ﬁl:qnag thgg?ﬂ Fﬁr?ﬁ?{r" ng %ﬁ%os%{c v1rus Bt an Alfalfa mosaic
virus @Q‘kqenjpw rus, Torrbusw ri dae,

10
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or Bronoviridae taxa. hi sonme enbodi nents the
i cosahedral plant virus species is a plantinfectious
WO R00aesHRRECi es that is or is a nmenber of any 0PCT/I82006/021262
Luteoviridae Nanovi ri dae, Partitiviridae,
S i r viridae, Qurm avirus, Tobacco
IL. I\%%J%\éllcs ?rgﬁs%ﬁ%)el l[ite, Caulinoviridae,
Gem nlg%gl dae, Conoviridae, Sobenpvirus,
Tonmbusviri dae, or Bronoviridae taxa. hi some
elfrbbellimentssof tHeepiesant aheaitiah iptlade whareis thpewtigenic peatides or

oot S LS RS L PP RS Rl B RSB . e
antlgeﬁ@ pRYtiddsdam, beoePeamitidnt Size 1O NgneMtd bl Qﬁm&bloglcal response when
Bronoviridae. I n other enbodinents, the icosahedra

adminjstezgst invanrefscyreamennt tasn umal. pThepeptideseenmi houps laapi 1S, 4, 5, 6, 7,
=3 t [ f
5,9 1E0REURT Hhal: 1okerdy 5 08 2 ofh 42T 0R. 85 78s. 95,96, 99 or more
aminoBtidssgl i dae. I n yet additional enbodinents, the
i cosahedral plant virus species can he a
pEmhediments of |ﬂamgrewnf yyentigringlude Hﬁte“il% the repompleipanifcapgid fusion
I [
peptidg WKL 1P 2eR SO INEGECIRGIAT (3 P GRPFER, cmbodiment, the
recombiharitheapSido fimicnr pelailet eonminhimaorerthai pnetdnégemoiyegiidentla some

he capsid.is.derjiyed from irus o
cxbodhpsdls FSeIA DB BT St e SRR ELlpat 40, o leost
15 or Iaf lé%@tr DY &€pdrhteMnf Qﬁ(‘!‘ﬁ%ﬁtl&@.s afrC stvfil TaHStheF elﬁb&ﬁﬂ{éﬁﬁ the antigenic
| orotic ttle Virus, hi other enbodi nents the
peptide apigisettddsingiethievidthl fansid grofeb e dbatst iseenposed o at Begirane surface
Vi.Lus f.a.nopsal c V|rus AI\N) 1.

toop RS Risciabit Bie R ARy SR B gt he

present invention include wherein the antigenic

peptides or proteins operably linked to a viral capsid

séefigentcd’epbidesai n at | east two ami no aC|ds The

e

o i P fic BGRB8 o brostll o Bl o Frt Cpeptidy soquence
capable f geneedtfrcin M&mﬁﬁiﬂhgﬂctal re3pasea lﬂoﬂakamﬁlh ethB epﬁge(tiﬁSpapade can be

be at least 2, 3, 4 6,.7,.8, 9,.10, 11, 12
a pept1d43 epi‘@;pe,lhapta_p; orlagrelqg;gd pg@tldeg@ g 43nt1@910 g]@a I@thq,Svn'us related

’ deO

peplidg e g B At o Ay B Ry B iboB JABLR main, cell
surface @epndm, ratigenia peindnf aisinel) prefist) plant dohgdlnbacidrial east/or archaeal

. ant i geni de n an. alter v enbodi nent
veptid lcfBots PR PIL IR FSR O pe A o Sh AR e figpgtide can be
selectdd 88mO AR s@ thtISR1 smtiReRk] Skptidéd) of UihANHO dhidi ipathdebfic agents,
antigenic peptide is conposed of at |east two, at

includingagtfedioug tagentas parpgifesatcanessseellss agd ethen pathogerdc agents. Such

patho%ﬁﬁgarg%tﬁgn sgtnltl é]e t:f%{e d{éfne:mgeeﬁact trg] Orf’cf ﬂ)atﬂm e{S{%S}{]Paratolrsn te & ,te‘ﬁ(otoxms

endotokisabr A30$ ibse ﬁg’érﬁs Ths Pathidgénit bgdnds fxpeskillitany advel eBgitulence,
one surface | oop when the capsid roteln .S

ie theyemeydiwbless Yisrlewy aviulenfs p{;qupg@—vlgy qnf,cgegy-virulent, and so forth. In

some embodiments the antigenic peptide can contain an epitopic amino acid sequence from

the pathogenic agent(s). In additional embodiments the epitopic amino acid sequence can
include that of at least a portion of a surface peptide of at least one such agent.

More than one antigenic peptide can be selected for insertion in a single capsid
protein, in which case the resulting virus-like particles can present multiple different

antigenic peptides from multiple different capsid fusion peptides. In some embodiments of a

11
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Antigenic Peptides The antigenic peptides for use in
the present invention can be any peptide sequence
w@e apasasof generating an i nmunol ogi cal responBET/USNG6/021262
exanpl e, the antigenic peptide can be a peptide
. i1 , t
multlpgeioérng@Q%c Eléﬁtg&eefb\ﬁngﬁ Stl?er {ef%‘ka f e%ﬂtlgpt : ggﬁh&@ o all Y {8 From a
pluralityTF emitopee drope pltd siene pathagdntid sgere) aﬂneathcxecmbdhments of a multi-
st P et T g 2 SHEGEa BERLLGE otected o o
plurahﬂa(%f @fds@lly reBREl Bﬁthagé}ﬁ@%géntﬁeﬁl"é;ﬁm ?é | graeh srffD dubSecies,
|'efgen deSensitizi hg peptide). fhe antigeni ¢

blovarp @pthpd@smmvw se g@mtvexs off rﬂ@’rsamm@cmh at diffeecnt spdcipsroif ¢he same
f hu

senvs. R R D Pl T MiecE oPRERE o6 RGRbEIm rgopmsid fuson

peptld@éﬁl wetf@h npakdlegen hﬂ?xo?@ﬂé‘liﬁentsSUCh pat hogeni ¢ agents
al so include the virulence factors and pathogene5|s

fRabastiments of the prasenfxiprentios faduds whsrein thegpathegenichegsat(s) can
i e | . R
belong\a/tlg fa@ﬁe%ﬁ% gﬁk ﬂ“@% %hg@%@@ %g'c:[ge\ﬁ,a ﬁllﬁrh@%%?{%a £¥fils i®luding,
but novbinited @) pathpgeitd Bavilhissem} ¢.g.sBatHMS tidhedis; Bangnelin spp., e.g., B.
. I.n sone_enbodi nents the antigeni ept.i de can
qumm%n%cr%)l%lﬁp%mIitafswg%rm BP-a &b §e£§éﬁ‘ﬁ9éﬂ‘?l4gb nf-¢mpylobacter spp.;
n [
L S e e
spp., ngeistardapEnttnobncteif sm) sag;‘&créoq@ep;tﬁhda’oobcm spreast., Enkecalzs E.

More t antigeni c peptide, can
JaeciurZsEeRL g PPy er £ B0 OST G PR B 1 TG0 B Heuophils
spp., e BNnflagRaé; eleb S %ﬁpngz HIK %elu%%zdéalé i6hér s?)@n Listeria spp.,

present multiple different anti geni c I des
e.g., Lniprogpragensiss l\zqmgocm@ndj Gongeasai, et dzwrzal PPs dﬁ@raxella Spp-;
Mycobacz‘Fntgm n?p 'S %fén A 61?1 anz}bgﬂ:%gclfslcz:s P& tullé}%ggécg,g rer%:, ok, Scoccus
preumphide; anehﬂomtﬁnaSFﬁprIé%S, PravmugiResas Meﬁ.ﬁ& RPPEBIS RGRBIvazekii, R

In other enmbodinents of a multiantigenic- peptide
rickettsipr RrafyPht N ImetellguPPant g ehi P e ptapielocawie 8PBe et S. aureus;
Streptﬁjok%z}g esg el 1‘13191{1891 fG aApbtlﬂéFg)dotcéﬁ Qlﬁ(} %%&%gkl}é gt%p%c%gm eg.,

rexa stral
p;zeumemb&pﬁé py@nei; Swpmwc@appgﬁbfgsl,la SIEy. pWid¥i® sppy e ge vabcvlsrae and
. of the saE;B specjes or |ffe ent f%?ici’es of the f@
Yersm@emgs e.g-n ap]esgff,t r {ugre u‘{gﬁb qtsgglﬁ ing, but not
t [ idofu
hmltecggﬁ’ Egﬁf%fg%% né%% f’{ealtrgz?e pat%% eﬁ?ésc sg entﬁlsagibnﬁ‘/g Erg” &
dermaipditis; r@zrpiués&m 4.2y EnibecunsnCladdoniver sipy; Cdvre:zdlodes spp., e.g., C.
eni c ent can. bel ong.to .at | east on
immitt Gttt et Baledp PR S ARG e ok Sapsilt; and
Sporothﬁghpiﬂlé]gis%keﬂ@% l[imted to, pathogenic: BaC| I us
zé) ., Bacillus anthracis; Bartonella spp.
m‘éﬂﬁlmﬁ@tﬁ af thermuesent mverion includeacwbpigsy the pgqbpgem@ a@ent(S) can be
from %Bﬁﬁugg{ﬁt n%iudlr%an@%{ t S&a%;wds P§ g?tﬁ‘o gm%%ac’eo pfebludlng

un

Acantlhﬂfo@ﬁi isbp., Eﬂﬁﬁbdsslp@l |Na@¢e{na S ,gEntcEnoébafsi)@ e.g., E histolytica;
Ent er obact er spp g., E. cloacae; Enterococcus
Cryptogmfzdzuzg P, €24 egcéqtrvgm [Eyclospora spp.; Encephalitozoon spp., e.g., E.

intestinalis; Enterocytozoon spp., Giardia spp., e.g., G. lamblia;, Isospora spp.;

Microsporidium spp.; Plasmodium spp., e.g., P. falciparum, P. malariae, P. ovale, P. vivax;

Toxoplasma spp., e.g., T. gondii; and Trypanosoma spp., e.g., T. brucei.
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faeci um Escherichia spp., e.g., E. coli; Francisella
spp., e.g., F. tularensis; Haenophilus spp., e.g., H
wo0 pdoosngsae; K ebsi ella spp., e.g., K pneunonPEBEUS2006/021262
Legi onell a spp.; Listeria spp., e.g., L.
NEEHI DS 05 theYeedeRORCER o 1ﬁé]ﬁdeGQHé}"éﬁlctﬁé emc agent(s) can be
Nei sseria s Mor axel l a sp l\/%/cobact e
from g pprasityg ages B(ea%; hﬁll[mtlfb-t?ep?@@ﬁl’@é)l BiC upmbntwclumltﬂl g), ;pathogenic:
Ascarg}e& glcfl ggslu%{b?{%gﬁ% %racuﬁ’culilz%osrf)gnas ﬁpirns%?gyﬁ d?acf_:gcerca Spp-»
¢.g., Ol eletts iSchis@soray §3y.; Trédbinalaapb 3 e SN spPalts; an®TrEMPYN spp., e.g.,

aphyl ococcus spp., e.g., S. aureus; Streptococcus
T mé ’ﬁp i ncluding G oup A Streptococci and henol ytic

o .
S:Hri gg{eg %ﬁ;lggdéunsegts She %ﬁh gé%ﬁ.ﬁ:gdgséﬂﬂlg@%awﬁg rﬁﬁ%ﬁ) 2 %ﬂglsaggnt g1nclud1ng, but
not Nmited oloer pathogeni: YAldsmcmlIasesp PAren@viguses,Y.e. DeNdsSa Pever viruses;

t ncl udi ng, but
Astrovfﬁlseeﬁ o%?l%}'@&'lt?l%es gljg??l %nei%r}gusge% %gf%é%g‘lﬁg viruses; Coronav1ruses
DeltaMisipRE; gC'yﬂoHﬁ:gﬂBﬁruseE' PpdtOMIsES vﬁﬂ&sc}ﬁgﬁg v1ﬁlsses Varicella viruses;

dermatiditis; Candid a spp., e. i ca
FllOW@S&&&@oEbQvag’pvs Medueg dlr@@esF]spplses . g, Detiguei vimis¢s, Vest Nile

Feverqn;ﬁgé %ﬁg&sﬁﬁ§grovlrus§§ g{eggﬁ% wﬁ%ggg{lnﬁlewﬁgﬁl@tﬁg&enngses T-Cell

LympBotrsplh annises otllfdi‘blfédkéfﬁlﬁt Sin@bs;t RBrvile S8fdsed; 'WMidnViruses, other
i ncl ude wher ei n the pathogenic agent(s) can be from a

tumor PrESES a%wwc S nJg’Iea €/ VIFISES, IMWP%WI'H%S Parainfluenzaviruses,

Pnemﬂ@&tlﬁﬁgse Riefidai %EPH&Q aBarvh il ﬂ%ﬂﬁ‘f\ﬁﬂl b@arﬁ%&gﬁsesECoxsackle
Anpeba spp., Naegleria spp.’,

viruselyj ECMVWs&saPoﬁbmyﬂlan&omseh Rhispirusesg (Eher Eiatefba'{r‘elwaj Poxviruses,

spora s Ence hal i t ozoon, spp.,
eg., %{18@1 Bﬁgqers,s $57 &ﬂg&@ﬁ;ﬁlmseg ;ﬁe@y@u@@p e.g..e (gltiviruses,
Orbivisuses aRB{a'vﬁfuse'sS Rﬁ%ﬂcﬁllﬁ@é& {régﬁﬂﬂfskéj' Vgglé.}qﬁ‘ Stomatifjs viruses;
Pl asnodi um spp., e.g., P. falcliparum arrae, F.
and Tegayirgsespe.g. Rubslla vinses Saslms \émses, Véesgam Efcephalitii virusagd
odi. megt s of the

P EBRRARAT of B prFicl imaciipt eria RSEER Hbgetgenic pepide i
select&l € The GROuP odiftgdoP A E3hink Cpeﬁ’@&ﬁfus(ﬁepglde B czllus anthracis
ed T

hel m nt hi c ?ar asites) including, but not" Fimt
protechye AfigeRi(RA) arftasnicspentife, ané ag Eastamn Eqmm Enaiplialitis virus antigenic

peptldpr ﬂ?b‘tﬂ&%rﬁ'l?od%ﬁ@nts h% tlgemcsgﬁ? lglf alglaﬁo?)a(frv%%irﬁqﬁq{gefl Reptide.

In addsmrplal embgdlmeﬁts the Bﬁﬁédn&:, péphide T¢ tHelBIEdiBusSRPhraci8 plotective antigen
trichiura, In _other enbodi nents the pat ho%enl c

(PA) anigrive Bptidgrvieany &in of the araln%?@eiﬂequmqewé B§). IBulNQsot, 6, 8, or
10. Il ’yéf' died érﬁoodﬂﬁ&ﬁé’ﬂf@érﬁlgelﬁg %%gr}( d fésa%SEas@n? §VI r\"ﬁnfm]sltls virus

., Lassa Fever viru I OVl I USES;
antlge@lc g)eptlddamﬂaﬂleranﬂms am&?lséc;uehfzﬁ dfenelbEBEN. VDI NOES11 or 13.
i ruses; Cytonegal qviruses,

DA BRI SRS o B B IE el R Gaeptid fbigtépést can be inserted
into th%lobdﬁlgsseqlﬁinlz:@‘fdrr%§§ caﬁsﬂ or cggaJr@tefﬂ ﬁluasgr%det%ﬁ ?&F\Ig]lte In some

vi ruses; Fl aviruses, ue virus
embodiagrip the peptide is lmﬂedmntﬁéh@cawldmm&iﬁg sehieqmat isd ias to be expressed as

T- Cel |
aloop\dhﬁﬂgc‘?o%naﬁgﬁ Lpepggviruses; Lentiviruses, Ce

Peptides may be inserted at more than one insertion site in a capsid. Thus, peptides

may be inserted in more than one surface loop motif of a capsid; peptides may also be
inserted at multiple sites within a given loop motif. The individual functional and/or

structural peptide(s) of the insert(s), and/or the entire peptide insert(s), may be separated by
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Lynphotropi ¢ viruses, other |eukem a viruses; Norwal k
viruses; Papill omaviruses, other tunor viruses;
WE00a/053488/i r uses, e.g., Measles viruses, MNpPSPVI/USNEE(021262
Par ai nf| uenzavi ruses, Pneunoviruses, Sendai Viruses;
Paryovi.ru Pi navi '
cleavs GBS, o LRI A S Sediy oEAAYIS 63, gt

separatRlthépaptide@ e fom@hé esmdnndee b Othiercapss strivaxiéior dssemblaged. |
Variola viruses, Vaccinia viruses, Parapoxviruses;

Respliries mmay; be nsgrted within gitemalelicingylaeR(F) angiy, with internal-facing
oopts L Y83 PRI 5 oo EA R SR i e ot
of the eapisal. [Amyvannins esid @i madbdesbemd msesyrfade doqr of Em;&sphainl seie as an

. .Vi LUSES. odi nmen f e.present .i nv i.0

insetiogh B Ghe A C A PURT c S ABFETIRD. 76 OB He A o AP PYfbE Center of

the looB! P& th GORI iRd f)(f‘sgud?lf loBatE@MoBEAIRAI HOMI the' SeRER 1 tHE tertiary structure
aci | Tus anthracis protective antigen (PA) antigenic

of the fged dapsidaprptide. Hrespaptide Boding sc@renep heitro epevably fmserted within

C tide. In other e the anti
the pofii BF 0 PR Ui 5ol B SGUTOR e PV BEPET R ehter of the
selecteddidb qsp NEtis @iddedls B8 trétehtitth on thedRAlMgPR M dBr it thdftion of the
Bacillus anthracis protective antigen (PA) antlgenl c

peptidgegapprfe oftharcapsig tdés wthehl@e%@wtr&émeﬁ% thesrepidemsertion site.
%E%th me'\@nenf’s‘ th? ;pgéideod'an Jog eé’ & th@ taﬁ'ﬁﬁo RERARL TPRS capsid.
e antlgenl IS an ern equl ne

The peptide pdiethd hnl&d\to ﬂuﬁca@mﬂ itiyengic om@t mdm 1mkbh sdghena@ri hiosome other
acid seque r 13.

ncge of one of SEQ
embodaa%mﬁ aﬂeé)&at}@m@ bemseripd %E‘%@ gféﬁw ﬁsemlae the C&gﬁa gfélg peptide
can a@ bb rﬁ&%&% tﬁ@"&aﬁ%xgnéﬁﬁlhﬁéj thBhsh LHE FrAbROLSEIYEPEEh can be
or a viral capsi r coat proteln N a predetern1ned
cleavalslet by hé¢hesterd enteodymativt hytitodyspept Ind eddigionals embedimentso peptide

sequenp%?fe gﬁfg?cﬂﬁtqt}ogl? ﬁ’gt 2 uend: cglréﬂ)gat%gt@gl{,%g gLo & %ﬁ%ﬁlﬁs aa & at least

one infeRf2Nd@HoRtsubRhe atIB@dﬁoﬁ at i§) §>§§r€és@dﬂ ofiith siirfacd dFaRSbdbsid in its
Thus, peptides may be inserted in nore than one

three démerssanal ¢>anmﬁ§®nf Fot othercemladamense pf the@sesenfinggnsioniz least one

|nser d. at _nmu SlteSWI hi n venI
antigesi SRR e MR e dbufy BB i BE AT e termal
surfacé)lboplaether\s]ﬁrt(s) and/ or the entl re peptl de |nsert(s)

may be separated bycl eavage sites, i sites at [

OkgyaR ope deoncolethy sdrabeansidisa @ﬁz@@dﬁkét efmrﬁomqenaladllmsnts the
antigeriig gg{)tzﬂe:itste 0sRE Bh 18§80 twfo! ﬁ%ﬁ’fatz@ ﬁﬁ@?% d\ﬁfusqf gﬂlﬁ1cle In other

ture or assenb
embodimats teldaspitwd M1Moepelpaﬂesfae lrrsgrtd:(bmpi F:> ¢amr{wrotem/\nﬂdﬁxposed on

i nt ernal -f C|n otgg z?a e within |l.oo ofttl
at least 3 GMiFags 1OPRE patdl iSGRAY. 598 OF Moot RARkF!G ¢ e another
embodiR&HtEAt lefst Hﬁ‘@e zﬁﬁ@%ﬁ@ ep¥dks A8 MBertdlliftohe BRI SOtAPRMH exposed

In a surface | oop of Pa capsi d can serve as an
on at ]eaﬂidhtele onrfhcy laohe of dipe Nm-hﬁ'wpar@a]el yThe resombsent peptides in the

el ected at t he. cent er h o)

surfaeglogPs G halE R 98P er@neHlsnty o Hotioral pbqippif he amino
acid sdghiéhe I iR re@Smbilntipeplided ity thetshitidb8pLdifiehe f ol ded

capsid peptide. The peptide coding sequence may be

o asllgic peid sequstcepndeding the viral capsid or proteins can also be modified

to alter the formation of VLPs (see e.g. Brumfield, et al. (2004) J. Gen. Virol. 85: 1049—

1053). For example, three general classes of modification are most typically generated for

modifying VLP assembly. These modifications are designed to alter the interior, exterior or

the interface between adjacent subunits in the assembled protein cage. To accomplish this,
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the position of the capsid codi ng sequence
corresponding to this approxi mate center of the
w@ed0e0sae8 | oop(s). This includes the retenti onPOf/US1966/021262
reading franme for that portion of the peptide sequence
mutagrhid frémersea Be Lifdttod ) ﬁﬁ%ﬁteﬁ%{ds&ﬁl\e@ %B&EQQ{I{?Wa f Bfcleic acid
peptide insertion site. In other enbodi
blndllgge@g}oalebycrggla@@g ibasie residieaie.gHg, Rmimibe Netenninus with doidic glutamic

be, |.i nked h
acids ‘E%Bﬁ%lg% et-(l)_ %g 2@}%@% ‘@ fi niig 1$teg1énae§m&%§ frtopﬁ tlgeg]ﬁetegglﬁgq» (in CCMV,
usuall@rnbsldudseth’S) (il inpefta (ﬂH\IAaﬁc@ding Af Gl'ltaﬁﬁn@tacitd%pﬁéé Qéﬁ(%l'getlng

s of the_capsid. The peptide can al so
Seque‘f“be &@&l@éraﬂmig 8Tk uguiace oﬁa@ﬁsednbopr, pist éJVI) |m¢@bfys interactions

betwedh v &h s‘&ﬁﬁ‘mg%ycahfegg? meemga}%ﬁ ﬁﬁ@ﬂ‘g Gfids n g@é% rggdues 81/148 mutant).

hydr ol ysi s t1on I men
S @qﬂn@dnwtmfethm preedt atvelddrhinchde aﬁﬂeﬁﬁn anel ageteRPPeptide can be
one term nus and at _at | east one

imsert 5ol Pl (BT S Gvoks PG Merile Fgs 4CCMY).  In some
embo@&iXRhBIRE PetictdAR bBUAAECE aPhmiddeacs ﬁ)§99 {}%I Iéli\}sof £ In another

di mensi onal confornmation. For ot er e
embodiment the peptisiet ﬁeqnencatcan dasinsarted snhiine atids BOPHI J62 | b‘p‘ 63 of the
S n at ast ne |nterna l.oo or_in
CCM?)e%gIél gﬁg ligﬂx{ﬁer na?ml% PG teptide camp e ipssrted gt EOtPr"flﬁﬁnO acids

129 amiwnino apide 60-6B & is @CMIAPSd can be nodified. In some
egggdlnents the antigenic peptide is exposed on at
I pdinygytsofithe presens gpeentipn iedudeiwhesein iakdeg pfalulenml aljackent to the
tioeicehti8 t S eni e are
e ng%? tlegg?%{t%%g} E’%g@f %r% éﬁ?}maoﬁl %H&g 8% gl; e“P €48 also be
includedvo  Surehiodiniantpofothet present riabertidpsSie SAG8qRIce can allow for
- h fI|ke @ﬁLIIC|e In anot her enbaodi nent, at | east
purifiqaipn, of e regupbanfecapsidaoisine fusicnaaptide.i dihe tashsequamesi ¢in be an
affinitP R Sidh RNheR¥BAIRAhY a I
9 E@tw rus- I ke par gllec?ﬁﬂyr%g ?%%%&n%‘%%gﬁ%% pepq:‘% tg“ ﬁslﬁtytag can
be a g](unaé}ugm Sgtwsﬂewpmdwmldq alliee tap ears alye ba @i wrécent molecule, such as
addi.t enbodi nents, _the am no acid

R
antibodp @Rdediid, fo@2ra kddien AHEESI 6r ﬁgérﬂl ﬁ)? knbwa Fi’lftglg gm{e]l}euseﬁll for

viral capsid or proteins can al so ter
purificglin. or mat i on of VLPs (see e.g. Brunfield, et al.
(2004) J. CGen. Virol. 85: 1049- 1053). For exanpl e,
t hree general classes of nodification are nost
I tBeuonbidayt Qeyséd Piotsdn FasiomPahtfdeimeandibr assenmbl y. These
difications are designed to alter the interior,
ePiegsnt davepHan jcapiemplaies thetuseeaf Smﬂatjemr aybiypé tof Hislogical
e t
xpres§131l?s w?f;mé ﬁﬂo@ﬁc& ﬁrr{gr g&ggﬁi a;éip usé n@slofxl 9ep§1|dF% rf0{ fise in the
subsequmtassemmbls uxffraulﬁvaibﬂr YePaf Quiteny nfeiiods Wi & pﬁdqﬁbﬁlm e)g)ressmn

ndln ion by replacing basic resjidues (e.
m‘ﬂud‘? WS?% Fﬁ%éﬁkﬁ% %éﬁ‘ieﬁﬁlcc%ll HPEIFPiOD Sy FLgRS (S@dugs &s colz

btilu§tand|P. 118
subtilu 4 atner mﬂ%ulge?;g&m }glhﬁt)angsgﬁfg %Fll)ll @Erllglfsr% g%%rgfsz&g%t% : ?«Fabs% expression
systems gighras Sacme@nd d)’dPugoa,n ahd neammalizacixPregsiph bybtems.

t, al 1987) into a

CEba BB s TFOE Ty mofudeouhirgin e beRoResid fusion

peptides are produced in plant cells or whole plants. In certain embodiments the capsid

fusion peptides can be produced as soluble proteins. In another embodiment, the capsid
fusion peptides are assembled into infectious virus particles. In an alternative embodiment,

the capsid fusion peptides are assembled as VLPs.
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between viral subunits by altering the netal binding
sites (in CCOW, residues 81/148 nutant). Enbodi nents
w@Roovks31gs esent i nvention include wherein the BOL/US®NG/E21262
pepti de can be inserted into the capsid froma Cowpea
e\/r enbodi nents t he
QG B e Pt I o i ol h S Mo ey Rt capsid
protemm ﬁmmn béptiﬁes)tdire rpréddzed i e A tbactemial Q@thlﬂl%rese%e%ﬁocﬁﬂ{énts the
e inserted at am no acids 60, 61, 62 or 63 of th
reco t&ﬁl?seff fusion gentides s#b paEPgHess dhsplrie lltCIhmqmedeleEewﬁhm the

host &7 JR%GTIRET ot e -REhilont BEPuRER g produced o

solublsrmeclesitles Wl/thmtthe) hostreell.udie othlee e@bodithchBGhS EtYRBERNL capsid fusion
i dj acen{1 ? ugtllngen(i ?ept ide of interest, or
peptides pgRioduseg Hb% peugAmaRad Iagst g4l ncledipg e é’szmd@tn@ﬂwﬂwnscens cell
alThe rR@mibentegid drbtef R
i nverrm on this tIagﬂrseequegi%&e1 n&g?{; JSQ 3%& tlltr:lg?ntloﬁl can be
produggd fnhleiolagiaahiskprassiore systeints mluztu@ weﬂdmown tpﬂpﬁqlﬂe in Theart. For

exan8 by R B B e R onP Ly a iod vevbiln of S cRsbERm o toieperably

linkedafd atnichyt drkOaridBnib&epti@d Hﬁ@b@'lﬂt’?@duge& h0S BEASEN and expressed
npl ecul e. The tag can al so | uorescent nol ecanl

Transeriptionals angtpiragslagippal tﬁguhimogbm@ﬁtss soth fdsutramannal enhancer
o.be a porti an  ant.i bod

eeque%?,echﬁetlolﬁrgp gﬁ@ﬂlc&aggﬂfﬁcegh plggntfleraaﬁgoeoa al e a Wo%tps 1Xclud1ng

1ntemtii riblisomap antry eites) sefivdtorsp traﬁﬁlziticfnlap 8fattOshd tbp -signals, transcription

Reconbi nant Capsi d Protein_Fusion Peptide Producti on
termingfors, > (SESYE0DH; TS8H quS\ll}’ngkaggs,tthg semsnesss, such as nucleotide

sequerk¥NtHgd Gn@r <@gy 5 aRi.0 S

queto prgduce thggr é;e gﬂ |%§ﬁ§l cg&% g&;fg Ug’?}géﬁp%%? paa%sy ée&tnhcanon

separagign, purifidationu bs esplation @Bﬁ&rrb;kgtesséd reddnibifdre dapMi Rsrotein fusion
of ca oteln expression |nclude

peptlde 1&8@?1%2%'& ;S)Frl%%?lgo 'ﬁg HSY gy Bape, cxirap-tag, polyarginine,
polycyBiciiee %ﬂ}@iﬁeﬁ%ﬁlﬁﬁ% ?M%bp@ﬁlcEam&‘ Og}lfa ﬁﬂ ﬁ'ﬂ@ré o ﬁnofeeﬁgxm beta-

P.fluorescens, plant and plant c re ‘ekxpressron’
galact@%@ewhlw@ashen@opr ecotylvansfyrasee neycdamnditalexifin cgeuoomstrasferase

BT TN Y e T
streptalVﬁhmm paft 105 V\%ﬁSf 86 Hﬁo&ﬁ:@il' 6RIAAL sto& p(f&ld)%&ﬂ mgr&eln G, GST,

nt cells or ants I'n certain enmbodi
DHFR’e o 5Pel gplastiosn y@mg d@@amaﬁ?abeocmlmdbwémga@mn,uﬁse c-mye,

ompT, p&'gé& cPebe‘iBalrkIg % 2@@%{ gﬂﬂﬁé’[ tn%}awglg %erase P;‘rFP YFP, or

analogp af $tich|femrestent proteihs, ennmdwxﬁoleaitlesj hemos lmt)ﬂ Cor@dRDweh antigen or
fusi ‘g"éﬁ‘gl des are assenbl ed as VLPs. Enbodi ments of
Epe

ligand ffya nding, BfIeh HSLRh{or perifigtionrendiercavalsntly attached to the
desaneﬁ%@ﬁﬁEn@@_@& tERRS 1B gf ﬁienlilc{sy &1 Qh@?e%ﬁ*agoerg r%engents can_ direct the

produced in a bacteri ture
expresgipe of e gedonrbament casii piofeusﬁxsmn@epﬁdej es can aggregate

I ncl usi on bodi es thin the
3 a fn D28 nlfla%on process, once expression of the recomblnant capsid fusion peptide is
induced, it is ideal to have a high level of production in order to maximize the production

efficiency of the capsid fusion peptides.
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host cell. In an alternative enbodi nent, the capsid
protein fusion peptides are produced as sol uble

worpdoeosdies within the host cell. In other enboPCTES1086/021262
t he reconbi nant capsid fusion peptides are produced in

V. RRREohaer eaphenE e PR B Bepides.  capsi

PORdeEhS rédbBibiibnp edisidl gfotdia fusiGe peptideeirpy-Hise particles or cage-like
i nvention can be produced in blologlcal expressi on
structugsps ergrirogdueed; ihqngWe Ejericbo igplaet BT quedied o sbsigptial purity by
:[Eég['ggl d constructs encoding a fusion
Standagd;tref} fﬁggﬁuﬁgﬁhg}é@ d protein operably linked to
dlhd sakitionnedamirifipation tfmlpiqudae cemriepend n rtbeldosdcélhmglized to

o e RGeS TG B ot e ot e
to, PHGE203f{ohRin Qfhic® B 2READ] %)?é&‘[ﬁfhﬁ@ﬁ aE1'aaB§thﬁ‘;hbﬁn§inon or cation

erfhancer sequences, pronoters, bosonal entry sites,
exchangec |chnumagograp}sr; nphosphénstivloss @momytogratpbx, hydrdphabier énteraction

YT TR T N
chromb@GHbRY, 018 verSA0ptHRel U Roafitogiaphly, afectiniC bl&@iﬂad%r@ﬂ@y epieparative

'tags" and "tag %e ptide codi ng sequences,  which
electrofph@neslrs,t é@@gentj éﬂ]t“l flizgtien, Wlecé@gaqractlpmwnpmﬁlf pucht pubstances as

colum%rg gmﬂg H@g@‘ gfﬂ?ﬁ:@azg) | ng(aE;O fkt%gtéa?(glgflgféf’chmmatograph

immu&%mhﬁgatm‘ﬁ t agthddSV- tcaghrifilbation, Sltraepnttifiggation, density  gradient
ol yargi ni ne, pol ycystei ne, pol yphenyl al anin

centrifggntis BaF { PR GOn (ISHOTPH OF it B G uh, APBRG4 JERRD eradient)

ultraﬁﬂx%h?ﬂ %ﬁ&%&?é 'sﬂ@%'iclu Bl #iRFRNERLE BtheR %?Jtéﬁhtlﬁcﬁﬁ‘tﬁfneﬁ@tﬁﬁds known
omal tddextrin g uconot ransferase,

in the é‘ffPlPﬁi\/Beaﬁapie,meps@prm;mmfuﬂom pbpigbdmtvmg established molecular adhesion

propex%ia% I@aﬁ{ n reggl%{ ?yrglssa%%a 5an%-1-}{\9 B‘B%E% ap%%égglﬂg;llggg% Cﬂg\? capsid protein

ﬁlSlon'F\’g{gegE@é Barfbe SIEQ@RERCAREDed RS QtpRkifcition@ElumBlahi théaBiteed from the
gal act ose bi ndi ng domai n, Cal nodul i n bi ndi ng

columdonmrdatw@y puxs-ﬁqyu T(hmapmd) pm@m pseﬂgn regeyed h)bq:rgmnlatlﬁ activity.

I stidi.ne

in aadifly, DSt b duBlic S STRRIE Tg BfgnoticEotumns

or Ni-NQlAe€omss. henosylin A, or a known antigen or |igand
for a known binding partner useful for purificatjon

ceandsel seshaiaeet 1aje Jurthemdesoribed Ha, des xppels: sRqueARsS: Peptlde
h |
puingfigh! a YA SHOB0hed BV G s Sy OSBRI, Gt o

e ex &conbl naht
PeptideaPsiifitafiont AlcmieflmeerEsspe]@QO)jeUS rPa N@r reFit1a03prB. Roe, Peptide

process, once expression of ecqnpi na
Purifigaion o bugHT e Braf i cumrorch PEo GRS d%fﬂfd Press
(2001%@3%01& Qtr el f)ﬂld%nl\/ﬂeﬂloﬁg Getled- Q,lsgaﬁicntlz)@6} NeK Patra et al., Peptide

on ef i'ci ency of the capsid fusion
Expr Pl i18€3: pA/182P (ZGOGhtandrR o¥uReipg ebiahaGenaCa@XRY p. 303-6 (1995).

ein Fu n i .des e the r conb an S
See algpoloE S HEr Ao 0. (o7 Jod TpBar P ragtsy DEScher (1990)
"Guid§ @&?éﬁtid‘é@lﬁiﬂcﬂﬁérﬂ" E’ﬁ:ﬂﬂd’d@ P EQEHES0gy VEIEYST amd otied vBBimes in this
i sol ated and purlfled to substantr al purlt b

y.
seriessColngrar o aledRA6 god penedic Skpiements) @mergrﬂrotocols in Peptide Science
Wiley/Greene, NY; and manufacturer's literature on use of peptide purification products, e.g.,

Pharmacia, Piscataway, N.J., or Bio-Rad, Richmond, Calif. Combination with recombinant
techniques allow fusion to appropriate segments, e.g., to a FLAG sequence or an equivalent

which can be fused via a protease-removable sequence. See also, for example., Hochuli
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The isolation and purification techniques can depend
on the host cell utilized to produce the capsid
w@e@resiss usi on peptides. Such techni ques can PCUSNE6/021262
but are not limted to, PEG anmoni um sul fate or
@ [ . .
(1989) R e B R 20 A0 (F20) Do Rbeffbinant Pepides
with Midtal dTteel g denjaenth vl Seibdve hjed:) Gﬂﬁ@rca]@ﬁgmm:nng, Pnn01ple and Methods
] r t ogr.aphy. ffinity chronatograph ni cke
12:87- @E gﬁﬁ%gi’%ﬁywa W&y Epatt fle @ﬁ%)n&ﬁéamsm The High Level
ExpressBUSE PEtRIBARASI MM Q'SR ARAVGEN, 85 '@ha&M&f@@P f.aphy,
preparative el ectrophoresis, détergent soltbilization,
dJul wote embedimeintp) thet cztpﬂld/\pltotﬁns (fedioms peptidesceprassedc ol host cells,

o R S e Y OB O P 0. Sve

protocél1e Miré i subtaiaik | P pusifchiage 8t fﬁefati&@t i6fh iARKd Yolita dF&N bxample,
centrifugation (for exa(gg on a sucrose or on a

purificgteasi (rh Evllusiong ebo@@cn)pl lad mﬂx)es thet rexfra¢tionat $eparation and/or
punﬁc&tm O(g?lﬁglﬁsﬁﬁ %ﬁdlgg(g& URg WrP 10fn|o|tf lgos ce Eg?)é é??tgﬁg%@ {lgl’tl 1en a buffer
of 50 rﬁMU'SRI;S/HCQI;H{ 1.5{ 56 ingv NeeT1} b sleviyChRo1 esvablT sheehM ATP, and 1
nol ecul ar_ adhesj on properties can be reverS|bI f used
mM PMgFaThe egdhgpspappion 1p 19&1}}?5 PB5H MAING 23 BRateges tﬂp:r@ugla@ Eregch Press.
r uSj.0 t I
The ot Ghfiich! Bhn0lls B Hoftogbled BoiF PO tBfIE itkchenty) or
sonicated oa icee |Adteinedd yethode of bysmg bhbterie apesappapenbteeihnsd of dkiilein the art

rengopved e rmtlc ctivit In addition, the capsid
(see, e‘_ﬁrgota’@sﬁ’o%yféf‘g ﬁ'g’ j:ﬁtrf‘lb %?rl fied using ‘
ITMRBRRSE Y, i tlﬁcl\@é%ﬁ’ BB&e Callbe Mﬁbﬂ%&' MARY th@qg}%daéell suspensmn

techniques are further described in, for example, R
typlcalst@fpvebe cmfcpfugﬁé tegempye anwenfed ﬁanaomhlq) heteran € apsid qrotein, fusion

pertidcSghbd et s PRl bodiemihine P Phoggyicpiapgt witn o

compafile b‘ﬂlfféll KubiBle sSlvefl@anclin®) bt gre ok llﬁﬂltédttb Qlfea (from about 4 M to
Techni ques: A Practi cal Ap roach (Practical Approach

about §e M sformayeidsr ¢atplensts absz@oﬁ))%, Drolpgieivalymetbagls), and guanidine

hydrocﬁFHiiE gﬁ‘ %(%gg@t%gl\grtw Ibgv}{t é‘M?B (X}t;hgﬁ%}} é%ggﬁ%@%ﬁggén& a%g similar

agents Bre ddukiturjras, theis dﬁxhaturaﬁ“:emi‘s ﬂ(ﬁﬁfr&)ersfple asd Jemt(rh o )nay%%@ur upon
.for exanpl e, Ausubel, et al. (1987 and perijo
removai U(BW » 491 exsnlel- e 111{t19g9(g“)the denaiurapt, Qi suaigble buffers are

knownl?g,l{ﬂogégaﬂé(pﬁtheg@t hods in Enzynol ogy vol. 182, and
her volumes In this series; Coligan, et al. (1996

a%idsnpwmb'd itds Bogsble e pusly Ge m@tﬁbnﬁ%mbt:apmi pratein Pegion peptides,

W I ey/ G eene manuf act urer' .
virus HRE paPRc £F GHES g pres, Bty BE TBE TP s, i ef dhe host cel,
when tBe ﬂacomBﬁﬁﬁgéiinﬁe i E§RALENRY thepediplasRl ofﬁh@ hgs'%Q:ell the periplasmic
R chnmond I'i f. Conbination with reconbinant

fraction of Fiei kpgtesiaziandw iseleted byt wld ppmotir Faock s @gdréwnéo oe.ileg methods

tnovn' fSSARACRIERSS, 3 ARaEHEARER JAGR, 53R, B i,

examplex A bacteridoetllyl t4d H9erdifeied ab efohﬁduslﬁdllleﬁ 12n6Pellél; can be
Hochuli (1990) "Purification of Reconmbinant Peptides
resuspended in a buffer containing 20% sucrose. To lyse the cells, the bacterla can be

centrifuged and the pellet can be resuspended in ice-cold 5 mM MgSO; and kept in an ice
bath for approximately 10 minutes. The cell suspension can be centrifuged and the

supernatant decanted and saved. The recombinant peptides present in the supernatant can be
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with Metal Chel ate Absorbent” in Setlow (ed.) Cenetic
Engi neering, Principle and Methods 12:87-98, Pl enum
woe@3953188¢; and Crowe, et al. (1992) Q Aexpr esBCT/Tkm®06/021262
Hi gh Level Expressi on & Peptide Purification System
N, { {
separafgy Al g B o5 W hord Sl e BT eS TRAIERRLE those of
skill incik kA, espeC| ally bacterial host cells, rray form
i nsol.ubl e aggregates ("inclusion bodies").
P iy S@lta*%éhgmqoatﬂaé seRaratp anany; i dhe %W%mecb Bﬂ%’f cslé geptides (or

peptldés {H\}eficﬂr&g tg@ cgﬁ%hﬁﬁreaxﬁﬁ 1a)eﬁ%{(‘)ﬁ0 e Blfnbl‘ftaéaivglﬁ OI%Btem fusion

usion res typically 1 nvol ves the extr
pept1d®epﬁlmtbnesm Qued Sanh  pranifle cat i ten amfonimh wsslfata. bmhmmm;n sulfate

i SR 5 50 B S8t MR, SR S
Peptiddik s prebipiatd filthe bgsﬂ oPtH&r%Eﬁbﬂﬁ?d The WENropRtiic & Pebtide is,

suspension is typically lysed using 2-3 paSsages
the marh rlwgh itals Rp gedipitite 96 lowdrearnmbhiugu spléns iconcentraticriss oA typical

protoctl RS ARG o b APERpii SUREHBaS Fapuqs SPRECE o that te

resultaR@ @h@hidrdurar sulRRP 3bRhtrittont RoBerwebn SI0-3d%] N Thize cc&l{c%ntratlon can
see, e.g., Sanbrook et al., supra; Ausubel et al

precipiaip thy most hysserhobier 9f pephides. nEhe §rq9rp1ﬂ§t¢dﬁs dherc digcasded (unless the
pept1d§ glr; &&E}éﬁeg@ﬁ %Md?@%%g%ﬁf ahd Sthofflh sﬁff?g 35‘ 8l c?ég] Joyt{ﬁla SBbdrdatant to a

0 renove unwan ub
conceritibRrknoGapss ¢revigitats nhd wapsid mrefein desort paptideobfiddtetdse  The

nclus on bodles ma e repatured by dilutiaon, or
Prempla@t%u% @ jplpbilized & H?fPle“é‘P Bhe Fisess Sl waBPEL il Treeary, cither
through %1%&@ or Qi lt?a[tﬁnn Qbthkt Hie’éﬂ%%tt t ‘fél‘?aon( §cﬂ@6ﬁlt§rb@5epﬁdé\§ such as

, formam de | 'east “about
cold eﬂxah@ﬂnmﬁmpitm blasm)l krmmah gudiosel ph ekﬂiym.irtihc ralrk)andjean be used to

. (f t Al t h h di
fractiofyyy SERARG e MRt R LRePHE ISR e, denat r ant o, ¢ hi s

dpeddlecdtlaPWelght BPh rédoniRns st ?fwelﬁ Qﬁb@&ppéﬁtﬂd@ RafBY¥ used to
occur upon renoval (by dialysis, for exanp

isolatedt fromi paptides ehereaienand, legger s1zatulsm|g @maﬁla‘gu@n ﬁmugéur@elab@nes of

dlfferen{1 O(EV% }S‘z%kgf %%mg ' | l gc{nlhog l\?gg%%r%%}]egﬁ‘ir réegg?t V& rs¥ Lste e]i) bhe capsid
proteuf fisioApepadd hideSre dblnrbéﬁllfraﬁlﬁar@cﬁﬂﬁwéheﬁmeﬁibrﬁﬁ%th a ore s1ze that
structures fromthe host periplasm After It%;l s o

has a logier medeqular,ieight gyé-offsthantthemelecplap fyeightiof }ﬁ?PF’é’Hlant capsid
fusion #)ngt%%et &emf?-: st pjl"ﬁ% ‘%Héatg lae ﬂ{%%%‘aﬁ:lﬁ]ah zihethgﬁ‘ bb Ql}ltgﬁ'meféd against

I on o the fTa can be 1eof
a membsmodtwith 8 hddculan catolif tgreater timnothh molemﬂdrwﬂagﬂt ru‘.b‘\the tapsid protein

illed in the art. To i.sol ate reconbin
ﬁlswn;s’@ate&d%*ﬁmﬁr%t TRRAmRIpand WP%@ PraSiBPEn PERRAC an pass through

the meﬁﬁﬁéx?er 1ht%| thé Bl thate. GH8 fGatE %51{ ﬂhbﬁ ue %ﬁ&ohﬁt fgi&ﬁﬂeé aP@bdcAbed below.

he pe [ et can be resuspen ed in a r contai ni ng
mm:m, eapsfﬂaprbgegefusm peptides,can labo ﬂmsemratad ¢mm diber peptides

ntri ed and. t el,l et can be resuspended.. | .
on the ﬁ f 1 Wnﬁbg@a gn@a{ggpfl {iwpg%blf%i}é Ra gf%mty Yor ligands. In
addition, antlbodles raised against the capsid proteins can be conjugated to column matrices
and the capsid proteins immunopurified. All of these methods are well known in the art. It
can be apparent to one of skill that chromatographic techniques can be performed at any scale

and using equipment from many different manufacturers (e.g., Pharmacia Biotech).
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bath for approximtely 10 m nutes. The cell suspension
can be centrifuged and the supernatant decanted and

W@ 2wed5318he reconbi nant peptides present in thBCT/US2006/021262
super nat ant can beseparated fromthe host peptides by

nd Ik h f
Vo SPGB SRR 1 acci onati on can

JaRAE abRcii® e pfestitenventian recbnititint capdid Pepdin Geston( Muptides that
peptides derived fromthe cell culture nedia). fromthe

have he@@ arbyinesly assgrlled prterwrys Fkesipaviiclss pqqndgg fized mn the present
vl 185 0T AR UG AW UBL G Gy, i

proteitf ﬁﬂid)m peptiddseofatho lsm'us like pattietes iare ishiatedeqtdi Idmﬁﬂd)andrsabsequently

es t.hen _pr itate on the basis of their
utlhze‘%%ﬂtﬁ}ﬁg qrgagion ‘Pﬁgl fﬂi’rage ﬁ%ﬂﬂﬁ(ﬂ?ﬁ&cl‘? peptide is, the

r | t
gg{ ?sglt:ﬂggl?] o})foéésséssaré el lﬁl%lwf?x ihahe aﬁ ﬁo?%ﬁmﬁmﬁédﬁﬁtlon buffers

centrati ons. typl cal pr ot ocol " i ncl udes
contaimdgliifrgs FHFTA DA, aandoNaGhn@yl batutilivesd 4o plgasiedble the previously

ut i so.t.hat the resul t .amo
sscem g s APPSR < St50 ORTBI: BOYD TR b Lohc B Pt polvoma
virus B2ihe RNEGHAMN bALAcHRLioND Fourldystsehhed nsthopurFRAtVifess,” The/irology
ecipitate is then discarded (unless the peptide of

23(3):71M 7p r t%%eshl gdditioped profimnssl @atp%ﬁ@ ta Jewpls i Ispldinadrylsredwrdeg) agents
such aﬁ?%%:l}lgg? {g)t[églr flﬁlé tath?og of u é&%&ﬁo@é?@ﬁo%ﬁé%\oﬁteme, hydrogen

sulfidd, ﬁlﬁ(fme}&hres ﬂfﬁﬁedﬂ @ﬁlbﬁluhatzﬁl ﬂ0811§ab@|ﬂlm@bﬂ¢bldub]§/@dsdnfbled VLPs. See,
buff and t he exc salt renpoved. if necess

for examlpg?-S: RtoNgh CAP&PySi DiohsSHmapI eihads gHch a these desoribed in the
Examﬂi@s't g %5 E%\Sseﬁ% Yheess idPidiohy of Dept i des, such as

precipitation, are well known to those of
skill in the art and can be used to fractionate

| ex. capsi rotein fusion peptide mxtures. The
ﬁ@ggﬁﬁmgfy@]gﬁ) of a reconbinant capsid protein
flgﬁ"fe?éht ?6ﬁﬁlhtﬁﬁls%9ec€ﬁlbﬁﬁﬁﬂcép91d' ﬁgbﬁlP@pﬂdes boRABRRintideac
of greater and | esser size using ulfrafiltration

peptide mm@m&*ﬂl ésvitrh addl f¢-agsembled bo formi vimus(like rpatst;cénfap lLeone

sspeet QL e B oP R R Bbo e s b ahflep HBers e

assemblbd {2 MIIPE 10 14cR Ol ofh HBSEEb A EraMnlitleR® Aol nSiné§ Filalength
has a | ower nol ecul ar wei ght cut-off than t

infectips Weal nugleinarighic 2 genarpie nbeleisrisidefin weléﬁbﬁtt@w@w@ﬂ nucleotide
sequerfé?s? ?eﬁra? rgh f8:Siitat ﬁﬁlgat onlifi 'ﬁ%e?éae ; ?{wsteté ments mclude (1) coding

|on can ere agal ns

region§Eiiph@neodihg fegionsnind(iil) aegtﬂalbryoéglogf Gatetrat gmlbntldnﬂuclelc acid
nol_ecul ar WBI ght of the capsid, protein fusgn

can beENE 0 BN Thepe-GO0ing TS RANTE b Acated Ab e 3 ap ¢ B Sftne viral
nuclen? &4 %h@fﬁﬁ? @? ?cictaféﬁ(?)@%eh ke ﬂe{g ﬁ]%gg@ﬁkeTh@ EQikd Fe%ons can be

trate trate can t CthI’THtO grapne
overlapi@sg ot imdomlappmg Red arayibeamilti Gapsomk]. fFash élemomtmdmg and coding

oS B35 B RS F AP 58 e
requird@RF Qf?ﬁé)ﬁbﬁéattﬂbn @4R1a86h] dHichYapsRatibn SaNskticlb Foratitiohl on,

ant i bodi es rai sed ai nst the capsid proteins can be
donddigonad @nlbgdmmﬁ%e YdPrdands re-assembled in the presence of viral RNA.

In another embodiment, the VLP is re-assembled in the absence of viral nucleic acids. In

another embodiment, the VLP is re-assembled in the presence of non-viral nucleic acids. In
another embodiment, the VLP is re-assembled in the presence of an immunostimulatory

nucleic acid sequences, such as a CpG sequence.
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and the capsid proteins inmunopurified. Al of these
nmet hods are well known in the art. It can be apparent

wao eooons318d skill that chromat ographi ¢ techni qURST/US20061€21262
perforned at any scal e and using equi pnent from nmany

fferent facturers (e.qg., Pharnacja Biotech).V. .
AL o ase b rya Gid ot R e PPl 8L REbpitant capsia
fusion3%pRed pOhulithmis Rotkaihe LTkt Mfigeri€ popiicniandrtsCap shisted in vitro
protein fusion peptides that have been previously

and asgryeldpeb indel ywiE s lent virgs 11k¢<EaIE91|e=E i Ehe:seperaie B@pulﬂtiqnﬁ fé@l gqptain at
|
st DS ESREBLI JFOLL O HRELRLDY i S shbkipnt sapi usion
pepndaﬂmtﬂhmnﬁxamvaﬂlpeptides of the virus |ike partlcles
are isolated and purlfled and, s bsequent%égutlllzed in

Oeone RO dhe HRPTIDIAE PSS WSOH PIETB4 i dispiame ratios, for
examp% § ‘?51 ?qbi YatiB! Of GRSRS: Ao dRtd tﬁé‘fé\é@mbﬂlaﬁth&pﬁﬁtﬁmgﬁ are mixed

di ssociation buffers containing Tris,
in dlfd&aa'ﬁlf ra’amj a€kamply b2, UBj lizBd2:18:Mi sI@slsewbn det clﬂeermmed by the

usly asse Vi r.us particles.
5 et B SErenaid i3 eyt e CEBENLE FEIEBTC o yioRgluded in
the mWithrdS DQYSohféeeﬁBSdlﬁfeh@nth@f @@ SMréddRbik Mpsid fusion peptides
associated with purified virions," J . Virology.
contaipg¢t3lpast 1a7ﬁrs2 Hiral) wps;dcpr@ﬁeuhcommmgrﬁg depsk sem; sufigenicopaptigh insert,

and a %e_c%é (\:zg% %ﬁﬁ apE ’ﬁ%fry J:anta %‘x :ag %é&gcgn a?qaltlg%{ﬁr g%%c}e’ insert, wherein at

least ohiet iﬂt@eﬁﬁétﬁ'ﬁphﬂéﬂmseﬁtysﬂ tHeNgscolity damire Tussont peplide Bnderived from a
m xtures thereof, can be utilized to disassenble
differest @pfigens pepide SeAUSHCSY Pis 2 @Eferen? drthegemp| agentthgn pyleast one

ant1gexglg e ?flé:gns%ﬁso%ae 1%?% b Can g fte, SHE QoS etnﬂ%ﬁﬁnents of the

I'n t 0 be used in
presenplissatidn hinleestttivo rpop\i]atlolmeﬁresanhinmﬁxﬁapklﬂ Hesibn fpﬁ:pilc&ﬂ tcontaining

pul ati ons of .recomnbi na a sid fusio pti des
inserts, BRIGAHISRECARLET e Bt B0eleHb ERets Puaiel Firs o least one
antlgefﬂctﬂ ﬁtl&nﬁilsér? 1138 RER [pBdedtGn R MAp¥idr tSioh ipkBLidRA id B8 with. The
e aspect of the present invention, viral capsid
ant1gepucqt@t1ds igserit edmbedramttheemine drndiffietest @a‘élogergc agents. In some

bR T 7 el 1 G 5 s o

recom¥init ca Pbiﬁ'f@éﬂ@n péptilich SredmBRAOKh&GeiMUGLE p6pu’:l§tﬁdi1 &ntains at least one
virus that contains all nucleotide sequences that are

antigepisueptidel insext thatrigInot episprtaini BW 9ther weombinpnt capsidefusion peptide
popular% é’é@%@ is rﬂélxgﬁj %\ﬂ;ﬂ Z e%%ﬂ%? %%/b%r%erﬁgﬁs o@ tf}%] gpe%Qntcﬁ%lﬁgm capsid

proteiigesudRdifing wohintigd@td gertile ibertNAn atso DAncitiel fiothe mlethmg Such
regi ons may. be Iocated at the 5' and 3' ends of

non-anfjEeAY RepEL e mgRidey el imited qooeage@angwgtow@npeptldes that
act as ﬁﬂﬁil'uﬂgs SR ﬁulani‘se sﬁﬁ‘pd lﬁ&'s% & c ﬁesogﬁ f)é%ﬂﬁb%at act as

non- over ppln ?unctlon
amuvmﬁmmmwadﬁnﬂlm@ﬂﬁndnnmdsng reglons can have regul atory

f ons and. c n regul at or
RS SPBcHrRF B TFIS ol oL YR Bl S P, such as
immutstiEREARS dahdess, aRdcip afal/l 1 @seﬁﬂrlﬁ%h&[blng the immune response to

the antigenic peptide inserts contained in the VLPs. Immunostimulatory nucleic acids, such

as CpG sequences, are short oligonucleotides that mimic the innate immune response to
microbial DNA. CpGs contain one or more cytosine-phosphate-guanine (CpG) dinucleotide-
containing motifs with unmethylated cytosine residues. DNA-containing unmethylated CpG

motifs common in bacterial but not in mammalian DNA have been shown to induce strong
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hi additional enbodi nents the VLP can be re-assenbl ed
in the presence of viral RNA In another enbodi nent,

WO bh@®7NVER88 s re-assenbled in the absence of vi rBET/US2006/021262
nucl ei ¢ acids. I n another enbodi nent, the VLP is

- n ..
o0 BB RO bR AR AP W05 SVBEL B it
to a sihgle theryrias ériuetiaf oATHl rm%msetsl isnhcaight 1 bele kesult dAghel ability of
sequences, such as a CpG sequence. |l n one aspect of the

lmmmlﬁﬁ%@é OTY n{FIHEICER °°§‘E%IHF%t ePGolnGit Pligedeqsynpeleeifsshdpt induce

actwatfo%péﬁdi sEdtSh@N op gptﬂzd sncp@mlsaw ‘ﬂ{h%rcgﬁﬁ% cf]geﬁdﬂ&fceéaﬁt These
ant I genic eptl inserts are m xe

cytoklmstbﬂb Bmd:rglm » indhee iﬁﬁgaﬂrmw pméudtllohéaypmtnnab kidkr adh & cells. In

additiogn l&é)epglﬂ?filt L0 P CFﬁSaF ra a% preo éstéwga e?p%ﬁy-presentmg

cells a®le h@ Ect[v%ﬁ@ifﬁig@ﬁ-@éacﬁ@@ﬁmqe Ui C rRPik dRotdapdblé bf Hifectly driving
m xed wth. In one enbodi nent "t he reconbl nant capsid

B lymphosyisht preliferats aed tOrtﬂgE@ lsmoglabulasproﬂmtmu arrpl e a

iment _th

b o8 o BB RELE by Coo seqvences
within agialiadronfi® hexexemha f&Ilé?ws the Fornhil2 51R‘1@ct}381¥? 3'BEQ T NO:19),

can be determ ned by the,nunber of dlffer %{\5 pes of
where Ba;s%'fl QuHR (refersage 1), &a g AIPRIAR OB At i’l}gie¥ end &Fe pyrimidines.

i ot

i oue BUEIR s VIS SUNAA ol B9 FER,Be Wl copgine o
5-GAGGTCeRYSEQ DrNO:2a)y él-AGﬂﬁ‘ﬁﬂSp(SE@i m mm) nammiy 5aA ACGTT-3'

0 3 SR o Pt h s cr
sequenB& Bérhy ?ﬁsuﬁé‘ seTtC ATGREA TalC CE8SACERer #SEIE NPEp! 'Ig @nother

insert of the second capsid fusion peptide Is deri
embodfmcnh the €pF @r@nuclacmdegieml@mcwspMGGTQ‘é}mésm ID HNO:24).

ol b BRF PP ol Sutrer 8 o AT bR e re-

assemlﬂ? oe tHemRiRed PERilgiodk of RRoRbeRANéapkia RS bA ﬁébtﬁies | a%@l%ﬁcrfb‘é@ above,
pul ati ons of reconbi nant capsid fusion peptide

contan@cﬂ’ﬁtl%ﬁsmhﬂ gamagembst pf ditfezant agiégrnis W@Eﬁ@%P@ﬂéatmni ayxed. For
exampygh §f g\gﬁ 831%12%(?1%%‘1} ?etrc]:élglp %ﬁﬂ spdS fu%% n ggpglsdgér)] g Hn%c}qé with each

populaﬁatp) edndalﬁimgl ap leapapiciadligéric p&ptide XM isdtbreséhiEin Qlliﬁ otBi& Population,
tide insert can be fromthe sane or different
then thﬁ 5@%@@%@5 Agenurdicle Gan sonainetnagt tordifering antigsnicgeptpde inserts.

thdCaspact ’of ﬁfe’ e%%%‘b‘ll ARenttdhy, s gfarﬁggpﬁ%ﬁ%s %? reggmbmant capsid

popu? atio nant ca
fusion ipeptades onhtalmngl atbobt gupalt@enionpeptidd dses @ nlugad;tn oiv® to form

VLPs, g@tﬁi enl gé)ﬁgﬁqu eof:rgs S Em%%%taBﬂé 1 th ]geé)e%e nt CBH%EIHHS at least

one caﬁsﬁ@ﬁmbtém' Ferived Ednva tdi‘;t’feljeﬁ‘t ﬁhﬁ%ar? R GHHEE cdnfBindnP Bapsid fusion
present invention, capsid proteins containing

peptldfnrtnts almcécbmihe ]@e@hmdgnbmmpms thamizfuso oH eecombinade dapisid fusion

peptied G hofhif 5 1881, BRSO, GoRFR hHEHT Bl anicent
peptldepﬂf@éﬂt dasl 4 ﬁ%ond&hral&ab%@teﬁﬁlé&r@dﬁﬁ@cﬁﬂ|léds@ lofie ahtEdhi@Peptide

t oki nes and chenoki nes, and peptides that act as
insert, w erein the capsid protein of the first viral capsid protein is derived from a different

virus than the capsid protein of the second viral capsid protein. In other embodiments the
antigenic peptide insert can be the same or different peptide sequence. In yet additional
embodiments the antigenic peptide insert can be from the same or different pathogenic agent.

In some embodiments 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 18, 20, or more than 20 populations of
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adj uvants derived fromsynthetic nmeans. In addition,
non-viral nucleic acid sequences nay be added to the
WOorRoorAs3as8 such as i nmunosti nmul at ory sequences, PEIUS1906/021262
may be useful in enhancing the i mune response to the
. C L o - . VLP . _
recom i 50148 (0584 pARAISR oML L oS RHE i o erived
viral capgidignotem tlat ds doorgresehi gonug | @hdéri chesmbimant oapsic fildden peptide

populaggxg%{??itiﬁmlx%)rg%,{vg 1p nségwtggﬁaﬂ‘l cr% hgéﬂtq?@NIA @@%%%ntciggetm%jog, capsid
proteingicﬁ |80 ﬁ&ﬁ&rﬁﬂg{eﬁicrﬂgﬁ%d%%érts?caﬂb@@nélﬁﬂ@?ﬁiﬁXﬁ@ﬁ%Hecas discussed

cyt osi ne resi dues. - cont ai ni ng unnet hyl at ed

above. mbt addition meprviiah nbeleicaacidaseqoenicen otayi e adterdd itheymbiNre, such as

have been.shown,to i uce strongTH .-pol ari zed | e .. .
CPG sp@ieReis SAiTOMAY (b5 WiRH d ARB-TCHE 155 LAY feSRgtse dp Spif Apgigenic
peptidd B donflideddn i@ LPé.Ngl e theory, the induction of TH

responses is thought to be a result of the ability of

iFrmRadmentnel sheaprgsesi invendesinglyde avheraiy cas@ fugisg proteins that do
o coflehPBERRID TG R85 A GBS0l it o o above

describdéndixitires. CRHel wild Thes @irgly tapsidnp®tdifie bars Yo elegived® filoth any virus,
X induce | FN-ganma production by natural killer and T .
includigg thessameorag fitfere virgp handhe se piadee ies Ve disasapsiddusion peptide

el . of essi onal anti gen-presenting
contalrglg_ *hg aglggégﬁé fgéﬂ%ldte Phodft gen-p

activate antigen-reactive naive T cells.
Giese-asendlly of hapapdie fisiordpapéided gangrodicegirBs like particles or cage

I S AT LS T T ——
mixed CHsAES %E‘Rlcﬁlfi’% Woi thid t4aBSuPT000GRkBM &S s.C@tGoither &glbodiments

sequences within a palindrom c hexamer that follo
the VLPras chge siciurs indudera0tzedtyap, at lestQ0) & 1ot $0,)at ledsb9® aRleast 120

.. 1S ur i reference for R2 | urine or T, .
capsiad 3 B 26 i, S SR ot o BBl ftotfisgnotudes
at leastMI5B dapilis)deRast 160Gt IQQUET 6r SEEAE 1 TXcpsids t he group

consi sting of 5 -GACGIC- 3" (SEQ I D NO 20),
gl of thegpesenbinyention inchidg wherapdeTYLB cap §gcp-psyembled

o 0801 BBy TSR ERABIERL 1 7908 SRS g e s
geometiias the@atiV&vitaGhdthad cafsdqliddchial @djved lofi BivDdparate embodiment,

enbodi_nment, the G ol i gonucl eoti de seguence.is .,
howevera sy ésgqnpbgom 39 .ldoelrrﬂ%alr%e@mefran?f the; wative Kgs. In some
I 2 .
cobodchl, 4o AIE S E oy A TR Ok A0 copsics
but notr fecmirty maativestyps iVALF stsioture pdiot iesl@npleas calgsstniched of as few as 3

. b \ t ai t least the. sane n er of differen
viral o3¢ Gam B2 Ryt oo R SR T OHG RS ot ey Osbaib 12- 15,
18, 21,124, 2MBOPIPWeat9,ans4 9 48! SL FAD5N 60 e AREdsChah BE ifSned.

peptides are mi xed, W th each population containing at
e seme gspectinthiepeosert ipeptiod @revidas fhstha@bility toseanirol and digect the

o o PRRRLAT A RIS SR AU e . e

ratios (feitigetic ipestidd Msertshcanidihdie s PEX aRf adjliveatild €661h the amounts
i nvention, separate popul ations of reconbi nant capsid
added to the mixture prior to assembly. In this way, the present invention may allow for

tighter regulation and control of the amount of some antigenic peptides contained in a re-
assembled VLP than that which is attainable when the VLP is assembled in vivo. Such
control, for example, may be useful in a vaccine strategy that utilizes a VLP containing one

antigenic peptide that is being used as an inoculant for the first time in an animal, and a
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fusion peptides containing at | east one antigenic
peptide insert are mxed in vitro to form VLPs,
wob@resnseach popul ati on of reconbi nant capsi dPETEBIIN6/021262
pepti des m xed contains at |east one capsid protein
f ru . . .
secondjﬁ{tlgﬁsgiq ,{I ?&@Ctgla{;%s(ﬁ ?ﬂgﬁged éa ?:zl gﬁ@?tb%?%usrgntt%eém\lﬁepﬁpeptﬁde has
prev1ourﬂj71 beerended dis rmnheclﬂ:im 1mantanmmlofln Itieie @adel fandxanpps it “booster”
f.usi on ptides can. coqt ain at least a fjrst viral
R

antigenie PEPLALTBY SePTEssAt 1 Ailfigeratmowi dharothe offien Fuigeric peptide, and,
using MERuIER: BBBH] the FBELALIASRUA ! ?sﬂ'ﬂlﬁbn g@@'ﬁiggp(fﬂh%i%hrbontmmng the

contai ning at |east one antlgenic I'nsert
“boosteifi eMlmnthep@dpsma{y feoadsied tof th'ehmvfturestn @i lesder capmint than the

poput:BGR Y gl BF R Snt s aiolite e b pRBR A lgst e of

the reQRABIGNNVIM BRMdSret NAcIANS SCRhst BRPEASIR IFNSSH tefdd B8m each
t he same or dlfferent@{oe pti de sequence. Li ye

populagigg pdqdeghia theapbdare ndn edditional ambp@ewm therstasdemblad P structures

s SRS ARSI o SPRISHEN o P00B 1l
mixturé.8 Ali2fhatioelymbie @atidsasan 20 ddﬁﬂt&daisldéﬁlﬁe@f\mﬁf@ﬂ’ﬂisﬁﬂ)@brtmnate ratios

capsi d fusi on peptides are m xed, wherein eac
Ofmlx%ﬁlﬂf%\f‘?lﬁ‘ﬁ’eéont ains a derived viral capsid protein

t\hi?ﬁs iRe 1095 aSEib }} ?quﬁ%s %BH@&I})' ﬁ:ﬁ@&p !c%%ﬂf Wipt?cﬁaﬁ%.n However,

fusion peéeptid epopu at | that 17 is mx
additioneldh¢torrsigni Bednd GirelR forofulion apd eisbility inay exist, icluding pH, ionic

s RS R, T FOnans SR Pt sy o

al, (19?1)0?)3330'0{&’[1@1@ df bbRBmaReRs Wy taé cHéthﬁc?ﬂ & SHifmSEAYRNEE Sssociated
- @he added to the mxture, such as CpG sequences,
W1 pwﬁ%

vimgys,bd. Vet BT 18r14n Gajagda leal ('ﬂ!?ﬁﬁ)s“”fwsmm residues

are essbftid 1P RS SRR P BEPIR T oF B LR P ot~ 1. viro,

71:221MB21 6] Waliepet &, (1955 P NinprRoRicir Uhatfiddbonas: MOomipdrfant structural
tide |nserts (wld type capsid proteins) can also

featureb%fp thgorelyersa (vias gepsid.” deeldr Piyee Hles tSomen; . Quans. Rialg 39:255-257
(1975){/3@51&6515&1 F??Sgﬁﬁgo‘t(%a??ct&ﬁ'}clg cﬂ"eé 561}{ cﬂlen{so%lgzﬁé% by alkali

rus, rnclu sane or a ren VI Trus

disruptidneofaimiansechst40, de Virek, 2 he0719p3s4d Shuake st ﬂ?()lt%dﬁ“Self-assembly
tai.nin tide insert,

h
of pmffféﬂag@m?v%@?cé‘nr%@ %%élﬁd%is. S eisnd! Shtunkeostucke (1989
“Polyniﬁrl;%lﬁﬁnllhktﬁe B&¥ehih nyoﬁﬁgl%ssé{#éﬁi u]il;%‘c‘e% VBY %‘?&iﬁ% 1., 56:887-

odi nents the L rcage str e 1s anmlt
900; Gaswserblhl; (6983)Helost xange deapsiodsing genk wd |pm¢1ydma)mrudmh§s aaole in

i oG 909 eSSBS, B R SO GEA A Butovims

expres$i6h ofthel Iﬁ@% EPilloMavirad $¥pes ca@hd' p@@t%fns 18&e&ﬁﬁsdfci§1 L@ rprotem

at | east 200 capsids. In another enbodi ment, each

compleges, ¢ dg ek Mitaluri@:3988+2988s Ecchlnealss ﬂlaﬁ(ln@)a[b@I @tshzeétfor the re-
l. 7 t | t 18 sj ds. .
LS L PN TN S 3 T ——

describedén e Bxampldae re- assenbl ed as an i cosahedr al
structure. | n _another enbodinent, the VLP is

Adie 7e-ga5amrbly of the eapsihfiasion peptides produces virus like particles or cage
structures. In other embodiments the VLP or cage structure is a multimeric assembly of the

mixed capsid fusion peptides, including from three to about 1000 or more capsids. In

additional embodiments the VLP or cage structure includes at least 30, at least 50, at least 60,
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geonetry as the native virus that the capsid sequence
is derived of. In a separate enbodi nent, however, the
wO/LM7458388 not have the identical geonetry of tPET/Nsi00&E21262
virus. In some enbodi nents, for exanple, the structure
[
at Teas{ 60, Bf RALGOH Ch&l&a BRALIES) 596 8@1&‘%}3 2Bty U ABABR! &h VP or
cage steutmmrp lcludes taalgestﬂﬁﬂ eapsidse at(iéasa$6(ﬁ &Wl@st 130y br A lleas 0} B E@Psids.

e T8 i B Sl SIRIEIER 1 P95t ryprsoppled s an
1cosah§§a1 S?tﬁlcttﬁ‘g Hothfp em"ﬂ)gdmﬁe]its ﬁﬁ VPP c PP GRRRIY HPfhe same
formed. In some aspects, e resent i nvention
geomepyows dlas nfatwe t\ffmlsathat |the;/ otapsui omqncxioearsd deiiveelc bf.t hén additional

rati o of tiqge i d |ns rts cont |ned1nt
embodifén® g8 ¥EBALE Bof phY e enial bocindR h R GrtivE /e In some
embod@férit€) 60} ExaRGIN, 'tﬂ@sth{b‘ﬁﬁ'é S pioaidadi il atharticld fsmélRe %Elﬁtlple capsids
adj ust abl e throu the anmounts added to the m xture
but nopfirging @ nadeeiybe 3J LR pirydiirs. iy examplepa esgmstrichve of iapdew as 3

. ] tigahte t| on and_ con
viral o T B e Bl bRl s s PARKGE pfuelf B 012,15
18, 21,2815 @MiB0p 83 \36P39, i 45 st 5whs4<; b7,ic% 6otchpdidadintdevib@ied he

VLP i's assenbled in vivo. Such control, for exanple,

may be useful in a vaccine strategy that utilizes a

VI WeRckatib@ ni ng one antigenic peptide that is being
used as an inoculant for the first time in an ani ma

ARFomecsperds ahthegussert upRticte theisrassembled myliedent ééu‘as can be
utilize%ﬂpé) %ﬁé%r REGAH i Hﬁ?ﬁﬁtﬂe%ﬂkémoﬁloﬁﬂl?ﬁl (anashlﬁﬁﬁy ' Eh‘l%l)&lments

een used as an inoculant i'n ani ma
of the pwseme mmphe; irtchele" vimosih ¢ié' vieal tchprd ipootgia piilided matgae baps1d fusion
h h
peptid 1@ &ﬁ@f\z ngﬁjxccﬂ : a ohggﬁg% hgtraﬁggénllc 1nserts contained

in the VEPQfH@luﬁ@ e %&%bt@vef At g RBRE B&L@lh%'tﬂr%lb QR alternatively, the B2
contai ning the "booster™ antigenic peptid€e may be

glycopedeiadf the E&s@nmﬁﬁtlmc Encfrphahﬂlées ser ampount than the

R Eit AR BRTP Bl ol S GRS n 5P| BF roman which

is sufﬁc%nas@aﬁbmﬂg anﬁtuhu Q&dpbﬁé‘e | Tied tvd@entaddnlifR&tedoldeinduce such a
capsi d fusion peptide from each popul ati on added to

responsqw@nrh@&qar@qurbya@dmwrﬁ aenaahokngyehinsthe pet. In some embodiments

the qua[n‘ﬁ%yel laﬁgnr?ﬁ{étgreﬁtlg g&éfaﬁgagg%dsw%wgeﬂ ?d'% JocF Jﬂé’gf per individual

I 0S Or eacnh capsl rom ea

animalp@phukain. OfThadﬂﬁﬁitlﬁyOoﬁ the VLR tadhniswtddemagtviaveby a fuli€tion of the
ratjos can ted as desired, wherein

adrmmat;r%tmnd%t,etapg Héfhé Weéglit% therindividugl es are achi eved.
VifeU %aéc',lrk‘:e c%ﬁﬂr%_gh@ S’@I?fm}{%% Irb%q H&rﬁfrﬁ%t&@& r \%ﬁt 3 YorafthAi&dticatty

capsi d proteins wever tional factor
acceptahleg carfiec afibe plearmetdticaltyredcaptable carmbrs:aa lbe Iany yhpaylogical carrier
clud|n.H oni.c s fldebod
inownlp e stiebh S riche o e 50 rgiudeting hanpigeutcal T some

embod SXGPHR, phBFAsuEdal %lamef éﬁ'? B3 a h@hﬁlsfﬁﬁl' tﬁE 'v%blﬁ’ef cRRiN@FRhe VLP
virus by the chelation of calciumions found

would he sipthiedpnn omatshlupgm i @ durgherjeprbodiment,, tthhmjmaceuncal carrier is a

ect an Bl e MR oo oy O bRk G adfiegn Jp et o

furtherOdmbident, Wee VECiH teitaiamRsiHé VIPt@hR be HrmMiatddl as a part of a
pharmaceutically acceptable transdermal patch.
Liquid carriers are used in preparing solutions, suspensions, emulsions, syrups, elixirs

and pressurized compositions. The VLP can be suspended in a pharmaceutically acceptable
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71:2211-2216; Walter et al, (1975) "Internol ecul ar
di sul fi de bonds: an inportant structural feature of

wo b@7psdigoma virus capsid,” Cold Spring Har. SRemUS2006/021262
Quant . Biol , 39:255-257 (1975); Christansen et al,

1977) ar rjz sed .
tquid SRt g 8 EE es P, SRR IS GRFAGR piimacentcally
acceptablle by 8r 183 XL he FafuithéBrit cal confaPSibEr s&bfe—;ﬂ&ﬁﬁﬁﬂéﬁ&cdbfadditives

purified polyonHV|rus cap3|d protein VPI," Cel
such a@e sglybils gew» @alp I5ifiges, dputfers, P@%?t“’%lsy’ﬁﬁﬁe’bﬁﬁs flavering eagents,
suspengﬁl%e g%éng 1 ¥1§ ”E%ﬁhfsu%g{%ﬁglsbfg%c%% tfe'gﬂla}étr)s ?t?r)]fﬁg&é’sor osmo-
regulatbrsariBfibiei elxgmgbﬂ of tifjuidekymmaiorioral and: panestesal radhmwtratlon include

Nat | .. Acad
water putfgh: Sgtmntie sdiidies (108N pia SIRE. derEEofodium

carboxQnettye cOWITBR SMRIdn), MUTBHoIUGndINARg lafbn%ﬁ?&iéjal%l%l@ hﬁHS Folyhydnc
detection of L1-L2 protein conpléxes,""J. ;

alcohols2 e 208lycolgead tireic ﬁmmss, ehdvilsteys. kfeacuomatfrdz@womtroﬂt gnal arachis

known i i nclude
oi. g Pl Rl tog SR R oSl pREBtet, B4R S oteate
and 1sc@f@§m|1ﬂﬁistéfé'l eSteftedffuedbdrtie@faré beefelapstetilé Ugidnform compositions
epti des produces virus |ike particles or cage
for pasgriterak @dednistration: hihe élﬁwéd AT sfor hressupzas cemgesitions can be
halogeﬁ%ﬂéeéi' gihrﬂ%gplibﬁla aorn&lh{:]ﬂc s ng 1%8!?%%06@&1)1{8'1&0 lEet%g 18(868’1%&&1% the
liquid carrier dozp aoriaterfere withlithid foldahg eﬁthe ehaneenitded VEPVLP or

B vacetse qonieaming oo VTR, in dsciiminytceed uripg ans pecgpiane curently
utilized §R#e #0GdRRSE Ir ckdinRBrARY, AARRGMN (f’qﬂttraveﬁ&gﬂy Yﬁt?arﬁﬁscularly,

cage structureincludes at |€ast 150 capsi ds, | east
1ntrathdc8ﬂ)]y qnddre&gnnﬁmntmaﬁy o sbsttad@biskyagsisdme embodiments the VLP

is delygad GuiSors, Brosel hE e Bemafihy cl SRenEpoERetlE e ighssembied
VLPid dbn%rl%@dl o£ABARIdBBEcEn &RV ERNEEIME, 4 RESGED hARodally.

the sane geonetry as the native virus that the capS|d
sequence is derived of. In additional enbodinments the
VLP does not have the identical geonetry of the native
virus. In some enbodi nents, for exanple, the structure
is produced in a particle formed of multiple capsids
but not formng a native-type VLP structure. For
exanpl e, a cage structure of as few as 3 viral capsids
can be forned. In separate enbodi nents, cage
structures of about 6, 9, 12, 15, 18, 21, 24, 27, 30,
33, 36, 39, 42, 45, 48, 51, 54, 57, or 60 capsids can
be formed. VII. Vaccinations In sone aspects of the
present invention, the re-assenbled nultival ent VLPs
can be utilized in a strategy to i nduce an i nmune
response in an animal or a human. Enbodi nents of the
present invention include wherein the viral capsid
protein utilized in the capsid fusion peptide is
derived froma CCW virus hi some enbodi nents the
antigenic inserts contained
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in the VLPs include the "Protective Antigen" from
Bacillus anthracis, or, alternatively, the E2

w@bopcopiet ei n of the Eastern Equi ne Encephal i t PGT/UR1006/021262
general, an effective quantity of VLP is adm nistered
to an aninmal or human which is sufficient for inducing
an i nmune response. The anpunt adm ni stered to induce
such a response can beEIB&MBﬁESEd by techni ques

eneral ly knomn in the art. g nz di nents the
g(aéh?set SraHp e&Lﬁl@a%ﬂWﬂ?ﬁsﬁ%ﬁé}r@tﬂc mot QNS § Dasplsepaispd as a
8% i
peptide ol e P ) e B B, Lo AT nRRECCMY s
a merrfbsmcifl tha brbntohﬂrusacgnmup sf rth¢ iBmmowiridee.aBomdvituses wed ghi28 nm
i,ndi vi dual ? vacci ne cont |n|n t he

) f.th
diammety, idg oA HPES With I AP RBGSH: PO st gl patranded RNA

genome ARNALT andl RN@@J&%@%&@@AAW%@@M 60&23@ rﬂSﬂ £prdidh involved
be any physiol ogical carrier kKknown to those of

in v1rabm@vmmt vgibiih planhhegie RaYA4 lﬁ@sihﬂemvrmcfwmdeawedl gom RNA 3), i.e.

seRnRL IR SR aol P P R RS R N ot i i mg the

VLP would be in the formof a solution. In a further

enbhodi_nment t he nharnnrputlral carrier is afnel and..
k . 3 =

AﬁﬁL&s Afg AsipithF HﬁgCVhllt V@HE]hl)Pra e 311 ahl e}lﬁ PﬁﬁBﬂAﬂd’@ér Gly Gin Gly
L|qU|d carriers are used in prepari

LlésoN?tIﬂeoIﬂXS AlpEpeisiCedyr spul ah ad.ys dyp Ups: Al%ﬁ?rm%%@n‘ala Ala
Ggf ﬁﬁxsfﬁs' N q’h? 3&1 fit 9RSTIe nge{,éﬂ-Fro 8f Eél?@&g%? g}éﬁ Arg Asn

arnaceutlc accepta I quil arrler su
LysaGhr LewahyoVab@lycAspVekehty Len fipxLer 6lyplebbbin Por Ser Val Ser Gly

T S ool BB G i a2 G Val Ala

LafAid VHERIAENAGPSEOLUOAY V8T 9al RIARBINEET S PAUSLENE Phe Lys

preservatives, sweeteners, flavoring agents,
GMqaﬂmdLmth@hnt Issu Tlhlfklhérﬂpdg:ué@gﬁbér yrd@IuGI'}s Ser Ser Ala Ala Leu

b SEoBb Ak ERb R Fis P WA7 I Pls RTRAFRIS Thofe asp s

s@eph@mhgpﬁiv nistration include water (partially
containing additives as abave, e g cellulose

derlvatlves sodlun1carboxynethyl cel l ul ose sol ution),

FEBrErN UG DR Y i FELRLDF N B8 LOYY ' Ep. An
exempRiry BN/ s@lueﬂde&fﬁbd)diﬂgt}%@((}mbﬂﬂ tis shokvndA G BE EENICE 20i | ) .
For parenteral administration, the carrier can also be

an oily ester such as ethyl ol eate and |sopropyl

Ef %ﬁﬂE’V%NA@T Gl Endodtiy tHe BENY TP (SEG I RE:S) 1 1

erTrTre 1'Tgurad Ol TIT (,LIT}JJbI tT oS 1 Or pdarer &1 al

atgdm dth $td @al 4. ggEhagltiacitt dgtcguardagicgd agg petaRgUice 2@tlaag aac aag
conpositions can be hal ogenat ed h{drocarbon or ot her

C&&?&‘P ralcesiefe gicigpa ﬁﬁtc@bi‘tégtaeg%rcéﬁé C gehica ggsran BF 928 gHartt aaa

gé‘r % "te{c ﬁ@‘ég aBQteo A4k GEL % Eoc¥ob ek B6e S gtk Bk & acc tog
gct ata act atc tct ctc cct aat gag cta tcg tce gaa agg aac aag cag ctc aag gta ggt aga git tta
tta tgg ctt ggg ttg ctt ccc agt gtt agt ggc aca gtg aaa tce tgt gtt aca gag acg cag act act get
get gee tee ttt cag gtg gea tta get gtg gee gac aac teg aaa gat gtt gte get get atg tac cce
gag geg ttt aag ggt ata acc ctt gaa caa ctc acc gcg gat tta acg atc tac ttg tac age agt gcg
gct ctc act gag gge gac gtc atc gtg cat ttg gag gtt gag cat gtc aga cct acg ttt gac gac tet tte
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The vacci ne containing the VLP can be adm ni stered
usi ng any technique currently utilized in the art,

WO p@osiisgy, for exanple, orally, nucosally, PCT/US2006/021262
i nt ravenousl y, intranuscularly, intrathecally,

p-ehr rrtraperitoneattyor—subcutaneousty. 1
a‘é&ﬁ%g@r té‘elgments the VLP is delivered nucosally

through the nose or nouth hi other enbodi nents the
reassenbl ed VLP is conprised of a capsid protein

dEhs vevetat sovetaems, CaNV des ibget sellvadic élsp})Ct@?AWLV@SS |2nclearer
p1cture( gg%%) gﬁ%%g%?ﬂ 1r¥tgr§%rfo%\/svptﬁ9t A 83 e &Rfcﬁ fo géﬁﬂ% stability and

en use I'de carrier
ynamRSeAhd e hasit hblpﬁﬂ S gﬂﬁhm&tlbﬁi& Rﬂemg& of msetthm séeprRregoenstudies

have BepRSRGLE BCORDYFISEIUR: 5. B8 é%%a?a&ﬁg?@%ﬁe? o cary
heteroioégﬁép {d%g Witolf ifte a‘fr% I\‘Iilﬂfl ke 5151 blbd Ve number of

si ngle-stran genoms RNA2 code
suitable@sertéxl sﬂeah&veehwymtestlﬁRNAS codes for a pr otein

Dokt e BTSSR b s B3 b w
(Whetﬁe‘P [incﬂ{;iﬁugl%egﬁ@e &R ABEY L e {fsEited iRtoInk @dﬂ@ﬂpamcw {fd single
protein encoded by sgRNA4 ("SEQ I D NO !

msertl)m hﬁdz inSbe W\@ is@sgd. Thert@nysites slenB fiedryyithiay L CRyte, date can

s GO gL e gl g O s o

be ins@téﬂ in¥Sindérfiofigitdsy Fudharnisrp, mibltipld insdrjion Sees cdalbeIsed biythe same
Trp Thr Ala Ser é%/s Ala Ala Ala Qu Al a

time t@g¥prAfshe-ganTher papedenlondls SenePREGSARE Bgpidigserts can

be abcr_ut %O@faﬁnﬁé’ %.Cl?rQSlé?Elé ) M?ss iy engé A ngrg t@%albglﬁxb J[E)sgr QerP.t 180, even
more %cagg:upl‘ltﬁ ofhbbu}lmrSO\G/hulnll Tiore HwicAlyaupita oflahoBel2(Pred yet more
O IO N R D g e .
1nsert%,éh % lek\‘?tuS :FE méik aan‘ﬁ‘ﬁ@ abﬁiureﬂalﬁeﬁﬁl Ta‘{lFtH—QH olber epodRénts, the

r du H s Leu G u Val
peptidalinselts saivhe aboug SRp @bdittrZODhé)cAS@ thglpplgéﬁo pheutThto froyt 120, more

oo+ TR AT SRR, 0 oo 190

encoding the CCW CP is shown in SEQ I DNO. 2.
Exerrpl ary DNA sequence encoding the COW CP (SEQ TD
Mater¥ily ad Metfodst aca gtc gga aca ggg aag tta act cgt gca

CEGP R LR B R0 demens.
other g?gre?sggh ggﬁel?a@elgsﬁgs adélg)w?g? ?ﬁgﬁélg pfamelegglar badogygere used for
ISEYCRRETE AT AENCER TR -
and e?eﬁ?en{tf Gard B 196721, 380 RAMpRA%h: CRAGKUBEL 2ZM (8D, E8kr@BProtocols in
Molecular Biology (1995) (John Wiley & Sons); Sambrook, Fritsch, & Maniatis (eds.),
Molecular Cloning (1989) (Cold Spring Harbor Laboratory Press, NY); Berger & Kimmel,
Methods in Enzymology 152: Guide to Molecular Cloning Techniques (1987) (Academic
Press); and Bukhari et al. (eds.), DNA Insertion Elements, Plasmids and Episomes (1977)
(Cold Spring Harbor Laboratory Press, NY).
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tta tgg ctt ggg ttg ctt ccc agt gtt agt ggc aca gtg
aaa tec tgt gtt aca gag acg cag act act get get gcc
W0 e®7053188ag gt g gca tta get gtg gcc gac aac tBROI/HSH06/021262
gat gtt gtc get get atg tac ccc gag gcg ttt aag ggt
03,2680 Shkugaa caa etc ace gcg gat tta acg ate tac
gcg get etc act gag ggc gac gtc ate
OAD @il triapgagerd tdonga@tediatisigl VBMEPORNIT #godMdx BRrG Frederick,
[g?c tct ttcact ccg gtg tat tag The crystal structure
JOCW has been solved. This structure provi des a
clearer picture of the coat protein interactions that
appear to be critical to particle stability and
DNA Bstrtibess and has been hel pful in guiding rational

o 0 St iR Ee ST e e A FRmd S min, i, and
max113§rfﬁo(nb 6 Ign%{ (OB ;fgccbfmﬁ fo the HEhERALAIGNSRERS des

with Their ability to form
particles. A nunber of suitable insertion sites have

been _ identified. It is thought that a total of up to
E_Xpﬁﬂgb@ékgﬁlﬁg%ggopi es of a heterol ogous peptide unit

(Y‘ﬁ@fdl'l@ﬁvmg"?ﬂo‘éécﬂﬂ@é wBRPb116WeRP. FRFALEN st 6AR W&e transformed
inserted in CCOW particle if a single insertion

with expressi¢mplapmidsEmrodips ichimgisdviral gl protsin-targed peptide insert fusions.

50 B AP SR P TTRAS, e cime
viral chb@iipistedfpdpkide ABnk d €slis abreihen Iys&T dmithéintentbmts endlyawd.

sites. Furthernore, nultiple insertion sites can b e
used at the sane tine to express the sane or different

Exam@ﬁplt—i-l ?E@éﬂ@éﬁ?@e%ﬂe&m&gg’ﬂfég%g Uiy Pelpteisgei innsert S
| BAgProteatiye drtigpn Cadrlinvg up t 0o or about 180, even nore
typi t 150, still
oror bbb et Hanls diias pprtiva Tiesh Aok piutle A1

PA4) 9«9& 1ﬁ&epeﬂdéilﬁy@x§1%§ge6qﬁ £OANMVI DB, Nucltic £90PeRB8REPIBTP A4 were
he peptide inserts can be about 5 or nore amno acid

synthesesql dweSDE r(sm:@n@hlhy -pertapkrsitensivb of rmtthstlc phigonyelsoiidrs. Each of
t t 5t
the insd85 el B0 B30 Trtne POV o AR HC iR program

detailcdl@dw:100 am no acid residues in length. Materials and
Met hods Unl ess otherwi se noted,  standard technigques,

Plasm

PCRPEPEOLcont rol sequence el enents, and ot her

b | £

React R R BT SER0e ueed for CRURTE L SEPy

10 pImani pukats BIEI vufenst or mat i onistant | exQyes S| @ in SUS4PC
standard techni ques _vector andlel epentls. can _he

4H1foun§0mM)Mg&hﬁple in: Ausubel ef al. (anS‘;C g Cent

PR S S A o (R ALl C E AL LTSI

0251Nﬁ$§)nmag1pﬁﬁ1%9) (Col d Spring |Har bor Labor at pgin Priest

.

Berger & Kimmel Methogs in Enzynmol agy 152:1 Guide
1-5ng o MBewolataPNA oni ng Techni difiep 3 1 987yclg AdBaini d70°C

1pL PT HIFI Taqg DNA Polymerase * ||Step 4| 1 Cycle [Maintain | 4°C

Remainder |Distilled De-ionized H,O (ddH,O)

* (from Invitrogen Corp, Carlsbad, CA, USA, hereinafter “Invitrogen’)

The resulting nucleic acids contained BamHI recognition site termini. The nucleotide

sequences encoding, and the amino acid sequences of, these PA peptides were respectively as
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Press); and Bukhari et al. (eds.), DNA Insertion
El enents, Plasm ds and Epi sones (1977) (Cold Spring
W(b-lamb/@ssl&zaboratory Press, NY).Plasm d Map ConspeTU$10061621262
pl asm d maps were constructed usi ng VECTORNTI

foﬂowé?ﬁﬁ%}igﬁ SEB] 3500 1 Qi Py PG NGBS 4G 49 or P,

SEQ IDSNOg 1 bed 8) md ) fordiA4, HBY) MNOKIK snd I@NTRE ageMing nucleic acids
(Germany) _accordi ng to_the manufacturer instructions.

were dB@ét@ﬂumtBamHétw @r@@eyadfrwsw S idoning Bde shete Kegtar. Each of
the resfu?[kr{% OPR Unsdrts &/Léj ohied i the CENI% 1968 Skl %ﬂl?tﬁ? ﬁng%,gxtm at the

expressi on asm ds encoding chimeric vira
BamHDpsied ef thet @CQHl?pe@DSdEacthﬂﬁaenItmg Ls;hutmlnqnlas]iﬁdmafsahgﬂtbd with Spel

and Xk retdoioRe SERRSy | Bsch Pl g AESiTg remtridnr Va5 Fa bhcoding
ﬁagmén%m§%1agﬁlb|y%emgaﬁ&p | ysed and their contents

anal yze
lntoCCM/CP

vnhf FaWal

PA1

1 - Peptide synthesis and cloning
LA Protective Antigen CI on| ng Four

CTTU ‘ua\

Nucleigz{ﬁxg §§gue(n‘§i\

BNY:- ¥ Ps. N
(SEQ svnm\gzl zed )

S b B SRR et G oy Tt Bo g apey v ot gat

Gét?a@ aR PaflSe QM bhB’ PA' - PA4 wer e

OE (splicing-by-overl ap-extension) of

Aminos yyeich Seijeenot |

e HYREE el ng A5

Gonden §mAxgdsys IBscAredYer {The Semd br Gly Rea S hr Val Pro

AP 65k AP airarpa il o S crproT ot

Reaction M x TI@(TL t ot al

10 nL 10X PT
PA2 | 50mM MySO4

vol une) Ther rmcycl I ng Steps
HFI buffer * Step 1 1 Cycle 2 min. 94C 4
* 30 sec. 94C 2 L 1OrM dNTPs * Step 2 35

Nuclelﬁ é&c@ ﬁsﬂ%einge

(SEQ ﬁmﬂ\bs? Pol ymg
Distill ed_De

M%t ghes o Bgi

. . ||| FaXa¥Wml 4_ 5
ROt 5 T o e ity o ot e
ﬁ%sg@ia%mt dc &tc@tcj’e Mai nt ai n 4C Remai nder

onized H?(l(ﬂrlH?(')\ * (frnm Lnvitrogen.

. n nu
(SEQ lg)leﬁgﬂ kyng

rmni

AminoCéycist S@amqngg?

der Ram, GlusNa Awgrldisrtap dep ValiVa dladenPro Fod/al His
l\)%'[]gsﬁ ,tqggﬁﬁl LR Bagdd recognition

PA3

Nucleic Acid Sequence
(SEQID NO: 7)

5’-cgt att att ttc aat ggc aaa gat ctc aat ctc gtg gaa cgt cgt att get get
gtg aat cct tct gat cct ctc -3’

Amino Acid Sequence
(SEQ ID NO: 8)

Arg lle Ile Phe Asn Gly Lys Asp Leu Asn Leu Val Glu Arg Arg Ile
Ala Ala Val Asn Pro Ser Asp Pro Leu

PA4

Nucleic Acid Sequence
(SEQ ID NO: 9)

5’-cgt caa gat ggc aaa acc ttc att gat ttc aaa aag tat aat gat aaa ctc

cct cte tat att tct aat cct aat-3°

Amino Acid Sequence
(SEQ ID NO: 10)

Arg Gln Asp Gly Lys Thr Phe Ile Asp Phe Lys Lys Tyr Asn Asp
Lys Leu Pro Leu Tyr Ile Ser Asn Pro Asn

The resulting chimeric CCMV129-PA polynucleotides were each then inserted into

the pMYC1803 expression plasmid in place of the buibui coding sequence, in operable
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sequences encodi ng, and the am no acid sequences of,
t hese PA peptides were respectively asfollows: 1) for
wWe2007/05HE3 | D NOs: 3 and 4; 2) for PA2, SEQ | D NMOEUSH06/021262
and 6; 3) for PA3, SEQID NOs: 7 and 8; and ) for PA4,
attac &Qeté ?xeeg@;mpﬂin%&d nﬁﬂngt‘r%smgﬁl aﬁ?@%sghﬂgaa\ggﬁ% ﬁ) %‘3&%& b\ﬂyel%gnctlon
d1gestWhthrﬂpahandnmmdm;irééeﬁccy@ﬁhemseﬁach of the resulting PA
inserts was cloned in the pESC- CCW129BanH shuttle
plasm d at the BanBl site of the CCOW129 CDS. Each

regulpbl Rittihlof iR BRI EYRRe Bhogihiss W th Spel “and
%%W%esi red chineric

Ao 1digerent difiid diepydés dighiie1t25 wad EEEJr?éﬁélﬁZbngel independently

rifi ' PAl Nucl ei c enc gt. aat tct
expresf} in, LAY DL pe Seppesirule o AR GHINCEL o B2gelStptemn of the
Easter§BluinSERdpfhaliid vihs COt gat aat gat ggC art cct gat-3'
Anmi'no Acid Sequence Ser Asn Ser Arg Lys Lys Arg Ser

EEE-199rpeptide gdqemey Pro Thr Val Pro (SEQ E) NO 4) Asp Arg

ouoBhgiet, I 68 B BiG o1 ol o Soatence

EEE-1ai5tm@ldic §Ad s@juengat (SEQ ID NO 5) atg gaa aat att ate
etc tct-3" Amno Acid Sequence Ser Pro Gu Ala Arg H s

5’-gacipgropetragtinacoagtapgagetagecopeeegtasatyageeppigcqegrantgasesacagsy3’ (SEQ.
ID. NO/M) Asp Mt Gu Asn lie lie Leu Ser PA3 Nucleic Acid

Se uence 5'-cgt att att ttc aat ggc aaa gat etc aat
EEE-288-26@peptaacquincegt att get get (SEQ ID NGO 7) gtg aat

i - 3! ] ci d Sequence Arg He He
oreeffpqitreSk Rty (BT IREITG A g Ao 1
EEE-28$06) hidiNSacR)sefhidacdl @ Val Asn Pro Ser Asp Pro Leu PA4

Nucl'ei ¢ Aci d Sequence 5' -cgt caa gat ggc aaa ace ttc

5’ggecgeatggrgreaggegagacsaatrctistaggamageigcanaigcegtog(eseyi gdghi0aa P’
(SEQﬁlgngﬁ tat att tct aat cct aat-3" Anmino Acid Sequence
Asp Gy Lys Thr Phe He Asp Phe Lys Lys Tyr Asn
Asic1€iSERIds Rnldbling BEEY 25 g4d BEE-233W10 6y ﬁveﬁﬁ‘ sy2fthesh®B Y SOE of
Asn The resul ting chineric COW129-PA pol ynucl eoti des
synthe{jig pélg@@@ilﬁo@ﬁ@m saesding nreeicheidsvmantgos! Septlsisremition site

. pl ' g g.S
temngpgftggb?eﬂs? 4 gr‘ftl-?éntsg cﬁﬁe cg%otlg‘ré 1? 1eo$h§ﬁ?hga§15| the inserts
includ&he misdmﬁe@hasdﬂ stewasd wercaseltbvay restriction di gest
with Spe and Xhol for presence of the insert.

5' - cgg gga tce tgg acc tgg aca ccc act tca ccc agt aca age tgg cee gee cgt ac - 3' (SEQ ID
NO:15)

EEE1.AS:

5' - cgc agg atc ccg ctg tgg ccg cag ttc ggg cag tcg geg atg tac ggg cgg gee age - 3' (SEQ ID
NO:16)

5' - cgg gga tce tgg gee gee tge cge geg geg aag geg aca cet tca agg gea age - 3' (SEQ ID
NO:17)

EEE2.AS:

5'- cgc agg atc cce ttg gee tte ace gge acg aac gge acg tge age ttg cec ttg - 3' (SEQ ID NO:18)
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LB. E2 glycoprotein of the Eastern Equi ne Encephalitis
Two di fferent EEE peptides (EEE-1-25 and EEE-23 8-262)
wowrng/osnsependent |y expressed in COW VLPs, PCT/US2006/021262
representing 25 AA peptides of the E2 gl ycoprotein of
he 1%31?1 %'ﬁué%' ReaERERPH; %Yét&d Svitdl BYRHT E@%réate’— §dhes1ve ends for
pepti guence: DLDTHFTQYKLARPYI ADCPNCGHS (S I D
cloning\to tht)pESEFCCMIG129BohéIshuitieglasegdience:

%flouShogacRee st | cacoca0l AGaIaChaeCRarragt FAH AR s
plasmlgEaE RS BATL @i@@bf @R $XMVNLEE CDS. Each resulting shuttle plasmid was
GRLPRGEGDTFKGKLHVPFVPVKAK (SEQ. | D. NO

13
digesterFitle §pelrad Jhod restriction; ez gmefy eRecd of the des1re)d chimeric CCMV-129-

s A e S P S O

aﬂidjﬁesﬁmﬁgCthﬁerEEE?OM?ﬁZBJBEEEEE}yﬂﬁﬁeﬁﬁ% ﬂegments were each then

synt hesi zed SCE of synthetic oligaonu
inserteg dgfgi hy WM@%@@EP@W%P]@WGPF@@G@%WW ot %S’Z@thq%?ﬁ of the

[
b
plasmlBamsllscfeGMdrbya“esmntlm digsst avith Spef endbXhdldbt presencEbEthe Sasert.

5 - egg gga tec tgg ace tgg aca ccc act tea ccc agt

aca age tgg ccc gcc cgt ac - 3" (SEQID NO 15) EEH.

Exam@gZ 5Expre§§i§n °f Qec%hﬁ)lﬁzﬁ& CEMY 8psid ﬁlsﬁﬁﬂ_}&éﬁ{tﬁloﬁ gg cag

gg egg gcc age - 6
EEE2. GCNBV129 éggoggaeptgb texgrageien golasmigds C\g@regé@ng‘)@gned into
Pseud@ﬁ%yg A@to%%%en%ﬁ%l&??% &89%?6210 Cagcoqﬁltné tcs; él(l)c( f(?gv}l C%%thgo)l Host cells

were tB@Fed @fadatlly 119 &/iad talidtdine€ Gnticd For%ach&E@sfoEinbﬁbn 1 p,L purified
18) The resulting nucleic acids were digested with Bam
exprespion plasmid N A drssidded énthe ot cellsomprie Ferubingaixture was swirled

gentlypvgﬁgacp%yg@ezt?g t3 Zﬁ%ﬂm& %gnt in@ul%lté?is B3 Gce for 30 min. The mixture was

transferred to electroporation disposable cuvettes (BioRad Gene Pulser Cuvette, 0.2 cm

electrode gap, cat no. 165-2086). The cuvettes were placed into a Biorad Gene Pulser pre-set
at 200 Ohms, 25ufarads, 2.25kV. Cells were pulse cells briefly (about 1-2 sec). Cold LB
medium was then immediately added and the resulting suspension was incubated at 30°C for
2 hours. Cells were then plated on LB tet15 (tetracycline-supplemented LB medium) agar and
grown at 30°C overnight.

One colony was picked from each plate and the picked sample was inoculated into
50mL LB seed culture in a baffled shake flask. Liquid suspension cultures were grown
overnight at 30°C with 250rpm shaking. 10mL of each resulting seed culture was then used to
inoculate 200mL of shake-flask medium (i.e. yeast extracts and salt with trace elements,
sodium citrate, and glycerol, pH 6.8) in a 1 liter baffled shake flask. Tetracycline was added
for selection. Inoculated cultures were grown overnight at 30°C with 250rpm shaking and
induced with IPTG for expression of the CCMV129-fusion peptide chimeric coat proteins.

1 mL aliquots from each shake-flask culture were then centrifuged to pellet the cells. Cell
pellets were resuspended in 0.75mL cold 50mM Tris-HCI, pH 8.2, containing 2mM EDTA.
0.1% volume of 10% TritonX-100 detergent was then added, followed by an addition of
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Each of the resulting EEE inserts was cloned in the
pPESC- CCW1295 anHl shuttle plasmd at the BanR site
wo@Roorhss18CW 129 CDS. Each resulting shuttle pP@®DEIH06/021262
was di gested with Spel and Xhol restriction enzynes.
h [ ncodi
lysoz, regt r?tgjnr{l%/ﬁlmgg?lsc:) (d,%n?rghgg éeﬁ ere. t%?n metib %ede G Ice 992 hours, at

which hﬁ&ui dlédrgna MsoBus &IIWBHEEE apphmnucl eoti de
g)gents were each then inserted._into the pMy

d¥sedns. pi2AQ phmecdY gkl W%a@ﬁedsé@ﬂowﬁobwddﬂwn of 1/200
volum§ lzﬁ{gﬁﬁEfDNﬁgelb la{h(lP %enclﬁgﬁﬂlﬁoﬁ %?Li@é]‘_;ﬁ@f 1 'hBLu]o {ﬁ?:]vgl%l? time the lysate

ment to’ the tac prono e resu
shouldd?ape beminona piuab iasel vwacmssl(qwde Mrehttal/ lysatss wierst thamswlinges 80 min at
4°C atvélnqungwgl sggegf d r?.xtg lep%ggﬁt%{%ﬂx]es en%eé@oﬁf}lp%g%@: ns‘i?fértgldgﬁan%ggj %nteo clean
tubes. pﬁﬂst ddested BEptdMlts 22 the gbcﬁﬁblgegﬁ}tgﬁ KBRS STHR Yemaining pellets

pl asm ds were transforned into udononas fl uorescens
were thidpredudperdedcial 0.25 ade SEdudter (10 1M TriskChowithd.Spt anlcBDTA). The
Ho. cells re.t d aduallyln vi al s mai nt ai ned
resusP?ﬂfé@Sﬁet%ﬁe\Qg%c]ﬁs?qP Frg AP on, L purified

ERIY:E SSlahle’Phiad Mngolﬁm&t asticd desde ttlﬁbnt é]&:tﬂ)@ﬁbre@ﬁﬂ &S NAPAGE 4-
the resulting m xture was swirled gently w

12% Bis-pas welst(fjem Bwirogenakat. NROA23)n bavag dddom X éé qu;lrs mordmg to
manu i 136 TR TS LB SRA L R ASh GRS B b2 roucie

SDS-PAGE ledineoblefagamd baitednfor Shﬁiﬁuﬂs@&ﬁi)or td hlﬁ]l’ﬁlllglelﬁ ﬂ%gellle I'he gels
re-set at

wero. e, itio ST y Sade S JOYIFEEera (ol bEPRRy A destained
overmg‘?(%\fﬁ witef, §8%lern S:{Bk getlr&dﬁeéiiﬁ HHESCMe G @Q&Qb%&ﬁi\% AS0011

and the resulting susp nS|on was | cubat
from Mf Gerarty) und .th W ESTERIN SRBEAE fitatfed: dvitré@eneChs WB7105),

etra Iir;e-s enmented LB nedi un) agar and grown
follow f#&okﬁwe col ony was picked from each

m‘lgﬁ@ laﬂﬂ)vstshtﬁe Rikpe8Ford éfTRechmE@ﬁnﬂ QO %ﬁﬁs‘i‘d 'prtéin§ Ehdineered to

LB seed culture 1n a baffl ed shake fl ask.
express & e RAR2oRAZ andul A4 porside lg$ea3tmn theainpolygbie f@t:’ﬂ@@ CT ¢ tedgombinant

capsic FH5 R b st e B2 et o IR Eresit! M Grampinant

CCMY fuston pepeiaés edsiredetiso axyteSMAL, \Mm PlARaeRd BPABRRHi & inserts in the
sodiumcitrate, and gl ycerol, 6.8) inalliter

solublgyfpqtiond shake flask. Tetracycl | ne was added for
sel ection. Inoculated cultures were grown overni ght at
300C wi th 250r pm shaki ng and i nduced with | PTG for
Example 3r-e¥LParaskenmible CCW129- f usi on pepti de chineric coat

teins, 1 nL ali.quot rom each shake-fl ask culture
@&m&mﬂﬂ}ﬁmalet the cells. Cell
de LEESHIShE VIS HRe g)&%ﬁ:s' 50 h CafreH %eé%nﬂ&/ﬁwﬂgcens host

H 8.2, contalning 0. 1% vol une of
cells eimcssmmeqmbmelutmag@dtfumpmﬂns wdszlEd:nc]ﬁ«prdswﬂe dndtheasoluble and

msolu%fé(ﬁ-ag 1\%’23., ‘gélli Sozﬁya%giut})yg{;%aa% / m‘ f ;Iglp 1@021%? Elgcrhgs‘[-ionogodles were
washed two times. Samples from the soluble and 1nsoluble fractions were taken and stored at
-80°C. The insoluble fraction was resuspended in Buffer B (50mM Tris pH 7.5, 1M NaCl,
ImM DTT) containing 8 M urea at 4°C overnight. The 8 M urea solution was then diluted in

0.25M increments with Buffer B down to a final concentration of 2.0 M urea.
Polyethylenimine (PEI) was added to final concentration of 0.033%, and the solution was

incubated on ice for 10 minutes. The supernatant was dialyze against Buffer B (3 changes of
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which tinme a clear and viscous cell |ysate should be
apparent. To the lysates, 1/200 volunme IM MO 2 was
wa@oaeds318®0l | oned by an addition of 1/200 vol uneCROHI006/021262
DNAsel , and then incubation on ice for 1 hour, by
buffer) c%%ﬂ)ﬁét?ﬁr feﬁlgvé _Yﬁﬁﬁt cﬁzeﬁﬁ%{! Ariey B eRBEAR a8 cBUE i@ 26 27,000xg
I'scous Trqui reated Tysates were then spun for 30
for 30 minuted. 4C at nmaxi num speed in a tabletop centrifuge

nd the supernatants r.e _decant ed .| cl ean.t ubes, ..
?’R‘é %@E‘Hﬁ’ceeg‘es ﬁﬁér Wﬂ%ﬁf sre%\(?ngblp CQW b‘fa@SI%pFugfogi ﬁeptlde’ the
supernbfaf ARy zEH Ey bLB4ERb B gt P88 i Eindedreextinetion @EBRand€d.20 for
In 0.75 ni'L TE buffer (10 MM Tris-d, pH 7.5 1 nM
free capBid Ayoteilite qnanify therateainp of ¢apsisl fagien pradein im Gis|sghttign.

ol BV o i BT P pshi Qo iR B 8556 PR of capsia
fusion%@*)’@de(}feﬁ Q) AYAThS FGEsty ASaémbINPRBRB)S0M\S diguri AdetitepH 5.2, IM
wel | s, accord to manufacturer's specification. 5ul

In
NaCl, dmN O Aor 1Vl ISR TIWRr & hed bt e T 35remblg paticlpy were washed with
r [ - | i Id e
Epe S0P s A, CRRALARION mEfosoftiiRBie, ST Ruriple reentate
contaisingiagechbiéd VLB wab yilaneedhf ebStrixnae af £8Qm todétemuge YLP yield.
Cat. LC6060) and, desfai ned overnight w.th watery.
A porgpEiPe SBRBle Ut lensb SrRIPGYR E R LRTREE S, germbly, and
the rer%niﬂ%?%oﬁwgsf QR LMed SRR s eFdrTe. 1INESIERN AREREBH.5.2),
Kit (fromlInvitrogen, Cat. WB7105), follow ng
and rumanuwhSE4PAGE protocols. Figure 1 shows the
expressi on of reconbi nant CCW capsi d proteins
engi neered to express PAl, PA2, PA3, and PA4 peptide
I DR P Adkelnb® wilBRINMI € fraction. The reconbi nant
capsid fusion peptide I s indicated by arrow. Figure

2
s Fowssertits theprimisdikerpaiclese 508 switite elRAPufgpis Sluorescens host

ti.d ' . .
o ST TR PG S e 06, Pt
insoluMlePrrictians &ropd yYeparsed Wi Remedisgeioh! yIhei inkalubleRhAnsidD bodies were

i pirced | _
washeB oAb P BORAE SPabIR Ut bl Bisis etk fnd stored a -

o I ' t iJaf LS i e
. OB o508/ KSR AR S8, kI sy
1mM DD eottainingg@M wrea aT4RC ovsuighb| Bhe i wsh svlubonlives theedeuted in

washed two t] . e AP f t | ubl d
o e S B e 8 RSB 0 M
Polyet}?%n 20 (PRhewhd 86dcian M chiciRent el 010338 hhenhSsolution was
oM T pH 7.5, I M NadC

] 1 Tri’s . , Im\/IDTT).containlng 8M )
incubate@an &e fdiCl Gwénutésg Ehe sThem@mntuwasecenifuggdon 2/£90k g &y 30 minutes.

The sgé%a{tae}g giypge ?1%2? %gn'fl‘f%f @?ft&fc’ 5"‘{13: %xgggésf 5t bL@feg)oW’]cc;erlgtely remove

urea overnight.

<=

To determine the final yield of recombinant CCMV capsid fusion peptide, the
supernatant was analyzed by absorbance at 280 nm, using an extinction coefficient of 1.20 for
free capsid protein to quantify the amount of capsid fusion protein in the solution. A capsid
fusion peptide to CCMV RNA ratio of 5:1 weight to weight was used for assembly. The
source of RNA was in vitro transcribed CCMV RNAT1, RNA2, RNA3, or subgenomic RNA4
or any portion thereof. Alternatively, CCMV viral RNA isolated from plants infected with
CCMV can or bromo mosaic virus RNA produced in vitro or in vivo can be used.

Alternatively, random mRNA isolated from an organism such as plants or Pseudomonas
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Pol yet hyl eni m ne (PElI) was added to final
concentration of 0.033% and the solution was
w0 pwajosiegl on ice for 10 minutes. The super natBCI/USEG6/021262
di al yze against Buffer B (3 changes of buffer) to
| et e urea overni The supernat ant was

fluor gt G hatet B SRSRECHER S een Protde R G (Img in
4ml).t h® lfLMné'ff céﬁsﬁll ﬂlsf&l p&EasRLA WA% eoglaﬁ,?/é gb Sﬁ%g Or{%amst assembly

e, the supernatant was ana
buffelzﬁ)nﬂ\ﬁTrwsHGprﬁ %50mM Na6h, WoelViKCl, éde\fIg(Ilz,ZﬁnI\/bDTT) for 2 to

f d I t { th t. of
s B B R B B SRR i
Centrfeept li0denisficohdeitatons Al 'p@ﬂib?ﬁﬁ sblﬂpﬁligtfeﬁ‘trateax/;{ﬁ%ﬁerllﬁﬂ Iﬁéasured by

capsi d fusion peptide g Hg agai nst Enpty Assenbly
absorbgirce ait 288 JstermineAY Pgm@dp @oglom o tﬂqa@tenﬂatﬁ\midijded on a

sucro%émgg%aglgﬁwtc{ ﬁgtgﬁhplgé S\g]g% 35 %mb ﬁst S '%’191 ng?r,] 1(3:11} %&%\_s feacentrated

downin 8fixne Buten (0. BMCS(ﬁllqu[h&e&wT'pHﬁs e hiedfuatldn HETHSUPAGH
Serrbl ﬁg VLPs was neasured by absorbance at 280nmto
oVE SeRpradicn. of CEMM-PAR kP With easpiihiowaBNA in a sucrose

densﬁyogg@i@nto nF%u?é"@ sB5%s 3h AHEPU G ?Qeéfeﬁlg]dwl‘ﬁA and CCMV-PA2

assenb he remal ni ng portion was concen
VLP Hawds wnh \ind uitiRut fmﬂA(laolaﬂvuaminum Acebed density. @'atﬁ)mt. Figure 5

on an SDS- PA Asse th RNA: To .
showd 38 SR FatoRPRG. A aF Vich e SSsomid o (ReFPA4 capsid
fusiorispid ey BAS af e SFOEAS host cel|'s expressing

reconbi nant capsid fusion peptides was French-pressed,

and the soluble and insoluble fractions were separated

fusiolf pestidesns were taken and stored at - 800C. The
i nsolubl e fraction vvas resuspended in Buffer B (50mM
TRiegogpinantsCCMY raiesid fysion mpn)des; @mtalmngwglt&emcup@ad@a from the

same 6pdg’i’eg%1%nmco eﬂ-shﬁsg %eMr#)ﬁ& %‘&%?K E)Eog) sl? %Hycge:%llalllljltﬁseudomonas

Sfluorescens end nmﬂusmst; dfodizs0 NTher éxclusiRed %Ehiﬁl &gismenﬁo([ja‘?ﬂh)the various
S a to fi concentration of 0.033% and the

recomgg}am &%@pqlg 5@5)5{]@@ tides sodubilized apd rﬁﬁo}ﬂ;@i‘:@g desgibed in Example

3. Va3Retoabaationest CENIV-LS ﬁeﬂlsi%g\ ﬁtl&&%ggg@fé% %Qtéﬁ?ﬁcelpsegts from

m nutes. The supernata yze
the san® ar ldaffieyerst pethogerit egynts oamlmmhﬁdehwanem&aﬁosubﬁ‘are assembly The

overnight. To. det final d of r i na
reassegafy %ﬁ%ﬁ% g Bg |P8ﬁBBBﬁf el prpsce pes aheenin et RAEA s Gescribed in
Exampledd.y Zed Lyulahs ﬁ{ull’cNHIéht A LESEbrfish ﬂdﬁl‘tlﬁfb ASbuBtioh OF irebmbinant

coefficient of 20 for free capsid protein to
CCMYwansidl ffgslmhee}md@m mnt@mmgabﬁﬁmf udigonicpnsertei T herratidseof antlgemc

ret 2,00 80 B 5 oSty AR L

capsid fusion peptides containing dlffenng antigenic peptide inserts added to the mixture

prior to the assembly reactions. Figure 6 shows a diagram of expression and reassembly of
multivalent VLPs composed of separate recombinant CCMV-capsid fusion peptides

containing Protective Antigen-3 (“PA-3”) and PA-4 antigenic peptides.
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source of RNA was in vitro transcri bed CCW RNAl ,

RNA2, RNA3, or subgenom c RNA4 or any portion thereof.
wa\bdognoszss vel y, CCW viral RNA isol ated from pPErUS2006/021262

infected with COW can or brono nosaic virus RNA

Exam rogJu_Cf, o& ti\f)ht of W.v . %Qle@eiguiﬁﬂlts, dissasembl% of plant

produsddcTCAIVDHiaNE particlis aud arnssanibly of i GCMEY: doesidsmutein into
The concentration of capsid fusion peptides was | QuM
YLPs (| rTg in 4m). 10 uM of capsid fusion peptide and RNA

;
_5[’:9 il I-]l?‘ﬁ oY‘@@I\@V Q)ll%a%‘%ll‘ti%&@ hﬂ‘ﬁltan@S@@dﬂ@%ﬂ/rg%s ﬁgg%@%l

RNA2R#)RNAB v®r¢ useﬂZO festisowpea@antFHeowpsaseedmEovupeadrabiferaia

e BRSBTS o KRR TR Sk gyg v
pots w{tﬁ i\ﬁ%?é—@r ih@ kB0 (ADEcIBRRSE U0 HBYdasOrhaToapad plants were
Onmto determine VLP yield. A portion of the

1nfecter1et édeaefts@gwé@pr@gme@boﬁ daysggst gesaingfian). ¢hdusting of carborundum

pote ST PR ETALA R0k Roap SR R oo

0 AUl e ey A s
gentle mbba}gwfgﬁ gg@ovgf ﬁ?gxg@ry I@feg@q;;ﬁyere qt@lgvﬂsilqu Sl%d;}\l;ggs Bost tmoc&ﬁtion
e s T S
resulipg GOy TGS oq O MBS DE AT RS CLRB R0 s then

centrifiy ﬁ%%?ﬁﬁh&t 25, 000:05 2P0t AiBi-EGIHY supShatahBGREIEMaRd. To
~capsi d fusion peptides. Recorbi hant CCW capsi d

each stpesnaientpRBHEsweorddad i mfnal wonesafipidopeipt(d aad fhe@'ﬁlmﬁ@ was

1T B8 g8 15 DB St AR 000

for 10 g bt IO NPREIdited pdinds Wekel théi RBudpettiedsn ¢AID ibiial supernatant
i sol ated, the various reconbi nant CCW- capsi d_fusio

volump epviraslnfées and the reawpensed sanpleswaresniagsd 19840 pHn  15,0005G
at 40052%?& & riatany Pab PHGv&E dqé’?lto 20 18%n %cﬁ%ﬂﬁ%g fhH& on

€s contal ning an C Inserts fromthe sane or
preciptatidre TI&EGS(}D)atmgﬁded?tod@&m bmceﬂﬂnathm ofi ¥4 and stwaed x48C for 2

hours.EAq SMERR YiF BARCEIALNHEE GrOECURE L) N R e pefe Nad
resuspgr?cfe‘aﬁh Redy IVH uﬁ%@ﬁts Busrd) efﬂe%éﬂsf)éﬂﬁlgd Rutlp {ot@idiWasMbifed on

tarn nult | ati ons of reconbi nant
to Cemmmmso dvitlu300h nm@uulad wsight nuted fhanvspiiriedent ¢:000xG for 5 mins.

O I8 AR R SR A it

with pBBRIgnal érﬁpCQM\V ﬁﬁt%’ﬂ?lhééamte&ﬁi%&? B¢ Girddiserels PRpd puEkd on
cont ai ni ng fer‘m{? antigeni c peptide inserts added
sucrosedlensity gradaelur Thopurdfted Grusipertisiesevase gnyzed byisEs SXCIppighr e

chromatograp\ﬁ's:’r (§E8j ﬁ@’i@?l:oéureﬁfr ession and reassenbly of

Dissasembly of plant produced CCMYV virus particles: Purified CCMV was
disassembled by dialysis against buffer A (50mM Tris HCl pH7.5, 500mM CaClz, ImM DTT,
0.2mM PMSF) for 16-29 hours at 4°C. The disassembled virus was centrifuged at 14,000 rpm
for 15min at 4°C to pellet the viral RNA. The remaining supernatant was dialyzed against
buffer B (200mM Tris HC1 pH?7.5, 1M NaCl, 1mM DTT, 0.2 mM PMSF) for 2 hours at 4°C.
The CCMYV dissasembled into capsid protein dimers that were further purified by FPLC
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mul tival ent VLPs conposed of separate reconbi nant

CCW- capsi d fusion peptides containing Protective
wRi7oenss (" PA-3") and PA-4 antigeni c pepti deBCEKS2UD6/€21262

5 - Production of COW virus particles in plants,

di.ssasenbl y of pnlant, produced Vi T ticles,
Supeiif 27 BEE Gishin BrOmaRlB bbb SN Vi abindby SEC-
HPLE(Eigwetshon of CCW virus particles in plants: Cocktail

m xes of CCW RNAI, RNA2,  and RNA3 were used to infect
c dviserably oA GIEMVARw £ @IV ¥ LR wprs aseaitilébbyiialyBingdhe perified

: - e..sprout ed an
dimerf PYEREET oI 1oy SRLASee TR nitter (S SR R T e pppomna
NaCly0.2mMPMESEH) et 4900 ThayeassEdetLCEMIHV LPEWRE nddy R0 1bS SMET-EPLC
. 'gect ed at 2-leaf stage (approximately 7 days post
(FiguePmi nati on). A dusting of carborundum powder 400grit
(Fi sher Scientific cat.409-21-2) was applied onto one
| eaf of each plant. RNA cocktail m xes were applied
onto the carborundum | ayer. Leaves were abraded by
nil e..rubbi wifh a glaoved finger. Infections were
S 0 d i rioHs prganisms.
t IPSSHGUSHES: Vidb Ve B fifh aREmblazamvat a'r%c%gc%ffﬁihi aEb R Intigenic
i processing. Leat tissue was di srup‘tt)e by enclzlll ng 1n
inserty jfrape thefspae ¢diffreds diathmgeniet zgestspédns b pradiktl in plants and/or

TA The resul ti h enat ueezed t hrough
PoeudsfibRe g 0G5 SRSk TRASURSod 31t BSEES o B and
disassembleliSnitio. aThd selOME@IVAMpsidTRSioh W{i&és%ntainiré%%he antigenic

,(%gper natants was renoved. To each supernatant, PEG000 .
peptidgs dropyths dane oA different pedieeene paantveandfe Mol ama préfstermined ratio,

' ' [ r r_oyerni ght at
B T T N T S e ACTE Y C
The résoltingOnutiivalent VDES arProenipphddad fesdpgetel e emdii CEMIV-capsid fusion
. fesuspended i ]"Piélo initial supernatant volume of )
peptidgy 2 “pipicmullise fiRerts o She guinscel FhpMeoREAe can be adjusted by

adjust&@Nilel bMe&H &0 Eac}lo}cag‘%}ﬁat% ég 59(2)%%&% é@M\Ipﬁ)Sid fusion, peptides

.syper.nat_ant vyas 're ere ected to the second
containmgndifisfinPE@igerac ippptidet inserts REAEE0BOtheamixavidestidrotof the adssembly

.con ation.of 15% and stir at, 40C for hours. .
roact G WG} (B0 BRI Erol e A o e PO 4 TSasoeRs Mg pror to the
assemBlyns and the pellet was resuspended in snall volune of

virus buffer. The resuspended VLP sol ution was | oaded
on to Centricon Plus-20 wth 300K nol ecul ar wei ght

tw0 d | t 4. 000« of, 5 mns. The
Exam@ﬁ: 7 —R&ﬁ{]e-%égg?&ﬁg 1% @ﬁ.grsaggcg &gmg al yzed by SDS- PAGE
alhe usehblyreddtiohtchn e Pertfbrnital il Cledidden8dbf CHEMY shown in Figure 7.
anti bodies. Alternatively, the virus particls were

The respiting inggtivalent (Whlssae gemapecd o sapnretatreconpingng GEM¥ecapsid fusion
¥ : - Lusi on. .
peptids bAS B o 8IS AR, SleAG R0 Mg of thp pantictes.
CpGs pétasmysosd adjestarC@ can indace @t inthese reBpunsés AifsEdadBRmistered

antigens. The advantages of encapsulating CpG sequences with VLPs may include lower

Exa

dosing requirements, a reduction in the side effects associated with CpG co-administration,
and increased stability of the CpG and VLP. Figure 7 shows packaging of CpGs into VLPs
during assembly reactions. The plant produced CCMV was diassembled as described in
Example 5. The dissasembled CCMV dimers in buffer B (0.5 mg/ml) were mixed with CpG
oligonucleotides (120nmol/ml). Both standard oligonucleotides and oligonucleotides with a

DNase-protected backbone were used (Integrated DNA Technologies, Coralville, IA). The -
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di sassenbl ed by dialysis against buffer A (50M™ Tris

HCl pH7.5, 500MM CaCb, | mM DTT, 0.2nM PMSF) for 16-29
whowr®sHs8 40C. The di sassenbl ed virus was centPCT/USDA6/021262

at 14,000 rpmfor 15mn at 40C to pellet the vira

RNA. The renai ni ng supernatant was dial yzed agai nst |
CrG pligowiclagtide gesianes ivgs HG TGHAEG Am@fl,ycm\ﬁ%ﬁr, Tp372(SEQ ID

. r : |
No:Z AUl U1 Ol G S pRERRERC R 72 somn
NaClpyt OfPL GSub emode ML ls | IneMeRdIsfonr? tohi @ rimueg aiaphy .as Tdescribed in

di agganh] ed was gnal yzed by SECHPLC (Fi gure 8). .
Exarrm%es 3ﬁb F@L%Fes% ﬁqggb%e%cfyﬁ erw%élﬁ gv(é%gsg@nw) buffer using
CentridoAl 200! MetrbdRcBifatdrs 9dld BuTRE SxOMRLA b PRI E?[ffgll PVIM Sodium

salt Assenbly buffer (100rM Sodi um Acetate pH4. 8,
Acetato Vi RhCl , Thezamvplysrre am ACSECHEPLEdBiganth9)e TheGMults indicated

ot AP 0B B oA SRl s i

the pRE&RB b5 BgorflERBIi@4SkiYh & DNAsé-pot&ted Backbdiie. THS SaRp18lwere further
CCW particles containing various antigenic inserts

analyzedy At tthé- 12 preagaroseliget ebhenegaseseher) et staiped t witle FitBhdo detect the
0 i : / T Luores
presc R0 ol ol S A8 Sbs ARG HPRE AR MURLG YRR e prescace or
CCMiVs @Pa(ﬂ?@narlﬂg.dl“ Raees eltd)bcfigiﬂnﬁd\thztth.@as.s&hbleﬁe\ﬁm’i aiapsulated CpGs
. - capsi usj on peptides containing the antigenic
ins QG P LR L B BRIBUA PR BRaHE RGN QYA VP semple
with ERBp8SatB XGHdrE AR GAPIHET ﬁﬁ)@sr@(tlw V&B%ample with encgpsulated
subsequently reassenbled in the presence or gbsence o?
CpGsRijatazangl $wdpNaseeprotectest bagiibend. The resul ting
mul tival ent VLPs are conposed of separate reconbi nant
CCW/- capsi d fusion peptides and contain nultiple
inserts. The ratios of antigenic peptides can be
adj usted by adjusting the anbunt of each popul ati on of
reconbi nant CCW- capsi d fusion peptides containing
differing antigenic peptide inserts added to the
m xture prior to the assenbly reactions. WIld type
capsid protein can be al so added to the re-assenbly
m xture prior to the assenbly. Exanple 7 - VLP
re-assenbly in the presence of CpG The assenbly
reaction can be perforned in the presence of CpG as
shown in Figure 7. The resulting rmultivalent VLPs are
conposed of separate reconbi nant CCW- capsid fusion
pepti des and contain nmultiple inserts, and further
encapsul ate CpG inside of the particles. CpGs act as
nmucosal adjuvant and can induce Thl inmune responses
agai nst co-adm ni stered anti gens. The advant ages of
encapsul ati ng CpG sequences with VLPs may i ncl ude
| ower dosing requirenents, a reduction in the side
ef fects associated with CpG co-adm nistration
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and increased stability of the CpoG and VLP. Figure 7
shows packagi ng of CpGs into VLPs during assenbly

WO e@ech5ss. The pl ant produced COW was di assepdil/es2086021262
described in Exanple 5. The di ssasenbl ed CCW di ners
in buffer B (0.5 ng/m) were mxed with CpG

We clgim:gonucl eoti des (120nmol /m ). Both standard

ol i gonucl eoti des and ol i gonucl eotides with a

1. At for producing apaditvdent s ke paticleicampgsimged DNA

Technol ogjes, Coralville, 1A). TheCpG ol i gonucl eoti de
a)sngl%{f‘ h’é’e‘g"l\ﬁ%s 5' TCC ATG ACG TTC CTG ACG TT 3' (SEQ ID
N 23kast dhefigol il capsiddissicl popyide corapiading bt 1ass onbhntigenic
buffer (50 Tris-HJ pH 7.2, 500M Nadl, 10nM KO, 5nM
vEeRtide ipsekl e9F) for 2 to 12 hours at 4C as descri bed

)RR STV S SR A M g

m crpptdeastnt,atiersin antbatiwht secondt shraheppsidifngion peptids comprises at

Buf fer (0.1M Sodi um.Acetate, pH. 5.2). Th l.Les were. .
run g#t %WM?@C(P@PE{EF% By ﬁlaﬁrﬁéwm@%?neglﬁiﬁgﬁggfe@ cgpgigh fusion

the gi-f8s Smassenbl ed into VLPs both in the presence of
standard ol igonucl eotides and in the presence of
b)aissegahiing tlawetilerst on fist wirdbidasud firsingreptide frakthb ohlsast Phe second

sa es .were further anal ed on 0..8-1. 2%.agar ose | .
TREBLeaRsid usiopperiide o folim LTS Qg By el Ve i v e,
whéreinane fuRivalepiold 18Pt @Ol Refllabskth MFsaivue Mrhynkic acids.

protein stain to detect the presence of CCOW CP
(Figure 10). The results confirned that reassenbl ed

B L

fusiafipeptidsi dnkd tenatdpstibad edorsd eird @iski Chskn peptldd acvarsafter a
shows CCW VLP sanple with encapsul ated CpGs

PWBIcAAPHHER) t he DNase- protected backbone. W claim 1. A
met hod for producing a nultivalent virus |like particle
conprising: a) mxing, in vitro: i) at |least one first

. Thd method agreirding trs¢leim p.ephdreie thovpsl icspsadjofithe Ifieststiraberpsid fusion

ant.i gepic peptide insert;. and,.Ji t.least gne secon
pepPie ARCLE PR YR PP e b Pty e iy of Bk B8 Ragf R taxa
méfb&idHom RART-ER virdPRkh mewber.ei n at | east one second
viral capsid fusion peptide conprises at |east one

antigenic peptide insert that is not present in the

- hofSlpd bE Qi TtA IR Wiy BB R Tenidlr SRRRT Rl ysic

fukiag paptides asd depived $REOIME aiifichcid sdagbhbeldfah GsbsRigdalrdlderub 0
format |east one nmultivalent virus like particle,
wherein the multivalent virus like particle |acks full

. Tllleelﬁgtthgd Bf]élﬁﬁﬁ h?\gﬁ%&. ’rtﬁé 'c%ya‘::hleﬁf.af Vi?lgn]% %owéeat %Jggroff@ Fﬁe?)?@e virus.

according to c rn at ast

one first viral capsid

erern asse

. The method of claim 1, wherein the antigenic peptide insert of the first and second viral

capsid fusion peptide comprise an antigenic peptide insert derived from a pathogenic

agent.

. The method of claim 6, wherein the antigenic peptide inserts of the first capsid fusion

peptide and the second capsid fusion peptide are derived from same or from different

pathogenic agents.
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8.

9.

10.

11.

12.

13.

14.

fusion peptide and the at | east one second vira
capsid fusion peptide occurs after a purification
W@ e@p/05388 The net hod according to claiml, wheP&i/nS100€021262
viral capsid of the first viral capsid fusion peptide
c A v . . . i ved
TS ARLSERATC L AN, fie PANER \RRS eI Rl
viral taxa menber. 4. The nethod of claim1, wherein

the viral id of the fi d/ or. iral ...
ThE g RSO BOREIHEE Tarender FenS Figiepna SReRgde &
derPRAYRINS & viths BFvihEARRNMARIAE piolifidel prévioustginmdiod of

claim4, wherein the'icosahedral 'virus 1s cowea
chlorotic nottle virus. 6. The nethod of claiml1,

SRR O BB BB el o1 e

a) Rlihgenv@rdpepti de insert derived froma pathogenic
agent. 7. The nmethod of claim6, wherein the antigenic
g5t leget angdisstrvirabeapsidfusipp peptidgronprisngiableapiope inpBLaif
t he apsid fusion peptide are derived from sane
or P‘?pg{r%%g%e?tér ent pat hogeni c agents. 8. The nethod of
ci)ait beadt, onsfsecoridvitah eapgidrfusioh plggtideaotriptismglantdast onieraatigenic
nucl ei ¢c. acids. 9. The nethod of clajm 1, wherein the
fi r BEPtidsARSSF, WhEISHHING 21 Jgpst 0Rp SToane YERIFAPHE SEfieppspiide
der byffri{ds GMedst bhE YitiQic/dptae Ilsk® 1R T ot bResBHt 3l WeShst viral
pre$¥§gg{y Pﬁ v*&g.ﬁi%§n%? t%og for prodgcfng a St i
nul tapsal fsionpieptids; knke particle conprising: a) nixing,

i.n vitro: i) at |east one first.yviral .capsid fusio
Byt 18s® pas r Pinash Bl telrid, siRtsi PR sl R hatory
| NS @hdleiclabid BEudnBasda ohe6aIRIoYilE Sdqueades beld f usi on
peptide conprising at 1east one antigenic peptide )
b) assewbling thaet tspst onp dirgtvirpbeapsid dagior; pemiid. the phleay #pe pepond viral

f usi. epti C | ses. at .. [ '

SEBR R bcrte D SRR SRRt AR RMofim gt toagt ome

caplivalehtsdhBnikpepiticty;, and iii) at |east one

i mmunostinul atory nucleic acid, wherein the . . .
wherei the Srylivalentais hike patieledecky falb ipgthdafecdons vigpbnucleic acids.

ol i gonucl eoti de sequence; and b) assenbling the at

| east one first viral capsid fusion peptide, the at
THeaasthod ofclsia dOdvherein khecGynS ot gdnielcotid p sqpente, is ANCEHECG

' nostinulatory nucleic acid to format | east one
Gﬁﬂ?ﬁ?@%*é&ﬁ virus like particle, wherein the

mul tivalent virus like particle lacks full length

infectious viral nucleic acids. )
The method of claim 10, wherein the viral capsid of the first viral capsid fusion peptide

and the second viral capsid fusion peptide are derived from the same viral taxa member

or a different taxa member.

The method of claim 10, wherein the viral capsid of the first and/or second viral capsid

fusion peptides is derived from the amino acid sequence of an icosahedral virus.

The method of claim 13, wherein the icosahedral virus is cowpea chlorotic mottle virus.
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11. The nmethod of claim 10, wherein the CpG
ol i gonucl eoti de sequence is AACGITCG (SEQ I D NO 24).

w@a2007/058a88ret hod of clai m 10, wherein the viral PCHPS10d6/021262

15.

16.

17.

18.

19.

of the first viral capsid fusion peptide and the

second viral capsid fusion peptide are derived from )
Tieanahodolslaiay 10, erein fiscrtigphis pepidednistofithe sk ambiseond viral
hpeid R gL gt el enit N Tl I FoRiP b genic
ggemit i des is derived fromthe am no acid sequence of an

i cosahedral virus. 14. The nethod of claim 13, wherein

the icosahedral virus is cowpea chlorotic nottle

MeHsthdPos Jifigh 18 tAREeiR theCHidd {h?éﬁméﬁ@&ﬁ {1208 the second capsid

antigenic peptide insert of first and second viral
fosipe peptidgsionmrise putigseicqepids iweertsrezived fom the pape pudifferent
i nsert. deri.ved froma pat hogeni c agent. 16. The net hod
p&ﬁw@Flélf’ﬁg%?' wherein the first capsid fusion peptide
and the second capsid fusion peptide conprise
antigenic peptide inserts derived fromthe same or
A rrethaddar predbing e mutiegentvius fike patiplechwarisiog:
aggf&}f&h g anultivalent virus like particle

nprisrng: a) providing: i) at |least one first virus
| i kigp ap derabti crledirstorimusilike partiale dog@ppisin@rie 1dabt cie fatpsld fusion
fusi on ge tide c%ﬁpri sing at | east_ one antigenic
peRAPHEC PHRRISING ggpst PR dndigenig peptidsiasesb@Bhd vi r us

|1 kg PAEdst 6hese8MPVirgd NG iél?@tﬁﬁ 1P AQERPInE @RS Feapsid
fusi’on pepti de conprising at |east ore antigenic
pepluside peptitercomplnsingias kmstemblantigenid Ppeptide ifsertst vi r us

I idke Sp%g) dcle to provide at |east one isolated first
R)idisgpee Eﬂgg'd f usi on peptide conprising at |east one

anti) GROfifst PR HItpdria8 kd proad at lehst dnBEsoPREPHRAt Virfl¥apsid fusion
like particle to provide at |east one isolated second
c aPsPtde epsnprisipepitlpase ovoantigesic peptide inseat tndine

ant.} ' L] de | nser wherei n. the at ast_on . .
e dbE o BE P B PGS 1 POTISE i I B L8 e O Eppi fusion
Oneepfitié ganprisimestieate ohdaRiptnit HaptideSinsdt, wheRette at [ast one
the tirst viral_ capsid fusion peptide; and c) m xing,.

i n sgrendoriral yansibfugton|pspidde comepTispy atleast prg antiggaic peptide insert

canafts PR aARs it birpds A FAloE B0 1 cner
oy nexingy @tvitwe:r al capsi d fusion peptide and the at | east
© riBe tﬁc’eeact: ?eggt one first viral capsid fusion peptide; and
i1) the at least one second viral capsid fusion peptide; and
d) assembling the at least one first viral capsid fusion peptide and the at least one second
viral capsid fusion peptide to form at least one multivalent virus like particle,

wherein the multivalent virus like particle lacks full length infectious viral nucleic acids.
The method of claim 17, wherein the viral capsid of the first viral capsid fusion peptide
and the second viral capsid fusion peptide are derived from the same or different viral

taxa members.

The method of claim 17, wherein the viral capsid of the first viral and/or second capsid

fusion peptide are derived from the amino acid sequence of an icosahedral virus.
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20.

21.

22.

23.

24,

25.

26.

27.

viral capsid fusion peptide to format |east one
mul tivalent virus like particle, wherein the

woredoriosaBent virus i ke particle [acks full | ePQr/iiS2006/021262

infectious viral nucleic acids. 18. The nethod of

claim17, wherein the viral capsid of the first vira

capsid fusion peptide and the second viral capsid
TethQRoPEPLLHE R eneHEh iteSsd ame Bt i
J#?gﬁﬁ?axa ﬁenbérsF 19. T g%ﬁgt % ﬁgﬁ clgﬁﬁ$%gﬁ&6589£ﬁﬂevuu&
wherein the viral capsid of the first viral and/or

eco apsi.d si.on. tide are deri.ved from.the .
T ing bo a4 PR Bl Aot Redideitiert 2Rt Fiksecond vira
oaBsin ki peptiat BorhPrisedRR bl genidSeptia o fRBE deAvedVikdH S Jatho@enic

cowpea Ch?OfOtIC nottle virus. fl. The nethod of claim
agent. wherein the antigenic peptide insert of the first
and second viral capsid fusion peptide conprises an
antigenic peptide insert derived froma pathogenic

Taganétho®af cldiiel TiRiteedn tfe fkodapsid fusivdpdpRide ahd ehefdebiid capsid
capsid fusion peptide and the second capsid fusion
faepn pertide sapprise difiereng a@rﬁenmenogéwnéerﬁﬁéfmve@ fiopsthe same or

'qﬁg 3 ame or different pathogenic agents.
<€§§k eﬂﬁégﬁggggy§clain1l7, wherein the first and/or
second capsid fusion peptide is derived from
Xpressjopn .i.n eydononasf | uorescens.. 24. The net hqd. )
Theanriardg ol egep U EShgnnsapRid ﬁ}saampﬂ&ws derived

f¥drh Efpredsidn) in@sed EARa® MR apgost i mul atory nuclei c
aci d 'sequence, wherein the ininunostinulatory sequence

is a CpG oligonucl eotide sequence . 25. The net hod

ccordi to.Cl ai m.24 rein the G.ol i gonucl.eot i de
TR o Rink BreRis ViR o spe RS it Lt one
itinius®stirhii@topAhdid16it Acid@BRdnSé, Retierdin tid inn@@fokti@ORtdr s8duence is a
cowpea chlorotic nottle virus capsid fusion peptide
(¥mpligaiuplgotide segaeiceone anti geni ¢ peptide insert; and,

ii) at |east one second cowpea chlorotic nottle virus
capsid fusion peptide conprising at |east one
Thetrh@hed sccpridig @eClains 24 whetbiaries Op@lolig@@sdeotite s&fendtdis
viral ca ?id fusion peptide conprises at |east one
%@G&@ Cg %@Q@Z?f‘%ert that is not present in the

first viral capsid fusion peptide; and wherein the
mul tivalent virus |ike particle lacks full length
A nfudittalembi girvs liled panticde eompagingts. 27. The nul ti val ent

viyus |like particle cl.aim26,. wherein the first ..
v 3D gt 8 DAY beRp o T e P faich Reptife fomprising at

pept ijgRt &RMibSRic PRt ihaenbig pepti de insert where the
11) at least one second cowpea chlorotic mottle virus capsid fusion peptide comprising
at least one antigenic peptide insert, wherein at least one second viral capsid
fusion peptide comprises at least one antigenic peptide insert that is not present in
the first viral capsid fusion peptide; and

wherein the multivalent virus like particle lacks full length infectious viral nucleic acids.
The multivalent virus like particle of claim 26, wherein the first capsid fusion peptide

and the second capsid fusion peptide comprise an antigenic peptide insert where the

antigenic peptide inserts are derived from the same or different pathogenic agents.
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antigenic peptide inserts are derived fromthe sane or
di fferent pathogenic agents.28. The nultival ent virus
wo pdog/opEsg i cl e of claim 26, wherein the resul t BEL/US2006/021262
mul tivalent virus like particle lacks viral nucleic
acids., 29. The nultivalent virus |ike partjicle of

The aniipdent s Ekepartigle clpim 20 whersin the resubarprildealeny virus
ence. 30. The nultival ent

11%@ ﬁm @Sé@?#ﬁt{i&Cﬁgggl aim 26, wherein the CpG

oligonucleotlde sequence conprises AACGITCG (SEQ ID

r 24).. .31. . A net hod of Cr easi 1 sol of a .
2. Thomitigahvids K Pafies ofhEnePonhasia tie PRt Pisgaic bpdprises
5 aMbi Qs Blig@ucle6BEd sc@iéncki rst viral capsid fusion peptide

conprising at |east one antigenic peptide insert, and
at | east one second viral capS| d fusion peptide

0. RIUTAGE s bR SR ERm IR wherB bt 650 ARGhlctcotae

sBQRhécICorERERE AFECGRICGEBED WTIROanh i geni ¢ pepti de
insert that is not present in the first viral capsid
fusion peptide, and assenbling the at |east one first
V] |

10 31. AS g%glrc]) %?}Iﬂr:ég sifnggtht?%)l ug&o%%pepﬁvadl 11%@ #%P%on‘tlpnsmg
roiR g il idry, ot deakt oﬂerﬂrst witak easalr ﬂulsmh @epﬁﬁh&foﬁipmshigat least one
resul tant, m,lltlvalenﬁ virus |i prtlclelacks ul |

APEHFIHPPHAE EsPELANIAL leapt TSP il tpsiousion peplide; Gemprising at
l%éggfiﬁ{r% a?_l'h@&qle BeptidlihdevialyRBlein At bt b RcHR Vit k&R fusion peptide

comprises at least one antigenic peptide insert that is not present in the first viral capsid

15 fusion peptide, and assembling the at least one first viral capsid fusion peptide and the at
least one second viral capsid fusion peptide to form at least one multivalent virus like
particle, wherein the resultant multivalent virus like particle lacks full length infectious

viral nucleic acids.

20  32. A vaccine comprising the multivalent virus like particle of Claim 1.
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