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WD 2007/ 053188 PCT/ US2006/ 021262 PRODUCTI ON OF

MULTI VALENT VI RUS LI KE PARTI CLES CROSS- REFERENCE TO
WORRI0ADEDSAPPLI CATI ON Thi s application clai ns pp@DUS$1096/021262

to U.S. Provisional application No. 60/686,541, filed

gt eHon SHATEL Rl e R G LAY

contract with the National Institutes of Health,
Nati onal Institute of Allergy and Infectious D sease
(NTAID), 1CROSS{RERERENCE AQIRIMIRD ANPLICATION

 DBPURRICE P raS S R Brole Bl oUea Yor WP L fled

June B280HLI Yy of reconbinant viral capsid proteins into
virus like particles. In particular, the present
invention 15 provides rapid, scalable, and cost

efficient net [ [tival ent

virus |ike paEﬁ?@?&@ka%&ﬁ%@%éﬁ#&gﬁggﬁgﬁgEggpuIations of

cahss sbpflicatic i efddr detinited tSAates W veinnicdE icBftracdnvitlg &lid Dational

. peptide inserts that are conmbined in vitro_ to produce

Instityley qfy Health Nahioral| instityle of Alksgy ande Infepiiqus) Digease (NIAID),
Coopdiifd RE&EmPROIILoRAGAS MGt 0 Lhe present invention

can be-utilized to 1 nduce "an’inmmunol ogi cal response

in humans or animals. 20 BACKGROUND OF THE | NVENTI ON

Vacci nations are one of the npbst effective and

efficient ways to otect aniyals and humans from

i nfections by pathgégﬁ?gnﬁéhﬁigiENﬁgygntly, t he use of

% [ ' 4 1.ONS 4: L NiNg ' e 0;

L 156, B QTR OB €001 3o A% SHULRAESed TS 0Bty or
recombétintidira wapsid psitgiag agy virnclikdestidlee hathuidul @nthe Pprdsbgt invention

. lati 5 . o5 i .

provi% :}be%[iﬁ%ala:bgeg égg %tglggqnf Fi-regtqgllpéq%gg Eﬁ’cg{ntl(l}g :quggq?uggg% Iomlﬂ{i‘tza ent virus
like pRRTBNs @IEA M € ffifonP | iffer
e D e B PR AP AHREE CBptafflp ditfring
antigeBicapeptdagmemsthat €k pbmhimed & vidrettapusiucanitissdins yirlolikeparticles.

and.. atitis h been devel oped h A axoSm t hKl i ne .
The viiFE Pbcls FSHETLiooRae el St 1eYaEpE 66 PF V4| o induce
an imM@R6I0BRE rebhonsCintumAS¥ehaRARNt i ncl ude: Convax,

manuf actured by Merck, which conbines the hepatitis B

and 30 H b vaccine into one shot; TriH Bit,

manuf act ur ed by R&EKERQUNDAF FHEINWBNHON H b and DTaP;

and Twi nri x, nanqéactured by. d axoSpit hKli ne, which

c YRETIREOTR dpaphe plstha e etfpetystand edhigent v @ysdn@ratrel animals and
. e cori oy .

B B e L
containtngt epsiopds tvemoteNRamwde Yathpganic agEhia BawnbednP¥%amied. The rationale

vting g Gl T RS S5 B A SBRLA S o e

immufity); whEBRnay 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

w@2anvosdies 5 Virus |ike particles (VLPS) have BEBNS2006/021262
i nvestigated as vacci ne agents. In general,

orae SREBRPUEE b 362 IR R BE . 880, s i e,
PV, H"&J%fhg;aﬂﬁé . (HVRRVACY: lah 4 PRSP IEVS TEAIRdpdstd Adindiaspaties B.

senbl ed” fromthe individually expressed
capsid proteins to formVLPs both within the cell the
psid.is expressed in (" vivo assenbly") and
Vm‘s% et the cel | after |soI ation and purification

(VirBs Yiké rpartRssealps) havd Bedfl inistidakesl mwﬁooﬁieesgamtsm In general,
the overall structure of a virus particle t hout

encapm@qm viewsen inchidecoprotaim PQ?@ of nﬁ@{ﬂdi B arsemblad O goplti the vire
r %

5L By BT A oy bl

expresyéd:’SaﬂsilI\qﬁoteh& talfbim f\&LHspbothtwmluh dheecddt theldapsré d expessed in (“in

o st A B e RSB Pt
{Ild?l Earﬁ@feE | Gingie {he dé&%?ali\/'égu&h&s $f 1D virug qﬁhﬁdwtvei@mut the

onses. Lessons learned fromthe hepatitis B
reqmrarmitlof sunthﬁm@ m:ﬁetqtlgemmatenak eViPs gzmo]gyk agflrahh'? opRNA genome,

but regngl%rf t aI 10{1 gs)érupﬁb%gggam St + Cy%x%/ggthe ability to

stimuldteC B-bal aﬂh%@iﬁteﬁd Respbidek atamA oll@er&tﬁ\FdJSreépohﬁespalhﬂl cytetoxic T
vacci ne in rhesus macaques. AlDS Res.

lymphlaeytps)mspcmses; S&, Sotpgnberk:et %{]&95} Ktruqa(zke QWG@)V induce MHC class

tion withh
Lresty bcg%%] ?cﬁe? HRESEY or]ﬁegs!éggonggl na%xﬁetggtﬂet’gtﬁlsgg %‘ﬁ Stitface antigen.
Intervirblos$-392CTl-N1 B Ralibu@cdtiad (]ZOOQJ\IPﬁmhi@ﬂoﬂ;ﬁﬂmgﬁﬂlﬁad &ﬁ’]ﬂaong lived HIV

VLPS have been produced for nore t 30 .differen lik 1
type vaiﬁg@%pqow‘é@ eeYtolRgitah Sl &ﬂero‘l‘ SEHP%P 2 Virls like particle
vacci r}ﬁlrﬂghgglawcgl%l E(D.??Qsatﬁz}iﬁ %e@ro@ﬁgsegmpﬁ’@ bé? Wdatalkt al. (2000)

ar vovi r us uenza A, a nuhber of cli nical
Immubdzb@diswith hepatis<C ususidke\fafscles prommsrrmne ifipmuredeminagnt hepatitis C

See, .Kout sky a ntrolled trial of a
virus-wapgime B ?FIIPPOM I&%ﬁgﬁe&fé%gm ne," 25 NEJM

34f:pLGive %Qé’il—ﬂroﬁhégdofo? tnofé than 208 ferehe Virtlded thdt MdBEhumans and

responses to human papillomavirus (HPV)-16 LI in
other hmahalb,y ined g é@rwalkmﬁnpam@l Riand €edsnitlomeantrugpReryevirus, and

virus like p Inf
Inﬂ“e%%@etan f THyoeE Qgﬁgﬂlcaﬁﬂ‘ﬁ% (B fhumign coélcralfg @%}sﬁgcéﬁgntﬁﬁﬁndemay
See, KOUTELe 2S@O0SESA loon@s1ald tNaT ¥k huitiah apiliokmavizas typel l6ésvaccine,”
In volunteers,” din. Imunol. 108:241-247. 30 Virus
NEJM i 35 bt 168l e sPiotn @il 8b (RO0ARNTGrilvlare dmpnging cesgauses o human

papﬂlg]?lrﬁ%i:rl? [ q{W e £54 ngltthg/%glgfée'r%(@ﬁ%um%d ﬁﬁh?%ﬁ?‘olﬁdﬁ@ FIPV-16 L1

eni’c agen
virus filé fob&fﬁlcleb k@’ Dawd:i Dlse88627-338nTackegeind, (2003) Hisnoml, mucosal, and

crobi ol ogy 11(9),. 438-444, en_et, al 2003
cellulan inaayng 1SpPFFesHO or@ﬂ&qraﬁﬂg@aﬁﬁﬁ@ Hielesps SolprdiP sl Immunol.
108:24p9Rs of human papillomavirus type 16 virus like
particles reduces their capacity to induce
nadtusaikiepiartiplarnhi hisdibe snamiphlated fonaeh aeearder molecules for the delivery
conf or mat i onal

2 (43
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
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WO 2007/ 053188 PCTI US2006/ 021262 neutrali zi ng
epitope,” Virology 309: 32-40; WD 2005/005614; U.S.
wadoens318bl i cati on Nos. 2004/ 0033585 and PCT/US2006/021262
2005/ 0048082; U S. Patent I\Ios 6, 448, 070; 6,110, 466;
6,.171 91,,a € orhj .
neutra%?pr ﬁ%‘? ol’ Vzro :ﬁ@%g A{?é par R)%%M gtg% @g{reg?g%l%lfc\%lon Nos.

2004/08B8585 laff@uZOOSVUMIOSA; U. S,ePitentDng [Bell8, RI0DI 63T10,466; 6,171,591;;
1:137-147. A capsid protein can be 5 nDdlfled to

Brinkpagigtatln Q994 h iR PegBIbinang BREng @O B HBE LG e dreptective
antj-t oﬁ?llmﬁﬁﬁftg,d dBétPtBM}g DRLULOPIE Pepiise fasl Qrd gﬂ?)'té’m can be
usi on capsid protei®™-antigenic peptide pro an
modiﬁbdh em doatanemraeﬁngexﬂc ipepadd) gshetihg a2 msemibbbiast v1ra1 vzipsid protein-
o to_form.reconbjnant. viral .or v#%us

antlgelaamfe eeélswan B PS LRy e Reridgdtogust San then be
expres!sel,dl 1hCa.' ﬁos@@ell HERDISERRHSE inhBrE E&%tﬂee&n%aﬁflwpﬁl EP Qirus-like
deal mul tivalent VLP production method woul d al
Partlcléa;) and agrnigyjsterédia dhast inperder toditicit eh limhuas sespbisg. of
honogenous popul ati ons of VLPs containing nmultiple
antigenic peptide inserts fromdifferent pathogenic
AR siondfI®sbei ng free of extenporaneous infectious
viral nucleic acids. Current nmethods of constructing

nihe idgal wyitiveleps VEEs predugtionnmethodiwewdd allpy fop éanlépcﬂe&sble and
contef YL o MG ol IS, GRS L3RR FIN i

peptide dddrisatrbmn ﬂlf&freranpatbegﬁnm Iag&ﬁs t w/hilelebeting ifrdee Df:‘ rdxtemporaneous
e C ap f capsid

1nfect1%)1|3§rsn\§]t:£ }nlgg;gl%@pldq )dq at He g%? (E%lst&lctwgﬁﬁr at suffer from
elther.\{>~ Fhe mﬁ%feﬁéﬂﬁ%da&fd tonttd qnsth@gk&raﬁbnv bf kR vm hg uafo which

evi ously asse popul ati o cont ai ni ng
reduced ittief wrmber of petantisl copiBIMMARY aDkzeic @m@mo OrheTéng limitations

in the pp.p?aé?tgg}fltqgé/sﬁ tplf%glg) 1&10 grﬁ;crr;\ rtﬁ%t%% lcﬁ)g 10110 ﬁ g510n rc>?no\g/geneous VLP

popul iR TR RAfRE skhpRlin @ﬁ% hfiiRg OF ?td%od’é%s@érﬁbl@@ pRpllaB&N & VLPs
peptide inserts and lacking full-length inféctious
containng differerdlieseis.aci d genomes. The net hod i ncl udes
assenbling viral capS|d proteins containing antigenic

inserts into VLPsg é?l %ﬁ% h i nfectious 25
viral nucleic aC| enones peci t he net hod
| Rl ME&S {Hvéﬁtﬂfh ﬁo@ﬂd@foﬂébdﬁﬁhe W%%ru@ 'h‘RE Bhfficle (VLP) assembly

contalnlng at l'east one antigenic peptide Insert
methods using we¢dmiipantedsi capsé pootding i coatainiompstigenie (ptpmde inserts and

nj,.n | east on .ant.i.geni ¢ pepti de .
lacking A0} EPRULBIRRLT TG TR GU KEnoEpt | e TR Fopfog frgembling
viral o‘éﬁﬁ@ PebteiAP Toftalnisd SiftiRAR! n6@ts Mt &1 PY Hatl EMAA] length infectious
fférent antigenic peptide sequence, or a different
viral rplslermg@mg@ne@gﬁt Spﬁﬁhghalb’e thaemhqdn@chldeﬁ JEKing qoﬁpqtuvel@l capsid
protelna corg rT1,B]1ngnat lfzeﬁst E%}ltlgf}q}_lg §$p§ nslg%%l! dfe?zr sz"rgg\;/ eﬂ? %‘& (l)e%gt g s& second viral

capsidipRotéint dontdifing o ldastaoneé ahtigeﬂw is;eptimrlhse@tl @vheirdine aa&aﬁrﬂnb etdtlgemc
virus |like particle conprises. at |east twg different
peptidafnspigenthe %@?@é@é%d fiysiospeptidg isdemiypd from efifferant artigeniegeptide

sequerﬁ@rcg (Ihﬁer gﬁ'ﬁé‘éﬁﬂ %ﬂtﬁ ca I%%e amlgéa i n?ﬂn‘cﬂi b ib AR of the first

reco lnant Ién pep eS con
capsiddui§ibe pepttdeamttd mambhmﬂielodﬁsld proteins under proper condltions 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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3 WO 2007/ 053188 PCTI US2006/ 021262 inserts can be
controlled so that specific ratios of desired

w@oorgense peptides are achieved in the assenbdBUS2006/021262
virus like particles. In other enbodi nents, the VLP

. | ed dj to.. the present.invention does noj. .

inser SRR B FORET 1o oS eR A R TR Pt RGP pUPuee iopieved in

the agielidled AR TMiSles. t HotHbPe@bsRMhRINRCELP Ahdathnldd hdt6rding to
present invention does not contain viral 5 nucleic

the pxrsprisinvadioncdgesanst centeivoilhiangthsinfentions airbindleiy dcids. In other

[ [ ' | Cl ont ai.-ni n .
emRAENE O VA Wb ARG8T PR RIBfon cpppat comn i
nucleinl b¢idy alTet cuvels nedvdbdlowsetbr flexitdhiyy MupidEicifd virus like particles
appl i cations, including, vaccine strategies to illicit
contaiTig, eI bigRiEns of dxptpls @Btizenic paRtides. sTheppandiivalen(VLPs can be used
. . . . . e 3 e
i PSAD I S Rl A R bl hponses
in aniasdenbl e a singl e popul ation of nultival ent VLPs that

do.,not require infectious. viral nuclei¢ acids.. Because .
¢ nEeverTrY qisdah vikize, TOES W RecoRRAY FPBalaon peptides
contaGiifd Qﬁti(;gfeﬁﬁ pEbfiieRBks RUstRBIL G sﬁt@%é ﬁ%%atlohhﬁ tr)lgtﬁﬁbaﬁ@xﬂ VLPs that

ratio of antigens contained in can '
do notgaques indertiows ivirgl nurleic neidhniBpsayseahaiVdeP & asagmbled in vitro with

. I i ons. and.tati o of ¢ [ r,otei.ns. cont ai ni n .
cops SR E o B B D B oS RER R B M Pt Fomtained
in thel YLR% ek BB lceftréitedp Signebhdiy @, @rvidYlaftay oPUédibMations and ratios

strat e%y, allows for the rapid tailoring of a VLP's ]
of capsith ericing qoptainipg difigeest rapbeeniarapgéel camaleupixedhand quickly

' i |l I [ c Ld. . . .
osenfl] oL RALEeOTHL, Syca SSRIDLIAN e i piprin o
VLP ‘s kentergdo ndflactn tiesiaplei atiperi¢ fiakeupont ai ni ng t he insert
c be der.ived. froma previously assenbled virus |ike
palr EiCETEnt 1BYRItop AR BU | Fqgcqmabinany capsid figyorpegtpgiseleriygg from any
sourc€0 M@ \QaSRN RS eHRbdnt p¥dV teg{ cbrﬁaﬁﬁin#r e insert can be derived

Al ternatively, reconbi nantp capsid protelns that have

from pgrevidesty prsembledsiings dike patiictd SuvhovidisPikeqeuntidies, for example, may
tilized., Furthernore, reconbi.nant capsid rqt ei ns,
have Bismiab el KHo0r LGy SUCEREFR BEPCoHAY BeHpialens that have
not b¥dn! freviBedatRAMeCRARSVEPs REPHE ufifizdd) AfurlRMBorROfecB@Bhant capsid
previously assenbled into VLPs to produce mul tival ent _
protengg metiverh Eomeprsiouslarassanaiied ¥ Ifsonay he niized wath fepombimant capsid

] ' Lon_can.be _generat ed.j 25 a host.
povs B 58 Tk DAL BT S EITERT 53PS Bt v,
| Mble welionthindig capdd phdtéthd £ s in tHegGtRAt Riventy®B&Hn, be generated in
i nsect, manmalian, and plant host cell| systens, anong )
any hggtigel sxprepsienesysismm thag pascRIfues Sick Reptidepsinelugingt butmog Amited to,
' ' I e .
bt SERL SRERE unBaEO AN B0E Bkl WS hers, 1 corin
embotimsmtsc éid capsid pooteineodo Bk nexprssédén € ppskiatotioSha@n cell. In one
eptides can be. produced as sol upl e capsid proteins or
embofligleny. 1HF PP kiEYQlil B5t 611 b dh Ratoriph bestydebl nire RSBRICRBRents the
. . i i r i S i . .
oo IBLGERONRSTAN RSN AL o FINETAN AURIECOHRYOR chuin
bodiepyr olnepartairorenibedinmentd thel eecombinast oapsid 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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bodi es. I n another enbodi enent, the capsid proteinis
produced in a eukaryotic host cell. In a particular

weododsitent , the eukaryotic host cell is a pl atT/U84006/021262
I n anot her enbodi nent the capsid fusion peptides are

d d.in the whol | . 4 WD .
TR R p—
capsid L {0§ o pehiidesOivheichi eHeebdpsidy ReRonOfepti@ensaddtan forcapsird contain at

fusion peptides, wherein the capsid fusion peptides . .
least oge prgigents Heptideihat igmet prssendiim therother sard Sionaprpigesipvhich it is

. peptide that i | et ' $128bnts. In

vins R bl nAFloe B e A

some fEGAdientsahe bpsidr fasioh peptidesseloctedidringixame c@esihagtginic peptides
agents. In 5 sone enbodi nents he capsid fusion

from cjprentieahaEiccAEAtss ol SR PEbAMERI TG YEn Pl contain at least

two QSIS dobbiflhdi! GRGR! fuBRh NRARMISC VAR Sact] Rocbffbindind capsid
odinents the mxture can contain at least two ]
fusionpeptil@pomistiaf cortainsbi leasttoncagiffexint astigenicppgptidddiom a different
wherei n each. reconbi nant capsid fusign peptide . -
paiiogSBS AESRIIHCR TICk PSCken P QSTeo TP Pl ot i‘%ﬁ‘?”g%%ﬁée thatitis
mixedPERE 48 FbRHY _nfBblif®ingnthe MANHO W8MafsadeR! thwhitkB populations of
not present in any other reconbi nant capsid fusion, .
recompisputi dapsichafusion peptides, nivkewginyieash rpepmabipaiegapsid fusion peptide
nbodi nent, . the m xt c ' t .
poput 3R C AT S kPR ALRS: PG TR e one it
pathog®iRr 8bdht.eath sbeeOsEboEMeneANE @afsithi fosiopemptides contain multiple
popul ati on contains at | east one different antigeni

antigepigmepidds inpesth dn spEsSmbfEns, fhs peid fPsiemBERIHicE afayantigenic
peptid!agl tkfa? %g&n%%gfq%(% of REmaAPSEH b EEINY) iRGRih g Sut not limited to,
contal nnmultiple I

antigenic peptide inserts. In some
epitopesibiestitetrto B cells B celéyp andl Cliisietisn egmt addgmnebernbodiment, the mixture
antigenic 15 pept.ides,that target specific types of
also conipinh a valdrtaps PSHIPEin j nel uding, but not limted to,

f’”ﬁhé 9993:8?%{1 gﬁﬁ&ﬁ wtifizdd £8ht pres&hit Glchfion 8abd ddriveg ot any type

an a nal enpbodiment, the mxture also
of vinsonapabla of re-wistmbliypimte apFisllibe partcla. IThertain embodiaesiseell of the

o B i £ 365 PGB 5 DR et o

same {Bu2 SHEMPALkdhtiva et dUhédSthe irk@nitaidnt ¢ir8l cdpsidogbiepisimixed and
enbodi nents all of the 20 reconbinant viral capsid

re-assgmblediinto Vii.Beere aetived Gomedifierant vifpsss\/IFPE exapplgerecombinant viral

.derjved. f.rom.the.. | 4. a ' . .
o T BT POl s
icosahi@tiegthefltdl, ett § casbeiiieddnd fé-assWinPRdante Widps. ved from

di fferent viruses, For _exanpl reconbi ngnt i ral .
c dps peesprt opeantion gleyy etficigng ﬁ%lfgﬂF’Fl@Fe%?PeW%Q ?“?R‘iﬂi?nt vaceines

by alllg%gl atﬁé é%{g{ W%%%ﬁ%oncﬁﬁ% %ﬁﬁ&%‘égft WhEcifd tfbe controlled. Because

etc.) can m xed anpl ] ]
the preenasvenivhestovidtofovitiRs desitBd Tpitopproesmmting papsitt fusien peptides to be

RETECEHEET NI e -
tight %%g% IBE gé‘si&ﬁ ohbidbhd ¥2] 8OhcRA! MBhel Sreft invention allows for

Because the present invention provides .
the refassenttiiy ofl esionbihanp capspkprotemmsainta any despeble anfiginghcomponent ratio

eptides to be .m xed .er k.sol ation. and. purificat.i
by adREBhg Frchspeiiont 5% GuBGAOh of eesaipurat Bmsklop gt aded 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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tight regul ation of desired conbi nati ons can be
achi eved. The present invention allows for 30 the

wo 2p00a®sashl y of reconbi nant capsi d proteins i NPEOT/ELR006/021262
desi rabl e anti genic conponent ratio by adjusting the

amount s of, eac opul atian of. r.ecomhj nhant id e
These FERHBS pBbEF A aREN ofisk A FEGPIaRRs RAPRLC A pontimiting

exampRf oft J06h Rreg@dited B\eetatdeting bNEALISES sédiRnéd)SeeH 408 ré@bptor binding
) pre-determined functional am no_ acid sequences other,. i
site, andrihn regthedjmgludep Bppring die papsidl IR FoTERing A ¢prppiEIEeAmino acid
sequangen A S ool 7 Gorkld R ERACIREE S pHIEE, SERIERERR. o some
embodireangrsaeh aAarpeiihg amniriongrid énsartphay ditecs usdenlgiepartcles $o specific
isrﬁg targeti ng geﬂiidno aci d sequence, such as a receptor
cells opsmahlefgiry dpipdhe the method includes mixing the
CARAP Sd iRt _edsﬁecﬁoaf Fh81 fsdnb CintSftAR! pRYI@AR BQ 3&d Anclusion of
sequences with at |east one capsid protein containin
immunastimanktaye muclepeptid dequensesr such |as Cufirsed@ieandsoidi tirerasssmbled VLP
.,such a targeti am no.acjd insert may direct
pamd%lg’? AendRy quﬂgﬁdﬁg]estc&bgcgié%rfiﬂ'c cells or enable entry
ITHeOprbdt@t GRlehtior\Pa wideQh@hodSoreifitreing bR ¢ITieRAA! and scalable
i nvention provides for_ the inclusion of . .
productiomef esulfivalprit weginpetibiing yupe like gadisles contaeng gniggsaic inserts
seguenc ' > nbl ed VLP particle produced by
ﬁomnf%%ﬁl%n%toﬁ%gé&aéé}g?%ég herein. 10 The present invention
CEit presstitdigveridaocts afsoi piovidasmefodsef erdducingn ayultinatbnt VLPs

_scal abl e, production of nultival ent vaccipes, utilizi r}g .
containjpg gfigeniednratsdionm B9re BIE aRHPHECSHHG IRERT BIFHENE Lo obantigen
agents OATIR LEmERATD f’ﬁleoe%tsl &ﬁiﬂo‘fleﬁ.gent' The present
inventron can also provide nethods of producing
nAdlditiomedlkyn theMirBsent aoehtiom cargpexdtcayemitivalans diPs thatoare free of a
nore than on t.hogeni c agent wherein the ratio of

fuu‘le‘b%l?i‘tf%‘ﬁmnf@ag’@ ‘?lga%grgle’é‘?lﬂ d in the VLP can be easily
controlled. Additionally, the present invention can
produce nultivalent VLPs that are free of a
full -1 ength i nfecBRIBE DESCRIPTHON DETHEXdGUREf enone. BRI EF

. SCRI PTI ON T FLLQURES 20 Ei gure | Spa western

Fignrq s sl P 4 B PP P G Togh BRlianEfmuorescens

MB214 hHQIREE ¢ C(Bmfiéagaiﬂsﬁlsiﬁﬁ pbstidik ehgibkdydbl en@pireks fUsl, PA2, PA3,
pepti des engi neered to express PAl, PA2, PA3 and PA4

and P/depanttide insegem e insoluhle frationy Slells wemdysedrit Ock) prd 4gehqurs. The

" . : . . 44 e chineric capsid
chime %%ﬁ)glrﬁla%%lg{l Péé“.ﬁg legiaﬁatge;ﬁt’brfdar%oy arrow. Figure 2 is a
Figur&'B & £wastbindlotaff sslabletpretepi fodotions fromcRsenihsmdnas fhuorescens MB214

Pseudononas fl uorescens MB214 25 host cells w
host cellg e fteCE LY sapsisbiieion@spisrgicreiopaad iuexpress 2al. ﬁ”ﬁ?hl’tgi%d PA4
tidE ARert ERAnEubIBFRALLAE CARGTES 158 b1 19%hd kG ohisACT T ON.
peptt C@%Fs vvere% 13}se§ﬁat1 0, 12 and }}484 hours. oHts
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.

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 3 is pictures of sucrose density gradients

showi ng separation of CCOW-PA3 VLPs w th and w t hout
waRdA7/0F3188Ire 4 is an SDS- PAGE gel of CCW- PAl BEIOUS2006/021262

CCW- PA2 VLP bands with and without 30 RNA isol ated

rizur{f B0 o PSR DR PO B P Ry aon
Figurd $ark MEPIab aRieRs 6f stag¥¥df VTRt @udlions 8A. mua@rtmmsEc-Hch
expression and reassenbly of nultival ent VLP

analysis of planhpregueed) QQWeWHFSrRﬂTé‘&?S BB dgrronsaptes dwﬁasymbly of plant
poas RS IR RS SRS R it e

dlmersdmol\rIgPsassenbl y reaction. Fi gure 8 are HPLC anal yses

. of stages_of VLP product.ion.. 8A i
Figure-is st HEhG el siscl Burified igps eipblet] LA Griand reassembled
CCMVPF bicl Pipdthpmasd Cbetigdhatanmell v of pLAN
produce rus t| c es into dinmers. 8C shows
Flguret 1@ shews pévtiniey ocﬁfl Z%Oagwa goOwiaizeddwith rBtBrr r(tap) \AnPsprotein stain

oo il et i L SoBlB i lbnpessses o Cros

Wlthpﬁ,@éﬂcgeam%ﬁgm%ncapsul ated CpG ol i gonucl eoti des. Figure
O shows pictures of 1.2% agarose gel stained with

EtBr (top) and protein stain (bottom of COW VLPs

E?nt ai ni ng ew?@%byéggw@gﬁgggg&%ﬁ&wucl eoti des

DESCRI PTI ()\I OF THE I NVENTION 1. Reconbi nant Viral
Capsid_Proteins 15 Viral Capsids Enbodi nents of the
L &@@mnmﬁvgﬁlﬁiw%‘?ml@% for the production of
l’&ll C@J t virus like particles conprised of the
m X1 ng-of popul ati ons of reconbi nant capsid fusion
PEpbodinents of thepresand irnventienstovidedonthe ipgedictop e fmutievalent virus
vi.tro, wher each | ati.on of .reconbin . [ .
ke PaREOP BTN LS BIERE R PaPoIF S oL ST dpsid AR peptides
contaififPlal Ust B ahifoeRR! pdpRiak "#z r\‘/ﬁ% iWhdr&if eabh paBpSibtord Uf kkBmbinant
pepti des that i |s m xed with, and reasSenbling the
capsidniuzien peptideshéandains etafrabtdonef amggmcm@ptld@l dleatjig not contained in the

caps1d%§1a% P?Ii’t}ég Mﬁr %ltnlélggd vaﬂthw ; Oastgﬁg%g{l m"rllg}%e éecon{bmant capsid
fusion PpHERMh HroapehAiRsd eaiisah Rafo tdedrﬂlemﬁRﬁfdlehﬁﬁﬁ'us\/lﬂEészﬁﬁﬂes In
be derived fromdifferent pathogenic agents. The t
some enrhodiingaishe angenie peptiiss eontaingdi1a dhe sesufiantpY bR ﬁ%re b@fdem’ed
ring 25 antigenic peptide sequences
ﬂomdattfer?lgt sartho g@%n%%et%{ virus like particle.
The term “multlvalen ” 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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Mor phol ogy The current invention is not dependent on
the type of virus used to derive the capsid protein.
waen7053188 capsid protein, follow ng inserti onP@f/US2006/021262
antigenic peptide, that is capable 30 of re-assenbling
n I trugt
rhabdol &{) bﬁllgﬂ s,'rhlzlﬁen*ﬁ Jafr?dr ggbré%dtrﬁl I%ﬁvg %If%%ﬁe&ﬁn agﬁbgélﬁzal C(?ﬂs}zl\%?ng rod,
cylindmdada, m(iesfﬂmnentmsémany) of whieh amiy deatildd %dlmnmey afontane surface

can, be cted fromthe capsids of viruses
pro]ec%qus%cblaéﬁplggs ‘Hg‘%"ﬁ Y any norphol ogy, including:

TR OS AR ahts (dfnak Ltﬁ‘éé%ﬁt ifRAAGE WeAbaRID Bﬁ[no h§@NRhhdrke can be
uasi -1 sonetri C, gem nate or tw nned )

selectegcﬁrqmdhe &aps@qlmej[ gmmeg tb@ih@‘m}@apal pvbape. énd)ther embodiments the

caps1d2'1§7(rr51$9n 6‘%@ fg%‘%ﬁ?%g%%?gc%@l%&%% ﬁagalgg% of gp‘ypes that are icosahedral.

In certhidl dnfodshane the capsidfaushd a&id seuchicdasin b6 @eﬂ&déd fiafdihe cap81ds of
heli cal (including rod, cylindrical, _ and

entities fhieh ArsrieesaBydralanppert Inperin papodiments; the gappidiPinonegjd sequence
ik

can bePRILRUIGSHTRPSSsi8l B SLB QRS HHED, 55 SBIKERANERLTR: casi

amino acid requentel cﬂﬁlﬁamm:ﬁedcfmm e capside bﬁmbwﬂledrabmahthﬁruses However,

s of entjties that are_heljcal in shape. . In . i
in otheaﬁwépglgwawﬁﬁﬁm@apﬂé cai by dprdvedfor 2a dgogahedinl difus netdpfectious
to planf€ FRFlesrh gllé ﬁlroamehm@dﬁ?e%'tﬂévms i§9irkb §¥edtidBl tPHEmmals.

I cosahedr In certain’enbodi nents the capsid am no
deémdrallyguercepsdmobieosmbtdrel wrisey axmcpmlaossdwef mdmenfus protein sub-

wnits St HiRe T CHE] B mcng: NEvw Cospheltabcensdis tpm be built w,

for exan@1€6GHiaH3 bttt REMERAPSIcH Srif{gul# TSRNTAAPsid] fetiS88g inl 6D subunits
some enbodi nents the capsid 10 am no acid sequence can

forminge epapdete eapsid. ochpmerxts?éwquféhléﬁmaH odtahaigichire ps gt bactermphage
| S. Ver . 0] r
X174 P sobRENE s bR R TR b Py copsio o

1cosahd:difﬁle(2i&'|h@SIScontaﬁ1 mhamtlparaﬁar e@aamadrﬁedlﬂetaam@ fbliiigraietif,. The
virus is a virus infectious mmal s. CGenerally

motif MSraaWe@%Fpﬂ}aa@d Block aﬂﬁhﬁ)@a bgta s&nawéﬁs@@ms%e% SB6 o8 e dide and
t I
four (PYEEHENELRITLE b 5B THEHc 2o B0 B0 Ehebhcl ARFAIRREE, (designated
A and Biiidne ismatweérﬁbéta@ and betpD cthe witeh b&weaibbetaE and betaF ng
each triangul ar face of a capsid, resulting in 60
Slﬁbum ts formng a conplete capsid. Representative of
"€®Snal | viral structure is e.g. bacteriophage

%%%ﬁ%}&) Bhes r‘é??ﬂfg%hﬁea%ou‘éw r&%ta‘x@gfsén%g%s?@aﬁécﬁ#%f Bicfitities:

. qgmﬁpqw@geﬁmb|t§@a§bNngn@esght stranded bet a-barr el
folding notif. The notif has a wedge-shaped bl ock

o \iEtonpAbWirusest ize. SrerahE) yigessbignat ed BIDG) on one side
CHEF on the other. There are

d 2
* 2‘?@81’?%\%%5 éf\fhg Q@Jg% V“Fr‘é? ces (designated A and
o Bhrou EW VigusBeli veme s%ﬁﬁ@ﬁ@@mﬁ%& usdshamaidBNDbghyeen

betaE and bet’aF. Viruses “Viral taxonom es recogni ze

o tGwup M Vowsasg.¢ theassBN AeGi-afpaidddivedsgsarticl e entities:

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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Goup | Viruses, i.e. the dsDNA viruses; 25 Goup Il
Viruses, i.e. the ssDNA viruses; Goup Il Viruses,
wo 2@7/05018 dsSRNA viruses; Goup |V Viruses, i.BECT/UR®06/021262
SSRNA (+)-stranded viruses with no DNA st age; G oup
M. , 1.e. the ssRNA (-)-stranded viruses; G oup
* W‘ywﬁgés i.e. the RNAretroid viruses, which are
o SHRephugssad Sartifte virbsengexcBding SatalBte; nucldicagids\dntl Prions.
iruses, Ji,e. the DNA retroid viruses, .which_are dsDNA
PGPSR ot thisers BTyl ipgaasio onsepk arkinay gkill 11 g art and are
reviewd® O/ 1933588, REIdnHRRR06/ 92 lj(g&z)l 83 vils’ %ﬁém?ﬁ?e\aqnth Report of the

Satel lite phages and Satellite viruses, excluding )
Internaand| IGonenittee | e cTawindsyantl Priigass (2000knferadenic tPhessElsevier,

murtndg R TSB! SRR R o ol YR T B B 0
Microti€®gy ) , &Vi bl s S O Yepaiefnt Mt RERY: /wolvntiBR .fsb.le.ac.uk/3035/

. International Commttee on Taxonony of Viruses (2000
Virusgronpa dienh; endthesrlizles st and Blireighgactianseistse Taxmqmy Broavser of

i r . - - Unj [ [ St el
e Nl CLRPIAMERALS, Bl NERH) bY ), NoBHRA®L Blary o
Mediciak tqf: thé Witiohalr Bistithtes| of. Aealthko B35S Dépattagho op Febliil& Human
and the on-Line "Virus" _f/md '_'\ﬁ roi d" _sectjions of the

Servicep{WasBingtany Buisel Sop at bt/ wetty-pebamiresih g9v/ Fgronomy/ tax. himl.
o o ! ! _
T e PR Pt Pl P R ot B gamgis of any
membedrie aff ahy of thdse tii3. Pepiao tackinseqoéndele dibit tap&ideinfehe members of these

Seryic shington, D..C. _USA) at . i .
taxa i ey SRR CEP AR GV b 1oy Lied Hone:e-rifee on-line
"NucleBHHEO(Gabanld S ABREE" Qhd "BRuSARS | detiBhY JT8hs PubSicadehicA Macility

t he cagsn ds ‘of any nenbers of any of these taxa.

offereddpy the N{SBlpt st gchigimaibspdentedz/ gheyydegiber s of

these,. taxa be aobt ai ned fr.o our,ces. including, . .
Dot ok e Beest B il Tean. (g pagsiq dpino  acia

sequent&eaieddelected i &h @dxa, merabeds that hleGhedific fGeL 1datishe@f thd®llowing
PubMed search facility offered the NCBI at

hosts: fnghinclugding Yeasss. s iretigroinchidingcsl gacy inwerfelratgi animals, vertebrate
animalgngﬂfjin%gﬁ > 1 fadhﬁl%ng’lr grﬁﬁ&ﬁm'eﬂt\é eht ic n}ghll)(ﬂ %ﬁ‘ll#djg fﬁhs%r ﬁéﬂ}e can be
he capsid am no acid guence ca e ‘Sel eéfed Hrom

sequ
selectet] dvoan Membersso flahgbnaoths feltowing tdxar Gadup ke &ssuppleGafuptifie Group

fol low n s fungi, including yeasts, plant.s, .
v, Gra%h Grath P{J@ff}ér%@% and Satellitn Yartsenr ETEH ﬁa‘r?%filments the capsid
amino Y& LREALE c£DbaREIBBLE froRDFhHIBRE anlybrRdd thds@N@en taxa that are

enbodi ments the capsid amno acid séquence can be
specifie dbregitleast fone wif Mieniis rabovd-desayibethbosb ftyese Thalettami emgbodiments the
capsid tar%)l(l% ac% gel'&%erllde c% % %ellecl;t’ed go%lgxerlnlblefs o?a%?l Bre of Group 11, Group I,
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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N, Goup V, Goup VII, Viroids, and Satellite Viruses.
In certain enbodi nents the capsid am no acid sequence
w@2m7/08318%l ect ed from nmenbers of any one of thBESBUSEIE&IR1262
taxa that are specific for at |east one of the six
from aé\}?ﬂl‘é uifles GbpRMtto KOG et 8shus loff oe@bisaisthaftiedioseadisint wikich the

5 capsid am no_acid sequence can be selected from

capsid menmer@ pmd@n@t Bhanagher uehodiment, the yirpl ¢apsid is degygst from a virus

with a %)813 t%)l:aldl s%%&g%;f 3rgan\(§§{x¥§1§§ th st Eﬂﬁn g}?{r}% chémd fusion

pept1déi’g}ﬁd$1ﬁlced‘[b0dl ment the viral capsi d |s selected from
Goup, Nor Goup VII, In sone enbaodi rre&%s th

CpBmPS’s s MERFORY BYPRLIGH GO RSOB DR ieTh 3851 & seleted
form aﬁ Zz?x%h}ged?a? GHas th&i%ﬂsaﬁi@dﬁ?&ﬁ'&é%fb% Qgﬂeé’te&' '.ﬁ%ﬁlsa Hﬁhb@r of Cany of the

I've 1 nfectious agent 30 the cel
Papillmsmdaet usi Totivpeédiej de Dzszs;mmdvdaed Hapwammas, of Zbgevzrldzae

pres ention inclu elLn
Polyomqyé;[z 3@ V%\f?éﬂwrﬁiqﬁ eﬂ%gz‘nfzrzgﬁzﬁ, Vﬁ’éﬁ“% U@Frogzglzcgz& egtpovzrzdae
NodavWiddsSpPR n%%ﬁnﬁd&@ nP&rli}gvzﬂzﬁéé (@A aa M odlridaa PaidButellite viruses.
sone enbodi ment’s the viral capsid is derived froma
vinragstain ¢rhblimentpiof rﬂnet preaenﬂ iifveatiomtthe spquepceean be selected from

L e

embodédeh the ISOsdﬁédrmqﬂaanM@sg&E&/c@ﬁ 8d 8@1&’(3’&&5&&@ iR ﬂ}%ﬁas that is
froma virus V\nthatroplsmtoadlffer gen of

or is argambensf tananok e Byayaviedde, iReowkiider ddigiie Luteoviridae,

NanoB3RJ g‘garhﬁv pzrdggug@ﬁ/zvzhgagn%l”ﬁfm%@ o@bﬁﬁzﬁ&zmst hfoWch@lNecrosm
capsi d roma’virus th atropiSmto a

Virus Satefles, aulinpstids, @femimgzazﬂas,rﬁomdiwmddd’; é’obas@vzwl Toinbusviridae,

or BropiqyHiaEs Sécfméé‘%i@%ﬁgﬁﬁg%% REH B AT i @ plant-
1nfect15£‘se V}fhé' %}h echlP@bdid §r £eh ek Jfoir{? & tﬁ&@ﬁ@ﬁﬁﬁﬂ@é Nanoviridae,

e 1 cosahedral virus can be selected froma
Partztmrdme; Sefuiiridaayf Tyrrovirideaep roiavérws - Tdbasco Nacresiy Vdae, Satellite,

Cauliq%%;’%@éﬁ@?%%ae @%&?&%@;é’gge%oa/{mga%\fon@gévz%%ae, or Bromoviridae

taxa. b6 \SbMk nfR@imMtE rBY hidosalf@ral Pl Wirik @pesies Nadplaht ird@sious virus
Pi cornoviridae, Parvoviridae, Calciviridae,

speclew:at aS/ or isdaenenav oSang| dfithe Canlinewsidag,0Geningdrideg, Comoviridae,

Sobemr%zrg 8@%&}:&@4 %16 . etoiig%Z% %ﬁ&ﬁ%rﬁ&enbc%dq@ﬁrﬁg 0{H§ gh%t@%}féﬂfhl plant

virus §fc€ies REE ibki £ pladt-inkéctiogasirud @ﬁeqi&saﬂhht f3oat is 4 mesdhee of any of the
enbodi nents the i cosahedr al | ant vjrus sr{) A an bg
Comowzdn@rﬁob?mmm& bersbupvyrisesietioneviidae. Josyet ‘? ifigna) embodiments,

the 10%21[%%&1 nt gae,s Qliegteg %#PP%}YM lif@étiou ls %b&?é% that is a member of

VT novi r
the CdreoviiriddevorrBrdayir ol danaily.i Idaaertafﬁyﬁmnimdtmd’&e Ihe viral capsid is derived

from %}%Eeg\ég@gﬁsrggégzg%g%?%ﬁs&p%gxlé%n %%ﬁtrﬁm%s g‘getéfs tlhe cap31d is derived

from sRORSAFAY | blr aﬂJﬁl I OTAKS Y CEEaR emb@&mﬁh%nfﬁé’ wirhida@sitlaX derived from
n sone enb ments the i cosahedral é/p ant virus

a Covgpee dVlesid ynas piran€owped €btdrotics Mdttle ¥ igise cinegthethembediments the
s AR S 3 Ve UB, PSR o an vt mosi

virus iridae, Qurm avirus, Tobacco Necrosis Virus
atellite,

10
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Caul i nroviridae, Gem niviridae, Conoviridae,
Sobenpvi rzs, Tonbusviri dae, or Bronoviridae 20 taxa.
wo eoogosmsenbodi ments, the icosahedral plant viPUBUS2006/021262
species is a plant infectious virus species that is
LS a any of the Caulinzoviridae,
IL. %epbcﬁggghs rmv?/rl dae, Sobenovirus,
Torrbuss%gl dae, or Bronoviridae. |In other enbodi nents,
the i cosahedral plant virus species can be a
plEmbmdihmﬁ‘ee@ﬁ ﬂlﬂ:spmisanlusinwm'oh gsclufiatwheseinrthe sintigemeaipeptides or

proteing TR Fipkeito SR SRS FRBRES RABE legth Poofo acids. The

antige@BHR héi@néai’ b&ef tsﬁ'fﬁcie%@%ﬁ@ agr @hefth 11\‘1hfu!ﬂ§10§ﬂ!ﬁp !rffé?onse when
can be a plant-infectious virus species that

administenslein a@feffet:th‘@ amarrny o jerdmet. Breopaptides mé)efaélﬁasfyﬂ 3 4,5,6,7,

8.0, L TSRPS0k, G208 ol 83 98 LYt oL 8 mon

amino@aia@wngent S the capsid is derived froman |larvirus
an Alfanovirus. In certain errbodl ments the viral

c%mb@chmegtswé the/rgsent Bentioraaapes Wistan thoyrepqEbipRntpapsid fusion

Vi I npother: BYo
pep tld%bém%%‘lsccgpgl % |§nelgg%1¢1%&dc f eggr[rﬁl% To adglco st rg‘gi Vi rﬁlsr?em’ the
recomBnantecapeiafiusion pe;mdeomonmnnsAlrrfmé fthamogaai antigenic pepliddW)In some

crnbodb BT 4B FHERIE RIS EIOR L5y i Bt P So R cast 10, t least

15 or laDYR8E bORecpRfb Ueﬁilﬁ wheRpiadsheragin Qﬁ&h& &%B&dlfﬁ%ﬁt Qhe antigenic
protei ns operably I|nked to a viral capsid sequence

peptide emina¢rtedaintd thastiral mpsahpmﬁelmso dbat iTkecxposgst Pyanlegst one surface

ept,i des .can t si.ze rate an
toop vER eGSR e iClsaRetrbleid Brdif i LB o
effective anount to an animal. The peptides can be at
|east 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
1@tigeuicﬂ@tid@9 20, 30, 45, 50, 60, 65, 75, 85, 95,

pr le. en ﬁlcﬁ}%hﬁdesafg} IS ﬁlg@gk%s%g@%v%%?%%&faﬁphﬁg sequence

capablé @p gérbritiigy e(mrlmlﬂlﬁlomdl éspomet Fonsxahpleohs tntigeaic pept1de can be
antigenic peptide. In an alternative enbodi msnt t he
a peptrd@cmpﬁah%pt%p&adrqh}%@ aﬁpfﬁfl&pé%ea%ttﬁ%a W&al rspEd B related

apfriy
peio i BRUSEAE RS el SOURLpSARGTATRENS bl coman, o
surfacé @eptided an’agerh@dwinaﬂ,Oamaial | praifst, ptbﬁt dfiongetl, bm*tal,Z&d/or archaeal

., Separ at e an des..lLn still anpther . .
eptiog ARG HEPU IR B TG ersiaing Beptide). e Mganic pegtide can be
selectédhﬁofﬁl fike GRASHKE :Hftf%&ﬁb npe%ﬁdéJ‘ aF Huhahsoﬁm%%a%gaﬁm agents,

| east one surface | oop when the capsi d roteinis
mcludmgass’mﬁnbue chgenis perasifasy wender keellgaand cother og@efmagents Such
pathoge L d gﬁl-gg 31?1 %‘% enirﬁ%ﬁﬁ) %g%gss al%lo e%aﬂgosgeem'{asqg% tor mreegs &t otoxins,
endoto&ﬁﬁeéﬁdll g iR h5EHN) The Phthdbedie s gaNSMay Eﬁ]hbﬂ &ﬁﬁl&lv%l of Vieulence,

antlgenlc pepti de can be
i.e. they may be, e.g., virulent, avirulent, pseudo-virulent, semi-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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20 a peptide epitope, hapten, or a related peptide

(e.g., antigenic viral peptide; virus rel ated peptide,
we@2m@7/05388/- r el at ed peptide, hepatitis-rel at ed pepuszes/021262

anti body idiotypic donain cell surface peptide;

multip%g%{hg?:?g% B%%ﬂ ér aeaq% %ﬁ%%mc gkﬁﬂ*eﬁ é:%ﬁ‘ gﬁéﬂe’ selected from a

pluralifyepf émiopandroal tler gane dathegemid hgdnty Ipecpiherdﬁhbodﬂments of a multi-
eptide can be selected fromthosg .t ha
antlge%\ﬁ??@é% fg’“g fhegwanions apiigmare Beptdss electp P%@ﬁ r’ﬂf’cse coted from 2
plurah%)g@f‘kﬁ)selg@eld’(‘é‘d Peking Ihcnfagéﬁté Ofdp AdRPicS dlﬁ‘é’r‘éﬁﬁ kl‘reﬁﬁs subspecies,
cancer cells, and ot her pathogenic agent S.
biovarg avminogm; sravgen 0 gerloyarsiof dhase speces puﬂléfmmlt fslafzcte@m" the same
t ho enes a

genus. aﬁld:l& ve Sulels] ﬁhme%fj?l'rx %ggﬁgggﬂﬁgesqx%@s%?% Bbté:ﬁlcgpmd fusion

peptld@@&rﬂe%dmmoﬁaa@ﬂbamgerh@xg%htsof virulence, i.e. they
g., virulent, avirulent, pseudo-virulent,

be
sFénbodmemﬁ @ftthe aregenionyention. inglnde sésine fsopathegenic ageat(s) can
belongatg talltJ geglg‘eeg e?cgfﬁnﬁlé ggltlcﬁ'?iﬁg %?cﬁ.\ gle %ag{éagig L}%i%;rgop?ig}ﬂloag%ﬁﬂs qncludmg,

but notal(iiditéd o)) phtheganid iBweiilus spihee.2pBhofius amm ®Bar@dnella spp., e.g., B.
sequence can | ngIIF ude that of at | east ort| on of a
qumm%r?%él &SP+ rBholderiq R+t ecive Bs RSB L PR lobagier spp-;
Clostrfdn . é)%.[‘tczé?c%t bdﬁotﬁ%r}?ecéﬁélﬁﬁé d dor Bz’ir%h{ %Wapdszella

a singl’e tapsid protein, i'n whi dase’ 't he resu
Spp., exgi, ﬂdmrdak@ztp@btwtet TP.,e@), rodseat; Fraetocpdoas apyf.f eg. eEI faecalzs E.

Jaeciur Sy Mg PR S i Ol GHESRI SR Gr Ta o Haemophilus
spp., e20 A/ RfadHB8e; BGEb st 2P Q602 1R 68hcubntdeP) 87i8Md1ia%9B!; ‘Izsz‘erza spp.,

peptide format, the vari ous antigeni c peptides can al
e.g., Lhwonwpytogeras; M@m@com andaﬁomyc@m @’gg + Nejsserior spin; tM@mxella Spp-;
at hogeni c, Ag
MyeobfPR R e A iR B SPI%PEP}"S%%CI’aﬁﬁ’g@ﬁ”%wcc”s
preumpRipE; RRadsnbnstspf., ean Rl derbansel ®sdieflsik spp) a.g., R. prowazekii, R
plurality of cl oseél y rel ated pathogenic agents, f)
”Ckeﬂ%k Bl diaimeredft stper agnsS. BRlss peeulecomupispares., S. aureus;
V, 0
Strept&%cgfg’ s?é 1n?lﬁéiglé2¢§d§1po% ?lﬁ%?%’cgh(gl %de%lﬁoﬁﬁ%ée%‘?&éogé eg.,
preumanin€iShpyogeres Shrepionsods,spp ) Shigelia gy Kibpiespp. deg ffoeholerae; and
insertion_in the capsid fusign peptlﬁ@ﬁcan

YersingoRPp &8 EdPEHE h%g%ﬁ?’”é’coa’@‘@ﬁt Binerficd St ases® imglading, but not
&S nt I t
hmltecp t@ ?Qﬁaog&ﬂce A'ltgfhdrﬂzc .,at)i‘ﬁiiagfg‘?ll&k égﬁ o?ﬁ{%ﬁgﬁﬁﬁ: E o e.g.,

can bel ong t ast on
derma@dzaupﬁam@imtm,l @g.a6d aljamp) Gkespegiemt spp.;nCoastions spno eg., C.

zmmztz%i%yytpfgccggfﬁ??,g%égC qu/h 5%31 zsg%ygggnlzalegpzo vy % H ca;%ulatum and

Sporotfikix 5%@1@@4&1@ spp.; Burkholderia spp., e.g., B
P selgj%ﬁrba%i yl obact er sp d ostridi um spp

eErgbodl@ents ef ﬂm:upresgnt mmmqnnmhu?eoaher@m the ppihogenic ggent(s) can be
from % nérnﬁ%[ba ng?fﬂg%lgfﬂg?l 1&1& ngtp Rini egagoae EE%% A daégqcoegae including
Acanth&pzl@eba Gplg, Anebh 8@?&|N@aglé§la sppe @nwﬂzer&Csl'}b@[ | &Ql &. histolytica

E. coli; Francisella sp 9
Cryptoglridiigih b tgrefophivue; (yckomera @pg ' Enggp wkqupéznm eg, E
bspel] n e, Ae | 3,

mtesmﬁhg’t ejfj?l%a 0?{)%?‘%" eﬁ’é’ 2, (E{érd&gng g é_ %’%?ﬁ%ococ@Bm SPP->
MicrospofidfsonsppqRinsmedigm sppee.gs . if@lcmapum, Ntm@l&ahb aP.spnle, P. vivax;

Toxoplasma spp., e.g., T. gondii; and Trypanosoma spp., e.g., T. brucei.
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Mycobacteriumspp., e.g., Al. leprae, A .
tubercul osi s; Pneunpcocci, e.g., D plococcus
woeneonsnsae; Pseudononas spp., e.g., P. aerugi POBES2006/021262
Ri ckettsia spp., e.g., R prowazekii, R rickettsii,
R ErhydaiinentSaf il peddeat iipﬁltlonQnQude @he&iﬁgﬂé atho enic a%ent(s) can be
St aphyl ococcus s& S. aureus; t r ept oco
from é‘ﬁﬁraSltiCn@geHH €% laupthm I&rasetps)omhldmgabdt ilmtrﬂnrhmd o, pathogenic:

Ascar? §t§p8,: %Clgmsb%‘cgide rac ’f%’ zgqggpaee\& g? %Xcgggzszs é)nﬁhocerca spp.,

e.g., . vadhhdlse Salastoﬂnﬁh sp&rmmrﬁzlﬁﬁspp » €8:, 0. spi¥alisPasd Tﬁzchu\‘w spp., e.g.,
nterocolitica. Fungus and Yeast agent s incl ud| ng,
T. trichgra. | i nited to, pathogenic: Alternaria spp.
C
Q‘Zn?ﬁgltglf g%??%lﬁﬁﬁtsn E,Bfaﬁﬁ&s%% a%%ntgﬁ Q:ate:bga m 2 gﬁ‘%l agent including, but
not hlm:i@kbsiporpaﬂmgﬁpm ; AGamvirdsesgleAremppiryses,. @.g., Q.ased Fever viruses;

. f
sl P PR 5 BBl et 8 AT LOHTRL: commer
DeltaviP@e)t O%iotegMBvirus®s IEpstein-IiP S ihkds! Heﬁﬁ% t?ar‘i)éella viruses;

t he present |nvent|on i ncl ude wherein e pat ogeni
Fllowglgs@me(gg Elqlm vizesesf Marhuag piresesslavigesas, a.g],C]Demgueg/,lrubd:St West Nile

Feverrwltus% : ’ST(IeI \gFteger Al hﬁ,rggeglgt?téspgruseb 5 @elé]lrz]g\éyuglﬁg%entlwruses T-Cell

LympEthr@fmetbﬁlssq;) p)thereleﬁkemlﬁ V1h1s§§ ONY v 41 vidles; Papillomaviruses, other
pt ospori di um spp., e. ¢ parvum Cycl ospora spp. :
mmoréﬂ%‘éﬁh Iy X0 RIS - g Megsles ‘Brusey, Memps viayses,; Parainfluenzaviruses,

p l.ar nb
Pneun%svgtg%gsf §E§%ag Q/ﬂ‘us%?ﬁ Eﬁ?gﬁsﬁ%?’ﬁ#@%ﬂmseﬁgf %S%%}fl{?mrg% Coxsackie
viruses,, ]gchovﬁusa‘saPollquaye]ms Wruses [Rafin@erusdd, ang! EitelerMée‘éaPoxwruses

eg. YRR Sirses Nictipfy. diruscry r@%&lﬂ%@?f@%@s%@ Coltiviruses,
Orb1vi?ﬁ§@s Uﬁ%&@ﬁﬁ&%@ﬁ@bdﬁm%' gthﬂ, ﬂ'dggs PU&S &Il %to)matltls viruses;

i nvention include wherelh ogeni ¢ agent
and Tegavirpeam ag. pRubdlatviinisey Smdb(sarlglses Wédsterm Ehwphpmi@ﬁhts%)

b t t | ted.t at hogeni.c:
Isg%llb glénegts 0 the? %ﬁeﬁeﬁgﬂ H}Vggtgor? [ E etrin dhe. antlgetgc peptide is
selectdd fioRe Ghé QBSUES cofGIHRCEf GACERRE  parfovdrus ;Q'ptl‘('igl Y?HLZ s anthrams

Schi st osonma_spp.; Trichinella spp., e.g.,
protecHwe aqt;gegr(ﬁA) gnteaepic, peptide, and En'Easttsm Ed[umnf Encdphalalistmrus ant1gemc

pepttd@ nﬁp odﬁtﬁg t? te g”' Cpg nt cC e De foxrn?us-t?enved peptide.
11y S BUe FUE° PHY

agen nct

In addplmﬂab gmbodlmeﬂﬁ&h@ﬁhﬁg&ﬁﬁpepﬁﬂé Rl BLE@Bus ﬁltlﬁ‘acls LSS@ive antigen
Fever, viruses; Astroviruses; Bunyaviruses, . g.
(PA) afigenic, PeRiiesviitgmst ongenfiths amimpescid dequenss;of SEQ. ID. NOs: 4, 6, 8, or

10. QIR dntbfafment Rl Q‘l\{lﬁéﬁié %S tl(%/ L oS %k?ow élglspfe: jincephahtls virus

pstel n-Barr viruses viruses,
antigenic peptéds; witldtheiahone acié eellueﬁcemf onkl® SEQ/![ID uses:; 1INy 1Iur g

: & Ni |
PHF0g {rolince VB PingbBitc perfiicuspephige ifegest o be inserted
into th¥icotmeSequdnte ﬁﬁ'rhzﬁl‘élrc%lﬁﬁé or 'c?étfpﬁeft'efnuﬁeas rea-etgﬁtuhod sﬁe [ some

Lynphot r opi ¢ vi ruses, ema Vi Fuses:
embodwerus&@pepam is| mm@dnmtg elm cayﬁidmodutglﬂequeme 502e %0 be expressed as

., Measl es viruses, Minps viruses,
aloqu d?kF%‘£%}%@$YBEeS Pneunovi r uses, Sendat Vi ruses;
prﬁ@wkmuﬁee inRRHE@ AN AOKE HH8 Sone Sndbrtior BlHnOY bigRE Shus, peptides
Coxsacki e
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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15 viruses, Echoviruses, Polionyelitis viruses,
Rhi novi ruses, O her Enteroviruses; Poxviruses, e.g.,
wO/2007/05388/i ruses, Vaccinia viruses, Parapoxvi rRESEES2006/021262
Reovi ruses, e.g., Coltiviruses, O biviruses,
Rot avi Luse Rhabdovi ry es :
cleava&;e f%‘%sul - S 'S at L Winch an ag e%’? g%a% &ea’vaé‘¥§§1 \érol Sprotelng can act to

gavir

separat@URepdpaid¥(sy ﬂsm&he Sinfaindes oﬁt}fe wapsd stiksireon aﬁ@ﬁﬂ:ﬁg@d itis
vi ruses. Enbodi nents of the present invention include

Rsehdesney e wﬁ@c&w@nb@ﬁ%malefap@g logp(lensliarsnitlyip dpeingkfacing
{
oopB5 8 PGSR T oy SRR REP P BIBH v e coter
of the pgpRid. day aamdo adearqtepndle Bond mea Snfaep ﬂ}@dp 6f & cafisidisn serve as an
. . n I 2 ot her enpodi ant [
insrti o i B YOl e S - el it 6 fater of

the loogdﬂé ta QW 1R ERL Sed RS sPRbLOBH AP BRiEAST the td@y structure
acillus anthracis protective antigen (PA) antigenic

of the fdded chpsidi pdptldﬂyThmpep@ﬂe cbding sequenee ndy heqepsrabdy giserted within

25 10.
the pogiieh aF M 0oiHio e segRRRE cBeTiPad R dhiscrariele Gapiss of the
selecteENEERERI THi$ $nclided the aBXeht@RN bf tl&efgadﬁ@ Mhrh6 fHH ¢had fthn of the
aci d sequence of one of SEQ NGs: 11 or 13.

peptldfcmuﬁge@é theerspad flent i mtb@mze@wmtrﬁ@@tfr% therpeptife ma@élon site.
o'tﬂgr %ﬁ%ﬁfhn’f’eﬁ% ﬁg p oé}f‘cﬁr taﬁ Be 1k I’tgd b e %&%J‘%ﬂ?ﬁﬂy SP&% capsid.
capsi coat pr

for vira oelnlnapre ermne
The pe@hﬂ@carﬂ e Sk to @rdagsideinosgh bge qrapbiedkiessdgnemiet.eth some other

nto the capsid codin uence So as. to xpr d .
embodiggetsihecpep B CH I TR ats GROBD (5 VRS OPRiSGAEg. g peptide
can al®E bk Flg&%&rqg Bt A& t@ﬁfﬁnﬁ’é"?xgb ?fne'bhb o) Jﬁblteehhlfbrs'" Wthh can be

capsi peptl serted in nore
cleavalilneby ucrlfeancsill oo enaphatic dnfydmlysmo& i) aﬁémbndesmbashnm peptide

be ins rrultl le sites within a given
sequen i Tt oot P RS G PSRl B At i L B o a least
one infREH 168681, s8Eh b8 16%i6h 8 )is e)?ﬂ}(é{!s@d ohNBe SR¥cEORBPEAPERI in its
insert(s), may be separated CS‘X 13 WD 2007/ 053188
m

three dRaTSiBRDOBIORIALOR. Fot etama@eb enfs of the presentgnventionritdenst one

t.that cl r dr ol. zes rotein c ct t
g AR i st PBRSY ) R TR BB B o’ rtemat
surfaci@pp odtRtVIRt Ure or assenbl age. Peptides nmay be
inserted within external - faC| ng | oop(s) and/or with

iMoes thap opedeapgof the gjirel yapsid ean kg wepHiedo dpsoare ftm@dlments the
antigeriégﬁ{%%t?de 1E %%}?Js@g Bn a‘??e%gtgtw @H’S l’b@% ég Iﬁigngu gg&@?ﬂaglctl@ ®In other

e capsl
embodbmeértts biledst Swio ﬁﬂmniocmptld)és ate mapsédiintam c@erd/[ﬁom;n aml exposed on
insertign for th ept| gplcall i nser.tion

at leastitpe syipcgelognt of 118g Yfe ePaB%} fige e ﬁ’t“é‘? Tisp parvigey oBp another
embodhﬂgnt AlleRPRKLe IR ﬁb%ﬁt)t’ldé@ at O3l ifRShe gétp%i@érofeﬁr?ﬁﬁd exposed

e center of the te ary structure of
on at leagigthate pza@udh)opﬂ' lo€ thepirisdike paitinlg. sEorimarombirapt peptides in the

A ST -
acid seg8EHRI0f Ble relntiRar PepiEd8th 1RQBLRIe lodpy &ffenICl udes t he

retention of the reading frame for that portion of the
6@@ deie eqdu seqyened eltd@ém:gatb% vigaltqapsidios pagtainkean 2leebe modified

to alter %"‘“?Jn%% A8 of’ %Ptsrteeéo e%t h éﬁeétt 2|110 &0%' S S 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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In other enbodi nents the peptide can be inserted at
the am no term nus of the capsid. The peptide can be

wo cookesB18® t he capsid through one or nore | i nkBET/US2006/021262
sequences. I n sonme other enbodinents the peptide can

mutade@io fiERérk @th B& udddQoC@Y :Qféi( Mletlﬁfeﬁbf‘é{ﬁ RE chiiBe 8?{?&%'\%& ﬂ-l!fb?elc acid

peptide 15 can also be |in edtot e car ermn
blndll}gﬁeg@@fbyoqqgla@}pg pasie residiice (sg. hRrin thaiN bemniue aouﬂlkﬂcﬁhbglutamlc

| ddi_t
acids §DGIIGE . 8L RO Sl ThREYE Siawer Simbiet "Bwians o COMY,
usuallgesiduaB3 Da (b Xsett @ dDNA, enBbdidg aRNE ahﬁﬁ@”'a!’:‘iﬁ%aeﬁﬁ&’e @éll -targeting
at I&a;\jgt ne internal |ocation, such as a | ocatio
sequepge, {Gy eéxagr d98 Dy ¥d, 2 prsfasa regesedofoop heaudh (i) dIl(DChfyl irgeractions
f nh
b o E R BE AP Bl S GPE SR SRRl & mutano

pEpthOdmlem;s ei{heguesedt iveition Acludeadieraii@hd RitBIcAR! peptlde can be
roin I east ne external _surface |oop of the
1nsertedz lg?tb

e P Gheraficr Motidapdires €GRM®. In some
embodBfhisi tBélpe tﬂe%@ﬁ%e%ﬁ@ﬂg& BB Mol 4361 1?93&" gl%rk;él}/lﬁ)eglrus ®In another

I S exposed on at | east two surface
embodiment the p@tplgrseqmwc crm botlhm*cedenrtanﬂncrramﬁs 68 61.e65br 63 of the

oM i 350 oS An S bt 2B Sl el anno acics

129 amlfarmheamdg af- 6gwm@bcmgw virus-like particle. In
ag enmbodi nment, at | east three antigenic peptides
fsef theyprssens én\ceab@m meJd@themmradagxqwsn@b adjatent to the
of t

i 80 L 0 Pl 4t o

1ncludbd)opﬁ1 @aﬁoﬂm’cs lof thanpressi riﬁve’hﬁ'oﬂ $80UBNGBquehBe can allow for
- ﬁdltt nal odi nents, the amno acid sequence of
purilicg F‘PfB afcIpFidegoieh fuswnaieptide e The dgss seljutticsr an be an

- T lhei . vir
5 N AT PR o T oo
be a ghutathians- Sftrémﬁfekﬂsé’mc(l@mhe €llg: taBicanvhlselbd a florésbent (RE84Ne, such as

Vi 1 ol 9- 1053 For exanple, three
YFP o GIFE b afploh o6 St ﬁ‘&fHF%CF]&taQTP%?FPSar"Ehmtcaﬂ och hyportion of an
antlbo@eﬁﬁﬂ@ilﬁﬁ or & kndWil iahigdddorVhi arfi‘lsﬁ)t lalgwn. ﬁ'f(ﬁnrgi partner useful for

nopdi fications are designed
purificgligterj or or the interface between adj acent subunits

in the assenbl ed protein cage. To acconplish this, 14
WD 2007/ 053188 PCTI US2006/ 021262 rmut ageni c primers

III.  QRevohbinaneCagstd Pfotdin Bhiek Péﬂtﬁie'm&ﬁfc'tlgﬁ surface charge
the viral nucleic acid 'binding region by replacing

j Rresead |Ha‘(9@§01(1 &optemplate) the nuspf@ synthetini aruaywiypé of biological
agj.d q 200
eXpreSﬁgﬂ gétygtel nt e {ri.u v e?ﬁdﬁ%&@ oM ﬁ%suf\latlf’%lro E%%’? r{{’"C(‘;W/ in the
subsequgm asbeyntily if dlmlﬂvdleﬁiNLPé i I(Iu)rreh’ﬂ afiHodd of Qﬁiﬁsﬁ ORI 8xpression
Tud %C% aﬁw 0 aci d peptide ceII-targetlng 5 sequence
mclu e( 1@5 CEY CXpressiqm gysfems, bactgrial, gefl LEPTESHPB SFEtems (spch aphdcoli, B
subtiluf,ia%dl mb;%cénﬁtﬁ&ﬁ%ﬂ%zaﬁln SQEWYE%Q f%%rgw 1 sti, gﬁlggexpressmn

alteri ng the netal
systems suchss Snmrmzta)e and BrBadorignand nefmmilémexpreesibn kv i on

n the antigenic pti de can be inserted
i n&ég‘?ﬁlgw a%et:ha RSG5 E%‘Fo‘f’]éftr?l@ Ivembiaany; ¢apsid fusion
peptidet GedMrodubed HOPRnt 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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enbodi nents the peptide can be inserted at am no acid

129 of the CCW virus. In another 10 enbodi nent, the
w@aprosikssequence can be inserted at am no aciBIST/682006/021262

61, 62 or 63 of the COW virus. In still another

e [ eptide can be i.nserted at hoth anjno .
sl o o BRER 35y H0n ST ARTFIS Foeiin thevepagbinant capsid
proteibnBabinnpaitileofart HRodIces SRt a I vAKRALI @Bl &ﬁﬂu&@e_]ﬁh&hﬁ&ﬂnénts the

t‘tﬁqg sequence adjacent to the antigenic peptide o
recombyiept sapsid &isiqn Reptides eam apgegateas dhsoluide wichwionchgdiesiwithin the

otyein, : . ' d. . l.n.enbodi nents of
ot SR AARY et PEf (BFBORIRRL e
solubjeumolbéulest withindhe hiwe celt.c imbitepabedinshe (A RiceinBidaHBEQRid fusion

.peptide, The t sequence can be an affinity tag,
peptid Bi7 Scuptsl Bach BohrSpranCost relhpacfcing Phredamornsofiorescens cel,
erhe tcaRbinant &Rl FrbRin Hsi fidks i inventi
gl ut at(fhi onlleafls‘?a?)rs ar_‘?gr?te@irnaﬂsﬁgl%ﬁ%ﬁ cu ef&eulsﬁén gd’ r?:sgrﬁt ihyeggion can be
produped @ biblagicad expressinl sstenss, utiliziie wsll-KMERnaecHaifies @4 the art. For
nal ags of..such f] uorescent, proteins. The tag can al so
examl YRR B8 ROGTUGH <SP F U RrOYide of & Vil capsidsaiin operably
linkedatdt tglRAst nel ArfigBeic f}fé{)tid’e kAOWE iR iR8'd AGE A Sl expressed.
for, purification. Ill. Reconbinant Capsid Protein
Transeripiiogal paght ranslatipnalutegnbtoryhelepentsestichi msetrtnsoriptional enhancer
t { e of synthetic or .any type of . . .
.seque | (E)]’I gg?%% o%ﬁlzgﬁga)lgg%reges%ﬁlg% egyg{oaﬁ%?rs, BﬁS%%% ¢y sites, including
internaledigrsbinahehirg 3jtsd, helivigon) tpRPAHGHEE sthRl! addSfop @iéntaﬁ, transcription

. subsequent assenbly of nultivalent VLPs. Curren
teﬂmﬂ%&‘% SEErogic regpliqs mobrcistionisxisealetors fag semienets, suvharstnucleotide

£ haBAPLRG S+QH - CLer | celd. .expression, .. .
oL LB SRIEE” AR ol Ll SR REFL i,
separafipgopwsitetion, pt asulatndofh tientxpredstd Gedonbigar® XPpEaSpdikin fusion

systens such as S.

N ST T
polycysietice ﬁlypﬁ@nﬁ&fﬁﬂ%,nﬁﬂ%&pgﬁict Md,p{fgﬁ-fﬁiﬁ-if[‘gﬁ-ﬁ@é%;ﬁﬁareegoxin, beta-

inclu wherei n reconbi hant caps
galactegidaseyr shlosaaphaniqol aatetydeinsferare, whyl @ngtletisin Ighaconotransferase,
(ﬁgﬁ__' nbodi ment s, t he capsi. fusi on peptides can_be
CIP: pr ogﬁ%egéfﬁgﬁsj g%agP?J‘Bthloﬁ?%i&éi ﬁ&lgxlﬁarﬁg%?ﬁ?er trg%’bo‘éﬁ ngpkE, avidin,
streptavitin, CEpgérd 100 T @35 PSRphl6S0c8419Hr8RREAD Et?eg)téd?ﬁ:@al protein G, GST,
|2%§§t|ous Vi rus gartlcles._ln an alternative
DHFRe ((Rf0i MER: galactese bindéneddemeing fapapdilidekinding dusisanbKSEH c-myc,
VA Ps.in 1: A 8 .PCTI US2006/ 021262
ompT Bp¥eiein Rt (Hia? R iR miRong s Firmse. GFP, YFP, or
analogwhésiehluohscent pevtéins antib@Bnasdculed hembsyius Q5 aR@RwWndeS gen or
oduced.in a bacterjial cell culture. In

. re pr
ligand %%EP‘?P@% wndingpartigt gshitnton pue fpation daudiecrovpleptly @tached to the
descri j ' ' es.-wthin the
e A 90 i B9 o o ehosPECI T R RIS o oot e
expresgip pEihe réapnibimanp eqpisiddestear faspn@apiidd as 5 sol ubl e
Ieicul gﬁ%Wthi n the host cell. In other enbodinents =
_trfﬁé‘ PELBIBIAERLC e SEFLLPLSTIOR of fegerepamant capsid fisearpeptide is
inducedl it 3 RreMGORRBAOLBRIEvEE B :plrodu@ﬁ&yﬂi 8fef to maximize the production

. Psuedononasf | uorescens ce
efficiency of the capsid fusion peptides.
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The reconbi nant capsid protein fusion peptides for use

in the present invention can be produced in biol ogical
we@xpresdason systens utilizing well-known technP@ues20061021262

the art. For exanple, nucleic acid constructs

f . d t
V. Rt SrretRrmRlt Lo A R PR E PR e £ pept i de
CEfceBe irddontbit@e dapsid Profeih @ﬁdmxﬁpd:ﬂh&ﬂﬁr@lﬂt@paedlas or cage -like

Transcri pti onal and transl ati onal regulatory % q
structugesc ireaprofivess haypeatoign emasipied and ayifisd g substantial purity by

standaﬁft?é}ﬁlll@t %%ﬂlmg%q@ﬁferarg,equences pr onot er s ri bosonal

entry sites, 1nc I'ng ‘internal ribosonal entry
STHeeBplatioh i andt purificatiomnadhaiquesn abn stepertd andhsthopt cell utilized to

signals, transcgription e nators, cistr
produgedhe, papsist grotegbgvmnsgepgﬂ?sc élgb S c%ﬁlcg‘@&u@ﬁ@é%mt limited
to, PE%}IC mnﬂiﬁ’i: | fhicd6r ehane 'f)?é!:?ﬁtaubﬁg %c1dagﬁrac§1éﬂ anion or cation
tlce codi ng sequences, "‘which facilitates
exchang&e rhiohiat@gramry, plmspbmaﬂulgnq @uernffogeaphpn hydrophobic interaction

i sol |on f. the ress rec nt ca r
D e R T
chrom§'o%r%9hy, I'@EIVér?eg }ﬁ’sé aGhroﬁIafc%Bzﬂh@Q leE@ﬂl yal‘il@hﬁtd’@aphy, preparative

St ei ne, phenyl al ani_.ne, pol yaspartic acid
1ectro¢ahblasm geterggnprselylzﬂlzamrmm%m ‘pre@piatiogapatht gihdgbstances as

chlora e oI e c 0
colurméI ﬁlgg gfgga s or g@éﬁoﬁﬁﬁﬁ@ﬁ%ﬁ En%?h%’ds %Qe @élﬁﬁgﬁxélﬁbﬁatograph

1mmmﬁf)ﬁnﬁhd?io% demods); Mesmefigatioh,0S ahacentrifugation,  density  gradient
ytidyltransferase, trpE or trpLE, avidin,

centrifgptisgt K0T PRIP7 Qbrfe SHOVSETr 58, cefiyph GHgede d5pCD gradient),
ultraﬁ%ggﬁ‘ 'tﬂ}f)&%}% 5&iz€ Q&&glﬁﬁg "i'%te %%@aﬁier §§> ein 1%?& HBRods known

ose bin ['1'n bi nding
in the dﬂnﬁbn exafiile, capsiy proteinnpsion pqpﬂéi,e hag{b, estibEshed molecular adhesion

ubi quitin | di hi one- S-tr.ans
properippCim Ve A bl DEnde O UF e GPBSEEAE BRidnh Gapsid protein
qulOl’lgﬂ}btl@@% POLA6HVEE) a(ﬁ@ﬂ%& ¥d h'f)uﬁﬁc&t{onacc}ﬁﬁﬁﬂﬂﬁn@fﬁﬁdngﬁébdoﬂrom the
I'tgand for a known binding partner useful for
columpin afreletvélp pusabihe Thovapsihprofeinis theh semeveditheenzymatic activity.
escr.i bed uence so th b
In ad iR P gry ot St s o o Rsddlsild iyl aRagfiby cotumnas
or Ni-NITQ ¢cdandi nant capsid protein fusion peptlde In a
fernentati on process, once expreSS|on of t

r Gerardli frehniqueperel MTiBerodessabed dB. | gr q’(ﬂ%@:dR iScopes, Pepﬂde
| dyg
pusicf58 BB éeaa?ofavugtﬁb. 4 gy PS03, ok, BBk e 1o

PeptideUBiriXivapomt Adaiiemﬂ@r\i}@ 21397y; 08 31 &t PN“O'I USQG%)BO&Z% Peptide

(D

I'V. Purjficati Reconbi Pro
Purifiqaiipe TrebnigHie e PHSER APEPalt SHifs gydond Press
(2001?%’%&3 Yi g u?e t‘ld%eM@f’HoH QjVﬁéy PisaCRRE( 190k R AlétFaH'ﬁteHﬁleSPeptlde
uce can t en be 1 sol at ed and puri f

Expr Pmnfs l]lB@) -apt 1@]—92}3(&000)/ dmyl R.sWakhize; ¢t abcGena leH2ugl. I303 6 (1995).

TR R e e
"Guld@ ‘i@f‘éﬁﬁﬁletﬁ?ﬁlfﬁﬁtﬁ’cﬁi VRIS i1 EheARh 6182 P 061 1l 88 Sand DR volumes in this

t echni ques can include, but are not l'i mi ted to, PEG
seriesaGoliganyeh au(1986 end peadia Supplpmewt)pwaent otogels én Peptide Science

Wlley?éree & nahd%rrx]z{n%?ac%rer sahteraﬁlre 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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exchange chr omat ogr aphy, phosphocel | ul ose
chr omat ogr aphy, hydrophobi c interaction
wa@bonsaisgyr aphy, affinity chromatography, ni ckedT/US2006/021262
chr omat ogr aphy, hydroxyl apatite 10 chromat ography,
(1989) CHBliaHe RORRRiCCH. 0796 G95 ARNX 1 0d0R b1 B GIHOR TR RRA ARt Peptides
parative el ectrophoresis, tergen
with lvmndl Lﬁihellata Absabent’ éh Seflow geddy GenemctEiglmnwg; Prigdigld and Methods
fances as _colunn chromato
12:87.5808

leB Yok forA e CHOUS, Ss s 1695 QIperpress: The High Level

E Gidh QR QAT AR tﬁcfH'S’ﬁ $1% (!3%#17%}&1 .
Xprescent ri flﬁgaet [ onlca t racen?r ugati on ensity %ﬁ‘adi ent
deronief eghedioentsf the espaidppmwicinfusios pepiddss exprassedain host cells,

e R0 0 (RO e e D IS ML AL SLOR, oo

protoc18 Ur@ suftibIFEoh QRS AN of IRl Bbky idcRisidX BBWEE: For example,
capsid protein fu5|on pegtlde havi ng est abl i shed

purificafisine | &rclusiive dodies vt insolveantise extaesion biepatatiew dand/or
t he

pukl ol S0 DR BRSPS, LR, S BBRBLS e

of 50 rmwpnms‘/ﬂc:axp}m 5¢ 60 WiVl NdCl, § kv MECBET nfM @TT R nM|ATE) and 1
in arelatively pure form The capsid protein is then
mM PMgHplisicah\suspengientis typically Jyseq usipg 2thpasgenes tyaugh s Erench Press.

The celi:lﬁ]s%ul%h 50 ¢l fsd Y 'hgﬁmg&a&écﬂlﬁm %Ibcﬁyl%ﬁ Q%h@g] 2l agtgmems) or

inity columms
somcatbé ohnéey lAé&nmlteaméﬂnbﬂh of lydingdiatteria atengpphrent exéiogd e skRl in the art

e rifi atlon Pri nci pl es and
(see, e.gp gg‘@’@é’i egﬁirﬂ SHEjré‘r g}}bp gt al NS“Pra)( 1982); Deut scher,
@“ng&sﬁa?y tﬁ@ Qﬁélﬁjﬁof ‘%ﬂlteé ‘é% be gglu%gfe%g?r@rﬁ tlflrée@sced(éeﬁgﬁl)spensmn
typlCﬁH?qu bez; acntnﬁlg?é ctth rrcmg@fs unwérnﬁémsobdoﬂe Apen aﬂapsxd protein fusion

peiaREKREED PPREER, SO oh OALRA R A0 i v o

compa’(lﬂl@ Yoffer. /Sﬁltﬁ’ﬂb rs@lv@hts QﬁcludeD Bt hd ot Bxied Y Rikda (ﬁgeﬁ{ gout 4 M to
182-92 (2000); and R l\/LIkth , et al., Gene 165(2):

about § M) 3fosmpmatys fat lesle ahpuo 80¥or valwmatyolimeabosish| andetguanldme

hydrocﬁi&Jndé éf?(?l% gglgttﬂglr to %llgtf i :Agtﬁgﬁélﬁ\@aﬁ@ ! I%ﬁcﬂichlcg 51m11ar

agents ¥ dendBiPants s dedetiration wﬁﬁﬁ itrgverdible and r&ﬁﬁu@ﬁon may occur upon
(1996 and per i odi ¢ Suppl enen

et al
removaéofday Slveis deoesmplehodiltionefdhe depaturapy |%¢r@t@@h1@ buffers are
knownWth?é‘ nafaciyrer's literature on use of peptide
cation

pur i products, e.g., Pharmacia, Piscataway,
MitergativelyBitds Bawbléato: punnfydt,he Gadonfbind@o ehpsivhpiodein Eindidn peptides,
virus h%eco egsagéczbgtees tb%g{afg@lg% t OHA%E%[}%?%IF) h%ee host cell,

h m@te%&nsﬁﬁ 48 RledoRtedid?b 1A RIBAOhEstTEAURE
e a7 lexanrp)éf)LCe).fﬁJ B b 5 S o pErtplasmic

fractiorpoff fhodmowrsiag2n 36 solated #y) cobh esmetichshdckdnsiiditien to other methods

nov 3350 0 SR S P FRBOH 3, o
exampl(eedhé baeeill eelnedaRr tdidrifubed R61 PA ansbivet h“PH@ é)ellet can be
12: 87-98, Pl enum Press, NY; and Crowe, et al.

resuspenylge iy pcbuffer oataipigs 208 ncross, pleskse rﬁh@cﬁtﬂptth@ éactena can be
cenmﬁfééﬁ'a.fnh GRY b&ﬂat%%g 'Pesgs&%'\h 1A FE%-Colch Mgtsla) Cﬁ 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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5 In sone enbodi nents, the capsid protein fusion
pepti des expressed in host cells, especially

whamvesiisd host cells, nmay forminsol ubl e aggrBOBEUSR06/021262
("inclusion bodies"). Several protocols are suitable

separa{ggrfrcp yry f*xgsz"t‘t Iegurel(g;bl de %? ?1@}1L2ﬁmﬁq§§g gvezlolmo%% to those of
skillinttM@bﬁaJ I y invol ves the extractl on, separation and/ or
purification of inclusion bodies b di sruption of
hya initig| salf frastignatiogycan gepasate ineppyial the Buwanded host gell Beptldes (or
peptid. él;ﬂ\ﬁ A@@T tﬂyé‘glﬂ %ugﬁgﬁ%&}a?ﬁm the VL MBS hant &al EILM ﬁ?&&n fusion

e cell suspen3|
peptxdetsypf matbﬂeyt |Qrsee stuchs exegnile Jap dees agavnium cubftea Anmmhmn sulfate

SS. spensi.on _can al so be honD |ze
PTCCIP%‘?% Bepéld% %Q’t ‘?fJB‘?‘f“t"%Vu If s tpoRE rﬂfb atgt m ‘\%Sdmme
Peptid¥thkf grecﬂttafer AAds vaES BPﬁr%lr%Bldelﬁ&n Q‘h@ € 'h&ﬁ'oﬁfl@olc a peptide is,

apparent 'to those of skill in the art (seée, e.
the m@adﬂmboi«t istto airccapwpraalowmmmm aulfate sgmeai,sratlo;nts | A typical
si on bodi es

protocfs GRTRES 14dhl srrted AR Raa s, SHEGR tonf oPUdE sy so that the

resultafi Rinhdni@lR Al Btd oMERtratiNaRt BetwieBs Alousloe. NMahisEEoncentration can
Capsid protein fusion peptides that forned the

precipitaie thesmest skierhwbieadf prptidemalhe srpcipjtats is therodisearded (unless the

poiaf}Ef58 ¥R RoRETRR! o s AN 6 ARG o
concerit@tion Haistvnd tdVipredigitananhel @affstd preeit fintiauitpeBids of interest. The

vol yne/ vol ne ba and guani di ne 20 hydroch] ori de
precipitat dinthmosh pubiliged ¢ Qﬁg ang e exgess 6% He%a‘éﬁ% Hi proessary, cither
o UTEELE S, 90 318 SR s,
cold eﬁlayolopmclpltatp:un arg wﬂvlaiow(nbgo ihiosd pEla]l ihothe extaapl edn be used to
Gt her suitable buffers are

lution of t t ur ant
ffacu"ﬂ%ﬁﬂ“? Xt"%%&’@g PN BEPHARTIUXWISS A t ernatively, it
"ﬁlepﬁiﬁl%bﬁlblewte%hp ef hfré’combﬁfndh@ eapER] pRMin RS Fepidelch Be used to
fusion peptid 25 virus like particles, or cage
isolatedt frouy papbides %metlthle anblessep size pismgmltrwﬁltreﬁion glmlghdﬁemh@nes of

aitterefise e AR REH S WOBRH: b 5 BRI e capsia
proteir fudivhi p2ptiad nﬁﬂﬁreb@ﬁt&rﬂlﬂaﬁl&ﬁecbﬁlrmﬁgh' afRehbBaheGAika pore size that
osnoti ¢ shock in addition to other nethods known to

has a lopgs anadequiar syeiphf qureththen thegmiokesplar aveight oktha éﬁ?pmbmant capsid
"

fusion @%@id &%P{ ﬂ Eﬁ% raeg&é%tp oft r‘}lﬁ 8&{&?9@0@% gg %ltfa]ﬁltered against

a membh#ae p’ﬁﬂi £ inoternldd euSert rgmt& }ﬂemdtﬁd madlecaldowfdight of the capsid protein

cont i ng 20% sucr ose. the cells, th
fusion pgpt %ﬂ%@%" eé@‘iﬁ“i"?‘%ﬁ éapsaﬁ #TqiHE 1sipn peptidecagepass through

the meggat?éh&ﬂﬁﬁ%é‘ filthhtd. Ge Qﬁﬂr&e ear M BSEHrofAE éf%@;{ed LY d&Rrib&Ebelow.

for approximately 10 mnutes. The T suspensi on
c&ewohﬂnr(aahcapsfdggettnafushomwpuwm@n ko émtsepwetachﬁ@m a@ther peptides

o BB R B R B by o s 1
additioRCInt1¥edRR B4R gidgfofelRMah |B>§ chﬁfatga@&% bé’lﬁﬁmkﬁiamces

st andar d separat i t echni ques wel |l known to those of
and the kansid pmtqmﬁelr@mtmopunﬁed 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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An initial salt fractionation can separate many of the
unwant ed host cell peptides (or peptides derived from
wo bw7/084188 cul ture nmedia) fromthe reconbi nant PERESIH06/021262

protein fusion 5 peptides of interest. One such

anpl e, ca ni um sul fate. Amoni um sul fate
aﬁlégblpﬁtﬂ’lgt 2? E%Wégls%e f“ftlgtefl vely reducing the
JARWB bsptt ¥ethe presént til@nBER rbcbentithad: Wasid ?IBM ifigheesh fpeities that
precipitate on the basis of their_ solubi The nore
have Hepu maprewily assqyeped diogrus e pawicss| ¢ageby WlZifds ip dhe present
e [haft n cancant
inventt 5 Whgfeﬁr?'ﬂfe %Féogo déerg r%%%kén%lg%t %@aﬁﬁ feggmﬁ%gﬁlﬁnt capsid
protenﬁﬂisfoﬁtr&pﬁd)esaofbthatvlrde hka paitticles a&olsbh&ﬁ drideputiiiedemd| subseuently

... amonium sul fate_co enlr tlon IS between 20-30% This
utﬂlze‘ég"fﬂfgéﬁ‘fm%i‘flf’%ﬁf@éﬁwa RTHRSS: npst  hydr ophobi ¢ of
Qﬁi@ﬁésgﬁﬁl g@éaes s&frb Weﬁl%v&}nslﬁttgg Qrtd'E%? A sBple( BRbRSRion buffers
the pepti interest is rophobi ¢) and ammoni um
contairing flaise BGTAJ®T, tandt NeCk vpgr h@mahtaed: to athsassemble the previously

s §RUR TR0 L0, B! RS of PR EPOBL S L) otvoms

virus 5y0the RhblaB&flof Balbibhf Ris dnthdt RSo@x6E SathsplrifiedaEYRS 11 Virology
necessary, either 15 through dialysis or

23(3)-Ui7at24. tinzaddision, protengedrexprsts torigh leaely of suldlayduyi redygjng agents
R e e T e S

sulﬁdel,l St@ﬂmb@ureﬁ fREII] Qﬁﬁibe uﬁﬁﬁ&ﬂ @ﬂl@@@&ﬂﬂe ]ﬁl’fe@)ioﬁislly absemibded VLPs. See,
de m Xxtures. cul ar wei

for exqtgtlerihSnkih Noa 6414@96? oPé% %ﬁswéliyaﬁetb%(&e F'é“él Edhosseloguigd in the
Examﬂlc% cérrc'zﬁgc%eeu%eh i Flﬁrﬂr&%ﬂttlhgéﬁﬁﬂf greater and |esser

Zze usin trafiI'tration through menbranes of 20
dlfferent pore size (for exanple, Amcon or MIIlipore
a first step, the capsid protein fusion

nbr an
E fseR fg‘%&\ﬁr&]}eﬁ can be ultrafiltered through a
NBIFRESR ﬁolgmttbrﬁ o B mbdlrft ééiseffd fudlas pé’ptld&%&n’t@fﬁit@%ﬁé&mc

wel ght cut-of f than the nol ecul ar wei ght
peptide Bsentshiandetmized i dirofnd raaassgabledd@fcom VImSéﬂ@@tartlcme In one

f th f ne
aspect g {E AP LR LE g e R shatifek Mfeededmeris ore

assemilbd ir6 ¥2UPS khat NAR fhiMEen3R iaeditiais Vit abiéleRfacid@nemRs | Eull—length
protein 25 fusion peptide of interest. The recombi nant

infectigusyatad npeleic arid if a gprAmis apeleaciof ups thatconighns aflpacleotide
{ I
sequeric S?%ﬁa réc{j.lﬁrgd g&grsnra(ij{e i)g:l?'«lltﬁm al-‘[ Iﬁ'gei c%:%\l/ ﬁ“ﬁ%tg%}) r?rlge'illtst ﬂ@ﬂd@ 6) coding
regmn@,E(ﬁ)sn@-@ddiﬁ@ﬁegldnu,sandmup egiuldes regionalThe virel g@pﬁn@mﬁdelc acid
from ot herafeptl des. on the basis_of its size,

can be RN 4 g€ ONehalhgenonripdinggreispe ey be lnated af s gud Slends of the vira
nucleid écg@sn%sthe}’ Ray BEH kIR Betvidh 'CQ&IH% ?%151%' $Rd c&gﬁ‘%lgz?lrong R&n be

prot el ns can be conjugafed to col I ces
overlaﬁﬁngnrjndrhevaﬂappmg apd otagibe sniltifmoidmat.iBdtlk the néintcoding and coding

o BTG Al L0 0 e Bt AL 08 e
requirdd®BP Wrﬁﬁll%ﬁh&cﬁﬂn b@atﬁfa'hf)ﬁ I dFREcakidation SfEpAticla fétnthtibAg

equi prent from nany different manufact urers (e.g.
Mn addrtionad embodiaesnys. tha Q’I_)F@ag@@ T¢-@5{§m®d in the presence of viral RNA.

In ano 1}6}2 8‘%58 1%%?? 3%2%1’ 1\5{ TE- [gsssem%?eed n tﬁe se%ges 8 1r§1 ucielc 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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In one aspect of the present invention, reconbinant
capsid protein fission peptides that have been
wee@viosausd y assenbled into virus |like particl eBCES20b0&021262
utilized in the present invention, wherein the virus
ke parti.cl are dj sassenbl ed nbi nant .
Skt Bt TROEIE BB LBt casi
fusion Fiﬁf)ﬁdi& bg;ﬁllﬁ[cﬁls icoflagtifd danger UihtlFérﬁ@ peftiliestbsaoate rhikyd in vitro
[

utilize n the formation of multivalent virus |ike

and aspraphled inte mubivedess wivps likepatelss e Shapepargst pomyinns iepch ¢patain at

least o%cre Iagtlge%&ﬁ%ﬁ%gfﬁs agﬂggﬁaao"flhaegé}g a% lo?l%eé‘gg%téﬂ1ﬂrﬁ Q:aps1d fusion

peptidélilni senmided witte .pr evi ousl y assenble virus like
partlcles See, for exanpl e, Br et al, 31977

"Inj s sEnbaditant ghe be&p%wanwmdr §105§/ afeRiE dn S Bipcofatios, for
iumii r

examp%@x %1 ; (rl;qllopfh%o 231?%?01:?@%0%11?%%‘%&% Ic?ﬁﬂ’girl%fdh 8%”61 rfh% are mixed

in difexpastios fbD chargplel eRel:3, df2: 521 Byldr )Ratlpeatan |bﬁgd@ag31m$1 by the

numbey; #ﬁ;tg?rﬁlﬁtgtyg%r oF gqp{slﬁt iggglgltpﬁp egfc%}lgyg{l% %tégenmﬁg&selﬁcluded n
the mPhibi @€ soﬁfédeﬂbéfdlﬁfeﬁ% theefme@ire 68 Reddbitdnk 'céﬁﬁdtﬂsmn peptides

di sassenbl e previously assenbl ed VLPs. See,
contams(an]pa@ a iﬁjsSvn@laqapmN@rot@lmmtzgm@g abileashgve namgﬁmc peptide insert,

and a %eé;ﬂmgwsr%l 8815 PL9 teln c aéndirgxg %S£ a§et one anh Shic %)QR}E%%HP&{E wherein at

SVeHET on
least dRe- asigenibl peptlie \sﬂhsBﬁ &T fHeescebid payid &’ﬁ51@ﬂ§)eptide is derived from a
reconbi nant capsid fusion peg{tl des containin
differeghantiesic Pepligs iservepsss it 3 EHAreRe PAtbeaenis rRegt flgnaggleast one
f.0 iC
e RATACISH LOULCHI CIAE 88 BGOSRl o o
presen€ dmvieation aigleast ttivg groipolatioiseof canbinag @psidnfosien peptidzes containing

VILPs that |ack full-length infectiqus viral nucl.ei
insertsa EPR YEIRSMESPePHAP BeGRERA) WHRRE €1 G BoRA i FRfcfigs ot least one
antlgeﬁg X@ fife ﬁs&?ﬂﬁﬂs%o@#ﬁ?és@rﬁﬁn@ﬁé ShpSid fﬁsﬁﬁh?@ﬁtlde,h@'is mixed with. The
|ns all nucl eo sequences that are required
ant1geﬂmrpept1dalmseaptambe|frmn|thle tshme qw| diffefent pethopemeragents. In some

canod it 419 900G, 2908814100 05500t 9 s o

recomﬁhhﬁhtﬁiaﬁsﬁcfhﬁo@ﬁe}ﬁﬁ@s Re NS, 0K hdsbin- eaa-llﬂg ﬁhcﬁpéﬂnﬂﬁns at least one

regions may be located at the 5 and ends of the
antigenyicrrgptide msbléutbatazé ings pmsentw@yamh@erep@ebmé@t @@sm@ﬁwn peptlde

odi e [ r g
rr 350 K98 R5 I SEUHDS SRR 3R B ar i BT

protelﬁsh@nmilg @dnragugdiﬁc pestide gnsefte ghw Ako GNntladel e ndiktiry. Such
functlons and contain regul atory. el ements, such

non-anfiggie mertde mseyts mekude.drut gre et lmgigad; teatargsting peptu%es peptides that
act as %% Pﬁé %‘gﬂﬁngﬁﬁ &JE’& &R %‘J é%acktkdsf&%e% %ﬂ%ﬁ%@r&%lﬁh%egﬂf FEtide that act as
adjuvan&ch:ﬂseahﬁbnrbynﬂleuhmepmesence of viral RNA. |In another

ment, the, VLP is re-assenbled .in absence of
T st vk pdeio 4o SR ees TEE AL e AU, such as
1m1nuﬂo%t1ﬁﬁ1a@§1§es@gﬁ&@eé RviliBE Ry aRenetnl 9h dafficrld fle inbmlR) &sponse to
aci d ot hér enmbodi nment, the VLP i s re-assenb
the anfigenihpepside smm:te cofitated iimhenGEPs. nﬁmanmsylmmmtyemml@@ avzids such

equences,
as Cpa sequences, are s ﬁlgong:aeot U[ﬁapc m1m1c 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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WD 2007/ 053188 PCTI US2006/ 021262 I n one aspect of the
present invention, separate popul ati ons of reconbi nant
weapsossidtisi on peptide popul ations contai ni ng RBACT/f820061021262
antigenic peptide inserts are mxed in V|tro and
l. Vi r rt| Th
THl-pglé%g%H; rr?rﬁuﬁfplt ?%C%Hﬂ%%] é&g ang %Et’é"o% dj‘?x \llvrltf ewﬁeas 1ng B%e limited

to a sigglt itigsony, Cth@ ﬁ:@lhbtd@l bﬁS‘Hﬂtreiﬂmﬂteslls tHUiighpfoe}SfﬁﬁltresJu[t offiife ability of
ot her_ reconbi nant CaPSI d fusion 5 peptide that it is
immunestiaylaigry psequencrs Foataps - entCrth e°1%g@é%?fﬁ’|nﬂ‘élﬁ?tl®éb dp ginduce
n S bn 0 _
ac 1vatfd1‘1 hﬁf@e&éltﬁ)rﬂ;{)?(gg 1I na%%g%agr%e rﬁ;gag:fcﬁbﬁﬁg%{s %%deﬁéﬁ’dm cCcdls. These
cytokm%dhﬂb synargize wpsidded [IEY-gamnar podictied by matakiaf killen bnd T cells. In

additiog -3 AR AT GRpifs TR iro@atist Wuploteiohi! §ijses peenting

cells aBIBRS héh\fa’etsér@ﬂ%e]ﬁl%’ud@ﬁaﬁ@ TR PG LAE B8 tufabld 5?&1}&tly driving
i ncl uded in he m xture. In sone enbodi hents t

B lymphozytm @ mblifesso atd tednggaapeiwogloblimpedpetiate s

t fLESE A i d i
08 W8 o Biment T8¢ refossirhied KhiPinc 38248 wBE Rk CoG gaguences
withina pﬁiﬁﬁ&ﬂﬁn& hé@lmee@mlf@lucpwﬂlelmmmmsalzmmsawztse SEQADENO:19),
antigenic peptide insert, wherein at | east on?
where Bnf§ & apiRe &é@’@ﬁ@éﬁ fray 1R a¢ apﬁ@ﬂ%@t@n@d&épm @& pygimidines.
In one REMbEAEnt, ShH bV ﬁ?ﬁp&éso Jeﬁlsé ?&Ect@c{]ﬁ#&ﬁﬁé Gt Rboh&6ting of
sequence, or a ere pat ogeni Cc agen
5- GA(L‘@?E@B c(SEQ15DaNO| INBEAGEGACTE' (SBRrID oLy 4rd StAACGTT-3'

50 G P s B SBER ey T o
sequent€6IRYIRRDS” TROAN TG IALSE TT(P@’PG'A?@@ "Jmﬁ"t & B0 ﬁgl\p.@ﬁe th Snother

fromantigeni c peptides are m xed erei n eac
embodpugni] the Coti digonadlestidetseleease 1s<m@CGa“mGC§ @ﬁ(@ Ip&ND:2de

IRt ik RS a R oohlstifrEolial & (Epef datiowing the re-

assemb1 8L He n6iRBd PEplAtRIRs o focd BRIt cagbﬂiffﬁh@ﬁ‘b éﬁﬁfeb %Ql@é&bed above,
agents. In sone 20 enbodi nents

containsQt lepst the zame mumber opdiffesant ptigentchpaptides gﬁomnuéauouﬁ siggd. For
exampf ‘fﬁ E(P&, ggﬁﬁlfaﬁc%{r%sééfgrnetcg&lﬁgp I{) &ﬁ’éb Sﬁl%%%gge g] X?e glée %}?erde 'With each

populaﬁem bd)rdanin@% tdastidiRtantiSeri©peptide fiRMis ﬂldt padtintCh R other population,
econbi nant capsi d fusion peptide ulation that it
then the GeSHLRJTHF Like DRHCISHE ORABH ﬂfﬁétrﬁ"@ 3 feringpariggnispeptide inserts.

it \éﬁ&gglozlﬁﬁe& P ﬁ{egpre F}n%lﬁgtgonf n%ﬁtd?%%%lﬁfbﬁls ap }écgl%mn%nt capsid

pept i serts can a
fusion Beptide’? Tontamingiti Yesti encpapigenie peptide iseit ruwe tmiged butzztra:r &) form

Vi by kBt SR BB Poplites, L, B,
one caﬁ:ﬁ& IPRdtEiR Qferivad GroRE thﬁﬁﬁntt VAl tﬁ&ﬁ ottRF e ARt c%}‘)ﬂd fusion

derived fromsynthetic neans. In addition, non-vir
Peptldﬁhlids emzsedam@ sbq@tbmgsbwhmeme thel gegiuteof tesombirtant egpsid fusion

pepid G, B ARHERE R R B PED shalifite o fphet e antigeni

peptidedfistflesidca I%S(Elinkldﬁrdl ?ﬁ& Préiemt @nﬁﬂi‘ﬂ‘inﬁ Mt 16t th Sntigenic peptide
I mmunosti nmul atory nucl ei ¢ aci ds, suc

insert, yhgisehesapsd @r@mctf the iﬁgﬁﬁh’ml eawsidotargteuma?t qaﬁvmi dronhe different

espn
virus tllédri:lgﬁ% r%aérmgc ooitﬂﬁ% p osp a@} eapgs%J aﬁ{oﬁ%n ( ég@wr em%odlments the
antigenil palﬁticﬁolhhéiecan 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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containing notifs with unnethyl ated cytosi ne residues.
DNA- cont ai ni ng umet hyl ated CpG notifs conmmon in
whamvesiisd but not in mamal i an DNA have been BECDUR20D&021262
i nduce strong 21 WO 2007/053188 PCTI US2006/ 021262
- [ S
recomb\-lﬂll_%né Q;g{)/ﬁ{l lfés‘;f%b #)E%Mﬁﬁségla%egﬁ’?)géab %ﬁﬁe&?ﬁi ?ae &Pp(%ﬂu‘iartf%n%ﬂ alu% a derived
viral chjmd) rprotetoh éait risluot ipresenf iliahl otRepros@binast t:ii}ﬁ;uig fiisiéro peptide
result. o e ability of ipmunosti nul atory
popula@%ﬁr@%téé rr&é?f{ %(?tﬂ g aéii@%?ch&@‘)@ﬁ}%&%ﬁ% PEFSERk lilzml)on capsid
tein GohtRAHELnor Al B¢l I ANMs SRR b tbifded ih iiPnfthel ks diflussed
protein omacr ophoages and gr11dr| tsl c cells. Theese 5 cyt oki nes oHsse
above.t healddst}ma rrgmzxerai ou¢lacrcil $d€1nla1gamyma)mﬂﬁcﬁ itorthéognixture, such as
nat ur al ki .| ells, In ddi tion, Gs cause . .
CoG s ey B cosgl e Penihe, 6 pun P geaihe g antigenic
peptidintéridniiRIgn i@ peel | s able to activate
antigen-reactive naive T cells. CpGs are al so capable

dimbpdiments pf de mesegt nsentwmmwﬁ edierein pfmﬂd fusioatpgotging that do
not co}é& np I}%E ms%%&J r(]\ggéi 3?%4 nglf %Inls)ggrrl 5% added to the above

es am
described maixiyteat etheGpild sgeR @ﬁ@leéapsiﬂopmdiﬂi‘s Bara bp alletined &Fhe any virus,
hexamer that follows the formula 5 - RLR2CGY' Y- 3' ( SEQ
includipg)thycgamenyr, a diffresné vRps fignghe grg H%ed(te derixe @Wc%apﬁlérﬁlﬁ)m peptide
and Y' and Y2 are pyrim dines.
contal n %ﬁgﬁté%ﬁé ?ﬁ%ﬁé 11&'% e VLP includes a CpG sequence
dHeeetasstnftilpnf ﬂlh&a]gpld) fipicopepiides cag prdduch virGAGES fiarﬁcles or cage

structu%SEiA&%?gggl 211(1% t}%ﬁ%rgrzsag% P’Q LR RS 2 1%%10 assembly of the

mixed ERRIRO Incldding Pr@meﬂﬂ%dﬂor%eﬁb ldd@eor\éhgre' &%Elﬂg ein %thgp @n%édlments
sequence comprising 5 TCC ATG ACG

the VL(PSEQagQ)stN@uEs Jncludes ah @taﬁe&() atelohs an@rit:ast 6%satdm@ 90 at least 120

capsiasy ot GBSy ST AFIRE by, ik "agw GeP it includes

at least!138tcapsidd, at Wed 160) dt s 70t BLatMEast P@}S@dﬁbﬂdh’ of the m xed
popul ati ons of reconbi nant capsid fusion peptides, as

Fashadimenis 96 Bieeprescab Hvantinn nclude aderaim hos KRR can b se-agsembled
as an 1%%51{3{1?&% tnﬁmr g%"aﬁo@lgp %n’n?géim%l?it RRD QIIL%I n‘{) ofgsas%gn%%qu 11{: e same

rons of r1ecCo nant capsi d

geomefryias thie Iﬁﬁm Vldmthw the mtpSﬁ?dseqmﬁcb iedgived pOph 2écparite embodiment,
cont ai_ni_ng at st one. anti geni ceﬁeptl de that is not
howevery daetlh Kogh @06 At tisoplented! ogpometiedf theenateisuyifusnt In some

embodifhdrtS fbr A Ll chl 13019’8? IR 1fi‘ta|#aﬁﬁ§é fdriffed %quﬁﬁeﬂlg Yapsids

ant i geni c ptl de inserts. [n another aspect o
but noqofoemafrg a nalweﬂttypc) IV LEs stpatt.e Hoo pydrapleom sage struetoebf naufidw as 3

viral G i pE 55, DGR R foft st RSl SEopt 0. 1215,
18, 21,24, Q/L%f@; 33U8! 99,2048 ugpoR ALy, %sotca;sse@s%ﬁrbeqaﬁnéaapm d

‘fusi on peptides m xed contains at | east one capsid
PR 6eraE ASpeelsi ﬂl@@rcfswrmaenﬂlpﬁfpemedns for iha@bﬂmw @qnyrobartdedlrect the

ratio of; an%%,? %}gt gge%% g te t gsdee bler ygﬁﬁ ﬁ]frﬂnxg%‘i‘%f The

ratios (ffttﬁﬂtlgékuc @%pﬁddjﬁ‘@erﬁsaébrﬁeﬁﬁﬁdainnthatV]lIe @t adustdbles thrighdthe amounts
sid protein containing at |east one antigenic

added @egwa@wrﬁs@wr to AFRFIEPLYS e & Heis WYaYa fhechisaang ipyieptien may allow for
tighter ‘f‘@@ﬁ%ﬂio?l' 8 Aok 3P thd %oﬁﬁtdfgs%ﬂi an%%@ﬁi'c %%ptides 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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30 insert, wherein the capsid protein, of the first
viral capsid protein is derived froma different
wo2oaestiBan t he capsid protein of the second VPECEIS2006/021262
capsid protein. In other enbodinments the antigenic
secon(gzgfggélgig é{e{ﬁ?@é {hgfﬁa gg?gt 1?%? aa? %”%ngsftgrd ‘tIec SS?II%] Qnerpréemc é)rt]aptlde has
previouﬂpbedeuéedsasrah m@cmldm ifi aommined. JIa s @ased ifcfrf@d’aﬂij:ole the “booster”
at hog n ent . ome enbodi rent s 6, 7,
antlge c pgp cieoma‘,i Hgsen‘&gl aigsserzgnog}t thagy gletqﬂafﬁ :g@lgemc "peptide, and,
f 7
wing B4t ol A 00 0T SR LIS ROGIAZ) v o
“boosted cintigopis| papitide oantbei adled tdethevmaktumi irah lesgesiathount than the
not resent in a {;er regonbi n

popueBR Ly it e iR SRR ah TR epitPg SRR Lest one of

the re\tbdelibldd Vaddifrhial iBhad AERhs &fe LRI '.’f@s?f&f‘?eptlde from each
i nventi on, CapSI d pr ot ei ns cont ai ni ng non-an

eni c
populagepadded tp teanpdureain adsditionsl eubedimentsitbe maesunbleg 34_P structures

mcludéj{'o?lgﬁ'lﬁs Z;gal aﬁgﬁgfeea farc]:aﬁast(ijcg tsi]oglnl?ﬁpi?% Fr\é}nr egalﬁ% %8@%12 1%%%.68 to the

mixturs. ee\ﬂteﬂﬁﬁSelyV\ﬂhb ehtioseyntde adfisted|asidesieddh suhetetd) disPROPLITBARE ratios
. response to _the antigenic peptide i nserts cont ai ned
of mixjugesiapR aqliped. Enhodi ments of the present i nventl on
IgdsUfRe WARICR st%ﬁllﬂ erét Rlids E otelﬂgt However,
contaln peptide | ns e capS| erns)
additiopalrfactbmscsi greficeit] foot \fIcP fdmu&hmon and iiﬁbldie}smlay Iemdt mohidmgﬁH ionic

Th | type viral capsid _proteins e derived
Stfengtlﬂ’r@ﬁw kol divalcit pefinp e, SR effe: SErrlgr exppple, Brady et
al, (1977)“%&"0@?&&0& ke %@mﬁ%@ﬁstb‘ﬂl t#E ChM&idn\6F &a?d?ﬁrhqoﬁé"ﬁiuﬁﬁ‘ assoc1ated

peptid contalnlng he antigeni c peptide Insert.
with pyi @s‘sléwm,y JoViroh@3Gapdi7er 26y Siaandpetpalj (:IQ§7);%§T1wp IpO@llIIEG‘eSIdueS
Vi g n.some.

arecssiD B s PR b oo e R Pt BrEF& hgteray | & ViroL,

71:221a99e60Waltef ef z!ne(1 9%5) Minkephofeafint dfsulfide Woudl:Neh infgdMant structural
three to about 1000 or nore capsids. In other

feamree%@éupﬁimrga viyas wepsidy’ @ eSmngJHﬁUrSefmmdDmsBml 39:255-257

(1975)1 g,gé{stailg%l Y aalpl),g 77§O“Cl‘fa§%aﬁlteg‘%§ fio %n&éon%ﬁ{s Fileas8l by allali

disruptaomodfisirhizantind 408 Virehohl :YOR-1084¢ Sgﬁnﬁé Bt} (11986) “Self—assembly
at least. 150 c ids, at |east 160,

of purf} 'p 5313@‘/1?@61%%98@8@@@55%% ERb A i e o e (1989)
“PolynPrFa&htin! tﬂé’ gggehﬁpy bf‘gbﬂrgﬁla%%re %ﬁp@ t].gi% %wa@uﬁﬁﬁy& J., 56:887-

re-assenbl e 20 "as an’i cos ructure
900; Garves et nl, @830 ‘st rangh dravkBrmmgr genasd qmtyomh vinug plays a role in

s SR TSR, b Sr O SR % S, 8RR cuovims

expresdi&y\/@f/ e, hun@ ﬁébﬁ’loﬁ%ﬁué‘ @}peﬁ@&p‘éﬂﬂ%rbt@ﬁf@t 8884098 BLLY protein
the native virus. In sone éenbodinents, for

Compleé‘ﬁ%mﬂl &Fen ﬁéroé,t, 738 2988. pTcxdmaBst ithat amma ibei wilized for the re-
f i.N0. .
assembfrlpg:algs gve f bt llg? tﬁ ¢ pS' g 1n?;18 e@g:ﬁﬁ? gow&%g%eto, techniques as

described[mmemxam@fesas few as 3 25 viral capsi ds can be
formed. In_separate enbodi nents, ge structures of
dibsue-assenply b they gapsid) fisioppeptides prpduces virgs, hl@@aﬂ:g@es or cage

structufe$.: Ii othef Bmbddimenty the zﬁLPogr cﬁa%e gﬁ'&stﬁr%sls %an[l]ulpll%e;‘lg 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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In some aspects, the present invention provides for

the ability to control and direct the ratio of
w@oorgense peptide inserts contained in the  PCT/US2006/021262

re-assenbled VLP at the m xing stage. The ratios of

[ [ Lele | i.n I 0. the ,.VLLP are
wtens) ORI DR o BogE 306 LD gl MGl Sy o
cage stprdhae incdudes aekity 50 kapsidyl st leay 160, e ldastaFoNdr 4t teaentS0apsids.
may. al.l ow f tighter regul ati on_and control of the

. r | , !
bRimERts 08 e RIRtRYENPRIGpRe i de whetsHt P ndef ise-asseabled as an
; e \Y/E . t LR t tai i the
couh QEEFANER: VL S cHRBIRIE el FLELLA Bt S e e
geomehrpyasdhdhaisefive virwsathebdbe nepsid r sgeencet satlemivdd iofesIm additional

oS T8 T e S eSS PSELAS LA A, e
embodBRéht® forskaWplel Y sHRALE S REdhddadh Q%a@t?cl@ﬁ%meﬁ %‘f%{iﬁtliple capsids

antigenic peptide that is being used as a "booster'
but nopEvmire? nAkkveaiype A stryrdpei dior lsaampler evigrisifuctreoff as few as 3

. used as.an. inoculant in a nimal . In this ca r
viral JREE B8 o8 Rl dp 2ol iR, caefhifbinbgt flonl 670, 12,15
18, 21,4e3BIBO, BB\, 38, BEDeHS5, 48D ENI54L FAbricheapdidiesandifb@esd. C
peptide, and, wusing the current nethod, the
reconbi nant capsid fusion peptide popul ati on
VII. Ooqtcimiationdg the 5 "booster” antigenic peptide may be
added to the m xture in a | esser anmount than the

pBFAMALASBIFLT Bhihgi nipssRt INENtinmh die raserabied npdiptalens VLPs can be

iz BB MR SRSl P3G Bl Esmbodimens

of the ppsit dhvfenomimcheptwickecif tlenvied chpsip pputtiaukidinedaahdbe chpmsid fusion
. the mxture. ditional enbqdipents the, K . . )

peptids i dEEehPES Vit  rsems crRorTacis W ghiigenis;inaerts contained

in the VEP4 Re1u@b aRAGRoEaRR Antldda? %npﬁﬁlh&%nftlﬁ%,ecﬁfﬂtemativelﬁl, the B2
popul ati on added to the 10 m xture. Alternatively, the

glycoprad¢in of thedfastzen Bdjlins Eacephslitesi r ed, wherein

i sproporti te ratios f. m xtur.es are achi eved .
h 2RAGRE b fRRNE BB DL B iSRS o Gl SF by which
is suffleRAS ¢t iRAGIRE BS imHAWE Y&¥ponseadtihd hab@dt ddafhifefed to induce such a
significant tor VLP fornulation and stability may

respongsqagitbe defreminadryy toehniqusaigencrally kngyyihin the agy i serae embodiments
the qu%n)%&ﬂ%ﬁi‘ \efﬂi) \é@ggrgétg{eﬁ}% chftag%?g@{}% be%%?%lg 1063%1121[E$ 037 L %?&e perfilg)c{ividual

animalper Wanan. viThe squbitityhel b eV BP i admitibtefsdl @by Matoas af ddewbn of the
..associated with purifiedvirions," J. Virol.
adm‘mitga(tﬁ’}l:r?&t‘?-a’?éﬂfth@}’%gl&@f dhe 1gfiviquabo7) “Two proline
rMesi c J n :
] VHEne, FoRaBaRE I A ol Be” Breltldl Ca0 phagmaceucally
acceptafile cdrrier. THe pittbalalically\adcepinbletcamier cbd B& ahy physiological carrier

o B 0 8B b BE Ao o
embod PRt he hrm R¥HReal ShaiRE caPhOh Tiquidiardohe Zégci@%&ﬁﬁﬂiﬁk ithe VLP

Chri stansen et al, (1-9%%1 "Characterization o
would be irpthedntm of elselitiod. By a dlultledriembaidiznentt the pharinaseuticahcarrier is a
Lrus 40, " Viraol . . 1079-1084:. Sal unke et al
sel andfBoctRe gotaitieledh VI i S FFces SSIRPNRST P8 chogpy T vet a
further e RlimeMPIhe viRlide 464tSARO8d: VER! MB¥ dellordlilatddl @B ) part of a

" Pol ynor pﬁi smin the assenbly of polyomavirus capsi
pharmasewficallyi acqeptably) plgermalpatclse: 887-

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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15

900; Garcea et al, (1983) "Host range transformng
gene of polyonma virus plays a role in 25 virus
w@s®entdlys " Proc. Nat | . Acad. Sci. USA, 80: 3618c1B6320p6/021262
Xi et al, (1991) "Bacul ovirus expression of the human

liquid %’aﬂf o;”elr\ﬁﬁe% ga%;g Pré%m%afoﬁxjent %%ﬁ&bﬁ'? af‘.jl?ecg £ ﬁﬁrrﬁaceutlcally
acceptable 3A8dr B85 The TRt aH@Scah RdhtalfBythbesditablei phatnimitidal @dditives

re- assenbly are well known in the art, and inc)ude
such gy solipHizRs:  sOHFIfiEr. t Biferss c HivPGURE eas SWERISRITRD él&vag agents,
suspenﬁﬂ% ! AR 61%9 nfs® c? n@ﬂsé/osﬂ ltegﬁlaﬁﬁ?sbtgbﬁlye?é O& osmo-

t s ’pro lces rus parti or ca

regulatets. IRititablesxamples bl ﬁquidmbnmrstﬁm bml tahé pifieRtecal admgﬁstration include

structure is. a nmultinmeric assenbl of m.xed . )
water gl | GBI AIGBES PPy oftlbsee degvatiygey sodium
carbox; ﬁtyP EelfR6R SHRRDINYSalcdBls @R ﬁdlh ﬁ%noﬁ NS aﬂd‘?olyhydn'c
or cage structure I ncludes | east 30, at | eas

alcohoso e. gaglyt@a)%ldetbelr derdv #ige aﬂdb%(}a@ grapimaysLaseng2ise arachis
| east, 120.ca

oil. X3 gafeRbro iR EHER BTt RUh PRy Srie gde ety oleate

and iscprbphd tobirestdtd) SreislieSigaid LA al@ﬁsdf@pﬂilﬁéiﬂe dtjuidesh cdRPositions
%? east 170, or at least 180 capsids. Enbodi nents g@

for parqréerpk adwymistratipantThen liawel garsienHer errpssurgedyicpmpgsitions can be

s ISARMD SR Qs AEEPRIAHGEL, SERIGRY By s,

liquid gefismddey naisintehferanaith e fvsldmg oﬁthateatsdembaap‘sm sequence

is derived of, .In _ad |t|onﬁ¥a%€§odlne ts t he VLP does

note YRggiReoeBtaining the XILP ap 1gisterqeUsing Ay iephpigae currently
utlhze% Fl:.) g&g%t . tlﬁ‘értiktgﬂ% gfr@f'ltzcl ﬁl?orrﬁﬂegrﬁgﬁc%sa]]ﬁ}? ?%ﬁée\feigg%slﬁ:; ‘?n&aﬁnuscularly,
intrathenallyf epiddraldy, anmmentxmealyjper swbléhtanmsltyu rIn sorﬁc en@mélmht;t the VLP

e u re as few as_ 3 |ds n_be
is detftgpamosrayy dbisiieh the Bt hiRne, b wRhRRnRe S yeaSsembied
VLP is2efirisd oPa cabpiid gretein &&w@@ afro%iLCC&fFV a@lﬁ defifered %mc@s@ll

39, 42, 45, ﬁ% A%? 4, or 60 capS|ds can v
formed. VII. VHCClnatlons In sone aspects of the
present invention, the re-assenbled nultival ent VLPs
can be wutilized in a strategy to induce an inmmne
response in an animal or a human. Enbodi nents 15 of
the present invention include wherein the viral capsid
protein utilized in the capsid fusion peptide is
derived froma CCW virus. In sone enbodi nents the
antigenic inserts contained in the VLPs include the
"Protective Antigen" from Bacillus anthracis, or,
alternatively, the E2 glycoprotein of the Eastern
Equi ne Encephalitis. In general, an effective quantity
of VLP is adm nistered to an ani mal or human which 20
is sufficient for inducing an inmune response. The
anount adm ni stered to induce such a response can be
determ ned by techni ques generally known in the art.
In sone enbodi nents the quantity of VLP adm ni stered
i s advant ageously between 10 and 500 pg of per

i ndi vi dual
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diametgr jeogaliefira Y UEEs with ¢4 fQUrSPIpARGRL PRSHEVE §
genom@ ORINGA NEREIRNDE B iHPyetpﬁgasfe A Rthé! RN AS ciieR %It a Efotéin involved

ani mal or human. The quantity of the VLP adm nistered
may vary as a function of the admnistration route

waom7of318he wei ght of the individual. 25 The VECDUSI06/021262

containing the VLP nmay be administered via a
pharmaceutically acceptable carrier. The

phar maceutically acceptable carrier can be any

physi ol ogi cal carrier HNXWPIES those of ordinary
skill in the art useful _in fornulatjng 8harmaceuti cal .

Ip thesgeexamplnsd iheetrveee HBlppUs Mt ViTBalCeMV) s besn ysed as a

peptldeaczlrhﬂuelng AR ﬂﬁzay Q}éggeng‘ﬁ { Bidhl ey h@ﬁle\éhgreaéﬁ&yhgst.b@cw is
orm of U|on nafurt er enbodi nent,
a menitee qihthe rinommwlm-algr@q)r of é¢he iBromo8ididgel Bamdowihses/ acc 2628 nm

containing the VLP,is.in the formof.a ellilg‘gosmor odr
CSngle-tanded RNA

pharmaceuti cal | y acceptabl e transdernmal patch

in virabmpovémens vathén ubetihwhs yﬁhé@%\(a s gsminuici KNS, deﬁlusﬂb énm BN4\ 3), i.e.
ssRNA oty 9V iR B bt (cPL SRRLATRIS £ °

pharmaceutically acceptable 25 WO 2007/ 053188

J(‘TI IIQ?(’)()GI (’)?1?6? Ilmu ri rarrl er such as water an.
23k e PIOLEIN P ' s eutlcaIIy

Mg§ ﬁ?’ﬁﬁ% r%fw *%lx &%‘5 %H;l'rf%é‘@e E%P %&&fﬁ.@‘ma Alafre Lys

AﬁSLﬁsOAiéJAhﬂ TBY Srg ALV Ai Gln@rs Vabut Wl &iu Bfo‘E‘B@Maasér\(ﬁ? Gln Gly
smeeteners flavoring agents suspendi_ng age

ladinkyagh laghm i Q@B (TaF Ser Vaklasdive L 1p dhn Ak S?rsCYS Ala Ala Ala
Gfut Gt d)l'sz\?eﬁ e rSelo PreT ﬁé’ lsgxt ]%lrc'Pro%rf PJ feueS(é}@%k Eiu erg Asn

carriers or ora an arentera admni stration
LysnGlnuden LysaVer Glyparg Val Lau I:em‘ll‘zp benGlyaien Lew ®so 8ar Val Ser Gly

TR Wk it e i G eTg i T i ARCS okl Ser e fiinngel Ala
LéTPRPahVQIrAl% RALRRPS S l?}%dAgflVVWQFAI% Aﬁ'M@m&rSPro &19-Ala Phe Lys

glycols) andtheir deriv es, and oil
Glyr I Tholnat @oh Glndemuifhrodln Aspd_earkde RiesT yrd»eIu)Tyr IS@r Ser Ala Ala Leu

TG Gt Sre SALHE 381 K P il SEL RO Mo 8 Prp e B Rep

SéﬂPhb%@Pﬁ)Vsﬁt”ﬁfrl le liquid carriers are useful in

sterile liquid form conpositions for parenteral

adni ni stration. The Ilqwd carrier for pressurized

TR LM IR OB P8 Bl BSREM I oMYl 4o

exemplar@DINA S§eiéri Rl enf@Bag ﬂﬁtC(DIVﬂVECP & showintih SBCEID Nigdi2ng  of

t he reassenbl ed VLP. The vacci ne containing the VLP
can be adm ni stered usi ng any t echni que currently 15

E A NA Lo i 2 codl B hEF CRBY C?{SE@‘ﬁj’R}'gﬁ noraty,

rTucosdrTy, TImmTraveTious y, 1T T aITusScurdriy

atg Bdtraah lecgda aCa Spiadpnaldey cotl gtarcapeg hggl gal gcg g€ cgt aag aac aag
subcut aneousg% In sonme enbodi nents the VLP 1s
cggaaae el el LBl aR £Gt Sthath gigreapicec AISt 2 §86.9ah 28¢ AL gct att aaa

QbR R Mok D LR B R ¥Rt o Bl B hco g
garaashbte yet cbicct aat gag cta tcg tce gaa agg aac aag cag ctc aag gta ggt aga gtt 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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WD 2007/ 053188 PCTI US2006/ 021262 EXAMPLES In these

exanpl es, the cowpea chlorotic nottle virus (CCW) has
whewnosiEes]l as a peptide carrier and Pseudoni OPCIEES2006/021262

fl uorescens has been used as the expreSS| on host. CCW

rerber—of—the—bronovirus group of —tte

a%%%@?ﬁa%e Bronovi ruses are 25-28 nm di anmet er

icosanedral viruses with a four-conponent, positive
sense, single-stranded RNA genonme. RNAL and RNA2, code
fBire crypal e@ecéurerﬂfyﬁ@w mRadeen gelyed. oFhip sgEefigs provides a clearer

p1cture( 8¥ glﬁf\kl)g‘gaﬁ cﬁﬁgte}/rkr era&(}?c?n\%/g@% r%ﬂm&gmbg &Rfcaﬁ&ﬁf:&ﬁ&ﬁk@éblhty and
dynanf@dd Ha@bebm ﬁelgﬁll kibguidasiation] aesign of ﬁB)srtloSE(@ed; Prévdpus studies

1. 10 Wld type COW coat protein coded li Sfﬁiﬁ
have @ggg)lqtt@tq@oﬂ@t Q@lM‘éepoarhpr%ps ) rg@eyca&r r@ e, to carry
hetero%%u%%tlﬁreg V@gﬂg Cg?ergrﬂlg%ﬂh ’ﬁlléi?r ﬁ?lﬂt}}—%sforrﬁsﬁblﬁ&’h%s A Guumber of

n“Pro V. e’Val du Pro
suitabloéhﬁse&&rn sﬁieyhﬁerbe@ljden’ut]lsdAl alle Lys Ala Trp Thr GI y
r Ser Val. Ser "ﬂ{ Trp, Thr

bis Abowel o 1o ot it onfieef S ePbicr 7 < hApBl e wnit
(Whetl% lrhdrﬁﬁua?fgyre ptRfy or(goﬁca‘férﬁetgéﬁh béd-MSerdinteOle MV artidly/if a single

u Lou Trp Lou Leu Lou Pro Ser Val Ser
insertiGh ylte ifithe CAIMY y(sP S@BGCQT@GVHIH sites identifichwitbinCGIMY §R o date can

o S I A A s

be insdfé daiSins&ivn BesT Murthetndsk Umﬁﬂtipld_melerﬂfbm sﬁésa:am usediat the same
Thr Ile Tyr Lou Tyr Ser Ser. Ala Ala Lou . Thr %
time to\g¥pressithe pameer diffRrni pApIige e e e PRl T}&? QCIFJ inserts can

be aboglglc’lt 5) ) 1r/i\§‘ 801@%931&%3 or E&%a% lgﬁli d@l -E}fa{llyg%?{b &%ut 180, even

e contarns up to les
more @Bwaﬂs} u;ﬁt(ﬁﬁip bladlu IBYAsSIE gueera Gﬁneaﬂyodp Ihgy oF MboﬂCMID @ﬁdl}@t more

e o o i SRR O SR PR
1nsertsa§zﬂ1 bt A8 5 B mEE AnHAG SRPr3UYe IR 1aEH. 38 Gt lentiments, the

ac aag egg aac act cgt gtg gtc caa cot gtt att gta
peptld@amects cambealget: Stte abgy@00a&boyyt t@alypugdb0.aadoutante ahj@blZO more

opcfg0e3 §Bbouboplindadobalh b o<, 0o et e

tct etc cot aat gag eta teg too gaa agg aac aag cag
etc aag gta ggt aga gtt tta tta tgg ctt ggg ttg ctt
Materids ardyMetftods agt ggc aca gtg aaa tee tgt gtt aca gag

acg.cag.act. act e 1¢ccC C t d

gg)?xl 8&)6881% noted, aqd%& taegﬁmaﬁei% %cttdrs &)%1%[ & ggﬁce etié}nents an
other leRfreSién sPa&mOlembitt kaagmaa! that ﬁeld(xif mblecglaﬂ b!:cflag3etaxe used for

ace gcg gat tta acg ate tac _ttg tac §g agt tg
nuclelétagldgggmg@ghgg drag @n@qt@naqu Sgessign. chl arglt }512(@.165 vectors,
and cftent Earf 88 G@id, 360 ekdrhpBath: 98Gub8Lt ef 4 (eds), Current Protocols 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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The crystal structure of CCOW has been sol ved. This

W@ aosuse provides a clearer picture of the BPOEUS2006/021262
protein interactions that appear to be critical to

rtigcle stability and dynam cs and has been hel pful
Rbﬂgﬁiﬂﬁ%ﬁgﬁﬁ%ﬁﬁgﬁlona| deS|g¥ of insertion sites. P
PAR (10 d Shapdi wére Tohame tdliensns VBT RORNTR (InfsMAxCc B!, Frederick,
[Eﬁgtelns can be genetically nodified to carry
MD, Jer ol ogous peptides without interfering with their
ability to formparticles. A nunber of suitable
insertion sites have been identified. It is thought

DNA Ettedctiond ot al of up to about 180 copies of a
heterolo peptide unit et her | ndiyi dua tlde
Psend SNA pragiions HoRy Er Rl iR LeRg 3¢ i i, and
maxi tfs ﬁ%n?Qg%eﬁ (Gélrgla!n f@d'cbif'cﬁﬁ’g & th@rdaﬁufagﬁr%gfoﬁss used.

nserti sites ent| ied wthin CP to date can
accomodat e peptldes of various Iengths. In addition,

B multiperic forms of the peptides can be inserted into
—Xp—e‘ﬂﬁﬁg—@—%%ites Furthermore, multiple insertion sites

CRit REoHEES I@Eedda@s WaREOIGWEE 2 JLR¥RESSIsN el BakE e Aansformed

dlfferent eptides in/on the sane particle. The
with eppigsdieteplanmisistenceding chimeaisodtal 200 prnicHbtasgst depladd Wgert fusions.

S i . _— .

e lsnw’g P TR Sl P Bl 3T B cimri
viral chbat@pirétainlpeptife figiodk. @elsivertABen Bt aeltheid tenterity phatgdeldy

up to or about 100 am no acid residues in length. In

sone enbodi nents the peptide inserts can be about 5

Examgfel lnnlf’%%ﬂ %isdaﬂdeabggﬂgﬁforbéﬁﬂgﬁi’ I'n ot her
about 5 to

abhauPro?éidive Ambigen Sldmnsabout 150, about 5 to about 120,

nor e 5 t.o about 100 ani no ' .

"oer bR iRy BRSithe pRadt eciig AeRRdoP b pgtides (PAI-
PA4) @Eﬂ%‘%&%%ﬁdéﬁﬂ& g re§ste@'?1’~ii S riesipy, SR Ric ¥8¢d Qlcdding PAILPA4 were

sequence el efren and ot her expr ession system
syntheeizedrbm&DlEz lengaby-h@eriapax@bn@fon)mf sgnthetic pliginpglgotidas. Each of

ed for nucl C aci ti.o a r.mat i
the ingiRE i preliRS vl AR b DA Sl 4l B program
detaﬂeanﬁlﬁenents can be found, for exanple, in: Ausubel et
(eds. ) Current Prntp(‘nl s in Mlecular Biology

PCR@ﬁ%E@QC@DOhn Wley & Sons); Sanmbrook, Fritsch, &

Reachigi NI A R 6T VB It ory Pr G0 RO UL PR & K e |

10 IVt Nods PINHETZYARE 9y 1520 QBStee1 t a ddvlequl atin O |griCng

Press): and {Buldiarli et
4 plal . é@mMMgS@M Insertion Ellements, Plas 13@1§6Canc94°c

PR IS T AN SIS S Ttk i SR

0.25ng |Each Primer 1 min. |68°C

1-5 ng Template DNA Step3| 1Cycle {10 min. {70°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

29



Plasm d Map Constructions All
constructed using VECTORNTI
womo703A38 5 DNA Extractions Al
extractions fromE.

pl asm d maps were
(I'nforMax Inc., Frederick,
pl asm d DNA PCT/US2006/021262

coli were perforned using the

oA, SHOLI N 52 9,0 BRSO 3

SEQ IBXYEE: Teid 8] ardl ¥ firaow, 5%

foll owed. P.

({ I NOJ: lood 0. PTRE eSURRE iele® acids
ost cells were transforned

fl uorescens

were djgestedaxife Bewitd o srepshadhesizn eads fy cdoning e shytila veetgmt Each of

the res@lgtﬁtggi’

R-hairleladEight

were grown to

an]f @ﬁ&tg% ﬁagn}i% at the

and 1n

A S

BamHE¥ipy ef thet GEMMT20eCDS. Exdlr ssulting tshitle tpdasoyi¢h eysi digested with Spel

fusi ons. . Cel |

and Xhgh rgsiaetion) Snexpmesy| kack. o

v

ﬁagrnééﬁf%\?%sqw%e@%

rent Ba

| ysed and their content .
Peft H%f? ABEHS GhMPahArgnooding
phrifidafb@ct i ve Antigen O oning Four

us anthracis protective antigen ("PA")

s were_then

PAl peptides (PAl - PA4) were independently expressed in

Nucleig A, gg&éé]ae
(SEQ BYRhejic ol i

by -&eadt G L agpa bRt Aea Tt ekt 4fssbage gt oot gat

gap4¢ hAQkT desatt pf 20 the inserts was

synt hesi zed |
Aminot erdndegesnice

(SEQ @Sﬁg)tﬁhf’” M x

OX P]

&2
y_over-lapping DN%\ oligos with the
) Spr Aem Sen Axgdyai llyscAtgel coWhr SGRA RRGIFRTOThr Val Pro

5 e piep A B§ AR 6 5" o “Bac

4 AL 50nmM My
35 Cycles 30

pAsp
4 * 30 sec. 94C 2 L TOrM dNTPs * Step 2
1 mn. 68C

sec. 55C 0.25 ng Each Pri ner

PA2 1-5 ng Tenplate DNA Step 3 1 Cycle 10 min. 70C 1 L PT

AN LA

Nuclel AT SHRTET |
(SEQ 1D 5pgen O

"lnvit raogen”

D1 PHT B b FEAAHCTLS R GELRE W F
gaGabl £0a6 ctc@A-3°USA, herei naf ter

DB,
%hp resulting nucleic acids contained

'fﬁffg cat gtt gat

AminoBdyeld Segewgni
(SEQ ]?ﬁﬁkbe %ges eng

ese PA pept

BeoRrosGlueAlachus His Praeuria Aderiladyr Bw lle Val His

eg sequences of,

B T A i e TR

2007/ 053188
PA3 3) for PA3,

PCTI US2006/ 021262
SEQ ID NGs: 3 and 4; 2) for

follows: 1) for PAl,
PA2, SEQ ID NGs: 5 and 6;

Nucleic Acid Sequence

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

(SEQID NO: 7) gtg aat cct tct gat cct cte -3’

Amino Acid Sequence | Arglle Ile Phe Asn Gly Lys Asp Leu Asn Leu Val Glu Arg Arg Ile
(SEQ ID NO: 8) 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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SEQ ID NGs: 7 and 8; and) for PA4, SEQ ID NGs: 9 and

10. The resulting nucleic acids were digested with
w@dB200nbE318%0 creat e adhesi ve ends for cloning i NPEI/US2006/021262

shuttle vector. Each of the resulting PA inserts was

| . ] t. the. .
a5 B B PO RUNASA S £ B Ol tction
digest&hhtivbhaxﬂlﬂ&hf@ip@@&nd& ofst ademd t h Spel  and Xhol

restriction enzynes. Each of the desired chineric
CCOW129- PA-encoding fragments was isolated by gel
Itolgfa! @Zﬁdogfbtelg’%&‘the%{eﬁﬁ Eguﬁﬁb ﬁn%%ﬁﬁkce 5>’ -agt aat

aaa cot acc gtg
cbwo gdiffercOSHEEH Depties3 ERIEH] -2fatand aEEF B3 8¢H2) aw ¢re emtlependently

core AU ORE S EEoSs K SRSl P gl e

Easten»ﬁgemﬁé@n@e?gaﬁﬁgwﬁp Ay Ile Pro Asp PA2 Nucleic Acid
Sequence agt cot gaa get cgt cat cot etc gtg get

_Ewﬁgzgaaﬂ_mw_m gtg cat gtt gat (SEQID NO 5) atg

Acid Sequence Ser Pro

DLDT@?%%%%@%E @%@%2&%1@ Tyr Pro Ile Val
EEE-1H5snuc(ehERid Eediehced) Val Asp Met Qu Asn Ile Ile Leu
, Ser PA3 Nuclelc Acid Sequence 5 -egt att att ttc aat
5 -gacﬁg%aoa%&a@tm%@agtaa%agc@g@ccg@@gge&atcg@:@a%tg@ccgwt@égccgéagcé" (SEQ.

§5 QIDNO 7) gtg aat cot tot gat ect etc -3 Am no

AC| d Sequence Arg Ile Be Phe Asn Ay Lys Asp Lou Asn
EEE-28&26Yabptidescduemncdrg |l e (SEQ ID NO 8) Ala Ala Val

orPREPGR TR A Ak (EG iD §EFI ot 1 an aag tat

EEE-288069 8hc8RAcklequdnreEQ | D N 9) cot etc tat att tot
aat cot aat-3~ Amno Acid Sequence Arg G n Asp Gy Lys

5’ ggecgntgRigegdgzegaaggegibacliyagiymagatgcadgigcdsivet e QiR dapgddang-3’

L Lou Pro Lou Tyr Ile Ser Asn Pro Asn The
(SEQ I'JDO%IQ %Qﬁng chi meri ¢ CCW129- PA pol ynucl eoti des were

NxEdleit NRIs| 32Bahe BEPL 5 i HEE-DIYEeh8Q3 L XRitRSEHe8by SOE of

plasmd in place of the buibui coding sequence, in
synthetyp eligpiusleotides\OThe 0Ptz suclpicTiclds omeringl BgmHI recognition site

termmfjlt t"ﬁ%hggn% (a L.IIPEF dé A& &g@ﬁ@c&eou e@r?mer%fﬁrés‘(yﬂ%xﬁms dpf the, inserts

expression p asm res I'gest

includeti the Papall réstdcttiiitet Oid WeRSeHsOW: the insert. |.B. E2
gl ycoprotein of the Eastern Equi ne Encephalitis

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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5 Two different FEE peptides (EEE-1-25 and

EEE- 238- 262) were i ndependently expressed in CCOW
wOo/Reg/psTepr esenti ng 25 AA peptides of the E2 PCT/US2006/021262

gl ycoprotein of the Eastern Equine Encephalitis

&%%H%%Bk&%@ %@D&gp {NN%%_%%Q%% @Ath BanKIIEI)I i[.(i )create adhesive ends for
cloning=o ﬂ&e@ﬂiS@d@CM‘ﬂMcIdz}H@l}u@ﬁ (péasmld

T SRR e tAs! | earoCa0l ALaRCh YSRaCRaRY RN S chute

plasm1 EEE-R3BAH8 HePbF ¢ $TQMPNEERCDS. Each resulting shuttle plasmid was
GRLPRGEGDTFKGKLHVPFVPVKAK (SEQ. I D. NO 13)

15
digestcFFtlR §pel2ad Xhod kesirictioni clzgaei ach: of the desired chimeric CCMV-129-

S PRI A oapr g pevcor o

atied fesEMiGE dihite efRECAMEI 20 BFEEpElyR3dedttie Hagaents were each then

synt hesi zed by SOE of synthetic ollgon cl eo
inserte anfo|thg W%%éleﬁpfééﬁl%l’ FRCPsEared Heée%%ﬁ%?li 18P 282 of the
e
buibui Z:thl% n%(&eﬁ&{, F%gﬁegarxb;li%gtrts %ggerﬁt f's?{}ﬂ% ﬁaﬁgﬁrorﬁg F. lée :lrer?glg}l% expression
plasmitl weds yeheenddbey Batrittion digest wathi Spel amdﬁlwlénﬁpmmme afthe insert.
follows: EEE1.S: 5" - egg gga tee tgg ace tgg aca ccc
act tea ccc agt aca agc tgg ccc gcc cgt ac - 3' (SEQ

Example 2 -2Rxpidssion OEFé:cbnﬁfhanthCM\ﬁG AP fustiriCpGhfilest 9 1 90

g atg tac ggg cgg gcc age :
3The( SEQ\/I\D29N@1&161)1 Eaﬁmes expBesish  plagapérisy Guere e drapy] grmed into

Pseud%é&ra%% %C Cgl)/lg%‘i%égc%;f? %ﬁ%ﬁ‘glﬂgﬁo t}gec%olfo%%gag&)t&%?. Host cells

were tB8Fed tg@z:tdiiﬁl‘Py i GiAe ﬁm@iﬁ@m@@ @ndie€. B§Ceab Grdngformgtion, tIQL purified
ccc ttg - (SEQ ID NO.18) 31 WD 2007/ 053188
expresszgrrlpﬂ;szud;@lm wees addythto theshast el anddhe resuliimedyixjap gvas swirled

cnty B A b BTl BB e i v

transfeﬁ@dhtooélettP@ofa&ﬁw dispgablEEcuvetes (BioRad (Gd:@nEdlsem Cubette, 0.2 cm

pESC- CCW129BanHl shuttl e
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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plasm d at the BanH site of the CCOW129 CDS. Each

resulting shuttle plasmd was 5 digested with Spel
waem7/¥ksass restricti on enzynmes. Each of the desPeBUS2006/021262

chimeric CCW-129- EEE-encoding fragnents was i sol ated

tysozyl LR BBt B Rl o & b g 2 o,

which tifeer dle mmbﬁcbﬁs&enh@é@maummrapgajeﬁm pl asmi d
restricted with Ahol in place of the bui

CBHY}H@QY%UEH@% volFeg B MEe e PaBagiowed i AN of 1/200
volumé ':2?‘@% d)lg:é@r , 2 :ti%e%xl 1g%u Bﬁ %flsil:é) ?(ﬁlghg{na%gl dvgl}%‘fg?m}e the lysate

shouldfirags berpeneod miubk lésn ssedus hqﬁxda erJéﬂeleysatES(WEEaﬁhems;meffor 30 min at

o . F€conmbi nant, CCW, capsi d fusio ti des The CCOW129
4°C al RSB B ERBPBSER B R ih S RRBIP Y A Agpeet into clean

tubes. | THeecm8Y Q5RRAM h4qhe Sé‘tﬁﬁlﬁe '\@S%é} n B8 fiorke! Tl% rema15111ng pellets

according to the foll ow ng Host ce
were ther estspandad igr&duaill ?Euhuffcr élOsrer"JhISdDh@H{ oA, 1 caM EDTA). The

nsf oy nat urified expression plasmd
resuSpﬁ%Cﬁgm@é% 3 N 188@}%1 ﬁg‘?“oélﬁl s and the resulting
MTheké! IS’ oM rinSslublere Bhttiondividie Bhddl 8dtioBhbrefed éh NuRAGE 4-
and then incubated on ice for 30 mn. The m xture was

12% Bis-3ris elsr(@em Bivitregens 6plo NROB3Y). brepsddbnm x 4§ atallesaccording to
mmufgﬁrgﬁggpe%ceaﬁlgg 6)%‘6{ q.ﬁ%ehcghi%ag 12 gs?e\llré g%emgl g@ 3 dfﬂd? PQQPZX reducing

SDS-PBIGH &chdiserieuff) sel bcﬁfeld BEed rlﬁilhu&g pZﬁ?ltﬂﬁtlifﬁméngZﬁ dieagls, The gels
2.25kV. Cells were pulse cells briefly out 1-
were siaipgd Wit JnimayBlye damSiEe. ¢men IPYFFF@&?%té?}tyLQéQ@ Ky destained

overnightSvifiwtle f ' %S&:ﬁ?%ﬂgﬂ&g 0 c]hgf]édﬁ%éﬁﬁ’ Fé% ?&&)egé?{m Né. AS0011

ours. were t %t e tet
from ISMYy Gewudry) end o WERTERN BRERZHE ikitnfroag fnvitaogn, TaoWB7105),
e col ony was picked from each

I at 30C_.o g tt gn
fo IOWB‘Igé’E‘%mg g‘“?‘h% PURED sanpl e was i nocul ated into 25
39 pikre LIBsRRAANE Wk pidESor Hf RecbRbinhRdcenak %a]{)éi@?h)teﬂ&é @H%iﬁieered to

suspensi on cultures were grown overnigh
expres® BAd pRAShBAB rand B AShpepidednsshis im thel insaigbls dradtiony| The recombinant
capsia i REL3E B DSHARS AR LR o ecombivn
CCM\efirfgRfeptidessdginetied itd EQiress A PN PABOknd P4 §eftidd iRsedts in the

1 liter baffled shake fl ask. Tetracyc i ne was added
solublg Gactioa| ecti on. | nocul ated cul tures were grown

overni ght at 30C with 250r pm shaki ng and 30 i nduced

with ] PTG for expression of the CCOW 129-f usion
Example 3t VEPalehssemibdy coat proteins. 1 nmL aliquots from

each_sh ke-fl sk cylture were then centrifuged to
‘ H W‘é&ﬂ?———ﬁél | ets were resuspended in

01?07 %é&b&%@ Vﬁg} Tiivk gﬁﬂti%IeE'CéO f? dufbure: o g%?é&@ér)i‘éﬂ&g ﬂ%HMscens host

0. 1% vol une of 10% TritonX-10 t ergent “ was
cells exprewu@dxdeqmbmaxw w@pad fisjorapepdides Wamﬁrenbh—p%sd&)and the soluble and

53188 PCTI U 06/ 0 |
imsolutly RO vt FRETEA, BTG R OR TR oG pedies were
Washe(i o #mbBOUSSmplad froMfthé SorliblEBnd ifsbRBle RAFioHS FeRUSK &GP stored at

sate shoul d be apparent
-80°C e 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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To the lysates, 1/200 volunme 1M MyCl2 was added,

foll owed by an addition of 1/200 vol unme 2ng/ nL
wobehses3iseand t hen incubation on ice for 1 hourpPCbys2006/021262

which tine the |ysate 5 should have becone a nuch

buﬁfer)!T @fc%g\ghe;nag{%mw Wl othﬁ%E}e drﬂev L& StaMEHas E&ﬁﬂfu%eal Bt 27,000xg

. at 4C at maxi mspee In a tabletop
for 30 agmited. f uge and t he supernat ants were decanted into

|
L Naisrathen . Gnal TEGEPF GReoRE CRurY: 5 SdeRigppeptide, the
supern\ﬁﬁfnewﬁshﬁﬁl}fz@§ Hg REREISG cE Bt $80%4RN NisinbFantexkibetior ddffidiént of 1.20 for

nv EDTA) . The T esuspended pellets
free ca;md ptdten to qgmtlfb ﬂ@ anfiquat of @ﬁpsld fagorr peein i Biegplubionand

ble" .1
AL A ol D o5 BB W i
fusion 'ﬂ@&%ﬁx Ahay h@ﬁns’k AT A sdémdie |E\ﬁ7fer QSIEﬁMCdel@JIh Acetate pH 5.2, 1M

manuf act urer' ecification. 5ul of each frgctl on

NaCl, wéﬂ\é FEGib e B Fhios 24 af 4°8 Thepssepied particisaggere washed with
Empty a% nrlnﬁgr %H%f{axﬁ l'u's,m% gn]tﬁg&l ?(I()b fn‘ﬁEro%oﬁ@eﬂHBt%?s pr”J!‘Hy sdfiple retentate

were stal ned wt
contaifinfTabsefibleel ‘$EP§3WS§ measuréd bpabdonbinte ay230nnCat detbl@ﬁﬁﬁ WLP yield.

and destai ned 15 ove ni ght th t \\ést. t
A poriist el e SRIBIIVEY g @cﬂwgusg‘ezvgéwavs%gf b A TR GR 4 esermbly, and

o o 4 B LAt oy RSl A, 52,

andruprontan&li)SsPAEiEgure 1 shows the expression of
reconbi nant CCW capsid proteins engineered to
express PAl, PA2, PA3,, and PA4 peptide inserts in the

I apoklipl BssbhBGiw@RRNIAte reconbi nant 20 capsid fusion
peptide 1s 1ndicated by arrow_ Figure 2 shows the

eXpressaiblmthefvirueddinartznts, GO} qulisTont Bugyepyenas fluorescens host

cts S RARRES R R B0k paff oy ro e RGO St nd

insolubRAGSEIGRY Weid sepafatedvbl c%@ﬁ@@ﬂbhy et fnseltiblBNAclufion bodies were
assenble the virus-like parti cl Om culture of

washepQetiiesotraapley fiopdbe é«i’%gblﬁ Gaf inspBbiesH e rastipps §f e fgien and stored at -

80°C. r"‘f@é’pﬁbﬂﬁ ! R | \Waf 14 d%al%'qlﬁactl sCThRehs BHEESEHM Nacl,

e an uble ns wer e
1mM B&Habamemﬂg@ bemien iaf mwmghfr HEhe 1Wbtngh betutior vas fhen diluted in

bod .
025V OREBEan VGBS B FPHEt fne HBRe COMEENOUNY & 3 M ures

Dk I f ( o
Polyel%%z ?]&;un@Qf‘:E n\&&‘s_r!rulﬁ%@ ptEI t¥'i71?al cbﬁ&hﬁgﬁbﬂ\@ﬁ 0 035%3 @ﬁﬂ desl sélbtion was

mcubatodwmcmfmgusmnnumse értmsun@@mtrwwnmﬁrg@ @ ZNAOQPé&for 30 minutes.

e SRR A DS s e B AR AL B remov

urea oveinygithyl eni m ne (PEl) was added to final
concentration of 0.033% and the solution

| ff@u@ea@reun@ rihe dimat ofield oofntasamdinantrieCMYp éi‘l?f%ﬁ dngionpeptide, the

superrgl xvﬁg gﬁ%ﬁie@% %g%géﬁe% %g% gﬁaﬂgﬁ‘gf‘ af Extiretiod e fficient 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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buffer) to conpletely renove urea overnight. The
supernatant was centrifuged at 27,000xg for 30
woreowanedss To deternmine the final yield of recombi/msaee/021262
CCOW capsid fusion peptide, the supernatant was
anal yzeqbeng abs,gr bance at. 280 nm_ using an _extinction
Jluoreseaptoan; tnpiseds  Hhepepncghtrationsqfcapsid sign @@B&l@SnWﬁSOIOuM (Img in
4ml). qq@nmf of &Jlb@ldaﬁ@iéﬁt tid€ an ?'IQ\IAUS%'ILRR) pvér% & %Qfﬁs‘c assembly
solution. 10 pS|d usi on peptide so utlo
buffeld(S@nM%erCBpMﬁe} SBm(L\m aCl, HmMfKCh ;SmM Mg@g; hnM DTT) for 2 to

12 noRf € Ao st S95004 prnlat WSiR FaisHAth AR butfer using

Centrfo@ﬁ- 1@0%1§ro%bn&§trat$ﬁe @%@Rﬁ&'&' dapletibeh@f %%rt@ké??éﬁqgeasured by
Enpty assenbly buffer using Centricon-100

absorbﬁr@ﬁ && éﬁ @ﬁttf’ sletsrgineTHEP yaeil A pertiont off the Teientatet ‘aasnlonged on a

sucro%z gﬁr fent. K g%t 1%%6]5? a%%%@? b%lﬂa[g? %%rﬁglﬁg%ﬁ%frgzﬁ?\g@s concentrated

downlind/ted Bufifea (G UMrSogéurs Aaeiats) bHI2)d edEful odean WIS -PAGE.
assenbly, and ortion was concentrated

the remai ni ngés
d SwHIe A Sb@wa gematatioprof (LN -E8di ek sawith ané withauERMA in a sucrose
o P
dens@fgg@ggtnb}ﬂ éaféhfgﬁ‘?ﬁg ﬁ%P%a@ geljotath Cs W P P“‘S&g&
VLP Pasmisdenibread Wwithoot &€Anisolhtedt from eht Suesps d&&*,hﬂy%radlent Figure 5

reconbi_.nant .capsi d fu i on des was F ressed,
shows, 4 fgb RECDoHiBP & OBl an A Yo O e‘?@% Fasteriiad fior Cp MV-PA4 capsid
fusio ded Rdhd¥bsesetdrigggat i on. The insol uble i ncI usi on

bodi es were washed 2 tines. Sanples fromthe sol uble
and i nsoluble fractions wer e t aken and stored at 20

EQC! T;ﬁ |nso

fusionlp&sticids. 4C over ni ght. The 8 M ur ea soI ut| on was then
diluted in 0.25Mincrements with Buffer B down to a
f ResompigaeichtMar P@i?ﬁlfbfuszompmtlsﬂﬁe aontammmttmyn@mqpnd@ from the
atJ on .of nd
Same Bﬁﬁlf}er ag%%\;\&gss(tag |dr?%: glg @%%%{e {)f Bt beprﬁldeft ‘gﬁ Sefdomonas
ﬂuores&qnermtlmiﬁmménodmet r IThdag ﬁ@bl@ﬁoﬁ%oﬁ&@x@ﬂ Ok i’s@lated the various

1 nut 5 The .supernatant was di al yzed agai ns
recomBiL COMY 3 RHE AR EAP e Jobib) 149 486 pbkkea g Pewbedin Example
L

3. Va?%g% ﬁgl?ﬁﬁfélﬁ?% of J%F%{ ﬁu%?18%$%g ('tleigg!é),n% %Jééj al%gemc inserts from
the samamerdnﬁd:ramttpawMemn agwte darblye mixssdrih andeusatati@SBefbry assembly. The

812) ? ext| fflClent of 1€0for free
R ;5% Giefpbten fE esg HHB {herHesennn Qh AossRce 9 KN ry degsibed in

E 03 eiThel sl SRMNEHAGR - '
<l D S S R o
CCMYwgpsid fysiompeptidspeprdainig dRfiarentsntiganieiinsetst ﬁénsramostmfohntlgemc

T TR T -

capsidi ﬁmioﬁht pebtideo oogthiaties diffefigg taﬁﬁgeyﬂlé ReptideMis&tN adied Ho OB mixture
nosai ¢ virus RNA produced in vitro or in vivo can be

prior tqde assemblipreagiang e IKjgure Sridhews prNperpRIoN axptession and peassembly of
multiva{e3RMWEPY StihRSd PO N Sare RREHBAnAP "EEMV-capsid fusion peptides

containing Protective Antigen-3 (“PA-3”) and PA-4 antigenic peptides.
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34 WD 2007/053188 PCT/1JS2006/ 021262 fl uorescens can
be used. The concentration of capsid fusion peptides
wow®7oass (1ing in 4m ). 10 uM of capsid fusiBEI/US2006/021262
peptide and RNA solution was dialyzed agalnst assenbl y
/

Examplg

produée@S@Ul\IvafsSﬁﬁttim pﬁdtﬂeﬁdsemb\lve (2] phnﬁf(éﬂl\’W tclapsnd protein_into
assennply buffer using 5 Centricon-100
YLPs nj croconcentrators. A portion of sanple retentate was

g‘?{&ﬁﬂztﬁﬁg £ FRAPV s BXITIC%Q??}?IQ.&@C@OC?&&I?I%WOY @CMV RNAL,

ermne VLP yield: A portion of the retentate was
RNA2) andRIAB weae u@dcto uﬁeotgpwdeaepiants&m@wdse(?wa California

ok GRS oL AR ST S et SPAGEIAER} A6 v

pots WRH ﬂ/h‘}éé[b-@rfb 1%}? OEGaclEICHY QWA FEbAYSEs OFI): aC@Wp@zﬂpl@ﬁtS were
PA3 VLPs with and without RNA in a sucrose

1nfectedehg+lcaf s@ga(ﬂp@rﬂmmgﬁe@u}’ days poRgesminstions-AeAmtingeyt cg,qborundum
powmﬁ@%&? 31?% & c?e?lgl O?ucr \(bﬁs, 2) ﬁﬁg(f?/ﬁ% rogl ?%égf) N:":%‘—;ngr e

RNA cocktsl @Viesiflere |a§§ﬁddcﬁhtmlférc@ﬂa©ﬁmd0nﬂla?éry Jieavasfwark Bsraded by

reassenbl ed from CCOW-PA4 capsid  fusi tides.in
gentle fypbingwith e glayed fmger. jgfegkwqge gstablﬁg (i ﬁigyypgﬁt ingcplation.
The legfocﬁ%@ d&h e&l‘be{?ld%rd'z@ R Ml RRsSn fL‘éﬁf 3ue was
es.  Reconbi nant capsi fu5|on pepti des

disruped myaﬂemdng iavirogbuifer (pam Bddisnf Acatate pEl 5.2:aHmMrEDTA.0). The

di fferent patho ens cribed i
resulting bepegsatev assAleRs e s St e et ad e heft®
centnfﬁgéél 0715 fhf al Wb@(ﬁd(?ﬁ @@d @S r&ARilSupsahah®avastrBBoved. To
rious 20 reconbi nant CCW-capsi d fusion peptides

each semEmesat] PRGSAM0dvassiddbditda fisal ¢enesniratien ¢fl (2% anghths solytion was

et 5B RN B SRS 7 R GRAR: 15. 000

for 10 $iih hesent pabhase phitetagentitberCBusendedie d/ lonnitiat supematant
rati os before assenbly. The reassenbly reaction ca

volump ef piews rffes and therwmispensisd araplss WatssepEHugAd IRRAD gun at '15,000xG
at 4°C‘Vﬁ Céu@%ﬁ}%’calnp waa‘< %np%rgd §nd qﬂ cfe%stb' ltﬁe' éégoﬂﬂ'ﬁjo'ﬁh&' 9{" PE%S

HR VAT I'ons of reconbl nan
precipfAidvt. mo@ofvmuaaaemmnad esncentndtinmif NS % inhd etirest at 4°C for 2
antlgenlc inserts. The ratiaos of fgﬁi)db eni c

hours. (B $90tic WAt e SRPTAIEER Tl Hdior o etet s
resuspgﬁ)(féﬁl 1ﬁ“sfn9p ngu{x{ GM'S At G getglﬂ'gé Vlelféd?ﬁhdhe\?ﬁs' IGQfed on

ont al i ng antlgenlc pe e inserts added
to Cerﬁ@cotnﬂﬁumz&tvwﬂeBOQK molecubar ehb swterfbind spierediadAH00xG for S5 mins.

Figure 6 sho di agram of expre se

it i R B U
with p PR#-dChMig hﬂt’ibo@%&t Aﬁ&ﬁatn?@y GRWidhs Pac1P et irifieg on

Ant gen 3 ("PA-3") and PA-4 antigenic peptides. 35 WD
sucrosg @eﬂmfmcamtptrra 1o Ekaodre paigtes were anyzed by size exclusion
chromatography (SEC)-HPLC (Figure 8).

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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Exanple 5 - Production of CCOW virus particles in

pl ants, dissasenbly of plant produced CCW virus
w@anvosdies, and reassenbly of plant COW capsi BCPUS1086/021262

into VLPs Production of COW virus particles in

langs: Cocktail. m xes and, RNA3
Supefff 13 fee GRS rulr O BB THOAHESATos S olermelypbhy SEC-
HPLCeigferspi @ Bl ackeye #5 seeds (Ferry-Mrse Seed Co.
Kzz wer e sprouted and transplanted onto 6 inch pots
$

embly £ ICENEV oV ot (G VRV P Wene aissembdedoby diatyzing the purified

dimelp %”r‘ﬁ‘f ?a%g_%s;t( Ilcﬁi}éﬁfﬁs%hﬁ)g%g fggs(food@ﬁﬁged at ta%' 'ﬁz‘?.% 100mM

NaClpﬂlEﬁMBMSﬁF) &840 THe a8 anIONIECVAD §0 Pk Rv&é:hlﬁil‘ﬁed by SEC-HPLC
Scjentific cat.409-21-2) was applied onto one |eaf of
(Figugefon plant. 10 RNA cocktail m xes were applied onto
t he carborundum | ayer. Leaves were abraded by gentle
rubbing with a gloved finger. Infections were
established 7-14 days post inoculation. The |eaf
as hg ves ed and fr?zerl]) at -800 unti further

Vool 587 O B oL AR " -
EDTA Of:g The resul t1ng homge%?e%‘éqeic%%%z § various antigenic
inserty fﬁ‘mé e tshme cofl diffsrent qfathrigemis cagehist éanahd praducklien flants and/or

uged for. 15,0 AC. . The
Prendf Rt SRR indp il ere Pt o P can be isolaed and
disasssmpdriatvand., TREGSU M ecMAUeRdid RisinpePflies containing the antigenic
concentration _of 10% and the solution was incubafed
PePtldGﬁ froppthe same of diffsrens pathaeie agantyi@n bermiked ime psesletermined ratio,
and RSN ERRY KRl A pEditF o BlendCa Rl dtiertpegn Brampte 3.

The resultﬁngahulﬂwiaim‘élmﬂre conlposer] dffsepartiteSTeduthbifintCMMEapsid fusion
esuspended s |l es were centrifuged for 10 min at

peptides apd gREapnyitpicinste  Ihe anting frntigasic meptdesr e bmadjusted by
adJustﬁ'%bﬂf%CElﬁguﬁtoof @fchsﬁgﬁ?&d OYP e Rt BERE)- 9%)%&5 lglgsgdl’l peptides

000 was added I'nal concentration of
contaiginigr difgring an@géme peptideoinserts Adhdedsiol the i mixtwespridred the assembly
.cent.l.i ed at, 15 000xQG for ns, and the pel | et was
feac“?“ésﬁ‘ékfeﬁérﬁ"e EPRSH! Rrola cRRype Ao a&d@ tp (e Fgsperpbly ppiture prior to the
assembg;suspended VLP solution was | oaded on to Centricon
Pllus-20 with 300K nol ecul ar wei ght cut-off and spi nned
at 4,000xG for 5 mins. 25 The concentrated VLP sanpl e
and western blotting
Poobifes. Alternatively,

t TITHe assemslypaadﬁoﬁlcan wep@ffwddfm ek @Bsené@sfeﬁg a§|§1'il§vlrﬂ iﬁ Flgure 7.
adi ent. The purified virus particles were anyze
The rf‘é}llilég SRHUiivalers vV LRsare sempgyed mfwem@ﬁeyeqqmt@a@mcgﬁw @psm fusion

pif 55708 gl 50 T YT RETAAE G pricts

CpGs betfak @rucdsa] sdjuvinErang cHCndpt& THI 1n5ﬁﬂlliﬁ\ﬂe§i&ﬂses zﬂg'iMsaToTadmlmstered
Qurs_at 4C. The d| sassenbl ed

. 0.2pM P for 16-29
amlge’{’ﬁ rgg‘/l v?ggs e 1t feagaéﬁug{mgﬁn%eewmes fith M dsrmay inpdede lower

s b e S NS o,

and inpeg@ied stabilitp o thaCRGrald AISE) Fignre 2 shmw padkhgifhE.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 -

Exa
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The CCW di ssasenbl ed into capsid protein dinmers that
were further purified by FPLC 36 WD 2007/ 053188
weFDDrAEAN6/ 021262 Superose 12 size excl usi onPCT/US2006/021262
chromat ogr aphy. The di assanbl ed CCOW was anal yzed by
SEC- HPLC (Figure 8). Assenbly of COW VLPs: CCW_VLPs
CrG plgeisleolip PEiBye a1y Ao ARG G TTECCTE ASGTT 3 (SEQ ID

. . _ . |
N[ g ] S G0 2 somv
NaCl4 COmMh K Cle &ﬁswsMnMgéhb, G4 U[['lFf3 fweaeg:\mﬁllmnfsj latb&lc’c das described in
ST i MR g ATBL e SRS o e v
Centrido8ViI00UsilicYod e Mittalidts Qhd g Fiek %chﬁigmts oy £eMeufrer §(()) %nM Sodium

particles containing various antigenic 1nserts f
AcetathpHsak of Tdiefsemplastwepartoore AEC-EBed (Bigosm9)b&he results indicated

roduced in, pl.ant /gr. Pseudonzo f.l uorescens .. :
at e B rar o R o VIR B RSB e G Rebtides and in
the pieSélcabedligifhclediidaSpie DAhsé-ProtédiéPbackbéhel THYkdrABIs were further
CCNV—ca§§|d fusion peptides containing the antigenic

analypedh on db&-112% ragetose eghelhst aghrgdeeged rivas sieined evitle Falge e sletect the

' ' ' rati o, . and
pesfB 5 T8 S SARRY b K5t e e of
CCMRNEBPaFigles d0). UHek tesultx eonfir@ied that Tlegsse@blU VRS encapsulated CpGs
insid Itg%gggnt VLPs are conposed of separate reconbi nant

i bereUsis dhe mplepilagweighivaragkshilane? showsi MV VLP sample
. i )

with GSARLEe1 FURILGICHRE, b PREOSNE GO 3EP GBBIP Rt snoapsulated

CpGsofontagungtiedANese@EMeeted paikidboheisi on pepti des cont ai ni ng
differing antigenic peptide inserts added to the
m xture prior to the assenbly 20 reactions. WId type
capsid protein can be also added to the re-assenbly
m xture prior to the assenbly. Exanple 7 - VLP
re-assenbly in the presence of CPG The assenbly
reacti on can be perforned in the presence of CpG as
shown in Figure 7. 25 The resulting multival ent VLPs
are conposed of separate reconbi nant CCl VI V-capsid
fusion peptides and contain nmultiple inserts, and
further encapsul ate CpGinside of the particles. CpGs
act as nucosal adjuvant and can induce Thl inmmune
responses agai nst co-adm ni stered antigens. The
advant ages of encapsul ati ng CpG sequences with VLPs
may i nclude |lower dosing requirenents, a reduction in
the side effects associated with CpG
co-admi nistration, 30 and increased stability of the
CpG and VLP. Figure 7 shows packaging of CpGs into
VLPs during assenbly reactions. The plant produced
CCW was di assenbl ed as described in Exanple 5. The
di ssasenbl ed CCW diners in buffer B (0.5 ng/m) were
m xed with CpG oligonucleotides (120nnol/m ). Both
standard ol i gonucl eoti des and ol i gonucl eotides with a
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DNase- prot ect ed backbone were used (I ntegrated DNA
Technol ogies, Coralville, IA). The 37 WO 2007/053188
weFDD/ABI06/ 021262 CpG ol i gonucl eot i de seqUEPCEUSTS6/021262
5" TCC ATG ACG TTC CTG ACG TT 3' (SEQ ID NGO 23). The
solution was di al yzed agai nst assenbly buffer (50mM

Weclaimi's_ Hc1 pH 7.2, 50nM Nad, 10mM KO, 5mM MyCl2, 1nmM

DTT) for 2 to 12 hours at 4C as described in Exanple
1. Aszmthorher preducing amulvalens|vans ple pirtirlesomprisingashed with
assenbly .buffer using 5 Centricon-100
a)r??%%ngtléynvééﬂtrators and buffer exchanged into Virus
Bo)f hifleast Ond Msboigilwapsid@icai weptifttdmphising deSa01d @figenic
were run on SEC-HPLC (Figure 9). The results indicated
t Reptidedeserts Abs assenbled into VLPs both in the

UL 0REEofl <EbATGR aRl AR BN CRRARNE bleost B tigenic
bac kizptide inkbre, valsengih asleastrone ketohti eiral @psidyfuasoh peptide comprises at
0.8-1. 2% agarose gel.. The agarose gel wa ained with .
Et prloishoRe Fsenic Bt s w%@%@g ngf Pf%ﬁ@t 5 ﬁiagﬁ%}eﬂlr@g%pa@sfuswn
and p%#ggéaq,ﬂg,nt ly by protein stain to detect the

se

presence of ~ COW CP (Figure 10). The results
b)asseniblimg the #deast ensBuhbka dapiidiisengeptidd adettie @plesst one second

G R o S e T
wEkdr6iaRBhaltRdlcnt PingkAlE fapidie 1aaRdifullaBeetB iiFbites CeMMu¥dR acids.

sanple with encapsul ated CpGs containing the
DNase- pr ot ect ed backbone. 15 38 WD 2007/ 053188

al ent  virus
fusionpeptiders@id thedt ledskbmgsecomd witdl eapsidfisjongieptidasdcuesfier a
first viral capsid fusion peptide conprising at | east
PBHCaleR fieni ¢ peptide insert; and, ii) at |east one
second viral capsid fusion peptide conprising at |east
one antigenic peptide insert, wherein at |east one

2. Tl%%é%é‘? %ég%%gél% ?otzclqg/nq %ﬁér&h%seﬁb&i@g gigetr a??%s{e &e first viral capsid

3. Tisamethdd wécoading tpelrith 1.ushaeinpleptiral eapsidpf ths disstatiral ¢apasitfusion

one anfjigenic pepiide insert that is no resent in.
pepfide i} & Sthend PELoseR Frieh BrPoue e St PR Eonsipg sapy viral texa
meSB& TR o a liliferdt virgP@ka BREIGEL.T St viral capsid fusion

peptide and the at |east one second viral capsid

fusion peptide to format |east one multival ent virus

¢ TieEpREa Ry v bl SRV 5 i bl gt copsi

fudieh @%n%tid@ are defived MRAE affPddid Bgubieedfah R okahadiel vaiug.
assenmbling the at |east one first viral capsid

5. The method of claim 4, wherein the icosahedral virus is cowpea chlorotic mottle virus.

6. 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.

7. 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 viral
capsid fusion peptide occurs after a purification
WG @p/033388 The net hod according to claim1l, wherel/msS10h&021262
viral capsid of the first viral capsid fusion 20
ThEERIHAS RN NGHSREPRE VIS e £BAHESadd SRR higs. 2T @
derive romfhe same viral taxa nenber or froma
different viral taxa menber. 4. The nethod of claim1,

wherein the viral capsid of ;the first .and/.Qr. secon )
Th eI oL B 1o Piherconbg Sott oadlr Seoand Bislaerin fuRi prptide is

derVBI TR G viu§ SEHBRAK Hartftfle fn%@riéb!&%ﬁéﬁbusgyb flksivo.25 5. The
nmet hod of claim4, wherein the icosahedral virus is

cowpea chlorotic nottle virus. 6. The nethod of claim
1 rein,the antjgeni c .pentide insert of the first

A S B g o R G RRaRS Pl e B se an

a) Adingenigropepti de insert derived froma pathogenic 30
agent. 7. The nmethod of claim6, wherein the antigenic
pb ot least ang disstivirabeapsiddusipp peptidgsemprisiigiableastpms ppigenic
and nd capsid fusion peptide are derived from
sangégglr%ef%r%%?rcf di fferent pathogenic agents. 35 39 WO
2007 16a5t3h8 BeCnd vird B2Apekl/ fugid peptids.comtipeising tah tedstahe ahtigenic
1, wherein the virus like particle |acks _gi ral nucleic
aci Bepuds inseHeWhereHble 8t least anepecondiipldiapsid fgsien pepiide
and ol ERAR! SLpfte td € pheSent S HoMBS: viral
fr o%&gpl\?l&?ggggs\ff O\f/lléfr11 ﬂtg .Q%pgga‘??l?%f‘ Ee}%grsodugeden © vira
pr evapsidsfugionpeptidepand 10. A nmet hod for producing a

multivalent. virus,.like partjcle.conpri.si,ng: a) ..

kgt SR it tmaler sl i SRiGE it Fbsrmplgtory

f usheNeiR @Rl HuBOEY d SHB %li?éndc%‘ﬁﬂe SiRefdd hAENI C

peptide insert, 10 ii) at l'east one second viral )
b) asapwbling the iableag ope ifidsd voeheapsidifagompentidgsthe ehlsast one second viral

anti.geni.c nti de i nsert er ej he. at .

20 50y a8 R be B BBl B30k A Rag one

angltinlehO8RIsdikeppitictte | nsert that is not present in

the first viral _ capsid fusion peptide; and ii,gﬂ at ..
whereis the spudtiyHentvérgs likepartisleyacks é‘{ﬂéf‘?@g@dp@?“%‘ﬁ | Auglgig acids.

i mmunostinulatory 15 nucleic acid sequence is a CpG

ol i gonucl eoti de sequence; and b) assenbling the at
THeaasthodofclhint 50, whieteh theasb dlifusicotife piquease it AAGGTTCG

| east _one second viral
(SEG D NO'24):

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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capsid fusion peptide, and the inmmunostinul atory
nucleic acid to format |east one nultival ent virus

wo pdog/ogmss i cl e, wherein the nultival ent virus PCRES2006/021262

15.

16.

17.

18.

19.

particle lacks full length infectious viral nucleic
acids, 20 11. The nethod of claim 10, wherein the Cp
Theimgetherd plodleimy B0, vdiieln dhe andispmepntids ingesm th Nmzhaecond viral

L T L L

@emiond viral capsid fusion pepti de are derived from
the same viral taxa nenber or a different taxa
menber. 13. The nmethod of claim 10, wherein the viral

'Héﬁﬁétﬁo@éf éliﬁ?ﬂ {3, rvﬁ{eré}ﬂ %eoﬁrsts@a SR %uMba ?éc})tﬁi@ R the sfeHo?idod'épmd

fgeptl es is derived fromthe m no ac sequence of
sois abifle gbmprise antigdiciptptidiasertstdeoised froul the samiSor dlfferent
q\/%@{er ei.n t?qﬁ i cosahedral virus is cowpea chlorotic
PEPECIFYLE. 40 WD 2007/ 053188 PCT/ 1352006/ 021262
15. The nmethod of claim 10, wherein the antigenic
eptlde insert of the first and second viral capsid
1f hod fpeprodaeing a myriivaderd viram likgpartiele sewprisiagi nser t
gﬁfdv\@% froma pathogenic agent. 5 16. The nethod of
% wherein the first capsid fusion peptide and
t hd) s teastcbne djpsti virus flilks ipamiclRepkipticing A THabisehedittti (@ Cusion
pepti de inserts derlved fromthe same or different
patl’r?@ g%?‘lfn%fbsé‘?& & leasy ongntigenig geptisle ipsesligedng a
mulityi
or co YAREEbag i VAR EnfidRNL S 10R onctbold capsid
c orfpsios pegidetcolparsingan éeasti ans antiggndéd peplids imsart; pept i de

npris at | east one antigenic peptide insert; and,
113% ﬁﬁmllbgg%“[ one second virus |ike particle conprising

? QRS firsPHRuSHIEORF 18 RSprBvidh 4B 1eRft oRe IPsto'l:ﬁgd ﬁl‘%ﬁpﬁél%bﬁgd fusion
at east one_antigenic peptide insert; b)

di fepYdntamprising yt ledseota ansigenic pepidei m@ripanoll cle to

F)Lg%ﬂlotﬁee se%gmi 9‘3@& lélge%ugl? ngrgpdf ég]%flst SRS 158}1%%?8%%?1@ capsid fusion
peRieptliée ¢dingising @rehst bho aritigenis et iMiditivhkidiethe at least one
particle to provide at |east one isolated second

c aﬁ?@df‘ﬂ%ﬁl WSI%wnwepwﬁ@mmsmatd@ast eagsantigaeic peptide insert
SRR AR 0L RSy SSEBL Al A2 o7, 20
o) nexiag} nyéne:c pepti de insert
1) the at least 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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that is not present in the first viral capsid fusion
peptide; and ¢) mxing, in vitro: i) the at |east one
wo 2003035388 al capsid fusion peptide; and ii) thBECEUS2006/021262
| east one second viral capsid fusion peptide; and 25
d) assenbling the at |east one first viral capsid
fusion peptide and the at |east one second vira
20. 'ﬂﬁﬁﬁétﬂ(l)ci Eﬁélﬁﬂl P@Qfﬂeﬂﬁn& L@ hl \Llﬁﬁ% a 8 éMh%rgﬂé fldkite virus.
VI rus e part e, erein t nt viru
like particle lacks full Iength |nfect|ous V|ra
ucI aci.ds 8 The nethod of claim17 rein the
21, ieingthe SESIERGY iherets P grd? pesfsEper i b aond viral
c%ﬁs@ ﬁ@sﬁrﬂ?epﬁ@@ Ed¥epi¥dek ah i Apdpial e @R 48 éHh @ pathogenic
derived fromthe same or different viral taxa
agemtbers. 19. The nethod of claim 17, wherein the viral
capsid of the first viral and/or second capsid fusion
pepti de are derived fromthe am no acid sequence of an
22. THeas@hats@dlaivi 17)Svhefeln WO 2804 5E Fddéh peptide and the second capsid
PCT/1J82006/021262 20. The net hod. of cIa|n119
fapien Beiideisemprse dikisrrng putigepisspepdainserigsicaved fiempthp same or
The nethod of claim 17, wherein the
an%%ggﬁﬁg@ﬁéﬁﬁﬁ e insert of the first and second viral
5 capsid fusion peptide conprises an antigenic peptide

23. Seréo«ﬂ? %égﬁdlj f%rgre%ﬁ éji}gtge Igfsp 20 nt. 'é%&i;{ﬁe‘p@ﬁe is derived
RER bk H8ssin BB ARAARL ARSI, fusSi on peptide conprise

different antigenic peptl de 1 nserts derived fromthe
same or 10 different pathogenic agents. 23. The

t h i the f.i.rst.and/
2. T seiiod tnePiieietiimol - Sty POBATSRE biRBRP aus o fteest one
imsaihdananaRsy Ahdleit @&a%e@uen&é vafbreid AR ifRLRRLHIRG R bétﬁlence isa

to claim17,  further conprising mxing, invitro, iil)
GnG pligosmclsptde Seqnensdst i nul at ory nucl ei ¢ aci d sequence,
wherein the i mmunostinul atory sequence is a CpG

ol i gonucl eoti de sequence. 25. The nethod according to

25. THeansth@¥accekitigeiorClhine 2Ephatih JanOsG bl eas effendesis
D NO24). 26. A nultivalent virus

MQ@TEQIQ(@(&IQ%%?‘@SI ng: i) at |east one first cowpea

chlorotic nottle virus capsid fusion peptide
conprising at |east one antigenic peptide insert;
26. fanmbltivatent viruslikd patidle oompsgagnd cowpea chlorotic

FHERCR SRR FEEC R —
one 3&aPRL Mtibahic pafidednsert; and,

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.
27. 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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fusion peptide conprises at |east one antigenic
peptide insert that is not present in the first viral

W@ 2ap30sB18sisi on pepti de; and wherein the multi vedB1$2006/021262

virus |ike particle | acks full length infectious viral
nucl ei.c aci ds 27. The multivalent virus lik

28. Thsmylyaenyvirgs Bk?rpaz“eclewﬁ &}ain g6 whereiny the resujbant amﬂta%alw virus

29.

30.

31.

32.

lﬁ%@BEuLn?fe la&%dﬂfa{‘ﬁuﬁﬁggﬁgs capsi d fusion peptide conprise

I geni c peptl insert where the antigenic
peptide inserts are derived fromthe sanme or different

TR Dt a5 s partisls OF pleun a1 ¥horamdhe virys e Reriigle comprises

aR'ﬁ{G bﬁé&u@feoﬁél@é.eﬂh&fée wherein the resul tant

mil tivalent virus like particle lacks viral nucleic
acids. 29. The nmultivalent virus |like particle of

| ai m.26, wh i K t
e feny S Fsb e S tHin el B he CRor Dy dffiae”
sh‘ jfeHSe ¢dnlRise@ANCHETOE (k8 I R6: 24wher ein the CpG
i gonucl eoti de sequence conprises AACGITCG (SEQ I D
NO 24). 10 31. A nethod of increasing the solubility
Ao HYGL L 45 U IELS GRTREDBUR comprisne

nhikig] nvipepit leist efirst vitahgapdid fusias peptive coamrisglgmt teast one
pept i de |gsert and | east one . second viral capsid

aflﬁ&qn&‘rfp% ¢ InpErt B ?e@ﬁfﬁalea?@wnﬂéfa@% capid faFiPT geptide comprising at
lcpa%%de%% IES| 3 Eptldé"iﬁsr ?t' Phéleid f3skt g}{}:eﬁetsﬁﬁpﬂpal ¥hgsi fusion peptide

capsi pept i conpri ses east one
cam;mgﬁralt bsapteqmlmadhg@mtsmmldb fgsert itlgat mnhot pressearnn thenfiistraral capsid

t I f usi d nbl j.
g Vit SRR God 18T oo WP GBRGn PR RO the at
1éReortsecdiRiagtal @ik%lcﬁﬁﬁi%ﬁ%eyﬁdeatb f@@ﬂ@éﬂ 1dadh Hid RRIRARNL ¢Rus like
to format | east one nultivalent virus |ike article,

paﬁ@lee whereirethe sesultertmmulualentatue dike patiols Irekiedulh sangfheinectious
y Pkslful l. .l ength infectious viral nucleic acids. 20

étﬁ K% %ﬁiﬁm conprising the nultivalent virus like
particle of daiml. 43

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