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WD 2005/ 067478 PCT/ US2004/ 040117 RECOVBI NANT

| COSAHEDRAL VI RUS LI KE PARTI CLE PRODUCTI ON I N
wESsIEMBNADS CROSS REFERENCE To RELATED APPLPEATSL0DG040117

5 This application clains priority to U S. Provisional

pat ent application serial No. 60/525,982 filed

Dec e RECOVMBINAIST ICIOSAHEDRAL JARIS LEKERARPECLED e

Production i epd i, E | NVENTI ON

10 The preseﬂﬂy5§}§ﬁ'ﬂgﬁqﬁﬁg§gﬁb§hﬁhﬁ€%é oved process

for the production of reconbinant peptides. In

particul ar, the present invention provides an inproved

process for the production or presentation of
r econbi nanQRﬁéﬁRiEBEEEN(FE PaRFAATED APBLIGATIONS | i zj ng

T s e

No! 69131640618 %c@rﬁ@ﬁrﬂd? 03 Qntihed dﬁiéﬁ']ﬁﬁgﬁﬂ&y Péptlde Production

reconbi nant peptid ‘use as human and “ani nal

in Rshedapanatls.€s. At present, there are nore than 100
bi ot echnol ogy-deri ved therapeutics and vacci nes
approved by the U S. FDA for nedical use and over
1000 additional drugs and vaccines are in various 20
phases of clini cal pigibadeTat FeeeMioRal & H.  Padh,
(2001) "Expression systenB for production of
het €ho pegentsinpemtiodl psovideCm. infrbesic prosédsOfor 1he brddlu@ﬂ)m of
Bact er | al east Di ct o;gellun1d|500|deun1 i,nsec
recaaIREREItGRR B PATENAR o i R5FFCR SERKO PEOER éwwmved

pro\c:'lés%cfof ﬂlegéreg&t‘ﬁ%nrcﬁcﬁ%&ﬁeﬁ oPeRlInfiBSant Webtidedah Wab@rial cells

egr ees success.” One goal in creating expression
utiléxisg einss lilerpartidesirad ucasalosdradfvii@Seshet er ol ogous pepti des
is to provide broad based, flexible, efficient,
econom c, and practical platfornis and processes that
can be utilized in comrercial, therapeutic, and

vacci ne appl i cagiergrobfb GxpaAReveENT@ONt he production
of certain peptides, it would be ideal to have an

exprhs deaetics yatiaserigd adlodutivh hao updndgd tb nthandevelopment of
efficient and_ inexpensive nlirﬁg{)t I ar E&tant itie

recpmEnt REFSAPSIF @S ROBMBIAY heb R ter AL gresqu thevs are
B LIPSO B S f L.
FDtAh éornmsdicali mhel gndusmﬂ H0Pr kigiomal dygseﬂmﬂfmccmhe are in various
o ep SEEILRA, S GRS 3P B RRFPUES Lo ol

rcfdﬁ@t%fpdﬂ”}ﬁfgrolgg&ls' #6RinsPAVBY SEiendRBO(BF 1121 a11280f t €n
l[imted in their CapaC|t|eSt0 produce Certalnty es

of Pegeiidesyeaste qictiostylivine disseidedim alinseetn adrids anammelian  cell

expression systems are currently used to produce recombinant peptides, with varying
degrees of success. Omne goal in creating expression systems for the production of
heterologous peptides is to provide broad based, flexible, efficient, economic, and
practical platforms and processes that can be utilized in commercial, therapeutic, and
vaccine applications. For example, for the production of certain peptides, it would be
ideal to have an expression system capable of producing, in an efficient and
inexpensive manner, large quantities of final, desirable products in vivo in order to

eliminate or reduce downstream reassembly costs.
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5 nore expensive, expression systens. For exanple,

bacteria systens are restricted in their capacity to
w@emduer7sononeri ¢ antim crobi al peptides due pOI/US®04/040117

toxicity of such peptides to the bacteria, often

| eading to the death of the cell upon the expression

of Ctmrentbe phactesia Becthgsaost widelyi nyedr mrewogaaaww afpssthe

prodﬂct re% Hﬁgr)l(t pﬁe}tn%ieéﬁgca%? dy (fltielr %bt@lﬂ?ﬁ roiluce abun%ant

nonA-b er a ssion Sys
quan€isiodl bf ascdngbigantd q&:ptld& S v ever) Earcwmgaﬂe Ooftemp tionted tlhethelr
capacity of bacteri al ste to produ e a wi_de rang

CaPGFm%FﬁrEWéP%ﬁ F%}"%‘h&b’ﬂeﬁé’ qsc‘éﬂqlui}'ulgs £UIse ﬁé tPla’étéve and
et

o B P By 2 ?’2‘? il B o A6 208 in

theh@amoqﬂycig pm;lucepmphoﬁeﬁc antimiambéahpaptl@s plue $s theroxgyisy efisich

b f f .
perlies b i gpapene s areing 1§ G deAtoie Cof 1Dak e Seresion of
theSp¥ép ﬁ&‘éTBBbé:auB@omlé Sniteént HisaiPEt I RRE tdrhBDf e costs and product

replicative viruses to produce teconbi nant peptide
yields dfmosrhesterialHenpesssion swhtem@ssgmﬁcarépﬁm@ and vasowices have been

spepE B B LRt b5 COPUACE Lot et ar g A8 Prodife i Vide rangs

of EofAfBlclly dnd¥R¥rapfRicaily hibeFull peptides: OWHilelpro GeTiYsREBH made
pepti de ﬁr oduction during fernmentation conditions, 20

in (kg eteanagdiiensl iprecesseg nd rdgiiioransi ion the Prodyetaans phheterplogous
rmentation run.
pe@d@?{] 6a%te%f%ﬁgs§mﬁ 9&%&@%& ldg%%?%lgﬁ%lgfuses to produce
reconbi nant pepti des may resul t in the inposition of
Viruegul atory requi renents, which may lead to increased
downstream purification steps. To overcone production
i ssOas m@achufoarinyprdwmgngeﬁt@p mptetiagtionn in dost seldacxpression
ocuse

svsfgnd TG BB i O LEPIHERIR S BT RGReEbtant

peptiiRs BAnktdred! Blowelérlthe(ie RO ReplicOples fillDRheth&litubes s numerous
non-tropic cell is a cell that the virus is incapable

dragaglsclor e inl egoneinent |mgt1@m@0ti%0t10ﬁcséfﬁt?ﬁteﬁb iFpr example, it may
be Q%ﬁ\/\fﬁ‘? 0 conlcr f"lsecgﬁ%’% pg%f){b%%l&?cglt (thfrﬁlg‘af@ﬁerntatlon conditions,

or an nco

whitho@he mq‘&h’é)ﬂghf rdgi@ativh rof Sexpfb@sﬁnlﬂen bidet hefasiniiye effididiey of
cell, preventing the virus from 30 conpleting its life
thec jemgntafigp @%awgwhem@rpat%tu%of sepé%t“?s‘rﬂ%esm duoduce

recglg‘lgfeﬁ rr% %)31%18{ %ﬁg%ﬁlﬁﬁttﬁf’g}l}fx‘gﬁh %gg] Orﬂﬂgeq% ments, which

east ce ect| ous
may il¢adse snarenstdd ovimngreRiNAurifioeti @ ﬂepsher the viral capsids

or the RNA containhed within. t arefrom
non-§ EYSTCOHC RIS %@Eulé%le%?a‘ttﬁlé aﬁ%cﬂi‘%ﬂ“ﬁ WlOHQOWrea of

restg“%gﬁh%%%ﬁ&d%gr&lywéﬁll%%ZSSCI%BB’WIMSQ@E‘ a FQV@MELs not a

I'S approach does t overcone the potenti al
natoe ihbatto ithe paraewiredrusi{amonttmpaskest celt)e dd won-tropreotediin a cell
ﬂlagglge? }&Jf}g‘tlslegsnlrfcgpa%?ep lof cs:l?ctclegl %uﬁ/y en gr%%g d}{é t§ Sincl'oirrlfpat1b111ty between
virus capsids and the host receptor molecules, or an incompatibility between the
biochemistry of the virus and the biochemistry of the cell, preventing the virus from
completing its life cycle. For example, US Patent No. 5,869,287 to Price et al.
describes a method for synthesizing and assembling, in yeast cells, replicable or
infectious viruses containing RNA, where either the viral capsids or the RNA

contained within the capsids are from a non-yeast virus species of the Nodaviridae or
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Anot her approach for inproving the production of
reconbi nant peptides has 5 been to use virus |ike
w@2oosielses (VLPs). In. .gener aI , encapsi dat ed VPCTES®04/040117
include a protein coat or "capsid" that is assenbled
to contain the viral nucleic acid. Many viruses have
Brosmpsidis. tHavewanthizeappsedch-des anbbeertome dhe phlential regulatory

hurd g Rerote KR 86lkin PR i Gkl fty © °

formng VLPs, and outside of the cell after |solat|on

Virﬁsnpik@p[,h{azéygati on ("in vitro assenbly"). 10 ldeally,
capsids are nodified to contain a target reconbi nant
pepAndther gpneicatibn gnprovmgdhﬂ‘q)'rmhmﬁow iof a¢combinant peptides has

d- peptj de fu f th
bec iprse 64 1H|1fee1¥.’11 VLY, Th @A) SEOAIG S Te °

profclz EA @G F% XésEﬁBleﬁrtOVdohHﬁ’n khek GirPafdolesd 88id. Many
IS approa has een met W th varyi ng success. See,

virdses heweangisils tBat M bisi‘sclBassambled) figm ghe individually expressed

copyg ik RARE R RIaRs CHBILEVIFTR % Cupurae PR htiine

VLf’éJSa?lq &Rsﬁé‘ o@@ﬁé 88Nk for ibIMIALRAI Perifivdtion (I Vir¥Cassembly”).
formati on of recombinant virus particles); FR Brennan

Idedly, adapsids B@leodtﬁedﬁQ P@n‘@g) ataust Erombmany pegtgf@g)generatmg a

BT P03 PRI b BRGS0 Bhegen

a cdIEaAd,Naddlly, fléd&ﬁﬂleﬂ@n Vigh tcﬁﬂ;hh@@cﬁbrﬁbmﬁit@ph}lbmﬁmdﬂ& particles.
aureus peptide, with in vivo formation of recqnbi nan&
20 This L@pp@acm Tselgen 1t pAthe YN, Suspcgirg, 8% fop example, C
sgpof f hasg C p £
M BEREAE D Filfe TR S50 N8B et il

recobilantC diefical pataic | vitie Xaqapsldis termimpllyefiset! td en cafigeiiey BIV
bi ol ogi cal |y [

s BHh 1 e gR B SRS A5 Ul ok BieRrBrA! ol
Va&h% %Ieggr]’% %146"3’7' OQSA]éIT QQQQ“?éﬂpPéﬁlonzl% REN®Y fdcbbinant,

OviTrus IS engineered to contain the exogenous
icogtpiiiatl eovepenomldsur vmsqudmhealamdattb hHu@Kt ¢apside mylmtr@élyef@sed to

n %3%5% St froises woics SRBRER S PP AbERob A agpombinant

neg is inserted within one or nmor e of the capsi d

face’l oop notif-encodi ng se uences Attenpts have
beehISrMmtth 874,089 tndmmmp? &eJqI@smbdfpfp@ cgoduction of

BB Y8, i SRR, B9 R AL AP i
engh9R8dd todRREink B'b[tﬂo%é‘dﬂy%ﬁb@ﬁeptfdel sfck ad@irnsndfgrowth factor,
reconbi nant, icosahedral <f0t ato leaf roll virus

or eaipesinifs peRtide ndl Vijus selented drom e eﬁfé'rﬁvrrefé Teuphugvirus,
Soé 2 0\{illlv.(5') o%lgr]@o{ﬁzgas f(gfen%ﬁ%ér EJ échl?alg "ﬁlié EI?% slp%pﬁ(fer érﬁb@ing

seq\d@lc%oﬁﬁll 106 Ehilfe B@Tﬂdd&ﬂogbﬁbﬂlémﬁe virns usae‘oqae<¢sse7d to produce the
non-tropic viral capsid

recembé}aghvwatTla%exqgﬁ%%&smeaﬁgww H{ge%?ag%gg?}%g%ﬁﬁegwﬂm one
or ARk diithe EhsAPREMARL Rob MR enbsting bitfich@s! i cl es than a
Attempts have been made to utilize non-tropic cells to produce particular virus
like particles. See, for example, JW Lamb et al., J Gen. Virol. 77(Pt.7):1349-58 (Jul
1996), describing expression in insect cells of recombinant, icosahedral potato leaf
roll virus capsids terminally fused to a heptadecapeptide, with in vivo formation of

virus-like particles. In certain situations, a non-tropic VLP may be preferable. For
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native viral capsid. Alternatively, the non-tropic
viral capsid may be better characterized and
wopgsnsiuond than a capsid froma native, tropiBCHMUS1084/040117
In addition, 5 the particular application, such as
. vaccine production not allow for the use of a '
ISR A IQR FoRIC Vira C?&Eﬁ%@m%mﬁﬁ‘sﬁccemodéﬁpg éa dprgign peptide
ins&i}6 &Mhokt SisnifAin@the MBilith 1€ Idsdle ito HAPERN %ﬁicl%é than a
descri bes the use of rod-shaped viruses to prB uce
nativer girgdn cgssst ei Adternativelzc tlaal noo-twipial viceh peripsids uhiynbé Sbetter
' ! - sh d virus al so.classified as .
cha bl BRI BORRER LIS Ron ™) S0 Rpbpty Sadaiion,
the pettioutai apglicafien!sudiess Odccindlb@&sdiohOmhPR6t Lkfy 'f(?}ttﬁe Wh€or a
enome, of the virus to create reconbi nhant vira
troRiG BEpnRepartigdar hegs icelh sxpreysiony systenhi WehtPatant do. 5232089 to
[ > and the virus actjvel .
CudfBefl 3y, SLEesTnO RSt of B snoR vinlfen o RO RE LT mestins

conpedtédsto \rali cupsidl snbusibeinr HeasbIRbEAVhapdd §Rhses, also classified as
urified ?rom t he plant host

hl.cgpsid-ﬁﬂgtidefissipnisg{ _ _
eliggl] Yiises,Sucth s PotatpsvirgsX (BYPYihave seqomimaant @eptades of interest
inscEeR eS| s S nt.i. gl of. .
Y agtl, o enté:s%?ﬁ%%ggﬁgﬁgeﬁeé;ngggbb%lﬁgéﬁtw eselgd geptide
fusipes GFHsi menrbbipagtvinie és themodetto fberachdaeedll, exdilieRads adively
host .cell.s in _expression_ systens for the production
replAites s el hd gira’&%@?%g %@5‘% tdls- fUEmatelysitharecpinkimant
iraP@dpsidChepside RASHA particul ar
Vlravvi Ipté- t%/%g (\3/i ral g%ggﬁgiﬁ\?mfﬁtq %%E%%%P?‘g}:sbnbi nant
peptide inserts can be transgenically expressed in
UsergpKinup bffiec’areles inobraierénl iFapraReise §ysttrer s have al so
sh%vgn t hat, these capsi ds can be assenbled, both in
vi WECaRg of the petepdial of fash effigienty inexpgosivearnd diuedant Sedds of
ot ; i T t , | em y . .
reo N A e, 0\ 1 B8, <rEaRET TR, Bt iy gypression
systeths (fer [thdk rpluction | f srechmbimuititet irglatapsbgsgtide NMsioh Cviral like
rti/‘;'?rus capsids expressed in E. coli); X Zhao et at, 25
PaGi%ol ogy 207(2): 486-94 (10 Mar 1995) (in vitro
as RRBdUrdhe® HalE Usholink i e G5 | i
cowpea cﬁl orotic r?jgltnt ?}éa@%%{déllglgp‘élfdg %xgl?%sg%g{d?nwghout
recogipinant yergidearmesrtsalcap bvi rnassgeascall 8 ed)re@Bd 35n ( Apii-tropic
(expression,of fjlapentous potato virus Y
entefe bt “HREEREAGT nave also RETHD e sapeis ganfoe sssembled,
bothvii biS-antl k@ vy, td fr@SVisus Jikd PaeRiks & | hiHid -
_Viral. 144595) - 1679- 87m(811998) (eiprsggsffﬁﬁér?agﬂé’ 7858 etal,
Biocfiemigtre R06419: 58 926 (B2 Mrsr1996) Gin vitrmlassgmBIY ofivims-lika psitidtes

' ' Lt e Q. vivo formation.af wirus- L
fronipgcraltlr:claé lqtglgc?o %6%&3“% {capsj s e)ﬁp‘s%_ed ngtl)‘l'l c&éa&_& iﬁq@p_ez‘ al.,
Viroldgh 201(A 3863410 Mar( 18550 vARI 4setiBPEBARIsAkeHarticles, from
) q‘gldxl?ial t obaccqQ nosaic virus capsids in E. cols, wt
1CosNdRA GRVRBr GRERTPBH Motls YiFuswapsideeipasssedings \coli); & Bitem e al.,
Virud R95/R :P&); ? . %?s ri et al. ol.
i AT RO Rl Sy P
m E.jcbswitbdr advo fpinysiahios vh"@s]tc-liké?pat"ciéllki@)l;( ¢ dRehE & IFIB Savith®| Arch.

. W th i ion of virus-like particles).
Virol" 14Q(d):q 6%—%9 J18§§Sa Eexpression of filamentous ghili pepper x)/ein banding
virus capsids in E. coli, with in vivo formation of virus-like particles); DJ Hwang et
al., Proc. Nat’l Acad. Sci. USA 91(19):9067-71 (13 Sep 1994) (expression of helical

tobacco mosaic virus capsids in E. coli, with in vivo formation of virus-like particles);
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To date, successful expression and in vivo assenbly of
reconbi nant viral capsid-peptide fusion particles in
wWG@E2080647OPIi ¢ bacterial. cell has been varied. PaT/U$2004/040117
general , successful in vivo assenbly of these
particles has been limted to non icosahedral virus
M Bagtsiet at af §6H. BioptA7364)f543+8n(0p Lveti IOP@)k (exprsssion of icosahedral
ex I WN Jagadi et. al.., lL.nterviraolo . )
38R Rateqfis sARMBGRT e i P RRANEE: S ermericlgo)
I ecgptiaf Hucedssup §4iSn al@Nni GRS ABRALY of CBASABIAAR SEral
nosai c virus capsids term nall %@f used to an antigenic

capsishipgpiide fusiem particlgsvis £ grorelromn besteiply ell hpgk deen varied. In
ti 10. The SSd f idesylin

genl%g%’s 5‘% é:ggfcsal %a‘f)l;‘;? § 5 asﬁbéfeﬁ{%aér)l 3@%@%3&3 béégr ﬁ%?te& o non-

icobdhetitat dituk i daipbiyi—tafget pepaa®|fasiol piukildsov Sk, &br, edarfsle, MN

Viral . 77éPt .4);567-73 é?A.Br 1996) described in vitro
Taggdish eh ), fieryirelggy BP(de2)seve &) fpapssion in non-plant cells of
recG&Ibiﬂaﬁffpﬁfa%f'e%gous, r Qﬁ@éa@l@&ta} J %%%@5 alyoghit ks capsids

nosal Iy ftus to a

salc’virus capsids term na
terinenadfyifedet] do me apegenicdeeptidd vEtuin wed fhrmbtied of virus-like particles).
unsyccessfully attenpte 0 express, as .i.n, vivo
o< L PRTDIRAE PEPTIES TP R eghaRLBFHaMS Mepepsssesstl
or b Effifeg diilif). OFaNetmanahey@livsapsid. 7 &8s Bronizghd):561-73
al ., (2004)" "Heterologous expression of the nodified
(ApralP9i6) descriednipedtre abssndily of vimet-likepdstides fomuk. eadizenpressed,

in,the assenbly. of otein.cages wth altere
rec p‘lgmapte cfcﬁFag’gd%émﬁlﬁﬁffn ﬁ?sghcs’\gruj_ c%%shQS \Wanm%g’ fused to a
hexk@t8idibe pptiddne reasons for the observed inability of

20 icosahedral viral capsid-peptide fusion particles

t o Bsweheliet dsunsupepssivily attprapied ¢ exepress as ¢ vigo pepembled virus

B R R S

et £1Q1(R0E) oTlsteslogdus adatssivhneofoae siadifiédheypeinof CowpeaSchlorotic
Pat. No. 6,232,099, points out that a limted i
moitieskiiopiogiiussTesdlts & the gesemble qf piptein sagtsewita plicted gachitectures

Ci J 1 ) i . . .
end PRI, oL SR, B B3 D sy T oo L R L Sy S8 in iy of
icoeaterims siralncapsidepeptidn fusimspariekd tot ass@6blaras nvirua dikd patticles in
. length, in supporting his assertioqn. apman theorj.zes
vivp HBté-a?qth’ij’_e?‘ﬁ w@%tt}ﬂﬁ%rswé_se {umﬁa@q@wﬁn ETHP the taifue to
asseRBRSth HIRN st th& I 2ok BofiRBSAfingdluble@ggdigdr al viruses
may result in disruption of the geonetry of the

pr oCbipmam i BiS.iRas Nbia,332y0%90paintseas Siati b liynited inssrtzpt size is

i t.h i.ds | ' to faj the. chinerjc .
ol Stig S BRSPS MR LR WBicB B sie
of thB@eddBdittint PEtide SR hh ¢RkiNcard] QHus R RRprevdibrimasplht host cell to

produce capsi d-reconbi nant peptide fusion peptides in

26 gwincsacidran leneth, itn suppeeting hi gbsertionh &rhapmen theorizessthaia larger
pe@%eepgésleg{ in! t'ﬂg iR ey %‘}% :;19 the! %g B¢ dgcgstaﬁgdrélr?i{:u%\e/se glay

act expression syste ort pro on o
res\lt it SidrigtDnpe the PebmetryodriBe Prdtéi@ andiorUs abike toaduteasbflly

inteiprzqtﬂggig\glagy fga{;ggf %Qadiirclzgotsoaig(ielgrreac[f t\}/lé: E:lllji?rieri% V%S 2‘[8 %gs{e%%{é 7"Elg"his
reference also describes the use of non-replicative rod-shaped viruses to produce
capsid-recombinant peptide fusion peptides in cells that can include E. coli.

Therefore, it is an object of the present invention to provide an improved
bacterial expression system for the production of virus like particles, wherein the

virus like particle is derived from an icosahedral virus.
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It is another object of the present invention to
provi de bacterial organisns for use as host cells in
wamosoprmy/ed expressi on system for the productPonusfoo4/040117
virus like particles. It is still another object of
the present invention to provide processes for the 5
i it ovaedther oblject ofthe pfesvitrinwentiokdo peavidechasteriah organisms for
eri i.s yet -anot her aobj.e of, t he e
use 3R, ork Ff 1 YR TRV OB SRETLT S pITHERF R yirus ke
part®Gédds for use in an inproved bacterial expressi on
system for the production of virus |like particles.

SUNKisRstiIDmoth qbjeet e Itmnpresent deesatian tgprovide processes for the
) [ hik particl es assenble
1mpr?]x{)§pr?({u§ﬁorr$ lg%plért Hlicgéés %lrﬁ%}étg fibl e cage structures

I N 1Y iswaet whstherobjdce s 58 plrcfseﬂsmvlﬂﬂimrta@rov@degvaechstructs and

Furt hernore, | arge recqonbi nant pepti des or gg}ﬁ %&s
nucleitheadafs use IGIdaIEpve debegisrishexprsssionsysigy fo peduction of

vmis'iﬁ{% tale&k%ﬁnto an i cosahedral capsid and assenbled in
seudononad organi sns. 15 I n one aspect of
the present invention, Pseudononad organi sns are
provi ded that | SoMyMRYSORUTEIEANYERTION const ruct

encodi ng a fusion peptide of an icosahedral capsid
andlcasahedrehisapsidhrecpmpiniatie peptifieofisionppastielee agseBbiR Hiaviral

SR, SRR SN S! ekfmona

orgRHiSElIC BSrtdriese, |1arge r@u@diibigine pestides ok @bﬂ)tﬁieomeatamers greater
structures. 20 The virus like particles, roduce ‘ﬂ
thag /@ agwne act19~°p|6%labq= {saited iR artkeea%leér fapsiandAss ey 1f‘~ @ vivo
al,capsid sequence can be derlved froma
mpégl%dsr,nono? ¥$op IcC'to the cell. In one enbodi nent, the
cel In eieespadtofithe bredent\invatiops Beteedasmomndmrgamham aIerp;owded
desired i cosahedral capsid. ].n on enbodi
that, fnejyd ec%‘é}f‘]&lcl Sriicongalet epedite RsGE BRCHS %bﬁog‘%hedfal
If inah@PebtideOf AT SN ssdEhd Raboliigent &l the! present
Capglﬂot g %%6 513 di E;gé] the viral capsi dol S élerl veg r
mvér[tnm, ﬁle\Bsemk)nmmﬂ cell tsrlaqauécvmctr@ls dludidstensedn ongembedipent the
n| sne_t n anot[her enbodi nent, the

Cel]vl?r jjceg Xﬁg?g rﬁ@?? Weﬁ?luq‘l? GHRESYFPIE with a tropi sm

to gpdividgrant aﬁﬁ@l@é %ﬁocﬁfce@ﬁﬁatﬁésdéﬂ typraly hee aot lcapdble of
one enbod |rren1i) t he present invention, the

infictog s Tigapeh datss! sanPnascan beeaVe B  virus not tropic o

edral .viftus
el GRSt 10 PR 15 TR SRR P tun e
desBll 86dsaBedrilofpSiaWIRAoeabsdiMetit,) She emwmsﬂms QTeﬁtred: from a
Mottle Virus, and_ Alfalfa Mdsaic Virus. In o
viresiyedi aiepiset ta Relifferent familn o8 wrgamisms fen the 6ﬁ1§r' nipanother
e the
em %cg %nggg u{néj%frglectb sid eﬂu%e'n?@? ﬁbgl‘rfl ﬁé&rﬁt%ﬁ@%frl daafrrlép@rfn to a different
gerluk @R lof@Mistns thén the cell. In another embodiment, the viral capsid is derived

from a virus with a tropism to a different species of organisms than the cell. In one
embodiment of the present invention, the icosahedral capsid is derived from a plant
icosahedral virus. In a particular embodiment, the icosahedral capsid is derived from
the group selected from Cowpea Mosaic Virus, Cowpea Chlorotic Mottle Virus, and
Alfalfa Mosaic Virus.

In one embodiment of the present invention, the recombinant peptide fused to

the icosahedral capsid is a therapeutic peptide useful for human or animal treatments.
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WD 2005/ 067478 PCTI US2004/ 040117 In one particul ar
enbodi nent, the reconbi nant peptide is an antigen. In
woep®soenodi nent, the capsi d-reconbi nant pept i Ber/vszouso40117
i ke particles can be adm nistered as a vaccine in a
human or ani mal appllcatlon I n anot her particul ar
In oppoeartiete, empedingegbotisi rrapmbpept ipgptides it apepiticse t Matone
I
emlpédl}n%ﬁ Qhé Oa rﬁ%{hereg&’ﬁ ]lnclgtl I%:Pﬂ’g(ﬁgggy 11{<5 ?Sm?%g %%ﬂ? He %dl%lmstered
as peaﬂcmbemlashmmarmﬁ anithglrappliedtiope i iafether pastianer embodlment the

B E e R TEL e PePLL i (iRt ther T
forlne galmde p@ﬁlcluﬁa@%ﬁibgy@ime% tllleet%§fc t1d@fs én%ﬁfméréblaﬁﬁetpude

| east 20, "at |east 25, | east” 30, | east
| ealt omeoemlmdlmelas the45qond11nam @spucﬁﬁusai tol thagosdisdrahtapsid is

east 60, .at . ]eas alst7,tls85,at
2, w8est T of 15585l easf 1o, of P 2 o st n ! eitopd st
25 |aﬂi 18E3(5 ADRASIBN Lt 184st YD Cat RERE 9 tat 1dAVESY, hPRast!5BEat least 60, at
r econmbi nant peptlde fused to the icosahedral capS|d

leagidyyt afi lnast 48, atdeast Soaklepss 9o natdeast 9% cméélea%d 0p amgreq acids.

pep A

P eobh bRl B BRbN TnRRBE SR BeontiSing nepide fope o

theacdb‘aﬁtdrsldcdpﬁlﬂgﬁltmtll%t ohd'moabingt 6f gdbaid et peftide. In
peptide is conposed of at |east two, at |east 5, at

an Plé%%m’fc?mb&tilm%rﬁs@w fepogbingnt P%}é@ coptains pagTa tranrRis nenogner
b
o b2 Gyl PRI LY ol B Bl Ryl REAL AREE B

leastgwoyretr lsast 9, ahkeastdiic at leass r1|500r|cme Mastjéo aepardte nkmdmleys that are
cl.eayable linker regions. In_still _apothe
DB Rh s @ PRRFBRSERASHANE 1SpBBEPRRILT 40 PRl catporipet, the

ind&fiddaafbnorRé§ i UhE %ﬁcitélﬁ@n@fpef)ﬁ‘(fe LEOSAR&OHY! cl¥dvasle linker
CapSId I n one enbodi nent at east one nononmer 1S

regionse i el apgtheramleditent, b ecemtinae peptodesis afsettbdinto at least

ahedr al ral ca e.than one .l oo
ond, FRFRE TPRE op i er SRR Viral Fighit  yony sigagumient o Leas! Sne
moRéthti i§ insfte @ TROHioh®ihbn ohdQurf2RE MYk baA e iBERhEHE Vifl capsid.
expressed on at |east two surface |oops of the

i cobredban ene dgop iafethpairisclike prrickncthde @nﬁlﬁﬁdrreht one
paxﬁ&ulgr Q?Boél%nﬁ, %ef Ite?&lelglnagtfe }g)fipk gg Sf’s g%ereslsg g)ftlgl %agt %V %qrface

WO Ssurrace | oops O

looys fofishe iik@sapatat Iv(iiﬂuewhké padtivdé. hah ﬁiﬂﬂ@ﬁl S dimait, |a€@éafst two
t hree reconbi nhant peptides are 25 inserted into at
diffegent pentiies aresippetipdantog deashiwq sstage deps|afitee pisglicapyid, cage

or ﬁﬂ% -1 %’él@aﬂ{ an&ﬁé}tehﬁ)‘gﬁldléhttenqea%’c‘f}{r@ecl%cé)rﬁgﬁﬁntcfeﬁtldes are

ve t esams am no acid sequ n se
1nsmtddadtmﬂnlbsst thiee sarfagecloaps df ’Slecmﬂisdﬂceqfartidie The recombinant

econbj.nant . peptides in the surface ps differ. In
PeRUFY 11 HitoRHEPRS oRsS AT e PO A GEEeRE | B ggparate

emBSEmastd! fHeodiﬁ‘fno Ni4&d @éq‘hen@éooiaﬂiedreg&ﬁgﬁikﬂtg?%é d gcan ﬂle s&lrface

either wld-type capsid or capsid-recomb t pepti
loopsdiiffen peptl de, wherein the multiple capsids are

parh ai Loty iEpdi8al et Rghre aElatot dRg el nuctei
acidPERIGARTION 8&koRA SARESHRI-BfpR dApQY oH @8Epsid-recombinant peptide fusion
peptide, wherein the multiple capsids are assembled in vivo to produce chimeric virus

like particles.
In one aspect of the present invention, Pseudomonad organisms are provided

that include a fusion peptide of an icosahedral capsid and a recombinant peptide. In
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that include a fusion peptide of an icosahedral capsid

and a reconbi nant peptide. In 7 WO 2005/067478
wosEAG04/ 040117 one specific enbodi ment of p¢TeS2004/040117

present invention, the Pseudononad cell is

Pseudononasf| uorescens. In one enbodi nent the
mkmapaﬁﬁbrmmmm%hﬂanpfpéptpU§mﬂu§h©nﬁmpeﬂmi@@ﬂakméwmde@ﬂliS

Psegg V%’%g glgagfe{qgern& @éﬁ% gﬁ%ﬁg@ & g retchﬁsléﬁ? éecgmall) i 2ot hgp’ude fusion
pep€id adsebles iBVifo b6 BthOedirudieeadilag a fusion peptide
of an icosahedral capsid and a reconbi nant peptide. In
o neln aanthetagpeeitofdhe presens lﬂ@@éﬁ@ny |1W9]@Fﬂ 4%001’{5%50’[5 are provided

enco %ggﬁg @Pepcti%%s If%n 1§osqgercfréﬂ ar 2 ngé g'ﬁ)tmant peqthde In one

VITUS. I'h a artl

emlb&m%aﬂit&m the peapstl itveritione theweﬁbahédm] cdpidl igrderiped Gloac b @ihnt
from Cowpea Mosai.c Virus, Chl orptic

icosahedral Vigysd Ing H%ﬂlq%ﬂm%@d@%%@ icofgqdeal sapaid is défived from
d
the%g?ﬁg) é)ée%g:&:dofr(%rﬂgﬂvﬁgegt b9V b WGed ChirRRAVLAR VH&L and

when in free nononeric
AlftIfs Mosdio Varuspr e particul ar enbodi ment, the toxic

peptide is ap ant C b al I
o RO Jo K GRD! w&?%ilésr%m?mﬁ&p@a{m T the
host QQﬂ él@ﬁ in Bke ln?rﬁﬂneﬁ@%’oﬂﬁn%rm&% Rt re%ﬂ)o&lgﬁﬁﬁt the toxic

pept i In an alternative enbodi nent, the
pqﬁﬁbmmblmmmnmpbpinﬁmbonta|ns nDre than one nononer of

a desired t tide. . lLn s not her [ .
ol et B ESens tfvebion. s bRl A RO E R ains

at 1844t A6 thonbRRP OPE debifed aesaDEsticRl Wi dnlstegi@tive @mboliment, the
anot her enbodi nent, the nucleic acid construct can

recpmbmaurepqpade cowpaP maye d1ea) e aronymes gl e sleaised fegetaentifle. In
stllganoé earset 1me§1t qﬂgtr {nb%an g%ﬁfdeqy ?r?%de‘fﬁd &qemﬁﬁcegurface

one operator se one origin

loogfofﬂ%ﬁbd)sﬁﬁédr@lmuuar&dpsﬁd | east one ribosone bindi ng
site. In_one aspect, the present invention prqv
pr ok g8otheyr epp imenh gthg nqc&gg) 61N gmstr'g@tpp% énc?uclie addittonal

nu%%ig Ia g & en@c);s Rf&h@ ﬁq%ﬁt bRé gikda et lone ale®on marker,

a nu el ¢ ~aci d encodi ng a’ fusion peptide,
at llwﬁr@ienoﬁdﬂﬁor Beugience, i ledst ane ecigitb bhaeplicpiegt, i ad aridashrone
| cosahedral. capsid; c) expressing the nucleic acid in
ribpgomnepndiag M ad cel I, wherein the expression in the

cel f EQYASE&? ftﬂér e R eARRE v)fdééf tﬂi‘@cé‘s&'%@'};xoducmg a
peptide into V|ru 1 ke particles; 30 d) isolating

recolmbinaint peptile kelysbmg:i cl es. 1 n one errbodl ment, the

pr oc)ess fur}orl%mga Sggcﬁ)%ongacgﬁ;eaw ng the f usi on

b) providing a nucleic acid encoding a fusion peptide, wherein the
fusion is of a recombinant peptide and an icosahedral capsid;

c) expressing the nucleic acid in the Pseudomonad cell, wherein the
expression in the cell provides for in vivo assembly of the fusion
peptide into virus like particles; and

d) isolating the virus like particles.

In one embodiment, the process further includes: ) cleaving the fusion

product to separate the recombinant peptide from the capsid. In one embodiment of

the present invention, the Pseudomonad cell is Pseudomonas fluorescens.
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product to separate the reconbinant peptide fromthe

capsid. In one enbodi nent of the present invention,
wo b®sBsauglononad cel |l is Pseudononas fl uor escersr/u$2 040117

2005/ 067478 PCT/ US2004/ 040117 1In one enbodi nent, the

process includes co-expressing another nucleic acid

encindinegernbaodiingatt jipeproagssiiclodescepeipessmgomothea mucleic acid

pti de.fysion ptide,.wherejn the. .capsi.ds .

ench @B ML TRE ARV P B ATER T RR R RS G i pRie, wherein
the R idsHr€ 8ssetBle@RRVAB o BRIAAES clifnetib Qirld BisepUrtitloy ent i on,

an expression systemfor the 5 production, of

r eclonbiothent aspegit pHdke ipresprioivaBEPT, AR GERTRYpiom pydem for the

Pseudononad.cel | : b). a. al €. ac] ncodi ng a fusion
PIOS%“E{OPQ" ffe‘i%]ébruéalnlﬁp?ﬂ?@egﬁ%%g%ﬁ%cg&%ﬁg glge conpri ses at

Iea@t ongPsdombhaibddll; pept i de, and at | east one

i cosahedral viral capsid; and 10 c)_ a grow dium .

Wiel) exp? @8eleig ackb cpGpgingna fasien eept&d&h“g@ e iysipgpeptide

virus i i ol it hi I i e
Descri pt %((%nnﬁ%{e Et%eq%sémﬁeeg rg‘i@nﬁ{%ﬁr Ee%tﬁ& eingntaé %aeaSt one
pl asm d feaghedrabviCINMIE-40R expression plasm d usef ul
for _ expression of reconbi nant VLPs in Pseudononad
hos®) cel P§¥°“ﬁh§&ﬁdém? illustrates a schene for
pro i ' [ Sanl ' idth KBrus2fke particles
Par ?\r}%ﬁeés}{b(%é%fﬁl{% gog{TB g@ﬁﬁs?ade.asgs&,nlbgzlerﬁdononad hgst

withel the celA desired target peptide insert coding
sequence (" 1") is inserted, in-frame, into the viral
capsid coding sequence ("CP") in constructing a
reconbi nant Vi r agricP&icipva®f the Bigures Whi ch, as part
of a vector, is transformed into the host cell and
expressed to formreconbi nant capsids ("rCP"). These

Figare 1t presendss s phastnedintap dfor GOMPE2L6Rt exiprrissign piaspnd pseful for

rCPs 25 each, in e.case of . .The VLPs are
CXQIPISIRT YAEO %Vﬁg’ﬁd%?swmow?% 5 ("P)
expressed in external |oop(s) of the capsid. The

assenbl ed VLPs each contain nultiple peptide inserts_.
Figwae Dallustratcs,a schgme fos produgtionoe! pentidietnpnemerp dp e\girus-Like

he V .are then readil recipi r .
eof TR0 2 000, £t BRELEL 00 bl e
inseR CEIEMAN ABhucREP (TP ik Nagerted, ex{fifaatesdtltol thet Rizalc agssidl coding

surfag‘e I”oops and/or termni 30 can be i SO'%}quq in .
seciened ¢GRI & eowhneting s rasembinaal pirelgapsid\eeps (&gl rvehigh, as

Ll l.ustrate . j id fem binant
re AL (R TELE Oy V0L bDohcBPL o o
capcst (“eCP’y. THése apefhich desemtded to fosmaVhbs tomaningan toi 1 rCPs
eaclh? iﬁc’ th%mcg)se of CCMV. The VLPs are illustrated with target peptide inserts (“I”)
expressed in external loop(s) of the capsid. The assembled VLPs each contain
multiple peptide inserts per particle, e.g., up to 180 or a multiple thereof. The VLPs
are then readily precipitated from cell lysate for recovery, e.g., by PEG precipitation.
The recombinant peptide inserts expressed in the capsid surface loops and/or termini

can be isolated in highly pure form from the precipitated VLPs.

Figure 3 illustrates a scheme for production of peptide multimers in VLPs in host
cells, e.g., Pseudomonad host ells. The peptide insert is a multimer (a trimer is shown)

of the desired target peptide(s), whose coding sequences (‘i) are inserted into the
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of the desired target peptide(s), whose coding
sequences ("i") are inserted into the 9 WO
wQ@ 05600678178 PCTI US2004/ 040117 viral capsi d ceci/ospoos/040117
sequence ("CP" ) in constructing a reconbinant vira
capsid gene ("rCP"). Each of the target peptide
virat oabsngcahmgl esymescd & CFS) imexhstryctingo r@ombqlaehﬁlé&l cappd gene

, e sjtes the entire nuc

CrérSFitiarthe st aendactofing utotor] §BPiRy A5y soguepees

for tc?}éa'i’?e LASE [t PRnl ShEBAGrP fhclcieMeis 51ﬁ§drtj is @dﬂ)@leﬁaﬂh O the
resulting VLPs contains up to 180 peptid

illugtregions enly drte) trﬂmr msqrbomlls ofadg et Gy ﬁansgietand each of the

N e N i S

peptifés i—ﬁ’SThebtérgd’c @@ﬁﬁ% taredfheh Ready Rsolited n hlghl}elmta dﬂm after
agen . acid or an enz 10 Figure
precppﬁﬁmndofwgs \HﬁPSc@W@ahmt o ﬁh%é/il’é Vi asﬁlﬁaéf a%Fs%%‘a&F @fc%r an
acui% g’%]%o reconmbi nant VLPs. Restriction sites
tl were engineered onto CCW- CP (SEQ ID
NO 1) to serve as an insertion site for peptides.

Figui 6 P AR QUM OB~ POTe e, 5Fobfor expression
of fg«?\%ﬂa‘@ﬂﬁ/ S trichoR sité’ssﬁ&;l 'aﬁﬁ ]@ﬂ %%re( eﬁ%‘?ﬂe%ﬂ!@t dnt@EMV-

were engl neered i nsertions of
CP (SBQIIDaNDIi 10 &b smeaha‘xfmseafmnpeqoﬁomqmdesll gure 6 is an
I mge of a SDS-PAGE gel show ng expression of chineric
CCW CP in Pseudononas fluorescens 24 hours post

Figu P& 9GS b Plasnfidd MAY 6fREGC-0EMVETMN29-2P @djb%s@l@ﬁ rp@ﬁnh@ useful for

express a 20 am no acid antigenic pe&sl de PDI
expcd:ssmrqfcre@nmgnts%ﬂm Twebinpartign séepaisebNed a@lﬂeBamHI) were

endBEARECE Tt o T Mo gfplifidet © @

post -i nduction, lane 3 is V\nldtype CP 24 hours
post -i nduction, |lane 4 is CCOW129-PD 0 hqurs
Flgun@l Gd¢ moimagePilaaHeS-BAGE sehRWipBoXpr9psion 6@?@“& MV CP

7 |
o T, FRCEEBY 3 3 AP, SRR A b
engEi‘i@tBﬂOtﬁasxlpﬁ&s fl200arrin0 ekl arfigente pepti@PPRas Theeshimeric CP has
Slo BB G DA K e R BSERHAS I G YRGS GP- Lane 1 i
a s%gﬁgﬁﬁ Ie‘iian%% fs%ld— '(ﬁ"@h&ﬁ? bga-lﬂﬂﬁc@mh}’lﬁﬁe g‘l@\%ll@% CP 24

IS a s | adder, "l ane is wld-type

hods Ipostrindydien; lanelulcxtsuQGMVnaaé’m Oshowrsl bst yslactm aufl lane 5is

i_nduction, lane 4 is CCwW129-PDI 0O hours
CCS’E\? 59} ﬁﬁi@f‘l hoHTs RSt AR08 | s coWv129- PDI 24 hours post
i nduction. 10 WD 2005/ 067478 PCT/ US2004/ 040117

Figure 7 is an image of a western blot showing expression of chimeric CCMV CP in
Pseudomonas fluorescens. Chimeric CP has been engineered to express a 20 amino
acid antigenic peptide PD1. The chimeric CP has slower mobility compared to the
non-engineered wild type (wt) CCMV CP. Lane 1 is a size ladder, lane 2 is wild-type
CP 0 hours post-induction, lane 3 is wild-type CP 24 hours post-induction, lane 4 is
CCMV129-PD1 0 hours post induction and lane 5 is CCMV129-PD1 24 hours post

induction.

10
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Figure 8 is an imge of a western blot of CCw129- PDI
VLP sucrose gradient fractions. Chineric CCOW CPs
wepgsnerred to express a 20 ami no aci d anti genPCr/us2004/040117
pepti de PD were expressed in Pseudonaonas fl uorescens.
Chineric VLPs were isolated 24 hours post induction
Fighye BES anr iatigpi dfad ivoastenn dldt redcCCMREE20cPIdh VEluRt seereses gradient

densi ty gr.adi e VLP fractions wer sitive f .
fracgr e, CER: Y sostsiugon S dopRg ey AE ahtfenic
pepQHE DTSR Yert ' ApkdsRet ihaPRudomdn? FhdMiads POhidt VLPs were

~ "sucrose gradient fraction, lane 3 is a COW129-PDI VLP
isolgigd ridskouss pabteimdugtioncby G areginitaten and dragtigpated on sucrose

| adder,. 10 Fi i n_el ' :
sl S5t O VTS BB aFAIRR B eagirotel B 1 s«
CCMV120ePD T EPtsuetese BRIdient Heackbislanerkeis 8 oC@VAGL 20eRi R/LP

fluorescens _using PEG precipitation and sucrosge .
sucghsp eradjent festion lagg das aﬂ%ﬁ%@%"éﬁ JUuERSe egdignt fraction

- - gl ow ng expression of chineric CCW 15

andigiiéﬁé%é%glg%%%has fluorescens 12, 24, and 48 hours

post induction. Chimeric CP has been engineered to

_express an antim crobi gl peptide. D2A21 {rij ner. . .
Figih ) 5 b HOBJON BATEPoRy Y LB ahaesseh Gimers, LRy R cigglaving
S %%%' I tiMeCPRPAMEE VIO H6reS61ate FHnD @e fIask
20vvl aq %"%@ﬁ? %BWC%P. Lane | is z;\esi zeel adder,ﬂl arfécens
usig PEGwiréadipitagipe aGiP sicroseadensitypadtionaiguct i on, lane 3 is
wi |l d-type CP 12 hours post induction, lane 4 is wld
20 type CP 24 hours post induction, lane 5 is

Figlirt Aoty B8 iR A8f HSWSSPRGH gdl 8o 1g0skprdssiog ofGhimseric CCMV
CCM\/129-(D2A%1)3 O hours post induction, lane 7 is

CPGaNkzan(dpzsFupBestans Rodfsanbdt hpwarost Buctiop eChimegic CP

129- (D2A21)3 24 h i -
o R AP AR R g P OBrcte by
acid hylifol@fk bFRIETRS cRinWeist €P Mab sloived imBUMy1RBnaDRARY )@ non-
VLP sucrose gradient fractions. Chineric CCOW gPs
engingsraseuie e VapEYES (8- bneahisricizclpdderdans ity itipe CP 0
ho&gg)éétqﬁd&%fgﬁ LiahL bﬁ?gviﬁﬁﬁﬁgﬁpegz Héfm@%’ogt ipﬁ&&tﬁh}fﬁhé 4 is wild-
SI S Wwere ekpr esse | seudonaonas fl uorescens.
typSHUMBA heurYpbs indiceiohslehas éstwid-thsu€B 48detrs prdtimidigionhiane

PEG precipitation and fractjonated . '
6 infC AN CHALn P Hotie pro el SEoaRee pa LEN B TSTOZALY, 12
I ) . 3
o5 08 LRI A2 AR bl
9 iFCGMVNE1 202(DXA2AN); 48 Bors postmdsicistopy (EM) i mage of

chimeric CCOW VLPs displaying an antin crobi al
pepti de D2A21 trimer separated by acid hydrolysis

Fl%ctvlertseﬁ is htt W25 GhckfefS URGTHIBRNIYN 9403 X21)Bhw LPLERrose

re isolated fromP. fluorescens using PEG . i
gradieat ifpictions. dPhimetc SUCMOS €Psdenginaeyed fon €XpISsfat Yn amino acid

antimicrobial peptide D2A21 trimer separated by acid hydrolysis sites were expressed

in Pseudomonas fluorescens. Chimeric VLPs were isolated 24 hours post induction by
PEG precipitation and fractionated on sucrose density gradient. The VLP fractions
were positive for chimeric CP. Lane 1 is a size ladder, lane 2-4 are CCMV129--

(D2A21); VLP sucrose gradient fractions.

Figure 12 is an electron microscopy (EM) image of chimeric CCMV VLPs
displaying an antimicrobial peptide D2A21 trimer separated by acid hydrolysis sites.

11
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Figure 13 is a HPLC chronmat ogram showi ng rel ease of
AMP D2A21 peptide 5 nononers fromchinmeric VLPs
wepgsnerred to display an antimcrobial pepti decT/DRAB4040117
trimer separated by acid cl eavage sites by treatnent
wth acid. The AMP peptide peak has not been detected
Thei WLBEpweradgsalated dobnf drplupyesviRsusitg FECe plegipitgtign and sucrose

MALDI - M5 graph showi ng the identity of AWP D2A21
dﬂﬁﬁ%ﬁ#ﬁgmw%ﬁLnononers rel eased from chineric VLPs

engi neered to display an antim crobial peptide D2A21

trimer separated by acid cl eavage sites_ hy treatpent

Figwi¢ A3atsi d. HYRE chroinetograam shewite relgasgsoforddl cPea?t dieptide

the D2A21 pepti.d noner. Fi.qur &:. ' i . of  a.-
morigiforp, it BRRICHECY FR IcclBadtt Bisbly) i AbehnflBS;eP peride
D2AP) ifimBs espafitaDBR2cid closvage aitss b taatngd widursidpdBie AMP

i nduction. Chineric CP has been engin e%ﬁj to express
peptigeipeai as épbbﬁenﬂsteaWﬁ%n%P@gla?ﬁfng@%m%p Ydes PAl,

PA2, PA3, and PA4. The chinmeric CP has sl ower

nmobility conpared to the non-engineered wld type .
Figlvé 14GEMY/ MRLDILMS gtapts sleoveing ethe ddetdity of ahWP2DR2421 peptide

CCW129- PAI hour s 0 i nduction, lape,.3 is . . .
moRyIRYS X5leppgd 190§ v%erﬁog;tLﬁsnsft%ﬁ%‘fﬂ ¢ Shois P8 ggymicrobial
pep%%%lgtﬁjzm&dseﬂﬁ%é bORtd bl@g&h%%!sﬁEs by @RGmBent With acid. The

0 hours post induction, lane 6 is

molEOMK ReighNG at Prddduiedsfop et D2 AdLipentsle monpmer.7 | s
CCW129- PA2 24 hours post induction, lane 8 is
CCW129- PA3 0 hours post induction, lane 9 is

Fightd3 39 ot ARad o N9 SDS-PAGE ) GU6wingexpheasien Wl chimeric CCMV
CCW129- PA3 24 hours post induction, |ane 11 |s .

CP GaNhveadonpmas fluataseans pasind 2l bevssgrest ghetion  Chinegtig 4B duas
25 PA4 1 | i on. 2|
v it SPGB M AlF it S L P

PAB ,rﬁiﬂ@zfgf. "a%e/\aﬁmeﬁ@ gglhat slofveCalYiIR cOApare CEMUR 2OnRAZIneered
_CCW129- PA3, CCW129- PA4 VLP, sycrose gr adi
WHIE RS (66 N G eI S5 0dig Fe s & 4 VAR ours
E oni . i . / ) oo ;
e
CCiveol 2-BA 1224 hoursspasbsiductidnictanert sy CONEG] pR-8A2p0 thauisopost

. and fractionated rose densit) radi ent.. Th P,
nchien b SO PRSI B e AR R Sl ek
P&'ﬁg}&gﬁfﬂcg indudiiéh, T 83k T EIW23DA hotk %oitgﬁd\i}%‘g@n, lane 9

gra ractions, lanes 5-7 are CCW129-P
is GUBNGIL9-RAR AR dwotrs pb2t MOuABDS5 106 71978 UMV 1U22BAS Dulgoury post

. fractions, | - CCW129-PA3..VLR su
indii AR 1 5 CEBRa 2Rt i Rt putiEdh TS 88 Bopvize-
PAYLP RME RRLindhatHne Bhe i 8 ACTMN1295P 4U 0@ hbirsipystaindictivge

of a SDS- PAGE showi ng expression of chinmeric CCW CP

in 5 Pseudonpbnas fl uorescens. Chinmeric CCOWG63-CP has

TP b CARBES R BE BT IR, ponao
COMY 29-PR3S CEINIVS29-PA@ VLP sucrose gradient fractions. Chimeric CCMV
CPs engineered to express a 25 amino acid antigenic PA peptides were expressed in
Pseudomonas fluorescens. Chimeric VLPs were isolated 24 hours post induction by
PEG precipitation and fractionated on sucrose density gradient. The VLP fractions
were positive for chimeric CP. Lane 1 is a size ladder, lane 2-4 are CCMV129-PAl
VLP sucrose gradient fractions, lanes 5-7 are CCMV129-PA2 VLP sucrose gradient
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chinmeric CP has slower nobility conpared to the

non-engineered wild type () CCW CP. Lane 1 is a
waermsobadder, lane 2 is wild-type CP 0 hours pest/US2004/040117

i nduction, lane 3 is wld-type CP 24 hours post

i nduction, lane 4 is CCOW63-PBF20 0 hours 10 post
fradtivgs,cleneng-10aare GCMY 12BWERVRBFRaGrads4 dradiert Fsepdions and lanes

L nduct,i Ei 8 is an _electrgn mcroscopy (EM
111 tscC G PRROREAS §1 85k ok BusSinh KO@iPnt ; om e s. o

and di splaying a 20 am no acid antim crobial peptide

PBF20 separated by acid hydrolysis sites,. The .
Figane #5492 a8 oherSDS-EAGH SWiRmPRssionsp e GENY CP in

using P [ eC] pi ' C i
PR B0, LA ORI RI5, B0 ilgat o s
20 atndvd agd extmésshianpeptide MBR20I sep4zalel byPadid hy@ebudaitenadhe
fluorescens, Chineri.c CCW 129- has been engi heered
chifnTigs( 48 SloWepOmaPbHifio CHPHEA 1Pt ABHTEICHEAL YIS BPe (W)
s t; ' "y 20|
CCKRELS SPAR. 21 Dt B2, RS IAIS L Rl Bubon
lané 3dis ovildtypar@P Rareusds pest ifdoviide, darBrA0 COMNO3FBI20sQ hours

i nduction. Fig @@%@Mel ectron, m.croscopy (EM
post H&ﬁ‘éﬂ%‘% JrERte ZAhopnrs Rt MAREHRTtooMy1 29- P
and displaying a 20 am no acid antim crobi al peptide

PBF20 25 separated by acid hydrolysis sites. The )
Figuine A8ris en \elgegronamigroseanyaEdd) fonagm of. chirnprin CEMYE NSLRssdartyed

PE L pigation_and s . densi,t . | - 0N
frof P76 Rk B, HRiyneS i P ARSI sfiBRb L Wb pprao
sepafatehibyendie K(lyeR sites. AheuedneriasvibPsorescioiited from P.

Chi meric CCOW63/129- CP has been en%i neered to 30
Slueegess 8sing PEGaTpeiBitaiongng susTascdasita fragipetioe PBF20

separated by acid hydrolysis sites in two different

insertion sites in the CP (63 and 129). Chineric CP
Figawa tfinamnaee of a8 PiAiERsHowifPexpressith oikhithat GCMAELCP in
mobility on the SDS-PA e are to t.he capsid
Pseudgmapes/bpressess priagerg (G |1§81r&i’s%istdbe€@nglnﬁ%g%ﬂ?mss a
. . . . . . L.ane
20 i B B oD R PR e ocp R athaid R ls MAAE Lane 1
is &20128/1606d64,7BnPCTIsUSEHIMIAV4PRAZD O lmves Bostsin@@rive 32ndBRe® 3 is

i nducti.on, .|ane 4 is CCW63/ 129-
C%%@%ﬂ@%&a\@ pBBts‘Pg‘fCHBH'cti on, lane 5 is
CCW63/ 129- 2x(PBF20) 24 hours post induction, |ane 6

is CCW63/129- 2x(PBF20) 0 hours post induction, |ane
Fignre 20 iocamebatroa gnicos¢BREN) aagsorirahipede GOMVY cY binderived

| a i /129 5 2x(PBF20) Q. [S. t .
frop Ry 2o P o pRvet el 280 i BliSisfhSh nepiids P20
sepRf3éd byndeiat hitolykisgsites. Atel Shigferie! WTPE ORerdl BORSROMPm P.

(EM inmage of chineric CCW VLPs derived from
Sluaespeesriing PES pieeipitaiianigd sucrosedsnsiy SeriPmnaHeni cr obi al

pepti de PBF20

Figure 21 is an image of a SDS-PAGE showing expression of chimeric CCMV CP in
Pseudomonas fluorescens. Chimeric CCMV63/129-CP has been engineered to
express a 20 amino acid antimicrobial peptide PBF20 separated by acid hydrolysis
sites in two different insertion sites in the CP (63 and 129). Chimeric CP containing a
double insert (CP + 2x20 AA) has slower mobility on the SDS-PAGE gel compared
to the capsid engineered to express a single insert (CP + 1x20 AA) of the same
peptide. Lane 1 is a size ladder, lane 2 is CCMV63-PBF20 0 hours post induction,
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10 separated by acid hydrolysis sites in two insertion
sites per capsid (63 and 129). The chineric VLPs were
wo smbaéad from P. fl uorescens using PEG preci pp¢BUSIING040117

and sucrose density fractionation. DETAILED
DESCRI PTI ON The present invention provides a process
lané GSr id FECHNG6 RN 2|4nh¢nast1mst anddction) lingsois SEPVIVESL 29-
ri sing an

2x PREB S bt e RO rang 5 e CUVORTAS 2800 34 mguss post
ind@}j oHSSa?. h@r1§'dCMV6BHt29L DR ERIEb O QO ABMrsPESst ii8dloBibn, lane 7 is

and can also inclu proteins or

CONDIGAPEDE i ue(ﬁ'lBlFm)e’qaf oent pp Dpiu I GRR.T LenSr 15 (SHOVNERY 29-
2~ B RSP pRRS) G R IE) P B o

provi
inditstRydononad organi sms with nucleic acid construct
encodi ng 20 a fusion peptide of an icosahedral capsid
and a reconbi nant peptide. In one specific enbodinment
. Of e pr n araeeln ved
w535, 1 850 bYELLpSTEND IR EESHERARICORY iy g
frofr OONCWS3/V19-CB dikMeyipard 20| &sinor ackd lantiinécrolaige peptide PBF20

sepai LA havo e et Ho T Pgon S Paapiia g ind F49). The
chﬂn%ﬁ(?@’li%g Gidke %gﬁgér?b%{)%? . Aub %hﬁﬁg?@?ﬁ%bﬁﬁahdﬁ'mrﬁhsucrose

can in one nmeht, be a thérapeutic peptid
denggefrattidnetiolunan and ani nal treatnents. The |nvent|on
al so provides a process for producing a reconbi nant

peptide in a Pseu nonad ¢ roviding: a nucleic
acid encoding a fu b@},ﬁ#&lﬁ%ﬁ recorrgi nant

epty d S I
oy el b ERRRUER s FRRE s PR A, e o

fusneptiadsaddmpiisidpearc obahpday Ivn‘elsca&)smd and a/iewmhmmpﬂpylde of

mtegf?ﬁg ?Fgg}teg% T{g:%‘lgloeg qr,)slelfsfgl %eqehg}sgg}/hl{rgﬁseglgé gﬁﬂB%@chl%r molecular

iy des? MW Tnvention furth
L
proP&kes! Hm@deldsedﬂdsmtm adich constrecta forucsk di dieaxro@ss 5Specifically,
theggg@s]}urag %}:faz?gec %Wﬁfblrg qp %@g g]]:g 4 ggrisg'ﬁetdegl%odmg
q e 0P af &f e hapdid RhLOHYsdoMbinSe @M one specific
af%%%t#%% o0 Vi |r1aS Capsi ggﬁl n one enbédl rrg%ﬂl t he P

embodimeti of ﬂmeopraseg- ng@uumﬂvad Peaidosionad aelle iy Psgudopgonas

ocess for ci s by .ex
Muernion Qe e b S il R TRy Yr hf case
StrfFREES ThE ﬁ‘n&eﬁﬁbﬁ‘ alsbYprbeiged hiscléid agld dsctoBEcodinigithe fusion
i ke particle (VLP) in the cell. Viruses can, be

peptidasefi an dgosahedsak wemsed vand ha ﬁ@qmtbananéynﬁﬁe fyWafch can in one

B e

The invention also provides a process for producing a recombmant peptide in

a Pseudomonad cell by providing: a nucleic acid encoding a fusion peptide of a
recombinant peptide and an icosahedral capsid; expressing the nucleic acid in the
Pseudomonad cell, wherein the expression in the cell provides for in vivo assembly of

the fusion peptide into virus like particles; and isolating the virus like particles.
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15 icosahedral proper, isonetric, quasi-isonetric, and

gem nate or "twi nned"), polyhedral (including
wepheneaad , ovoi d, and | enon-shaped), bacilli fBcTUS2004/040117

(i ncluding rhabdo- or bullet-shaped, and fusiformor

ci gar-shaped), and helical (including rod,

cylindrical, and filanmentous); any of which may be

tailed and/or may contain surface projections, such

?ﬁesf’kbiﬁt " REcob AR PR SRR BB BT 0 cops o

sel ected fromthe capsids of viruses classified as

"y O lchRE M DR ARG s B AR HPRY ne

corlshictCatpiilg a Fhsi6Mtpebii@s of hint icakshetiad xapsd r@ld @rremmbmant
I n anot her enbodi nent, the capsid am no acid
pepiidgu dhe 6ol gan bp aitilzsdeimragiossss ﬁqrtnai@d@atgsre%nwam peptides.
i cosahedral viruses. In one particular enbodi nent,
Vi E capsid am no acid sequence will be selected from
ll’fl §

id hed | ant
R TSR R R s s B
proché%nfo?Brdcﬁ@ff@%ﬂﬁ@és B’}} é&tﬁes@ﬁ)tn oM. GehpQUS filsed B aftiCosahedral
For exanple, "i'n one nbodi ment, the virus is a virus

viralrdfapsitli dike expreafamﬁfpgzallsmes@étﬁem al Jegst opp vams EkeppdisledfVLP)
@co hedral viruses are conposed of nunerous protein
mE5Hnits arranged in i cosahedral (cubic) symetry.
Nat W@sésC osnbe dlakifict aptd dsose anitth dehienl | symupetryf of icosahedral
exanple, wth 3 subunits form ng each _triangul ar face
syromely. Espeply recegured ¢rpsidimeph @1951% illt%u%%cﬁ?éﬁ“@g‘aﬂ (including

e R

polyBedaly (1nb1adingr sphptieed e 000(d/ 4nd I\meyn-lshaqsrd}] elobredliforir (igcluding
capsi ds tal n han 60 subuni ny .c i ds
o SR o U8R e G HD S B iR rod,
mr?f% 3mh Y viict] Rlafl bR GailEl dnk/ CRitdih surf
(%{Z%r ag%ge ape 2 | ock (\;NI t ﬁyf ou?1 betna osr;ﬁ%g,nds 1 Strace
prc(iebemngrsatlemb@ﬂ{a@)orbmhsne side and four (designated 5
CHEF) on, the other. There are also two conserved
E&a hel i ces (designated A and B), one is between

#8and bet aD, t he ot her bet ween bet aE and bet aF.
Envélh ope dmbodimentofthe iesentionrthe Améns asdd sesupneg afitbeeapsid is

S5 FRREe ARG R BP IS ST PRt By mdBologs:

In BAd éﬂnBJ)cﬁmeﬁte aRI®psi€ aatiesl adio s@qdeh@eb (fhlEBé’ sdlegael ﬂ'@lﬁll the dapsids
fromthe cell menbrane ( See, 10 Cann (ed

of é@@@ﬁ)th@rﬁr% icopAhedrabpropst. 8 @patﬂlewmb%wm( A@a@@ﬁhdcammo acid
f
Se%legge %V})%é I a gﬁgﬁ \%‘0?12 ?%eg Yy ﬁ ggtel rsrclgsél ﬁ res S]{L(S%%Lglﬁ) OC?aSp articular

embib&ﬁ&ht Bhepfaysd akhin® acﬁO&,qu@LcB WAk paselactdd Aroth tige cap31ds of
(1962). 'Col d_Spri

Har bar Synip Bi ol
woeahq% pdant é(Fmse(Sl§‘g‘8’YeViqét19@€°%“9T5 e@b%*lmﬁet j%%m%r?a?%eé g@fl be

def & from an icosahedral virus not infectious to plants. For example, in one

embodiment, the virus is a virus infectious to mammals.

Generally, viral capsids of icosahedral viruses are composed of numerous
protein sub-units arranged in icosahedral (cubic) symmetry. Native icosahedral
capsids can be built up, for example, with 3 subunits forming each triangular face of a

capsid, resulting in 60 subunits forming a complete capsid. Representative of this
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Nat'|l Acad. Sci. USA 93:27; and J Johnson and J Speir
(1997) J. Mol. Biol. 269:665). 15 Viruses Viral

w0 20080e7Es recogni ze the foll ow ng taxa of PCT/US2004/040117
encapsi dated-particle entities: Goup | Viruses,

i.e. the dsDNA viruses; Grour [l Viruses, i.e. the
smalk pial firychiyeds e.g bacterionhseeiOX T4y s danyj icesabedral Hiswnpapsids
i. . Mir i -e. h . .
corfiih 2% gl B0 Rubiull WBR® capeiqfuol FEos TR yigysss pontain an
antifiardiled i ghit-seranded ebets bivrel (foldirgt matifl eThey ioti€ &8s a wadgeghaped

VI Viruses, i.e. the RNA retroid viruses, ich are.
blogl ?fév_éreéae strgnes {des gter BJPQ_S%?nezgdeawéufsuv@eswted
CHYIF) 4888 otheS ThER&rOMEo HFS ERsEr Ea)l&?ﬁﬁreli%' @Bsi LR NG B),

reverse transcribing viruses; tavi ruses;
ondisbetven batad an8detD), itheeothbrdmbsearttt-Fasrel betdfe vi r uses,

T 4 S 8, 4 st o
extRlstnN@uddink) bf thepattit@e ﬂ{rblégf'ﬁle AEBbaRY, | RMBY wiich theVparticle
Van Regennortel et al. (eds.), Virus Taxonomy: Seventh
beRessrooaigtl inelipidtesvelape dnaVec%:ﬁnm‘ theesllonembrenadfive, gfg.: AJ

Vi 0) . (A i 16. 2005/ 067418
Cal LA o 16 N Blebtet Durgfoe REABRAS osn): fuGuanott and
RGUSADstet (vas.Yi(1999) BrspilopsyiaePyRaey eAcddegic PRisY)e THITY Yaspar

of Leicester (UK) M crobiol ogy & | nmunol oc% Depar t ment
(1980) Bigptoys: %/%JS%‘ i N Fatpar and & Kiwg3b%3) Cold Spring Harbor Symp.

r S , < MhE.Us:
Oulr #5401 2HISE Whlthes 208, {1985 E Rl D000 b 588R0m, 1996) Proc.
NaNed ¢adn8di. US#H198127f and Bl ahihesrharl Jo8peir( 19917 0of Mal.i Rinl. Q5EEB63).
of the National Library of Medicine of the National
Institutes of Health of the US Departnment of Health &
Vira¥an Servi ces. (Washington, D.C., USA) at
ht t Wiral vwexenoshies neengnide. gov/fakdowingniaxat ak . dukapsidaidieparticle
a,}m' no acid sequence of the capsid may be sel ected from
entfifs capsids of any menbers of any of these taxa.

A 0900l WirsRYUenaRIshiA ¢aRskds of the nmenbers 10 of

t hese taxa may be obtai nedﬁ%}o’m sour ces, i ncluding,
but Goatp II Viltusexl i.&.che esIYNA viidageson | i ne " Nucl eoti de”
(Genbank]i "Protein," and "Structure" sections of the
PubWEPP LeWirsses e flie dsRNGY VY68 by the NCBI at

RLt @i‘(‘.’)l(p' It\/\/%&-@,bz’ ¢. RN A (gps\ﬁ/aﬁ&]etdr\gﬁ{sesq\gﬁﬁ Yo f]ﬁ@A ‘stage;

e Group V Viruses, i.e. the ssSRNA (-)-stranded viruses;

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

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

e Deltaviruses;

e Viroids; and

» Satellite phages and Satellite viruses, excluding Satellite nucleic acids and
Prions.
Members of these taxa are well known to one of ordinary skill in the art and

are reviewed in: H.V. Van Regenmortel et al. (eds.), Virus Taxonomy: Seventh

Report of the International Committee on Taxonomy of Viruses (2000) (Academic
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In one enbodi nent, the capsid am no acid sequence w ||
be selected fromtaxa nenbers that are specific for at
wo emsheame of the follow ng hosts: fungi incl ueimygs20db040117
yeasts, plants, protists including algae, invertebrate
animals, vertebrate animals, and humans. In one
PreswsfBisesviare Murlihdgten Adpssi, dUSﬁsi)n dheaVidiss Fguenvewy Widbtpage of the

onf S B8 o RS MR, e B

hitp YA BB o Yhib 1e Wb LiRI38S5/ iilscpad!Hiint;Cand thescﬁshné nvcme' and
enbodi ment, the capsid amno acid se?ﬁuence wi | |

be
"Vlmm"esepmeqfam Ferdvemy Browsenofghe Netiond) dsates &rdpioteghnplogy

Infog%la on Qg@%f) %ﬂgc h{gb {l%lérggy ?Fﬁﬁhﬁoﬂ{r’égofocfle mﬁ?ﬁdl)fnstlmtes of

He8HRIThNBBDegabiehe BHSH 6hl & Furas Slersﬁqy(é‘Naﬂnngtbm €., USA)
sel ected fromnenbers of any one of Goup II, Group
at hitpy/wvew aghi-nly nilneey(d axgnomyA i edle| | i te Viruses; or

Sa?t;pf g 111% %1(9 fedel oiJ 1.jhe c%ﬁff Qnd%o dgglé’d’ﬂ&l ¥oln th%nﬂpsms of

ViTUgE nent, the viral
anyGAa@abéts IoS aﬁ)ebﬁmbﬁdtaf(i Qﬁmﬁa’o(mpi :*.e\a{uenceefcmqapﬂm of & ndpebers

viral capsjd seq ugrilrce can be. derive ?En él rus nt
of thyss i m&y b ebtamed froppsovgers, WHGHE ?ﬁn rutes &9y &-&plg On-

line qﬁuél@&t eﬁG’énB PFPlo&liNS frdomMtReurBarsbitionk 8df the PubMed

ecte rus o her than the desired icosahedr al
search fadility. offenedime the NGB mmmmm nihgevigntrez query.fogi.
der vedfro h atropismtao iff
(yle(ﬁn H‘B]ac?ﬂ\{ tﬁ.@c:ﬂﬁ amping aglgllp sequenes vﬁll%te el%gtg@tfrom taxa
meﬁﬁa@ dthaeite, spebiic Viof at 168P5hé of Shel Eslionetlg fhro@um ﬁm\gl Antduding
wth a tropismto a 30 different genus of organi sns

yeasthaplantseprodibts inglpding @ig@é; invpseharteentmals.neeriphralg apiggly gnd
d, f
hmgaﬁlgcﬁ’grgrllé/ ]gmglo | g r%é r Iﬁxnlo ac]tu? 9@(11%{1%& 8111239 fsralfegtreﬁ Hom

me@BHe diffﬁﬁ'ytonetdifehé/fdllbbvﬁ@ﬂﬁad(}t@pﬂ? Grotyed, Grmm a1 vGromg v,
of Group I n_ one enbodi nent, the viral a sid
Groy@ﬂé&&ilpf%ﬂmVarﬁldSc echhalailisn Virupess. name enhod WédﬁhﬁwaPSld

am% a%fc} g@g@cﬁ? 5 E&gu}éc{/\%g%alggfflgg@ ofoinyacﬂﬁé A thi&even taxa

thaPﬁ:El ip%&ﬂi&ﬂoﬁﬂb&)léaﬁt oil® oif \the Bﬂaai)ovadescs‘tbed\host thwes. In a more
fepadnavi ri dae, Togaviridi ae, Polyo jridiae
spemé@mquaa@m the PR ATHRRACH SYAUFPS HiLDS q%ﬁ%fbff?ﬁﬂdﬁ%mbefs

of @QPfoé bk I@Sgguep Caq?ci i 2€roupPhe OGRRAYI VII&S Satellite Viruses; or

rvovir , |r|dae Tetavi ri dae, and Satellite
fromi anysers oﬂ Grcmppﬁr G’rtmpl B, @rﬂup Vipand S@thléltfsé@uwc elnygriother

e..sel e rom f t axa
em ‘Hjé?le’é‘i’ @EF‘I‘RSE{W %th %85’5,$r°6‘ﬁgwocfr vsi In one
e”b?ﬂé Vﬁatcabﬂﬁ sei&ﬁ@@éh%dfe&ien%cﬁﬂbm% Vidgs r&ﬂ%pﬁ&p \ﬂhd dell. In
a plant-inf ious virus species that is or

onmmrb@chmnt dlmey cad¥ dass eroBinejudei vifad aroteire oy ma?étrtlcular Selected

Vlrlrgsacly PL t:ﬁgﬁg F}(fj giéélrecgté%ga\rf\?ﬁ}ra? aaéiemds_ll\_leiﬂrrg)éé I {1’%881’[1’161‘11: the viral capsid

is deHRBd B6hd AFirusTRRREGRpidNe S 4 @&ifﬁerésﬂt ifatsilBaf elghnit@s than the cell.
Caul i rnoviridae, Gem niviridae, Conoviridae,

In @estlsrrambadirsent] theTarab gansid idatved frqp grwis Vidhe tropism to a
dlf%eren %gnuanoorgﬁﬁﬁs thtaH ?ne:I &S %H%H&ﬂgr é}h@tﬂflmghtr HR viral capsid is

derived from a virus with a tropism to a different species of organisms than the cell.

In a specific embodiment, the viral capsid is selected from a virus of Group IV.
In one embodiment, the viral capsid is selected form an icosahedral virus. The

icosahedral virus can be selected from a member of any of the Papillomaviridae,
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species is a plant-infectious virus species that is or

is a menber of any of the Luteoviridae, Nanoviridae,
wd@2005/0674v8 r i dae, Sequi viridae, Tynoviridae, PCT/US2004/040117

Qurnziavirus, Tobacco Necrosis Virus Satellite,

Caul irnoviridae, Gem niviridae, Cornoviridae,
Totixitideam v | Pigsstrovavdsags vildpddenvirafaeBr drogeviridivge thpbemaviridiae,
No%’ e;%dcfze ; gctzvug%i i« mnkz?v: rzja' ég/gcéo%?rg% egr%’lgmp ;l%?%'la od}f\?‘mdae

PzdoSncﬁrzﬂﬂ&fépEfzrvoOfmﬁ@,yC@ZEva}:ﬁzeCﬁéﬂ’avﬁ;ﬁdw ﬁmcﬁSﬁelhte viruses.
Genm niviridae, Conpviridae, Sobenzovirus,

Tondsu3 perticws, enghodBpeninierseaugace Willrks wlesded fremy members of
an3§55¥é°6¥ tpgnt : ;t%%tggi %ﬁggfsii%\*}ﬁ%tgkagt gﬁ@gltane/lh(fsysl}lgﬂg anlﬁédlﬁieh{ the
1coaa‘h&ﬂmﬁ phbint Va'ugl spﬁcm:shelllGoH mq)iant—lnfec&1ou§0'h1usl zp&ulefsulrhat isorisa

Tonbusyi ri d Br ono art cul ar,
BinBRY e BUEHSYH als e Whadod 6<fae§u4ﬁﬂlrldae

Na;?@vzﬁd&! aAgifiRAke, OWe quiViviaHs, %%vﬁ?dateha@uhﬁza%rﬂse M8bacco
of the Conoviridaé or Bronoviridae famly. In a

Negrasis i \coisaSateltitso diapBmpviridee \ﬁmhzmaw G ompvitédaey Sebeinovinus,

T 01%{)1%9%&@(?%% ora%%p??g%z@%% JEH e e 8‘%}}@&5{% gggth\@rafsplant virus
spedik i 1Y efl pldnt-GifeeticiRedihgSsitiek hﬁatBrsoaiDvs al BeMbbA¥a anl Nofathe
specific_enbodi nent, the capsid is 25 derived from an
Lu4epurldfl¢,ulgaimvzradﬂeAlRaaﬁ@wld% Seyniviridass dysiguiEidaec Ourmiavirus,
f c
To@@edﬁg@‘%las{/ﬁg? %ﬁ&ﬁ} (F?ulgﬁoé)srgc?% V@%ﬁ?ﬂ%{i% EOmoviridae,
Soldmuvlrusli Tgmbb¥iridaey oPBWorm)viridhdtakbe Incamaifiedeabodtineats, the
i of the invention is non-infective in the host
icogghe 3@?10 lapt yiedtirrtiet s a e ARiceHAYS AN SRecics thitisqr isjaaember
of P} | 6F € VL ENufho SASe, S\GGhiRideS COPMRBHlidabl Shfemovirus,
host cell during or a ter expression of the vira
Towmbmpsirddae) nr Bremewbiddé. nﬁmtnore IparticvlaP ambondagmts;tthel d¢¢aseleedral
so incl udes. . the e of interest, ﬁnd

Plaﬁévmineaws Bt BERTTEHEUS 3PS derclst iolia 3t ajmgember of

amE¥PIERS X id e 5%%&&%50# ohBgsWiltae, ReBrobivdae. Tn more
2005/067478 PCTfU82004/040117 expressi on system

paltlylgimc einbgdidwets, Histicowhediblrplandiitis spedies/wilhbe prodangiimfsctious
at all infectjvity.of .the .virus. ln a typical.

virl Shssise et 19 RamEnhr ol 18 CoSetin e hudvitBh gdpity. In o

par€i€hlhr 8Bod@meaE el vivdl c&pyid RARSIvEQ Frod @ CUwpHRModkid Wirus or a
capsi ds and an ogfrably | i nked peptide of interest.

Cowhea Ghlareiic Mpaiile Mirg. Hoepthestembodimens, tedviral sapsid i degived
frmgl g%@g&g&r’s' é{{ ﬁg ?E;%ni‘o% erJ}etakQV%{]%losg)@c i e%‘%ﬁdd\{rﬁ f 'Eh%”%g 1 is

capsid greatet

demvmdcmmaamﬂhﬂs;tuscxﬁl dlﬁA@'&bﬂm&HSOV\Inf Hmdre rs@ecﬁﬁ iepib@diment, the
recovery of reconbi nant peptide. In one enbodi nent

capsitkis\dgpivs fea@ea dobagee G‘Fféakr ¥11"é§arﬁﬁl a0 Mplfa messenBirys GYMV)

fromthree to about 200 capsids. In
(m@lﬁﬁ’iﬁg |rrent t%)e VLP or

VLP

The icosahedral viral capsid of the invention is non-infective in the host cells
described. In one embodiment, a virus like particle (VLP) or cage structure is formed
in the host cell during or after expression of the viral capsid. In one embodiment, the
VLP or cage structure also includes the peptide of interest, and in a particular
embodiment, the peptide of interest is expressed on the surface of the VLP. The
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10 cage structure includes at |east 30, at |east 50,
at least 60, at least 90 or at |east 120 capsids. In
w@aposhen7enbodi ment, each VLP or cage struct urBCT/uS2004/040117
includes at |east 150 capsids, at |east 160, at |east
170, or at |east 180 capsids. In one enbodi nent, the
exp¥ésBioh Ssystepr e;qﬁmﬂlyaéoannwtcmme chdditione} yérelipeoteing that allow

ot her. enbodi ngn iS_ex

intBRHLEF ghengrghohd et sipgigs R Bfes o syl ey Alides o
hosB RANENE S &tdtekhi¢éBtodés fdrNom GredtfatRaledipsids mattan operably

however, the VLP does not have the identical geg ry
linksfl pd}n@dﬂ afiintsrast.r yEhe verterefypigaly ¢los dokdpglade P@‘?‘monal viral

exanpl t he t
assgil) o{ﬁnsmj'lrﬁ %B{gélg Sl,él gsﬁiﬁdﬂ&ﬁdthla Piér&opé’rg thél Giral capsids
forab lav@edtiPextdfitfn cbvdin dxatgelle andaliag éoxsmbtacd:ﬁficﬁznofecasery of

few as 3 viral capsids can be fornmed. In separate
rec@ﬁb@éﬂ’ﬂrﬁ@ﬁﬂ@e cage structures of about 6, 9, 12, 15,

2

1% v giiafitegt e o oot €, faunthe Sbovy o

capeidb OidcInginig, frah threasd abme 200 capeds a}mlscvrd:sembuﬂlmd@ts thet VLP or

| east one peptide of erest.. ]n on '
cagsSHUFHES 1%%%%’&%%&%& oot T o o0 A R A e 1e8s F20
caﬂ\j_&%p Tn #AbtHe eﬁfbohﬁ?e?& QRE \eXtt 8f Bade Sikichas Qnélﬁ@é% Afledshaso
More than one op of the viral capsid can be

capsmisuaftﬂ@dt160;adn®tpae,tqr@ule@$tISQsamrﬂﬁadu ment, at the

rec nblna eptid ressed

sur 8’% © 8‘5?8@ ngelnt ?’ﬁ é{‘gdgaeﬁgr&%ﬁedw r usl(f(’%%%edf)% vgfuze. In
andtRerdntiodghier?Mine AV NI i expésséEaSthe tsue Gebinetrg at the natlve V1rus

peptides are inserted into at least twy surface |o

thab thetdapsidispqueneaissdegived afelop senarale cmbP@l@eaarMW@W@: thenVLP
o 94 P SRy 38t S B LA B potipens,
exdn@}ﬂ@Sthefstrhlft&re\/isrptédﬂldeﬁanmpzirtlclleeforrf[dfth of emmbiigde ra:apﬂlds but not
peptides in 30 _the surface | oops can have the
foravngbnaiiied YRR YiEndr cKimRlephragesTBRHER R Y 2 ol capsids

| L I 1% t1kke
Ca@%]?’g%g&l %O%gggl f%erogiflmrﬁgccg tain e%g{))%%%? %Zhgs 18e21,
24\*1/{7%}%0 (‘Zﬁl B6,@n4belsndd) 51, 64, 379 or ﬁqbcaps'eisaalsbm&ryledf t he
The host cell can, for _exanple, modi fied to ..
i nclueRe ERREMEHe 2hieattonp of ﬂ’(effﬁgﬁﬁ m‘iﬁﬁss iﬁﬂlgaqi SPRBERTHlS of
int stygxg%?é ERBORXRDE ¥ Ylﬂé e ?é%§éddv$1t}nhrﬁt A diRNintedfl loop,
2 087478 BCTI US20047 040 17 enbodi nent, the host
or ineeltllea'stsorrﬁmttdmﬁdulf@ca Inop atided/ Lepr essor protein to

cie ul at the, e eSSI f
cap %)a"p?%%iﬂoé ?fg | 'A% &al?séq’ ﬁ%‘? rbgﬁm% H? “rg Iﬁ&%ﬁsp articular
em%B@inﬂ:ﬂ@ lagtife @@élﬂblﬁ@lﬂl@gﬁ@e RNspfbisttd doh& 1¥ast o @ﬁ@ﬁdedo@p’s of
protei ns can al so be additionally nodified to alte

thet h@szih@dariavllﬂ@ﬁﬂhkﬁf pytiple. ( deenethgr embafimat.dat kpstafwo different
pe t °8 & }eglgﬁeé’[,egemto \a@%ags 08§1irfaé9?c90 égx?g%e \gfag ﬁoé‘%gs or virus-

liké iﬁﬁﬂtlﬁgl | T a%ﬁﬂh@f ahBedifrent, apbadt\thieg radoRibéndmt eestides asnitiserted
asse . ese
into at least three surface loops of the virus-like particle. The recombinant peptides in

the surface loops can have the same amino acid sequence. In separate embodiments,
the amino acid sequence of the recombinant peptides in the surface loops differs.

In certain embodiments, the host cell can be modified to improve assembly of
the VLP. The host cell can, for example, be modified to include chaperone proteins

that promote the formation of VLPs from expressed viral capsids. In another
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nodi fications are designed to alter the interior,
exterior or the interface between adjacent subunits
w0 moshersassenbl ed protein cage. To acconpli sh pd/e$2004/040117
mut agenic 10 priners can be used to: (i) alter the
interior surface charge of the viral nucleic acid
embbilimkimg thee diostncdly is epddibicd gobusluder 2 epigespr (RIOtFIn KO Mpre

e S STV 0 BB P TobRA e

vLBy. termnus (in COW, usually re3| dues 4 37) (|||)
insert a cDNA encoding an 11 am no acid peptjd

celThetriclpie peig sseefmen @@ch@ia&fheewra&capﬂé@smoqew &g also be
f
saa e R RIS b P o RE o B Sch oo

J. Gehl BSol. 85:11048MO53).eBorckxampll Airé8 gmﬁrﬁmﬂa)ssesm mod1ﬁcat1on are
Reconbi nant Peptides $Size 1n_one enpodi

mospetypicay speraasd yor imedityng VLY FRreeighs e saéa@té %o These
mo«ﬁrﬁrgit%hg a?% cfe?l%ﬁéd E&"Qlt%”lﬂ%om@&{o‘iis exteRo@ BP e 'interface between
embodi hent | e pept

es are at |least three, | east
adjdcentr subaiitk aﬁSthe fdsyemmbled pad)teine aa;ge ) cx aacmmrdlshcﬂm mwtagemc
| engt h, arate enbo th p ared
prinears e be U i (QH1Rb Ok LSRR Sgecoret gl g SR

t ﬁ Hith acidi
bm@g%g%gllﬁ;ﬁf?% Zﬁh&ligé b%%% rc%sgﬁt%% é@ bR ?gn k}%gl,s tg%ljﬁ us, O,t 4a§i ic
glutahic GOids6oughs @5al., 9500208, (lggddptenmﬁ@oameﬁléu%ﬁ;iﬁ@gl the N

temlPigﬁg {in W Pﬁ‘nﬁX éesgﬁ,]g B 3r?é>nh({%l) gté% b e pt %%g&ﬂlg #h913hmino

ac1cP9éHtﬂ'erbeﬁft t@né Seqabiiét (G2A0etadl], N98ACntbSa surdibexpadedubop ;
t'o about am no acids, or about 5 to about_ 200
anda(m)mochfy m@rac@pnab@twels virglgubwets by atsriagithomstal Bgdingsites

m no aci ds. |In another
(lném%%ﬁ‘?f‘?sa@zg‘lgp‘é%‘hge contai ns or about 10 to about
140 am no acids, or about 10 to about 120 am no
acids, or about 10 to about 100 am no acids. 20 WO
2005/ 067478 PCTI US2004/ 040117 |In one enbodi nent, the
peptides or proteins operably linked to a viral capsid
Recgpdpiratié Eemiides cont ai n about 500 anmino acids. In one
enbgge ment, the peptide will contain less than 500
am no aci ds I n anot her enbodi nent, the peptide .
conlnaene egbodiment g Patitles epeigblyclinked tgra yisaly Gps oﬁ?ﬂueﬂce
0 0 u
confit g Bzet et BBt o e O i blpe b § Teast
thre! atJIbaﬁtOfoaf}(hltllleaiQﬁve @i atiedsDsix aindng adﬂié) in tangtlp Ima separate
abgut 100, or. _up fmbout 90, or 5) ab%ﬁt 80i El
emesiiEngply (Ne7REPHAE o 3t legstaasent aiio A5ids g o LAp BERTIdSH can flso
be é’cﬁ%z{s?e%gplzﬂ leéﬁ niHle, Hﬂeﬁs@t&b%teaﬁ@lam 19, REi8Ste, |1'7 18189, 20,
e reéconbi nant peptlde fused to the
30,i45050h60] 168 75895 PE, 965 99 ar niarasmid acids loagsin gne gmbodiment,

tnelpgatdes sheod o eddbst Ssaft oast 12, at least 15, at

In one embodiment, the peptide will contain from 2 to about 300 amino acids,

or about 5 to about 250 amino acids, or about 5 to about 200 amino acids, or about 5
to about 150 amino acids, or about 5 to about 100 amino acids. In another
embodiment, the peptide contains or about 10 to about 140 amino acids, or about 10

to about 120 amino acids, or about 10 to about 100 amino acids.
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10 25, at least 30, at least 35, at |east 40, at |east
45, at |east 50, at |east 55, at |east 60, at |east
w®x05mb74heast 75, at | east 85, at | east 95, atrdBES1004/040117
99, or at least 100 am no acids. I n one enbodi nent of

the present invention, the reconbi nant peptide
c onnadnesemtaddimensts theqmptldfmmrmroteufs cmeda@iy h@lcbdt‘farag‘@ral capsid

In.an_alt natlvee di nment
soa g6 M e APV B Fnh S0 HoBHEenholhs REpids vl
confaifl §3t 126 508'88ho RARY. T4 ﬁnoth& e}xﬁ)délﬁfl&rﬁ' the PEHQIH \ﬂﬁlrﬁo‘iltam up
the peptide is conposed of at |east two, at |east 5,
to aouf 2fsaming, acyds, or wmiotabost 370, af up éggbo% @OQe‘kfal’fPattoé‘bOUt 180,

o JERORRINA BRI R B B B SRS AT

abo‘uﬂ @Ilo/ Io@l hi@'to ABGOA B0 Sor p fol®outcID) caupmaabcmt 86 i ujﬁoaibeut 70,
i nked % cl eavabl e |i nker regions. In still @nother

or WNHGEP or ppt Fhoubihion Hate pRAYE ABET PR tq #Royt 3R aminpa5ids.
at {8 n%l)%llrﬁ?ﬂt ﬁ%?e#oﬂ%@na&ft %ﬂgﬁ zfgsédctﬁﬁﬁ@ﬁ%aﬂadral capsid is
vi ruso1i ke par n one di ment, at | east e

at 1830 Gnﬁrleaﬁ 8 msleaite&i at leastal O at feastel 2, a’ohaasiflSl; heleast 20 at least

25, blaricth o Rt S 8 Fise 80 T e o R S BLPER Seot B 60 o

leaa%tseﬁt%é%g 9515, ﬁ’c{a@tt @5 Qt lteﬁ’sﬁ‘t% | 5 100t oslek hveestf1bo 'Jhﬁﬁlﬁamds

rus and, ‘optionallly, is not 25 derived from
t h ehscaxteemlpmhmelst afshe p@sem Inhvenfmte tb@mcpmléglanf péntide cewtains

are fused_.to,the V|r fungti.on
ot Iy epg sionoliy g euearebibied el gCAe s faufiat, te
recBl%lShﬁmpﬁdthlUQ R8ntaRB phd¥e ﬂ[a‘ﬁhin@'mcﬁﬁﬁﬁdr €S, desﬂ‘rdfdi@f@ﬂ bSptlde In
t hereof; "precursors thereof; conbinations of any of

certaheembqo(bg@nﬁgthemgw@ is comnesedafat keagfftwan gt lenst t5hét least 10, at
leaitol ée % tgg%sg Isg%a?%tg (%{%ng:gs%hgp gret gf%gf él %&%’)?&thﬁﬂlenc

pepﬂﬁil@f tél tHeOgapidarin ael’m@tlﬁflldi’fﬂiodimﬁﬂ,t ﬂﬁnirﬁhwdﬁﬂ rmbnma’s in the
tides include, but are not linited to, e.
COI’@F‘ iej PWt@x@pﬁﬁed bgked by clephls dimkes H%%lo’é&er@ still another
emﬁé)chﬁfeht i Jt*e%llilxﬁ{n\%gﬁeéﬁlﬁé W fnsélﬂadt 6 LNkist 3hé Oface Ioo of the
ron, attenuation, term nat

icosdhefifab vizns-like padtick. Hndne@ndn@khrﬁm,c:ttllfmt one ndhoM@r is mserted

~ 2005/ 067478 PCT/ us2004/ 0410117 activity in or of a

in yusfagg iqop ofdhg Yipys-like pprticle, or gani sm cel I, cul ture,
tissue, organ, or organelle); catalytic pepti des;

Cld}kz?i'b%&{ ucture- and nanostructure-active peptides

t.ides that f 0 I neer.ed m
nanghgtl%t? é’z PRI ﬁ’ﬁ{n% Ilglﬁedfé ﬁ%ﬁngltr?loﬁawci(:shcan e 2
het¥fdiSddus tpheinP i Hﬂ)tadbrﬁvéﬂ'ﬁ/drﬁ Yhe €irfls and@DbptfhallENBED not
transduction); 5 and stinulant peptides (e.g., peptide

derfvedviorm ﬂg@arrmpgmmsghe edlbr ants, pher onones,

t I .Bi 0- ' .
g 9:3 gi@ﬁ‘ﬁe& %gg eregﬁ ﬁl g Iageaﬁ.lg?c{ f(? ﬁ}]let \zigal Sc)apm% gariaﬁé Rtfetional
peptitieFLEARBEIEA] WRp @Rt Arilpénic (Rptides, RRIM @ﬁd@ Bﬁﬁ’hicﬁﬂﬁal peptides,

al | ergeni c peptides, peptide inmunoregul ators, peptide
fragments thereof; precursors thereof; combinations of any of the foregomg; and/or

concatamers of any of the foregoing. In one embodiment of the present invention, the

recombinant peptide is a therapeutic peptide useful for human and animal treatments.
Functional peptides include, but are not limited to, e.g.: bio-active peptides (i.e.

peptides that exert, elicit, or otherwise result in the initiation, enhancement,

prolongation, attenuation, termination, or prevention of a biological function or
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I mmunonodul ators); signaling and signal transduction
peptides (e.g., peptide 10 hornones, cytokines, and
woewsotuaIsm tters; receptors; agoni st and antBQDUSED4/040117
pepti des; peptide targeting and secretion signa
peptides); and bio-inhibitory peptides (e.g., toxic,
acthvit9dh dalof aobioloigiiat attity, peptan daeganiszmcdellasulpa'p,t fishee, organ, or
t oxi ns a d.antipj crobi al epti Structu
orggaglie)deda V%Pﬁmges’bﬁcr%%wﬁ% iR n’i‘ Eflﬂcgneé‘cé"e peptides (i.e.
[ d pept ,inP d
P R i PRy ftia  8F g Sl fuile IPREIIEE in
corpimysion aviticwhichy theyipsrioim anrmotivies, e m@um@a)energy transduction);

and G lsah 2P SR e Bfiite iRt §iE coloRHr PaaRs Bhbiofiones,

atuﬁ@‘ﬁﬁﬂsdﬁerfe%tgandr%@]};gﬂtge surfactants and emul sifiers);
m crostructure and nanostructure-architectural

pepBidegiveipeptidestineleda, bal arpaph lirgded tohae:: ﬁl@rrmnp@mtve@ﬁpﬁdes

e RGBS e B PUBIAY TPt v

imPiRomodlfors) arschﬁnﬁg MO-PEl efrisdadtibn- peplidedese.g., peptide
inteins). Catalytic Peptides include, e.g., apo_ B

homwm.cﬂohgw@ytanél RRUgEARNI S e TCHSBIRS d@goméfataafiy@mégomst
pelgg%% ﬁdé) argétfﬁggaﬂi%éere 0 an :}%Eﬁ&é%?gazlgsﬁétuﬁhyﬁdr% )?Sgtldes

(e.d., tdmmdalnalcblov‘atw g ptdpt suzbhsas pﬂpndd: td}ﬁnsc andahytimicrobial
pepti des such as, e.g., the foot-and-nouth disease
PeRfideR)s [ FMDV-2A] catal ytic peptide; matrix

met e | a | he-
| SRS BRRASELRABE) BT FRUEL X 60 i

fOléllﬂgtllEP‘ié¢S tep! pergtides premo@inve dndrepig ﬁbema‘(i@l gr tretention of a

o PSR i RSB
adiR8Re] gslﬁldegmcbmaﬂesh(ﬁi plowidtig dpeprides); wedrfackUr pe&pties (e.g.,

eptides; antigenic human, animal, protist, plant,
pelft gairfacteaist and emulsifirly)o misiostsae @@pnm@é@ucmre -architectural

pe lg%;?e Ir(gggl)stcru%i :})geﬁﬁd%se gailoggsga% oqfegf nﬁ%etr%dz 'nﬁgro- or nano-

stridRE0 A Pr&h@lvation pe qeRJutalcd IpSptldeS «f.pre-, pro-, and pre-
intertferons, interleul cins, peptide | nmunodepressants
prcapmtqmﬁﬁmop@tt&% i latelrsY) ; 22 WD 2005/ 067478

cha|nééﬂ%4gd@9ﬂ%7ngﬁﬁﬁfgtchéﬁ%]gﬁgﬁébﬁﬁu§§(8ﬁ%%§;@&hﬁgme

pegities;t cataliyic peptides of EhltammhBiRN Avsyntietsed; esatalpind ipbptitles of
light chain nnlecules anti hody heavy chain
aspegfisc LipRscarbgmylasess ahlarte YRl HBESPTS- éﬁf‘eﬂwnﬁeawdes viral

catd b 7&9&6%_&1&1@ s, S gﬂg'tﬁe CfBé‘ﬂ ﬁldal%mﬂoaiseys@ww%mﬁ)v 2A]

cat‘a/]fyl@bil pefdtide; Cﬁmltl;lx omdiﬂlbp@[ﬁﬁhas{éRanegtldm nangarcatabypicc metallo-
I @P es m croanti bodi es); another binding peptide
015 gL peptlde aptaners, intracellular and

The peptide can also be a peptide epitopes, haptens, or a related peptides (e.g.,
antigenic viral peptides; virus related peptides, e.g., HIV-related peptides, hepatitis-
related peptides; antibody idiotypic domains; cell surface peptides; antigenic human,
animal, protist, plant, fungal, bacterial, and/or archaeal peptides; allergenic peptides
and allergen desensitizing peptides).

The peptide can also be a peptide immunoregulators or immunomodulators

(e.g., interferons, interleukins, peptide immunodepressants and immunopotentiators);
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cell surface receptor proteins, receptor fragnents;
anti-tunor necrosis factor peptides). The peptide can
w@b®soba7aN enzyne substrate peptide or an enzpaEUS2004/040117
i nhibitor peptide (e.g., caspase substrates and
i nhi bitors, protein kinase substrates and inhibitors,
an iftidddyqreptiden@es v aﬁga aheia- ambogws it smgis fchamrmmibbdﬁ fragments
enzynme substr

ate Th eptid can b
and N Dot )t P B SRORIEY BB A hotccues
ant%ﬁﬁ%b?tc}faﬁl Gnoledd&! LHo%ia‘i‘x?—del@béﬁ%rﬁlHoﬁ? hgfteéﬁ' 'h%avy chain
pituitary adenylate cyclase activating ~peptid
motagniss; siegle obiis ahtibedyr dpepns ded modsonlence.ge apféIpH,l @Hl 3, CH3,

cri A VRGN, U B o PRI PR aft i bhBpic peptides;

midekriiaaRs); bRothBE bi#din0perRide- (e. ganyépuas apRigirQtiafsidiglar and
br adyki ni'ns, cal citonins, cardioexcitatory

celhaufaopegsepigeproteins GPASPiSH |fmmenmarét:§@mmeﬁn0ﬁl§ factor peptides).
C or ?’ég g)%?tﬁ% a3 A db cort e( QL%sﬁ'ate Sp%!p %% g{ %z I’l%}qﬁé inhibitor

15t 501 Tact or S endor
pepﬁdllééw pakaspase substydtél MAGhIEbItOS, pr@t@&ﬂldﬂllﬁe, substrates and inhibitors,
follicle-stimulatin horm)nes gal ani ns, ﬁsgstrln
ﬂu@le%&@%%onaélﬁﬁ“eﬂﬂgﬁ Byfer- P?Példﬁéﬁw%ee@bs @fddot r opi ns,
gro S t i
%Q &id%@ﬁl al@(pg ? e %‘é rgée;}torz&pﬁﬁé ?%hm agonist, and

kal ' d| I ni ns,

anthgttmst 1ie.2i, ngprhkafnspdbe&rphlm Iomxmsypnaulsiry addnalatmgyclase activating
nones, nelatonins, natriuret
peiids

ORI abeToM o BT R Ges: et oaptad Juiends, opsepiss, and

antggt}iﬁﬁg' B e ﬁd@hmﬁﬁ)\ﬁte Q8. Thdodeab it ed and) @htEBRES hormones,
ot’f ophi ns, prO actins, relaxins, secretins,

1nchshmg, ongnsamslies pangmziemamsg brpéﬁﬂm@as calstbprin® nedfidipsxcitatory
oi etins hyroi.d. st Jatln hor none
ne PR HOTOBE cRHEHE PO iy (R PTRUBBIR: £a¢  Spgficotropin-
rel6Pt helfRles,” ApBREMRIOAS )fact&sp eqdofiky t edoft@lins, enkephalins,
chenoki ne, virokine, and viroceptor hornone relea3|ng
eryﬁngp(plgun@sagyéendm; Mlgqle-rgtlrp@}@tmgbom(l@eg, galanins, gastrins, glucagons

o] GBI b AR DB R SRR Sgots s,

insgﬁﬁst r kgllibib] idias,y 1@@@&! d@atrogasmnﬁbrreel datslning hormones,
pti des, onadot r opi n- reI easi ng hornpnes, growth _ .
ﬁﬁﬁ estiatlating hormenso e latoninse IAIRITPIES tR§Pfidhse mRyrokinins,
n es £legsi .
neﬁrg Sa0hy o RefE co el | BRh g B> 3&9102{?{%& fyroid
homameg epkiciophis, praiaios neletiegsiengtips pmr@temns,p skebp}mduning

re ease i nhi Qi ti factors; tostatins;
pept ef opoaetaepfhmegaﬁﬂlgﬂﬁ%%nug Ofl Sertflsa“P opins,
uro%}féﬁﬁel vRbAGHE 11(t@st91a1 gé}iﬁa@sc" RisopR&singpeRt 'p@? tide cytokine,

neur ot ensins, substance P) & peptide tOxin, toxin _
chemaigue, szuxlokmepancblﬂroceptot hmmonpepheamh@ md’teilezaﬂe -inhabiti2S ppdide
2005/ 067478 PCT/.US2004/ 040117 rtai
(c o R BT TF LSRR PTG DG RS SIS iR Hordone-
rel@e[sﬁ@%@t@fs gReRd irﬁﬁﬁﬁto@ﬁﬁeﬁﬂeﬁ %%ntr%hmﬁg)ﬁé;ﬁid@s rgbnadotropm—
D-am no aci ds and/ or that have not been  converted by
relepsitg harmsoresi @newthnbelinidnsardlensingnhomaonesit llu,telntZ@m rhormone-
struct action of a

relfising o iPReoR | AcRgPageietpl ghhgRh oy glanotropin-release

InHiSIEAR fA&61sS hollktatins, pancreastatins, prolactinreleasing peptides, prolactin

release-inhibiting factors; somatostatins; thyrotropin releasing hormones); a peptide
neurotransmitter or channel blocker (e.g., bombesins, neuropeptide Y, neurotensins,

substance P) a peptide toxin, toxin precursor peptide, or toxin peptide portion. In
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5 epineras(e) or racemase(s) or transam nase(s)) that
is capable of introducing a D configuration in an
w@apiosoeaes d(s), and/ or by action of a cycli zi necBySID4/040117

(e.g., a peptide thioesterase, or a peptide |igase
such as a trans-splicing protein or intein) that is
certaiapatb@limbntspa meptideyokic c@egns de Biamice acids. Tkt precursor

ptide_portions can be t | i.near . or e- Lized
pep@&?sgsan BRdhp ﬁ}a‘t £R 3P gﬁ-aﬁw e giior ihAF HaE o0t been
conP&Rd! l%iﬁ(%@t?&t@laﬁbﬂzg nldAfidiBion 8 @9 e AixiR SRbdtae, frkiase.g.,

include, e.g., agatoxins, amatoxins, charybdotoxins,
by etior of oxihsonfigmationk imdicinge agkndt G ng, peptide isomerase(s) or

.i nsect ot oxi ns, rgat oxi ns S | ] r ' }
cpipERtieleb FERprhG TaRrarbEsRInbel Rl B FLt Bk a D
confl¥@lafsh RbarPstaihoaRid(8); £hd/ordtdetiax of @xydizingeti (egma peptide

toxins, diphtheria toxins, and tetanus toxins, 15 The .
thiogsiprasel eorc arpeatide ligaseasupht abd (tiaasrspligigg protein or mtein) that is

i Lon- at ed. pept | (e.g.,
cap%ﬁgﬁg@)}g’t%iﬁ@ﬁ% ggecr e8§’§em n peptides, peptide vyy,
paglz‘é)ﬁﬂtﬂe@tiﬂ@@fohdﬁls,caﬁoﬁé khenfheareor pretdychzddesligne and poly-
nmodul ati ng_or nedi atjng peptide, extracel.lu] at matriXx
pepﬁégpp@@q af @qgtlde-gawéglilrfgst’oxgléi ]gyaqupﬁgs’ 0 .p‘fﬂﬁlﬂ? F?g}n’s 150111(56, e.g.,
aga&%ﬂ{soDEﬁﬁl%%Iﬁm IR R R)xhat blgafo%)ﬁﬁ@t IcBAotBLIRL,| dRnd@dbxins,
aggr égati on 1 hhi |¥ory peptide (e.g., cell or platelet
insaggoxigat mergatorishirastr clegegraedatingOpeptigles isdpdrosnsarpietpxins;

oSO AL R 530 oy PAE AFRhSovis
and tBlahd@xRRPt i des); or a miscellaneous peptide (e.g.,

agouti-rel ated peptides, ar(T%I oi d p;gti des, X
bonEhe peptidsdcare pisp desa neasatiolisme apg AHigestigapelpigd speptide (e.g.,

onani okins. contryph C ki L] E G .
RSB < BB AL e BB
celPa@idsRa Rlbdilaties &8 tmédateogenies ck@adelialas ehark gsbptide (e.g.,

viral capsid. Peptides may be either native or,

adheging lselecins, famaiains s AACUTORERICEIAR oF TRYSHRARON-RUOMALRE #SPidey an

be ei . j t hat | ' . :
wuetfipoh JERLISH Y XS R, Lo DR GRS E BB Weptides
am@lold ffoghatiors egudassiionl istibita aepiidesar @ goinmgpaspiett. (e.g.,

The sequences of the nucleic . acid nol e&%es enchie\lﬁg
cardiquassu s JOENIRE | RFUEWSHIEIRE e 483 001 E BCRLIGYy Ohdt FXFFSgneous

ifie g i Al Jeby i di G ' led cell-

perffR (EG e p¥Gred enfills REMGIEHPIAG® Bttt et
permeakle papiidesatorantokasgdoomtryphats contalakines myelaciasid prateinand

and/ or synthesis and/or selection process enpl oyed
otheis)-e. applied by human agency) to obtain the nucleic

aci ¢ PO BE WD dintéhtd\eh 2 PG R A4 ARIBET birtfRAdu00thE Gelected

The codi ng sequence can be a native codi ng sequence
virdlarapsifie Peptidpstmayehm ¢ither natfvearsiynthbliein spgpenge|(pndihes coding

B S 8 L OARDSE A BPAET 1) 55 e
mofifRidessiveN alP shtileBl ArtifitRl segtRAEseof dino acids are encompassed.
The sequences of the nucleic acid molecules encoding these amino acid sequences
likewise may be native, modified native, or entirely artificial nucleic acid sequences,
and may be the result of, e.g., one or more rational or random mutation and/or
recombination and/or synthesis and/or selection process employed (i.e. applied by

human agency) to obtain the nucleic acid molecules.
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synt hesi zing the gene to reflect the codon use
preference of a host species. In one 5 enbodi nent of
wo b@sioement i on, the host species is a P. fl uoresresmp4/040117
and the codon preference of P. fluoresceus is taken
i nto account when designing both the signal sequence
andThé eodiep séqenceagndrecenativt icgding ceReptd e she Reget pefgide, if
pj topes) .I.n one enbedi pent, an antigenic peptide i
vl 00 " B SERRG B ontiEh SSATEe Fpapin: R afcted
impBfed bk logaifedPRP kSt BRNeReed ¥xprebfdn hb&nBcllnaseexbhple, by
are antigenic peptides of human or ani nmal pathogenic
syndlepsiring thergena de agtlech the eddonsisagaefersnce af adiosespecies. In one
cer Ll s, and other pathogenic ggents. c
enmfEERESH 6F WS nAREoD; 8 hoERgERE & PURPhRusl i s, odon
prefdtendeasthBg Ineehcent A€ taldes , in®. cou@XWhaxXidesigniaf dti0 fiensignal
et al., of those agents. The pathogeni c agents may
sequgngeing thapeptidy 869UsPCi r ul ence, i.e. they may be, 15
e.g., virulent, avirulent, pseudo-virulent,

AnB éﬂig}t%ﬁfﬁéje?gbelpfzgg@%ﬁﬁlﬁefsyrt h. In one enbodinent, the

ant| ge contain an epitopic amno acid .
s eqb%ﬁ‘&f’eemg?ﬁ%‘ﬂe% an aatlgﬁégel?ﬁpéﬂs@semﬁgﬁéd thrpug gxpression with
a VEEP O The LB GRL pepide A ROseh e HEAUABSE M ble antigenic
I nclude that of "at [east a portion of a surface
pepigies pflbunén art adimabpathrgeniiaghntagecinding ihfectiorsegents, parasites,

enbodi ment, .t he capsid-reconhi nant. peptide virus.lik
canSF L B9 o4heT RETHBRR ASoL DPR, BRIRTATEY PEent iR Qi the
virdleh&PtacRBPAddCstthMRnedIBtokd) a1k, QRBtoxitsl BRIVExiRE RF hiof those
may be sel ected, 1n which case the resulting
agenty. Ude| pakhw gpaictdgenie snaasxtpbib gendeviel pf viilenen, fife hesitmay be,
antiagenj c |.de ticul '
e PR RPN oty B Cheiif ks, RS M. Ohn e

emB6din@at ithe ARiPehidgrpidd vill &dntaiban &pltesit athihd auiil dequence from
plurality of epitopes fromthe sang pathqgenic agent.
the| ppthogeicrgenti(ehimone sebadimsst, the egitopic amino acid sequence will

. L . e i o ar : L

L

ong bmbadiieyit, tlie edpeisleleyomeinaiteapiidd hiogeliltecparadenta bd wied as a
exanpl e, different strai.ns, subspecies, biovars,

VaGSHICHB RAEIAN0E ABIA $PPYRatioRe novar s of the same speci es

or i 1 . . .
o SO ogE5AG8 it 0o oy VRLDSBC y o

virhetke patielesican peeserBniiltiblecliffegnigamdigesic Batides: ma padicularly

opl as agents including,.but, not limted to, . .
e RIFgER L frebtie sptctutoptiae, B verip it nljeehiP peptdes will
all BRY §00edd BofPR - pludlif of Bbitdpes Mot @ie sdBhélpihbgerfiPRgent. In a
Bur khol deria spp., e.g., B. pseudonul |l ei, o
partignigy |eothedineent sofp 2 : multi-gigenidipgptideg pormas, ge vgious antigenic

tetani, C. batulinunr; xiellg spp, . Q. . .
peigfiFharirsa 38 {pbS sBloEprs anialon s siied patogentc
agdray\efof Fdxglh})ﬁ, HfferentCstéhins, Bubdpatida, bibhire) pA6TRE, Sbdars, or

e.g., E. cloacae; Enterococcus SEP., e.g., E
senatsafithe same spaeies ondiffemat seeics R tesppe ooy, , E.

col iy ofd %Bbcﬁﬁlehe tﬁéJBatho&n% agent(s) will belong to at least one of the
following groups: Bacteria and Mycoplasma agents including, but not limited to,
pathogenic: Bacillus spp., e.g., Bacillus anthracis; Bartonella spp., e.g., B. quintana;

Brucella spp.; Burkholderia spp., e.g., B. pseudomallei; Campylobacter spp.;
Clostridium spp., e.g., C. tetani, C. botulinum; Coxiella spp., e.g., C. burnetii;
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F. tularensis; Haenophilus spp., e.g., H influenzae;

Kl ebsiella spp., e.g., K pneunoni ae; Legionella
wWGepPsHersteria spp., e.g., L. nonocytogenes; PCT/US2004/040117

Meni ngococci 5 and Gonococci, e.g., Neisseria spp.;

Mor axel | a spp.; Mycobacterium spp., e.g., M |eprae,
Edm»tdméla b ogigs, EPredmuBueobacte. p., @gplﬂamwas, Enterococcus

neu eudononas
ek obvrai g, Pehe S BR sues E selt R - o2
F. Rula‘i’éﬂém Haémdphams | slp@ ,SBR:,» HE. #@fluerdac;t Xébsiella spp., e.g., K.
St aphyl ococcus spp. g., S. aureus; Streptococcus
preygioniae; deRionpiity SER- o@g}vtaxzcasmp? 8o de cnoraetogenass Ygrangococei

(gkfo'ﬁg%o SOCC Ngisgé;i iasﬁl)pg,e gcﬁlg’efpkl as'f)pv]ﬂg)(c%baagﬁgﬁlr%g% eg., M

lepiae, M%b&rﬁ&iosmaﬁﬂneu}iﬁfcsbdij agsimplocedys pnéfum@ﬁsé IBs,euH’omonas
enterqcolitica. Fungus and Yeast agents _includi ng, but
SPM &4 Prrideeginase; Bfft"%’@%ﬁplbs e.8)-the (i gWgeklp . ricketist, R. typ’u
il U :
o r%%tgl f()j[.lk 1 2 §5 tﬁpﬁ dg@@%g%?@&u_? RBp.; e% 9.% cggﬁtés Streptococcus
sppd iaclodipgiGronp Apfireptdcocd aﬂtddmdml}etmstreptcmogm e.&, S. pneumoniae,

irmitis tococcus, s C. neof or gans; )
S. Progesey a‘g’@t‘é’{g’ﬁ“ Spp- g%‘hzgpgﬂa SPB g@ﬁ’éﬁl’“&?mﬁga d c%olerae, and
YershR4 g;s;hfé , $PRestis, & GnseroeolifiEd) %ﬁ%\hé and| VedN8ents including, but
enbo t'he pat hogeni ¢ agent will be froma
notdimit¢dsto, p@htmemq ddflemvmgpppbdﬁpexgﬂluls spir-t Bhystopryces spp., e.g., B.

at hoge ebae nt hanoeba
de ggtg‘ g%ﬁdz Nggglee%‘,ﬂ {%cans Eﬁf\ ?a QLR g%)p, 8‘8.E)czcézodesEspp .
e.gNi GU@inyitik; C@wp@c)i&ﬂu@%ppr letH., UCNnedf®nans € Histoplesmd 8p/ UeE., H.

Cycl ospora spp.; Encephali t 0zoon spp., e.g., E

capsutadsi; WISPWOZ‘}Z’G’CH?ﬁae@r&c@tSé’Z%ﬁ”spp ; Gardia spp.,
€.9 SNOT )

In ogf: Ronlal ﬂa?lnits lrt)% , Qt?lggen%) %genft%) %ffla?g r%o‘ii&,% Iprotlst agent
1ncll1i11@', ibae noPlintitedl te, pﬂhogﬁn&tﬁ)ﬂmoéﬁax Opicaﬁln‘l@ ﬂb@ﬂha;ﬁo@a, spp-»

gondii; and Trypanosorna sp i .

T.
Am@ﬁ’éa hbolireadeia SPmeEﬁéalmsefé ﬁPR:: agerﬁ %yolm @C e?f%?ﬁfé{um
|
ok ER g BT Chepre ol SPALED0E 541 99, £, e

Engeppeytozeony spp.AGiardin kpp?rbw £c 6L demblz@r]aamw s ; M‘Jg‘o,sporz’dium
e. D. .. nmedi nensi s; ocerca 3 -
PRy I ERdITSCHDst 6<or R fg&ﬁ’“”“"’ﬁu 2 hirilarfde. s%pomls g-, vivax;
Todopl&shd $ig. a4t GRE TS aBRY g., Th-brhédichi ura.
Oloﬁ) anotsﬁg g %lorrént thjép pat I%ag%r?%ce agent}(s)Z will be
fromm anwe'pmlaidnagmnthe pathogerds agentishiwilhbe frbiord p%@ksm@agent (e.g.
at eni c; Vi ruses Vi ru
i TR N s ER D T T R A
lurk B oRes § M(?uncﬁ?!ufs sppal £.8Y Beviddintnkids @ichocerca spp., e.g., O.
Cor onavi ruses, Deltaviruses; Cyt omegal ovi r uses,
volaolysdomssmmaxspp udaishinelie pypese.g:i {uspralis\and Bathuais spp., e..,
T%ltcrhlijus;,gs Filoviruses, e.g., Ebola viruses, Marburg
ITusées; Flaviruses, e.g., Dengue viruses, Wst Nle

FeVﬁ[ aﬂd>thbisaﬁbodfﬁieh@\/ﬂ1é:@‘dﬁbg&ﬂ1é Ug@R(s) Wik fonsa viral agent
viruses; |nfluenzaviruses; Lentiviruses, T-Cell
inclyding, Jruit gist dimifadytoe Pathoeprie: AdenanfiuseipFhugsamges, e.g., Lassa

Fe\Eengleﬁ%Q,Oﬁ& Qéigljuszs, Bunyaviruses, e.g., Hantaviruses, Rift Valley Fever
viruses; Coronaviruses, Deltaviruses; Cytomegaloviruses, Epstein-Barr viruses,
Herpes viruses, Varicella viruses; Filoviruses, e.g., Ebola viruses, Marburg viruses;
Flaviruses, e.g., Dengue viruses, West Nile Fever viruses, Yellow Fever viruses;

Hepatitis viruses; Influenzaviruses; Lentiviruses, T-Cell Lymphotropic viruses, other
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| eukem a viruses; Norwal k viruses; Papillomaviruses,
ot her tunor viruses; Paranyxoviruses, e.g., Measles
wo 2008mea78 Munps viruses, Parai nfluenzaviruses, PCT/US2004/040117
Pneunovi ruses, Sendai viruses; Parvoviruses;
Pi comavi ruses, e.g., Cardioviruses, Coxsackie
leuh&milas egrus@g hlarwakke sviruPed; i d’rapﬂloimavia'usﬁsr ustsy tumor viruses;

Rhi novi ruses, Ent er ovj.ruses;. PoXvi
ParGRVRONIR - figes MRER ) FiLcce: ILHRS * HrpRpo K P dusstta ses,
Pneﬁﬁﬁiﬂﬁlb@e$en@algv1rus@§’| Phl’(/bf/llrlﬁs%&, Pgoﬁia\(/irﬁﬁb%e%,g , Cardioviruses,
Rot avi ruses: Rhabdoviruses, g Lyssavi ruses,
Coxgaglig | vaHISSs;, o FRehpITusesyj eré@glye f8 g r Bheyireseg, | Other
e {
eV Yokt o 2 ViHlcte (baE NactiiBl iles, Pargpecviruses
Redwhﬁsamt Ie@e,nl@olﬁﬁmgesje @ml\ﬁﬁﬂs&ct @dbtdvirasest h&hgbdupruses) eg.,
consi sting.of a_Canine parvovirus peptide, Bacillus
Lyssifirisasi Lepruitred Omadtia e apﬁ/&yogaawse@eﬁge Idhsiia qeruses,
Sin@hd vﬁﬁs«%@\*e@feﬂl Hﬁlt NGRRGAl 1 tis virus antigenic
pepti Ina |cu ar enbodi nent, the antigenic
pepln ae pastiduie enﬂmdnﬁerp,ahv axtiganse phptide édsepeepdd filem the ploup
t he am.ng, aci d sequence 0 EQ. ID. _NO. 7. In another
°°“5’§F1{1$ Ot £ &ranEFRFAY PeP"E‘I‘F‘e %gﬁ’t”l“@ @HﬁhEa%lbrPFe&EV‘? aniigeg (PA)
antf38ic! JpAI@MT AC 1 Heitd 1oABAIBCANL AL HFHE In a
peptide wth any one of the am no acid sequence of
r@aﬂgar ¢grihodii@ent, the ahligeri@ peptideSs thencangta palrvcafmtm*s{denved peptide

rt | rrb d
Wlﬁ%ﬁ il HavenRed sveet 1B: &GP CR! Silep b §utal pfPoment.
the Widtigehid€p&b#ide Ois aik AR & eMLLe Bﬁtﬁrdéfs pitfective Stged PA antlgemc
NGs: 25 or 27. Host-Cell Toxic ﬁgélde 20 I n anot

pepbide tiiduAnyrong wib i aneine acifisequened b HQAND- PPt (9% &L, 1§ Qi 15. In
. IS en. | e
stllfé%ﬁéfrlrlglre iptajf]t?:'illar eqllgoodxljngn ; gh% Iz}i%ic 281’?1{: e% ldr‘r%Wg ah stfef:nt %%ume
Endeplalitisp@nisi sifigdiic peptrlbtvith e ahiind agidRédqudace bfblﬁ%&fﬂ%@ D.
enbodi nents, the peptide of interest expressed in
:NO§8ﬁfﬁﬁgt|on with a viral capsid will be a host cel
toxic peptide. In certain enbodinments, this protein

fﬂﬁ%dﬂ”]ﬁ%% g@ anti m crobi al peptide. A host cel

tox C cates a bjo-inhibitory peptide
o I %@)ﬂ%{ .Pertlcaf emga&mear thrcempaptReniide is %QFﬁ’tl‘igrfi‘at is
tox%b (ﬂli’e hdst b8l FHBY £SB&I oM mert CroPhN gk a%%rla ?aﬂtleultap @mﬁ&iﬂnent

ture or organi smof which the host IS a
therlmnbpcpud@ns almantumlcmbla}ﬁ)epti@ or gani sm or speci es
e enbodi

di host I1s...J t, t.he host-
P I e S ife pétiide bt BB o b el with a
virdl QI sid SvilPbeathabt cell 1eiOpbpile. Iﬁ”beltt;ﬁﬁ lefbb@inftd t}ﬁs PR%din will
in

n which it is expressed. Sone exanpl es of
be n@setnil@ucnobtabmephct@e pt4 diest cqlhtoiel epep%GIﬁt iGatgsor hig-trhikitpry
and ot he

veplfl B3} bRSalip,ifHae 0o B hG FaEEA WAk s RN or
to dtkerl ddﬁ? @0the@40 Ldifure or organism of which the host cell is a member, or to

cells of the organism or species providing the host cells. In one embodiment, the host-
cell-toxic peptide will be a bioinhibitory peptide that is biostatic, biocidal, or toxic to
the host cell in which it is expressed. Some examples of host-cell-toxic peptides
include, but are not limited to: peptide toxins, anti-microbial peptides, and other

antibiotic peptides.
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Anti-M crobial Peptides include, e.g., anti-bacteri al

pepti des such as, e.g., nmgainins, betadefensins, sone
wabpbesdesd ensi ns; cathelicidins; histatins; anedwismgadsorr7

pepti des; antiprotozoal peptides; synthetic AWPs;

pepti de antibiotics or the |inear or pre- cycllzed

ol | Ayuti-Micropil qup@FlGS telydler igonanti-haatesésl ; peptifles such as, eg.,

S RGBT 55 oo SO S BRI Shs tmge

pep@idst aﬁﬂéﬁr@{ozoﬂe}fgphﬂ% s{1@th@ic. AMPY¥E pap tiﬂéaa:nd@f(ﬁms Ion $he linear or
Vi r uci pepti des; peptides that i nhi bit

preicpi¢lizeti digp: of moémem@ﬁm%m%rthéweéoqth%rn%ntlbé% Peptldes (e.g:

i cr I e the.
OBk RERELS, b TP ot b i
pepeiaO(h. gT}EB(Bmetdmﬁla-Ménsmsp wvirhéidhl papidesiepdpsides that inhibit viral

anti m crobi al tide PBF20 with the
infegHee n &k ong G’aﬁt%ﬁlfaé é?rﬂﬁltsﬁ’ﬁs%né]ﬁilf:@l%} HeBtl‘%EEﬁ fhy D2A21

JPSHERS Ntsi20.N e MethelRéie@inhent, th
pepl@?%%%stﬁ‘ggﬁ stag:?d ye%]tﬁﬁe expr essi ko\]rggof t he V|er al capseind’ °
antmﬁcmbraalpepmkSlschntﬂmsnobml pepided®BY 20 wathrtbé emieal a¢id sgguence

"host ceI of, th will be one in which
Corfeﬁléo@r}gaqu Sapally tBWﬁ&tda%ow replication or
i nfection of the cell. In one enbodi nent, 15 the viral
z%%ﬁuﬂg lwﬂxkréggmgleﬁé ¥ed froma virus that does not

| nf IP P%%]pem Sgstofgr ﬁ}eel exp}erlgi%n otfhtﬁ% ggﬁlt ca%)? dI ?11 viral capsid

der in one e

fusibhﬁﬁb‘u@@Qﬂ$cﬁrdf@“reddl©fas\f@16stfdeﬂﬂ) aﬂtHeQﬁseaimedrvallll 113 metm which
virus and is expressed in a host cel] ? acter
the yjrekeapsid dogs apillest rephersion s it ecttqmeof\}h? %ﬁﬂ eéglbodlment

the 'Vﬂfaf&a&)&d $eic cﬁan@P? ﬁ%%ga Ylﬁi%pcﬁﬁstﬁ) ﬂotsl}iﬁatc‘?me' E&ﬁ eﬁ that

bac I al n one enbodi nent, _
thedmbd calbly deivad pffc@kaerotegampllemrameaerbh@dlmen‘aIthe:: eiral capsid is

i n¢cl udi ng,, but not lim.ted to a Pseudonzgonas speciges. .
derigifioan apdeaahodinl RIgH ra Y IHEGUF LA aopt ebotst Bacterial

Birpl ' 1 e Nthré6e NAGAMAls @nd th
Sloeb{%apt (?? é}%@hg&oﬁ(ﬂﬁ%& %Ie Ea%églyg%égé% provi ded ka)lyS D? ©

exﬂ%ssﬁarsaktem in¢lutdre tEzstariel hest Milint ai -~ Conmuni ty

th e%l}ev\ﬁﬁ%cﬁ@gﬁtmﬂ?%@(bsg C"élgﬁ?l} la%alp{r?}yar}écge such as a bacterial cell
1ncf1ﬁl‘ir%betﬁ1/t BloPBihiRIGORe QKRN &519draY spededlt Mypidal baetetidi fells are

mbodi ments, the host cell can be a Pseudononad cell,
desanbled: dor exppidalinyBielogics DiveisiyeBeweria erd Archaganghea chapter

o LR R by 67 8 2y RSE o AR Mgt

CoRfASundtly CHRgeanizons i WONaL tERI ahttg\iviwiobme Inﬁlrfcapa edu/faculty/
Aqui ficae, Bacteroidetes, Chlorobi, ChI anydi ae

aratie IO BioRualivesgiih e el 3omcsrattish subediments, the host cell
car@E f’ eluﬁ E)Sz{decc' it d &%ﬁgéﬁﬂﬁl% Soﬁ zftv%ye%zs cell.

r €s, cteria
Ge fm%b réﬁﬂb@dﬂﬁ@ﬁ,, thé Bodt icslp bachaemehdiber aSqiyrspecies of eubacteria.

Pl anct onycetes, . Proteobacteria, Spiro dcolﬁlaet es,
TheHesheaeSa1 & SHARRSE A%, ovmnet fsinfacPobSIdoPALFT Hgfipobacteira,

Aqaﬁic\c{@ Zlgapc@érgﬁ%ﬂ%,s Bﬁgké&‘zo@ﬂfa&%ﬂal,? Choroflexi, Chrysiogenetes,

Cyanobacteria, Deferribacteres, Deinococcus, Dictyoglomi, Fibrobacteres, Firmicutes,

Fusobacteria, Gemmatimonadetes, Lentisphaerae, Nitrospirae, Planctomycetes,

Proteobacteria, Spirochaetes, Thermodesulfobacteria, Thermomicrobia, Thermotogae,

28



10

15

20

25

Thermus (Thermal es), or Verrucom crobia. In an
enbodi nrent of a eubacterial host <cell, the cell can
wmeoososmmber of any species of eubacteria, excPamUsSI04/040117
Cyanobacteria. The bacterial host can also be a nmember
of any species of Proteobacteria. A ot eobacteri al
Thérows (%bmnabaah dyeV erurenbeapbief Iarw @m@ eipthel 3 gykpcterial host
rof obact t
cel R R 57D B Rl Br an PPl OB AUEBAL Keliing Cyanobactera
Ep STh@Bméﬁae bb&cdagrals bd A nadiet boany tsﬂmelds aftPro@obdeeera. A

menber of any one_of the taxa Al ph aagﬁ’;ﬁerl a
profsobagiriAl deH e EAN 4e dPeTabFHA G B OES BaLE protpobacteria,

any s@gghe aERprote Qﬁ%;rgtr bBactdrd, one

{aﬁ%?%%ﬁ(g%?a of a %amig)?%%bg%oact eria P © the r%(’)st o

Epsilonprotepbasatier In dditdn,dhy honteambe heermberaof any one of the taxa
Aer ononadal. e Al t er ononadal , Ent erolga?) terl al es

Alphaprotaha rigiis Retaptgieobagterie AF SRETATPIeokacterian ang, 8 megpber of
jas?é ganbrdidhactenb er obacteri al es or
amP ﬁ%gﬁﬁgnadagres Ia% one enbodi nent, the host cell can
be hf onet dm’bQ!ﬂllIdelT it Gamoina Preseokaictesial hose, th@bostc?elllbewimmber
of . the fam| nte bacte

of EWnEREoF g e dPr DHulguRer AURR e e Ppaflrictes

Ps&ldohensi1ésat drd XeRkhomornanes, ef d hGerBRRUSE Esghepécidyl af the
I'n one enbodi ment of a host cell of the order

En@s@mmmdm@gudqmzmd@lgs deppe gmppdigent the hpercelfcan fhg of
nonadaceag, . even e,.g
the g%f %@éz i atgg ﬁoes(ta b(\é/leg e“? :ha:bg hosts nc?f (ﬁh ¢ family
Ent@%ﬂ»@feﬁza@&aet be aspanhe ofEagbas of teagenota E;aﬂdzar‘;EEﬁdbd?;SchM or
the species Pseudom onas, fluorescens. 20 O h

Se’l”@%d%r@dﬁ% Brojdne vy gheaichty- Ue ané sinbopae Giraageell of
Pr%g e(f‘l §eq)d¥moﬁc? éﬁ%se A3 PR éteg\%i Nehuee & ber of the famlly

acterla group I ch include the group of
Psarabbzemzramb@a“ |eaelb of thlegengs Poeutitveohaii GaeBneaPndxtwbaqelm:drlmsts

scrib "Gram Ne ve Aero ods
CgiﬂeRnEm%Bﬁ;c REran seReieN fgc @wré‘l%r@% Iyem f‘éérﬁ‘o fhe species

13 1 epdn nati ve Bact er i ol ogy, pp. 217-289 (8th
Psgigi.a %%)(P%The 25 Wlliams & Wlkins Co., Baltinore,

MD, OUISA)PseiimeinaabrgmishiBengeyls¢ be p4yd: )Psemé@rnenadi and closely

R YR
of @%%Me%%é{ﬁnglﬁgﬂ@%ﬁ RBeANRI B9 Eeneral H%cﬁﬁ%\é "Gram-

(1974)) amly | seudononadaceae @G uconobacter

NegetirtoAorabic Rorarandofoes byt ddushagnnand 005/ §Ehaoms (eds.),

rpg%-}l;ls%nuﬁ/o%]’(ermlnatlve Bacteriology, pp. 217-289 (8th ed., 1974) (The

Williams & Wilkins Co., Baltimore, MD, USA) (hereinafter "Bergey (1974)"). Table

1 presents these families and genera of organisms.

TABLE 1. FAMILIES AND GENERA LISTED IN THE PART, "GRAM-NEGATIVE
AEROBIC RODS AND Coccr" (IN BERGEY (1974))

Family I. Pseudomonadaceae Gluconobacter
Pseudomonas
Xanthomonas

Zoogloea
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Fam ly I1. Azotobacteraceac zononas zotobacter
9eijerinckia erxia Famly II1. Rhizobi aceac
w@rmbacies i um Rhi zobium Family V. Methyl onoreries®mas040117
et hyl ococcus etl eyl onobnas Famly V. Hal obacteri aceae

1lal obacterium al ococcus Oher CGenera 4cetaobacter

Familyl [E.aAicyebreeeraceaalet el | a Brldoekdmas ranci sel la Ther naus
"Gram(-) Proteobacteria Subdgrobgerd” al so i ncl udes

Prot eobacteria that woul d |Bhgerpicamsi fied in this

headi ng according to the cpeixggi a used in the

Famif\k';ﬁf%ﬁio%?akéé%n' e heading, lL,e@,#4,ACl udes groups that
re previously classifi edRthéiml;S section but are no

. Ao

5 € stch—as—the—get raovorax;
Family 1Y, MEhHomegadaseas - hol der e,ﬂﬁ\’ Gf8gen ophaga,

Qceanimpnas Ral st oni

Famib’e“_ugab@ﬂ‘ﬁ?ﬁ?@%%onas (and FobgEsEE™BI ast ononas,
derived therefron), which WWakceessted by regrouping

OtheoGg@sta sSns bel ongi ng to (andcgobudtausl y cal | ed speci es
of) the genus Xanthor nonag/caliBenegenus Aci donpeeas,
whi ch was created by regropid¥ellr gani sns 10 bel ongi ng
to the genus Acetobacter ag,gefj,ned in Bergey (1974).
In addition hosts can inclde;eglls fromthe genus
Pseudononas, Pseudononas e (ATCC 14393),

5

Pcanidnnmmnac niarifaci anc 20N\
LEE=A Y3 g T 11

[ [als] () D, l
oo oot aCT o (ATCC1TI9579), dIUu Froateuuoulriulias

put refaci ens (ATCC 8071), which have been

r ech@ssi(f) BecbBaRe Rt SukoudP' Abd aichidesPastecbacteria that would
hal opl anKtis, Alterononas nigrifaciens, and

be dassifial othisshqadingeiceridingsto B wtifeaialused & ghe classification. The

‘ heaﬁﬁ%’l aggol[ @?ngﬁgs gr/%lg%\ﬁg \%g% r’é\%igﬁ:sl} %ﬁgﬁhe%@gtkfsss%%maﬁe no

ave’ since

1011%@{; | agshfied 4 Cgédeedeonadovacixd oVBreanslinsvhsCo Mnkindderia,
estosterone, respectively; and Pseudornonas

Hydogendrkagenoepmoenas 3Rg)siatia  apde éé?ﬂpﬂapf;fgﬂ%ﬁ%c ith¢ ggenus

oK (B Rt R LS e e BIRER W B reaied
by Bég6ipthg @rgan{Sh@ntelgnging to (and previously called species of) the genus
Xanthomonas, the genus Acidomonas, which was created by regrouping organisms
belonging to the genus Acetobacter as defined in Bergey (1974). In addition hosts
can include cells from the genus Pseudomonas , Pseudomonas enalia (ATCC 14393),
Pseudomonas nigrifaciens (ATCC 19375), and Pseudomonas putrefaciens (ATCC
8071), which have been reclassified respectively as Alteromonas haloplanktis,
Alteromonas  nigrifaciens, and Alteromonas putrefaciens. Similarly, e.g.,
Pseudomonas acidovorans (ATCC 15668) and Pseudomonas testosteroni (ATCC
11996) have since been reclassified as Comamonas acidovorans and Comamonas
testosteroni, respectively, and Pseudomonas nigrifaciens (ATCC 19375) and
Pseudomonas piscicida (ATCC 15057) have been reclassified respectively as
Pseudoalteromonas  nigrifaciens and Pseudoalteromonas piscicida. "Gram(-)
Proteobacteria Subgroup 1" also includes Proteobacteria classified as belonging to
any of the families: Pseudomonadaceae, Azotobacteraceae (now often called by the

synonym, the "Azotobacter group" of Pseudomonadaceae), Rhizobiaceae, and

Methylomonadaceae (now often called by the synonym, " Methylococcaceae").
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20 Proteobacteria Subgroup 1" al so includes
Pr ot eobacteria classified as belonging to any of the
wo 20vshém38 Pseudononadaceae, Azot obact er aceae BQDUS2004/040117
often called by the synonym the "Azotobacter group”
of Pseudononadaceae), Rhizobi aceae, and
Convequeytloim agtrictese t¢ nmmsd)fgenerac afheswistydastrabesy herejim further

ProoMRUE G OA0RIRE WIBSLIRACYy o AP RIS ST [hfslade

1) A5REhR&Qt 460 b%@teﬁ@%?rth@%@nﬁkeﬂ%rﬂzzoﬁk’zldsh @) Pseudomonadaceae
Pr ot eobact er genera falling within "

familyotbectesiat of | ﬁleslg@gcr@u (Cellvibrioc| (Migella, 1)anﬂ(z getﬂﬁiéléf”é"rfe” 3)

Rhi %é@%%&ﬁ@%ﬁ%hg%%a tth tﬁ,f: %yn é@é?at&ac%g,?jﬁ}zs%r L%erzbacter (also

call6@"lChBiduBes bbABIda), e T&fz&%kzﬁbb@f;ta&fd. 4;3Meﬁhylococcaceae
Rhi zobi aceae fam |y bact eri a of the g

famglyebaptesisa of dhe gEn@anﬁthylLOﬁ@@?ir bMét’%IOCG%ZV% Meshylpgggrobium,

ndi dat us and Si nor hi zobi unz; and 4)
Me«}g{% a’icgzc:aogié%%:%a Z&S?%etr y bacterl a of the genera

Met mydrﬁtl&@ efbodiMint thokes delihis, sel&tddyﬂrmn ?'Gearop) Broteobacteria
Met hyl osar ci na, and ©Met hyl gsphaer a

Subgreypr 2 e nt GrapKe ﬁB%?Obé%tP’Fa §@“@c?eds f‘ﬁgﬂ‘? %&H‘f group of
Progog%&gg %tfe[flé afog&\gmg gé?feﬂy Mh the @@AMauinbers of catalog-listed,

acterla I's defined as the group of
pubficht saiiableedémmsivéd $th:ensf wbteoﬁmdgcag@nmr rer¢nthesis, aHelepotited at

f I ted b .
ATREpoSicERt a5t PLERGSR BPEEFOY nhi el LR paemerpbider 93
Gmbhoz;&%wgm)eﬁr@hndz%% (28X%CBBjeraflit 8y, \Méiﬁa (2); Brucella (4);
i ndi cat e Aci dor nonas é?w Acet obact er 3

Agiabacieriob @9k rCi(eazquac@réf&),u iero@ashitipgyum ééﬁi%)e&nﬁélmiwm

(24$3h a’dg{%%{’gf e{,ls hmg% b5 c%sa E@ %al?@[z)&b ?ngé) Pﬁ%t@lﬁa )(43)
Bu;%‘kvzazazehu 19%); %&ktoiﬁ@‘@'a’) Bkiazswma Pe)s Hyﬂi}ogeﬁqiiﬂdgg aap mgwea
Al cal i genes 88) Bor detel I a B) M@Em der|
) Mthyliaéa@% i) dahyloaddey Or Niié}\” Hyd Qfmﬁ%ﬂja
I
MEE S o i e
Azdrwzganrc]zs ll\(Ey hﬁiﬁhz}@pﬂam ((9);; AAdedbuytens 64); rGelkviby | ;ho I(3) Ollégella (5);
t osphaer a; Azononas z [
Pscadonom 1d3% @‘w*zcl{gélﬂ|(<}} b?%fsfe@fmﬁo% Eie y %10(’?9?‘310’% Ads (50);
1139 F [ 4 Xant h
amfgg%?'%@eﬁ% E opho)rmna;a?gloie gngl )Oceaﬁrrm(r)lglsm?s)
Eerpémp};mhhmt cekIspecigsad] "€xamn(-) P@’tawl(acyenPrSlfOeWac&"enﬂade
Subgr ou

buirage P%Wlﬁﬁ%%ﬁ% tolfiing BipefiSalitine TR RE oo GGy mombers

of RYEH s?r'éln@sf &%REP|sBEWn Stl phrBhthbsié)herfedorsdi@vinéRanolica
pare theS| S) AC| dornonas i net hanolica (ATCC 43581);

(ATCGt 1580 Y of cctafatier (WTCOATSST 3597301 GHGRGBAENS: R gHAATCC
o oPrR T L AL G0 395 CUnd R b bt CRECE o000
an@ WTC @936 AT hx ik S8 6sa RATERE | 18900 | Brisesiki meli®ls (ATCC
23456), Brucella abortus (ATCC 23448); Agrobacterium tumefaciens (ATCC 23308),
Agrobacterium radiobacter (ATCC 19358), Agrobacterium rhizogenes (ATCC
11325); Chelatobacter heintzii (ATCC 29600); Ensifer adhaerens (ATCC 33212);
Rhizobium leguminosarum (ATCC 10004); Sinorhizobium fredii (ATCC 35423);
Blastomonas natatoria (ATCC 35951); Sphingomonas paucimobilis (ATCC 29837);
Alcaligenes faecalis (ATCC 8750); Bordetella pertussis (ATCC 9797); Burkholderia
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23456), Brucella abortus (ATCC 23448); Agrobacteriunz
tunzef aci ens (ATCC 23308), 30 Agrobacteriunz

wo 20s0bacs er (ATCC 19358), Agrobacteriunz rhi zBQgEUS®04/040117
(ATCC 11325); Chel atobacter heintzii (ATCC 29600);
Ensi fer adhaerens (ATCC 33212); Rhi zobi um

cepli @@ UEAT GO s25416);( RECRMQ Qﬂquettzzs(ﬁs@eﬁl 23b1 OhAdidegrar facilis

TR ARG TSR A3RBAL e

195M§%agm§&aﬁq%u§ SAT_@@ AISW); Mpanhpletaiiin peeis (BICIMB
97); Burkholderia 31 WD 2005/067478
119@@Tw@8@dwc@mqwula@ép@§%€ 1892 Msaindgmicrelivp gigilg (ATCC

SRy R SR, (TR rrcc

700009, QEsAylodVakia h&sdAY , (ACAMY b4hactzemotast egibs ((ATCC 7494);
Azo:r‘/gzggg%) fg@ ik hyI ocal dugg)gésa)g%?e qg%g’jaroococa)m (ATCC 9043);

T I
AL AT AT ety g
aerk@NOLOJATCEL 1)146} pﬁﬂad@n&msﬁmresc(em 6@3585&,017 mmaglla

iy MALE obatbr Shvasplantis (RrEE B WIEE 13637
1
Xaﬁ&r@c}%%%%%&w (R TCOMB2EN1 )and Cblc&#z'uh@nd&r @b&Ho&Jiﬁz‘g)(ATCC

Pseudor nonas " aer ugi nosa (ATCC 1014
271|2§§eudom)nas fluorescens (ATCC 35858); Francisella 10

(TR RS Dot ik besh 80 R BRI G R RL SB e tera
SubRch B eant GaaiaS PAAsEbALeiA | SubgATEC3" 2y Helhed las tha cgrdanr of

enmbodi nent, the host cell is selected from" Grang
Pro@oba@mef@mfallo\@m@e@@rp Brevundimanas.,) APioBe g erwe F'ﬁzabmm

Sub f
soSHUSR P ATl e AR bttt
Aczﬁ@ﬁ@bﬁc I8y dr S o g b ey | @ deter Ni M@ﬂwlmzlduﬁi aMaD]a}dm‘ra?scus '

Sphi ngonzonas; Al caligenes; Burkhold ]a | st on L
Meglpianggrobas, éfﬂ’é@%?‘f@ﬁh hy Wﬁ??ob&@f Ilc;rsp laera; zomonas

Ck%{ %)ﬁ%a ﬂ%‘bﬁg? Eﬁ h?‘éﬂ\%’ﬁ& u@lzgelmat ﬁb@uﬂ%%cﬁbl Ykedinibacter;

onbnas yl'osarci'na ; yl osphaer a;
Frﬁ@@ﬁﬂ&}aﬁenotﬂ%@bmhompﬂhhMmomambék:ecenmoﬂesi | vibrio;

I T
CEPEII T
Su%ﬁlggg' mma@rarﬂ@ @P&Eéﬁﬁteﬁﬁbﬂﬁigﬁﬁiﬂ 4" i0eichnsd 8ot grbup of

ted from™Gan(-) Proteobacteria Subgroup 4.
Prd't@‘oactema Frfot the bafollewing Sltrgilrajup ABrevanddmbiased Blgstomenas;

SR B o S RREUH, B | UG, OB Bcnphasa

Me%éﬂ&}&e}eﬁweﬁzyzﬁamw wahylégdc@@mvfmylow&be@@n Qubagainonas;
Met hyl obact er; Methylocal dum Met hyl ococcus;

Melﬂbtlmt’@m cr dﬁqt@dpsmgeifqzw oearEpas; Nﬁzpy’;zgyg&zﬂw, aAzotobacter
Ce}\l/b %NX Osw?zgelrla A.igsenggiggnasAz or hi f’gr@!ﬁnwﬁ%mrm OwPDRGLAL

Stenotrophomonas; Xanthomonas; and Oceanimonas.

s

In an embodiment, the host cell is selected from "Gram(-) Proteobacteria
Subgroup 5." "Gram(-) Proteobacteria Subgroup 5" is defined as the group of
Proteobacteria of the following genera: Methylobacter; Methylocaldum;
Methylococcus; Methylomicrobium, Methylomonas; Methylosarcina;

Methylosphaera;, Azomonas; Azorhizophilus; Azotobacter; Cellvibrio;, Oligella;
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Cellvibrio; digella; Pseudornonas , Teredinibacter;
Francisella , St enotrophoi nonas; Xanthononas; and

wazmanéaonas. | n an enbodi nent, the host cell PEI/US2004/040117

selected from"Gan(-) Proteobacteria 30 Subgroup 5."
"Gram(-) Proteobacteria Subgroup 5" is defined as the
Psegdoumast; Tdednbotiact Brdnaisellat Stendtotrhowiones; gengharnonas; and

0 Met hyl obact er; Methyl ocal dum  Met hyl ococcus;
RV S crobi um  Met hyl ononas; Met hyl osar ci na;

Methel RSRNRAT @&n B QBARE ; frdE O] Prbtisbadtertd Shbgbep ;6."
Cellvibrio; AQigella; 32 W 2005/067478

"Grag) Dot eue Srpgrops &lidoAefined as the ewyp i Bagteehacteria of the

Franci sel | a; ,St enotr 0 : nthai P ..a ;L
folloywing | gEyera - s BT elyl%g 6)2,’? p’c eﬁ ‘F]S?%féorl'?%’e 622}%??@2% r%%khOZderla’
Ralstohifcidovbrixe SRaesgehbphdpub gzompnds; "Azot K aphiluy; Azotobacter;

Pr ot eobacteria Subgroup 6" is defined as t gr oug of
Celpihiicsob &igellq.a dseudoeongst of | ol ?@”@éﬁtﬁfa: Lenotropnomonas;

J'qula ; oronas; Sphi ngononas;
Xa’@%ﬁ%ﬁ%ﬁ er r}gc;%a@}@%ni a; Aci dovorax; Hydrogenophaga;
Az oTliRo hest ; cefiz canhba epletied sfrorAz'tErahig gt Brofeob@gbtia iSubgoup 7."
el | a;, Pseudononas Ter edi ni S{ﬁCt er;

ai : : .
"Grapl B S TRASD SRR o - asffie SR A TpiaRactepie! the
follBR e Exlaelrazcaﬁz&ﬁorﬁg,l %Bﬁngp%Q?Ed"@c?gﬁn({cf&,' Cellvibrio; Oligella;

rote cteria Subgroup
PseRdomeatsa FeeedimibGuibig iSoamptrophomordist i Xaathoawnakiang (uggnigfonas.

Pr ot.eobacterja of th f.ol | owi ner a: : "
no ol Basnea G ks oebpete kR RRT Do FfoRiorpRRTR Kifrow 8.

"Graaft Y dRoR BB teria RIS uRI 746 definedSisefo bfuphufi Frorabicteria of the
Xant hononas; and eani nronas. The host cell can be

followling: tgetierty o Bre@ndintongs Prijegesarase rnkirsonyyatip Byrkholderia;

"Gram(-) . Proteobacteria ro "ls defi .
Ralgogf didshGSo o B Ber g ot o Ry dom i B R EHEnas
XaBhemsmg: mhescanBhéaisononas; Sphi ngononas;

Bur khol deri a; Ral stoni a;. Aci dovorax;_Hydrogen aqphaga;
Pselitohostacell can baotksRofpMassTamdnPrisAbAciEr2 aﬁefgg%up 9.

" | - Ll t i

O RTRBEs SRR o S B Bl Lt iblepBRoteriaof the

follBndigoasrer i a HSebgidmpn®! Burklefliared aBalstoriagr odgdaobrax;
Prot eobacteria of the 20 follow ng era..

Hydioggrapdiras nBseudaiiridsol Yo hedpids ﬁ\g‘g CHREVHYOT ax;

gdw@%&p&ﬂg@%’g’é ﬁa@&e@rﬁe&n " GRLRNY P ORATRRASS ubRRép 10."

eani rnonas. ost cell can be selected from
"Gagi(drifroleoBrctdriachibgtaepi 14" Sudefinedps e group of Bieteopacteria of the

r ot eobacterja S 0" is defined t f
Pl e BB cH P e He AL g BAEr a.Dial GO P G on
Xadbsbei a; Pseudononas ; Stenotrophononas; and 25

Xant hononas.
The host cell can be selected from "Gram(-) Proteobacteria Subgroup 11."

"Gram(-) Proteobacteria Subgroup 11" is defined as the group of Proteobacteria of the
genera: Pseudomonas ; Stenotrophomonas; and Xanthomonas. The host cell can be
selected from "Gram(-) Proteobacteria Subgroup 12." "Gram(-) Proteobacteria
Subgroup 12" is defined as the group of Proteobacteria of the following genera:
Burkholderia; Ralstonia; Pseudomonas . The host cell can be selected from "Gram(-)
Proteobacteria Subgroup 13." "Gram(-) Proteobacteria Subgroup 13" is defined as the
group of Proteobacteria of the following genera:  Burkholderia;, Ralstonia;

Pseudomonas ; and Xanthomonas. The host cell can be selected from "Gram(-)
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The host cell can be selected from"G an(-)

Pr ot eobacteria Subgroup 11." "Ganm(-) Proteobacteria
weubgoeup 11" is defined as the group of Prot epbBUS®0d/@10117

of the genera: Pseudononas ; Stenotrophononas; and

Xant hononas. The host cell can be selected from

ProteGbavtria) Subrppdupoldlt ' Srana(- EﬂmgaobarﬁeIiQSﬂbgr@mlﬂ"_iy defined as the

Pr ot eobacteria i s,def.i ned t
grotgy O PSR BNsaIeE B, ol g ROMANE el v i R AR,
TheBWsKBal egy b@sel&@é@fr@t‘ﬂ' "Graﬂﬁ 8 peeasiREeria SUbErdnpslts.'c&Gram(-)
can be selected from" % Pr ot eobacteri a S:F
Proib@bdc;é'r@r awttarpuPd d't t,saMmérdrs dhesatsgp AfPretpobacerifep %@oﬁenus
the group of Proteobacteria of the follown
}%eﬁé?%ﬁ@?g ‘Bur khol deri a; Ral stonia; Pseudonpnas ;gand

Xanmboma@eu Fhebd edbcte® ifont AGrdne(- b Bhatedtadtiefin dinbgroup 16."
am(-) 33 WD 2005/ 067478 PCT/ US2004/ 04,
"Graxmbt) Eerfachastaria SobBigrn " alefinedas the_groun %%8@8‘8%%‘?3%"“116

foll \%b r %o?'nanasc‘ @% h@?gro S e & TCAF WP oftler deposit numbers of

erra o |OMAng genera:. Pseudornonas
exeﬁ@qia@(amdiﬁésﬁ ashawn inl perdntssisgelPseiciamobes sdligenipbild r(@hCC

)P b
700653k  SPEnE SUtTBaE 10 TSN Poauiiias, glogligges
(Alpé(?t qg?@ﬁt epb&y Bfnohlie &%?[%Hﬁ C?tzgée@ﬂTC@o $8%60); TIRedSionas

can ‘be selected fro -) Proteobacteria

cztrSméigﬂwL({ATIEJ 13674caawd<)m@mtfésomne (ABRCEUDGP ol P seglomagas

mefgiiiho; QT ELouA0 Honal 'SHBHPRE (TR THEATORISC o RGP

Psdd@bRshds brBREaEs QATCEX 80B)aPsesddnitinng Psesdvatdaligenes (ATCC
par ent hesi s): Pseudor nonas_abi et ani phila (ATCC 10

1747101{;839}1@%@9 dg?zmqacgzsa(éﬂl% h@%ﬁ)(ﬁgp@@@@@g@gyammea (ATCC
33 a’iﬁg agg%s {ugslac akl,9gn g%(géwcgﬁﬁ)q 09 ps e I5HHAR NQR&Ephila;

Seudornonas
Pse@tldbﬁz@ﬁ@ b@ﬂo‘&o(ﬁ%déﬁﬁ%&) ,anE’&@uﬂQnﬁmdoﬁbmse&wm (ATCC

ATCC 51555); Pseudor nonas nd ATCC 2541
SuBemdemanan rralere d0dshs 27 20 R P ln(ms EREHBTH HHECC

CC
SRS SRS e e
Pseg@za;agaas Podesasdizt oaunas st}Psandnmmms(AEzﬂ@wv@B«ﬁsd)A,TCC 43655);
seudor nonas P d
Polioamenon S LD SOISE A RR g ey
Ps@)z*z% 2@ dnlorby %%0(&@@@5 9@@@' moc (B985, 2383517418, ATCC

onaonas a el'ai'ca (ATCC’27162); Pseudononas
174:ﬁd)‘fﬁfe|udmkwmas(fﬁmc(A1©G7@73) F&ewmmn érwdgmzeéﬂ@c 49968);

Pseudonr onas .bor 62
Pqspigierinduaiaien. CRLebuan O dse Rt i At AR g1 0)
PséisBhanaP '&97%;1%?0&&5 0?%%%%55 dit&dknipRacuBehidonadsas elongata
auranti aca (ATCC 33663); Pseudononas_ chl or oraphi s

(ATBTO0194) Psepdapms Jes/ennATCE 71RTE5); Prexiomonas f)wmfw mans;
PS? R%%d@%é&gguggrsi{e;zag}’se& Tn%aggzg’c)rellf S?»y&%%%s co%ggtﬂstﬁl“ CC
29736); Pseudomonas extremorientalis; Pseudomonas fluorescens (ATCC 35858);
Pseudomonas gessardii; Pseudomonas libanensis; Pseudomonas mandelii (ATCC
700871); Pseudomonas marginalis (ATCC 10844); Pseudomonas migulae;
Pseudomonas mucidolens (ATCC 4685); Pseudomonas orientalis;, Pseudomonas
rhodesiae; Pseudomonas synxantha (ATCC 9890); Pseudomonas tolaasii (ATCC
33618); Pseudomonas veronii (ATCC 700474); Pseudomonas frederiksbergensis;

Pseudomonas geniculata (ATCC 19374); Pseudomonas gingeri; Pseudomonas

34



10

15

20

25

30

Pseudoi nonas taetrol ens (ATCC 4683); Pseudonaonas

ci ssicola (ATCC 33616); 25 Pseudonobnas coronafaci ens;
wds@sgdenaonas diterpeni phila; Pseudonaonas el opgBUS2004/040117

(ATCC 10144); Pseudornonas flectens (ATCC 12775);

Pseudonor aas azotof orrnans; Pseudornonas brenneri;
graPsle’bJ,d Sontemopet rgzinartiiPLeadbmoena dubslenimgicws{ Aveglomonas

d i P
e e N L
14@@¥U%mm&a& | BaneREbRdraPSRILIAbNONES Jé&aaﬂﬂ gAITICA AT0870);

30 700871); Pseudonionas marginalia (rATCC

Psewdmemml#mwwm Farudemonps dyersaisiradA |166139e?nslgS€ZAéFt’2€9
lznz domoc’r?al:édg ﬂﬁtaor}\?@bal%ﬁ ﬁs%W%@zgs mephitica (ATCC

rho est ae; Pse ononas synxan

33d8sRUenaonasas @mejr dan@ AKICC 3@18) Pfé%tduﬂomm pertucinogena
veroni i ATCC 700474); Pseudonagnas

(ATCE K wﬂ@@ﬁgqsspwfqﬂg@u@&%r?éé2§anSéa¢%{v%a€MSé§émphﬂa
Ps%tggé?)é%s?ﬁlgfg @ye 219 geple dgﬁ%%omgz @ﬁd@) 700476);

2004 4011 grai ninis; Pseudononas
Psagrlbmannt inosseRs eBdartonasshatyoidlebidnsi (ATRO #3272 Ukendaveaas

R RIRD BB Sl AT 198D cutmens

reddHH5 0 QPMh@nasP S %’ﬁg%dq ONEBCLes 86, ( PllorhBR! Obalearica;
Pseudononas kil onensi s; eudom)nas | anceol at a &TCC

Pseud6m9kgs Hetealio gy 543373);: Begwioomon astutrerigi(Ad 17588);

b b PRIE S5085 PRI A TSR B30 0000

Ps@Rblidkh\RFRAPapdyhd GRTISO36 133 cRealbmGS diivi-d(ATCC 10857);
(ATCC 23328); Pseudom)nas psychrophila; Pseudoponas

PsqudpipanqsaT dicusaraamy ;. A EUEonAAYk noRteIprpngsaT gescovaginae;
PR e ATER 80 P e gPlge: e 190

Ps@ldenahs0ossiidilda (ATCGT 7082388) Ps&&bnﬂm‘m nasrnpetiilbaydovorans
12633); Pseudononas reactans; udonon

(BB oSG R s oGy PLSTHRRBHAS: bErasprieass  dhvervalensis
PsERRYI0P Q?P?QFEC(E %%Sa Egﬁ‘ 766%8%20PS£Z%%9{1§] %%?LXZIZ%%S and

stutzeri Pse nas anzygdal i
Psél&ﬁi%)zasﬁsmmnas avel | anae (ATCC 700331);

335”3??«%9*?3# SRR b s b e PR IR 17

"G P 25" fUIICRNRAD LIRS ufl pIBBEacteria
G a%?ggce (ATCC 33050) seudor nonas syri nggggﬁ)(eATCC cteri

kndwB 10¥he arPsethed fmorescant Pselidompnads ATdwling 212®)°~ belonging, e.g.,

o BRHARTERES-LHEMRSET ROSLTPABI 20 gof RGN pendomons

bré&mMEN' BleBishonas PeRWEIMYON BSelMBMERMY €1ceRsigaial ATREeudomonas
700688); Pseudonpbnas w sconsinensis; and 20

extPeaIirINTiad sridamaans hosescapse Muedomaspy gessardjs Pseudomonas
lzbgneelngz%t etg.se]cztEZ(O)iWorzc%r an&nc)elz (}JSS,%’O%%H%E' gza%l;’zggfz.sol"p Bdeudomonas

migulae; Pseudomonas mucidolens; Pseudomonas orientalis; Pseudomonas
rhodesiae; Pseudomonas synxantha;, Pseudomonas tolaasii; and Pseudomonas
veronii.

In this embodiment, the host cell can be selected from "Gram(-) Proteobacteria
Subgroup 18." "Gram(-) Proteobacteria Subgroup 18" is defined as the group of all
subspecies, varieties, strains, and other sub-special units of the species Pseudomonas

fluorescens, including those belonging, e.g., to the following (with the ATCC or
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"Gram(-) Proteobacteria Subgroup 17" is defined as the
group of Proteobacteria known in the art as the

w0 bdososmsgcent Pseudononads"” incl udi ng those bebPrygsng4/040117
e.dg. to the foll ow ng Pseudononas speci es:
Pseudornonas azot of or mans; Pseudononas 25 brenneri

othePslepaiiimmumalsers o nemmalarypsteqm(@)rslmm @bparag@@saS) Pseudomonas

oSS RIRS . SRS SAAEHLETEL SRS, prcmonc

FluokdsPARVISySe B P§1§(§J e MASy RN didVar IP(SEIEKD rlﬁ@l’@SPseudomonas
mar gi nal I's; Pseudor nonas i ni gul ae; Pse

fluorasoeisdavtepsC, Paverdisibinyar 3 of Bovar IIE(AB;E,@ dddWDi Bseudomonas

ﬂuo{ eg?%tg%lca%e F3f %} %5‘ Bovay 4 )éggf ovalEy fEfed QQQﬁpaﬁseudomonas

ononas veronri.

fluoRésbamiviBRpe Gf higo balkdd tievdr Soarbidear é/é(l’e'f:@@d%t@mpseudomonas
"Gram(-) Proteobacteria_  Subgroy

fluopsseensase ol EseydB'ngd‘hﬂ?s‘eSCF@ %@rf?f’é&“@”%’ﬁé}’w’%ﬁ%? £
5 @{J’%CC S S gﬁ‘&)ﬁs Psé’vﬁffobn%?ilh»@ S fluSeb @S SBRS; OLA@! Pseudomonas

Speci al its o e speci es Pseudonmdnas
fluok-éseensenbgnselliloe] INGIMB 164529. bel onging, e.g., to the

Lo honbng sl e AL et +G2E PORRASHAL Subgronp 19
"Gr?x?{ 2' BoRbb QM ShBgBap €Y NRSidhned Pie WO BRSIBSof all strains of

rescens biotype A also called biovar or bi ovar
Pseudqmde 1a528pns Pspptorbnad phitigalas stais of thisy piotype 1s P.

| [le
oY ool SO ReRaP KBy pabe AT Sy Bt e geivatives
the%lof)r hhoe\!)@hlﬂéé |otf ( ATdGE vATAD Aered?S tu dO Nfhuv@Eschbrs  strain MBZl4
uorescens DI o

ty F, _also called bigvar 4 or ova
contytATELIEEgS) ncrSe BAGH atrorosyBF A AP spusTeaase
gen%i 2 Cazlt Ing‘t Ve O%(% PacRiad?! IQCWA%VF%Q(QJ A&V hich PlacZ was

nonas Iuorescens bi ovar udononas
delétb orescens PfD-1; Pseudononas fluorescens Pf- 5 (ATCC
-477) Pseudormnas fl uorescens SB

5, d ) )
Do CAAGHREAAR 1T GuraS SEHES St e hIG: 19s e e invention
incthdd %L onEPZZ gp%beng %giﬂ:c? Bnd ?’sévﬁ)oﬁz%‘}zﬁﬁpﬂw)%en@'@%kz}ok

r ot €0 er group ot eobacteri a
havﬁ@@bd’dﬁbvhﬁg ARCOetsipetioas: {INEIH) Bb&ﬂ bRReUB 1964 aNREB $B65

seagt R SV By 02y 1450, Land TePlity (e Bges

s |
LA %\gk}lkelgg 8884; N)i(&ynéhéiﬁ@ PR frovd¥ Boes) NCaPH gl INML\E—S%]

anpl e of a derivative thereof is
134715;1@*@5@ am3&tmam REX03, [615F@oh%?t4£>hct5ad1(’byCCEBe4$a -AglBU

kS TAGH SERAG s AL AFPAARR B s 1 o

15@2?(912 [ 2etc b8gaBYNIFONS Hed Doofen. & Joh g 216; w [HiCal:S&%mWRRL
et ed). Addi ti onal . fluorescens strajins that

P-Th5 OB ERL 108, 0B SBOBCEHR 1SRG AFD) Hat0aBL PIgH dbrBrs FO
15@@}]‘,?@?@(5?0%,%'7%],% (B85 49855385 Thi0r 85 CRBIIFO 15829; PJ
79]; 187 [NCPPB 263]; 188 [NCPPB 316]; 189 [PJ227; 1208]; 191 [IFO 15834; PI
236; 22/1]; 194 [Klinge R-60; PJ 253]; 196 [PJ 288]; 197 [PJ 290]; 198 [PJ 302]; 201
[PJ 368]; 202 [P] 372]; 203 [PJ 376]; 204 [IFO 15835; PJ 682]; 205 [PJ 6861; 206
[PT 692]; 207 [PY 693]; 208 [P 722]; 212 [PT 832]; 215 [PJ 849]; 216 [PY 8851; 267
(B-9]; 271 [B-1612]; 401 [C71A; IFO 15831; PJ 187]; NRRL B-3178 [4; IFO
15841]; K'Y 8521; 3081; 30-21; [IFO 3081]; N; PYR; PW; D946-B83 [BU 2183;
FERM-P 3328]; P-2563 [FERM-P 2894; TFO 13658]; IAM-1126 [43F]; M-1; A506
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20 having the follow ng ATCC desi gnations: [NCl B

8286]; NRRL B-1244; NCIB 8865 strain CO; NCl B 8866
W@ boaer4@02; 1291 [ ATCC 17458; |1 FO 15837; NCI Bp@BS2004/040117

LA; NRRL B-1864; pyrrol idine; PW2 [ICWVP 3966; NCPPB

967; NRRL B-899 13475; NCTC 10038; NRRL B-1603 [6;
[AST]1 26546] [AS05-1 A@ﬁEBkilrgéL/B BU2; NRRL Red2®); S Wq RNCIB

ug3h NG a3y é%%&%%%ﬁ#%ﬁﬁﬁﬁ& P baf R

105266P17;1B8-1p! AUSSHY; PFB&S 63133])02965@%1;@]1 S8208; BNL-
52-22: TO 15832]: 143 [IFO 15 [ 2- 40-

GNCTEHSP:[NEB §1p¢ 1013313A"f§ 11199.11 fJPE 219%31@ 3903;
106%8%{,1\{% L-1]; 186 [IFO 15829; PJ 79] 187 [ NCPPB
7188 [ NCPPB 316]: 189 [PJ227: 1208]: 191 [IFO
15834; PJ 236; 22/1]; 194 [Klinge R-60; PJ 253]; 196
[PJ 288]; 197 [ HI NeolLriclAs GONSORicTs201 30 [PJ 368];
202 [PS 372]; 203 [PJ 376]; 204 [|FO 15835; PJ 682];
205 [PJ 686]; 206 [PS 692]; 207 [PJ 693]; 208 [PJ

(22 SRR R R B B e Rkl BRbain o

fustyRRbeftid31 38 drficdshitddrai S84pkld Ky 852tomB@dL pdPidkl; In one
{g@ 3081]; N PYR PW D946-B83 [BU 2183; FERM P
emBahigent, wnzsls@ rERysics dorguse FIF@ali%FBIS@Pg awmnﬁ%ﬁﬁt cell

e

sque&%%poﬁNg‘ﬁn[lb&bEedréllcﬁjﬁ}i is pEOVIAL3 GyheAlin fHeRMc1SHS 3@]1 of a)

F 1847 [CDC-EB]; F 184 B 10586 P17
andFthi puclgienagibaih) apgopes E&%d? f]mé% :’%Igﬁﬁﬂn pigiein ghey Eis@ﬁssed
in W/C, NCTC 2583 [NClB 8194]; H13: 1013 [ATCC
51 CCEB 295]: |FO 3903; 5 1062; or Pf-5. I1.
NUCIrEte(ﬁaAOerb(idﬂxlSﬁTR,lth‘f Seltoe cpr mehie seqnesnt fasmiltipleteapsids,

or B B am el PP A B O ol sl Bl et east
twd? Al Céﬂ%l@%tldéocogm%ogédfi@ﬂées a TR ek CdrEb@&BInent, the coding

construct for use in transtorm ng a Pseudononad host
sequetdes j ane |linlfed o ghe same gireineteaci ki @f?i’t?éidleW@OélmentS the coding

{ Ll
e PRS8BT 5. o G s,
thet J&mgggéq%ﬂcea%@l liaked®by aal’hﬁkeir hequuted &hat aalcw@ thé fdrnative of
opera | inked to forma fission protein when

virgsc bk@spg@u:les. i el . Im anqthercapbodimerinilnl Fofing scqueress are
tinf G AERN LRFlode TRAMERGRLA I b Ry SERR) e infiiction

i'des o Peres n one
coﬁdm@onsgctlmran@am Idi’[ﬂiokidﬂerﬁ,t nhﬁtaﬂb velcwos dinfdding rlifferent capsid-
apsi d- pepti de codlng sequences. | n one enho
pentwg coBwRAions arsRSAYIEE. o f Be mritRly viegtorseans By g?)PBWEﬂt@F that

are! dHivefi oythe sAHP AHEBSH SonditihsC Qb Bifferent induction conditions. In

one embodiment, the promoter is a lac promoter, or a derivative of the lac promoter
such as a tac promoter.

The coding sequence for a peptide of interest can be inserted into the coding
sequence for a viral capsid or capsid in a predetermined site. The peptide can also be
inserted at a non-predetermined site and cells screened for production of VLPs. In
one embodiment, the peptide is inserted into the capsid coding sequence so as to be
expressed as a loop during formation of a VLP. In one embodiment, one peptide

coding sequence is included in the vector, however in other embodiments, multiple
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sequences are separated by an internal ribosonal
bi nding site. In other enbodi nents, 20 the coding
woemsesmes are |inked by a linker sequence thapCBUSOM040117
the formation of virus |ike particles in the cell. In
anot her enbodi ment, the codi ng sequences are |inked
sequancel 4ré ercduntedp Thaprdtigle sitveneespan boieths fomy obeongpiapsss,

by the sa in ti,on ,condit.ions. |n another
tor gt ity Pistan AP B0 iokEamigeR Tt or ent
Capsdplide 8RY ivdcine&Eal ahbRNhabfle Rhviiciesite The capsid. Thus,
mul tiple vectors can include pronoters that 25 are )
peptifi¢s,may by ingeeted dpangra dhan pemswsailegrometif 9f apRppsid; peptides
different | L an. condi tj oo | IR Jivi
maf glsochE ekt HE A s NP o ey 48 SERRE IR hdividua
funttéshaPraadr estructivdl hpasida(sy af e omeére), abdércthei agire peptide
~ sequence for a peptide of interest can be inserted
insqri{g)o Map decepMAKd bederyage sitssr -4 SPY & WE]&E@P&%SW tﬁ%%p@?aaes
i
or b ByPECHSIE Tkl 26 B Spral I HIHD) T B ooRiinde? O the
capsidrseractert drasseprbdaigect i on of VLPs. I n one enbodi nent,

the peptide is.inserted.into the .capsid.coding... .

SeqRAEHE T8 be 5T Wi PaT Rl igpin intornal-
facifngalﬂgﬁ('sﬂ 1. Ofwithitdops! 6F BRRaFARAFARBS 1esPB&IVRBPEWEE from or

codi ng 'sequence is included in the vector, however in
towatdiéae cemtboelf thre nagpsid. Ariyt dmine acig prneptdyoByndgn 4 pgriace loop of a

PCTI US2004/ 040117.. s nces. ar e~i ncludad. . : .
capih o g5 fianeation it 56 SEMQh RO AR indBn,si will be
seldcdd 860 Be CRNCAbATRS ﬁo%i ik etlatynt eheeposididreldcated efost distal
sequences. Peptides may be inserted at nore than _one .
fromntheraenish ofithe terHary etissire of the dolded sapsididspiidsy e peptide
. nserted | ret e Dt | f. a0 :
ool ERGFLAp6 SoHIBR DG SE S RRIRIAE e o
seqﬁéﬁcﬁscdﬂdsFéﬂdiﬁg gbviaiz hmepximatd tentdhef itheliselediedl loop(s). This
_ functional ~and/ or st[uc%ural pg tide(s) g% t he £
includgeihe (reipmtiomhel B e RS dorjbpnagacn e pepige sequgpoe o
t [ LB qSi +ahi ch an
RGBS L MR A R peprachbgRogil ol
Sephr atothdr kentpdiphémeths)peptidamdniee insemtéchatethe @fmindterminus of

id t | . 10. [ b .
thef E0ul cAPPERRAE 631 B rAES 4 iy SFORSH LU APD R ARE T Hrker
seq?@ﬁc%ﬁ,g Q%%I%cgiﬁgi 88 LRAPL lidkes dtbdried BBORS Ofn tyRe another

apsi ace respectively away fromor toward the
embeditent, diie pépeide aps ibd .instrigd ahihecathwixy termipepef dhe cgpd The

in a surface |o f a, capsid can serve as - .
oo Hoh B0k e0B SR pRrat RSynE Ao IHL A3 ey v
carShd Ble¥ddble B ch&iflc8CoCchz i afid BidrolyRE. CRNdRr endodiment, peptide

| oop, i.e. at about the position | ocated nost distal

sequendes ern littked @é hotdy the pmineeandenarhoxy yergiipi, 6F ay @nedermipgs and at

f ol ded. i d tide. T ' '
o 95 R R 0 G AR o057 P SRR or
capsRPiniif thieddifenst@@lesiganamibnesponding to this

approxi mate center of the selected_| oop(s). ,Tfhi_ S
In one embodiment, the peptide can be inserted into the capsid from a Cowpea

Chlorotic mosaic virus. In one particular embodiment, the peptide can be inserted at
amino acid 129 of the CCMYV virus. In another embodiment, the peptide sequence
can be inserted at amino acids 60, 61, 62 or 63 of the CCMV virus. In still another
embodiment, the peptide can be inserted at both amino acids 129 and amino acids 60-
63 of the CCMV virus.
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includes the retention of the reading frame for that
portion of the peptide sequence of the capsid that is
weynshearzed downstream from the peptide i nserpdDUS2004/040117
site. 20 In another enbodi nent, the peptide can be
inserted at the amno termnus of the capsid. The )
pepini @ @admnlabentiodiachts thet heeserd psiventionr progiled enggleic acid

nore .li.nker .seguences..including the.c
confPigt dpUES o i QIR G Proditt U ppPuSoSR BEhRe, pd ) =
nucldi® aflg r&h@;&ﬁng:raﬁ itRalhdisdlr dapsidaiwhifes farduokyc hedrafriysmadfthe
the capsid. The rieptl de can also be linked to the

nuckeag beisyf b are pResabLY dinkgh to fenbp fagier PIOIFR SYREN GHRIESHEDD 2
c GRYAR! iSREW iricthedig iSleR> acid
ool PO Ec S8 SR oo S P s Yo ST Y DR G B ac
conbi@ilidl atddiscddeed@bared car boxy termini, or at one term nus
and at at |east one internal |ocation, such as a
| ocation that is expressed on the surface of the
capsld jn.its three di mensional conformation. In one
enb%%ﬁ)?lr?lé%f, the peptide can be inserted into the
capBi chef embndamGoyheanucBic ahidaoostiwt mmxdades avpromoter |saquence

one particul ar enbodi nent, the peptide n be.iLnserted
ovegibly oot ther B9 g L SRS RERIITE Jha SaE Gy come Hant

; idg h ' R lin&kAsk fRferk Syt @fighrati
rrSFAR e GRngpola faiseliancs riag b, poayicfaoin
in which [thetratsaeptionahbodiane translatinabegaiatey cdemeds preswvalegtly

stsgogi R, e e s Rt PO A8 BT OSab it o e iory
eleRahtk ceiliidéct iERagdIEivh of tHRGeieRsEof intepssent i on provi des

a nucl eic acid construct includigg a) a nucleic acid. .
enchui fegmentation prapess opicalexpepiionel the farse recombipgt geptide is

. acid.ep e .
e R 000 587 OB mS B e STy e iy
of GReeRfbywid BYstsnt oTherpromofensiniiatepr warstriptidreand is generally
expressed in a 5 cell. Oher_ capsids and r.ecorrbin?(Pt1
pospisier oS 10/ anlpotides e 1§ RIRSOMCPBfiEEatiey laeally, a

proé%g%g\%ﬁg h? @fr@ﬁ% 'e%ﬁi SEURRPYE: rLOABBLES Peptid® RBEmulation of

elc acid construct 1ncludes a
arophid 50¥eof the dotahcelluldrOproteén abkhe kuist aclhewbieot tohghtuegdiicon,
aci d sequence encadi t.he capsi d-reconbi nant peptide
an‘#%}lﬁfﬁ“gé’b?’ﬁpa%s.w lag&e&m e attachnment or |inkage

ref 6hs r8mditYs GRAEJ | gUheok@ce | Withhihe hplebdht invention may be
transcriptional and any translational regul atory
comstiarizat proaroters ovralregwlatyd promatdied Esamhles dek mopiseenly used

. seguence so th by aciion of.the haost, cel

indRERI BGPY SRS OR PRt e Bupfeats IS ReVVs
(IPTEHURBTPTA), LBU(EFES), P. ) SIPTG2 trb QryBlaphdn Sarvafie9eeaBAD (I-

once expression of the target reconbi nant pe[))t ide is. . .

arabingedopp (PTEH Ipprden (P EChave Adphpghalecayatism), teck (nalidixic
aciﬁf, %%’t& t(é)s%?olénn[y)? rcgtgf (él&co@g)é{a%a%ﬁnfftétkcdn%ﬂﬁé’yﬁn), cadA (pH), nar
(anaerobic conditions), PL (thermal shift to 42° C), cspA (thermal shift to 20° C), T7
(thermal induction), T7-lac operator (IPTG), T3-lac operator (IPTG), T5-lac operator

(IPTG), T4 gene32 (T4 infection), nprM-lac operator (IPTG), Pm (alkyl- or halo-

benzoates), Pu (alkyl- or halo-toluenes), Psal (salicylates), and VHb (oxygen). See,
for example, Makrides, S.C. (1996) Microbiol. Rev. 60, 512-538; Hamig G. &
Makrides, S.C. (1998) TIBTECH 16, 54-60; Stevens, R.C. (2000) Structures 8, R177-
R185. See, e.g.: J. Sanchez-Romero & V. De Lorenzo, Genetic Engineering of

39



10

15

20

25

30

of the expression system The pronoter initiates

transcription and is generally positioned 10-100
wombeeurgles upstream of the ribosone bindi ng Bi1/852004/040117

Ideally, a promoter will be strong enough to all ow

for reconbi nant peptide accunul ati on of 20 around 50%
Nontpﬁthb benit Fsaldomehbsustainsprsdiecatalysts forenesttial e |Env1romnenta1

B B B A, ST e 3

Dav?é%c%g?riﬁ)%%jzh (199®) 1SR NP rekd) VRMIEhiAHoNRY.08; H. Schweizer,

constitutive promoters or regqul ated promoters.

VecErartpl eprass fotsgmepyes ansdtechmigues B enqgsiighses Sxpiggsion for

P SG‘%g)II%C]I}ﬁ%Q?IH{gBU g 61:6)}1?"5[1 d uncﬁ 0%60&1??#9#%)61i %g’i-;&%f @)T)G aﬁ@ W%later

& %}Vgl{rlghﬁﬁrﬁlﬁb Fkﬁéé’s@dngForeﬁgT%BN%] (IﬂBﬁ@tBﬂdleddel)epulhlpBwlogy
ac

and s BiofechhelbEHiGhi &7 Breotay bdnoiparizeyy Goph (TR Royal

Soc&&g{:{gﬁ&n&{r r(‘,’ﬁﬁﬁr? tA (tretracylin), cadA (pH),

anaerobi ¢ co ns), PL (thermal shift to 42
O) , A csipholdr hieavied  tlseh mﬁoﬁledstuleZ@ecﬁ)anceTﬁf a pramotell native to the

selek:‘q%%#l%g}:%e%%?s hp%;ehac o %)r %glrs?él PTC%’[‘EO}- fxgrlae%é%lgp?.fﬁet Qransgene
encg(ﬂflgqjl%q{l} et ?gﬁ%l é% OEP%&ICBGTLO"I!II.P E@hran?ﬁte( at KM&ZO&@T operon

(al kyl - or hal o-tol uenes), Psal

profnster i(Barit aflem). detm/pil@n(o@e@ geny) alscdegeusedfin Mhégbawpreethan one

ol 501 AT a0} B By s By,

.83 Staelfﬁﬂq?beﬁ tenden? PPehotof r(ﬁﬁérpfoﬁ‘fbt& h{Akdf - orRd §3ac-Blee, tandem
. Sanchez-Ronero & V. De Lorenzo, Genetic

prOEngarneerl ng of 39 WO 2005/067478 PCTI US2004/ 040117

at h nic Ps
SRS Pl B RARE Aot S0 RIS (ol
traﬂs&ﬁiptﬁirf dfahe My dfitatiogy predot ot epdrnoWhbgse £ p%gu]@mdmrml&er
Davi es, eds.)_ pp.460-74 (1999) \PéASM Pr I5
is w@ﬂwwgz dhcorrgsponding prosagigieregiiatory \pEeieEy %’ﬂf 8s8,h5 R of an
for g e or
oGP0 eI 2 YRl oy 960 o oo
re gﬁilaﬁirﬁ proieihe gmlud&Z 2iBAiet4BoteR00L Y., Farmli Rta‘t@lhaat astivatgr protein,

Wi Th
Mol hDRSBC AP S DOt BN AO GOIeBBg St PropaRiEE- & col
Laéf;pr@ﬁlseé[nd &F%-£ActiBR T%Zﬁtéﬁ/ érggﬂﬁz e The BeYalsC profiet Wany

mstry, Canbri A pronoter having the
regﬂ]a}:ddq?‘bléldgr@ﬁqnmalnEgofat(&}"m)lf@nmtr@ﬂs aee knpavng g thehat. 10
sel ecte acteri a st ce
cont 15ROt ;5‘?%’@@‘?% nPEYe én{eFaﬁﬁs‘ﬁ%lh ﬁe I|$nC gmﬁ’ﬁ‘md Le. a
corﬁﬁ&ﬂﬁtthﬁ‘i"é’&érﬁﬁly R ilfleviersiblP 266 R SAOiESs tha Rt dil@otyl @bRirtdo as to
benzoate operon pronoter (Pant, Pben). Tandem
engpteortint erafeimaio asitkes ticase el bimdwisi ¢h lewst @ne hlaNAo fggnscription
noter. i s val ent a ed .t
regﬁ{? Oty JRgiog, o ﬁ et n{h\ét gélg&gu}eﬁlg egon%? t?ethe p\gﬁﬁb’ggrthereby

per%rﬁﬂﬁ@rﬂrnﬂ&!ﬁﬁgeﬂle (actidrebPh mmcﬁ}iptdw l@hz}dl)e ar initidfing draRbaiption
andem
of the gene. Effector compounds are classified as either inducers or co-repressors,

and these compounds include native effector compounds and gratuitous inducer
compounds. Many regulated-promoter/promoter-regulatory-protein/effector-
compound trios are known in the art. Although an effector compound can be used
throughout the cell culture or fermentation, in a particular embodiment in which a

regulated promoter is used, after growth of a desired quantity or density of host cell
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15 pronoter. Regul ated pronoters utilize pronoter

regul atory proteins in order to control transcription
wobooshersgene of which the pronoter is a part. MIBUS2084/040117

regul ated pronoter is used herein, a correspondi ng

pronoter regulatory protein wl| also be part of an
biorexssy &5 appIOprEafs tEetac@aniung it aidet do Precwidinre inrprdsttp divectly

| t | ud
or i ron it BRSPRen of o dEed Bispiokeli@hol [T e act vt or
Pr gieiidy of '@bﬁpﬁr KtRldNa 14 ﬁﬁlfyaﬂ’oh'hbtdrrléllﬂﬁﬁﬁedohl lldagene or

acti‘vators; repressor proteins, e.g., E coli Ltg
deripatitecthareof aweh arualladlAer jask rasge) %ﬁnoalw Be PreseRisin t@e gystem.

R'Q des the L
helagf e FRRCRRREI L RSPl semeypedeegts oo e Loe
reprERr lpRsrein (Lacl poteny whiEhG:lmclselro the gad ap@atpr of diese psomoters.

interact wth an effector_com

Thusovberaridiag family premmapiis ptibzed, Reler aris W&@Zf& igplyged and
expi%sga{a it E}?ﬁg% ﬁcgnog}%teﬁ‘lé s :t!hg & Icﬁjhé fhc éﬁ"@lﬁgie? gy mgrl{llkers

e 6 el r | east one

e.g| ERNGAC pr@boen the effettat compowgi Bramindnte, gefeablliat griagiitous
under the control of the praonpter, thereb permttin

indgger relkishg RS absorsppXP-R-1-hipgalactonyx %%’ H}é e

" cription of the gene. Effector

lsog?wtﬁ}oﬁgﬁgéoéﬁg%as& fied as either inducers or
co-Iheppagiols, endddaneht) hdse ot tarpfumitis piompdterdis widizedan the

pre%gx];] }e;f:vtegtrlor? cilr;rp &ﬂg sPle%n %ta%r g%rg | lgtaéﬁ' f’lac%l% g ' lpp-C]Eﬂ.'!l'g'ﬁ%'I 4 c1pp-lac

nprmgul Phigad @m%/ﬁdqqucer regul atory-protein/effecto
r- conpound trios are known in the art. Al though an

effector conmpound can be used throughout the cell
'Ezéwge or fernmentation, in a particular enbodinent in
€45 regul ated pronoter is used, after growh of a

deSOf}fég ﬁgé‘lﬁ{dr Yelehete NGent Ye Ofnchi@ed ®elah exjfesdlon construct,
2005/ 067478 I US2004/ 040117 bi omass, an gpr opri ate

inclufifrgdue® sewiepotsn Buck eleawats ingdude Sut aemak bmitad ¢ derexggple,

trar@glg]?t?g l %}agg?rnsglgr 21%% ¥ra@ﬁ§§gntal Erplagéegnp %E\hg{rhgf gr% oters,

active®d, VirfHsRIEBHAr sthd aHd biop adgna@s |misc@1&[tﬁl, tMmators c1stromc

derivative thereof such as a | aclQ or Iaiq g can
regulatoss ol ysionin reBwatoR, (a8 SoHReRCeS, @uf#h%s LY %% gAauehEn 'des”

and.t ta(g a}ééﬁld%yéo Cg%g(ﬁje'ntséét I‘¥ LY BXRERSS ?&nﬁﬁgﬁlone Nep8Son,

repress otei h (Lacl protein) bi nds
puﬁﬁﬂ:ahbﬁ draeolaipar of ar e@fressditisp@tmiepmohldng HIS:IfthSF lagmtgr €7-4ag,

AR P e e Sz e Lk Sohe e
polﬁesﬁz%ﬁf@ I 'élcﬁihe c(t%h eTﬂ; _TEBro)RC  PHRSRESKNS ambki-galactosidase,

t'ac promoter, the effector
chlomrrnxhﬁmdo] a:etmtrawﬂsmwr cyqhopdlendabirin gluemmatransferase, (FP:CMP-

nducer such
5P P BB REABIOTA DYV HEPSYPe o QL yidin rggavidin

T7 geﬁé)[)(ﬁ 011%/%;35!”5' gaphetashdfotein ANsteepstotét ptaein G, GST, DHFR,

nbodi nmen | ac ortacfamly pronoter is utilized
CEPQMB% galactose binding domain, Calmodulin binding domain, GFP, KSI, c-myc,
ompT, ompA, pelB, , NusA, ubiquitin, and hemosylm A.

In one embodiment, the nucleic acid construct further comprises a tag
sequence adjacent to the coding sequence for the recombinant peptide of interest, or

linked to a coding sequence for a viral capsid. In one embodiment, this tag sequence
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present invention, including Plac, Ptac, Ptrc, Ptacll
Pl acUV5s, | pp-PlacWb, |pp-lac, nprMlac, T7lac,

wd aibane74781lac, and Pmac. 15 O her El ements O hBeT/US2004/040117

regul atory el enents can be included in an expression
construct, including | acO sequences. Such el enents
allown tfcbnmmﬁcmnn afitbe putteihi he éxg Sequen‘co carke ap pEinity tag, such as

ti enhancer .se tr.ans (0]
SHrARGLR SOdBn L, Bt e b ibegre 5 BUEHGoRE g be
glutﬁﬂhﬁfﬁélﬁ&h&@&hse%afeﬁulén The tRPcl AsFbSa fﬁlbﬂa@ﬁdhlt Irrw:ld:(mle such
termnators, cistronic regU| ators, 5 é§| Str0n|C

as YiFRyer GFRyros anelags @%i}l@brfblg‘s‘ﬁscmémt%s n 1Ay 8lse bg gdiEiion
of apaa&%ﬁ??ya gecu ag a%@% a%’cl%grg b gigir?ﬂfb? CGRywn St :"?ﬁnﬁﬂl _partner

fication” separa i“on,
useRI fdrpatiatitivn. of an expressed peptl de, includi ng

H s-tag, Flag-tag, T7- ta? S-tag, HSV-t &(g

St rBs- Pregent jEVSRIog; Fath dnclils i g}qgeto iy ‘capsid-retombinant

n t )

o) HHSTIGOLAI O oy B0 308 Gy L o

proﬁllbte@ ratifpdsemie biddiag site/(RBSns frensesiption ymlnmmrt Umskcttluonai start
2 uconotra

f
and SRR HERHABSS ﬁﬂ%%%@e%ﬁpmytqféh%f@%?g gsefp} grghost
cell%{lré1 %E&eogs&%rgg%sﬁérﬂs a&o‘i‘&ﬁ%‘%f I ﬁresenTﬁnG&ﬁ%nlﬁreféEéblgﬁ'ﬁﬁn the

protein streptococcal protein G
seldGRT, hoBHEdR. MBBP,spa@is agdkacrioteottondsnsys iafe known, e.g.,

oot b S B SGR B 1 Rimglf 3 a0 S of BRI Fens:

estlﬁﬁfﬁﬁg kEERliabiliRBoNbshSiter Prellidtiony)Tehy (2134(2)125h&i”5 (8 Jul 1999);
onprises a tag sequence adjacent to the codj

andsedfu Snesk dtal., Amrob@nbm methed fepdeuidying stagt ‘“é}dé’@% in paterial

e PR OG TS B, s o

synﬁgéz R%’&Qﬁ%ﬁﬂfﬂ,éea e.l, Ity dbauribpditin:f BB #R0B46 %0 ythetic RBSs)
ro

0. hatilreg)ab, Bﬁg]@%{gj ;st%ic%ggfnqc %@ﬁghggatggqq ag%:a@él th)(/)m R nuc&]eo‘ude
SeqlganC% hi ongd(gb? f an giregégh %él %@??Sgi%naiﬁeﬁtcggnf:héﬁ Cglhsgwf !
Bldéﬁerlﬁ lel(G? S@&gt(lﬂﬁﬂ)e(nahw Mﬂ:hseqlmlcé( Eﬁ M(ﬁ?BAGﬁ;r Further

anal ogs of such fl uoresce r ot ei ns.

cxapls goretofs BT Tnneudn At oanicgpngy fhefnand Sher
ele gﬁﬂsg@s@ n! g sécnﬁ linfenidf Wie Rileliveg Rard ger usipafedt No.

puri i'Cat i e present invention can include,
5,0655,2641d6 1Gilray tand tUi% Poteps Nb- rSekZ@dtinntanGﬂrqye@it glddU% &@tq@g No.

s 2BFANED Riuple st s O PRk Sre 0P 8 SR AP RG Car et ol

US(I%%%} NoA4 7680865 td Bty af. Sl IR Pent N6 @Eﬁt%?ﬂmalfﬂsdxar t
10 and stop si gnal s. Useful RBSs can be obtained from

any of the species useful as host cells in expression
stens according to the present invention, preferab
Vé@% Gm t he d

Transcription of the DNA encoding the enzymes of the present invention by a

Pseudomonad host can further be increased by inserting an enhancer sequence into the
vector or plasmid. Typical enhancers are cis-acting elements of DNA, usually about
from 10 to 300 bp in size that act on the promoter to increase its transcription.
Generally, the recombinant expression vectors will include origins of
replication and selectable markers permitting transformation of the Pseudomonad host

cell, e.g., the capsid-recombinant peptide fusion peptides of the present invention, and
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sel ected host cell. Many specific and a variety of
consensus RBSs are known, e.g., those described in
wepmsnefses enced by D. Frishman et al., Starts BET/US2004/040117
bacterial genes: estimating the reliability of
conmput er predictions, Gene 234(2):257-65 (8 Jul /1999);
a pidinetad drifed Stoneka eltlghely-eXpmSwdo s [tp sdirest EanReiptiony of a

|dent|f tart co
dowgsizeqn S%IFH%% i§e"i"?{“‘ﬁ;§uf§ﬁ %(%g ez%??f) (%?n ah Y eonhe
hetefblbB&ls ARkctys RfuentyA$ RSchbIdBES apRypridee phee, with granslation
those described in: EP 0207459 (synthetic RBSS% 0.
initiptiow ad terminatipn sequeneasr yO Ettqna‘éy,mﬂé ifaceprefropgvitt the present
dratase.d t -
N o T B R
ternéifAll ideftificatidn peRtidai iagasing dBiré@chibGel@ics, 1989 )stabﬂaailme or
RBS sequence of AAGGAAG . Further  exanpl es of
simpéfietbpiificpien of exXproshl fFARRINARGRIAdULRd t ranscri pti on
el e t e t id-
| me/(g%: 116 pgér%gioge\;égt:orsb Jeﬁgén&fﬁh lﬁ?‘f UgeSbéahSe%t e)%kﬁ;c%ﬁ@@ capsid
recdmbinmt ®ptide fididr pyptaies athﬁa?stmnmadl‘&y inSerting a1 goictwsal DNA
Glroy et al US Pat e
seace chgsding %H?Slwgstafg&t %@%1'3% %Segn‘?ﬂl%hhz%%aﬂ‘%ﬁ%lﬁ{a‘fgy%%eﬂﬁ% with
i a5, o 0 i pcmnsamgbicans
fundticmab prormteronThé vetter DNJA conuwise r@etqreneﬁ@zmgtymc plectable

nvent | Pseudonon a t
T M N S e
deserlﬁe piBvide %hﬂé‘hﬁ@itldﬂ wihinthe hysi (Sihta'ﬁlﬁ hﬁﬁt@ &bﬁtraiséormatlon in

cis-acting efenents of DNA, usually about. %} m10 to
acc@@@ndzp wiith @ﬁzleresehhtdl%lﬁsumw lmh@epYWP SPegigs |"‘ﬁ 1p 4l genera

Pseg&%mt%écgsp%ﬁ r&&ll Gﬁ‘{%q{(ﬁ% éﬁ\fl s Hleof’l%‘éﬁc%?ht?ﬁgfﬂuorescens

FoFs € origlns
r epl/e@aisi a@@kﬁé’iﬁn sethecirad esefd rfveepresingi re¢dndgnant proteins in
transformati on of the Pseudormnad ho (Hfggcell

host eellicepsi &y oL BIFDH FEFHL D SRR AR AL OB (RO pRAPSSg hp fsion

pro@!éﬁ? %g%glgﬁ 8[5 d(%ﬁ% [}resgﬂtglrng%%t%ée@? §g§t‘? ég&gﬁra%%ude e.g., plasmids,
coshii@d) layd kaeaspessiga vectbrs. dExanytlest ofarssfinl ippsinad vedtory that can

e e SN SRS . G o e
exp%?s%%’lﬁ&srmﬁs BRBRIMES [disRPD, PRITAbEpPNASE, Y10, RK2, RKS6,

translfation “initiation and term nation sequences.
pROﬁbBﬁ)Q; mad REF16Hd Furthee exeroplat eanvinelide hALEFRsBxk, pALTER-EX2,

t t
pBAINTR, BeAPIEe PRt alATRt, REAHE AR ED RS prate,
pcIPRAL. ?epDIﬂRErﬁEﬁQaiéeﬁET% & PRTaCRAT, ipBii 3c, @Eg“ 14b, pETle
stabil’izati on or lified Eurlflcatlono Eres

pET debyf Rrd b, nﬁTomlcmETtg@w PEXpHlesiih REJSHb6Hs P $r23esdé+>

h | { c(+
T e v T )
pE?Ijoelrcgw ?ETM) %@Tssemqm; S)HHEMH; ®E- mﬂr QETB%(gbgtpET-

used E|o pepti de together wt §1
36b(+ pET-37b(+), pET- 38b(+) pET- 39b(+) pET-40b(+), pET-41a-c(+), pET-422-
c(+), pET-43a-c(+), pETBlue-1, pETBlue-2, pETBlue-3, pGEMEX-1, pGEMEX-2,
pGEXIAT, pGEX-2T, pGEX-2TK, pGEX-3X, pGEX-4T, pGEX-5X, pGEX-6P,
pHAT10/11/12, pHAT20, pHAT-GFPuv, pKK223-3, pLEX, pMAL-c2X, pMAL-c2E,
pMAL-c2g, pMAL-p2X, pMAL-p2E, pMAL-p2G, pProEX HT, pPROLar.A,

pPROTetE, pQE-9, pQE-16, pQE-30/31/32, pQE-40, pQE-50, pQE-70, pQE-
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suitable translation initiation and term nation

signals in operable reading phase wwth a functional
w@e@sntars The vector will conprise one or nOrBCT/US2004/040117

phenot ypi ¢ sel ectable markers and an origin of

replication to ensure nai ntenance of the vector and
80/81¢82Ii, prmeea) r gRSET, m&JpSEbS(thIEZ»BO,CaSE‘bW wiThifEHs.t PrECO9A,

host .. Suj.t ablfr}ﬂ]ﬁ p! ePSB‘F@g% 2@{5% efgénr 19 of such useful

pTrQ@g,op Pide var
vectdRE fcRleMHbE 'i!eécli‘i% ed ¥l PNe Q{@ﬁﬁw nasAp@nEnvirn M1crob101

particul ar, the host cell strain of Pseu nnonas
60(9)t1366e1§cé9® 1998 toAs Ials]@mkwo\m aly innBasi tLiles Stls SO57-62
I‘eSSI I nan S cet |
5 195 s PPURRE L, TR P EhEAIERE, TRPLLEES (et 2060)

H.Pt B@hv@éiﬁéroﬁl Cir 00l BiRedto ﬂd{50g39445t(ﬁ)fet pOGIYeht. Bagdasarian &
i nvention. Such vectors. include,

K N Jmirds in et gRaige NBszrmth%smm%c%%é 67 m £33 &t in
FEl\ktﬁeMJJII‘OQIOPSﬂEtg YRS A6 HH?M can PRAFOEN | GRS & FK.

Fesent [ nvention inc ’but” are not limted to,

Fonfnbl@ev X Olens $4@):p3-8S ifvids 1D,BBB|4W TpDBKS 10 NakZmpQ in Gene
PS10

5B B B i 83 C R T s B DA g 1 1990)
J Dp%g@é I &, gﬁégom/ﬁl G 6HWQBM (19@@?|MnBa§<ﬁﬂ£neﬁr @eﬁ: in

pCcDNA 2. pDUAL, pET- 3a-c,
Ger%}@[l 3@ E’.W-I47I(@ed 19§ETHI_EaSQhWE!pET.elab 1nrﬁenegyﬁng (NY ) 23:69-

31 Bl 3 Mk eehSa BT 19 D BRE 72004 s fA@n T 8. Wood

et alPEl-ﬁ JZ@&(:f" )145 BRE1429.5( r PR3 SanrdcR Holtwick-e2 9h-ia (Microbiology
F) ET31b(+), pET-32a-c(+), pET-33b(+),
147|6E12)1§$6(4|4)(, eb Eg@Bb( +), pET- 36b(+), PpET-37b(+),

%g]g{r %a pif@;s-,o%ﬁ%%)_e)jgog L:\.,} t)%gsb gh"éirgia@ Bl u%(l, % 'ﬁseudomonas

10

15

TB ue- 2
hosP &Rl ib€uds thb@l&éféﬁ ih, TapEMEXdetived fitcXhe, 11lecqlmépﬁd'qns

pCGEX- 2TK, GEX-4T, pGEX-5X

pHATI ITEELY 2. SE}%?ZBMPEW R EX&R@%N Y EC’&‘K%(
pMAL- c2X, gE — PVALG &for VAL pZX, PVAL-PZE,
pMAL- p2G, pgr-\g , pPRCLar ,C{ pPROTet . E, pQE-9

PQE-16, pQEpP8IGL/ 32, pQE-FON3IQEENS, pQE-70, pQE-) 43
WO 2005/ 067478 PCTI US2004/ 040117 801811821, pQE- 100,

pRSET, and|[RSE2800 pSE380, PREEARD, pThioH s, pTrc99A,
pTrcH s, pTrcHi s2, pTri ExWB«—Z,—pI%us.——Gher
exanpl es off such useful @EHicl ude t hose

descri bed by, e.g.: N Hayase—+oAppt—Envir-

M crobiol. | 60(9):3336-42 ]fa%}g% 1994) A. A. Lushni kjov
?ﬁgag‘;/ 62 5 (19895); S
i'n Bi onol ec. Eng.

et al., in{Basic Life Sci
G aupner &|W Wacker nagel

17(1): 11- 16.

Opi n. Biotd
& K N Tin
96: 47-67 (1
Lett. 116(3
Y. K

(Cct 2000);
ch. 12(5) : 430-

crosowel zer, 1n Curr.

45 (Ot 2001)

M Bagdasafri an

NRIS2/RPD Curr .
982); T. Ishii

):307-13 (Mar

TpRK4$5 M cr obi ol .
et al in FEMS M crabhi

| runol |

1pJBE34) ; 1. N. d ekhnovic

PRO1600

pUCP

pBSP

20 The expression plasmid, RSF1010, is described, e.g., by F. Heffron et al, n

Proc. Nat'l Acad. Sci. USA 72(9):3623-27 (Sep 1975), and by K. Nagahari & K.
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Fom chev, in Gene 140(1):63-65 (Mar 11, 1994); M
Tsuda & T. Nakazawa, in CGene 10 136(1-2):257-62 (Dec
w@200548R%) ; C. Nieto et al., in Gene 87(1): 145pdRu$ivb4a/040117
1, 1990); J.D. Jones & N. CGutterson, in Cene
61(3):299-306 (1987 M Bagdasarian et al., in GCen
Sakagichi, 3) I Bt 4B (DS 2TP9(MarHOPS). Seasweid RSF 1910 and dem‘fatlves

thergpl s piichigglh et uiidns 78 shERIRH ol PRREHINAY, Sherun
deri®@htis-of RIF1810,Balith adedidloWn ihARS aﬁlln(;Mdé 498K T28n K214,

Holtwick et al., .in Mcrobhiology 15 Péiﬁ; &337-44
pKwelbalzb@iated plastrdss a@slam«éY E30YF andk 5@1@% mide {5pse-8» US
I
parhf3ios” B2 8¢ RRA Vb3 oT G SUGABRARG o SeniE {5 PRRY AR
PlaﬁEﬁilglF?M@lﬁﬂsm TABEHved. fr&iﬁ]\fEe ROAVPLESasel plisRLpTIS260 (see US
ESS|I ON_ VECTOR pl n Vector (s PS10 . .
Paigrrtin. SERBIC0 a9 pihsreasrion waoariel SRy pisrepistance
| anB RS Rz RS P
ma%% %ﬁﬁlgxrgﬁg%@lgg r? nd I as mﬁcﬁ% Eglgéliofi&c |sﬁ§£2 cri %la% Other
exempgary dsyfuF. vebtefd umﬂ]ucbt thabe desonibPd ao. UBlRatdnt Adad4, 680,264 to
uthSA (9):3623-27 (Sep 1975), and by K. Nagahari & K
2005/ 067478 PCTI US2004/ 040117 Sakaguchi, in J.

Bact, 5 gi?égérﬁl}odl%ﬁf 48 ekﬁ@%‘sﬁ@? %m1dp|s a86d &k MefkPlSsign dector.

derivatives thereof are icularly useful vectors
In anethemeenpodgnent, ROVENQ ona @m@#p{eaﬂlyreotis%ﬂ%ﬂd as the expression

e AL A8 PRI, Bl o

pMM@%UB dsa dameht et e5Disaneld mhateﬁpfem@svecds ( s ee,
e.g., US 5 Patent_Nos. 5,527,883 and, 5, 840,

. to ;
ThoRps &hampic™) pEE sxpreasion sygjem EW@E%GS gg#ﬁ&@n?fdprotelh

LR B B SO oA B

advahiagh efarthid ésgln actgity aindd speetficiyy of i the ba&mmphmgbe T7 RNA
mar ker and. the repli ca,tl on O%ég%rmbl lization [

Jr ci, from
polymeraresifan highplexehyarscephen rBsNe, 8f TLeLssty ﬁf‘eé% pRerator
lochtB§ i 9 pRARRIREHN HEidbd tibfRer MotlttioNqhartt tr88BoRd 4T 1-Based

vectors, improving plasmid stability and cell viability (Studier, F. W. and B. A.
Moffatt (1986) J Molecular Biology 189(1): 113-30; Rosenberg, et al. (1987) Gene
56(1): 125-35). The T7 expression system uses the T7 promoter and T7 RNA

polymerase (T7 RNAP) for high-level transcription of the gene of interest. High-level
expression is achieved in T7 expression systems because the T7 RNAP is more
processive than native E. coli RNAP and is dedicated to the transcription of the gene
of interest. Expression of the identified gene is induced by providing a source of T7
RNAP in the host cell. This is accomplished by using a BL21 E. coli host containing a
chromosomal copy of the T7 RNAP gene. The T7 RNAP gene is under the control of
the lacUV5 promoter which can be induced by IPTG. T7 RNAP is expressed upon
induction and transcribes the gene of interest.

The pBAD expression system allows tightly controlled, titratable expression
of recombinant protein through the presence of specific carbon sources such as
glucose, glycerol and arabinose (Guzman, et al. (1995) J Bacteriology 177(14): 4121-

30). The pBAD vectors are uniquely designed to give precise control over expression
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10 Puhler at al. In a one enbodi nent, an expression

plasm d is used as the expression vector. [In another
we@pdssdéaent , RSF1010 or a derivative thereof iBCUESmIAGI0117
the expression vector. In still another enbodi nent,

pPMYC1050 or a derivative thereof, or pMC1803 or a
levette rilateologeus gene ekpression sfeein athe t pRARXprcéers j ip nnifiséadopt the

Th i onTM pET. i '
oS R S L T 0 SRRl o
prodtu'&E UE @k %ﬂa@"’%éﬂ@?ﬁi@ g tlhAk@htivhanetelator Thitsfoays b awmplex

akes advan

age of the high activity and specificity.
withok-arabandsacindhe apsisaereoffiz-aplmospahy Aeia SEgr el é’f?nﬁ%\PiIPn-
For tg%g&g%lr atnlfc%ln ggé%}taﬁgﬁvzgﬁﬁetg%fevk% ?\fef‘%guiréﬁ? g? I 3G abinose binds

e prono Ion provides

to Ara@hdlRIwing gtahaiﬂpﬁiﬁnttlbafeg_hg i)t ”[k;h?_aAMIPZ-agﬂimilzt p®tein (CAP)-
vectors, 1nproving plasmd stability . .and.ce

CANP atominiex, binds daiths DA Al sippipies Rinding of a’%rﬁh(‘fg%‘é) cogrect

| 89(1): 113-30; Rosenberg, at al.

106#{%3%“6%%@5%%%3% 1(252 35). The T7 expr esgi on system
us eknet ire edpressi@megstam atidwd higiNevelp otgniated sxpreSFIOnRIAR) coli
for high-1level transcri $t i on of .the %eene tOf' i&éereesrte.ssion

frompytlyre Bipgotere TP FESFBITSTER XRHPBBYS PRooPtdRpr e L 78R

of eﬁg?&gﬁ@ é@i?eg 21‘1‘?3,6 chbheTHe #BWEmbRr 14 Siratiz RGeS Moter ideeiRed

i've E. RNAP and i's dedicated to the
frorh rthe suyptophinen(gf) andelagtesre (laok plomatsraskt s psgulated by the facO

the i tifie ne is, i nduged. hy h cH Ol C
opegorsnd el L e oo e PR LU SATE TR
using a BL21 E. coli host containing a chronosonal
copy of the T7 RNAP gene. The T7 RNAP gene is under

the qentieiriRfondievIiraSUMREMARTREES IMPsEbpOmONRBS
i nduced by PTG T7 RNAP is expressed upon 30

| NdTigd pRBerdNavdntian o pevideba penessdbr pridecmgta rédoebinant
pBAD expression systemallows tightly controll ed,

peptifler Bhaplosessipledssi on  of reconbi nant protein through
the pr i f arbon sources such as
SFuco §§%§ﬁgggégﬁggﬁggg?§'inose (GQuzman, at al. (1995)
IBact ersvidiagy riickid 4)id eat@ling 3C)siom peptpBADhersin dresfusios is

uni quel y designed to. giv reci,s ontrol over

expr eS§ Péwonkb@a@@%@%/aég?ﬁ?@sﬁéf% / 040117

l.gvel ' OQHFeiO SR8 CHPHES Fseiidniciant bl PRABrein the
\(/:th or%ép]{égstl%iq%?at edelat t he araBASD pronoter. The

pr onptespressiorbit the peliprovidesyfoa il vivegassenllly o f the) tisimepeptide
by the ptodﬁgt of. {?h.e raC gene. AraCis a
t r ans cFOPEUS HEF PHEGSFASr that fornms a conplex with

lpy ar ahid1aag thd PirkdBkARSREl6E of L-arabinose, the AraC
dimer bl ocks transcription. 5 For maxjinmum

t r aRepideptmaynhe cxpressast poAingleocapyepapiida rBsarig iithisga capsid
i) [L-arabi nase .bi.nd 0 ' SCLI Dt .
perfi gt e 5 sl Aol Sl CARRGIpRUL RRine
. vor p n-y A
seqeOitRk et BidEEnd-Bistrbigic Bb¥tha paptsds) wuhadyas: dxipradsengasadi-, tri-, or
AraC to the correct .. .
multi-copy peptide inserts (i.e. expressed as concatemeric inserts from recombinant
capsid peptide coding sequences that are poly-cistronic for the peptide; the
concatemeric insert(s) may contain multiple copies of the same exogenous peptide of

interest or may contain copies of different exogenous peptides of interest).

Concatemers may be homo- or hetero-concatemers.
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| ocation of the pronoter region. The trc expression

system al l ows hi gh-level, regul ated expression in E
w@odos/0674@8 from the trc pronoter. The trc expr eBGI/OS2004/040117

vectors have been optim zed for expression of

eukaryotic genes in E. coli. The trc pronoter is a

st rfo ruglerwmhdduinpmoﬁnt isolattd niinne dikef paticle Isan be yAdranisigred to a

| act ose pronoters. It is regulated by
hmr{ﬁ’?é’plaﬁlél@ 1%%8?%??%5%% the product of the IaclQ gene
( BriaSindther $mbbdidshl, 18 Racidit( &ld cdbstruélian Bécd)—lekpressed W1th
ExPRESSI ON OF VI RUS LI KE PARTI CLES I N PSEU

anogqeewwc iapidemncpding avelsl fypovinsis 1 ppasiedy lment h%.-

uci ng,

P el By EFETRLIRG! noPRB kS pdlOERRERES in vio to fom
a clfevik diong likenptilicle.C Bei chimedo iRy isa fvirss difke papgidld ecluding
wherein the fusion.is 20 of are onbi nan ti de .and
capgifls o eppiddertide Apdons, el%‘)"dé@( ﬁ’rye?s ® FHR %Fﬁ'i B“@EJF cpeid
Lhe Pseudononad cell, wherein the expression in

con%tﬁuc
cell provides for in vivo assenbly of the fusion
pepini ¢l anotier embadsmentk theparddic lagil; camstiuet)candisl en-expgessed

the virus |jke particles tides . d
WlﬂésangﬁhﬁfJ |ngc]@1(5:p§/c1g &HEPYas Iangéfq@?eﬁapﬂﬁﬁe%or%gga&texe%{lgéc’ Hidion
parfigPl | ea géﬁlgula?%ﬁ"o@@l%ﬁﬂt afe icBixptedstl cdpsRlefuk®nl ga@idles will

reco nt capsid peptide codin sequences that are

assmbiemvzymt@fmm f gimehievipeplikeayticde- may be expressed as

ex p@e%télL &hgtgrerc 8%8{1 érl;ﬁglf p% B ogler ?L?Cl# ¢ o%gér’ Z\g%n%els dets1gned to

expP&B Sh ddiBRRdnk dFepti@d] RYcls efuanchspedikt padtéin, can be expressed
poly-cistronic for the peptide; the 30 concateneric
concereptlysyithilie muskieadd mgoding the fisinneReptifet he sane

exog%?%%&d%ﬁ%tnﬁa@ Cefll, cdpBli€! &3 r@d'o ant ?d%gﬁgi& GQRICRYT the

érent exogendus peptides o nte

prefeRn GAERHE & diysedabmre. or het er o- concatemars 46 WO
2005/ 067478 PCTI US2004/ 040117 |In ,one enb
i sofeeuscerybodiment; e pagess Preuceh?ieash il r@?@élamc@l Jorm

of V%'g%nlﬁ) 'ém?tﬂé bdcﬁ‘m?ntvﬂfé lB&esS HEREBEY 0.1t 1@”@Ll'b%tem in the

di men € nuc cid construct can
fonna}fé\ﬂplm SBlemhbmmbhdlmntst therproeest praslueasi at least dmqu 230.3, 0.4,

0550 £xtpr BEE0 BRb G b exfeRan Mschimbion S e Foprtrp oo n one
emP&Lﬁl'eﬁﬂ §Re @<§t§lefgébﬁbin@mv profeih Cpr&c)difc@i 3s GPidMeY 1© YL Us some

e particle. The chineric VLP is a virus like
embatitientsethie modaudi ofyVLEapstettsproduessps iat legatrbiotieS You shastsd 0%,

abo&x&ﬁg&{le%@%’% 22?)1%, %1sltt 2%‘%?211%1;‘[ f38%? re]l{)oﬁuéﬁi%e,l Sholf 58%, about 60%,
about 70%, about 80%, about 90%, about 95% or more of total recombinant protein
produced.

In one embodiment, the process produces at least 0.1 g/L pre-formed VLPs or
cage structures. In another embodiment, the process produces 0.1 to 10 g/L pre-
formed VLPs in the cell. In another embodiment, the process produces 0.1 to 10 g/L
pre-formed cage structures in the cell. In subembodiments, the process produces at
least about 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 1.0 g/L pre-formed VLPs. In one
embodiment, the total pre-formed VLP protein produced is at least 1.0 g/L. In
subembodiments, the total VLP protein produced can be at least about 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 15.0, 20.0 or 50.0 g/L. In some embodiments, the amount
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In still another enbodi nent, the nucleic acid
construct can be co-expressed 10 with another nucleic
waeiodoeneodi ng a di fferent capsid-reconbi nant pepuUsmes/040117
fusion particle. In a particular enbodi nent, the
co-expressed capsid fusion particles will assenble in
of WILI prdttein fppodncad a6 lah”ktastcabwut 6%, labtngt 186+ dliue 15Yam abeyt) 30%,

er enbo nucleic, acid, which is
o eV BB oL B sou it PR RO Cae surh as.
chapghomer AhBSEnent, Giddte BRNCIIY, % HexpkéssermBEdninpdptide,
with the nucleic acid encodi ng the fusion, peptide.

pepﬁ&ee pﬂﬁm?n@dfr@nm theregfgiraduced san be podvrerhint 2 BTG {foim

or [ v |
e U A
the {preBE@p@tdM isbbitdiged Brdhcawbe MnBired intcaauith orm.

enbodi ment, the process produces 0.1 tof#l 94 Prot
1 eeprogies P BvenicRscad ascs 8 Ao i A Fecom ot

pro OCJ%S %Jiperr@%?‘frﬁgnta{hel ;ﬁ'?ée% gﬁ?i%esoregomﬁn%t pgot‘ém &5, lO 15,

rotein 1n the formo
20, Sz’l;,Pﬁo an 30e55160CEUT@sr TBrsamiaotakbedibpliotem (tep )k hBenc@ntaotal

ctlsgian o TS o PReSSt o B TR bR Bl

ifagh, AL %@% k0% totalQUlt prdéR¥ isaR@Uknown in
CGHE%B/(?{Ot 1out g%q outn30% about %O% 1E)out 50% about

the @0% 25 about 70% about 80% about 90% about 95% or

nore of tot r ecqnbi nant duced. :
o e Ao, S50 1" PR R gyl Bepice,
pepBH@ ﬁr@feﬁ? Chr \d2en it théié(ﬁ’eexﬁdsbiﬁh U .of lab laﬁ’oﬂ%‘Sfcp and a cell
i ment, the process produces 0.1 to 10 g re-

denfsmy qfeat TeasP40 gLt Weercgiomn (¢ s emppighae ﬁ"’é‘fgﬁ Or%tah@lt 4°C

duc
to BpRET TGt i Hodinkt Felesdnietil, Rh & pafiCHRe ofifbBBiment, the
expPés@@H Cs%‘tel%t W111 Eﬁfet a ?éb@ﬁﬂa%lﬁnﬁprdo@e\lf igf @eﬂudd)e}ﬁa,reﬁloﬁ legel Bf at
re-fornme s, |.n

leass n%%dﬁche?ﬂd il demsty pf et fehdd $ilp vrshle@t grrcwrb (oyuwithin 2
t
temfgle F ﬁaen%? oé T3y dtgi L t% Boout g?e@b HQ!LEW%? il ahﬂﬁerﬁpsiaﬁg n}@dﬁlm

uced can ead
at 2fefnerfatfdn s€al@ of 8t EastQOCtheﬂ@ 0, 15.0, 20. O or 50 0 g/ L.
In some enbodi nents, the armuné 47 \\D 2(@05/ 067478 bl
PCTINUS e te ATbOAIM et ?/mﬁrt&rlbf) BPoERIRE TR capeid gnpggbly

11n196*aqgt };Seé‘hfié‘giaﬁft Q%R f tin bR %nsoitd hodOPhte 1@’&@;&3112 Sfoone

nore-o tota reco nant protein produced
embmtnhﬁtf tterdeptiderefiinteresd cm bevenatsahiofm theaneolphle egrggate.
transgeni c peptide, peptide, protein, or fragnent
t hereof produced can be produced in a renaturable form

CleZI J&& gg%%nggb TutdrBsranot her enbodi nent about
5 70% 75% 80% 85% 90% 95% of the expressed protein
i s bboae reetbodiment, e prssessefiather Pepvidaso &b clspEingothp, fusion

product to separate the recombinant peptide from the capsid.

A cleavable linkage sequence can be included between the viral protein and
the recombinant peptide. Examples of agents that can cleave such sequences include,
but are not limited to chemical reagents such as acids (HCI, formic acid), CNBr,
hydroxylamine (for asparagine-glycine), 2-Nitro-5- thiocyanobenzoate, O-
Todosobenzoate, and enzymatic agents, such as endopeptidases, endoproteases, trypsin,

clostripain, and Staphylococcal protease.
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The process of the invention can also lead to

i ncreased yield of reconbinant protein. In one
wephsdémesit, the process produces reconbi nant proUSi004/040117

as 5, 10, 15, 20, 25, 30, 40 or 50, 55, 60, 65, 70,

or 75 %of total cell protein (tcp). "Percent total 10

celClepmbleelinkdgei squénreanmearwelbfkopept indéhe artt hdn {be tpresent

. _cell as e ntage of aggregat.e el ei .
invepfan e AL eY P peraRt e pgedefle Sl iiydine
dipapRidb cleBeadR sbdlientddudh bs AbLPoo,Rad bé GHliad. enbodi ment,
the host cell can have a reconbi nant peptide,
peptide, protein, or fragnent thereof expression |evel
Expoéssatn | east 1% tcp and a cell 15 density of at |east
40 THel proshsnofytimmvinyentien ogtintully katdenpeneeased pradyeionf of
about 4 C. to. abput 5 i.nclusive). in a mneral salts
reo AN PP T 6 T FBSEHF S T o ISEREaDy & b6 an
incr3¥sth By Mol lac fAY Fepidb 8P FRIN R HrRER RbAucel, Sepdri @8m of host
expression level 'of at least 5%tcp and a cell
protbensiThy infreated padoctu® cpn alsattenayiaeased level wiftigpevegable
t.enperature nge, of about .4 C to about 5E&
DepfifE) Tk 98 po iR THIE P ESH 5T R G feLsgrblyat or per gram of
host SSBREA.1 Phe ffefdaSedprodhictlonath aldd Yo dn§Todmblirtidn of increased
separ at e enbodi nent, a portion of the expressed viral
totat &gys! ahdapereatist petive oricetibloleselpd proteig. of interest is
forped in an insol.ubl [ I
e e gra e oSO RARL roldh P houghl RpRiGon of
the fpE@BintinGricd $O VP € Tagertag @inboddbend, atleage0pht IPagt70dat least
of Interest In one_enbodi nent, the qr ocg%ss flurt B]:r
80, 9t Inastchds at legst dPRjlengt T 1 at lgastdR0: #lenstiE10- @bleagdplaPattdeast
[ [ f he. i t
15, M EEE B, B0 e B! loat I KOS oAt s PREe R dRest I
exppésst®iim caold VEPe TaeovbPmant lpeprodiecd Exdnsceecred from the

aglents t.hat can cl eav sugh se eﬁges j,ncl ude, 30 but
cytep. és%d%enplaﬁmt%&?{ﬁrﬁ?e H@ﬁ'flbe jup g §t_°§hch as acids
(HGL, ado@idh dmniiHent, EBleptilY 450 iRdHIMe (h He cell. In certain

asparagi ne-glycine), 2-N'tro-5- thiocyanobenzoate, O-
embatimsntse tieoatelubknpepdidz yisarpducedeint & pagisdh fersned of multiple

coraia PO SRS EGE CAI DB Sado. Ui B BobkIba Tt Otk Tow o
3 V\?@%dﬂ@%@@ﬂﬁ 84@dinkd. Gheamainl enddinkens tbeeairiic@tucaire includes

known in the art. In the present invention, any
mord thauank eopy nk ageptideobmtwest aad dnicodein snbedinguig dncludes at
ent i.ncl udi n | pepti de cl eavage sequences such
km% mh§gkﬁﬁgﬁ’@Hﬁl%%t%igﬁﬁ%%d. 5 Expression The process
of trhe peptidendri Vral @ppdidBeduenteads alse indieteeameat more targeting
production of reconbinant peptide in a host_cell. T?e
sequeges % seyspesUetasHRt putifigatian. vERsse cap bpanaffinity tag. These

can also be targeting sequences directing the assembly of capsids into a VLP.

Cell Growth
Transformation of the Pseudomonas host cells with the vector(s) may be

performed using any transformation methodology known in the art, and the bacterial
host cells may be transformed as intact cells or as protoplasts (i.e. including
cytoplasts). Exemplary transformation methodologies include poration
methodologies, e.g., electroporation, protoplast fusion, bacterial conjugation, and

divalent cation treatment, e.g., calcium chloride treatment or CaCl/Mg2+ treatment, or
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i ncreased | evel of active peptide per gramof protein
produced, or per gram of host protein. The increased
w@emdueiuron can al so be an increased | evel of PCT/US2004/040117
recoverabl e 10 peptide, such as sol uble protein,
produced per gram of reconbinant or per gram of _host
othe aivn%ll ﬂmoWﬁl methdde in oy eds Sde.pe.gd LMDI’I@IQHS anBasts ol Pe348n351
(193 Pk rurts, s BEregaroat B Brarioionn Ul cuequre et al,

eds em.’»zS@hﬁBrd?ﬁ( §te£1Q Moo far FIEl@ﬁl@gnAC Qﬁb&@td’rjﬂ rMmgiml (2nd ed.
expression of t he protein inserted in VLPs.

1989); K aeghere lzod i Tramsfe, angt Exprassions oA I@boxagﬁgthal 41990); and
Cun?t“t ?@5%‘%0?51]?%4 %fulfleasi g%géu%qell ?@%téte &%0}(?9%& | Iegzgt 0,

15045 aded!RBsiA, the Germatfeinemsdtioh” dnclades &iotﬂ erabd)dlﬂ:ﬁﬂts in Wthh

copi es of a peptl de of interest is ressed i
lltem&mm@tlwm%emaw% apgd s dmeatRiny wBiSh i, Rorb %tat”e
lia I
oL BRAETL LR BT 65 gl RSP o

emBoﬂ%ﬁbrLtp e Fdmchetioelthediim mey ttei seleck@l Eobodinoegtrich iedia,

i nsol ubl e peptide i s produce n a part.icle.forned
minimplmefia, anéawglﬁréksaétaﬁ?% A RS My eSS @WélS\IEEf%rably

avol:d%ﬁ ?\E%ﬁ@f n%dﬁ%&lt%ﬁtﬁ&cé Hignfl n@ﬁlufn?k% AfhinetalMalt@inedium

s can e fornme In certain enbodi nents, the
1sseia¢‘tsd1d structure includes nore than one copy of a

Pﬁgﬁtnlu%@smc Q }eg%tgofdglpa da;{{l]m?rgéltsﬁleé} 1 seaet@F Int ye;o‘; &nother

emBRINER, 2 2indiiPsaRE PRddden & sctdoted. Mﬁibﬁdl @aﬁmu@iﬁ @ee paticularly
al so 1 nclude one or nore targeting sequences or

prebfafq_de_nces to an]l st purification. These can be an

a 1ty tag. |

ai iR iR Rt gL ls b b OY AL ERRCS, e

gluédseWdtrddea ds fodyorril] OEXai’lflplE§'| ef Reaecdbralttametiasincladd,| sg., M9
with the vector(s) erfor med. usi.ng

medipen S ewdeodnen m@ét%ﬁ%? vis gug fingjoli a‘ﬁa%t (5ee, BD

Da\gg%F ?S leﬂlré%lgl??fo%ég)g IIA . tﬁ?l%[ @@15’ rzg}'lsggé MEeaf sdlt@tlﬂ&i to make

including cytoplasts).
mirfexdnialtamedid moRide theski samcmdtﬁmd cinogige s. gi, potagsiem phosphates,

ainpyoRp PSS (T O et bR ERBHIGAHY trace minerals
sucﬂ a\éaéaf‘c'?ﬁm%ﬂdr%a&&ﬁét DR bultfRedof ir&R! &)ggé'ﬂ ﬁﬁhgﬁﬂeg@ and zinc.

at nent or 2+ treatment, or 05/ 067478
No RBeddniéS2iba dédghide/ suaint dsepepmtz,l trm’ﬂ@m apristorasals, Pa yepst extract,

MNP T I SO T
andgffﬁn%fﬁ% %ysele@f%& Rh{ 'a?ﬂ@ﬁg (&N, efan@tnium sE18S aquédB8 hmmonia, and

rook et al | ecular C onin A Labor atory
gashun airoRir  éd prefarogominecal; sl apne I@n@lﬁrﬁgmfgmegluw as the

oo BARESEE b EBL RO 3T Pl L
middalts and a carbon source, but can be supplemented with, e.g., low levels of
amino acids, vitamins, peptones, or other ingredients, though these are added at very
minimal levels.

The high cell density culture can start as a batch process which is followed by
a two-phase fed-batch cultivation. After unlimited growth in the batch part, growth
can be controlled at a reduced specific growth rate over a period of 3 doubling times

in which the biomass concentration can increased several fold. Further details of such
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As used herein, the term"fernmentati on” includes both
enbodi nents in which |iteral fernentation is enpl oyed
wepmseeaegli nents in which other, non-fernment atPeoBUS2004/040117
cul ture nodes are enployed. Fernmentation may be
performed at any scale. In one enbodinment, the
culthatior prededares e desomibedbybRiesaiberg, dl; Schntz.aVongnenrghW. A.;

Pot Dy P o Lot 00 As Lrarer ab b TRas aien cel
denify ANREVAEHn BPORHCRBALi£! doTieat acdhtdlIBR| spBeHicUBréwtha rate” J

-m neral salts nedium is selected. In still another
Biotealuodi 268€hY 17-27.mi ni nal nmediumis selected. In yet

angf.her _enbodinent, a mneral salts. j: ' :

sel ‘@i?.resﬂoﬂesrygﬁems%(fcf)%@%gol %e rrgseég%r{yi%g{ﬁ aﬁrf/bei tured in
anyPf@fehtateh AR alFoyadiaspE dbacls ofedHatch, afentiicoatimlous, and

salts and a carbon source such as, e.g., glucose,
conginequsfermentatighyeedes maybegrpleeddrereiner al salts medi a

i nclud L um. _Psendo : ' TEru

1707 BRrEstn, 9%%5?%##@&%&%@( precei ARV &bt for
tran¥b &1l @bies{idR 20inyi seald. (i. Baolumd Of TfnRBiatioh&hws, mey,ahicroliter-

salts_used to nmake 20 mneral salts Vg)idi a i nclude

sealen sartilie) waleeand dsrifitrare fEsntatigRLeP AR P8 L d 1
Lit%%?: %}? ﬁg%% Q%I?néﬁ'fatﬁﬁl Mﬁrﬁ@s cHBBO QS M Bhé @fBodiment, the

race mnerals such as cal cium .
fermbitatind @pluber &tk beamt] os Lbbue ds Later.i rlonanatbgspembodiment, the

manganese, and.. zinc. No or, IC niroge c h
e B for AR RSN Y R85 EBHACH, FRglas
LitdrS, 50 ¢litdAedsi Mitdds, M 0MeLAbrs 5200 SiteRdiSUMLilefs t1g@0D, Lagrs, 2,000

I norgani ¢’ nitrogen source is used 25 and this may be
Liteye) 50Q0kitdrs,dip, QOvBatgrs oz 50.000 datetsni um sal ts, aqueous

a ni and aseous [ pre ]

o1 P e r a2 FulRE SR SRR of the
traf@3Hie8 hobtcelle AP pérFs AR tvdtliih Besraperatatd mnpe demmittimgrsurmbal of

medi a can also contain mneral salts and a gcarbgn o
thedogt esdls, praferahiy ajempergpre wathinelreipnge, ofgabgut 4 |C§W ﬁ’é\%?% C,
. f. am [ i tam " t tn [n LS}
incfisiypact i S8 e ot Rl PERGHRR [Bidhg! pyturing” (and
"culiufy"Jyahd I'@yekstatidiie(ahd gfereedt]” "demsntiye")udstuseé hemm in regard

start as a_batch process which is follqowed by, I
to Dadopreale of - maEBRI SRy HUPERIY AEES FARTH { @liruring” and
" Iy r £eNobBoGossColdcaRivdl In
fegﬁ%il})él égwgglglﬁ%}l?%a?%ﬁrﬁiggaﬁggter @{'}Ope? iod o § 1_ .
additior| igngythl' resised to nhiicke both tiblogiesb states cdractizie icol diwpion

i ncreased several. fql.d. Further.details of .such 5
andigregoos: FOTRs GUaPBRY TS BUNECDA ParoSi B i gion-

Li | OBEN D ERRIRAINE s@taifdd, (RS Mte? usd/of e eie’ criith”
enl,%l.%;u%e%%im, H?QD.; Kor zfp}%D. ;aISanders, E.uSA.o; Ross, Agr
beibe s)waymows with the Bem) mapjteitne®! |  density cul tivation

of Escherichia coli at controlled specific growth

Cell %e?zsit)?]
An additional advantage in using Pseudomonas fluorescens in expressing

recombinant peptides encased in VLPs includes the ability of Pseudomonas
fluorescens to be grown in high cell densities compared to E. coli or other bacterial
expression systems. To this end, Pseudomonas fluorescens expressions systems
according to the present invention can provide a cell density of about 20 g/L or more.

The Pseudomonas fluorvescens expressions systems according to the present invention
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Bi ot echnol : 20(1) 17-27. 5 The expression system
according to the present invention can be cultured in
wappsheumnent ati on format. For exanpl e, batch, PCT/US2004/040117
f ed-batch, sem -continuous, and continuous
fermentati on nodes nmaybe en‘pl oyed herein. The

can @kptviss sprcmds ystathdemsity orfditrigast abbite7(pgds east stited dntierars of
are usef ul

tran ene ex t I
blorghss @0 RV Bioss RATE ReFORed Srg coft i SCr o7 e
10 13 GiHeCombsiitfnbht, 4RE 21 ade%sma'%hl%‘ec b{ 'léa@tf 26 cgl.e In another

fernmentati on vol unes may be used; and Liter scale
embadtmdndrthecelf densisy vall boat least 2degl, e/ be35u§/éd 40 g, é’ﬁé/ L,50

oL SR 5 51 TR AT PRI, 96 2. B 1, o

at dagf T¥OYBL i on volume will be at or above 5 Liters, 10
Liters, 15 Liters, 20 Liters, 25 Liters, go Liters,
75 Injanether embwlimentsy the ceBdensityest éndustion Wikl be betwieep ol oL

oy 10 BSOS L0 DL B an
80 %ul 83 ym&d SNGLHAO Tl aﬁmeatgrmmch/Ltahé 80tg/1a,nsﬁ gymm 80 g/L;
ost cells is performed within a tenperature range

50 gfbraml 76 iefle SO/ Licpa 70§ Ls A0l rBd £0&6t-1 s, preferably a
tenperature wthin the range of about 4C to about 55C,

Isol',qzﬂg;lt V&SVEIS rﬁ%ﬁi I;Qteres? he terms "growh" (and grow, ”

+ { Prisrett ?%h@ r(ﬂ&ﬂla q%eﬂﬂ%%fﬁt‘m Pm?’@?%té %P%%s )f"r %%P“"’m% the
rec&%‘i‘vg %f‘[l)égﬂdése(%‘iﬁ%resﬁ By biifediidf lof &R ﬂeﬁh@é dl'iﬂil% @{p@é‘s@i’d’h through

| nherent|y neans "growt culturing," and
11nkhgemnérﬁoa¢)qpmsslbnthtlhlanvmalt eappidr alty p@‘tﬂﬂlarf—‘g@oéﬂn utthe Aoyl

t hou 55C, cl.usj

captiddon iR Ao e SR o5 b Beg bR o dte,
di vigd Iﬁﬁtenﬁr@/’tﬁl& i®ndbs ﬁ’[ﬁ?rﬂe,lscﬁﬁe kifiad tcbsLﬂismgtm:laﬁunty by
states in which a non-dividin r non, 25 enl ar

stargtard ‘;]qclsmb@@Sn‘gelﬂréina‘ﬁ@Im dha s lgglsfi@gn@a nqt fignifedy e f m
the ter I oW b Je no t
sl oL S ipn o) SHIRAT M b LAt 5
chrHﬂH'afi!)@IaBﬁ?UdgﬁcZ@haéelhﬂwer e&ﬁemstogmphy,pr agdiopgobic  interaction
reconbi nant ptides encased jn VLPs inclu

chramatolgrayhm,f afieGOmA PR+ PisbFleSEaREt Ctgaapg‘éf é‘?/gWﬁY fopatite
chrB {&g? ?)Mr AS0SL bhes &Rgﬁgfoggaph$oﬁct1§ Qin‘on%rtog%.ﬂlﬁf preparative

expression syste Is end
Bﬁ@hdfb@i?spﬂa&gbhﬂmﬂmhmwnexqiecﬁws |pmmp1mylsnemﬂ1 such substances

accordlng to the presen t|o n
Slrgn oAby, Borgppanhsre otk s fisfis  fu Stanple,

proftéﬂsoflﬁﬁ ?@&aﬁﬁﬁé@ﬁ%l&ﬂ&r%)ﬂﬁ&s%ﬁ ﬁ%@ﬂfe@c&ﬂ beGetdisibly fused a
resent Tnvention 51 WO 2005/ Og 78 PCTI US2004/ 040117

l1gamin Witk ehé sipppoviedbgande dhd priveisiap T selectivelys adsoplag to 2

Pu%ﬁ?@%/ﬁg §0ﬁgrin}s1 %@&&ﬁ%%leégmd% cQ n?nnazg rﬁl‘?ﬁvé@ pﬂfreeforﬁh G he

fused protein is then removed by enzymatic activity. In addition, protein can be
purified using immunoaffinity columns or Ni-NTA columns. General techniques are
further described in, for example, R. Scopes, Protein Purification: Principles and
Practice, Springer-Verlag: N.Y. (1982); Deutscher, Guide to Protein Purification,
Academic Press (1990); U.S. Pat. No. 4,511,503; S. Roe, Protein Purification
Techniques: A Practical Approach (Practical Approach Series), Oxford Press (2001);
D. Bollag, et al., Protein Methods, Wiley-Lisa, Inc. (1996); AK Patra et al., Protein
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In one enbodi nent, the cell density will be at |east
20 g/L. In another enbodinent, the cell density wl|
whenoabesemst 25 g/ L, 30 g/L, 35 g/L, 40 g/L, 4echgisz00600117
5g¢9/L, 60 g/L, 70 g/L, 80 g/L, 90 g/L., 100 g/L, 110
g/L, 120 g/L, 130 g/L, 140 g/L, or at least 150 g/L.
Exprrlefpilﬂi(éD mmaeamwe) ankieRcMIukhlgiasmlal yGane 168 2a:t p-0303-6
ween 2 d L and . 120
(1989 . 555 a3y Wiy sl cor b s ing Perli SbIGRGpts):
Delﬁgzhgf 1a99§f "Qlide 30 PrAOinPdrificdbon)t Mansis&a Eﬁfz!ymo%b'_gygfdl 182,
50 g/L and 80 g/L; 10 50 g/L and 75 g/L
andSchglI uolan@s 0 tlgl,s serig® Gglizaangt 8b (§996. ands prredie Sugpleyients)
r
CupsERRPEHE B bt b 8Os WhsE R Bl N AT Bt terstre

on ﬁ@@p@étylanurﬂ‘ﬁ@ﬁmd@‘@d@éts | EPlesinabiy, Pisaitactyl, ONJ.odr BibeRad,
ptide during expression through |I|inkage an
Richpioas sbprieaddi drpmpipgiion ity ree@rsbanant Iteehaigues pllow fusion to

P . L TS L o e
viaThe pﬁft@atse-irﬂﬁoxm‘old hiegudniow.e e 0 alsnﬁyfobeexamplla,t ddlochuli (1989)
RO S IR e R R
withWIea] ¢ielafuhbedBert” 125RAGR! (B &FdrRtié %Eﬁi%em?g:'fqmmple and

extraction, anion or cation exchange ronratﬂg h
Mefitods pllﬁcﬂﬂe% WRlogen dhessnatggamsipayowd el rabp{982)c QlAexpress: The

gt SIRLEORPANNY & AIURBI B SETaBy NG oSt

Caghr omat ogr aphy, reverse phase chronatography, | ectin
chronatogra hy, preparative el ectrophoresis,
det Smgéqaﬂy ¢ mesﬂdcst pasticles egre sageviskep sweqtios zanohe vipelated

anqs Ch S§8<? I,[? IS% ntlgfﬂlért(i)t:}{ gpstgi&{ gﬁ%c{g}g{qg@?%/ell known n the art.

Teddn@juRb ITor MdVALRdE SSVaPL] aithdliedd eddition tadhesd délscnbed above
properties can be reversibly fused a 25 Ilgand Wth
1

preipetatigspespineaseurh ganalychpisng rgbxcel A sadlPrBei Rk t FEpaTajion
tec@ﬂé&ésb%gclﬁc?e HniddY'" f%:&t?o U Hnghreﬁl%f)%%ﬂ%/f rsfz‘:?d kERGon

fuomMm1n"are pur form
chrpf@togiaphl s pHoephdcelimived tbjm'c&nﬁygfaph}q ahydrepligbic | ninteraction

addition, protein can be _purified using i
chreBingFEPhYr ARINTICRRIAEPNY CGRIAEF L ORI %{@u %anpg‘ﬂte
e I chroG2R
chrptol QL R Bifak an oGl BEAE, Rl RERRGSapl, Piefiafucve
eleSpophogeis; \/Emrhmgnput\iﬁa’au((nl %ﬁhod@ecmmﬁugatlo@uw@cwmnﬁlgatmn
Proteipn Puri atl on Academ ¢ Pres 1990)
Aoy SRenAegrOgST (©r RGBT br Gt &ieBaR PF OO i chloride
lEEA®)S ultAfiftAfohl gﬁm@@&&m fRA i ahd £
(Cé@é??%s) %)Su or1 Pr esﬂ;’ﬁ‘J|u 001)1; D. SBoI IttgrC et&‘gjl%% Brotein
1801%|t10nmahhdabt1¢10‘dsmﬂ‘telaety Li sa, Inc. (1996) AK Patra et
Pr.ot e 52 WD 2005/ 067478 PCH U 04/ 0 7 -
BBy o s, 1R 30K ek o At e G, peptices
Le®dls 8f activieqt6teilb&nZDe mBasudéd3 fér example, by measuring the interaction

between an identified and a parent peptide, peptide variant, segment-substituted

peptide and/or residue-substituted peptide by any convenient in vifro or in vivo assay.
Thus, in vitro assays can be used to determine any detectable interaction between an
identified protein and a peptide of interest, e.g. between enzyme and substrate,
between hormone and hormone receptor, between antibody and antigen, etc. Such

detection can include the measurement of colorimetric changes, changes in
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(1995). See also, for exanple, Ausubel, et al. (1987
and periodi c supplenents); Deutscher (1990) "Guide to

wor@seéma7euri fication,” Methods in Enzynol ogy roOI/USHBR040117

and other volunmes in this series; Coligan, et al.
(1996 and periodic Supplenments) 5 Current Protocols in
radidRcotis, mhscgesmeowmy/o@m én niptecudaTaveraht ASdReATFE( By gel

el eCtlg; | gge%{ﬁ%ﬁ{péo@g]agxsc& g@éﬁ‘r ot el nﬁ@ U Izzvg 3% gp Egiélqg L&It%l‘e not
lm‘ut@ic MOREhys CR) idbtecd 'ﬂh‘yﬁ@fogﬁﬁl \Mffebts,r Q:Cg:)n‘bbighhtgam change in
tec nlques allow fusion to appropriate se 8
electeolgtedbamca deng Berjoehelottae R, éaams;aaﬂ% oY RO
fuse
indugtion %f;(aéﬁléFlélC rgﬁqgkia?}%n% %gg,gaiﬁ?' )g @ o b?ﬁlgacg%ffbgg as a

Van%a:}’e ?Qraﬁibteﬂ‘@ﬁéts”sb 4s10983tec¢t Puchdrigeaini ‘dnﬁ inferaRgion nsitwean the
ro

eins with Metal Chelate Ab
o e Barpiten s S T LS 250
s s D o g e
cher?gm;fsuelfatas @1@@@@@5& (198) J. Greateinds 1A0: 1E8HH1¥83),
i.m. | ar I
cvar ol S e X S B5E) W o BByt v
T ecw S tlgngd)?klﬂtﬁdvte%egﬁ/ uSdaa nR R et, €hdini i@ scalvedrt o et and
art. “Techniques for isolation of VLPs,
mayl hnﬁeubher,timfmtahdﬂ‘eqtz on manyt treembIWEBCPIOHEY Pé‘kﬁ%‘\‘i@ or subsequent
recipitatjon chn
oo BFSER B, KR ALReTAS L S e R el pcion

of ADIo@fer YherhiBrahé) rha@XaﬁﬂﬂB% &bbﬂéﬁitcﬁg&‘lmb;ﬁha pedplasmic contents
excl usi on 20 chronat ogra h@ ghosg ﬁel | ul os

(Anfﬂ rreb x:(mg{hlf erm}%a@p@rgg) £ Gppst w1c?ely used methods
0
ot SR SSE BN g5 AR ot

(19%6?2]9 . Dhang 200y :teongmamey and &fppel (dﬂﬁi))rrétﬂzgz S, 240:
atli ve elecliro

65 haHaMS heeopas | Violdat (B IBOFHEERY FPUURET G, e (710

(Eﬁﬁ@%e%%erﬁ%ﬂf Fh &H@g@bgﬁ(lgﬁ@f 7. SXBITRYRm. 0392 38UEBOGR Whthols

a cesiu gr adi ent)
et dll (19I6) |Hio im0 Bidrihyo uddia ad43: z@34e5<zt4 WRiktsa qti alt E¥995hdgheme

Resweh fveh i 8-0a0. 1S EPHBRD UL Aoty Sorode g obbment

(Fréh Q. gﬁ‘@é@%&&h@ Oid Mk%}ﬁl TecRl 18C83.839)1 The IPﬁermann&a‘.hod
neasur e Tor exanpl e, rreasurln the interaction
mvcbi@éﬂ/\l&eunspanlsla)ld&ﬁtﬂlﬁ bel@dnaxf)éacaop@o@rhu fise fallogeed byapeqvary of the

ri an se nt - substi t.uted 30
perlp BT e RO T 17 B R ToHE TR egliiy (ol feblume treatment.
Thé3 bffb&ts Vde@vé‘éﬁﬁé(ssmnT@ﬂJ&xe fedoMbinant pESEYS SC a]ﬁErmevmﬂ;zwdus a-
to determ ne any detectable interaction between
amyldemtandi e prosethi phase @fathp st PEgamsH e rtléestrecogma are also
di betq\gﬁen enzyme and substrate, between hornone and

ne receptor, between antibody and antigen, etc.

Suctypidgtye Cthes pesvedures | ivclads e rmitislu desmgritonoin osmotically-
col ori netric changes, changes . in 53
stabilizing medium followe by selective release in non-stabilizing medium. The

composition of these media (pH, protective agent) and the disruption methods used
(chloroform, HEW-lysozyme, EDTA, sonication) vary among specific procedures
reported. A variation on the HEW-lysozyme/EDTA treatment using a dipolar ionic
detergent in place of EDTA is discussed by Stabel et al. (1994) Veterinary Microbiol.,

38: 307-314. For a general review of use of intracellular lytic enzyme systems to
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WD 2005/ 067478 PCT/ US2004/ 040117 radi oactivity,
changes in solubility, changes in nolecul ar weight as
woremsuéRM by gel el ectrophoresis and/ or gel exci/usSi0041040117
processes, etc. In vivo assays include, but are not
limted to, assays to detect physiol ogical effects i
disraptg E. vesilig heee gRi2horac iath feodngy él%@t)ml deansat 4ncBiochemical

h in bl i i i el
EngigbgrRidleie g NBL e e O "GRinkl Fhfhe: Berin, o,

11-%enerally, any in vivo assay can be used so long as a
vari abl e paraneter exists so as to detect a cha in
2 %S 09 oh! the

t heCanyeationgt iresiheds ffe et FReoVerdedk FeooaPAth ARSI
cytc%?%@%%g%ﬁuﬂ}%ﬁo%tﬁﬁt or %cti%ﬁ#arﬁél@ﬁﬁh@olv&h %isfilﬁ@éﬁﬁ%n 9P -the

rel ease reco nant ‘proteins fromthe
bacfegial gdlaBymdchasitatentakagaviievhaniral disesritioal typisalth invslves the
chl.orof orm (Ames et. al.. 984) J. Bacter.jal., .160:.
sengiigh o By VB AR AL HEPAIS e oFr) SO PG HEid beads,
son%%@&%i% adﬂ)@n &£ (0 NispeRa Y BNLEHED Celie Saffbe . TekRuiques,

ve “been used. However, these chem cals are
Harotk amEPdxtemJohmiVildya&Sodeltd, 1888)aChaftéch s & many

re i pant protein produgt r .subseguent..

e CHERBRP e forE biePERicaly Jo RradliPa 3 ERbridogiean bagkbone
of hEIckR watadhi MeetREd WRSMirkt &Rtlopet bPZitdee aadtandt (1956) Proc.

nmenbrane, has al so been reported to rel ease the

Napediqal Seini @54 o655 Wiy trgatediE. ol yithage aburpiyy, (yhich

i 68:. 243-24 '
e ey it A I, W G ki
sphefpisisC THBGS ktr(ddama| reitbdHamme lcell-(af6 69mponeBisobut had large

Chem, 241: 3055-3062; Ne d Heppel . Biol.
surfgﬁg gegs paphich Hwpytopdasmyic m%g%?@g@xf%%ipg§e%ig65hsl . %Iai(:). No.

-4 | I8 . cetic - . .
SRR ARG TR R IR AR Rafh i
dis?plig BRIDvEBPOOT Wictblactetia ADareosnadticall §-8tabilizBil owkivm, e.g., 20%

Bl ophys. Acta, 443; 534-544; Pierce et. al. (1995 .
sucfasR G LoRMS Bl s LV VoS8 BOTERS ATBOHBE Adgesins the
H Wl % 5Q2 T £ i  fhe &G tipted badteria b
o AL CE Al s of e gng el s
exposimgahe batdriacto 4 lovelonasstreagiispdfes,i aod refeasing thedieparinagedike
fracti onati on huffer .fall owed by r very of
projify Y SrasTR i Ot O e e DHAR hnarufeapd, st
solfi@dd. ows | ysozyne treatnment. 25 The effects of

over expression of the reconbinant protein, S. )
t heMmoy| differcet modificatipns o8 thesa anethedsyhaiat begphused i 2 wide

t he .host [ th .
g G B3y SO B, SRk U BRI SRR
(19805 GURd, 186129 1295 riee 8l d1y(1992)aRio) Tezhmgogye dDUT63-D6T) o mfbrts

by selective rel ease in non-stabilizjng medi um 'gr
to BOuesiepeEbinaecliculthiese PRetca LYSRRYMS PEHERIER &P Oxlg :@3 0155
d the di ' 0 (chl
708 R RSl AR e spormes
whithogedd foedinari 1§ rer dxpectedto/killi sath dostarlls bg means of destroying or
HEW | ysozyne/ EDTA treat ment using a dipolar ionic
lysingrthe glhwall giryitei€e of EDTA is di scussed by Stabel et

al . £ 99 Yot 859585¥ ok Bbthod for facilitating externalization of

proteins transported to the periplasmic space of E. coli. This method allows selective
isolation of proteins that locate in the periplasm without the need for lysozyme
treatment, mechanical grinding, or osmotic shock treatment of cells. U.S. Patent No.
4,637,980 discloses producing a bacterial product by transforming a temperature-
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38: 307-314. For a general review of use of
intracellular lytic enzyne systens to 54 WO
wQDS5H00G78178 PCT/ US2004/ 040117 di srupt E. col PCT/88®04/040117
Dabora and Cooney (1990 )in Advances in Bi ochem cal
Engi neeri ng/ Bi ot echnol ogy, Vol. 43, A _Fiechter,
sensitipr iysggen- wigh laaBN/Banglpaile ﬂms codgs; -dirget] m\z@ﬂw&ﬂm or the

nmet hods.for the recove rqt
prodihL Sl el GGG PRI ARG R S e
prodRa{ Iﬂtﬁbﬁﬁ}larlw\dﬂﬂv@;‘tbrﬂalﬁhﬁg agr prloidact wf rmmg thoen teineprerathre to
cell by nechani cal breakage. Nbchﬁplc di sru

indugy phagd- 1:1}60;1@1, HmgEens. h%san@eeﬁélll 1P8 qrgieyl an t)i?zoeng ., 83:
511 %ﬁlg ﬁﬁsc OSQJI §yn ﬂrgﬁlze& g&éhgptﬁ)ﬂstﬂ@ bRRelld @@Tﬂ pRdkd ﬁﬁ‘éc‘ﬁ@n and

soni‘cation, or grinding o
Tanf ¢6 g OEQ%N (JE’t&mteﬁm uadl BGsdng., 86ir 7438 dieloises @gm@@lled eXpressmn

of Hancog(erggd Poxt o 3%8 hngvgl?;g z‘ﬁ‘ Sons étl*g C8§ﬁ§ﬁ$
Wl [
[@6%% M%Esf %Qx‘f‘orﬂi% A A QedkY %ﬁ’ﬂoibcﬁg Kﬁ@gﬁsm(iﬁtottﬁ@m%giuig and

od was first devel oped Zi nder and
resufss il 6ighilfRah) inBreese. in fNad IV1scAsadthaBgan 1mysAe thpsediggentatipn of

wh
o 8 S 550 B S L LT B R

dunhgt SleclRRun (ﬁ§rupﬁ&h &bOoBlaakt Gowd N@SEDNA Updlyimess, the slower
tal ned sonme cell-wall conponents but had | arge 15
sedimentation rate @dsolids hidugh \isreus fpishieaulin '8 DASRBYRRFRIORLS solids

and; ﬁ(ﬁ)ulglf? o %él‘ﬂﬁ@égt}clmn acs)teh%% 165 glg Zndliog! 9285 f&EBRAI exist

P paepaned conpri sing

nucioSfiidPériz ei igat QIR RIde IBNAf polymehalnt Br iali,i the amdogenous gene
osnotically-stabilized nediu e.g.,..20%, sucrose.

endécﬂmod@rf%@n ﬁgionéclsase mi\‘;&ular y@&@g b thegpatufs RIpiHHis @pprox.

24, f olg%o lﬂr?] L s e I gﬁﬁ Q{]n KNGl fa 9P n[PQ e;ﬁé?’fp'la@ﬁ? emlii KRaRIsODNASinto

C Space o di srupted bacteria
oligd¥edGribypasiotided heab andamickotytic androar.iTo hax betr sggedted that

buffer, and rel ea3|n t he_hepa e-1ik S
endduis ST NEA S PERTEA ¢ Eosilt v faeniaacid al B985, e b54:
55 ffered salt solution. Many different nodifications

"t hese net hods have been used on a wide range of

ex pDesstianof thetexpreswidt Ibrooeam i adhicled hyemetbpdss h‘n@@% gn the art

an dCi??‘ts h- %bl a?ZXua%t %9% 1%}11@} %?9??}25]) %S%fb%qi%%g i%e%%%ques or
imrf og,g- c;z%l{a@iohnduce reconbi nant cell culture to produce

have been reported. EP 0 155 189 discl oses a
meaﬁsftim rprotaths cixpressedr we v invgntion glay fountinsdublg aggregates

(" %%%Cfoé%/fih %gg@l Br&\f\hcofsoar\éor?é g%os}g o& ;gﬂ{f%caﬁo@ Bf 5%‘09&% &dm.

1nciu)§§)'nﬁﬂ)d§é§eF@1€‘é)danifﬁé |puﬁﬁb$tﬁh1%f&nclﬁ§ioﬂb8d1e?&5tma‘aﬂlyhhvolves the
658 discloses a nethod for faci]Jitatin

extmctlem,rsaparztaqn aW/@rpurificatien akinelgien horice Y disTipgion of the host
cel]g:'[:gglt %&?c&a%ggqg aq;ufér oF 3! mMTIT“ﬁS/%LhBﬁ ﬁjj,l SVeaM NaCl, 5

mM MgClsub.2, 1 mM DTT, 0.1 mM ATP, and 1 mM PMSF. The cell suspension is

typically lysed using 2-3 passages through a French Press. The cell suspension can
also be homogenized using a Polytron (Brinkman Instruments) or sonicated on ice.
Alternate methods of lysing bacteria are apparent to those of skill in the art (see, e.g.,
Sambrook et al., supra; Ausubel et al., supra).

If necessary, the inclusion bodies can be solubilized, and the lysed cell

suspension typically can be centrifuged to remove unwanted insoluble matter.
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isolation of proteins that |locate in the periplasm
W t hout the need for |ysozyne treatnent, nechanical

w@roosdémagy or osnotic shock treatnment of cell sPCTJUS004/040117
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prot%{ﬁC @ﬁlgégl Pﬁab-[%bﬁﬂé}g w8 e kkiledishenti on of E.

pon ce yS| S, genom c DNA | eaks out of
t heAltgrhatpiedy it lsnp(!ssﬂol'aeton;adify rtheamstombgg\m peptidgs from the host

R b e S5 Eporied

the @H;%lﬁérﬁ WG Rhe hos® lc@h thE périjRashiis ReBoRbf &ﬁﬁﬁbteﬁ@fo@ﬁiﬁe Seotdted
s hose exerted durlng nmechani cal di sruption to_ break
by cdéwosmbiic Brotkinlagdision to pther methadp knewy ﬁ%ﬁmwb&?ﬁ Fhthe art.

To ésgbai? 5?0%%1:?% 1 QU%I%?%I% %r%?nu51 ;Lelﬂf éfne%ﬁj é}g‘alﬂwe RR@bacterial cells

canClgN centtiagati onfort Heyellbth arrhﬁqsﬁhlan Icﬁ)lalbesﬂeelmperﬁdtdcm, a buffer
there exist nucleolytic enzynei t hat de rade .

conpNigEg0% FRerese. b 1y5er e celiidhe RBTIET 6 BY Seldiged and the
pelfel’ ?&dﬁé szﬂ%peﬁHedeﬂld@Q ldedeﬂaﬁﬁg %ﬂgﬁ?%ﬂg ALnWRsNh Af 105 'Poﬁth for

roteln IS approx that i1s normally
appﬁ@ﬁmatee;dlm mifidtes. e cgll aspessich cindrwesirhged anddhe supernatant
oI|%odeoxyr|bonucleot|des in an endo uclﬁ

decppiafend §4vethadh %é@?ﬁ%ﬁr%faﬂish%rﬁse YA ?§¥P%P%t€‘i“v%ﬁl\/be
sep%?éﬁl %ﬁxﬁ%gﬁﬁ gl)'&éﬁngbget ddafdeaptioadethiiucd!well k2SR to

ection of the expressed
ﬂmgﬁmﬁdnunntheaﬂhleved by nmet hods known in the art and

i ncl ude, . for_exa radi oi ni nungassa Vst e

bl oAb 1 G RSt Stk SeAROTF dBRDA kP el gt ool
profid ?drn ofdiR GEREM FOni MeS céIn\calilileOmenRY ffodii the recombmant

I nsol ubl e aggregat es S i ncl usi on bodi es"). Severa

prommpﬁmebrsstaf)ee suiht exompld ean hrammppian) ST preReyg sulfate

25, inc] usi.on.bodi e oe e fic
prefsp e T RiohT B e vipir el Mok ARURAC pr Bier bRl Bfbeein
miBeRAI aroRiinsAMEHnO brd@i-p‘iﬂafel oat th@nbﬁv’is Idfohldﬁ'l soluliititi. eBhdoymore

di sruption of the host cells, i ncubation in.

hydsophebie e RFpteBD igdha mpase I-lléﬂ?l}blﬂl i, t9 p@elpﬁﬂhe N dpWer; anypjgnium
sulia Clco ce%tr%tlorils. g L% al (Hﬂd nghdln afﬁ%‘omum
| F
uspenS|on I's yp yse usi passages
sulfale aUg Prétein ohatonRoethst th'é'hesmtﬁh‘d ArANIS IS sldfate: aoncentration is
between 20-30%. This concentration will precipitate the most hydrophobic of
proteins. The precipitate is then discarded (unless the protein of interest is
hydrophobic) and ammonium sulfate is added to the supernatant to a concentration
known to precipitate the protein of interest. The precipitate is then solubilized in

buffer and the excess salt removed if necessary, either through dialysis or diafiltration.

Other methods that rely on solubility of proteins, such as cold ethanol precipitation,
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the proteins can be eluted by the addition of 250 mM immidazole. Immidazole can be
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peptide and a target, e.g. between an expressed enzyme and substrate, between

expressed hormone and hormone receptor, between expressed antibody and antigen,
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EXAMPLES

In these examples, the cowpea chlorotic mottle virus (CCMV) has been used
as a peptide carrier and Pseudomonas fluorescens has been used as the expression

host. CCMV is a member of the bromovirus group of the Bromoviridae.
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The crystal structure of CCMV has been solved. This structure provides a
clearer picture of the capsid interactions that appear to be critical to particle stability

and dynamics and has been helpful in guiding rational design of insertion sites.
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ProUnMad ofyerwisec ho@@Wstpmlatd dédmipns,aivegosp qoatigbggguence
180 copies of the COW CP. An exenpl ar e
clomaplsd it OB SDNRPIoP YTheRer GeRH B G s oy Gibidular
bioﬁg?y% ALl fONALSERURNCR A BRERHDR drdnBRrbh, GRA ESFesdith. Such

atg tct aca gte gga aca ggg aag tta act cgt geai
stadrad cghnigyes, gedtoge gndyclements camye detnd, gexgwleaa@ Anpsibel et

al. ggés)ggéug%zg }g{ggocggt i;ngoléacwargéz%lo%%a(l§§§) atoﬁn g\%lefle@ 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).

Plasmid Map Constructions
All plasmid maps were constructed using VECTORNTI (InforMax Inc.,
Frederick, MD, USA).
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get art aaa gea tgg ace ggt tac age gta teg aag tgg
ace gcc tot tgc gcg gcc gcc gaa get aaa gta ace teg

w@edosabaract ate tet etc cot aat gag eta teg V¥cmeseoagao117

aac aag cag etc aag gta ggt aga gtt tta tta tgg ett
ggg ttg ett ccc agt gtt agt ggc aca gtg aaa tee tgt
DNAyEktrag®mngag acg cag act act get get gcc tee ttt cag

gtg.gea tt t gtg.qcce a i

detgepormiREL <RebeJif AT 7 2PF M58 ARRrAE il ) i
midiJahdC 3ax8t Rits FFdn 0QhgeAt (Gdrhaf@y adtedingc td t et awnaleturer

agt gcg get etc act gag gge gac gtc ate gtg cat ttg
instrgetipngt t gag cat gtc aga eel aeg ttt gac gac tct ttc

act ceg gtg tat tag The crystal structure of CCW has

been solved. This structure provides a clearer

Exp@iitMaleStaftedyhe capsid i nteractions that appear to be
critical to particle stabi]jt and nam cs. and S
bedhehblloring prpcgdies e aHlB%{S‘il' @' eslﬁ)éﬁe%‘f‘”si H%Sgr?‘%ﬁl%nwm
| i - 7 80 REHUSRA0A¢ Q011 dahsidPn et pestid
transzf‘? %@%degltﬁieggggégo%agﬁlgse%cﬁﬁﬁg CCM\@/14 qé:apsi dg) Slcanﬁ%tfe@aﬁl )
insegieMsibhe Al thysfomkidf ¢olld ware Eaowly th dteedesired dlgsifyepid Bdyced to

wi thout interfering.with.thegir abjlit 0,.f.0r :
exprges Hiecstseric Al o BrPlds Biatgpd FHl FeieoeR Piad g, their
contRE8 nél?%!f.i fied. The general strategy foll owed for

production of capsid-peptide fusion VLPs in 5 P.
fluorescens is diagrammed in Figure 2. Atotal of up

ContGudpRi ERREPELRR Ol BN LR RAPLOBRURCREPHE Rl Bie
e

i nsepNed mdlstuR ddneiGEMha@C M CR dofling ssiumylce wiam sexdifiaiby
site inthe COW CP is used. Insertion sites )
inseititeg it feadingiantd, & Roril teRricHon SRAYMEHICoR Nt eavage site
ides. of . vari ous | - pEQi & ivd OBME-CP
(eePiRinD" i imtBEARHT, whEpbg oyl ROE) biGTne Fide ORAT
amin® #&id esquefity, thuewemr asnig tidlSerilts Sisothesnatire COMBEP

used at the sane ti 0 express.th S
amigp peidrsearense PEQAD N D80 o g G MV I0;CP (SEQ D
NOQSpti de inserts can be about 200 am no acid residues

or less in length, nore preferably up to or about 180,
CCRMEQP with adgedeBemBiblsite insetted ot cadonut291EIEMY 29CPH(PEQ ID

preferably up to or about 120, yet nore preferably up
- or about 100 anmino acid residues in length. In a

pgﬁéﬁéixeﬁuﬁ@al@f?%@@thystm PRPAFLR1d GREALS Atk [Ala Bda Ala

about or nore"amno acid residues in |len

th. In a
pr&fecysedisrelyrodli g st Tht fyeg WalpY aldelni Hyg dfal gle%{ gl Glp Bro Ile Ala

about 5 to abaqut 120 _nor t
DO SR G g AU Hetas: Al a2 b gt SN S P Tep I
Meifaosts 2R Al A8 A191Che Al 98s Noll @lr Ssi AltdlHe dhr Tle Ser Leu Pro
techni qués, vectors, control sequence

ot Asr GbxpeeSei S0 Gy %mﬁ%@L%BmVsLaﬁgtfg i‘féfﬂg‘bﬁe“
A S SO e sared vy o
st @ROEKATHregh 1§ Wes SerietGlhsV al atid Leh éie Nab AtaaAsipdsn Gly lle
f OIL,JQudSerfI?yrs A?s)l()a\fnaﬁ lVeefl Ail.'? AléA\ ll\J/ISe‘ltJ 'kl)"sllr Pr%t Glu Ala Phe Lys Gly Ile Thr Leu
Glu GIn Leu Thr Ala Asp Leu Thr Ile Tyr Leu Tyr Ser Ser Ala Ala Leu Thr Glu
Gly Asp Val Ile Val His Leu Glu Val Glu His Val Arg Pro Thr Phe Asp Asp Ser

Phe Thr Pro Val Tyr
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al. (eds.), Current Protocols in Mlecular Biology

(1995) (John Wley & Sons); 25 Sanbrook, Fritsch, &
wokovsaéi4ss (eds. ), Ml ecular d oning (1989) ( Cobcir/Bpronaao117

Har bor Laboratory Press, NY); Berger & Kinmel,

Met hods in Enzynol ogy 152: Guide to Ml ecular Conin

TeRPlimequESMIIRT) (Giktacendid Pequssye: an@aciages i 2ggaaagasa

o e BED S350 R SRR o A0l Segen

site AR SN2l VAP CRGSEEUShingTalrho RéqRAte torilrs CAME-CP coding
constructed usi ng VECTORNTI (I nforMax |

nc.,
sequepasderfroker NS MYSRyY (Becleio @@ 5yeggenseg O -cegetegagt cattactaat

PCTL | 1 s MR fo I Rh@sRecRWsite and

acac%%#a@%&%ﬁé%?’é# S P V\g)?aghger %réjée%%si ng the 1.ean

to infloBhce twd §tbp cadéhsnBxhe KOMVICH todtha gequeh@erlhasey/hwo primers
according to the manuf act ur1§1rAxi i_nstruction

wereyesd i mintt DCRSreagh @Gyt His 1B dinesepras 8@?&3/[\6\%91)8'

followed. P. fluorescens host cells were transfornmed
W th expression plasm ds encoding chineric viral

Con@tﬁfllﬁiiod of @MV 6peOP DA td Adéan Ehgivieened InsprtipmsYite: med
cells were gro ired.d j i
O Rexisnes SRE AR A NOWOTPia SHEnEral pllsrPGMVICE fihe o

NO:gltb Ssafed 65t HERndeifRd si@d RERIchitioaoniE rRlavagakiesedor Ascl
nstruction of Mddified CCW-CP DNA to Add an

(ggcgéﬁgdcmeﬁbﬁg(ﬁgcgg@gc), and SiddigionalDelentidse amterdiged i hfppeptide
cqQaqil S€E ifi

oA M AR PR L A 8 gt A 1
Hen&ﬂ,_z@@ﬁl_\f-@}’o@ﬁ@ io@ifiednd féine @CAJE63i(Pe In( gyijgfatng cdsidue Arg 26

ich introduced a tripeptide (Ay-l1le-Leu), into the
wasmantpted teCw2E addgtahiliydp gssswg \%Iel,)s- bet ween Asn129

and Ser 130. Lve. GeWW- ' id
et Bl Geh VRS, Pt O ot
Seqﬁéf{vm@oﬂ?v(s‘gm ORF (SEQ2D. N2O2DCMW- CP wi t h added BanH
ibt%ol_t:q%g{cfg?g@qcgégg%ggy%gctgt%ca(ﬂaﬁ;\cg@é%ég&:@gg%q?&%éaDag?a&c%agcacttgt
An |
5 Dl el th e fuapargsadunofto g aticossaae

gaagtggaccgcctcttgtgcggctgccgaagcttggcgcgccgcggccgctaaagtaacctcggctataactatctct

ctccctaatgagctatcgtccgaaaggaacaagcagctcaaggtaggtagagttttattatggcttgggttgcttcccagtg
ttagtggcacagtgaaatcctgtgttacagagacgcagactactgctgctgcctcctttcaggtggcattagctgtggccg
acaactcgaaagatgttgtcgctgctatgtaccccgaggcgtttaagggtataacccttgaacaactcaccgcggatttaa
cgatctacttgtacagcagtgcggctctcactgagggcgacgtcatcgtgcatttggaggttgagcatgtcagacctacgt
ttgacgactctttcactccggtgtattagtaatga

Construction of double insertion R26C-CCMV 63/129-CP:
Restriction sites Ascl and Notl were engineered onto CCMV129-CP (SEQ ID NO:2)

to serve as the second insertion site. Recognition and cleavage sites for Ascl
(ggcgegee), Notl (geggeege), and additional nucleotides introduced a heptapeptide
(Glu-Ala-Trp-Arg-Ala-Ala-Ala) onto CCMV129-CP between residue Ala 60 and Ala
61. Hence, CCMV129-CP was modified to form CCMV63/129-CP. In addition,
residue Arg 26 was mutated to Cys 26 to add stability to assembled VLPs to create
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Ser Ay An Gy Lys Ala lle Lys Ala Trp Thr Ay Tyr

Ser Val Ser Lys Trp Thr Ala Ser Cys Ala Ala Ala Qu
wb@shym7e/al Thr Ser Ala He Thr Ile Ser Lou PrecT/BsSmo4/040117

G u Lou Ser Ser Au Arg Asn Lys A n Lou Lys Val Ay

Arg Val Lou Lou Trp Lou Gy Lou Lou Pro Ser Val Ser
R26G—®CN7N63WHZ9 -CPsTiseplagyisl Map of pR2GCHCAMV 63(A29-GR s shown in

Ala Ala Ser Phe G n Val Ala Lou Ala Val Al a Asp

Flg"ﬁ‘%% Ay Ile Lou Ser Lys Asp Val Val Ala Ala Met Tyr
Seafitife & 26t AT 6BY129@H ORFYSEY T.MO: 28:u G n Lou Thr

Ara Asp Lou Thr Ile Tyr Lou Tyr Ser Ser Ala Ala Lou

Ta‘ugtct@:wcggaycagggaagﬁaaqtq%goaaaacsﬁaggg@acgacacg%ﬁga@aagﬁg%aca"“

el Sk Rt e e e Ba Gl Bt e eptfenscs

(d’ﬁé«g&h@ﬂgga@gtdctﬁgﬁgdggﬁtgecgﬁge@cgmtmcwggag@ggctataacta
tgtctacagt egg -3' (SEQ I D NO 3)) was desi t? totta dtt the
atﬂtcm@mmt pogleegaan gRaRERRecay Céa%ﬂ%&f%‘%a&% clggetse

gétﬁﬁﬁﬁggcgggﬁgamﬁ%ﬁ‘ggﬁ W%g&d Bk MR tgacattagot

S@ng@lgﬁ@-ac@gawgmgaga?@tgttgmgb@cta@accscmg@g:t@gaggg’ca(ase@tgaac
was

Aol e e e R SRe S R S ey

g e R B R A coding

sequegczzmml‘E C|C?1N CP. Con?t ruction of CCW63 -CP EEIA
EX%H‘P@? Rzpquctiby ﬁg{q’%\%ﬁﬁe (?‘;@gi ?ﬁ%’/’%@s( SEQ

1.A! Bond¥Qcidn bpthéelh\zﬁeﬁ@cmvmmem site. Recognition
and cleavage sites for Ascl Not. |
( gohgboans b penie WO TSRS R SRt b ipsert in
e GERARRRL G T BT AR AN D ey and

Pse@%;%hcﬁﬁma@cmm digotnec]ldcvidmeiff3thePeptide wmmphfred out
residue Arg 26 15 was myt at

dt
of @gwﬂmQRﬂP@@foég%]gﬁblps&g RALPETS oﬁ%@“ %ﬁ@uﬁ]gbc %011d sequence:

%%%g%g 8}% f%%%%@l\ﬂg Beh- ?6)‘3 andSPHYEBIPER (nucleic acid

seqabieC SacagiRggaagupydcitagt a(SEQc D gNER HAY g GElpeY drigesyy ceere

cgtaagaacaagc
obtamngd, fioan %ngé a?a}%& iﬁ%ﬂe@éﬁﬁeg‘&t’t(&‘&@& dlea d0o IS4y JeTeipatter
"Idﬁﬁ@ﬁo' ﬁﬁga 88 Canine parvovirus peptide coding sequence
gaagt gacc cct ct t g gcgget geegaagct t gc%cgecgeggccget aa
whilg taald ot Bg@HtI atestaiction csttes thereto at both ends for Insertion into the

o S e AR N7 PRERER AE kARG Y 200t a0agtt

Ut aghgosER athaiRsHat %ﬁ@b@ifbﬁ@e’ﬂg agiag g8 WPC2ZC ttiyahgeydee (MI
cettt eaggt ggeat t agc

Resapechc SeqfhSag &@msg@éget %Sf\g@@loﬁhe%g% FIAYIng REYeRCLt aa
ceett gaacaact caccgcggatttaa
cgat et aet t gt acagcagt gcggct ct cact gagggegacgt cat cgt gcat t
t ggaggt t gageaigl CPORPRGIQCOL

Reaction Mix (100pL total volume) Thermocycling Steps

10 uL 10X PT HIFI buffer * Step 1 [l Cycle Rmin. (94°C
4 pL 50mM MgSO, * 30 sec. [94°C
2 uL 10mM dNTPs * Step 2 [B5 Cycles B30sec. [55°C
0.25 ng Each Primer 1min. [68°C

65



10

15

20

25

ttgacgactctttcactccggtgtattagtaatga Construction of
doubl e i nsertion R26C- CCW63/ 129-CP: 20 Restriction

wGeRd0em67Ase| and Notl were engi neered ont o CCMPARBSE0R4/040117

(SEQID NO2) to serve as the second insertion site.

Recognition and cleavage sites for Ascl (ggcgegec)

% <)

1-5iot | ( gBgmptagePNAand addi ti onal SterB e BtGxrss i (Y FiudEyC

a2 hant ahont i Ao

T HToom 29 PP B L6 IINA BODAIRR . gchidATS® o M Afitn JaeC
In

tion, 25 resi mit ated to Qs 26 t

2910t CCW6 B/ 129- CH.
Rem;aiérl | L Z9TEH IR DR Ltzgﬂiqu(ggﬁ\%g}?
(

* (fracdinsitaigen Cosp, Carlsisule G, 86 A/bPreinafics i/ Baitoge8 WO
2005/ 067478 PCTI US2004/ 040117 R26C- CCW63/129-CP. The
plasm d map of pR26C- CCW63/ 129-CP is shown in Figure
5. TREPRINC Qeqienb GlasCllvMbst 1m8- 8 OBM BEQshidtlbi(hlagiid, a
at gt ct acagt cggaacagggaagUaact cgt gcacaae%aagdg%ct ggggcec

plasotid dlopd dad alopey genmstedied from plasmid pESC (obtamed Ironi tagene

t gt e t t t
CorJ?.t gﬁ%ﬁ&ai@g;@%g&]? alg%%l@lgg?ﬁgl%ﬁ £A8 I LERAURES ARV BEARVESI TP

DNA CERa61 QUReRHE ChE ubg tof c§et tapdelhagastrption egeyges gEog #D1
aaagt aacct cgget at aact a,

peptide-ecotingotusliqage rursceatedasldis Aeedtgwsiyictien 545 odfie fe
; ¢ 2 lasmid.
Co g e Ay SR AT P et Pl gt act get g
ct Tl COStWwandgl pgasidtiatcthe CCMV129 CDS. As a result, the mserted
t t ect gt tgttgt tgctat gt
PD]g@gf?l{cl:g g%lggqeegigggcéétg%g ggcgggacgggcgacgggc%%%c qgg gcgg & ek 938 %

acgégggcggﬁggg%g? é§é&§?%§§g\$&ﬁ8p%ﬁ&wgmgﬂ@ﬁi@bmeag@m

acid gagemkds: By ade Cys dog @ ndhadde Gly TaxProdygrser Sy &y 44 §la

e B SERAERD KPP s Pl b o e SE B o
CarfdParFRitusCene A 20 amino acid antigenic peptide was
sel'ected for expression as an insert in the CCOW

viral capsid. The antigenic peptide was unrelated to
S s. An
|

......

B Soimmeican-inivieloimaie e peptrde was anplified out
10 pie E@AVI1D9PEA7 Ranvie! pRMAIdIsVasgdipestadrsith Spel and Xhol

restiaton oA THESHRETADI NOREBYFE e PR, GBS 1a0-P D1 DNA
seq%%}lil:;% ‘%Ifﬁc]ﬁ%%%g)t}ys ge? ':#ﬁl?l‘fi%éti(ﬁl. TEGQ9 M rChSertA%htd fHe]E ﬂMYCq 803

ese priners were obtained from
exprdE pidsadd, Dhld] e dfind bgbeistoxinngeng, iGapatabid dttachmept to a tac

NSO (TR = e T
T A8 L0 et e

Spditand WaoBamtify thstprésendecnf thé tneert.her eof . The PCR

reacti ons were performed using a PTC225 thernocycl er
(M

1.C. Plasmid Transformation into Pseudomonas Host Cells

The CCMV129-PD1 expression plasmid was transformed into Pseudomonas
fluorescens MB214 host cells according to the following protocol. Host cells were
thawed gradually in vials maintained on ice. For each transformation, 1L purified
expression plasmid DNA was added to the host cells and the resulting mixture was

swirled gently with a pipette tip to mix, and then incubated on ice for 30 min. The
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Research, South San Francisco, CA, USA) according to

the followi ng protocol: Table 4. PCR PROTOCOL Reaction
wOhoos04Q@Lt L total vol une) Thernocycling Stepspdfus20b4/040117

OX PT HIFI buffer * Step 1 1 Cycle 2 min. 94C 4L 50nmM

MpSO4 * 30 sec. 94C 2 L 10nM dNTPs * Step.2 3 i}
mixBe ms trafisferred 1@ SlepyoeaationPiispaseble qywvettes :ggG% ulser

6747 | US2004/ 04
Cuvafe b 4 o ffetade Bt oot orgs by Ty BV G R o it &
Bloﬁaldaﬁrm&r *probaat 200 @ad, QSWrﬁ]dsaIZI‘ESkWCCeRe e gdelse cells

Distilled De-i d H20 (ddH20O) _* I
bne@mq@bowzsm°?v@%e a0t 20) real HEom BN, RS o

resu, régsﬁ%gﬁéﬁ%{b%ew% eft %6 ('J g&—oz h&igs CI¢LARe artuat Jtt@d on LB

been constructed from
tetl@'(t@&m}fihﬁﬁg@lﬂﬁbﬁaemleﬁ nﬁerdnrmﬂgaaaa@grwvn Luelllo O overnight.
LaJol la, CA, USA) by inserting nucleic acid containing
the CCwW129 CP 5 DNA sequence therein, by use of Spel

Eg%kx ‘%'Qék ]f’fggésrsioﬁto'f QU NUZIEEondhiRt PDI

€Ic acild was inserted at the
Banbiie cdsiy vas pokedsfrom aach hlate atidethe p@ingd sgmpipgyas inoculated

R
go%%%%ﬁﬁﬁut #80°C Qﬁﬂﬁ@ﬁ(ﬁﬁﬁ%‘ﬁﬁ]}ﬁﬁgl Bmb 'of leg¢h gsaltihgGedenlture
ggc acg gcc ug 88 ccg tee ggc tgc 10 ae %
wascthgn vegsl ’rgggoq ge 300mpE sh@q@skgyedl@qqc(b Bi y%staex%‘ ts and salt
Wltl%%cerﬁﬁnﬁn > &9 g‘qa?c%tr% 911515 gl‘}g&BP %H 3 &/ Tﬁ %hlrbdh%r a@é?ﬂerﬁg shake
ﬂasﬁefetgcyclﬁﬁ' wﬁssa'fﬂledl Bralﬁeat)on 'I]hecd?%d cadiragweredrewn pdemight
uence is unrel ated t
at 35 P 3 DFPTBF ShakoENROPE @%b?&@aiﬁf Qéu uﬁ?’ﬂ’%%ﬁén of the
CC&W S PRhins it tai)ﬁdspl asm d was digested with Spel and

restriction enzynes. The fragnent containing the
chineric COW129-PDI DNA sequence was isol ated by gel

purification, It Ve t N h MYC1803
BeSeparationof Goll Loyl i SHENIIY : e_lg_rt_ggs?_rg gene,
in pRAT A u%tsai‘r&ﬁ%mfaké Ha& &%re?aeﬁrtﬁ&pée@ﬁnmgéd folillet the

expressioh plasmd' s Spel and Xhol restriction sites.
celiSe€ el geliats Ivere Tresuspesiedt imn§. 7émir eoll SAMM aErs-HClapH 8.2,

conggiognon P &7 ore kiR lsE P Bttt waphifen added,
follkad Mydad 2admsibRrITayid2 ms b 0. Beeuel0 TRk Sotteatratel. IGells were

then incubated on ice for 2 hours, at which time a clear and viscous cell lysate should

be apparent.

To the lysates, 1/200 volume 1M MgCl2 was added, followed by an addition
of 1/200 volume 2mg/mL DNAsel, and then incubation on ice for 1 hour, by which
time the lysate should have become a much less viscous liquid. Treated lysates were
then spun for 30 min at 4°C at maximum speed in a tabletop centrifuge and the
supernatants were decanted into clean tubes. The decanted supernatants are the
“soluble” protein fractions. The remaining pellets were then resuspended in 0.75 mL
TE buffer (10 mM Tris-Cl, pH 7.5, 1 mM EDTA). The resuspended pellets are the

“insoluble” fractions.
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25 The CCW129-PD1 expression plasm d was transforned
i nto Pseudonpbnas fl uorescens MB214 host cells

w@emeneismg to the foll ow ng protocol. Host celPGI/ve1084/040117

thawed gradually in vials maintained on ice. For each

transformation, 1L purified expr essi on pl asm )
1.F. v8RSA(BH anyl WestérasBlateAnalysis polubde; gndi lsoluble, Profein
s swirled gently V\Athaplpettetlpto m x, and

i ncubated on ice for 30 mn. The 66 W

20§56 *4ol8b1PCTHHISZREEIPKO 1 tiofs Xk ¢te ethenselbetaphbesed dn
to el ect g)ﬁor ation di sposabl e cuvettes

égl oRad 1G<8ne 15
NuPRGE dr12%Rietltie geb. @W@@g%gf@t 323),¢hagpg 1.0mm x
wellégascco%%?%to lﬁgﬁufﬁ %égﬁg%?ﬂl @%%q?rér@tspalﬁedzw.gltﬂ K@dplyBlue

er pre ar ads
SafeC8tding, (Besng Iﬂuitﬁgeme(}h‘s L@G066§ Iayld((wstamedloﬁerslgby Wltljomter

Wesgs o dip-bias serioion GEu hehkarstin 10 A srom Bz
Ger{ti?h ) acycﬁ ot {afs iy efreR 7Bkt @ﬂr&xﬁ Invitrogen, Cat. WB7105),

ne- suppl enent ed LB nedi un) agar and grown
foll@iﬂn@&ﬁhml\fmlmeghtprotmccgs Bisakie wetapksitxpfegpdistion of CCMV

and pert e ogi g0t FBA RS TR Y © hRsards O 777t o

50nm. LB seed culture in a baffled shake flask. Liquid
suspensi on cul tur es vvere grown overnight at 30C with
1.G2BRGPrecpitdtionef Chint aich resulting seed culture

was.t.hen used to £

(1 GRimeEg e KesppipiAt %‘ Sufp Dot L B sl R SEpafFREIIR-
flasR OGHhIHAR Céah[paése foiﬂaﬁlfegl Wel?Eﬂ}onmdtlﬁlléij)a iglycal)drdatrthent of the

baf fl ed shake flask. Tetracycline was

reslng cell dyisatasn seearding dodthe tfalrlfé‘@m&el?f@toﬁP]o vm%“gv éf—‘ﬂ?‘lj‘ﬁ of fach
sha%( gas(fcc chtH% %?%E P E%r@‘zl%%%@ P%gllétn Qe e(,‘éll!\’I tl"%llét@a_ Gcéllﬁr were

ression of chineric capsids .
resusp@@tedtih an df plﬁeb}haté:ﬂ:bhfferr @rebfylsxhtyea icomnbindtibw o encnelasic and

| ubl | f h
e e 8 RGP AN o hent Qi PHTGL G0 08U Pt raio,
Ceﬁshﬁe&e%lg m%hicﬁted% 1o &%l A ﬁfn%s WREE2 bsuePRRERE o Tteln Botween.

containing 2 EDTA. 0. 1%
Dunigyd thi® soficdifo ﬁ'noctcblméi t]h@@elfﬂ éysetegﬁé‘twldq,\;gbaq pranevidapd eEpllowmg

fol.l owed by an addjti.o f S0z
Sonécéﬁelén\/\f Waée?‘icffdvﬁr gnaltfyﬁ e%{ﬁ%t%af) P(g)zﬂgé/ I cé ]l'r“ ,lzgne
d1g %Vdas%%lo%ﬂ ?(hplto'cé'% Br o0 8k arBemMbmperatireel | | ysate
e apparent. 25 To the lysates, 1/200 volu
1|v| ma@um teeitildlysdted wmf@ewe@ﬁﬁaﬁéu for Srminpgt HY09PEC at

and t
s ol R P PR RO IS b RUATY R lchied ot oo
sup@Hfafhnt, SSEGIOCRCRES addedUb d\ firldl @dhesghtratiombE Q%lﬁoﬁowd:chbyl NaCl

spun for 30 mn at 4C at maximum.s eedlnﬁ{rgnl g I
addgiéon 1o 4 figel congenitrréion of PMhANGIRSIAEPR OB dESTRE dct i of omight

at g‘lce.aflht ubes. wile AREANA.SHRBOLA RPUS ALf af BEC. Precipitated

pellets were then resuspended in 1/10 initial supernatant volume of phosphate buffer

and stored at 4°C.

Fracly

1.H. Sucrose Gradient Centrifugation

Sucrose solutions were made with sucrose (Sigma, Cat. S-5390) in phosphate
buffer. Sucrose gradients were poured manually 10%, 20%, 30%, and 40% from top

to bottom. The resuspended precipitated pellet samples were then spun in a Beckman-
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30 "soluble" protein fractions. The remaining pellets
were then resuspended in 0.75 nL TE buffer (10 nM

wa 200s/64478 pH 7.5, 1 m\/l EDTA). The resuspended pel/Us1084/040117

are the "insoluble" fractions. 67 WO 2005/ 067478
PCTI US2004/ 040117 1.F. SDS-PAGE and Western Bl ot

Cou]ﬁerr&ﬂWél-é"l odtoSnl aBeekraandCowias| Quiinea RLHOOKNU trgegRififygedfor 1
| uble | |
o 556 BERBACE B kDAL B R 8ed el

and 'in¥hdrT QUBNdovieato ODERSAB)P ﬂéﬁ&ﬂsn WLP. Qeliotx wige rSsuspéridsd in
according to manufacturer's specificati

phosphatie e @1nctsmh9¥eygl Q8 %aﬁ’ﬁéé%ua?ls (aflil q&ei‘tﬁ% lglr"ge‘i dising

LQ60 n LP formation
CoNgdegr 7 e BRSBTS J TEe o
(Flgﬁi@ 8YASQO prrticrmnsf REMY resulbirgWiP) peeparatibe W@SIIEQNfOBREEvZE
Kit (fromlnwtrogen Cat. VB7105), follow ng

micigg¢APYact urer' s protocols. Results were positive for

production of CCOW 10 and specifically for production

of chinmeric CCOW CP (see Figure 6 and 7). 1 G PEG
1.1. FreebmpMiaobapydfnalBsisteri ¢ VLPs Chineric, |

nbi t, VLP :
(oS sk e rplted of Sieb cbihdugiopth &fg,nvar/carbon-
coatgggﬁﬂQ fn?l/els 8RGe Glaveed with Q%bﬁ@'ﬂ)ho@lﬁgétﬁeamdl BPTA) and were

' ysates, according to the foll
imagedoow adrluhﬁn@\/hll FEdM gramm@a@n elgHRB Ilﬂlpfé@ROP&ﬁ ﬂizl]‘e#D769)

were centri.fuged t
opeifgrian etU e R R IR SnaepREre B ey S B o
MuRiSeETMRdania (ﬁ ﬂma@b@moc IHéladantdn JBA] USAoMmisl T4, Serial #
phosphate), pH at a 2 volunme huffer to 1 volune
971pE9016). Foampigon O@L?%W%Y@ﬂqqéﬁl%l%? cated for 10 see, 4
times, with 2 mnutes resting on ice in between. 20
During this sonication procedure, the cell lysate
Exsihpie|2d Peb@astion DIl AN Toimerg in CENIVaYLBs In Pseudeypeuas
was added to final concentration of 0.5ng/rL. Lysozyne
andjReeoyeroof ANMPsFheg¢8m o proceed for 30 nin at room
tenperature. The resulting treated |ysates were then
centrifuged for 5 mn at 15000xG at 4C. The resulting
2.AsSpehesd afiiDZAREIgent:enoved and t heir vol unes neasur ed.

To each_ 25 supernatanf, PEG50Q00 dd » p
contepidlentids nsegpenf% qding SRt b?’lﬁ é’&g&g‘e 8 R][\/If]j g%mer
(“D?A%?ltnﬁl%f‘e‘?@t &ﬁﬁélﬁﬁg%reg TPM2 [aRdndmeib AMEY) vass dngsiffedrout

or overnight at 4C Then, these were centrjfuged

of plasBRRHIOABR-LAR1)B5uswig) pamemd)ZQﬂétﬁm}ﬂaE e(guclﬁ]g acid §equence
th ded 1/ 10 i .
q%%g%tgg]gaéf%g%g %E%t%%(iﬁa‘f gee- 3 @&@%‘;ﬁe% %gpﬁ{g?i%%f BamHI-R

(nucleic acid sequence: 5’-cgggatcceg tcgacggage tcgaattcgg atcacc-3’ (SEQ ID

NO:6)). PCR reactions were performed according to the same protocols as described
in Example 1.A., above.

The resulting amplified insert contained a BamHI restriction site added at each
end, for use in inserting the D2A21 trimer CDS into the CCMV129 CDS at the
engineered BamHI site. The nucleotide sequence encoding, and the amino acid
sequence of, the D2A21 trimer are shown in SEQ ID NOs:19 and 20, respectively.
Nucleotide sequence encoding the D2A21 trimer (SEQ ID NO:19):

5’-ttc gcg aag aag tit gog aaa aag ttc aag aaa tit goc aag aag ttt gcc aag ttc gea tic
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I.H Sucrose Gradient Centrifugation Sucrose sol utions
were nmade with sucrose (Sigma, Cat. S-5390) in

w@bmspémtve buffer. Sucrose gradi ents were pouPEHUS2004/040117

manual |y 10% 20% 30% and 40%fromtop to bottom
The resuspended precipitated pellet sanples were then
seaitic igac gaBogiiiragre B8 A0 th @08 /20% Fagy e pagr pPUIHoers) W Eg Fit

OORA RS P bners oge pitef Pra R enh B el e o

kibed 43Ghb @0 o6 adohi Heesg tigregdizent was el ut ed
stg%%rgt%el%/ %nd ?urther spun down to obtain VLP
pellets. VLP pellets were resuspended in phosphate
buff . oS 68! S, and Western

"iv; ne above protocol.
§tAﬁa rLybllgts BAESA]pdwstILysePﬁeoLyQ\/Lﬁ, Phe fda Lon Lyé Fhg W¥le Lys

aéeeala@meefp@&n%?a&%cﬁeiﬁ%ﬁfb?a y3 LyRPEEAIE TS Lé Bhe Lys
rﬂ%c%%ﬁwyﬁ{esA ;)éLﬁleSM&JPﬁ‘é AN PRe SRPIAPP1OIPhe Ala

her on/ car bon- fornvar/ carbon- coated
gryls dsys BerilacisysvieysePlst hysnbms Rhe nl2dyphos PhetAladssilhe Ala
acid (PTA) and were inmaged on a Philips CM12 TEM
hgfdAPEs (8% el ectron mi croscope (Serial #D769),

operated at an accel erating voltage of 120 W | mages

were recorded digitally with a Milti Scan CCD carre({g
(f erxmtﬁaIeal@DS aentaingd émﬁmmﬁMltmomsm (Veresepppged by di-

rial A 9010 Vi P
penis AP &ip RGN SF 5 e0S Bl ToRAR® 2R i
trim&MEDN W ho bordefddVat\dabls tdrmimiscid Mﬂfjﬂ@tidaﬁdp-l[{& améflgblle

of AMPs Therefrom 20 2. A. Synthesis. %ﬁ%ﬁq i nsert:
cleaviags| BiGtGIAB. Eb;eqmmfeedcla%ﬁrhgawgsﬁ@d eSHERPR a%zyme

o CR T - AR e o

at ﬂ&ETBnbz@ﬁAs?itb) Rithi thg ECMRERS ODA2 Il“hBanwEﬂltlﬁg (shutdclb aﬂ@snad| Was
uence. at cct acagcCa t
g EAOYD e 99 JHRY rePI PRI Ja° (R Ta S EDS

cgacggagc tegaattegg
frag] R BB Bl P b S T eact Fone. wer o

performed according to the sane protocols as described
| n Exarrpl e 1 A above. The resulting anplified insert
2B Plasopid &4 iction site added at each end,

oryt &20PB2A 1 BigoByouElaGridanvas thee inserted
C@X%Sdg&éaﬁﬁl%g%%bengl neer e)g Bam]-|ll S|1te The

intonthel [AYICA803 espressizn plaswi gplaemaf thecbuibiinepding gequence, in
ope;@eyengcj}%er%d?h&g[) g‘g&o{}{gker &h@rr%sﬁﬂﬁybxbfkﬁglg ﬂl%mld was

screened by restriction digest with Spel and Xhol for presence of the insert. The same

protocols as described above for Example 1B were utilized.

2.C. Transformation and Expression

The resulting expression plasmid was transformed into P. fluorescens MB214,
using the protocol described above for Example 1.C. Plate-colonized transformants
were picked and transferred to shake flasks for expression, following the same

protocol as described for Example 1.D., above.

2.D. Protein and VLP Recovery and Analysis
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Nucl eoti de sequence encodi ng the D2A21 trinmer (SEO ID
NO 19): 5'-ttc gcg aag aag ttt gcg aaa aag ttc aag

w@2amsheu79cC aag aag ttt gee aag ttc gca ttc BOI/VE004/040117

2005/ 067478 PCTI US2004/ 040117 gcg tte gge gat ceg ttc
gcg aag aag ttt gcg aaa aag ttc aag aaa ttt gee aag
aaghdketflashealtared tctlls geeret tysedcgnd t Eragfipnatpds @i‘@wﬂgc the

g ft
proogiges of EgeaplsabEr t gy fgefofif §efffhulied BSBIPACE
and RsfrS BRUGNCS @sclibid 02 A%dmblel B (KAt VIO W@ redeivered

a Lys Lys Phe Ala Lys Lys Phe Lys Lys Phe Al a L
by PBG pReitalian lapé su@hee Aadiepheeniyifigphen.@ngd ane Zﬁf? Byﬁe&m’n

. Ala Lys s..Phe ac L S ;
micrpSEOPH S J%gqu@ 208 eefo@a:bﬁ%s i,ltg tiﬁ%)gglélig. %Sﬂg%é@'o%l}q%ﬁVLP
asseftbBy why Sekified. PlResttawkispdsitivePhe thy pradrstitihef AGMVy $DS-
Lys Phe Ala Lys Phe Ala Phe Al a Phe. G.y The.tripmar ..
PAbArstmsio/cl TR HEais Reigiboblbibly [ ypion
. C . .
was Gan B} e BT e B Bl R ree
fornbgiba€Frdral Dearhby eteriron siitrp geaphdb papity & Pagpmption (Figure
> acid-labile cleavage site CDS. The anpl ified insert
)-was digested with BarnH restriction enzyme to create
adhesi ve ends for cloning into the pESC CCW129BanH

shuttle plasmd at the BanzH site within the CCW129
2.E.COR1ysihef D420 AntigVlichobial|PeppdeRiedactigns 10 di gest ed

Wi t el and Xf.zol restricti . i .
P ERS AR i L8 S0 g shitlorc
D2 AN hptiBdd proBuced iBthehRh &8s VDRs, Rs dslidves. Const ruct i on The
resufting chimeric COW129-(D2A21) 3 pol ynucl eoti de was
Z.E.y:lhéﬂldwlvgmgeleDZL‘S?Ji nto the pMYCl803 expression plasmd
in ace 0f, t i bui ' : d wac] ;
at (e AR bIcG Pty BH GBEOK DO iff AFHE VL aglctus JREIGARKER and
appRXBRRESS 400 5pYaekiadustas forsric ecidpitic bylublesiaction waa regrended
~ wth Spel and OXhoT _forgfr ggence of the insert. T &0°
in appierim#elyr e lagnigasid iThegaaply &Y %Ehe%&&ﬁbﬁaéedl% et d°F
24 ]ilfc;ulré jfoz it Qi cféava@%eaca SR ITIR AR bnEXREE b T feczing
esulting expressi pfasm d was transforned into P.
to -B0°@p bEwhieh servRR4tre the sieatgd sdmaplps werscwored esekilbed apdiytie
for Exanple I.C. Plate-colonized transfornants were
pi cked and transferred to shake flasks for expression,
2.E{29§29W1 gla;eyng bzqygechr otocol as described for Exanple
. D, above. 2

_ D Protein and VLP Recovery and )
Ana$olsbls fractions were filtered through a 0.22pm membrane; insoluble

fractions were centrifuged to precipitate cellular debris and then filtered through a
0.22pm membrane. 50uL of each sample was added to 950uL of 25% aqueous
acetonitrile. A volume of 250pL of each sample, containing a D2A21° internal
control peptide (10ug control peptide total), was injected onto a VYDAC 250mm
reverse-phase C18 column, 6.4mm internal diameter (available from Grace Vydac,
Hesperia, CA, USA), installed in a Beckman high performance liquid
chromatography (HPLC) system. Elution was performed using an aqueous gradient of
25% acetonitrile/0.1% trifluoroacetic acid (TFA) to 75% acetonitrile/0.01% TFA over
30 minutes. Fluates were drip-collected into chromatography fractions. The

appropriate peptide peak was observed only in the sample derived from VLPs
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Shake-fl ask-cultured cells were |ysed and
wo pasheamat ed, followi ng the procedures of Exapgi/esiood40117

The resulting fractions were anal yzed by SDS- PAGE and
Western blotting as described for Exanple |.F. .

cont@hingsthe enyheSedwpemideduid net mdhe sympledepret frpm Ran- Sigingqtpd
PSL@r ose]rﬁr adi ent centrifugation, and anal yzed by

VLES| (& %)s i croscopy, as described above for Exanpl es
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60C f 24 h it . cl ea ) i
for pipdde GErdsb e ad e BT o e g PG G RviBL BERE host
cell"f@ii_@i@y.t RIESE TR A dRinteirearierk lﬁamﬁéxedemm’(s_ea’&d@né groduction

|~ HPLC anal ¥S| s. 2.E. 2. D2A21 Angh)%y S t%é l’E'ongamino

unt | _
of (B)Ipebtide mpkimironas branedamansaated i HeoYbR Tarmept ASRy

. ane; i1 I ractions were centrifuged to
a‘“‘%ﬁﬁ%ﬁpﬁ?&f"éﬂ%g J#gerh%ébri s and then filtered through
@}3) R5ed R AbitRyvfaPe fluabcens teanppearGTMWWEAP axpressiqno and
9

OL of 25% agueous acetonitrile. A volunme of 250pL of
eac}?ﬁf‘%‘dﬁﬁfﬁsémbbbnt aining a D2A21' internal control

PRI ODL bOLy B%ig#léi fieliRkabl paspiticRst ed onto

mm- reverse-phase C18 col um, 6. i
i(Bt leavell dlifatiet peptiday aifl midrestf by mreyiaesdy psiad methods (acid
Hesperi a,. CA,, USA), installed in a Becknman hi gh
per Yhokpiekand; qui d 30 chromat ography (HPLC) system

LARAURS éjﬁ: 1k QU iel, Ml i@ oAty aqueous gradi ent of
g@/ﬁacet onitrile/0.1%¢trifl l%%t?oacetl c acid (TFA) to
75% acetonitril e/ 0.01% TFA over 30 m nutes. Eluates

were drjp-collected.int hr onat Chd e
ExiipplechBiEciupt Shok AfReRCR CENY Vi Aikcefianord
3.5 &RRIEsisl6f PXFpfidOMmsMeds 71

Four different Bacillus anthracis protective antigen (“PA”) peptides (PAl-
PA4) were independently expressed in CCMV VLPs. Nucleic acids encoding PA1-

PA4 were synthesized by SOE (splicing-by-overlap-extension) of synthetic
oligonucleotides. 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 follows: 1) for PAl, SEQ ID NOs:8 and 9; 2) for
PA2, SEQ ID NOs:10 and 11; 3) for PA3, SEQ ID NOs:12 and 13; and 4) for PA4,
SEQ ID NOs:14 and 15. The resulting nucleic acids were digested with BamHI to

create adhesive ends for cloning into shuttle vector. Each of the resulting PA inserts
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Each—of—theresutting—PATNSErts 72
PA4
Nucleic Acid | 5’-cgt caa gat ggc aaa acc ttc att gat ttc aaa aag tat aat gat aaa

Sequence (SEQ ID
NO:14)

cte cct cte tat att tct aat cct aat-3’

Amino Acid Sequence

Arg Gln Asp Gly Lys Thr Phe Ile Asp Phe Lys Lys Tyr Asn

(SEQ ID NO: 15)

Asp Lys Leu Pro Leu Tyr Ile Ser Asn Pro Asn

3.B. Expression Plasmid Construction
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WD 2005/ 067478 PCTI US2004/ 040117 was cloned in the
pPpESC- CCW129BanmH shuttle plasm d at the BarnH site

w®@boosher47$CCW129 CDS. Each resulting shuttl e pP@eUsIH04/040117

was di gested with SpeT and Xhol restriction enzynes.
Each of the desired chineric COW 129-PA-enco
fr agﬁrmukmgmgnwdﬂ@mal 20vP 4y eplypueleptideaivean Gachﬂen inserted

. d 5 - t
into 14§ DERYCHTE wresRdh Rpildh i AN WAL (iE sciiice,
operﬁ@l'é agichadht @@C’th@ttﬁc pedm@at. - Bhe N3ulljng Aﬂprﬂssloﬁsc lpl:hsmld was
uence Ser Asn Ser Ar LX f/ Arg Ser Ser
scre@ea tpytsstyiption digeshwith &l@?@? 4P %‘é’f%’ac%fgt ?A%‘E%ﬁ‘%é‘}?e
prot%cc%f sid sg[ﬂ? d%%BVéD %%% ExhipleSif wofd flilpeaagt cet gaa get
g get "gcg tat cct att gtg cat
Sequence (SEQ | D gtt gat atg gaa aat att ate etc
tct-3' NGO 10) - _Aming Acid Sequence Ser Pro Gu Ala Arg
3.Cgrgnyboranation and EXpIessio o Tyr Pro Ile (SEQ ID NO 11)
ValT&'é'gésu\{ﬁ{g ?.?t?esg{%h pHsthidas ﬁﬁnsl’f@m&&ihn&]’ fRhSPescBhuclIB2¢ 4,

Aci -cqgt att "ttc aat gc aaa at etc aat etc
usingttie g;aaoocgtdesgﬁbedt abovséquEmmp](ESEQ P?atfgeqlogé@d tregsfopmants

werp el satl aBHETS fo ok TE oo, B Reshity doTORMENRE same

proté&g as (SfeRbEPNPxakPle ADY abbee. Al @ Ala Val Asn Pro Ser
Asp Pro Leu PA4 Nucl eic Acid 5' -cgt caa gat ggc aaa

acc ttc att gat ttc aaa aag tat aat gat aaa Sequence

[kist et aat cct aat-3' NO 14)

' A G E R Asp Ay Lys Thr Phe Ile
ASFSHEH@-ﬂlaM&cﬁ-IVtﬁredr ydseu/s\s nveres Sieed DaldO: frddfipnated, LfyBowieg the

protiod EEampir L /o7 N TED5F 574 81370 by SDS PAGE and
mm%'y#g) 0448 bnea 6 EaHtbid e, CRESME T GrefehbAERs 6 the

C tldeS were eac en I nserted
production of CCMV.

Results were positive for chimeric CCMV CP production (see Figure 15).
VLPs were recovered by PEG precipitation and sucrose gradient fractionation as
described in the example 1.G. and 1. H. Western blot of sucrose gradient fraction was
performed as described in 1.H. The results were positive for VLP formation (Figure
16).

Example 4: Production of PBF20 AMP Monomers by Single and Double
Insertion into CCMYV VLPs in Psedomonas

The procedures set forth in Examples 1, 2, and 3 were followed. Nucleic acid
encoding PBF20 monomeric peptides (encoding AMPs comprising the amino acid
sequence 3-22 of amino acid sequence Asp Pro Lys Phe Ala Lys Lys Phe Ala Lys
Lys Phe Ala Lys Lys Phe Ala Lys Lys Phe Ala Lys Asp Pro (SEQ ID NO:24)) and
the acid cleavage sites comprising the amino acid sequence 1-2 and 23-24 of SEQ ID
NO:24 was inserted individually into CCMV63 -CP at AscUNotl site and
CCMV129 —CP at BamHI site. The peptide was also inserted into R26C-
CCMV63/129-CP both at the Ascl/Not site and BamHI site at the same time.
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an%hﬁl%’éeﬁﬁs%r L k@t tdelf @S §efd' bed ffPJcthfe@&ﬁE' @ollowing the

were positive for t production of CCW.
procB&@rHsk (%3 Emmlqo 03i. t The résumrxghfm@mms mwmx@vzqdr b $ES-BAGE

and pvsvggtplgl: exbgnl %)grﬂfsgrhq.‘eﬁoﬁ)e 15* {:ed %(Ilg rE§ re Hosmve for

pm%(ghgll%?{;uagd in the exanple 1. G and 1 H. Western
sucrose gradient fraction was_ perforned

dessm-BA@:—E showing Ttessionupf shisric SEHNVOFCP offngiaﬁiépred to

expl}cgg){; In Y cgéj % 63b1a1 n‘%?%@ IB‘]‘QO 2{3@8%‘2[3 d rl{’)? %ﬁ& Ihﬁ@:o%%ls

s1temséﬂd8ﬁzoh&1s §&@§>d@@§la§sﬁﬂm pr Bizgekl 2sThethifreric CEMV63 —
npl e , and were foll owed. Nucleic aci

CP-BBEa@.hag E mmm@qr@p%@pm dbe @@n@é@a}eﬁﬁdmﬁg type (W)
| Sl

ccfi ke et IEri T iBraiEny SRYIThineae CuMETVIPs Tetided

frorNECVE3LYB dnydis displayifkaa lZQSanhlyls deld aAtlmldxylga]AppptﬁpogBFZO

(SEQ ID NGO 24)) and 30 the a cl.eavage sites
sep8 bb’éipﬂdl}{dfféysdﬁf% l%ﬁhoavnsl@? égi 2 and 23-24 of

_SES]%?.P &?%‘, /?sﬁb\}()’?%s é)ﬂﬁ@é'sfo dof Bfimerduathviy 129 @ PCeMered to

_ Ite an CCW129 -CP at BmHI site.
expldR€ apEphinite ueé aatmmcromlepezpendem&EﬁOme:tate@dwe@ﬂmcmms

_both at_the cl I Not | t .B ite.at.

et s coogs o obib b B, gy LeNRRIR -

cPiPFblAL gsl?)Wef"%flblﬁhﬁiob Leabi Besnoeasiaredd wWhldntype (wt)
rnserted rnto the pMYC 1803 expression plasmd_in

CCMMNa@#. of Elchioi mlmmscmdﬁm@ gaeaeenlc ehinieric dfeMab | Va-Ps derived
fropéxxéa&&fzgt C%o 4 ggl%égg fc ¢ er%o é&ﬁ z{n(?ﬁﬁihtobﬂ\g peptide PBF20

separated by acid hydrolysis sites is shown in Figure 20.

SDS-PAGE showing expression of chimeric CCMV63/129 CP engineered to
express a 20 amino acid antimicrobial peptide PBF20 separated by acid hydrolysis
sites in two different insertion sites in the CP in Pseudomonas fluorescens is shown in
Figure 21. Chimeric CP containing a double insert (CP + 2x20 AA) has slower
mobility on the SDS-PAGE gel compared to the capsid engineered to express a single
insert (CP + 1x20 AA) of the same peptide. Electron microscopy (EM) image of
chimeric CCMV VLPs derived from CCMV63/129-CP displaying a 20 amino acid
antimicrobial peptide PBF20 separated by acid hydrolysis sites in two insertion sites
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restriction digest wwth Spel and A7zol for presence of
the insert and transfornmed into P. 5 fluorescens
wo/BDide74msi Ng the protocol described above forpEwesphe040117
I.C. Plate- colonized transformants were picked and
transferred to shake flasks for expression, foll 8vv| n
per ¢apeidsasieovpr bt Bigote 2% BedhcYLBewpsforndsioaepaitain uppio 360 BPF20
above. Shake-fl ask-cultured cells were |ysed and
monPP’ﬁ@tH%R%‘%@%; fol l owing the procedures of Exanple
1.E. The resulting fractions were anal yzed by SDS- PAGE
Exailrgrl@ dpYédiceion dt I94skdrdOE §eind Sidephaitid Viru&@RB) antigéns in
Results were positive for production of VLPs.
CCMDSVEREE Lhasdomgrespr essi on of chimeri c CCW63 - CP
engi,neer ed.ta, exp ess a 20 am no acid antim crobi al
RNHICHS OpREsg S Peparated by acid hydrolysis sites in
Ps gugo riffaent | RO epgritss | @Ehowand NEEEQ)r evetd . indérendently
chinmeric CCW63 15 CP-PBF20 has sl ower nobility
expisetegan 6EMY MIRS. non- engi neered wild type (wt) COW

.._El gct i croscopy (EM inmage of chineric CCOW
E—Eﬁﬁwrom CCW63- CP and di splaying a 20 am no
DLETHETOYKIARPYhABCPPENEIS ¢SEBERINOLSpar at ed by aci d

hydrolysis sites is shown in Figure 18. SDS- PAGE
__E:ﬁwlﬁlg_ﬂélépﬁé@é@%h of chimeric CCW129 -CP engi neered

EE
5 g%%@%&cgﬁgft@ﬁécﬁa%gagbﬁ%g@@cg%% a8l LtRbE dahctpegictdage-

separate y aci d hydrolysis sSites in
3’ (FBOUDANO2®3 f| uorescens is shown in Figure 19. The

chimeric COW 129 - CP-PBF20 has sl ower nobility
%&m@&ﬁe non-engineered wild type (w) COW
GREPRGEGE SO TS ISCoPH AREMEQ maye:27) chi meric COW

VLPs derived from CCW129-CP and displaying a 20
EEERimolecicet] saquendecr obi al pepti de PBF20 25 separat ed

, by acid hydrolysis sijt [ ' ' .
e e e
3’ (gggjmqoe;g to express a 20 am no acid antim crobi al

peptide PBF20 separated by acid _hydrol ysiaﬁ1 SI%ng’Smgﬁ ¢
t woNl6if escida cnesiang (E8HE-5i ands BER-1 meerepypihepzed, danphks ©
| uor escens .. S I Lhes E e Ya] ition
syofigE aR R i AL resing nitleR seis IR Bkl recoen
site3@rmbi IThe sefdt iddeafbSnRAGHEzgeicleotidp aristrs fort ymthesipgif dhe
_engineered to express.a Singl i ns élﬁ) CP + 1x20 AA)
inseyts 1ppfadeghthe Baustlireictmnsutes glﬁie WFWSE ‘(EM inmge of
EE _tlwisrreri ¢ CCOW VLPs derived from CCW63/129- CP
Splaying a 20 amno acid antimcrobial peptide
5' _RBE2Qa srepge adoctge laya eai abt topdro hgtsics agé tagseer go¢ of ac - 3' (SEQ
insertion sites 75 WD 2005/067478 PCTI US2004/ 040117
2 apsid is shown in Figure 22: Each VLP was found
EEE9 Ag@Nntain up to 360 BPF20 nonomers per particle.

5' - cge agg atc ccg ctg tgg ccg cag tic ggg cag teg geg atg tac ggg cgg gee age - 3
(SEQ ID NO:30)

5'- cgg gga tec tgg gee gee tge cge geg geg aag geg aca cct tea agg gea age - 3'(SEQ
ID NO:31)

EEE2.AS:

5'- cge agg atc ccc tg gee tte ace gge acg aac gge acg tge age ttg cec tig - 3'(SEQID
NO:32)
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Exanpl e 5: Production of Eastern Equine Encephalitis
virus (EEE) antigens in 5 CCW VLPs in Pseudon: onas

wG2005/08ume hesi s of EEE Peptide Inserts Two di fPE€r/esdo04/040117

EEE peptides (EEE-1 and EEE-2) were independentl y
expressed in CCOW VLPs. EEE-1 peptl de sequence
DL Dhe{FeRQitidg ARPlYi cARGENGEHIi (SR wikh Raonpid yo ciepie. aﬂheslve ends

I
forcgo ; e@?‘b@‘% %@@e@;ﬁ\?? ggglg Ias}:lgtgéa@ ggcccgcccgt acat cgccg

acpggf 60 8RGEELAYCERBAg ertsSvas( $mid i thOpPSL-CEM129BamHI

pepti de sequence: 15 GRLPRGEGCDTFKGK
shutferpiepyoid Boe Bl e il GOHBROCDS.  Bach resulting Shufle

e
ey B ARESHISHRR S s e
chin@gicSCIeNG 02h-BE EEhEe ding fickgiibts v asesodated/ by pelpuzifidatinn. SOE

of 20 synthetic oligonucleotides. The resulting
nucl ei c acids contained Bat72H recognition site

5Bt]ES{ %s@l'on Héﬁné@% & ﬁgnantl -sense ol igonucl eotide
of the inserts included the

Bwitk readting chmmnc ﬁ@WHﬁeEE@ pelyasclpetideofisgmetEwess each

9" - cQqg at t ace ta ca.gccc .act, t. :
thergjpserisg atio gl RAY S exproggion plgsm syt i i 5pf Hhol in
placgggltheﬁ%lbu&odmg%@@ue%'& 1ﬁt0961%513: é’iﬁa@hrh@ﬁ t6 € taagrdnidtery dbhe

cag tea geg atg tac 83 ace agc -

y

I D
resuNiD 3B praEEER szmchWaSSCWen@ ggsén@tée diggst ty&g Sgolcaridg?wl for
t : E
presi g e ot Botoctitd G R BE% RPTanple {.BPere
utilid&® 99c acg aac ggc acg tgc agc ttg ccc ttg - 3' (SEQ
ID NO32) 76 WD 2005/067478 PCTI US2004/ 040117 The
resulting nucleic acids were digested with BanH to

5. Cofraggfe rme(ljcﬂ)% nMeEx%ﬂquion

The resulting expression plasmid is transformed into P. fluorescens MB214,

using protocols described above in Example 1.C. The same protocols as described
above for Example 1.D. are used for expression of chimeric VLPs displaying the EEE

antigens.

5.D. Protein and VLP Recovery and Analysis

Shake-flask-cultured cells are lysed and fractionated, following the procedures
of BExample 1.E. The resulting fractions are analyzed by SDS-PAGE and Western
blotting as described for Example 1.F.
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1))

2)

3)

4)

3)

6)

7)

8)

9

10)

11)

for cloning into the pESC- CCOW 129BarH shuttl e
pl asm d. Each of the resulting EEE i nserts was cl oned’
in the pESC- CCW129BanH shuttle plasm d at the BanH
site of the COW129 CDS. Each resulting shuttle 5
plasm d was digested with Spel and Xhol restriction-
enzymes. Each of the desired chineric
CCOW-129- EEE- encodi ng fragqepig was isol ated by gel
purification. 5.13. Expression Plasm d Construction
The resulting chinmeric COW 129- EEE pol ynucl eot i de
g%ggn§ona il tﬁaﬁ%&n?n&sg ﬁﬁﬁ{hdcféﬁzea'&fd%gnéﬂ&%ohbﬁs
expression restricted with Spel hoI
i ra) plaateest ofie ndqblcbqudbaquem@mr@mg@q%ﬂ@éml Ylﬁﬂ @fﬁ’é‘ﬁaﬁ‘?ﬂe
athachIRRy ol Oakl1ft G RIAIRN Gl gm&omﬁb | g,
expression Ad Was’ sereened b cptl on di gest
Wi A Hseﬁ@cmhonadl cblIXHat obmprises a fusien emtée @\ﬁleltehﬂethér Fusiep peptifheomprises:

sage pr a ove for Exanple |.B.

e ea onel Osat%gg%%@l C%) glh?rpor mati on and Expression
Thﬁ reuskthd:tbn@reemmlmmepndepl asmd is transforned into

or escen 14 t
R R MRk bl e Bl R AR R an A il vira

f Ocrapﬁd( apvpdbly linkB toarsecond e@bl@mcubscpmeesesﬁmwvéﬁ a penfi¢rethgtds toxic to a
VLPs %Iayl ng the EEE 20 antigens. 5.1). Protein

Wﬂﬁ dcovery and Analysis Shake-flask-cul tured
ce&bnbcm for byodednggnelcdmtaeint mpdeedmpfiohd:owi ng t he

cedure E. The resulting fractions

aﬁé?vfg%aoé%?‘%ﬁggg@ and Western 25 blotting as

d eg Cr ipbettid s mEbea:mpide:ncthElg afdsi@Lpaplids, whereia tiedesieharepiidegomprises
cell that co st .n uct
conpri% F‘F\Sé oneg’? COé’be"fangpeP lde Srigd ﬁtﬂgaisgdm% 1cgo‘§éhgdr§12%§§1ﬁ
eny odieRgreRini ciesmbleidnall inthe Bleudmpsiadicellawbereih }heéusmbne?&sftide
one nucl ei |d SEguenc %odlng a reconbi nant
pept i d& esﬂ‘b‘@@u ges that conprises a fusion
pept i d@latlm@eléelrms ltkla@alfuulm on peptl de conprises; a) at
| east one al viral capsid; and b) at |east

eP’@’&?f’ﬁB g&?}?mag‘m%? &A nucleic acid construct
CRIPI ickhvifl fhe fusroﬁtpe;male kedeparate thd reconpbimmg @egide Gdnribe iapsahedral viral
i cosahedral viral capsid operably Iinked to a second
nucl ei’®"4ci d sequence encoding a peptide that is toxic

t arha cellbénks@it al pro@bd of chjmsA -fivderssthé Preudgmodartis Rgewal/omonas

reconbi nant peptide conprisin
uorescens. p p rrp g

The cell, construct or process of claims 1-6, wherein the icosahedral viral capsid is from a virus
that does not display a native tropism to a Pseudomonad cell.
The cell, construct or process of claims 1-7, wherein the icosahedral viral capsid is from a plant

icosahedral virus.
The cell, construct or process of claim 8, wherein the plant icosahedral virus is selected from the

group consisting of a Cowpea Chlorotic Mottle Virus, a Cowpea Mosaic Virus, and an Alfalfa

Mosaic Virus.

The cell, construct or process of claims 1-9, wherein the nucleic acid encodes at least two

different icosahedral viral capsids.

The cell, construct or process of claims 1-10, wherein the nucleic acid encoding the recombinant

peptide or the toxic peptide contains more than one monomer.
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12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

a) providing a Pseudononad cell; b) providing a
nucleic acid encoding a fusion peptide, wherein the
fusion peptide conprises at |east one reconbi nant
pepti de and at | east one icosahedral capsid; c)
expressing the nucleic acid in the Pseudononad cell
wherein the fusion peptide assenbles into virus like

tic| dd h
5)6l lr“helwgll %g%sg'ggté)r B C%SF 851 ﬁ,a] qg,fvttv}}e?%r\{ Jthre Hl%n!n{?%&g Al %Eérhl?ir fitked as a

cl @avitsigert he fusion peptlde to separate t he

v .
cafieral aeye® bist s oLt iy B FO kBl MEb bt fsed o e

ruct” or process
1- ﬁomﬂ&ﬁﬂeqﬁmnhemaaﬁmdomqm&ﬂ is Pseuclonnnas

fI or escens. The Shluct : :
eﬁzgl fo%stru%ﬁ) PrRegss ?rﬁcéanp% gggﬂw ref th€ feﬁgrpﬁ)ﬁ%g éepgti? gs an antigen.,
f rpd@c@ll \CbisttEct of bx@tesd Oie;ﬂialﬂﬁ@lﬂr d\lhsmina‘ye autipan ik vedected Gioimsthy group

to a Pseudonpnad_ ce The
FBae < CRa e yos SPLE RS 4 SO i Bl p o B
gggfkgmgﬁz?ﬂmﬂ?@mplant | cosahedr al ;lrus 9) The
ruct or ess

pl ”Jgﬁtce]i GB%SgHQ@F gliocv? ?ﬁ; anpg g%lwé nmh? x;eg%nl?hﬁllt Bea;ttlﬁgm an
cogﬁmﬁgbmg gftida. Cowpea Chlorotic Mdttle Virus,

wpea, Nbsai ¢ Vi rus, of] ek b2 anDSBL S Vphidss Feed from th
Tﬂqéheéélll |consg6ﬁ§f pri%etss C%‘ng’e‘g erely elamtlmlcroh lgp V\%é SSe ed from the
t h@ompan bt @@DdAemﬂdwzat | east two di fferent
|c%gahedralgV|ral %%! . &é) The gonreg Gd 1o Qf
proesels copstrugtr H‘i?cefs la%%' et eh{f(% e ag pg is at least 7
engRidd Agdstih@ng@conmbi nant  peptide or the tOXIC pepti de
contai ns nore than on

c ol SomBHeL s BEESSOGHATET G et S S A

ar guicRRakARLYpH MK tbagtHnénuctdd Wil saqmnce e’h@dni@hseclmki Ilc;osahedral viral
construct or Erocess of..cl ai ns

oI A e IR G SPIROT SO AT Pa A epfide o

| SwRerdif @l AP Rk thér cl@ﬁ?xﬁéeﬂ @sec&xﬁi) fusibiepepidld conpeisisg atuest aosecond
process of clains 1- J i n . the reconbi nant

peigesararal §1r3éﬁa%ﬂ’@|ab]€?’ﬁtasef?>‘) e bR PP st ruct or

Priaeese cMsutdidl pocobdof dMIas i19) vitbeinhé fugien pésids edsentilesdvithin the
fromthe group_ consjsting of a Canine Parvovirus

angellgeform g vBachiepgdiclint | uaci s antigen, and an Eastern

Ecikte RE1, EREERRAPoEdsSofeldiad 2-20)tWHgRh thd fayiod peptidehssembles within the
construct or &focess of clains 1- 15, wherein the

r exedipforrmaeolBpeIsaariéran  anti ni crobi al peptide. 17)

Thge GBIl leonsGRADE probdss X clAMh OTE Serin tied vadubTilbpartivlels gdtapable of
thelan€|n1crob|al peptide is selected fromthe
repiication

The cell construct or process of claim 20, wherein the virus like particle is not capable of

infecting a cell.

The cell, construct or process of claims 2-20, wherein the recombinant peptide or toxic peptide
is inserted into at least one surface loop of the icosahedral capsid.

The cell, construct or process of claims 2-20, wherein the fusion peptide comprises more than

one recombinant peptide fused to an icosahedral viral capsid.

The cell, construct or process of claims 20, wherein the virus like particle is capable of use as a

vaccine.
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27)

28)

group consisting of D2A21 and PBF20. 18) The cell,
construct or process of clainms 1-17, wherein the
reconbi nant peptide is at least 7 amno acids in

l ength. 19) The cell, construct or process of clains

-1-18, wherein the cell further conprises a second

nucleic acid conprising at |east one nucleic acid
RO Cosl 8%Ir D9eds ?fec(l"a(?tg%d sangdial cgﬂs[dai d t1k3B3hBinant peptide
an SR ShRRTR el ¢ aci 'd sequence encodi ng a
sanahﬂwdeyamhmmmamdg@pMmdememmgmh@hEJn t he cel
rise
ot g TRl e SEEAACAT AR RORLERRERRI R comprises s
a aewﬂﬂﬂxnmnmﬂblnant peptide. 20) The ceII, construct
or process of clains 2-19, wherein the fusion peptide
assenbles within the cell to forma virus like
particle. 21) The cell, construct or process of clains
2-20, wherein the fusion peptide assenbles within the
cell to forma soluble cage structure. 22) The cell
construct or process of clainms 20, wherein the virus
like particle is not capable of replication, 23) The
cell construct or process of claim 20, wherein the
virus like particle is not capable of infecting a
cell. 24) The cell, construct or process of clains
2-20, wherein the reconbi nant peptide or toxic peptide
is inserted into at | east one surface |oop of the
i cosahedral capsid. 25) The cell, construct or process
of clains 2-20, wherein the fusion peptide conprises
nore than one reconbi nant peptide fused to an
i cosahedral viral capsid. 26) The cell, construct or
process of clains 20, wherein the virus |like particle
is capable of use as a vaccine. 79 27) The cell
construct or process of claim 26, wherein the vira
capsi d and the reconbi nant peptide are |linked by an
am no acid sequence conprising a linker. 28) The cell
construct or process of clainms 27, wherein the |inker
am no acid sequence conprises a cleavable sequence,
lil 80
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